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What to Expect in the Exams

Befare you get cracking with your revision, here's a handy guide to what you'll have to face in the exams
— and the special features of this book that we've included especially to help you. You're welcome.

@ Topics are Covered in Different Papers

For GCSE Physics, youl sit lwo exam Paper Tirme MNo. of Marks Topics Assessed
papers at the end of your course. smmmmmmlpe 1 1 hr 45 mins 100 1, 4, 3 and 4
2 1 hr 45 mins 100 5,6 7 and 8

@ There are Different Question Types

In each exam, you'll be expected to answer a mixture of multiple choice questions, structured questions,
guestions that have short, closed answers as well as open response questions

For some open response questions, ynu'“ e Alveays make sure;
marked on the gverall quality of your answer, e e
FatiRe 1 question fully.
not just its scientific content. So.. -l—-'""b' A _ = ;
v Your answer is glear and has a logical structure,

@ You’'ll be Tested on your Maths...

At least 30% of rks for GCSE Physics

Al }“5?' . ﬂ"thft:}m?ltmﬁ:"}ﬁ“ 1r aplas ‘}Tk.u_ Lok aut far these worked examples in this book

will come from questions Thal 1est your Mads 2GS = they show you maths skills you'l need in the exam.
For these questions, always remember Lo

*  Show your working — you could get marks for this, even if your final answer's wrong

o Check that the units of your answer are the same as the ones they asked for in the guestion,
*  Make sure your answer is given to an appropriate number of significant figures

(4) ...and on your Practical Skills
+  (CSE Physics contains 10 required practical activities that you'll do during the course.

Wi of th 1 i R f
ity ¢ tenured You can be asked about these, and the practical skills invelved in them, in the exams.

practical acthities crops up in
"::'s book, it's marked up like + At least 15% of the total marks will be for questions that test your
i understanding of the practical activities and practical skills

PRACTICAL

*  For example, you might be asked to comment on the design of an experiment
i Ehens = e {the apparatus and method), make predictions, analyse or interpret results..
Practical Skills on pages 104106, Pretty much anything to do with planning and carrying out the investigations.

@ You'’ll need to know about Working Scientifically

Working Scientifically 1s all about how science is applied in the outside world by real scientists.

:'ull||:|J|||||,”||I.“”|_I

For example, you might be asked about ways that scientists communicate an idea to get = Working Scientifically is I:
their point across without being biased, or about the limitations of a scientific theory. 3,  Covered an pages 110, =

||||.'|I|J-.J|I.'Hr|r|.|‘-

You need to think about the situation that you've been given and use all your scientific sawvy to answer the question.
Always read the question and any data you've been given really carelully before you start writing your answer.



Put a rocket under your revision with CGP!

GCSE Physics isn't the easiest subject on Earth, and that's putting it mildly.
Luckily, we've squeezed the facts, theory and practical skills you'll need into this CGP book —
plus exam practice questions to put your new-found Physics knowledge to the test.

CGP — still the best! ©

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

Then we work our socks off to get them out to you
— at the cheapest possible prices.
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Working Scientifically 1
The Scientific Method

This section ign't about how to 'do' science — but it does show you the way most scientists work.

Scientists Come Up With Hypotheses — Then Test Them

1)
2)
3)

Scientiste try to explain things. They start by observing something they don't understand.
They then come up with a hypothesic — a possible explanation for what they've observed.

The next step is to test whether the hypothesis might be right or not. This involves making a
prediction based on the hypothesis and testing it by gathering evidence

(i.e. data) from investigations. If evidence from experiments backs up a prediction, hyoothesiaed that
you're a step closer fo figuring out if the hypothesis is true. atoms looked like this

About 100 years

age, scientists

Several Scientists Will Test a Hypothesis |

N
2)

3)

4)

Normally, scientists ghare their findings in peer-reviewed journalg, or at gonferences. .

Peer-review is where other scientists check results and scientific explanations to make .
sure they're 'scientific’ (e.g. that experiments have been done in a sensible way) . .
before they're published. 1t helps to detect false claims, but it doesn't mean that

findings are correct — just that they're not wrong in any obvious way.
Onoce other scientiste have found out about a hypothesis, they'll start basing their Adter more evdence
own predictions on it and carry out thelr own experiments. They'll also try to . ’-_';"'“"-' B
reproduce the original experiments to gheck the results — and if all the experiments AR St

in the world back up the hypothesis, then scientists start o think the hypothesis is frue.

However, if a scientiet does an experiment that doesn't fit with the hypothesis (and other scientists
can reproduce the results) then the hypothesis may need to be modified or gorapped altogether.

El

Fypolhess to this

If All the Evidence Supports a Hypothesis, It's Accepted — For Now

1)

2)

Accepted hypotheses are often referred to as theories. Our currently
accepted theories are the ones that have survived this "trial by evidence'

— they've been tested many times over the years and survived. "
However, theories never become totally indisputable fact. If new evidence comes
along that can't be explained using the existing theory, then the hypothesising and

testing is likely to start all over again. Pow we dhiek s

more ke Uhig

Theories Can Involve Different Types of Models

1)

2)

3)

A representational model is a gimplified description or picture of what's S
going on in real life. Like all models, it can be used to explain observationg - ~©#"lsts tet models by camny =
and make predictions. E.g. the Bohr model of an atom is a simplified = ““:r::f’: r""_’"“dt” check that the =
way of showing the arrangement of electrons in an atom (see p.43). = L ';;:ﬂ:":Eilt;_'f'u:b_'ijm'mf" B
It can be used to explain electron excitations in atoms. G I T I
mputational m use computers to make gimulations of complex real-life processes, such as

climate change. They're used when there are a lot of different variables (factors that change) fo

consider, and because you can easily change their design to take into account new data.

All models have limitations on what they can explain or prediet. E.g. the Big Bang model (a model used
to describe the beginning of the Universe) can be used to explain why everything in the Universe is
moving away from us. One of its limitations is that it doesn't explain the moments before the Big Bang.

I’m off to the zoo to test my hippo-thesis...

The scientific method has been developed over time. Aristotle (an Ancient Greek philosopher) was the first person
to realise that theories needed to be based on observations. Muslim scholars then introduced the ideas of creating
a hypothesis, testing it, and repeating vour work to check your results. And a chap called Roger Bacon later
developed things further by writing down everything he did, so other scientists could try to reproduce his work.

Working Scientifically
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Communication & Issues Created by Science

Qeientific developments can be great, but they can sometimes raice more questions than they answer...

It’s Important to Communicate Scientific Discoveries to the General Public

Some scientific discoveries show that people should change their habits, or they might provide ideas that
could be developed into new technology. 8o scientists need to tell the world about their discoveries.

Radioactive materials are used widely in medicine for imaging and
treatment (see p.48). Information about these materials needs to
be communicated to doctors so they can make use of them, and to
patients, so they can make informed decisions about their freatment.

Scientific Evidence can be Presented in a Biased Way

1) Scientific discoveries that are reported in the media (e.g. newspapers or television) aren't peer-reviewed.
2) This means that, even though newe etories are often baged on data that has been peer-reviewed, the data
might be presented in a way that is over-gimplified or inaccurate, making it open to miginterpretation.

3) People who want fo make a point can sometimes present data in 8 biaged way. (Sometimes without
knowing they're doing it.) For example, a scientist might overemphasise a relationship in the data, or a
newspaper article might describe details of data supporting an idea without giving any evidence againgt it.

Scientific Developments are Great, but they can Raise Issues
Scientific knowledge ig increased by doing experiments. And this knowledge leads to geientific developments,

a.g. new technologies or new advice. These developments can create jgsues though. For example:

: Igsues: Society can't always Social issues: Declsions based on scientific evidence affect
afford to do things scientists recommend paople — e.g. should fossil fuels be taxed more highly?
(e.g. investing in alternative energy sources)  Would the effect on people’s lifestyles be agoeptable...
without cutting back elsewhere.

Environmaental issues: Human activity often affects the
Pergonal isgues: Some decisions will affect  patural environment. For example, building a dam to

individuals. For example, someone might produce electricity will change the local habitat so some
support alternative energy, but object if a species might be displaced. But it will also reduce our
wind farm is built next fo their house. need for fossil fuels, so will help to reduce climate change.

Science Can’t Answer Every Question — Especially Ethical Ones

1} We don't understand everuthing. We're always finding out more, but we'll never know all the answers.
2) In order fo answer scientific questions, scientists need data to provide evidence for their hypotheses.
3) Some questions can't be answered yet because the data can't currently be collected,

or because there's not enough data to gupport a theory.

4) Eventually, as we get more evidence, we'll answer some of the questions that currently can't be
answered, e.g. what the impact of global warming on sea levels will be. But there will always be the

"Should we be doing thie at all?"-type questione that experiments can't help us to answer...
Think about new drugs which can be taken to boost your 'brain power'.

* Some people think they're good ae they could improve concentration or memory.
New drugs could let people think in ways beyond the powers of normal brains.

* Other people say they're bad — they could give you an unfair advantage in exams. And pauple"‘“'ﬁ-;
might be pressured into taking them so that they could work more effectively, and for longer hours.

Tea to milk or milk to tea? — Totally unanswerable by science...

Science can’t tell vou whether or not you should do something. That's for you and society to decide. But there are
lons of questions science might be able 1o answer, like where life came from and where my superhero socks are.

Working Scientifically
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Risk
By reading this page you are agreeing to the rick of a paper cut or severe drowsiness...

Nothing is Completely Risk-Free

1) A hazard ie something that could potentially cause harm.
2) Al hazards have a rigk attached to them — this is the chance that the hazard will cause harm.

3) The risks of some things seem pretty obvious, or we've known about them for a while, like the risk of
causing acid rain by polluting the atmosphere, or of having a car accident when you're travelling in a car.

4) New technology ariging from geoientific advances can bring new risks, e.g. scientists are unsure whether
nanoparticles that are being used in cosmetios and suncream might be harming the cells in our bodies.
These risks need to be considered alongeide the benefits of the technology, e.g. improved sun protection.

6) You can estimate the gize of a risk based on how many times something happens in a big sample (e.g.
100000 people) over a given petiod (e.g. a year). For example, you could assess the risk of a driver
erashing by recording how many people in a group of 100000 drivers crashed their cars over a year.

6) To make a decigion about an activity that involves a risk, we need to take into account the chance of
the risk happening and how gerious the gongsequences would be if it did. 8o if an activity involves a risk
that's very likely to happen, with gerious congequences if it does, that activity is considered high rigk.

People Make Their Own Decisions About Risk

1) Not all riske have the same gongequences, e.g. if you chop veg with a sharp knife you risk cutting your
finger, but if you go scuba-diving you risk death. You're much more likely to cut your finger during
half an hour of ghopping than to die during half an hour of seuba-diving. But most people are happier
to accept a higher probability of an accident if the consequences are ghort-lived and fairly minor.

2) People tend to be more willing to accept a risk if they choose to do something (e.g. go scuba diving),
compared to having the risk impogsed on them (e.g. having a nuclear power station built next door),

3) People's perception of risk (how risky they think something is) isn't always accurate. They tend
to view familiar activities as low-risk and unfamiliar activities as high-risk — even if that's not the
case. For example, cycling on roads is often high-risk, but many people are happy to do it because
it's a familiar activity. Air travel is actually pretty safe, but a lot of people perceive it as high-risk.

4) People may underestimate the risk of things with long-term or invisible effects, e.g. using tanning beds.

Investigations Can be Hazardous _.Hm wm e
1) Hazards from science experiments might include: "'-M_":';f'f_['“f_‘.'_‘l'_‘_'f_"%?.. —

* Lasers, e.g. if a laser is directed into the eye, this can cause blindness.

*  Gamma radiation, e.g. gamma-emitting radioactive sources can cause cancer.
* Fire, e.g. an unattended Bunsen burner is a fire hazard.
* Electricity, e.g. faulty electrical equipment could give you a shock. Ea

2) Part of planning an investigation is making sure that it's gafe. U :

3) You should always make sure that you identify all the hazards that you might encounter. Then you should
think of ways of reducing the rigks from the hazards you've identified. For example:

* I you're working with springs, always wear safety goggles. This will reduce
the rick of the spring hitting your eye if the spring snaps. SR At A L TTTTTP
ou can find out & potential hazar
* If you're using a Bunsen burner, stand it on a heat proof mat. by ||'.n;|kl:rng in tfx»ffﬂf: fj:rle-_] fri' h
This will reduce the rigk of starting a fire. £

inkernet research, or asking your teacher
r||I|'-||I.||'.I|'.||'|1|;||'.l-.|.|:r"-"-

L

PRI

Not revising — an unacceptable exam hazard...

The world’s a dangerous place, but if you can recognise hazards, decide how to reduce their risks, and be happy to
accepl some risks, vou can still have Tun, Just maybe don’t go skydiving with a great white shark on Friday 13th.

Working Scientifically



Designing Investigations

Dig out your lab coat and dust down your badly-scratched safety goggles... it's investigation fime.

Investigations Produce Evidence to Support or Disprove a Hypothesis

1) Scientists observe things and come up with hypotheses to test them (see p.1).
You need to be able to do the same. For example:

Observation: People have big feet and spots. Hypothesis: Having big feet causes spots.

2) To determine whether or not a hypothesis is right, you need to do an investigation to gather
evidence. To do this, you need to use your hypothesis to make a prediction — something you
think will happen that you can test. E.g. people who have bigger feet will have more spots.

3) Investigations are used to see if there are patterns or relationships between two variables, e.g. to
see if there's a pattern or relationship between the variables 'number of spots’ and 'size of feat'.

Evidence Needs to be Repeatable, Reproducible and Valid

AL ARE NN AN

1) Repentable means that if the same person does an experiment again using Y veslioationg:
the game methods and equipment, they'll get gimilar results. = inchude experiments =

Al '-\.I sl -|,||.|' |

2) Reproducible means that if gomeone else does the experiment, or a different =, " e
method or piece of equipment is used, the results will still be gimilar.
3) If data is repeatable and reproducitile, i's relinble and scientiste are more likely to have confidence in it.
4) Valid results are both repeatable and reproducible AND they answer the original question.
They come from experiments that were designed o be a FAIR TEST...

To Make an Investigation a Fair Test You Have to Control the Variables

1) Inalab experiment you usually change one variable and meagure how it affects another variable.

2) To make it a fair test, everything elge that could affect the resulte should gtay the same
— otherwige you can't tell if the thing you're changing is causing the results or not.

3) The variable you CHANGE is called the INDEPENDENT variable.
4) The variable you MEASURE when you change the independent variable is the DEPENDENT variable.
5) The variables that you KEEP THE SAME are called CONTROL variables.

You could find how current through a circuit component affects the potential

difference across the component by measuring the potential difference at different currents.
The independent variable is the current. The dependent variable is the potential difference.
Control variables include the temperature of the component, the p.d. of the power supply, etc.

6) Because you can't always control all the variables, you often need to use a control experiment. This is
an experiment that's kept under the same conditions as the rest of the investigation, but doesn't have
anything done to it. This is so that you can see what happens when you don't change anything at all.

The Bigger the Sample Size the Betterj

1) Data based on gmall samples isn't as good as data based on large samples. A sample should represent
the whaole population (i.e. it should share as many of the characteristics in the populafion as possible) —
a small sample can't do that as well. It's also harder to spot anomalies if your sample size is too small.
2) The bigger the sample size the better, but scientists have to be realistic when choosing how big.
For example, if you were studying the effects of living near a nuclear power plant, it'd be great to study
everyone who lived near a nuclear power plant (a huge sample), but it'd take ages and cost a bomb.
It's more realistic to study a thousand people, with a range of ages, gender, and race.

This is no high street survey — it’s a designer investigation...

Mot only do you need 1o be able to plan your own investigations, yvou should also be able to look at someone else’s
plan and decide whether or not it needs improving. Those examiners aren’t half demanding.

Working Scientifically



Collecting Data

You've designed the perfect investigation — now it's time to get your hands mucky and collect some data.

Your Data Should be Repeatable, Reproducible, Accurate and Precise

1) To check repeatability you need to repeat the readings and check that the results are similar.
You need to repeat each reading at least three fimes. o 1 "

Loy B l{_'

{

2) To make sure your results are reproducible you can cross check them by taking a l.r"’
second set of readings with another instrument (or a different observer).

3) Your data also needs to be ACCURATE. Really accurate resulte are

i
i 22l
™

|  Bran's result

) : WS & CUFale

those that are really close to the frue answer. The accuracy of your

results usually depends on your method — you need to make sure you're Papert | Deleset] | Dalonei 2
measuring the right thing and that you don't miss anything that should be . - L
included in the measurements. E.g. estimating the volume of an irregularly e - L
shaped solid by measuring the sides ien't very accurate because this will 2 = =
not take into account any gaps in the object. I's more ageurate to L. - =
measure the volume using a eureka can (see p.106). Data set 1 is more precise

than data s+t 2

4) Your data also needs o be PRECISE, Precise results are ones where the data is all
really close to the mean (average) of your repeated results (i.e. not spread out). . j

Your Equipment has to be Right for the Job

1) The measuring equipment you use has to be sensitive anough to measure the changes you're looking for.
For example, if you need to measure changes of 1 em?® you need to use a measuring cylinder or burette
that can measure in 1 cm® steps — i'd be no good trying with one that only measures 10 cm® steps.

2) The gmallest change a measuring instrument can detect is called ite REGOLUTION. E.g. some mass balances
have a resolution of 1 g, some have a resolution of 0.1 g, and some are even more sensitive.

3) Also, equipment needs to be calibrated by measuring a known value, If there's a difference between
the measured and known value, you can use this to gorrect the inaccuracy of the equipment.

You Need to Look out for Errors and Anomalous Results

1) The results of your experiment will always vory o bit because of RANDOM ERRORS — unpredictable
differences caused by things like human errors in measuring. The errors when you make a reading
from a ruler are random, You have fo estimate or round the distance when it's between two marks
— go sometimes your figure will be a bit above the real one, and sometimes it will be a bit below.

T IR RN IR RN TILNLYy

2) You can reduce the effect of random errors by taking repest readings S ,_L'W:;_” b et
and ﬁhdihg the mean. This will make your resulte more precise. = then doing repeats and =
3) W a measurement is wrong by the same amount every time, it's called = caleulating a mean could make =

= yaur results mare accurate

a SYSTEMATIC ERROR. For example, if you measured from the very ZAV I LIV I LIS
end of your ruler instead of from the O em mark every time, all your measurements would be a bit small.
Repeating the experiment in the exact same way and caleulating a mean won't correct a systematic error.

4) Just to make things more complicated, if a systematic error is caused by using
equipment that isn't zeroed properly, it's called a ZERO ERROR. For example, if a mass balance
always reads 1 gram before you put anything on it, all your measurements will be 1 gram too heavy.
5) You can compensale for some systematic errors if you know about them though, e.g. if your mass
balance always reads 1 gram before you put anything on it you can subtract 1 gram from all your results.
6) Sometimes you get a result that doesn't fit in with the rest at all. This is called an ANOMALOUS RESULT.
You should investigate it and try to work out what happened. If you can work out what happened
(e.g. you measured something totally wrong) you ean ignore it when processing your results.

Watch what you say to that mass balance — it’s very sensitive...

Weirdly, data can be really precise but not very accurate. For example, a fancy piece of lab equipment might give
resulis that are really precise, but il it's not been calibrated properly those results won't be accurate.

Working Scientifically




Processing and Presenting Data

Processing your data means doing some calculafions with it o make it more useful. Once you've done
that, you can present your results in a nice chart or graph to help you gpot any patterns in your data.
Data Needs to be Organised

1) Tables are dead useful for organising data.
2) When you draw a table use a ruler and make sure each column has a heading (including the units).

