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The units used in each section of the specification are mentioned at the start of each section. Some of the
units are used in all of the sections. It is important to have an overview of the unit system (SI units) and
how they work.

Mechanics - Student Book Sections A, D & E

The base units for Mechanics, used in sections 1, 4 and 5 of the specification are:

Section 1 - Student Book Section A

e MASS: kilogram, kg
e LENGTH: metre, m
e TIME: second, s

All other units in mechanics are derived from these. Some have no special names, for example:

e VELOCITY:

e ACCELERATION:

metre/second, m/s
distance travelied

velocity = time taken

metre/second?, m/s?

from the definition
metre
second

hence

from the definition

acceleration = increase in velocity hence € second
time taken second
Others are named after famous scientists, for example:
s FORCE: newton, N from the definition
metre

force = mass X acceleration hence kilogram X

second?

The name is much more convenient {o use than the base units, bit sometimes the units in a question will
help you to remember an equation that is not given inn the exam paper; this is discussed in more detail in
the Exam Technique chapter.

The rest of the section 1 units are:

e (ravitational Feld Strengih:  newton/kilogram, N/kg
¢ Momentum: kilogram metre/second, kg m/s

Section 4 - Student Book Section D

¢ WORK: joule, from the definition
and ENERGY: work = force X distance hence newton.metre
o POWER: watt, W from the definition

energy transferred

ower = >
p time

joule

hence -z
second




Section 5. Student Book Section E

. ‘o VOLUME: m? from the definition
' volume = length X depth X breadth
e PRESSURE: pascal, Pa from the definition
CesSUre = force hence newton
PIeSSUre = = e ¢ Square metre
s DENSITY: kg/m? from the definition
density = a5
EOsLY = Tolame

Electricity - Student Book Sections B and F

The base unit in electricity is:

e CIUJRRENT: ampere, A
All other units in electricity are derived from this and the units used in mechanics:
o CHARGE: coulomb, C from the definition
charge = current X time hence amp.second
e VOLTAGE: volt, ¥ from the definition
voltage = energy transferred hence joule
coulomb coulomb
o RESISTANCE: chm, Q from the definition
. voltage volt
resistance == = hence -
current amp

Waves ~ Student Book Section C
e FREQUENCY: hertz, Hz from the definition

number of waves per second hence waves/s

Thermal energy - Student Book Section D
o TEMPERATURE:  kelvin, K

The base unit in temperature measurement in science is the kelvin, and notice the fussy little degree circle

is not required. However, in daily life, temperature is usualiy expressed in a Celsius temperature, °C, and
your laboratory thermometers are calibrated in Celsius. The size of temperature difference indicated by one
division on each of these scales is the same — 1°C change In temperature is exactly the same as a change of 1K,
It is important to convert to kelvin or absolute temperature when using the gas law formulae, as is explained
in that section.

Radiocactivity - Student Book Section G
e Rate of decay: becquerel, By
A becquerel is one decay per second.

You are also expected to be familiar with grams, centimetres, kilometres, minutes, hours, ete, and the
degree, °, as 2 unit for measuring angles.
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* This is a revision guide and as such deals with the material in the current Edexcel specification {from 2009).
1t does not, therefore, have space to do justice to the subject; hopefully you are already interested in physics.
The primary object is to help you to do well in your exams in physics. To do this you have to use this guide
as one of your revision resources. You should refer back to the Student Book and ask questions in class
whenever a point seems unclear. I recommend that you add additional notes to this guide to point out
things you have got wrong in the past, and to add your own personal ways of remembering things
highlighter pens might be one way to do this.

How to use this |

The main way to prepare for the exam is to do examples, both from this book and using past papers available
from Edexcel. Don't worry about making mistakes, but do learn from them! Mistakes along the way do not
matter, what matters is your performance on the day of the exam. Preparation for the exam will help you to
feel confident and less nervous ins the exam. Spread this preparation over a sensible period of time, leaving

it to the last minute can have exactly the opposite effect on your confidencel

Once in the examination room read through the questions carefully and answer guestions that you feel
confident about first. You must not miss easy marks through misreading questions or not getting to
questions you can do before time runs out. Be familiar with the given information at the front of the paper -
use it all the time when doing examples,

Some of the advice that follows may seem obvicus..,

Never leave questions unattempted! Even if you are making a desperate guess write it down - a blank space
will never give you a mark but now and again a guess willl Some question parts will require you to tse an
answer from a previous part of the question; even if vour previous answer is wrong, if you use it correctly in
a subsequent part you can achieve full marks for that part (this is referred to as error carried forward or ecf
by exam markers),

Do show your method — any question involving calculations that has more than [1] allocated to it will
have method marks. A wrong answer with no method shown will get no marks, a wrong answer showing
a correct method will gain 50% or more of the marks available.

Do write legibly. (If you have a diagnosed reason for having trouble with this ensure that you have any
special help that you are entitled to months before the exam date.) Cross through things that are wrong,
neatly, but do not obliterate them - examiners are supposed to look at all your work. Take care that
numerals like 0 and 6 are distinct and that decimal points are visible to the naked eye!

Some questions wili require you to include appropriate units, leaving units out will be penalised by
the examiner!

Take note of the space available for answers and the number of marks allocated to a question. One line and
one mark means a single word answer or a short sentence will be enough. Generally there should be as
many points made in your answer as there are marks availabie — here is an example:

‘What effect does temperature have on how well a metal wire conducts electricity? [2]
Weal (one mark answer): ‘it changes the resistance!
Strong (two mark answer): ‘Increasing the temperature increases the wire’s resistance’

Look for clues in the paper! Sometimes you will be asked for a definition or equation (not given at the
front, of course) and later in that question or another question later on there will be a give awayl Here
is an example:




f21

: _":"lee the equatLon for average speed

Then, later in the question, there may be a speed given w;th its units: m/s ~» the units mdmate speed is
distance divided by time,

Be aware of exam vocabulary. Questions that say 'state’ or ‘describe’ will be concerned with recalling a fact;
the words ‘explain’ or ‘calculate’ are asking for more understanding and will usually be worth more marks.
In questions involving a given formula there should be no marks allocated to repeating the formula, but if
you are required to rearrange it this will usually attract a mark. Substituting correct values into an equation
also attracts marks.

Be careful to ensure that you are consistent with the use of units. Here is an example:

‘Sea water has a density of 1050 kg/m® what is the mass of sea water in a small tank measuring 80 cm
by 50 cm by 30 cm?'

Fither convert density to g/em?, or, and this is probably betier, convert the three dimensions of the tank
to m {80 cm — 0.8 m, etc). If you do not do this you might get an answer of 126 million kilograms ...
which ought to alert you that something is not quite right (an aircraft carrier has a mass of around ‘only’
30 million kilograms).

Enjoy physics and good luck with all vour exams!

Eguations shown thus:

weight = mass X gravitational field strength

are not given in the exam paper.

Fquations shown thus:
Take g =10 m/.'s2

are given in the exam paper,



- Chapter 1: Movement and position
Speed

distance travelled .
timetaken

average speed =

You need to know this formula and be able to rearrange it to find the following two equations:

distance travelled = speed X time taken

and

. _ distance travelled
time faken =

speed

Units of speed: metres per second (m/s), kilometres per hour (km/h). (Also centimetres per second (cm/s) for
laboratory experiments.)

CLOCK

¥ you note the mi%eagé reading on a car odometer at the ODOMET EH '
beginning and end of a journey and measure the time S :
taken, you can calculate the average speed: »

{23635 — 23569)
15 hours

average speed =

Answer: 44 km/h

You should be able to convert speeds from m/s to kni/h and km/h to m/s.

Vector and scalar quantities

When you work out the average speed of a car, you do not need to worry about the
direction in which the car has been travelling, just how far it has travelled. Speed
and distance travelled are scalar quantities because they do not take direction into
account. When both size and direction are important, you need to use a vector
quantity. The term displacement (s) means distance travelled in a specified
direction and velocity (v) means speed in a specified direction. Both are

examples of vector guantities. You will meet further examples of scalar and vector quantities later.




D;stan;e-tzﬁaé’graphs

o Gradient or slogie gives speed

&
§ o Straight lines mean constant speed
2 The red line shows constant speed moving away from a starting
o o point; the blue line shows that the obiect is stationary; the green line
Time shows that the object has changed direction. Note that the green line
Figure 1.1 Unless you are told ctherwise has negative gradient (direction of travel reversed) and Is less steep
distance-time graphs will show objects . . . : . - :
showing that the object is moving more slowly on its return journey.

moving in a straight line - distance in
a particular direction, i.e. displacement.

Acceleration

change in velocity
time taken

acceleration =

This formula can also be written: acceleration = {final velocity — initial velocity)/time taken

Uinits of acceleration: metres per second squared (m/s?), Acceleration is a vector quantity.

Velocity-time graphs
s Gradient or slope gives acceleration
2 %% e Straight lines mean constant acceleration
§ e Area under the graph gives distance travelled
o The red line shows constant acceleration; the 1% horizontal blue line

Time shows that the object has constant velocity; the 1# green line shows
Figure 1.2 Here velocity is used - speed ina  the object decelerating to a lower constant velocity (2™ blue line);
particular direction. the 2™ green line shows object decelerating to rest. Note; {i)
steepness shows rate of acceleration or deceleration; {ii) the area under the graph shows the distance
travelled during the motion.

To calculate the area under a velocity~time graph, divide the graph into rectangles and triangles, as shown
in Figure 1.2, and add these areas together. Remember to use consistent units when calculating the areas.
For example, if velocity is in m/s then time must be in s to give an area in m (the distance travelled).

Practical work

You should be able to describe experiments that allow you to measure how the distance travetled by a
moving object changes with time and how you can use your results to calculate velocity and acceleration.
The Student Book describes the use of ticker timers in some detail and mentions linear air tracks and
electronic timing devices in cther examples. You may be asked to discuss similar experiments that you may
not have met in either the Student Book or during your lessons. These experiments will address the following
key points:

e A suitable means of measuring distances travelled to an acceptable level of accuracy,
e A sufficiently accurate method of measuring how long it takes to travel these distances.

A simple experiment for measuring the average speed of a car involves using a hand-held stopwatch to time
a car travelling over a measured distance of 50 m, A suitable means of measuring distance, in this case,

%




3_150:1'_;11& be a ‘click’ wheel, or a long tape measure borrowed from the PE depar't'r'r;'é:r.fi_i:-"(ﬁ'ut not a 30 cm ruler!).
A hand-held stopwatch is only just acceptable as cars in a 30 mph zone will cover this distance (50 m) in 34

" seconds. Therefore human reaction time will produce significant uncertainty in the time measurements.

Having a group of people all timing (minimum of 3) wiil allow an average value to be found which will
improve the overall accuracy. If the cars were travelling faster you would need to improve the accuracy of
the experiment, either by having an electronic timing system, or by increasing the distance over which the
car is being timed, or both.

b
%

&

er 2: Forces and shape

Forces

Forces are pushes or pulls that one body exerts or: another. You need to know that forces can change the
way things are moving, make things start to move or stop moving and change the shape of things.

You should be able to name and label the forces that are acting on objects in a variety of different situations:
o Weight, the force that acts on a body because of gravity.

e Friction, the force that opposes motion, either when you try to make something move or whilst it
is moving.

a Air resistance (or drag), friction between an object and the air (or gas) that it is moving through.
e Viscous drag, similar to air resigtance, but occurs when an object is moving threugh a liquid.
e Upthrust, the upward force that liquids and gases exert on objects.

e Magnetic, forces that magnets exert on other magnets or things made of iron (or other ferrous
materials),

e FElectrostatic, the force between elecirically charged objects.

e Normal reaction, the special name for the contact force that acts on an object pressing down
on another object.

e Tension, in strings, cables, ropes, etc. that are being stretched (not slack).

Label the forces acting on a bubbte in a glass of fizzy drink.

U: The upthrust of the drink on the bubble. (Here U > W + D)

D; The viscous drag produced as the bubble moves upwards through
the drink, (This increases with bubble-speed.)

W: The weight of the gas in the bubble (usuaily smalf enough to be ignored).

While the forces are unbalanced, as shown, the bubble will accelerate upwards.

The unit of force

Porces are measured in newtons (N), 1N is roughly the weight of an apple due to the Earth's gravity.




Baianced aaad uabaiamed forces

Forcas are vector quanutxes the direction in which they act makes a difference to the effect that they
have on the objects that they act upon. At this level you will have to deal only with forces that act in one
dimension. In the previous example all the forces act in the vertical direction; to distinguish the upward
forces from the downward forces we might say upward forces are positive and downward forces are negative
{or the other way round, the choice is up to you). If the forces add up to zero. i.e. the total upward acting
forces equal the total of the downward acting forces. the forces are said to be balanced. If, asin the
example, the upward force is bigger than the sum of the downward forces, then the forces are said to

be unbalanced and there is a resultant force acting in the up direction on the bubble.

Unbalanced forces acting on an object will cause a change in the way the object is moving:
e it will speed up (accelerate),
¢ slow down (decelerate) or

¢ change the direction in which it is moving,

Hoolce's Law

stretching springs Forces can make things change shape. Rebert Hooke discovered that
the increase in length (extension) of a spring is directly proportional to
the force pulling on it. This is shown by the straight part of the graph. If
stretched beyond the elastic Hmit, shown where the graph starts to
curve, the spring will not return to its original length,

Extension {m)

elastic limit

Force (N}

You should also know how springs, wires and elastic bands behave when stretched. These are shown in the
graphs below. Note that these graphs are plotted with force on the vertical axis and extension on the horizontal
axis. When given an exam question on this topic be sure to note which way round the axes are labelled.

spring and wirg

The red part of the graph shows the spring being overstretched and it
will mot return to its original length when the force is removed; the
extension follows the dotted red line when the force is reduced to zero
again. B is called the elastic limit.

Force (N}

The graph for 2 wire will show similar features to the graph shown for

the spring, but different wires have different properties that need not be

considered here. It is unlikely that any GCSE exam question will ask
Extension (r;) you about the elastic imit, only to identify the point where the line
starts to curve, A, after which Hooke's Law no longer applies.

2 lastic band
elastic Elastic or rubber bands do not obey Hooke's Law —~ as you can see the

graph is definitely not a straight line. The slope of the line is quite steep
at the start and again at the end, If you keep on stretching the band it
will break, of course. Provided the band is not stretched beyond its
breaking point it remains elastic and returns to its original length
when the stretching force is removed.

Force (N)

Extension {m)

Figure 2.1




Practical work

The practicai work in this chapter should include an experimental investigation'df Hooke's Law using a light

" spring. As with all practical work you will need to describe the measuring apparatus you use and how you

take steps to make your measurements as accurate as possible. Usually the force on the spring is applied

by hanging known masses on the end of the spring (100 grams has a weight of approximately 1N), and the
extension is measured against the scale on a half metre rule. You will also need to take a suitable range of
measurements without overstretching the spring, and display your results on a graph. You should know
what happens when a spring is overstretched.

You should investigate the behaviour of an elastic band. This does not cbey Hooke’s Law. The extension is
not proportional to the stretching force over the whole range and it remains elastic (returns to its original
length) even when stretched beyond the linear part of the graph,

You should investigate or research stretching a metal wire (thin copper wire is usually used because it is not
as stiff ag steel), but measurement of the tiny extensions produced to an acceptable degree of accuracy is
difficuit without a better measuring instrument than a half metre rule.

Another experiment is an investigation of the Iriction force between two surfaces, This is described in the
Student Book. You need to be able to measure the force needed to malke the block start to slide, and to show
that only one factor (say, contact force) is changed at a time. You could investigate how the friction force
between two surfaces depends on;

¢ the contact force (normal reaction) between the two surfaces,
a the area of the surfaces in contact,
e the type of surfaces in contact ~ the block could be pulled first on: a rough surface then a smooth surface.

You may also notice that the force needed to overcome friction to get the object moving is greater than the
{orce needed to keep it moving — if’ you have ever push-started a car you will have noticed this already!

ter 3: Forces and movement

Force, mass and acceleration

force = mass X acceleration

Forces make things speed up, slow down, change direction or change shape. Newton investigated how a
force acting upon an object may cause the object o accelerate. This important equation shows that the
acceleration of an object is proportional to the force acting on it (double the force — double the acceleration)
if the mass is constant, It also shows that, for a given force, the bigger the mass of an object the smaller the
rate of acceleration, Rearranging this equation gives:

. orce
1. acceleration = e
mass
and
, force
2. mass = ————
acceleration

Equation 1 shows that a large force acting on a small mass will cause a
big acceleration.




* Friction and-braking o
When you apply the brakes of a car you are relying on the friction force between the tyres and the road

sarface to make the car decelerate, Equation 1 on page 5 shows that this force should be as large as possible

to make the deceleration as big as possible - you cannot conveniently change the mass of the car in an

emergency! If the car skids, so the wheels are sliding across the road surface, the friction force will be

reduced; therefore over-braking has the opposite effect from what is needed. Poor tyres, water, ice or oil

on the road surface will make the maximum braking force you can apply without skidding much fower,

so your deceleration is smaller — it takes more time and a greater distance to stop.

Safe stopping distance

When you brake in an emergency the time it takes to stop the car and the distance the car travels before
coming to rest depend on:

e thinking distance — the distance you travel before you start to apply the brakes, and
e the braking distance - the distance you travel while the car is decelerating to rest.

The thinking distance depends on your reaction time, This will be longer if you are tired, if you have been
drinking alcohol or taking drugs, or if the visibility is poor.

The factors affecting braking distance are mentioned above.

Acceleration due to gravity and weight

All objects accelerate at the same rate on the Earth, provided that the effect of air resistance can be ignored.
This can be demonstrated by the ‘coin and feather’ experiment in which the two objects take exactly the
same time to fall through a tube with no alr in it. In the exam you will be told to use the approximate value
for the acceleration due to gravity, g, at the Barth’s surface - shown here,

Takeg=10m/s® -

The force acting on an object in the Earth's gravity is called its weight.

weight = mass X gravitational field strength

on the Earth on the Moon

The gravitational field strength, g, of the Earth is

the force acting per kilogram mass and is approximately
10 N/kg at the surface of the Earth; the Moon's
gravitational field strength is only 1.67 N/kg so objects
dropped on the Moon accelerate at one sixth the rate on
Earth because the weight force acting per kilogram mass
is six times smaller.

mass mass [

weight = | .67 N

welght = IO N
Figure 3.1



Aur resistance and terminal velocity

o 'When objects travel through the air at a significant speed we can no longer ignore the effect of air registance.

" Remember that air resistance is a force that opposes the motion of an object through the air, The size of the

drag force caused by air resistance increases with speed — at some speeds the size of the drag force will be
enough to balance the weight of the object. So the overall or resultant force on the object will be zero so
that it no longer accelerates, having reached its maximum or terminal velocity.

Describa the force(s) acting on a falling object at the paints labelled A, B, C and D on this velocity-time graph if the
object Is falling through a large distance in air.

4 A: object at rest, no drag force, upthrust (U] remains too smali to
- terminal velocity consider throughout fall, so resultant force is simply the weight

—————— é— %_ﬁ%ﬁm - (W) acting down.
c B: object accelerating downwards, drag force (D} increasing but still
insignificant, so resultant force is still the weight (W) acting down,

Velocity

C: object now falling fast enough for D to have an effect and acts
upward, opposing the movement; the resultant downward force,
(W - D), is getting smaller, so the acceleration is decreasing, as is

A B & shown by the change in gradient of the #ine.

Time

D: object has accelerated to the speed at which D balances W so the
resultant force is zero, so acceleration is now zero and object falls
with a constant velocity.

Practical worlk

The practical work in this chapter should include an experimental investigation of F = ma. Your
experiment should:

o ailow you to either reduce friction to a minimum (by using an air track) or compensate for friction
by using a friction compensated slope,

o have a way of applying a constant force, F, to the object being accelerated,
o have a way of measuring this constant force,

o ailow the acceleration, a, to be calculated.

Using a suitable instrument you should meastre the mass, m, of the object you are accelerating and then
repeat the experiment with different values of w2 and F,

You should be able to present your results in table and graph form, and to show from your graph that the
formuia is valid.

You should be able to describe and analyse experiments to measure the acceleration due to gravity. Methods
for this include the use of a ticker timer or analysis of a photo of a falling object taken with multiple images
produced by a stroboscope flashing at known intervals. These two methods are discussed in the Student
Book. In an exam you may be given the necessary equation to analyse an electronic timing method.
Blectronic timing devices are necessary when the timed intervals are short and the use of human reaction
fime alone would produce unacceptably large errors,

Terminal velocity is often demonstrated by dropping steel ball bearings into a tall measuring cylinder filled
with a viscous (thick) liquid such as glycerol. Falling winged seeds, like sycamore seeds, also reach a terminal
velocity though for more complex reasons, but this is suitable as a qualitative experiment.




%%g@%@gﬁé Momentum

‘Momentum

“'momenturm = mass X velocity

Momentum is a measure of how easily an object may be brought to rest. An object with a large momentum
will need a bigger force (acting for a longer time) to bring it to rest.

Momentum is a vector guantity, its direction is important and must be stated,

The unit of momentum

Momentum ts measured in kilogram metres per second (kg m/s) provided that mass is in kg and velocity
isin m/s.

Newton's 2nd law

Newton showed that the vate of change of momentum of an object was proportional to the size of the force
acting on the object, Using S units this leads to the equation:

change in momentum

Force = -
r time taken

Which can also be written:

final momentum - initial momentum
time taken

Force =

Usually the mass does not change so this simplifies to; F = ma (see Chapter 3).

Conservation of momentum

The momentum of bodies colliding (or springing apart as in an explosion) is always conserved (i.e. the same
before and after the event), provided that the only forces acting on the bodies are the force of one body on
the other and vice versa. In practice, other forces have to be taken into account; for example friction, air
resistance and weight.

If you eliminate or minimise these then you can show, by experiment, that when two bodies collide:
total momenttoun of the two bodies before collision = total mementum of the two bodies after collision

As momentum is a vector quantity you must take the direction of movement into account; if one obiect is
moving north, and the other is moving south, the sign of one must be negative. It is up to you to choose
whether to make north or south pesitive but once you have chosen vou must stick to that decision,

Elastic and inelastic collisions

An elastic coliision is one in which no energy is ‘lost’. Most collistons will involve some of the movement
energy being 'lost’ as it is converted into heat and sound ~ such collisions are partially elastic. When the
colliding objects do not rebound at all - so stick together — the collision is called inelasiic.




: A small peliet of mass 0. OT kg travelling at 30 m/s is fired into a black of plastlcme ona smail trc!ley which is stationary
““onravery low friction track (s that friction is so small we do not need to consider it), The peffet collides inelastically

- 'with the plasticine (it gets embedded in the plasticine) and the pellet, plasticine and truck niove as one after the

. collision. If the truck and trolley have a mass of 0.19 kg, what is the speed of the troiley Just after the collision? -

before - o after

Glokg . O19kg+00ikg

. 0.01 kg 30 m/s

Momentum before coliision = Momentum after collision .
(0.0T kg > 30 m/s) + {019 kg X 0} = (0.19 kg + 0.01 kg) X v
) 50,03kgm/s =02v

Therefore, v = 1.5 m/s

Car safety

Rearranging the momentum equation gives: F X £ = mv — mu

or, in words;

Force X time = change in momentum

When a car stops the change in momentum is fixed by the speed you are travelling at and the mass of the
car -+ contents. If the car is brought to rest rapidly, so that ¢ is very short, the force acting on the car and its
contents {people) will be very large. The human body cannot withstand large forces without damage so, to
reduce the size of the force acting during deceleration, it is vital to increase the time taken to bring the car
to rest. Crumple zones increase the time it takes for the car to come to rest.

Newton's laws of motion

1. Unless a resultant force acts on an object it will continue to move in a straight line at constant speed or
remain at rest,

Figure 4.1




2. The 'ra'_té'_'df cignge of momentum of a body is proportional to the force acting on it. -

© dcceleration = 2 m/fs? acceleration = | mfs?
. R

for a given mass
a larger force

results in larger
acceleration.

for a given force
snailer mass
results in larger
acceleration.

e svvewsmeemanrom—
acceleration = 5 m/fs? acceleration = 3 m/s?
Figure 4.2
3. For every action there is an a) X Y b) X Y

equal and opposite reaction.

Figure 4.3
Practical work
- light gates You should be able to describe an experiment to demonstrate
p— -bﬁg D/ conservation of momentum. On a levelled linear airtrack you should
D make one glider collide with another — it is simplest if the second

glider is stationary. You measure the mass of both gliders. If you
“S make the collision inelastic (so the gliders stick together) it is easier to
alr track measure the momentum after the collision. Measure the velocity of
the moving glider before the collision and the velocity of the gliders
Figure 4.4 after the collision has taken place.

i
pin and plasticine

The experiment should be repeated with different masses and velocities.

r 5: The turning effect of forces

The moment of a force

moment = force X perpendicular distance from pivot

<t d £
I S— The moment of a force is its ‘turning effect’. Levers are used to increase
A the turning effect of a force by increasing the distance between the force
pivot F applied and the point around which the object
moment = F X d \
will turn.
Figure 5.1 ?



- In.balance

* Often several forces will act on an object; some may have a clockwise turning effect and others may have
- an anticlockwise turning effect. If the effects cancel one another out then the object will be in balance. The
condition for balance is;

(C sum of clockwise moments = sum of anticlockwise moments *)

Two children sit on a seesaw made from a plank 5 m long pivoted at

its middle. One child weighing 400 N sits 1.5 m from the middie of the
plank. Where must the second child, who weighs 300 N, sit if the sessaw
is balanced?

Sum of anticlockwise momants = Sum of clockwise moments

400NXT15m=300NxXdm

_ (400 X 15)
So.d = s

Therefore, d =2 m

Centre of gravity

The whole of the weight of an object acts through one point of the object calied its centre of gravity.
If a shape is suspended from a point, so that it can turn, it will come to rest with the centre of gravity of
the object immediately below the point from which it is suspended:

i Pt On the left the weight force is not vertically below the
: pivot point and so produces an anticlockwise turning
effect about the pivot. This makes the shape turn and
swing from side to side until the centre of gravity is

immediately below the pivot as shown on the right; ;.
weight in this position the weight force acts along the line weight
Figure 5.2 through the pivot so the moment of the force is zero, Figure 5.3

centre of
gravity

distance between \

line of action of
the weight force
and the pivot

Forces on a beam
If a beam is stationary two conditions must be fulfilled:
o the sum of the upward forces acting on the beam is equal to the sum of the downward acting forces,

+ the sum of clockwise moments acting on the beam about any point is equal fo the sum of anticlockwise
momernits acting on the beam.




A beam 6 m Eong we[ghmg 200 Nis supported by tWo posts placed.: -
1 m from each end. A box weighing 100 N is placed a) in the middle of
the beam, then b} 2 m from one end. Show the forces actmg on the
beam in each case, showing any calculations necessary

- In both cases the up and down forces on the bear must be equai soin
a} 150N + 150 N =200 N + 100 Nand in b} 125 N -+ 175 N = 200 N
+ 100 N. In both cases the sum of the moments trying to rotaté the
bear about any point clockwise and anticlockwise must be equal. For
example, take moments about the middle of the beam

' |na)150N><2m—150¥\1><2m iNB)IZ5NX2m+T00NX Tm=175Nx2m’

You will not be asked to calculate the forces in'situations fike b} without some guidance but you should understand
that the position of the box affects the size of the upward forces in each supporting post.

Practical worl

You should be able to show how both moments and vertical forces balance for a beam. A simple experiment
supporting beams of known weight {weigh with a newton meter or multiply mass by gravitational field
strength) with the supports placed as shown below will allow you to do this:

The newton meters are held

in clamps positioned to keep

the beam level, The beam is
supported by wire loops from the
newton meters. It is assumed
that the beam is uxiform and

: weight, W ¥ therefore its centre of gravity
Figure 5.4 is in the middle of the beam.

Considering the vertical forces:

In a) the beam is supported at two points that are the same distance from the middle of the bar,
So, W=F+F

In b) the beam is supported at two peints that are at different distances from the middle of the bar.
So, W=F1+F2

Considering the moments, clockwise and anticlockwise about the left hand support point:

Fora) WX a=F X 2a

Forb): WX a=F2Z X (a+bh

You could expertment further by placing a known load at various positions along the beam.

