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Getting the most from this book

ing the most from thi k

Welcome to the Edexcel International GCSE and Certificate Physics Student’s

At the start of each Section you will Book. This book has been divided into seven Sections, following the
find the learning objectives for that structure and order of the Edexcel Specification, which you can find on the
section. Edexcel website for reference. Section 1 has been divided into two parts to

help you structure your learning.

Each Section has been divided into a number of smaller Chapters
to help you manage your learning.

The following features have been included to help you get the
most from this book.

CALCULATE * PRESENT

Try the activity before you start, and
then have a look at it again once you
have completed the Section to see if
your responses are different before
and after learning more about the
\topics.
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- Exam tips throughout the book will
- guide you in your learning process.

PRACTICAL

Practical boxes highlight the
practical work covered in the book.
They provide hints on key things to
remember, or alternative practical
work that you can do to help you
kIearn more about that topic.




Getting the most from this book

STUDY QUESTIONS

At the end of each Chapter you
will find Study Questions. Work
through these in class or on your
own for homework. Answers are
available on the CD.
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You will find Exam-style questions

at the end of each Section covering
the content of that Section and the
different types of questions you will
find in an examination.

Q;,-/"\ark schemes are available on
the CD.

formulae and laws have been high-
lighted so that you can easily find
them as you work through the book.
Remember that in your exam you
will be given some formulae; others

you have to memorise.

EXTEND AND CHALLENGE

When you have completed all the Exam-style
questions for the Section, try the Extend and
Challenge questions.

At the end of each Section,

you will find a Summary checklist,
highlighting the key facts that
you need to know and understand,
and key skills that you learnt in the

Section.
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CONSIDER * DISCUSS

1 Can you suggest how many forces
are acting on the surfer in the

photograph?
2 How do they balance to keep him
upright and moving forwards?

When moving in a straight line at a constant speed, balanced forces
must act on this surfer.

By the end of this section you should:

* be able to calculate average speed

* know the difference between speed and velocity

* be able to calculate acceleration

* understand how to measure acceleration

* know Newton’s three laws of motion

* know what the acceleration due to gravity is, and understand
the term ‘terminal velocity’

* know about car safety

* be able to interpret distance-time and velocity—-time graphs

* know that a force is a vector quantity

* be able to calculate changes in momentum, and know about
the principle of conservation of momentum

* understand how rockets and jets work J




Section 1 Forces and motion 1

Figure 1.1 How long would this snail take
to travel 1500 m?

Figure 1.2 Hannah, Jenny and Natalia
finish the 1500 m in 4 minutes and

5 seconds. What was their average
speed?

Remember: 1 km = 1000 m;
© 1 hour=(B0x60s)=3600s

How Tast do things
move?

glacier (Rhonegletsher) 0.000001
snail 0.0005
human walking 2

human sprinter 10

express train 60

jet plane 200

Earth moving round the Sun 30000

light and radio waves 300000000

M Average speed

When you travel in a fast car you finish your journey in a short time.
When you travel in a slow car your journey takes longer. If the speed of
a car is 100 kilometres per hour (100 km/h) it will travel a distance of
100 kilometres in one hour. We can write a formula connecting distance,
speed and time.

distance travelled _ 1

average speed = m—
time taken t

We write average speed because the speed of the car may change during the
journey. When you travel along a motorway your speed does not remain
exactly the same. You slow down when you get stuck behind a lorry and
speed up when you pull out to overtake a car.

Example. At top speed a guided-missile destroyer travels 170 km in 3 hours.
What is its average speed in m/s?

d
average speed = "

_170x 1000 m
3% 3600 s

=16 m/s



1.1 How fast do things move?

m Velocity

It is not just the speed that is important when you go on a journey. The
direction matters as well. Figure 1.3 shows three possible routes taken by a
helicopter leaving London. The helicopter travels at 300 km/h. So in 1 hour
the helicopter can reach Liverpool, Paris or Brussels, depending on which
direction it travels in.

When we want to talk about a direction as well as a speed we use the word
velocity. For example, when the helicopter flies towards Liverpool, we can
say that its velocity is 300 km/h, on a compass bearing of 330°. Velocity is a
vector; speed is a scalar (see page 14).

m Timetabling railway trains

You have probably sat on a slow train in a railway station wondering why the
train was taking so long to start. You might have been waiting for an express
train to overtake. There is often only one line between railway stations. The
trains must be timetabled so that the faster express trains can overtake a
slower train that has stopped at a station.

A passenger train planning officer has to make sure that a slow train going
from Reading to Chippenham does not get in the way of the London to
Cardiff express train. The slow train travels at an average speed of 70 km/h
and the express train at an average speed of 120 km/h.

0 100 200 30&m
I N

Figure 1.3 At the same speed, in 1 hour
a helicopter from London can reach
Liverpool, Brussels or Paris.

250 - distance from

S Cardiff ~_—  London
=] Newport
=4 o0 the 1015h from < 240km220km  175km 120 km 50 km 0 km
5 i Bristol Parkway ™~ -~ 2 -— .

Bristol
® P S & > & «® &
g ark\qvay L & &\S & S &
cE S0 N R ¢ &
T = . . s(\'b' 4
c £ Swindon N N N
3% 100}~ the 0900h __ ¢ & s
EO from Reading the 0900h express [N “Bath Vv
Lo - from Paddington
S 50
& Reading v
k) Bristol
© L L L | Temple Meads

0900 0930 1000 1030 1100
time/hour

Figure 1.4 Graph of train journeys and route map showing distances from London.

Plotting a graph of the distance travelled by these trains against time helps
to solve the problem. You can see from Figure 1.4 what happens if both
trains leave their stations at 0900 h. The slow train travels the 70 km to
Swindon, and the faster train travels from London to Swindon in the same
time. So the express train can overtake at Swindon without waiting. You can
also see from the graph that there is a slow train to Newport leaving Bristol
Parkway at 1015 h which is going to get in the way of the express train.




Section 1 Forces and motion 1

STUDY QUESTIONS

1 The table below shows average speeds and times 4 Ravi, Paul and Tina enter a 30 km road race. The

recorded by top male athletes in several track events.

Copy and complete the table.

2 Sketch a graph of distance travelled (y-axis) against

time (x-axis) for a train coming into a station. The
train stops for a while at the station and then starts
again.

3 This question refers to the train timetabling shown in

Figure 1.4.

a) How can you tell from the graph that the express
train travels faster than the other two?

b) At what time does the express train reach Bristol

graph below shows Ravi's and Paul's progress

through the race.

a) Which runner ran at a constant speed? Explain
your answer.

b) What was Paul's average speed for the 30 km run?

c) What happened to Paul's speed after 2 hours?

Tina was one hour late starting the race. During the

race she ran at a constant speed of 15 km/h.

d) Copy the graph and add to it a line to show how
Tina ran.

e) How far had Tina run when she overtook Paul?

Parkway?
c) At what time should the slow train from Bristol 30~
Parkway leave so that it arrives at Newport at the -
same time as the express train? av
Paul
20
|Esene | Faverege speed /s | Tiene | :
==
@
100 m 96s %
200 m 103 Z
400 m 89 10
71 3m30s
10 000 m 29m 10s
5.5 2h7mb2s | ] | |
1 2 3 4
time/hour




1.2 Acceleration

Figure 2.1

Figure 2.2

Figure 2.3 This car has been in a major
accident. A fast moving, massive object like
a car experiences a very large force when
it decelerates rapidly. The force is large
enough to crumple the roof.

: Remember the unit of acceleration
*is m/s>

Which accelerates faster - the flea or the racing car? The F1 car
reaches a speed of 10 m/s after 1 s. The flea reaches a speed of
1 m/s after 0.001 s.

B Speeding up and slowing down

When a car is speeding up, we say it is accelerating. When it is slowing down we
say it is decelerating. A deceleration can be thought of as a negative acceleration.

You may be interested in driving a sports car that can accelerate quickly
away from traffic lights when they turn green. A car that accelerates rapidly
reaches a high speed in a short time. For example, a sports car speeds up to
45 km/h in 5 seconds. A truck speeds up to 45 km/h in 10 seconds. We say
the acceleration of the car is twice as big as the truck’s acceleration.

You can work out the acceleration of the car or truck using the formula:

change of velocity

acceleration =
time
. 45k
acceleration of sports car = —5 m/h
s
=9 km/h per second
. 45k
acceleration of truck = Tm/h
s

= 4.5 km/h per second

B Units of acceleration

We usually measure velocity in metres per second. This means that
acceleration is usually measured in m/s per second. What is the acceleration
of our sports car in m/s per second?
45000 m
45 km/h=———=12.5m/s
/b 3600 s /

change of velocity

So acceleration = -
time

125 m/s

= 2.5 m/s per second
Ss

or
2.5 m/s*(metres per

second squared)

B Acceleration formula

In this formula, 4 is the acceleration, v is the final velocity, « is the starting
velocity and ¢ is the time taken.
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The area under a velocity—time
: graph is the distance travelled.

: The gradient of a velocity—time
: graph is the acceleration.

B Velocity—-time graphs
It can be helpful to plot graphs of velocity against time.

Figure 2.4 shows the velocity-time graph for cyclist as she goes on a short
journey.

m In the first 8 seconds, she accelerates up to a speed of 12 m/s (section AB
of the graph).

12 c
®n —5
& 8
>
£ _
ke
2 4
A D
0 T T T T T T T T
0 4 8 12 16 20
time/s
Figure 2.4

m For the next 8 seconds she cycles at a constant speed (section BC of the

graph).
m Then for the last 4 seconds of the journey she decelerates to a stop
(section CD of the graph).

The gradient of the graph gives us the acceleration. In section AB she
increases her speed by 12 m/s in 8 seconds.

change of speed
time

_12m/s

85

=1.5 m/s’

acceleration =

You can also work out the distance travelled by calculating the area under
the velocity-time graph. The area under section AB gives the distance
travelled because:

distance = average speed X time
=6m/sXx8s
=48 m

The average speed is 6 m/s as this is half of the final speed 12 m/s. The area
can also be calculated using the formula for the area of the triangle:

area of triangle = 12 X base x height
=% x8sx12m/s
=48 m



1.2 Acceleration

1 M Equations for motion
Y Figure 2.5 shows a velocity-time graph for something that accelerates from
an initial speed, #, reaching a final speed, v, in a time, t. Two useful equations
v+uy |averagespeed ~~ ! can be derived from this graph:
2 |
i acceleration = —~
u | ‘
i utv
! average speed = =
‘ The average speed is halfway between the starting speed and the finishing
Figure 2.5 speed. The change in speed is v — «.
STUDY QUESTIONS
1 This question refers to the journey shown in 3 Copy Table 2 below and fill in the missing values. i
Figure 2.4. 4 Drag cars are designed to cover distances of 400 m
a) What was the cyclist's deceleration over region CD in about 6 seconds. During this time the cars
of the graph? accelerate very rapidly from a standing start. At the
b) Use the area under the graph to calculate the end of 6 seconds, a drag car reaches a speed of
distance covered during the whole journey. 150 m/s.
c) What was the average speed over the whole a) What is the drag car's average speed?
journey? b) What is its average acceleration?
2 Table 1 shows how the speed, in km/h, of Jenson 5 Describe the motion shown in the following two
Button's Formula 1 racing car changes as he graphs:
accelerates away from the starting grid at the a)  speed
beginning of the Brazilian Grand Prix.
a) Plot a graph of speed (y-axis) against time
(x-axis).
b) Use your graph to estimate the acceleration of the time
. b) distance
car in km/h per second at:
i) 16s
i) 1s.
time
Table 1
speed /km/h (O 35 70 130 |176 205 (230 |260 |260 |260
Time / s lo 1 2 4 6 8 |10 |12 |14 |16
Table 2
I ) Starting speed / m/s Final speed / m/s I Time taken / s | Acceleration / m/s?
Cheetah 0 30 5 6
Se;"cl‘jeTStage of a 450 750 100
Aircraft taking off 0 30 2
Car crash 30 0 -150
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1) Observing motion

s - - T w R T

Figure 3.1 This high-speed photograph of the athlete’s long jump enables the coach
to work on style, strength and distance, and helps the athlete to improve technique.

A trainer who wants to know how well one of his athletes is running
stands at the side of the track with a stopwatch in his hand. By careful
timing, the athlete’s speed at each part of the race can be analysed.
However, if the trainer wants to know more detail the measurements
need to be taken with small intervals of time. One way to do this is by
filming the athlete’s movements.

m Multiflash photography

Another way to look at motion is to use multiflash photography. In

Figure 3.6 on page 10 you can see a photograph of a golfer hitting a ball. In
this technique the golfer swings his club in a darkened room, while a lamp
flashes on and off at regular intervals. When the images of the club are close
together, the club is moving slowly. When the images are far apart, it is
moving quickly.

m Ticker timer

Changing speeds and accelerations of objects in the laboratory can be

measured directly using light gates, data loggers and computers. However,
carbon paper disc motion is still studied using the ticker timer (Figure 3.2), because it collects

Figure 3.2 Ticker timer. data in a clear way, which can be usefully analysed. A ticker timer has a small

electromagnet




Figure 3.3

length/cm
14.5 *

12.0

9.5 L=

4.5 *

2.0

1 2 3 4 5 6

Figure 3.5 Each length of tape shows the
movement of the trolley over 0.1 s.

PRACTICAL

Make sure you can describe an

experiment using light gates to
demonstrate acceleration.

1.3 Observing motion

hammer that vibrates up and down 50 times per second. The hammer hits a
piece of carbon paper, which leaves a mark on a length of tape.

Figure 3.3 shows you two tapes that have been pulled through the timer. In tape

(a) you can see that the dots are close together over the region PQ. Then the dots get
further apart, so the object moved faster over QR. The movement slowed down again
over the last part of the tape, RS. Since the timer produces 50 dots per second, the
time between dots is 1/50 s or 0.02 s. So we can work out the speed:

distance between dots

speed = —
time between dots
0.5
Between P and Q, speed = o
0.02s

=25 cm/sor 0.25 m/s

In tape (b) the dots get further and further apart, so the object attached to
this tape was accelerating all the time.

B Calculating acceleration

tape

Figure 3.4

Figure 3.4 shows how you might calculate the acceleration of a trolley moving
down a slope. When you have let the trolley go down the slope the tape attached
to it will look a bit like tape (b) in Figure 3.3. It is helpful to cut up the tape

into 5-tick lengths. You do this by cutting through the first dot, then the sixth,
eleventh, and so on. Each length of tape is the distance travelled by the trolley
in /10 s (5 spaces between dots means 5 x 1/50 seconds). You can then use your
pieces of tape to make a graph and see how the trolley moved. If your pieces of
tape form a straight line then the acceleration was constant (see Figure 3.5).

Cutting up your tape like this is like plotting a graph of speed against time;
the steeper the slope the greater the acceleration.

M Light gates

The speed of a moving object can also be measured using light gates.

Figure 3.7 shows an experiment to determine the acceleration of a rolling
ball as it passes between two light gates. When the ball passes through a light
gate, it cuts a beam of light. This allows the computer to measure the time
taken by the ball to pass through the gate. By knowing the diameter of the
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ball, the speed of the ball at each gate can be calculated. You can tell if the ball
is accelerating if it speeds up between light gates A and B. Question 4 shows
you how the gates can be used to calculate the ball’s acceleration - although

L
0 im

Figure 3.6 Multiflash image of a golfer's
swing.

of course the computer can be programmed to do the work for you.

light gate A

to computer

to computer

Figure 3.7 Light gates can be used to measure speeds and determine acceleration.

STUDY QUESTIONS

1

Work out the speed of the tape in Figure 3.3(a) in the
region QR

2 a) How can you tell from Figure 3.5 that the trolley I —— o
accelerated down the slope at a constant rate? .
b) Work out the average speed of the trolley in: s e e ol 19 go teuglh gele A Lz
(i) interval 4, (ii) interval 6. time for the ball to go through gate B 0.09s
c) What is the time between the middle of interval 4 time taken for the ball o travel from gate 093 s
and the middle of interval 67 Atogate B

d) Now use your results from parts (b) and (c) to
calculate the acceleration of the trolley.

The graph shows how the velocity of a jet aircraft

increases as it takes off from the deck of an aircraft

carrier.

Calculate its acceleration (a) during the first second,

(b) between 3 and 4 seconds.

The measurements taken in an experiment are shown
below.

a) Explain why it is important to adjust the light
gates to the correct height.

b) Calculate the speed of the ball as it goes through:
(i) gate A, (i) gate B.

c) Calculate the ball's acceleration as it moves from
gate A to gate B.

d) State and explain one improvement you would

velocity/m/s make to improve the reliability of the experiment.
a) Examine the photograph of the golfer, Figure 3.6
50 above. The swing is anti-clockwise. Where is the
40 - club moving fastest? Explain your answer.
-~ b) The time interval between each flash was about
0.03 s. Use this information and the scale below
20 - the photograph to calculate (i) the speed of the
10 club on impact with the ball, and (ii) the initial
speed of the ball.

time/s

4 This question shows you how to use the apparatus in

Figure 3.7 to determine the acceleration of the ball.

c) Use the increasing gap size between successive
positions of the club to estimate the club’s
acceleration on its downward swing.




Figure 4.1

Figure 4.2

1.4 Forces near and far

Forces near and far

A force is a push or a pull. The shot putter pushes the shot and the
archer pulls the string on the bow. Forces are measured in newtons,
N. Where does the name come from?

B What is a force?

A force is a push or a pull. Whenever you push or pull something you
are exerting a force on it. The forces that you exert can cause three
things:

® You can change the shape of an object. You can stretch or squash a
spring. You can bend or break a ruler.

® You can change the speed of an object. You can increase the speed of a
ball when you throw it. You decrease its speed when you catch it.

m A force can also change the direction in which something is
travelling. We use a steering wheel to turn a car.

The forces described so far are called contact forces. Your hand
touches something to exert a force. There are also non-contact forces.
Gravitational, magnetic and electric forces are non-contact forces.
These forces can act over large distances without two objects touching.
The Earth pulls you down whether or not your feet are on the ground.
Although the Earth is 150 million km away from the Sun, the Sun’s
gravitational pull keeps us in orbit around it. Magnets also exert forces
on each other without coming into contact. Electrostatic forces act
between charged objects.

B The size of forces

The unit we use to measure force is the newton (N). The box on page 12 will
help you to get the feel of the size of several forces.

A force is a vector quantity; this means that it has both a size and

a direction. We show forces by drawing an arrow in the direction of
the force, and next to it we write its size, remembering to show the
unit of force, N. Figure 4.3 shows Annabel’s weight, which pulls her
downwards; Figure 4.4 shows the tension in a rope that is pulling a car
forwards.

Figure 4.3 Figure 4.4
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* The pull of gravity on a fly =0.001 N

 The pull of gravity on an apple=1N

* The frictional force slowing a rolling football =2 N

* The force required to squash an egg =50 N

* The pull of gravity on you =500 N

* The tension in a rope, towing a car = 1000 N

* The frictional force exerted by the brakes of a car = 5000 N
* The push from the engines of a space rocket = 1 000000 N
e 1000 N =1 kN (kilonewton)

* 1000000 N =1 MN (mega newton)

B Some important forces

Weight is the name that we give to the pull of gravity on an object. Near the
Earth’s surface the pull of gravity is approximately 10 N on each kilogram.
We say that the Earth’s gravitational field strength is 10 N/kg.

Example. What is your weight if your body has a mass of 50 kg?

weight = pull of gravity
=50 kg x 10 N/kg
=500 N

Tension is the name given to a force that acts through a stretched rope;
when two teams pull on a rope it is under tension.

When something is squashed it comes under forces of compression; the
pillars of a building are under compression.

Friction is the contact force that slows down moving things. Friction can
also prevent stationary things from starting to move when other forces act
on them. Figure 4.5 helps you to understand why frictional forces occur.
No surface is perfectly smooth. If you look at a surface through a powerful
microscope you will be able to see that it has many rough spikes and
indentations. When two surfaces move past each other these rough spikes
catch onto each other and slow down the motion.

Figure 4.5 How two surfaces appear
when seen through a powerful microscope.



1.4 Forces near and far

Friction is often a nuisance because the rubbing between two surfaces turns

kinetic (motion) energy into heat. Some ways of reducing friction are shown
in Figure 4.6. Sometimes, though, friction is useful. Brakes work by using
friction to slow down cars. Also, when you walk, the frictional forces between
your foot and the floor push you forward.

oil .
ball bearings
Figure 4.6 Reducing friction (b) A layer of oil between two surfaces
(a) If the surfaces are highly polished, acts as a cushion to stop the edges (c) Steel balls reduce friction by allowing
friction is reduced. catching. surfaces to roll over each other.

Now go through the Tutorial Forces and their effects.

&

STUDY QUESTIONS
1 a) Give three examples of forces that are pulls, and 4 In the following diagrams some forces are shown k
three examples that are pushes. acting on some objects. In each case explain the
b) For each of the examples of forces you have given, effect that the forces produce.
state an approximate value for the size of the force. 6N
c) Draw a diagram to show the size and direction of (@) (b) I
the force. SN
2 How big is the weight of:
a) a 2 kg bag of sugar
b) a 1000 kg car?
3 a) Explain how a wheel acts to reduce friction. 16N
b) There is a frictional force between a bicycle ()
wheel and its axle. Explain two ways in which the N
frictional force can be reduced. I
8N
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Figure 5.1

[ ) If you want to move a chair you have to give it a push. The direction in
which the chair moves depends on the direction of your push. A large
push gets the chair moving quickly; so both the direction and size of

Michael's weight the force are important.

is 800N

B Vectors and scalars

W= 800N Force is an example of a vector quantity. Vector quantities have both size
and direction. Other examples of vectors are: velocity (the wind blows at

(@) 50 km/h from the North); displacement (a car travels 20 km due East). A
" quantity that has only size is a scalar quantity. Some examples of scalar
; - 150N quantities are: mass (3 kg of potatoes); temperature (20 °C); energy (100
- joules).
v The tension in i
] ey M Drawing forces
4 In the previous chapter you met the idea of forces such as weight, friction

and tension.

Figure 5.2 shows two examples of forces acting on Michael: (a) his weight
(b) (the pull of gravity on him) is 800 N; (b) a rope with a tension of 150 N pulls
Figure 5.2 him forwards.




IR:SOON
T

—*=T=150N

—
Resultant force
=100N

F=50N 1
W= 800N
Figure 5.3
(a) 4500 N
upthrust from the water
>
weight of the dolphin
4500 N
(b) drag/wind resistance
-~——700 N
900N —*

Figure 5.5 (a) The forces balance so the
resultant force on the dolphin is zero.

(b) The resultant force on the car is 200 N
to the right. This means the car increases
its speed.

1.5 Forces and vectors

It is usual for more than one force to act on something. Then we must show
all the forces acting. When Michael is pulled by the rope (Figure 5.3), his
weight still acts on him, and the floor supports him too - if the floor did

not exert an upwards force on him equal to his weight, he would be falling
downwards. The force is called the floot’s reaction force, R. The floor will
also exert a frictional force on him, in the opposite direction to that in which
he is moving. All these forces are shown together in Figure 5.3.

300N

+ = 600N
300N
Figure 5.4

B Adding forces

When two forces act in the same direction, they add up to give a larger
resultant or net force. In Figure 5.4, for example, two people each push the
car with a force of 300 N. The resultant force acting on the car is now 600 N.

If forces act in opposite directions they may cancel each other out. In

Figure 5.3 Michael’s weight, which pulls him downwards, is cancelled by the
upwards force from the floor. The resultant force is zero; 800 N - 800 N. We
say that these forces are balanced. Michael therefore stays on the floor.

There are other forces that act on Michael; the pull from the rope to the
right is 150 N, but the frictional force to the left is 50 N. The resultant
horizontal force on Michael is therefore 150 N — 50 N =100 N, to the right.

B Resultant force and state of motion

The diagrams in Figure 5.5 show two more examples of how forces add up
along a line. In Figure 5.5(a) the dolphin has adjusted his buoyancy so that
the upthrust from the water balances his weight; he can now stay at the same
depth. In Figure 5.5(b), a car is moving forwards and increases its speed. The
push from the road is greater than the wind resistance, so an unbalanced
force of 200 N helps to accelerate the car.
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STUDY QUESTIONS

1 A fisherman has caught a large fish and has to use
two balances to weigh it. Look at the diagram to
calculate its weight.

2 A golf ball is hit off its tee, 200 m down the fairway.
Draw diagrams to show all the forces acting on the
ball:

a) when the ball rests on the tee

b) while the club strikes the ball on the tee

c) as the ball is in flight.

a) The diagrams below show all the forces acting on
a box. In each case, describe what effect these
forces have on the box.

b) For each of the diagrams state the size and

direction of the resultant force.

(ii) 30N

(i) 20N

10N

20N
(vi)

15N 10N

4 Frank’s weight is 800 N and his bike's weight is
2500 N. What upwards force is exerted by the road
on his rear wheel?

5 What is the resultant force on this rocket?

f thrust from rockets
110000N

rocket

wgi-g‘flt =100000N

10N




Figure 6.2

(a) stationary;
forces balance

(b) stationary;
no forces act

1.6 Forces in motion

Figure 6.1 The Saturn Vrocket on its way to the Moon.

Newton’s laws of motion allowed scientists to calculate how to land a
capsule on the Moon.

Can you state three equations that they used in their calculations?

What important device do you use every day that was developed as a
result of the NASA space programme?

B Newton’s first law: balanced forces

Newton’s first law of motion states that when no force acts, or balanced
forces act on an object, its state of motion will be unchanged. Either a body
remains at rest, or it carries on moving in a straight line at a constant velocity.

In Figure 6.2 there are four examples that illustrate Newton’s first law:

a) A person is standing still. Two forces act on him: the pull of gravity (his
weight) is 750 N; the reaction from the ground is 750 N. These forces
balance and he stays still.

b) A spacecraft, Explorer, is stationary in space, so far away from the Sun
and planets that we can ignore the pull of gravity. There are no forces on
Explorer and it stays still.

driving

forces

— . drag forces
-

(c) moving at steady speed; (d) moving at steady speed;
no forces act forces balance
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Figure 6.4 The large force produced by a
powerful engine acts on a small mass to
give this racing car a large acceleration.

c) Figure 6.2(c) looks remarkably similar to (b). In this case Explorer is
moving at a constant speed in outer space, where we can ignore any
gravitational pull. In space no resistive or frictional forces act to stop
motion, so Explorer carries on moving forever.

d) Applying Newton’s first law becomes more complicated on Earth
because frictional forces act. Here, a car moves at a constant speed along
a level road. Its weight is balanced by the reaction from the road, but
the forces acting horizontally balance too. There is a forwards push on
the wheels, which is balanced by air resistance and friction. When the
forwards and backwards forces balance, the car moves at a constant
velocity in a straight line. It is necessary to have the engine running so
that it can work against the resistive forces.

B Newton’s second law: unbalanced forces

Newton’s second law states that when unbalanced forces act on something,
then the state of the body changes. An unbalanced force causes acceleration.
The body on which the force acts might speed up, slow down, or change
direction. A larger unbalanced force causes a larger acceleration; this is part
of Newton’s second law of motion. Examples of speeding up and slowing
down are given in Figure 6.3.

a) Explorer has turned on its rocket. There is now a force pushing the
spacecraft forward and its speed increases.

b) The driver of the car has seen the traffic slowing down ahead of him. He
takes his foot off the accelerator; no forward force acts on the car now,
but drag forces continue to act. An unbalanced force acts to slow the
car down.

drag forces
— S

force o

(a) acceleration (b) deceleration
Figure 6.3

B Force, mass and acceleration

You have probably helped push a car with a flat battery. When one person
tries to push a car the acceleration is very slow. When three people give the
car a push it accelerates quicker.

Acceleration is proportional to the applied force.

You know from experience that large massive objects are difficult to set in
motion. When you throw a ball you can accelerate your arm more quickly if
the ball has a small mass. You can throw a tennis ball much faster than you
put a shot. A shot has a mass of about 7 kg so your arm cannot apply a force
large enough to accelerate it as rapidly as a tennis ball.

Acceleration is inversely proportional to the mass.



PRACTICAL

Make sure you understand how

to investigate the way acceleration
depends on the mass of the object
and the applied force.

- When using F = ma, always

: work in units of N, kg and m/s”.

. Remember that Fis the resultant or
© unbalanced force acting.

1.6 Forces in motion

mF=ma

Experiments in the laboratory show you how acceleration depends on the
size of the force. Figure 6.5(a) shows the idea. A trolley placed on a table is
accelerated by pulling it with an elastic cord. This cord is stretched so that it
always remains the same length. The acceleration is measured by attaching a
piece of ticker tape to the back of the trolley.

In the first experiment the force acting on one trolley is increased by using
extra elastic cords in parallel with the first. You can see that the ticker-tape
graphs get steeper as the force increases. The acceleration is getting bigger.

m A 1Kkgtrolley accelerates at a rate of 1 m/s® with a force of 1 N.
m A1 kg trolley accelerates at a rate of 2 m/s* with a force of 2 N.
m A1 kg trolley accelerates at a rate of 3 m/s* with a force of 3 N.

acceleration ticker tape
1 cord

ticker tape
e e gl

2 cords ]

—=2N  2m/s? ’_|—|'|7
3 cords
—=3N  3m/s? ’_rl-i_ steeper,
more

acceleration

(a) Experiment 1: Keep the mass constant and change the force.
Figure 6.5

In the second experiment, Figure 6.5(b), the mass of the trolley is changed
butitis pulled with the same force. As the mass increases the ticker-tape
graphs become less steep. The acceleration is getting less.

m Aforce of 1 N accelerates a 1 kg trolley at 1 m/s.
m A force of 1 N accelerates a 2 kg trolley at %2 m/s?.
m A force of 1 N accelerates a 3 kg trolley at 5 m/s.

acceleration ticker tape

— 1IN 1m/s? =E|jﬂ:|
e

1 cord

1 cord

— 1N

4? — 1IN Llms? shallower,
8 oeEE less

acceleration

(b) Experiment 2: Keep the force constant and change the mass.
Figure 6.5

This equation fits all of these results:

force = mass X acceleration

F=ma
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The equation defines the newton:

# thrust 33MN
A force of 1 N will accelerate a mass of 1 kg ata rate of 1 m/s%
t Example. A sledge has a mass of 10 kg. A boy pulls it with a force of 20 N.
What is its acceleration?
resultant
force SMN F=mxa
weight 30MN So g4-F_20N_, /52
m 10 kg
B Calculating the resultant force
One common problem arises with the use of Newton’s second law. You
Figure 6.6

need to remember that when things accelerate, it is the resultant force which
causes the acceleration.

Example. A Saturn V rocket (Figure 6.6) of mass 3 000 000 kg takes off; its
rockets provide a thrust of 33 000 000 N. What is the rocket’s acceleration?

There are two forces acting; the thrust upwards and the weight downwards,
which is 3 000 000 kg x 10 N/kg or 30 000 000 N.

resultant force

So acceleration

mass
~ 3300 000 N - 30 000 000 N
- 3000 000 kg
=1 m/s?

STUDY QUESTIONS

1 a) A car is stationary on some ice on a road. Explain 5 Trains accelerate very slowly out of stations. Why is

why the car might have difficulty starting to move
on ice.

b) A sprinter fixes blocks into the ground to help him
get a good start. Explain how these assist him.

2 You leave a parcel on the seat of a car. When you brake
suddenly, the parcel falls onto the floor. Explain why.

3 The diagram shows the direction of a force on a
model car. Which of the following is a possible state
of motion for the car? Explain your answers.

a) Staying at rest.

b) Beginning to move backwards.

¢) Moving backwards at a constant speed.
d) Slowing down while moving forwards.

-l

4 Draw all the forces that act on a plane (a) just after
take off, (b) while flying at a constant speed at a
constant height.

their acceleration very much slower than that of a car?

6 This question refers to the experiments described in

Figure 6.5.

a) How many cords are needed to accelerate a
trolley of mass 4 kg at a rate of 0.6 m/s??

b) What acceleration is produced by four cords
acting on a trolley of mass 3 kg?

c) The trolley in this experiment has frictional forces
acting on it. What effect does friction have on the
results?

d) What can you do to help compensate for friction?

7 You are in a spacecraft in a region where there is

no gravitational pull. You have two biscuit tins, one

of which has no biscuits (because you have eaten

them) and the other is full. How can you tell which is

full, without opening the lid?

8 a) What is the acceleration of a mass of 3 kg, which
experiences a resultant force of 15 N?

b) What is the mass of an object that experiences an
acceleration of 4 m/s? when a resultant force of
10 N acts on it?




1.7 Applying forces

Figure 7.1 Galileo demonstrating to the
crowds from the Leaning Tower of Pisa.

: On the Moon you weigh less than
: you do on Earth, but your mass
. stays the same.

When you drop something it accelerates downwards, moving faster
and faster until it hits the ground. In 1589 Galileo demonstrated to
the crowds in Pisa that objects of different masses fall to the ground
at the same rate. He dropped a large iron cannon ball and a small
one. Both balls hit the ground at the same time. They accelerated at
the same rate of about 10 m/s2. Aristotle, the Greek philosopher, had
previously taught that heavier objects fall more quickly.

B Weight and mass

The size of the Earth’s gravitational pull on an object is proportional to its
mass. The Earth pulls a 1 kg mass with a force of 10 N and a 2 kg mass with
a force of 20 N. We say that the strength of the Earth’s gravitational field,
g,1s 10 N/kg.

The weight, W, of an object is the force that gravity exerts on it, which is
equal to the object’s mass X the pull of gravity on each kilogram.

W = mg

The value of gis roughly the same everywhere on the Earth, but away from
the Earth it has different values. The Moon is smaller than the Earth and
pulls things towards it less strongly. On the Moon’s surface the value of
g1s 1.6 N/kg. In space, far away from all stars and planets, there are no
gravitational pulls, so gis zero, and therefore everything is weightless.

Example. What is the weight of a 70 kg man on the Moon?
W = mg

70 kg x 1.6 N/kg

112N

The size of g also gives us the gravitational acceleration, because:

. force
acceleration = or g=—
mass m

m Falling and parachuting

You have read above that everything accelerates towards the ground at the
same rate. But that is only true if the effects of air resistance are small. If you
drop a feather you know that it will flutter slowly towards the ground. That
is because the size of the air resistance on the feather is only slightly less
than the downwards pull of gravity.

The size of the air resistance on an object depends on the area of the object
and its speed:

m The larger the area, the larger the air resistance.
m The larger the speed, the larger the air resistance.
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air resistance air resistance
=1N =1N

i i
speed of both
balls = 40 m/s
resultant
* acceleration
W=1N =9m/s?
mass = 0.1 kg W=10N

mass =1 kg

Figure 7.2 At this instant both balls have
a speed of 40 m/s. At this speed the
weight of the red ball is balanced by air
resistance, but the heavier blue ball is still
accelerating.

Figure 7.3 The sky diver has reached her
terminal velocity. She is in a streamlined
position. How could she slow down?

Figure 7.2 shows the effect of air resistance on two balls, which are the same
size and shape, but the red ball has a mass of 0.1 kg and the blue ball a mass
of 1 kg. The balls are moving at the same speed, so the air resistance is the
same, 1 N, on each. The pull of gravity on the red ball is balanced by air
resistance, so it now moves at a constant speed. It will not go any faster and
we say it has reached terminal velocity. For the blue ball, however, the pull
of gravity is greater than the air resistance so it continues to accelerate.

Figure 7.4 shows how the speed of a sky diver changes as she falls towards
the ground. The graph has five distinct parts:

OA. She accelerates at about 10 m/s* just after leaving the aeroplane.

2 AB. The effects of air resistance mean that her acceleration gets less as
there is now a force acting in the opposite direction to her weight.

3 BC. The air resistance force is the same as her weight. She now moves at a
constant speed because the resultant force acting on her is zero.

4 CD. She opens her parachute at C. There is now a very large air resistance
force so she decelerates rapidly.

5 DE. The air resistance force on her parachute is the same size as her
weight, so she falls at constant speed until she hits the ground at E.

60
parachute
50 B C opens
terminal
velocity
401
@
S
g 30 rapid
g}i deceleration
20F A
large parachutist
10F acceleration hits the ground
D E
o Il Il i Il 1 Il 1 L 1 J
4 8 12 16 20 24 28 30

time/s

Figure 7.4 Speed-time graph for a parachutist.

M Driving safely - 1

When you learn to drive, the most important thing you must understand is
not how to start, but how to stop. Coming to a halt safely is vital for your
own and others’ well-being.

Stopping distance

When you are driving you should be aware of your stopping distance

for a particular speed. The stopping distance is the sum of your thinking
distance and braking distance. The thinking distance is the distance the
car travels while you react to a hazard ahead - it takes time for you to take
your foot off the accelerator and apply the brake.

thinking distance = speed X reaction time



Figure 7.5 Why are variable speed limits
imposed on motorways during rush hours?

1.7 Applying forces

If you are travelling at 13 m/s, which is just less than 50 km/h (a typical
speed in a city) and your reaction time is 0.7 s, your thinking distance will be:

thinking distance = 13 m/s X 0.7 s
=91m

You will have travelled about 9 m before you begin to brake.

What affects your reaction time?

You will react more slowly if you are tired, so you should take a break from
driving every few hours. Some medicines might make you drowsy, so you
should not drive if you are taking these medicines. It is illegal to drive under
the influence of alcohol or drugs, both of which slow your reactions and
impair your judgement.

Braking distance

Your braking distance depends on your speed. Table 1 shows typical braking
distances for a saloon car. There is a gap in the second column, which you
will be able to fill in when you answer Study Question 7.

Table 1
| Seed/m/s  Brakingdistance /m
B 2
10 8
15 17
20 81
25
30 69
35 94

Certain factors can increase your braking distance:

Icy or wet roads can reduce the grip on the tyres.

Gravel, mud or oil on the road can reduce the grip on the tyres.

Worn tyres can reduce their grip on the road.

Worn brake pads can reduce the braking force.

A heavily laden car means there is more mass to slow, so the deceleration
is less and the braking distance increased.

® Your stopping distance will be longer if you are going downhill, as gravity
is pulling the car forwards.

Visibility
It is dangerous to drive fast when the visibility is restricted by heavy rain,

or mist or fog. You need to make sure that you are able to stop within the
distance you can see ahead.




Section 1 Forces and motion 1

STUDY QUESTIONS

1 A student wrote ‘my weight is 67 kg’ What is wrong d) Make a copy of the graph and add to it a sketch

-

with this statement, and what do you think his weight
really is?

A hammer has a mass of 1 kg. What is its weight

(@) on Earth, (b) on the Moon, (c) in outer space?
Explain this observation: ‘when a sheet of paper is
dropped it flutters down to the ground, but when

the same sheet of paper is screwed up into a ball it

accelerates rapidly downwards when dropped. g 08

4 Refer to Figure 7.2 and explain the following. 2
a) Why is the red ball falling at a constant speed? § S00g

b) Why does the blue ball fall with an acceleration of 5
9 m/s%? 8 4008

5 This question refers to the speed/time graph in §
Figure 7.4. § 200}

a) What was the speed of the sky diver when she hit
the ground?

b) Why is her acceleration over the part AB less than
it was at the beginning of her fall?

c) Use the graph to estimate roughly how far she
fell during her dive. Was it nearer 100 m, 1000 m,
or 10 000 m?

d) Use the information in the graph at point E to make
a rough estimate of the acceleration on landing.

6 The graph (right) shows how the force of air

resistance on our sky diver's parachute changes with

her speed of fall.

a) How big is the resistive force acting on her if she
is travelling at a constant speed of 5 m/s?

b) Explain why your answer to part (a) must be the
same size as her weight.

c) Use the graph to predict the terminal velocity of the
following people using the same parachute:
i) aboy of weight 400 N
i) a man of weight 1000 N.

to show how you think the air resistance force
would vary on a parachute with twice the area of
the one used by our sky diver.

e) Why do parachutists bend their legs on landing?

1000 -

0 Il 1 1 | | J
1 2 3 4 5 6 7

speed/m/s

7 Copy Table 1 on page 23 and add to it two further

columns headed ‘thinking distance’ and ‘stopping

distance’

a) Calculate the thinking distances for the speeds
listed, assuming your reaction time is 0.7 s.

b) Now fill in the stopping distances where you can.

c) Plot a graph to show the stopping distances
(y-axis) against the speed (x-axis).

d) Use your graph to predict the stopping distance
for a speed of 256 m/s. Now also fill in the braking
distance for a speed of 25 m/s.

e) What is the maximum safe speed if the visibility is
limited to 50 m?

f) Explain the factors that affect:

i) the thinking distance for a driver
i) the braking distance.
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168 Collisions and safety

Figure 8.1 Why does a shot gun recoil
when it is fired?

3m/s . . 4 m/s

3kg 2kg
momentum momentum
=-3kg x 3m/s =+2kg X 4 m/s
=-9kg m/s = +8kg m/s

Figure 8.2 In this diagram we have given
anything moving to the right positive
momentum, and anything moving to the
left negative momentum.

B Momentum

Momentum is defined as the product of mass and velocity.

momentum = mass X velocity

The units of momentum are kilogram metres per second, kg m/s.

Velocity is a vector quantity and therefore momentum is too. You must

give a size and a direction when you talk about momentum. Look at

Figure 8.2, where you can see two objects moving in opposite directions. One
has positive momentum and the other negative momentum.

B Forces and change of momentum

When a force, F, pushes a mass, m, we can relate it to the mass and
acceleration, using the equation:

force = mass X acceleration
F=ma

The acceleration is defined by the equation:

change of velocity
time

acceleration =

These two equations can be combined to give:

mass X change of velocity
time

force =

Because (mass X change of velocity) is the change of momentum, the force
can be written as:

change of momentum
time

force =

Example
A mass of 7 kg is accelerated from a speed of 2 m/s to 6 m/s in 0.5 s. What
force must be applied to do this?

_ change of momentum

force -
time
_7kgx6m/s—7kgx2m/s
- 0.5s

=56 N
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: Make sure you understand and can
. explain these examples.

10000
8000

6000

number of injuries

4000

2000

1980 1981 1982 1983 1984 1985
year

Figure 8.4 The number of serious injuries
to front-seat passengers and drivers in
cars and light vans in Great Britain. In
January 1983 it became compulsory to
wear seat belts in the front seats. The
number of passengers and drivers wearing
seat belts rose from 45% to 95%. The
statistics speak for themselves. Will you
drive a car without a seat belt?

B Momentum and safety

The equation relating force and change of momentum is important when

it comes to considering a number of safety features in our lives. If you are
moving you have momentum. To stop moving a force must be applied. But
the equation shows us that if we stop over a long period of time, the force to
slow us is smaller. This way we get hurt less.

Here are some examples of how we protect ourselves by increasing the time
we or another object has to stop.

m When we catch a fast ball we move our hands backwards with the ball.

m We wear shin pads in hockey so that the ball has more time to stop when
it hits us.

m When we jump off a wall we bend our legs when we land, so that we stop
in a longer time.

m Children’s playgrounds have soft, rubberised matting under climbing
frames, so that a faller takes longer to stop.

m In abungee jump the elastic rope slows your fall gradually.

M Driving safely - 2

Figure 8.3 shows two cars being tested in a trial crash. In the centre of the
cars are rigid passenger cells, which are designed not to buckle in a crash.
However, the front and back of the cars are designed to buckle in a crash -
these are the crumple zones. These zones absorb energy and also reduce the
deceleration by increasing the time and the distance to slow the passenger. The
force acting on the passenger is less.

Figure 8.3 Most of the energy of an impact in a car crash is absorbed by the crumple zones.

Seat belts

Another vital safety feature in a car is a seat belt - you must wear one by
law in most countries. Figure 8.4 shows some statistics that illustrate how
wearing seat belts has reduced the rate of serious injuries in car crashes.
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There is some ‘give’ in a seat belt, which allows the passenger to slow
3001 John hitting : over a longer distance. The seat belt allows you to take advantage of the
the windscreen—__ . . . .
' time it takes the crumple zone to buckle. The graph in Figure 8.6 shows
approximate decelerations of two passengers in a car crash. Helen was

Figure 8.6 Graph to show approximate
decelerations in a car crash.

-

S wearing a seat belt and John was not. Helen decelerated over a period of 0.1 s
E 200~ . . . .
E 200 while the front of the car crumpled. John kept moving forwards until he hit
S . . . .
5 the windscreen. His deceleration was much larger as he stopped in a shorter
@ Helen wearing . h ived . coe .
2 seatbelt \ time. John received very serious injuries.
© P

100 start of N

crash

1
0 0.05 0.1
time/s

’:!I,,,ll.’l””'-lll‘ﬂ
: -l
. %

Figure 8.5 Wearing a seat belt could save your life in an accident. Only dummies forget

to put their seat belts on.

STUDY QUESTIONS

1 A car of mass 1200 kg moves at a speed of 30 m/s.
What is its momentum?
2 Using your knowledge of momentum, explain:
a) why you bend your knees when you land after a jump
b) why cars are designed to have crumple zones.
3 Explain why passengers should wear seat belts in
cars and coaches.
4 Explain why it hurts more if you fall over on concrete
than it does if you fall over on grass.
5 This question refers to Figure 8.6. John’s mass is
80 kg and Helen's mass is 60 kg.
a) Use the graph to calculate the force that acted
on each of them as they decelerated. Explain why
John received more serious injuries than Helen.

b) Use the graph (Figure 8.6) and the equation:
change of speed
time
to calculate the speed of the car before the crash.
c) Helen was driving the car and was responsible
for the crash. She was breathalysed by the police
and found to be over the drink-drive limit. What
measures should governments take to deter
drink-drivers?

acceleration =

6 In the UK in 1966, 7985 people were killed in road

accidents and 65 000 seriously injured. In 2010, 1857
people were killed in road accidents and 20 800
seriously injured. Give six factors that have improved
road safety during this period of time.
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1.9 Collisions and
explosions

When the firework explodes, chemical energy is transferred to kinetic
energy, light energy and sound energy. But the momentum after the
explosion is the same as it was before the explosion. Can you explain
why?

B Conservation of momentum

When it comes to calculating what happens in collisions and explosions,
momentum is a very useful quantity. Momentum is always conserved.

When two bodies collide, the total momentum they have is the same after
the collision as it was before the collision.

Figure 9.1 Why does this firework explode
symmetrically in all directions?

Figure 9.2 shows two ice hockey players colliding on the ice. When they meet
they push each other - the blue player’s momentum decreases and the red
player’s momentum increases by the same amount.

Before the collision the total momentum was:

momentum of blue player = 100 kg X 5 m/s
=500 kg m/s

momentum of red player =80 kg X 3 m/s
=240 kg m/s

This makes a total of 740 kg m/s.

momentum afterwards

=100kg x 3.4 m/s

+80kg x5 m/s
740kg m/s

momentum before
100kg - 100kg x 5 m/s
+ 80kg x 3m/s
o = 740kg m/s

(b)

Figure 9.2 The total momentum of the players is the same before and after the collision.

After the collision the total momentum was:
momentum of blue player = 100 kg X 3.4 m/s
=340 kg m/s
momentum of red player =80 kg X 5 m/s
=400 kg m/s

This makes a total of 740 kg m/s - the same as before.




momentum before = 0

+10m/s _—30m/s
1500 kg 500 kg

+ 15000 kgm/s — 15000 kgm/s

momentum after = 0

both stationary

Figure 9.3

(a) Blu-tack Before the collision

1m/s /\ at rest

0.5 m/

(b) Blu-tack Before the collision

3 m/s /\ at rest

1.0 m/

Figure 9.4

: In a collision between two bodies,
- where no external force acts

- on then, momentum is always

. conserved

1.9 Collisions and explosions

B Momentum as a vector

Figure 9.3 shows a large estate car colliding head-on with a smaller saloon
car. They both come to a halt. How is momentum conserved here?

Momentum is a vector quantity. In Figure 9.3(a) you can see that the red
car has a momentum of +15 000 kg m/s and the blue car has momentum of
—15 000 kg m/s. So the total momentum is zero before the collision - there
is as much positive momentum as negative momentum. After the collision
they have both stopped moving and the total momentum remains zero.

M Investigating collisions

Figure 9.4 shows how you can investigate conservation of momentum using
laboratory trolleys. One trolley is pushed into a second stationary trolley
and the speeds measured before and after the collision. These speeds can be
measured with light gates and data loggers, or with ticker tape.

In Figure 9.4(a) a trolley of mass 1 kg, travelling at 1 m/s, collides with an
identical trolley, which is at rest. They stick together. The momentum before
the collision is:

l1kgx1m/s=1kgm/s

The trolleys move off after the collision with the same total momentum of
1 kg m/s, but this is shared by the two trolleys, so they move with a speed of
0.5 m/s.

What happens in Figure 9.4(b)?

The total momentum before the collision is:

1kgx3m/s=3kgm/s

The momentum after the collision = 3 kg m/s (momentum is conserved).
The trolleys stick together to make a new mass of 3 kg, which now carries
the momentum. So:

3kgm/s=3kgxv

The unknown speed, v, is therefore 1 m/s.

B Newton’s third law

Newton’s third law of motion states that: to every force there is an equal and
opposite force. This law sounds easy to apply, but it requires clear thinking.
First, it is important to appreciate that the pair of forces mentioned in the
law act on different bodies. Some examples are given in Figure 9.5.

a) If I push you with a force of 100 N, you push me back with a force of
100 N in the opposite direction.

b) When you walk, you push the ground backwards; the ground pushes you
forwards.
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(a) Each person experiences
the same force when
contact is made.

Figure 9.5

push from water
—-——

(a) starting to swim

push from water
-

drag from water

(b) swimming at
constant speed

-

drag from water

(c) slowing down at
the end of a length

Figure 9.7

force on foot

.

force on ground

(b) A foot pushes the ground (c) There is an equal and opposite
backwards; the ground gravitational pull on the
pushes the foot forwards. craft and on the Earth.

c) A spacecraft orbiting the Earth is pulled downwards by Earth’s gravity; the
spacecraft exerts an equal and opposite gravitational pull on the Earth. This
means that as the spacecraft moves, the Earth moves too. But the Earth is
so big that it only moves a tiny amount - far too little for us to notice.

B Taking the plunge

When you go for a swim you need all three of Newton’s laws of motion to
explain how you get from one end of the pool to the other. Figure 9.7 shows
a swimmer at three stages of swimming a length.

a) At the beginning of the length, the swimmer pushes the water; the
water pushes her forwards (third law). An unbalanced force acts on the
swimmer and she accelerates (second law).

b) In the middle of the length, the forwards push from the water is balanced by
resistive forces on the swimmer. She moves at a constant speed (first law).

c) At the end of the length, she stops swimming and drag forces slow her
down (second law).

Figure 9.6 What forces are acting on this swimmer?



1.9 Collisions and explosions

Alan @ ® e Tug of war
\ In Figure 9.8(a) you can see two people engaged in a tug of war. From

Newton’s third law we know that the force which Alan exerts on Ben must be
exactly the same size as, but in the opposite direction to, the force which Ben

(a) a tug of war exerts on Alan.

Alan N Ben

o

1 . -—

To understand why Alan wins and Ben loses we must draw free body
diagrams for each person, Figure 9.8(b). Each person pushes on the ground,
and the ground pushes him back. Alan is stronger than Ben and pushes the

ground harder than Ben. Alan accelerates backwards because F, > T; Ben

(b) Alan accelerates Ben accelerates
backwards: F;>T forwards: T> F,

Figure 9.8

STUDY QUESTIONS

accelerates forwards because T'> F,. Each has an unbalanced force acting on
him. However, they exert the same force on each other.

1 In each of the following experiments shown in the
diagrams, the two trolleys collide and stick together,

——3 m/s —2m/s
[0 o] (&%)
@@ ® OmO
—-2 m/s At rest

©

—=4m/s -2 m/s
© m ® '@' ®

2 In Figure 9.3 two cars collided head-on. Each driver
had a mass of 70 kg.

a) Calculate the change of momentum for each driver.

b) The cars stopped in 0.25 s. Calculate the average
force that acted on each driver.

c) Explain which driver is likely to be more seriously
injured.

3 Afield gun of mass 1000 kg, which is free to move,
fires a shell of mass 10 kg at a speed of 200 m/s.
a) What is the momentum of the shell after firing?
b) What is the momentum of the gun just after firing?
c) Calculate the recoil velocity of the gun.

d) Why do you think very large guns are mounted on
railway trucks?

4 Use the principle of momentum conservation to
explain the following:

a) A gun recoils when fired.
b) You can swim through water.
c) Fireworks explode in symmetrical balls.

Work out the speeds of the trolleys after their collisions.

5 Alorry of mass 18 000 kg collides with a stationary
car of mass 2000 kg.

——=10m/s

e

lorry mass car at rest
18 000 kg mass 2000 kg

a) Calculate the momentum of the lorry before the
collision.

b) After the collision the lorry and car move off
together. What is their combined momentum after
the collision?

c) What is the speed of the lorry and car after the
collision?

d) Each of the drivers of the car and lorry has
a mass of 80 kg. Calculate their changes of
momentum during the collision.

e) The collision last for 0.2 s. Calculate the force
that acts on each driver during the collision.
Explain which driver is more likely to be injured.

f) Explain why a crumple zone protects the drivers
in a collision.