You Might Have to Process Your Data

1)  When you've done repeats of an experiment you should always calculate the mean (average).
To do thie add together all the data values and divide by the total number of values in the sample.

2) You can also find the mode of your results — this is the value that occurs the most in your set of results.

3) The median can be found by writing your results in Al 'I"H'I"H ay l--lt' ALV TIRIE™
H H ' - r!"l'l"t’ AGMalous Fesuils whdn .
numerical order — the median is the middle number, = bttty s wisdeiand ibadbs =

PRI RN LRI P YR ivw

m The results of an experiment show the extension of two springs when a force is applied to
both of them, Calculate the mean, mode and median of the extension for both springs.

e O 0 - Manten) m) | (em)
A 18 26 22 26 28 (18 +26+22+26+28)+5=24 26 26
B n 14 20 15 20 |[(MM+14+20+15+ 20) +5=16 20 15

Round to the Lowest Number of Significant Figures

The first significant figure of a number is the first digit that's not zero. The second and third significant
figures come giraight after (even if they're zeros). You should be aware of significant figures in caloulations.

1) In any ealeulation, you should round to the lowest number of significant figures (s.f.) given.

2) Remember to write down how many significant figures you've rounded to after your answer.
3) I your caleulation has multiple steps, only round the final answer, or it won't be as accurate,

m The mass of a solid is O.24 g and its volume is O.715 ecm®. Calculate the density of the solid.

. % Fina! answer should
Density = D.Itg:? :r 0.715 cm_f:_ﬁﬂi?ﬁﬁﬁ.., =034 glem’ (2 sf)— | " i3 of

IfYour Data Comes in Categories, Present It in a Bar Chart |
1) W the independent variable is categoric (comes in distinct categories,
e.g. solid, liquid, gas) you should use a bar chart to display the data.

2) You also use them if the independent variable iz discrete (the data can be counted in chunks, where there's
no in-between value, e.g. number of protons is discrete because you can't have half a proton).

3) There are some golden rules you need to follow for drawing bar charts:

T ceidoincds b s fh Ice Creamn Sales in Froggartend and Broceoliland

>

d=

If you've gat moce than one

lingar ithere should ct B
be pqual values for 5 a B Froggariand e .ot of data include 3 gy
e T Brocoolland
each division). £ 3
/E g Diraw it nice and hig (eovering at

Eemember to L east half of the graph paper)

inchade the wnits -E 1 4
= 0 »

Label bath axes, / Chovolute Mint Blruu.rharru wcuh 1 Leave a gap bebwesn different categoenes

loe e Flavweur
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IfYour Data is Continuous, Plot a Graph

If both variables are continuous (numerical data that can have any value within a range,
e.g. length, volume, temperature) you should use a graph to display the data.

Here are the rules for plotting points on a graph:

To _’.-|| i poings,

| i T T - use 4 sharp = X @
Use the biggest data 10d_| =k aim| | sival -and il

values you've gol o draw a p Emph_iu.lﬂhw_nmiuuua ,f" 5 ,F,,,...r"| thle crosees mice eleas PP
senilble scale on your axes ﬂm&f_ﬁl‘n_ﬂ [dan't do blobs). mark -.--:.:!-*I;-r-‘r:'-n."ln 5
Herg, Lng I':'”!".""I- duwlance is B | 1

BB m, w0 it makes sense ta

abrel the y-aas up bo 10 m

“'““\:\,_{ IF you're asked ta draw a [ing (or purve) of
- 1
%. best fit, draw a hine throwgh or as near lo

o

Distance (m)
&

| | as many points as possible, ignonng any
' ' [ 5] angmalaus results. Dant join the crosses up
The dezendant variable ,_.J | |
[ T4l W e
goes on the s = 7 andamalous renull
(the werbical ore) | Diraw it aice and kg (eavering at

least half of the graph paper)
0

The independent vasiable goes on 0

the x-axis (he honzantal one) = Q ______ f}-"l’lrnﬂn t‘j.‘%—smmm— Eeemermber Lo imclude the ity

Graphs Can Give You a Lot of Information About Your Data

1) The gradient (slope) of a graph tells you how - = You tan use this methind 2
quickly the dependent variable changes if you gradient = ﬂl"mr:;g—E:ny . t0 caleulate :-J-e. ._,':...,’ 2
change the independent varable. w—" change in x = from a graph, 5o long a5

= You abways make x time
This graph shows the digtance travelled by a vehicle againet fime. sy, s VA LAATE,
The graph is linear (it's a straight line graph), so you can simply N y o) iR IS i EE
caleulate the gradient of the line to find out the gpeed of the vehicle. PR f boend
1) To calculate the gradient, pick two points on the line §
that are easy to read and a good distance apart. :
ali own from one of the points and a line across from the 4 Time (s)
other to make a friangle. The line drawn down the side of the triangle
ie the change in y and the line across the bottom is the change in x.
Changeiny =6.8-20=48m Changeinx=62-16=36s
changeiny _ 4.8m
changeinx ~ B3.6s

(LN Ty
L 'I'l'"||lrl'|.

bR Fippn®

Rate = gmd]grﬂ- = - La I'I'Ifﬁ - [he units of the aradient are (units of ¥/ units of

2) To find the gradient of a curve at a certain point, draw a fangent to the curve at = === Bk
that point. This is a gtraight line that fouches the curve at that point, but doesn't _— = i
gross it. Then just find the gradient of the tangent in the same way as above. G- o

3) The intercept of a graph is where the line of best fit crosses one of the axes. The x-intercept is
where the line of best fit crosses the x-axis and the y-intercept is where it crosses the y-axis.

Graphs Show the Relationship Between Two Variables

1) You can get three types of correlation
(relationship) between variables: s~

2) Just because there's correlation,
it doesn't mean the change in one

e
variable is causing the change in POSITIVE correlati INVERSE (negative) correlation ML coreelstion
the other — there might be as one vanable inreases as one variable ingreases no relationship between
other factore involved (see page a). the sther increases the ather decreases, the two vanables

I love eating apples — I call it core elation...

Science is all about finding relationships between things. And [ don't mean that chemists pather together in
corners o discuss whether or not Devini and Sebastian might be a couple... though they probably do that wo.
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Units and Equations

Graphse and maths skills are all very well, but the numbers don't mean much if you can't get the units right.

S.I. Units Are Used All Round the World

1)

It wouldn't be all that useful if | defined volume in terms of bath tubs,

you defined it in terms of egg-cups and my pal 8arwat defined it in
terms of balloong — we'd never be able to compare our data.

2) To stop this happening, scientists have come up with a set of

elandard unite, called 8.1. unite, that all ecientiete uge to m
their data. Here are some 8.1, unite you'll gee in physics:

gasure

E-j_.IJ-'lrItIL}' Sl Base Unit
Mass kilogram, kg
length metre; m
bime second, s

temperature keban, K

Scaling Prefixes Can Be Used for Large and Small Quantities

1) Quantities come in a huge range of sizes. For example, the volume of a swimming pool
might be around 2 000 000 000 em®, while the volume of o cup is around 260 om®,

2) To make the size of numbers more manageable, larger or smaller units are used.
These are the 9.1. bage unit (e.g. metres) with a prefix in front:

prefix
multiple of unit JR=

tera (T) | alaa (G)

107

mega {4
1 SO0 OG0 (107

cleci [il)

kila Hc:l

1008 Q. 0,07

3) These prefixes tell you how much bigger or gmaller a unit is
than the base unit. 8o one kiluometre is one thousand metres.

4) To gwap from one unit to another, all you need to know is what number you have to divide or
multiply by to get from the original unit to the new unit — this is called the conversion factor.

centi el

= the amaller unit goes inko the larger umit
Froonisvbgdpprvptdrnvndngonwubonanngnif

miills ()

Aang (@)
i !
2.001 C.000001 1OY) 1o
iriil il FIETRaen g [ RN
The conversion factor i the number of times =

micea )
IYARFERAREE.

* To go from a bigger unit (like m) to a gmaller unit (like em), you multiply by the conversion factor.
*  To go from a gmaller unit (like g) to a bigger unit (like kg), you divide by the conversion factor.

5) Here are some conversions that'll be useful for GCSE physics:

Mass can have
units of kg and g.

= 1C00

= 1000

Energy can have
units of J and kJ.
* 1000

1 e
= 1000

Volume can have units
of m® and om®,
1 O00 000
me="  Momd
‘-._____.-"'

=1 000 COo

Density can have units of
kg/m® and g/om®,
- 1000

ky/m* > g/om’
« 1000

Always Check The Values Used in Equations Have the Right Units

1)

2)

3)

4)

Formulas and equations show
relationships between variables.

To rearrange an equation, make sure that
whatever you do to one side of the equation
you also do to the other side. =

You can find the soeed of a wave using the equation:
wave speed = frequency * wavelength. You can
this equation to find the fi

b::l" icl @3 b:r.-

wavelength to give: frequency = wave speed + wavelength.

To use a formula, you need to know the values of all but one of the variables. Substifuie the
values you do know into the formula, and do the caleulation to work out the final variable.

Always make sure the values you put into an equation or formula have the right units.

For example, you might have done an experiment to find the speed of a trolley. The distance the
trolley travels will probably have been measured in em, but the equation to find speed uses distance
in m. So you'll have to conver! your distance from em to m before you put it into the equation.

5) To make sure your unite are correct, it can help to write down the units on each line of your calculation.

Iwasn’t sure I liked units, but now I'm converted...

It's easy to get in a muddle when converting between units, but there'’s a handy way to check vou’ve done it right.
IT you’'re moving from a smaller unit to a larger unit {e.g. g to kg) the number should get smaller, and vice versa.

Working Scientifically



Drawing Conclusions

Congratulations — you're nearly at the end of a gruelling investigation, time to draw conclusions.

| You Can Oni_jr Conclude What the Data Shows and NO MORE

1) Drawing conclusions might seem pretty straightforward — you just look at your data and
say what pattern or relationship you see between the dependent and independent variables.

The fablo on the ight shows concLusion:

the potential difference across A higher current through the
a light bulb for three different 9 10 bulb gives a higher potential
currents through the bulb: 12 3 difference across the bulb.
2) But you've got to be really careful that You gan't conclude that the potential difference across
yaur conclusion matches the data 2 the dat any cireuit component will be higher for a larger
you've got and doesn't go any further. =2 current — the results might be completely different.

3) You also need to be able to uge your results

to justify your conclusion (i.e. back up The potential difference across the bulb was 9 V higher

your conclugsion with some specific data), === with a current of 12 A compared to a current of 6 A.

4) When writing a conclusion you need fo refer back to the original hypothesis and say whether the data
gupports it or not; e——.

The hypothesis for this experiment might have been that a higher
current through the bulb would ingrease the potential difference
across the bulb, If so, the data gsupports the hypothesis.

Correlation DOES NOT Mean Cause

If two things are correlated (i.e. there's a relationship between them) it doesn't necessarily mean a change
in one variable is causing the change in the other — this is REALLY IMPORTANT — DON'T FORGET IT.
There are three possible reasong for a correlation:

1) CHANCE: It might seem strange, but two things can show a correlation purely due to chance.

For example, one study might find a correlation between people's hair colour
and how good they are at frisbee. But other scientists don't get a correlation
when they investigate it — the results of the first study are just a fluke.

2) LINKED BY A 3RD VARIABLE: A lot of the time it may look as if a change in one variable
is causing a change in the other, but it jsn't — a third variable links the two things.

For example, there's a correlation between water temperature and shark attacks.
This isn't because warmer water makes sharks crazy. Instead, they're linked by
a third variable — the number of people swimming (more people swim when the
water's hotter, and with more people in the water you get more shark attacks).

3) CAUSE: Sometimes a change in one variable does cause a change in the
other. You can only conclude that a correlation is due fo cause when you've ‘*‘.:\

controlled all the variables that could, just could, be affecting the result. ) \\

For example, there's a correlation between smoking and lung cancer. This is because
chemicals in fobacco smoke cause lung cancer. This conclusion was only made
once other variables (such as age and exposure o other things that cause cancer)
had been controlled and shown not o affect people’s risk of geting lung cancer.

I conclude that this page is a bit dull...

...although, just because T find it dull doesn’t mean that T can conclude its dull (yvou might think it’s the most
interesting thing since that kid got his head stuck in the railings near school). In the exams vou could be given a
conclusion and asked whether some data supports it — so make sure vou understand how far conclusions can go.
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Uncertainties and Evaluations

Hurrah! The end of another investigation. Well, now you have to work out all the things you did wrong.

Uncertainty is the Amount of Error Your Measurements Might Have

1) When you repeat a measurement, you often get a slightly different figure each time you do it
due to random error. This means that each result has some uncertainty to it.

2) The measurements you make will also have some uncertainty in them due to The range is the largest value
limits in the resolution of the equipment you use (see page 5). U T FnaCust v

3) Thie all means that the mean of a set of results will also have some uncertainty : range
to it. You can calculate the uncertainty of a mean result using the equation: uncertainty = 2

4) The larger the range, the less preciee your results are and the more uncertainty

there will be in your results. Uncertainties are shown using the '*=' symbol,

m The table below shows the results of a trolley experiment to determine the speed of the

trolley as it moves along a horizontal surface. Calculate the uncertainty of the mean.

Repaal ! 2 3 mean | 1) First work out the range:
Speed (m/s) 2,01 1.98 2,00 2.00 Range = 201 - 1.98 = 0.030 m/s

2)  Use the range to find the uncertainty
Uncertainty = range + 2 = 0.030 + 2 = 0.015 m/s  So the uncertainty of the mean = 200 % 0.015 m/s

5) Measuring o greater amount of something helps to reduce uncertainty. For example, in a speed
experiment, measuring the distance travelled over a longer period compared to a shorter period will

reduce the percentage uncertainty in your results.

Evaluations — Describe How it Could be Improved

An evaluation is a crifical analysis of the whole investigation.
1) You should comment on the method — was it valid?
Did you control all the other variables to make it a fair test?
2) Comment on the guality of the results — was there enough evidence to reach a HHI H[H
valid conclugion? Were the results repeatable, reproducible, accurate and precise?

3) Were there any anomalous resulte? If there were none then gay so. If there were any, try to explain
them — were they caused by errors in measurement? Were there any other variables that could have
affected the results? You should comment on the level of uncertainty in your results too.

4) All this analysis will allow you to say how confident you are that your conclusion is right.

5) Then you can suggest any changes to the method that would improve the quality of the results,
s0 that you could have more confidence in your conclusion. For example, you might suggest changing
the way you controlled a variable, or increasing the number of measurements you took. Taking
more measurements at narrower intervals could give you a more accurate result. For example:

Springs have a limit of proportionality (a maximum force before force and extension are no longer
proportional). 8ay you use several identical eprings to do an experiment to find the limit of proportionality
of the springs. If you apply forces of IN, 2N, 3 N, 4 N and 5 N, and from the resulte see that it is
somewhere between 4 N and 5 N, you could repeat the experiment with one of the other springs, taking
more measurements between 4 N and 5 N to get a more accurate value for the limit of proportionality.

6) You could glso make more predictiong baged = /U IETIVEEETEE TR EEEEERETERVEREVEREEREEEEZERRTEREL T
cligi th furth : e = When suggesting improvements to the investigation, always make g

s, ik .USIDI'I.. an JUNNSr exXpONments - .. that you say winy you think this would make the results better
could be carried out o test them. R N e I T s

f
L

Evaluation — next time, I’'ll make sure I don’t burn the lab down...

So there you have it — Working Scientifically. Make sure vou know this stuff like the back of your hand. It's not
just in the lab that you’ll need to know how 1o work scientifically. You can be asked about it in the exams as well.
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Topic 1 — Energy 11
Energy Stores and Systems

Energy i never uged up. Instead i's just trancferred between different energy stores and different objects...

Energy is Transferred Between Stores
When energy is transferred to an object, the energy is stored in one of the object's energy stores.

The energy stores 1) Thermal energy stores 6) Chemical energy stores
you need to know are: 2) Kinetic energy stores 6) Magnetic energy stores
3) Gravitational potential energy stores 7) Electrostatic energy stores
4) Elastic potential energy stores 8) Nuclear energy stores
Energy is transferred mechanically (by a force doing work), electrically (work done /'t reviiiig iy,

by moving charges), by heating or by radiation (e.g. light, p.76, or gound, p.88). - Y':_’ J: i thermal %
- erdy stores called -

: internal ENErdy itores -
'} ks %
PYRbwngpdgingiy i

When a System Changes, Energy is Transferred

1) A gystem is just a fancy word for a gingle object (e.g. the air in a piston)
or a group of objects (e.g. two colliding vehicles) that you're interested in.

2) When a system changes, energy is trangferred. 1t can be transferred into or away from the
system, between different objects in the system or between different tupes of energy stores.

8) Closed systems are systems where neither matter nor energy can enter or leave.
The net change in the total energy of a closed system is always zero.

Energy can be Transferred by Heating...

1) Take the example of bolling water in a kettle — you can think of the water as : :
the gystem. Energy ie fransferred to the water (from the kettle's heating element) o
by heating, into the water's thermal energy store (causing the temperature of the water to rige).
2) You could also think of the kettle's heating element and the water together as a
two-object system. Energy is transferred electrically to the thermal energy store of the
kettle's heating element, which transfers energy by heating to the water's thermal energy store.

...or by Doing Work |

1) Work done is just another way of saying energy transferred — they're the same thing.

2) Work can be done when current flows (work is done against resistance in a circuit, see p.24)
or by a force moving an object (there's more on this on page 53).

The initial force exerted by a person to A ball dropped from a height is accelerated
throw a ball upwards does work, It causes || by pravity. The gravitational force does work.
an energy tranefer [rom the chemical It causes energy fo be transferred from

energy slore of the person's arm to the the ball's gravitational potential energy
kinetic energy store of the ball and arm. store to its kinetic energy store. gravitational force

The friction between a cat's brakes and its wheels does work as it glows down.
It causes an energy transfer from the wheels' kinetic energy  frictional forces eause “(—a
stores to the thermal energy store of the surroundings. transfer of energy

In a collision between a car and a stationary object, the normal contact force between the car
and the object does work. It causes energy to be transferred from the car's kinetic energy

store to other energy stores, e.g. the elastic potential and thermal energy stores of the object
and the car body. Some energy might also be transferred away by sound waves (see p.88).

All this work, I can feel my energy stores being drained...
Encrgy stores pop up everywhere in physics, the pesky scoundrels — make sure vou've got to grips with them.

1 Describe the energy transfers that occur when the wind causes a windmill to spin. [3 marks]

Topic 1 — Energy
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Kinetic and Potential Energy Stores

Now you've got your head around energy stores, it's time to see how you ean caleulate the amount of energy
in three of the most common cnes — kinetic, gravitational potential and elastic potential energy stores.

Movement Means Energy in an dbject's Kinetic Energy Store |

1) Anything that ie moving has energy in its kinefic energy store. Energy is transferred to this store
when an object speeds up and is transferred away from this store when an object slows down.

2) The energy in the kinetic energy store depends on the object's mass and speed.
The greater its mass and the faster it's going, the more energy there will be in its kinetic energy store.

3) There's a clightly tricky formula for it, o you

have to concentrate a little bit harder for this one. m
A car of mass 2500 kg is travelling at 20 m/s.
Calculate the energy in its kinetic energy store.

E, = % % 2500 % 20! = 500 000 |

Kinetic energy () {Spccd}"

:“"Ill‘l'|-|ll Togadng tm;‘rs.}:
Yomv means %o« m « :, < Mass {kgl

“REAratarngapng ||I|'|||

Raised Objects Store Energy in Gravitational Potential Energy Stores
1) Lifting an object in a gravitational field requires work. This causes a transfer of energy

to the gravitational potential energy (g.p.e.) store of the raised object.
The higher the object is lifted, the more energy is transferred to this store.