Chapter 6: Astronomy
The solar system

You should know that our solar system consists of planets orbiting the Sun and that some planets also have
moeons which, in turn, orbit their planets in the same way as the planets orbit the Sun. Planets and moons
are visible because they reflect light from the Sury the Sun is 4 star, producing vast amounis of energy, like
light and heat, fuelled by a continuous nuclear reaction.

%




Comets also orbit our Sun. They are relatively small objects consisting of rock 'a_n'd: lce and have very
eccentric orbits, that is, their paths come close to the Sun for part of the path but then travel a long way
“from the Sun, to the outer reaches of the solar system. They are only visible for a short pertod of time in
their orbits, and have a 'tail’ of melting ice and debris pointing away from the Sun,

' Beyond our own solar system the only visible objects are stars (and huge clusters of billions of stars called
galaxies). Our galaxy, cailed the Milky Way, is one of billions of galaxies that make up the universe,

Gravitational forces

Gravity is the force that keeps the Moon in orbit around the Earth and the Please see the Appendix for
moons of other planets in our solar system in their orbits. It also keeps the some additional material
planets in orbit around the Sun and the Solar System in orbit around the ;egard'“gﬁfaf’zt‘/'

centre of our own galaxy, the Milky Way. )

Earth and Moon system

typical comet orbit

Figure 8.1 Earth and Moon system Figure 6.2 Typical comet orbit Figure 6.3 A galaxy

The strength of gravity

Gravity is the force that attracts objects with mass to each other. Newton showed that
the size of the gravitational force between objects depends on:

o the size of the masses involved, Large masses, like stars and planets, produce large gravitational forces.
Smaller bodies like the Moon have much smaller gravitational forces,

e the distance between the masses. The greater the distance between two masses the smaller
the gravitational force between them.

The effect of gravity between two small masses is extremely small.

Orbital speeds of satellites

Speed is the distance travelled divided by the time taken to travel the distance, The orbits of planets, moons
and satellites are nearly circular, so the distance travelled is 2nr where r is the radius of the orbit, The time
taken, T, is the periad of the orbit, the time for one complete circuit. Thus orbital speed is given by:

:Grbif_a_! speed = —————-—-—-—~—-2 X ;_r, X LAgh




: The radms of the Earths orb:t around the Sun is abouf: §5(} million kilometres. The perfod of the Earths ol |t'ss one '
year Calculate the average speed of the Earth as it moves around the Sun, a) in km/h, and b} in m/s :

' 2 X 7 % 150000000km
_ a) Orbltai speed . ... 385x24h

So the avérage'orb'ital speed Is 168000 km/h {to 3 significant figures).

2 X 7 X 150000000 X 1000 m
365X 24 X 36005

So the average orbital speed is 30000 m/s {to 2 significant figures).

b} Orbital spééd =

This is a given formula; you need to be careful to use the correct units. To convert kilometres to metres multiply by
1000; to convert hours to seconds multiply by 3600 {1 h = 60 min = 60 X 60 s).

1 Mariam spﬁrints 100 m in12.9s Whatisheraverage 5 A car accelerates from 0 to 90 km/hin 8 s.
speed in a} m/s, b) km/s dnd ¢) km/h? a) Convert 90 km/h to m/s. '
[Hints: 100 m = 0.1 km, 1 hour = 3600 seconds.] .

2 The Suh is about 150000000 km distant from the

- Earth, Light travels at 300000 km/s. How long does

it take light from the Sun to reach the Earth in
a) seconds and b} minutes?.

b) Now calcutate the rate of acce!eratton ih m/s.

6 Look at the velocity-time graph below:
y

=

Velocity in mis

3 The next nearest star to the Earth, Alpha Centaur, )
is 4.2 light years away. A light year is the distance : : T:‘;e '
travelled by light in one year. Use the value for the . : &=

: 4 i2
speed of light in c_;L-Jast-lon 2 to cajeulate the distance a) Calculate the rate of acceleration during the first
to Alpha Centauri in kilometres.

4 s of the motion,

4 Look at the following distance-time graphs for b) Describe how the object is travelling during the
moving objects: period between 4 and 12 seconds.
a PR’ ¥ ¢) How far does the object travel during the 12
g § seconds shown?
al o) d} What is the average veiocity of the object during

the first 4 seconds?

7 A boat is fioatirig on a pond.
a) Draw a labelled diagram showmg the fwo forces
that act on the boat.
b} These two forces are balanced. Explain what this
means.

Tirne Titne

fal

Distance

q

Distance

8_ A helium balloon is tled with strlng to the ground
on a still day.

Time . 'ﬁme
_ C a}) Drawa labelled diagram showmg the three .
Which graph shows an objectthatis. " - - - forces that act on the balloon.

a} Traveliing at the highest constant speed, A b) How will (;/our force diagram chahge if the string
is cut, an

¢) What effect will this have on the balloon?
d) After the siring has been cut a new force will
start to act on the balloon; what is the name of

this force and what effect will it have on the
behaviour of the balloon?

b) Changing the direction in which it is travelling,
¢} Getting faster, and _
d) Travelling at the lowest constant 5peed?




9" State the three effects that an unbalanced (resultant)
force may have on the way an object moves.

10 Lock at the graph below which shows how the
extension of a spring varies with the force puiling
on it:

a} At which point on the graph does the spring
stop obeying Hooke'’s Law?

b) Whatis the name of the point on the graph
where the spring stops obeying Hooke’s Law?

B [»)
[~
-8
g
%
di C
B
P o
A Force (N)

11 a) What resultant force must act on a ship with
a mass of 30000000 kg o make it accelerate
at 1.8 m/s?

b} What force will oppose the acceleration?

¢} What does this mean about the size of the
thrust force that must be provided by the
ship’s propeilers?

The upward thrust provided
by the rocket engines of the
lunar module (LEM) on take-
off was 16 000 N; the weight
of the LEM on take-off was
7500 N. Assume that the
Maon's gravity is one-sixth
of that on Earth.
a) What was the resultant upward force on

the LEM?
b} What, therefore, was the initial acceleration

of the LEM?

[Harder:]

¢} Why will the acceleration increase for a while
after take-off?

13 A rifle bullet is pushed with an average force of
800N causing it to accelerate at 100000 m/s% What
is the mass of the bullet?

14 The following graphs show how the velocities
of 3 cars change with time in the event of an
emergency stop (assume the scales on all three
graphs are the same):

carA YoarBl e G
8 8 -1 L
¥ 2 2

a) Which car travels the greatest distance before
coming to rest? How can you tell this from
the graphs? :

b} Which car’s driver reacted most quickly to the
smergency? How can you tell this from the
graphs? Give two reasons that could account
for the slower reactions in the other two cars.

¢} Use the graphs to justify the advice to slow
down in conditions of poor visibility. '

d) Which part of the graphs would change fér all
3 cars if the road surface became more slippery?

15 The Apollo 15 astronaut, Commander David Scott,
repeated Gallileo's famous experiment on the
Moon, by dropping a feather and a hammer at the
same time.

a) What was the outcome of this experiment and
what did it show?

b) |fthe experiment was repeated with the same
feather and hammer on the Earth the outcome -
would be differant for two reasons - what are .
they and how would they affect the way in -
which the feather and hammer behaved? - -

16 The graph below shows an object that has fallen
from a considerable height through the air:
4

[
&

>

Velocity

Time

a) The first part of this velocity time graph is
practically a straight line; what does this telf us
about the acceleration of the object and;
therefore, the resultant force on the object?

b} Why does the graph start to curve?

¢} The acceleration of the falling object becémes -
zerg at the value of velocity, A; what is this value
of velocity calied? - :

d) When the acceleration has become zero what IS
the resultant force on the object? :




17 An ‘astronaut of mass 10{) kg is worklng ona.
space station, She'is not moving refative to the'
space station. She throws an equipment box of
mass 2.5 kg away from herself ata veloc:lty
of T2m/s, ol
a) What is the momentum of the equlprnent box?

b} Whatis the momentum of the astronaut after
throwing the box? . :

c) What is her veéocnty after throwmg the box?

18 A rallway truck of mass 4000 kg rolls into a
: . stationary truck of mass 6000 kg at a velocity of 8
my/s: After the collision the trucks are Joined
" together. What is the velocity of the two trucks
: 'mmediately after the collision?

19 a) A test car of mass 600 kg travelling at 12 m/s
o - strikes a wall and is brought to rest in 0.02 5.
What is the average force acting on the car
during the collision?

b) A different make of car undergoes the same test
and takes 0.25 s to come to rest, Why is this a
safer car?

20 Newton found that ‘every action has an equal and
opposite reaction’, Explain what this means using
the example of the astronaut in question 17.

21 Put the following forces in order of their turning
momentis abcut the pivots shown In ascending
order:

a) Zm b} 80 cm

{ ) [ ¥
7Y = %

50N 130N
1000 N

9 om 9 %

f i I }
7 7y

50N

22 a} Put the following objects in order from the one
with the fowest centre of gravity o the one with
the highest centre of gravity.

a) b)

key
lead

wood

: 23 What is the size of the missi ng force

b;)' Which is (s) the most 'stéble objec
{ii) the least stable {most hkeiy to topple)?

 each of the
following situations showing a beam m equshbnum?
Each beam Is of uniform densuty I

600 N

24 The Moon and the Sun both shine hght down onto
the Earth. How is the light we recewe from these .
two bodies different?

25 a) What force keeps the Moon in orbit around the
Earth and the Earth in orbit around the Sun?

b) identical satellites are placed in orbit around
three p¥aoets - -

Planets A and C have the same mass; planet B.
is twice as dense. The satellite orbiting planet €
has an orbit of twice the diameter of the other
two. Put the satellites in'order of the size of the
force of gravity they feel, in ascending order.

26 An astronaut has a one kilogram mass and two . .
spring balances, one calibrated to measure forces in
newtons the other calibrated to meastre mass in
kilograrmns, The astronaut hangs the 1kg from both -
instruments; what would you expect the two
balances to read a) on the Earth's surface and
b) on the Moon’s surface? ST

27 Copy and com plete the foilowmg sentences about
our unjverse, fxlhng in the spaces with the correct
words;

Our solar system is made up of a

called the which is orblted by a
number of - . Same of these pianets o
have _ orbltmg them, including the '

Farth. There are billions of ;.= "2 jn'our”
- which is'calted the Mi]ky Way The
universe itself is made up blHions of




28 An astronomer uses a medium power telescope to 29 The diagram below shows i\}\/'d:ébjécts orbiting
study some objects in the sky. He sees the foliowing; around the Sur. Wthh of the fo!lowmg statements
is true?

I: Ais the orbit of a comet, B is the orbit -
of a planet

2: Aistheorbitofa planet, Bis the'orbit
of a comet

3: Both show orbits of a comet

Select the correct set of labels for these objects:
1: Aisacomet Bisaplanet, Cisastar, Dis

30 The formula for calculating the orbitai speed Ve

a galaxy of a planet around a star is
2X X
2: Aisacomet, Bisaplanet, Cis a galaxy, D Vo= _ A _
Is & star Use this formula to calculate the orbital speed,.
3: Ailsaplanet, B isa comet, Cisa star, D is galaxy in m/s and km/h, of the Earth which has an -
4 Aisagalaxy, B is a comet, C is a star, D is orbital pericd of 365 days and radius 150 million -
a planet kilometres, and Mercury which has an orbita -

period of 90 days and radius 60 million kilometres,




'Using electricity safely
' You shoild be able to identify the {ollowing hazards (shown in Figure 7.1) that increase the chances of
severe and possibly fatal electric shocks:

Figure 7.1

r 7: Mains electricity

frayed cables, any damaged insulation can expose ‘live’ wires,

tong cables, as they are more likely to get damaged or trip people up,

damage to plugs or any insulating casing on any mains operated devices,

water around electric sockets or mains operated devices,

pushing metal (conducting) objects into mains sockets — usually only a problem with very young children,
solved by using socket covers.

You should also know how to wire a three pin plug correctly with the earth wire

different coloured wires in the correct places. as shown here.

The cable insulation must be firmly gripped by the
cable anchor and the correct fuse fitted, according to
the type of appliance to which the plug is connected,

[n addition you should be aware of the following
safety features:

(-]

fuse

five wire

cable grip

neutral stops the cable

Insulation — all mains wiring is double insulated with two layers of wire and wires being
insulation. This prevents the separate conductors {live, neutral and f;é‘i‘gu‘;“‘ of
earth) from touching and prevents anyone from touching a ‘live’ Figure 7.2

{mains voltage) wire.

Some appliances are double insulated; as well as all their wiring being insulated the outer casing of the
appltance is also made of an insulating material, usually plastic. This means there is no chance of an
electric shock from the casing — double insulation is often used with electric kettles and power tools like
electric drills.

Appliances with a metal outer casing that the user might touch must be earthed. The earth wire ensures
that the outer casing is held at 0 V and provides a very low resistance path for current in the event of a
fault in which the live wire touches the casing, This means that the fault current will be very large and
cause the fuse to blow immediately, disconnecting the live supply,

Fuses are fitted in plugs, and in the consumer unit next to the electricity meter. Cartridge fuses are
ceramic, heat proof tubes containing a wire designed to melt when a specified current size is exceeded,
thereby cutting off the live supply. Fuses have to be replaced when they have blown.



: ,__-:_"C_ircuit breakers are now used in domestic consumer units rather than fiiséfWifé_or cartridge fuses. They
< perform the same job as fuses, breaking the live connection when a specified current size is exceeded.
"7 Circuit breakers are usually operated magnetically and may be reset by simply pressing a button.

" Itis important to be aware that RCCBs (residual current circuit breakers) differ from the individual circuit
breakers used in consumer units — they are designed to disconmect the live supply (‘trip'} at much lower
current levels. These devices are essential when using electric appliances in hazardous conditions, such as
moewing a damp lawn where the danger of a fatal electric shock is much greater.

An obvious safety feature used in mains
electric circuits is the switch, Most
switches break just one wire in the
circuit (single pole switches) and this
ntust be the live wire, Some
appliances, notably electric cookers,
showers and immersion heaters break
both the live and neutral connections
{doubile pole switches) for extra safety.

Figure 7.3 Inside the consumer unit Figure 7.4 RCCB for
individual appliance

The heating effect of an electric current

When an electric current is passing through a wire some of the electrical energy is converted into other
forms; some useful, some not. A common useful conversion is electrical energy into heat, This is widely used
in our homes in electric irons, cookers, kettles, hairdriers, etc. The cables that carry electricity to and around
our homes have very low electrical resistance in order to make the unwanted conversion of electricity to
heat as small as possible. It is important to realise that these cables still have some resistance and, if the
current flowing in them is too big, the cables themselves will overheat and may even cause a five, It is for
this reason that fuses are used - to stop cables overheating - and why it is essential to use the correct fuse
{or circuit breaker) for each circuit or individual appliance.

Electrical power

You should be able to recall the follewing equation that allows you to calculate the power, in watts,
produced in an electric appliance when a current, in amps, is passed through it by a voltage, in volts.

power = current X voltage

You can use the triangle method to rearrange the formula to calculate current
or voltage.

You have an electric drill with a power rating of 750 W designed to run from the 230V mains supply. Use this
information to calcutate the current it will pass when working normally.

Rearrange the formula given above to get current = \.?oc;’\c';z;
then substitute the values given, so current = —7253%\'\)/

Therefore, the normal working current for this appliance is 3.26 A

Power is the rate at which electrical energy is converted in an appliance; inn the above example the drill is
converting 750 joules of energy per second into other forms (mainly useful movement energy but also

4

A2




unwanted sound and heat energy). If you wish to calculate how much energy an electrical app 1ance
- uses in a given period of time you should use:

energy = power X time

which, when you substitute power == current X voltage, becomes the given equation:
energy = current X voltage X time

You must use the correct units; energy is measured in joules, provided you have used amps for the current,
volis for the voltage and seconds for the time.

An electric kettle draws a current of 10A when connected to a 230V mains supply. Calculate how much energy it
uses, in joules, if it takes 3 minutes to boil some water.

Here you can use the given equation: energy = current X voltage X time but you must convert time in minutes
to time in seconds. 50,

energy = T0A X 230V X (3 X 60s)

Therefore, the energy used in this case is 414000 ) (or 414K, but note that thrs questlon asks for the enargy used
in joules not kitojoules),

Alternating current and direct current (AC and DC)

You should be able to understand the difference between aliernating electrical power supplies, like the mains
supply in this country, and direct supplies like batteries. A battery makes electricity flow in one direction only,
this is called a direct corvent (DC). An alternating supply, like the mains, causes the current to change
continuously, with electricity flowing in: one direction then the other; this is alternating caxrent (AC).

Practical work

The majority of the practical work for this section is covered in later chapters, You should be able to wire a
three pin plug safely and select an appropriate fuse for the appliance to which it is connected,

Electric charge
Conductors and insulators

Materials that conduct electricity well are known as conductors. They are usually metallic; copper, silver
and gold are il very good conductors of electricity. Materials that do not conduct electricity at all are
called insulators. These are usually non-metallic; rubber, glass and many types of plastic do not conduct
electricity. Cut wood, when dry, may alsc be considered to be an insulator,

Charges within an atom

This chapter is about static electricity — where objects have an overall electric charge and there is no path
for it to move from or through the object. It is important that you are aware of the basic structure of the
atom in order to understand how objects can be given a static charge.

The atom is made up of neuirons and protons, which together make up the nucleus of the atom. The
nucleus is surrounded by fast moving electrons.




.};T'h_e_key points to remember are; g electron

- e Protons are positively charged.

o Neutrons carry no electric charge, they are

proton
neutral particles,

neutron

o Electrons are negatively charged.

e The charges on the proton and electron are
equal in size, but of opposite sign,

e All atoms have equal numbers of electrons and protons,
so the charges balance out and atoms are, overal,
neutral. Figure 8.1

In solids the positions of atoms are fixed and therefore the nuclei and the protons within them are fixed;
the surrounding electrons can be made to move from place to place under certain conditions and it is the
transfer of electrons from place to place which is key to understanding how both static and current
{moving) electricity occur.

Charging objects by friction

The first observations of static electricity were made in Greece more than
2500 years ago. Rubbing an insulating material called amber with fur
made it attract light objects like feathers -~ you can repeat this experiment
by rubbing a clear plastic ruler or plastic comb with a dry cloth and = s
attracting small pieces of dry paper to it. It was also noticed that different k} P
materials became charged in one of two ways, as may be demonstrated by ﬂ

the following sxperiments. Figure 8.2

Polythene and clear acetate rods can be easily charged (on a dry day) by rubbing them with a dry cloth.
Both can be shown to be charged by demonstrating that they produce repulsion as shown in Figure 8.3a
and b. The final part of the experiment, Figure 8.3¢, which shows that two objects that are charged may
attract each other, shows that the rods must carry two distinct and different types of charge.

the negatively charged polythene rods repel: so do the positively charged acetate strips.

<) attract

objects with uniike charges attract

Figure 8.3
The two different types of charge were named positive and negative charge and the simple rule:
unlike charges attract, like charges repel - -

is clearly demonstrated by the experiment.




'o'f : ébarging by iriction is explained as follows:

_When rubblng two matemals together some eléctrons are torn from the surface of one of the maters
“ transferred to the’ other. The materfai which Joses electrons riow has a net positive charge because not :
- the positive charges In t%}e atomic nuclel are balanced by the negative charges of the efectrons. The material t%zat

"galned electrons now has more negatsve charge than pcs:ltlve charge and is therefore negatwely charged '

It is possible to demonstrate that the cloth and rod used in this type of experiment will always be equally
and oppositely charged since one gains exactly the same amount of charge (number of electrons) as the
other loses, but these experiments are difficult to do with school apparatus.

Forces between charged and uncharged objects

If you rub a balioon vigorously on a dry jumper it will become charged and you may be able to 'stick’ it to a
wall. The wall surface is likely to be insulating and will also be uncharged (all protons exactly balanced by
the same number of electrons), You can show that a charged object will always be attracted to an uncharged
object, as shown in the three figures below.

a) b) c} uncharged
metai ruter metal ruler polythene rod
BTy ) N i
i gl R =y
RE T,,.J i Lﬁ;ma L i‘bffi‘ﬁ” )
attract ‘

Figure 8.4

The explanation of the behaviour in the first and second figures is relatively straightforward. In metals,
electrons can move freely throughout the whole of the metal object, so an induced charge of the opposite
sign is always produced nearest to the charging object. In the third figure the electrons are bound to the
vicinity of their particular nucleus, but the way the charge is distributed around the atom is affected, with
one side of each atom being slightly more positive than the other. You will not be expected to explain this
in detail at GCSE.

Uses of static electricity
You should be able to describe how the fellowing devices work:

o INKIET PRINTERS: charging ink droplets in inkjet printers allows the droplets to be directed to particular
places on the paper by deflecting them between charged piates.

e PHOTOCOPIERS: A statically charged drum is exposed to light, reflected from the document to be copied,
which discharges the drum everywhere except where the dark print does not reflect light, The charged
parts of the drum attract the toner which is then transferred to the printing paper. Heat then bonds the
toner particles te the printing paper.

e PAINT SPRAYING: The tiny droplets of paint are given a static charge and the cbject to be painted is
connected to a supply of opposite charge. This causes the paint droplets to be attracted to the object being
painted and the amount of paint wasted is drastically reduced and a more even finish is produced.

e EBLECTROSTATIC PRECIPITATORS: The small particles of soot and other dust produced in burning waste
materials are given a static charge and are then passed through a highly charged grid which attracts the
dust particles, stopping them from escaping into the atmosphere.




Pmb!ems with static electﬂmw

e ELECTRIC SHOCKS: Cars become charged with static electricity, partzcuiariy on dry days, and can give an
unpleasant shock when someone touches the car. This also happens while walking on acrylic carpets.

o FUELLING TANKERS and AIRCRAFT: When fuelling it is possible for static charge to build up on planes or
tankers and, should a spark occur, a fire or explosion could result. This is prevented by ensuring that the
tantker or plane is electrically earthed to discharge them.

o HANDLING MICROPROCESSORS and COMPUTER ‘CHIPS’: Workers handling electronic components
must take care not to become charged by static as this can easily destroy expensive components. They
wear earthing straps and work on earthed metal benches to prevent this,

Practical work

Apart from the simple experiments described above there is little practical work in this chapter. It is, however,
worth pointing out that experiments with static electricity are more likely to work on dry days and that ail
apparatus should be thoroughly dried.

The amount of electric charge involved in static electricity experiments is tiny, but even quite small amounts
of charge building up on an cbject can produce large voltages — it takes around 10000V to make a spark
jump across an air gap of 1 cm so even tiny sparks of a millimetre require large voltages. If you receive a
static shoclk, the small amount of electricity involved means that you are very unlikely to suffer any long-
term effects!

2t Current and voltage in circuits

Conductors, insulators and electric current

Metals are good conductors of electricity because they have large numbers of ‘free’ electrons; these are
electrons that are not bound to any particular atom in the structure of the metal, they are free to move at
random throughout the metal. When a voltage is applied across a metal wire, an electric force acts on the
electrons causing them to 'drift’ in the direction of this electric force. As the electrons carry negative
electric charge this results in a movement of charge along the wire:

electric current is the rate of flow of élactric charge th rbu'gh aconductor:

BElectric charge is measured in coulombs (unit symbol, C). The amount of negative charge on an electron is
really tiny; 6.25 trillion electrons have a total charge of ~1 C. {1 have taken one trillion =
1000000000000 000000 that is, 108}

This leads to a simple equation for current:

charge in coulombs
time in seconds

current in amps =

A current of 1A means that charge is passing through a conductor at & rate of 1C/s

This is usually rearranged as: charge, @ in coulombs =
current, I in amps X time, £ in seconds




small-tore amp.passes a currenit of 150 mA when SWLtched an. Caiculate how many couiombs of charge pass _

S0, charge = 015A X (15 X 605)
N Tberefore the amount of charge that has passed through the lamp is 135C

\l@ﬁtage

Batteries, dynarmos, photovoltaic cells are all ways of providing the energy need to make electric charge
move around a circuit, that is, to make a current flow. The ‘strength’ of these energy sources is measured
in volts, and the voltage of an energy source like a battery tells us how much energy is transferred per
coulomb of charge that is passed through the battery:

1 volt means 1 joule per coulomb

Soa 12V car battery supplies 12] of energy to each coulomb of charge that it circulates.

This energy is converted to other forms as the charge flows through the components that make up the
circuit that the battery is supplying.

Measuring current and voltage

Current is measured using an ammeter placed in series with the component through which the current
passes, as shown in Figure 9.1.

_ N The current, 1, is the same

o A

1 O/ throughout the circuit. Since
“E batcery of a.rz a@gte? is a part of the
T 3cells flament lamp circuit it 1s important that it

has very little vesistance,
otherwise it will make the
current in the circuit smaller,
Remember the ammeter tells Figure 9.2 Ammeters
you how many coulombs of charge are passing through the

lamp per second.

resistor

I

Figure 9.1

Voltage is measured using a voltmeter placed in parallel with the component through which the current is
flowing, as shown in Figure 9.3.

The voltage, V,, across the lamp tells
e you how many joules of energy are
v é V'T ® being converted to heat and light per
T coulomb of charge passing through
Y ' thelamp. Note that V, + V, =V,
 BESRERN the battery voltage.
Figure 9.3

Voltmeters have very large resistance.
Figure 9.4 Voltmeters




E!ectrucai circuit symbols

3 C;rcmt symbols are simple representations of components designed to make drawmg circuit diagrams
quicker and clearer. You should be able to recognise and draw the following component symbols as well
as those already introduced in this chapter (see page 242 of Student Book),

_~—o\0~——~ switch (open) —®— indicator lamp

———@—“ fuse dlode
__%l__ ‘——{;Zﬁ— thermistor
varlable resistor _‘-————]_____ light-dependent
resistor (LDR)

Figure 9.5

Series and parallel circuits

o You have already seen a series ¢ircuit in this chapter. In a series circait the
closed same current fows through all the components as there are no alternative

routes at any point.

2 series circuit

iHh]

Any break in the circuit, either if the switch is opened or one of the lamps
‘blows’ (the fillament melts or breaks), will stop the currvent flowing in the
Flgure 9.6 circuit and all the lamps will turn off,

If the lamps are identical, each will get an equal share of the battery voltage and they will all have the
same brighiness.

A parallel circuit will contain points where the current can split to take two or more routes. These points
are shown on Figure 9.7 by the join 'blobs’. At the first join the current, I, divides into I, lowing through
lamp 1 and I, flowing through lamp 2, Note that: T =1, + I,

At the second join the two currents combine and the original current, I, returns to the battery.

! If the lamps are identical the current will divide equally, and since both

o A have the same (battery) voltage across them they will light with equal
I aparallel brightness. If lamp 2 blows or if switch B is opened, lamp 1 will be
T it gt unaffected. However, the size of current, I, supplied by the battery will
; I halve. Note that current, I, will not divide equally if lamps 1 and 2 are
a not identical,
Figure 9.7

Decorative lights used on festive occasions are usually wired i series, Fifty lights in series means that each
light has 1/50 of 230V connected across it ~ so each light will have a working voltage of 4.6 V. This means
that replacing a bulb is safer, but all the bulbs go out if an individual light fails,

Mains socket outlets and mains lights in homes are wired in parallel. Each socket outlet or lamp holder
receives the full mains voltage and should a lamp on the lighting circuit ‘blow’, all the others will continue
to work normally.




. AII the %amps in the following two circuits are identical and each is designed to work at normal bnghtness when:_ :
the voitage across itis 45V, all the cells are identical, each supplying 1.5V. S

lamp 4

el lamp 6
= &
famp 5 é;

a) State the order of brightness of the lamps starting with the brightest.
b) Give reasons for your ordering in part a).
¢} Explain what happens if (i) lamp 3 biows, (ii) lamp 6 blows.

al 16 l4and L5 11 and L2 and L3

b) L6 is at normal working brightness as it has the necessary voltage of 45V across it. L4 and L5 each have a
half share, only 2.25V. L1-L3 each have only 1.5V each.

¢) If L3 blows there is no complete path for current so all three famps will fail to light. If L6 blows L4 and L5
wil continue to light as before, unaffected by the break in the separate parallel path with L6.