6 Apply Newton'’s third law of motion to explain the
following:

a) A gun recoils when it is fired.

b) When you lean against a wall you do not fall over.

c) You have to push water backwards so that you
can swim forwards.




Section 1 Forces and motion 1

1210 Rockets and jets

When you go swimming you demonstrate Newton’s third law. As
you move your arms and legs through the water, you push the water
backwards. The water pushes you forwards.

The same idea applies to an aeroplane in flight powered by a propeller
(Figure 10.1). The propeller accelerates air backwards, and the air
exerts an equal forwards force on the aircraft. As you will see below,
rockets and jet engines use the same principle.

forwards push
on the plane

Figure 10.1 The forces acting on an aeroplane powered by a propeller along the flight
direction.

B Rockets

A propeller takes advantage of air resistance. If air did not exert a force on us
as we move through it, a propeller would not work. This is why an ordinary
aeroplane cannot fly in space, where there is no air for its propellers to push
against.

(2) No momentum.

The simplest way to demonstrate the action of a rocket is with an air-filled
— balloon. If you blow up a balloon and then let it go, it whizzes around the room.
It would also whizz around in space where there is no air, because the balloon
=== getsits forwards push from the escaping air. You can explain this by using the

forward

push on ——— principle of conservation of momentum. Before you let go of the balloon, the
balloon pﬁghvg;r aisr momentum of the balloon and the air in it is zero. Once the air is allowed to
(b) Balloon has momentum to the left. escape from the balloon the total momentum is still zero, but the balloon has
Air has momentum to the right. Total forwards momentum and the air has backwards momentum (Figure 10.2).

momentum is still zero. . . . . o
Figure 10.3 shows a simple design for a rocket. The rocket carries with it

fuel, such as kerosene, and liquid oxygen (oxygen is needed for the fuel

to burn). These are mixed and burnt in the combustion chamber. High
pressure gases are then forced out backwards through the nozzle at speeds
of about 2000 m/s.

Figure 10.2

oxygen
—ygwd_ thrust

-180°C

nozzle

combustion chamber

Figure 10.3 A simple rocket.
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M Jets

Figure 10.5 shows a simplified diagram of the sort of jet turbine engine
found on an aeroplane. At the front of the engine a rotating compressor
sucks in air, acting rather like a propeller, but the air is compressed and as
a result it becomes very hot. Some of the heated air then goes through into
the combustion chamber and is mixed with the fuel (kerosene). The fuel
burns and causes a great increase in the pressure of the gases. The hot gases
are then forced out at high speed through the exhaust nozzle. The escaping

Figure 10.4 This is a large jet turbine gases provide a forward thrust on the engine.
engine. You can clearly see the turbine L. . .
blades The engine is started with an electric motor to rotate the compressor, but

once the engine is running some of the energy from the exhaust gases is used
to drive a turbine mounted on the same shaft as the compressor.

fuel turbine, which drives
compressor

| EE==ATT
_&’. d '

00,0, = F —
Iyl

compressor fuel combustion exhaust
Figure 10.5 The jet turbine engine. chamber nozzle
STUDY QUESTIONS

N
1 a) Explain carefully how a rocket works. 3 The diagram shows a homemade water-powered
b) A jet aircraft cannot fly in space. Why? trolley. The idea is that you fill the tank up with water

and allow it to flow out of the back.

a) Explain why the trolley starts to move forwards.
b) At the start of an experiment the trolley is at rest;
its mass is 3 kg, including 2 kg of water. When

water is allowed to flow out of the back, it flows
at a rate of 0.05 kg/s with a speed of 3.0 m/s.
Calculate the backwards momentum of the water

L that flows out of the trolley in the first 2 seconds.

¢) How much forwards momentum has the trolley
gained in this time?

d) Now calculate the approximate forwards speed of
the trolley. (Ignore the mass loss of the water.)

e) Calculate the trolley's initial acceleration.

f) Discuss two factors that change the trolley's
acceleration as the water level drops.

rocket runs out

velocity/m/s

2 Above you can see a velocity—time graph for a
firework rocket. The graph stops at the moment the
firework stops burning. A positive velocity on this
graph means the rocket is moving upwards.

a) How can you tell from the graph that the
acceleration of the rocket is increasing?

b) Why does the acceleration rise? (Hint: What
happens to the mass as the rocket burns?)

c) Copy the graph and sketch how the velocity
changes until the rocket hits the ground.
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Summary

Make sure you can answer all the questions in the Interactive quiz.

| am confident that:

v/ | can recall these facts about forces and motion

Average speed = distance/time
The unit of speed is m/s.
Acceleration = change of velocity/time

The unit of acceleration is m/s?.
utv

Average speed =
v = final speed)
The gradient of a distance-time graph is the speed.
The area under a velocity-time graph is the
distance travelled.

The gradient of a veolocity-time graph is the
acceleration.

A force is a push or a pull.

The unit of force is the newton, N.

Force is a vector quantity.

Wind resistance increases with speed.

Newton’s first law: if balanced forces act on an
object, it remains at rest or moves with constant
speed in a straight line.

Newton’s second law:

resultant force = mass X acceleration

Newton’s third law: to every force there is an equal
and opposite force.

where # = starting speed and

/| can recall these facts about momentum

momentum = mass X velocity

The units of momentum are kg m/s.
Momentum is a vector quantity.

force = change of momentum/time

In collisions, the forces acting are smaller when
the time is longer. This is important when
designing crumple zones in cars.

Momentum is conserved in collisions and
explosions.

/| can recall these facts about stopping distances

Thinking distances are affected by the driver’s
reaction time.

The reaction time can be slower if the driver is
sleepy or has taken drugs or alcohol.

Braking distances depend on the speed and mass
of the car.

Braking distances are increased: if the tread on the
tyres is worn; if the brakes are worn; if the road is

covered with water, ice or mud; if you are going
downhill.



1 A triachlon race has three parts: swimming, riding a
bicycle and running.

a) The diagram shows the force responsible for the
forward movement of the athlete in the swimming
race.

=

Copy the diagram and show two other forces
acting on the athlete. [2]

b) The table shows the distance of each part of a
triathlon race and the time an athlete takes for

each part.
swimming 15600 1200
riding a bicycle 40 000 3600
running 10 000 2000

i) Calculate the athlete’s average speed during
the swim. [1]

ii) Calculate the athlete’s average speed for the
whole race. [2]

iii) The graph shows how the distance varied with
time for the running part of the race.
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Exam-style questions

Describe how the athlete’s speed changed
during this part of the race. [3]

2 The table gives information about a journey made by

a cyclist.

0 0
1 15
2 30
3 45
4 60
5 75
6 90
a) Plot a graph using the data in the table. [3]

b) i) Useyour graph to find the distance in kilometres
that the cyclist travelled in 4.5 hours. (1]

ii) Use the graph to find the time in hours taken
by the cyclist to travel 35 kilometres. [1]

c) State the equation that connects average speed,
distance moved and time taken. [1]

A train travels between two stations. The velocity-
time graph shows the train’s motion.

velocity

0 time

a) How do you know that the train is decelerating in
part C? [1]

b) State the features of the graph that represent the
distance travelled between the two stations. [1]

) A second train travels between the two stations at
a constant velocity and does not stop. It takes the
same time as the first train. Sketch a copy of the
graph and then draw a line showing the motion of
the second train. [2]
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4 a) The diagram shows a lorry. It is travelling in a straight
line and it is accelerating. The total forward force on
the lorry is F and the total backward force is B.

i) Which is larger, force F or force B? Explain
your answer. [1]

ii) State an equation that connects acceleration,
mass and unbalanced force. [1]

iii) An unbalanced force of 15 000 N acts on
alorry. The mass of the lorry is 12 500 kg.
Calculate the lorry’s acceleration and give the
unit. [3]

b) The thinking distance is the distance a vehicle
travels in the driver’s reaction time. The braking
distance is the distance a vehicle travels when the

brakes are applied.

i) State one factor that increases the thinking
distance. [1]

ii) State one factor that increases the braking
distance. [1]

5 The graph shows the minimum stopping distances, in
metres, for a car travelling at different speeds on a dry
road.

[l Braking distance
[ Thinking distance
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[ e —
£
)
2
B 80 s
[%2)
2
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£ 40
Q.
9
(2]
20 e

10 20 30 40 50 60 70
speed of car/mph

a) Write an equation to show the link between
stopping distance, thinking distance and braking
distance. [1]

b) Describe the patterns shown in the graph. [2]

c) Use the graph to estimate the stopping distance for
a car travelling at 35 miles per hour. [1]

d) To find the minimum stopping distance, several
different cars were tested. Suggest how the data
from the different cars should be used to give the
values in the graph. [1]

e) The tests were carried out on a dry road. If the road
is icy, describe and explain what change if any there
would be to:

i) the thinking distance [2]
ii) the braking distance. [2]

The graph shows how the velocity of an aircraft
changes as it accelerates along a runway.
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a) Use the graph to find the average acceleration of
the aircraft. [3]

b) Explain why the acceleration is not constant, even
though the engines produce a constant force.  [3]

The following graph is a velocity-time graph for
the Maglev train, which travels from Longyang
Station, on the outskirts of Shanghai, to Pudong
International Airport.
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Exam-style questions

Number of cake cases | Time of fall /' s
1 2.7,2.6,2.6
15 29,23,22
2 2.0,2.0,19
3 15,16, 1.7
4 1.4,14,14
6 1.3,13,12
8 1.1,1.1,12
10 1.1,1.1,1.0

100 200 300 400 442

time/s

a) Use the graph to calculate the train’s acceleration
over the region AB. Give the unit of acceleration. [4]

b) How far does the train travel at its maximum

speed? (3]

c) Use the graph to calculate how far it is from
Longyang Station to Pudong Airport. [3]

d) The Trans-Siberian express takes 6 days and
4 hours to travel the 9289 km from Moscow to
Vladivostok. Estimate how long it would take to
cover the same distance in a Maglev train. [3]

Gina plans to investigate drag forces on falling
objects. She decides to use a cupcake case as a
parachute. The weight of the case can be increased
by stacking more cases inside each other. The table
shows the times that were recorded for the different
numbers of cases stacked together, when they were
timed falling a distance of 4 m. Where a number of
1.5 cases is shown, she cut one case in half and put it
inside another case.

extra case added to
increase the weight

a) Why did Gina record three times for each number
of cake cases? [1]

b) Paul said that Gina should have used a more precise
stopwatch. Gina replied that her readings were
accurate enough, as her reaction time introduced
an error anyway. Evaluate this discussion. [2]

c) Copy the table and add two further columns to show:
i) the average time of fall [2]
ii) the average speed of fall. [2]

d) Plot a graph of the number of cases on the y-axis
against the speed of fall on the x-axis. Draw a
smooth line through the points and comment on
any anomalous results. [3]

e) Use the graph to predict the speed of fall for a
weight of:

i) 2.5 cases [1]
ii) 7 cases. [1]
f) Explain what is meant by terminal velocity. [2]

g) Draw a diagram to show the forces thatactona
cupcake case, falling at its terminal velocity. (2]

h) Assuming that the cases reach their terminal velocity
quickly after release, comment on how the drag force
on a falling cupcake case depends on its speed.  [2]

i) Paul did an experiment using a cake case with twice
the area of Gina’s cases. He discovered that one case
fell 4 m in a time of 2.63 s. He concluded that ‘this
means that the area has no effect on the drag force’.
Do you agree? Give a reason for your answer. [2]

9 a) A car is travelling at 25 m/s. The driver takes

his foot off the accelerator and slows down. His
deceleration is 2 m/s*>. How long does it take him
to slow down a speed of 15 m/s? [3]

b) The car speeds up from 15 m/s to 30 m/s in 10's.
What was its acceleration? [3]
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10 Afly can take off and reach a speed of 3 m/s in a time
of 60 milliseconds. What is its acceleration? [3]

11 a) Angela is a skydiver. In part A of the diagram she
is falling at a constant speed. How big is the drag
force, X, acting on her parachute? [1]

b) In part B, Angela has just opened her parachute
after diving at high speed. Describe how her
motion is changing. (2]

12 Andrew is cycling at 5 m/s, and in 5 seconds
increases his speed to 7 m/s.

a) Calculate his acceleration. [3]

b) The mass of Andrew and his bicycle is 50 kg. The
force forwards on the bicycle is 30 N. Calculate the
size of wind resistance, R, acting on him. Assume
he has the acceleration calculated in part (a). [3]

13 a) There is a parcel on the front seat of a car. The car

stops suddenly and the parcels falls off the front
of the seat. Use ideas about forces and momentum

to explain why this happens. [2]

b) Explain why you should wear a seat belt when
travelling in a car. [2]

14 In some cars air bags are inflated in front of the

driver and passenger when there is a crash. Use your
knowledge of momentum to explain how these bags
can reduce injuries to people in the car. [3]

15 Scientists test the safety features of a car by crashing it

into a very large block of concrete. A dummy is placed
in the driver’s seat and the scientists video the crash.

a) In one test, the dummy and the car travel at 8 m/s.
The mass of the dummy is 72 kg. Calculate the
momentum of the dummy. [2]

b) In another test, the momentum of the dummy
changes by 920 kg m/s in a time of 0.17 s.
Calculate the average horizontal force acting on
the dummy during this time. [2]

c) These tests help to make our roads safer.

i) State two factors that affect the stopping
distance of a car on the road. [2]

ii) Use ideas about momentum to explain how
crumple zones help reduce injuries during a
crash. [2]



16 Sketch graphs to show how the velocity changes with
time for each of the distance-time graphs shown in

the diagram. [4]
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17 A group of students uses a special track. The track is
about 2 metres long and is horizontal. Two gliders, P
and Q, can move along the track.

The surface of the track and the inside surface of
the gliders are almost frictionless. The photograph
shows that the gliders can move though two light
gates, A and B.

light gate B
card
glider Q
light Gate A
surface
card glider P

The mass of glider P is 2.4 kg. This glider is moving
toward Q at a constant velocity of 0.6 m/s. Glider Q
is stationary.

Exam-style questions

The diagram below shows a side view. Each glider has
a card and a magnet attached. Light gate A records
the time for which the card is in front of the light
gate.

direction of motion of glider

I/.//Ilght gate A

- surface of track

magnet

card—_

glider P

a)i) Apart from the time recorded by the light gate
A, state the other measurement that would
needed to calculate the velocity of glider P.  [1]

ii) Why does the surface of the track need to be
frictionless and horizontal? [1]

b) Momentum is a vector quantity.
i) State what is meant by a vector quantity.  [1]
i) Calculate the momentum of glider P. [2]
iii) State the momentum of glider Q. [1]

c) Glider P collides with glider Q and they move off
together at a speed of 0.4 m/s.

i) State the combined momentum of P and Q
after the collision. [1]

ii) Calculate the mass of glider Q. [2]

iii) Calculate the change in momentum of glider P
during the collision. [2]

iv) The time taken for the collision was 0.05 s.
Calculate the force that acted on glider P
during the collision. [3]

v) State the size of the force acting on glider Q
during the collision. [1]
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EXTEND AND CHALLENGE

1 a) Arocket has a mass of 3 000 000 kg at take-off.
The thrust from the engines is 33 MN. Calculate
the initial acceleration.

b) The rocket burns 14 000 kg of fuel per second.
What is the mass of the rocket 2 minutes after
lift-off?

c) Calculate the acceleration of the rocket 2 minutes
after lift-off, assuming that the engines produce
the same thrust.

2 This question is about the take-off of a lunar landing
craft. Use the data provided: mass of craft 20 000 kg;
take-off thrust from engines on craft 52 000 N;
Moon's gravitational field strength 1.6 N/kg.

a) What is the craft's weight?

b) At take-off, what is the unbalanced force on the
craft?

c) Calculate the acceleration of the craft at take-off.

d) How fast will the craft be travelling after 30 seconds?

e) How far above the Moon’s surface will the
spacecraft be after 30 seconds?

f) Give two reasons why the craft will actually have
travelled slightly further than you estimate.

g) Why could this spacecraft not take off from the
surface of the Earth?

3 The graph below shows information about the
performance of a high-speed power boat. It has
two gears, and you can see how the thrust available
from the propellers depends on the speed of the
boat. Also shown on the graph is how the drag force
depends on the speed. The mass of the power boat
with its occupants is 500 kg.

a) What is the boat's top speed in () gear 1, (i) gear 2?
Explain how you arrived at your answer.

b) Calculate the boat's acceleration (i) in first gear
when the speed is close to zero, (ii) in first gear
travelling at 7 m/s.

c) Discuss how a power boat is designed to
maximise its speed.
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2 1500 \ drag
9 / force
2 gear 2 \
§ 1000}
@
8 \
o 500
i 1
10 20

speed/m/s

4 You are in outer space, and you are worried that your

crew are looking thin. How are you going to work out

their mass in a weightless environment? Describe an

experiment to calculate an astronaut's mass, using a

chair, a large spring balance, a stop clock and a tape

measure.

Greg test drives his new car. He accelerates rapidly

until he reaches a speed of 20 m/s. The mass of the

car (with him in it) is 750 kg. The graph shows how
the speed changes.

a) Calculate his acceleration over the first 4 seconds.

b) Work out the force acting on the car to accelerate
it.

c) Greg invites three friends (total mass 250 kg)
into his car to demonstrate its rapid acceleration.
Copy the graph, and show how it now accelerates
over the first 4 seconds.

20}

speed/m/s

g 48 12 16 20

time/s

6 The diagram below shows an alpha particle colliding

head on with a stationary proton in a cloud chamber.
Before the collision the alpha particle has a speed
of 10" m/s. After the collision its speed is 0.6 x

10" m/s. The mass of the alpha particle is 4 times
that of the proton. Calculate the speed of the proton
after the collision.

alpha stationary
particle proton
— @
0" m/s

Before the collision

alpha
particle proton

(o
0.6 x 10’ m/s

After the collision




CALCULATE * PRESENT

1 Alight year is the distance which
light travels in 1 year. Calculate
the length of a light year in m. The
speed of light is 3 x 108 m/s.
Calculate the distance to the
Andromeda Galaxy in m.

Discuss the feasibility of space
travel to another Galaxy or another
star in our galaxy.

motion

The Andromeda Galaxy and its two dwarf companion galaxies. This

galaxy is 2.5 million light years away from our galaxy, the Milky Way.
The Andromeda Galaxy contains approximately 1 trillion (10'2) stars.
The Galaxy is bright enough to be seen by the naked eye.

By the end of this section you should:
understand what a turning moment is
be able to recall and use the principle of moments
understand force—extension graphs for different materials
know that the Moon orbits the Earth and some planets have Moons
understand gravitational field strength, g
know and be able to explain that the gravitational force keeps
moons and planets in orbit
be able to use the relationship between orbital speed, orbital radius
and time period
know the nature of a comet’s orbit
understand the nature of galaxies.
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If you have ever tried changing the wheel of a car, you will know that
you are not strong enough to undo the nuts with your fingers. You

need a spanner to get a large turning effect. You need a long spanner
and a large force.

The size of the turning effect a force exerts about a point is called a turning
moment. The turning moment is increased by applying a large force and by
using a long lever.

Figure 11.1 turning moment = force applied X perpendicular distance of force from pivot

Perpendicular means ‘at right angles’. Figure 11.2 shows you why this
distance is important. In Figure 11.2(a) you get no turning effect at all as the
force acts straight through the pivot, P. In Figure 11.2(b) you can calculate

) the turning moment.
" /
"~ 100N turning moment = 100 N X 0.3 m
=30 Nm
®) oo ) = Turning forces in action
) _/ Figures 11.3 to 11.6 show four examples of how tools can be used to give us
large turning moments.
‘ P
100N

Fi 11.2
'gure large force

T

|

lever small force

i°w

Figure 11.4 A screwdriver is used to insert

Figure 11.3 A screwdriver can be used to a screw — a broad handle allows us a good
lever off the lid of a paint tin. grip and leverage.

' small !
| distance |
1 1

effort

large load

Figure 11.5 A crowbar with a long handle Figure 11.6 A simple lever. The rock can be lifted when its turning effect is balanced by
can be used to pull out old nails. the turning effect of the man'’s push. With a long lever a small effort can lift a large load.




The unit of a turning moment is Nm
:or Nem.

1.11 Turning moments

m Lifting loads

Turning moments need to be considered when lifting heavy loads with a
mobile crane (Figure 11.7). If the turning effect of the load is too large the
crane will tip over. So, inside his cab, the crane operator has a table to tell
him the greatest load that the crane can lift for a particular working radius.

~—— working radius

/..

Figure 11.7 A mobile crane.

Table 1 shows you how this works. For example, the crane can lift a load of
60 tonnes safely with a working radius of 16 m. If the crane is working at a
radius of 32 m, it can only lift 30 tonnes. You get the same turning effect by
doubling the working radius and lifting half the load.

Table 1 A load table for a crane operator

12 80 960
16 60 960
20 48 960
24 40 960
08 ' 34 952
32 30 960
36 o7 972

® Centre of gravity

Figure 11.8(a) on the next page shows a see-saw that is balanced about its
midpoint. Gravity has the same turning effect on the right-hand side of the
see-saw, as it has on the left-hand side. The resultant turning effect is zero.

The action of the weight of the see-saw is the same as a single force, W,
which acts downwards through the pivot (Figure 11.8(b)). This force has no
turning moment about the pivot. As the see-saw is stationary, the pivot must
exert an upwards force R on it, which is equal to W.

When the see-saw is not pivoted about its midpoint, the weight will act to
turn it (Figure 11.8(c)).
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Figure 11.9 This rocking toy is stable
because its centre of gravity is below the
pivot.

(a)

4

(b)

Figure 11.10 (a) Centre of gravity inside
the body. (b) Centre of gravity outside the
body.
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Figure 11.8

The point that the weight acts through is called the centre of gravity. The
centre of gravity of the see-saw lies at its midpoint because it has a regular shape.
In Figure 11.8(d) the centre of gravity lies nearer the thick end of the shape.

Jumping higher
When you stand up straight your centre of gravity lies inside your body. But
in some positions you can get your centre of gravity outside your body.

This idea is most important for pole vaulters and high jumpers

(Figure 11.10). Suppose a high jumper’s legs can provide enough energy to
lift her centre of gravity to a height 2 m above the ground. If she can make
her centre of gravity pass under the bar, she can clear a bar higher than 2 m
(Figure 11.10(b)).

Figure 11.11 Why do ‘Fosbury-floppers’ usually win?

m Equilibrium, stability and toppling
Something is in equilibrium when both the resultant force and the resultant
turning moment on it are zero.

We talk about three different kinds of equilibrium, depending on what
happens to the object when it is given a small push.

m A football on a flat piece of ground is in neutral equilibrium. When
given a gentle kick, the ball rolls, keeping its centre of gravity at the same
height.
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m A tall thin radio mast is in unstable equilibrium. It is balanced with its
centre of gravity above its base. However, a small push (from the wind)
will move its centre of gravity downwards. To prevent toppling the mast is
stabilised with support wires.

m A car is in stable equilibrium (Figure 11.12(a)). When the car is tilted
the centre of gravity is lifted, (b). In this position the action of the weight
keeps the car on the road. In (c) the centre of gravity lies above the wheels;
the car is in a position of unstable equilibrium. If the car tips further, (d),
the weight now provides a turning moment to topple the car. Cars are
more stable if they have a low centre of gravity and a wide wheel base.

(a) wheel base

reaction

weight W

Figure 11.12 R, and R, are the reaction from the road, which support the car's weight. How does reaction force R; change as the car

changes its position from (a) to (b) to (c) and to (d)?

Now watch the animation Moments.

STUDY QUESTIONS &

1 a) When you cannot undo a tight screw, you use a
screwdriver with a large handle. Explain why.

2 Look at the crane in Figure 11.7.
a) What is meant by working radius?
b) Use the scale in Figure 11.7 to calculate the
working radius of the crane.
c) Use the data in Table 1 to calculate the greatest
load that the crane can lift safely in this position.
d) Laura, a student engineer, makes this comment:
‘You can see from the driver's table that the crane
can lift 960 tonnes, when the working radius is
1 m! Do you agree with her?
3 a) A crowbar is used to lever a nail out of a block
of wood. Use the information in the diagram to
calculate the size of the turning moment exerted.

50N

b) Explain why door handles are not put near hinges.

N
b) A student finds that the minimum force required

to lift up the lid of a computer is 6.4 N.

6.4N
L

o ——o]
i) Calculate the moment of the force that opens
the computer.
i) Explain why the minimum force required to close
the computer lid is likely to be less than 6.4 N.
4 List the glasses shown below in order of stability,
starting with the most stable. Explain your answer.

5 a) Explain why people are allowed to stand on the
lower deck of a double-decker bus, but not on the
higher one.

b) Explain three features which give Formula 1 cars
great stability.
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This tighterope walker is helped if he has a head for heights and
an understanding of physics. What conditions must exist for him to
remain balanced? How does the pole help him?

m Balancing

In Figure 12.2 you can see Jaipal and Mandy sitting on a see-saw, which is
balanced. It balances because the turning moment produced by Jaipal’s
weight exactly balances the turning moment produced by Mandy’s weight in
the opposite direction.

Jaipal’s anti-clockwise turning moment =450 N X 1 m
=450 Nm
Mandy’s clockwise turning moment =300 N X 1.5 m
=450 Nm

The turning moments balance. The seesaw is in equilibrium.

Figure 12.1

Jaipal Mandy
< 1m —se— 15m —»= |
anti-clockwiseC ' Dclockwise

450N 300N

EXAMTIP Figure 12.2

: When an object is balanced (or in
- equilibrium) the turning forces in In equilibrium:
- one direction balance the turning
. forces in the opposite direction.

m the sum of the anti-clockwise moments = the sum of the clockwise moments
m the sum of the forces balance.

B Moments in action

In Figure 12.3 a small crane is being used to load a boat. A counterbalance load on
the left-hand side is used to stabilise the crane and to stop it from toppling over.

|-—1.5m | 3.0m |

counterbalance

load

Figure 12.3 Forces acting on a small crane.




Figure 12.5 Forces acting on a nutcracker.

1.12 Balancing forces

The clockwise turning moment from the load being lifted = 2000 N x 3 m
=6000 Nm
The anti-clockwise turning moment from the counterbalance =4000 N x 1.5 m
=6000 Nm

These turning moments keep the beam in equilibrium.

A window cleaner is carrying his ladder (Figure 12.4). The weight of the
ladder and the bucket exert a downwards turning moment behind him. He
must balance this by pulling down on the ladder in front of him.

| o |
0.5m
‘——-—;1m—~‘
[T M T T.T T T T 1]
F ' 80N
20 N
28

L —

Figure 12.4 Forces on a window cleaner’s ladder which is balanced on his shoulder.

In Figure 12.5 a nut is being cracked by a nutcracker. How big are the forces
F, acting on the nut?

Just before the nut cracks, the turning moments of the forces, F, balance the
turning moments of the 20 N forces.

FX5cm=20NX25cm

F=100N
This is the force which the nut exerts on the nutcracker. Newton’s 3rd law
tells us that the nutcracker exerts the same force on the nut, in the opposite
direction.

B Forces on beams

In Figure 12.6 a man is running across a light bridge (which has a negligible
weight). How do the forces at A and at B change as he crosses?

- 5m :
A<1m—> B
A A

Figure 12.6
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There are three easy places where you can use common sense to calculate the
forces:

m When he is at A, the upward force at A is 1000 N and the upward force at
B is zero.

m When he is at B, the upward force at B is 1000 N and the upward force at
A is zero.

m When he is at C, the centre of the bridge, the upward force at each of A
and B is 500 N.

When the man is 1 m from A you can use your knowledge of moments to
see that A will support more of his weight than B. The exact force can be
calculated using the principle of moments.

The turning moment of the man’s weight about A is balanced by the turning
moment of the upward force at B.

1000 N X 1 m = (force at B) X S m
forceat B=200 N

The upward force at A is 800 N, as together the two forces A and B must add

up to 1000 N.
1 a) Explain why cranes use counterbalances. 3 The diagram shows a pair of cutters. b
b) In Figure 12.3 the dock workers want to load a
heavier weight into the boat. Which way should
they move the counterbalance to balance the
crane? Explain your answer by referring to turning
moments.
c) Aload of 1200 N is now lifted into the boat.
Calculate where the counterbalance should be
placed now. T
2 This question refers to the window cleaner in F
Figure 12.4. a) Explain why they have long handles.
a) Calculate the turning moment due to the weight of b) You want to cut some thick wire. Use your
the bucket about the window cleaner’s shoulder. knowledge of moments to explain whether it is
b) Calculate the turning moment due to the weight of better to put the wire at A or B.
the ladder about his shoulder. c) Wire that needs a force of 210 N to cut it is placed at
c) State the size of the turning moment his arm must B, 5 cm from the pivot. How big a force will you need
produce to balance these turning moments. to exert at the ends of the handle to cut the wire?
d) Calculate the size of the force, F, which the 4 This question refers to the man running across the
window cleaner must exert. bridge in Figure 12.6.
e) A friend suggests that his ladder would be easier a) Calculate the size of the upward forces at A and B
to carry if he put the bucket at the other end. Use when he is 1 m away from B.
your knowledge of moments to discuss why this is b) Using the information in the text and your answer
a good idea. to part (a), sketch a graph of the way the upward
f) Can you make a further suggestion, which force at A changes as the man runs from A to B.
would make the ladder easier for the man to c) Calculate the sizes of the forces at A and B when
carry? he is 3 m away from A and 2 m away from B.




1.13 Stretching

151/& Stretching

Our muscles exert forces when they are stretched. An exercise rope
helps this woman stretch and tone up her muscles. On most occasions
our muscles behave elastically. What does this mean? Describe what
happens to a muscle when too much force is applied to it.

Figure 13.1

B Measuring extension

Figure 13.2 shows a simple experiment to investigate the behaviour of a

spring. The spring stretches when a load is hung on it. The increase in length
is called the extension. This sounds an easy experiment to do, but care must
© For a material that obeys Hooke’s be taken to measure the extension accurately.

- law, the extension is proportional
- to the load. If the load doubles so
. does the extension.

Figure 13.3 shows a graph plotted for the force applied to extend a steel
spring. The region AB of the graph is a straight line passing through the origin
up to point B. This shows that the extension is proportional to the load, over
the region AB. A material that behaves in this way obeys Hooke’s law.

16
B
12
= steel spring
38
o
unstretched ~ ©xtension = 1cm 4
steel spring
A
1N load 0 : : | ! |
. 2 4 6 8 10
Figure 13.2 extension/cm

Figure 13.3 Force—extension graph for a steel spring.




Section 1 Forces and motion 2

2N

(a) The total extension is 2 cm

N N

1N 1N

|k

o
o
o
3

3

2N

(b) Each spring extends 0.5 cm
Figure 13.5

PRACTICAL

Make sure you can describe
an experiment to measure the

extension of a steel spring as the
load varies.

B Elastic limit

Over the region AB of the graph (Figure 13.3) the spring shows elastic
behaviour. This means that when the load is removed from the spring, it
returns to its original length and shape. At point B the spring has reached its
elastic limit. If you increase the load beyond this amount, the spring no longer
obeys Hooke’s law. If a load of more than 14 N (beyond point B) is applied to
this spring, it changes its shape permanently. When the load is removed it does
not return to its original shape. This is called plastic deformation.

When you bounce a hard rubber ball it deforms elastically. How do you think
Plasticine deforms?

B Rubber band

Only some materials obey Hooke’s law. You can see from Figure 13.4 thata
rubber band certainly does not.

8_

6

load/N
i

rubber band

2

T T T
A 2 4 6 8 10

extension/cm

Figure 13.4 Force—extension graph for a rubber band.

B Springs in series and parallel

Figure 13.5 shows what happens when a load is put on to two springs.
When you put two springs in series (Figure 13.5(a)) each one is pulled by the
force of 2 N. Each spring is extended by 1 cm, and the total extension is now
2 cm. When springs are put in parallel (side by side) each one supports half
of the load. Each spring only extends by 0.5 cm (Figure 13.5(b)).

B Building materials

Any engineer needs to understand the properties of the materials that are
used to build a house or a bridge. Figure 13.6(a) shows a laboratory sample
of steel wire with a load applied, and Figure 13.6(b) (red curve) shows how it
deformed under tension. When the tensile force reached 1800 N, the sample
deformed plastically - it changed shape irreversibly.

On the same graph (Figure 13.6(b)), you can see how an identically shaped
sample of cast iron behaved. The iron broke suddenly when the stretching
force reached 1100 N. Cast iron is a brittle material; this means that it
breaks without first bending or stretching out of shape.

In some ways iron and steel are quite similar. They are both strong materials,
needing a large force to break them; they are also both stiff materials because
a large force only causes a small change in shape. However, because iron is

brittle it is not safe for building large structures. At the end of the nineteenth
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century, the Tay Bridge in Scotland (built of iron) collapsed, plunging a train
with its passengers into the river below. Had the bridge been made of steel, it
might have buckled, but a brittle fracture would not have occurred with such a
catastrophic effect.

pull from the support
10mm2 gtlgit;c deformation i)
3 2000 |
Z
laboratory §
5m ~+sample - breaking point
1000 -
iron
2 4 6
load extension/mm
(@) (b) The load—extension graph for steel and iron samples
Figure 13.6
STUDY QUESTIONS
~
1 In diagram A, a 2 N weight extends the spring by 5 The table below shows how a spring extends when
4 cm. In each case, B, C and D, calculate the weight increasing loads are hung on it.
hanging on the springs; all the springs are identical. a) Plota graph of load (y-axis) against extension (x-axis).

b) Up to what load does this spring obey Hooke's law?
c) What has happened to the spring after a load of
5.0 N has been put on it?

Load / N | Extension / cm
0 0
A eXt;S;'o” extension 10 20
extension A 20 40
bem 3.0 6.0
2 Use the information in Figure 13.6(a) and (b) to help 4.0 8.0
you work out the size of the force that this steel 5.0 110
girder can support, before it deforms plastically. 60 150
100mm?2
A 6 Figures 13.3 and 13.4 in the text show the force—
[ extension graphs for a spring and a rubber band. Use

these graphs to work out:
& a) the extension caused by a force of 3N when the
\ | grder band and spring are in series
b) the force needed to produce a 4 cm extension
when they are in parallel.
(@) () AXRONN >

load
3 Explain in detail how you would carry out an | \
experiment to verify Hooke's law for a steel spring. _L
You should include details of the measurements you
would take, how you would tabulate them and how
you would plot a graph to show the results.
4 Explain what is meant by the terms:
3N

a) elastic deformation
b) plastic deformation.

-
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The Earth in space

We live in an enormous Universe that contains billions and billions of
stars, planets and moons. In the daytime the sky is dominated by the
Sun, the star that the Earth orbits. At night time you can easily see lots
of stars and the Moon; with more skill you can also see some planets.

B The sky at night

Figure 14.2 shows the position of the Earth in space; the North Pole tilts
towards the Sun in the northern summer and away from the Sun in the
northern winter. The Earth rotates every 24 hours around an axis that points
towards the Pole Star (or Polaris). Because of this daily rotation of the Earth,
the stars appear to rotate each night. For example, Figure 14.3 shows the
position of the Plough at Spm in January; six hours later (11pm) the Earth
Figure 14.1 How many stars can you has completed a quarter of a rotation, so the Plough has rotated through an
count here? angle of 90°. If you want to find the Pole Star, you can follow the line of the
‘pointers’ to help you locate it.

The Plough is a group of stars (constellation) which is ‘circumpolar’; this
means it appears close to the Pole Star. These stars are visible in the northern
hemisphere every night of the year. Stars that are close to the Celestial
Equator (Figure 14.2) are not visible all year round.

to Polaris to Polaris

the Plough

.- Celestial . Y to Virgo
Equator o

““to Orion

Northern
Winter

Figure 14.2 The Earth’s positions, relative to the Sun, 6 months apart.

11pm January 1st

The Plough

5pm January 1st

Figure 14.3 The movement of the stars in six hours.
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B The changing Moon

Our nearest neighbour in space is the Moon. The shape of the Moon always
seems to be changing. The position of the Moon in the sky also changes
from day to day.

The Moon moves around the Earth once a month. This is shown in Figure 14.4.
The diagram shows the Moon in eight different places or phases. It takes
the Moon about 32 days to move from one position to the next. The Sun
shines on the Moon and lights up half of it. In position 1, we cannot see the
bright side of the Moon. This is a new moon, which is very difficult to see.
In position 3, we see a half moon, since we can see equal amounts of the
dark and bright sides of the Moon. When the Moon is in position 5, we see
all of the bright side of it. This is a full moon.

half moon

waxing
crescent

Figure 14.5 A waxing gibbous Moon.

waxing )
gibbous /
GEMINI
' M:n _l:[!e\aqes
Hyades:. b ’
light
Aldebaran @ s full O ' 5 " _ from the
"T ot TAawRUs . moon i Sun
Figure 14.6 Looking south on 5 December
at 11 pm.
waning ( ’
. _ gibbous : aning
GEMINI . _ CI crescent
s . _l:l\maqes
. half moon
Figure 14.4 Phases of the Moon.
Aldebaran & s
LGS  During the first half of the month, the Moon grows from a crescent to a half;

to a ‘gibbous’ and, finally, to a full moon. While the Moon is growing, we say
Figure 14.7 Looking south on 6 December it is waxing. In the second half of the month, it is waning. During this time
at 11 pm. it shrinks back to a new moon.

As the Moon moves round us, we see it close to different stars each night.
Figure 14.6 shows the view south one night in December in the northern
hemisphere. The Moon is near the bright group of stars, the Pleiades. The next
night (Figure 14.7) the Moon has moved towards the constellation of Gemini.

STUDY QUESTIONS
N
1 Draw a diagram to help explain why the Moon 5 Copy Figure 14.3 and draw the position of the
appears in different parts of the sky each night. Plough at (i) 7pm on 1 January, (i) 2am on
2 What is meant by a circumpolar star? 2 January.
3 Figure 14.7 shows the Moon near to the Pleiades on 6 Look at Figure 14.4 and use it to explain:
5 December, viewed from the northern hemisphere. a) why a full moon rises at sunset
Draw diagrams to show how the Moon and its b) why a half moon reaches its highest point in the
neighbouring stars looked on the same day when sky at dawn or sunset.
viewed from (a) the Equator and (b) Australia.
4 Explain carefully, with the aid of appropriate diagrams,
why we see different stars during different seasons.
Look at Figure 14.2 to help you.

-
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Figure 15.1 Four planets in our Solar
System.

Figure 15.2 Jupiter with its four largest
moons — lo, Europa, Ganymede and
Callisto. These can be seen with a small

telescope.

Th lar m

Identify each of the planets in Figure 15.1.

Why have two planets got cratered surfaces? How were the craters
made? How old are the craters?

Which of these planets have moons?
Some planets do not have an atmosphere. Why not?

Where did the Solar System come from? How was it formed?

B The Sun and planets

The brightest thing you can see in the sky is our Sun. The Sun is a star that
provides all the heat and light we need to live. The Earth is a planet that
moves around the Sun in an elliptical path called an orbit. In total there are
eight planets and many minor planets, comets and meteors, which are kept
moving in their orbits by the pull of the Sun’s gravitational force.

Planets do not produce their own light like the Sun. We see planets because
they reflect the Sun’s light. The Sun, planets and moons are known as the
Solar System. The word ‘solar’ means belonging to the Sun.

M The inner planets

The four planets nearest to the Sun, including the third planet - the Earth,
have hard, solid and rocky surfaces.

m Mercury is the planet closest to the Sun. It has a cratered surface that
looks like the Moon’s. During its day the surface is baking hot. Even lead
would melt on its surface.

m Venus lies between Mercury and the Earth. It has a thick atmosphere; its
clouds are made from burning hot sulphuric acid. Nothing can survive its
hot, poisonous surface.

m Mars is the last of the rocky planets. It is colder than the Earth as it is
further away from the Sun. Like the Earth, Mars has polar ice caps. Mars
once had active volcanoes. The largest mountain is Olympus Mons, which
towers 25 km above the surrounding plains.

B The outer planets

Beyond the orbit of Mars are four giant planets: Jupiter, Saturn, Uranus
and Neptune. Each of these is much larger than the inner planets -

Figure 15.3 shows the relative sizes of the planets. Each of the outer planets
has a solid core but the outer surface is made of gas. If you tried to land on
one of these planets you would sink into it.

Jupiter is the largest planet in our Solar System. It has a diameter 11 times
that of the Earth. The swirling clouds in Jupiter’s atmosphere blow around
at hurricane wind speeds of more than 300 km/h. Jupiter has at least

66 moons; many of these are very small and have only been discovered
recently. Its four largest moons, as large as our Moon, were discovered by
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Mars
5 Venus

)
Earth Mercury

Neptune

Saturn Jupiter

Uranus

Figure 15.3 The relative sizes of the Sun and its planets. (Figure 15.5 shows the positions of the planets relative to one another)

Galileo in 1610. These can be seen through a small telescope. One of the
large moons, Io, is squeezed by the planet’s gravitational field. This causes it
to be volcanically active. Figure 15.4 shows a volcano erupting on its surface.

The other giant planets also have large numbers of moons. It seems likely
that their strong gravitational pull attracted a lot of rocky material billions
of years ago, as the Solar System formed. The table on page 56 gives
information about the planets in our Solar System.

® Gravitational field strength

, Every planet, moon or star has a gravitational field at its surface. On the
the pitted surface of lo. At the top of .y .
the photograph you can see a volcano surface of the Earth the gravitational field strength, g, is about 10 N/kg.
erupting. This means that a mass of 1 kg is pulled downwards with a force of 10 N.
This force is the object’s weight.

Figure 15.4 This photograph shows

The strength of the gravitational field for a planet depends on its radius and
density. A larger field is produced by a planet with a larger density and larger
radius.

Table 1 shows some examples of gravitational field strengths for various
objects in our Solar System. The gravitational field strength is different for
each planet and moon.

Saturn Uranus Neptune

Table 1 v
Gravitational field ‘ |~ Jupiter
Object strength / N/kg | Mercury
Earth 10 Venus
Mars 3.7
Jupiter 24.8
270
El | 800 1600 2400 3200 4000 4800
The Moon 16 million km
Pfhlc\)/lbos)(a moon 0.001 Figure 15.5 The orbits of the planets around the Sun. The four inner planets are very
of Mars

close to the Sun; the gaps between the outer planets are very large.
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Table 2 Facts about the planets

\§

Mercury 4900 km 58 million km 88 days 0 350°C
Venus 12 000 km 108 million km 225 days 0 480°C
Earth 12 800 km 150 million km 365%days 1 20°C
Mars 6800 km 228 million km 687 days 2 0°C
Jupiter 143 000 km 780 million km 12 years 66 -1560°C
Saturn 120 000 km 1430 million km 29 years 62 -190°C
Uranus 52 000 km 2880 million km 84 years 27 =29012C
Neptune 49 000 km 4500 million km 165 years 13 —240°C
STUDY QUESTIONS

1 Using Table 2:
a) Which is the largest planet?

b) Which planet has a temperature closest to that of

our Earth?

c) Which planet takes just under 2 Earth years to go

round the Sun?

d) Are the temperatures of the planets related to
their distance from the Sun? Why do you think
Venus is hotter than Mercury?

e) Is there any pattern in the number of moons that

planets have? Try and explain any pattern that you

find.
) Which planets will go round the Sun more than
once in your lifetime?

2 a) Here is something active to do. You can make
a model of the Solar System. The scale of your
model should be 1 m for 20 million kilometres.
Use Table 2 to calculate how far each planet

needs to be placed from the Sun. Now go outside

and make your model — you will need a lot of
spacel

b) Now work out where the nearest star system,
Alpha Centauri, should be placed on your model.

Should it be in the next street, the next town or
where?
(Alpha Centauri is 9000 times further away from
the Sun than Neptune is.)
Try and answer these questions about the Solar
System. You may need to go to a library or use the
Internet to find the answers.
a) Where is the Sea of Tranquillity?
b) Which planet has a red spot?
c) What are Oberon and Titania?
d) What are ‘asteroids'?
e) Which planet has the shortest day?
f) How many planets have rings around them?
An astronaut has a mass of 110 kg.
a) Using Table 1, calculate his weight on:
i) Mars
i) Phobos.
b) The astronaut can jump to a height of 0.3 m Earth
in his space suit.
i) Explain why he can jump to a height of nearly
2 m on the moon.
i) What might happen if the astronaut tries to
jump on Phobos?
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Figure 16.2 A hammer thrower spins the
weight around in a circle before releasing
it. To keep the weight in its circular path he
must exert a force, F, towards the centre of
the circle.

Earth /

Figure 16.3 The force of gravity directed
towards the Earth keeps the Moon in orbit.

1.16 Orbits

Orbits

How is it possible for something to travel at a constant speed and to
be accelerating all the time? This happens when it follows a circular
path. Although the speed is constant, there is a change of direction.

So the velocity changes and therefore there is an acceleration.

o

Figure 16.1 What force keeps these people in their circular path at the funfair?

B Throwing the hammer

Figure 16.2 shows an athlete preparing to throw a weight - this event is
called throwing the hammer. He spins the weight up to a large speed before
releasing it. While the weight is moving in its circular path, the athlete exerts
a force, F, towards the centre of the circle. When he lets go of the weight it
flies off, landing a large distance away.

B The pull of gravity and orbits

You understand that gravity acts close to the Earth to pull things to the
ground. However, gravity is also a force that stretches an enormous distance
out into space. Gravity acts on all stars, planets and moons.

m Gravity causes planets and comets to orbit the Sun.
m Gravity causes the Moon and artificial satellites to orbit the Earth.
m Gravity causes stars to orbit around the centre of their galaxies.

Figure 16.3 shows the pull of gravity from the Earth, which keeps the Moon
in orbit. In position M, the Moon has a velocity »;. The pull of gravity
deflects its motion. Later it has moved to its new position M,, with a velocity
v,. The force of gravity does not make the Moon travel any faster, but the
force changes the direction of motion. The Moon will stay in its orbit for
billions of years.
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Figure 16.4 Speed C > speed B> speed A.

B Speed of orbit

Figure 16.4 shows the importance of the speed of orbit. S is a satellite
travelling around the Earth.

m Ifits speed is too great it follows path C and disappears into outer space.

m Ifits speed is too slow it follows path A and falls to Earth.

m When the satellite moves at the right speed it follows path B and stays in a
steady circular orbit.

Planets and moons move in elliptical orbits (see page 60). However, many of
the orbits for planets and moons in our Solar System are nearly circular.

The speed of orbit of a moon, planet or satellite can then be related to the
radius and time of orbit using the following equation.

. 2 X 7t X orbital radi
orbital speed = n. OrbIt - EIE
time period
2XTUXT
Y=
T

The equation is a special example of the more familiar equation:

distance

average speed = —
time

The distance travelled in one orbit is the circumference of a circle, which is
2XT X7

B Orbits near and far

If a planet is close to the Sun the pull of gravity from the Sun is strong. This
causes the speed of the orbit to be high. For a planet further away, the Sun’s
gravity pulls less strongly and the planet moves more slowly.

We can use the data from the last chapter to calculate the orbital speeds for
Earth and Mercury.

orbital speed of Mercury = 2XmXr
_ 2xmx 58 million km
B 88 days
= 4.1 million km/day
orbital speed of Earth = 2XTXT

_ 2X 1 x 150 million km
h 365 days

= 2.6 million km/day
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Figure 16.5 Satellites can be put into orbit
of radius 4200 km, around the Equator.
These satellites have a period of rotation
of 24 hours.

Figure 16.6 Heat from the Sun can melt
the ice in a comet. Sometimes this causes
the comet to develop a spectacular tail.

1.16 Orbits

B Geostationary orbits

Figure 16.5 shows three satellites in geostationary orbits above the
Equator. When the radius of the orbit is about 42 000 km, the time of orbit
is 24 hours. This means that a satellite always appears in the same position
above the Earth’s surface. This is important for satellite communication.
Positions A and B on the Earth’s surface, on the opposite side of the Earth,
can always keep in contact by sending signals via satellites S, and S;.

B Asteroids and comets

Mars is the outermost of four small rocky planets, and Jupiter is the
innermost of four gaseous giant planets (Figure 16.7). There is a large gap
between these two planets in which thousands of lumps of rock orbit; some
of these measure as much as 700 km across. They are known as asteroids,
planetoids or minor planets.

Comets, like asteroids, are rocks that orbit the Sun. However, comets have
very elongated elliptical orbits (Figure 16.8). We think that at the edge of the
Solar System there is a cloud of such comets. Occasionally, one is disturbed
in its orbit so that it falls inwards towards the Sun. We notice a comet as it
gets close to the Earth and Sun. Heat from the Sun melts ice contained in
the rocks. The Sun emits a stream of charged particles called the Solar wind.
This wind blows the melted ice away from the Sun, producing the comet’s
tail; the tail always points away from the Sun.

Halley's Comet

Jupiter's
orbit

. ' asteroids

Figure 16.7 The asteroid belt.

Jupiter

Figure 16.8 Comets come from the far edges of the
Solar System.
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Figure 16.9 Circular and elliptical orbits.

meteor's orbit

Figure 16.10 Meteors have elliptical orbits
around the Sun.

You should be able to explain how
© the speed of a comet changes in
: its orbit.

m Elliptical orbits

If a planet orbits the Sun in a circular orbit, it moves at a constant speed. In
Figure 16.9(a) you can see that the Sun’s gravitational pull is always at right
angles to the planet’s path.

However, a comet or asteroid in an elliptical orbit does not move at a
constant speed. In Figure 16.9(b) the gravitational pull of the Sunona
comet at A is not at right angles to its path. The force does two things: it
deflects the comet towards the Sun and speeds it up. At C the pull of the Sun
slows the comet down again. At D the comet has low kinetic energy but high
potential energy. As the comet falls towards the Sun it increases its kinetic
energy to a maximum at B, and decreases its potential energy.

B Meteors

Meteors are small rock fragments whose elliptical orbit crosses the Earth’s
orbital path (Figure 16.10). At the same times each year, we see ‘showers’ of
meteors. The meteors enter the Earth’s atmosphere travelling at great speeds
(20 000 m/s); we see them as streaks of light as they burn up. Sometimes
larger fragments of rock hit the ground; these are called meteorites. When
you look at the Moon through a telescope, its cratered surface shows plenty
of evidence of early meteor bombardment. The Earth, too, would have

been cratered with meteor impacts when it formed, but millions of years of
weathering has removed the craters. A large crater in the Arizona desert is
thought to be only about 20 000 years old (Figure 16.11).

Figure 16.11 This crater in the Arizona desert is thought to have been formed by a
meteor impact about 20 000 years ago. It is 200 m deep and 800 m wide.



N\

STUDY QUESTIONS

1.16 Orbits

1 a) What force keeps the Moon in orbit around the

Earth?
b) Explain how this force keeps the Moon moving in
a circular orbit.
Describe how a comet’s orbit differs from that of a
planet.
a) Make a sketch to show the orbit of a comet
around the Sun.
b) Mark the points on the orbit where the comet has:
i) the most kinetic energy
i) the most gravitational potential energy.
c) Where is the pull of the Sun strongest on the
comet?
d) Where does the comet travel most slowly?
In Figure 16.5 the satellites have an orbital speed of
3054 m/s. Their orbital radius is 42 000 km.
a) Calculate the time it takes the satellites to orbit
the Earth once.
b) Explain why this time period is useful for
communication.
c) Some satellites go in low orbits over the poles,
some 100 km above the Earth’s surface.
i) How will the time period of these satellites
compare with the ones in Figure 16.5?
i) Explain a use for such satellites.
There are over 300 000 known minor planets in orbit
around the Sun. Some of these are only about 1 km
in diameter. Others are larger, having diameters of
about 1000 km.
The table shows the distances from the Sun and the
time periods for the orbits of the planets Uranus and

Neptune, and some minor planets in orbit close to
them. The orbital radii are quoted in Astronomical
Units (AU). 1 AU is equal to the Sun—Earth distance,
which is 150 million km.

Chiron 14 51
Bienor 17 68
Uranus 19 84
Neptune 32 165
Pluto 39 248
Haumea 43 283
Makemake 46 310
Eris 68 557

a) Plot a graph of time period of the orbits against
the radius of the orbits.

b) An astronomer has made a mistake in recording
radius of orbit for one of the planets. Which one?
Suggest what the radius of the orbit should be.

c) Astronomers think they have discovered a new
minor planet with a radius of orbit 55 AU. Use the
graph to predict its time period.

d) Sedna is a minor planet thought to orbit the Sun
at a distance of 519 AU, with a period of about
11 400 years. Calculate Sedna’s orbital speed in:
i) millions of km per year
i) m/s.
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Figure 17.1 From the Earth, we see the
stars of our galaxy as the Milky Way.

Beyond the Solar

System

Look at the sky on a clear, dark night. How many stars do you think
you can see? All of these stars are great distances away from us.

Try to look at the sky on a clear night through binoculars or a small
telescope. You will be able to see even more stars. You may be able to
see the Milky Way. Many of the stars in the Milky Way have their own
solar systems.

W Light years

We measure distances to stars in light years. A light year is the distance
that light travels in one year. This is about 10 million million kilometres.
The brightest star in the sky (after the Sun) is Sirius. It is also one of the
nearest, but light takes 9 years to reach us from Sirius. Light takes only

6 hours to reach out to the dwarf planet Pluto from the Sun. This makes
our solar system look very small.