2) The amount of energy in a g.p.e. store depends ape ()

on the object's maes, ite height and the girength Height (m)
of the gravitational field the object s in (p.52). ,,7 RO
3) You can use this equation to find the change in energy i"-':"f Mass (kg) FR/mations e

in an object's gravitational potential energy store for a ghange in height, h. srangth {NKG)

Falling Objects Also Transfer Energy |

1) When something fallz, energy from its gravitational potential
enerpy store is fransferred to its kinetic energy store.

2) For a falling object when there's no air resistance:

Energy lost from the g.p.e. store = Energy gained in the kinetic energy store

3) In real life, air resistance (p.63) acts against all falling objects —
it cauges some energy to be transferred o other enerpy stores,
e.g. the thermal energy stores of the object and surroundings.

Stretching can Transfer Energy to Elastic Potential Energy Stores

Stretching or sguashing an object can tranefer energy to

Spring constant {(N/m)

ite elastic potential energy store. Elasiic maberibial
8o long as the limit of proportionality has not been polied iy
e arie —_ E L sl
exceeded {p 55) energy in the elastic potential __:rj;iﬁ E f’ﬂkﬂﬂ e
m)

Make the most of your potential — jump on your bed...

Wow, that's a lot of energy equations. Make sure you know how to use them all, and remember that the energy in an
object’s kinetic energy store only changes if it's changing its speed. Now have a crack at this delightful question...

Ql A 2.0 kg object is dropped from a height of 10 m. Calculate the speed of the object after it has fallen 5.0 m,
assuming there is no air resistance, Give your answer to 2 significant figures. g = 9.8 N/kg. [5 marks]

Topic 1 — Energy
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Specific Heat Capacity

Qpecific heat capacity is really just a sciencey way of saying how hard it is to heat something up...

Different Materials Have Different Specific Heat Capacities

1) More enerpy needs to be transferred to the thermal energy store of some materials
to increase their temperature than others. E.g. you need 4200 J to warm | kg
of water by 1°C, but only 139 J to warm 1 kg of mercury by 1 °C.

2) Materials that need to gain lots of energy in their thermal energy stores to warm up also
transfer loads of energy when they cool down again. They can 'glore’ a lot of energy.

3) SQpecific heat capacity is the amount of energy needed to raise the temperature
4) :Fe:;h: ;TEZ:}::::: i:nﬁﬁ;ngrm Change in thermal  Mass (kg)  Specific heat capacity (/kg"C)
transferred to gpecific heat capacity: energy () Temperature

(the A's just mean “change in"). change (°C)

You Can Investigate Specific Heat Capacities ."I PRACTICH;, |

1) To investigate a 1olid material (e.g. copper), you'll need a block of
the material with lwo holes in it (for the heater and thermometer to go into, see below).

2) Maeasure the oo of the blook, then weap it in an
ingulating layer (e.g. a thick layer of newspaper) to roduce

S thermonmieter

the anetgy transterred from the block to the curroundings, | healer .:‘/’- f
Insert the thermometer and heater as shown on the right, LR _ o black of
3) Meagure the [nitial ternperature of the block and set the F N el

R SLpE |:.-
Sy

potential difference, V, of the power supply fo be 10V, (

[urn on the power supply and siort a glop watch, , ,. A
4) When you turn on the power, the current in the cireuit (i.e. the o g
moving charges) docs work on the heater, transferring energy

clectricnlly from the power supply to the heater's thornal energy sfore. This energy is then transferred
to the material's thermal energy store by heating, causing the material's termperature to increase.

5) As the block heats up, take readings of the fermperature and current, I, every minute for 10 minutes,
You should find that the current through the circuit doean't change as the block heats up.

68) When you've collected enough readings (10 should do it), turn off the power supply. Using your
measurement of the current, and the polential difference of the power supply, you can calculate the
power supplied to the heater, using ” = V/ (p.33). You can use this to calculate how much energy,
E, has been {ransferred to the heater at the time of each temperature reading using the formula £ = P/,

where f is the lime in seconds since the experiment began. i

M | g AR

7} W you assume all the energy supplied fo the heater has been transferred fo the
block, you can plot a graph of energy transferred to the thermal energy - y
store of the block against lernperature. It should look something like this: == = j
(you may or may not get the curved bit at the beginning, don't worry about it). g.h /
8) Find the gradient of the straight part of the graph. Thisis 0+ F, L]
You know from the equation above that \F = me \(. 8o the specific heat S e "
capacity of the material of the block is: 1 - (gradient » the mass of the block). I
9) You can repeat thie experiment with different materials oo oLV L
how thei ific h i ' = Vou can also investigate the specific heat eapact; =
to see how their specific heat capacities compare. = liquids — just place the heater and thermameter in an =
= insulated beaker filled with & known mass of the lijusd 1.‘:-_

TRERL
Apphih i iLes PEPER AL L AR hRn [RERANRY

I've eaten five sausages — I have a high specific meat capacity...
The specific heat capacity equation looks a bit tricky, but like all equations, it's easy to use when vou know how.

Q1 Find the final temperature of 5 kg of water, at an initial temperature of 5 °C, after 50 kJ
of energy has been transferred to it. The specific heat capacity of water is 4200 Jkg"C. [3 marks]
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Conservation of Energy and Power

Repeat after me: gnerpy is NEVER destroyed. Make sure you learn that fact, it's really important.
You Need to Know the Conservation of Energy Principle

1) The conservation of energy principle BT A Tt e KT T LR e L]
is that energy is always conserved: but can never be created or destroyed.

2) When energy is transferred between stores, not all of the energy is transferred usefully into the store
that you want it fo go fo. Bome energy is always digsipated when an energy transfer takes place.

3) Dissipated energy is sometimes called 'wasted energy’ because the energy is being stored in
a way that is not useful (usually energy has been transferred into thermal energy stores).

A mobile phone is a custem. When you use the phone, energy is usefully transferred
from the chomiva! energy store of the Lottery in the phone. But some of this
energy is divsipatod in this transfer to the thermal energy store of the phone

(you may have noticed your phone feels warm if you've been using it for a while).

4) You also need 1o be able to describe enetgy transfars for closed systems:

A gold gpoon is dropped into an insulated flask of hot goup, which is then sealed. You can assume
that the flask is a perfect thermal ingulator so the gpoon and the goup form a glosed system.
Energy is transferred from the thermal energy store of the goup to the useless thermal energy
store of the spoon (causing the soup to cool down slightly). Energy transfers have occurred
within the system, but no energy has left the system — so the net change in energy is zero, p.1l.

Power is the ‘Rate of Doing Work’— i.e. How Much per Second

1) Power is the rate of energy fransfer, or the rate of doing work.
2) Power is measured in watls. One watt = 1 joule of energy transferred per second.

3) You can calculate power using these equations:

Energy transferred () Work done (J)
Power (VW) Power (W)
Time (s) Time (s)

4) A powerful machine is not necessarily one which can exert a strong force (although it usually ends up
that way). A powerful machine is one which transfers a lot of energy in a short space of fime.

Take two cars that are identical in every way apart from the power of their engines.
Both cars race the same distance along a straight race track to a finish line.
The car with the more powerful engine will reach the finish line fagter than the

other car — i.e. it will transfer the game amount of energy but over less time.

[EXAVPLES

It takes BOOO ] of work to lift a stunt performer to the top of a building. Motor A can lift the
stunt performer to the correct height in 50 s. Motor B would take 300 s to lift the performer
to the same height Which motor is most powerful2  Calculate the power of this motor.

1) Both motors transfer the same amount of energy, but motor A would do it
quicker than motor B. So, metor A is the mere powerful motor.

2) Plug the time taken and work done for motor A into the equation P = W + t and find the power.
P=W+ t=8000 + 50 =160 W

Energy can’t be created or destroyed — only talked about a lot...
Remember, when energy is wasted it's not destroyed — it still exists, it just isn't stored uscfully anymore.
Q1 A motor transfers 4.8 k) ol energy in 2 minutes. Calculate its power output. [3 marks]

Topic 1 — Energy
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Conduction and Convection

You DON'T need to be able to explain the ins and outs of conduction and gonvection, but you need to know
about them so you can understand energy transfers by heating (and how o reduce them — see next page).

AMIVNRR P gt gy

I ! : TEEVORR D0,
Particles in liquids and ga C

Conduction Occurs Mainly in Solids |

3% are much '.-

CONDUCTION is the process where VIBRATING PARTICLES

B
mare free bo mave around, which is
wiy they usually transfer energy by
convection instead of copduckion
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TRANSFER ENERGY to NEIGHBOURING PARTICLES.

1) Energy transferred to an object by heating is transferred to the thermal store of the object.
This energy is shared across the kinetic energy stores of the particles in the object.

2) The particles in the part of the object being heated vibrate more and gollide with each other. These
collisions cause energy to be transferred between particles' kinetic energy stores. This is conduction.

3) This process continues throughout the object
until the energy is transferred to the other side H

of the object. I¥'s then usually transferred to O
the thermal energy store of the gurroundings (8
(or anything else touching the object).

4) Thermal conductivity is a measure of how guickly energy is transferred through a material in this

wal. Materals with a high thermal conductivity transfer energy between their particles gquickly.

0r0n

il
XTI

Convection Occurs Only in Liquids and Gases

CONVECTION is where energetic particles MOVE AWAY from HOTTER to COOLER REGIONS.

1) Convection can happen in gages and liquids. Energy is transferred by heating to the thermal store of the
liquid or gas. Again, this energy is shared across the kinetic energy stores of the gas or liquid's particles.

2) Unlike in solide, the particles in liquids and gases are able fo move. When you heat a region
of a gas or liquid, the particles move faster and the gpace between individual particles
increases. This causes the density (p.38) of the region being heated to decrease.

3) Because liquids and gases can flow, the warmer and less dense region will rise above denser,
cooler regions. If there is a constant heat source, a gonvection current can be created.

Radiators Create Convection Currents

1) Heating a room with a radiator relies on creating convection currents in the air of the room.

2) Energy is transferred from the radiator to the nearby air particles by
conduction (the air particles collide with the radiator surface).

8) The air by the radiator becomes warmer and less dense (as the particles move quicker).

4) This warin air rises and is replaced by cooler air.
The cooler air iz then heated by the radiator.

5) At the same time, the previously heated air transfers . .
energy to the surroundings (e.g. the walls and contents 1, rplce

peearm air rises

of the room). It cools, becomes denser and ginks. rising air
6) This cycle repeats, causing a flow of air to circulate N

around the room — this is a convection current. air near the radiator

GELE WaArmer

I'd rather move away to a hotter region — Barbados maybe...
This might all sound like a load of particles now, but this stufT is really useful, especially when explaining how to
stop unwanted transfers — there's more coming up on that in a tick.

01 Describe how energy is translerred through a solid by heating. What is the name of this effect? [3 marks]

Topic 1 — Energy
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Reducing Unwanted Energy Transfers

There are a few ways you can reduce the amount of energy scampering off to a completely useless store
— lubrication and thermal insulation are the ones you need to know about. Read on...

Lubrication Reduces Frictional Forces |

1) Whenever something moves, there's usually at least one frictional force acting against it (p.63).
This causes some energy in the system to be diggipated (p.14), e.g. air registance can
transfer energy from a falling object's kinetic energy store to its thermal energy store.

2) For objects that are being rubbed together, lubricants can be used to reduce the oo e
friction between the objects' surfaces when they move. Lubricants are usually - Steamlnng 'E'jumr{" =
liquids (like oil), so they can flow easily between objects and coat them. i RIS, 605 I RS

Insulation Reduces the Rate of Energy Transfer by Heating

The last thing you want when you've made your house nice and toasty is for that energy to
pecape outside. There are a few things you can do to provent enerpy losses through heating:

*  Have thick walle that are made from a material with a low thermal conductivity. Wt:!” YT ITITII
The thicker the walls and the lower thelr thermal conductivity, the slower - hrll::::l'l"‘.l the diffe
the rate of energy transfer will be (so the building will cool more slowly).

*  Use thermal insulation. Here are some examples:

FERNCE
tie termperabure

Imdielg and ou tljl'l.lf

& . a
hauige will also reduce the -

= Fate of energy Lranssfer
.'l|l.|,|||III Ty

1} Some houses have cavity walls, made up of an inngr and an outer T\
wall with an air gap in the middle. The air gap reduces the amount
of eneray transferred by conduction through the walls

Cavity wall insulation, where the cavity wall air gap is filled with a

foam, can also reduce energy transfer by convection in the wall cavity

2} Loft insulation can reduce conveclion currents being created in lofts.
3) Double-glazed windows work in the same way as cavity
walls — they have an air gap between two sheets of glass to
prevent eneray transfer by conduction through the windows,
1) Draught excluders around doors and windows
reduce energy transfers by canvection.

You Can Investigate the Effectiveness of Materials as Thermal Insulators

1) Boil water in a kettle. Pour some of the water into a gealable container (e.g. a

beaker and lid) to a safe level. Measure the mass of water in the container (p.104).
2) Use a thermometer to measure the initial terperature of the water.
3) S8eal the container and leave it for five minutes. Measure this time using a stopwatch. |
4) Remove the lid and measure the final temperature of the water, ,L!%___—__n '*__":E'Il
5) Pour away the water and allow the container fo cool to room temperature. /7 -

6) Repeat this experiment, but wrap the container in a different material (e.g. foil, newspaper) once it has
been sealed. Make sure you use the same mass of water at the same initial temperature each fime.

7) The lower the temperature difference (and so energy transferred, p.13) the better that material is as a
thermal insulator. You should find materials like bubble wrap or cotion wool are good thermal insulators.

8) You could also investigate how the thickness of the material affects how good a thermal insulator it is.
You should find that the thicker the insulating layer, the smaller the temperature change of the water,
and so the less energy is transferred. This means thicker layers make better thermal insulators.

Bundle your brew in newspaper to stop it going cold...
Have a go at naming as many methods for reducing energy transfers as you can, then try this question,
01 Explain how cavity wall insulation reduces the amount of energy transferred out of a house. [3 marks]

Topic 1 — Energy
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Efficiency

More! More! Tell me more about energy transfers please! Oh go on then, since you insist...

Most Energy Transfers Involve Some Waste Energy

N
2)

3)
4)

5)

6)

Useful devices are only useful because they can transfer energy from one store to another.
As you'll probably have gathered by now, some of the input energy is usually wasted by being transferred to
a useless energy store — usually a thermal energy store.

The less energy that is 'wasted’ in this energy store, the more efficient the device is said to be.

You can improve the efficiency of energy transfers by insulating objects, lubricating them or making
them more gireamlined (see pages 16 and 63).

The efficiency for any energy transfer can be worked out using this equation: =" ' "1,

You Lan i

'-rpF_T.-III Mg le,

lrtﬂ"”.ldl OF v .-"”"'I it -

Useful output energy transfer = JOUr dnswer b o Diltiply =

Efﬁnignﬂu = _P—EH = :‘l"—rll':.:l!.]_&.: Iur ILJ:'::- & get a _-
Total input energy transfer )y ok o 2% =

You might not know the gnergy inputs and outputs of a device, but you can still
caleulate ite efficiency as long as you know the power input and putput:

Useful power output
Total power input

Efficiency =

A blender is 70% efficient. It has a total input power of 600 W,
Calculate the useful output power.
1) Change the efficiency fram a percentage to a decimal,  efficiency = 70% = 0.7
2) Rearrange the equation for useful power output, useful power output = efficiency = total power input

3} Stick in the numbers you're given, = 0.7 x 600
4 £ =420 W

Useful Energy Input Isn’t Usually Equal to Total Energy Output

1

2)

3)

For any given example you can talk about the types of energy being input
and output, but remember: NO device is 100% efficient and the wasted
energy is usually transferred to useless thermal energy stores.

Eleciric heaters are the exception to this. They're usually 100% efficient because all the energy in the

electrostatic energy store is transferred to "useful” thermal energy stores.

Ultimately, all energy ends up transferred to thermal energy stores,
For example, if you use an eglectric drill, its energy transfers to lots of
different energy stores, but quickly ends up all in thermal energy stores.

[

G
L

Don’t waste your energy — turn the TV off while you revise...
Make sure vou can use and rearrange the equations for efficiency, then have a go at these questions.

Ql

Q2

A motor in a remote-controlled car transfers 300 I of energy into the car’s energy stores.
225 1 are transferred to the car’s kinetic energy stores. Calculate the efficiency of the motor. [2 marks]

A machine has a useful power output of 200 W and a total power input of 1200 W.
In a given time, 72 kJ of energy is transferred to the machine.
Calculate the amount of energy usefully translerred by the machine in this time. [4 marks]
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Energy Resources and their Uses

Energy resources, both renewable and non-renewable, are mostly used to generate electricity.
There's loads more on how over the next few pages, but two other major uses are transport and heating.

' Non-Renewable Energy Resources Will Run Out One Day

Non-renewable energy resources are fossil fuels and nuclear fuel (uranium and plutonium). Fossil fuels are
natural resources that form underground over millions of years. They are typically burnt to provide energy.

The three main fossil fuele are:

1) Coal *  These will all 'run out’ one day.
2) oil * They all do damage to the environment.
3) (Natural) Gas * But they provide most of our energy.

Renewable Energy Resources Will Never Run Out

Renewnble energy resources are: *  These will pever run out — the energy
1) The Sun (8olar) can be 'renewed' as it is used.

2) Wind
3) Waler waves
4) Hydro-electricity

6) Bio-fuel ,
6) Tides
7) Geothermal *

Most of them do damage the environment, but
in less nagty ways than non-renewables.

The trouble is they don't provide much energy and some of

them are unreliable because they depend on the weather.

Energy Resources can be Used for Transport...

Trangport is one of the most obvious places where fuel is used.

Here are a few transportation methods that use either

renewable or pon-renewable energy resources:

NON-RENEWABLE ENERGY RESOURCES

Petrol and diesel powered vehicles
{including most cars) use fuel created from oil.

Coal is used in some old-fashioned gteam
traing to boil water to produce steam.

-.'-Il|'|Ir'..'|'|l|.||'||.IIII|'l'|'-"'|'|"

' Flaetricily can alio be used Lo powdr veni

= and some cars). |t can [T g
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non-renewable eneray resources (ph2-21)

TR ERERY T IR ATAR TR AL

RENEWABLE ENERGY RESOURCES

Vehicles that run on pure bio-fuels (p.21)
or a mix of a bio-fuel and petrol or diesel
(only the bio-fuel bit ie renewable, though).

...And for Heating
Energy resources are also needed for heating things like your home.

NON-RENEWABLE ENERGY RESOURCES
Natural gas is the most widely used fuel
for heating homes in the UK. The gas is
used to heat water, which is then pumped
into radiators throughout the home.

*  Coal is commonly burnt in fireplaces.

*  Electric heaters (sometimes
called storage heaters) which
use electricity generated from

non-renewsable energy resources.

* A geothermal (or ground source)

* Bolar water heaters work by using

* Burning bio-fuel or using electricity

RENEWABLE ENERGY RESOURCES

heat pump uses geothermal energy
resources (p.19) to heat buildings.

the sun to heat water which is then
purmped into radiators in the building.

generated from renewable resources
can also be used for heating.

I’'m pretty sure natural gas is renewable — I make enough of it...

You nced to know the difference between the two different types of energy resource, so get cracking.