Practical worlk

Most practical work in electricity is dealt with in the next chapter, You should be familiar with the circuit
symbols in the specification and should be able to show, on circuit dingrams, the correct use of ammeters
and voltmeters, Most meters used in schools and colleges will be digital, so connecting the meters the
‘wrong' way round will simply result in a minus sign in front of the reading. Conventionally, electric current
flows from the positive (+) terminal of the battery or power supply back to the negative (~) terminal. When
using an ammeter this current should enter the + {red} terminal and leave by the — (black) terminal.
When using a voitmeter the red lead should be connected to the point where current enters the component,
the black lead to where current leaves the component.

[Multimeters are likely be used too - you should be able to select the correct setting for DC voltage and current
measurement though you will not be expected to answer questions about specific types of multimeter, ]

Electrical resistance

Resistance

When a voltage is connected across a wire an electric current flows through the wire. The scientist Ohm
found that, for metal wires, the current varied in proportion to the voltage provided the wire did not get hot,

short thick wire

Figure 10.1




_3'D:ff@rent wires allowed different sized currents to flow for a given voltage; some wxres a[lowed current to
flow quite easily. others did not. Chm called the property of the different wires responmb}e for the different
" currents resistance. This relationship.is shown in the following formula:

voltage, V = current, I X resistance, R~ =

This formula can be rearranged using the triangle:

Resistance is measured in ghms {abbreviation, Q), A
component with a resistance of 1Q will pass a current
of 1A when a voltage of 1V is applied across it.

Calculate the current that wili flow in this circuit if R has a resistance of {i) 10€2, (i) 25, {iii) 508

» Rearrange the formula above to get | = %—;—/—
e - So (i)1 = iV—’therefore I=03A
T | SO mgteseele
{i) | = 259 wees therefore, | = Q.12A
(iii) | = 3V therefore, | = 0.06 A
50Q ' ’

Notice that, for a given vaoltage in the circuit, the greater the resistance, the smaller the current,

Components with resistance

Resustors

Resistance can be varied by
rotary or sliding action,
Resistors have many uses,
for example, in simple
lamp dimmer circuits, for
speed control in slot car
games and for volume
control in audio
equipment.

—~r"_.—f—

a fixed resistor

variable resistor

Thermistors

Thermistors are made from semiconductors and
have resistance that changes significantly with
change in temperature. Their resistance
decreases as temperature increases,

(But it is possible to make thermistors whose
resistance increases with temperature.) They
are used in temperature sensing circuits.

Symhoi

thermistor.




Light-dependent resistors

" light-dependent = .
resistor (LDR)

Diodes and light-emitting diodes (LEDs)

an LED

Also made from semiconductor; LDRS have
resistance that changes with the amount of
light shining on them. More light means

less resistance. L.DRs are used in light sensing
circuits, like those used to turn on street lights
when it gets dark.

Both diodes and LEDs only allow an electric
current to pass in the direction of the arrow.
In one direction they have a huge resistance to
current and in the other, very little resistance,
You can think of diodes and LEDs as one way
streets {or electric current. LEDs light up when
a current passes through them and are used as
indicators to show that a device is turned on.
Diodes control the direction in which current
can flow in a circuit and are used in power
supphes for DC equipment.

State what happens in each of the following circuits when the switch is closed.

a) b) a) The lamp does not light.
P w @Thelamp doss notlight.

b) The lamp does light. . *

- N T Y oThe LED does not light. - -

d) The LED does light.

Note: LEDs are destroyed if too much current passes through them.
The resistor in series with the LED is needed to limit the current.




__C'mrentmvaitage (i-v) gra..phs

You need to know how to investigate how the current through a component changes as the voltage
o connected across it is changed. This is described under practical work below. The results of such experiments
are usually shown in graphs. You should be familiar with the graphs shown below,

4 L4
ﬂ.'.'
5 £
5 | 5
o ¢
“R2
Voltage Voltage
"“7 l ) Voltage
A B C
resistors filament lamp dicde
Figure 10.2

A: Resistors and wires obey Ohm's Law. Current, I, is proportional to voltage, V, and the graphs are straight
Iines which pass through the origiv (0,0) of the scales. R1, the steeper line, is a resistor with smaller resistance
than R2.

B: The filament in a lamp is a metal wire but it gets very hot indeed, The resistance of a metal increases
with temperature — the graph curves when the lamp reaches its working current and temperature,

C: Diodes have very large resistance when the voltage is applied in the ‘wrong' direction — this is shown
by the horizontal line when the voltage is negative. When the voltage is in the ‘right’ direction (forward
biased}, when it reaches around 0.7 V the resistance drops to a small value — the graph curves and
become very steep.

Practical work

5 l This circuit allows the relationship between current
Q=T i E 2 and voltage to be investigated. Changing the value of
variabie the variable resistor changes both the current through

resistor the component under test and the voltage across it.
A A voltmeter capable of reading up to 10-20V is
suitable but you may need o use a milliammeter

piece of wire or component under test if the component under test has a large resistance.

When testing a lamp the supply voltage must not be
greater than the rated voltage of the lamp.

When festing resistors (demonstrating the Ohm's Law
straight line relationship) the resistor (or wire) must
not be allowed to get hot — this means the maximum
current flowing must be kept at a suitably low value,

Figure 10.3

When testing diodes the maximum forward voltage must not be greater than 1.0 V. Most rectifier diodes can
be reverse biased (cathode voltage higher than anode) to 50V safely.

The maximum forward voltage for standard LEDs should not exceed 3.0V {they don't start to conduct and
therefore light until V, is ~ 2 V), Reverse voltage for LEDs must not be more than 5V,




The circuit shown on page 29 can also be used to measure the resistance_ef_-'a
~| component: measure I and V then use the rearranged Ohm’s Law formula;

anode b~ | cathode e

I .
Figure 10.4 A diode is . ) . .
forward biased when the  Resistance meters pass a known current through a resistor then measure the
anede is more positive tharr resulting voltage -~ they are calibrated to read directly in ohms (k€ or M(3, as
the cathode — if V. > 87V required)
then the diode conducts qured).

1 Lookat the dragrams showmg the wmng ofa three : 6 List five exampées of app fances that use electr:mty
pin mains plug SR s o .. to generate heat as a useful form of energy output.

7 Some parts of an electrical circuit are designed to
have very little efectrical resistance but others must
have resistance, for example, the flex of a reading
lamp has a resistance of less than an ohm but the
fitament in the lamp can have a resistance of 1000
ohms, Explain, in terms of energy transfer, why thiS
is s0. :

' 8 al What is the purpose of a fuse inan electﬂc
circuit? -

b)* Fuses for eiectric plugs are available with the

. following ratings: 1A, 3A, 5A, 10A and 13A.
Do a calculation fo choose the correct value
of fuse to use in & plug attached to each of |
the following 230V mains apphances

h {i) a900W toaster, . _
(i) a 350W slectric drlH
{iii)a 1.2 kW coffee machine.

Which shews the correct wmng? L . o o
9. a} Write down the word equation used to.
2 Look at the diagram of a plug shown below It has a _ calculate how much electrical energy is

number of dangerous fauits. L|st them. You should o *transferred when an appliance is used for a

be able to find fwe known amount of time running from a given-

. supply voltage if you are also told the current
it draws.
" b} How much’ energy is transferred by"

(i) areading lamp running from a 230V mains
supply for 2% hours drawmg a current of
S 220mA; : :

T '(u) alzy, 36Wcarheaci|ampdur1nga R
© 50 minute journey at n|ght? '

10 A teacher says that the AC mains supply i is hke _
- playing a' mouth orgar because you suck as weil as

What is the Purpese e of a fuseina mains piug? - - blow to play notes. What does this tell you about an

TAC supply and how does it differ from a DC supply?
What Is the purpose of the earth wireina piug?

n In an expenment to demonstrate static electrmlty,

5 Givean example Ofa hou_seheld_ appliance thatis * " 5 c5mb which has been rubbed with a dry cloth :
commorjly double lnsulated_. W_’hy Isan ‘?‘%‘f_t_h“ .7 s brought close toa stream of water trlckimg from
connection not necessary in this type of appliance? = .-~ 4 tap. : :

o a) Expia n how the comb s beceme charged




b} Pupils then try the same experiment with their

rulers; maost are successful but a few pupils, who

have steel rulers, are not. Explain why they are
unsuccessful,

¢} Cne pupil who has watched the experiment
carefully says Just like in inkjet printers, Miss?’.
Explain this abservation.

12 In another experiment the teacher has suspended

two different types of plastic from nylon threads

so that they can turn freely. She tells the ciass that the
polythene strip has negative charge and the cellulose
acetate strip has positive charge. She asks the class to

try charging different strips of material with a dry

cloth and then te bring their charged strips close to

the two suspended rods. Explain the following

observations made by members of her class:

a) Katie discovers that her skrip attracts the
poiythene rod and repeis the acetate rod.

b} Shazia gets the opposite result from Katie.

¢) Joe finds that his strip attracts both the
suspended rods.

d} Amar finds that the cloth he used to charge his
strip of material attracts the polythene rod.

13 Copy and complete the following sentences about

electric current and charge:

is the rate of flow of
in a circuit. The amp is the unit of
and the unit of electric charge is the
. The refationship between current,
charge and time is given hy the equation
= X

An electric

14 Conventionally we say-that-ari eléctric cell circulates
positive charge from the positive terminal around
the circuit and back to'the negative terminal, as -
shown in the figure below. .

a}
b)

c

15 a)

b)

16 a}

b)

c)

What charged particles are free to move in _.
metals? AR

What is the sign of the charge on these mobile
particles?

fn what direction do they move around the
circuit?

[Note that we use conventional current in rules
like Fleming’s Left Hand Rule.]

copper

bulb wire

celi

P

Copy and compiete the following sentences
about the volt and veltage:

Voltage is the measure of how much ____,
in____ istransferredper _____ of
that passes through a component.

The voltage across a bulb in a circuitis 12V, -
how much energy is transferred to the buib -
filament by each unit of charge that is passed
through the bulb? What are the two main
gnergy conversions that take place in the bulb?

Draw circuit diagrams to show how three lamps
are connacted {i} in series and (ii} in parallel:

One lamp ‘blows’ (becomes opan circuit) in each
type of circuit; state the effect that this has on
the other lamps in each circuit.

Two switches are used in a blender to control -
when the cutting blades turn. One Is closed-
when the lid of the blender is securely in place
and the other is pressed by the user. Should
these switches be connected in series orin
parallel? Give a reason for your answer,




Gme circuits made with lamps, resistors and, " 20 Write the equation that shows the reEatlonsh[p e
; ‘all have the same voltage and all the between V, the voltage across a conductor and [,
ps and all the résistors are identical to each other. the current which fiows through it as, "ult and
SR the resistance of the conductor.:

id a) With V as the subject of the equa‘aon 3 5
-+ b) with  as the subject of the equatlon and .' :
¢} with R as the subject of the equatlon e

21 Calculate the missing voltmeter readmg ammétér
reading and resistor value in the fo[Eowmg th ree.
circuits. :

Place the circuits in order of the size of current
flowing in each, from highest to lowest.

T8 Here are some graphs showing how the veltage and
current are related in resistors, lamps and diodes.
Identify which component each graph refers to,

You may need to use a component name more

than once.
q) b) .
5] o
Voltage Voltage
9 . 9 ¥ 22 Here is a circuit in which 4 resistor is being used:
E g to protect an LED. The LED is being used asan -
indicator to show that the switch is is on and the "
Voltage Current circuit is powered. The LED is designed to operate.
with a voltage of 1.8V across it and passmg a
current ne greater than 12mA,

19 In each of the following circuits the resistance is @) What would happen if the switch was c!osed

? .
changed. without R? _ o B
a) Name the components X, Y and Z. b) ;ivslagszdt:]e voltage across R when the swntch_: .

b) State and explain what happans to the current
in each circuit as a result of the change. You can
assume that the voltage of the battery is
constant in each circuit. o

¢) Calculate the value of R needed to limit the
current through the LED to 12mA. -

b)

resistor
gircuit. -

ke colder

Y







What are waves?

- Waves cah transfér energy and information fram one place to another. .-

Waves can be divided into two types: mechanical waves (waves that need a material medium to travel
through: gas, liquid or solid} and electromagnetic ox EM waves (waves that can travel through a vacuum
- they do not need matter like mechanical waves).

' Eriergy dnd information are t'ra_h'éfer'réd by waves without transfer of matter. - |

Mechanical waves can be of two types: transverse, lile ripples on a pond, and longitudinal, iike sound waves,

Both types of waves can be demonstrated on a slinky spring.

direction of transfer .
w33 of energy along spring Transverse waves: In transverse

waves the medium (in this case the
coils) moves at right angles to the
direction of the motion of the wave,

mavernent
of spring

direction of transfer
2 of energy along sprin Longitudinal waves: In longitudinal
EY § spring 8 g

waves the medivim (in this case the
coils) moves in the same direction
as the motion of the wave.

mavement
of spring

Figure 11.1

In both types of mechantcal wave, the particles that make up the medium oscillate {move back and forth)
about fixed points within the medium. The difference, as shown with the slinky above, is how the direction
of their movement compares with the direction of the resultant wave travelling through the medium,

Describing waves

The following diagram shows what a wave, like a ripple on the surface of water, looks ke at an instant in time:

2 Wavelength, b ——r Figure 11.2 Displacement is how far the water surface has moved from jts rest position.
It can move above (positive displacement) or below its rest position as in this example of
a transverse wave, or in the direction of the wave movement (positive displacement) or

‘Arnp)
\/ \/ away {negative displacerment} from the direction the wave is moving in the case of a
fongitudinal wave. Distance is measured from the wave source.

Jrade Distance

Displacement
i

Wavelength is the distance between corresporiding points in the wave = one crest o the next crest in a transverse
wave, (A more strict definition would be the distance between two adjacent points of similar displacement.)

- Amplitude is the r'naiimum'dis’pfa_c':éméhtbf a part of the medium from its rest position.”




Figure 11.3 shows how a particular point in the medium moves with time. It 1s lmportam net to muddle
 these two graphs up, so look at the labels on the horizontal axes. : g

“The p_erio’d of 4 wave is the time for ane complete cycle of thé'wa\'/éfo'_rm.'-"-" :

VAR

Figure 11.3

Displacement - .-

" The frequency of a wave is the number of cycles of the waveform pe'z"sec'onci_.' :

The relationship between the frequency and period of a wave is:

frequency = Seriod

Frequency is measured in hertz (Hz) provided that the perfod is in seconds,

T/\.__/\fm'

1. The graph to the right shows how the displacement of a wave varies
with time. Use it to find the period of the wave and hence calculate
the frequency of the wave.

Displacement

Two complete cycles take 100 ms, so the period, T, for one is 50 ms

= —TF where frequency, f, is In Hertz if T is in seconds.
50ms =0.055
1
So.f = 558
Therefore, f = 20 Hz . .
2. Calculate the period of & waveform with a frequency of 50 Hz. - _
f= 1Tc:em be rearranged to make T the subject: T = 1? where T is in seconds if fis in Hertz.
-I . X
So, T == 03
Therefore, T = 002 s

The wave equation

You need to know this equation and be able to rearrange it as required,

wave speed, v = frequency, f X wavelength, A

Units: vin /s, fin Hzand A inm

All electromagnetic waves travel with the same speed in'a vacuumn. This speed Is 300000000 mi/s. Radio waves are -
a part of the electromagnetic spectrum so they also travel at this speed. Radio station A transmits radio waves with
wavelength 200 m and radjo station B transmits radio waves with wavelangth 300 m. Use the wave equatlon to:
calculate the frequenc1es of the radio waves transmltted by these two statlons . .

First, rearrange the wave equatlon fo give f = ;i
So, - - : :
300 OOO 000

For Statson A f —z—o—aww




T eleciric motor
ntinued) "L

| 1500000Hz T

For station 8: £ = 300000000/300 -~

Therefore, = 1000000Hz =

" Nota that, for waves that travel at the samie speed, the highef the -

. frequency of 4 wave the shorter Is its wavelength. .

The ripple tank

The ripple tank is a simple piece of apparatus that makes it possible
to show how waves behave, You need to be able to demonstrate some
basic wave behaviour using diagrams obtained from ripple tank Figure 11.4 The light shines through

experiments. More details are given in the practical section. If;ef‘;vafef and we can see the patterns
of the waves

pattern

Diffraction

" Diffraction s the spr'eadfrigbfWavés as they pass by edges of obstacles, = "

This is shown clearly in ripple tank demonstrations:
a) b}

Waves Curving
around the edge

obstacle of the obstacle

direction of waves
direction of waves

A

i
wivelength, the distance
berween Two wave Cresis

gap between
two obstacles

Figure 11.5

Diffraction occurs with waves of ail types. The idea of sound waves bending round corners is
unsurprising, you can hear someone calling you when you are around a corner. The suggestion that light waves
curve around obstacles appears to contradict the obvious statement that ‘light travels in straight lines’. When
waves pass the edge of an obstacle they curve around the edge as shown in Figure 11.5a. The effect is small
when the gap size is large compared to the wavelength as in Figure 11.5b. The effect is much greater when

the gap size is similar to the wavelength as in Figure 11.5¢. Sound waves have wavelengths of size about 1em
{very high pitched sound) to 15m (very low notes). Light wavelengths are all smaller than one-thousandth of a
millimetre, so diffraction effects are not usually noticeable,

Practical work

You should be able to demonstrate different types of wave in a practical situation. The slinky spring can be
used io show both transverse and longitudinal waves. You can also show transverse waves by shaking the end
of a rope up and down, or by creating ripples on the surface of water, EM waves are transverse, but this cannot
be demonstrated simaply. Sound waves are a good example of lengitudinal waves but, once again, you cannot
actually see particies moving backwards and forwards along the line of travel as you can with the slinky.

The ripple tank makes it possible to demonstrate many properties common to all types of wave, Refraction,
the bending of light waves as they pass from one material to another, can be demonstrated by reducing the

»




_dé'pth of water in the ripple tank (with a transparent glass or plastic sheet), Ripp'lééﬂtrével more slowly if
*"the depth of water in the ripple tank is smaller. When setting up a ripple tank it is therefore important that

* the tank is level. Another problem with ripple tanks is unwanted reflections from the sides of the tank: these
result in pretty patterns but make analysis of what you see very difficult. Most ripple tanks have sloping
sides (beaches) to reduce unwanted reflections.

To show the interesting effects of
diffraction (and interference) you
need to set up continuous plane
wavefronts and (circular wavefronts
respectively). This is done with a
vibrating bar placed either directly
in contact with the water (for plane
wavefronts, Pigure 11.6) or with two
dippers just touching the water (for
circadar wavefronts, Figure 11.7), The
frequency of vibration and thus the

clamped suspension bar clamped suspension bar

o ——— elastic bands T T T T T TR T
elastic

beam bands T 1
beam

/ \ i

front view: Showing beam with two

. ide view: Showing beam with di fitted to create two sets of circul
f waw sl ving ippers fitte create tw af circuiar
fmq“en_cy of the waves is controil.ed mator £ make it vibrate up and wavefronts, The beam has been raised clear
by varying the speed of the electric down to make plane wavefronts of the surface,
motor attached to the beam. Figure 11.6 Figure 11,7

Chapter 12: Using waves
Electromagnetic waves

Electromagnetic waves are transverse changes in the electric and magnetic fields in space; they do not use a
material medium and all travel at the same speed through a vacuum (free space) — 300 000000 m/s. They
all have wave properties in common but are produced in different ways and have special properties that
depend on their frequency and, therefore, their wavelength.

You should know the order of the different types of EM waves that make up the continuous
electromagnetic spectrum;

“Radio waves - micfowaves - infrared - visible light - ultraviolet -~ X-rays -~ gamma{y)rays - -
. Increasing frequency —, - . L .« Increasing wavelength .

A mnemonic can help: Run Miles In Very Unpleasant eXtreme Games {more memorsble if it is your own),

You should also be able to recall the order of the colours in the visible part of the BM spectrom:

- INDIGD - VIOLET |

RER - - GREEN'- |
Ut & Increasirig wavelength o

" Increasing frequency —> S

The standard rhyme is: Richard Of York Gave Battle In Vain (there are many others).

Since the speed, ¢, of all EM waves is constant you can see that a higher frequency
must mean a shorter wavelength

1t is worth emphasising that the EM spectrum is continuous ~ it is only broken up into
distinct zones for convenience. For example, the visible light spectrum is made up of an
indeterminate number of colours that blend smoothly from one shade to the next, as
you can see if you look at the palette of colours in any word processing package.

A)




ses of electromagnetic radiations

Radio waves are used for communication of information. This can be speech, radio

and television, mustc and encoded méssages like computer data, navigation signals and
telephone conversations, Radioc waves have the lowest frequencies and longest wavelengths,
television and digital communication uses higher frequencies and shorter wavelengths.

Figure 12.1

Microwaves are used for heating food (by directly transferring energy to the water
content i food) and also for satellite communication and radar (used to detect to
aircraft and shipping).

Figure 12.2

Infrared is used in heating devices and in night vision cameras, which pick up the
different temperatures of objects because the wavelength of infrared from warm oblects
(like people and animals) is shorter than the infrared radiation from cool objects (like
stones and buiidings).

Figure 12.3

Visible light is used by humans to see things, in photography and in some types of
fbre optics to look inside the human body when diagnosing and treating medical
conditions.

Figure 12.4

Ultraviolet Is used in fluorescent lamps, disco ‘black’ lights and sterilising water,
Some insects can see into the ultraviolet part of the spectrum and use this to
navigate and to tdentify food sources.

Figure 12.5

X-rays are used to examine the internal structures of the body in medical diagnosis and
to investigate the crystal structure of materials used in manufacturing, The X-rays
produced by collapsing stars are also used in radio astronomy.

Figure 12.6

Gamma rays are used to treat certain types of cancer, They are also used for sterilising
medical equipment and {ood products,

Figure 12.7

Dangers from electromagnetic radiation

e Microwaves can directly heat internal body tissue, so serious damage can occur before pain is felt!

e Infrared is readily absorbed by our skin and will result in burns.

[}

Ultraviolet is respensible for skin cancers and can damage the eyes.
e X-rays can produce cell mutation and cancer.

¢ Gamma rays also cause cell mutation and cancers.

.
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Ai}aiague and digital signals

- Analoguie electrical signals are continuously variable voltages. -

011100100

Di'gital'elé'ct'rical signals can have either of on.ly two 'p'oésible values. . -
(typically 0V and 5V}.These represent the duglts 0and 1 used in the,
binary number systemi. -

Voltage .

Time

Advantages of digital transmission

Signals transmitted over large distances have two main problems: they lose energy so the signals get weaker
(jargon: the signals are attenuated) and they pick up unwanted interference or noise, that is unwanted signal,

To overcome the problem of the analogue signal getting weaker as it travels it must be amplified to boost
the energy of the signal at points along its path, (Amplification is the opposite of attenuation.) Unfortunately
both the wanted signal and the unwanted noise are ampiified, so the quality of analogue signals is reduced.

Digital signals can be regenerated, both amplifying and restoring their distinct '0" and ‘1’ shape
electronically thus virtually eliminating the unwanted noise from the signal.

Optical fibres allow a much wider bandwidgh, This means that many different digital signals can share the
same optical fibre, so much more information can be transmitted along an optical fibre than by using an
analogue signal. ‘

Practical worle

There is not much practical screen

worl for this chapter, You

should be familiar with

splitting white light up info

the visible spectrurs (rainbow)

using a triengular glass prism.,

To obtain a good spectrum you  source of
. white light

need a darkened room, a white p

screen on which to project the

specirum, a narrow shit of

light produced from a white

light source (a ray box with a Figure 12.8 Remember that violet light is bent most violently

hot filament lamp) and a good

prism. Varying the angle at which the light falls onto the prism wili allow you to get the best spreading effect,

Refraction is dealt with in the next chapter.

vellow | pand of
reen - colours
bive (spectrum)




@%@@@E@M 3: Light waves

) Reflection of light
. ' normal

' i
incident ray reflected ray

o

T

Figure 13.7

You should be able to able to draw this diagram which demonstrates
how light rays are reflected from a plane {flat) mirror surface,

The normal is a construction lne drawn at right angles to the mirror
surface where rays of light strike it.

All angles are measured between rays of lght and the normal.

i isthe angle of incidence and r is the angle of reflection

The law of reflection is:

the angle of incidence = the angle of reflection

Forming an image in a mirror

reftecred rays to eye
object of observer

N

e -~

-

Figure 13.2

You should be able to draw a ray diagram to show how an image is
formed in a plane mirror,

The image formed in a plane mirror is a virtual image as it appears
to be behind the mirror; rays of light are not actuaily coming from the
place where the image seems to be. The image appears to be the same
distance behind the mirror as the object is in front of it.

When drawing this diagram real rays of light are solid, but the
construction lines behind the mirror are dotted, showing where the
rays of light that are reflected appear to have come from.

You should make sure that your diagram shows rays that reflect according to the rule above (i = r)i

Refraction of light
incident
ray nor.mai

air

]
* l
!
glass K S
| B
, EhEE
| -

refracted %
ray

&\
normal emergent

Figure 13.3 ray

Refraction of light is the bending {change in direction} that happens
when light travels from one material, like air, into another, like glass.

Light travels more slowly in substances like glass, perspex and water.

When a light ray travels from air isito glass (o similar substances) it is bent
towards the normal, and when a light ray travels out of glass back into afr
it is bent away from the normal,

The degree of bending depends on the material that the light is travelling
into (and out of). The property of the material that determines the
amount of refraction is called the refractive index, n, of the material.
The bigger the value of n the greater the bending effect.

The law of refraction is:
sini

refractive index, n = —
sinr




The,angle of incidence, i, is measured between the ray of light in air and
*the normal. The angle of refraction, r, is measured between the ray of
.. light in the material and the normal (see Figure 13.4). An experiment

" to measure n is described in the practical section on page 43.

i an e'xpe‘riment to' measure the refractive index of glass, Mariam
measures the angle of incidence and angle of refraction for a given ray-

of light passing from air into a glass block. Her resuits are: i = 50° and- - Figure 13.4
o= 31° Use her results to calczz[ate the refractive index of the glass to
two significant figures, -
Usern=SN7
~ .sinr
.- sin50
S0, = “sin 31

Therefore, n = 1.5

Note that refractive index has no units.

Total internal reflection
The following diagrams show an experiment {0 demonstrate total internal reflection (TIR):

{,rma; no,.ma Pigure 13.5a shows a ray of light directed toward the midpoint of the
diameter a semicircular block of glass. The ray passes across the curved
/4 / \ / face of the block without changing direction because it meets the surface
il I\I_)\ at 90° When the ray meets the straight surface it is refracted away from
the normal because it is travelling from glass to air. You will also notice a
normai norma srall amount of reflection occurs, shown by the faint red line,

i : Figure 13.5b shows the same, but here the size of angle i is greater.
\ /Qy @Z The ray emerges from the flat surface having been refracted through
a greater angle and you will notice that the proportion of the ray
Figure 13.5 reflected has increased.

Figure 13.5¢ shows the ray of light meeting the flat surface at the critical angle, ¢. Now the ray just emerges
from the block at an angle of 90° to the normal. The amount of light reflected is increased again. If you do
this experiment with a ray of white light the ray will show dispersion into the colours of the spectrum.

Figure 13.5d shows the ray meeting the flat surface at an angle greater than the critical angle and it is totally
internally reflected; ng light emerges from the flat surface of the block,

Refractive index, n = --'~!--

sin¢
!
incident ray /E You need to be able to recall and use this formula.
" anl
grazes surface /i = 90 ! It is a special case of the law of refraction, shown in Figure 13.6.

Note thatsin 90° = 1

Figure 13.6

AZ




nternal reflection :

PR You should be able to explain the use of

TIR in optical fibres. Remember that total

internal reflection only occurs when light is

travelling from a material in which it travels

é'iight o ImOTE slowly, towards a medium in which it
travels more quickly (e.g. travelling through
glass towards a boundary with air). This is
why the outer layer of an optical fibre has a
lower refractive index than its core, Optical
fibres are now widely used for digital
communication between computers and

for speech and video communication. They are also used in medicine for 'keyhole’ surgery in devices called

endoscopes.

o
light in

total internal
reftection

Figure 13.7

sine: iy
Rearrange this to give: sm ¢ = ? :
TNy
5=
Therefore the cri ttcal ang%e is 42° .