B Galaxies

Clusters of millions of stars like the Milky Way are called galaxies. The Sun
is one of the stars in the Milky Way (Figure 17.2). The Milky Way has about
100 000 million stars in it. If you could see our galaxy from the side, it would
look like two fried eggs stuck back to back (Figure 17.2(a)); it is long and thin
except for a bulge in the middle. If you could see the galaxy from the top

it would look like a giant whirlpool with great spiral arms (Figure 17.2(b)).
In fact, the galaxy does spin round. Our Sun takes about 220 million years
to go once round the centre of the galaxy. In your lifetime, the pattern of
stars that you see each night will not appear to change. But over thousands
of years the pattern will change as our Sun moves through the galaxy. Our
ancestors who lived 200 000 years ago would have seen slightly different
constellations from those we can see today.

(a) Side view of our galaxy (b) Top view of our galaxy
Figure 17.2 An artist's impression of our galaxy, the Milky Way. The red circle shows the
approximate position of our Sun. Why is it not possible to take a photograph of all of the
Milky Way?
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Figure 17.3 This spiral galaxy lies around 12 million light years away.

B Groups of galaxies

About 14 000 million years ago there were no galaxies at all, and the
Universe was full of hydrogen and helium gas. Gravity is a force that acts
over enormous distances, even over thousands of millions of light years.
Groups of galaxies were formed when gravity gradually pulled large volumes
of gas together. After the galaxies were formed, stars were formed inside

the galaxies. Look at Figure 17.4. This shows a map of groups of galaxies.
Our Local Group is in the middle. There are about 20 galaxies in our Local
Group. Some groups of galaxies have as many as 1000 galaxies in them.
There are probably about 10 000 million galaxies in the Universe.

Ursa Major
* Pegasus 2
L]

Corona

-~ Coma Borealis

Perseus Berenices

local group  *
O Hergules
Virgo

3 o
b, e
,77///i0n |'|g‘(\’\\le

1239

60p s
90 million ight ye&°

Figure 17.4 This map shows groups of galaxies close to our Local Group. The most
distant galaxies in the universe are 14 000 million light years away from us. In this map, a
large dot means that the group of galaxies contains more than 50 galaxies.
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Figure 175 The Virgo cluster of galaxies lies 50 million light years away from us. It
consists of about 1000 galaxies spread across 10 million light years.

Explain what is meant by each of the following terms. Use the information in the text to estimate the
(@) moon, (b) planet, (c) star, (d) galaxy, (e) group of number of stars in the Universe.
galaxies, (f) Universe Imagine that a spacecraft could be launched at the
Our Sun is about 4600 million years old. Use the speed of light. How long would it take to reach the
information in the text to calculate the number of following bodies? Select your answer from the list
times the Sun has rotated round the galaxy. Humans below.
have existed on the Earth for about 50 000 years; the star Sirius
how many times round the galaxy has the Sun Jupiter
rotated in that time? the Andromeda Galaxy
Voyager 1 was launched in September 1977 and the far side of the Milky Way
passed Saturn in November 1980. It travelled about the Sun
1400 million km to Saturn. It is still travelling near the Pluto
edge of the Solar System. the cluster of galaxies in Hercules (see Figure 17.4)
Work out its average speed in millions of Possible answers:
kilometres per year. 10 000 years 9 years
The nearest star to us after the Sun is Proxima 2.5 million years 8 minutes
Centauri, 4 light years away, in the Alpha Centauri 70 000 years 1 minute
star system. Use the information that light travels 2 seconds 5 hours
at 0.3 million km/s to calculate the distance to 60 000 million years
Proxima Centauri in millions of kilometres. 40 minutes
Estimate how long Voyager would take to 260 million light years

reach Proxima Centauri travelling at the speed
calculated in part (a).

Comment on the likelihood of our finding
extraterrestrial life.




Summary

Summary

Make sure you can answer all the questions in the Interactive quiz.

| am confident that:

/"I can recall and use these facts about turning
forces

moment = force X perpendicular distance from
the pivot

The unit of moment is Nm

The weight of a body acts through its centre of
gravity.

The principle of moments states that in
equilibrium the turning moments balance on a
body.

The upward forces on a light beam, supported at
its ends, vary with the position of a heavy object
placed on the beam.

v/ understand and can describe these facts about
stretching

The extension varies with the applied force for
springs, metal wires and rubber bands.

Hooke’s law states that the extension of a spring
or wire is proportional to the applied force. This
law is associated with the initial linear region of a
force-extension graph.

Elastic materials return to their original shape
when a force is removed.

v 1 understand and can describe these facts about
astronomy

The Moon orbits the Earth; other planets have
moons also.

The Solar System is part of the Milky Way
galaxy.

A galaxy consists of billions of stars.

The Universe is a large collection of galaxies.
The gravitational field strength, g, is different on
different planets and moons.

g has units of N/kg

The gravitational force causes moons to orbit
planets, and planets and comets to orbit the
Sun.

The orbit of a comet differs from that of a
planet. Most planets have nearly circular orbits.
Comets have elongated elliptical orbits.

The relationship between orbital speed, orbital
radius and time period is:

2 X 1t X orbital radius

time period

orbital speed =
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Exam-style questions

1 The diagram shows a machine for lifting water out of  ¢ardboard (’jcork

a lake. .
pin

< 15m < 45m =

%,

W ; _ Wweight on cotton

Explain carefully how you would use this apparatus
to find the centre of gravity of the card. [5]

4 The diagram shows a crane being used to lift a

) ) container into a boat.
a) Calculate the turning moment of the weight of the

bucket, about P. 2] | 16 m Amy

b) Explain why the man using the machine pushes at
the end of the lever. (2]

¢) Calculate the minimum size of the force, F,

necessary to lift the water. [3] concrete blocks

2 The diagram shows a bus that is being tested for
stability. The bus has been loaded with sandbags on

the upper deck.
a) Calculate the turning moment of the container,
centre of .
mass about the pivot P. [3]
b) Explain the purpose of the concrete blocks. [1]
c) What weight of concrete blocks would balance the
turning moment of the container? [3]
w 5 The diagram shows a man climbing a step ladder.
a) The bus has been tilted as far as it can without it
tipping over. Explain how the diagram shows you ¢

that the bus cannot be tilted any further. (2]

b) Why has loading the upper deck with sandbags
decreased the stability of the bus? [2]

c) What will happen to the stability of the bus if the
bags are now put on the lower deck? (2]

3 The diagram shows some apparatus being used to
find the centre of gravity of a piece of card. Three
small holes have been made in the card. There is a
retort stand that supports a cork with a pin it. There
is also a weight attached to a thin piece of cotton.

Use the term ‘centre of gravity’ to explain why the
man is unlikely to topple over in this position. [3]




6 The diagram shows a windsurfer in action.

w 0.7m

a) Explain why the windsurfer leans out on her
sailboard. (2]

b) The weight of the windsurfer is 750 N. Calculate
the turning moment caused by this weight about
the mast. [3]

c) Explain why the windsurfer leans out further when
the wind blows with greater force. [2]

7 A passenger in an airport has a case with wheels.

+

AT

She decides it will be easier to pull the case if she
packs all the heavy items of luggage nearest the
wheels.

Explain why this is a good idea. Include ideas about
turning moments in your answer. [4]

8 The following diagram shows a device that can be

used to measure accurately both small and large
weights. When a load of 8 N is applied the top plate
rests on the lower fixed plates, so that only the lower
three springs can stretch further.

The table shows the total extension of the springs as
the load is increased.

scale

Exam-style questions

P
% top plate
—1 ]
fixed 4 cm I
plate [
[ [ \L
5 load

T fixed plate

2.0 1.0
4.0 2.0
6.0 3.0
8.0 4.0
12.0 45
16.0 5.0
20.0 5.5
24.0 6.0
28.0 6.3
32.0 70

a) Plot a graph to show the load against the extension
of the springs. Draw a line of best fit through the
points you have plotted. [4]

b) The physicist doing the experiment has made
a mistake with one of the measurements. Can
you suggest what the measurement should
have been? [1]

c) Two loads are put on the device. One stretches
the springs by 1.5 cm, the second stretches
them by 5.2 cm. Use your graph to calculate
the size of each load. (2]

d) A student says: ‘The graph shows that these
springs obey Hooke’s law’. Comment on
this observation. [2]
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9 The graph shows the size of the forces required
to stretch samples of steel and spider’s silk. Both
samples are of the same thickness and length.

10 4
steel

breaking point

z
E spider’s silk
@ T I T
E breaking
point
T 1 1
0 10 20 30

extension/mm

a) Explain why it was decided to use samples of
silk and steel that were exactly the same length
and thickness.

b) A student observed that neither material
obeys Hooke’s law. Evaluate this remark.

Both samples break as shown on the graph.

c) How big is the force that breaks the sample
of steel?

d) What is the extension of the spider’s silk
when it breaks?

e) Although the sample of steel is stronger, the
spider’s silk is less likely to break when catching
a fly. Use your understanding of forces and
momentum to explain this.

10The diagram shows the orbits of the Earth and two
other bodies about the Sun.

B
a) Which body could be:

i) the planet Mercury

ii) a comet?

2]

[2]

[1]

[1]

[3]

b) In which direction does A move around
the Sun? [1

|
c) i) Describe the shape of the orbit of B. [1]
ii) How does the speed of B change in its orbit? [2]
iii) What force keeps comets and planets in orbit? [1]

11a) Astronomers use the term ‘Milky Way’ to describe
part of the Universe. What is the Milky Way?  [1]

b) The table below gives information about some of
the planets in our Solar System.

Saturn -190 29 120 000
Uranus =220 84 51 000
Jupiter -160 12 143 000

Which planet is nearest to the Sun? Use the
information in the table to give two reasons for your

2]

12 The table below shows the gravitational field strength
on the surface of some planets.

answer.

Earth 10
Mercury 3.7
Jupiter 24
Neptune "

a) Your mass is 80 kg. What would your weight be on
the surface of:

i) Mercury
ii) Neptune?

b) What factors affect the size of the gravitational
field on the surface of a planet?

13a) The Moon orbits the Earth at a distance of
384 000 km. One orbit takes 27.3 days. Use this
information to calculate the orbital speed of the
Moon round the Earth in m/s.

(3]

b) A satellite orbits low over the Earth’s surface in
an orbit of radius 6500 km. Its orbital speed is
7.5 km/s. Calculate the time period of the orbit. [3]
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EXTEND AND CHALLENGE
N

1 The table below shows the properties of some materials 2 a) State clearly two conditions necessary for a body
used in the manufacturing and building industries. to be in equilibrium.
When choosing a material for a particular job, you need b) The diagram shows a mousetrap. The idea is that
to consider the stiffness, strength and density of the as the mouse walks towards the cheese he tips the
material. You need to be aware of the cost too. plank up and then falls conveniently near to Boris the
a) Explain why concrete, brick and wood are often cat. Go through the following calculations to see how
used for building houses. far along the plank the mouse can go before it tips up.
b) Explain what is meant by stiffness. i) Calculate the turning moment of the
Win s e fetie stiffnelss e ) counterlbalance about the pivot.
density i) The weight of the plank may be taken to act
c) Strength is a measure of what load can be placed through the 50 cm mark. Calculate the turning
on 1 m? of a material before it crumbles or breaks. moment about the pivot of the cheese and the
Why is the ratio strength important? plank together.
density i) Use your answers to (i) and (ii) to find where
d) Explain why steel is used for building bridges, but the mouse will overbalance the trap.
aluminium is used to build aircraft. c) Use the information in the diagram to calculate
e) GRP (fibre glass) can be used to build small the upwards force that the pivot exerts on the
boats, and even small minesweepers for the plank, just as the ‘trap’ overbalances.
Naval Forces. e
i) Why is it useful to make minesweepers from counterbalance “Tjéséé
GRP? N —— Lihehecse
if) Why are large ships not made from GRP? I'_Q—pﬁ?' %0 40 40 J60 70 80 Hoom
f) Turbine blades for aircraft engines need to be 1:\1
strong, stiff and light. Which material in the table 4O'N A : N
. 0 (
would you choose for making the blades (wjfnhlz)of Lﬂ
Relative Relative Density / Stiffness Strength Cost per
Material stiffness strength kg/m? Density Density tonne / euros
Steel 21000 40000 7800 2.7 5.1 100
Aluminium 7300 27000 2700 2.7 10 400
Wood 1400 2700 500 2.8 5.4 30
Concrete 1500 4000 2500 0.6 1.6 6
Brick 2100 5500 3000 0.7 1.8 10
GRP 2000 50000 2000 1 25 70
CFRP 20000 100000 2000 10 50 1700
GRP: Glass Reinforced Plastic (fibre glass) CFRP: Carbon Fibre Reinforced Plastic
3 The planet Mars has two moons, Phobos and Deimos. if) Copy and complete the table. Show separately the
The planet also has an artificial satellite, the Mars working you do for each calculation.
RECOMTEISEENES Or.b/ter, wiicin % (s [ el (b) The Reconnaissance Orbiter orbits Mars in a polar
ereLnd oz plmet shce 2005 . orbit. Explain why this orbit is more suitable for study-
a) The speed of a moon (or satellite) arloupd a |o!a”et1 ing the surface of the planet than an equatorial orbit.
depends on the strength of the gravitational field of the
planet, g, and the distance from the centre of the planet, Distance
R. The speed may be calculated using the formula: ('.:‘ravitational e A . .
field strength |centre Orbital |Time of
v’ =gR Moon or from Mars of Mars speed |orbit
The table shows the gravitational field strength, distance satellite (N/kg) (m X 10%) |(m/s) |(s)
from the centre of the planet, orbital speed and time Reconnaissance |1.78 7060
period of orbit for each of the moons or satellite. Orbiter
i) State an equation that links the orbital speed, distance Sileioes 9377 27550
from the centre of the planet and time period of orbit. Deimos 1362 [111670
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DISCUSS * CALCULATE The supply of e.lectricity to c?ur hf)mes.and city centres is an essential
part of twenty-first century life. Lights in the streets, our homes and
1 How would your life have been offices allow us to be active 24 hours a day. However, electricity

different had you lived in the same | comes at a price and care must be taken with how much we use it.
country as you do now, in 18807
2 How much does it cost to provide

electricity to your home each By the end of this section you should:

year? How much does it cost to * know and use the electrical units

provide electricity to your school * recall the hazards of electricity

each year? * understand the need for insulation, fuses and earthing
3 What impact does electricity + understand that resistors transfer heat

generation have on our « use the formula: power = current x voltage

environment?
4 What hazards are associated with
the use of electricity?

* be able to work out the cost of electricity

* understand the difference between a.c. and d.c. supplies

* understand the uses of series and parallel circuits

* understand the factors that affect the current in a series circuit

» describe how the current varies with voltage in various electrical
devices

recall and use the formula: voltage = current x resistance

* know that current is a flow of charge

recall the definition of a volt

explain the nature of static electricity

* recall some hazards and uses of static electricity. )




2.1 Introducing electricity

21 Introducing electricity

Figure 1.2

(o)

Figure 1.3

&

__

"

The two photographs in Figure 1.1 show how important electricity is in
our lives. Electrical devices provide entertainment in the family room
and convenience in the kitchen. How many electrical devices do you
use every day?

Figure 1.1 Common scenes in the home.

MW Electrical energy

Below are two statements about a torch cell connected to its bulb. Which
one is correct?

Statement A: The cell is the provider of energy. The cell transfers
chemical energy to electricity for it to flow round the circuit. The bulb
transfers the electrical energy to heat and light.

Statement B: The cell in an electrical circuit is like a pump in a water
circuit. Electricity in the wires is pushed round by the cell, just as water
is forced through pipes by a pump.

The answer is that both ideas are correct. The cell provides energy. It is
also helpful to compare the flow of electricity with the flow of water.
Understanding how water flows will help you to understand how electrical
circuits work too.

Cells and brightness

Figure 1.3(a) shows a tank of water with an outlet pipe at the bottom; water
flows out at a slow rate. When the depth of water in the tank is increased, as
in Figure 1.3(b), the pressure of water at the bottom of the tank is increased
and water flows out at a faster rate.

The cell in an electrical circuit provides an ‘electrical pressure’ that pushes
electricity through the lamp. In Figure 1.3(c) one cell pushes electricity
through the lamp at a slow rate and the lamp is dull; electrical energy is
being transferred into heat and light energy at a slow rate. In Figure 1.3(d),
two cells push the electricity round the circuit more quickly and the lamp is
brighter; electrical energy is now being transferred into heat and light energy
more quickly.
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Figure 1.4 Two men are required to direct
this fire hose due to the high pressure of
the water.

Figure 1.5 Children must be educated
about the dangers of electricity.

Figure 1.6 This socket has many electrical
devices plugged into it. Together they
might draw too much current — a large
current can melt wires.

W Voltage and current

The words voltage and current are important in describing electrical circuits.

m When describing a stream or river we use the word ‘current’ to describe
the flow of water. When the current is large, this means lots of water flows
past us each second.

® Inan electrical circuit we use the same word. Current describes the flow of
electricity. When the current is large a lot of electricity flows through the circuit.

The unit of current is the ampere (A), though this is often shortened to amp.

m Figure 1.4 shows two fire fighters practising to use their hose. The
pressure in the hose is high and water flows quickly.

m The voltage of a cell is like an ‘electrical pressure.” A high voltage drives a
large current around the circuit. High voltages deliver large amounts of
energy and can be dangerous.

m Electric shocks delivered from a high voltage source can be very painful,
and can even cause death. This is why we are warned about high voltages.

The unit of voltage is the volt (V).

B Electrical hazards

Electricity provided for the home is called the mains supply. The voltage of the
mains supply differs from country to country but is usually either about 230 V
or 120 V. Either voltage is large enough to be dangerous.

Due to the dangers of electricity, we must be on the lookout for hazards.
Some of these are listed below:

m Damaged plugs can expose people to high voltages. Plugs are made of
plastic, which does not conduct electricity.

® You need to keep an eye on young children and teach them not to play
with electrical cables (Figure 1.5).

m If too many plugs are put into one wall socket, a large current might melt
or damage wires (Figure 1.6).

m If a cable is frayed or broken it must be replaced. Someone might touch a
bare wire and receive a shock.

m Along wire is a trip hazard. If someone trips over a cable they could hurt
themselves, or expensive electrical equipment might be pulled over and
get damaged.

m You need to be careful if you coil long insulated wires. When you bend the
wire you might damage or crack the insulation (Figure 1.7).

Figure 1.7 You need to be careful when coiling wires; if you coil it too tightly you could
break the insulation.
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Figure 1.9 Never step on to or across railway lines. As well as the danger from
approaching trains, the electrified rails can give you a fatal shock.

m You must keep water away from sockets and plugs. Water conducts
electricity, so a wet plug or socket could give you a shock. In most
countries you will not find any sockets in bathrooms, except for a special
shaver socket.

Figure 1.8 The electrical elements in m Itis dangerous to push metal objects into electrical sockets. This could give

foasters are connected to high voltages. you a shock. It is also dangerous to try and remove toast from a toaster using
a knife or a fork, as the wires in a toaster carry a high voltage (Figure 1.8).

® You must also be aware of electrical hazards outside the home. Overhead
cables can carry very high voltages so care must be taken near electricity
transmission lines and also electric railways (Figures 1.9 and 1.10).

 EXAM TIP

: Make sure you can recall and
. understand electrical hazards in

Danger

the home.
High voltage

Figure 1.10 Be careful near overhead

cables. You could get a shock by flying akite ~ Figure 1.11 Keep clear of anything that

or carrying a fishing rod too close to them. displays this hazard warning sign.
STUDY QUESTIONS

N

1 a) Choose three electrical hazards mentioned in 3 litres/s

the chapter and explain what you would do to
remove the danger.
b) State two electrical hazards that have not

N/

been mentioned in the chapter. Explain why — A
we need to be careful of these hazards. 2 litres/s Cla
2 Explain what is meant by the following words:
a) voltage
b) current. )
3 a) Write down the rate of flow of water along :
pipes A and B. e “"93/}' ?
b) Write down the electric current flowing along 3 2A B
wires A and B and show the direction of the
current. 3A

3 litres/s
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Figure 2.1 Electricity can be used to keep

us warm.

/\ d.c. supply
6V

/o

a.c. supply

voltage/V

time/s

Figure 2.3 Direct and alternating supply
voltages.

. Make sure you can explain the
. difference between an ac. and a
. d.c. supply.

In the home we use electricity for heating, lighting, cooking and
powering many other devices, which we use for leisure or tasks.

W Alternating and direct current

In Figure 2.2(a) and (b) you can see two lamps that are lit by two different
electrical supplies. In Figure 2.2(a) the lamp is lit by a 6 V battery. A battery
provides a direct current (d.c.) - this means that the current flows in one
direction at a constant rate. In electrical diagrams a cell is represented by
two vertical lines, one long and thin and the other shorter and fat. Here the
longer line is on the left. This is the positive side or ‘terminal’ of the cell. We
use the convention that a current flows from the positive terminal to the
negative. The current flow is marked with an arrow.

T -
Y X

Figure 2.2 (a) In a direct current circuit the current flows at a constant rate in one
direction round the circuit.

(b) In an alternating circuit the current constantly changes direction, flowing in one
direction then the other.

In Figure 2.2(b) the lamp is lit by an alternating supply (a.c.). In an
alternating supply, the voltage switches direction many times each second
and the current changes direction too.

Figure 2.3 shows graphs of how the a.c. and d.c. supplies change with
time. The d.c. supply remains constant at 6 V; the a.c. supply changes from
positive to negative.

B Mains supply

All countries use a.c. supplies for their mains electricity. Most countries use
a mains voltage of about 120 V or 230 V. By using a standardised voltage,
electrical devices can be used in different countries.

We also describe an alternating current by its frequency. The frequency of
most mains supplies is either 50 cycles per second or 60 cycles per second.
Figure 2.3 shows one cycle of an a.c. supply. So if the frequency of a supply is
50 cycles per second, the current completes each cycle in 1/50 of a second.

The unit of frequency is the hertz. A frequency of 50 cycles per second is
written as 50 hertz or 50 Hz.
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230V

O MNJ o

R

73—

Figure 2.4 A heating element or resistor
transfers electrical energy into heat and
sometimes light energy.

M Electrical heating

Figure 2.4 shows a 230 V mains supply. It provides current to a heater, which
can also be called a resistor. This is shown in the diagram, marked ‘R’. The
symbol R is used, because we say that the heater offers resistance to the flow
of electricity.

When a current flows through a resistor, the electrical energy from the
supply is transferred into heat energy. The transfer of heat energy to the
resistor causes its temperature to rise. Some resistors glow red hot.

Figure 2.5 helps you to understand the idea of resistance by comparing it
with the flow of water. In Figure 2.5(a), water flows out of a tank through
a long, thin pipe. The flow rate (or current) is low, as the pipe offers high
resistance to the flow. In Figure 2.5(b), the flow rate (or current) is high, as
a short, wide pipe offers less resistance to the flow.

(a) (b)

Figure 2.5 (a) A long, thin pipe offers high resistance — water flows slowly.
(b) A short, wide pipe offers low resistance — water flows rapidly.

In an electrical circuit the idea of resistance is similar. When different
resistors are attached to the mains, different currents flow. A low resistance
allows a large current to flow, which will produce a large heating effect. A
high resistance allows a small current to flow, which produces a low heating
effect.

MW Electricity at home

We use electricity in our homes for several things, e.g. lighting, cooking,
heating, computers and TVs. Each electrical device is designed to take a
different current, depending on its use. Table 1 shows the size of current
that might flow through some electrical appliances attached to a 230 V
mains supply.

Table 1 Some electrical appliances and the currents drawn by them

lamp 0.1
computer monitor 0.5
hairdryer 3.0
toaster 4.0
convector heater 85
kettle 12.0
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erve Fuses
Fuses are used with electrical devices for safety. Their main purpose is to
prevent a fire.
fus neutral
wire A fuse contains a thin wire that heats up and melts if too much current

flows through it. If this happens we say that the fuse has ‘blown’. The rating

live or R of a fuse is the maximum current that can pass through it without melting

hot wire ————— i
the fuse wire.

heater

You need to choose the correct fuse to put into a plug or fuse board, so that
it blows if there is a fault. In the UK it is common to use 3 A or 13 A fuses.
Look at the appliances in the table on the previous page. You need to use

a 3 A fuse for the lamp and the computer monitor, and a 13 A fuse for the
other appliances. A lamp will work with a 13 A fuse butis it safer tousea 3 A
fuse. A lamp works on a low current such as 0.1 A or 0.2 A. So, if 3 A flows
through a lamp circuit it means there is a fault - a 3 A fuse will blow but a

13 A fuse will not.

Figure 2.6 A fuse in a circuit.

Figure 2.6 shows the symbol for a fuse. In most countries mains electricity is
supplied by a live or hot wire, together with a neutral wire. The live or hot
wire has a large voltage, which supplies the energy. This is the dangerous wire.
The fuse is put into the live wire so that it is disconnected when a fuse blows.

Circuit breakers

A circuit breaker is an electromagnetic switch that opens or ‘trips’ when a
current is bigger than a certain value. The advantages of circuit breakers
over fuses are that they are sensitive and also they can quickly be reset once a
fault has been put right. Circuit breakers are often found in modern houses
instead of fuses in the fuse boxboard.

Earthing

Most countries use three-pin plugs for the electrical supply. The third wire
is called the earth wire, which as its name suggests is attached to the earth.
Figure 2.9 shows a diagram of a correctly wired three-pin plug in use in the
UK. The live wire is brown, the neutral wire is blue and the earth wire is
green and yellow.

Figure 2.7 Different fuses.

earth pin

fuse

neutral pin live pin

cord grip

Figure 2.9 A correctly wired UK plug. Figure 2.8 Circuit breakers in a modern fuse box.
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Figure 2.10 explains why the earth wire is an important safety feature.

Figure 2.10(a) shows the circuit diagram for an electric heater, which is
enclosed in a metal case. The current is flowing from the live wire to the
neutral and the fire is working safely. The earth wire is attached to the metal
case. When the heater is working correctly the earth wire does not carry a
current.

Figure 2.10(b) shows what happens when a fault develops. Now a wire is
touching the metal case. Without the earth wire, someone could touch

the metal case and get a shock. With the earth wire in place current flows
through the earth wire and not the person touching the case. A large current
flowing to earth can also blow the fuse, which disconnects the dangerous live

: The earth wire and fuse together
. protect the person using an
. electrical device.

wire.
(a) live (b) live
@ | Y e P
1 | - _
neutral neutral
——— o
— metal — metal
case case
L R EEE— o—
earth earth

Figure 2.10 (a) The heater works safely. (b) A broken wire touches the
metal case and the current flows to earth.

Double insulation

Many modern electrical appliances are made out of plastic, which does not
conduct electricity. Plastic is an insulator. Appliances that are made of
plastic can safely be connected to the mains using only two wires. The earth

@  41A 01 e wire is not needed as you cannot get a shock from the plastic.
rth
g?mbm This method of protection is called double insulation and it is shown by
o motor the sign [0. When you see this sign on an appliance you know you do not
need an earth wire.
40A
(o) soma Residual-current circuit breaker (RCCB)
. A residual-current circuit breaker (RCCB) is a device that disconnects a
circuit when it detects that the current is not the same in the live and neutral
wires. When the currents are different there is a small current leaking

to earth, which could be through the body of a person who accidentally

Figure 2.11 (a) An electric lawnmower will . .
touches the live wire.

continue to work even though a damaged
live wire allows a small current to flow to
earth.

(b) A small current (30 mA) flows through ) ) i i i
a person’s body. This current is too small to 18 double insulated, so the gardener is protected if the live wire becomes

detached inside the mower.

Figure 2.11 shows two examples of where there could be an imbalance of
current. A gardener is mowing his lawn with an electric mower. The mower

blow a fuse.
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It is possible that the wire to the mower becomes damaged - it could be cut
* Make sure you understand these by the mower itself. In Figure 2.11(a), a damaged live wire allows a small
- terms about electricity in the home: ~ current to flow to earth. This extra current is not large enough to melt the
© fuse fuse, so the mower keeps working.
earthing

In Figure 2.11(b), the gardener has turned off the mower and picks up the
. _ wire. A residual current flows through him. This current is small - only
double insulation 30 mA, but it could deliver a lethal shock.

circuit breaker

An RCCB, which detects an imbalance of currents between the live and
neutral wires, will disconnect the supply before an accident happens. RCCBs
are widely used in different countries.

éy Now watch the video Comparing the use of fuses to circuit breakers.

STUDY QUESTIONS

1 a) What is the purpose of a fuse in a mains circuit? 6 The diagram shows the trace on an oscilloscope that
b) What advantages do circuit breakers have over is being used to measure the voltage of an electrical
fuses? supply.

2 Explain carefully each of the following:
a) why the fuse is put into the live or hot wire of a
mains circuit /\
b) why the rating of a fuse should be slightly higher
than the normal working current through an
appliance
c) why appliances with metal cases need to be
earthed, but appliances with plastic cases do not
need to be earthed.
3 What are the colours of the live, neutral and earth
wires in your country?
4 Explain the difference between an a.c. and a d.c.

voltage/5 V/cm

\|/

time/0.01 s/cm

a) What type of supply is it?
b) What is the peak (maximum) voltage of the

electrical supply. supply?
5 State and explain the energy transfers that occur in c) What is the frequency of the supply?
an electrical circuit when a battery is connected to a 7 Do some research to find out how an RCCB works.

resistor.
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Figure 3.1 This car runs on electricity
instead of petrol. Here its battery is being
charged up from the mains.

- Remember these letters for
- electrical quantities:

power, P

voltage, V

current, |

oOWer

How do electric cars shape up against petrol-driven cars? Find out:
how long it takes to charge up an electric car; how much it costs to
drive 100 km; what the average range of an electric car is.

B Calculating the power

When you use an electrical appliance at home you are interested in how
much energy it provides you with in each second. This determines how
bright a light is, or how effective a heater is at keeping you warm. The energy
supplied per second in called the power.

power = energy per second

Power is measured in joules per second (J/s) or watts (W). Sometimes
power is supplied in large quantities. An electric fire can transfer 1000 W of
electrical power to heat; 1000 W is called a kilowatt (1 kW). If you want to
talk about the output of a power station you will need to use megawatts
(MW); 1 MW is a million watts. Some power stations produce 2000 MW of
electrical power.

You can work out the electrical power, P, used in a circuit, if you know the
voltage, V, of the supply and the current, I, using the formula:

power = current X voltage
P=IxV

Tables 1, 2 and 3 give examples of electrical appliances with their power,
operating voltage and the current supplied.

Table 1 Power used by low-voltage applications

torch LED 0.12 3 0.04
torch lamp 0.9 3 0.3
pocket calculator 0.0003 3 0.0001
car heater 90 12 {5
electric van 3600 72 50

Table 2 Power used by household appliances with a mains voltage of 230 V

lamp 23 230 0.1
TV 69 230 0.3
fridge 115 230 05
hairdryer 690 230 3.0
microwave 1380 230 6.0
electric shower 1955 230 85
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Remember the formula
cE=IxVxt

Table 3 Power used by household appliances with a mains voltage of 115V

lamp 23 115 0.2
TV 69 115 0.6
fridge 115 115 1.0
hairdryer 690 115 6.0
microwave 1380 115 12.0
electric shower 1955 115 170

B Choosing a fuse

Countries with a 230 V mains supply commonly use 3 A, 5 A or 13 A fuses. It
is safest to use a fuse which is just slightly above the maximum current that
the appliance uses. In Table 2 the lamp, TV and fridge should be protected
with a 3 A fuse, the hairdryer should be protected with a 5 A fuse, and the
microwave and shower should be protected with a 13 A fuse.

Example. If you buy a kettle that is marked 230 V 2.4 kW, which fuse should
you use in the plug?

You can calculate the current using the formula:

power = current X voltage
2400 W = current X 230 V
2400

So current = ——
230

=104 A

You must use a 13 A fuse to protect the kettle because the current will blow a
smaller fuse.

W Paying for energy

When you pay an electricity bill you are paying the electricity company for
the energy you have used. You can calculate how much energy has been used
with the formula:

energy = power X time

or

energy = current X voltage X time

Example. How much energy is used when a 1 kW heater is on for 1 hour?

energy used = power X time
=1000 W x 3600 s
=3600000]
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Table 4 Cost of electricity in some We can also calculate the energy used in kilowatt hours (kWh). Instead of
countries in 2013 using units of watts and seconds, we use kilowatts and hours. The same

_ example criculation can be done again:

Australia 26 energy used = pc;(wer X tihme

. =1kWx1
Ch 16

= =1kWh
Iceland 4
Lamay S7 When you use electricity you are billed for the number of kilowatt hours
Malaysia 9 used. The cost of electricity in some countries (in 2013) is shown in Table 4.
Russia 11
South Africa 6
Tonga 60
UK 23
USA 12

STUDY QUESTIONS

1 Calculate the power supplied to each of the following
appliances when they are attached to the correct
operating voltage.

a) a 12V, 5 A light bulb

b) a 230V, 2 A heater

c) a115V, 4 A toaster

2 a) Calculate the current flowing in each of the
following electrical appliances when they are
supplied with the correct operating voltage.

i)a230V, 11.5 W bulb

ii)a 115V, 2 kW shower
ii) a 230V, 800 W microwave oven
iv)a115V, 460 W TV set

b) You have available 3 A, 5 A, 13 A and 20 A
fuses. Which would you choose for each of the
appliances in part a) of the question?

3 a) Make a list of some household electrical
appliances that run off the mains supply, for
example television, heater, fridge.

b) Look on the back of the appliance to find out the
recommended voltage supply for each, and the
power used.

c) Calculate the current used by each device and
recommend a safe fuse to use.

4 A householder goes on holiday for two weeks. To

deter burglars she leaves four lights that come on for
6 hours a day. Each bulb is rated at 23 W.
a) Calculate the energy used over the two weeks in:
i) joules
i) kWh.
b) Calculate the cost of the electricity (using Table 4) in:
i) Iceland
ii) the USA.

5 An electric car battery is charged from a 230 V

supply using a current of 65 A. The charging time to

fully charge the battery is 3.5 hours.

a) Calculate the electrical energy used to charge
the battery in joules.

b) 3.6 MJ = 1 kWh. Use this information to express
the answer to part a) in kWh.

c) Calculate the cost of the electricity in the USA
when the battery is charged using electricity
costing 12 US cents per kWh.

d) Once fully charged, the range of the car is 300 km.
Compare the cost of running the electric car with
that of running a petrol-driven car. The cost of the
petrol (or gasoline) is 80 cents per litre and the car

has a range of 10 km per litre of fuel.
J
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Figure 4.1 A continuous circuit is needed
to light this lamp.

- & Doubling the voltage doubles the

© current in a series circuit.

- e Increasing the resistance reduces
the current.

B A continuous circuit

Figure 4.2(a) shows how some components are connected together to make
an electrical circuit. This is called a circuit diagram. You can see that the
current flows from the positive terminal of the cell, through an ammeter and
resistor, before returning to the cell. The current flows through all the circuit
components, one after another. These components are in series.

The ammeter is a device that measures the size of the current- 1 Ain
this example. In Figure 4.2(a) the switch, S, is closed. This means there is
a complete, continuous circuit for the current to flow around. When the
switch is open (Figure 4.2(b)), there is a break in the circuit and current
cannot flow.

+ - + - S
| ——

® ta @

1 1
L | L |
R R

Figure 4.2 Circuit diagrams with the components in series.

m Controlling the current

You can change the size of the current in a circuit by changing the voltage of
the cell or battery, or by changing the components in the circuit. Figure 4.3
shows the idea.

) A2A 05A(A) A
— e Dl

R R R R

Figure 4.3 Different series circuits.

In Figure 4.3(a), an extra cell has been added to the circuit in Figure 4.2. Now
the current is larger.

In a series circuit increasing the voltage increases the current.
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In Figure 4.3(b), the voltage of the cell is 1.5 V but now the resistance has
been increased by adding a second resistor to the circuit. This makes the
current smaller.

In a series circuit increasing the resistance makes the current smaller.

In Figure 4.3(c) a variable resistor has replaced the fixed resistor in the
circuit. You can control the size of the current by adjusting the resistor.

PRACTICAL
Figure 4.4 shows how the variable resistor works. If you use terminals B

You should be able to set up a and C you have a fixed resistor. But if you use terminals A and C you have a
series circuit and use an ammeter | variable resistor. The current flows through the thick metal bar at A, then
to measure the current. along the resistance wire to C via the sliding contact. The metal bar has low
resistance. So the resistance gets lower as the slider moves away from A.

sliding contact meta|| bar
_EA

terminals

coil of resistance wire

Figure 4.4 A variable resistor.

STUDY QUESTIONS
~
1 a) Draw a circuit diagram to show a cell connected in a) Use the words normal, bright, dim or off to
series to an ammeter, a diode and a fixed resistor. describe the lamps B, C, D, E, F and G.
b) Draw a circuit diagram to show how you can b) Describe the brightness of the lamps H, | and J
control the brightness of a lamp. when the switch S is:
2 In the circuit diagrams, lamp A is connected to a i) open
single cell. The lamp lights with normal brightness. ii) closed.
| 3 a) Which of the lamps in the diagram, K or L, will
| | | light?
® e S
A B c N\
Il H) I
7] |

s Xz )

ey

b) What will happen to the lamps if the cell is turned

—®—®— around?
F G H J

c) Draw a new circuit diagram with two diodes and
S two lamps, so that both lamps light.
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. Make sure you know your circuit
: symbols.

Figure 4.5 Circuit symbols.

Hm Circuit symbols

Figure 4.5 shows the circuit symbols for the electrical components that you
will meet in the next few chapters. A brief explanation of the function of
each component is given next to each symbol.

A cell provides the energy to push the current around a circuit.

A battery is two or more cells in series.

A switch breaks or rejoins the circuit, turning the current off or on. This switch is open so
no current flows.

A lamp. When a lamp (or bulb) lights it shows a current is flowing.
A fixed resistor. The size of the resistor affects the size of the current.

An ammeter measures the current.

A voltmeter measures the size of the voltage.

A variable resistor allows the size of the current to be varied.

A fuse melts (blows) when the current is greater than the fuse's current rating.

A heater is a resistor that is designed to transfer electrical energy to heat energy.

A diode only allows the current to flow in one direction.

A light-emitting diode (LED) emits light when a current flows through it. An LED can be
used as an indicator, to show when an appliance is switched on.

A light-dependent resistor (LDR). The resistance of an LDR is low in bright light and
higher when the light intensity is low.

A thermistor. The resistance of a thermistor changes with temperature. The resistance
of a (NTC) thermistor is low at high temperatures and high at low temperatures.

A motor transfers electrical energy into kinetic energy.

A generator transfers kinetic energy into electrical energy.

A loudspeaker transfers electrical energy into sound energy.

A microphone transfers sound energy into electrical energy.

Electrical appliances are connected to earth or ground as a safety measure to prevent
anyone who touches the appliance from getting a shock if the appliance becomes live
due to an electrical fault.



2.5 Calculating the resistance

“)+% Calculating the

Figure 5.1

Figure 5.2 Meters in a simple circuit.

resistance

These ceramic discs have a very high resistance so that the power
line is insulated from the metal pylon. Each ceramic disc is connected
to the next with a metal core to provide strength.

When the ceramic insulators are wet, a small leakage current can flow
down the outside of the ceramic discs. Discuss how the design of the
discs reduces the size of this current.

What changes would you make to this insulator to make it suitable for
a higher voltage power line?

B Ammeters and voltmeters

Figure 5.2 shows you how to set up a circuit using an ammeter and a
voltmeter.

m The ammeter is set up in series with the resistor, R. The same current
flows through the ammeter and the resistor. The ammeter measures the
current in amperes (A), or milliamperes (mA). 1 mA is 0.001 A.

m The voltmeter is placed in parallel with the resistor, R. The voltmeter
measures the voltage across (between the ends of) the resistor. The unit
of voltage is the volt (V). The voltmeter only allows a very small current to
flow through it, so it does not affect the current flowing around the circuit.

M Resistance

The circuit in Figure 5.2 can be used to calculate the resistance in the circuit.
The resistance of a resistor or electrical component is defined using this
equation:

. voltage
resistance = ———=—
current

This equation is usually written as:

R=Y
1

where R is the resistance, Vis the voltage across the resistor and I is the
current flowing through the resistor.

The unit of resistance is the ohm (Q). Resistances are also measured in kQ,
where 1 kQ is 1000 Q.
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’
C 1| B Ohm’s law
The circuit diagram in Figure 5.3 shows how you can investigate the
resistance of a wire. A variable resistor is used to vary the current flowing.

wire under test You can take pairs of readings of current and voltage. Table 1 shows some
typical results.

Table 1
@ Current/ A 0.02 0.04 0.06 0.08 0.1 0.12
Figure 5.3 Investigating the resistance of Voltage /V | 0.5 1.0 1.5 2.0 2.5 30
a metal wire.
You can then plot a graph to show how the current flowing through the
resistor depends on the voltage across it. Figure 5.4 shows the points plotted.
This is called a current-voltage graph. A straight line has been drawn
012 - through the points, which passes through the origin. This shows that the
current is directly proportional to the voltage. If the direction of the voltage is
0.10 - reversed, the graph has the same shape. The resistance is the same when the
current direction is reversed.
008 When a resistor or wire behaves in this way, it is said to obey Ohm’s law.
g 0.06 - This states that:
2
3 0.04 + For some resistors, at constant temperature, the current through the
0.02 . resistor is proportional to the voltage across it.
0 — . . . . The resistor in this case is said to be ohmic.
0 1.Ovoltage /V2'0 %" The resistance can be calculated using any voltage and the corresponding
Figure 5.4 A current-voltage graph. current
ge grap % 20
R=—="_-=25Q
I 0.08

0.3 7
Check that the resistance is the same using another pair of voltage and

current readings.
0.0 fHth .

current /A

W The filament lamp

The circuit in Figure 5.3, with the test wire replaced by a filament lamp, can

be used to investigate how the current through a filament lamp changes

with the applied voltage. The results of the investigation are plotted in a

4 graph, which is shown in Figure 5.5. The line is not straight - it curves away
from the current axis (y-axis). The current is not proportional to the applied

Figure 5.5 A current-voltage graph for a voltage. So the filament lamp does not obey Ohm’s law. We describe the

filament lamp. lamp as a non-ohmic resistor.

As the current increases, the resistance gets larger. The temperature of the
filament increases when the current increases. So we can conclude that the
Make sure you can describe an resistance of the filament increases as the temperature increases.
experiment to investigate how
the current for a filament lamp

or diode changes as the applied B The diode

voltage changes.

0.1 7

voltage/V

A similar investigation can be carried out for a diode. Figure 5.6 shows a
~/  current-voltage graph for a diode.
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current/A
0.15 -

B N AN NN NN ANENNE RS RN AR

MR NN EEN ANNE NN AR

45 -10 -05 0 05 1.0 15
voltage/V

Figure 5.6 A current—voltage graph for a diode; the current only flows for a positive or
forwards voltage.

A diode is a component that allows current to flow through it in only one
direction. For a ‘forward’ voltage, current starts to flow when the voltage
reaches about 0.7 V. When the voltage is ‘reversed’, current does not flow at all.

A light-emitting diode (LED) lights up when a current flows through it. This
is useful because it allows an LED to be used as an indicator - to show us
that a small current is flowing.

B Changing resistance

Some resistors change their resistance as they react to their surroundings.
The resistance of a thermistor decreases as the temperature increases. You
can control its temperature by putting it into a beaker of warm or cold
water, as in Figure 5.7.

O,

thermometer

beaker of water
to control the temperature

Figure 5.7 Investigating how the resistance of a thermistor changes with temperature.

Figure 5.8 shows how one type of thermistor’s resistance changes as the
temperature changes.
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temperature /°C
Figure 5.9 A current-voltage graph for
a light-dependent resistor in bright and
dim light.

Figure 5.8 A graph to show how the resistance of a
thermistor changes with temperature.

The resistance of a light-dependent resistor (LDR) changes as the light
intensity changes. In the dark the resistance is high but in bright light the
resistance of an LDR is low. This is shown in Figure 5.9. A higher current
flows through the resistor in bright light because the resistance is lower.

B Adding resistance

When you add resistors in series you increase the resistance. Here is a simple
example. You place a 6 Q,an 8 Q and a 12 Q resistance in series. What is the
total resistance? The answer is 26 L. You just add up the resistors, as each
one limits the current flow.

STUDY QUESTIONS

1 Explain what is meant by an ohmic resistor. 5 a) Draw a circuit diagram to show a cell, a 1 kQ

2 This question refers to Figure 5.3. Explain what resistor, and an LED used to show that there is a
happens to the current through the ammeter when current flowing through the resistor.
you increase the resistance of the variable resistor. b) Draw a circuit diagram to show how you would

3 Figure 5.5 shows the current-voltage graph for a investigate the effect of light intensity on an LDR.
filament lamp. 6 The table shows the values of current, voltage and
a) Calculate the resistance of the filament when the resistance for five resistors, A, B, C, D and E. Use the

applied voltage is: equation R= V/Ito fill in the missing values.

D1V
i) 3V [Resistor [ Current/A_[ Voltage /v | Resistance /. |

b) Explain what causes this resistance to change. A 04 120

4 Figure 5.9 shows two current-voltage graphs for an B 360 216
LDR in dim and bright light. Calculate the resistance © 0.002 5000
of the LDR in: D 10.0 230
a) bright light E 115 460
b) dim light.




2.6 Current and voltage rules

»9 Current and voltage
rules

Some decorative lights are wired in series and some are wired in
parallel. Which method is suitable for each of the examples in Figure
6.1? What are the advantages of using a parallel circuit and what are
advantages of using a series circuit?

@

©-®

Figure 6.2 A series circuit.

2A I
i’ Figure 6.1 (a) These small decorative (b) These bright decorative lights spread
lights are used to light up lots of trees in light around the tree and its surroundings.
D ® A ® T2A the street.
E
@
F M Current paths
Figure 6.3 The current is divided between ~ Figure 6.2 reminds you of the rules about a series circuit. In this case the
two lamps E and F in a parallel circuit. current in the circuit is 1 A. It is the same in each part of the circuit. So the
I current is 1 A in each of the lamps B and C, and 1 A through both ammeters
N and the cell. A circuit cannot lose current - in every circuit the current
leaving the cell is the same as the current returning to the cell.
3A 3A
_Li@_@_ Figure 6.3 shows a circuit with branches in it. In this case, 2 A leaves the cell
G " and passes through lamp D. Then, the current splits equally through the
oA identical lamps E and F, and a current of 2 A returns to the negative terminal
® of the cell. When the current splits between two lamps in this way, we say
[ they are in parallel.
Figure 6.4 A parallel circuit with unequal Th . .
branches. e current does not always split equally. Figure 6.4 shows another parallel
I circuit with three identical lamps. More current flows through lamp I than
I through lamps G and H. Lamp I provides a lower resistance path. The
sum of the currents going in the two parallel paths is 3 A - the same as the
1A p1A current flowing out of and back into the cell.
Figure 6.5 shows an example of a short circuit. A copper wire placed
l E ? ? c D across lamp J provides a very low resistance path, so virtually no current
1A K flows through the lamp; it all flows through the wire. Lamp ] does not

copper wire X
. o light up.
Figure 6.5 A short circuit.
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Current rules

The current is the same in all parts of a series circuit.

The same current flows into a junction as comes out of the junction.

B Adding the voltage

Figure 6.6 shows a car headlamp connected to a 12 V car battery. The battery
is the provider of energy in the circuit and the lamp transfers that energy to
heat and light. The voltage across the lamp is the same as the battery voltage.

cell provides

electrical energy \
EXAM TIP S

Remember: voltage is a measure of
: energy provided by a cell.

Y 5A A 5A

| bulb transfers

®--—-"""'rﬂ electrical energy
(V)
U

into heat and light

voltmeter
Figure 6.6
12V In Figure 6.7 two headlamps are connected in parallel to the car battery;

I | “‘ a current of 5 A flows through each. The voltage across each lamp is 12V
because both lamps are connected directly to the battery.

10A Y
Figure 6.8 can help you understand why the voltage is the same across each

28 ® headlamp. The voltage is like an ‘electrical pressure’. The pressure on the
water in each pipe from the water tank in Figure 6.8 is the same. The water
A tank empties more quickly when water flows through two pipes rather
> ® than one. The same idea works for the headlamps in a car. The battery loses
energy more quickly when two lamps are on rather than one.

Figure 6.7 A circuit to supply two

headlamps from a car battery. In Figure 6.9 two identical bulbs are connected in series to the car battery.
In this example each bulb has a voltage of 6 V across it. As the current flows
through the bulbs, it transfers half its energy to each bulb.

Figure 6.8 The pressure on the water in
each pipe is the same. These pipes are
parallel, like two headlamps connected in 6v 6v
parallel. Figure 6.9 Each voltmeter reads 6 V.




10V 2V

Figure 6.10 The brighter bulb gets the
larger voltage.

15V 15V
(@) -—“—“—o
3.0V
15V 15V
® o fp}——
- ov -
|1
L
() —e [ T
|
L
- 1.5V -

Figure 6.11 Combining cells.

2.6 Current and voltage rules

The voltages do not always split equally. In Figure 6.10, bulb 1 has a larger
resistance than bulb 2. There is a larger voltage across bulb 1 than across
bulb 2. The current transfers more of its energy to bulb 1, so it is the brighter
bulb.

Voltage rules

The voltage across electrical components in parallel is the same.

The sum of the voltages across electrical components in series adds up to
the battery voltage.

B Uses of parallel circuits

m Light bulbs in a car are placed in parallel across a 12 V battery. Each bulb
is designed to work on 12 V. If the bulbs are placed in series they get less
than their operating voltage.

m All domestic appliances are designed to work at mains voltage (about
230V or 120 V in most countries). By putting them in parallel, domestic
appliances receive the full mains voltage and can be independently
controlled.

m Voltmeters are placed in parallel with appliances to measure the voltage
across them.

B Uses of series circuits

m Decorative lights are an example of a string of small bulbs placed in series.
The bulbs are designed to work on low voltages so they share the mains
voltage. They can all be turned off with the same switch.

m A switch is placed in series with a light to turn it on and off.

®m An ammeter is placed in series with a resistor to measure the current
through it.

m Aresistor is placed in series with a component such as a diode or
thermistor to protect it from overheating.

m A fuse is placed in series with a domestic appliance to protect it. The fuse
melts if the current is too large.

B Cells and batteries

A battery consists of two or more electrical cells. Figure 6.11 shows three
ways in which two cells may be connected.

In series:

a) the voltages add up to produce a larger voltage, provided the cells ‘face’
the same way;
b) if the cells face in opposite directions the resultant voltage is zero.

In parallel:

c) the voltage produced by the two cells is still 1.5 V, but the battery behaves
likes a larger cell, so energy can be provided for longer.
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STUDY QUESTIONS :
] ™\

1 Which current in the diagram below is the largest, p, g Each lamp is designed to take a current of 0.1 A.
or r? Which is the smallest? The set of lights plugs directly into the 230 V mains
| } electricity supply.

a) Write down an equation that links voltage, current

rY LM and resistance.

b) What is the voltage across one of the lamps?
c) Calculate the resistance of one lamp.

’—®7 d) Calculate the resistance of the 40 lamps in series.
r

e) What is the power transformed by the 40-lamp set?

2 Copy the diagrams below and mark in the missing 5 The circuit diagram shows a 16 Q resistor in series
values of current. with a component X.
?
2A 18V
i =
05A AD
16 Q
. [x]
3 In the circuit shown in the diagram, each cell provides
e
avoltage of 1.5 V. 2
4{ | ‘ | ‘ | ‘ | a) Calculate the voltage across the 16 Q resistor.
6 b) What is the voltage across the component X?
A c) Now calculate the resistance of X.

6 The diagram shows six elements of a car rear-window
R heater, which are connected in seriesto a 12 V car

—{ ] — battery. The resistance of each element is 2.5 Q.

—
—

o
L N
>

— 12V
O
a) What is the total voltage provided by the battery?
b) What is the reading on the voltmeter?
c) What is the current through the ammeter? a) Calculate the total resistance of the heater.
d) Calculate the resistance of the lamp. b) Calculate the current flowing through the heater.
4 A set of decorative lights has 40 identical lamps c) Use the formula: power = voltage x current to
connected in series. calculate the power generated by the heater.

d) A student suggests that the power could be
increased by using elements with a greater
resistance. A second student suggests that using
less resistance would be better because the
current would be larger. Who is correct?

e) The elements of some car rear-window heaters are
connected in parallel. Suggest an advantage of this
different arrangement.

~




(a)

(b)

2.7 Circuit calculations

?)ol/ Circuit calculations

2A

Figure 7.1

Figure 7.2

®

Figure 7.3

Figure 74

6Q

3Q

In the previous chapters you have learnt the basic rules about electrical
circuits. The best way to make sure that you have understood them is to
practise by solving problems. In this chapter, some examples are given, but
most of the work is to be done by you.

B Resistance, voltage and current calculations

You can compare the value of two resistors using an ammeter and a cell; the
larger resistor lets less current through. In Figure 7.1(a) the cell pushes a
current of 1 A through a 6 Q resistor; in Figure 7.1(b) the same cell pushes a
current of 2 A through a second resistor whose value is not known. Because
the current is more than 1 A, the second resistor must have a resistance less
than 6 Q. Can you explain why it is a 3 Q resistor?