01

Write down whether each of the following are renewable or non-renewable energy resources.

a) Tidal power

by MNatural gas

Topic 1 — Energy

c) MNuclear power

d) Bio-luel [4 marks]
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Wind, Solar and Geothermal

Renewsble energy resources, like wind, golar and geothermal resources, will not run out. They don't generate
as much electricity as non-renewables though — if they did we'd all be using solar-powered toasters by now.

Wind Power — Lots of Little Wind Turbines

1
2)

3)
4)

5)
8)
7)

8)

This involves putting lots of wind turbines up in exposed places like on moors or round coasts.

Each turbine has a generator inside it — the rotating

blades turn the generator and produce eleciiicity (p.986).

There's no pollution (except for a little bit when they're manufactured).

But ﬂ'l«!u do gpoil the view. You need about 1500 wind furbines to I‘ﬁplﬂﬂﬂ one coal-fired power
slution and 1600 of them cover o 1ol of ground — which would have a big effect on the scenery.
And they can be very noloy, which can be annoying for people living nearby.

There's also the problem of the turbines stopping when the wind stops or IF the wind is too sfrong,
and it's imposgible to increase supply when there's exira demand.

On average, wind turbines produce electricity /0-857, of the time.

TI‘IE irsitinl QOGHE are ﬂ[l.lll'_!i'_|_|il[;hr bl.H i‘l‘lﬂl‘b are

nt fuel cogts ill’!'d rodndml running pnita,

There's no_permanent damage to the lnndnnnpa — If you remove

the furbines, you remove the noiee and the view returng to normal,

Solar Cells — Expensive but No Environmental Damage | """ !here mu be o b

N
2)
3)
4)

5)
6)
7)

aauned by moking the calls)

Solar cells penerate electric currents directly from sunlight. 8olar cells are often the best source
of energy to charge batteries in galoulators and watches which don't use much electricity.

Bolar power is often used in remote places where there's not much choice
(e.g. the Australian outback) and to power electric road signg and gatellites.

There's po pollution. (Although they do use quite a lot of energy to manufacture in the first place.)

In sunny countries solar power is a very reliable source
of energy — but only in the daytime. Solar power can still
be cost-effective even in cloudy countries like Britain though,

Like wind, you gan't increase the power output when there is extra demand (p.34).
Initial costs are high but after that the energy is free and running costs almost nil.
Solar cells are usually used to generate electricity on a relatively small scale. ime to recharge

Geothermal Power — Energy in Underground Thermal Energy Stores

1)

2)
3)
4)

This is possible in voleanic areas or where hot rocks lie quite near to the surface. The source of much of
the energy is the slow decay of various radioactive elements, including uranium, deep inside the Earth.

Thig is actually brilliant free energy that's reliable and does very little damage to the environment.
Geothermal power can be used to generate electricity, or to heat buildings directly.

The main drawbacks with geothermal power are that there aren't very many
cuitable locations for power plants, and that the cost of building a power
plant is often high compared to the amount of energy it produces.

People love the idea of wind power — just not in their back yard...
There are pros and cons to all energy resources. Make sure you know them for solar, wind and geothermal.

Q1

LExplain why geothermal power is more reliable than wind power. [2 marks]

Topic 1 — Energy
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Hydro-electricity, Waves and Tides

Good ol' water. Not only can we drink it, we can also use it to generate electricity. I¥'s easy to get confused
between wave and fidal power as they both involve the seaside — but don't. They are completely different.

Hydro-electric Power Uses Falling Water ‘

1) Huydro-electric power usually requires the flooding of a
valley by building a big dam. Water iz allowed out
through turbines. There is no_pollution (as such).

2) Bul there is a big impaci on the environment due
to the flooding of the valley (rotting vegetation

releases methane and CO,) and possible loss of habital for some species (sometimes the loss
of whole villages). The reservoirs can also look very unsightly when they dry up. Putting
hydroelectric power stations in remote valleys tends to reduce their impact on humans.

3) A big advantage is it can provide an immediate response to an increased demand for electricity.

4) There's no problem with reliability except in times of drought —
but remember thic ie Great Britain we're talking about.

B) Initial gosts are high, but there are po fuel costs and minimal running costs.

6) It can be a useful way to generate electricity on a small scale in remote areas.

Wave Power — Lots of Little Wave-Powered Turbines
1) You need lots of small wave-powered turbines located around the coast.

Like with wind power (p.19) the moving turbines are connected fo a generator, = ;ﬂf"’"_‘f{i

2) There is no pollution. The main problems are digturbing the seabed and the ’{/“1
habitatg of marine animals, gpoiling the view and being a hazard to boats. A

3) They are fairly unteliable, since waves tend to die out when the wind drops.

4) Initinl costs are high, but there are no fuel osts and minimal running costs. Wave power
is never likely to provide energy on a large scale, but it can be very useful on gmall islands.

s

Tidal Barrages — Using the Sun and Moon’s Gravity

1) Tideg are used in lots of ways to generate electricity. [0
The most common method is building a tidal barrage. [ ;‘H
2) Tidal barrages are big dams built across
river estuaries, with turbines in them.
As the tide comes in it fills up the estuary. -
The water is then allowed out through turbines at a controlled speed.

3) Tides are produced by the gravitational pull of the Sun and Moon.

4) There is no pollution. The main problems are preventing free access by boats, spoiling the view and
altering the habitat of the wildlife, e.g. wading birds, sea creatures and beasties who live in the sand.

5) Tides are pretty reliable in the sense that they happen twice a day without fail, and always near to the
predicted height. The only drawback is that the height of the tide is variable so lower (neap) tides will
provide significantly less energy than the bigger 'spring’ tides. They also don't work when the water level
is the same either side of the barrage — this happens four fimes a day because of the tfides.

6) Initial coste are moderately high, but thete ate no fuel costs and minimal running costs.

Even though it can only be used in some of the most suitable estuaries fidal power
has the potential for generating a significant amount of energy.

The hydro-electric power you’re supplying — it’s electrifying...
Learn the differences between all of these water-based resources before having a go at this question.
Q1 Give one negative environmental impact of wave power. [1 mark]
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Bio-fuels and Non-renewables

And the energy resources just keep on coming. I's over soon, | promise. Just a few more to go.

Bio-fuels are Made from Plants and Waste |

1) Bio-fuels are renewable energy resources created from either plant products or animal dung. They can
be golid, liquid or gag and can be burnt to produce electricity or run cars in the same way as fossil fuels.
2) They are supposedly carbon neutral, although there is some debate about this as it's
only really true if you keep growing plants at the rate that you're burning things.
3) Bio-fuels are fairly reliable, as crops take a relatively ghort time to grow and different crops can be
grown all year round. However, they cannot respond to immediate energy demands.
To combat this, bio-fuels are continuously produced and gtored for when they are needed.

4) The cost to refine bio-fuels is very high and some worry that growing crops specifically for bio-fuels
will mean there isn't enough space or water to meet the demands for crops that are grown for food.

6) In some regions, large areas of forest have been glegred to make room to grow

bin-fuels, resulting in lots of species losing their natural habitats. The decay
and burning of this vegetation also increases CO, and methane emissions.

Non-Renewables are Reliable...

1) Fossil fuels and nuclear energy are reliable. There's enough fogsil and nuclear -'ﬂrlql-:c rl.:”.w : il
fuels to meet gurrent demand, and they are extracted from the Earth at a > use fistion 1o produce. -

fast enough rate that power plants always have fuel in stock. This means s,  Slechricty (p49)

that the power plants can respond quigkly to ghanges in demand (p.34). AREEEINTAA

2) However, these fuels are glowly running out. If no new resources are found,
some fossil fuel stocks may run out within a hundred years.

3) While the get-up costs of power plants can be quite high compared to some other energy
resources, the running costs aren't that expensive. Combined with fairy low fuel extraction costs,
using fossil fuels is a gost effective way to produce energy (which is why it's so popular).

...But Create Environmental Problems

1) Coal, oil and gas release CO, into the atmosphere when they're burned. All this CO,
adds to the greenhouse effect, and contributes to global warming.

2) Burning coal and oil also releases sulfur dioxide, which causes acid rain — which can be
harmful to trees and soils and can have far-reaching effects in ecosystems.

3) Acid rain can be reduced by taking the sulfur out before the fuel is burned, or cleaning up the emissions.

4) Coal mining makes a mess of the landscape, especially "open-cast mining". As with
many energy resources, the view can be spoilt by fossil fuel power plants.

5) Oil gpillages cause gerious environmental problems, affecting mammals and birds
that live in and around the sea. We try to avoid them, but they'll always happen.

6) Nuclear powet is clean but the nuclear waste is very dangerous and difficult to dispoze of.

7) Nuclear fuel (e.g. uranium or plutonium) is relatively cheap but the overall cost of nuclear
power ig high due to the cost of the power plant and final decommissioning.

\'.'|||'.I|'|'-I.|.lll||r..-’

=" Radiation can be very =

8) Nuclear power always carries the risk of a major catastrophe like the T__' ::1|'|1|I;zr;jui to :u-vs.r: f

Fukushima disaster in Japan. e _IPI'A.EI' Lol
Bio-fuels are great — but don’t burn your biology notes just yet...
Make sure yvou can talk about the reliability and any environmental issues ol using bio-fuels or non-renewables.

Q1 Give two benefits of power plants that use fossil fuels. [2 marks]

Q2 Describe the environmental impact of using oil as an energy resource for generating electricity.  [3 marks]
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Trends in Energy Resource Use

Over time, the types of energy resources we use change. There are lots of reasons for this — breakthroughs
in technology, understanding more about how they affect the environment or changes in cost are just a few.

AR RN PR PRV,
See p34 for more
about the supply and -

Currently we Still Depend on Fossil Fuels

iviiig,

1) Over the 20th century, the electricity use of the UK hugely increased as the =, demand ﬂFeltf'iﬂ iy &
population grew and people began to use electricity for more and more things. ALAEAL TP LRI
2) S8ince the beginning of the 21st century, electricity use in the UK has been decrensing (slowly), as we get
better at making appliances more officient (p.17) and become more careful with energy use in our homes.
3) Most of our electricity is produced using [ossil fuels (mostly coal and gas) and from nuclear power,
4) Generating electricity ien’t the only reason we burn fossil fuels — oil (diesel and petrol)
is used o [uel core, and pos is used to heal homes and cook food.
5) However, we are trying to incrense our use of renewable energy resources (the UK aims
to use renewable resources to provide |57 of its total yearly energy by 2020).
This move towards renewable energy resources has been triggered by many things...

People Want to use More Renewable Energy Resources

1) We now know that burning fossil fuels is very damaging to the environment (p.21). This makes
many people want to use more renewable energy resources that effect the environment less.

2) People and governments are also bacoming increasingly aware that non-renewables will run out one
day. Many people think it's better to learn to get by without non-renewables belore this happens.

3) Pressure from other countries and the public has meant that governments have bagun to introduce
targets for using renewable resources. This In turn puts pressure on gnergy providers to build new
power plants that use renewable resources to make sure they do not lose business and monay.

4) Car companies have also been affected by this change in attitude towards the
environment. Electric care and hybride (cars powered by two fuels, e.g. petrol
and electricity) are already on the market and their popularity s increasing.

The Use of Renewables is Limited by Reliability, Money and Politics

1) There's a lot of scientific evidence supporting renewables, but although scientiste can give advice, they
don't have the power o make people, companies or governments change their behaviour (see p.2).

2) Building new renewable power plants costs money, so some energy providers are reluctant fo do this,
especially when fossil fuels are so cost effective. The cost of switching to renewable power will have
fo be paid, either by customers in their bille, or through government and taxes. Some people don't
want to or can't afford to pay, and there are arguments about whether it's ethical to make them.

3) Even if new power plants are built, there are arguments over where to put them. E.g. many people don't
want to live next to a wind farm, causing protests. There are arguments over whether it's ethical to make
pecple put up with wind farms built next to them when they may not agree with the reagsons for their use.

4) Some energy resources like wind power are not as reliable as traditional fossil fuels, whilst others
cannot increase their power output on demand. This would mean either having to use a combination
of different power plants (which would be expensive) or researching ways to improve reliability.

5) Reszearch on improving the reliability and cost of renewables takes time and money — it may be years
before improvements are made even with funding. Until then, we need dependable, non-renewable power.

6) Making personal changes can also be quite expensive. Hybrid cars are generally more expensive than
equivalent petrol cars and things like solar panels for your home are still quite pricey. The cost of these

things is slowly going down, but they are still not an option for many people.

L L L]
Going green is on-trend this season...
So with more people wanting 1o help the environment, others not wanting to be inconvenienced and greener
alternatives being expensive to set up, the energy resources we use are changing. Just not particularly quickly.

Q1 Give two reasons we currently do not use more renewable energy resources in the UK. [2 marks]
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Revision Questions for Topic 1

Well, that wraps up Jopic 1 — time to put yourself to the test and find out how much you really know.
*  Try these questions and fick off each one when you get it right.

*  When you've done all the questions for a subtopic and are completely happy with it, tick off the subtopic.
Enexgy Stores and Systems (p.11-12) [ ]

1) Write down four energy slores.

2) Describe how energy is transferred as a ball falls to the ground.

3) Give the equation for caleulating the amount of energy in an object's kinetic energy store.
4) If energy is transferred to an object's kinetic energy store, what happens to its speed?
5) Give the equation for finding the energy in an object's gravitational potential energy store.
6) What kind of energy store is energy transferred to when you compress a spring?

Specific Heat Capacity (p.13) []

7) What is the definition of the specific heat capacity of a material?

8) Give the equation that relates energy transferred and specific heat capacity.
9) Describe an experiment to find the specific heat capacity of a material,

Conservation of Enexgy and Powex (p.14) [ ]

10) State the conservation of energy principle.
11} Define power and give two equations to caloulate power,
12) What are the unite of power?

Reducing Unwanted Enexgy Transfexs and Improving Efficiency (p.15-17) | |
13) True or false? A high thermal conductivity means there is a high rate of energy transfer.

14) How ecan you reduce unwanted energy transfers in a machine with moving, touching components?
186) Give four ways to prevent unwanted energy transfers in a home.

168) True or false? Thicker walls make a house cool down quicker.

17) Describe an experiment you could do to investigate how good a material is as a thermal insulator.
18) What is the efficiency of an energy transfer? Give the equation that relates efficiency to power.

Energy Resources and Trends in their Use (p.18-22) |:|

19) Name four renewable energy resources and four non-renewable energy resources,

20) What is the difference between renewable and non-renewable energy resources?

21) Give an example of how a renewable energy resource is used in everyday life.

22) Explain why solar power is considered to be a fairly reliable energy resource.

23) True or false? Tidal barrages are ugseful for storing energy to be used during times of high demand.
24) Describe one way of reducing the environmental impact of using fossil fuels.

25) Give one environmental benefit of using nuclear power.

0000000 000000 000 000 000000

26) Explain why the UK plans to use more renewable energy resources in the future.
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Current and Circuit Symbols

It's pretty bad news if the word current makes you think of delicious cakes instead of physice. Learn what it
means, as well as some handy symbols to show items like batteries End switches i In & circuit.

DT et Dy P

Current is the Flow of Electrical Charge B .’%v > QW W
1) Electric current iz a flow of electrical charge. Electrical l::hﬂrga
will only flow round a complete (closed) circuit if there is a battery
potential difference, so a current can only flow if there's a source |+
of potential difference. The unit of current is the ampere, A, i || i L
2) In a single, closed loop (like the one on the right) the current Potenkial dffverceof N/
has the same value everywhere in the circuit (see p.28). L_””m::’ N supply provides the push
8) Potential difference (or voltage) is the driving force that Tions
pughes the charge round. s unit is the volt, V. [ - _BZI
4} En;‘ig‘iﬂn;*g i ﬂhui‘l‘lil’lﬂ ﬂ'lﬂi Ill'!!! g ih; ﬂ“‘]![ down. Unit: M- Q. Resistance opposes the flow

5) The current flowing through a component depends on the potential
difference across it and the resistance of the component (p.26).

The greater the resistance across a component, the gmaller the current

that flows (for a gi anti arence across the component).

Total Charge Through a Circuit Depends on Current and Time

The size of the gurrent is the rate of flow of
charge. When gurrent flows past a point in m
a circuit for a length of time then the charge

that has passed is given by this formula: [AbAtAR R gRrPRESE A UITARL ofic O\

Current. (A) through a cell aver a period of 2.5 hours.
Charge ﬂaw\m Hew much charge is transferred to the cell?
seinmby X Time (s) Q= It=20 x (25 x 60 x 60)
More charge passes around the =18 000 C
circuit when a larger current flows.
Learn these Circuit Diagram Symbols |
You need to be able to understand circuit dingrams and draw them using the correct sumbols. Make sure all
the wires in your circuit are siraight lines and fhai the cireuit is closed, i.e. you can follow a wire from one

end of the power supply, through any ::-::-mpnnunfu. to the other end of the supply (ignoring any switches).

Cell Ha.l'.l.'r;r Swilech open Switch closed Filarment lamp Fuse LED

+ + [or bulb) ;ﬁ;}
____—"
- =l
I~ || = | = |-
Resistor Yariable resistor Ammeter Woltmeter Dicde LOE Thermistor

o wa O O S & wa

I think it’s about time you took charge...

You've no doubt seen some of those circuit symbols before, but take a pood look at all of them and practise
drawing them. It's no good if vou get asked to draw a circuit diagram and vou can’t tell a resistor from a fuse.

Q1 A laptop charger passes a current of 8.0 A through a laptop hattery. Calculate how long the charger
needs to be connected to the battery for 28 800 C of charge to be transferred to the laptop. [3 marks]

Q2 A student creates a simple circuit containing a battery, a switch and a bulb.
He connects them all in a single, closed loop. Draw the circuit diagram for this circuit. [3 marks]
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Resistance and V = IR

Och experiments, you've gota love 'em. Here's a simple experiment for investigating resistance.

There’s a Formula Linking Potential Difference and Current ‘

The formula linking pd and current ie very useful (and pretty common):

Potential difference (V)= Current (A) X Resistance (£2)
AL N N N AR RN RN NILY

:_ Lise this formula I‘rlaﬂqs Lo rearranae  Just J‘_

A 4.0 €2 resistor in a circuit has a potential difference of  — cover up the thing you're tiyng 1o Fod ard =

6.0 V across it. What is the current through the resistor? > whit's left wuirble is the formula you're after =

ELLLLLALEE LA L L L R R F Ry phy

Rearrange V= IR ta give | = V' + R, then substitute in the values you have. =60 +40=15A

You Can Investigate the Factors Affecting Resistance

The regiglance of a circuit can depend on a number of factors, like whether

components are in geries or parallel, p.81, or the langth of wire used in the
circuit, You can investigate the effect of wire length using the cirouit below.

Amvmietet - The Ammeter

1) Measures the current (in amps) flowing through the test wire.

2) The ammeter must always be placed in_series with
whatever you're investigating. ALV

> g ep p28-29 for more o

Wiltmeler

seres and parallel rewls

The Voltmeter ‘ "Bk s eI

1) Meagures the potential difference (or pd) across the test wire (in volts).
2) The voltmeter must always be placed in_parallel around

whatever you're investigating (p.29) — NOT around any

other bit of the circuit, e.g. the battery. S T,

A trin wire will give you the =
1) Attach a crocodile clip to the wire level with 0 gm on the ruler. =8 el -

best results. Make swre its as
2) Attach the second crocodile clip to the wire, e.g. 10 cm away ble 30 your englh =
from the first clip. Write down the length of the wire between the clips. =, %0 T 000

(W fr] -Ci|’ |r ||I|.l\

e {24Y WA

straight as posiible 10 your length -

3) Cloge the switch, then record the current through the wire and the pd across it.