So, ¢ = sm“‘(

2 Use this to expialn how glass pnsms are Lzsed ina perrscop@ Your o
answer shouid mcIude a labelled’ dlagram

The) pertscope uses two nght angled pnsms with two 45° ang?es as "

shown. Rays of light from the object being viewed enter the top prism o JR S N

at {or close to) 907 to the face and suffer no (negligible) change in R _

path, This means that the rays méet the fong face of the prism with o L two 45° isosceles
an angle of incidence of 45° - this is greater than the critical angle. ~~ o ‘ triangles

of 42° 5o total internal reflection occurs and the ray path isturned .
through 90°. This is repeated by the second prism and rays then pass~. =~ . . .
to the viewer’s eye. As two reflections have occurred the fmal virtual, : IR AN L
image is not faterally mverted ' : '

Note: faterah‘y inverted is ;argon For back to front that is, ]eft—right
reversed. s

Diffraction of light

Light can be diffracted, but the physical set up to demonstrate this is difficult. For it to be observable, a
special light scurce must be used and the slit through which the light passes must be very narrow, We have
seen above that the extent of the spread of a wave is small if the size of the gap is large, and the wavelength
of orange light (for example) is roughly 0.6 millionths of a metre. A slit just 0,6 mm wide is 1000 times
bigger that the wavelength,

Practical worlk

You sheuld be able to describe the experiment shown in the four figures of the block of glass on page 41 and
be able to measure the critical angle, ¢. In this experiment shine a ray of light so that it does not bend on
entering the curved face and it just leaves the block as shown in Figure 13.8. Draw round the block and




rark the points that the rays enter and leave the block as carefully a
possible. Rermove the block and join up points A and B with a pencil.
“Usé a protractor to draw the normal at B and then measure the critical
angle. Tt is difficult to measure c to better than * 2° particularly with
" white light, which will disperse intoe the colours in the spectrum of
visible light. Use of a green filter may improve your ability to locate
the point where the ray is just totally internally reflected.

Figure 13.8
incident rorral You shouid also be able to measure the refractive index of glass given a
ifc)’\\ P 5 i rectangular block as shown in Figore 13.9. As above shine a ray of light
AT 4 v through the block, draw round it and mark the points B and C where the

ray of light enters and leaves the block. Also carefully mark a point A
on the incident ray. Remove the block then join A to B and B to C with
straight pencil lines. Use a protractor to mark in the normal at B and

A !
glass AN U
rr \ refracted

§

E

S

i A i
H

i measure the angle of i,
/\ Angle of incidence is i, and the angle of refraction, r.
Figure 13.9 c "~ Now use the formula n = sin i/ sin r to calculate n.

You should repeat this experiment for a range of values of i from 30° to 70° and find an average value for n.

Chapter 14: Sound

Sound waves

joudspeaker  rarefaction  compression Sound travels as 4 lFongitudinal wave through gases, liquids and
y solids, It is useful to know that the speed of sound in gases is generally
“ - lower than in liquids and slower in liquids than in solids. You do not
ioudspeaker direction of travel

need to recall the following figures, but they show this point: in air

cone of sound sound waves travel at 340 m/s; in water at 1500 m/s; in steel at 5000
Figure 14,1 As air particles move forwards m/s. [These are all approximate and will vary with temperature and
and backwards from their average positions, other variables.)

regions where the particles are bunched up

{compressions) and spread cut {rarefactions) Sound waves cannot travel through a vacuum,

travel cut from the sound source

The range of frequencres that the human ear can detect is from 20 Hz to 20 !(Hz these frequenczes are referred to
as audlo frequencles : : _ _ -

- 'forl?%'?"’fﬁn;

TR MM"’W&’

Sound waves travel at 34{) m/s in alr Calca[ate the maximum and minimum waveiength of auci:o frequency sounds
freair o : : : .

Rearrange the wave equatlon to give ?t —;— .
Longest wavelength: A = —?3;?0 SRR P
SoA=17m.
: . 340
Shor‘restwa\relength A 2000{) k
S0, A= 0.017m .

Note ?or waves that travel at the same speed the h|gher frequency waves have shorter wavelengths

4

>




Sound waves share: the properties of reflection, refraction and diffraction comimon to all types of _ waves

' Echoes show waves reflecting. Refraction is harder to demonstrate but a feature of rei'ract;on total mtemaI
- reflection, is eastly demonstrated with sound waves, Remember that TIR occurs when waves are tr_avekl:ng in
a medium and strike a boundary with a medium in which waves travel faster. The whispering gallery at

St Paul's Cathedral in London is an example of total internal reflection of sound. Stethoscopes also use this
property — the hollow tube is the sound wave equivalent of an optical fibre. Diffraction occurs readily
through gaps like doorways because a typical wavelength of sound ~ 0.3m is of a similar order of
magnitude to the width of an average door space.

Measurement of the speed of sound waves

See the practical section below.

f Pitch and loudness

“g "The pitch of any sound depends on how quickly the scund producing
- _ system (e.g. vocal chords, string on a violin) is vibrating. The vibrating
:g § system causes sound waves with the same frequency. A microphone
3 § converts sound waves info electrical signals; small voltages that vary
g ‘§= with time in the same way as the pressure of the air changes arcund
§ 2 _ the microphone as sounds reach it. An oscilloscope amplifies these

o W T voltages (by a factor controlled by the y-gain on the oscilloscope) and

produces a graph which shows how the voltages (and hence the
Time per division is set by ) - : . : ol s
the timebasé control pressure variations in the sound waves) are changing with time. A
Figure 14.2 control on the oscilloscope called the timebase allows you to set and
change the timescale on the graph.

" The h9|ght of the osa%foscope trace (its amplltude) depends on the londness of the sound. The louder the sound
the greater the amplitude D B T T Do

" The' pltch of a note depends on the frequency of ’zhe sound and since T = T/f the time for one complate cycle of
the wave gets shorter as the note becomes higher in pitch - the mdre waves on the screen the higher the note..

The traces shown in the f gure were all obtained with the same. -
microphche - the same oscﬂlcscope was used and the osmlloscope
settings were not altered L

' Put the threae results in order of
a) Increasmgioudness._ R

b) Increasing pitch: s
a)C A B'_.

b)A B C -

Practical worlk

You should be able to describe a method for measuring the speed of sound in air (v). Give details of the
apparatus you would use, the measurements you would take, how you would use them to calculate speed



'angl what techniques you would use to improve the measurement accuracy. Som _experiments are described
: m the Student Book (pages 119-120). Here is another experiment:

L reflection create a loud, measure the distance, X,
sound made detected short, sharp fram a microphone to a
i / noise, e.g: by large reflective wall Use
- . banging twa a trundie {click) wheel
J ( - / pieces of or a tong tape measure.
' : waad Malke the distance =
R R i together g at least 50m
X

oscilioscope
. microphone

i

[
H
i
3

Figure 143 - Figure 144

The oscilloscope time per division should be set to a value appropriate to the expected time for T; if x = 50m
the total distance travelled by the sound {rom the source and back to the microphone will be 100m. The
expected time will therefore be ~ 0.3 5. A timebase setting of 50 ms/division (s0 300 ms means six divisions
horizontally on the screen) will be suitable. Speed, v = distance travelled (2x)/time taken has been included
with the symbols shown in this diagram.

T Vinay makes circular ripples in a ripple tankwitha 2 Charmifie is observing traffic mdvfﬂé alonga

dipper at A driven by a low frequency oscillator. . © - motorway, coned off to just one lane, from a bridge. -
Circufar ripples spread out as shown (cfests ara. - She notices that the traffic tends to bunchup and - -
shown as pale blue lines, troughs as dark blue lines).. ~ . then spread out as the traffic crawls past. This'
Three small pieces of cork are p%aced on the water reminds her a iittle of a particular type of wave. ..

surface at pomts X Y and AR e Which type is it? Name another example of thas
R e type of wave. : :

3 a) Explam the foliowmg wave terms usmg dear .
labelled diagrams to help your expianatlons

(i) Wavelength. (ii} Frequency (iii) Penod

b} State the corréct units for each of the above -
quantities,

' ¢) How can the speed of a wave be caiculated
. from wavelength and frequency?

o d) How is the frequency of a wave related to
its period? - T

thay makes the followmg observatlons

- The ripples spread out with the same speed |n AR : R
all directions as semicircles; 4 @) Whatare the upper and Eowerfrequency

o . AN :
o The corks Bob up and down Je ’che waves pass o fimits for sound waves tha’_c humans can hear _

. through the pointsX,YandZ, PR " 'b) Sound waves travel at about 340 m/_s'_i'n' airand -
' 1500 m/s in watar, Caléulate the wavelengths of .
the highest and lowest audible’saunds for sou rzd

e The up and down movement is noticeably
' L waves traveilmg m (l) alr and (u) water

- smaller at Z than at X,

a) What type of wave is tfavelllng across the tank? ; 5 C g et the i ik e
- 5 Copyan comp ete the diagram overleaf s owmg
f:) What does the fn'st observation tell Vlnay about. . how ripples on a ripple tank behave When they pass

7 "
the way he has set up the ripple tank? through a gap in a barrier. -

) How does hls experiment make it dear that - ' ?
ol water is not traveng across the tar;k but that "a) What s the name of th;s ef'fect RS
- energy e _ SN " b} How would thie waves emergmg on the rsght -

d) Why is the up ‘and down movement at Z smailer o of the barrier dlffer L8

-than atX? o




direction of waves

gap between
two obstacles

& The diagram below shows the electromagnetic
spectrum. Complete the diagram by writing the
missing word i each box.

Radiowaves--  ~infrared - - ltraviolet - X-rays -
Increasing frequency —» - Increasing wavelength

7 a} State two features common o all the different
types of electromagnetic wave.

b} State two differences between infrared waves
and X-rays.

8 State the principal seven colours that make up the
rainbow, starting with the longest wavelength.

9  Radio waves are used for communications, radio
and television; they have no major detrimental
effect. For the remaining groups of waves in the
electromagnatic spectrum give one use and one
health risk.

10 What kind of waves are light waves? In what ways
do they differ from the waves made on a rope by
moving the free end up and down?

LY
waves on a rope made by moving
the free end up and down

11 a} The diagram below shows light reflecting from a
plane mirror.

C

e

mirror

i

<

State wh|ch Ietter on the d|agram show

b)

(i} The normal o
(i) The incident ray R
(iii} The reflected ray _
(iv) The angle of incidénée' 3 %
(v) The angle of reflection
State the law of reflection:

12 The drawing shows a lamp on a stand in front of
a mirror.

aj

b}
13 g}

b)
c

d)

N

Copy and complete the drawing, marking two
rays of light from each of the points marked
with a star, to show how and where the i lmage
of the lamp is formed in the mirror.

What type of image is formed in a ms;ror_? _
Copy and complete the diagram to show the

path of the ray of light as it travels from air -
into water.

State the equatlon for the refractlve mc%ex of a
substance. :

Labe! your dlagram 0 dentify the terms \/DU
have used in the equation.

Show, by drawing an extra labelled line o’n’your
diagram, the path the ray of light would have
taken if it had entered a material with'a farger
refractive index than water. -




R 14 Glass has a refractive index of 1 5. if a ray of light

E makes an angie of 75° to the normaj at the point
where it meets the surface of a block of this glass,
calculate the angle the ray makes with the normal
as it travels through the block.

15 a) What is total internal reflection?
b} What s the critical angfe for a perspex block with
a refractive index of 1.47 Shaw your working.

16 a}) Complete the four diagrams below by sketching
the expected path of the ray of light as it passes
through the blocks:

b} Redraw block ¢} sketching the expected path
of the ray of light if the refractive index of the
block was {i} larger and (ii) smaller,

17 If the glass in the prisms shown has a critical angle
of 40° complete the diagrams to show how the ray
of light continues.

s

18 a) Explain, with the aid of a labelled sketch, how
optical fibres can be used to transmit light.
b) Give two practical uses of optical fibres.

19 Give examples from life that demonstrate that
sound waves exhibit the following wave properties:

a) reflection, and b) diffraction. [Note: sound
waves are refracted teo, but examples are less
common and sometimes less obvious.]

20 Which of the following statements about sound
waves is true.

A: Sound waves are longitudinal waves that have
frequencies from 200 Hz to 20 kHz.

21

22

23

'sverse wa\.res that have
fraquencies fe’om TO Hz t0: 10 kHz,

C: Sound waves are !ongitudmal waves that have
frequenmes from 20Hz to 20kHz.

D: Sound waves are transverse waves that have
frequencies from 200Hz to 20kHz.

A pistol is fired 500m away from a cliff face and an
electronic millisecond timer is started by the sound.
The reflected sound is detected by a microphone
and this signal is used to stop the timer.

The timing is repeated several times and the average

time between creating the sound and detecting the

echo is 2.971s,

a) What is the speed of sound in air given by this
experiment? Show your method.

b} Why is it necessary to use an electronic timing
system?

¢) Give one advantage and one disadvantage of-
conducting the experiment at a greater distance
from the ciiff.

Use the speed of sound you calculated in question 21,

You see a lightning flash during a thunder storm and
time how long it is before you hear the conseguent
crash of thunder. The interval is 5.0 seconds.

How far away did the lightning flash occur?
What assumption have you made?

The following traces show sou nd waves that have
been picked up by a microphone and displayed
on an oscilloscope screen. (Same oscilloscope
setting in each case.)

Do, B

a) Which of the following lists shows the sound
waves in descending order of loudness?

(i) ayb)c)d) (ii) cb}d)a)
(i dyb)c)a) (v} a)o)bid)




b 'Wh ch of the following:lists shows the sound
aves in ascending order of pltci';?

| a)bjc)d). (i) bja)c)d) -

_ ) d)c)a)b) (iv) b)a)d)c)

i 24 An osctltoscogae with time/div set to 2z ms/cilv and

“'the i axis to 5 mV/ci%v d[sp!ays 1I:he sound waveform
shown here

Use th[s lnformatlon to calcuéate
'_ . a} the frequency of the sound and
: _b) the ampiltude of the sound :

B Show your method for each calcuiatlon




Chapter 15: Energy transfers

Energy transfers

' Key rdeas Energy is conserved ] o B .
_ Energy is neither created nor destroyed itis converted from one form to another

In any closed system the total energy (in all its forms) remains the same. .

Types of energy you need to know of.-

: Thermal (heat) energy, light, electﬂcal sound, kinetic (movement) energy, chemlcal energy, nuclear energy,
.~ gravitational potential energy, elastic potential energy : .

When we talk of energy lost, or wasted, we mean that the energy has escaped from the closed system, for
example, when heat escapes from a house. 'Wasted’ energy can mean ‘lost’ from the system or converted
into unwanted forms, like the noise produced by a motor when what we want is kinetic energy.

aj State the main type of wanted or useful energy output from the following devices;
(i) a reading lamp, {if) a motor car, (i) a hairdrier, {iv) a radio, {v} a bicycle dynamo,
b) State a type of unwanted or wasted energy output from each device.

¢} The hairdrier produces more than one type of useful energy output; state a second useful type of energy
produced by a hairdrier,

a) (i) light, (ii) kinetic energy, (iif) heat, {iv) sound, (v) electricity.
b) (i) thermal energy, (if) nofse, {iii} noise, {iv) thermal energy, (v) thermal energy.

¢) Hairdriers also produce kinetic energy - a motor drives a fan to blow air over a heating coil.

State ali the energy transfers that take place when:

a) You drop a brick onto the ground; b) you strike a match; ¢} you ride a bike with a dynamo and turn on the headlamp.

a) The brick starts off with GPE (gravitational potential energy). As it fafls, this is converted to kinetic energy (KE) -
and by the time it hits the ground all the GPE has been converted to KE. This energy is then converted to sound
and thermal energy on hitting the ground.

b} You provide some KE as you drag the match head across the striking paper and this is converted to thermal
energy; this heat starts the chemical reaction that converts the chemical energy into thermal energy and Itght
(and a tiny amount of sound},

¢} You convert chemical energy (from your food} into KE, some of which spins the dynamo. The dynérho converts
the KE into elactricity and then the electricity transfers its energy to thermal energy and light in the lamp. '




There is not enough space here to give every possible device or energy transfer you may meet 1n-an exam
248 many questions of this type as you can from the Student Book, the questlons at the end
of this section and past papers. Although the specification is new (2009) this type of question has been

© exammed int the old specification (2003) so there will be plenty for you to try. :

Energy diagrams

Energy or Sankey diagrams show the energy transfers that take place in a system, like a motor car. They
should show that energy is conserved; all the energy put into a system comes out, but in different forms -
you can see this balance in Figure 15.1.

energy for fights, radio, When you are asked to draw an
recharging battery, 2000 ) , i
energy transfer diagram, you will

be given some figures for total
energy input and/or the types of
energy to which this is transferred
or converted. You will then need
to calculate the amount of energy
needed to balance the equation:
total energy input = total energy
output in order to show that total
energy is conserved. You may be

energy wasted as heat asked to state the type of energy
Figure 15.1 and sound, 60000 ] that has not been shown and you
will probably be asked to draw (or more likely complete) a Sankey dingram. The size of the arrows should be
roughly in proportion to the amount of energy they represent,

The electrical 'ehergy supplied to a lamp during a period of 5 hours is 1800000). The lamp converts 1700000
to heat. What is the other type of energy produced by the lamp? How is energy converted to this form? Draw
a labelled Sankey diagram to show the energy transfers that takes place,

Answers; -

iOGICOOJ © The %anﬁp produces light energy as well as heat,
as light
Total energy in = total energy out

50, 1800000] of electrical energy input =
1700000] of heat output + 100000} of light.

S ln thé'ener'gy transfer didagram shown, ideally the thickness of the light
arrow should be about one-eighteenth of the thickness of the energy
input, but in practice this will be difficult to draw pracisely.

* The diagrant gives & visual impression of the relative size of the
different energy outputs. -

Efficiency

useful energy output from the system
total energy input to the system

efficiency =

No gystem can ever deliver more energy output than the amount of energy put into the system. {This would
break the law of conservation of energy.)

b1




This means that the efficiency given by the equation above cannot be greater thaiz__'_i:.'_:l'in ‘practice it wili be
= somewhere between 0 and 1. Perfectly efficient systems (ones that do not have dﬁWanted types of energy
- transfer) do not exist, and to devise a system that had no useful energy output would be pointless!

Efficiency bas no units as it is a ratio of energies. Sometimes efficiency is given as a percentage:

useful energy output from the system - >-<' .{ 06‘7
(4
total energy inputto the system. - ...

efficiency =

So a system that is 50% efficient converts 50% of the total energy input into useful energy output.

To the nearest whole number, what is the percentage efficiency of the lamp in sxample 3?7

useful energy output from the system
total energy input to the system

100000
1800000

Therefore, to the nearest whole number efficiency = 6%

Use: effiﬁ%ency =

X 100%

So, efficiency = X 100% = 5.55%

Practical work

There is little to be done relating to this chapter, but observing processes and systems and working out what
energy transfers take place and how efficient the system is at producing the wanted form of energy ouiput is
good practice for questions.

napter 16: Thermal energy

This chapter is about the ways in which energy is transferred from place to place in the form of heat and
how you can reduce unwanted heat transfers, It is important to remember that heat transfer is driven by
temperature difference — there will always be a net transfer of heat from places at higher temperatures to
places at lower temperatures.

You will be reminded that there are three ways in which heat transfer can take place, twe of which ean only
cceur in a material medium ~ that is, through matter rather than a vacuum (the absence of matter).

Conduction

Thermal conduction is the transfer of thermal (heat) energy through a substance without the Substanc'e itself iﬁb_\fihg._ o

copper rod You will be reminded in later chapters that, in solids, liquids and gases
A an Increase in temperature means an increase in the average amount of
movernentt energy of the molecules of the substance, In solids, when ons

é & a°  wax meling end is heated the vibrational energy of the molecules increases, and this
HEAT & & . 0 . .
¢ energy is transferred from molecule to molecule along the material. This
A copper rod is caated with wax and heated is a slow process in most materials, but the process is much faster in
at one end.As the heat energy is conducted ]
alang the rod the wax melts away as shown. metals because some of the electrons are free to move and can carry

Figure 16.1 Heat travels aloeng the metal energy through the metal much more quickly.

rod by conduction




- effect happens closest to the source of heat.) The expansion means that the density of the fluid gets less
so the warmer fluid floats upwards as it is pushed out of the way by colder, and therefore denser, fluid.

Figure 16.2 aj The purple dye shows convection currents in the water b) Gliders gain height on 'thermals’ ¢) Onshore and offshore
breezes are caused by convection

Explain why the heating element in a kettle is placed as close to the bottom as possibie,

Water is a poor thermal conductor. If the heater was at the top, only that layer of water would heat guickly, and,
being less dense, would float on top of the colder, denser water at the bottom. Placing the heating element at the
bottom means that as the water in contact with it warms up, the water expands and becomes less dense and is
pushed upwards by colder, denser water which sinks lower from above. This results in a circulating current which
heats up all of the water much more quickly.

Radiation

Thermal radiation is the transfer of heat energy in the form of infrared (IR) waves. It is the only method of heat
transfer through a vacuum. : :

IR waves are part of the EM spectrum. They travel at the speed of light in space
and almost as fast through air, Radiant heaters are often placed high up in a
room because heat can travel in any direction — the heat from radiant heaters is
felt almost instantly when the heating element starts to glow.

Energy efficient houses and insulation

Insulation aims to reduce the rate of heat transfer between areas at different
temperatuares. Sometimes o keep heat in {(in a house, a sleeping bag or an oven)

Figure 16.3 The Earth is and sometimes to keep heat out (a vacuum flask, a refrigerator),
warmed by IR rays from
the Sun

5




'How't' ) reduce heat transfer by conduction:

+ Use a vacuum: Coaduct[on needs matter; used in vacuum ﬂasks some types of double '
glazing, etc. -

+ Use air: Air is a good insulating material. Many materlals Ilke wooE feathers fur etc. trap air.
so it cannot circulate. This works because air is a very poor conductor of heat (like most gases).
Houses use fibre glass insulation {to trap air) and cavity walls are sometimes filted thh a foam
(again, to stop circulation by convection). : .

+ Use water: Wetsuits trap a layer of water around the body because water {llke most hqmds)

~* Figure 16.4 a poor conductor.

How to reduce heat transfer by convection:

« Use a vacuum: Convection needs gases or liquids; used in vacuum flasks, some types of‘
double glazing, etc. . .

= Use trapped gas or liquid: This restricts circulation, which is necessary for convection to accur.
The size of gap between the sheets of glass is a compromise. A narrow gap makes the effect of
convection smaller, but it allows a greater amount of heat transfer by conduction.

Figure 16.5

How to reduce heat transfer by radiation:

+ Use shiny surfaces: Very shiny surfaces reflect infrared {heat) radlatlon
well, Fire fighters wear shiny suits to stop heat radiation getting to their
bedies. Shiny surfaces are alsc poor radiators of heat. Space blankets, for
example, retain the body heat of athletes or hitt-walkers suffering from: -
exposure. This is because they have a shiny inner surface which reflects
heat back to the person and also a shiny outer surface which isa QOO!’
radiator of infrared,

Figare 16.6-

a) Radiators in central heating systems are often painted gloss white. Is this a good idea?
b} People often hang towels, etc. over radiators to dry them off. Is this a good idea?

¢} As radiators are often positioned on outside walls {(not on the outside!) people sometimes stick aluminium foil;
behind the radiator, why?

a) The best colour for a radiator would be matt black as this radiates heat
into the room most efficiently {matt black: bast absorber and radiator,
shiny metaliic: worst absorber and radiator). Most peopie prefer a light
gloss finish. Although, since the main way in which ‘radiators’ transfer
heat into the room is by convection, this is nat a significant preblem,

b) Cavering radiators prevents the circulating convection currents
working efficiently, so this is not a good idea {unless your pricrity
is to dry your towels, etc. rather than heat the room).




ehind the radiator will incre . he arount of heat that is conducted thr’du'gh ‘the wa'it'td't'hé '
' ea ecduse it xs not helpmg to keep the inside of the house warm Cover ﬂg

Practical worlc
There are several experiments that show the mechanisms of heat transfer and how heat Tosses from hot
bodies can be reduced.

a} P b} l

| r
| |
;

two beakers with the same mass of water o
two identical blocks of metal are heated to the  initially at the same temperature. One has two beakers with the same mass of water
same temperature, One has a shiny polished a fid, the other does not. initially at the same temperature. One is
surface, the other is painted matt black. lagged, the other is not.
Figure 16,7

The pairs of apparatus examine just one difference in each case.

The difference in the outer surface in Figure 16.7a should show that the matt black vessel radiates heat
better than the shiny one.

In Figure 16.7b the lid reduces the amount of convection above the hot liquid and therefore cools more
slowly than the uncovered can.

in Figure 16.7c lagging reduces heat loss by convection.
A comparison between the three sets can show which heat loss mechanism is the most significant.

7 With any heat experiment it is necessary to ensure that the conditions do not vary for any of the different
apparatus. For example, watch out for draughts from a window, or for surfaces with different conducting
properties. Also, remember to stir when taking temperatures of liquids in order to get an even temperature
distribution.

Chapter 17: Work and power
Energy and work

worle, W = force, F X distance, d

This is how you calculate work done, W, in joules when a force, F, in newtons is applied through a distance,
d, in metres in the direction of the force.

. Doing Work involves - - Energy and work are v
transferring energy. .- . L measured in joules.

Eh’efgy is the 'Qabi'lify o do work,




' 'Whai energy transfers take place in the fo!!owsng satuatlons?

o a) You are rldlng your bicycle. b} You are lifting a box ente a she%f c) You app[y the brakes on your bike to stop.

' a} You apply a force through a distance while pedalling to work against forces siich as aif resistance in order to
keep the bicycle moving. Your stored energy (chemical) is transferred to the movement (kinetic energy) of your
legs doing work to keep the bicycle moving. - : : :

b) You are applying a force to lift the box through a distance. The work you do transfers energy to the box in the
form of increased gravitational potential energy (GPE).

¢} When you brake, work is done by the force of friction between the brake pads and the wheel, The kinetic energy
is transferred largely to heat as the brakes and wheel rims heat up.

Gravitational potential energy

GPE = mass, m X gravitational field strength, g X height, h

Reminder: Gravitational field strength is the force per kilogram acting on an object in a gravitational feld,
units N/kg (g is numerically equal to the acceleration due to gravity).

In order to lift an object you must apply enough force to overcome gravity, The force of gravity on an object
is called its weight and this is defined as:

weight = mass X gravitational field strength or weight =
Since work = force X distance and distance in this case is the height, h, you can see how GPE = mgh.

The units of GPE will be in: joules, provided the mass is in kg, the gravitational field strength is in N/kg and
the height is in metres.

The energy is stored as gravitational potential energy. This energy can be returned by releasing the object
from its new position, thereby allowing gravity to do work on the object and causing it to speed up and gain
kinetic energy (KE).

Figure 17.1 shows a roller coaster ride. At the beginning of the ride motors drag the
cars to the top of the highest part of the ride. As this happens electrical energy —
movement energy — GPE,

As the car swoops down the track the GPE s converted to KE or movement energy. It
would continue moving around the ride without stopping until it reached the highest
point once again without needing any more energy input - if energy was not converted
to other forms along the way,

As the car climbed to another high potnt it would slow down as its KE transferred to GPE.

Figure 17.1




inetic energy

CKE=WmA, KE = % mass X speed?

|

Figure 17.2

Figﬁre' 17.% shows a mass, m, at rest at a height, h, above the ground in a gravity field of strength, g.