The value of a resistor may be calculated using an ammeter and a voltmeter;
for example, in Figure 7.2,

~ <

More complicated problems may be solved with the help of the current and
voltage rules in Chapter 2.6. For example, you might be asked to calculate
the cell voltage in Figure 7.3.

The current flowing through the 12 Q resistor is:
==
R
_6v
12Q
=0S5A
The voltage across the 6 Q resistor is:
V=IXR
=05AX6Q
=3V

The cell voltage is the sum of the voltages across the two resistors, which is
9V.

B Power calculations

Similar care needs to be taken to calculate the power developed in a resistor.
For example how much power is produced by the 3 Q resistor in Figure 7.4?
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So the power developed is:

Each resistor has 12 V across it. So the current through the 3 Q resistor is:

P=12Vx4A
=48 W

STUDY QUESTIONS

1 The cells in Figures 7.5 to 7.8 are
identical; the ammeter in Figure 7.5
reads 1 A
a) Calculate the missing values, A,

A; and R;.

b) You decide to replace the two
resistors in Figure 7.8 with a
single resistor. What value are
you going to choose? Explain
your answer.

c) Explain how you would use an
ammeter and a cell to compare
the value of two resistors.

Figure 7.5

Figure 7.6

0.5A

Figure 7.7

Figure 7.8

2 For each of Figures 7.9-7.13,
state which is the larger of R,
and R..

Figure 7.9 Figure 7.10
D, @
— o — o
I 8a) I %y
R R,
Figure 7.11 Both voltmeters read the same.
N N
Y, ]
— () — (a)
R, R,
Figure 7.12 Both ammeters read the same.
Gv)
— ooy Y
L)
— I
R1 H2

==
)

Figure 713
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STUDY QUESTIONS

3 For each of the circuits in ) A
% v
Figures 7.14-723, calculate the et -
unknown ammeter or voltmeter I |{ I I |{ I
readings or missing resistances.
a) Find V;, V, and A in Figure 7.14, () ()
b) Find V;, V, and A in Figure 7.15. 80
¢) Find V, Vs and A in Figure 7.16, Qe 0 1 1—(a)—
d) Find V; in Figure 7.17.
e) Find Rand A in Figure 7.18. @ e o
f) Find R in Figure 7.19. — N
g) F|nd V1, VQ, A1 and AQ in Figure 717 Figure 721
Figure 7.20.
h) Find A,, A, and Vin Figure 721, @V v
i) Find Ry, R, and A, in Figure 722. | | ;
i) Find Vin Figure 7.23. = 1= 1
® ®
@) i
R 24 Q "—ﬁ—.—‘_ @ b
L » A
2
@ T
Figure 7.22
Figure 718
(0 ©
-
R
L 1
Figure 7.19
Figure 7.23

Figure 7.20

Figure 7.16
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7).(8) Electric charge

Electroplating with metals is a common industrial process.
How does electroplating work?
Give two more examples of the use of electroplating.

| A flow of charge

The apparatus in Figure 8.2 is being used to demonstrate the nature of an
electric current. A high-voltage power supply has been used to charge two

electric plates. The plate on the right has positive charge and the plate on

the left has negative charge. A suspended ball, coated in conducting paint,
bounces backwards and forwards between the plates.

Figure 8.1 This motorbike has been . . .
electroplated with chromium, to make it When the ball touches the negative plate it becomes negatively charged. It

attractive. is repelled from the negative plate and attracted to the positive plate, so the
ball moves to the right. When the ball touches the positive plate it becomes
positively charged. Now the ball is pushed to the left.

A sensitive ammeter, which is connected between the electrical supply and
the plates, registers a small current.

A current is a flow of electric charge.

table-tennis ball
metal plate painted with conducting surface)

sensitive
ammeter

power supply

Figure 8.2 Demonstrating that current is a flow of charge.
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B Positive and negative charge

The origin of charge is to be found within atoms. The nucleus of an atom
contains protons, which carry one positive charge. The positive charge on
the protons is balanced by an equal number of electrons, which carry one
negative charge each. You can read more about the charges in atoms in the
next chapter in this section, or in Chapter 7.1.

Electrons are very small particles that can be removed or added to an atom
relatively easily. Moving electrons carry electric currents.

B Which materials conduct electricity?

Metals are good conductors of electricity. Most metal atoms have one or two
loosely held electrons, which are free to move. When a cell is placed across a
metal, the electrons inside it are attracted to the positive terminal of the cell
and repelled from the negative terminal. So, electrons move around a circuit,
carrying the electric current (Figure 8.3).

Currents can also be carried by positive or negative ions. When an atom
gains an electron it is called a negative ion. When an atom loses an electron
it becomes a positive ion. You conduct electricity because your body is full
of ions. This is why you can get an electric shock.

electrons are
repelled from the
negative terminal

electrons are attracted
towards the positive terminal

copper wire

Figure 8.3 In a metal wire current is a flow of electrons.

Materials such as plastics and rubber do not have electrons that are free to
move around. These materials do not conduct electricity. They are called
insulators.

Table 1 Examples of conductors and insulators

Good: rubber

metals, e.g. copper, plastics, e.g. polythene,
silver, aluminium PVC, Perspex
Moderate: china

carbon air

silicon

Poor:

water

humans
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+ o—h— _
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conventional current

(a) Positive particles can
carry a current

+ 4—@ -
+ -
‘1—6
+ -1—6 -

conventional current

(b) Electrons in a metal

+ o—bv -

+ -
B

+ E -

conventional current

(c) Positive and negative
ions in a solution

Figure 8.4

Figure 8.5

B Which way does current flow?

Before it was appreciated that currents are often carried by the flow of
electrons, scientists decided to think of a current as the flow of positive
charges. Therefore arrows on circuit diagrams show what we call the
conventional current flowing from the positive terminal of a battery to the
negative terminal. Figure 8.4 shows three examples of a conventional current
flowing from left to right. The current can be carried either by positive
particles moving to the right, or by negative particles moving to the left, or
both.

m Charge and current

The size of an electric current is the rate of flow of electric charge. In a metal
the current is carried by electrons. So, we could measure the charge by
counting the number of electrons flowing. When there is a current of 1 A,
about six billion billion (6 X 10'®) electrons flow through the ammeter each
second. This large number of electrons is one coulomb (1 C) of charge. So

1 coulomb per second is 1 amp.

The equation which links charge (Q), current (I) and time (¢) is:

charge
current = —
time
==
t

This equation can also be written as follows:

charge = current X time
Q=Ixt¢t

m Defining the volt

You have already met the idea that voltage is a measure of energy. Voltage is
defined as the energy transferred for each unit of charge that passes through a
component such as a resistor. This allows us to define the volt:

Avolt is one joule per coulomb.

energy

voltage =
charge

A worked example will help you understand this idea.

Example. In Figure 8.5 a current of 2 A flows through a resistor. The battery
has a voltage of 6 V. How much energy is transferred to the resistor in one
minute?



2.8 Electric charge

EXAM TIP First, we must calculate the charge that flows around the circuit in 1 minute.
: When calculating the cgrrer?t, charge = current X time
: .reme.mbe‘r to turn time in minutes —2AX60s
. into time in seconds. -120C

Then the energy is calculated using the equation:

energy = voltage X charge

=6Vx120C
=720]
—~
1 You are given a number of materials that you have 3 A camera flash bulb is lit for 0.02 s. During this time
not seen before. Design an experiment to investigate 0.1 C of charge flows through the bulb. Calculate the
which of the materials conduct electricity. You should average current flowing through the bulb while it is
explain clearly which electrical components you will lit up.
use, drawing a circuit diagram to show how you will
use these components. You should also explain how 12|V
you will use your results to draw conclusions. I|
2 A student decides to copper plate a spoon by placing
it in a solution of copper sulfate and passing a current 25A @) /H/

through the solution. The process takes 80 minutes.

a) Use the information in the diagram to calculate
how much charge is passed by the battery during
this time.

b) How much energy is delivered by the battery
during the process of electroplating the spoon?

c) Draw a diagram to show the movement of ions
through the copper sulfate solution during the solution of
copper plating process. copper sulfate
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2.9 Electrostatics

Figure 9.1 Using a Van de Graaff
generator to demonstrate that like charges
repel each other.

Like charges repel; unlike charges
. attract.

@) proton

(O neutron

Figure 9.3 This beryllium atom is neutral.
Four negatively charged electrons balance
four positively charged protons.

The Van de Graaff generator in Figure 9.1 charges the girl up
to 250 000 V. Why is it safe to use such a high voltage in these
circumstances?

W Electrical charge

Electricity was discovered a long time ago when the effects of rubbing
materials together were noticed. If you pull off a shirt containing nylon you
may hear the shirt crackle and in a dark room you may also see some sparks.
A well-known trick is to rub a balloon and stick it on to the ceiling. You may
have felt an electrical shock after walking across a nylon carpet. In these
examples, you, or the balloon, have become charged as a result of friction

(rubbing).

There are two types of electrical charge, positive and negative. A positive
charge is produced on a perspex ruler when it is rubbed with a woollen
duster. You can put negative charge onto a plastic comb by combing it
through your hair.

Some simple experiments show us that like charges repel each other, and
unlike charges attract each other. These experiments are shown in Figure 9.2.

(a) (b)

Figure 9.2 Attraction or repulsion?
(a) Like charges repel.
(b) Unlike charges attract.

B Where do charges come from?

There are three types of small particle inside atoms. There is a very small
centre of the atom called the nucleus. Inside the nucleus there are protons
and neutrons. Protons have a positive charge but neutrons have no charge.
The electrons carry a negative charge and they move around the nucleus.
The size of the charge on an electron and on a proton is the same. Inside the
atom there are as many electrons as protons. This means that the positive
charge of the protons is balanced by the negative charge of the electrons. So
the atom is neutral or uncharged (Figure 9.3).
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When you rub a perspex ruler with a duster, some electrons are removed
from the atoms in the ruler and are transferred to the duster. As a result the
ruler has fewer electrons than protons and so it is positively charged. But the
duster has more electrons than protons and is negatively charged (Figure 9.4).

woollen duster

P m Picking up litter

You can use a plastic comb to pick up small pieces of paper. Figure 9.5
shows the idea. The comb is negatively charged after combing your hair
(Figure 9.4(b)). When it is placed close to the paper, electrons in the paper
are pushed to the bottom or repelled. The top of the paper becomes
positively charged and the bottom negatively charged. The negative charges
on the comb attract the top of the paper upwards. The comb’s charges repel
the bottom, but the positive charges at the top of the paper are closer to the
comb. Therefore, the upwards force is bigger than the repulsive downwards
force and the piece of paper is picked up.

Figure 9.4 Charging by friction.

from comb on the

attractive force
positive charges

down repulsive force

electrons pushed l

PRACTICAL

table
A gold leaf electroscope can be Figure 9.5 Your comb can pick up small pieces of paper. The attractive force on the
used to investigate the nature of positive charges is larger than the repulsive force on the negative charges.

the charge on a plastic rod.

B The gold leaf electroscope

The construction of a gold leaf electroscope is shown in Figure 9.6. A

metal rod and cap are insulated from a metal box. A thin piece of gold leaf

is attached to the end of the rod. When the cap is negatively charged, the
electrons flow in the metal and the charge is spread out over the electroscope
including the gold leaf. Like charges repel, so the leaf moves away from the
rod next to it.

metal cap

insulator

metal_rod

/metal case

thin gold

: \_ — leaf

Figure 9.6 A gold leaf electroscope is used to investigate charges.
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Figure 9.7 shows how a gold leaf electroscope is used to investigate the
charges on two plastic rods. In Figure 9.7(a) the electroscope has been
charged positively by connecting it to the positive terminal of a high-voltage
supply. It has lost electrons and has an overall positive charge.

In Figure 9.7(b) a negatively charged rod is held near the cap. This repels
some of the negatively charged electrons from the cap towards the leaf. This
neutralises some of the positive charge near the gold leaf;, so there is less
overall positive charge there. The gold leaf falls.

In Figure 9.7(c) a positively charged rod is held near the cap. This attracts
some electrons away from the gold leaf towards the cap, so the overall
positive charge near the gold leaf increases. The gold leaf rises further.

Figure 9.7 (a) Electroscope with positive charge. (b) A negatively charged rod repels
electrons towards the leaf. Positive charge is neutralised and the leaf falls. (c) A positively
charged rod attracts electrons from the leaf to the cap. This neutralises the cap and the
leaf rises further as there is more positive charge near it.

@ Now go through the Tutorial Static electricity.

STUDY QUESTIONS

1 a) The diagram below shows two small plastic balls. what has happened to some of the atoms in the
The balls are charged. What can you say about rod.
the charges on the balls? c) Explain why it is not possible to charge a metal

rod that is earthed.

3 Design an experiment to investigate whether a
plastic rod has a positive or a negative charge. You
can use a gold leaf electroscope and a high-voltage
power supply to help you. Describe how you will use
the apparatus, and how the result of the investigation
will allow you to come to a conclusion.

4 In this chapter you have read that electrons are
removed from atoms by rubbing. An electron needs
energy to remove it from an atom. Explain, using
scientific terms, how rubbing provides this energy.

b) Draw the forces acting on each ball.

2 a) A plastic rod is rubbed and it becomes positively
charged. Explain, in terms of electron movement,
what has happened to some of the atoms in the rod.

b) A plastic rod is rubbed and it becomes negatively
charged. Explain, in terms of electron movement,
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2).110) Electrostatics at work

Figure 10.1 A lightning strike on the Eiffel
Tower, photographed in 1919.

F P Y
] g - 2
\ i
[ o

Figure 10.3 Troy Trice shows the football
kit he was wearing when he was struck
by lightning. Eyewitnesses say that the
bolt burnt through his helmet and blew
his shoes off. His breathing stopped, but
he was resuscitated and has made a full
recovery.

During a thunderstorm, a large electrical charge builds up on the
base of a cloud until it creates a conducting pathway through the air.
The lightning flash occurs when the charge on the cloud flows to the
ground or to a tall conducting object.

m Spark hazards

A sailor who works on board an oil tanker has to wear shoes that conduct
electricity. Metals are conductors of electricity. Materials like plastic and
rubber do not conduct electricity; they are insulators. Wearing shoes with
rubber soles on board a tanker could be very dangerous.

When the sailor moves around the ship in rubber shoes, charges can build
up on him as he works. When he touches the ship, there will be a small spark
as electrons flow to neutralise his body. Figure 10.2 explains this process.
Such a spark could ignite oil fumes and cause an explosion. Some very large
explosions have destroyed tankers in the past. So sailors wear shoes with
soles that conduct. Now any charge on him flows away and he cannot make

a spark.

Sparks are most likely to ignite the oil when it is being unloaded. To avoid
this, the surface of the oil is covered with a ‘blanket’ of nitrogen. This gas
does not burn, so a spark will not cause an explosion.

(a) - (b)

Figure 10.2 (a) Jack is positively charged. His charge attracts electrons on to the parts
of the ship near to him.

(b) Jack touches the ship with his hand. Electrons flow onto him to neutralise his positive
charge. The spark could cause an explosion.

W Lightning

Large thunderclouds have strong convection currents inside them. Ice
crystals are carried up and down by these currents and they can become
charged as a result of friction. The bottom of a thundercloud gains a large
negative charge.

When a thundercloud passes over a tall building or tree, it can discharge itself
with devastating effect. A flash of lightning releases about 1000 million joules
of energy. Figure 10.3 shows the sort of damage that lightning can cause.
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Make sure you understand about
. spark hazards.

+ ions produced near the
top of the conductor help
to discharge the cloud

Figure 10.4 How a lightning conductor works.

A tall building is protected by a lightning conductor consisting of a thick
metal strip on the outside of the building, which is connected to spikes at
the top of the building and a metal plate in the ground (Figure 10.4). When

a thundercloud passes overhead, the points of the lightning conductor
become positively charged. The large size of the electric forces make positive
and negative ions. These ions can help to discharge the thundercloud
gradually, so if a lightning strike occurs it is likely to be less energetic and less
damaging. Charge passes safely to the ground via the metal strip and plate.

B Electrostatic precipitation

Many power stations burn coal to produce electrical energy. When coal is
burnt a lot of soot is produced. It is important to remove this soot before it
gets into the atmosphere. One way of doing this is to use an electrostatic
precipitator. Inside the precipitator there are wires that carry a large
negative charge. As the soot passes close to these wires the soot particles
become negatively charged. These particles are repelled away from the

——clean gas

O e

end-on view of wires

+ o+ o+ o+ o+ o+ o+

soot particles

soot particles in dirty gas

Figure 10.5 Soot particles in dirty fumes are removed in an electrostatic precipitator.



posmve
7 charged car

negatively charged pa|nt/ e

spray nozzle & /

Figure 10.7 Using electrostatic forces to
spray-paint a car.

2.10 Electrostatics at work

negative wires and are attracted to positively charged plates. The soot sticks
to the plates, and can be removed later. Some large precipitators in power
stations remove 30 or 40 tonnes of soot per hour.

m Photocopying

Most offices use photocopying machines. The key to photocopying is a plate
that is affected by light. When the plate is in the dark its surface is positively
charged. When the plate is in the light it is uncharged.

An image of the document to be copied is projected on to the plate

(Figure 10.6(a)). The dark parts of the plate become charged. Now the plate
is covered with a dark powder, called toner. The particles in the toner have
been negatively charged (Figure 10.6(b)), so the toner sticks to the dark parts
of the plate, leaving a dark image. Next, a piece of paper is pressed on to the
plate. This paper is positively charged, so the toner is attracted to it

(Figure 10.6(c)).

Finally, the paper is heated. The toner melts and sticks to the paper, making
the photocopy of the document (Figure 10.6(d)).

document
to be copied

(b) Negatively charged toner (c) The image is (d) The final image
powder sticks to the image transferred to the paper is fixed by heating

Figure 10.6 How a photocopier works.

B Electrostatic paint spraying

Electrostatic paint spraying is used to ensure that cars and bicycles get an
even coat of paint. Figure 10.7 shows the idea.

m The spray nozzle is charged negatively.

m Paint droplets leaving the nozzle become negatively charged. They repel
each other and make a fine mist.

m The droplets are attracted to the positively charged car. The droplets get
into places that are difficult to reach.
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STUDY QUESTIONS

iii) pointed
iv) at the highest point on a building?
5 a) Electrostatic charges can be dangerous. Name
one example of a dangerous situation. Explain

1 When an aircraft is being refuelled it is fitted with a
‘ground lug’ to electrically connect it to earth. Explain
why this is an important safety precaution.

2 a) Explain why a photocopier needs toner powder.

Why does the powder need to be charged?

b) When you get your photocopy out of the copier it
is usually warm. Why?

c) The lens in Figure 10.6(a) produces an image of the

what we do to reduce the danger.

b) Name a process in which electrostatics is put to
good use in industry. Give an account of how the
process works.

document, which is upsidedown and back-to-front.

Explain why the final image is the right way round.
3 a) Explain this: When you polish a window using a

dry cloth on a dry day the window soon becomes

6 Explain in terms of electron movement, why the
church spire (in Figure 10.4) becomes positively
charged when the thundercloud is overhead.

7 A lightning flash delivers a charge of 5 C. The

&

dusty. Why does this not happen on wet days?

b) Cling film is a thin plastic material that is used for
wrapping up food. When you peel the film off the
roll it sticks to itself. Can you suggest why this
happens?

4 Why should lightning conductors be:

i) fixed to the ground
i) made of metal

voltage between the cloud and Earth is 100 million

volts.

a) The flash lasts 0.002 s. Calculate the average
current during this time.

b) Calculate the electrical energy transferred by the
flash.

c) Explain what transfers of energy take place.




Summary

Summary

Make sure you can answer all the questions in the Interactive quiz.

| am confident that:

I can recall the hazards of electricity.

I can describe the uses of insulation, double
insulation, earthing, fuses and circuit breakers.
I understand that current in a resistor results

in an electrical transfer of energy and a rise in
temperature.

I can recall and use the relationship P=1xV

I can recall and use the relationship E=1xV xt
I understand the difference between a.c. and d.c.
current supplies.

I can explain the uses of series and parallel
circuits.

I know that all parts of a series circuit carry the
same current.

I know that components in parallel have the same
voltage across them.

I can describe how current varies with voltage in
wires, resistors, filament lamps and diodes.

I understand how to investigate experimentally
how current varies with voltage for a component.
I understand how changing resistance in a circuit
affects the current.

I can describe the action of an LDR, an LED and a
thermistor.

I can recall and use the relationship: V=1IxR

I understand that current is a flow of change.

I can recall and use the relationship: charge =
current X time

I can recall that an amp is equivalent to a flow of
charge of 1 coulomb per second.

I can recall that the volt is a joule per coulomb.

I can identify conductors and insulators.

I know that insulators can be charged by friction.
I can explain charging by the gain loss of
electrons.

I know like charges and unlike charges attract.

I can recall the dangers of electrostatics.

@ I can recall some uses of electrostatics.
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Exam-style questions

1 The diagram shows an electric mains plug with a
fuse and an earth wire.

live wire

earth wire
wire X

a) Name the third wire X, and the parts labelled A
and B. 3]

b) Why is the fuse put in the live wire? [2]

¢) The diagram below shows a plug that has been
wired dangerously. Explain how you would
change the wiring to make it safe. (4]

2 Using electricity can be dangerous.

a) Suggest two safety precautions you should take
when putting a plug into a mains socket. (2]

b) Mains electricity provides an alternating current
(a.c.). A battery provides a direct current (d.c.).

Describe the difference between a.c. and d.c.  [2]
c) The photograph shows two mains plugs.
Mains plug A has a connection for an earth wire.

Mains plug B does not have an earth connection.

i) Describe how the earth wire can act together
with a fuse as a safety device. [2]

ii) Explain why mains plug B can be safe to use
even though it has no earth connection. [2]

d) A fuse is rated at 13 A. The mains voltage is 230 V.

Calculate the maximum power that can be
supplied using this fuse.

State the correct unit in your answer. [3]

An electric iron has been wired without an earth
connection. After years of use the live wire becomes
loose and touches the metal iron.

a) A man touches the iron and receives an electric
shock. Sketch a diagram to show the path of the
current through him. [1]

b) Explain how an earth wire would have made the
iron safe for him to touch. [2]

c) The mains voltage is 230 V. The man’s resistance
is 46 kQ.

Calculate the current that flows through
the man. [3]

A four-way adaptor is plugged into a mains

supply of 230 V. The adaptor has a 13 A fuse. Four
appliances may be powered from the adaptor in
parallel. The table shows some appliances that
might be plugged in to the adaptor and the current
that each draws from the mains.




television 0.5
lamp 0.1
computer 0.3
radio 0.1
iron 4.0
hairdryer 25
heater 75

a) Explain why appliances are connected to the
mains supply in parallel. [2]

b) Calculate the electrical power used when the
television, computer, lamp and radio are all
plugged in to the adaptor together. (3]

c) Explain what will happen if you plug the iron, the
hairdryer and the heater into the adaptor. (2]

d) Explain why we are advised to plug heaters
directly in to a mains socket, rather than using an
adaptor. [1]

e) Explain why it is important to earth the metal
heater. [2]

f) The hairdryer is double insulated. What does this
mean? 2]

The circuit shown has four ammeters in it.

®

(A

®)

a) Ammeter A, reads 0.6 A, and ammeter A, reads
0.2 A. What do ammeters A; and A, read? (2]

b) Is the resistance, R, larger or smaller than 25 Q?
Explain your answer. (2]

c) Calculate the voltage across the voltmeter. Show
your working. [3]

d) State the voltage of the battery. [1]

Exam-style questions

6 A student decides to investigate how the current
flowing through a filament lamp changes with the
voltage applied across it.

The student uses a 12 V battery, a filament lamp, an
ammeter, a voltmeter, a variable resistor, a switch
and some connecting wires.

a) Draw a suitable circuit diagram for the
experiment. [3]

b) The student obtained the following results.

00 |10 |20 |30 |40 |60 |80 [100
0.0 |0.45 |0.80 [1.06 [1.25 {160 |1.756 [1.90
i) Plot a graph of current against voltage. [4]

ii) Use the graph to find the current when the
voltage is 7 V. [1]

iii)Calculate the resistance of the filament lamp
forvoltages of 2Vand 6 V. [3]

iv) Explain why the resistance of the lamp
changes as the current increases. [2]

v) Calculate the power used by the lamp when
the voltage across itis 10 V. [3]

7 The diagram shows three lamps connected in
parallel to a 12 V battery.

12V
JF-|;

%
R
R

a) Calculate the currents through the ammeters A,
A and A, [3]

b) Calculate the resistance of lamp P. [3]

c) Calculate the power dissipated by lamp R. [3]
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8 Afilamentlamp is connected to a 12 V battery. The a) Draw a diagram to show how the resistance of
current flowing through the lamp is recorded by a the strain gauge can be measured using a battery,
data logger when the lamp is switched on. The graph ammeter and voltmeter. [2]
shows how the current in the filament changes with . .
time & b) Before the gauge is stretched it is connected to a

’ 6 V battery. A current of 30 mA flows through it.
504 Calculate the gauge’s resistance. [3]
40 J c) Explain Wh)'/' the resistance of the gauge increases
when the wire is stretched. [1]
< 3.0 d) What happens to the current in the circuit when
& the wire is stretched? [1]
5
o 204 10 A student is investigating the relationship between
voltage and current.
1.0 4
a) State the equation linking voltage, current and
0 resistance. [1]
T T T T T
0 02 04 , 0'6/ 0.8 1.0 b) The meters show the current in a resistor and the
time/s voltage across it.
a) Describe how the current in the filament changes current (mA) voltage (V)
with time when it is switched on. (2]

b) Use the graph to determine:
i) the maximum current in the lamp
ii) the current after a time of 1 second. (2]

c) The resistance of the filament increases as its
temperature rises. Use this information to explain

the shape of the graph. (2]
d) The lamp is marked 12 V 24 W. Explain what
these markings mean. (2]
9 A strain gauge is a device that detects the way an i) Copy the results table and add the readings on
object changes shape when it is squashed, stretched the two meters to the last column. [1]

or bent. The diagram shows how one is made. A thin

. .. . . . . 0.20 [0.60 |1.01 |1.14 |1.81 [2.22
piece of wire is set into a piece of flexible plastic.
When the plastic is bent, the wire stretches. This 10 |80 |50 |70 |90 110
causes the resistance of the wire to increase.

ii) Use the data in the table to draw a graph of

flexible plastic current against voltage. [5]
.—
iii) Circle the anomalous point on the graph. [1]
- ) iv) How did you decide that this point was
( ) anomalous? [1]
)
: ) v) Use your graph, or the table, to find the resistance
) ) of the resistor that the student used. (2]
)
- ( ) c) The student wants to investigate the effect of
\ changing light intensity on a circuit. She sets up
\ equipment outside in a garden for an experiment
\ thin wire lasting 24 hours. She uses the circuit shown in

connecting lead the diagram.




i) Give the name of the component labelled X.

[1]

i) List the variables that the student should
measure.

2]

iii)Explain why the student might need help to
take all the readings for this investigation.

2]

iv) The graph below shows some results of the
student’s investigation.

Copy the graph and label both axes with

appropriate quantities and units.

600
500 H3 -
400 \ /
300

|1 J
100 \\\—*//

12.00

2]

0
0.00 6.00 18.00 24.00

11 A student rubs a plastic rod with a cloth.

a) i) The plastic rod gains a negative charge. Explain

2]

ii) Describe experiments the student could do to
show that there are two types of electric
charge.

why.

[4]

b) The teacher uses a Van de Graaff generator to give
another student a negative charge.

Use ideas about electric charge to explain why the
student’s hair stands on end. [3]

Exam-style questions

12 Burning coal in power stations produces soot, ash
and waste gases.

The diagram shows an electrostatic precipitator,
which collects the soot and ash particles.

| chimney wall

negatively charged
grid
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particles of soot
and ash rising up
the chimney

—— positively charged
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Explain how the electrostatic precipitator prevents
the ash and soot escaping to the atmosphere. [4]

13 The diagram shows a car being painted by a process
of electrostatic paint spraying.

negatively charged
car body

positively charged
paint droplets

a) Explain why it is important that all the paint
droplets are positively charged.

2]

b) Explain why the car must be charged
negatively.

2]
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14 The diagram shows a thundercloud.

a) Explain why the tree below has a positive
charge. [2]

b) The base of the cloud carries a charge of 15 C.

The voltage between the cloud and the ground is
800 000 kV.

i) Aflash oflightning discharges the cloud
completely in 0.04 s. What is the average

current that flows in this time? [3]
ii) Calculate the maximum energy that could be
delivered by this lightning flash. [3]
EXTEND AND CHALLENGE
\
1 a) The table shows the current in three different 0.4 7
electrical appliances when connected to a 230 V 034
a.c. supply. < 5
appliance " current / A g 0.2-F ............ .........
kettle 115 © 0.1
lamp 0.05 0 | : | 1 |
toaster 4.2 0 2 4 6 8 10

i) Which appliance has the greatest resistance?
How does the data show this?

i) The lamp is connected to the mains supply
using thin, twin-cored cable, consisting of live
and neutral connections. State two reasons
why this cable should not be used to connect
the kettle to the mains supply.

b) i) Calculate the power rating of the kettle when
it is operated from the 230 V a.c. mains
supply.

i) Calculate the current flowing through the
kettle when it is connected to a 115 V
mains supply.

iii) The kettle is filled with water. The water takes
90 s to boil when working from the 230 V
supply. Explain how the time it takes to boil
changes when the kettle operates on the
115V supply.

2 The graph shows how the current through a type of
filament lamp depends on the voltage applied to it.

Three of these lamps are connected into the circuit
shown.

voltage/V

a) The circuit diagram shows 0.2 A flowing through

lamp B. Use the graph to find the voltage
across it.

®B
®C

-V

2

b) Calculate the resistance of bulb B.
¢) Work out the currents in: (i) bulb C, (i) bulb A.

d) Use your answer to part (c) (ii) to calculate the
voltage across bulb A.

e) Now calculate the voltage of the battery.




WRITE « CONSIDER

Write down five examples of
the use of waves. In each case

explain how we use them and how
information and energy is carried
by the waves.

Sea waves carry a lot of kinetic energy. They also carry some
information - about the weather conditions at sea. Energy to set these
waves in motion may have travelled thousands of miles, but matter
has not been transferred this distance.

Water waves are some of the waves we can see. We make use of many types
of waves in our everyday lives, to communicate, to cook and in medicine.

By the end of this section you should:

* be able to describe longitudinal and transverse waves

* know the meaning of amplitude, frequency, wavelength and period
of a wave

* know that waves carry energy and information

* recall and use the relationship wave speed = frequency X wavelength

. . 1

 use the relationship frequency = Time

* understand that waves can be diffracted, reflected and refracted

e understand the nature of light and other electromagnetic waves

* recall the uses and hazards of electromagnetic waves

* be able to construct ray diagrams to show reflection and refraction

e carry out calculations to determine the refractive index and critical
angle of materials

e understand the nature of digital and analogue signals

e understand the nature of sound waves

* understand how to use an oscilloscope to investigate the shape of

sound waves. /




Section 3 Waves

Waves do two important things; they carry energy and information. You
have seen ocean waves crashing into a sea wall at high tide. Those
waves certainly carry energy.

When you watch television you are taking advantage of radio waves.
These waves carry energy and information from the transmitting
station to your house. Light and sound waves then carry energy and
information from the television set to your eyes and ears.

B Waves on slinkies

One of the best ways for you to learn about waves is to see them moving
along on a stretched ‘slinky’ or spring. Figure 1.3 shows a slinky lying on the
floor. When you move your hand from side to side some peaks move away
from you along the slinky. Although the wave energy moves along the slinky,
the movement of the slinky itself is from side to side. If you tie a piece of
string to the slinky, you will see that it moves in exactly the same way as your
hand did to produce the waves.

Figure 1.1 Aerials transmit radio waves. ] ] ) ]
These convey energy and information. This sort of wave is called a transverse wave. The particles carrying the

wave in the slinky move at right angles to the direction of wave motion.
Water ripples on the surface of a pond and light waves are examples of
transverse waves.

You produce a different kind of wave when you move your hand backwards
and forwards at the end of the slinky (Figure 1.4). Your hand compresses
and then expands the slinky. The wave is made up of compressions and
expansions that move along the slinky. This time a piece of string tied to the
slinky moves backwards and forwards along it. This sort of wave is called
alongitudinal wave. The particles carrying the wave in the slinky move
backwards and forwards along the direction of wave motion. Sound waves
and ultrasound waves are longitudinal.

humps wave movement

—
T Y
Figure 1.2 Information is a major part of |
our lives — waves carry this information. =
o “T slinky
fixed
PRACTICAL movements string moves here
of hand from side to side
Make sure you have observed from side to side as wave passes

waves on ropes and slinkies, so
that you understand how waves
travel.

Figure 1.3 A transverse wave: energy is transferred in pulses along the slinky but matter
is not transferred.




: Can you explain the difference
. between transverse and
. longitudinal waves?

: Make sure you can define
. amplitude, wavelength, time period
: and frequency.

3.1 Introducing waves

movements

of hand
backwards
and forwards

string moves backwards

expansions
and forwards as wave passes

undisturbed slinky

compressions
—_—

wave movement

Figure 1.4 A longitudinal wave: energy is transferred in compressions and expansions
(decompressions) along the slinky but matter is not transferred.

m Describing waves

Figure 1.5 is a graph showing the displacement of a slinky coil along its
length at one moment for a transverse wave. The arrows on the graph show
the direction of the motion of the slinky coil; a larger arrow represents a

larger speed.

m Phase. Points B and J are moving in phase. They are moving in the same
direction, with the same speed. They also have the same displacement
away from the undisturbed position of the slinky. F has been displaced in
the opposite direction to B and J, and is moving in the opposite direction.
Fis out of phase with B and J. However, F moves in phase with N.

m The wavelength of a wave motion is the shortest distance between two
points that are moving in phase. You can think of a wavelength as the
distance between two ‘humps’. We use the Greek letter A (lambda) for the
wavelength.

m The amplitude of a wave is the greatest displacement of the wave away
from its undisturbed position. You can think of the amplitude as the
height of a ‘hump’. In Figure 1.5 amplitude is represented by ‘a’.

m The frequency, f; of the wave is the number of complete waves produced
per second. There are two complete waves in Figure 1.5 (A to I, and I to Q).
The unit of frequency is waves per second or hertz (Hz); 1 kHz means
1000 Hz; 1 Mhz means 1 000 000 Hz.

m The time period of a wave, T, is the time taken to produce one complete
wave.

- )\ -
20 - g
T undisturbed position
e 10F al D of slinky
S A
: | )
aE: A im \E / 4m |Q .
] T T distance
%_ al_ong
2 10} H p  slinky/
l * metres
_20 f—
G N (0]

Figure 1.5 The displacement of a slinky along its length. The arrows on the graph show
the direction of motion of the slinky.
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: Make sure you can recall an
© equation linking wave speed to
: frequency and wavelength.

B Relationship between frequency
and time period

If the frequency of a wave is 10 Hz, 10 complete waves are produced every
second. Each wave is completed in a time period of 1/10 s. The general
relationship between frequency and time period is:

1

fi =
FEE time period

m Wave velocity

The velocity of a wave, v, is the distance travelled by a wave in 1 second. The
velocity of waves down a particular slinky is the same for all wavelengths.
Figure 1.6(a) shows waves moving on a slinky with frequency 3 Hz and
wavelength 0.4 m. In 1 second three waves have been produced, so the distance
travelled by the first wave is 3 X 0.4 = 1.2 m. The wave velocity is 1.2 m/s. In
Figure 1.6(b) 6 waves have been produced in 1 second and their wavelength is
0.2 m. So in 1 second the first wave travelled 6 x 0.2 = 1.2 m. The wave velocity
is the same as before, 1.2 m/s.

| distance travelled by waves in 1 second |

A=0.4m; f=3Hz velocity=fx A =3s"" x 0.4m=12m/s
(a)

AVAVAVAVAVAV

N=0.2m; f=6Hz velocity=fx \ = 6s' x 0.2m=1.2m/s
(b)

Figure 1.6 The speed of waves along a slinky is the same for all wavelengths; higher
frequency waves have shorter wavelengths.

For any wave we can calculate the wave velocity using the formula:

velocity = frequency X wavelength

V=FfXA



STUDY QUESTIONS

3.1 Introducing waves

1 Use diagrams to explain what is meant by (i) a
longitudinal wave, (i) a transverse wave. Give two
examples of each.

How would you use a slinky to demonstrate that
waves can transmit both energy and information?
Make a sketch of a wave to illustrate what is meant
by the terms (i) amplitude, (i) wavelength.

The time periods of two waves are (i) 0.1 s, (i) 0.25 s.

What are their frequencies?

a) The length of a railway carriage is 28 m. A
passenger at a station counts ten carriages passing
him in 14 seconds. How fast is the train travelling?

b) Waves pass an anchored yacht at a rate of five
crests every 20 seconds. The crests are separated
by a distance of 7 m. Calculate (i) the frequency of
the waves, (i) the speed of the waves.

Copy Figure 1.6(a). Underneath it draw a wave

travelling on the same slinky with a frequency of

5 Hz. What is the wavelength of this wave?

This question refers to the graph in Figure 1.b.

a) What is the wavelength of the wave?

b) What is the amplitude of the wave motion?

c) The frequency of the wave motion is 2 Hz. What
is the time period of the wave?

d) Calculate the speed of the wave.

e) Give a point moving in phase with: (i) /, (ii) B,

(iii) M.

f) Make a sketch to show what the wave shown in
Figure 1.5 looks like a short time afterwards. Use
the arrows showing the direction of movement of
the particles to help you.

a) In which direction is the wave travelling?

8 A radio station produces waves of frequency

200 kHz and wavelength 1500 m.

a) What is the speed of the radio waves?

b) Another radio station produces waves with a
frequency of 600 kHz. Assuming that these
waves travel at the same speed as the other radio
waves, calculate their wavelength.

9 Sound travels at a speed of 330 m/s in air.

a) A sound wave has a frequency of 660 Hz. What
is its wavelength?

b) A sound wave has a wavelength of 0.2 m. What is
its frequency?

J
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o

Figure 2.2 Ripples caused by a drop of
water.

cork bobs up

wave motion
and down

crest

troughs

Figure 2.3 Ripples on water are transverse
waves.

118

Looking more closely
at waves

The dish in Figure 2.1 transmits microwaves to a satellite. Why does
the dish have to be so large? Its shape helps direct the beam - how?

Figure 2.1 A large satellite communications dish.

® Ripple tanks

You can learn more about the nature of waves by studying ripples that move
over the surface of water. It is easy to show that these ripples are transverse
waves. If you look at a floating cork you will see it bob up and down as
ripples travel along the surface of the water (Figure 2.3).

You can produce water waves in a ripple tank by lowering a dipper into the
water (Figure 2.4). A motor vibrates the dipper up and down to produce
waves continuously. A beam produces straight waves, and a small sphere
produces circular waves. If you shine a light from above the tank you will
see bright and dark patches on the screen below. These patches show the
positions of the crests and troughs of the waves.

Using a stroboscope

Water waves move quite quickly and it can be difficult to see them. However,
if you look through a rotating stroboscope you can make the waves appear



3.2 Looking more closely at waves

PRACTICAL

Waves in a ripple tank can be

used to demonstrate wave
properties.

: Make sure you can explain what
- diffraction is.

barrier

dipper for
circular waves

view
vibrated up Lh;)eugh
and down /

by motor

stroboscope

dipper for
straight waves

glass
bottomed tank

wave pattern

seen on screen

Figure 2.4 A ripple tank.

stationary. The stroboscope is a disc with 12 slits in it. If you rotate the disc
twice a second you will see the ripple tank 24 times a second. The waves
will appear stationary when the dipper produces waves with a frequency

of 24 Hz. Each time there is a slit in front of your eye one wave has moved
forwards to the position of the next wave.

M Diffraction

When waves pass through a small gap, they spread out. This is called
diffraction. You can see the diffraction of water waves in a ripple tank.
Figure 2.5 shows you what happens when straight waves go through a series
of gaps in barriers.

barrier barrier

‘\\\ LAY

(@) Small wavelength, large gap
Figure 2.5

(b) Small wavelength, gap about the size of (c) Large wavelength, small gap
wavelength

//j /
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sound waves
diffracting

top of people's
heads having you walking
the conversation along

Figure 2.6 A ‘bird’s eye view' of a
conversation overheard on the other side
of a wall.

Figure 2.9 Diffraction pattern.

In Figure 2.5(a) the gap is large in comparison with the wavelength of the
waves. The waves only spread out a little. In Figure 2.5(b) the gap is smaller.
The waves spread out more. In Figure 2.5(c) the wavelength is larger than the
gap and the waves now spread out completely.

Sound also diffracts. This tells us that sound is carried by waves. Figure 2.6
shows the sort of position you might find yourselfin. You are walking down
a corridor and you can hear two people talking through an open door or on
the other side of a wall, but you cannot see them. The sound waves do not
travel in a straight line. They spread out and change direction as they pass
the edge of the wall. That is why you can hear them talking even though you
cannot see them.

We also think that light is carried by waves. So why can’t we see round
corners? You cannot see the people talking in Figure 2.6, because light waves
have very small wavelengths. This means that when light waves go through
a doorway they hardly diffract at all. Sound waves have much longer
wavelengths, so they diffract through the doorway.

Figure 2.7 In this photograph you can see water waves diffracting as they pass through
a harbour entrance. Water waves have a large wavelength, and so they spread out a lot
when they diffract through such a gap.

| Diffraction of light

Figure 2.8 illustrates how light can be diffracted. A laser beam is directed
towards a narrow slit and light spreads out. The illustration in Figure 2.9
shows the result. The wavelength of red light is about 640 x 10” m and the
slit width is 0.01 mm. So the slit is about 16 times wider than the wavelength

of light.

screen

narrow slit
about 0.01 m across

Figure 2.8 Light also diffracts if a beam is directed through a narrow slit.
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B Design of satellite dishes

The chapter began with the question about a satellite dish - why does it have
to be so large? Figure 2.10 gives the answer. If the dish has a large diameter
(Figure 2.10(a)), the microwaves leaving it do not diffract much. This

means that a well-directed beam of waves is sent out into space towards the
satellite. If the dish is small (Figure 2.10(b)), the diffraction effects become
significant. Waves spread out and energy is wasted as most of the beam
misses the satellite.

B Loudspeaker design

Figure 2.11 shows the design of a loudspeaker system. It has two speakers -
a woofer and a tweeter. The woofer is the larger speaker; it is designed to
produce the bass notes, which have a long wavelength. If the high-pitched
notes were sent to the woofer you would only hear them when you were in
front of the speaker. This is because they have a short wavelength

(5 or 10 cm). They do not diffract well through the woofer as its diameter is
too large. The small-diameter tweeter allows the short-wavelength waves to
diffract and be heard in all directions.

Figure 2.10 (a) A large dish produces a
well-directed beam - little diffraction.

(b) With a small dish the waves diffract, so
the beam is not well directed and energy
is lost.

Figure 2.11 A pair of loudspeakers.
STUDY QUESTIONS

~

1 Astronomers use radio telescopes to detect radio c) Draw another diagram to show what happens

_

waves from distant galaxies. Some radio waves have
wavelengths a few metres long. Radio telescope
dishes can be as wide as 100 m across. This means
that the radio waves are only diffracted by a small
amount. Explain why.

2 In an experiment in a ripple tank, straight water

waves are produced with a frequency of 20 Hz. The

waves travel at a speed of 40 cm/s through a gap in

a barrier of width 1 cm.

a) Calculate the wavelength of the waves.

b) Draw a diagram to show how the waves would
spread through the gap. Explain how you decided
what to draw.

when the gap is made 4 cm wide.

3 Explain why loudspeaker systems use two speakers:

a woofer and a tweeter.

4 The red light used to produce the diffraction pattern

in Figure 2.9 has a wavelength of 640 nm

(640 x 107° m). Sketch a copy of the pattern and
add a second pattern to show the diffraction of

blue light, wavelength 480 nm, when it goes through
the same narrow slit.
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Figure 3.1 These sunbathers are exposed
to several kinds of electromagnetic waves.

1072m 10~°m

Electromagnetic
waves

These people on the beach are exposed to several types of
electromagnetic waves. Can you name four types of electromagnetic
wave, some of which could be damaging their bodies?

Can you explain what happens to the sunbathers as time passes from
morning to afternoon?

B The electromagnetic spectrum

You will already have heard of radio waves and light waves. These are two
examples of electromagnetic waves. There are many sorts of electromagnetic
wave, which produce very different kinds of effect. Figure 3.2 shows you the
full electromagnetic spectrum. The range of wavelengths in the spectrum
stretches from 1072 m for gamma rays to about 2 km for radio waves.

10~%m 103m im 10%m

+— X-rays ——»

infra-red microwaves —s+—— radio waves

~«— gamma rays — ~— ultraviolet

visible light

Figure 3.2 The range of wavelengths in the electromagnetic spectrum.

. Electromagnetic waves are

- transverse waves, carrying energy

- and information in their electric and
. magnetic force fields.

. All electromagnetic waves travel at
- the speed of light.

B Electric and magnetic forces

Many waves that you are familiar with travel through some material. Sound
waves travel through air; water ripples travel along the surface of water.
Electromagnetic waves can travel through a vacuum; this is how energy
reaches us from the Sun. The energy is carried by changing electric and
magnetic forces. These changing forces are at right angles to the direction in
which the wave is travelling. So electromagnetic waves are transverse waves
(Figure 3.3).

B Wave speed

Electromagnetic waves show the usual wave properties. They can be
described by frequency and wavelength. In a vacuum all electromagnetic
waves travel at the same speed of 3 X 10® m/s. However, electromagnetic
waves travel at slower speeds when they travel in a material. For example,
light travels at a slower speed in glass.
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electric forces

magnetic
forces

direction
of travel

Figure 3.3 In an electromagnetic wave, energy is carried by oscillating electric and
magnetic forces. These forces are at right angles to the direction in which the wave travels.

radio waves . Radio waves

Radio waves are produced by high-frequency oscillations of electrons in
aerials. Radio waves with wavelengths of a few hundred metres are used to
transmit local and national radio broadcasts.

television
waves . . . .
Radio waves with wavelengths of a few centimetres are used to transmit
television signals and international phone calls. These short-wavelength
Figure 3.4 Long and medium wavelength  r3djo waves are also known as microwaves. Microwaves are also used for
radio waves will diffract around hills and L . . L

mobile internet connection and satellite navigation. When you make a
houses. However, waves used for TV h oA . dio si 1 . byl il
signals are of short wavelengths. These will  Phone call to America, your radio signals are sent into space by large aeria
not bend around hills so well; this house dishes (see Figure 2.1). These signals are received by a satellite in orbit
will have poor TV reception. around the Earth. The signals are then relayed to another dish in America.
Short wavelengths are used in international communications so that narrow

beams can be directed into space (see page 121).

B Microwaves

Microwaves have wavelengths between radio waves and infra-red waves;
but it should be remembered that the distinction between various types of
electromagnetic wave is fairly arbitrary. The short-wavelength radio waves
described above could also have been described as microwaves.

The other well-known use of microwaves is to heat food in ovens.
Microwaves of a particular wavelength are chosen that are absorbed by
water molecules. Microwave cooking provides the advantage that the waves
can penetrate to the middle of the food, thereby cooking the inside as

well as the outside. This is much faster than the conventional method of
cooking, where heat is conducted to the inside. Microwave ovens must be
made of metal in order to trap the waves inside them; this is important to
make sure we do not cook ourselves! Microwaves of certain wavelengths
are a hazard that could burn us internally by heating up our body tissues.

B Infra-red waves

Infra-red waves have wavelengths between about 10™* m and 10™° m.
Anything that is warmer than its surroundings will lose energy by giving

out infra-red radiation. You lose some heat energy by radiation. You can
Figure 3.5 A night image taken in infra-red ~ certainly feel the infra-red radiation given out, or emitted, by an electric fire.
light. Prolonged exposure of the skin to infra-red in sunlight can cause skin burns.
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Figure 3.6 This is an ultraviolet image

of the Sun. Very hot objects like the Sun
produce these waves. Astronomers often
‘see’ what space looks like in wavelengths
other than visible light. Imagine if our eyes
detected ultraviolet rather than visible light —
how different would the world look?

Figure 3.8 Dentists use X-ray photography
to check on the health of teeth. X-rays
allow dentists to see tooth disease or
decay, which are not visible in an ordinary
visual check-up.

Infra-red photography can be used to measure the temperature of objects.
The hotter something is, the more infra-red radiation it gives out.

W Light waves

Light waves form the part of the electromagnetic spectrum to which our
eyes are sensitive (‘visible’ light). Red light has a wavelength of 7 x 10”7 m and
violet light a wavelength of 4 X 107”7. Common uses of light waves include
transmitting information along optical fibres (see Chapter 3.4) and taking
photographs with cameras. Very bright light can damage the eye. It is more
comfortable to wear sunglasses on a bright day and you must avoid looking
directly at the Sun.

m Ultraviolet waves

Ultraviolet waves have wavelengths shorter than visible light -
approximately 10® m or 10~ m. While infra-red waves are emitted from

hot objects (1000 °C or so), ultraviolet waves are emitted from even

hotter objects 4000 °C and above). The Sun and other stars are sources

of ultraviolet ‘light’. Exposure to ultraviolet waves can damage your eyes,
including snow-blindness, which is sunburn of the retina. Prolonged
exposure to ultraviolet light from the Sun can damage your skin and cause
skin cancer. Some materials fluoresce when exposed to ultraviolet light. This
can have applications in deterring crime (see Figure 3.7).

Figure 3.7 This man has been sprayed with ‘smartwater’ Each batch of the water has a
special DNA, which determines where a material has come from. The ‘smartwater’ shows
up under UV light. Such materials are now widely used to mark property.

M X-rays

X-rays have wavelengths of about 107'° m. These rays can cause damage to
body tissues, so your exposure to them should be limited. X-rays are widely
used in medicine. X-rays of short wavelengths will pass through body tissues
but will be absorbed by bone. Such rays can be used to take a photograph to
see if a patient has broken a bone or has tooth decay.

Slightly longer wavelength X-rays are used in body scanning. These X-rays
are absorbed to different degrees by body tissues, so doctors can build up a
picture of the inside of a patient’s body. This allows doctors to investigate
whether a patient has a disorder in the body.



: Make sure you know and

- understand the uses and hazards of
- the seven types of electromagnetic

. waves listed here.

red

'———'\

violet

Figure 3.9 A prism splits white light up
into the colours of the rainbow.

STUDY QUESTIONS

3.3 Electromagnetic waves

B Gamma rays

Gamma rays are very short-wavelength electromagnetic waves that are
emitted from the nuclei of atoms. Gamma rays are very penetrating and can
be very harmful. They can cause mutations in cells leading to cancer. These
rays have many industrial, agricultural and medical uses (see Section 7).

B The discovery of infra-red and ultraviolet

This is an example of discovery by investigation. In 1800 William Herschel
decided to investigate the temperature produced by each colour of the
visible spectrum. Figure 3.9 shows how a prism can be used to split white
light up into all the colours of the rainbow. Herschel put the bulb of a
blackened thermometer in turn into each colour, noting that as he did so,
the temperature increased towards the red end of the spectrum. He then put
the thermometer just beyond the red end of the spectrum and noted that,
although he could see no light, the temperature was even higher. He had
discovered invisible heat rays, which we now call infra-red rays. ‘Infra’ means
below - the rays are outside the red end of the spectrum.

Inspired by Herschel, a year later in 1801, Johann Ritter investigated the
other end of the spectrum. He investigated the effect of light on silver
chloride, which was known to be blackened by sunlight. Ritter discovered
that the chemical blackened more quickly as he moved towards the violet
end of the spectrum. To his surprise, he discovered that the blackening
effect was most pronounced just beyond the violet end. So he had discovered
ultraviolet rays - ‘ultra’ means beyond.

’ Now watch the animation Uses and dangers of electromagnetic

(;/ radiation.

1 a) How does an electromagnetic
wave carry energy? Draw a
diagram to help explain your
answer.

b) Electromagnetic waves are
emitted from objects when
electrons oscillate rapidly
backwards and forwards. How
do you think electromagnetic
waves are detected?

2 a) Why are short-wavelength
radio waves needed

for mobile phone
communications?

b) Give two reasons why
microwave ovens are made
from steel.

c) Which electromagnetic waves
cause (i) skin burns, (i) skin
cancer?

d) Give three examples of how
electromagnetic waves are
used in your life every day.

3 In the table below you can see
some data showing typical
values of wavelengths and
frequencies for different types of
radio wave. The speed of radio
waves is 300 000 000 m/s.

a) Copy the table. Then use the
equation v=fx A to fill in the
missing values.

b) Which wave would you use for
(i) a local radio station,

(ii) television broadcasts to

the USA? Explain your choice.

Type of radio wave Wavelength / m Frequency / MHz 4 For each of the following types
Long 1500 of electromagnetic wave, give
Medium 300 an example of a use of the wave
Short 10 and a hazard posed by each:
VHF 100 microwave, infra-red, ultraviolet,
UHF 3000 gamma ray.