4) Open the switch, then move the second crocodile clip, T T T, .
e.g. another 10 cm, along the wire. Close the switch again, = The wire may heat up duri i e “;E‘:L":«:_
then record the new length, current and pd. = which will affect its resistance (2.26) Leave =

5) Repeat this for a number of different lengths of the test wire. = the switch open for a bit between readings to =

let the circuit cool down

6) Use your measurements of current and pd to calculate the R R N S T T IR T
resistance for each length of wire, using R = V + [ (from V = IR).

7) Plot a graph of resistance against wire length and draw a line of best fit.

8) Your graph should be a giraight line through the origin, 'l.\

meaning resistance is directly proportional to length —
the longer the wire, the greater the resistance.

9) I your graph doesn't go through the origin, it could be because
the first clip isn't attached exactly at O em, so all of your length el
readings are a bit out. This is a sustematic error (p.5). EETAUL Ot e

Resistance

e

Measure gymnastics — use a vaultmeter...
You could also mvestigate the effect of diameter or material on the resistance of a wire. What fun,
J1 An appliance is connected to a 230V source. Calculate the resistance of the appliance
ifa current of 5.0 A is Nowing through it [3 marks]
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Resistance and I-V Characteristics

Time to investigate just how current varies with pofential difference. Then you can make some sweet graphs...

Ohmic Conductors Have a Constant Resistance

For some components, as the current through them is changed,
the resistance of the component changes as well.

1) The resistance of ohmic conductors (e.g. a wire or a resistor) doesn't
change with the current. At a constant temperature, the current flowing through an ohmic conductor
is directly proportional to the potential difference across it. (R is constant in V = IR, previous page.)

2) The resistance of gome resistors and components DOES change, e.g. a diode or a filament lamp.

8) When an glectrical charge flows through a filament lamp, it fransfers some energy to the
thermal energy store of the filament (p.11), which is designed to heat up. Resistance increases with

temperature, so as the gurrent increases, the filament loamp heats up more and the resistance increases.

4) For diodes, the resistance depends on the direction of the current. They will happily let
current flow in one direction, but have a very high resistance if it is reversed.
_'\._'-'l|-|||’.II.|J||||l|_|I i

= . This lype of circuil uaes -:
Three Very Important I-V Characteristics PRACTIC;, = dirget current (de) (p31) and =
The term '/-V charnotorigtic' refers to a groph which shows how the "y :ﬂ- I1-"”II:\I .Ilr:L-l ulxl.rl.fus::l;.- n“.'
current (1) flowing through a component changes as the potentiol difference (V) across it is increased.
Lineor components have an I-V characteristio that's a slraipht line (e.g. a fixed resistor).
Non-linenr components have a curved 1-V characteristic (e.g. a filament lamp or a diode).
You can do this experiment to find a component's 1-V characteristio: |
1) Set up the test gireuit shown on the right.
2) Begin to vary the variable resietor. Thie alters the current flowing
through the cirouit and the potential difference across the gomponent.

3) Take several pairg of readings from the ammeter and volimeter
to see how the potential diffarence across the component varies I{E\L
ae the current changes. Repeat each reading twice more to get
an average pd at each current.

4) Swap over the wires connected to the cell, so the direction of the current is reversed.

8) Plot a graph of current against voltage for the component.

8) The I-V characteristice you get for an phmic conductor, filament lamp and diode should look like this:

Component

Ammeter

Wil leneter

Ohmic |4 Filament Diode 4
Conductor Lamp
e.p. recicior
il & constant
temperature)
w W W
The current threugh an ghmic As the current increases, the temperature of the Current will only flow through
conguctor (at constant temperature) filament increases so the resistance increases, a diode in one dirsction, as
it directly praporbonal 1o poteatl This means less current can low per unit gd, 4o shown. The diode has very high
aifleren: 50 you get a stra gkt line the Eru:h gets shallower — herce the curee resistance in the reverse direction

Since V = IR, you can caleulate the recictance at any point on the [~V characteristic by caleulating 7 = V0.

In the end you’ll have to learn this — resistance is futile...

Draw out those graphs until you're sketching them in vour sleep and make sure vou can tell whether thev're
showing a linear or non-linear component.

0l Draw the I-1" characteristic for:  a) an ohmic conductor by a filament lamp [4 marks]
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Circuit Devices

The fun doesn't stop with filament bulbs. As well as temperature, resistance can depend on things like light
intensity, which is how LDRs work. They're really useful for circuits that sense changes in light levels.

LDR is Short for Light Dependent Resistor |

1)  An LDR is a resistor that is dependent on the P
intensity of light. 8Simple really. Nl
2) In bright light, the resistance falls. _t\j_
3) In darkness, the resistance is eet. ~—
4) They have lots of applications including automatic
night lights, outdoor lighting and burplar detectors.

Resstance in £2

'

dark ight
Li -dhr intensity

The Resistance of a Thermistor Depends on Temperature

1) A thermigtor i & femperature dependent resistor. | A~ 4
2) In hot conditions, the resistance drops. L §
3) In gool conditions, the resistance goes up. =4 e = i: J
4) Thermistors make useful temperature detectors, i

o.8. car engine temperature sensors and =

electronic thermostats. = =

Ti migerature

You Can Use LDRs and Thermistors in Sensing Circuits

1) Senging circuits can be used fo turn on or ingrease the power to thermislar
components depending on the gonditions that they are in.

2) The circuit on the right is a gensing cireuit used to control a fan in a room. o 3

3) The fixed resistor and the fan will always have the same potential difference fixed

across them (because they're connected in parallel — see p.29). gF ””’\f1 fan
4) The pd of the power supply is shared ouf between the thermistor and the

loop made up of the fixed resistor and the fan according to their resistances

— the bigger a component's resistance, the more of the pd it takes.

5) As the room gets hotter, the resistance of the thermistor decreages and it
takes a smaller share of the pd from the power supply. 8o the pd fied
across the fixed resistor and the fan rises, making the fan go faster. | }r

+

You can also connect the component across the variable resistor instead. 0

For example, if you connect a bulb in parallel to an LDR, the pd across both = | |
the LDR and the bulb will be high when it's dark and the LDR's resistance is high. —o ."i‘. &

The greater the pd across a component, the more energy it gets. -
90 a bulb connected across an LDR would get brighter as the room got darker.

LDRs — Light Dependent Rabbits...
More odd circuit symbaols, but at least we're getting into how different components are used in daily life — the
next time your heating tums on automatically, you can be smug in your knowledge of thermistors.
1 Deseribe one everyday use lor the following components:
a) aLDR by a thermistor [2 marks]
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Series Circuits

There's a difference between connecting components in series and parallel. Make sure you learn it, and know
the rules about what happens to current, pd and resistance in each case — read on for more series fun.

Viciais
Series Circuits — All or Nothing ‘ &
I
1) In seres circuils, the different components are connected |
in_a line, end to end, between the +ve and -ve of the power I, I,
supply (except for volimeters, which are always connected

in porallel, but they don't count as part of the circuit). @ @
2) If you remove or disconnect one component, the cirouit - =

ie broken and they all slop. This is generally not very handuy, i Vv

and in practice very few things are connected in series, v ‘“‘;

3) You can use the following rules to dosign series circuits to easure
quantities and Yest components (e.g. the test circuit on p.28 and the sensing cirouits on p.27).

Potential Difference is Shared

In series circuits the fotal pd of the gsupply is shared between

the various gomponents. 8o the potential differences round
a series circult always add up 1o equal the gource pd:

Current is the Same Everywhere

1) In series circuits the game current flows through all components, i.e.:
2) The gize of the current is determined by the total pd of the cells
and the tolal resistance of the cirouit: ie. [ = V + R.

Resistance Adds Up

1) In series circuits the fotal resigtance of two R
components ig just the sum of their resistances:

2) This is because by adding a resistor in series, the two resistors have to share the total pd.

3) The potential difference across each resistor is lower, so the current through each resistor is also
lower. In a series circuit, the current is the same everywhere so the total current in the cirouit
is reduced when a resistor is added. This means the fotal resistance of the circuit increases.

4) The bigger a component's resigtance, the bigger its share of the fotal potential difference.

m For the circuit diagram below, calculate the current passing through the circuit.

=R +R,

total

0 10 1) First find the total resistance by adding R ,=2+3=50
| f f together the resistance of the two resistors. I=V+R
' 2) Then rearrange V'= IR and substitute =20 +5
W0V in the values you have. =4 A

Cell Potential Differences Add Up

1) There is a bigger pd when more cells are in series, if they're all connected the same way.

2) For example when two cells with a potential difference of 1.5 V are
connected in series they supply 3 V between them.

Series circuits — they’re no laughing matter...
Get those rules straightened out in your head, then have a quick go at this question to test what you can remember.
Q1 Two 12 V cells are connected in series with a 2 £2 resistor, a 3 L2 resistor and a 7 £2 resistor.

Calculate the current through the circuit. [5 marks]
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Parallel Circuits

Parallel circuits are much more gengible than series circuits and so they're much more common in real life.
All the electrics in your house will be wired in parallel circuits. v
fotal |+

Parallel Circuits — Independence and Isolation

This 1 & =
1) In parallel circuits, each component is separately branch
connected to the +ve and —ve of the supply (except
ammeters, which are always connected in geries).

2) If you remove or disconnect one of them,
it will hardly affect the othere at all.
3) This is obviously how most things must be connected,
for example in carg and in household electrivs.
You have to be able to switch everything on and off geparately.

4) Everyday circuits often include a mixture of series and parallel parts. v,

50 i5 this, s—

Potential Difference is the Same Across All Components

1) In parallel cireuits all components get the full source pd, Vrl = VE = Lee
so the potential difference is the game across all components:

2) This means that identical bulbe connected in parallel will all be at the game brightness.

Current is Shared Between Branches

1) In parallel circuits the fotal current flowing around / T / I + 1/ n + aee
the circuit is equal to the total of all the currents

through the geparate components.
2) In a parallel cireuit, there are junctions where the
current either gplite or rejoing. The total current going

into a junction has to equal the total current leaving.

3) I two jdentical components are connected
in parallel then the game current will

flow through each component.

The currant 15 shared

pebween branches

Adding a Resistor in Parallel Reduces the Total Resistance

1) I you have two resistors in parallel, their total resistance is
lese than the resistance of the smallest of the two resistors,

2) This can be tough to get your head around, but think about it like this:

* In parallel, both resistors have the same potential difference across them as the source.

* This means the 'pushing force' making the current flow iz the
same as the source pd for each resistor that you add.

* But by adding another loop, the current has more than one direction to go in.
*  This increases the fotal current that can flow around the circuit. Using V = IR,
an increase in current means a decrease in the fotal resistance of the circuit.

A current shared (petween identical components) — IS a current halved...
Parallel circuits are a bit more complicated, but they’re much more useful than series circuits, so get learning them.
0] Explain what happens to the current and resistance in a circuit containing a cell and a

resistor when a second resistor 15 added in parallel, 2 marks]

Q2 Draw a circuit diagram for two filament lamps connected in parallel to a battery.
Both of the lamps can be switched on and off without affecting each other. [3 marks]
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PRACTICAL Investlgatmg Resistance

You saw on page 25 how the length of the wire used in a circuit affects its resistance. Now it's fime to do an
experiment to see how placing resistors in series or in parallel can affect the resistance of the whole circuit.

You Can Investigate Adding Resistors in Series...

1) First, you'll need to find at least four identical resistors. —

2) Then build the circuit shown on the right using one of the resistors.
Make a note of the potential difference of the battery (V).

3) Measure the gurrent through the circuit using the ammeter.

X

Use this to calculate the resistance of the circuit using R = V + I,
4) Add another resistor, in geries with the first. s
6) Again, measure the current through the circuit and use  —h

this and the potential difference of the battery to calculate
the overall resistance of the cirouit.

6) Repeat gteps 4 and & until you've added all of your resiators.
7) Plot a graph of the number of resigtors against the fotal resigtance of the cirouit (see balow).

.. or in Parallel

1) Using the game equipment as before (so the experiment is a fair tegt), build the same initial circuit.

2) Measure the total gurrent through the cirouit and galgoulate the resistance of the
circuit using R = V + | (again, V is the potential difference of the battery).

3) Next, add another regiglor, in parallel with the first. l’—\ g

4) Measure the total gurrent through the cireuit and use =
this and the potential difference of the battery to caloulate i
the overall resistance of the circuit. @j

6) Repeat gleps 3 and 4 until you've added all of your resistors.
6) Plot a graph of the number of resistors in the circuit against the total resistance.

SERIES

L
>

Your Results Should Match the Resistance Rules |

1) You should find that adding resistors in gerles increases
the total resistance of the circuit (adding a resistor
decreases the total current through the circuit).

2) The more resistors you add, the larger the
resistance of the whole circuit.

3) When you add resistors in parallel, the total
current through the circuit increases — so the gy |
{otal resistance of the circuit has decreased. \

4) The more resistors you add, the smaller the overall
resictance becomes — as shown by the graph on the right.

5) These results agree with what you learnt about resistance
in series and parallel circuits on pages 28 and 29.

Fesistance of crcwit (€3]

L

-
Mlurmber of identical resistors

PARALLEL

Resistance of circuit (€2

=
>
Mumber of identical resistors

I can’t resist a good practical...

MNothing too hard on this page. which makes a nice change from all of those rules about circuits. Make sure vou're
completely happy building circuits from diagrams, before moving on to the fun world of mains electricity... wooo...

1 Draw a diagram of a single circuit that could be used to investigate the effect
of adding resistors in parallel. Your circuit should include switches. [1 mark]
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Electricity in the Home

There are two types of electricity supply — alternating and direct currents. Read on for more about both...

Mains Supply is ac, Battery Supply is dc |

1) There are two types of electricity supplies — alternating current (ae) and direct current (de).

2) In ac supplies the current is constantly changing direction. Alternating currents are produced
by alternating voltages (p.97) in which the positive and negative ends keep alternating.

3) The UK maing supply (the electricity in your home) is an ac supply at around 230 V,
4) The frequency of the ac maing supply is B0 eycles per second or 50 Hz (hertz).
6) By contrast, cells and batteries supply direct current (de).

6) Direct curtent is a current that is always flowing in the game direction.
It's created by a direct voltage.

Most Cables Have Three Separate Wires

1)  Most electrical appliances are connected 1o the mains supply by three-core cables. This means

that they have three wires inside them, each with a gore of copper and a goloured plastic coating.
2) The golour of the insulation on each cable shows its purpoge.

3) The colours are glways the game for every appliance.
Thie is so thal it is easy to tell the different wires apart.

4) You need to know the golour of each wire, what each of them is for and what their pd is:

1) LIVE WIRE — brown.
The live wire provides the alternating
potential difference (at about
2) NEUTRAL WIRE — blue. | 230 V) from the mains supply
The neutral wire completes E—
the circuit and carries
away current — electricily
normally flows in through

3) EARTH WIRE — green and yellow.
It is for protecting the wiring,

:i: hmmw?:: Ql_lilj“:hmugh and for safety — it stops the
around O V. . appliance casing from becoming

live. It doesn't usually carry a
current — only when there's a
fault. It's also at O V.

The Live Wire Can Give You an Electric Shock

1)  Your body (just like the earth) is at O V. This means that if you touch the live wire, a large
potential difference is produced across your body and a current flows through you.

2) This causes a large electric shock which could injure or even kill you.

3) Even if a plug socket or a light switch is turned off (i.e. the switch is open) there
ie efill a danger of an electric shock. A current isn't flowing but there's sfill a pd
in the live wire. If you made contact with the live wire, your body would provide a

link between the supply and the earth, so a current would flow throuph you.

4) Any connection between live and earth can be dangerous. If the link creates a low
resistance path to earth, a huge current will flow, which could result in a fire.

Why are earth wires green and yellow — when mud is brown..:
Electricity is very useful, but it can also be very dangerous. Make sure vou know the risks.
Ql State the potential difference of® a) the live wire  b) the neutral wire  ¢) the earth wire. [3 marks]
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Power of Electrical Appliances

Energy ig trancferred between stores electrically (like you saw on page 11) by electrical appliances.

Energy is Transferred from Cells and Other Sources

1) You know from page 11 that a moving chatge fransfers energy. This is because the charge does work
against the resistance of the circuit. (Work done is the sgame as energy transferred, p.53.)

2) Electrical appliances are designed to transfer enerpy to components in the circuit when a current flows.

Kettles transfer energy electrically = Energy is transferred electrically Eﬂ] /i
from the mains ac supply to o " | | from the battery of a handheld m
. {.] 3

the thermal energy store of the 1{ e '1 fan to the kinelic energy ‘

heating element inside the kettle. store of the fan's motor.

3) Of course, no appliance transfers all energy completely usefully. The higher the gurrent, the more
energy is transferred to the thermal energy stores of the components (and then the surroundings).
You can caloulate the efficiency of any electrical appliance — see p.17.

Energy Transferred Depends on the Power |

1)  The fotal energy transferred by an appliance depends on how long the appliance is on for and ite power.

2) The power of an appliance is the energy that it frangfers per second. N
8o the more energy it transfers in a given time, the higher its power. = This equation -.'--J--l-ll :“* .
3) The amount of energy transferred by electrical work is given by: Mt T

Energy transferred (J) = Power (W) X Time (s)

m' A 600 W microwave is used for 5 minutes. How long (in minutes)

would a 750 W microwave take to do the same amount of work?

1) Calculate the gnergy transferred by the 60O W E= Pi= 600 x {5 x 60) W Civniiniiviv e g
microwave in five minutes, =180 00O ) +. I::L.TL‘ 5 .:.I: 'I:u':"’ B

2) Rearrange E = Pt and sub in the gnergy you t=E+ P ST T T
calculated and the power of the 750 W micrawave, =180 000 + 750 = 240 s

3} Convert the time back to minutes. 240 + 60 = 4 minutes

So the 750 W microwave would take 4 minutes to do the same amount of work.

4) Appliances are often given a power rating — they're labelled with the maximum safe power that
they can operate at. You can usually take this to be their maximum operating power.

5) The power rating tells you the maximum amount of energy transferred
between stores per second when the appliance is in use.

6) This helps customers choose between models — the lower the power rating, the less
electricity an appliance uses in a given time and so the cheaper it is to run.

7) But, a higher power doesn't necessarily mean that it transfers more energy usefully. An
appliance may be more powerful than another, but less efficient, meaning that it might sfill
only transfer the game amount of energy (or even less) to useful stores (see p.14).

Transfer this page to your useful knowledge store...
Get that eguation for power hard-wired into your brain and then become a powerful physicist by practising it:
Q1 An appliance transters 6000 J of energy in 30 seconds. Calculate its power, [2 marks]

Q2 Calculate the difference in the amount of energy transterred by a 250 W TV and a 375 W TV
when they are both used {or iwo hours. [4 marks]
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More on Power
And we're not done yet. There are even more power equations for you to get your head around, how fun.

Potential Difference is Energy Transferred per Charge Passed |
1) When an electrical charge goes through a change in

Ch
potential difference, then energy is transferred. gﬂan';ﬁ:_? +6V @ ~
2) Energy is cupplied to the charge at the power source el o

to 'raise’ it through a potential.

8) The charge gives up this energy when it ‘fulls' through any
potential drop in components elsewhere in the cirouit.

4) The formula is real simple:

v/ Charges releas
Charge flow (C) / anargfm mainlzﬁs

Energy transferred ()) Potential difference (V)

5) That means that a battery with a bigger pd will supply more enerpy to the cirouit for every
coulomb of charge which flows round it, because the charge is raised up "higher" at the start.
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The motor in an electric toothbrush is attached to a ke
3 V battery. 140 C of charge passes through the
circuit as it is used. Calculate the energy transferred.