T A stéi:ionary At A: all the energy is GPE = mgh
peed = 0

At B: the mass is falling so GPE is decreasing and KE is increasing.
accelerating The total energy is the same but now toial energy = GPE + KE

B
weight = mg speed> 0

At C: the mass is about to hit the ground so now all the energy is

C final KE = Y; my?

m speed =V

Note: GPE at the start = KE at the end

mgh = 4 my*

The'dia'g'r'am shows a roller coaster ride. The car is dragged to the
highest point in the ride, A, and then released. The car, when loaded, -
has a mass of 800 kg [Take g = 10 N/kg]

a) What is the GPE of the car at point A?

b) How fast is the car moving when it reaches point' B?
What assurmptions have you made?

a) Use: GPE'm'mg.h
So, GPE = 800 kg X 10 N/kg X 12m -
Therefore, GPE = 96 000 joutes
b) Assuming total energy is conser\;’éd (none is "lost’ between A and B), then:
GPEatA =GPEatB + KEatB
So,KEat 8= GPEatA-GPEatB — hmv Therefore % 8002 = 800 X 10 X (12 — 10)
So, v =40 _' '
Therefore, v = ¥40 = about 6.3 m/s

Note: remember that lost’ here means converted to noise and heat.

Power

Power is the rate of transfer of energy, also expressed as the rate of doing work. You need to be able to
calculate the power of a system using:

ower = workdone p= w
P time taken t

Power is measured in watts if work done is measured in joules and time is measured
in seconds.

1 watt = 1 joule/second




" Offen questions will give you all you need to caleulate mechanical work done anﬂ; 'giVen the time taken, the
© power. You may meet questions in which you are asked to calculate the efficiency of a motor used to do
- mechanical work — remember that the power of an electric motor is given by P = IV,

)

Vikram’s
experiment

Vikram'’s
experiment

o OV

Vikram carried out an experiment to measure the efficiency of a small electric motor. He timed how long it took
to raise a known load, F, through a measured height, h, so he could calculate the mechanical power output. He
repeated the experiment to get an average value for ¢, the time taken to raise the load. He used an ammeter to
measure the current, 1, supplied to the motor and a voltmeter to measure V, the voltage across the motor,

Here are his results: Load, F = 1N, h = 0.5 m, average t = 3.5 5, [ = 40 mA, V = 6 V. Calculate the efficiency
of Vikram’s motor. Give your answer as a percentage.

useful energy output from the system

. _ °
Efficiency total energy output from the system X 100%
so Efficiency = mechamcal.output POwer X t o 100%
electrical input power X t
) _Fxd . _1x05
mechanical output power = — —+ mechanical output power = 35 — 0.142W
electrical input power = [ X V — electrical input power = 0,04 X 6 — 0.240 W
so Efficiency = 242 X L 100% - 59%

0.240 X t
Note that t cancels in the equation left.

Practical worl

There is an experiment in the Student Book (page 148) that is simple to carry out. It involves doing work
against gravity by running up stairs, It sometimes forms the basis of questions in exam papers. It should be
understood that the measurement allows you to calculate the increase in GPE achieved by running up the
stairs, but not the total energy output of the person under test — work will also be done against friction and
a fair amount of heat will be generated by the exertion!

v 18: Energy resources and electricity generation

You need to know about a number of energy resources and understand the energy transfers that take place
in the generation of electricity.

b
ielectrical energy. >
b ekl

The key process in the generation of electricity is turning mechanical
energy inio electricity, with a generator:

generator

In many systems the kinetic energy is provided by a turbine driven by high pressure steam, To produce the
steamn, heat energy must be supplied and this can come from a variety of different sources:




There aré-r'nanjv._ sources of energy to provide the heat needed to boil water:

Geothermal energy is a naturally occurring energy produced by the heat of the
Barth’s core — this energy is accessible in places where volcanic activity is frequent.

Solar heating is more frequently used for the direct heating of water, but with the use
of focustng mirrors it is possible to heat water for high pressure steam production. «

Controlled nuclear fission can be used to produce near limitless amounts of heat.
Although clean in terms of greenhouse gases there are problems with storing the
radioactive waste securely and safely for very long periods of fime. Nuclear fuelis a
non-renewable respurce 8 (though it will not run out for centuries).

Fossil fuels inciude oil, gas and ceal. These are non-renewable 8 and produce
greenhouse gases,

Hydroelectric power stations convert the GPE of water in mountain lakes and reservoirs to electricity by

the following process:
m—t’-..'-lqectrical _l/\
energy. .

Hydroelectricity is a renewable + {form of energy that produces no greenhouse gases. The energy comes
ultimately from the Sun which evaporates water which then falls as rain in the mountains where it is collected.

water gains
lling:

KE of fast.moving:
at

Tidal power and wave energy: Barriers across tidal estuaries can harness the kinetic energy of the sea,
which drives water turbines as the tide comes in. The water trapped behind the dam can then be used, as
required, to drive turbines once the tide goes out. An increasing number of systems are being developed to
collect the KE of waves. Ultimately the renewable v energy source for both tidal and wave power is the Sun,
The Sun {in conjunction with the Moon) causes tidal movement, and the combination of wind and tide
generates waves.

Wind power: Windmills have been in use for thousands of vears, converting the kinetic energy of the wind
into other useful forms — for grinding flour, for powering machinery and for pumping water. More recently,
wind farms using many wind driven generators have been built to convert the wind’s kinetic energy into
electricity. This renewable v energy source has the Sun as its source. The effect of the Sun produces the
pressure variations in our atmosphere that drive the wind.

Solar power: Solar power as a direct source of heat has been mentioned above. It is also used with solar
heat exchangers to provide some of the hot water required for domestic use. Photovoltaic cells are also used
to convert light from the Sun into electricity, This is a renewable v source of energy that produces no CO,
greenhouse gas, The amount of electrical energy generated by the use of photovoltaic cells is small.

Advantages and disadvantages
You will need to consider factors which influence the choice of energy used to generate electricity:

e Cost. This will include the cost of nstalling the power station and the cost of generating electricity.
With nuclear power stations, a considerable cost element is that of safely decommissioning a reactor.

= Renewable/non-renewable. Our reserves of fossil fuels are finite so, in the future, alternatives must be
found. Some of the finite resources, like petroleum, are vital ingredients of plastics, pharmaceuticals, etc.




Greenhouse gas emissions. Burning fossil fuels produces CO, which is a greenhouse zas. Greenhouse
~ gases trap heat in our atmosphere and contribute to global warming, e

Supply and demand, The demand on electricity varies over a period of 24 hours and longer. Nuclear
reactors cannot be turned on and off quickly and therefore cannot respond to demand surges. Gas-fired
power stations can bring extra generators into service to meet sudden demands. Some renewables, like
wind power and tidal power, do not produce energy all the time.

¢ Environmental impact. Power stations can spoil the view. Waste products can damage plant and
animal life in the vicinity of the power station. Even hot water waste can have adverse effects on rivers.

e Location, It makes sense to build power stations close to centres of demand, like urban and industrial
areas, because energy will be wasted in transmission. Tidal, wind, geothermal and hydroelectric energy
sources are Hmited to suitable geographical locations and these are often far away from centres of demand.

You will certainly be asked to consider advantages and disadvantages of different energy sources. It is not
possible to produce an exhaustive list here. The above list should allow you to make valid points in an exam.

a) Photovoltaic celis have an efficiency of 15% {typically). if the total power reaching T m? of the Earth's surface
is 60G W, what is the maximum electrical energy output you can expect from an array of photovoltaic cells
covering 5 m#?

b} Give two reasons why the actual output power might be less than this.

a} The total input power from the Sun over an area of 5 m? = 600 W/m? X 5 m? = 3000 W
useful electrical power output - % 100%
total power output . 15

Therefore, useful electrical power output = 3000 W X — o0 450 W

b) (There are many vafid answers.) The intensity of the energy from the Sun will change dermg the day because
of cloud cover and how high the Sun is in the sky. For maximum intensity the panels should be pointed towards
the Sun. The efficiency of the panels may deteriorate over time; they may get dirty, reducing their efficiency.

efficiency =

Practical work

fixed speed Investigations can be carried out to find differens systems for
; vatiable pitch s’l’;‘g;'t‘:ﬁs absorbing solar energy to directly heat water; this will use knowledge
& ” from the chapter on heat transfer. Simple wind generators can be
made from DC motors and the power output can be measured.

large scale wind peWer (grid systems)

Figure 18.1

1 Describe the energy transfers that take place whena =~ b) Aquﬂ says that if ¢ energy is conserveci a ball
trampolinist bo&:nces up and down on a trampolme.-' ) in the figure overleaf, released at A, wilt roll
SR down the slope and comae to rest momentarily .
at B and continue to roll backwardsand. ~..
forwards between the two points indefinitely.
is he right or wrorig? Explain your answer, - -

2 a} Explain Wwhat is meant by the law of - R
conservation of energy. B




Explain the energy transformations that take place
when a windmill on a wind farm is operating; start
with the wind and finish with the output from the
windmill,

A typical filament lamp is 8% efficient. What does
this mean?

A lift motor is 70% efficient. It does 450000] of

work lifting a load to the top floor of a building,

a) What electrical energy input is required to
do this?

b) What unwanted energy transfers take place?

¢) Draw a labelled Sankey diagram to show the
energy transfers.

State the three mechanisms by which heat may
be transferred from one place to another.

State the main way in which heat energy is
transferred in the following situations:

a} From the Sun to the Earth,
b} From a gas flame to the contents of a saucepan.

¢} From the heating element at the bottom of a
kettie to the water at the top of the kettle.

During the day the land shown in the figure heats
up quickly and its temperature will be greater than
that of the sea. At night the land cools more quickiy
than the sea so its temperature is lower than that
of the sea.

The result is a breeze which blows either from the
land to the sea ar from the sea to the land. State
and explain which happens during the day and
which happens at night.

9

10

1

A refrigerator uses a system that extracts heat:
from within an insulated cabinet and pumps it
to the outside - and, as it does this lowers the
temperature inside the cabinet: The heat exchanger
is shown below; what features of its design make it
more efficient at losing heat to the surroundings? -

Radiant heaters are often mounted overhead in
shops and factories whereas convector heaters

are mounted at ground level. See the figlres below.
Explain, in terms of heat transfer processes why '
each is effective.

Explain how the following are effective at reducing
heat transfer:

a) Packaging take-away meals in shmy meta1 f0|l'._
containers.

b) Putting a plastic fid on take away coffee cups o
as shown below.

¢} Putting a ridged cardboard s{eeve around the:'- '
cup, as shown below..

d) Fluffing up your feathers (if you drea blrd)




; 12 Buiiding regulations have been changéd over the
B last ten years to make new homes more energy
efficient. Explain one way in which heat losses from:

a) theroof, b} thewallsand ¢} thewindows
of houses can be reduced.

13 Why does wearing loose white clothes help to keep
you cool in hot weather?

14 Although wetsuits used by scuba divers are made
of rubber or neoprene they do not, as their name
suggests, keep you dry. Does this make them more
effective or less effective at keeping you warm when
diving in cool water?

15 Calculate the work done in the foliowing situations:

a} You lift a weight of 300 N from ground level to a
height of 2.2 m.

b) You push a car 20 m aiong a level road at a
steady speed against a friction force of 750 N,

¢} Rocket motors make a rocket of mass 2200 kg
accelerate at 2.5 m/s? over a distance of 650 m
in deep space.

16 State how much enargy has been transferred to the
abjects ir italics in the previous question and the
form of the energy gained.

a) Theweight b} The car

17 The gravitational field strength, g, at the Earth’s
surface is 10 N/kg; on the Moon it is 1.7 Nikg,

a) How much gravitational potential energy (GPE)
would be transferred to a mass of 30 kg if it was
raised through a perpendicular height of 50 m
on the Moon?

b) if the same amount of GPE was to be transferred
to a mass of 500 grams on the Earth, how high
would it be above the Earth's surface?

¢} The rocket

18 Put the following moving objects in order of the
amount of kinetic energy they possess, from
smallest o largest:

A: A 10000kg lorry traveliing at 2 m/s,

B: A cheetah, mass 48 kg, running at 30 m/s.

C: A bullet of mass 4 grams travelling at 900 m/s.

D: An alpha particle, mass 7 X 10-¥ kg, travelling
at 30000km/s.

19 Amelia throws a ball up in the air and it eventually
falls back to the ground. Put the following energy
changes into the order that they occur, starting with
Amelia throwing the ball and finishing when the ball
is back on the ground:

A: The ball has oniy grawtatlonal potentlaf energy
(GPE). ST

Amelia does work on the ball
The ball has only kinetic energy (KE).
: All the energy is converted to heat and sound.

GPE is being converted to KE as the force of
gravity does work on the stone,

KE is being converted to GPE as the ball
slows cdown.

mopow

o

G: The balt has only kinetic energy {KE).

20 a) Define the term power, giving an example

involving power.
b} State the unit in which power is measured.
21 Aroller coaster train weighs 12000 N. It is lifted to
the top of the ride through 30 m in 20 s.

a) Calculate the rate of transfer of enargy from the
electric motor to the train,

b} What energy conversions are taking place?

¢) Give a reason why the transfer of energy from
the electric motor to the train is not 100%
efficient.

22 Give two examples of renewable energy sources.

23 What are fossil fuels? Give three examples of fossil
fuels.

24 Tyrone does not understand how playing computer
games can contribute to global warming (other than’
the fact that he breathes out carbon dioxide, but he
does that all the time). Explain briefly why computer
games can contribute to global warming,

25 Describe the energy transfers that take place in the
generation of electricity at .
a) A hydroelectric power station, and
b} a coal fired power station, _
26 Give one advantage and one disadvantage of each

of the following ways of generating electrical
energy:

a) An oil fired power station. '
b} Atidal power station.

¢} Anuclear power station,

d} Wind farms,

e} Using photovoltaic cells to convert the Suns o
energy directly to eiectrzmty







Density and pressure

mass, m

density, p = volume, V

Density is measured in kg/m?, it is the mass of a 1 metre cube of a substance, A more
convenient unit, g/cm?, is often used, To convert from g/cm? to kg/m? simply multiply
by 1000.

For exampte, the density of water is 1 g/em’ which is equivalent to 1000 kg/m*.

Measuring density
For a regular solid

measuring density
for a regular soli

e Y e Measure the width, w, height, k, and depth, d, of the bleck in cm with
; a half metre rule.

Volume, ¥V = {w X h X d)} cm?
Find the mass, m, of the block i grams using an electronic balance.

R Use the formula to calculate the density,
Figure 194

For a liquid

Find the mass, m,, of a dry, clean measuring cylinder, Pour in the liquid and find the new mass, m,. Find the
mass, mt, of liquid using m = m, — m, grams. Alternatively, place the dry measuring cylinder on the balance
and zero (tare) the balance so you can read off the mass of liquid directly when you re-weigh the cylinder.

Use the formula as above: Volume, ¥V = (w X i X d) cm?
Your measuring cylinder may be calibrated in m] (millilitres): 1 ml = 1 em?

Read the volume, V, of liguid from the scale looking straight at the bottom of the
curved surface of the Liquid.

Ll

|

a) A block of wocd that meastres 20 cm X 5 cm X 10 cm has a mass of 528 g
Calculate the density of the wood in g/cm® and in kg/m?.

aann

Figure 19.2 b) 40 cm® of sea water has a mass of 44.2 g. Caiculate the density of the sea water,

. mass, m
@) density. p = i e
So.p = 528 .

{20 X 5 % 10) em® .
: Wood has a fower density than

Therefore , p = 0.528 g/cm® or 528 kg/m? water, therefore it floats on water. i;
b) density, p = mass, m / volume, V Sea water has a higher density ;
So,p = 44.2g/40cm? than fresh water, so objects fioat |

| |

g

Therefore, p = 1.11 g/cm?




" Theunitis T Pa = 1 N/m?

force, F _
area, A

© ! pressure,p =

Pressure is measured in pascals (Pa). It is the weight, in newtons per metre?,
acting down on a surface.

Solid objects exert a downward pressure upon the surfaces on which they stand.

Stiletto heels can exert a damagingly high pressure on surfaces because the person’s
weight is concentrated over a tiny area, Snow shoes and skis are designed to spread
a person’s weight over a larger area reducing the pressure on a soft snow surface.

In stationary liquids and gases, pressure al any point acts in all directions and increases with the depth of gas
or liquid. A difference in pressure between two places in a liquid or gas will result in a flow of the liquid or
gas from the place at higher pressure to the place at lower pressure.

Alr pressure exerts a force at sea level of around 100000N on each
square metre; this pressure, 100 kPa (kilopascals) is equivalent to
10 tonnes on each square metire on the ground, walls and us!

Figure 19.3 Pressure in liquids
increases with depth

A clean empty oil can is shown above. Aithough made of thin bendable metal
it keeps its shape. When all the air is pumped out of it, as shown above, right,
the can is crushed. Explain each situation.

When there is air inside the can it pushes outwards on the can with exactly
the same pressure as the air outside is pushing inwards. As the pressure is
balanced inside and outside the can keeps its shape, When the air is pumped
out the pressure inside the can pushing outwards falls to a very low value,

As the air pressire pushing in on the can is now no longer balanced the

can is crushed. .

Pressure and depth

pressure difference, p, in Pa = heightin m x density in kg/m?® X gravitational field strength in N/kg

p=hXpXg




shaped
object

-1 atmospheric pressure .

T

So, the weight force of water acting down is
hxAXpXag

Use: pressure = force/area, givingp = h X A X p X g

Therefore, cancelling out A, the pressure dlﬁerence between X and Y is

(5 m x 1000 kg/m® X 9.8 N/kg)

Therefore, the answer is 49000 N/m?

irregularly|j

Figure 194

The states of matter

Figure 20.1

N

A

The volume of water in the tank is i X A
therefore the mass of water in the fank is
hAXAXp

cylinder

&measuring

Solids, liquids and gases

What is the pressure difference between point X, at the tob surface of water in a tank,
and at point ¥, at the bottom of the tank? The denssty p, of the water is 1000 kg/m?,
the height, h, of water in the tankis5mand
the cross-sectional area of the tank, A, is 4.8 m%
Show how you reach your answer,

(i) The cross-sectional area of the
tank makes no difference to your
answer - you can see i cancels
out in the pressure equation.

(i1} The total pressure on the
batiom of the tank is the
pressure at X, the top of the tank
{due to atmospheric pressure),
plus the pressure difference you
have calculated. If atmospheric
prassure is 100000 N/m? then
the total pressure at the bottom
ofthe tank is 149000 N/m? or
149000 Pa.

Practical work

You should be able to find the density of an irregularly shaped solid,
Weigh the object to find its mass as usual. Now you must find the
object’s volume. The apparatus needed to do this is shown in Figure
19.4. Tirst fill a can with a spout with water until it just flows out
of the spout. Place a clean, dry measuring cylinder beneath the
spout and then siowly lower the irregular solid into the can until
itis completely submerged. The water displaced will have the same
volume as that of the object, so the volume of the object is found by
measuring the volume of water collected in the measuring cylinder,

The density can then be calculated in the usual way.

Please see the Appendix for ]
some additioral materiat
regarding changes of state.

" The changes of state in this diag"ram.'oc':cu'r at specific tempe'réidres SIOiI.d: 5
- e liquid at the freezing/mielting point of the su bstance and |§QUId & gas -
- atthe bos%mg pomt ofthe sut)stance s . . SRR

Evaporatlon is the chaage of state from I|quud to gas that occursat
temperatures below boiling pomt izqwds evapora’ze more siowly at
!ower temperatu res. o : . :

The molecules in solids are tightly packed and held in fixed positions by strong forces. The molecules vibrate
around their fixed positions. As the solid gets hotter these vibrations get bigger.

In a liguid the molecules are closely packed but do not have a regular structure. The forces between the
molecules are strong, The molecules move randomly.
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a) solid
Figure 20.2

hqund ¢} gas

a) Water can exist as a solid (ice), a liquid, and a gas (water vapour). Explain why its density as a liquid is similar to
its density as a salid, whilst its density as a gas is very much smaller,

b} Convection can take place in fiquids and gases but not in solids. Explain this in terms of the molecular structure

of each state of matter.

¢) In which state(s) can water be compressed easily? Explain why it can be compressed easily in these state(s) and

not in its other state(s).

a) The molecules are closely packed in both water and ice; in the gas state the molecules are widely separated.
Therefore the mass per unit volume in water vapour is much lower

b) The molecules in solids are in fixed positions and cannot move randomly In both gases and isc;urcis the
moiecules are not fixed in any position and move relative to one another - this allows for ¢ircuiation of the
liquid or the gas due to local heating.

¢} Water (and all substances) can be compressed in the gas state because the molecules are widely separated.
In solids and liquids the molecules are close together and exert large forces on each other,

Brownian motion

Figure 20.3

If you look at tiny particles of matter, like smoke particles, in alr under a
microscope they are continuously jiggling around as if they are being struck
randomly on all sides by invistble particles. The scientist Robert Brown was the
first to report this effect which he observed whilst looking at tiny pollen grains
in liquid under a microscope.

Therefore, the effect, Brownian motion, is named after him.

it provided evidence for our model of the structure of matter, called the kinetic
theory of matter.

rapid random motxon

The particles i in matter (moiecules) are extremety smalf and in tqwds and gases ‘{hey areina contlnuous state of




A gag exerts a pressure on objects, for example, on the walls of a container as a résult of the continuous

“collisions between the gas molecules and the container. Each individual collision p‘rédiﬁces only a tiny force
buzt the collisions of many millions of molecules colliding per second result in & sxgmﬁcant pressure. Here are
some key points you should know:

e The random motion of gas and liquid particles explains why pressu re acts in alf d:rectlons at any ‘point,
e ' The speed of molecules increases with temperature, so as we heat gases ini a ngld contalner more energetlc

~ collisions with thé walls occur more frequently, and the pressure of the gas increases.

e The temperature of a'gas in kelvin is proport:onal to the average kinetic energy of the gas molecules.

The gas laws

The gas laws refer to the behaviour of fixed amounts of gas. You should know how the following properties of a
fixed amount of gas change with respect to one another: VOLUME, V, PRESSURE, p, and TEMPERATURE, T.

Boyle's Law

For a fixed amount of gas at constant temperature

p XV =p, XV,
Or, rearranged,
A
PV

Pressure

PV =c
wherecisa

constant

|
P Vv
wherecisz
constant

Pressure

Volume

The law shows that volume is
inversely proportional to pressure
-3 if you double the pressure on a
gas its volume halves. The pressure
and volume are normally measured
in Pa and m’® respectively but any
units can be used provided they are
used consistently, for example the
pressures p, and p, could be in
atmospheres and the volumes

V, and V, in em?.

A syringe is filled with 20'cm? of air at atmospheric pressure {100 kPa).
Benedict puts his thumb over the end of the syringe so no air can enter
or leave the syringe and then pushes the plunger of the syringe untii the
air s compressed to a volume of 12 cm® What is now the pressure of the
air inside the syringe? What happens when the plunger is released?

Rearrange By to give p, = p{ X =k
pZ V'g .
So, p, = 100 kPa X fgcm

Therefore thie new press:;re pz = 1667 kPa

air msnc%e and the atmosphere outside,

e 'r r'TfT NF]T!“X‘!‘T!‘:"I\‘
S TR

cerg

If the plunger is released with the thumb
stilf trapping the air it will spring back

to its original volume and pressure, The
movement results from the pressure
difference between the compressed

T o S D N
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Figure 20.5

If you cool a fixed mass of gas at constant volume its pressure drops as shown in graph a. If you continue
to cool the gas below 0°C the trend continues with the pressure dropping at a uniform rate. If the graph is
extended the pressure will keep on dropping until the pressure is zero — the graph predicts that this will
happen when the temperature is —273°C and this is the lowest possible temperature, It is defined as zero
on the kelvin temperature scale, 0K (zero kelvin),

For a fixed amount of gas at constant volume
PP
T, T,.

or pressure is proportional to absolute (kelvin} temperature

a
oh
.
e
—
4

Figure 20.6 If you double the kelvin temperature of gas in a rigid container the pressure of
the gas doubles.

Pressure, kPa

.

i

i

; B,
0 100 200
Temperature, K

To convert temf)erature in °C - lelvin, ADD 273 to the Celsius temperature.

To convert temperature in kelvin — °C, SUBTRACT 273 from the kelvin temperature.

1 Convert the foEEoWing Celsius scale temp'erati:res to kelvin 'sﬁé#e témberétures:
aj20°C  bj0°C ¢} 100°C - d)37°C - e) —33°C

2 Convert the following kelvin scale tem pei‘at'ures o Celsius scale tem peratures:
a)280K  b)233K  ¢)300K . d)23K . e} 345K

3 To what temperature would you need to heat a fixed amount of air in a rigid container, irzit'ially atroom
temparature of 20°C, to cause the pressure inside the container to treble? Give your answer in °C,




1 In each case, add 273 to the Celsius temperature,
eg a)20 +273=293K b)273K ¢}373K  d)310K &) 240K
2 In each case, subtract 273 from the kelvin temperature,
eg. al280 —273=7°C b)) —40°C  ¢)27°C  d}-250°C ) 72°C

3 Let the initial pressure be p, (you can make up an arbitrary value, say 100 kPa if you prefer); the initial
temperature of 20°C must be converted to kelvin — T, = 293K. The new pressure at T, must be 3p, {or 300 kPa).
Now use the formula

B _ P
LT
g0 P =3P
293K T,

Cancel p, (common term) and rearrange to give:
T, =3T,= 3 x 293K = 879K.

Now convert to Celsius by subtracting 273 to get
T, =879 - 273

T, = 606°C

Practical work

If possible do the simple experiment to observe the Brownian motion of smoke particles in a smoke cell, This
requires a low power microscope, a tiny smoke ‘cell’ to hold some smoke and a bright light shining onto the
smoke from the side. Otherwise, ‘Brownian motion’ on an internet search engine will produce a large
number of video clips and computer animations.

The two key equations in the specification: p, X V,= p, X V, and p /T, = p,/T, can be verified by
straightforward experiments using school/college apparatus. The key assumptions are that temperature
remains constant during the pressure volume (Boyle's Law) experiment and that volume remains constant
when investigating the pressure temperature relationshtp.

The relationships are true for ‘ideal’ gases —ideal gases cannot be liquefied. Ideal gases don’t exist of course,
but real gases behave well enough like ideal gases provided they are not put under very high pressures or
cooled to very low temperatures, neither of which is likely to happen in a school laboratory.

You are likely to get poor results if moist air is used; water vapour is an example of a gas that is far from ideal
because it will readily convert to a liquid as its temperature drops.

1 Copy and complete the following statements about 2  Describe how you would find the density of the
density: following;

Density is a measure of how tightly matter is a) a rectangular block of glass,

packed within a particular substance. To calculate b} asteel ball bearing, and

the density of the substance an object is made of c) astone.

you must divide the. of the object by

the of the object. The units of density You should explain the things you need to measure,
are per or how you are going to measure them and how you

will use the measurements to calculate the density

per ;
in each case.




Solids, Liquids and Gases

Section E

3 a) State the formula for calculating the pressure

exerted on a surface by matter, whether it is
solid, liquid or gas.

b) What is the unit of pressure?

A rectangular block of metal measures 10 cm by
8 cm by 5 em and has a mass of 2.6 kg.

a} How much does it weigh? [Take g = 10 m/s?|
b) Calculate the maximum and minimum pressure

it will exert on a surface, explaining why there is
a difference.

Look at the two U-tubes filled with water shown in
the figure below. They represent a freeze frame in
a video of an experiment.

a) Assuming both tubes are open to the
atmosphere, what can you say about the
pressure acting on either side of the point X
in each diagram?

b} What would you expect to see happen in each
case if the video were allowed to run on?

a)

‘The pressure at any point in a gas or a liquid acts
equally in all directions.’ Explain why this is so.

The figure shows a simple mercury barometer. It
consists of a strong glass tube filled with mercury
with its open end in a small reservoir of mercury.
The column of mercury is supported by the pressure
of the air acting down on the surface of the mercury
in the reservoir.

e
-
R
vacuum
{
.
\‘mercury
5 x |
i |
i
e

10

1

12

13

a) If the atmospheric pressure supports a column
of mercury of height, h, 0.76 m, what is the
atmospheric pressure in standard units if g is
9.8 m/s? (or 9.8 N/kg) and the density of
mercury is 13600 kg/m??

b) What would happen if the atmospheric pressure
dropped by a small amount?

¢) Why do you think mercury is used instead of
water in barometers of this type?

Copy and complete the following statements about
change of state of matter.