(VHF = very high frequencies, UHF = ultra high frequencies)

(&




Section 3 Waves

O

Figure 4.1 William Wordsworth
(1770-1850).

Figure 4.2 In the past telephone systems
transmitted electrical signals through
copper wires like these ones.

//’\

voltage across coil

Figure 4.4 The electrical pulses produced
by our voice in the mouthpiece make a
continuously varying signal. This is called
an analogue signal.

Analogue and digital
ot

In the 1820s, William Wordsworth would walk 12 miles from Grasmere
to Keswick to see his friend Robert Southey. He would stay a week,
before walking back home again. How far do you walk to see a friend?
How do you keep in contact now?

B Analogue signals

Look at Figure 4.3. This shows you the principle of the telephone in your
home, which runs on the landline. When you speak your voice produces
sound waves, which cause pressure differences in the air. These pressure
changes act on the mouthpiece of the telephone, making a cone move in
and out. The movements of the cone squeeze some carbon powder. When
the carbon is squashed, its electrical resistance becomes slightly less. This
allows a larger current to flow from the battery. In this way, the information
is carried along the wire by electrical waves.

electromagnet

sound waves
move cone
in and out

50V supply

iron disc
moves in
and out

receiver
of telephone

mouthpiece
of telephone

Figure 4.3 A conventional telephone system.

At the other end of the line, someone can listen to your voice. The electrical
pulses are turned back into sound waves by the earpiece, which is like a small
loudspeaker. The changes in current change the magnetising effect of an
electromagnet. This moves a disc in and out to make sound waves. This is
called an analogue signal, see Figure 4.4.

m Optical fibres

Modern telephone systems transmit telephone messages by sending pulses
of infrared light down glass fibres. Optical fibres have several advantages
over the old copper wires:

m Optical cables are less bulky than copper cables. The resistance of a thick
copper wire is less than a thin wire. So a thick wire has less resistance than
a thin wire of the same length. This is why copper cables are so bulky; less
energy is lost in a thick, low-resistance cable.

m More messages can be carried at the same time in an optical fibre.



Figure 4.5 Optical fibres are made

from thin, flexible glass. Light which has
been totally internally reflected emerges
from the ends. Light travels along the
entire fibre with little absorption. Modern
telephone systems use optical fibres in
place of copper wires.

3.4 Analogue and digital communications

m There is less ‘crackle’ on the line. A signal in one fibre does not affect
its neighbour. In a copper wire, the current carrying one conversation
can interfere with a conversation being carried by the currentin a
neighbouring wire.

m Less energy is lost in optical cables. Signals can travel 20 km along an
optical fibre without the need for amplification; signals in copper wires
need amplification every 2 km.

m Optical fibres are well suited to carrying digital communications (see below).

M International phone calls

Overseas telephone calls are carried by microwaves (Figure 4.6). The
microwaves are transmitted via a satellite. These waves are electromagnetic
waves with a frequency of a few gigahertz (1000 million Hz). When you
speak to someone via a satellite link, you will notice a delay before they reply.
However, for some links undersea optical cables allow a quick connection.

landline connected by

cable to the exchange . base station
optical mobile phone links
fibre link : to base station by
local »| national (e Mmicrowaves
/ exchange exchange
copper cable y (O ¢ 1
link e
microwaves | -
f'optIT-a Ik (N microwaves to satellite
ibre fin for an international call

Earth station

Figure 4.6 How different telephone systems link up. Landlines are connected with local
and national exchanges using copper cables and optical fibres. Earth stations connect
a country with satellites so that international calls can be made. Mobile phones connect
with base stations by microwave links.

M Digital communications

Figure 4.7 shows an analogue signal that can be transmitted along an
electrical cable. But before the signal can be sent along an optical fibre it
must be turned into a digital signal. A digital signal consists of a series of
on-off pulses - like a code.

Analogue signals are converted to digital signals by using a process called
pulse code modulation (PCM). The analogue signal is sampled 8000 times
a second. In Figure 4.7, for example, the analogue signal might be split

up into 35 separate samples. The voltage levels at time ts, £y, ;5 and t,, are
respectively, 8, 17, 22 and 30. Each of these voltage levels can now be turned
into a binary code or number (see Table 1). Next to Figure 4.7 you can see
the pulses that make up the digital signal. Once the signal has been sent to
its destination it can be converted back into an analogue signal.

One significant advantage of using digital signals is that they are less
affected by unwanted voltages that are picked up (‘noise’). Stray voltages
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Table 1 Voltage levels as binary codes

8 0 1 0/ 0 0
17 1 0 0] O 1
22 1 0 1 1 0
30 1 1 1 1 0

. Make sure you can explain the
: advantage of digital
: communications.

analogue signal

n
o

voltage level
o 4o
o [$)] o
T T

(%))

digital signal
LTl o
_ [0 [ [Tl o
[fl. o o o J1]

Il 1
ts to ts o

sampling time

ts

t3o

t3s

Figure 4.7 Converting an analogue signal to a digital signal.

distort analogue signals but have no effect on digital signals. This is because
with a digital signal it is only necessary for the receiver to detect a pulse or
the absence of a pulse.

B The end of analogue TV

Digital signals are now widely used and countries began turning off
analogue transmissions to TV sets in around 2010. Digital transmissions
can carry much more information than analogue transmission - we now
have hundreds of TV channels to choose from.

@ Now go through the tutorial Waves and communication.

STUDY QUESTIONS

1 Draw a diagram similar to
Figure 4.6 to show how a
telephone call is transferred from
your home landline to a friend in
New York. How many different
sorts of wave are used in this
phone call?
2 Look at the analogue signal in
Figure 4.7.
a) Measure the voltage levels at
sample times (i) ts (ii) ta0.
b) Convert these voltage levels
to the appropriate binary code
(see Table 1 for how it is done).

-

MAVAVEAVAY
(n) || | e HH H Y

c) Explain why music needs a
higher frequency of sampling
than speech.

In the diagram you can see two

electrical signals (i) and (i) which

leave A and travel to B. The
digital signal is sent down an
optical fibre, and the analogue
signal sent down a copper cable.

a) Explain which is the analogue

signal and which the digital
signal.

b) Both signals pick ‘noise’ and lose

c)

energy.

i) What it meant by ‘noise’?

i) Why do the signals lose
energy?

iii) Why does the analogue
signal lose more energy
than the digital signal a long
the same length of cable or
fibre?

X and Y are amplifiers which

increase the energy of the

signal. Look at the shape of the

signals at C.

Use the diagram to explain

two advantages of using digital

signals over analogue signals.




Figure 5.1 A partial lunar eclipse.

. Light travels in straight lines — we
. represent this with light rays.

Do not look directly at an eclipse
of the Sun. Take advice from

your teacher before you view an
eclipse.

3.5 Rays and shadows

Rays and shadows

In Figure 5.1, the upper left side of the Moon has entered the darkest
part of the Earth’s shadow (the umbra) and the red tint is due to the
filtering effect of the Earth’s shadow - the same effect can be seen as
the Sun sets. What causes this lunar eclipse?

B Shadows and eclipses

Shadows are formed when something blocks the path of light. In Figure 5.2
you can see a piece of card held in front of a small source of light. Some
light misses the card and travels on, in a straight line, to the screen. A sharp
shadow is formed on the screen behind the card.

Not all shadows are so sharp. If the source of light is large then the shadows
have two parts. In the middle of the shadow there is a dark part called the
umbra. Around the edges of the shadow there is a lighter region called the
penumbra. A good example of the shadow formation is provided by eclipses
of the Sun and Moon.

shadow

— e 3cm !
@ point source f2cm I
— lof light light

screen

Figure 5.2 Forming a sharp shadow.

An eclipse of the Sun (a solar eclipse) occurs when the Moon passes between
the Earth and the Sun. The Moon is a lot smaller than the Sun butit s
closer to us. It is just possible for the Moon to cover the Sun completely.
When this happens there is a total eclipse of the Sun. During a total eclipse
the sky goes black and it is possible to see stars. It is only possible to see a
total eclipse of the Sun if you are in the umbra of the shadow (Figure 5.3). If
you are inside the penumbra of the shadow you will see a partial eclipse of
the Sun. Only part of the Sun is covered during a partial eclipse.

In the umbra the
Sun looks like this:

umbra .

: Earth

sun In the penumbra
(area of partial eclipse)

the Sun looks like this:

penumbra

Figure 5.3 An eclipse of the Sun.
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An eclipse of the Moon (a lunar eclipse) happens when the Moon passes
behind the Earth and into the Earth’s shadow (Figure 5.4).
Never look at the Sun through a
magnifying glass, binoculars or
telescope. You would damage
your eyes badly or even cause

blindness. I/f .
\ Y, |
A

un

[0

PRACTICAL penumbra
Figure 5.4 An eclipse of the Moon.
You can learn about light rays

travelling in straight lines by .

making a pinhole camera. M The plnhole camera

You can make a simple pinhole camera out of a cardboard shoe box. A small
hole is put in one end. The other end of the box should be removed and a
piece of tissue paper put in its place (Figure 5.5). If you now take the box
outside on a bright day and point it at some trees, you will see an image of
them on the tissue paper. If you want to take a photograph of the trees, you
must use a lightproof box. The photograph is made by allowing the light to
fall onto a piece of photographic paper instead of the tissue paper.

tree

pinhole

o}

A triangles ABO and
A'B'O are similar B' _
small pin hole tissue paper
in front of box
(1mm diameter)
' open end of
So ﬁ —B shoe box
AO A'O
A'B’
AB =———~ XAO screen image
A0 of tree 10cm high
10 cm . o .
= Figure 5.5 The principle of the pinhole camera.
30 cm X 30m g p p p
= 10 m

The light from the trees travels through the pinhole in a straight line. This
Figure 5.6 Working out the height of a . . . . .
. causes the image to be upside down. Provided the hole is small the image
tree from measurements taken using a . ; . .
pinhole camera. of the tree will be sharply defined. If the hole is too big the tree will look
blurred.

The size of the image lets you work out the height of the tree, which is 30 m
from the pinhole (Figure 5.6).




STUDY QUESTIONS

3.5 Rays and shadows

1 Work out the area of the shadow in Figure 5.2.
2 a) Draw diagrams to illustrate:

i) an eclipse of the Moon

i) an eclipse of the Sun.

b) The diagram below shows how an ‘annular’ eclipse
of the Sun can happen. During an annular eclipse
the Moon is further away from the Earth than in
a total eclipse. Sketch how the Sun would appear
when viewed from: (i) X and (i) Y.

3 Venus moves in an orbit closer to the Sun than the
Earth’s orbit. In the diagram you can see Venus in
three positions marked V;, Vo, V. On the right, X, Y
and Z show how Venus looked when seen on three
occasions through a telescope. Match X, Y and Z to
the positions of Venus.

a) Explain why making the hole larger in a pinhole
camera makes the image more blurred. lllustrate
your answer with a diagram.

A student used a pinhole camera to form an
image of the Sun. She investigated how the size
of the Sun’s image depended on the size of the
pinhole. The table below shows her results.

b) Plot a graph of image size (y-axis) against hole
diameter (x-axis).

c) The student has made an incorrect measurement
of the diameter of the hole. Which measurement
is wrong and what should it have been?

d) Use the graph to predict what the diameter of the
Sun's image would be for a very small hole.

e) Use your answer to part (d) and the extra data
provided to calculate the Sun's diameter.
¢ distance of Earth to Sun: 150 million km
¢ length of pinhole camera: 500 mm

6580|956 |11.0 | 125

203540 | 65 | 80

N
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235 Reflection

Figure 6.1 How does this trick work?

The rays are perpendicular to the
. wavefronts.

PRACTICAL

Make sure you understand how

to investigate angles of incidence
and reflections using ray boxes.

Figure 6.3 Light is reflected from a rough
surface in all directions.

Light is a transverse wave, which can be reflected in the same way
that water waves are reflected. Studying the way in which water waves
behave in a ripple tank will help you to understand the way in which
light behaves when it is reflected.

B Reflection

In Figure 6.2 you can see a representation of waves approaching a straight metal
barrier in a ripple tank. In the diagram, a line is drawn at right angles to the surface
of the barrier. This line is called the normal. The angle between the normal and
the direction of travel before reflection is called the angle of incidence, 7. The
angle between the normal and the direction of travel after reflection is called the
angle of reflection, 7. When waves are reflected, i always equals 7.

before reflection after reflection

K N

direction : /_\
of travel \
\<()©<\ during reflection

metal plate
R

Figure 6.2 Reflection of waves off a plane surface; angle of incidence, i = angle of

reflection, r.

W Reflection of light rays

You may use a mirror every day for shaving or putting on make-up. Mirrors
work because they reflect light. In Figure 6.4 you can see an arrangement
for investigating how light is reflected from a mirror. A ray box is used

to produce a thin beam of light. Inside the ray box is a light bulb; light is
allowed to escape from the box through a thin slit.

Before the light ray strikes the mirror it is called the incident ray. The angle
of incidence, 7, is defined as the angle between the incident ray and the
normal. The normal is a line at right angles to the surface of the mirror.
After the ray has been reflected it is called the reflected ray. The angle
between the normal and this ray is called the angle of reflection, . Light
waves reflect in the same way as waterwaves.

There are two important points about reflection of light rays, which can be
summarised as follows:

The angle of incidence always equals the angle of reflection; i =1r.
The incident ray, the reflected ray and the normal always lie in the same plane.



3.6 Reflection

All surfaces can reflect light. Shiny smooth surfaces produce clear images.
Figure 6.3 shows that light is reflected in all directions from a rough surface
so that no clear image can be produced.

L 1 1 ]
| ! mirror

narrow slit * i = 45° =45 3

normal

normal

normal

light ray

®

®

ray box

Figure 6.4 Reflection of light rays from a mirror.

_ o B An image in a plane mirror
object virtual image;

laterally inverted We can use the rules about reflection to find the image of an objectin a
plane (flat) mirror. In Figure 6.5 the object is an L shape. Rays from the L
travel in straight lines to the mirror where they are reflected (i = 7). When
the rays enter your eye they appear to have come from behind the mirror.

: A This sort of image is called a virtual image. Your brain thinks that there is
N NP an image behind the mirror, but the L is not really there. You cannot put a

4 virtual image onto a screen. An image that can be put onto a screen (like the
one in a pinhole camera) is called a real image.

< 10cm-—»

You can see in Figure 6.5 that the image appears to be the same distance
behind the mirror as the object is in front of it. The image also appears to
be back-to-front. You will have seen this effect when you look into a mirror.

mirror When you lift your right hand, your image lifts its left hand. The image is
said to be laterally inverted.

eye
Flgure 6.5 Seeing an image in a miror. RNITW YOI oo Yo slgmaxs ne & @ifT

Figure 6.6 An example of some mirror writing.

An image in a plane mirror is virtual, laterally inverted and the same size
as the object.
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ghost leaves by walking Figure 6.7 shows how it is possible
through the wall . : .
; to produce the illusion of a ghostin a
play. The technique is known as
-0 ‘Pepper’s Ghost’. A large sheet of glass
!\ dark stage is placed diagonally across the stage.

The audience can see a wall through
the glass on the darkened stage. An

actor is hidden from the audience in
sheet of the wings. He is brightly illuminated

- so that his image is reflected by the
9\ / glass for the audience to see. When
\ the actor walks off up the stage, his
actor'is Ir *'. rmage (the ghost) appears to leave by Figure 6.8 Submarines use periscopes so
brightly lit f \ walking through the wall. that crew can see above the surface. You can

| '| make a simple periscope using two mirrors.

audience

Figure 6.7 Pepper's Ghost.

STUDY QUESTIONS

1 a) The image you see in a mirror is virtual and
laterally inverted. Describe the nature of the image
you see when looking through a periscope as in
Figure 6.8.

b) At what angle must the mirrors be fitted into the
periscope?

2 John runs towards a mirror at 5 m/s. At what speed

does his image approach him?

3 a) How many 10p coins will the eye see reflected in
the mirrors below?

b) Draw diagrams to show how each image is formed.
7

6 Draw careful diagrams to show how waves are
010p - reflected in the following cases.

o ®

4 Show how the word CALCULATOR would look when
reflected in a mirror.

5 Copy the diagrams and complete the paths of the
rays after reflections in the mirrors. Use a protractor
to draw your diagrams accurately.

4 Nk

—




3.7 Refraction

Refraction

You have already learnt about rays and ray diagrams. Can you draw
some ray diagrams to suggest how the direction of the light rays has
been altered by the water in the photograph in Figure 7.1?

O

Figure 7.1 This photograph shows light being refracted (changed in direction) by water
in a glass.

B Refraction of water waves

Figure 7.2 shows a side view of waves passing from a deep region of water in a

ripple tank into a shallower region. As the waves pass from deep to shallow water,
side view two things happen: the wavelength of the waves reduces and the speed reduces.
Figure 7.2 The frequency (the number of waves passing a point each second) stays the same.

glass plate

Figure 7.3 shows the same event from a bird’s eye view above the tank. The
waves in the deeper water are seen to overtake the waves in the shallow water.

Figure 7.4 shows what happens when the waves meet the region of shallow
water at an angle. Now the waves slow down and change direction. This is
called refraction.

deep water

fast-moving
—_—

slow-moving
—_—

shorter

wavelength shallow water

shallow water

view from above Figure 7.4 Water waves are refracted when they enter shallow

Figure 7.3 Waves going from deep water to shallow water. water.
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60°
air
glass
35°
60°
air
water
40°

Figure 7.6 Light travels more slowly in
glass than it does in water. So a light ray
bends more when it goes into glass.

PRACTICAL

Make sure you understand how
to trace the incident rays, how to
measure the refracted rays and
how to measure the angles of
incidence and refraction.

&

Figure 7.5 shows how refraction can be demonstrated by students acting

as a platoon of soldiers. The idea is that a platoon (of eight soldiers in this
example) walks briskly towards a line, with their arms linked firmly by meter
rules. When they cross the line, each in turn slows down. The result is that
the platoon slows and their row changes direction. This is a model or an
analogy of refraction.

fast walking  line on the ground

L]
metre rules :;/:_l

¢ . 5 /
soldiers
\

slow walking

Figure 7.5 Students demonstrate refraction by joining together in a row and slowing
down when they cross a line. After crossing the line, the row of students (or ‘wavefront’)
has changed direction.

B Refraction of light

When a light ray travels from air into a clear material such as glass or water,
the ray changes direction — it is refracted. Refraction happens because light
travels faster in air than in other substances (Figure 7.6).

The amount by which a light ray bends when it goes from air into another
material depends on two things:

m what the material is
m the angle of incidence.

Figure 7.7 shows you an experiment to study how light rays bend when
they go into a block of glass. The angle i between the normal and the
incident ray, AB, is the angle of incidence. The angle  between the normal
and refracted ray, BC, is the angle of refraction. The experiment shows
these points:

m The light ray is bent towards the normal when it goes into the glass. The
angle of incidence is greater than the angle of refraction.

m When the light ray leaves the block of glass it is bent away from the normal.

m If the block has parallel sides, light comes out at the same angle as it goes in.



3.7 Refraction

EXAM TIP aray parallel to the ray box

: Refraction occurs as light changes normal goes straight through
. speed in passing from one medium ray box

* to another. Y some light

is reflected 7

normal white paper
/A \ ma TP

normal

\<i= 60— ' !
B\ ,_35 /&
d —r=19°

S | 3|5° 19; /

/ ¢

cl> |
Y N 30° glass block
D

Figure 7.7 Refraction of light rays by a glass block.

B Refractive index

You can use the apparatus in Figure 7.7 to investigate a relationship
between the incident and the refracted rays. Figure 7.8 shows a graph of the
investigations for three materials: glass, water and diamond.

There is also a mathematical connection between the incident and refracted
rays. This is illustrated in Table 1.

90F  irdiamond 1€ A |B Table 1 Comparison of / and r for glass
5]
D s0l air/water 0 0 0 0
(0]
e 23 15 0.39 0.26 150
e
240t 34 22 0.56 0.37 151
S 48 30 074 | 050 148
£ 20f 59 35 0.86 0.57 1.51
80 41 0.98 0.66 1.48
1 1 1 1 |
10 20 30 40 50
angle of refraction/degrees
Figure 7.8 These graphs show how r You can see that the ratio of sin i/sin r is approximately constant - in this

depends on i when light travels from air

info A glass, B water and C diamond. case its average value is about 1.5. The ratio, 1.5 is the refractive index (1) of

glass. The refractive index is the ratio of the speed of light in air to the speed
of light in glass.
sin i

sin »

Because 7 is a ratio of speeds, it has no unit.
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1.0

0.8 1

0.6 A

sin

0.4 1

0.2 4

0 T T T
0 02 04 06

sinr

Figure 7.9 The gradient of this graph is the
refractive index of glass.

Figure 710 James demonstrates
refraction in the pool. Why does the pole
look bent?

These results may also be plotted on a graph, Figure 7.9. The gradient tells
us the refractive index of the glass when sin i is plotted against sin 7.

Example. A light ray is incident on still water at an angle of 45° to the normal.
What is the angle of refraction? The water has a refractive index of 1.33.

133 = 51T1 45
sin r
. sin 45
sin r =
1.33
. 0.71
sin r = ——
1.33
sin r = 0.53
r = 32°

B Real and apparent depth

When a light ray leaves water and goes into air it is refracted. This effect
makes a pond look more shallow than it really is. In Figure 7.11 someone is
leaning over a pond to look at a fish. Light rays from the fish travel up to the
surface of the water. At the water surface these rays are bent away from the
normal. When these rays enter the eye, the person imagines that these rays
come from I not O. What is seen is a virtual image of the fish. This image is
closer to the surface than the fish itself.

0 0
air
A E T water
apparent
20° depth

real depth=1m

Figure 711 Real and apparent depth.
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B Refraction by prisms

You learnt some simple rules about refraction from the experiment shown in
Figure 7.7. You can apply these rules to predict what will happen to light rays
; going into any shape of block. In Figure 7.12 you can see a light ray passing
through a triangular glass prism. Notice that as the ray goes into the prism
it is bent towards the normal; as it leaves the prism it is bent away from the

normal.

Figure 712 Light is refracted by a
triangular prism.

STUDY QUESTIONS

1 What is meant by the term refraction? What causes
waves to refract?
2 Draw careful diagrams to show how the waves are
refracted in the following cases.
(@) (b)

deep water

deep water
-

shallow

water shallow
water

3 When a light ray goes into glass it bends towards the
normal; when it comes out it bends away from the
normal. Use this rule to sketch the path of the rays
through the blocks in these cases.

T _EN

(i) (iv)

4 a) Make a copy of Figure 7.11. Mark in the rays OB
and OA, making sure that the angles between OA
and the normal, and between OB and the normal
are both 20°.

b) Use the information in Figure 7.8 to work out
what the angle 6 should be.

c) Now draw in the rays BD and AC.

d) Use your scale diagram to calculate the apparent
depth of the fish.

5 Draw diagrams to explain why a swimming pool of

constant depth looks shallower at the far end.

6 When a light ray goes from air into a clear material
you see the ray bend. How much the ray bends is
determined by the refractive index of the material.

a) Look at the table of data below. How is the
refractive index of a material related to the speed
of light in it?

b) Which bends light more, glass or perspex? The
refractive index of perspex is 1.4.

c) Alight ray strikes three materials with angle of
incidence of 60°. These materials are: (i) glass,
(i) water, (iii) diamond. Use Figure 6.8 to
calculate the angle of refraction in each case.

d) Repeat part (c) by calculation using the equation:
n=sini/sinr.

Air 3.0 1

Glass 2.0 3/2
Water 2.95 4/3
Diamond 1.25 24
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Figure 8.1 Why do diamonds sparkle like
this?

PRACTICAL

Make sure you understand how

to determine the critical angle for
glass.

Diamonds are very popular jewels, because they sparkle so brightly.
Diamonds are skilfully cut, so that light is reflected back inside the

crystal. This has the effect of concentrating the light so that it comes
out brighter from some faces than others. This gives us the sparkle.

In the last chapter you learnt that when a light ray crosses from glass into
air, it bends away from the normal. However, this only happens if the angle
of incidence is small. If the angle of incidence is too large, all of the light is
reflected back into the glass. This is called total internal reflection.

@ray box

ray box

ray box

Figure 8.2 Refraction and reflection in a glass block. The critical angle is 42°, the angle
between the blue ray and the normal.

Figure 8.2 shows how you can see this effect for yourself in the lab. Three rays
of light are directed towards the centre of a semicircular glass block. Each ray
crosses the circular edge of the block along the normal, so it does not change
direction. However, when a ray meets the plane surface there is a direction
change. For small angles of incidence, the ray is refracted (solid red emerging
ray). Some light is also reflected back into the block (shown as a dashed red on
the diagram).

M Critical angle

At an incident angle of 42° the ray is refracted along the surface of the block
(blue ray). This is called the critical angle. If the angle of incidence is greater
than this critical angle then all of the light is reflected back into the glass
(green ray). The critical angle varies from material to material. While it is 42°
for glass, for water it is about 49°.

B Total internal reflection in prisms

An ordinary mirror has one main disadvantage: the silver reflecting surface
is at the back of the mirror. So light has to pass through glass before it is
reflected by the mirror surface. This can cause several weaker reflections to
be seen in the mirror, because some light is internally reflected off the glass/
air surface (Figure 8.3(a)).



silvered surface

! multiple

\ | reflections
Y|y
(b)
front — 45
o B
45° back
m 45°
Y
45° 4
C N D
45°

Figure 8.3 (a) Reflection from a mirror.
(b) Reflection from two prisms to make a
periscope.

3.8 Total internal reflection

These multiple reflections can be a nuisance, for example in a periscope. We
can avoid the extra reflections by using prisms. In Figure 8.3(b) the light

ray AB meets the back of the glass prism at an angle of incidence of 45°.
This angle is greater than the critical angle for glass, so the light is totally
reflected. There is only one reflection because there is only one surface. Total
internal reflection by prisms is also put to use inside binoculars and cameras.

m Critical angle and refractive index

We can calculate the critical angle, ¢, for a material if we know its refractive
index, n, using the equation:

sinc=—
n

Example. What is the critical angle for a sample of perspex, with a refractive
index of 1.4?

. 1
sinc=—
1.4
=0.71
c=46°

B Refraction and reflection on the road

Refraction and reflection are put to good use in your car. It is important that
your rear lights are clearly visible to the car behind you. At the same time
they must not dazzle the driver of a following car. Figure 8.4 shows how this
is achieved. The cover of the rear light is made with a series of points. Any
light that is travelling directly backwards is refracted to the side. A similar
shape of plastic is used in the reflectors on the back of cars and bicycles. This
time the light from the headlights of a car passes straight through a plane
plastic surface (Figure 8.5). Then the total internal reflection occurs at the
inside surfaces of the pointed plastic.

angle of incidence
greater than the
critical angle

light from the
car behind

total
internal
reflection

red plastic
reflector

Figure 8.4 A car rear-light cover. Figure 8.5 A reflector for a car or a bicycle.
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m Optical fibres

As you read in Chapter 3.4, glass fibres are used for carrying beams of light.
The fibres usually consist of two parts. The inner part (core) carries the light
beam. The outer part provides protection for the inner fibre. It is important
that light travels more quickly in the outer part. Then the light inside the
core is trapped due to total internal reflection (Figure 8.6).

light travels more
quickly in outer fibre

Surgeons use a device called an endoscope to examine the inside of patients’
bodies. This is made of two bundles of optical fibres. One bundle carries
light down inside the patient, and the other tube allows the surgeon to see
what is there. Optical fibres are also used in telephone networks. A small
glass fibre, only about 0.01 mm in diameter, is capable of carrying hundreds
of messages, coded as light pulses, at the same time. These fibres have largely
replaced the old copper cables in telephone systems.

Figure 8.6 Internal reflection traps light
inside the glass fibre.

Figure 8.7 This photo shows an
endoscope being used to investigate the
abdomen. The fibre optic bundle allows the
doctor to view inside the patient.

Figure 8.8 This is an image of a patient's lung as seen through an endoscope.

STUDY QUESTIONS
~

1 Turn back to the last chapter. Explain how the graphs 4 The diagram below shows sunlight passing

-

in Figure 7.8 can help you work out critical angles.
What are the critical angles of glass, water and
diamond?

2 Below, you can see a ray of light entering a five-sided
prism (pentaprism) in a camera. The ray undergoes
three internal reflections before emerging. Copy the
diagram and mark in the ray's path.

135°

135°

3 Describe in detail three uses for internal reflection.
lllustrate your answer with diagrams.

through a prismatic window that is used to light an
underground room.
sunlight

prismatic
window

a) Copy the diagram and show the path of the rays
through the window.
b) Explain why the window is shaped this way.

5 Diamond has a high refractive index of 2.4. This

means that light is internally reflected at shallow
angles, which is why diamonds sparkle so much. Use
the equation: sin c=1/n to calculate the critical
angle for diamond.
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Sound waves from the festival in Figure 9.1 are diffracted as they come
-—
))
D D D

C

Figure 9.1

B Making and hearing sounds
Vibrations

When you pluck a guitar string the instrument makes a noise. If you put
your finger on the string you can feel the string vibrating. Sounds are made
when something vibrates. The vibrations of a guitar string pass on energy to
the air. This makes the air vibrate. Our ears can hear frequencies in the range
¢ = compression 20 Hz to 20 000 Hz.

D = decompression

speed) as they pass through layers of air with different densities.
=

vibrating
string

out of the loudspeakers, reflected off solid objects and refracted (change
. c

Figure 9.2 A vibrating guitar string.

Longitudinal waves

Sound is a longitudinal wave. Molecules in air move backwards and forwards
along the direction in which the sound travels. In Figure 9.2, when the guitar
string moves to the right it compresses the air on the right hand side of'it.
When the string moves to the left the air on the right expands. This produces
a series of compressions and decompressions. In a compression the air
pressure is greater than normal atmospheric pressure. In a decompression
(expansion) the air pressure is less than normal atmospheric pressure.

The ear

Compressions and decompressions travel through air in the same way that
compressions and decompressions move along a slinky. Your ear detects
the changes in pressure caused by these sound waves. When a compression
reaches the ear it pushes the eardrum inwards. When a decompression
arrives, the eardrum moves out again. The movements of the eardrum are

Figure 9.3 This is a photograph of a ) i .
healthy eardrum. The vibrations carried in transmitted through the ear by bones. Then nerves transmit electrical pulses

sound waves set the membrane in motion.  to the brain.
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Table 1
Speeds of sound / m/s  Material
330 air
15600 water
5000 steel

: When calculating the speed of

* sound by reflection, make sure

- you remember that the sound

- travels there and back — so in this
- example the distance travelled is

: 2x 100 m=200 m.

PRACTICAL

Make sure you can explain how to
measure the speed of sound.

B Speed of sound

The speed of sound depends on which material it travels through. Sound
waves are transmitted by molecules knocking into each other. In air, sound
travels at about 330 m/s. In solids and liquids, where molecules are packed
more tightly together, sound travels faster (Table 1). In a vacuum there are no
molecules at all. Sound cannot travel through a vacuum, although light can.

Figure 8.4 shows a simple way for you to measure the speed of sound
through air. Stand about 100 m away from a building and clap your hands.
Sound waves will be reflected back to you from the building. When you
hear the echo, clap again so that you clap in time with the echo. A friend,
watching you clapping your hands, counts 10 claps in 6 seconds. Now you
know that the sound took 0.6 s to travel 200 m (to the wall and back again).

— | building
clapping every 0.6s
|_r - ——=========——c--—=="=———-———— e
e e -
— o

' 100m |

Figure 9.4 Measuring the speed of sound through air.

So the speed of sound is given by:

v=—
t

200 m
0.6s

=330 m/s

® Ultrasound

Ultrasound waves are high-frequency sound waves. Like all sound waves,
these waves are longitudinal, and their vibrations produce compressions
and decompressions (expansions) in the material they travel through.
Ultrasound has such a high frequency (above 20 000 Hz) that our ears
cannot detect it. The high-frequency waves have a short wavelength. This
means that it is possible to produce a narrow beam of ultrasound without it
spreading out due to diffraction effects.

Figure 9.5 In this picture ultrasound emitted by the probe placed on the mother’s
abdomen is reflected by the foetus. A computer builds up a picture from those reflected
waves, which, unlike X-rays, are perfectly safe.
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transmitted pulses

Ultrasonic depth finding

3

§ o Ships use beams of ultrasound (or sonar) for a variety of purposes. Fishing

< reflected pulses boats look for fish; destroyers hunt for submarines; explorers chart the

$ depth of the oceans. Figure 9.6 demonstrates the idea. A beam of ultrasonic

g ‘ ‘ waves is sent out from the bottom of a ship. The waves are reflected from the
0 02 05 07 1.0 fme/s —=

sea bed back to the ship. The longer the delay between the transmitted and
Figure 9.7 Ultrasound pulses for a depth reflected pulses, the deeper the sea is (Figure 9.7).

of 150 m.

Lo
L=} o .
a= =2 shoal of fish

ax =t =
= ﬁ:::m
at
=t

Figure 9.6 Ultrasonic depth finding.

B Sound waves in medicine

In medicine, controlled shock (or sound) waves can be put to good use.
A lithotripter can remove kidney stones without surgery. Sound waves
are focused by a reflector onto the kidney stone. Water ensures good
transmission of the waves. Without water most of the energy would be
reflected off the patient’s skin. Pulses of sound energy can shatter the stones
and break them into small pieces. The body can then remove the fragments
by passing them out in the urine.

STUDY QUESTIONS

1 The frequency of a sound from your mouth is 250 Hz.

a) Calculate the wavelength of this sound (use
Table 1 to find the speed).

b) Explain why sound is diffracted when it leaves
your mouth.

2 a) Ultrasound can be used to examine a baby inside

a mother's uterus.
i) How do the waves help to build up an image?

ii) Why is ultrasound preferable to X-rays?

b) Explain how you could use ultrasound waves to
check for cracks in railway lines.

c) Abat can find its supper by using ultrasonic waves
for echo-location. Explain how this process works.
Could we find our supper through echo-location?

3 The ship in Figure 9.6 sends out short pulses of

ultrasound every 0.5 s; the frequency of the waves is
50 kHz (50 000 Hz).

a) The duration of each pulse is 0.01 s. How many
complete oscillations of the ultrasound waves are
emitted during that time?

b) Use the information in Figures 9.6 and 9.7 to
show that the ultrasound travels at a speed of
1500 m/s through water.

c) Sketch a graph, similar to Figure 9.7, to show
both the transmitted and reflected pulses when
the ship reaches point A.

d) What difficulties would the sonar operator
face when trying to measure depths of around
500 m?

e) Calculate the wavelength of the ultrasonic waves
in water.

f) 1) Why is it important to use a narrow beam of

ultrasound waves?
i) Why is it not possible to produce such a
narrow beam of ordinary sound waves?

~
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&3, Loudness, quality
and pitch

Each of these musical instruments can play the same musical notes.
However, you can tell the difference between a note played on a
trumpet and a note played on a violin. What is it about the notes that
enables you to tell the difference?

Figure 10.1

B Sound energy

Your ears are very good detectors of energy. A disco produces sound energy
at a rate of about 40 W. You find this very noisy. If you were to light a disco
with one 40 W light bulb, everyone would complain that it was too dark.

Amplitude and loudness

Your ears detect sounds over a wide range of frequencies. You can probably
hear frequencies as low as 20 Hz, and as high as 20 000 Hz. Your ears are most
sensitive to frequencies of about 2000 Hz. So a note at a frequency of 2000 Hz
sounds louder than a note of frequency 10 000 Hz that carries the same energy.

Aloud noise makes your eardrums move a long way, while a very quiet noise has
only a small effect on your eardrums. The loudness of a noise depends on the
pressure change caused by the sound wave. During normal conversation your
voice produces a pressure wave of amplitude 1 pascal (Figure 10.2). This is a very
small change in comparison with atmospheric pressure (100 000 pascals).

! normal conversation

pressure = ; V}/hisper

amplitude/ -
pascal \/—/ time —»
1

Figure 10.2 Sound waves caused by the human voice.




Figure 10.3 This data logger can be used
to record the waveforms produced by
different instruments.

(a) Waveform of tuning fork of low pitch.

(b) Waveform of tuning fork of higher pitch.

Figure 10.4

: You can use data loggers to display
- the shape of sound waves, but

- you also need to know how to use
- an oscilloscope to measure the

- frequency of a sound wave. Make

- sure you understand how to use

. the y-gain and timebase controls.

3.10 Loudness, quality and pitch

B Pitch

We use the term pitch to describe how a noise or a musical note sounds

to us. Bass notes are of low pitch, treble notes are of high pitch. Men have
low-pitched voices, women have voices of higher pitch. The pitch of a note is
related directly to its frequency. The higher-pitched notes are the notes with
higher frequency.

A data logger and microphone (Figure 10.3) can be used to analyse the
waveform of the sound from a tuning fork. Once the data has been collected
it can be downloaded and displayed on a computer screen: Figures 10.4(a)
and (b) show you that higher-pitched sounds have higher frequencies. The
higher-pitched sound, shown in Figure 10.4(b), has more cycles per second
than the lower-pitched sound, shown in Figure 10.4(a).

B Quality

On a piano the note that is called middle C has a frequency of 256 Hz. This
note could be played on a piano or a violin, or you could sing the note.
Somebody listening to the three different sounds would recognise straight
away whether you had sung the note or played it on the piano or violin.
The quality of the three notes is different. The quality of a note depends
on the shape of its waveform. Although notes may have the same frequency
and amplitude, if their waveforms are of a different shape you will detect a
(a) flute

different sound (Figure 10.5).
m (b) m
(c) piano w (d) violin ”

Figure 10.5 Data-logger readings from various instruments.

trumpet

B Using an oscilloscope to measure
frequency

A microphone is a device that transfers sound energy into electrical energy.
The vibrations of a sound move a diaphragm in a microphone backwards
and forwards, which generates an a.c. voltage. If the microphone is attached
to an oscilloscope, we can see how the a.c. voltage changes with time. This is
shown in Figure 10.6.
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or igmm:(;ﬁzfes Here are some notes on how the oscilloscope works.
|
T ' The size of the voltage is measured with the y-axis. The y-gain control (on
peak . the right-hand side in Figure 10.6) adjusts the sensitivity of the oscilloscope.
voltage /\\ Here the y-gain is set at 2 V/cm. This means that each centimetre
NI displacement in a vertical direction measures 2 V. So here the peak voltage
A \/ is 4V, as the peak is 2 cm above or below the zero voltage level.
s e e The x-axis allgws us to measure the time Peripd (and frequency) of the
;2 200 2 200 voltage. The timebase (left-hand control in Figure 10.6) is set at 2 ms/
10 R0 5 I cm. This means that each centimetre on the x-axis measures a time of
S e _ 2 ms. One complete cycle of this voltage takes 4 squares. This is 8 ms or
m'f.lft\ 8/1000 s. Since the frequency of the voltage is equal to 1/time period, the
o’}iyri Paes  voltage frequency is 1000/8 = 125 Hz.

Figure 10.6 A simple waveform on an
oscilloscope screen.

STUDY QUESTIONS
~

1 Look at the signal in Figure 10.6. Draw another
diagram to show how the trace looks when you make
these two separate changes:

i) increase the y-gain to 1 V/cm
i) increase the timebase setting to 1 ms/cm.

2 The diagram below shows a waveform on an
oscilloscope creen; the timebase is set to 1 ms/cm
and the y-gain control to 2 V/cm. Calculate the peak
voltage and frequency of the a.c. supply

.

peak | / "\ /N [1cm
voltage [ / $

\V/

3 a) Use Figure 10.4 to calculate the frequencies of
the sounds emitted from the two tuning forks.
b) Using the same scales as Figure 10.5, sketch the
forms of notes from tuning forks of frequencies
i) 2000 Hz
i) 760 Hz.
4 Look at Figure 10.5. The data logger collected
information about the four musical instruments for
the same length of time in each case.

a) Which note has the highest frequency?

b) Which instrument is played most loudly?

c) Which instrument is played most softly?

d) Which two instruments are playing notes of the
same pitch?

5 An electronic synthesizer produces the two pure
notes A and B as shown below. It produces a third
note C by adding the two waveforms together.

a) Copy the two waveforms onto some graph paper.
b) Add the two waveforms together to produce the
waveform of C.
c) Does C sound louder than A or B?
d) How does the frequency of C compare with:
) A
ii) B?
e) Does C have the same quality as A or B?

w\ :
N




Summary

Summary

(n/ Make sure you can answer all the questions in the Interactive quiz.

| am confident that:

v/ | understand the properties of waves
e Describe longitudinal and transverse waves.
e State and describe the meaning of amplitude,
frequency, wavelength and period of a wave.
e wave speed = frequency X wavelength

v=fX2A
® frequency = ;
time period
f=1/T
e Waves are diffracted when they pass an edge or go

through a gap.

/"1 can recall the electromagnetic spectrum

e All electromagnetic waves travel at the speed of
light.

e Recall the uses of: radio waves, microwaves, infra-
red, visible light, ultraviolet, X-rays, gamma rays.

e Recall the detrimental effects of: microwaves,
infra-red, ultraviolet, gamma rays.

e Understand the difference between digital and
analogue signals.

e Understand the advantages of digital signals.

/| can recall and describe the properties of light

Light can be reflected, refracted and diffracted.
The angle of incidence (i) equals the angle of
reflection (7).
Describe experiments to demonstrate the
refraction of light.

sin i

smr

Refractive index, n=

Describe an experiment to determine the
refractive index of glass.

Describe the role of total internal reflection in
transmitting information along fibres and in prisms.
The relation between the critical angle, ¢, and the
refractive index, n, is:

sinc=—
n

/I can recall and describe the properties of sound

Sound can be reflected, refracted and diffracted.
The range of human hearing is 20 Hz to 20 000 Hz.
Describe how to measure the speed of sound in air.
Understand how an oscilloscope can be used to
display a sound wave.

The pitch of a sound is related to its frequency.
The loudness of a sound is related to its
amplitude.
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Exam-style questions

1 The diagram shows a wave on the sea.

Noa I
LW S

/e
N

D

a) i) Which letter shows the wavelength of the
wave? [1]

ii) Which letter shows the amplitude of the
wave? [1]

b) What type of wave is shown in the diagram?
Describe how energy is transmitted by the
water. (2]

¢) A man watches some waves pass his boat. He sees
the crest of a wave pass him every 4 s.
Calculate the frequency of the waves. [2]

d) He sees that the wavelength is the same length as
his boat, which is 5 m long. Calculate the speed of
the waves. (2]

2 A teacher and two students are measuring the speed
of sound.

5 :
an

150 m i
The teacher makes a sound by hitting two cymbals
together. Each student starts a stopwatch when they
see the teacher hit the cymbals. They each stop their
stopwatch when they hear the sound.

a) Describe how a sound wave moves through the
air. [3]

b) The students repeat the experiment and record
their readings in a table.

Student Time /s
Andrew 0.44,0.46,0.44,0.48,0.43
Kefe 0.5,06,0.4,04,06

i) State the precision of Andrew’s readings.  [1]

ii) State the equation linking speed, distance
travelled and time taken. [1]

c) The teacher was standing 150 m from the
students. Use the experimental data recorded by
each student to calculate:

i) the average measured time for each student  [2]

ii) the speed of sound calculated by each
student. [2]

Write each answer to an appropriate number of
significant figures.

d) The students look in a data book and find that
the speed of sound in air is given as 341 m/s.

The students discuss their results:

Andrew: ‘My experiment was more accurate
because my answer was closest to 341 m/s.’

Kefe: ‘No, you did not allow for reaction time.
My result is the best that you can get

with this method.’

Andrew: ‘No, reaction time didn’t matter because
I had to react twice and it cancelled out.
Evaluate these conclusions. [5]

3 Astudent is investigating refraction of light.
a) What is refraction? [1]

b) The diagram shows a ray of light travelling from
air to glass.

Copy the diagram and add labels to show the angle
of incidence, 7, and the angle of refraction, r. [2]

normal
1

1
1
air .

air .
]
normal |

¢) The student wants to find the refractive index of
the glass.

i) State the equation linking refractive index,
angle of incidence and angle of refraction. [1]



ii) The student has available the following pieces
of apparatus: a rectangular glass block, a
protractor and a ray box.

Describe how the student should carry out the
experiment. You should include:

e what the student should measure
e how the measurements should be made

e how the student should use a graph to find
the refractive index. [6]

4 Light from an object forms an image in a plane
mirror.

a) State which two statements in the box below are
correct. (2]

The image in a plane mirror is virtual.

Light from the object passes through the image in
a plane mirror.

Light waves are longitudinal.

The angle of incidence equals the angle of reflec-
tion.

The incident ray is always at right angles to the

reflected ray.

b) i) Copy the diagram and use words from the box
to label the numbers on the diagram. [2]

reflection |

| mirror normal ray

T T T T

ii) Write » on your diagram to show the angle of
reflection. [1]

c) A student investigates the formation of the image
in a plane mirror, using the apparatus shown
below.

object pin___

— sighting pins

Exam-style questions

She uses the holes that the pins make to
construct this diagram.

N

object pin

sighting pins

i) Copy the diagram and add to it to show how
the student should find the position of the

image. [3]
ii) Explain how the student could confirm that
the position of the image is correct. [2]
5 a) State the law of reflection. [1]

b) A student is playing in goal in a football match.
The window of a nearby building reflects sunlight
into his eyes.

>

ray of sunlight window

i) Copy and complete the diagram to show the
reflection of the ray from the front of the
window. [2]

ii) Suggest how you could stop sunlight being
reflected into your eyes from this window.
(Although the most obvious answers include
comments such as ‘closing your eyes’ or ‘wear a cap
or sunglasses’ these would get no mark.) [1]

iii) Light is part of the electromagnetic spectrum.
State a feature that all parts of the spectrum
have in common. [1]
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6 a) The diagram shows a ray of light directed ata

semicircular glass block.

ray of light
i) Name line X. [1]
ii) State which letter, @, b, ¢, d, e or f, is the angle of
incidence. [1]
iii)Name angle b. [1]

iv) State an equation that relates angle of
incidence, angle of refraction and refractive
index of glass. [1]

v) At point Y light passes from air to glass but
refraction does not take place.
How can you tell this from the diagram?  [1]

vi) Why does refraction not take place at point Y?
(1]
b) Glass with a critical angle of 42° was used to
make the blocks shown below.

(i)

(ii)

45°

i) Copy and complete the diagram to show how
the ray of light passes through the rectangular
block and out into the air. [3]

ii) Copy and complete the diagram to show how
the ray of light passes through the triangular
glass block and out into the air. (2]

7 This question is about radiations in the

electromagnetic spectrum.

radio micro- | infra-red | A | ultraviolet | B | gamma

waves waves rays

a) Name the two parts of the spectrum that are
missing (A and B). [1]

b) Which electromagnetic radiation is used for
heating and night vision equipment? [1]

¢) Which electromagnetic radiation is used for
cooking and satellite transmission? [1]

d) Which end of the electromagnetic spectrum has
the highest frequency? [1]

e) Exposure to excessive electromagnetic radiation
can be harmful to the human body. For two
named types of radiation, describe:

i) a harmful effect [2]

ii) how the risks of exposure can be reduced.  [2]

8 a) Music can be stored on a plastic disc in a single

spiral groove.

The groove varies in width and depth. As the disc
rotates, a diamond needle moves through the
groove. The needle moves up and down following
the shape of the groove.

needle

groove

The shape of the groove determines the
amplitude and frequency of movement of
the needle. The movements are changed into
electrical signals and then into sound waves.

i) The needle moves through a part of the groove
that causes it to move up and down rapidly
through a large vertical distance. Describe and
explain the sound that can be heard. [2]

ii) Explain why such discs can only be used a
certain number of times before the quality of
sound deteriorates. [2]



b) Compact discs (CDs) were first used in the 1980s
to store music in a digital form.

i) Which of the signals below is digital and which
is analogue? [1]

ii) Explain your choice in part (i).

2]

iii) State one advantage of using digital rather
than analogue signals. [1]

iv) Give another everyday use of a digital signal,
apart from music recording. [1]

c) The diagram shows a recent invention called
an atomic force microscope that can be used to
scan the surface of a material. The movement
of the tip causes the path of the ray of light to
alter. Images of the atoms on the surface of the
material are produced from the light received by
the detector.

ray of
light
\ light source
/ metal strip
detector
material

The bottom of the tip is negatively charged. It is
attracted or repelled by the charge on the surface
of the material.

i) Explain what sign of charge on the surface
of the material would cause the tip to move
upwards.

2]

ii) Explain why the metal strip should be elastic
and obey Hooke’s law. [3]

iii)Explain why it is important for the top surface
of the tip to be perfectly flat. (2]

iv) The same tip is used many times. Explain why
the quality of the images produced does not
deteriorate.

2]

9

10

Exam-style questions

The diagram shows a ray of light incident at point A
inside a glass optical fibre. The ray of light is totally
internally reflected at A and eventually passes out
into the air from point B.

normal

A L

\

\cladding normal

a) Copy then draw on the diagram the path taken by
the ray of light:

i) between A and B [1]

2]

ii) as it passes into the air from B.
b) Explain carefully:

i) why the light is totally internally reflected
inside an optical fibre

1]
1]

The electromagnetic spectrum is the name given to
a family of waves that includes light, infra-red and
ultraviolet radiations. All members of the family
can travel through a vacuum with the same high
velocity.

ii) why the light is able to emerge at B.

Electromagnetic waves are produced when

the energy of electrically charged particles is
changed in some way. The greater the change

in energy, the shorter the wavelength of the
electromagnetic wave produced. Radio waves,
with a wavelength of up to 10 km, and gamma (Y)
rays, with wavelengths of a thousand millionths
of a millimetre, are found at opposite ends of the
electromagnetic spectrum.

a) Name one part of the electromagnetic spectrum:
i) that is not mentioned in the above passage [1]

ii) that has a wavelength shorter than that of

visible light. [1]

b) Give one reason why radio waves have a longer
wavelength than gamma () rays.

c) State one practical use of
i) infra-red radiation

ii) ultraviolet radiation.
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11 A student investigates total internal reflection of i) What is the name given to the angle marked
light inside semicircular blocks. The illustration 42° in the diagram? [2]
shows the path followed by a ray of light in a plastic

ii) Calculate the refractive index of the glass.

block. (sin 42° = 0.6691) (3]

12 In recent years there has been a rapid growth in
the number and use of mobile phones. These use
radio waves for transmitting speech. They have to
use frequencies that are not already used by radio
stations.

a) Radio waves used for mobile phones have a
typical wavelength of 0.30 m. Calculate the
frequency of these radio waves, given that their
speed is 3.0 X 10® m/s. [3]

b) The diagram below shows how a dish aerial is

a) The student draws this diagram of the apparatus. used to focus waves and transmit them to a
satellite. Focusing the radio waves minimises the

effects of diffraction.

! plastic block
normal ———

i) Copy the diagram. Mark and name the two

angles that the student should measure.  [2] . . o .
i) Explain why it is important to minimise the

ii) Describe how the student should measure and effects of diffraction. [2]
record the angles. 131 ii) What two factors affect the amount of
iii) State how these two angles are related. [1] diffraction that takes place when a wave
ing?

b) The student repeats the experiment with a glass passes through an opening; 2]
block rather than a plastic one. The light emerges iii) The waves used for satellite transmission
from a different place, as shown in the next have a much shorter wavelength than the
diagram. 0.30 m used by mobile phones. Suggest why

a wavelength of 0.30 m is unsuitable for
satellite transmission. [2]

c) Transatlantic telephone calls can be carried either
using satellite links or by optical fibres on the
seabed. Describe how optical fibres can be used to
carry telephone calls. Suggest one advantage and
one disadvantage of using optical fibres rather

glass block than satellite links. [4]

]
normal /




EXTEND AND CHALLENGE

Extend and challenge

1 Read the article below about whales, then answer the
questions.
a) Explain why the reflection and refraction of waves
shown in the diagram help the whales to commu-
nicate over large distances.

b) Explain why creatures living at the bottom of the
sea cannot communicate over long distances.

c) Wallis, an amorous bull whale, is prepared to swim
for a day to find a mate. After singing for half an
hour, he gets a response from Wendy 7 minutes
after he stops. How far away is she, and will Wal-
lis bother to make the journey? (Assume Wendy
replies as soon as Wallis finishes his serenade.)

e Wallis can swim at 15 km/h.

e Sound travels at about 1500 m/s in water.

Whale song

Not only are blue whales the largest animals in the
world, but they are also the noisiest. They give out low-
frequency sounds that allow them to communicate
over distances of thousands of kilometres.

The whales are helped in their long-distance
communications because the sounds they give

out are trapped in the upper surface layers of the
ocean. Sounds that hit the surface of the sea at a
shallow angle are reflected back. Sounds that travel
downwards are turned back upwards. At greater
depths sound travels faster, because the water is
more compressed. This causes sound waves to be
refracted as shown in the diagram. This is similar

to the refraction of light waves on a hot day, which
allows us to see a mirage. Only in the top layers of
the ocean does sound travel a long way. The sounds
are trapped, rather like light waves in an optical fibre.

sound waves which hit
the surface at shallow
angles are reflected

sound waves

trayel more sound waves are refracted
quickly at back towards the surface
greater depths

d) Why are there long pauses in whale conversations?

e) Explain carefully how the refraction of sound
waves shown in the diagram tells us that sound
travels faster at greater depths. Draw a diagram
to show what would happen to whale sounds if
sound travelled more slowly at greater depths.

f) On a hot day, it is common to see a mirage on a road
as you drive along. The mirage is an image of the
sky. Draw a diagram to explain how mirages occur.
(Hint: light travels slightly faster in the hot air just
above the road surface.)