E=QV=140 x 3 = 420 )
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Power Also Depends on Current and Potential Difference

1) As well as energy transferred in a given time, the power of an appliance can be found with:

Power (W) = Potential difference (V) x Current (A)

W A 1.0 EW hair dryer is connected to a 230 V supply. Calculate the

current through the hair dryer. Give your answer to two significant figures.
1) Rearrange the equation for current. l=P+V
2) Make sure your units are correct, 1.0 KW =1000 W
3)  Then just stick in the numbers that you have. | =1000 + 230 = 434.. =43 A (to 2 sf)

Resista 0
2) You can algo find the power if you don't know the potential difference. iy )
To do thig, stick V = IR from page 25 into P = VI, which gives you:

You have the power — now use your potential...
I'm afraid the best way to learn all of this is to just practise using those equations again and again. Sorry.
0] Calculate the energy transferred from a 200V source ag 10 000 C of charge passes. [2 marks]

Q2 An appliance is connected to a 12 V source. A current of 4.0 A flows through it.
Calculate the power of the appliance. [2 marks]

Q3 An appliance is connected to a 230V mains supply and has a current of 10.0 A flowing through it.
Calculate the resistance ol the appliance. [5 marks]
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The National Grid

The nafional grid is a giant web of wires that covers the whole of Britain, getting electricity from power stations
to homes everywhere. Whoever you pay for your electricity, it's the national grid that gets it to you.

Electricity is Distributed via the National Grid

1) The national grid is a giant system of cables and transformers (p.98) that covers the
UK and connects power stations to congsumers (anyone who is using electricity).

2) The national grid transfers electrical power from power stations anywhere on the grid (the supply)
to anywhere else on the grid where it's needed (the demand) — e.g. homes and industry.

Electricity Production has to Meet Demand

1)  Throughout the day, electricity usage (the demand) changes. Power stations have to produce
enough electricity for everyone 1o have it when they need it,

2) They can predict when the most electricity will be used though. Demand increases when people

get up in the morning, gome home from gghool or work and when it starts to get dark or gold
outside. Popular events like a sporting final being shown on TV could also cause a peak in demand.

3) Power stations often run at well below their maximum power output, so there's gpare capacity to
cope with a high demand, even if there's an unexpected shut-down of another station.

4) Lots of gmaller power stations that can start up quickly are also kept in standby just in case.

\-,l--II|I| Viarbvunniiig

#

The National Grid Uses a High Pd and a Low Current S emimbir U pewrr is S

the énergy transfesred in

= d gt lire, 10 4 b .|h1:r

1) To transmit the huge amount of power needed, you need either a = power means mare
|' -:!:'n :.::,I:w rl-'ll q|||E-'I|'I:I' o OFrn |”i,_|-.I ourrent [[“.t P = ‘I",. ﬂ'um ihﬁ Pr'ﬂ'hl'il'.IUH pﬂga.}l = enerdy transderred
i dinging ||.|‘-'-'

2) The problem with a high current is that you lose loads of energy as the wires
heat up and energy is transferred to the thermal energy store of the surroundings,

3) Ws much cheaper to boost the pd up really high (400 000 V) and keep the current s low as possible,

4) For a given power, increasing the pd decreases the current, which decreases the enorgy lost by heating
the wires and the surroundings. This makes the national grid an olficien! way of transferring energy.

Potential Difference is Changed by a Transformer > FOr more o AR

> b i"\ﬁlrrn,_.n < ..“

1) To get the potential difference to 400 000 V to tranemit power requires :- Wicluding 5 '.As,:i,b-" >
transformers as well as big pulons with huge insulators — but it's till cheaper. T favabion, by

loak = -
; dok g4 Page 95 =

2) The transformers have to glep the potential difference up at one end, for efficient /i)
transmission, and then bring it back down to gafe, usable levels at the other end.

Y
L 5 e
I"'..'.l

3) The potential difference is increased (‘stepped up') using a step-up transformer.
4) It's then reduced again ('stepped down') for domestic use using a step-down transformer.

Transformers — NOT robots in disguise...
Think of this as “translormers, part one’. You'll run o them again on page 98, but what'’s important here 1s that
vou understand how they're used in the national grid to reduce encray losses during transmission,
]! Explain why the national grid is efficient at transferring energy.
Refer to the potential difference and current during transmission. [< marks]
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Static Electricity

Qtatic electricity is all about charges which are not free to move, e.g. in insulating materials. This causes them
to build up in one place and it often ends with a gpark or a shock when they do finally move.

Build-up of Static is Caused by Friction |

1)

2)

3)

4)

When certain insulating materials are rubbed together, negatively
charged electrons will be scraped off one and dumped on the other.

This will leave the materials glectrically charged, with a l

positive static charge on one and an equal negative Polythene e d ey A +j f"‘c = )

static charge on the other, Vo ™ —i’l —— +> ( 1;

Which way the electrons are transferred "

depends on the two materials involved. AR e ?Z ,
""‘L

The classic examples are polythene and acetate rods = J
being rubbed with a cloth duster (shown on the right). 1_;

Only Electrons Move — Never Positive Charges

Watch out for thig ir . Both +ve and -ve electrostatic charges are only ever

produced by the movement of glectrong. The positive charges definitely do not movel
A positive static charge is always caused by electrons moving away elsewhere. The material that loges

the electrons loses some negative charge, and is left with an equal positive charge. Don't forget!

Too Much Static Causes Sparks

N
2)

3)

4)

it
W ARARNNTY

I
F oy it

I ENAEET
- fore ..p oW sparks
. 1h.||ll,.| Mg a -

As glectric charge builds on an object, the potential difference
between the object and the earth (which is at 0 V) increases.

If the potential difference gets large enough, electrons can jump across
the gap between the charged object and the earth — this is the spark.
They can algo jump to any earthed conductor that is nearby .» I-;'l s

— which is why you can get static shocks getting out of a car.
A charge builds up on the car's metal frame, and when you touch

the car, the charge travels through you to earth.
This usually happens when the gap is fairly small. (But not always — lightning is just a really big spark.)

Like Charges Repel, Opposite Charges Attract

N
2)

3)
4)

5)

Thig is eacy and, I'd have thought, kind of obvious, When two electrically -q—@ @—p

charged objects are brought close together they exert o force on one another.

Two things with opposite eleetric charges are atiracted to each other, while @-}'ﬁ_e
two things with the zame electric charge will repel each other.

These forces get weaker the further apart the two things are. | @ O :
These forces will cause the objects to move if they are able to do so. This is known as clectrostatic
attraction / repulsion and is a non-contact force (the objects don't need to touch, p.51).

One way to see this force ie to cuspend a rod with a known charge from a piece of string (go it is
free to move). Placing an object with the came charge nearby will repe! the rod — the rod will move
..... away from the object. An oppositely charged object will cause the rod to move fowards the object.

Stay away from electrons — they’re a negative influence...

Elcctrons jumping about the place and giving us all shocks, the checky so-and-sos.

Q1

Jake removes his jumper in a dark room. As he does so, he hears a crackling noise and sees
liny sparks of light between his jumper and his shirt, Explain the cause of this. [3 marks]
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Electric Fields
Electric fields — much less green and much more shocking than the fields you're used to.

Electric Charges Create an Electric Field re
g
1) An glectric field is created around any electrically charged object, — ™= ?&'I?“

2) The closer to the object you get, the stronger the field is. -
(And the further you are from it, the weaker it is.) ﬂ’w
8) You can ghow an electric field around an object using field lines. Sy,

¢ e 4alat i ¥s i
For example you can draw the field lines for an isolated, charged sphere: = |'|t-c.r‘|-|-l rrrI i ;H el
=W ching with anything. -

AR NR R RN RN AN

bAg™

*  Electric field lines go from positive to negative.

*  They'te always at a right angle to the surface.

*  The cloger together the lines are, the stronger the field is
1* — you can see that the further from a charge you go, the

further apart the lines are and so the weaker the field is.

Charged Objects in an Electric Field feel a Force |

1)  When a gharged object is placed in the glectric field of another object, it feels a forge.

2) This force causes the attraction or repulgion you saw on the previous page.

3) The force is caused by the glectrie fields of each charged object interacting with each other.
4) The force on an object is linked to the gtrength of the electric field it is in.

5) As you increase the distance between the charged objects, the strength of
the field decreases and the force between them gets smaller.

The electric field of Q interacts
with the electric field of g.

Thie causes forces to act on both Q and q.

These forces move g and Q closer together.

Sparking Can Be Explained By Electric Fields

1) Eparks are caused when there iz a high enough potential difference between
a charged object and the earth (or an earthed object).

2) A high potential difference causes a girong electric field between

the charged object and the earthed object. :
3) The strong electric field causes electrons in the gir particles to be removed (known as ionisafion).
4) Air is normally an inzulator, but when it is ienized it is much more conductive,

g0 a current can flow through it. This is the spark.

You’'re one bright spark if you’ve managed to finish this topic...

And we've saved the oughest il last. Re-read this page to really zet vour head around electrie fields. Remember
that Meld lines always point from positive (o negative and that the closer they are, the stronger the feld is.

Q1 Drraw the field lines surrounding an isolated, positively charged sphere. [2 marks]
Q2 Explain what happens to the Torce acling on a negative charge as it moves closer to a
positively charged object. [3 marks]

Topic 2 — Electricity



37

Revision Questions for Topic 2

Congratulations! You've battled to the end of Topic 2 — now see how much you've learnt.
* Try these questions and fick off each one when you get it right.
*  When you've done all the questions under a heading and are completely happy with it, tick it off.

Circuit Basics (9.24-27) []

1) Define current and state an equation that linke current, charge and time, with units for each.

2) What is meant by polential difference and resistance in a circuit?

3) Draw the circuit symbols for: a cell, a filament lamp, a diode, a fuse and an LDR.
4) What is the equation that links potential difference, current and resistance?

6) Explain how you would investigate how the length of a wire affects its resistance.
6) What is an ohmic conductor?

7) Draw a circuit that could be used fo investigate how the resistance
of a filament bulb changes with the current through it.

8) Name one linear component and one non-linear component.

9) Explain how the resistance of an LDR varies with light intensity.

10) What happens to the resistance of a thermistor as it gets hotter?

Series and Pazallel Circuits (p.28-30) [ ]

N) True or false? Polential difference is shared between components in a series cireuit,
12) How does the current through each component vary in o seres oirouit?

13) How does potential difference vary between components connected in parallel?

14) Explain why adding resistora in parallel decreases the total resistance of a circuit,
but adding them in series increases the total resistance.

16) Describe an experiment to investigate how adding resistors in series and parallel affects the total
resistance of the circuit.

Electricity in the Home (p.31) | |

16) True or false? Mains supply electricity is an alternating current.

17) What is the potential difference and the frequency of the UK maing supply?

18) Name and give the colours of the three wires in a three-core cable. Why are they colour coded?
19) Give the potential differences for the three wires in a three-core mains cable.

20) Explain why touching a live wire is dangerous.

Power and the National Grid (p.32-34) [ ]

21) State three equations that can be used to calculate electrical power.

22) What is the power rating of an appliance?

23) Explain why electricity is transferred by the national grid at a high pd but low current.

24) What are the functions of step-up and step-down transformers?

Static Electricity and Electric Fields ( §§'§§]D

25) How does rubbing of materials cause static electricity to build up?

26) True or falee? Two positive charges attract each other.

27) In which direction do the arrows on electric field lines point?

28) Using the concept of electric fields, explain how a build up of static electricity can cause a spark.

O0O00 O000 0o0ood O O 000 O000 Oodood
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38 Topic 3 — Particle Model of Matter

Density of Materials

The particle model of matter says that everything is made up of lots of fi rlicles. ' dead ugeful.
The Particle Model can Explain Density and the Three States of Matter

Density is a measure of the 'compactness' of a substance. |t relates the mass of a
substance to how much gpace it takes up (i.e. it's a substance's mags per unit volume).

N RN R B AR I R B
mass (kg)

= The symbol for density is a Greek letter jn_.___

= rhe (g, Density can also be given in 2
= afeem® 1 gfeem” -"'ﬂ( Ifll:q,- _:
AP L p NPt rpd sy

1) The density of an object depends on ﬂlﬂj_if_a_a_dg_o_f and how its particles are arranged.

2) A dense material has its particles packed tightly together. The particles in a legs denge material are more
spread out — if you gompressed the material, its particles would move gloger together, and it would
become more denge. (You wouldn't be changing its mags, but you would be decreasing its volume.)

The three states of matter are solid (e.g. ice), liquid (e.g. water) and gas (e.g. water vapour). The parficles

of a substance in each state are the same — only the arcangement and gnergy of the particles are different.

%

3 S0LID8 — glrong forces of attraction hold the particles close together in a fixed, regular
i arrangement. The particles don't have much energy so they can only vibrate about their fixed
positions. The dengity is generally highest in this state as the particles are clogsest together.
LIQUIDS — there are weaker forces of attraction between the particles. The particles are
gloge together, but can move past each other, and form irregular arrangements. They have

more enetgy than the particles in a solid — they move in random directions at low speeds.
Liguids are generally legs denge than solids.
2 3 GABES — there are almost no foroes of attraction between the particles. The particles have
§ *o ¥ more energy than in liquids and solids — they're free to move, and travel in random directions
2 at high speeds. Gases are generally less dense than liquids — they have low densities.

Density (kg/m?) =

volume (m"®)

You Need to be Able to Measure Density in Different Ways PRACTIC;,

To find the density of a solid ohjﬂni] ITu find the density of a quuirll

1) Use a balance to measure ite mags (see p.104). 1) Place a measuring cylinder on a

2) If it's a regular solid, start by measuring its balance and zero the balance.
length, width and height with an appropriate piece 2) Pour 10 ml of the liquid into the
of equipment (e.g. a ruler). Then calculate its measuring cylinder (see p.105)
volume using the relevant formula for that shape. and record the liquid's mass.

3) For an irregular golid, you can find it volume by 3) Pour another 10 ml into the measuring
submerging it in a eureka can filled with water. oylinder, repeating the process until
The water displaced by the object will be the cylinder is full and recording the
transferred to the measuring cylinder: total volume and mass each time.

e :: | - 4) For each measurement, use the
S, formula to find the density.
f:i b, S (Remember that 1 ml = 1 cm?,)
E:una oylinder §) Finally, take an average of your
S calculated densities. This will give you

4) Record the volume of water in the maasuh‘ng a value for the density of the liquid
':Iiﬁinder. m1$i$mmﬂf}]$m‘ Pl VLot vnperaevals I Iihe,

E] Plug the Ubjﬂﬂf.ﬁ Mass and Elumﬂ into 3 ﬁw volume of a cube is equal to length * width = height. =
the fﬂrmulg above to find itz dgnﬁit”, [ Make sure you know the formulas for basic shapes. ::

_"I'.I|'II.'||.||||II|||| viptvefptnanbnetpdpbrudpug

Who can measure volume — the eureka can can, oh the eureka can can...
Remember — density is all about how tightly packed the particles in a substance are. Nice and simple really.
8] A cube has edges of length 1.5 cm and average density 3500 kg/m*. What is its mass? [5 marks]
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Internal Energy and Changes of State

This page is all about heating things. Take a look at your specific heat capacity notes (p.13) before you start —
you need to understand it and be able to be able to use \£ = mc /! for this topic too I'm afraid.

Internal Energy is the Energy Stored by the Particles That Make Up a System

1) The particles in a system vibrate or move around — they have energy in their kinetic energy stores.

2) They also have energy in their potential energy stores due to their positions.

3) The gnergy stored in a system is stored by its particles (atoms and molecules).
The internal energy of a systern is the total enerpy that its particles
have in their kinetic and potential energy stores.

4) Heating the system transfers energy to its particles (they gain energy in"
their kinetic stores and move fagter), incrensing the internal energy.

) This leade to a change in temperature or a ghange in state. If the temperature
changes, the size of the change depends on the magsg of the substance, what

it's made of (its gpecific heat capacity) and the gnergy input. Make sure you
remember all of the etulf on specific heat capacity from p.13, particularly how to use the formula.

6) A change in state ocours if the substanoe is heated enough — the particles will have
enough energy in their kinetic energy stores to hreak the bonds holding them together.

A Change of State Conserves Mass

1)  When you heat a liquid, it boils (or evaporates) and becomes a gag. When you heat
a golid, it melig and becomes a liquid. These are both gchanges of state.

2) The state can also change due to gooling. The particles lose energy and form bonds.
3) The changes of state are:

LIQUID

4) A change of gtate is a physical change (rather than a chemical change). This means you don't end up
with a new substance — it's the game substance as you started with, just in a different form.
5) If you reverse a change of state (e.g. freeze a substance that has been melted), the

substance will return to its original form and get back its original properties.

6) The number of particles doesn't change — they're just arranged ditferently.
This means mass is conserved — none of it is lost when the substance changes state.

Breaking Bonds — Blofeld never quite manages it...
I’ll say it one more time — have a look back over your specific heat capacity notes. They'll really help you
understand all this stuff on temperature changes and internal energy. Now don't say [ didn’t warn you...

1 During an experiment, a solid is heated until it melis into a liquid.
Explain how heating the solid causes this change of state. [3 marks]
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Specific Latent Heat

If you heat up a pan of water on the stove, the water never gets any hotter than 100 °C. You can earry on
heating it up, but the temperature won't rise. How come, you say? It's all to do with latent heat...

A Change of State Requires Energy |

o
1) When a substance is meliing or boiling, you're still putting in energy
and so increasing the internal energy, but the energy's used for *‘“_':'I":tf"'_ RN, .
breaking intermolecular bonds rather than raising the temperature. &
There are {la!l spols on the hBui‘ihg grﬂph where anergy is hgmg mlting
ransfored by heating but not being used to change the temperature. "
o M -
£

Il:'ll |'|'!
-

2) When a substance is condensing or freezing, bonds are
point

forming between particles, which relensos energy.
This means the internal energy decreages, but the
tamperature doesn't go down until all the substance

\\ has turned to liquid (condensing) or a solid (freezing).
=5 The {lat parly of the graph show this energy transfer.

y neaded to change the state of a substance ie called latent hoal

CL Tl FTETY ]
3

point

i
v

L

3) The energ

Specific Latent Heat is the Energy Needed to Change the State of a 1 kg Mass
1) The gpecific latent heat (SLH) of a substance is the amount of energy needed to change 1 kg of it
from one state to another without changing its temperature.

2) For gooling, specific latent heat is the energy releaged by a change in state.

3) 8pecific latent heat is different for different materials, and for changing between different states.

4) The specific latent heat for changing between a golid and a liquid (melfing or freezing) is called
the gpecific latent heat of fusion. The specific latent heat for changing between a liquid and a
gas (evaporating, boiling or gcondensing) is called the gpecific latent heat of vaporisation.

\_\I|||-I'|.'I||I|'I IRNARNANTIY Vi
o e Don't et confused ||.I i i II i e,
There’s a Formula for Specific Latent Heat U e .Tp,,'.h,' Tm i 'J,
: = Specific latent heat is aboul chane #:I
You oan work out the ener Eﬂdg ;l {ﬂl' hﬂlﬂﬂ!}ﬂd} when a s Wil tq:nrﬂ t thl l_]h: of state where
o FFALLUTe o LiFa[ s
substance of mass m changes state using this formula: AL |

PRlevrndvrd gy TRFIEY NN ANNA! =

Energy (E) = Mass (m) x Specific Latent Heat (L)

Energy is given in joules (J), mass is in kg and SLH is in J/kg.

k|'|'l NIRRA ALY

2 |f you're finding mass
= ar SLH, '.\,I.Ill need to
'HM The specific latent heat of vaporisation for water (beiling) =

rearrange. Heres tne
is 2 260 000 J/kg. How much energy is needed to

'f.Jf”l'.nl'"

= Farmula triangle.
completely boil 1.50 kg of water at 100 °C? Zrc i iviaial
1) Just plug the numbers into the formula E= FEL o N
i i it =130 x O 000
2) The units are joules b K ay.
) The units are joules because it's ener ey

My specific latent heat of revision* is 500 J/kg...