When a solid substance is heated to its
point it starts to turn into a ; when it has
all melted further heating will raise the temperature
speeding up the process called by
which changes state to a . When
the temperature of the substance reaches its
.. pointthe temperature remains constant
until all of the substance has changed state from

to

What is the difference between evaporation and
boiling?

Copy and complete the table below, which
summarises the properties of solids, liquids
and gases; some sections have been completed
as an example.

Property Solids Liquids Gases
Has a definite shape : ¢ No
Easily compressed No

Density ~ High

Can be poured (fluid) Yes
Expands to fill all - No

available space

Draw sketches to show the arrangement and
maotion of the particles that make up a solid, a liquid
and a gas. Your sketches should be labelled to
highlight the key features of each state of matter.

In an experiment to demonstrate Brownian motion
smoke particles observed under a microscope were
seen to be jiggling around continuously. State two
main deductions made about the cause of this
motion.

The behaviour of gases is explained in terms of the
movement of the molecules of the gas, a theory
called the kinetic theory of gases.

a) How does this explain the pressure exerted by
a gas on the walls of a container that it is in?
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16

17
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b) How does it explain the fact that the pressure
exerted on the walls of a container of fixed
volume increases with temperature?

¢) If we cool a gas, what happens to the way in
which the molecules move?

d) s there any limit to how cold a gas can be made
and how does this relate to the theory?

Copy and complete the graph, which shows the
relationship between the pressure of a fixed volume
of gas and its temperature in degrees Celsius. Label
the axes and mark important points on the
horizontal scale,

If the temperature of a gas is increased from -23°C
to 227°C what happens to the average kinetic
energy of the gas molecules?

The required pressure of the air in a car's tyres is
specified in the owner’s handbool. If you check
your tyre pressure on a very hot surnmer’s day and
find it is just at the required level, what will happen
if there is a significant drop in temperature a few
weeks later? [Assume that there is very little change
in the tyre volume.]

State the refationship between the pressure p, of a
fixed volume of gas at temperature T, and its new
pressure p, when at the same volume when the
temperature is T,

A rigid canister is filled with gas at a pressure of
200 kPa at a temperature of 10°C. If the canister
can withstand a maximum pressure of 300 kPa,
what is the maximum temperature to which it
can be safely raised?

[Harder question] The figure shows a constant
volume gas thermometer. A fixed mass of gas is
trapped inside the round bulb by mercury in a
U-tube, as shown. Atmaspheric pressure acts on

the open side of the U-tube and is 100 kPa (you can
take this as equivalent to 76 cm of mercury). Initially
the trapped gas is at 0°C and the levels of the
mercury in both sides of the U-tube are the same.

The constant volume mark is indicated by the
arrow. The air in the bulb is now heated to 100°C.

a} What will Initially happen to the mercury level
In the the two sides of the U-tube? Give your
reason.

b) Mercury is added to the open side of the U-tube
until the mercury level in the left-hand side of
the U-tube is restored to the constant volume
mark. What height will the mercury in the right-
hand side of the U-tube now be, above the
constant volume mark in the left-hand side of
the U-tube?

20 A balloon is filled with air at sea level and taken up

21

to a height of 3000 m in an unpressurised aircraft.
Describe and explain what you expect to see
happening to the balloon as the plane flew up

to this height. {Assume that, somehow, the
temperature around the balloon remains constant!)

A diving bell is lowered into the sea, as shown
below, Describe and explain what you would expect
to happen to the space containing trapped air as
the bell went lower and lower into the sea.

{Assume that the air inside stayed at a constant

Y

temperature.)

22 a) State the relationship between the pressure

p; of a fixed amount of gas with a volume v,
and its new pressure p, when the volume is
changed to V, without change in temperature.



Section E: Solids, Liquids and Gases

b} The volume of gas trapped by a piston is
increased from 40 em? to 200 cm® without
change in temperature. If the new pressure of
the gas is 25 kPa what was the original pressure
of the gas? See the figure on the right.

c)

[Harder]. Assuming that atmospheric pressure

is 100 kPa and that there is very little friction
between the piston and the cylinder, what
would you expect to happen when the force
holding the piston in either the starting position
or the finishing position is removed? Show

any calculations.




Chapter 21: Magnetism and electromagnetism

Magnets and magnetic materials

Certain materials, notably iron and iron compounds, display the effect we call magnetism. This is the ability
to attract and pick up other magnetic substances. Unmagnetised iron can be magnetised and demagnetised
quite easily, but permanent magnets are usually made of steel or a range of modern magnetically ‘hard’
materials.

ection F: Magnetism and Electromagnetism

Hard magnetic materials are used for things like magnets that we want to stay magnetised. Saft
magnetic materials are used when we need something to magnetise and demagnetise easily.

Figure 21.1

Worked Example 1

The photographs above show a number of applications of magnetic materials. State which should be made of a soft
magnetic material and which should be made of a hard magnetic material.

The compass needle and the fridge magnets need to keep their magnetic effect, so a magnetically hard material
should be used.

The electromagnet consists of an iron disc which is strongly magnetised by an electric current in a coil, but it loses
most of its magnetism when the current is turned off, so that it can release the scrap iron. It should be made from a
soft magnetic material.

The transformer core needs to magnetised and remagnetised by an alternating current sa its core should be made
from a soft magnetic material.

Simple rules of magnetism:

Like poles repel, unlike poles attract

e = e = .

Unmagnetised iron, steel and a few other elements and their alloys or compounds can be attracted to a
magnet, The permanent magnet induces magnetic effect in the unmagnetised iron with an unlike pole
nearest the pole of the magnet. Therefore unmagnetised materials like iron are always attracted to magnets,
never repelled.

Magnetic field lines

When iron filings are sprinkled onto a sheet of paper placed over a bar magnet they become temporarily
magnetised as described above. As they each behave like tiny bar magnets they form lines with North and




Section F: Magnetism and Electromagnetism

-South poles attracting each other. This suggests the idea of lines of magnetic force and the idea has become
one way of describing the magnetic field, although the field is continuous around a magnet.

The lines show the direction of the force that would act on a small N pole placed at any point in the field, so the
arrows on the |ines always point away from the N pole towards the S pole.

The direction of the force at any point in a magnetic field is unigue (or
zero) so magnetic fleld lines do not cross.

The field lines are drawn closest together where the magnetic field is
strongest and are drawn further and further apart as the field gets
weaker. The magnetic field pattern for a single bar magnet (Figure
21.2a) shows that the strongest parts of the magnetic field are close
to the poles.

b) * You should also be able to complete the field patterns for the

arrangements of magnets shown in Figure 21.2. In Figure 21.2b,
where two like poles are facing, note the neutral point, *, midway
between the two poles. In Figure 21.2¢ the field is uniform between

? the facing N and S poles.

Figure 21.2 The field between unlike
magnetic poles is uniform

Electromagnetism

When a current flows in a wire a magnetic field is produced. Figure 21.3 shows the circular magnetic field
produced by a steady current flowing in a long straight wire. Remember that the field is continuous (and
extends over the whole length of the wire); the field lines represent the direction of the force & N pole would
feel and the spacing of the field lines shows that the strength of the field decreases with distance [rom the
wire. Increasing the current will increase the strength of the magnetic field produced.

The direction of the field line arrows can be remembered by the
right-hand grip rule, as shown in Figure 21.4,

You should aiso be able to sketch the magnetic field patterns shown
in Figures 21.5 and 21.6.

Figure 21.3

current

Figure 21.4 Figure 21.5 Figure 21.6



Electromagnets

You have seen that a current in a coil of wire produces a magnetic field.
This field can be made stronger by increasing the carrent through the coil,
increasing the number of turns on the coil or by winding the coil around
a magnetic material. A 'soft’ material is used for this purpose — the core
should magnetise easily when the current flows through the coil but

must demagnetise when the current is turned off.

iron core

current |
in

4

You should be able to describe how electromagnets are used in simple . . .
Figure 21.7 The iron plate is

electric bells, electromagnetic relay switches and solenoids, A solenoid is attracted to the electromagnet

used to open a door latch remotely, They are used in blocks of flats to allow  when a current is flowing through
the coils around the iron core.

guests into the block when a resident, from his flat, pushes a switch to
release the latch of the door to the block.

Practical work

You should know how to show magnetic field patterns produced by
simple arrangements of bar magnets using iron filings. Very powerful
rare earth magnets are now widely available, but this experiment
works better with the weaker steel bar magnets. You should also be able
to plot magnetic fields using small plotting compasses. Both methods
are shown in Figure 21.8, though it is customary to place the magnet
under the paper to prevent contact with the filings.

Plotting compasses are the best way of showing the shape of magnetic Figure 21.8
fields produced by a long straight wire, a flat coil and a long coil (solenoid).

how the strength of an electromagnet depends on current, number of ald 523:&:‘:2&2:3? )
turns on the coil and (possibly) that only certain materials inside the measure the .
coil make good electromagnets. A suitable experimental set-up is cur;r:;.l v ;r; an ggﬁee:vszggfi
shown in Figure 21.9. When winding your coils it is simpler to just (A T
wind a single coil at the top of your iron core. U-shaped cores will P

produce a much more powerful electromagnet, but the experiment can
be carried out with a rectangular strip ol iron or even an iron nail,

You should be able to describe and explain a simple experiment to show I -

current
in

The wire must be insulated so the coils do not short together, You *
must be careful about how much current vou pass through the F';:t"e
coil; it can overheat which will melt plastic insulation and could cause
a serious burn.
weight stick
and weights

If you cannot wind your own cotls with different numbers of turns you
can still change the current through the coil, but again take care not to
exceed the maximum safe current for the coil.

You should be able to present your results in graphical form and, for Figure 21.9

the exam, read and interpret the graphical results of experiments such
as this.




Section F: Magnetism and Electromagnetism

Chapter 22: Electric motors and electromagnetic
induction

The motor effect - movement from electricity

When a current is passed through a wire placed in a magnetic field a force is produced which acts on the wire.

magnet

Figure 22.1 shows part of a wire carrying a current placed in the
magnetic field produced by two strong magnets,

magnetic

The magnets have opposite poles facing and the field lines point

from N to S, . o
Please see the Appendix for additional

information on particle accelerators.

Figure 22.1 magnet —
force You need to be able to use Fleming's Left Hand Rule to work out
thumb the direction of the force that acts on the wire.
magnetic fleld
first finger This is aiso called the Motor Rule.

The force acting upon the wire will make the wire move. The thumb of
your left hand may be used to determine the direction of movement
caused by the force on the wire. In order to remember what component
the direction of the thumb shows remember: thumb shows the direction
of movement caused by the force on the wire.

current
second finger

(Alternatively, fumb — force!!)

Moving coil loudspeaker

The motor effect is also used in loudspeakers: the signal current produced by an amplifier is alternating,
and by passing it through a coil in a magnetic field the current results in alternating forces on the coil. The
coil is attached to a paper cone and this transfers the vibrations to the air.

Worked Example 2

a) Copy and complete the following diagrams by drawing in magnetic field lines.

b) Use Fleming's Left Hand Rule to work out the direction of the force that will act on the conductors shown in the
magnetic fields, below.

A B C a) Field lines should be ‘ ;
. o Shows a conductor carrying current
drawn going from N to § flowing out of the plane of the paper
. x b A, —————»F perpendicularly towards you.
B 4—-F

L]
X Shows a conductor carrying current
G ——»F X ying

flowing into the plane of the paper
perpendicularly away from you.

The size of the force that acts on a current-carrying conductor placed at right angles to a magnetic field may be
increased by either increasing the strength of the magnetic field or by increasing the current in the wire.




The electric motor

In its simplest form a DC motor consists of a single turn coil of wire that is free to rotate in a magnestic field
about an axle, as shown in Figure 22,2, Carbon brushes make contact with the ends of the eoil that are
connected to a commutator so that a current can be passed through the coil.

The sequence of diagrams pivot |
t
in Figure 22.2 show the q) Produce

(/ produced
coil from an end-on view, '
magnet e Bl

making it easy to see how
the forces acting on each
side of the coil produce a
turning effect about the

axle. Figure 22.2c shows split-ring
. tag
that the furning effect is commutster
zero when the coil is
parallel to the permanent carbon brushes
magnets (because the line ) i >
Figure 22.2 Figure 22.3 Simple electric motor

of action of the forces
passes through the axis of rotation). This might suggest that the coil stops in this position, but it will
inevitably overshoot, and as soon as it does so, the commutator will reverse the direction of the current in
the coil which means the coil will continue to spin,

Worlked Example 3

State three ways in which you could change the design of a DC mator ta make it spin faster for a given load.

Increase the strength of the magnetic field. Put more turns on the coil. Pass a larger current through the coil.
(But note that if the maximum design current for a motor is exceeded then the motor is likely to burn out.)

Electromagnetic induction and the generator

When a conductor is in a changing magnetic field a voltage will be induced in the conductor,

The magnetic field can change if:

¢ the conductor is moving into, or out of, a magnetic field (see Figure 22.4a),

s a magnet is moving towards, or away {rom, the conductor (see Figure 22.4b) or
s the magnetic field is being varied (see Figure 22.4c).

If the conductor is part of a closed electric circuit then the induced voltage will cause a current to flow.
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moving aICOﬂNI!;T“:IF out of (’Ii’r into) m|°‘:“gc g_mﬁ:‘z‘e;“:‘iéﬁr ‘;”t of) varying the current in the top coll
a magnetlc fleld induces a voltage. a fong col age. induces a voltage in the bottom coll,
Figure 22.4

The size of the induced voltage in a coil can be increased by increasing the rate of change of the strength of the
magnetic field, by having more turns on the coil and by having a coil of greater area.

Worked Example 4

Look at the three situations shown betow; in each case a small plane coil is in the field between two permanent
magnets:

B

-y e
e S

In A the coil is moving horizontally at constant speed between the two magnets.

In B the coll is moving horizontally at constant speed out of the gap between the two magnets.
In C the coil is stationary between the two magnets,

In which situatfon, if any, is a voltage induced in the coil?

In A the coil is moving in a uniform magnetic field so the amount of magnetic flux cutting the coil is not changing
— No induced voltage

In B the coil is moving out of a uniform magnetic field so the amount of magnetic flux cutting the coil is decreasing
— Voltage induced

In € the coil is not moving so the magnetic flux cutting the coil is constant — No induced voltage

Two types of generator

The bicycle dynamo consists of a strong, small bar magnet which is spun by the wheel of the bicycle. It spins
between the faces of a U-shaped iron core on which a coil of wire is wound. The changing magnetic field
induces an alternating voltage in the coil.



Larger generators have spinning coils of wire in the magnetic field of strong permanent magnets (or, in large
generators, a magnetic field produced by electromagnets). Since the ceil in which the voltage is being
induced is spinning, the electrical connections are made by brushes which slide over slip rings.

The transformer

The function of a transformer is to change the size of an alternating voltage. This is done by having two separate
cofls with different numbers of turns,

Transformers consist of a core made from thin sheets of a Jaminated
magnetically soft material clamped together. Two separate coils of iron core
wire, insulated from one another, are tightly wound onto the core. === S

Translormers are designed to perform the job of changing voltage
with very little power loss — you may assume that they are 100%
efficient.

input {primary) voltage _ _primary turns
output (secondary) voltage  secondary turns

V] n
P_Mh primary coil

secondary coil
Vs n, 4

Figure 22,5 A transformer

I n, > n, then the transformer steps down the input voltage; if n,> n, then the transformer sfeps up the
input voltage. :

Worked Example 5

A transformer is designed to step down the mains voltage of 230 V to 11.5 V. If there are 1200 turns on the primary
coil how many turns should be wound on the secondary coil?

Yo _M o given =25
Rearrange Vs n, to given, Vp X n

So,nzz%x 1200

Therefore, n, = 60 tums

Transmission of electrical energy

Transformers are used in the transmission of electrical energy over large distances, Transmission lines
have low but not zero resistance, Power loss due to this resistance is given by the formula P = I’R, and this
means that power losses between the power station and the consumers would be unacceptably large. As
transformers are close to 100% efficient
. Vp_ I n, )

= x = — = = =
Power input = power output 50 VpXIp=VsXIs — Vs~ Ip ( "y
So if a transformer is used to siep up the generated alternating voltage 50 times this means the current
is stepped down 50 times — Is = 1/50 Ip The advantage of this is clear, since power loss along the
transmission Jines is proportional {o current squared this will reduce the loss by (1/50)2 The voltage is
stepped down using transformers close to the consumers, again with very little power loss because of the

near 100% efficiency of the transformer.




Practical work

steel ‘yoke’ to support You should have practical experience of both the motor and generator
effects. A standard experiment to demonstrate that a current in a wire,
placed at right angles to a magnetic field, produces a force on the wire
is shown here, A short length of copper wire rests on two copper wire
‘rails’. When a current is passed through the wire it catapults out of
the field sliding along the rails. (The motor effect.)

The generator effect can be demonstrated by thrusting a strong magnet
Figure 22.6 into a long, tightly wound coil connecied to a galvanometer (sensitive

travel. Faster movement induces a larger voltage.

1 A compass needle points north as shown in a) below.

000

An unknown object A is brought near to the
compass and the compass deflects towards it as
shown in b) and c). A second unknown object B

is brought close to the compass and it responds as
shown in d) and e). What does this tell you about
objects A and B?

2 Steel is a magnetically hard substance and it is often
used for making compass needles. What is meant by
the term ‘hard’ in this context?

Section F: Magnetism and Electromagnetism

3 The magnetic field around a magnet is often
represented using field fines.

a) What does the spacing of the field lines tell
you about the magnetic field?

B) What do the arrows on the field lines tell you
about the magnetic field?

4 When a steel paper clip is suspended from a
permanent magnet it is then able to pick up a
further paper clip and this may be repeated several
times to form a chain of paper clips hanging from
the magnet. The paper clips have temporary or

magnetism. [Supply the missing word.]

5 a} Show, with the aid of a field line sketch, how
the magnetic field varies around a single bar
magnet.

ammeter). The induced voltage will circulate a detectable current. It can be seen that the induced voltage
only occurs when the magnet is moving with respect to the coil. We can also observe that the direction of
the induced voltage (and current) depends on the pole of the magnet entering the cotl and its direction of

b) Show how you would position two bar magnets
to produce a region of strong and nearly
uniform magnetic field. Add field lines to
show the magnetic field.

Copy and complete the following magnetic field
patterns for the three arrangements of current-
carrying conductors shown.

® A long straight conductor carrying a current into
the plane of the paper at 90°. '

@ ® A section through a plane circular coil
carrying a current up out of plane of the
paper on the left and down into the plane of the paper

on the right.

A long solencid wound on
a cardboard tube. Current
flowing in and out as
/ \  shown by the arrows.

State two ways in which the strength of the
magnetic field produced by the solenoid in
question 6 could be increased.

A uniform magnetic field is used in cloud chambers
to distinguish between different particles produced
by collisions between subatomic particles. It is
possible to tell the difference between positively
and negatively charged moving particles - how do
their paths differ, provided they are not moving
parallel to the magnetic field lines?

Copy and complete the following paragraph:

Fleming's Left Hand Rule is used to predict the
direction of the ona

carrying conductor in a
The thumb, first finger and second finger are
arranged to point in three mutually perpendicular
directions; the first finger points in the direction of




the , the second finger
points in the direction of the and the
thumb indicated the direction of the on
the conductor. Fleming’s Left Hand Rule is also
known as the rule.

10 Imagine that there is a uniform magnetic field
acting over the area of this page directed
perpendicularly into the page shown below. A
current flows through a wire placed in the field,

a} Copy the drawing and use Fleming’s Left Hand
Rule to find the direction of the force that acts
on the conductor and mark it clearly on your
diagram.

b) State two ways in which the force on the
conductor could be made weaker.

X X X X X

gl

A bar magnet
at rest inside a coil,

A bar magnet
maoving whilst
completely inside a coil,

12 Show, with the aid of a clear, labelled diagram, the
key features of a transformer.

13 Atransformer is designed to step a voltage down
from 120 V to 6 V. Explain how the design you have
shown in gquestion 12 can do this.

14 What is the advantage of stepping up the voltage of
electricity generated at a power station to a much
higher voltage before transmitting electrical energy
via the National Grid?

15 Transformers are assumed to be virtually 100%
efficient. What does this mean in terms of electrical
power input and output?

16 A generator consists of a coil which is driven
mechanically to rotate in a magnetic field. How do
the following factors affect the size of the voltage
induced in the coil (if at ali):

X X

11 In which of the following will there be a voltage
induced in the systems of conductors shown?

1y

X

a) The coil has more turns.
b} The coil rotates faster.
¢) The magnetic field is made stronger.

A bar magnet
moving info a coil,

A bar magnet
moving out of a coil.
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Chapter 23: Atoms and radioactivity

Electrons, protons and neutrons

Atoms are made up of electrons, protons and neutrons. For example, here is a diagrammatic structure for an
atom of the most abundant form of carbon, carbon-12.

The neutron, an uncharged particle in the nucleus of an atom.

The proton, roughly the same mass as a neutron but carrying a
positive charge.

The electron, roughly 1800 times smaller than the proton but
carrying the same amount of negative charge.

Figure 23,1 Figure 23.2

Since there is a balance between the number of nuclear positive charges on the protons and the number of
equal but oppositely charged electrons orbiting the nucleus, the overall charge on an atom is zero.

Notation, atomic number and atomic mass

General form

2X

F Atomic mass, the number of nucleons (protons + neutrons) in the nucleus
I(Z;C Chemical symbol, in this case € for carbon

K_/Atomic number, the number of protons in the nucleus

ATOMIC MASS = NUMBER OF PROTONS + NUMBER OF NEUTRONS

Or, A = Z + N where N is the number of neutrons

Worked Example 1

Describe the makeup of the nucleus of the atoms of the following in terms of number of neutrons and protons:

a)IN b)ZRa c¢)’ZU d)iBe

a) Nitrogen: 7 protons, 7 neutrons {(atomic mass number = 14)
b) Radiumn: 88 protons, 138 neutrons (atomic mass number = 226)
¢) Uranium: 92 protons, 142 neutrons (atomic mass number = 234)

d) Beryllium: 4 protons, 4 neutrons (atomic mass number = B)



lonising radiation

You need to know that the following types of ionising radiation may be emitted from unstable nuclei:

oL Alpha particles are helium nuclef ejected from unstable nuclei. They are heavily ionising and 4H
have only a short range, travelling only ~ 10 em in air. They are stopped by thin card. e

B Beta particles are fast moving electrons ejected from unstable nuclei. They are less ionising 0
and travel long distances in air. They are stopped by 1-2 mm of aluminium. 1€

Gamma rays are photons of high energy EM waves. They are extremely penetrating and interact with
y atoms which may then emit ionising radiation. They are only stopped by tens of cm of lead.

Nuclear transformations

Radioactive forms of some elements (called isotopes) will decay randomly over time emitting combinations
of the types of radiation mentioned above. The emission of gamma rays has no effect on the atomic mass or
charge of the decaying atom (as yrays are both massless and without charge) but gamma ray emission
occurs with other types of radiation.

Both alpha and beta emissions cause a change in the atomic number of the original decaying element - in both
alpha and beta decay processes the original element turns into another element,

Examples of alpha and beta decay

o An isotope of the radioactive element americitm is used in some types
of smoke detector; it decays by emitting an alpha particle: Note the balanced numbers:
“1Am - *iNp E iHe a1 =27+ 4
. . 85 = 93 + 2
An atom of americtum-241 decays to an atom of neptunium and emits

an alpha particle.

The decay will also involve the production of energy.

f: A radicactive isotope of sodium decays to magnesium by emttting a
beta particle: Note the balanced numbers:
TiNa — BMg + Je 26 =26 +0
1=12 -
An atom of sodium-26 decays to an atom of magnesium and emits a ! 12 !

beta particle.



Decay equations must balance. The sum of the atomic masses before and after the decay process must be the
same. The sum of the atomic numbers must be the same before and after the decay.

Note that, for the purpose of balancing nuclear equations, gamma photons have zero mass and zero charge
and are sometimes written . Beta particles have a tiny mass, O (which we ignore here), and a charge of —1
and may be represented as e, as above or Jf.

Beta decay involves a nuclear neutron becoming a proton and an electron which is emitted as the beta
particle, thus adding 1 to the atomic number.

Worked Example 2

In the following equation an alpha particle collides with an atom of beryllium transforming it into an atom of
carban-12 and a neutron. Balance the equation.

“Be + ‘He — UuC + on

2 4 12 1
:Be + He — C + ¢n

Practical work

Measuring the relative penetrating power ol the three types of radiation will require the use of a detector
like the Geiger-Miiller (GM) tube described in the next chapter. Care should be taken when handling even the
small samples of radioactive materials used in schools and colleges — open the lead lined storage boxes away
from you at arm’s length using the handling tongs. These sources should be returned io their storage boxes
immediately after use and put back in the lockable storage cupboard.

Chapter 24: Radiation and half-life

Detecting ionising radiation

Section G: Radioactivity and Particles

Nuclear radiation, produced by radioactive isotopes and by the processes in stars, can ionise atoms that it
interacts with. This can be detected in a variety of ways. You should know that it can be detected by:

Photographic film: This becomes fogged when exposed to ionising
radiation and is used in badges worn by workers at risk from continuous
exposure. The badges are checked regularly to ensure that safety limits
have not been exceeded.

mica ‘window'

The Geiger-Miiller tube: When ionising radiation enters the GM tube it +400V

ionises the gases within allowing a pulse of current to pass between the —=—> w©
electrodes. This is then fed to either a counter or a rate meter. Often the e 0 detecting
current pulses are made to produce audible ‘clicks’. oV ciredte

glass with graphite coating
on the inner surface




Sources of background radiation

You need to remember the following sources of natural or background radiation:

From the Earth’s rocks: The slow decay of isotopes of uranium produces radon and thoron gases. Radon is highly
radicactive and is a particular problem in certain parts of the UK.

Cosmic rays: When stars explode the very violent reactions produce cosmic rays which shower the Earth.

Medical: Radioactive materials are used in diagnosis and treatment of illnesses. These contribute to background
radiation.

Nuclear power and weapons: Testing of nuclear weapons contributes a small amount of background radiation.
Leaks from nuclear power stations are also responsible for a small percentage of the background count.

Radioactive decay

Radioactive decay is a random process — it is not possible to predict when an unstable atom will decay or
which atoms will decay at any given moment. However, it is possible to predict from previous measurements
the percentage of unstable atoms in a sample that will decay in a given time. The rate of decay is measured
in becquerels — one Bq is one decay per second.

As a decay process proceeds the number of remaining unstable
nuclei gets smaller and so too does the rate of decay. The graph,
Figure 24.3, shows this. This is an exponential decay — the smaller
N\ the number of remaining undecayed nuclei, the more slowly the
decay process proceeds.

Decay rate, Bq

What does not change is the proportion of the material that decays
= in a given time.

The half-life of a radioactive isotope, t'/,- is the time taken for half the

4 Time, original number of unstable nuclei to decay.
Ly

Figure 24.1

The halfife of a particular radioactive isotope does not change. However, different isotopes have half-lives
which differ from each other enormously, for example: uranium-238 has a half-life of 4.5 billion years;
iodine-131, 8 days; sodium-24, about 15 hours.

Worked Example 3

lodine-131 has a half-life of 8 days. How much of an initial sample of 400 pg would remain after

a) 16 days, b) 24 days, and c) 80 days?

The amount will halve every eight days so, 200 ug remain after 8 days,
a) 100 yg after 16 days
b) 50 ug after 24 days
The fraction is % where n is the number of half-lives that passed.
c) So after 80 days, or 10 half-lives, the amount remaining would be 0.39 pg
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Practical work

You should be able to measure the background radiation using a GM tube linked to a rate meter. This should
be taken into account when measuring the radioactivity of samples of radioactive material. It is important
to remember the safety precautions mentioned in the last chapter when handling radioactive materials.

Chapter 25: Applications of radioactivity
Applications of radioactivity

In medicine

Radicactive tracers are used to monitor the function of parts of the body. Chemicals containing gamma
emitters can be swallowed or injected into the body to follow the transport of the tracer through the
digestive system or the veins and arteries. Some compounds are chosen because they are concentrated
in particular organs, allowing the structure and function of the organs to be examined closely.