2 An earthquake produces seismic waves which travel
around the surface of the Earth at a speed of about
© km/s. The graph shows how the ground moves near

to the centre of the earthquake as the waves pass.

+0.5
B

A C E

\ 10 2o\i/40 50 60 time
D
-0.5

a) What is the time period of the waves?

vertical displacement of
the ground/m

b) What is the frequency of the waves?
c) Calculate the wavelength of the seismic waves.

d) Explain why the ground is moving most rapidly at
times C and E.

e) When is the ground accelerating at its greatest rate?

f) Use the graph to estimate the vertical speed of
the ground at the time marked C.

g) Make a sketched copy of the graph. Add to it a
second graph, to show the ground displacement
caused by a second seismic wave of the same
amplitude but twice the frequency.

h) Discuss whether high-frequency or low-frequency
seismic waves will cause more damage to buildings.

i) The diagram shows seismic waves passing a
house. The waves produce ground displacements
that have a vertical component YY; and a hori-
zontal component XX;. Which component is more
likely to make the house fall down?

Explain your answer.
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Drax powe.r statior_'l in Y.orkshire, UK. The.plumes frc?m t.his coal-fit.'ed
power station are illuminated by the station’s own lighting. The wide
1 How much electrical energy is cooling towers are releasing water vapour into the atmosphere, which
used by your country each year? is harmless. The thin combustion tower to the left is fitted with
2 What fraction of electricity is generat- |  flue-gas desulfurisation equipment, to reduce the pollution that escapes
ed in your country using fossil fuels? into the atmosphere due to the burning of coal. Power stations like
3 What is the total electrical energy this one operate 24 hours a day, 365 days a year to provide us with

generated each year in the world? | heating, lighting and all the other benefits that electricity brings.

By the end of this section you should: * be able to do calculations involving energy

* be able to define work transfers
understand that energy is used to do work * be able to define efficiency
know some different energy forms, and know * understand that electricity can be produced in
how one form can be transferred to another many different ways, be able to appreciate the
understand that energy is always conserved differences between them and know the difference
be able to define power between renewable and non-renewable fuels.
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Figure 1.1

Figure 1.2 (a) Chemical energy stored in
the coal is being transformed into thermal
and light energy. (b) Potential energy is
stored in this water. (c) Elastic potential
energy is stored in this stretched catapult,
which is used to hurl a projectile.

4.1 Energy

Energy

When you fill a car up with fuel, do you think about the principle of the
conservation of energy?

m What type of energy is stored in the fuel?

m Where did that energy come from in the first place?

m When the fuel is used, its energy is transferred to other types of
energy. Can you name three other types of energy?

B What is energy?

What does it do for us? Why do we have to pay for it? We cannot see energy,
but we can see what it does for us. Energy has the capacity to do a job of
work for us. For example, there is chemical energy stored in petrol; this can
be released in an engine, which can push a car along a road, or in a crane that
lifts a load for us. When a force moves something this is called work - see
Chapter 4.5.

Energy is valuable to us, not only because it enables us to do jobs of work, but
also because it provides the heating and lighting for our homes, schools and
places of work. Energy resources are limited and we pay for the energy we use.

The unit we use to measure energy is the joule or J. This is named after the
physicist James Joule. Larger quantities of energy are measured in kJ
(a thousand joules) or MJ (a million joules).

m Different types of energy

Several different types of energy are listed below and on the next page.

m Chemical energy. Food has chemical energy stored in it, which is released
by chemical reactions inside our bodies. Food provides the energy to keep
us warm and to enable us to move around. The burning of petrol and
other fuels are also examples of chemical reactions that release energy to
do useful work.

m Gravitational potential energy. When a rock is placed at the top of a hill,
it has some stored energy; this is gravitational potential energy. When the
rock is sent rolling down the hill, this energy is released and can set other
things in motion too. Water stored in a high-level dam helps us to generate
electrical energy. The stored gravitational potential energy has the capacity
to keep the generators moving when the water flows downhill.

m Kinetic energy. This is the name given to the energy of motion. All moving
objects have kinetic energy. A moving hammer has kinetic energy, which
can be used to do a useful job of work, for example knocking in a nail.

B Thermal (or heat) energy. The hotter something is, the more thermal
energy it possesses; this energy is stored in the vibrational or random
kinetic energy of the molecules.

m Elastic potential (or strain) energy. If you have used a bow, you will
know that you have to pull hard on the string before you can shoot
the arrow. In bending the bow you have strained it, and it stores elastic
potential energy. That stored energy can be used to shoot the arrow and
give it kinetic energy.
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Figure 1.3 This ride in a theme park
demonstrates one way to transfer potential
energy to kinetic energy.

m Electrical energy. This energy is used to cause a current to flow, which
can then turn that energy into heat or light energy. It can be stored in a
battery.

m Light energy. This is emitted by hot objects such as a lamp or the Sun.
These objects emit thermal energy too.

m Sound energy. This is the energy of sound waves, transmitted through
the air by objects that are vibrating. We detect this energy when it sets our
eardrums vibrating.

m Nuclear energy. This is the energy locked up by the strong forces that
hold a nucleus together. This can be released in nuclear reactions to
produce great amounts of thermal energy. The process of thermonuclear
fusion in a star is an example.

m Electromagnetic energy. This is carried as waves by moving electric and
magnetic fields. Light is an example of electromagnetic energy. Other
electromagnetic waves carry energy too: radio waves carry energy and
information; infra-red waves carry energy that warms you in sunlight, for
example.

m Magnetic energy. This energy is stored in magnets; when you put two
magnets together, they either pull each other together or push each
other apart.

B The principle of conservation of energy

As you will see in the examples that follow, one energy type can be
transferred to another type. When such a transfer takes place, there is no loss
of energy, but it has changed to another form. This is summarised by the
principle of conservation of energy.

Energy cannot be created or destroyed, but it can be transferred from
one form to another.

Figure 1.4 These thermonuclear reactions are transferring nuclear energy into thermal
energy, light energy and other electromagnetic energy forms.

m Energy transfers

In Figure 1.5, chemical energy in Wally’s muscles allows him to pull up
the box. Now the box has potential energy. When Wally slips, the potential
energy turns into kinetic energy. When the box hits the ground the kinetic
energy turns into heat energy, and sound energy.



Walter
(Wally to his
friends)

chemical energy
in muscles

box

Figure 1.5

7000J of potential
energy

skier

10m

7000J of kinetic
energy

70004J of potential

energy
10m
—
70004 of kinetic
energy
Figure 1.7

100J of
potential
energy

4.1 Energy

50J of potential
energy

100J of

kinetic 100J of
504 of kinetic energy heat
energy energy

In Figure 1.6, you can see how kinetic energy can be turned into potential
energy, then back to kinetic energy again.

800J of kinetic energy
+2004J of potential energy

cannon

Figure 1.6

In Figure 1.7, a skier falls through a height of 10 m. He ends up with the
same kinetic energy whether he falls straight down or accelerates more
smoothly down the slope. In each case he loses the same potential energy.

In Figure 1.8, a cat called Boris is catching his supper. Chemical energy is
used to create elastic potential energy in Boris’ muscles. This elastic potential
energy is converted to kinetic energy when Boris pounces on the mouse.

Boris
kinetic energy
—_

strain energy in muscles

Figure 1.8

Some energy transfers are more complicated than the ones described above. For
example, this is what happens when a car is driven: chemical energy in petrol
is transferred to heat, sound and kinetic energy in the pistons and engine. The
kinetic energy in the pistons is transferred to the body of the car to work
against drag and frictional forces. This work transfers energy to heat.
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B Useful and wasted energy

When we use an energy source, we usually want to turn it into a useful form
of energy. For example, we may use a crane to lift a heavy load for us. What
we want to do is to use the chemical energy stored in the petrol to transfer
gravitational potential energy to the load we are lifting. Unfortunately, when
we use an engine it produces unwanted energy. You know from experience
that a car engine makes a noise and gets hot. So it produces two forms of
unwanted energy - heat energy and sound energy.

| Efficiency

When a machine wastes energy in this way we say that it is inefficient. We
can express efficiency as a percentage or a fraction. In the case of a petrol
engine, only about 25% of the available energy is usefully used to lift a load
or drive a vehicle forwards. The other 75% of the chemical energy is wasted as
heat and some as sound. We calculate efficiency using the equation:

useful energy output

ffici =
erticlency total energy input

A steam engine is rather less efficient than a petrol engine. What is the
efficiency of a steam engine that gets 18 kJ of useful energy from 150 kJ of
chemical engine from the coal in its furnace?

8kJ
150k]

efficiency = =0.12 or 12%

Figure 1.9 shows how we can show the same information in a Sankey
diagram. Such a diagram shows how the energy put into a machine is used
usefully or dissipated as heat.

25% potential
100% chemical energy of the load
energy in fuel

75% heat and
sound energy
wasted in the
enaine of the crane

Figure 1.9 A Sankey diagram to show the fate of the chemical energy used in a crane to
lift a load.




4.1 Energy

O Now watch the animation Energy, power and efficiency.

STUDY QUESTIONS

1 In the question below, state clearly all the energy transfers
which occur. Do not just write the forms of energy, but
explain precisely where the energy is at each stage.

a) A golfer hits a ball down the fairway.

b) An electric motor lifts a load.

c) A firework rocket flies into the air and explodes.
d) A car brakes and comes to a halt without skidding.
e) A car brakes and skids to a halt.

2 Explain what is meant by the principle of conservation
of energy.

3 In the diagram below, a ball falls to the ground. Near
the ball, in positions A to E are marked some values
of its kinetic energy (KE) and potential energy (PE).
Copy the diagram and fill in the missing values (you
may ignore wind resistance.)

KE PE
Ae 0 50J
B e 10J
Ce 29J
De 35J

Ee 0

4 A student compares two engines, A and B. Both
machines have the same energy input. She discovers
that A wastes less energy as heat than B does.
Which engine is more efficient?

5 a) A car's engine is supplied with a kilogram of
diesel, which contains 45 MJ of energy. The
engine is 36% efficient. How much useful energy
is available to drive the car forwards?

b) Draw a Sankey diagram to show how the energy
in the diesel is turned to other forms.

6 a) An electric crane, with an efficiency of 30%,
produces 240 J of useful gravitational potential
energy in lifting a load. How much energy was put
into the motor to do this job?

b) Draw a Sankey diagram for this process to
show how the energy put into the motor was
transferred to other types of energy.
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Table 1 Comparing conductivity

copper 385 | good conductors
iron 72
aete | ®
I glass ' 1
brick 0.6 |
water 0.6 I
fat 0.046
‘wool | 004 | Y
air 0025 | poor conductors

electrons free to move

metal
atoms
in the metal
(a) Heat is conducted quickly by fast-
moving electrons.

insulator
e § 4 0o © © '© ©o o
§ p’ * o (o] a (o] o o

cold

i hot
(b) Heat is conducted slowly by atoms
bumping into each other.

Figure 2.2

When you walk around your house in bare feet you will notice that your
feet feel warm as long as you stay on a carpet. But if you go into a
kitchen which has tiles on a concrete floor your feet will soon feel cold.
You notice this effect because the tiles are good conductors of heat.

A good conductor of heat will carry heat away from your body quickly;
this makes you feel cold. Why do some materials conduct heat well?

Figure 2.1
B Insulators and conductors

Table 1 shows you materials that conduct heat well (those with high
conductivity) and materials that are poor conductors or insulators (low
conductivity). All metals are good thermal conductors and materials such as
plastic, wood and air are insulators. When heat is transferred by conduction,
hot atoms pass some of their kinetic energy to colder neighbouring atoms.
Metals contain electrons that are free to move. When one end of a metal

rod is heated, energy can be carried away from the hot end of the rod by
fast-moving electrons (Figure 2.2(a)). In a thermal insulator there are few
electrons that are free to move, and heat is transferred more slowly by
vibrating atoms bumping into neighbouring atoms (Figure 2.2(b)).

Polyethylene foam has a very low conductivity; this makes it a good insulator
between the walls of a house.

Figure 2.3 Trapped air in this foam makes it an excellent insulator for this house.



4.2 Conduction

B Keeping warm

If you look at Table 1 you can see that fat, wool and air are all poor
conductors of heat. It is no surprise then, that these three substances are
important for keeping warm-blooded animals (including us) at the right
temperature. When you go swimming, your skin is in contact with cold
water and you lose heat by conduction. In really cold Arctic waters you could
_ not survive more than a few minutes. Seals, however, spend all of their lives
B in cold water. They are protected from losing heat by conduction by a very
Figure 2.4 This robin has fluffed out its thick layer of fat (blubber) which surrounds their body.

feathers to trap a layer of air. Air is a poor
conductor of heat and so the bird manages
to keep warm even in cold weather.

Birds have feathers and other animals have fur or hair. Fur and feathers are
poor conductors of heat, but the way they reduce heat loss is by trapping a
thick insulating layer of air. Our clothes trap air to keep us warm.

B Heat exchange

Figure 2.5 shows a double-pipe heat exchanger that is being used in a
laundry. Hot dirty water from the washing goes through the central pipe.
Clean cold water flows around the outside of the pipe. The idea is to warm
up the clean water using heat from the dirty water. This helps to reduce the
laundry’s heating bill.

copper tubing

— -
hot dirty water cooler dirty
(55°C) water (37°C)

|

cold clean water warmer clean water
copper tubing (15°C) (33°C)
Figure 2.6 The heat exchanger wall is Figure 2.5 A heat exchanger for a laundry.

made of thin metal.

Figure 2.6 shows part of the heat exchanger. The following points make sure
that as much heat is removed from the hot liquid as possible:

m The wall between the hot and cold water should be made from a good
conductor (usually metal).
m The wall should be thin, so that heat is conducted rapidly.

| \ The surface area should be large to conduct more heat.
' The temperature difference between the cooling water and the hot liquid
! should be large.

m More heat is extracted from the hot liquid if it flows slowly through the
heat exchanger.

p: 4
P

'Ilk |I||II

t\ -

Figure 2.7 This radiator has lots of fins
to increase the surface area for heat
exchange.
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STUDY QUESTIONS
~N

1 Here is part of a conversation between Peter, b) The diagram below shows a piece of wood with
Ramesh and Lorraine, who are talking about keeping a ring of brass round part of it. A piece of paper
warm in winter. has been stuck partly across the wood and partly
Peter: | think string vests are ridiculous, they across the brass. A flame is now applied gently

are just full of holes. How can they underneath the paper as the wood is turned

possibly keep you warm? slowly. The paper over the wood turns black and
Ramesh: | heard on the radio that it was better to burns. The paper over the brass discolours slightly

wear two vests than one. How can they and does not burn. Explain why.

do any good?

wood brass paper wood

Lorraine:  It's not the vest that keeps you warm, it's
the air underneath them.
Comment on this conversation.

2 This question refers to the laundry's heat exchanger
shown in Figure 2.5. What effect will the following
changes have on the final temperature of the clean
water that is being warmed up?

a) Iron tubing is used instead of copper.

b) Thinner copper tubing is used for the wall of the
heat exchanger.

c) The length of the heat exchanger is increased.

d) The hot dirty water is made to run faster.

3 Find out why power stations need heat exchangers.

4 a) Explain in terms of the motion of particles how
i) a metal conducts heat
i) wood conducts heat.

5 a) Explain why a woollen sweater keeps you warm.
b) Explain why it is dangerous to put your bare hand
on to metal when the temperature is =15 °C, but
it is safe to make a snowball.
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warm less dense air rising

N

colder more dense air sinking

Figure 3.2 Convection currents near a
person in a room.

: Make sure you understand how
: houses are insulated to keep them
: warm.

4.3 Convection

Convection

Figure 3.1 This buzzard soars upwards with very little effort. How does it manage this?

B Convection currents

To make a hot air balloon fly you need a burner which heats up the air inside
the balloon. When air is heated it expands and its density becomes less.
When hot air is surrounded by colder, more dense air, it rises. This is the
same principle as a cork submerged in water floating to the surface.

Figure 3.2 shows how air circulates if you stand, with most of your clothes
off, in the middle of a room. Your body heats up air next to it, which then
rises. Colder air flows down near the walls to replace the warmer air. The
currents of air that flow are called convection currents.

B Heat transfer by convection

Heat can be transferred by convection in liquids and gases, but not in

solids. Although most liquids and gases do not transfer heat very well

by conduction, they do transfer heat quickly by convection. Convection
currents allow large quantities of hot liquid or gas to move and give heat
energy to a colder part. If we wore no clothes our bodies would lose lots of
heat by convection. By wearing clothes we trap a layer of air which acts as an
insulator.

Exactly the same idea is used to reduce heat losses from a house in a cold
country. The loft (roof space) is full of air and convection currents there

can cause a large amount of heat loss. Lofts can be insulated with felt or
fibreglass. To stop convection in the cavity between inner and outer walls, it
is possible to pump in polystyrene foam. The foam has lots of air trapped in
it and so is a poor conductor of heat. Double glazing also traps air, in a layer
between two pieces of glass (Figure 3.3).
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polystyrene H—air
foam roof space
pa
Ack felt or fibreglass (10 cm thick)\
1 1 1 1 1 1 1 L1 1 L
(@) Cavity wall insulation (b) Double glazing (c) Loft insulation

Figure 3.3

B Sea breezes

Convection currents also play an important part in our weather systems.
Winds are convection currents on a large scale. You have probably noticed
when you have been sunning yourself on the beach that there is usually a sea
breeze (Figure 3.4). In the daytime the land warms up quickly. This causes

a rising air current and so a breeze blowing in from the sea. Seabirds are
quick to take advantage of these rising currents of air, and can soar upwards
without flapping their wings.

warm land —_— cool sea

B
-

Figure 3.4 The sea takes lots of heat energy to warm up, so it remains cooler than the land. The land warms quickly, and warm air rises
above the land.

B Convection in water

When water is heated it too will transfer heat energy by convection.
Figure 3.5 shows a simple way that you can show this in a laboratory.
Place some potassium permanganate crystals at the bottom of a flask of
water. When heat is supplied from underneath the dissolved potassium
permanganate rises, showing the path of the currents.

PRACTICAL

It is possible to circulate water around the heating system of a house using
convection currents. Figure 3.6 shows such a heating system. The boiler
must be put at the lowest point in the house. The hot water rises upwards
to the roof. The water then feeds the radiators and finally the cool water is
returned to the boiler.

Make sure you can explain how
you can see convection currents
in water.




potassium
permanganate
crystals

Figure 3.5 A laboratory experiment to
show convection currents in water.

STUDY QUESTIONS

4.3 Convection

expan5|on tank
overflow

=l

radiator

l
{ boiler

Figure 3.6 This system of circulating water is suitable for a small house only. In a large
house a pump is used to help push the water round.

1 Heat cannot be transferred by

2 Figure 3.4 shows the direction
of a sea breeze in daytime. At
night, the land cools down more
quickly than the sea. Draw a
diagram to show the direction of
the breeze at night.

3 Explain how glider pilots can
manoeuvre their gliders to great
heights without using an engine.

4 Over a hundred years ago in
tin mines, fresh air used to be
provided for the miners through
two ventilation shafts shown
below.

a) To improve the flow of air, a
fire was lit at the bottom of
one of the shafts. Explain
how this worked.

b) One day, Mr Trevethan, the

To make the ventilation even
better he lit another fire at the
bottom of the second shaft.
Comment on this idea.

convection in a solid. Explain why.

owner of the mine, had an idea.

5 This question is about the cost
of insulating a house. At the
moment the house has no loft
insulation, cavity wall insulation
or double glazing.

a) Use the data in the box to
decide which method of
insulation provides the best
value for money.

b) How many years do you have
to wait before the double
glazing has paid for itself?

6 Explain why a candle will not
light in a weightless spacecraft
in outer space, even if it has a
plentiful supply of oxygen.

e Yearly heating bill for house:
€700

¢ Cost of double glazing: €56000
This would reduce the fuel bill by
20% a year

¢ Cost of loft insulation: €450
This would reduce the fuel bill by
30% a year

o Cost of cavity wall insulation:
€1800
This would reduce the fuel bill by
25%

—
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4.4 Radiation

Radiation is the third way by which heat energy can be transferred
from one place to another. Heat energy from the Sun reaches us by
radiation. The Sun emits electromagnetic waves, which travel through
space at high speed. Light is such a wave, but the Sun also emits a lot
of infra-red waves (or infra-red radiation). Infra-red waves have longer
wavelengths than light waves. It is the infra-red radiation that makes
you feel warm when you lie down in the sunshine. Infrared radiation
travels at the same speed as light; as soon as you see the Sun go
behind a cloud you feel cooler.

Figure 4.1 The Sun emits various types of
electromagnetic wave.

B Good and bad absorbers

Infra-red radiation behaves in the same way as light. It can be reflected and
focused using a mirror. Figure 4.2 shows the idea behind a solar furnace.
The shiny surface of the mirror is a poor absorber of radiation, but a good
reflector. Radiation is absorbed well by dull black surfaces. So the boiler at
the focus of the solar furnace is a dull black colour.

shiny mirror
to reflect
and focus
radiation

dull black
surface to
absorb

radiation

infra-red radiation
from the Sun

Figure 4.2 A solar furnace.

Don't forget that heat can be Figure 4.3 Solar panels in this house provide the householder with electrical energy. The
- transferred by three methods: blackened surface allows infra-red radiation to be absorbed efficiently.

- conduction, convection and

. radiation.

77 ) / i I i

B Good and bad emitters

Figure 4.4 shows an experiment to investigate which type of teapot will keep
your tea warm for a longer time. One pot has a dull black surface, the other
is made out of shiny stainless steel. Radiation that is emitted from the hot
teapots can be detected using a thermopile and a sensitive ammeter. If you
do the experiment you will find that, when the teapots are filled with hot
water at the same temperature, the black teapot emits more radiation than




: Make sure you know which
: surfaces are good emitters and
: absorbers of radiation.

4.4 Radiation

thermopile

Figure 4.4 A sensitive instrument called a thermopile can detect radiation.

the shiny surface. So a shiny teapot will keep your tea warmer than a
black teapot.

m Black surfaces are good absorbers and good emitters of radiation.
m Shiny surfaces are bad absorbers and bad emitters of radiation.

B The greenhouse effect

In Italy, where the average temperature in the summer is high, tomatoes
grow very well. It is a great help to tomato growers in a cooler country if they
use a greenhouse. On a warm day the temperature inside a greenhouse can
be 10°C or 15 °C higher than outside (Figure 4.5). Infra-red radiation from
the Sun passes through the glass of the greenhouse, and is absorbed by the
plants and soil inside. The plants radiate energy, but the wavelength of the
emitted radiation is much longer. The longer wavelengths of radiation do
not pass through the glass and so heat is trapped inside the greenhouse.

The temperature rises until the loss of heat through the glass by conduction
balances the energy absorbed from the Sun.

A similar greenhouse effect occurs in our atmosphere, and there is concern
that the effect is increasing and leading to global warming. As we continue
to burn fossil fuels we are filling our atmosphere with carbon dioxide and
other chemicals. As these chemicals absorb long-wavelength radiation
emitted from the Earth’s surface, the average temperature of the Earth
increases. The planet Venus has a greenhouse effect on a large scale. Its
atmosphere is mostly carbon dioxide and its average surface temperature is
about 460 °C, hot enough to melt some metals.

infra-red radiation
from the Sun

20°C outside

35°C inside

plants absorb
radiation and emit
long wavelength
radiation, which
cannot get out of
the greenhouse
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B Vacuum flask

A vacuum flask (Thermos flask) keeps things warm by reducing heat losses

in all possible ways. The flask is made with a double wall of glass and there

is a vacuum between the two walls. Conduction and convection cannot

take place through a vacuum. The glass walls are thin, so that little heat

is conducted through the glass to the top. Heat can be radiated through

—vacuum avacuum, but the glass walls are silvered like a mirror so that they are

| _thin silvered poor emitters of radiation. The stopper at the top prevents heat loss by
walls of glass evaporation or convection currents (Figure 4.6).

cork to hold
flask in place

Figure 4.6 A vacuum flask.

STUDY QUESTIONS
N

1 Explain why each of the following is true, in terms of
heat transfer.
a) A concrete floor feels much colder than a wooden

floor when walked on with bare feet, although the radiationssle 4 - & | radiation
temperature of each floor is the same. from S g s
Sun night

b) Clean snow does not melt quickly in bright
sunshine, though dirty snow does.

c) Some casserole dishes that are used in ovens are
black, but the outside of an electric kettle is shiny.

d) After finishing a marathon, athletes may be
wrapped in aluminium-coated plastic sheets.

e) In hot countries many houses are painted white.

2 Explain three ways in which a vacuum flask helps to
keep drinks warm.

3 The diagram above right shows how the Earth
receives radiation from the Sun in daytime and re-
radiates energy at night.

a) Explain why, although the Earth has been
receiving radiation from the Sun for millions of
years, its temperature remains roughly the same.

b) Why is the density of radiation received at A
higher than at B or C? Use this fact to explain why

d) The diagram below shows three convective
masses of air in the northern hemisphere. Explain
the directions of the rising and falling air.

North

the Earth has a hot equator and cold poles. Equator
c) Where is the greatest radiation loss from the Earth . o
at night? e) Do some research to find out how many similar

masses of rising and falling gases there are on
Jupiter. Why do you think this planet has more of
these than Earth?




4.5 What is work?

4..5) What is work?

. In everyday language we use the

- word ‘work’ to mean the job we do.
- When physicists say ‘work’ they

. mean force X distance moved.

: Work and energy are equivalent.
- When you do work you transfer
- energy; a store of energy can be
. used to do work.

You agree to help a friend move a heavy load. What two factors
determine how hard the job will be?

H A job of work

Tony works in a supermarket. His job is to fill up shelves when they are
empty. When Tony lifts up tins to put them on the shelves he is doing some
work. The amount of work Tony does depends on how far he lifts the tins
and how heavy they are.

We define work like this:
work done = force X distance = F X d

Work is measured in joules (J). 1 joule of work is done when a force of
1 newton moves something through a distance of 1 metre, in the direction
of the applied force.

1J=1NxX1m

Example. How much work does Tony do when he lifts a tin with a weight of
20 N through a height of 0.5 m?

W=Fxd
=20NXx0.5m
=10]J

Tony does the same amount of work when he lifts a tin with a weight of
10 N through 1 m.

You will notice that the unit of work, J, is the same as that used for energy,
J. This is because when work is done, energy is transferred. In the case of
the tins, the work done by Tony is transferred to the tins as gravitational
potential energy.

work done = energy transferred

Following on from Chapter 4.1, we can now also provide an easy way to
understand energy.

Energy is the capacity to do work.

m Does a force always do work?

Does a force always do work? The answer is no. In Figure 5.2 Martin is helping
Salim and Teresa to give the car a push start. Teresa and Salim are pushing
from behind; Martin is pushing from the side. Teresa and Salim are doing
some work because they are pushing in the right direction to get the car
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moving. Martin is doing nothing useful to get the car moving. Martin does no
work because he is pushing at right angles to the direction of movement.

push — o
direction of
motion

Teresa

work is done
push

A Samantha
.

Al - direction of
5 . y 2 motion
no work is done
l 1 Figure 5.2
| “

10N 10N

In Figure 5.3 Samantha is doing some weight training. She is holding two
weights but she is not lifting them. She becomes tired because her muscles use
energy, but she is not doing any work because the weights are not moving. To do
work you have to move something, for instance lifting a load or pushing a car.

B Paying for the fuel

When you want a job done you usually have to pay for it. This is because you
Figure 5.3 have to buy fuel. This provides energy for the job to be done. The supermarket
manager has to pay Tony to do his work. The most important thing that Tony
buys with his money is food. Food gives him the energy to do his work.

»
N
—
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{
&

Figure 5.4 shows a crane at work on a building site. The crane runs on diesel

fuel.
(X X (X X X1 (X1 X X X1 1 X1 X1 %) X X X X X X X XU X X X B2
LR 1
F=10000N
load = 10000N
Table 1
Figure 5.4
10 000 1 10000 | 0.01 . R
! Table 1 shows the amount of diesel used by the crane in Figure 5.4 for some
10000 | 2 20000 e jobs. You can see that to lift a heavier load, or to move it further, more
20 000 2 40000 | 004 diesel is used. The work done by the crane is transferred into gravitational
40 000 3 120000 0.12 potential energy of the load.




4.5 What is work?

0 Now go through the tutorial Work done.

STUDY QUESTIONS
~

1 In which of the following cases is work being done? b) Joel now climbs 30 m up a ladder into his
a) A magnetic force holds a magnet on a steel door. spacecraft. How much work does he do?
b) You pedal a cycle along a road. 5 Mr Hendrix runs a passenger ferry service in the
c) A pulley is used to lift a load. Caribbean . He has three ships, which are all the
d) You hold a 2 kg weight, but without moving it. same. Sometimes he has problems with the bottoms
2 Calculate the work done in each case below. of the ships, when barnacles stick to them. This
a) You lift a 20 N weight through a height of 2 m. increases the drag on the ships, and they use more
b) You drag a 40 kg mass 8 m along a floor using a fuel than usual.
force of 80 N. a) Explain why a larger drag makes the ships use
3 Table 2 below shows some more jobs done by the more fuel.
crane in Figure 5.4. Copy the table and fill in the b) Table 3 below shows the amount of fuel used by
missing values. Mr Hendrix's three ships, on recent journeys.
i) Calculate how much fuel is used per km
Table 2 travelled for each ship.
i) The drag force on the Caribbean Princess is
50 000 N. Compare this with the drag force
5000 2 0.01 on Windward Beauty and on Island Queen.
10 000 4 Which ship has barnacles on her bottom?
10 40 000 Table 3
6000 0.06
5 0.1
25 000 90 000
Island Queen |Vieux Fort—Bridgetown 175 1050
4 Joel is on the Moon in his spacesuit. His mass Windward  [Plymouth—Kingstown 220 1100
including his suit is 120 kg. The gravitational field Beauty
strength on the Moon is 1.6 N/kg. Ca}ribbean Bridgetown—St. George’s | 255 1275
a) Calculate Joel's weight in his spacesuit. Fiilneess




4 Energy resources and energy transfer

21L& Calculating energy

Figure 6.1

Figure 6.3 These riders get a thrill when
potential energy is transferred to kinetic
energy.

In Figure 6.1, how much work is done in lifting 110 kg through 2 m?
Can you estimate the total kinetic energy of the vehicles shown in
Figure 6.2? On the vampire roller coaster in Figure 6.3, you can fall a
height of 15 m. If you start from a very low speed what is the speed
you will reach by the bottom of the fall?

m Gravitational potential energy

When a weightlifter lifts his weights he does some work. This work increases
the gravitational potential energy (GPE) of the weights. The total mass of

the bar is m. How much work does he do when he lifts the bar a height h?

(m is in kilograms and b is in metres.) The pull of gravity on the bar (its
weight) is m x g. We call the pull of gravity on each kilogram g; this is 10 N/kg.

work done=Fx d
=mgh
The work done is equal to the increase in potential energy.
gravitational potential energy = mgh

B Kinetic energy

The kinetic energy of a moving object is given by the formula:

kinetic energy = Y2 mv?
(m is the mass of the object in kg, and v is its velocity in m/s.)

This formula is very important for working out the stopping distance of a
moving car. When cars are travelling very quickly, they need a large distance
to stop in. Table 1 shows the stopping distances for a car travelling at
different speeds. Next time you are travelling down the motorway at

30 m/s (110 km/h) remember that your car needs about 72 m to stop in.

Table 1 The faster the car travels, the greater the distance it needs to stop

10 6 6 12
20 12 24 36
30 18 54 72
40 24 96 120

When a driver sees a hazard, there is a small delay before he presses the
brake pedal. In this time the car moves forward at its original speed. This is
the thinking distance, which depends on the car’s speed. When the brakes are
applied, work is done by the braking force to reduce the car’s kinetic energy.
Since the car’s kinetic energy depends on v?, the braking distance depends on
v*. This means that when the car’s speed doubles from 10 m/s to 20 m/s,
the braking distance increases by a factor of 4. You can read more about
stopping distances in Chapter 1.7.
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. Look at the calculation for the

- change of kinetic energy. Work out
- the first value for kinetic energy,

- then subtract the second value for
. kinetic energy.

4.6 Calculating energy

M Elastic potential energy

When a spring is stretched it stores strain energy. This energy can be
obtained from the spring when it is released, provided that it has not been
stretched past its elastic limit.

Figure 6.3 shows a force-extension graph for a spring. How much energy is
stored when the spring is stretched 0.1 m?

energy stored = work done in stretching the spring
= average force X distance

When the spring is stretched the force pulling it changes, so we have to
average the force. The average force is half of the final force (10 N) stretching
the spring. So:

energy stored =5 N x 0.1 m
=0.5]

m Using equations to calculate
the energy changes

Now that you have learnt some formulae for various types of energy, you can
use them together with the principle of conservation of energy to do some
calculations. Some examples are given below.

1 A car, with a mass of 1200 kg and travelling at 30 m/s, is slowed by its
brakes to a speed of 20 m/s. The brakes are applied for a distance of 75 m.
What force do the brakes apply in slowing the car down?

We solve this by thinking of energy transfers. Work is done by the brakes
in transferring the car’s kinetic energy to thermal energy in the brake

blocks.

work done by the brakes = kinetic energy transferred (or lost to other forms)
Fd = Yamv* — Vamw,?
Fx 75 =1 (1200 x 30%) — V2 (1200 x 20?)
Fx75=600 %900 - 600 x 400
Fx75=540000—- 240 000
300000
A

=4000 N

F

2 Aball of mass 100 g is thrown vertically upwards with a speed of 12 m/s.
What is the maximum height it will reach?

As the ball rises, its kinetic energy will be transferred to gravitational
potential energy. So we can use equations for those quantities to solve the
problem. (The gravitational field strength gis 10 N/kg.)

mgh = YVamr?
0.1x10xh=1x0.1x 122
10h =12 x 144
h=72m

3 This problem refers to energy transfers in a bungee jump. Figure 6.4
shows a jumper, Chloe, launching herself off the Victoria Falls Bridge,
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Figure 6.4

which crosses over the Zambezi River at a height of 128 m. Chloe has a

mass of 60 kg. Clearly, the bungee rope is designed so that she does not
fall into the river. Figure 6.5 shows the elastic potential energy stored in
the rope as it stretches; the unstretched length of this rope is 90 m.

elastic potential energy in the bungee rope / kJ

0 10 20 30 40
extension of bungee/m

Figure 6.5

We can use this data to calculate the maximum speed of the jumper and to
check that she falls a total of only 120 m and so avoids falling into the river.

She reaches her greatest speed after she has fallen 90 m, just before the rope
begins to slow her down. So her potential energy has been transferred to
kinetic energy.

mgh = Yamv?
60 X 10 X 90 = 12 X 60 X *

v?*=2x900
v*=1800
v=42m/s

When Chloe falls a total of 120 m the gravitational potential energy
transferred is:
GPE converted = mgh
=60x10x120
=72000]

You can see from the graph (Figure 6.5) that when the rope is stretched
by 30 m, it stores 72 000 J of elastic potential energy, so she stops there,
having fallen a total of 90 m + 30 m, which is 120 m, 8 m above the river.
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STUDY QUESTIONS

4.6 Calculating energy

A charging rhinoceros moves at a speed of 15 m/s
and its mass is 750 kg. What is its kinetic energy?
What is the thinking time of the driver whose thinking
distances are shown in Table 1?
a) Use the data in Table 1 to plot graphs of:
i) the thinking distance against speed
ii) the braking distance against speed.
Draw the best fit line through the points for each
graph.
b) Comment on the shape of each graph.
Figure 6.3 shows a graph of force against extension
for a spring. The same spring is extended by 0.05 m.
a) Calculate the force required to cause this extension.
b) Calculate the energy stored in the spring now.
A car of mass 750 kg slows down from 30 m/s to
15 m/s over a distance of 50 m.
a) What is its change in kinetic energy?
b) What is the average braking force that acts on it?
A car of mass 1000 kg does an emergency stop
when it is travelling at 15 m/s; it brakes to a stop in a
distance of 20 m.
a) Calculate the change in kinetic energy for the car.
b) Calculate the force which acts to slow it down.
c) The car is now heavily loaded and has a mass
of 1250 kg. It is travelling at 15 m/s. Explain
why the braking distance is now larger than the
distance you calculated in part (a).

d) On another day the car is travelling at 30 m/s;
if the brakes exert the same force, calculate the
braking distance now. (The mass is still 1000 kg).
e) What will happen to your braking distance if:
i) the road is icy
i) you are going downhill?

7 A catapult stores 10 J of elastic potential energy

when it is fully stretched. It is used to launch a

marble of mass 0.02 kg straight up into the air.

a) Calculate how high the marble rises.

b) How fast is the marble moving when it is 30 m
above the ground? (Ignore any affects due to air
resistance.)

8 a) Gregg has a mass of 90kg.

i) Calculate the gravitational potential energy
transferred if he falls 128 m.
i) Use the graph in Figure 6.5 to calculate the
elastic potential energy stored when the rope
has extended 38 m.
iii) Discuss whether the rope is safe for Gregg
to use in the bungee jump.
b) What change or changes would you make to
ensure a safe jump for someone of Gregg's
mass?
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4./ Power

Figure 7.1

PRACTICAL

Work out your own body power:

* in your legs, by getting a friend
to time you running up some
stairs

* in your arms, by getting a friend
to time you doing pull-ups.

Carefully think about what
measurements you need to make

and safety precautions to take.
& J

Alice and David are lifting some bricks. They each lift 20 bricks through
a height of 5 m. This means that they do the same amount of work.
However, David is large and powerful and he lifts all of his bricks in one
do. Alice, who is a small girl, lifts her bricks one at a time. We use the
word powerful to describe someone who can do the work quickly.

B Power formula

Power is the rate of doing work or transferring energy.

work done or energy transferred

power = -
time taken

From the equation above you can see that power is measured in J/s. But

we give power its own unit called the watt. 1 watt (1 W) is equal to a rate of
working of 1 J/s. Power ratings can be very large; then we use the units of kW
(kilowatt or 1000 W) and MW (megawatt or 1 000 000 W).

m Body power

Alice measures her personal power output by running up a flight of steps.
She takes 8.4 s to run up a flight of steps of total height 6 m. Her mass is
14 kg. What power does she develop? She has done some work to lift her
weight of 140 N through a height of 6 m.

work done = force X distance
=140 Nx6m=2840]
work done
power =—————
time
~840]

8.4s

=100 W

Alice is transferring energy at about the same rate as an old-style filament

light bulb.

B Power of an express train

Figure 7.2 shows a Eurostar express train approaching a station at a steady
speed. When the train moves at a constant speed, the driving force from the
wheels is exactly balanced by opposing frictional forces. These opposing
forces are caused by friction in the axles of the wheels and by wind resistance.
So the train does work against these frictional forces.

How much power does the train have to produce when it is running at 40 m/s?

— work done force X distance
ower = - = -
time time
=Fx—
t
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Figure 7.3 Graph to show the resistive
force acting on a Eurostar train as the
speed increases.
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STUDY QUESTIONS

4.7 Power

power = FXuv

The resistive force on the train travelling at 40 m/s can be found from
Figure 7.3; you can see it is 40 kN.

power =40 kN x 40 m/s
=40 000 N x 40 m/s
=1600 000 W or 1.6 MW

Figure 7.2

So the power developed is equal to the driving force X the distance travelled
per second. But the distance travelled per second is the speed, ».

1 What is the unit of power?

2 David runs up the same flight of steps as Alice in
a time of b seconds. The steps are 6 m high and
David's mass is 100 kg. Calculate his power. How
many times more powerful is he than Alice, whose
power is 100 W?

3 A weightlifter lifts 280 kg above his head. In the last

part of the lift he raises the bar through 1.0 min 1.5 s.

a) How much work does he do?
b) How much power does he develop?

4 a) Use the graph in Figure 7.3 to estimate the
resistive drag force on a Eurostar train when it is
travelling at:

i) 60 m/s
i) 80 m/s.

b) Show that the power that the engine produces to
pull the train at 60 m/s is about 5 MW.

c) Calculate the power the engine produces when
the train runs at 80 m/s.

d) Use the formula W= F x d to calculate the work
done against resistive forces when the train goes
2 km travelling at:
i) 40 m/s
i) 80 m/s. Give your answers in MJ.

e) Now explain why you save on petrol costs if you
drive at 80 kph rather than at 110 kph.

5 Here is part of an answer written by a student to

explain the motion of a cricket ball. She has made
some mistakes. Rewrite what she has written,
explaining and correcting her errors.
‘When a batsman hits a cricket ball he gives it a certain
force. As the ball rolls over the grass this force is used
up and eventually the ball stops. All the power that the
batsman used in hitting the ball ends up as heat!

6 Read this extract from a magazine article: The hind

legs of a locust are extremely powerful. The insect

takes off with a speed of 3 m/s. The jump is fast

and occurs in a time of 25 milliseconds. The locust's

mass is about 2.5 g.

Use the information to answer the problems below.

a) Calculate the locust's average acceleration during
take off. (25 milliseconds = 0.025 s)

b) Now work out the average force exerted by the
locust’s hind legs (remember to turn the mass
into kg).

c) The locust's legs extend by 5cm (0.05 m) during
its jump. Calculate the work done by its legs.

d) How much power does the locust develop in its
muscles?

e) Calculate the power/mass ratio for the locust and
compare this with David's power/mass ratio (from
question 2).

~

J
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O

Electrical energy
production

All of these devices can be turned on with the flick of a switch. How
does the electricity company cope, when we all come home and turn
everything on at the same time?

Figure 8.1 What are the consequences of being able to turn all of these on
at the flick of a switch?

Many power stations use coal as their source of energy. When coal is burnt
its stored chemical energy is released as heat energy. This heat energy boils
water at high pressure to make superheated steam at temperatures of

about 700 °C. The kinetic energy in the superheated steam is used to drive
turbines. These are connected to the electricity generator’s large coils, which
rotate inside a strong magnetic field (see Chapter 6.8).

Figure 8.2 shows the principle behind the production of electrical energy in
a power station.

turbines

heat energy

superheated steam ——»

kinetic
energy
(rotation)

boiler

—-—

condenser .
electrical

energy

chemical energy
turning into heat

Figure 8.2 The principle of a power station.



4.8 Electrical energy production

heat lost from heat energy lost due to
the boiler friction in generator
chemical ~ heatand kinetic energy of heat and light
energy kinetic turbine blades energy in
in coal energy and generator houses and
Figure 8.3 This shows several in steam factories

600 megawatt generators inside the
coal-fired Drax power station. Superheated
steam is used to drive the generators.

heat energy lost
in turbines and
condenser

Figure 8.4 Energy transfers in a power station.

Figure 8.4 is a Sankey diagram showing how energy is used in the process of
electrical energy generation. There is a lot of heat lost in the power station.
The electrical energy itself is also converted to heat energy in factories and
houses.

There are two problems that arise from the production of electricity that
worry a lot of people.

1 Pollution. Burning coal makes the gases carbon dioxide and sulphur
dioxide. These pollute the atmosphere. When sulfur dioxide dissolves in
water, an acidic solution is formed containing sulfuric acid.

water + sulfur dioxide — sulfuric acid

So when sulfur dioxide gets into rain, the rain becomes acidic. We call this
acid rain. Acid rain damages stonework in buildings. It is thought that
acid rain is also killing trees in Scandinavia. It is likely that sulfur dioxide
produced in Britain is blown across to Scandinavia by the prevailing
south-westerly winds.

2 Global warming. Heat energy is always produced when we make
electrical energy. People worry that we will warm the Earth up, as we
increase our use of electrical energy. This warming is caused by
extra carbon dioxide in the atmosphere trapping heat in, so that
the Earth’s temperature will rise slowly. This phenomenon is called
the greenhouse effect (see Chapter 3.3). An increase in the Earth’s
temperature could have very serious consequences. An increase of 1°C or
2°C to the Earth’s average temperature would melt a large amount of ice
from the polar ice caps and cause great changes in regional climates and
weather patterns.

Although we get great benefits from electrical energy, we have to consider
its effect on the environment. If we are not careful we will damage the
Figure 8.5 A hydroelectric dam. world that we live in.
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STUDY QUESTIONS
1 a) Explain why smog is sometimes seen in large a) Why is this sort of power station useful to
cities. If necessary, use the Internet to find out electricity companies?
what smog is. b) Would this pumped storage power station pollute
b) Why do large cities have smokeless zones? the atmosphere when it generates electricity?
2 a) Explain what acid rain is. c) Where does the energy come from to pump the
b) How is acid rain formed? water back up the hill again?
c) What effects does acid rain have on the d) What energy changes occur as water flows from
environment? the high level lake to the low level lake?
d) What would you do to reduce the problems e) Calculate the loss of gravitational potential energy
caused by acid rain? of the water in 1 second. (Use the information in
3 Give a detailed account of the energy changes that Figure 8.6.)
occur to generate electricity in a coal-fired power ) The turbines are 60% efficient. Calculate the
station. electrical power output of this station. Give your
4 Figure 8.6 shows the layout of a pumped storage answer in MW.
power station. Water from the high level lake For the next two questions, look at Figure 8.7.
produces electrical energy by flowing through the g) At what times of day will the pumped storage
turbine generators. These are placed just above power station be producing electricity?
the low level lake. When there is a low demand for h) Explain the shape of the graph in Figure 8.7. Why
electricity, the generators are driven in reverse to does it reach a maximum at about 6 pm?

pump water back into the high level lake. This means
there will be enough water to generate electricity
again, the next time demand is high.

can high level lake
50|
40l
30
20|
— A J
77 ol
low level lake

1 | | |
midnight 6am noon 6pm midnight
Figure 8.7 The typical use of
Figure 8.6 A pumped storage power station. electrical energy on a winter's day.

- J




4.9 The world’s energy resources

21.%) The world’s energy
resources

A large city might use 10'*J of energy in one day. We need to burn

10 000 tonnes of coal to provide this amount of energy. The Sun is the
major energy source for the Earth. The Sun provides heat and light to
make our lives possible, as well as providing energy for the growth of
foods that we eat. Fossil fuels, which we burn, originally derived their
energy from the Sun too.

Figure 9.1

B Fossil fuels

At the moment the world faces an energy crisis. This may seem surprising;
you have learnt that energy cannot be lost. The problem is that we are
burning fuels such as coal, oil and gas. These fuels produce electricity, warm
our houses and provide energy for transport. The end product of these fuels
is heat energy. We cannot recapture the heat and turn it back into coal or
oil. These fuels are known as non-renewable energy sources. Once we have
burnt them they have gone forever.

Coal, oil and gas are known as fossil fuels. They are the remains of plants and
animals that lived hundreds of millions of years ago. Supplies of these fuels
are limited. We use coal mainly for the production of electrical energy. If we go
on using coal at its present rate, it will last for about another 300 years.
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300
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years of fuel reserves
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gas oil coal

Figure 9.2 How long will our fossil fuels
last?

We get petrol from oil. So this energy source is vital for running cars and
also aeroplanes. At our present rate of use, known reserves of oil will last us
about 50 years. Gas will last for about the same time.

As current supplies of oil and gas become depleted, they get more expensive to
extract. The price of oil and gas continues to rise; the shortage of fossil fuels is
a problem that will have to be faced in our lifetime. It is important that we use
fossil fuels carefully, and we must also look for other sources of energy.

m Other energy sources
Nuclear power

Nuclear power is used to generate about 17% of the worlds electricity.
France generates 78% of its electrical energy using nuclear power. Until

the Fukoshima disaster of 2011, Japan generated about one-sixth of its
electricity using nuclear power. In 2012 the Japanese Government took the
decision to abandon the use of nuclear power while the country assessed the
safety of the nuclear programme.

The nuclear fuel used is uranium. This is also a non-renewable energy
source. But nuclear power could provide our energy for a few thousand
years. Nuclear power worries people because of the possibility of accidents
such as that in Fukushima, and because of the radioactive waste that is
produced. This is discussed further in Section 7, Chapter 8.

Some further sources of energy are described below; these are renewable
energy sources. In these cases we extract energy from the environment and
these energy sources will always be available to us.

Biomass

Biomass is the name we use when talking about plants in the sense that we
can extract energy from them. The most common way of extracting energy
from biomass is to cut down a tree and burn it. Trees are a renewable energy
source so long as forests are looked after properly. Unfortunately, in Africa,

f Newport Severn bridge

Lavernock
point  Cardiff

Barry
Bristol
Clevedon

/
sluice gates A _—""

//

i B
Bridgewater Bay turbogenerators

Weston-Super-Mare

0246 810 km
Burnham-on-Sea e

Figure 9.3 The possible Severn Barrage in the UK. The cost is estimated at £30 billion.
The barrage would be able to produce 7000 MW of power. This amounts to about 5% of
the national need.
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Asia and South America trees are being cut down far faster than they are
being replanted. It is thought that cutting down large forests has changed
our climate by reducing rainfall in some parts of the world and by affecting
the carbon dioxide levels in the atmosphere.

In some countries vegetable oils are widely used as fuels in farm machinery
and cars.

Tidal power

Figure 9.3 shows a map of the Severn estuary in the UK, which is a suitable
position for a tidal barrage. The idea is that water flows in through the
sluice gates at A at high tide. At low tide water flows out through the
turbogenerators at B. We are using the potential energy of the water to
generate electrical energy. If the Severn estuary barrage is built it will
produce about 7000 MW of power.

Hydroelectric power

This form of generation is widely used in Scandinavia, where a lot of water
flows down the mountains from melted snow. The principle is the same as tidal
power: the potential energy of the water is used to generate electrical energy.

Wind power

Energy from the wind can also be used to generate electricity. Figure 9.4 shows
awind farm. Wind power is considered in more detail in the next chapter.

Geothermal power

Energy can be obtained from a hot spring. As the water in the spring boils, the
steam formed is used to drive electrical turbines. In some countries: Iceland,
New Zealand and China for example, warm water (50 °C) is pumped out of the
ground directly into factories and houses to provide central heating.

Figure 9.4 A large wind farm. Each wind Solar power

turbine has three blades and can produce . . .
a power of up to 3 megawatts. Such a Energy from the Sun can be used directly to warm up water in panels in the

large farm can be equivalent to a coal-fired ~ roofs of houses. It can also be used to generate electricity using panels of

power station. photocells. Solar panels on the roofs of houses are now a common sight.
STUDY QUESTIONS
1 Explain the difference between a renewable and a 4 Describe three advantages and disadvantages of
non-renewable fuel. large scale electricity production using (i) coal, (i) a
2 a) Why are air fares likely to be extremely expensive combination of renewable energy sources such as
in 50 years' time? wind and tidal power. In your answer consider factors
b) Government ministers sometimes talk of such as cost, the environmental impact and supply of
introducing ‘Green Taxes" What are they, and do the energy resource.
you agree that they should be introduced? 5 Discuss the advantages and disadvantages of the
c) Why is petrol wasted if a car accelerates or use of nuclear power to generate electricity.
brakes rapidly?
3 Explain carefully the energy transfers which occur to
produce a fossil fuel; remember to explain where the
\_energy came from in the first place.
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44,70

Figure 10.1 On average each person in
this photograph uses 256 MJ of electrical
energy every day. How much is used by the
whole world every day, and how much will
we use in 20507

. The use of coal to generate

- electricity is discussed in

- Chapter 4.8, and the use of nuclear
- power is discussed in detail in

. Chapters 7.8 and 7.9.

EXPLANATION

A TW (terrawatt) is 10" W

(a million million W).
A TWh is the energy used when
1TW of power is used for 1 hour.

Large-scale electricity
production

In about 2011, the world’s population reached 7 billion people; the
population was 5 billion in the early 1980s and it is projected to be

9 billion by 2040 or 2050. This rapidly growing population brings with
it many problems for us to solve: we need to provide more housing in
safe places; we need more food; we need to produce more electricity
to light and heat our homes. The need for electricity is growing, not
just because of the growing population, but due to the urbanisation
and industrialisation of countries, which were until recently less reliant
on modern technology.

This chapter looks in some detail at the way in which some countries
produce electricity, and discusses the advantages and disadvantages
of the methods of production.

B Energy use by country and per person

Table 1 shows the electrical energy used by a number of countries, listed by
the total energy used, and also by the energy used per head of population.
You can draw two obvious conclusions from the data - large countries need
more energy and rich countries use more. The data was recorded in 2011.

The contrast between the energy available in the industrialised world and the
African World is quite pronounced. There can be difficulties when countries
try to agree targets for carbon emissions: China and India use a lot of coal

Table 1 Electrical energy used by country

China 4 400 2 600
USA 4 400 13 500
Russia 1 000 7 000
India 900 600
France 600 8900
Brazil 500 2 300
UK 400 6 100
Norway 100 31 000
Iceland 12 39 000
Kenya 6 137
Ethiopia 4 44
Somalia 0.3 31
Rwanda 0.1 10




EXPLANATION

A GW (gigawatt) is 10° W
(a thousand million W).