When it comes 1o the specilic latent heat ol vaporisation and lusion, the formula’ the same, but the process is
different. Make sure you understand which process you're actually looking at — you don’t want to get caught out

1 The SLH of fusion for a particular substance is 120 000 kg, How much energy is needed

lo melt 250 g of the substance when it is already at its melting temperature? [2 marks]

Tﬂpiﬂ 3 — Particle Model of Matter *the smount of energy required fo furn | kg of revision notes info & top grade
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Particle Motion in Gases

The particle model helps explain how temperature, pressure, volume and energy in kinetic stores are all related.

Average Energy in Kinetic Stores is Related to Temperature
1) The particles in a gas are constantly moving with random directions and speeds.

If you increase the temperature of a gas, you transfer energy into the

kinetic energy stores of its particles (you saw this on p.39).
2) The temperature of a gas is related to the average enerpy in the kinetic energy stores of the
particles in the gas. The higher the temperature, the higher the average energy.

3) 8o as you increase the temperature of a gas, the average speed of its particles increases.
This is because the energy in the particles' kinetic energy stores is famy? — p.12.

Colliding Gas Particles Create Pressure

1) As gag particles move about at high speeds, they bang into each other and
whatever else happens to get in the way., When they collide with something,

they exert a force (and so a pressure — p.58) on it. In a gealed container,
the outward gas pressure is the total force exerted by all of the
particles in the gas on a unit area of the container walls.

2) Fagter particles and more fr i ligions both lead to an increase in net force, and so gas pressure.
Increasing femperature will increage the gpeed, and so the pressure (if volume is kept congtant).

3) Alternatively, if termperature iz gonstant, increasing the volumae of a gas means the particles get
more spread oul and hit the walls of the container less often. The gas pressure decreases.

4) Pressure and volume are invergely proportional — when volume goes up, pressure goes down
(and when volume decreases, pressure increases). For a gas of fixed mass at a gonstant temperature,

the relationship is: _ p= Is (Pa) e
— pressure, IH P ascals a =) |_-I||-| _.:rr_-.
P V = constant = volume (m’) = ¢ page S8 for

More On presicre -
TULRRRR gy

=—a particles colihe with

e conlainer

el force at right
angles to surlace

A Change in Pressure can Cause a Change in Volume

1) The pressure of a gas causes a net outwards force at right angles o the surface of its container.
2) There is also a force on the oulside of the container due to the pressure of the gas around if.
3) If a container can easily change its size (e.g. a balloon), then any change in these pmsnum =
o

A a-il
will cause the container to compress or expand, due to the overall force. N l,—ﬁ:
E.g. if a helium balloon is released, it rises. Atmospheric pressure decreases with q E ,.-*';\_*L.{ \
height (p.59), so the pressure outside the balloon decreases. This causes the balloon " =/ “ 7/ <% |
to expand until the pressure inside drops to the same as the atmospheric pressure. R o
"c':\ . ;;:J :
L o

Doing Work on a Gas Can Increase its Temperature |

.~.L|I.-|-IL|'.I-'H""
= There's more about

1) W you transfer enerpy by applying a force, then you do work. Doing work = = doing work on pS3
on a gas increases its infernal energu, which can increage its temperature. =iy

2) You can do work on a gas mechanically, e.g. with a bike pump. The gas
applies pressure to the plunger of the pump, and so exerts a force on .
Work has to be done againgt this force to push down the plunger.

3) This transfers energy to the kinetic energy stores of the gas parficles, increasing the
temperature. W the pump is connected to a tyre, you should feel it getting warmer.

IR R ENY

Don’t let the pressure of exams get to you...
A bike pump at a desk. Does it get any better? Yep — here's a question. ..

0l 3.5 m’ of a gas is at a pressure of 520 Pa. 1t is compressed to a volume of 1 m?
at a constant temperature, What 1s the new pressure of the gas? [3 marks]
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Revision Questions for Topic 3

Topic 3 — all in all, quite a nice litlle topic. Have a go at thic page to see how well you've understood it.
* Try these questions and tick off each one when you get it right.
*  When you've done all the questions under a heading and are completely happy with it, tick it off.

D it [nII.IESE]D
1) What is the formula for density?

2) What are the units of density?

3) What are the three states of matter?

4) For each state of matter, describe the arrangement of the particles.

6) Describe how you could find the volume of an irregular solid object.

B) Briefly describe an experiment to find the density of a liquid.

Intexnal Energy and Changes of State (p.39-40) [ |

7) What is infernal energy?

8) What happens to the particles in a substance when that substance is heated?
9) Name the five changes of state,

10) Is a change of state a physical change or a chemical change?

1) True or false? Mass stays the same when a substance changes state.

12) Explain the cause of the flat sections on a graph of temperature against fime
for a substance being heated.

13) Sketch a graph of lemperature against time for a gas being cooled. Your graph should show the
points that the gas furne into a liquid and that the liquid turns into a solid.

14) Define specific latent heat.

15) Give a formula for specific latent heat.

16) Explain how a gas in a sealed container exerts a pressure on the walls of the container.
17) A sealed container of gas iz kept at a constant volume. The gas is heated.
What happens o the pressure of the gas? Explain why.

18) For a fixed mass of gas at a constant temperature, what is the relationship between
pressure and volume?

19) True or false? For a gas at constant temperature, increasing the volume of the gas
will also increase its pressure.

20) A balloon containing a fixed mass of helium gas is moved from an
area of high atmospheric pressure to one of low atmospheric pressure.
What will happen to the volume of helium in the balloon?

21) Explain why blowing up a football with a pump causes the ball to warm up.

Topic 3 — Particle Model of Matter
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Developing the Model of the Atom

All this started with a Greek fella called Democritus in the 5" Century BC. He thought that all matter, whatever
it was, was made up of identical lumps called "atomos”. And that's as far as it got until the 1800s...

Rutherford Replaced the Plum Pudding Model with the Nuclear Model...

1) In 1804 John Dalton agreed with Democritus that matter was made up of finy spheres ("atoms") that
couldn't be broken up, but he reckoned that each element was made up of a different type of “atom".

2) Nearly 100 years later, ). J. Thomson discovered particles called electrong that could be removed from

atoms. 8o Dalton's theory wasn't quite right. Thomson suggested atoms were spheres of posilive
charge with tiny negative electrons gtuck in them like fruit in a plum pudding — the plum pudding model.

3) However, in 1909, scientists in Rutherford's lab tried firing a beam of alpha particles (see p.44) at thin
gold foil ﬂ'm; WAS 'rhnn alpha scattering experiment. From the plum pudding model, they expected the
particles to pas: the gold sheet, or only be glightly deflected. But although most of the
particles did go ¢ +rmgh+ through the sheet, some were deflected more than expected, and a few were
deflected back the way they had come — something the plum pudding model couldn't explain.

4) Because a few alpha particles were deflected back, the scientists realised that most
of the mass of the atom must be concentrated at the centre in a finy nucleus. This ‘\_x ’_‘i-l-' d for
nucleus must also have a pogitive charge, since it repelled the positive alpha particles. il T

6) They algo realiced that because nearly all the alpha particles passed gtraight through, r:':':r e 1:

most of an atom is just emply space. This was the firgt nuclear model of the atom.

... Which Developed into the Current Model of the Atom

AT - shills
1) The nuclear model that resulted from the alpha particle scattering experiment was N F‘ h
a positively charged nucleus surrounded by a cloud of pegative electrons. f ({
2) Niels Bohr said that electrons orbiting the nucleus do so at gertain distances N A iy
called gnergy levels. His theoretical caleulations agreed with experimental data. —F ot electrons
3) Evidence from further experiments changed the model to have a nucleus made up of a group of particles
(protons) which all had the same positive charge that added up to the overall charge of the nucleus.

4) About 20 years after the idea of a nucleus was accepted, in 1932, James Chadwick proved the existence
of the peutron, which explained the imbalance between the atomic and mass numbers (page 44).

| The Current Model of the Atom i The nuecleus is tiny but it makes up most of the mass of the atom.
It containg protons (which are positively charged — they have a

+1 relative charge) and neutrong (which are neutral, with a relative
charge of 0) — which gives it an overall positive charge.

Its radius is about 10 000 times smaller than the radius of the atom.

-]
@ . The rest of the atom is mostly empty space. MNegative electrons
L L (relative charge ~1) whizz round the outside of the nucleus really fast. They
o P

give the atom its pverall size — the radius of an atom is about 1 % 107 m

o ® The number of protons = the number of electrons, as protons and electrons
have an equal but opposite charge and atoms have no overall charge.
Electrons in energy levels can move within (or sometimes leave) the atom. If they gain energy
by absorbing EM radiation (p.76) they move to a higher energy level, further from the nucleus. f
If they release EM radiation, they move to a lower energy level that is closer to the nucleus. |
If one or more outer electrons leaves the atom, the atom becomes a positively charged ion.

We're currently pretty happy with this model, but there's no saying it won't change. Just like for the plum
pudding, new experiments sometimes mean we have to change or completely get rid of current models.

These models don’t have anything on my miniature trains...

This is science in action folks — as new evidence came along, the model of the atom was changed and updated.

Q1 a) Describe the current model of the alom. [4 marks]
b} State the radius of an atom and describe how this compares to the size of its nucleus. [2 marks]

Topic 4 — Atomic Structure
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Isotopes and Nuclear Radiation

Isotopes and ionigation. They sound gimilar, but they're totally different, so read this page carefully.

Isotopes are Different Forms of the Same Element
1) All atoms of each element have a set number of protons

(s0 each nucleus has a given positive charge).

Evarg oxygen atom has 8 protons.

TI‘IH number of pruit:-ns in an atom ig its H‘l‘[:ll'n|!; gumhar. Mass number -..IIEO - E m:r;
e Fymi
2) The mass number of an atom (the mass of the pucleus) is the Alomic number = {oxygen)

number of protons + the number of neutrons in its nucleus.
al FIhp i N

3) lsolopes of an element are atoms with the same number of protons (the same = Inlnl e
atomic number, and so the same charge on the pucleus) but a different number = o i -
of neutrong (a different mass number). E.g. 0 is an isotope of oxygen. TNt

4) Al elements have different isotopes, but there are usually only one or fwo giable ones.

5) The other unstable isotopes tend to decay into other elements and give out radiation as
they try to become more stable. This process s called radioactive decay. p
6) Radioactive substances gpit out one or more types of jonising radiation from their i
nucleus — the ones you need to know are alpha, beta and gamma radiation.

7) They can also release neutrons (n) when they decay, as they rebalance their atomic and mass numbers.

8) lonising radiation is radiation that knocks electrong off atoms, creating positive ions.
The ioniging power of a radiation source is how eagily it can do this.

Alpha Particles are Helium Nuclei é?

Alpha radiabion i My

1) Alpha radiation is when an glpha particle () is emitted from the nucleus. i used in smoke N
An a-particle is two neutrons and fwo protons (like a helium nucleus). detectors — iL jonises ar partices,
; cavsing a current to flow |F there

2) They don't penetrate very far into materials and are stopped guickly — fi armoke in-Ahe abe. & bk to

they can only travel a few om in air and are absorbed by a sheet of paper. the ions — meaning the current
sk al i
3) Because of their size they are girongly lonising. bops and the alarm sounds

Beta Particles are High-Speed Electrons  _ ——» @

-\_'I.'l||||||||||||,||||I|,||'| J_,n'_
- Heta emitters are used to -

1) Abeta particle () is simply a fast-moving electron released by the nucleus. = =~ ki o dare o, O
Beta particles have virtually no mass and a charge of 1. iy o=

2) They are moderately ionising. They penetrate moderately far into materials
before colliding and have a range in air of a few metres.
They are absorbed by a sheet of aluminium (around 5 mm).

3) For every beta particle emitted, a peutron in
the nucleus has turned into a proton (page 45).

metal, as the particles are nal =
m'm-.'diatelf absorkeed [:;. the
material like alpha radiation

wauld be and do nat penelrake

as far as AMITa Fays '_
LN RPNy e

Gamma Rays are EM Waves with a Short Wavelength | \/\/\ /\/\/\/

1) Gamma rays () are waves of glectromagnetic radiation (p.786) released by the nucleus.
2) They penetrate far into materials without being stopped and will travel a long distance through air.

3) This meane they are weakly ionising because they tend to pass through rather v,
than collide with atoms. Eventually they hit something and do damage. = aus;‘ of f;rrm rays =
4) They can be gbsorbed by thick sheets of lead or metres of concrete. T A rFrE,.L, £

Ionising radiation — good for getting creases out of your clothes...

Knowing different kinds of radiation and what can absorb them usually bags vou a few casy marks in an exam.,

1 In the medical industry, radiation is directed at medical equipment sealed in packaging. The radiation
sterilises the equipment. Explain whether alpha radiation would be suitable for this use. [2 marks]
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Nuclear Equations
Nuclear equations show radioactive decay and once you get the hang of them they're dead easy. Get going.

Mass and Atomic Numbers Have to Balance
1) Nuclear equations are a way of showing radioactive decay by using element symbols (p.44).
2) They're written in the form: atom before decay — atom affer decay + radiation emitted.
3) Thete is one golden rule to remember:

the fotal mass and atomic numbers must be equal on both sides.

~ Alpha Decay Decreases the Charge and Mass of the Nucleus ‘;He
1) Remember, alpha particles are made up of two protons and two neutrons. 8o when an atom
emite an alpha parficle, ite atomic number reduces by 2 and its mass number reduces by 4.
2) A proten is positively charged and a peutron is neutral, so the gharge of the nucleus decreases.
3) In nuclear equations, an alpha particle can be written as a helium nucleus: iHe.

Uranium-238 Thorium-234
ranium rium 4’1 o SaFole
Alpha decay

SN R R AN RN R RLF
; arnelimes

The nuclear equation for this decay would be: > [@amma riys are s |

alse released 4 whitny 4 puckeus

220 204 i 288 « 204 + 4 | -
mu = BﬂTh G o 'EHH G2 — OO0 + 2 - glecays u:,ll ||[J|: l.l-:'lrlllnll‘.l.l rl I1I|1|r &
iy d i

Beta Decay Increases the Charge of the Nucleus 5@

1) When beta decay oceurs, a neutron in the nucleus turng info a proton
and releases a fagt-moving electron (the beta particle).
2) The number of protons in the nucleus has increased by 1.

This increases the positive charge of the nucleus (the atomic number).

3) Because the nucleus has logt a neutron and gained a proton during beta decay,
the mass of the nucleus doesn't change (protons and neutrons have the same mass).

4) A beta particle is written as fe in nuclear equations.

..._|.l.'|II||||II|'.-I-|.'I'.'I|r.' #

Carbon-14 Nitrogen-14 = In both alpha and beta emissions, =
arficle = mew element will be formed, =
Beta dﬂﬂﬂu M U ﬁ P - as the number of protons =
l—# :,. {atomic number] ,_ﬂ|'|_|e-:-, =
: II||Jr|I|||rII|III|.II -:L

The nuclear equation for this decay would be: ':ﬁ = [:N h f'le b

Gamma Rays Don’t Change the Charge or Mass of the Nucleus

1) Gamma rays are a way of getting rid of excess energy from a nucleus.
2) This means that there is no change to the atomic mass or atomic number of the atom.

Keep balanced during revision and practise nuclear equations...
Muclear equations are simple, but that doesn’t mean you shouldn’t practise them. Try these questions on for size.
Q1 What tyvpe of radiation is given off in this decay? SLi — [Be + radiation. [1 mark]

Q2 Write the nuclear equation for “ZRn decaying to polonium (Po) by emitting an alpha particle.  [3 marks]
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Half-life

How quickly unstable nuclei decay is measured using activity and half-life — two very important terms.

Radioactivity is a Totally Random Process

1) Radioactive substances give out radiation from the nuclei of their atoms — no matter what.

2) This radiation can be measured with a Geiger-Muller tube and counter, which
records the count-rate — the number of radiation counts reaching it per second. r‘v :
3) Radioactive decay is enfirely random. 8o you can't predict exactly which f
nucleus in a sample will decay next, or when any one of them will decay.
4) But you can find out the time it takes for the amount of radiation emitted by
a source fo halve, this is known as the half-life. It can be used to make
predictions about radioactive sources, even though their decays are random.
5) Half-life can be used to find the rate at which a source decays — its ACTIVITY.
Activity is measured in becguerels, Bq (where 1 By is | decay per second).

The Radioactivity of a Source Decreases Over Time

1) Each time a radivactive nucleus degays to become a gtable nucleus, the
activity ng g whole will degrease. (Older sources emit legs radiation,)

2) For gome isotopes it takes jugt o few hours before nearly all the
unstable nuclei have decayed, whilst others last for millions of years.

3) The problem with trying fo measure this is that the activity never reaches zero, which is
why we have to use the idea of half-life to measure how quickly the activity drops off.

The half-life is the time taken for the pumber of radicactive nuclei in an isotope to halve.

4) It is also the time taken for the activity, and so count-rate, to halve. A ghort half-life means the activity
falls quickly, because the nuclei are very unstable and rapidly decay. Bources with a short half-life are
dangerous because of the high amount of radiation they emit at the start, but they quickly become gale.

5) A long half-life means the activity fallz more slowly because most of the nuclei don't decay
for a long time — the source just site there, releaging small amounts of radiation for a long time.

This can be dangerous because pearby areas are exposed to radiation for (millions of) years.

H1'||I|||'I||I IFERRTREN I+
m The initial activity of a sample is 640 Bq. Caleulate the final = Always double th_l_k whal =

activity as a percentage of the initial activity after two half-lives. = the question is -wlr-f'fj for =
1) Find the activity after gach half-life. 1 ha|f-|i1f'e: 640 + 2 = 320 —;’ r-ll:E T::':.:r.::_]t:r :
2) Mow dwide the final activity by the initial activity, 2 half-lives: 320 + 2 = 160 GLLLLLLLLLLLLLL 111012

then multiply by 100 to make it a percentage. (160 + 640) = 100 = 0.25 = 100 = 26%

A

You Can Measure Half-Life Using a Graph Autwity {Bq)

Paviv v mvistrnn g,

1) If you plot a graph of activity against time 800} 0 - N R e e
(taking into account background radiation, p.47), sy [N EES s one halFlife So the =
é E n-...’a"—'-'_:'”f‘rl ol i '~ half-life is 2 seconds, =

it will always be shaped like the one to the right. ool LS

ARV TR ANV R R AR
2) The half-life is found from the graph by finding the lale] A _;, T A NEEEEEE |
fime interval on the bottom axis corresponding to e st T i
a halving of the activity on the vertical axis. Easy. - R LR D Ry

The half-life of a box of chocolates is about five minutes...
Half-lifec — the time for the number of radioactive nuclei, the activity or the count-rate to halve. Simple.

1 The initial count-rate of a sample is 40 cps.
Calculate the decline in count-rate, as a ratio, afier three hall-lives. [3 marks]
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Background Radiation and Contamination
Forget love — radiation ig all around. Don't panic oo much though, it's usually a pretty small amount.

Background Radiation Comes From Many Sources

Background radiation is the low-level radiation that's around us all the time. You should always measure and
subtract the background radiation from your results (to avoid systematic errors, p.5). It comes from:

1) Radioactivity of naturally occurring unstable isotopes which are all around us — in
the air, in food, in building materials and in the rocks under our feet.