Radioactive compounds are also used to directly treat illnesses. For example iodine-131, a beta emitter, is
taken orally to treat a condition of the thyroid gland. The iodine is concentrated in the thyroid where the
radiation kills off cells. Focused beams of gamma rays are used to kill off cancerous cells in some tumours.

Sterilisation
Tonising radiation is used to kill off microorganisms and bacteria on surgical equipment and on some
foodstuffs. The items to be sterilised can be sealed in airtight packaging and sterilised through the packaging.

Non-medical tracers Please see the Appendix for
The flow of liquids and gases through industrial processes can be additional information on

. . smoke detectors.
mapped using radioactive tracers and detectors or gamma cameras. >
i

Radioactive dating

By measuring the proportion of the radioactive isotope carbon-14 in samples of dead organic material
it is possible to date how long the material has been dead. Carbon-14 is chemically tdentical to the
non-radioactive form, carbon-12, so is absorbed by all living things during respiration. The proportion
of carbon-14 to carbon-12 reduces at a predictable rate after death.

Some inorganic materials can be dated by measuring the proportion of a radioactive isotope present relative
to the material formed at the end of its decay chain. Radioactive materials go through series of decays (the
decay chain) transmuting into lighter elements — the end of this sequence is a stable isotope of an element.

Worked Example 4

Gamma emitters are used as medical tracers. Alpha and beta emitters are used to treat tumours. In both cases
isotopes with short half-lives are preferred.

a) Give two reasons why alpha emitters are unsuitable for diagnostic use as tracers.

b) Explain why short half-lives are used in medical diagnosis and treatment.

a) Alpha emitters have an extremely short range inside the body and cannot emerge for detection outside the
body. Alpha particles are extremely lonising and can be very damaging to cells within range.

b) Some of the tracer/treatment materials will be excreted (sweat, urine, etc.) and can therefore pose a health hazard
to others. Prolonged exposure to radiation may cause unwanted damaging effects. A short half-life (a few days or
less) means that the amount of radioactive materials will reduce to an insignificant level within weeks or days.



Hazards of radioactivity

Ionising radiation can kill living cells; if this happens in small numbers and/or to cells that perform non-
critical functions, the organism can recover. If the dose is high and particularly if it affects cells which are
replaced slowly or perform critical functions, like the nervous system in animals and hamans, the damage
will be fatal.

Tonisation can affect cells adversely without killing them. If the effect disrupts the genetic material in a cell
then the cell may start to malfunction and reproduce uncontrollably resulting in tumours; this is called cell
mutation. If the cells of critical organs malfunction or i tumours exert excessive pressure on other organs
then the effects can also be terminal,

Fission reactors used in the production of electricity produce a variety of radioactive waste products. Some
have short hall-lives and low activity. Other waste materials are highly radioactive and have long half-lives.
Such materials need to be encapsulated and stored in places far away from human contact. Safely enclosing
these waste products, that are gamma emitiers, requires lead, concrete or both to ensure no radiation
escapes, The long hall-lives of some products mean that the waste needs to be stored securely (no leakage,
no theft) for tens or even hundreds of vears.

Safe handling of radioactive materials

Safe handling procedures have been mentioned at the end of Chapter 23. Radioactive
materials must be clearly marked as shown in Figure 25.1 and stored securely.

Handling highly radioactive materials is done remotely using electronically
controlled grippers viewed through thick lead glass or viewed with suitable
protected cctv equipment. ,

Figure 25.1

Practical work

None relevant to this chapter.

Chapter 26: Particles

The Rutherford model of the atom

Geiger and Marsden’s experiment
This is a key experiment in the development of Rutherford’s model of the atom.

A beam of alpha particles was fired at a gold leaf (see Figure 26.1, overleaf), A zinc sulphide screen was used
ag a detector. Key observations were:

Most of the alpha particles passed through without recailing (bouncing back) (A) or deflecting off gold atoms. Some
deflected as they passed through the gold leaf (B) and a tiny proportion bounced back (C}).
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zinc sulphide
screen

alpha particle
source

block of lead with
narrow hole to allow

a 'beam’ of alpha
particles to emerge

Figure 26.1 Firing alpha particles at thin gold foil

The deflections were caused by the electric repulsion between the positive charges of the alpha particles and
the positive charges in the gold nucleus. The amount of the deflection depended on a number of factors:

* The speed of the alpha particles - faster particles are deflected through smaller angles.
» The nuclear charge - mare highly charged nuclei {like gold with 79 protons) produce greater deflections.

« How close the alpha particle gets to the nucleus - the electric force diminishes with the square of the distance.

Rutherford's deductions

The atom is mostly empty space — the positive charge must be
concentrated in a very small central region of the atom. (Previously
it was thought that the positive charge was uniformly distributed
throughout the atom.) From the observations of the scattering
experiment Rutherford deduced that the nucleus was one
ten-thousandth of the diameter of the atom.

Nuclear fission

The isotope uranium-235 is fissile —
this means it can be split into lighter
elements quite easily. If an atom of
T-235 is struck by a low energy
neutron {relatively low speed) it
breaks apart as shown in Figure
26.3 releasing energy in the form

of the kinetic energy of the decay

fragments (and gamma ray photons). A'slow’ neutro ls

The parent nucleus, U-235, produces
two daughter nuclei as shown plus

a number of neutrons. If these
neutrons are absorbed by further
fissile nuclei then a chain reaction
results with rapidly increasing
numbers of atoms splitting apart and
releasing energy — a nuctear bomb is
an uncontrolled chain reaction.

uranlum-235 nucleus

' The resu'll;l'r-lg nucleus
absorbed by a ' of urarium-236
;. s unstable ..

atomic i
dlameter, nuclear
around - diameter
| d
16 m aroun
10" m
Figure 26.2

8% /

36

/ I;zBa \

eand ‘sp!'its apart forming
_twao lighter nudlel, three neutrons
- and gamma radiation

Figure 26,3 Fission of uranium-235 triggered by a slow neutron.



Practical work

None relevant to this chapter,

Generating electricity with nuclear fission

If the chain reaction in a fissile nuclear fuel like uranium-235 is controlled, so that the energy is released
much more slowly, the heat produced can be used to generate steam to turn turbines and drive generators,
as shown in Figure 26.4.

nuclear heat exchanger steam turbine generator or dynamo
reactor

concrete
chamber

graphite core
(moderator)

cadmiurn or
boron control
rods

uranium rods

(fuel) water in

condenser
steel vessel
pressurisad

pump water (as coolank}

Figure 26.4 A schematic diagram of a nuclear power station

Key points:

The graphite moderator is used to absorb some of the energy of fast neutrons so they are readily absorbed by
nuclei of U-235 sustaining the chain reaction.

The boron control rods absorb neutrons to take them out of action completely. The control rods can be raised out
of the reactor core allowing the chain reaction to speed up, or lowered completely to shut down the chain reaction,

1 Copy and complete the table comparing the 3 Uranium-238 and Uranium-235 are two isotopes
properties of the three principal particles that of uranjum. How is the composition of an atom
make up an atom. of each isotope: a) the same and  b) different?

4 Complete the following table to describe the

Relative Relative structure of different isotopes of the elements:

Particle ~ Mass Charge Location
‘_ N +1 Inthe nucleus ;  * isotope ;" Element | Protons : Neutrons i Electrons.
.‘ : :[ “ . - r . [ERFCEN ki‘“...' e - . .;‘ . L
; Neutron . 1 .f . ’aU " Uranium | % :

~ 3000 i ‘ sC k _Carbo.n ‘s

Barium ’ : 83

2 Define the following terms: Co
a) atomic number b} atomic mass ¢) isotope
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Section G

5 When an unstable atom decays it may emit a
number of different types of radiation; c, P and y.
Explain what each of these is.

6 «, fand yare all types of ionising radiation.
a) Explain what is meant by lonising radiation.
b) Compare the ionising power of each kind
of radiation.

7 Describe an experiment to determine what kind(s)
of nuclear radiation a radioactive isctope was
producing. List the apparatus needed and describe
the experimental set-up. Explain how you would
interpret the results of your investigation.

8 Copy and balance the following nuclear equations:
a) BU + n > 3 n + ™Ba + Kr
[This could be the start of a chain reaction.]

b) '"H + }H - He

[This is the fusion process that occurs in the Sun))

¢ HAl + in > *Na + ,
[This is an alpha decay process.]

d U + ‘He - Pu + n

9 State two methods used to detect ionising radiation.

10 State two main sources of background radiation in
the UK.

11 a) Radioactive decay is measured in becquerels;
define the becquerel.

b) Sometimes the rate at which water runs out
of a container or burette is used to model
radioactive decay. What particular aspect of
radicactive decay does the model show?

i -

12 a) Different radioactive isctopes have different
half-lives. Explain what is meant by the half-life
of an isotope.

b) Isotope A has a half-life of 2 days and isotope B
has a half-life of 10 days, The initial amount of
both these isotopes is 320 pg. How much of
each isotope remains after 10 days?

€} s it possible to determine which particular atom
of an {sotope will decay if you know the half-life
of the isctope? Give a reason for your answer.

13 lodine-131 is a radicactive beta emitter with a

half-life of 8 days. Like the common stable form of

iodine, it is concentrated in the thyroid gland and

excess lodine is excreted in urine and in sweat.

a} Why is iodine used in the treatment of cancer
of the thyroid?

b) Why is it particularly suited for treating thyroid
cancer?

c) Why are patients, who are undergoing radio
iodine treatment, told to avoid sharing both
toilet and washing facilities with other people?

14 List three dangers associated with the use and

15

handling of radicactive materials producing
ionising radiation.

a} Copy and complete the diagram below which
shows the uncompleted paths of alpha particles
fired at gold foil in Geiger and Marsden’s
experiment.

b) Explain why the aipha particles follow the paths
you have shown,

¢) How would your answer have differed if the
alpha particles had less KE?

particle |

particla 2

particle 3

particle 4

16 What deductions did Rutherford make about the

17

nucleus of a gold atom from the findings of the
experiment carried out by Geiger and Marsden,
mentioned in question 147

Uranium-235 is an example of a fissile material.
Explain what this means.

Copy and complete the following sentences about
the fission of uranium-235;

When an atom of uranium-235 splits two smaller

are produced together with two or
three and some . The
original nucteus that splits is called the parent
and the two fragments are called the
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Uranium-235 fission is triggered by the impact of a
particle. Name this parficle and describe its speed.

Describe how a chain reaction may be triggered in
a fissile material like uranjum-235.

Nuclear power stations use a controlled chain
reaction to generate heat to boil water and
ultimately drive a turbine. The reactor core is
encased in a steel vessel surrounded by concrete
and contains a moderator into which the fuel rods
are lowered. Anocther set of rods called control rods

can be lowered into the core or raised out of it.

a} Why is the reactor vessel surrounded by thick
concrete?

b) Explain the purpose of the moderator.
¢) What do the fuel rods consist of?
d) What is the purpose of the control rods?

e) In the event of the reactor core starting to
overheat, what action should be taken to shut
down the chain reaction?




Exam-Style Questions

Exam-Style Questions

Section A: Forces and Motion

1 A marathon runner covers the distance of 42 km

in a time of 3 hours and 20 minutes.

a) State, in words, the formula you should use
to calculate average speed of the runner.

b) Use your formula to calculate the average
speed of the runner,
() inkm/h,and (ii} in m/s.

¢) The graph below shows how the runner’s
speed changed during the race:

0 05 10 I5 20 25 30 35
Timel/hours

Describe the way the runner is running
during the period from

() AtoB (i) BtoCand (i) CtoD.

d) Explain how you would use the graph to
calculate the distance the runner ran in the
period AB. State the additional information
you would need.

2 a} Velocity is a vector quantity; speed is a scalar

quantity, Explain the difference between a
vector and a scalar quantity.

b) Give one example of:
(i} ascalar quantity, and
(ii) a vactor quantity.
¢) A student calculates the acceleration of a

car and finds that it is 1.8 m/s?, Explain
what this means.

3 The diagram below shows a tightrope walker
standing on a tightrope,

(11 a

{3]

31

2]

i3]

2]

2]

a} Label the forces that are acting on the tightrope

walker with three clearly labelled arrows.

b) The tightrope walker is stationary. Explain
what this tells you about the forces acting
on the tightrope wallker.

{51

2]

¢) Why is it impossible for the tightrope to be
perfectly horizontal when the tightrope walker
is standing on it as shown in the diagram?  [2]

Sharlini measures the length of a light spring and
records this length 1, She then adds increasing
amounts of known mass onto the spring and
measures the new length of the spring for each
value of the load. Her results are shown in the
table below.

Natural Iengtﬁ, 1, 32¢m

loading . Lengt.h'of spring inem

100 48
200 54
300 5.9
400 66
500 | 7.2
600 7.9
700 87

Sharlini wants to plot a graph to show that the
spring cbeys Hooke's Law.

a} Explain how she should use her results
to do this. 4]

b} Plot a suitable graph to present her results. 4]

¢) Do her results show that the spring obeys
Hooke's Law? 3]

d) Atthe end of her experiment, Sharlini
notices that the spring now has a natural
length of 3.4 cm. Comment on this. 12]

A toy car rolls down a gently sloping ramp. It has a
tape attached to it which it pulls through a ticker-
timer as it rolls down the slope. The ticker timer is
designed to make a mark on the tape every tenth
of a second. A length of the tape is shown below.

direction tape A
T
of travel ™ ISem
a} What is the average speed of the car? 2]
b) Describe the motion of the car. m



The slope of the ramp is changed twice and
two further lengths of tape are obtained.

direction tape B
of travel
direction tape C
<:| TR : !
of travel

¢) (i) What does tape B reveal about the motion
of the car?
{ii} What has been done to the ramp to cause
the change in the motion of the car? 3]
d) {i) What does tape C reveal about the
motion of the car?
(ii) What has been done to the ramp to cause
the change in the motion of the car? 3]
In one further experiment measurements made
from the tape show that the car, which has a
mass of 1200 g, is accelerating at 4.5 cm/s2
e) Calculate the resultant force on the car,
showing your working, 3]

This question is about a car driver making an
emergency stop. Look at the speed-time graphs
shown below.

N

Time

Speed
Speed

graph A

Speed
Speed

Time Time
graph C graph D

Graph A shows the speed-time graph for an alert

driver driving at the legal speed limit, and braking
without skidding, in good conditions. {Graph A is

superimposed on the other 3 graphs in green for

comparison.)

a) This graph, and the others that follow, can

be divided into two sections, State what
these two sections are and identify them on

the graph A. 4]
b} Suggest why it takes longer to stop in the
other three cases. 6]

¢) Graphs B, Cand D reveal that it will take
longer for the car to come to rest and it will
have travelled further while doing so. Expiain
how you could work out the total stopping
distance if scales were marked on both axes
of graph B. 3]

A Saturn V rocket (the type used during the
manned missions to the Moon) had a mass of

3 milfion kilograms. The initial thrust provided by
the rocket motor was 34 000000 N.

a) Calculate the acceleration of the rocket on
take off. {31

b) The velocity needed to break free from
the pull of the Earth's gravity is 11.2 krn/s;
assuming the acceleration you have just
calculated remained constant, how long
would it have taken for the rocket to reach

this ‘escape’ velocity? 3]
¢} Give one reason why the acceleration of the
rocket did not remain constant. 2}

The graph below shows the velocity-time graph
for a free fall parachutist. Describe and explain
the features of the graph, In your explanation
you should consider the forces that act on

the parachutist.

Note that there are 3 distinct phases to the

motion, indicated by the times ¢, t,, and t,. [e]
-l B
2 ¥ !
2 i
L} t I
! | 1
Y A S N O ...
I | | |
| 1 | 1
| | 1 1
I | 1 1
1 | i t
1 1 ] I
1 i 1 L r.
t t o} Time B
I .
9 ag) Write a word definition of momentum. n

b) What is meant by the law of conservation of

momentum? 2]

¢} A supermarket trolley of mass 20 kg travelling
at 5 m/s collides with some stationary trolleys
that have been stacked together. The moving
trolley joins up with the others and the group
moves at 1,25 m/s after the collision. Assuming
that the trolleys are identical and we can
ignore external forces like friction, how
many trolleys were there in the stationary
stack before the collision? 4]
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10 a) Explain the difference between the

following types of collision: elastic,

inelastic, partially elastic. 4]
b} Give an example of (i) an inelastfc collision,
and (ji) a partially elastic collision. 2]

11 The diagrams below show a collision between

fwo balls on a smooth surface. (Smooth means
that friction between the balls and the surface
can be ignorad.)

red ball
at rest

Us=0
99— @ DO
U0

a) before collision b} during collision

— @
AA V.!
¢) after collision

a) Newton stated three laws about the way bodies
react to forces:

1: Objects keep moving in a straight line or
remain at rest unless acted on by a resultant
force,

2: The rate of change of momentum of a body
is proportional to the force that acts on it.

3. For every action there is an equal and
opposite reaction.
(i) Explain in which diagram or diagrams law
3 applies.
{ii) Explain in which diagram or diagrams law
1 applies.
{iii) Use law 2 to write equations for change
in momentum of each ball as a result of
the collision.
What relationship is there between the
change in momentum of each ball? 71
b} The balls have the same mass and the velocity of
the red ball after the collision, V,, is the same as
the velocity of the blue ball before the collision, U,.
{i) What is the velocity of the blue ball after
the collision, V,? Explain your answer.
i) Is the collision inelastic, partially elastic
or elastic? Explain your answer. 4]

12 Explain, in terms of momentum change, how each

of these safety features can help to reduce the risk
of injuries in a car crash.

*  Seat belt

* Air bag

*  Crumple zone 4]

13

14

15

This question is about Newton's 1¢ Law of Motion.
In each of the following situations state whether
the object is subject to a resultant force and, if it is,
state what is responsible for the resultant force.

a) A communications satellite in orbit around
the Earth.

b) A trampolinist at {i} the bottom of a bounce,
and (ii} the top of his bounce.

¢} A car travelling at a steady speed along a
straight motorway. [6]

A ballistic balance is used to measure the speed of a
bullet. The set-up for this apparatus is shown below.

An air rifle fires a pellet of mass m grams,
horizontally with velocity # m/s into a block of
absorbant material of mass M kg. This mass is
freely suspended. Momentum is conserved during
the collision and the block with the embedded
pellet maves off horizontally with a horizontal
velocity of v m/s immediately after the collision.
The block swings through an arc and comes to

rest for an instant at a height of h metres above

its original position.

a) You have a balance which can weigh masses up
to 1 kg to an accuracy of 1 g. The pellet has a
mass less than 1 g. Explain how you would
measure the mass of a pellet accurately. 2]

b) What type of collision takes place when the
pellet is fired into the block? ]

¢) If no energy is lost in the impact how
can the velocity, v, be calculated from the
measurement made on the block's movement
after the impact? 131
d) Given you have calculated a value for v, and
that you have measured m and M, explain
with the aid of a formula how you would
calculate the velocity, w, of the pellet. 3]

e} The assumption that all the energy of the
pellet s transferred to the block is not strictly
accurate. Explain why and state whether the
value calculated for u will be too high or too
low as a result. 3]

Two ice skaters, Jane and Chris, stand facing one
another. Jane has a mass of 50 kg and Chris has a
mass of 75 kg. Jane pushes Chris with a horizontal
force of 10 N for a time of 0.5 s.



16 a)

17 a)

a) Describe what you would expect to see happen
to Jane and Chris after this has happened?  [3]

b) Explain, with reference to Newton's Laws,
why what you would see happening occurs. [3]

Explain, with the aid of a clear labelled
diagram, how you would calculate the
moment of a force. 3]
b) The force on a concrete block is upwards

as shown. What can you say about the

force the block exerts on the short end of

the crowbar?

¢) Calcuiate the size of the upward force {the
LOAD) on the concrete biock shown in the
diagram. An effort force of 30 N is applied
acting vertically downwards on the crowbar
as shown.

2]

31

load

—
5cm
Double decker buses are subjected to a ‘topple
test' to see how far they they can tilt before
they fall over. They are tested in the worst
possible condition for stability with a full load
of passengers ({dummies of the same mass})
on the upper deck and with no passengers
on the bottom deck. How does this loading
affect the stability of the bus and why is
the test carried out in this way?

b) You are designing the base for a large sun
umbrella to be used to provide shade for
people sitting around a hotel swimming pool.
Explain how you would make it stable enough
not to topple over on a windy day. 3]

3]

18 A wooden bench consists of a plank which

weighs 80 N resting on two brick pillars,
The bench is 2.5 m long and the pillars which
support it are 0.5 m from each end, as shown.

A B C

. }

19

20

21

a) Mark an X on the diagram where you
would expect the centre of gravity of the
plank to be.

b) The brick pillars provide upward forces F1
and F2 on the bench. What will the sizes of
these two forces be when (i) no one is sitting
on the bench, and (i) a child who weighs
200 N is sitting in the middle of the bench

{1

in position C. 4]
¢) Describe how the two forces, F1 and F2,

will change if the child moves from position

C to position B and then to position A. 5]

Identify the following objects found in the
universe from their descriptions.

a) Goes round the Sun with a very elongated
(eccentric) orbit and has a distinctive tail.

b} One or more of these may orbit a planet.
£) This consists of the Sun and the planets.

d} The Milky Way is an example of one of these;
billions of them make up the universe.

e} These provide huge amounts of energy

burning nuclear fuel in fusion reactions. 5]
Copy and camplete this sentence:
OCbjects with exert a force

on each other. It is this force that keeps the planets
in orbit around the Sun. This size of this force
depends on the of each object and
the they are apart. This force gets

as the between the two

{7

objects

The Moon travels around the Earth in a nearly
circular orbit of average diameter 385000km once
every 27.4 days. Calculate the orbital speed of the
Moon in m/s using the formula given at the front

of the exam booklet, 4]

22 A communications satellite mantains its position

above the equator by orbiting the Earth at the same
rate that Earth rotates. This is called a geostationary
orbit. To do this the orbital speed of the satellite
must be 3.1 km/s. The Earth has a radius of 6400
km. Use this information to calculate:

a) The radius of the orbit of the geostationary
communications satellite.

b) How high the satellite is above the surface

of the Earth. 4
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Section B: Electricity

1

Here is a diagram of an electric plug which has
been wired incorrectly;

a) State the error that has been made in
wiring the plug. i
b) Will the appliance to which this plug is
connected cause a fuse to ‘blow’ when it

is plugged into the mains supply? [
¢} Will it cause a RCD (power breaker) safety

device to trip when it is plugged in? 1]
d} What is the purpose of the fuse included

in the plug? 2}

e) This plug is connected to a 2 kW electric
fire designed to run from the 230 V AC mains
supply. Calculate nermal current that the fire
will draw, showing your working. Is the plug
correctly fused? {31

The energy consumed by electrical appliances is
usually measured in units called kilowatt-hours,
kWh. This is the energy used by a 1 kW appliance
in one hour.

a) Express the energy unit kWh in terms of the
standard unit of energy, the joule. 12]
b) Atumble drier with a heater of 1.2 kW is used
twice a week for 90 minutes on each occasion.
How many kWh of energy are consumed by
the tumble drier in a year? 4]

¢} Areading lamp draws a current of 255 mA when
operated from a 230 V AC mains supply. What is
the power rating of the lamp? How long would
it take in hours to consume one unit (1 kwh)
of electrical energy? [4]

The following graphs show how voltage varies with
time for 3 different sources of electrical energy (the
graphs do not necessarily have the same scales):

7

NN
VAV

Voltage

>~

L 1]

g

2

b} Time

|

[}

g

£

€ Time

The graphs represent the voltage-time graph for
a battery, for an AC supply and for the output of
a microphone. State which graph is which. 2]

a)

b)

aj

b)

a)

b)

d)

a)

Explain how insufators like plastic may be
charged with static electricity. 3]

Describe how you would detnonstrate by
experiments that different types of plastic
charge up with different types of static
electricity. [4]
You cannot charge a metal ruler in the same
way as a plastic strip; explain why thisis so. 2]

Give two examples of static electricity in use
in everyday situations. . {2

Give two examples of hazards caused by the
build-up of static charge on objects. [2]

What physical feature makes certain materials
very good electrical conductors and others
non-conductors? 2]

State the units of electric current and electric
charge. 2]
State the relationship between current and
charge. 2]
A filament lamp in a torch draws a current of

50 mA._ If the torch is switched on for half an
hour, how much electric charge will be
circulated by the battery? 3]

When there is a voltage difference across a
resistor a current will pass through it. As the
current flows through the resistor electrical
energy is transferred to the resistor in the

form of heat. Define the unit of voltage in

terms of energy transfer to the resistor. 2]



b) (i) Ifacurrent of 0.5 A flows through a resistor 2mA

for 100 s how much charge

has passed through the resistor? 1 3k
(ii) If the voltage across the resistor is 12 V |2\£T_

how much energy has been transferred T X

to the resistor? 4]

8 State what you expect the ammeters and voltmeters

to read in each of the following circuits ¢) Calculate the voltage across the 3 kQ resistor. [2]

d) State the voltage across component X, 1
e) Calculate the resistance of componentX.  [2]

f) A hairdrier blowing hot air is held close to
component X, What effect will this have on
component X and how will this affect (i) the
current in the circuit, and (ii) the voltage

(The readings on some of the meters are given,
only give answers for the unlabelled meters)  [7]

across component X? 4
10 a) (i) Whatisan LED?
(it} Draw the circuit symbol for an LED. 2]

b) A'helpful pupil decides to test LEDs for
a teacher using a 6 V battery and some connecting
wire, He reports back that none of the LEDs he

9 a) State, in words, the relationship between has tested works; some lit once briefly and
the current through a resistor and the voltage brightly, then went out, others did not light at all.
across the resistor. g Given that the LEDs were brand new, explain the
b) Look at the circuit shown above right, State results of the pupil’s test and explain how the test
the name of component X, 1] ought to have been carried out safely. 6]

Section C; Waves

1 Aset of waves on the water in a ripple tank is made b} (i) Mark the amplitude of the waves
by vibrating a bar in contact with the water surface. clearly on each diagram.
These waves spread out across the water surface. {ii} Explain how waves with a different
Here are t_wo students’ results; the diagrams show a amplitude are produced. {4
cross-section through the water surface at an instant ]
) (i} State whether these waves are transverse

in time. Assume the waves travel at the same speed

in both students’ experiments. or fongitudinal. 1]

(i} Give an example of another wave of
this type. {1
d} (i) Describe a method you would use to
measure the frequency of the waves in an
experiment like this. Describe any measuring
equipment you would use and explain

a)
b)
m how you would use your measurements

to find the frequency. [41
{ii) In an experiment like this the frequency of
a) (i) Mark the wavelength clearly on each the waves is measured and found to be 7 Hz.
diagram. The wavelength is measured and found to
be 4 cm. Calculate the speed the waves are

(i) Explain how waves with a different

wavelength are produced, 14 travelling across the ripple tank. Show any

formula you use and your working. {31




2 a) Explain with the aid of a labelled diagram
what is meant by the diffraction of waves.  [3]
b) The student sets up a ripple tank demonstration
of diffraction using the apparatus shown below.
vibrating bar

AT ST L T

The period of the vibrations of the bar is
controlled by the current supplied to the mator.
In the student’s experiment the period is 0.02 s
and the wavelength of the ripples is 0.5 cm,
When the experiment is carried out the results
do not show the expected effect.

Give details of two things that the student
could change in his experiment to make the
effect much easier to see. 4]

3 a) Soundwaves and light waves are different in
a number of ways. Avoiding the obvious (you
cannot hear light waves, etc.) state two ways
in which they are different. 2

b} In asimple experiment to measure the speed
of sound a short sharp sound is made at a
distance from a targe reflective surface like a
wall of a large building, to produce a good echo.
Describe what measurements you would take
to calculate the speed of sound by this method.
You should state the measuring instruments you
would use and describe how you would try to
make the measurements as accurate as possible.
You should also explain how you would
calculate the speed of sound using your
measurements. 6}

¢} Why is it difficult to measure the speed of light
in a similar way, using a mirror, in a school
physics lab? 2]
4 Complete the following diagram which shows the
visible spectrum, partially labelled.
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5 Describe, with the aid of clearly labelled
diagrams, analogue and digital stgnals. 4]

6 a) Here are four diagrams showing how a ray

of light is reflected from a flat mirror surface.
State which one{s) is{are) correct. 1]

b) A ray of light strikes a mirror as shown in A.
The direction of the ray of light remains the
same but the mirror is turned through an
angle of 10° as shown in B.