4.10 Large-scale electricity production

to produce electricity but their populations are very large. The amounts of
electrical power used per head in Norway and Iceland are large because each
country generates nearly all of their electricity by using cheap, renewable sources
(hydroelectric and geothermal), which do not produce greenhouse gases.

B Means of electrical power generation

Each country solves its energy production according to the sources they
have available. Some countries have a plentiful supply of fossil fuels; others
have natural resources available such as wind and wave power. Table 2 shows
some countries and the major sources of their electrical generation.

Table 2 Sources of electricity generation by country

China 70 6 4 2 18 0 0
USA 45 23 1 20 7 0 4
France 4 4 2 78 11 0 1
UK 88 40 0 19 8 0 5
Brazil 1 13 4 2 75 0 5
Norway 0 0 0 0 99 0 1
Iceland 0 0 0 0 70 30 0
Kenya 0 12 5 0 70 13 0

In the paragraphs that follow we look at the advantages and disadvantages
of three examples of power generation on a large scale in different countries.

® China’s Three Gorges Dam

Figure 10.2 illustrates a problem caused by the growing production of
electricity - with so many coal-fired power stations, smog in industrial areas
is a health hazard. China is committed to producing more of its energy by
renewable means. The Three Gorges Dam is the largest hydroelectric plant
in the world, being able to generate 21 GW (21 000 MW) of power. This and
other hydroelectric power stations have the advantage of being clean and
non-polluting. However, the building of the dam had its disadvantages:

the lake behind the dam caused 2 million people to be displaced from their
homes; archaeological and cultural sites were flooded; farmland and fish
breeding habitats were destroyed. A further disadvantage is that the plant
rarely runs at its maximum capacity. The Three Gorges Dam lies on the

Figure 10.2 Smog in a city.




Section 4 Energy resources and energy transfer

Figure 10.3 This photograph shows the
Three Gorges Dam under construction.

Yangtze River, whose source is in the Tibetan Plateau. The flow of water is at
a low point over the winter months as water is frozen into the glaciers in the
Himalayan Mountains. In the summer months the river flows rapidly, so the
production of electricity is at its greatest then (see Figure 10.4).

The principle behind generating electricity with water is shown in Figure 10.3.
Gravitational potential energy stored in the water behind the dam is used to
rotate the turbines attached to a generator. The Three Gorges Dam has 32 such
generators.

16
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Power output / GW
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Figure 10.4

M Iceland’s geothermal plants

Iceland takes advantage of the volcanic activity on the island, which
generates underground hot-water sources. Some hot water is used directly to
warm houses, and some hot water or steam is used to drive turbogenerators
(Figure 10.5). This form of electricity production has the advantage of being
clean, there is no need to mine fossil fuels, and geothermal energy will not
run out in the foreseeable future. The only disadvantage is that it is only
available in a small number of countries.

Figure 10.5
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® Wind power

Figure 10.6 illustrates the growth in the world’s capacity to generate
electricity with wind power over the last 15 years. The advantage of wind
power is that it provides a continuous free and clean source of energy. People
point to the disadvantage that the wind does not blow all the time. However,
if the UK had wind turbines installed all across the country, it is highly
likely that many of the turbines would be working on most days. When the
turbines are working they reduce the need to burn fossil fuels.

250
200
=
e
>
£ 150
]
Q
©
o
< 100
°
5]
50
25 —
20 0
15 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year
107 Figure 10.6
5
L
0 . . . .
5 6| 7' 8| S; Figure 10.7 shows how well a wind turbine works, depending on the average
Average wind speed m/s wind speed: for example an average wind speed of 7 m/s means the generator
. . 0 . .
Figure 10.7 The y axis shows the is at full capacity for 10% of the time; an average wind speed of 9 m/s means

percentage of time the wind generator
works at full power (3.0 MW)
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the generator is working at full capacity for 20% of the time. Some people
complain that the wind turbines are unsightly and that they make a noise,

which is annoying if you live close to one.

STUDY QUESTIONS

1 a) In Table 1, two different units of energy are
used — TWh (terawatt hours) and kWh (kilowatt
hours). Explain what these two units mean.

b) Explain what is meant by the unit of power, the
gigawatt or GW.

2 Use the information in this chapter to summarise
the advantages and disadvantages of electrical
generation using:

i) hydroelectric power
i) wind power
iii) geothermal power.

3 Do some research to enable you to summarise
the advantages and disadvantages of electrical
generation using:

a) solar power
b) nuclear power.

4 Choose one country from China, USA, France and

the UK. Discuss the advantages and disadvantages

of the main way in which that country generates its
electrical supply (see Table 2).

5 a) Use the information in Figure 10.4 to work out
the average power generated by the generators
of the Three Gorges Dam.

b) Now work out the average energy output of the
generators, per year, in TWh,
6 The UK needs to generate an average of 30 GW of
electrical power to provide for the country's needs.
a) How many 3MW wind turbines would the country
need to produce this power:
i) if they worked at full power all the time
ii) if the average wind speed near them is 6 m/s?
Use Figure 10.7 to help you answer these
questions.

b) Where you would site these turbines in the
country?

~
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Summary

Make sure you can answer all the questions in the Interactive quiz.

| am confident that:

V| can recall these facts about energy

The principle of conservation of energy: energy
cannot be created or destroyed.

Energy can be transferred from one type of energy
to another.

Energy is the capacity to do work.

Effici _ useful energy
= energy putin

Efficiency is expressed as a fraction or a percentage.

Types of energy include: gravitational potential,
kinetic, elastic, chemical, heat, electrical, light,
sound and nuclear.

Heat energy can be transferred by conduction.
Metals are good conductors of heat. Trapped air is
a poor conductor (or insulator).

Heat energy can be transferred by convection.
Warm air is less dense than cold air, so it rises.
This difference of density causes convection
currents.

Heat energy can be transferred by infra-red
radiation, which travels at the speed of light.
Black surfaces are good emitters and absorbers
of radiation; shiny surfaces are poor emitters and
absorbers of radiation.
Work = force X distance moved in direction of force
1 joule =1 newton X 1 metre
Gravitational potential energy =

mass X gravitational field strength X height

GPE = mgh

Kinetic energy = ¥2 mass X velocity®
KE = Y2 mv*

energy transferred

Power = -
time

1 watt = 1 joule/second

The advantages and disadvantages of the

generation of electricity using renewable and non-

renewable energy resources.



Exam-style questions

Exam-style questions

1 People can take various actions to reduce heat loss ¢) The machine is 20% efficient. Calculate the input
from their homes. Describe one thing that can be power to the machine while it is lifting the bags. [3]
done to reduce heat loss through:

a) the gaps around the doors [1]
b) the glass in the windows [1]
c) the outside walls [1]
d) the roof. [1] 58m
e) The diagram shows three pieces of aluminium,
each with a different surface. They each have a
drop of water placed on them, then they are heated ‘ )
by a radiant heater placed about 30 cm above 3 Acarandits passengers have a combined mass
them. Explain the order in which the water drop on ?f 1500 kg. Itis travelling at a speed of 15 m/s. It
each piece of aluminium will dry. increases its speed to 25 m/s.
a) Calculate the increase in kinetic energy as a result
@ of this increase in speed. [3]
b) Explain why the increase in kinetic energy is a

(1) Shiny white paint (i) Matt black paint much greater fractional increase than the increase

in speed. [1]
4 The diagram shows a Pirate Boat theme park ride,

which swings from A to B to C and back.

3] a) As the boat swings from A to B a child gains

(i) Shiny unpainted metal
10 830 J of kinetic energy. The child has a mass of

2 A conveyor belt is used to lift bags of cement on a 60 kg and sits in the centre of the boat. Calculate

building site (see diagram above right). the speed of the child as the boat passes

a) A 30 kg bag of cement is lifted from the ground through B. [3]
to the top of the building. Calculate its gain in b) Sketch a graph to show how the child’s
gravitational potential energy. (1 kg has a weight of gravitational potential energy changes as the boat
10 N.) [3] swings from A to B to C. [3]

b) The machine lifts five bags per minute to the top of ¢) By using the concept that gravitational potential
the building. Calculate the useful energy delivered energy is converted to kinetic energy as the child

by the machine each second. (2] falls, calculate the height change of the ride. [3]
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In the following cases explain carefully the energy
changes or transfers that occur. Do not just write
something like ‘potential to kinetic’, be specific:
Where is the energy? Is the energy given to another
object?

a) You pluck a guitar string and your friend hears a

sound. 3]
b) You throw a ball vertically upwards. [3]
¢) You kick a football along the ground; it comes to a

hale. 3]
d) Energy is transferred from the Sun to warm you up

while sunbathing. [3]
e) You accelerate a car, then bring it to rest using the

brakes. 3]
f) A firework rocket takes off, explodes and falls back

to the ground. (3]

A hot liquid loses heat by conduction, convection,
radiation and evaporation. The vacuum flask shown
below is designed to prevent hot liquids becoming

cold.

cork/plastic stopper

silvered
surfaces

vacuum between walls

a) Explain how the vacuum between the walls reduces
the heat loss. (2]

b) Explain how and why the cork/plastic stopper
reduces the heat loss. 2]

c) Explain how the silvered surfaces reduce heat
loss. 2]

The diagram below shows radiation from the Sun
arriving at the Earth’s surface at two places and the
possible movement of an air mass between the North
Pole and the Equator.

airmass_— _, axis of

= /- rotation

radiation =" 50°N  /North Pole
from Sun /4

:.'é"' Equator

a) How does the intensity of radiation arriving at the
Equator compare with that arriving at latitude 50°
North? [1]

b) State how this affects the average surface tempera-
tures at the Equator and at latitude 50° North.  [1]

c) The diagram shows the possible movement of air
between the North Pole and the Equator. Explain
how the circulation of the air shown is produced. [2]

The next diagram shows how energy from the Sun
can be used to heat a house.

Water from the storage tank is pumped through the
solar panel.

In the solar panel, the water passes through copper
pipes that are painted black.

The water is then returned to the storage tank.

solar panel 7’/\ 5
g

water pipes

radiator
=)
e —® | || 1

storage
tank of water

a) i) Explain why the pipes in the solar panel are
painted black. [1]

ii) Plastic pipes are cheaper than copper pipes.
Explain why copper pipes are used in the panel
rather than plastic ones. [1]

b) Write down one advantage and one disadvantage of
using solar panels rather than gas to heat a house.

2]

c) The solar panel takes water from the bottom of the
storage tank. The radiator takes water from the top
of the storage tank. Explain why. [2]

d) The house is heated by pumping warm water
from the storage tank through radiators. The
diagram below shows the position of a radiator
in a room. Describe how the radiator heats the
room. Copy the diagram and add to it to illustrate
your answer. [2]

A

window

radiator
/

/'




9 The diagram shows a section of track near a railway
station. The track at the station is slightly higher
than the rest of the track. What advantage does this
give? Explain your answer in terms of energy
changes. [3]
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10 Which of the following forces are doing work?

a) A magnetic force holding a magnet onto a steel
door.

b) A force driving a car forward.

[
[

c) A weightlifter holding a weight stationary. [1
d) A paper weight holding down a pile of paper. |
[

e) A crane applying a force to lift a load.

f) The pull of gravity holding a satellite in a circular
orbit around the Earth. [1]

11 The Eiffel Tower in Paris is 300 m high and can be
climbed using its 1792 steps. Jacques decided to
climb the tower; he took 15 minutes to do it and he
has a mass of 60 kg.

a) How much work did he do climbing the steps? [3]

b) What was his average power output during the
climb? [3]

c) A croissant provides Jacques with 400 kJ of energy
when digested. How many croissants should
Jacques eat for breakfast if his body is 20% efficient
at transferring this energy into useful work?  [3]

d) Explain where most of the energy from Jacques’
food goes. [1]

12 a) The diagram (above right) shows a wind turbine
with a rotor 100 m across, used to generate
electricity.

i) Estimate the total area of the rotor blades.  [2]

ii) The wind has a velocity of 10 m/s. The force
it can cause on a surface of 1 m?is 90 N. How
much work can this wind doon 1 m?in 1 s?
(work = force X distance) [3]

Exam-style questions

rotor blade

iii) Wind is used to turn the rotor blade. The
effective work done on 1 m? of the blade is 50%
of that calculated in (ii). Find how much energy
is transferred to the rotorin 1 s. [1]

iv) Calculate the maximum electrical power, in
watts, that would be generated by this wind
turbine. [2]

v) A conventional power station generates about
900 MW of electrical power (1 MW =1 000 000 W).

How many of these wind turbines would be
needed to replace a power station? [2]

b) In Chapter 4.9 you saw where a barrage could be
built across the estuary of the River Severn. This
would make a lake with a surface area of about 200
km? (200 million m?).

The diagram below shows that the sea level could
change by 9 m between low and high tide; but the
level in the lake would only change by 5 m.

high water level | high water level

T i i
2m

'
5m

cubic metre barrier
of water om sea
low water level
lake v low water level
. B | cubic metre
generator - of water
>
@©q L<
<

sea bed
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i) What kind of energy is given up when a cubic
metre of water falls from position A to
position B? [1]
ii) A cubic metre of water has a mass of 1000 kg.
The acceleration due to gravity is 10 m/s*.
Calculate the force of gravity on a cubic metre of
water. [1]

(force = mass X acceleration)

Calculate the work that this can do as it falls
from A to B. [2]

(work = force X distance)

iii) How many cubic metres of water could flow out
of the lake between high and low tide? [2]

iv) Use your answers to parts (ii) and (iii) to find how
much energy could be obtained from the tide.

Assume that position A is the average position
of a cubic metre of water between high and low
levels in the lake. (2]

v) The time between high and low tide is
approximately 20 000 seconds (about 6 hours).
Use this figure to estimate the power available
from the dam. Give your answer in
megawatts. [3]
c) Explain the advantages and disadvantages of the
wind turbine and the Severn Barrage as sources of
power. [4]

13 Three physics students decide to compare the force

of wind resistance on their cars. They decide to carry
out a fair test to see how far each car can travel, ata
constant speed of 70 km per hour, using only 5 litres
of petrol. The table shows their results.

Car Distance travelled / km
Renault Clio 75
Astra 1.3 1 70
Volvo 440 50

a) Which car do you think is the most streamlined?
[1]

b) Compare the resistive forces on the Renault and
Volvo, when they travel at 70 km per hour. 2]

c) Their teacher tells them it is not really a fair test.
What factors have they forgotten? 2]

14 An electric winch is used to pull a coal truck up an

inclined plane, as shown in the diagram.

a) How much useful work is done in lifting the load
through 15 m? [3]

The winch uses a 6 kW electrical supply, and pulls
the truck up the slope at a rate of 5 m/s.

b) How long does it take to pull the truck up the
slope? [2]
¢) How much work is done by the winch? [2]

d) Calculate the efficiency of the machine. Where do
you think unwanted energy transfers occur? 3]

electric

£0m winch

15m

2000N

15 The Highway Code states how the braking distance

for a car, with good brakes on a dry road, depends
on the speed of the car. The braking distance is the
distance travelled by a car from the time when the
brakes are first applied, until the car stops.

The table below shows the braking distances for
different speeds.

Speed / m/s 8 |12 116 | 20| 24 | 28 | 32

Braking distance /m | 5 | 11 | 20 | 31 | 44 | 61

a) Plota graph of the braking distance ( y-axis)
against the speed (x-axis). [5]

b) From the graph determine the braking distance
for a car travelling at 10 m/s. [1]

c) Predict the braking distance for a car travelling
at 32 m/s. Explain why this prediction is less
accurate than your calculation in part (b). [2]

The time taken for the driver to react before he
applies the brake is called the thinking time, and
the distance he travels during this time is the
thinking distance. The thinking time for a driver
is usually about 0.6 s.

d) i) What is the thinking distance for a car
travelling at 20 m/s? [2]

i) What is the total stopping distance at this

speed?

e) i) State two factors which affect the thinking

distance.

1]
2]

ii) State two factors which affect braking
distance. [2]
f) Calculate the kinetic energy of a car with mass
1500 kg, travelling at 20 m/s. [3]

g) Using the table of braking distances, calculate the
average braking force on the car, as it comes to a

halt. 3]



Extend and challenge

EXTEND AND CHALLENGE
1

You can see the profile of a fairground ride in the
diagram. A car leaves point A and arrives later at point
F. The mass of the car, including occupants, is 200 kg.

a) Calculate the car's gravitational potential energy
at each of the points A to F

b) Now calculate the car's speed at each of the points
B to F. Assume its speed was very small at A.

2 Voyager 1 was launched on 5 September 1977. After

a journey of nearly two years it reached Jupiter. On 30

January 1979 Voyager was 35.1 million km away from

Jupiter, and on 5 March Voyager was 2.81 million km

from Jupiter. The table below shows this data. The times

recorded are from 0.00 h GMT on 30 January 1979.

a) During all of the approach to Jupiter, the motors
on Voyager were turned off. So the only force
acting on Voyager was the gravitational pull of
Jupiter. Explain why Voyager's speed increased
as it approached Jupiter.

b) Work out the acceleration of Voyager between points:

~ |

glass lid

—air
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27072728
copper tubing  insulator
painted dull black

water
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a) Why is thin copper tubing used and why has it
been painted black?

b) Why does a glass lid improve the efficiency of the
solar panel?

¢) Which material would you choose to insulate the
bottom of the panel?
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d) The graph shows how the power of sunlight

4pm 6pm 8pm

) 1and 1A falling on 1 m? of solar panel varies throughout a
i) 2 and 2A. bright summer's day.
Express your answers in m/s2 (Hint: 1 hour = i) Explain the variation through the day. What do
3600 s) you think happened round about noon?
Time from 00.00 h GMT
Distance from Jupiter’s 30 Jan 1979
centre R/ millions of km | Velocity v/ m/s Days Hours Date
1 35.10 10 900 0 00 30 Jan
1A 34.71 10 904 0 10
2 281 14 212 32 15 5 Mar
2A 2.76 14 271 32 16

c) Now work out the force acting on Voyager at
points 1 and 2. Voyager's mass is about 2000 kg.
Explain why the force changed.

d) Work out Voyager's increase in kinetic energy as
it moved from point 1 to point 2. Where did this
increase in kinetic energy come from?

3 The diagrams show a simple solar panel. Water is

pumped slowly through thin copper tubing, which has

been painted a dull black colour. The tubing has been

A\

embedded in an insulating material.

ii) Use the graph to estimate the total energy
absorbed by the panel during the day. Assume
the panel absorbs 20% of the incident
radiation; express your answer in kWh.

iii) A typical house needs about 10 kWh of
energy per day. Estimate the size of panel
needed to supply energy to a house through

the summer months.

e) Comment on the limitations of solar power in a

Northern European country.




CONSIDER * CALCULATE

1 How does the speed of the air

molecules inside the balloon
compare with that of the air
molecules outside the balloon?
How does the spacing of the
air molecules inside the balloon
compare with that of the air
molecules outside the balloon?
Do some research to find out:
a) the average temperature of the
air in a hot air balloon
b) how big a balloon has to be
to lift a load of 3000 kg — the
typical mass of five passengers,
the basket, the burners and the
balloon itself.

ids
anddgases

A hot air balloon works on the principle that the density of hot air

is less than the density of cold air. So, when hot air is put into the
balloon from the burners, the cold air surrounding the balloon causes
the balloon to rise.

By the end of this section you should be able to:

¢ recall and use the relationship: density = mass/volume

e describe an experiment to measure density

¢ recall and use the relationship: pressure = force/area

* recall and use the relationship: pressure = height x density x g

* understand that matter can change between states

* know the molecular structures of solids, liquids and gases

* understand the significance of Brownian motion

* understand the Kelvin scale of temperature

* understand the relationship between the speed of gas molecules
and temperature

* use and understand the gas laws J




5.1 Density
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The Eurofighter Typhoon is made from low-density materials to keep
its weight to a minimum and allow it to climb or change direction
quickly. It is made up mainly of the following materials: carbon-fibre
composites such as Kevlar; lightweight alloys such as aluminium/
lithium alloy; glass-reinforced plastics. Find out how much more
expensive these materials are than aluminium and steel. Why would
steel be a very poor choice for this purpose?

® What is density?

A tree obviously weighs more than a nail. Sometimes, you hear people say
Table 1 ‘steel is heavier than wood’. What they mean is this: a piece of steel is heavier
than a piece of wood with the same volume.

Figure 1.1 Eurofighter Typhoon F1.

Material Density / kg/m?

gold 19300 To compare the heaviness of materials we use the idea of density. Density
lead 11 400 can be calculated using this equation:
steel 8000 ‘ TIOES .
aluminium 2700 density = or p=—

volume 1%
glass 2500
Kevlar 1440 The Greek letter p (rho) is used to represent density. Density is usually
water 1000 measured in units of kg/m’. Some typical values of density are in Table 1.
lithium 500
cork 200 B Measuring density
li 1.3 ? ¢ Stand?rd You can calculate the density of an object by measuring its mass and
hydrogen Q9 ([ Lemielrautie .. . . .

and pressure | calculating its volume. Figure 1.2 shows a regularly shaped piece of material.

Its dimensions have been measured carefully with an accurate ruler. Its mass
has been measured on an electronic balance and found to be 173.2 g.

: Use the correct vocabulary — say
. ‘steel is denser than water’ rather
. than ‘steel is heavier than water.

What is its density in kg/m??

volume =0.101m X 0.048m X 0.013m
=0.000063 m?

0.048m . mass
density =

volume

0.1732kg
0.000063 m?

= 2750 kg/m’

0.013m

Figure 1.2

PRACTICAL This method has limitations:

m A ruler can only measure to an accuracy of 0.1 cm, so the volume may not
be calculated exactly.
m The shape of the block may not be regular.

Make sure you can describe how

to take appropriate measurements
so that you can calculate the
density of an object. The volume of an irregularly shaped object can be calculated by immersing it
in water. This is illustrated in Study Question 5 on page 199.
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B Using density in engineering
Knowing the density of materials is very important to an engineer. This
allows the mass of building materials to be calculated.

Example. What is the mass of a steel girder, which is 9 m long, 0.1 m high and
0.1 m wide?

volume of girder=9m x 0.1 mx 0.1 m
=0.09 m’

P=T/

Som=pxV
=8000 kg/m*x 0.09 m?
=720kg

Steel is a very common building material because it is so strong. In aircraft
construction, low-density and high-strength materials are used such as
aluminium and Kevlar (a carbon-fibre reinforced plastic). These materials are
far too expensive to use for building houses or bridges.

Glass fibre is one of the most important modern materials. It is made by
strengthening plastic with glass fibres. Table 2 allows us to compare steel and
Figure 1.3 Galileo's thermometer (see glass fibre. Glass fibre is actually a little stronger than ‘mild’ steel. This means
Study Question 2). a larger force is needed to break it. Glass fibre has a much lower density than
steel. This makes it ideal for building small boats. Unfortunately glass fibre
cannot be used for very large boats because it bends too much.

Table 2

Steel  Glass fibre
relative strength 40000 50000 M Density of rocks

density / kg/m? 8 000 2000 Rocks near the surface of the Earth, such as granite, have densities of about

strength 5 25 2700 kg/m?. Volcanic rocks have higher densities. This is because the lava

density that is thrown out of volcanoes comes from deep below the Earth’s surface,
where the density is higher.

The density of an object determines whether it sinks or floats. Cork floats
B ([ granite; on water; glass sinks. Cork is less dense than water; glass is more dense than

g .
gﬂ Q@@ /g%gltgg/ms water. An object only floats on a liquid if it is less dense than the liquid.

bromoform; Geologists use this idea to separate out minerals. Pitchblende, a valuable
= ggggit&’g m3 material because it contains uranium, is usually found in granite rocks.
Granite and pitchblende can be separated because of their different
pitchblende: densities. The mixture of the two is crushed up. Then it is all put into

(& e = ) ——density bromoform (tribromomethane), a dense, toxic and carcinogenic liquid. The

7000 kg/m? pitchblende sinks but the lighter granite floats (Figure 1.4).
Figure 1.4 Separating minerals.




STUDY QUESTIONS

5.1 Density

1 A student wrote the following sentence in an exam
paper; read it and correct any mistakes you see.

‘A cork floats in a pond because it is lighter than

water; a stone sinks because it is too heavy to float

in water.’

2 Look at the photograph of Galileo’s thermometer in
Figure 1.3. The density of water changes as it warms
up. Each float has a slightly different mass. As the
temperature rises, do the floats rise or sink? Explain
your answer.

3 a) Explain why aluminium and Kevlar are used to

build aeroplanes.

b) In Table 2, the last row is headed ‘strength/density’.
Explain why this is an important ratio in aircraft
construction.

4 Copy Table 3 and fill in the gaps.

Table 3

| aterial | Volume / m* [ Mass / kg [ Density / ka/m* |
osmium 0.02 450
potassium 0.000 02 0.017
titanium 0.5 4500
water 3000 1000
alcohol 3200 800
radium 0.35 5000

5 Carole is a geologist. She wants to work out the
density of a rock. First she weighs the rock, then she
puts it into a beaker of water to work out its volume.
a) Use the diagrams to calculate the rock’s volume.

Give your answer in m®,
b) Now calculate the rock’s density in kg/m?®.

« Mass of rock = 0.09 kg

e1ml=- m3

: 1
1000 000

Use Table 1 to calculate the volume of:

a) 1000 kg of aluminium

b) 100 kg of cork.

White dwarf stars are extremely dense. They have

a density of about 100 million kg/m3. If you had a

matchbox full of material from a white dwarf, what

would its mass be? (Hint: A matchbox has a volume

of about 0.00005 m?2.)

An aluminium/lithium alloy is stronger than

aluminium. What other advantages does this alloy

have for building aircraft? Use Table 1 to help you
with your answer.

a) Describe a method to determine the density of a
regular object. Explain what measurements you
would take.

b) Evaluate your method and comment on its accuracy.
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5o’ Pressure

You always choose a sharp knife when you want to chop up meat or
vegetables ready for cooking. A sharp knife has a very thin edge to the
blade. This means that the force which you apply is concentrated into
a very small area. We say that the pressure under the blade is large.

———

Figure 2.2 Why should this woman take
her stiletto heels off before walking on a
wooden floor?

Figure 2.1

M Pressure points

force
pressure =

F
or P=—
area A

] _ n The unit of pressure is N/m? or pascal (Pa); 1 N/m?=1 Pa.
Figure 2.3 Why does the jagged edge of

the saw make it easier to cut through wood?  Figure 2.4 shows a physics teacher lying on a bed of nails. How can he lie
there without hurting himself? You all know that nails are sharp and will

make a hole in you if you tread on one. The teacher has spread his body out,
: Use the correct vocabulary — so that it is supported by a lot of nails. The area of nails supporting him is

: pressure, weight and area — to large enough for it not to hurt (too much!).

- answer the questions in the photo

. captions.

Figure 2.4 Why does this bed of nails not cause pain? (Don't try this at home!)

L When an engineer designs the foundations of a bridge, he or she must think

about pressure. In the example shown in Figure 2.6, the bridge will sink into
Figure 2.5 Why do these snow shoes stop ~ the soil if it causes a pressure greater than 80 kN/m? (80 000 N/m?). What
the man sinking into the snow? minimum area must the foundations have to stop this happening?




foundation

Figure 2.6

Table 1

concrete 70 1
cast iron 70 10
steel 400 200

concrete
beam

: i i
V balcony
steel

Figure 2.7 Steel rods are used to
strengthen a concrete beam where it is
under stress.

STUDY QUESTIONS

5.2 Pressure

The bridge has a weight of 1.2 MN, so each pillar will support 0.6 MN
(600 000 N).

force
pressure =
area
f
So area = _-oree
pressure
0.6 MN 600 000 N

=7.5m?

" 80KN/m’ 80 000 N/m’

B Crushing pressure and breaking stress

Engineers also have to think about the pressure that a material can
withstand without breaking; this is called the crushing pressure. A lot

of modern buildings are made out of concrete, which is cheap and easy to
produce. Concrete is very strong when it is compressed (squashed) but it is
weak when it is stretched.

When materials are stretched we say that they are under stress, or tension.
We define stress like this:

stretching force
stress = ——————
area

So stress is rather like pressure, but it stretches something rather than
squashing it.

If a concrete beam is going to be stretched (under stress) in a building, it
is strengthened with steel bars as shown in Figure 2.7. As you can see from
Table 1, steel is far stronger than concrete under stress. A breaking stress
of 200 MN/m* means that a steel bar of area 1 m* could support 200 MN
before breaking.

1 a) How does a drawing pin take advantage of high
pressure at one end and low pressure at the other
end?

b) Give two examples in sport or other activities in
which something is used to reduce pressure.

c) Give two examples of a device which is used to
increase pressure.

2 Five girls stand on one heel of their shoes. The
weights of each girl and the area of their heel is
shown in the table. Which girls put:

a) the greatest, b) the least pressure on the floor?

Amanda 800 4.0
Becky 600 2.0
Chloe 600 3.0
Debbie 500 2.5
Eli 400 1.0

a) Make a copy of Figure 2.7 and show which parts
of the beam are under tension, and which are
under compression (being squashed).

b) Explain the positioning of the steel bars.

a) When a pressure of 2.3 N/mm? is applied to your
skin it hurts. Each nail in the bed in Figure 2.4
has a point with an area of 1.5 mm? How much
weight can the teacher put on each nail without
being hurt?

b) The teacher's weight is 690 N. How many nails
(at least) should he put in the bed?

c) Explain why he must be very careful getting on
and off the bed.

Explain how snow shoes help a person walk through
snow (Figure 2.5).
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Do) Pressure in liquids

- —

fluid (a

liquid or gas)
- —_—

i @&

Figure 3.2 The pressure in a fluid acts
equally in all directions.

This scuba diver is enjoying warm tropical waters, where she can see
brightly coloured fish in the coral reefs. Although the water looks clear
and safe, there are hidden dangers. One danger is the pressure of

the water itself. For every 10 m below the surface of the sea, there is
an increase in pressure equal to 1 atmosphere pressure. When the
pressure increases on your body gases dissolve in your blood, which
can be very painful and dangerous to your health. You have to take
care to change depth slowly, as rapid changes of pressure can cause
injuries to your ears or lungs.

m Calculate the pressure 20 m below the surface of the sea.
m Safety guidelines advise that it is safe to dive for 55 minutes to
a depth of 18 m, and for 20 minutes to a depth of 30 m. Can you
explain why you should dive for a shorter time at greater depths?
m Find out what is meant by the ‘bends.’.

Figure 3.1 This diver is 20m below the surface of the sea.

B Transmitting pressures

When you hit a nail with a hammer the pressure is transmitted downwards
to the point. This happens only because the nail is rigid.

When a ruler is used to push a lot of marbles lying on a table, they do not
all move along the direction of the push. Some of the marbles give others a
sideways push. The marbles are behaving like a fluid.

In Figure 3.2 you can see a cylinder of fluid that has been squashed by
pushing a piston down. The pressure increases everywhere in the fluid, not
just next to piston. The fluid is made up of lots of tiny particles, which act
rather like the marbles to transmit the pressure to all points.



500N

50N

area
100cm?2

area
10cm?

vessel of
incompressible
liquid

Figure 3.3 The principle of a hydraulic jack.

The pressure in a liquid acts equally
¢ in all directions.

5.3 Pressure in liquids

B Hydraulic machines

We often use liquids to transmit pressures. Liquids can change shape but
they hardly change their volume when compressed. Figure 3.3 shows how a
hydraulic jack works.

A force of 50 N presses down on the surface above A. The extra pressure that
this force produces in the liquid is:

P==
A

SON
= =5N/cm?
10 cm?

The same pressure is passed through the liquid to B. So the upwards force
that the surface B can provide is:

F=PxA
=5N/cm? X 100 cm? =500 N

With the hydraulic jack you can lift a load of 500 N by applying a force of
only 50 N. Figure 3.4 shows another use of hydraulics.

large pads exert
a large force on
the disc

brake pedal

—brake fluid

/

—_—
! o other wheels

front wheel

Figure 3.4 Cars use a hydraulic braking system. The foot exerts a small force on the
brake pedal. The pressure created by this force is transmitted by the brake fluid to the
brake pads. The brake pads have a large area and exert a large force on the wheel disc.
The same pressure can be transmitted to all four wheels.

M Increase of pressure with depth

The pressure of a liquid below the surface depends on three things:

m depth,/
m density, p
m the pull of gravity per kilogram, g (g= 10 N/kg)

The pressure that acts on a diver depends on the weight of water above him.
As he goes deeper the weight of water on him increases, so the pressure also
increases.

The diver feels a bigger pressure under 10 m of sea water than under 10 m of
fresh water. Sea water has a higher density than fresh water.
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The strength of the gravitational pull on the diver affects the force that

atmospheric ) )
pressure the water exerts on the diver. The Earth gives a downwards pull of
10 N per kilogram.
938 SUPPY 15 calculate the pressure P under a liquid you can use this formula:
P=hxpxg
The units of these quantities in the equation are: P, N/m? h, m; p, kg/m’; g,
27.2cm N/kg
v % B The manometer

Figure 3.5 shows how you can use a manometer to measure the pressure of
a gas supply. The two points X and Y are at the same level in the liquid. This
means that the pressures at X and Y are the same.

Pressure at X = gas supply pressure.

Figure 3.5 A manometer. Pressure at Y = atmospheric pressure + pressure due to 27.2 cm of water.

So the gas supply pressure is greater than atmospheric pressure, by an
amount equal to the pressure due to a column of water 27.2 cm high. We
say that the extra pressure (above atmospheric pressure) of the gas supply is
27.2 cm of water’.

STUDY QUESTIONS

1 This question refers to the gas supply in Figure 3.5. 4 The diagram shows the principle of a hydraulic jack.
a) One day you notice that the difference in Two cylinders are connected by a reservoir of oil. A
height between the water levels at X and Y has 200 N weight resting on piston A can be used to lift
increased to 30.2 cm. Explain what has happened. a larger load on piston B.
b) The water is replaced by oil. Use the information a) Calculate the extra pressure at x, due to the
in the table to explain what will happen to the 200 N weight.
difference in height now. b) Explain why the pressure at y is the same as the
pressure at x.
Eiquid Density / kg/m* c) Why would the jack not work if the oil were
Water 1000 replaced by a gas?
Oil 800 d) Calculate the size of the load, W, which can be

lifted.
e) If you need to lift Wby 0.5 m, how far do you
need to move piston A?

2 Sometimes, after a road accident, the Fire and
Rescue Service uses inflated air bags to lift a vehicle,
to free passengers who have become trapped.
Explain how such bags can lift a large load easily.

3 a) Use the equation P= hpgto calculate the
pressure acting on a diver at depths of (i) 10 m,
@msom Tt
The density of the water is 1000 kg/m?. You will 200N—ﬂ
need to include the pressure of the atmosphere A

area 0.02m2

"
'
i
’

L P

at the surface of the sea, which is 100000N/m?2
b) Calculate the force exerted by the pressure on B
the diver's mask at a depth of 30 m. His mask oy oX
has an area of 0.02 m?
c) Explain why the diver's mask is in no danger of | —l |_\\o”
breaking under this pressure.




5.4 Atmospheric pressure

Figure 4.1 How can such a large piece
of glass be put in place using only suction

pads?

area of bottom
=50cm2

Figure 4.2 You can measure atmospheric
pressure using this apparatus.

- e Atmospheric pressure acts in all

- directions.

- ® Atmospheric pressure is large —
100 000 Pa.

One of the most effective ways of moving large pieces of glass on

a building site is to pick them up using large suction pads. The idea
is simple: you evacuate the air from inside the pad and atmospheric
pressure pushes the pad firmly in place against the glass.

m Atmospheric pressure is 100 000 N/m?2 You want to lift a piece of
dlass which weighs 1000 N. Calculate the minimum area of suction
pad you need.

M Size of atmospheric pressure

Figure 4.2 shows a hollow metal cylinder, which comes apart in two pieces.
When the air is pumped out of it, a large force is needed to pull the two
halves apart. You can measure the size of this force by attaching weights to

the bottom half of the cylinder.

Example. You might find that a total mass of 50 kg is needed to pull the
halves apart. When this happens, the force from the weight of the 50 kg
balances the force of atmospheric pressure on the bottom surface.

. F
So atmospheric pressure, P = —

_ S00N
50 cm?
(Remember, the gravitational pull is 10 N on each kg.)
=10 N/cm? or 100000 N/m? (Pa)
(since 1 m*= 10000 cm?)
This is a very large pressure. The atmosphere exerts a force of about 100 000 N
(the weight of 100 large men) on the outside of a window (area about 1 m?).

The window does not break because air inside the house pushes back with a
force of the same size.

B Using atmospheric pressure

Piles that anchor the foundations of buildings are usually knocked into the
ground by a large pile driver. However, circular or ring piles can be driven
into the ground by atmospheric pressure (Figure 4.3). The idea is to place a

air pressure

vacuum pump

dome top j

ring piles

Figure 4.3 Driving in piles with air pressure.
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dome over the top of the piles. Then a vacuum pump takes the air out of the
space under the dome. There is now a large pressure difference between the
inside and outside, which pushes the piles into the ground.

B Measuring atmospheric pressure

Instruments that measure atmospheric pressure are called barometers

(see Figures 4.4 and 4.5). The most accurate type is the mercury barometer
(Figure 4.5). The pressure at the points x and y is the same. So the pressure
due to 760 mm of mercury, Hg, is equal to the atmospheric pressure. This is
the average pressure of the atmosphere, written as 760 mm Hg.

chain

spring

exhausted
metal box

Figure 4.4 An aneroid barometer. The
expansion of the metal box, when the Y
atmospheric pressure drops, causes the
movement of a pointer.

vacuum-—-

760mm

'

(@) | | ()
Figure 4.5 A mercury barometer. The average atmospheric pressure is 760 mm of

mercury. It does not matter if the barometer is tilted, as the vertical height of the mercury
column stays the same.

STUDY QUESTIONS
~

1 Describe two experiments which show that
atmospheric pressure is very large.

—
2 Explain why atmospheric pressure is less at the top 0 am e tacuum
of a mountain, in comparison with sea level. top of dome ((
3 Use the formula P = h x p x g and the information
in the text about the mercury barometer to calculate at nfg’;/;ﬁ;ric
atmospheric pressure. You will also need to know pressure

that the density of mercury is 13 600 kg/m?® and the
gravitational field strength, g, is 10 N/kg. (If you wish
to do the calculations more precisely you can use the
more accurate value of g=9.81 N/kg.)

4 This question is about driving piles in using d) What is the maximum load that can be allowed to

atmospheric pressure (Figure 4.3).

a) Use the diagram on the right and the scale to
check that the area of the top of the dome (which
is circular) is about 12 m2

b) Use your answer to work out the force with which
the atmosphere pushes down on the dome top.
(Atmospheric pressure is 100 000 Pa.)

c) The pile sinks into the ground when the air
pressure beneath the dome is reduced to 35% of
atmospheric pressure. What force then pushes
upwards on the dome?

rest on these piles?

e) The atmosphere also acts on the sides of the
dome. Why do you not need to include this effect
in your calculations?

5 You take the apparatus shown in Figure 4.2 to the

planet Zeta, where the pull of gravity is 25 N on
each kilogram. When you evacuate the apparatus,
as described earlier, you find that a mass of 40 kg is
needed to pull apart the two halves of the cylinder.
a) How big is the pull of gravity on the 40 kg mass?
b) Calculate the atmospheric pressure on Zeta.

4
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Figure 5.1 Emperor moth.
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Figure 5.2 This electron micrograph shows
the alignment of molecules in enzyme
catalase.

5.5 Atoms and molecules

Atoms and molecules

A male Emperor moth uses his very large antennae to detect the scent
of a female. A male Emperor moth can be attracted by the scent of

a female at a distance as far as 10 km. The female produces only a
small quantity of scent. This suggests that tiny particles of her scent
are constantly on the move and spread out through the air.

B Atoms, elements and molecules

Everything we touch, swallow and breathe is made out of tiny particles.
The smallest particles are atoms. There are only about 100 different types
of atom. Materials that are made from only one type of atom are called
elements. For example, aluminium contains only aluminium atoms. Some
other common elements are oxygen, hydrogen, nitrogen and carbon.

The small particles in lots of materials are molecules. Atoms combine
chemically to make molecules. For example, a water molecule is made up of
two hydrogen atoms and one oxygen atom, while a carbon dioxide molecule
contains one carbon and two oxygen atoms.

Atoms and molecules are far too small for us to see directly. But Figure 5.2
shows you some molecules seen through a powerful electron microscope.
Electron microscopes show us that oil molecules are about 0.000 000 1 cm
(107 cm) long. That means that 10 000 000 molecules put end to end would
be about 1 cm long.

m Discovering molecules

The idea that things were made from atoms and molecules was thought of over
two hundred years ago, long before electron microscopes were invented. Below
are some examples which suggest that matter is made up of small particles.
Matter is the name which we use to describe all solids, liquids and gases.

o
Figure 5.3 This is an X-ray diffraction photo of DNA. The dark spots are caused by
X-rays being diffracted by DNA molecules. A photograph like this one played a vital part
in the unravelling of the complex structure of the DNA molecule.
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m There is a simple experiment that you can do for yourself, which shows that
liquids are made up of very small particles. You can take a small drop of blue
ink and put it into a glass of water. If you stir the water it will turn a very
pale blue. The small particles in the ink have now been spread further apart.

m Figure 5.4 shows how you can grow a crystal. You dissolve some copper
sulfate in water to make a strong solution. Then a small crystal of copper
sulfate is placed in the solution. During a week or so, this crystal grows
very slowly into a larger one. This can be explained by saying that the
solution contains very small particles of copper sulfate. These particles
stick to the crystal so that it grows larger.

Growing a crystal is a bit like making a neat pile of oranges. As another
orange is added the pile grows. You can see in Figure 5.5 that the shape of a
pyramid of oranges is the same as the shape of an alum crystal in Figure 5.6.

o o

cotton cotton

e ——“"//crystal of copper sulfate ~ s

G/_ copper sulfate solution ——\9

Figure 5.6 The shape of the alum crystal (a) w (b) v

suggests that the molecules in it are

stacked neatly in rows like the oranges Figure 5.4 (a) A small crystal of copper sulfate is placed in a copper sulfate solution.
above. (b) a week later a large crystal has grown.
STUDY QUESTIONS
N
1 When you cook a curry the aroma spreads right b) Now calculate the thickness of the oil in mm.
through the house. Why does this suggest that the c) Explain how this experiment helps to show that
curry powder is made up of small particles? oil particles are very small.
2 Explain carefully why growing crystals supports the d) Some people claim that the oil film is only one
theory that solids are made up of tiny particles. molecule thick. Do you think this is likely?

3 The South American golden poison-dart frog
produces the world’s most lethal poison,
batrachotoxin. Only 0.002 g of this substance is
enough to kill an average adult human (mass 70 kg).
a) Work out the lethal dose of this poison per gram

of human flesh. clear oil on water
b) What leads you to think that this poison is made
up of small particles?

4 In a laboratory experiment a drop of oil, volume
0.5 mm?, is dropped onto the surface of some water
covered with a thin powder. The oil spreads, pushing

yellowy powder
on water

the powder out of the way, as shown in the diagram. 'm'
a) Use the diagram to estimate the area covered by
oil in mm?2,




5.6 Melting and evaporation

D:(® Melting and

Figure 6.1 Spraying perfume.

states...ice...

Figure 6.2 (a) Water appears in different

evaporation

You may not be thinking of science when you put perfume or
aftershave on. But to explain why you smell nice wearing this needs a
good knowledge of molecules.

m When you press the spray nozzle on the top of a perfume bottle,
why is a fine spray of liquid produced?

m The perfume does not stay as a liquid on your face — why not?

m Later in the day, people can still smell the perfume. How does the
aroma reach them?

B The kinetic theory of matter

When something is moving it has kinetic energy. Molecules of matter
are always on the move. This idea is called the kinetic theory. The most
important points in the theory are:

m Every kind of material is made of small particles (molecules or atoms).

The sizes of particles are different for different materials.

m The particles themselves are very hard. They cannot be squashed or
stretched, but the distance beween particles can change.

m The particles are always moving. The higher the temperature of a
substance, the faster the average speed of its particles.

m If two different particles are at the same temperature then they have the
same kinetic energy, so the heavier particle moves more slowly than the
lighter particle.

(b)...water... (©). .. vapour and steam. Geysers are formed
when water deep in the Earth is heated
under pressure. The water finds a route to
the surface and boils to form a jet of steam
sometimes as much as 70 metres high.
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B Solids, liquids and gases

Ice, water and steam are three different states of the same material. We call
these three states solid, liquid and gas. You will now see how the kinetic
theory helps us to understand them.

m Solid. In a solid the particles are packed, in a regular structure, into rows just
like apples or oranges stacked in shops (Figure 6.3(a)). The particles can never
move out of their rows, but they vibrate around their fixed positions. As the
temperature of a solid is raised the particles vibrate more and the material
expands. This means that the distance between particles has increased a little.

In a solid the particles are very close to each other and held in position
by very strong forces. This makes it very difficult to change the shape of a
solid by squashing it or pulling it.

m Liquid. In aliquid the particles are also very close to each other, which
means that liquids are also very difficult to compress (Figure 6.3(b)). The
particles in a liquid have a close-packed, irregular structure and can move
around at random. A liquid can change shape to fit into any container,
but its volume will remain constant at a given temperature. As a liquid
warms it also expands a little, due to its particles vibrating more.

(@)

Figure 6.3 (a) Particles in a solid are arranged in neat rows. The particles can vibrate but do not leave their positions in the rows.
(b) Particles in a liquid are close together, but free to move around within a close-packed, irregular structure. (c) Gas particles are
free to move into any available space. They move quickly and there are large distances between them.

. Increasing the temperature of a
: gas increases the average kinetic
: energy of its molecules.

: Make sure you can explain how the
: molecules are arranged in the three
. states of water.

m Gas. In a gas the particles are separated by big distances (Figure 6.3(c)).
The forces between gas particles are very small. It is easy to compress a gas
because there is so much space between the particles. The gas particles are
in a constant state of rapid random motion. This makes a gas expand to
fill any available space.

B Changing solid to liquid

When a solid such as ice is heated, the molecules inside it vibrate more and more
quickly. If enough heat is supplied the molecules will break away from their
fixed positions and start to move around. The solid has melted (Figure 6.4).
The temperature at which this change happens is called the melting point of
the material.

When a substance changes from one state of matter to another (for example
solid to liquid) this is called a change of state.

Most materials expand when they melt, because molecules are a little further
apart in the liquid state. Water is an unusual substance because it expands
when it freezes. Water is at its most dense at 4 °C, so when a pond freezes
over there is a layer of dense water at 4 °C at the bottom. Ice is less dense
than water, which is why we see ice on the surface of ponds.



——1— thermometer

\Eji ethanamide

Figure 6.5

Figure 6.7 This wine cooler has been
soaked in water before the wine bottle
was placed in it. Evaporation of the water
through the porous pot takes heat away
from the wine and keeps it cool.

5.6 Melting and evaporation
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Figure 6.4 Change of state as heat energy is supplied.

The expansion of water on freezing can be a nuisance. It causes pipes to
burst in houses or in cars. To prevent freezing in car cooling systems, drivers
add antifreeze. This lowers the melting point of water. Similarly, salt is put
onto icy roads in winter to lower the melting point.

Figure 6.5 shows a simple experiment to record how the temperature
changes as ethanamide turns from a liquid to a solid. The tube of liquid
cools quickly from about 100 °C to about 80 °C (Figure 6.6), then the
temperature remains constant for a few minutes as the ethanimide solidifies
(or freezes). This is the reverse process of melting. When a substance melts,
heat is supplied to break molecular bonds; when a substance freezes, heat is
given out as the bonds form. Only when all the ethanamide has frozen does
the temperature continue to drop.

temperature/°C
110.0 -

1000 4
90.0 4

80.0 -
700 +

60.0 1

500 4

40.0

0 5 10 15 20
time/minutes

Figure 6.6 Cooling curve for ethanamide. The horizontal position indicates a change of
state.

m Evaporation

As aliquid warms up, the average speed of the molecules in it gets greater.
However, not all of the molecules in the liquid will be travelling at the same
speed. Figure 6.8 shows that some will be travelling slowly and some more
quickly. Some molecules near to the surface of the liquid have enough
energy to escape. They evaporate from the liquid to form a vapour (water in
the gaseous state). Evaporation from the surface of a liquid can happen at
any temperature. But as the temperature gets higher more molecules have
enough energy to escape. So evaporation happens at a faster rate.
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As a liquid is heated, eventually the temperature rises to the boiling point of
* When the fastest molecules the liquid. At this point, evaporation also happens inside the liquid. Bubbles
evaporate from a liquid, the average of vapour form inside the liquid and rise to the surface. Heat applied to a

- kinetic energy of the remaining boiling liquid gives the molecules enough energy to evaporate.

- molecules decreases. This causes

Evaporation causes cooling. This is because it is the faster molecules that
escape, leaving behind the slower molecules, resulting in a colder liquid. The
evaporation of sweat from your skin keeps you cool on a hot day. But this
can also be dangerous. You can lose heat from your body very rapidly in dry
and windy conditions.

A

. cooling.

molecules with large speeds
number are more likely to evaporate

of molecules

Y

speed of molecules
Figure 6.8 The molecules in a liquid do not all travel at the same speed.

When a gas cools, the molecules condense to form a vapour which is made
of small liquid drops. Clouds are made of water vapour and when the drops
get large they fall as rain.

éy Now go through the tutorial Energy transfers.

STUDY QUESTIONS
~

1 Use the kinetic theory to help you explain the the sea, to fall as rain, before returning to the sea
following: again.
a) Some solids, like metals, are very stiff and difficult a) At Ain the diagram sunlight causes water to
to bend. evaporate; explain what this means.
b) A liquid can be poured. b) At B water vapour has condensed to form clouds
c) If a gas pipe has a small hole in it, gas will escape of water droplets. Explain the difference between
from the pipe and you will be able to smell it a water vapour and water droplets.
few metres away from the leak. c) At C the clouds rise as they approach a mountain:
2 Describe carefully the differences between solids, explain what happens to the temperature of the
liquids and gases in terms of: air, and then why rain falls at D.
a) how the molecules are arranged in the material 6 Explain, in terms of molecular motion, why the
b) how the molecules move pressure in a gas decreases if the gas is allowed to
c) the separation of the molecules. expand into a larger volume (without changing its
3 a) Why do you hang out washing, rather than leaving temperature).
it in a pile to dry?
b) Why does washing dry faster
on warm, windy days? sunlight B
c) Why does the amount of water /’mpour
in the atmosphere (humidity) A s
affect the drying rate? P // o
4 Explain why a saucepan will — 2
come to the boil more quickly if it
is covered by a lid.
5 This question is about the water
cycle — how water is carried from
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Figure 7.2 Graph to show how the cooking
time for potatoes decreases as the
temperature is raised.
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Figure 7.3 A pressure cooker.

5.7 Physics in the kitchen

Shysics in the kit

When salt is added to water, the boiling point of the water is increased.
You often add salt to water when you cook vegetables. Does this
make the vegetables cook more slowly or more quickly?

B Changing boiling points

When water boils, bubbles of water vapour form inside the liquid. The
pressure inside these bubbles is equal to the pressure of the air above the
water. This means that when the air pressure changes, the water boils at a
different temperature. If the air pressure is greater than 1 atmosphere, water

boils above 100 °C; if the pressure is lower than 1 atmosphere, water boils
below 100°C.

Figure 7.1 shows a graph of how the boiling point of water changes with
pressure. You would notice this effect if you lived somewhere like Mexico
City, which is 3000 m above sea level. The air pressure there is only about 0.7
atmospheres, and water boils at 90 °C. At the top of Mount Everest, 8848 m
above sea level, a kettle would boil at only 70 °C.

240
2 atmospheres
\ pressure cooker
© 200 ]
o__ /
<9 ¢
< g 160 /
= 5
g% /
< 1201 //
1 atmosphere —»
80| air pressure, Mexico City =
_ " laoec
40 |- air pressure, top of Mt. Everest = i |
e |70°C ‘
0 Y | | | !
20 40 60 80 100 120
temperature/°C

Figure 7.1 Graph showing how the boiling point of water changes with pressure.

In a pressure cooker the air pressure is increased to about 2 atmospheres.
The cooker has an airtight lid except for a small hole at the top. Weights are
put on top of this hole so that the air pressure inside must be greater than
atmospheric pressure before steam will escape. The advantage of cooking at
high pressure is that the boiling point of water is raised and cooking times
are considerably reduced (Figure 7.2, Figure 7.3).
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B Refrigeration

When you go to the doctor for an injection, your arm gets cleaned with
some alcohol. This evaporates quickly, making your arm cold. A refrigerator

freezer —
compartment
(-10°C)

|
[ —freons evaporate

low-pressure
low-temperature
freons (-30°C)

condenser

compressor
and pump

expansion valve

freons at room
temperature

cooling fins to
cool freon liquid down
to room temperature

warm liquid at
high pressure

\w)
Figure 7.4 A refrigerator.

STUDY QUESTIONS

(fridge) in your kitchen cools your
food in a similar way. Figure 7.4
shows a refrigerator. The cooling in
a refrigerator is done by chemicals
called freons, which boil at low
temperatures (about -30°C).

The cooling occurs in the freezer
compartment where boiling freons
evaporate. The freons evaporate
because they absorb heat energy
from the contents of the refrigerator.
The freon gas then reaches the
compressor, which squashes the gas
to a high pressure. The compression
also warms the gas. From here the
freon gas passes through a condenser,
which cools the gas down. The gas
turns back into liquid freons as it
cools.

On the back of your refrigerator you will see cooling fins, which cool the
liquid back to room temperature. Then the freon liquid is allowed to expand,
further reducing its temperature and pressure. The freon liquid now passes
through the ice box to start the cooling cycle again.

weight of 0.5 N is used?

1 a) The area of the hole in the top of the pressure
cooker in Figure 7.3 is 107 m. What weight must
be put on top of the hole to keep the pressure inside
the cooker at 2 atmospheres (2 x 10° N/m?)?
Remember the pressure outside is 1 atmosphere.

b) What is the pressure inside the cooker when a

a) Table 1 shows you how the air pressure drops
as you climb up the mountain. Copy the table
and then use Figure 7.1 to add column of boiling
points for each height.

b) Use Figure 7.2 to add a further column, for
cooking times.

c) Now plot a graph to show how your cooking

~

times (y-axis) change with your height above sea
level (x-axis).

d) Use your graph to predict cooking times at
(1) 5000 m (i) 8500 m.

2 This question is about the time taken to cook your
potatoes as you climb Mount Everest. The higher you
get the longer it takes.

Table 1
e) Would your cooking times have changed so
much if you used a pressure cooker to cook your
potatoes? Explain your answer carefully.

0 100 f) Calculate the cooking time for your potatoes
2000 79 at a height of 8000 m, when you use the
2000 5 pressure cooker (Figure 7.3) with a weight

of 1 N.
6000 47
8000 36




Figure 8.1 Robert Brown (1773—1858).

é_\\ ._\j
Figure 8.3 After 20 minutes bromine
molecules are just beginning to reach the

top of the tube; this is because they have
had millions of collisions with air molecules.

5.8 Molecules on the move

Molecules on the move

Robert Brown was a British botanist who became famous for his use
of the microscope. In 1827, he examined some small particles of pollen,
which were floating in water. He noticed that the pollen particles had a
continual jittery motion. Can you explain what causes this motion?

B Diffusion

In Chapter 5.5 you read how a male Emperor moth can detect a female moth’s
scent at a great distance. This supports the idea that the scent is made up

of molecules and also the idea that the molecules in a gas are moving. Here

are some simple experiments to show you more about the movement of
molecules. In Figure 8.2(a) you can see a long tube with all the air pumped

out of it. It is closed with a tap. On the other side of the tap is attached a small
capsule of bromine inside some rubber tubing. The capsule is broken and then
the tap is opened. As soon as the tap is opened the bromine vapour fills the
long tube (Figure 8.2(b)). This tells us that the bromine molecules are moving
quickly. They are actually moving at a speed of about 200 m/s.

rubber tubing
vacuum ——
bromine
squeeze capsule I *
L with pliers - / —liquid bromine
(a) tap closed (b) tap open — the tube fills immediately

Figure 8.2 Bromine vapour filling a vacuum.

Figure 8.3 shows what happens when the experiment is repeated with air
inside. This time when the tap is opened the bromine does not fill the tube
quickly. After about 20 minutes the bottom half of the tube is coloured dark
brown, but the top is only light brown. So although the bromine molecules
travel very quickly it takes a long time for them to reach the top.

The reason for this is that the air molecules are also moving quickly. The
air molecules get in the way of the bromine molecules. When two molecules
bump into each other they change direction. The bromine molecules keep
changing direction and so take a long time to reach the top (see Figure 8.4).

This process of one substance spreading through another is called diffusion.

Diftusion also occurs in liquids. Figure 8.5 shows an example of ink spreading
through water. Diffusion is very important for all living things. When animals
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Figure 8.4 Many collisions with air molecules
means that the bromine molecules take a
long time to move up the tube.

/4

Figure 8.7 The path of a smoke particle as
seen through the microscope.

Figure 8.5 Place some ink in a glass of water. After an hour or so the water is evenly
coloured throughout. Diffusion works more slowly in liquids, which suggests that
molecules move more slowly in liquids than in gases.

have eaten a meal, food is digested and diffuses into the blood. Blood then carries
the food all round the body. Plants need nitrogen, potassium, phosphorus and
other elements. These diffuse from the soil into the plants’ roots.

B Brownian motion

Robert Brown looked through his microscope at some grains of pollen
which were in water. He noticed that the grains of pollen were moving
around randomly. They jiggled from side to side.

You can see the same sort of Brownian motion if you look through a
microscope at smoke particles. Figure 8.6 shows a typical experimental
arrangement. A small puff of smoke is put into a smoke cell under the
microscope. Light from a small bulb shines onto the cell. The smoke
particles show up as tiny specks of light through the microscope.
Figure 8.7 shows the sort of path a smoke particle follows.

microscope

glass lens to focus
the light onto the cell
light bulb

Figure 8.6 Viewing Brownian motion.

This is an important experiment as it shows that air molecules are hitting
the smoke particles. The smoke particles move randomly because they are
being randomly knocked by moving air molecules. These air molecules are
too small to see through the microscope, but they are moving so quickly
that they can deflect a much larger smoke particle.

The path that smoke particles follow is sometimes called a ‘random walk’.
This is the same sort of path that the bromine molecules follow in the
experiment described earlier.



5.8 Molecules on the move

B Gas pressure

The idea that gas molecules are always moving rapidly in random directions
helps us to understand why a gas exerts a pressure on the walls of its
container: the molecules of the gas exert a force every time one hits the wall.
The pressure caused by the gas depends on the following factors:

m the number of collisions that the particles have with the container walls

per second

m how hard the particles hit the walls.

The pressure inside a container of gas can be increased in three ways:

m Putting more molecules in the container. The number of collisions that
* Make sure you can explain why the molecules make with the walls each second is now larger.

* Brownian motion provides evidence ™ Making the volume of the container smaller. The same number of

* for the existence of molecules. molecules make more collisions with the walls, because they travel less

distance between collisions.
m Heating the container. The molecules travel faster and they now hit the
container walls harder and more often.

STUDY QUESTIONS

1 Figure 8.4 shows two bromine molecules moving in
a jar full of air. Both molecules reach the top after a
while.

a) Copy the diagram and complete the paths of
A and B, to show a possible way by which they
could reach the top.

b) Explain why bromine molecules move in this way.

2 a) Describe how you would set up an experiment to

observe Brownian motion.

b) What would you see in this experiment?

c) What evidence does Brownian motion provide for
the existence of molecules?

3 a) Explain what diffusion is.

b) Why does diffusion take so long, even though
molecules travel at high speeds such as
200 m/s?

4 A bottle of air is sealed at room temperature and
atmospheric pressure. The bottle is now placed in a
refrigerator. Which of the following statements about
the air in the bottle is incorrect?

a) The average kinetic energy of the molecules has
reduced.

b) The molecules are moving more slowly than at
room temperature.

c) The molecules hit the wall of the container less
often than before.

d) The molecules hit the walls with less force.

e) There are fewer molecules in the bottle than at
room temperature.

5 a) Explain, in terms of molecules, how a gas exerts a

pressure on the walls of its container.

b) The air inside an old tin is heated with a Bunsen
burner. The lid is pressed firmly on. Explain why
the pressure inside the tin increases.

c) If the tin is heated enough the lid flies off. Explain
why.

d) The experiment is now repeated, but with a small
amount of water placed in the tin. Explain why the
lid flies off at a lower temperature.

~
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Do)

PRACTICAL

Make sure you understand how to
investigate how the pressure of a
gas depends on its temperature.
What are the independent,
dependent and constant variables

in this investigation?
- J

When we walk past pipes in a factory or refinery we assume that they
are all perfectly safe. But someone will have calculated that they are.

What factors need to be taken into account when checking the safety
of these pipes?

R— — ;
"ﬁl&'l'!‘!‘llﬁr.'-!l‘lk&
s '_-—ﬂ‘-ﬂ-

Figure 9.1 What factors affect the pressure of the gases in these pipes?

m Linking the pressure of a gas
to its temperature

Figure 9.2 shows apparatus that can be used to investigate how the pressure
of a gas changes as it is heated up. To make it a fair test, the volume of the
gas is kept constant. The pressure of the gas is measured with a pressure
gauge as the temperature of the water bath is raised.

The results of such an experiment are shown in Figure 9.3. As the
temperature is raised from 0°C to 100 °C the pressure rises steadily from

+- thermometer

+— water

gas keptata _|
constant volume

to power supply

heater

Figure 9.2 Investigating how the pressure of a gas depends on temperature.



5.9 The gas laws

pressure / kPa about 100 kPa to about 137 kPa. We are able to draw a straight line through
150 - these results. If this line is extended below 0 °C you can predict what will
- happen to the pressure at lower temperatures. You can see that the pressure
;/++ will be about S0kPa at —136 °C; this is half of the pressure at 0°C. Ata
1 995+ temperature of —273 °C the gas pressure has reduced to zero.
p
s We can begin to make sense of these results when we think about the theory
; /, sl of gases described in Chapter 5.8. The theory tells us that molecules are
abS_o2I%eo(z>er0/ P constantly on the move and exert a pressure by hitting the walls of their
r temperature container. We can explain the results as follows.
™ L L m At 0°C moving molecules exert a pressure of 100 kPa because they hit the
300 —200 136100 0 100°C . .
0 73 173 273 373K walls of their container.
Figure 9.3 Results of the experiment m At 100 °C the molecules are moving faster, so they hit the walls of the
shown in Figure 9.2. container harder and more often; the pressure rises to 137 kPa.

B At—136°C the molecules have slowed down, so the collisions with the
container walls are less frequent and less forceful; the pressure drops to
S50kPa.

m At-273°C the graph predicts that the pressure will be zero. The
conclusion we draw from this is that at this temperature the molecules
stop moving altogether. If the molecules have stopped moving, they do
not hit the walls of their container at all, so no pressure is exerted.

This means that —273 °C is the lowest possible temperature. The
temperature of an object depends on the random kinetic energy of its
molecules. At =273 °C molecules stop moving, so we cannot cool them any
further below that. We call =273 °C absolute zero.

B The Kelvin scale

We use an absolute temperature scale to help us predict how the pressure

of a gas changes with temperature. Absolute temperatures are measured in
Kelvin or K. Absolute zero is 0K; 0°C is 273 K. The size of a Kelvin is the same
size as 1 °C. Note that we do not use a degree sign with Kelvin: we write 77K,
not 77 °K. Note also that Kis a capital letter; the lower case k is used denote
kilo (1000), so ‘above 100kPa’ means a pressure of more than 100000 Pa.

We convert degrees Celsius to Kelvin by adding 273; we convert degrees
pressure gauge  Kelvin to Celsius by subtracting 273.

i
N 4
455

e, o

1 p/Atm 7

For example:

5, 150K = (150 — 273)°C
=-123°C
200°C = (200 + 273)K
= 473K

The Kelvin scale is helpful is enabling us to see the pressure change more
clearly. If the Kelvin temperature doubles then we know that the pressure of
the gas also doubles (provided the volume of the gas remains constant).

m Boyle’s law

Figure 9.4 shows a very similar apparatus to that used in the previous
experiment. But now the piston is moved to allow the volume of the gas to
change; the cylinder is leak-tight so that no air can escape or enter. To make
Figure 9.4 Investigating how the pressure it a fair test, the piston is moved slowly to ensure the temperature of the gas
of a gas depends on its volume. remains the same throughout the experiment. When the volume of the air
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PRACTICAL 1000 |-

Make sure you understand how
to investigate the relationship 800 -
between the pressure and volume
of a gas at constant temperature.

(o2}

o

o
T

pressure / kPa

N

o

S
T

200 -

I I I
1.0 2.0
volume / litres

Figure 9.5 As the volume of the gas is halved, the pressure doubles.

Table 1 in the cylinder is changed, by moving the piston, the pressure in the cylinder
Pressure / kPa Volume of air /1 | also changes. Figure 9.5 shows in graph form how the changes between
50 2.0 pressure and volume are linked.
199 L Table 1 shows the sort of results you can expect to get if you do the
200 0.5 experiment; when the gas is compressed to half its volume the pressure
400 0.25 doubles. Note also from the values in the table that if you multiply the
1000 0.1 pressure and volume together, you always get the same number. (What is it

in this example?)
So, for a constant mass of gas, at a constant temperature:
P,V,=P,V,

This is known as Boyle’s law.

150 .. .
5 Wecan also make sense of this in terms of molecular motion. When the

+4 volume of a gas is reduced, the pressure increases because the molecules hit
100 A the walls of the container more often.
=| o

~ m Calculating the pressure

50 | S~ Here we look again at the results of the experiment using the apparatus
e in Figure 9.2. The results are plotted again, using only the Kelvin scale,
e in Figure 9.6. We can now see more clearly the relationship between the
pressure of the gas and the Kelvin scale. The straight line drawn through
the data passes through the origin. So we can say that the pressure of

a fixed mass of gas at a constant volume is directly proportional to the
Figure 9.6 The pressure is proportional to Kelvin temperature. This means that the ratio of pressure to temperature
the absolute temperature. (in K) for the gas is always the same.

pressure/kPa
b

1 1 1 |
0 100 200 300 400
temperature/K

We can use this equation to calculate the pressure or temperature:

o | o
GIE

Remember this is for a change at constant volume.




5.9 The gas laws

EXAMTIP For example, the graph in Figure 9.6 shows us that the pressure is 110kPa
* When calculating the pressure of a ~ ata temperature of 300 K. What will the pressure be when the container is

gas, make sure you have changed heated to a temperature of 600K? Using T} as 600K, T, as 300K and P, as

* the tem perature into Kelvin. 110kPa, we can substitute those numbers into the equation to give:
B _ 600
110 300
P, =2x 110 kPa
=220 kPa

B Kelvin temperature and kinetic energy

A further important point that comes from the Kelvin scale is that the
kinetic energy of the molecules in a gas is directly proportional to the Kelvin
temperature. We can put this the other way round: the Kelvin temperature of
a gas is a measure of the average random kinetic energy of its molecules.

STUDY QUESTIONS
1 This question refers to the experiment shown in b) Explain why the pressure of a gas increases as B
Figure 9.4. Use Table 1 or Figure 9.5 to work out the temperature rises.
the volume of the air when the pressure was: 7 A gas in a container of a fixed volume has a
a) 300 kPa pressure of 200 kPa at a temperature of 200 K.
b) 800 kPa What will the pressure be at:
2 a) Explain what is meant by absolute zero. a) 100 K b) 600 K c) 350 K?
b) Why is it not possible to have a temperature of 8 A cylinder of gas has a pressure of 450 kPa at a
-300°C? temperature of 27 °C.
3 a) Convert these temperatures to degrees Kelvin: a) Express 27°C in Kelvin.
100°C, 327°C,-173°C, -50°C. b) Now calculate what the pressure in the gas will
b) Convert these absolute temperatures to °C: be at:
10 K, 160 K, 350 K 400 K. i) 177°C i) —73°C.
4 This question refers to the experiment described in 9 a) What happens to the temperature of a gas
Figure 9.2. in Kelvin if the average kinetic energy of the
a) Use the graph in Figure 9.3 to predict the molecules doubles?
pressure in the cylinder at: b) What happens to the temperature of gas in
i) atemperature of —200°C Kelvin if the average speed of its molecules is
i) atemperature of 173 K. doubled?
5 The diagram shows a gas holder. It is filled with 10 An airtight cylinder of gas has a volume of 0.4 m?
gas from the grid pipeline where the pressure is and a pressure of 250kPa at 20°C.
800kPa. In the gas holder, the volume of gas is a) The cylinder expands slightly but the
160000 m?® and the pressure is 100kPa. What was temperature of the gas does not change. What
the volume of gas when it was in the pipeline? happens to the pressure of the gas?

b) The cylinder is then warmed to 100°C without
changing its volume. What is the pressure after
it has been heated?

{-piston 11 Devise an experiment to investigate the relationship
Liookpa \Pa between the volume and temperature of a fixed
— mass of gas when its pressure is kept constant.
S Explain what apparatus you would use, what
6 a) Explain what happens to the speed of the measurements you would take and how you would
molecules in a gas as the temperature increases. control the variables.

<
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Summary

én/ Make sure you can answer all the questions in the Interactive quiz.

| am confident that:

v/ | can recall these facts and concepts about
density and pressure
e I canrecall and use the equation: density =
e I know that the unit of density is kg/m’
e Iknow and can describe how to measure density

volume

. force

e Ican recall and use the equation: pressure =
area
e I know that the unit of pressure is N/m? or pascal

(Pa)
e I can recall and use the relationship:

Pressure difference = height X density X g

/I can recall these facts and concepts about
change of state

e Iunderstand that a substance can change state
from solid to liquid by the process of melting.

e I understand that a substance can change
state from a liquid to a gas by the process of
evaporating or boiling.

e [ know that particles in a liquid have a random
motion within a close-packed irregular structure.

e Iknow that particles in a solid vibrate about fixed
positions within a close-packed regular structure.

mass

/| can recall these facts and concepts about ideal
gas molecules

I understand the significance of Brownian motion.
I know that molecules in a gas have a random
motion.

I know that molecules exert a pressure by hitting
the walls of their container.

I understand that absolute zero is =273 °C.

I can convert temperatures between the Kelvin
and Celsius scales.

I understand that the Kevin temperature of the
gas is proportional to the average kinetic energy of
its molecules.

I can use the relationship between the pressure
and Kelvin temperature for a fixed mass of gas ata
constant volume:

R _ P

T T,
I can use the relationship between the pressure
and volume of a fixed mass of a gas at a constant
temperature: P,V; = P,V,



Exam-style questions

Exam-style questions

1 a) Write down the formula that connects density,
mass and volume. [1]

b) Explain how you would use a measuring cylinder,
electronic balance and some glass marbles to
calculate the density of glass. [5]

2 The side of a cube of wood is 4.0 cm; the mass of the
cube is 32.0 g. Calculate the density of wood in

g/cm’. (3]

3 A customer buys a ‘gold’ ornament from a second-
hand shop. He decides to check whether the
ornament is really made of solid gold.

The results of his measurements are shown below.
m mass of the ornament=910g
m volume of the ornament = 70.0 cm?

a) Suggest how the customer took the
measurements. (2]

b) Calculate the density of the ornament. [3]

c) Use the data below to suggest what the customer
might find if he cuts his ornament in half. [1]
m density of gold = 19.3 g/cm®
m density of lead = 11.6 g/cm’®

4  Use the idea of pressure to explain the following.
a) A saw has a jagged edge. (2]

b) A knife cuts more easily when it has been

sharpened. (2]

c) You should not walk over a wooden floor wearing
stiletto heels. [2]

d) Canadians wear snow shoes to help them get
around in winter. [2]

e) A tank has caterpillar tracks on it. (2]

5 Diagrams A, B and C show three boxes. Calculate

which box would you use and how would you
position it to exert:

a) the greatest pressure on the ground [2]

b) the smallest pressure on the ground. [2]

A weight=18 000 N

2m
2m
4m
B  weight =24 000 N
2m
3m
3m
C weight = 5000 N
im
im
5m

6 a) The diagram shows a piece of glass being lifted
by a suction cup. The area of the cup is 0.005 m?
and the pressure inside the cup has been reduced
to 0.7 atmospheres. (1 atmosphere pressure is
100000 Pa.) What is the greatest weight you

could lift safely with this cup? [3]
b) What possible changes could you make in order
to lift a heavier piece of glass? [2]
handle
to pump
—_—
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7 Below, you can see two oil wells. Oil, salt water and
natural gas are trapped by oil-proof layers of rock.

well A

|

depth 400m

sandstone

a) i) Why is the salt water lying below the oil?

i) Why is the natural gas lying above the oil? [2]

b) When well A is drilled, oil shoots 10 m above the
ground. When well B is drilled, oil shoots much
higher above the ground. Explain why oil shoots
much higher from well B. [2]

c) As the oil escapes from the wells, what happens to
i) the volume of the natural gas
ii) the pressure of the natural gas? (2]

d) After a few months, oil can still be obtained
from well A but it has to be pumped out. Explain
why the oil does not shoot out by itself. (1]

8 a) i) State whatis meant by pressure. [1]

ii) A suitable unit for pressure is the pascal (Pa).
State another unit used to measure
pressure. [1]

b) Explain briefly, in terms of pressure, why:

i) the sharp edge of a knife, and not the blunt
edge, is used for cutting (2]

ii) the thickness of the wall of a dam, used to store
water, is greater at the base than atthetop 2]

iii) a tin can collapses when the air is removed
from it [2]

iv) aneroid barometers may be used as altimeters
(height meters) in aircraft. [2]

c) The diagram shows a simple type of hydraulic
braking system. The areas of cross-section of the
small cylinder and large cylinder are 0.0004 m?
and 0.0024 m” respectively. The brake pedal is

pushed against the piston in the small cylinder
with a force of 90 N.

brake cylinder with
pedal large diameter

\

¥

cylinder with
small diameter

to brakes
on wheels

brake
fluid

i) Determine the pressure exerted on the brake

fluid. (3]

ii) Determine the force exerted by the brake
fluid on the piston in the large cylinder. [2]

Colonel Carruthers has been murdered at

Campbell Castle. Inspector Grappler of the Yard has
been sent to investigate. He finds old Carruthers
dead in the library. Outside the library window there
are some footprints in the flower bed (exhibit A).
This is an important clue; the inspector realises
that he can estimate the suspect’s height. Inspector
Grappler carries out an experiment in the flower
bed. He uses a wooden square (exhibit B) and some
weights. He piles the weights onto the square and
measures how far the square sinks into the flower
bed. His results are in the table.

exhibit B [\ footprints of
— man’s size
shoe

exhibit A

L1 1 1
0 10 20 30cm

Inspector Grappler’s '
wooden square

Mass of the inspector’s Depth of the hole made
weights / kg by the square / mm

5 7
10 14
15 20
20 25
25 30

a) Estimate the area of the suspect’s shoes. [3]

b) Inspector Grappler measured that the shoes had
sunk 23 mm into the flower bed. Use the data in
the table and your answer to part (a) to make an
estimate of the suspect’s mass. [3]



Exam-style questions

c) Exhibit C shows roughly how the height of a d) The wind blows the flame out and 520 cm?’ of
man depends on his mass. Exhibit D shows gas, at a pressure of 135kPa, escapes from the
roughly how a man’s shoe size depends on his cylinder. As the gas escapes, its pressure reduces
height. Use these graphs to make an informed to 100 kPa. Calculate the volume of the escaped
guess of the suspect’s height. (2] gas at a pressure of 100 kPa. [3]

d) Of Colonel Carruthers’ servants (see exhibit E), e) After the tap is closed to prevent further loss of
which one do you suspect? 2] gas, the cylinder is left in the sunshine and it

00 1 light medium warms up. Explain what happened to the gas in
€ i uild the cylinder. [2]
= 1
g 18 hbea'll\:jy 12 When a drop of ether is placed on the skin, the skin
- 17 v feels cold. Explain why. [3]
= exhibit C . . . .
216 13 a) Explain one difference between the ways in which
< 45 L - molecules are arranged in water and in ice. [1]
50 60 70 80 90 10 5 7 9 11 13
mass of man/kg shoe size b) Explain why an ice cube at a temperature of 0°C
exhibit E 2.0m is more effective in cooling a drink than the same
mass of water at a temperature of 0°C. [2]
1.0m c) Explain why ice cubes float on water. [1]
d) Ice cubes in a glass of water melt to form more
the the the the water. What happens to the level of water in the
chauffeur gardener butler cook glass? [1]
10 The kinetic theory assumes that gases are made up 14 Asan athlete runs, he gets hot. To avoid overheating
of small, fast-moving molecules, which move in his body sweats. The sweat evaporates and cools his
random directions. Explain how the observation of body.
Brownian motion supports this theory. [4]

a) Use your ideas about molecules to explain why
11 A kettle is being heated on a camping stove. The evaporation leads to cooling. [2]

heat i ided by burni fi he cylinder.
eat1s provided by burning gas from the cylinder b) At the end of a marathon race, runners are given

shiny foil sheets to wear, to stop them cooling
down too quickly.

i) Explain why the runner might cool quickly at
the end of a marathon. [2]

ii) Explain how the foil reduces heat loss. [2]

15 This question is about hanging your washing out to

dry. Explain why the towel will dry more quickly if:

a) Water in the kettle boils at 100 °C and steam
is produced. Convert this temperature to a
temperature on the Kelvin scale. [1]

b) Explain one difference between the molecules in
steam and the molecules in water. [1]

c) Explain how the molecules in the steam exert a
pressure on the kettle walls. [2]
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a) the towel is spread out on the line, not folded [1] b) During the compression stroke the volume of the
. air is squashed to 1/20th of its original volume,

b)itisa warm day [ then its temperature is raised to 727 °C.

c) there is a wind blowing. [1]

i) Calculate the pressure in the air after it has
16 These questions are about a scuba diver and the been compressed to 1/20th of its volume.
pressure in his body. You will need the following

. . ii) Calculate the final pressure after the air has
information to help you answer them:

been warmed to 727 °C. [4]
The density of water is 1000 kg/m?; the pull of
gravity is 10N/kg; on the day of the dive, the
atmospheric pressure is 100 kPa.

18 Cylinders of gas that are caught in the flames of a
burning building can be a significant hazard. Ata
temperature of 20 °C the pressure in a cylinder of gas
is 300 kPa - this is three times normal atmospheric

g pressure. The temperature of a fire might reach

1200°C.

a) The diver descends to a depth of 25 m. - &

i) Use the formula P=h X p X g to calculate the
extra pressure on his body caused by the water.

ii) Calculate the total pressure on the diver’s

body. 3]

a) Explain why the pressure rises in the cylinder, in

b) When the diver is at a depth of 25m his lungs can terms of molecular motion. 2]

hold 5 litres of air.
b) i) Calculate the pressure in the cylinder ata

i) What volume would this air occupy at normal temperature of 1200°C.

atmospheric pressure?

ii) Explain why thisisad .4
ii) Explain why divers must breathe out as they i) Explain why chis is a dangerous pressure. 4]

rise to the surface. [4] 19 The diagram shows Boris in a diving bell. He is just
about to explore the depths of the black lagoon. As the

17 At the beginning of the compression stroke in the bell is lowered into the sea, water rises to fill the bell.

cylinder of a diesel engine, the air is at a temperature
of 127°C and a pressure of 120 kPa.

pressure
100000 N/m?

a) Convert this temperature to degrees Kelvin. ~ [1]
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a) Explain why water starts to fill the bell as it is
lowered.

[1]

b) the pressure below the surface of the sea is given
by the formula: P= (100 000 + 10 000 d) N/m?;
d is the depth below the surface in metres. What is
the pressure of air in the diving bell at a depth of
10 m? 2]

c) How deep can the bell go, before Boris gets his
feet wet?

[3]

A balloon seller has a cylinder of helium gas which
he uses to blow up his balloons.

The volume of the cylinder is 0.10 m’.

It contains helium gas at a pressure of 1.0 X 107 Pa.
The balloon seller fills each balloon to a volume of
1.0 x 10 m® and a pressure of 1.2 X 10° Pa.

a) Explain, in terms of particles, how the helium in
the cylinder produces a pressure. [2]

b) Calculate the total volume that the helium gas
will occupy at a pressure of 1.2 X 10° Pa. You can
assume that there is no change in the temperature
of the helium gas. (3]

c) Calculate the number of balloons of volume
1.0 X 107 m® that the balloon seller can fill using
the gas. [2]

21
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Exam-style questions

The diagram below shows a method of observing
the diffusion of bromine in air.

When the bromine is released it forms a brown gas
which is seen to diffuse slowly up the diffusion tube.

diffusion tube

air —

bromine

a) Although the average speed of a bromine molecule
is 350 m/s, the bromine gas only travels about
10 cm through the air in 500 s. Draw a diagram
to show the path a bromine molecule takes as it
travels through the air and use it to explain why
diffusion is a slow process.

2]

b) When food is being cooked at home the smells
from the cooking soon travel through the house.
If diffusion is such a slow process, how can you
explain this?

2]

Can you explain why bubbles rising in a glass of a
fizzy drink get larger as they rise to the surface?

2]
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EXTEND AND CHALLENGE
~
1 In the diagram below, you can see the planet Mars the x-axis which runs from =300 °C to 100 °C. Use
in an elliptical orbit around the Sun. At its closest it to find the pressure of the enclosed gas at 70 °C.
(position A) Mars is about 200 million km away b) The graph enables you to make predictions about
from the Sun. At its most distant (position B) Mars is the pressure outside the range of values plotted.
about 250 million km away from the Sun. How?
Mars has a thin atmosphere which is mostly carbon c) If the gas pressure continued to vary in the
dioxide. The pressure of the atmosphere changes way suggested by the graph, what pressure would
from winter to summer. The table below shows some you expect at (i) 200 °C, (i) 0 °C, (i) —200 °C?
details of the Martian climate. The data were taken d) Is it correct to say that the pressure is proportional
by the Viking Lander, near to the equator in 1977. to temperature? Why?
a) Convert the temperatures into Kelvin. e) Where does the line cross the temperature axis (it
b) Use these temperatures to explain why the should be between —270 and —280 °C). What will
average pressure of the atmosphere changes so the gas pressure be at this temperature?
much. 3 Below you can see Boris, Vladimir and Leonid. Boris
is twice as tall, twice as long and twice as wide as
Average daily Average Vladimir, but they have the same density.
temperature / °C | pressure / N/m? (a) How many times more massive than Vladimir is
Position B (winter) -73 50 Boris?
Position A (summer) _13 65 (b) The area of Boris’s paw is greater than the area
of Vladimir's paw. By how many times is it bigger?
(c) Is the pressure bigger under Boris's paws or
under Vladimir's paws? By what factor does the
A Q) @ QD B pressure differ under the two cats’ paws?
(d) Leonid the lion is a distant cousin to Boris. Lions,
as you know, are much bigger than domestic cats.
2 The diagram above right shows a piece of appa- Can you use the result of part (c) to explain why a
ratus used to investigate how gas pressure varies lion’s legs are proportionately thicker than a cat's?

with temperature, at constant volume. The table

Boris (cat)
shows a set of results.

' Temperature / in °C 26| BO| 65| 80| 100
' Pressure reading / kPa | 102|110 | 115|120 | 127

Bourdon pressure gauge Viadmir (kitten)

‘\"5 5
lidl Leonid (lion)
beaker —[fgecEa

thermometer —Hii- {1

a) Plot a graph of pressure, P (y-axis), against
temperature, T, in °C (x-axis). Choose a scale on

=




rotation

The Sun has a strong magnetic field. This is produced by the
movement of charged particles (a plasma) caused by convection
Use the internet to help you to currents in the Sun’s core. The outer and inner layers of the Sun rotate
answer the following questions: at different rates, causing the Sun’s magnetic field to get twisted.
1 What is the average surface
temperature of the Sun?
2 What is the surface temperature of

At the surface, the magnetic field emerges from pairs of sunspots, one
of which is a north pole and the other a south pole.

a sunspot? Sometimes convection currents lead to eruptions in the surface of the
3 How can you tell from the photo- Sun. Charged material flies into space but it is trapped by the Sun’s
graph that sunspots are colder magnetic field and flows in great arches.

than the rest of the Sun’s surface?
i - rat d

By the end of this section you should:
* know what a magnetic field is

o e * know that an electric current can produce a magnetic field
4 How long is the sunspot cycle? * know how an electric motor works
5 Use the information in the * understand how electromagnets work and why they are useful
photograph and text on this page « know what electromagnetic induction is
to sketch the magnetic field lines « understand how generators work
close to a pair of sunspots. The « understand how transformers work and explain how electricity is
diagram at the top of the page transmitted
shows how sunspots are paired. ) A
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9] Magnets

south-seeking pole

I

north

.

-

north-seeking pole

Figure 1.2

If you have been walking in the mountains or in the forest, you might
have used a compass to help you find your way. Magnets are very
useful to us, as a magnet can exert a force on another magnetic object
at a distance.

Write a list of at least six ways in which we use magnets in the home
or in machines.

Figure 1.1 This is a simple everyday device, but can you explain how it works?

In Figure 1.2 you can see a bar magnet that is hanging from a fine thread.
When it is left for a while, one end always points north. This end of the
magnet is called the north-seeking pole. The other end of the magnet is
the south-seeking pole. We usually refer to these poles as the north (N) and
south (S) poles of the magnet.

B Poles

Some metals, for example iron, cobalt and nickel, are magnetic. A magnet
will attract them. If you drop a lot of pins on to the floor the easiest way to
pick them all up again is to use a magnet.

The forces on pins, iron filings and other magnetic objects are always
greatest when they are near the poles of a magnet. Every magnet has two
poles that are equally strong.

When you hold two magnets together you find that two north poles (or two
south poles) repel each other, but a south pole attracts a north pole
(Figure 1.3).

PAYAFAYA

repel — attract
(a) like poles repel b) unlike poles attract

Figure 1.3



6.1 Magnets

B Magnetic fields

There is a magnetic field in the area around a magnet. In this area there is
a force on a magnetic object. If the field is strong the force is big. In a weak
field the force is small.

The direction of a magnetic field can be found by using a small plotting
compass. The compass needle always lies along the direction of the field.
Figure 1.4 shows how you can investigate the field near to a bar magnet,
using a plotting compass. We use magnetic field lines to represent a
magnetic field. Magnetic field lines always start at a north pole and finish
on a south pole. Where the field lines are drawn close together, the field is
strong. The further apart the lines are, the weaker the field is.

: Magnetic field lines are not real, but
- they are a useful idea that helps

- us to understand magnetic fields.

: Magnetic field lines never cross.

weak magnetic field

strong magnetic field

plotting compass

PRACTICAL

Make sure you understand how to
trace field lines near to a magnet.

Figure 1.4 Plotting magnetic field lines around a bar magnet.

B Combining magnetic fields

The pattern of magnetic field lines close to two (or more) magnets becomes
complicated. The magnetic fields from the two magnets combine. The field

/ lines from the two magnets never cross. (If field lines did cross, it would
mean that a compass would have to point in two directions at once.)

Figure 1.5 shows the sort of pattern when two north poles are near each
other. The field lines repel. At the point X there are no field lines. The two
magnetic fields cancel out. X is called a neutral point.

\

Figure 1.6 shows the pattern produced by a north and south pole. Notice
that there is an area where the field lines are equally spaced and all point in

Figure 1.5 X is a neutral point; a compass  the same direction. This is called a uniform field.
placed here can point in any direction.

S
uniform field - over this region the field

has the same strength and direction
Figure 1.6
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- There is a magnetic south pole
- near the geographic North Pole.

Figure 1.7 Computer artwork of the magnetic field around two magnets, as revealed by
iron filings.

\ 5 . .
magnetic north pole geographic South Pole . The Earth s magnetlc fleld

Figure 1.8 The Earth's magnetic field. Figure 1.8 shows the shape of the Earth’s magnetic field. The north (seeking)
pole of a compass points towards geographic North. Unlike poles attract.
This means that geographic North behaves like a magnetic south pole.

However, magnetic south is not in the same place as the geographic North
Pole. At the moment magnetic south is in the sea north of Canada. Over a
period of centuries the direction of the field alters.

STUDY QUESTIONS
~

1 a) The diagram shows a bar magnet surrounded by .
four plotting compasses. Copy the diagram and
mark in the direction of the compass needle for
each of the cases B, C, D. .

Or

A c
.D 4 Give three examples of where you might use
b) Which is a north pole, X or Y? permanent magnets in the home. Describe each
2 Draw carefully the shape of the magnetic field situation . . ’ .
between and surrounding these two magnets. Mark 5 Refer to Figure 1.8 showing the Earth's magnetic
in any neutral points. field.

Iﬁ a) Compare the strength of the magnetic field at the
Equator and at the geographic North Pole. Which
is stronger? Give a reason for your answer.

b) Why is a compass very difficult to use near to the
Earth’'s magnetic poles?
ﬁ 6 Pins can be attracted to a magnet but they are

3 Two bar magnets have been hidden in a box. Use the not permanent magnets. Explain how you would
information in the diagram (above right) to suggest demonstrate that something which is magnetic is a
how they have been placed inside the box. permanent magnet.

< oy




6.2 Currents and magnetism

.22 Currents and

Figure 2.1 Iron filings are arranged in
circles around this wire, which is carrying
a current. What can you deduce from this?
Can you identify any North and South
poles?

bird's eye view

iron filings

hardboard

Figure 2.2 This experiment shows there is
a magnetic field around a current-carrying
wire.

magnetism

B The magnetic field near a straight wire

An electric current in a conductor produces a magnetic field around it.

In Figure 2.2, a long straight wire carrying an electric current is placed
vertically so that it passes through a horizontal piece of hardboard. Iron
filings have been sprinkled onto the board to show the shape of the field.
Below are summarised the important points of the experiment:

m When the current is small, the field is weak. But when a large current is
used the iron filings show a circular magnetic field pattern.

m The magnetic field gets weaker further away from the wire.

m The direction of the magnetic field can be found using a compass. If the
current direction is reversed, the direction of the magnetic field is reversed.

Figure 2.3 shows the pattern of magnetic field lines surrounding a wire.
When the current flows into the paper (shown X)) the field lines point in

a clockwise direction around the wire. When the current flows out of the
paper (shown ©) the field lines point anti-clockwise. The right-hand grip
rule will help you to remember this (Figure 2.4). Put the thumb of your right
hand along a wire in the direction of the current. Now your fingers point in
the direction of the magnetic field.

end view
@ of wire

Figure 2.3 The magnetic field pattern around a current-carrying wire.

current

magnetic field lines
go around the wire in
an anti-clockwise direction

Figure 2.4 The right-hand grip rule.
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PRACTICAL

Use the right-hand grip rule

at A to check that the field
lines go around the wire in an
anti-clockwise direction. Why do
they go in the opposite direction
at B?

Figure 2.6 The magnetic field near a long
solenoid.

Lcurrent in soenod}

Figure 2.7 This is a good way to work out
the polarity of the end of a solenoid.

. Allong solenoid and a bar magnet
: both produce a magnetic field of
: the same shape.

& J

B The magnetic field near coils of wire

Figure 2.5 shows the magnetic field around a single loop of wire that carries
a current. You can use the right-hand grip rule to work out the field near

to each part of the loop. Near A the field lines point anti-clockwise as you
look at them, and near B the lines point clockwise. In the middle, the fields
from each part of the loop combine to produce a magnetic field running
from right to left. This loop of wire is like a very short bar magnet. Magnetic
field lines come out of the left-hand side (north pole) and go back into the
right-hand side (south pole). Figure 2.6 shows the sort of magnetic field
that is produced by a current flowing through a long coil or solenoid. The
magnetic field from each loop of wire adds on to the next. The resultis a
magnetic field which is like a long bar magnet’s field.

Figure 2.5 The magnetic field near a
single loop of wire.

m Producing large magnetic fields

The strength of the magnetic field produced by a solenoid can be increased by:

m using a larger current
B using more turns of wire
m putting some iron into the middle of the solenoid.

But there is a limit to how strong you can make the magnetic field. If the
current is made too large the solenoid will get very hot and start to melt. For
this reason large solenoids must be cooled by water. There is also a limit to the
number of turns of wire you can put into a space.

Nowadays, the world’s strongest magnetic fields are produced by
superconducting magnets. At very low temperatures (about 4 K)

some materials, such as niobium and lead, become superconductors. A
superconductor has no electrical resistance. This means that a current can
flow without causing any heating effect. So a large magnetic field can be
produced by making enormous currents (5000 A) flow through a solenoid,
which is kept cold in liquid helium.

Figure 2.8 The iron filings show the shape
of the magnetic field around a solenoid.



Figure 2.9 A coloured three-dimensional
magnetic resonance imaging scan of a
healthy human brain, seen from the front.
This technique, using strong magnetic
fields generated by superconducting
electromagnets, allows doctors to examine
organs non-intrusively.

STUDY QUESTIONS

6.2 Currents and magnetism

Figure 2.10 Some superconducting
magnets are so strong that the can lift the
weight of a train. The Maglev (derived from
magnetic levitation) in Shanghai is lifted
and driven by superconducting magnets.

1 The diagram below shows two plotting compasses,
one above and one below a wire. Draw diagrams to
show the position of the needles when:

a) there is no current

b) the current is very large (30 A)

c) the current is small (1 A). A current of 1A
produces a magnetic field near the wire, which is

R

2 The diagram shows a long perspex tube with wire
wrapped around it to make a solenoid.
a) Copy the diagram and mark in the direction of the
compass needles 1-6, when the current flows
through the wire.

®

CEEN

----------

®

about the same size as the Earth’s magnetic field.

b) Which end of the solenoid acts as the south pole?

c) In which direction do the needles point when the
current is reversed?

d) Copy the diagram again, leaving out the compasses.
Draw magnetic field lines round the solenoid.

3 The diagram represents a wire placed vertically, with
the current flowing out of the paper towards you.
Copy it and draw the magnetic field lines round the
wire, showing how the field decreases with distance.

4 Diagram A below shows an electron moving around
the nucleus of an atom.

——— —_—
/f"‘o-‘-““‘\ //”‘O“‘x\
/ + N + »
\ | )

~ r 4 b rd
~ o
--.‘__‘O___,/
B = o

a) Explain why this atom is magnetic. (Remember: a
moving electron produces a current.)

b) Sketch the shape of the magnetic field near the
atom.

c) What happens to the magnetic field if the
electron moves the opposite way?

d) What can you say about the atom in diagram B?
Is it more or less magnetic than the other atom?

~
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6E3

Figure 3.1 This scanning tunnelling
microscope image shows two atomic-scale
bits. Each bit consists of twelve iron atoms.
The magnetisation direction of each iron
atom is opposite to its neighbour. The bit
on the left stores one piece of information
(1); the bit on the right stores another
piece of information (0). This is the world’s
smallest magnetic storage unit.

(a) unmagnetised
iron bar

iron tacks

(b) permanent
steel magnet

iron as a temporary iron tacks
magnet attracted to bar

AL !

Figure 3.2 An iron bar will act as a magnet
when there is a permanent magnet near it.

Maanetic

Millions and millions of pieces of information are stored in the
magnetic field pattern in this computer’s hard disk.

How is this information retrieved from the disk?

Do some research to find out about the size of computer memories in
1970, 1990 and 2010.

B Magnetic domains

Steel can be a permanent magnet; once a piece of steel has been magnetised
it remains a magnet. Iron can be a temporary magnet; iron is only
magnetised when in a magnetic field. This field can be provided by a magnet
or by a coil of wire carrying a current, which also produces a magnetic

field (see Chapter 6.2). A magnetically hard material becomes a permanent
magnet when it is magnetised; a magnetically soft material will make a
temporary magnet.

The insides of magnetic materials are split up into small regions, which we
call domains. Each domain acts like a very small magnet. In any iron or
steel bar there are thousands of domains. The idea helps us to understand
permanent and temporary magnets.

(a) unmagnetised material

/)%’/\1‘1-. "4

(b) magnetised material
el e = = magnetising
N -] - s field
= — +— | ¢ (4

I— domains —I

Figure 3.3 Domains in a magnetic material become aligned in a magnetic field.

In an iron bar the domains are jumbled up when there is no magnet near
(Figure 3.3(a)). But as soon as a magnet is put near to the bar the domains
are made to line up (Figure 3.3(b)). So an iron bar will be attracted to either a
north or south pole of a permanent magnet.

In a steel bar, once the domains have been lined up, they stay pointing in one
direction.



: Magnetically soft materials are
- temporary magnets. Permanent
- magnets are magnetically hard
. materials.

Figure 3.4 Magnetic domains.

Figure 3.7 This photograph shows

the design of a practical laboratory
electromagnet. It is made strong by two
coils with many turns of wire to increase
the magnetising effect of the current.
When the current is switched off the iron

filings will fall off the magnet.

6.3 Magnetising

B Magnetic memories

We use magnetic materials to store information; this can be in the form of
data on a computer, or a film or music. From the 1960s, music was recorded
on magnetic tapes and then played back. The information was stored in
crystals of ferric oxide (Fe,O5), which were inserted in the tape and protected
with a plastic coating. Before DVD players, films were recorded on magnetic
video tapes and played on video recorders. These were common in the 1980s
through to this century.

Such devices were analogue; these have now been replaced with digital
recording methods (see Section 3.4).

The same principle of storage is still used in computer hard drives;
information is stored and ‘remembered’ by permanent magnets. The

hard drive is coated in a thin layer of magnetic material. The direction of
magnetisation in this layer can be changed by applying a strong magnetic
field. Information can be stored digitally in the pattern of the magnetic field
(see Figure 3.1). The information can be stored indefinitely and retrieved
when necessary or erased if no longer needed.

B Magnetising

One way to make a magnet from an unmagnetised steel bar is to stroke it
repeatedly with a permanent magnet. The movement of the magnet along
the steel bar is enough to make the domains line up (Figure 3.6(a)).

A magnet can also be made by putting a steel bar inside a solenoid. A short
but very large pulse of current through the solenoid produces a strong
magnetic field. This magnetises the bar (Figure 3.6(b)).

i v S J-— = REER L
e ~ v U U v U

1l

car battery to produce
a large current

Figure 3.6 (a) Magnetisation of a steel bar by stroking. (b) Magnetisation using a
solenoid.

The apparatus shown in Figure 3.6(b) can be used as an electromagnet if
an iron bar is used instead of a steel bar in the solenoid. When a current is
switched on the iron becomes magnetised; when the current is switched off
the iron is no longer magnetised. The presence of iron greatly increases the
strength of the solenoid’s magnetic field. Electromagnets are widely used in
industry.
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magnetised.

4

Figure 3.8

B Demagnetising

To make a steel bar lose its magnetism you need to jumble up the domains
inside the bar. There are three ways to do this:

m Hit the bar with a hammer.

m Put the bar inside a solenoid that has an alternating current supply. The
alternating current produces a magnetic field that switches backwards
and forwards rapidly. The domains are left jumbled up after the current
has been reduced gradually to zero. This principle can be used to erase
information from computer memories.

m Heat the bar to about 700°C. At low temperatures the atoms inside
the steel line up to magnetise each domain. At a very high temperature
the atoms vibrate at random so much that each domain is no longer

STUDY QUESTIONS

1 a) Tracey has magnetised a needle as shown below.
She then cuts the needle into four smaller bits as
shown. Copy the diagram and label the poles A—H.

N&= S
A B C D E FGH
= —_—

b) Tracey says ‘This experiment helps to show
that there are magnetic domains in the needle.
Comment on this observation.
2 The diagram below shows an electromagnet. As the
current increases the magnet can lift a larger load
because the domains in the iron core line up more

and more.
iron
50 turns 50 turns
coil X coil Y

3-if the load is too heavy
; this bottom iron bar
load is pulled off

0 0

5.0 0.5

85 1.0
12.0 2.0
14.0 3.0
14.8 4.0
15.0 5.0

a) Use the data provided to draw a graph of the load
supported (y-axis) against current (x-axis).

b) Use the graph to predict the load supported when
the current is:
i) 1.6 A i) 6.0A

c) Sketch on your graph how the load varies with
current when each of the coils X and Y has:

i) 25 turns i) 100 turns.
d) What happens when you reverse the windings on
coil X?

e) Make sketches to show how the domains are lined

up when the current (in the original diagram) is:
)0 i) 0.6 A i) 5 A.

) Use your answer to part (e) to explain why there

is a maximum load that an electromagnet can lift.
3 The diagram shows the magnetic field close to a bar
magnet, and an iron tack below it.

a) Draw a diagram to show how the domains are
aligned in the tack.

b) Explain carefully why the tack is attracted to the
magnet. Will the tack be attracted when the field
is uniform?

c) What happens if a south magnetic pole replaces the
north pole close to the tack? Explain your answer.

4 Explain how music or data can be stored in magnetic
material.

Y




6.4 The motor effect

What do the two machines in Figure 4.1 have in common? Answer -
they both use electric motors to do work and make our lives easier.

Can you name six other household machines that use electric
motors?

In Figure 4.2 you can see a piece of aluminium foil that was positioned
between the poles of a strong magnet. A current through the foil has caused
it to be pushed down, away from the poles of the magnet. Reversing the
current makes the foil move upwards, away from the poles of the magnet.
This is called the motor effect. It happens because of an interaction between
the two magnetic fields, one from the magnet and one from the current.

| B Combining two magnetic fields

In Figure 4.3 you can see the way in which the two fields combine. By itself
the field between the poles of the magnet would be nearly uniform. The
current through the foil produces a circular magnetic field. The magnetic
field from the current squashes the field between the poles of a magnet. It is
the squashing of the field that catapults the foil, upwards in this case.

movement

current

Figure 4.1 Two common household

. field from current
appliances.

uniform field from

the magnet thulvb :
Movement

seCond finger : Current

First finger : Field

Figure 4.3 Left-hand rule: you can use the left hand to predict the direction of movement
of this wire.

Figure 4.2 Aluminium foil carrying a
current is pushed out of a magnetic field.
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: The deflection of a wire in a

- magnetic field is at right angles to
- both the current direction and the
: magnetic field direction.

(b)

Figure 4.5 (a) The end-on view of the
wire loop in Figure 4.4. The turning effect
is maximum in this position. (b) In this
position the forces acting on the coil
produce no turning effect.

Figure 4.6 This shows a model ammeter.
The coil turns in the magnetic field and is
constrained by a spring.

The force acting on the foil is proportional to:

m the strength of the magnetic field between the poles
m the current
m the length of the foil between the poles.

B The left-hand rule

To predict the direction in which a straight conductor moves in a magnetic
field you can use the left-hand rule (Figure 4.3). Spread out the first two
fingers and the thumb of your left hand so that they are at right angles to
each other. Let your first finger point along the direction of the magnet’s
field, and your second finger point in the direction of the current. Your
thumb then points in the direction in which the wire moves.

This rule works when the field and the current are at right angles to each
other. When the field and the current are parallel to each other, there is no
force on the wire and it stays where it is.

B Ammeters

Figures 4.4 and 4.5 show the idea behind a moving-coil ammeter. A loop

of wire has been pivoted on an axle between the poles of a magnet. When a
current is switched on, the left-hand side of the loop moves downwards and
the right-hand side moves upwards. (Use the left-hand rule to check this.) If
nothing stops the loop, it turns until side DC is at the top and AB is at the
bottom. However, when a spring is attached to the loop it only turns a little
way. When you pass a larger current through the loop, the force is larger.
This will stretch the spring more and so the loop turns further.
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Figure 4.4 The principle of the moving-coil ammeter.

Figure 4.6 shows how a model ammeter can be made using a coil of wire, a
spring and some magnets.

An ammeter is sensitive if it turns a long way when a small current flows
through it. The sensitivity of an ammeter will be large when:

m alarge number of turns is used on the coil
® strong magnets are used
m weak springs are used.



6.4 The motor effect
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current Figure 4.7 An ammeter coil.

m Deflection of charged particles

An electric current is a flow of charged particles (usually carried by electrons

in wires). You have just read that a wire carrying a current experiences a force
in a magnetic field. In the same way, a beam of moving charged particles can

be deflected by a magnetic field (Figure 4.8).

Figure 4.8 Use the left-hand rule to
check that electrons are deflected by this
magnetic field into the plane of the paper.

The size of the force depends on:

m the strength of the magnetic field
m the speed of the particles
m the charge on the particle.

Remember that if an electron beam
. is moving to the right, conventional

: . The direction of the deflecting force on the particles can be predicted using
. current is towards the left.

the left-hand rule. Particles that are moving parallel to the magnetic field do
not experience a deflecting force.

STUDY QUESTIONS

N
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1 a) The diagrams show: (A) a pair of magnets, (B)
a wire carrying a current into the paper. Sketch
separate diagrams to show the magnetic fields near
each of (A) and (B), when they are well separated.
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b) The wire is now placed between the poles of the
magnets. Sketch the combined magnetic field.
Add an arrow to show the direction in which the
wire moves.

c) Which way does the wire move when:

i) the current is reversed,
i) the north and south poles are changed round?

d) Give two ways in which the force on the wire
could be increased.

2 This question is about the model ammeter shown in

Figure 4.6. The graph shows the angle that the coil

turns through, against the current flowing through

the caoil.

a) Use the graph to work out the current when the
angle is:

i) 30° i) 50°.

b) Make a sketch of the graph. Add to it further
graphs to show the deflection for different
currents when the ammeter is made:

i) with stronger springs
i) with twice the number of turns on its coil.

c) Could this ammeter be used to measure
alternating currents? Explain.

d) (Quite hard) Why is the graph not a straight line?
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5.5 Electric motors

Figure 5.1 This electric bike carries a city
worker to her office. What does it have in
it to make it work? Where does the energy

come from?
split-ring commutator
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Figure 5.3

What are the advantages and disadvantages of replacing petrol driven
cars with electric cars?

W The principle of the motor

In the last chapter you learnt that a coil carrying a current rotates when it is
in a magnetic field. However, the coil can only rotate through 90° and then
it gets stuck. This is not good for making a motor. We need to make a motor
rotate all the time.

Figure 5.2 shows the design of a simple motor which you can make for
yourself. A coil carrying a current rotates between the poles of a magnet. The
coil is kept rotating continuously by the use of a split-ring c