A B
W & S
it}

(i) What is the increase in the angle of
incidence that results from this? [1]

(i) If the angle of incidence increases by
this amount, what happens to the angle
of reflection as a result? [1]

(iii} What is the total angle that the reflected
ray is turned through as a result of turning
the mirror through an angle of 10°? 2]

Complete the following diagram to show how a ray
of light passes through a rectangular glass block.
Draw and label the normal. Label the incident ray
and the refracted ray. Label the angle of incidence |,
and the angle of refraction, r. Show how the ray
emerges from the block. 7]

\\ | aFr

glass

a) Draw a ray of light meeting the boundary
between glass and air so that it is just totally
internally reflected. Label the critical angle on
your diagram and show the path that the
reflected ray takes. [4]

b} (i) The refractive index for a particular type
of glass {in air) is 2. Write a formula to
show how refractive index is related to
the critical angle. 2]

{ii) Use your formula to calculate the critical
angle for this type of glass. 2]



9 a)

State the range of of frequencies of sound
audible to humans. 2]

b) The following diagram shows a sound wave that

has been converted to an elecirical signal and
displayed on an oscilloscope.

The voltage per division is: 20 mV/div. The time
per division is: 5 ms/div
(i) State the amplitude of the signal

waveform, 2]
(ii) State the period of the signal waveform. [2]

(i) Calculate the frequency of the sound
that produces this waveform on the
oscilloscope. 2]

¢) Sketch what you would expect to see on the
oscilloscope screen if the sound was made

quieter and lower in pitch. 2]

Section D: Energy Resources and Energy Transfer

1 a)
b}
c)
2 g
b)

State the law of conservation of energy. 21

1 litre of petrol will produce approximately

30 million joules of energy when burnt.

(i} If it is used to power a small electric
generator which is 60% efficient how

much usefu! energy is produced? 2]
{ii} State two unwanted energy conversions

which take place. 2]
(iii) Draw a Sankey diagram to represent

this energy conversion process. 31

The electrical output of the generator is used

to run a refrigerator that has a power rating

of 250 W. Calculate how long it can run on

the generator output from 1 litre of petrol.  [3]

Complete the following sentences about
heat transfer:

is the transfer of
through a substance

Thermal

without the substance itself . Heat
energy Is transferred in fluids by ;
as the fluid is heated it expands and become

less and the warmer fluid is
displaced by colder
fluid. Thermal is the transfer of

energy in the form of
this heat transfer mechanism does not reqwre

a medium, [12]
In an experiment to test the best way of keeping
a drink warm, Liam devises three sets of
apparatus, shown below:

a) thin b) polystyrene ¢) polystyrene
plastic cup cup with
cup cardboard lid

W W

He timed how long it took for the contents of
each cup to cool down by the same amount,

He had hoped to demostrate that one particular
improvement on the basic thin plastic cup
would have the best effect on keeping the tea
warm, but his results were inconclusive,

Explain what he did wrong with his experiment
and describe a fair way of testing the effect of
different types of insulation. [6]

A weight lifter lifts a barbell of mass of 50 kg from
chest height to above his head {a distance of 75 cm)
15 times in T minute.

a) Calculate the weight of the barbell. 1]
b) Calculate the work done in lifting the
barbell once. 3]
¢) Calculate the power developed by the
weightlifter in this set of 15 lifts, 3]

A hydroelectric power station uses surplus energy
produced at certain periods of the day to pump
river water from a pumping station in the valley
back to a reservoir in the mountains. The reservoir
is 600 m above the pumping station. During one
pumping session 10000 litres of water are pumped
up to the reservoir. [ Take the mass of 1 iitre of
water as 1 kg]
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a) State the energy conversions that take place

in this process. 4]
b) Calculate how much energy is given to the
water in the pumping session. 3]

¢) Explain why the process of moving water
in this way cannot be 100% efficient. (Hint:
think about the energy conversions.) 3]

d) Given that both the processes of pumping the
water up to the mountain and then, at some
later time, converting the energy back into
electricity are less than 100%, explain why
is this done. 2]

Electricity can be generated in different ways.
Name an example of:

a) Afossil fuel that is used to generate electricity.

1 a} Write a word equation for calculating the

density of a substance. [2]

b) Martha does an experiment to measure the
density of liquid. In this experiment she
measures the volume of the liquid in a
measuring cylinder calibrated in cm® and then
she weighs the measuring cylinder on an
electronic balance calibrated In grams.

She does this for eight different amounts

of liquid.

(i) The figure shows an example of the
measuring cylinder she used. State the
volume of liquid in the cylinder. 2]

.

16—

S

15—

14—

ravave

(ii) Here are her results.

Volume

of liquid
- Mass of

liquid

1020 30 40 50 60 W0 8

421 5407659 785 900 1020 1139 1261 :

6

2

b) A renewable energy source that Is used to
generate electricity.

¢} An energy source that cannot deal with a
steady dermnand for electricity.

d) An energy source that can only be utilised
in cetain places, 4]

Scotland is an ideal place for the generation of
hydroelectricity.
a} Give two reasons why this is so. 2]

b) Scotland is a long way from major industrial
centres in England. Give a reason why this
is a drawback for the generation of

hydroelectricity. 2]
¢} Explain why the first nuclear power plant was
constucted in the far north of Scotland. 2]

Section E: Solids, Liquids and Gases

Use her results to plot a graph of mass
against volume. 6]

{iii) One of her results looks a little strange.
State which one and give a possible
reason for it. 2]

{iv) She expected the graph to pass through
the 0,0 point on her scale, but it does not.
State why it ought to pass through this point
and give a likely reason why it did not.  [2]

{v) Use Martha’s graph to calculate the density
of the liquid she used in this experiment. [4]

{vi} State why it is better to produce a graph
of a range of results rather than just use
one set of mass and volume readings. 2]

A reservoir is made by building a dam across a river.
Here are some possible cross-sections of shapes
that might be used for the dam:

a) b)
State which shape is the most suitable and
give your reason. 3]

9 d

The figure opposite shows a 5 metre cube
completely submerged in water, at a depth of 10 m
below the water surface.
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Note: The cube s not drawn to scale

a) Water exerts a pressure on both sides of
the cube as shown. Explain why there is no
resultant horizontal force on the cube. {31

b} The density of water is 1000 kg/m’. Calculate
the extra pressure {in addition to the pressure
of the atmosphere} that acts on:

{i) the top surface of the cube, and
(i) the bottom surface of the cube. f4j

¢} Use your answers to b) to calculate the
total force acting:

(i) downwards on the top surface, and
{ii) upwards on the bottom surface. 4]

d) State the size and magnitude of the force
which acts on the cube as a result of the
pressure of the water. State the name of
this force. 3]

e} Can you say whether the cube will move
up or down or remain stationary? Give
your reasons. 131

Complete the following sentences about the effect
of heat on ice taken from a freezer:

Initialiy the temperature of the ice will .
When it reaches the paint of 0°C the
ice will begin to - When all the ice
has changed from the state to the

state, its temperature will continue
to as a result of being heated. During
this time some of the willturn to a

; this process is called .
When the point of 100°C is reached the
temperature will stop rising until all the
has turned to . 12}

5 a) Label this diagram of a simple experiment

to demonstrate Brownian motion in air. 3]

b) Describe, with the aid of a diagram, what
you would expect to observe. 3]

c) This experiment led to a better understanding
of the way gases behave. State the conclusions
about the motion of air molecules that were
drawn from the observations of Brownian
motion, 31

In an experiment to investigate the relationship
between the pressure and volume of a fixed amount
of gas at constant temperature, a class produced the
following graphs of pressure against volume:

(%)

Pressure
Pressure

Yolume |

Yolume

Yolume |
Volume

7]

Pressure
Pressure &

Which answer below lists the graphs that accurately
represent the relationship?
A: none of them
1and 3
2and3
1and 4
1 only 2]

a) The air in a rigid steel container is at a pressure
of 50 kPa when the temperature is - 23°C. The
container has a safety valve which releases the
gas when the pressure in the container reaches
300 kPa. When heated, at what temperature,
in °C, will the pressure valve release? 4]

moaow

b) Explain why, in terms of the behaviour of the air
mofecules, the gas exerts a different pressure
on the walls of the container as the temperature
is changed. 2]




Section F: Magnetism and Electromagnetism

1 State which of the following field patterns is
correctly drawn and explain what is wrong with
the others.

a) b}
d 9 cunrent " cutrent in /
south pole
4 a} Inwhich of the following situations is a current
induced in the coil attached to the sensitive

north pole

2 a) What type of magnetic material is most ammeter? Explain your answer. 4]
suitable for the core in an electromagnet, a) b)
steel or 'soft' iron? Give a reason for HHL J { ”ﬂﬂ' { T ‘ ” ”H | [ l |
!
your e.mswer. 2] L 7 - ]
b) Describe the structure of an electromagnet switch is closed switch is opened

with a labelled diagram, 3] d 9
“ ¢} State two ways in which the electromagnet H“_H [ !@J H_“ ’ | | | | | ‘[ l |
g could be made more powerful, 2] = \11
o— i switch stays closed
k7 3 Fleming’s Left-Hand Rule is used to work out how switch stays open
g a wirelw'ith a current passing Fhr‘?uEh it reacts b) A bicycle dynamo consists of a magnet that is
o when it is placed in a magnetic field. made to rotate inside a coil of wire.
R @) How are the first two fingers and thumb of your (i) What energy conversion does the dynamo
'.E' left hand arranged when you apply this rule? [2] perform? 2]
é b) Label the figure to show which part of the (ii) State three ways in which the voltage
b hand represents which quantity when you induced by a dynamo can be increased. [3]
5 are trying to predict how the current-carrying . )

wire will behave in a magnetic field. [3] 5 a) Label the following simple diagram of a

transformer, 3}

b} What is the purpose of a transformer and

what feature of its design achieves this? 4]
¢} Use Fleming’s LH Rule to predict how passing a ¢) Transformers are assumed to be 100% efficient.
current through the coil affects the coll shown Explain what this means in terms of electrical
above, right, and label the diagram clearly to input power and electrical output power with
explain what happens. 4] a simple equation. Define the terms in your
equation clearly. {4

d) Transformers are used in the generation and
distribution of electricity to reduce energy loss
caused by the resistance of the transmission
lines. Explain, in simple terms, how this is
achieved. Your answer should refer to your
answer to part ¢), above. 4]




T a)

b)

¢

b)

¢

d)

e)

b)

Label the following simplified diagram of an
atom, to show the main particles of which it
is formed. 3]

[

(i) State which particies make up the

nucleus, 2]
(ii) State the collective term for particles
found in the nucleus of an atom. m

The notation used in nuclear equations is
shown below, with X representing the symbol
for the element in question. Define the terms
Aand Z.

X 2]
Radioactive decay is a random process.
Explain what this means. 2]

When an unstable atom decays it may emit
different types of ionising radiation. State

the meaning of ionising. 2]
State the names of the three principal types

of ionising radiation that may be emitted

by an unstable atom when it decays. 3]

Identify the types of radiation referred to
in the following descriptions:
{i) 'This type of radiation consists of a
high speed electron that is emitted from
the central core of an atom when an
uncharged particle decays.
(i) ‘This type of radiation is particularly
dangerous if taken in by the body, as
it is heavily ionising. 2]
(i} Balance the following nuclear equation.
Na — “Mg + Je
(ii) State the type of decay which has
occurred in this equation. {3}

State two ways in which ionising radiation

may be detected. 2]
State two sources of background radiation.  {2]
Two students carry out experiments to discover
the half-life of the radioactive gas thoron. Both
experiments were done in identical conditions.
Their results are shown in the following graphs.

a}

b)

Y Section G: Radioactivity and Particles

student A
%7 2 3_ 4 s
Time in minutes
student B
3 300 \\ fffff
J
< \\
200 \ .
_\ 1;. .........
100 |- i
% 1T 3+ s

Time in minutes

(i) Use the graphs to estimate the half-life
of thoron, showing your method on the
graphs. Give a result for each student.  [4]

(ii) One of the students has made an error
in carrying out the experiment. State
which student, say what the error is and
axplain how it should be corrected. 4]

State one medical application of radioactivity
and one non-medical application, other than
radiocarbon dating which is mentioned
below. 2]

Radiocarbon dating uses the fact that a
proportion of the carbon that makes up living
organisms will be the radioactive isotope C-14.
Once an organism is dead the proportion of
C-14 diminishes at a predictable rate. The
half-life of C-14 is roughly 5500 years.

(i) The radioactivity in a living sample of oak
is 40 units - what would be the expected
activity in the same amount of sample
in 17 000 years? [2j

{ii) Give a reason why radiocarbon dating
becomes increasingly unreliable for
organic samples that died more than
30000 years ago. 2

lonising radiation produced by radicactive
materials can have two undesirable effects

on living cells. State and explain what

these are. 4]



Exam-Style Questions

b) Describe how radioactive materials should be
stored safely in schools and colleges. {3]

6 The diagram below shows a simplified version

of the Geiger-Marsden experiment.

a) Parts A and B are made of metal. State the
metal used for each and why it has been

chosen for this particular job. [4}
b) State the purpose of the coating on the

inside of the screen, labelled C. [2]
¢} Describe what happened to the alpha particles

when they reached B. [4]

d) What conclusions did Rutherford draw about
the structure of the atom from the results of
Geiger and Marsden's experiment? 3]

a} Complete the following sentences about
nuclear fission:

Uranium-235isa material. When an
atom of U-235 is struck by a moving
or 'thermal’ it splits into two lighter
elements and emits energy and two or three
which, if they strike further U-235
atoms, can start a reaction. An
uncentrolled reaction results in
a rapid release of enormous amounts of

{71

b) The diagram below shows the basic structure
of the core of a nuclear reactor.

{i) Label part A of the reactor.
(i} State the purpose of the graphite blocks. [3]

contral rods

thick
concrete

gas forced up through
the spaces between
the blocks of graphite

¢) (i) Ifthe coolant (the cold gas) flow stops,
perhaps because the pumps fail, what
will happen to the core?

(i) An autornatic system should detect this
change in the core and start shutting
down the reactor. Explain what this
means and how it is done, 4]




Appendix: Additional Material

Below you will find some additional material on gravitational forces, states of matter, particle accelerators
and smoke detectors that will improve your understanding of these topics.

Gravitational forces

Artificial satellites are also held in orbit around the Earth by gravity, Some have geostationary orbits;

these maintain their position above a particular point on the Barth’s surface and are used by communication
systems and weather monitoring satellites. To be in geostationary orbit the period of the satellite's orbit
must be the same as the time for the earth to rotate, one day; the satellite must also orbit the Earth above

the equator. Other satellites have different orbits, for example, a polar orbit. Satellites in polar orbits are used
for surveillance and mapping the Earth’s surface. They have a short period and can scan the whole of the
Earth’s surface in a few orbits. Polar orbiting satellites have a short working life as their relatively low orbits
mean that they are steadily slowed by the Earth’s atmosphere, eventually causing them to fall back to Earth
burning up in the process.

The states of matter

The changes of state that occur at the melting point and boiling point of a substance involve energy
transfers that do not cause a change in the temperature of the substance, For example, if you supply energy
at a constant rate to a beaker full of ice and water the temperature will remain at 0°C until all the ice has
melted. Once this has happened the temperature of the water will rise until it reaches the boiling point
(100°C). The temperature will then remain constant at 100°C until all the water has boiled away. The
energy supplied during the process is used in changing the structure of the substance, first breaking the
strong intermolecular forces that hold the water molecules together in their solid form, then completely
separating the water molecules from one another as the water is converted from its liquid to gas state.

The motor effect
Particle accelerators

A force is produced on wires carrying current in a magnetic field because the moving charged particles in
the wire produce a magnetic effect. Beams of charged particles like electrons or protons can be made to
accelerate or change direction (or both) by applying strong magnetic fields to them, provided the charged
particles are not moving parallel to the magnetic field. This effect is used in high energy particle accelerators
like the LHC (large hadron collider) at CERNE and in experimental nuclear fusion reactors.

The applications of radioactivity
Smoke detectors

A type of smoke detector uses an ionisation chamber with a small radioactive source producing alpha
particles, Alpha particles ionise (knock electrons out of) oxygen molecules in the air and these enable a
tiny current to pass between the charged plates of the ionisation chamber, When smoke enters the
ionisation chamber the smoke absorbs and neutralises the oxygen ions causing the current between the
plates to fall. This change in current is detected and used to set off the alarm. The amount of radioactive
material is very small.



Glossary

Glossary

acceleration The rate of increase of velocity
with time.

air resistance (or drag) The force opposing
the motion of bodies moving through air.

alpha particle A type of nuclear radiation
consisting of a helium nucleus ejected from an
unstable nucleus.

alternating current A current that continually
changes direction.

ammeter An instrument used to measure the
size of current in a circuit.

amplified Increased in size or power.

amp The SI unit of electric current,

analogue electrical signals Electrical signals,
usually voltages, that have continuously variable
values.

angle of incidence The angle measured between
a ray of light arriving at a surface and the
normal.

angle of reflection The angle measured between
a ray of light reflected from a surface and the
normal.

balanced Equal in size but opposite in sign,
therefore summing to zero; examples: balanced
forces, balanced charge.

becquerel The rate of disintegration of a
radioactive substance; one disintegration
per second.

beta particle A iype of nuclear radiation
consisting of a high speed electron emitted
[rom an unstable nucleus.

braking distance The distance a vehicle travels
before coming to rest after the brakes have
been applied.

Brownian motion The continuous, random,
jerky motion of pollen grains observed by the
botanist Robert Brown.

cell mutation A change in the function of a
living cell, sometimes caused by ionising
radiation.

centre of gravity The point in a body through
which the whole of its weight appears to act,

chain reaction An escalating nuclear process

in which each decay of an unstable nucleus
triggers two or more unstable nuclei to decay.

SR DX

circuit breakers The modern equivalent of
fuses, designed to break the conducting path in a
circuit when a set current is exceeded. They may
be reset by the push of a switch once the fault
causing them to operate is remedied.

comet A relatively small ice and rock body
orbiting the sun with a very elongated
(eccentric) orbit. Comets have a distinctive tail.

conductors (electrical) Materials that allow
electricity to pass through them easily. Most
metals are good electrical conductors.

contact force The forces acting on bodies
in contact.

control rods Control rods are used in a nuclear
reactor to slow down the rate of nuclear fission
or stop the fission process completely.

controlled nuclear fission An uncontrolled
nuclear fission involves the release of vast
amounts of energy in a very short time, in short
an explosion; in a nuclear reactor the energy is
released slowly and usefully by a controlled
nuclear fission.

critical angle Light arriving at a boundary
between any material, in which light travels
more slowly than in air, and air at an angle
greater than the critical angle is totally
internally reflected.

current The rate of flow of electric charge.
density

diffraction The curving of waves as they pass the
edges of objects.

digital electrical signals A digital signal has
only two possible values, In computer and
communication systems these values are
OVand 5V

displacement Distance moved in a specific
direction; a vector quantity.

The mass per unit volume of a substance.

distance Distance moved without considering
direction; a scalar quantity.

double insulated Having an outer casing which
is an electrical insulator; having no exposed
metal casing.

drag force The force that opposes the motion of
an object through a gas or liquid.

earthed Having a very low resistance connection
to the general mass of the earth, taken as always
beinga O V.



efficiency A measure of how effectively energy is
transtormed into a useful form.

elastic Able to return to its original size and shape
after having been deformed.

elastic limit This is taken as the point that a
stretched spring or wire no longer obeys Hooke's
Law, This is the limit of proportionality.

electric charge The property of particles that
causes electric effects.

electromagnetic or EM waves Waves that
require ne material medium in which to travel.
They carry energy as variations in the magnetic
and electric fields in space,

electromagnetic spectrum  The family of EM
waves, ranging from radio waves to gamma and
cosmic rays.

electron Extremely small particle carrying
negative charge and making up the outer ‘shell’
or ‘shells’ of an atom.

endoscope A fibre optic device used to image
the inside of living bodies as a diagnostic tool.

energy Energy exists in many forms — heat, light
etc; it is required to do work.

evaporation The process by which liquids change
into gases.

extension In springs this is the increase in
length that results from applying a force to
stretch the spring.

fissile Referring to unstable materials;
something that can readily be split or will
split spontaneously.

force A push or a pull, When a force is applied
to a body it will cause a change in the state of
motion of the body, making it accelerate,
decelerate or change direction. Forces can
also change the shape of an object.

fossil fuels Fuels formed from dead organic
matter over millions of years; examples are
gas, oil and coal. These are non-renewable
Energy SOUrces.

free electrons Electrons which are not bound to
any particular atom in a solid, These are free to
move and enable charge to move through a
material forming an electric current.

frequency The number of waves produced in
one second. More generally, how many times
something occurs per second.

Iriction The force that opposes motion between
two surfaces.

fuse A length of wire designed to melt when
a specified current value is exceeded, thus
breaking the circuit.

galaxy A group of many billions of stars rotating
around a common centre.

gamma rays Highly penetrating electiromagnetic
radiation produced when an unstable atom
disintegrates.

geothermal energy Heat energy produced by
nuclear processes in the earth’s core.

gradient The slope of a graph line measured as
the rate of increase of the y-axis variable with
respect to the x-axis variable.

gravitational field strength The force in
newtons exerted per kilogram of mass by gravity.
At the Earth's surface this is approximately
10 N/kg.

half-life The time taken for half of the atoms
in a sample of radioactive material to decay
(disintegrate).

hard magnetic materials Materials that retain
their magnetism well.

hydroeleciric power Power produced using the
potential energy of water stored in reservoirs in
mountainous regions.

hydroelectricity Flectricity produced by
generators using hydroelectric power.

inelastic Materials that are unable to return to
their original shape after deformation by a force.

infrared A part of the EM spectrum. The
radiation emitted by hot objects.

insulators (electrical) Materials that electricity
cannot pass through.

joule The SI unit of energy. 1 joule is the
amount of work done {energy transferred)
when a force of 1 newton is applied through a
distance of 1 metre.

Kelvin temperature scale The scale of
temperature with zero set at the lowest possible
temperature that can be achieved: absolute zero.
This is —~273° on the Celsius scale.

light waves A part of the EM spectrum that can
be detected by the human eye.

longitudinal waves Waves in which the particles
of the medinm move backwards and forwards
along the same line as the direction of transfer
of energy.



Glossary

loudness The power or strength of a sound.
Loudness depends on the amplitude of the
vibrations of the sound wave.

maghnetic Possessing the ability to attract iron
and its compounds.

mechanical waves Waves that require a
material medium through which energy may
be translerred.

microwaves A part of the EM spectrum. Used
to directly heat water and in telecommunication
systems.

moderator A material used in nuclear reactors
to produce ‘slow’ neutrons needed to trigger
nuclear fission. Graphite and heavy water are
typical moderators.

moons Natural satellites held in orbits around
planets by the force of gravity.

Motor Rule The rule devised by Fleming to
predict the direction of the force produced
on a wire when it carries current in a magnetic
field (provided the direction of current is
perpendicular to the magnetic field).

negative electric charge The type of charge
possessed by the electron.

nentral Having no overall electric charge.
Neutrons are electrically neutral and atoms are
nentral because there is a balance between the
number of negative charges on elecirons and the
number of positive charges on the protons which
make up part of the nucleus,

neutron [Uncharged particle found in the nucleus
of atoms.

normal Perpendicular to, as in the normal drawn
as a construction line.

normal reaction A contact force acting at right
angles to a surface.

ohm Unit of resistance; the resistance of a
conductor that passes a current of 1 amp
when a voltage of 1 volt is applied across it.

optical fibre A thin glass tube designed to carry
information in the {form of light through total
internal reflection.

parallel circuit A circuit with two or more
conducting paths between any two points in
the circuit.

parent nnclide An unstable nucleus that decays

and splits into two or more lighter nuclei. The
lighter nuclei are called daughter nuclides.

partially elastic Description of a collision in
which kinetic energy is not conserved afier the
colliding bodies have separated.

period The time taken for one complete cycle of
an oscillation or wave.

pitch How high a musical note is. This is related
to the frequency of the sound — the higher the
frequency the higher the pitch.

planets Massive objects held in regular orbit
around a star by the force gravity.

positive electric charge The type of charge
possessed by the proton.

power The rate of transfer or conversion of
energy.

pressure Force acting per unit area.

proton A positively charged particle found in the
nucleus of an atom.

radio waves A part of the EM spectrum. Used in
communication and radio and TV transmission.

randomly Unpredictably.

reaction time The time taken until there is a
conscious response in humans to some event
or stimulus.

resistance A measure of how difficult it is for
current to pass through a part of a circuit.
Measured in ohms.

resultant force The net force acting on a body
when two or more forces are unbalanced.

Sankey diagrams Diagrams to represent the
relative size of energy conversions that take
place in a process or system.

satellites Man-made objects held in orbit around
a planet by the force of gravity.

scalar A quantity with magnitude (size) but no
specific direction. Examples: energy, mass.

second The base unit of time measurement.

series circuit A circuit with only one path for an
electric current to flow.

soft magnetic materials Materials that are easy
to magnetise and demagnetise.

solar power Power obtained from the energy
transferred by the EM waves from the Sun.

sound waves Longitudinal waves in gases, liquids
and solids with frequencies in the range 20 Hz
to 20 kHz.

speed Distance travelled per unit time,



star Huge nuclear fission explosions releasing vast
amounts of energy as light, heat and other forms
of EM radiation,

tension The force in stretched materials.

thermal radiation IHeat radiation. EM waves
with frequencies in the infrared range, lower
than the red end of the visible spectrum.

thinking distance The distance travelled by a
moving vehicle in the time that it takes for the
driver to react to an emergency before applying
the brakes,

tidal power and wave energy Power obtained
from the rise and fall of the oceans due to tidal
motion and from the waves which result from
tidal and wind action on the oceans.

transformers Electromagnetic devices used to
step-up (increase) or step-down (decrease) the
size of alternating voltage electricity supplies.

transverse waves Waves in which the particles
of the medium move at right angles to the
direction of transfer of energy. Although EM
waves do not require a material medium in
which to travel, these are also transverse waves.

ultraviolet The part of the EM spectrum with
frequencies greater than the blue end of the
visible spectrum.

mnbalanced Not adding up to zero; examples:
unbalanced forces have a non-zero resultant
or sum.

universe The system comprising every galaxy.

upthrust The upward force that acts on an object
because it has displaced a volume of liquid
or gas,

vector A quantity that has both size (magnitude)
and direction. Examples: velocity, acceleration
and force,

velocity The rate of increase of distance travelled
in a specified direction with time.

virtual image The image formed in mirrors that
appears to be behind the mirror. Any image that
is not the actual source of real rays of light.

viscous drag The force that opposes the motion
of an object through a liquid.

visible light FM waves in the range of frequencies
that can be detected by the human eye,

voltage A measure of the energy converted per
unit charge passing through a component. Also
a measure of the amount of energy transferred
to electrical form per unit by an electrical power
supply, like a battery.

voltmeter A measuring instrument for measuring
the voltage between two points in a circuit.

volt The unit of voltage. 1 volt is equal to 1 joule
of energy per coulomb of charge passed through
a component. '

walt The unit of power equal to a rate of transfer
of energy of 1 joule per second.

weight The force acting on a body due to its
presence in a gravitational field.

wind power Power obtained from the kinetic
energy of moving air.

work The transfer of energy to a body.
Mechanical work is the transfer of energy
which occurs when a force is applied through
a distance in the direction of the force.

X-rays EM waves in the range of frequencies
beyond the ultraviclet range, EM waves that
can pass through low density materials like flesh,
but which are absorbed by more dense materials
like bone.
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convection (heat) 52, 53
critical angles 41, 42-3
current-voltage graphs 29
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moments (lorces) 10-11, 12
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parallel circuits 25
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speed 1

speed of sound 43, 44-5
states of matter 65-6
static electricity 21, 22-3
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terminal velocities 7
thermal energy (heat) 51-4
thermistors 27

total internal reflection 41-2
transformers {electricity) 79
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velocity—time graphs 2
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visible light 38, 39
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wavelengths 36
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weight 6

work 54-5
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X-rays 38
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