2) Radiation from gpace, which is known as cosmic rays. These come mostly from
the Sun. Luckily, the Earth's atmosphere protects us from much of this radiation.

3) Radiation due to human activity, e.g. fallout from puclear explosions or puclear
wagte. But this represents a tiny proportion of the total background radiation.

The radiation dose tells you the rigk of harm to body tissues due to exposure to radiation. &
I's measured in gleverts (8v) (p.81). The dose from background radiation is small, o h om s
s0 milligieverls are often used (1. 8v = 1000 m8Bv). Your radiation dose varies rudiation from rocks
depending on where you live or if you have a job that involves radiation, SVVEECEIV R LR

Lhe me rF|||r|| the dangers -
Exposure to Radiation is called Irradiation e ..rulu i St Pt

1) Objects near a radioactive source are irradiated by it. This simply means they're exposed
to it (we're always being irradiated by background radiation sources).
2) Irradiating something does not make it padicactive (and won't turn you into a superhero).

3) Keeping sources in lead-lined boxes, standing behind barriers or being in a different room
and using remote-gontrolled arms are all ways of reducing the effects of jrradiation.

Contamination is Radioactive Particles Getting onto Objects

1) W unwanted radioactive atoms get onto or into an object, the object is said to be gontaminated.
E.g. if you touch a radioactive source without wearing gloves, your hands would be gontaminated.

2) These gontaminating atoms might then decay, releasing radiation which could cause you harm.

3) Contamination is especially dangerous because radioactive particles could get inside your body.

4) Gloves and tongs should be used when handling sources, to avoid particles getting stuck to your gkin or
under your nails. 8ome industrial workers wear protective suits to stop them breathing in particles.

The Seriousness of Irradiation and Contamination Depends on the Source

Contamination or irradiation can cause different amounts of harm (p.48), based on the radiation type.

1) Outside the body, beta and gamma sources are the most dangerous. This is because beta
and gamma can penetrate the body and get to the delicate organs. Alpha ie less dangerous
because it can't penetrate the skin and is easily blocked by a small air gap (p.44). High levels
of irradiation from all sources are dangerous, but especially from ones that emit beta and gamma.

2) Inside the body, alpha sources are the most dangerous, because they do all their damage in a very
localized area. 8o contamination, rather than irradiation, is the major concern when working with
alpha sources. Beta sources are less damaging inside the body, as radiation is absorbed over a
wider area, and some passes out of the body altogether. Gamma sources are the least dangerous
inside the body, as they mostly pass siraight out — they have the lowest ionising power, p.44.

The more we understand how radiation affects our bodies, the better we can protect ourselves when using
it. This is why it's so important that research about this is published. The data is peer-reviewed (see p.1)
and can quickly become accepted, leading to many improvements in our use of radioactive sources.

Background radiation — the ugly wallpaper of the Universe...
Make sure you can describe how to prevent irradiation and contamination, and why it’s so important that you do.

1 Give three sources ol background radiation. [3 marks]

Topic 4 — Atomic Structure



48

Uses and Risk

Radiation can be pretty useful. We use it in our homes, in industry and in medicine. But it's not
without ite dangers. Using radiation i all about reducing the ricks whilst still keeping the benefits.

There are Risks to Using Radiation

2)

3)

Radiation can enter living cells and jonise atoms and ‘@
molecules within them. This can lead to fissue damage. f

Lower doses tend to cause minor damage without b
killing the cells. This can give rise to mutant cells
which divide uncontrollably. This is cancer. :
Higher doses tend to kill cells completely, causing Ny

radiation sickness (leading to vomiting, tiredness é dead el
and hair loss) if a lot of cells all get blatted at once.

mutated cell

-

high dose

Gamma Sources are Usually Used in Medical Tracers

2)

3)

Certain radioactive isotopes can be injected into people (or they can just swallow them) and
their progress around the body can be followed uging an external detector. A computer

converls the reading to a display showing where the strongest reading is coming from.

One example is the use of jodine-123, which is absorbed by B

the thyroid gland just like normal iodine-127, but it gives out I_:"f"”" '”L_ o rays

radiation which can be detected to indicate whether the "*'h;l:.;'l'j”:ﬁljj': d"' & \ J} Radiation
thyroid gland is taking in iodine as it should. e q]. H_fi"”‘"
lgotopes which are taken into the body like this are usually

GAMMA (never alpha), so that the radiation pagses out of the body without eausing much ionisation.
They should have a ghort half-life so the radioactivity inside the patient quickly disappears.

Radiotherapy — Treating Cancer with Radiation |

1)
2)

3)

Bince high doses of ionising radiation will kil all living cells, it can be used to treat cancers.
Gamma raye are directed carefully and at just the right dogage to kill the

cancer cells without damaging too many normal cells. Radiation-emitting implants
(usually beta-emitters) can also be put pext to or inside tumours.

However, a fair bit of damage is inevitably done to normal cells, which makes the patient feel very ill.
But if the cancer is guccessfully killed off in the end, then it's worth it.

You Have to Weigh Up the Risks and Benefits |

1)
2)

3)

4)

For every situation, it's worth considering both the benefits and risks of using radinactive materials.
For example, tracers can be used to diagnose life-threatening conditions,
while the risk of cancer from one use of a tracer ig very small.

Whilst prolonged exposure fo radiation poses future ricke (see p.8B1 for comparing the risks with
different medical procedures) and causes many side effects, many people with cancer choose to have
radiotherapy as it may get rid of their cancer entirely. For them, the benefits outweigh the risks.

Perceived risk is how risky a person thinks something is. It's not the same as the actual risk of a
procedure and the perceived risk can vary from person to person. See page 3 for more on this.

Revision sickness — well yes, it does all get a bit tedious...

It may seem odd to use radiation in medicine, but there you po. Make sure you can explain that using any kind of
radiation has risks, but that the benefits are often large enough that the risks are considered worth it.

Ql
Q2

Describe how radiotherapy is used to treat cancerous tumours, [2 marks]
a) Describe how gamma emitters are used as medical tracers. [2 marks]
b) Explain why some patients might not want to be diagnosed using a medical tracer. [2 marks]
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Fission and Fusion

Splitting up or gquiching together atoms releases lots of useful energy, but it can have explogive consequences.

Nuclear Fission — Splitting a Large, Unstable Nucleus

Nuclear fission i a fype of nuclear reaction that is used to release energy from large
and unstable atoms (e.g. uranium or plutonium) by splitting them into smaller atoms.
1) Spontaneous (unforced) fission rarely happens.

Usually, the nucleus has to absorb & neutron before it will split.

2) When the atom splits it forms two new lighter elements that are roughly the
same size (and that have some energy in their kinetic energy stores).

3) ; are also released when an atom splits. If any of
these neutrons are moving slow enough to be absorbed by another nucleus,
they can cause more figsion to oceur. This is a ghain reaction.
M EEETR g pupidny Py,
T' Fou my ay have to draw or com plete
= i ll'l-.‘tl'l to show & chain reaction =
|l ‘.I;h I]I'Id i - iri the EHAM, 50 make sure r-rl_;'rt =

}'J|.Ir.-:.' with hasion reactions 1
AN g s

";:EH

4) The energy not translerred to the kinetic energy stores of the products is carried away by gamma rays.
6) The energy carried away by the gamma rays, and in the kinetic energy stores
of the remaining free neutrong and the other decay products, can be used to

heat water, making steam to turn turbines and generators (p.97).

6) The amount of energy produced by fission in & nuclear reactor is gontrollad by changing how quickly the
ghain reagtion can occur. This is done using gontrol rods, which are lowered and raised inside a nuclear
reactor to absorb neulrons, slow down the chain reaction and gontrol the amount of energy released.

7) Uncontrolled chain reactions quickly lead to lots of energy being released
ag an explosion — this is how nuclear weapong work.

Nuclear Fusion — Joining Small Nuclei

1) Nuclear fusion is the opposite of nuclear fission.

2) In nuclear fusion, two light nuclei collide at high speed and
join (fuse) to create a larger, heavier nucleus, For example,

hydrogen nuclei can fuse to produce a helium nucleus.,
3) The heavier nucleus produced by fusion does not have as much mass as the two

separate, light nuclei did. Some of the mass of the lighter nuclei is converted to energy

(don't panic, you don't need to know how). This energy is then released as radiation.
4) Fusion releases a lot of energy (more than fission for a given mass of fuel).

5) So far, scientists haven't found a way of using fusion to generate energy
for us to use. The temperatures and pressures needed for fusion are so
high that fusion reactors are reslly hard and expensive to build.

Pity they can’t release energy by confusion...*

Thankfully vou don’t need 1o know the complicated processes behind lission and [usion, you just need 1o have an

idca of the steps in them. Remember that fission rarely oceurs spontancously, it often needs a prod to get it going,

1 a) LExplain what happens during a forced fission reaction. [4 marks]
b) Draw a diagram showing how lission can lead to a chain reaction. [3 marks]

*There'd be plenty of physice books to wse a2 fuel Tﬂpic 4 — Btomic Structure
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Revision Questions for Topic 4

Well, that's the end of Topic 4 — hopefully it wasn't too painful. Time to see how much you've absorbed.
* Try these questions and tick off each one when you get it right.
* When you've done all the questions under a heading and are completely happy with it, fick it off.

The Atomic Model (p.43) [ |
1) Briefly explain how the model of an atom has changed over time.

2) What happens to an electron in an atom if it releases EM radiation?

3) Who provided evidence o suggest the existence of the neutron?

4) True or false? Atoms have no overall charge.

6) What happens to an atom if it loses one or more of its electrons?

Nucleax Decay and Half-life (p.44-46) [ ]

6) Which number defines what element an atom is: the atomic number or the mass number?
7) What is the atomic number of an atom? What is the mass number of an atom?

8) What is an isotope? Are they usually stable?

9) What ie radioactive decay?

10) Name four things that may be emited during radioactive decay.

11) For the three types of ionising radiation, give: a) their onising power,  b) their range in air.
12) Explain why alpha radiation could not be used to check the thickness of metal sheets.

13) Draw the symbols for both alpha and beta radiation in nuclear equations.

14) What type of nuclear decay doesn't change the mass or charge of the nucleus?

16) What is the activity of a source? What are its unite?

18) Define half-life.

17) True or false? A ehort half-life means a emall proportion of atoms are decaying per second.
18) Explain the dangers of a radioactive source with a long half-life.

19) Explain how you would find the half-life of a source, given a graph of its activity over time.

Dangers and Uses of Radiation (p.47-48) [ ]

20) Define radiation dose.

21) State two aspects of your lifestyle that can affect your radiation dose.
292) Define irradiation and contamination.

23) Compare the hazards of being irradiated and contaminated by:
a) an alpha source, b) a gamma source.

24) Give two examples of how 1o protect against: a) contamination,  b) irradiation.
25) Describe some of the risks involved with using radiation.

26) Give two ways that radiation is used in medicine.
Fission and Fusion (p.49) [ |

27) Define fission and fusion.

28) True or false? Fiseion ig usually spontaneous.

29) Describe what a chain reaction is, and what happens when it is uncontrolled.
30) Explain the difference between fission and fusion.

Topic 4 — Atomic Structure
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Contact and Non-Contact Forces

When you're talking about the forces acting on an object, it's not enough to just talk about the gize of
each force. You need to know their direction too — force ie a vector, with a size and a direction.

Vectors Have Magnitude and Direction

1) Force is a vector quantity — vector quantities have a magnitude and a direction.
2) Lots of physical quantities are vector quantities:

Vector quantities: force, velocity, displacement, acceleration, momentum, ete.
3) Some phusinm quantities only have mngniiuda and no_direction. These are called scalar quantities:
Scalar gquantities: speed, distance, mags, temperature, time, etfc.

4) Vectors are usually represented by an arrow — the length of the arrow shows the rmognitude,
and the direction of the arrow shows the direction of the gquantity.

'l.":-ll:--."h_{ iz A vactor, but _':|rm't1 e & zoalar qunnﬁfg.
Both bikes are travelling at the same spoad, v
(the lonpth of each arrow is the same).

TI'IHH have different velocities beoause
they are travelling in different dirootions,

Forces Can be Contact or Non-Contact

1) A force is a pugh or a pull on an object that is caused by It interacting with something.
2) All forces are either gontact or non-contact forces.
3) When fwo objects have to be touching for a force to act, that force is called a contact force.

E.g. friction, air resistance, tension in ropes, normal contact force, ete.

4) If the objects do not need fo be touching for the force to act, the forve is a non-gontact force.

E.g. magnetic force, pravitational force, electrostatic force, etc.

5) When two objects interact, there is a force produced on both objects.
An interaction pair is a pair of forces that are equal and opposite and act on two interacting objects.
(This is basically Newton's Third Law — see p.65.)

The Sun and the Earth are attracted to A chair exerte a force on
each other by the gravitational force. the ground, whilst the
This is a non-contact force. ground pushes back at
An equal but opposite force of attraction the chair with the same
is felt by both the Sun and the Earth. force (the normal contact
S htred force). Equal but opposite .
I forcee are felt by both the L"a:.:":hi‘;‘:hﬁ
chair and the ground. ciaic pushes
Eartn is attracted on ground

te the Sun

My life’s feeling pretty scalar — I've no idea where I’'m headed...
This all seems pretty basic, but it's vital yvou understand it if vou want to make it through the rest of this topic.

0l A tennis ball is dropped from a height. Name one contact force and one non-contact
force that act on the ball as it falls, [2 marks]

Q2 Name two examples of: a) a scalar quantity b) a vector quantity [4 marks]
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Weight, Mass and Gravity

Now for comething a bit more atfractive — the force of gravity. Enjoy...

Gravitational Force is the Force of Attraction Between Masses

Gravity attracts all masses, but you only notice it when one of the masses is really really big, e.g. a planet.
Anything near a planet or star is attracted to it very strongly.

This has two important effects:

1) On the sutface of a planet, it makes all things
fall towards the ground.

2) It gives everything a weight.

Weight and Mass are Not the Same |

1)  Mags is just the amount of ‘stuff’ in an object. For any given
object this will have the same value gnywhere in the universe.

2) Waight is the force acting on an object due to gravity (the pull of the gravitational foree on the object).
Close to Earth, this force is caused by the gravitational field around the Earth,

3) Gravitational field girenpth varies with location. It's gtronger the gloser you
are to the mass causing the field, and stronger for larger masses.

4) The weight of an object depends on the girength of the gravitational field at the location of
the object. This means that the weight of an object changes with its location.

5) For example, an object has the game mass whether it's on Earth or on the Moon — but its waight
will be different. A1 kg mass will weigh legs on the Moon (about 1.8 N) than it does on Earth
(about 9.8 N), simply because the gravitational fisld strength on the surface of the Moon is logs.

6) Woeight is o force measured in newtons. You can think of the force as acting
from a gingle point on the object, called its centre of mags
(a point at which you assume the whole mass is concentrated).

For a uniform object (one that's the same density, p.38, throughout ' I
Sl

centre of mass

and is a regular shape), this will be at the centre of the object. v\
7) Weight is measured using a calibrated gpring balance {or newtonmeter).

8) Mass is not a force. IW's measured in kilograms with a mass balance
(an old-fashioned pair of balancing scales).

wrlght

Mass and Weight are Directly Proportional

1) You can calculate the weight of an object if you know its mass (m)
and the strength of the gravitational field that it is in (g):

Weight (N) = Mass (kg) x Gravitational Field Strength (N/kg)

2) For Earth, g = 9.8 N/kg and for the Moon it's around 1.6 N/kg.
Don't worry, you'll always be given a value of g to use in the exam.

3) Increasing the mass of an object increases its weight. If you double the mass, the
weight doubles too, so you can say that weight and mass are directly proportional.

4) You can write this, using the direct proportionality sumbol, as W = m.

I don’t think you understand the gravity of this situation...
Remember that weight is a force due to gravity that acts from an object’s centre of mass. It changes depending on
the strength of the gravitational ficld the object is in (and is dircetly proportional to the mass of the object too).
0l Calculate the weight in newions of a 3 kg mass:
a) on Earth (g = 9.8 N/kg) by on the Moon (g = 1.6 N/kg) [4 marks]
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Resultant Forces and Work Done

I'm sure you're no stranger to doing work, but in phygics it's all to do with overall forces and energy.

Free Body Diagrams Show All the Forces Acting on an Object

1)

2)

3)
4)

You need to be able to describe all the forces acting on an izolated object
or a systern (p.1) — i.e. every foree acling on the objeet or system but ba arag
none of the forces the object or system cxerts on the rest of the world. '

For example, a skydiver's weight acte on him pulling him towarde the ground and

drog (air resistance) also acts on him, in the opposite direction to his motion.

This can be shown using a {ree body dingram like the one on the right.

The cizes of the arrows show the relotive mognitudes of the forces and weignt
the directions show the directions of the forces acting on the object.

A Resultant Force is the Overall Force on a Point or Object

N
2)

3)
4)

In most real situations there are at least wo forces acting on an object along any direction.

If you have a pumber of forces acting at a single point, you can replace them with a gingle force
(80 long as the single force has the game effect as all the original forces together).

This gingle force i called the regultant foroe. (Thee's a downward resltant fosce acting an the spdier above )

If the forces all act along the game line (they're all parallel), the oyerall effect is found by
adding those going in the game direction and gublracting any going in the opposite direction.

m For the following free body diagram, calculate the resultant force acting on the van.

1) Consider the horzontal and Vertical: 1500 = 1500 =0 N

2) State the size and direction The resultant force is 200 N to the left.

1500 N

vertical directions separately Horizontal 1200 - 1000 N = 200 N 1200 N 1000 N

of the resultant force,

If A Resultant Force Moves An Object, Work is Done '

1
2)
3)
4)

5)
6)

When a forpe movee an object through a distance,

ENERGY I8 TRANSFERRED and WORK 18 DONE on the object.

To make something move (or keep it moving if there are frictional forges), a force must be applied.
The thing applying the force needs a source of enerpy (like fuel or food).

The force does 'work’ to move the object and energy is transferred from one gtore to another (p.N).

Whether energy is transferred "usefully’ (e.g. lifting a load) or is 'wasted’ (p.14) you can still say that

'‘work is done'. Just like Batman and Bruce Wayne, "work done' and ‘energy transferred’ are the same.

When you push something along a rough surface (like a carpet) you are doing work against frictional
forges. Energy is being transferred to the kinetic energy store of the object because it starts moving,
but some is also being transferred to thermal energy stores due to the friction. This causes the

overall femperature of the object to increase. (Like rubbing your hands together to warm them up.)

You can find out how much work has been done using: - Force (N)

One joule of work is done when a force of one newton causes Dictanse
an object to move a distance of one metre. You need to Work {moved along the line of
be able to convert joules to newton metres: 1J = 1 Nm. done () action of the force) (m)

Consolidate all your forces info one easy-to-manage force...

Free body diagrams make most force questions easier, so start by sketching one. Then get to work.

Q1

A force of 20 N pushes an object 20 cm. Calculate the work done on the object. [3 marks]
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Calculating Forces

Qcale drawings are useful things — they can help you resolve forces or work out the resultant force.

Use Scale Drawings to Find Resultant Forces

1) Draw all the forces acting on an object, to scale, 'tip-to-tail'.
2) Then draw a gtraight line from the start of the first force to the
end of the lagt force — thie ie the regultant force.

3) Measure the length of the resulfant force on the diagram to find
the magnitude and the angle o find the direction of the force,

m A man is on an electric bicycle that has a driving force of 4 N north, However, the wind

produces a force of 3 N east. Find the magnitude and direction of the resultant force.

1) Start by drawing a scale drawing of the forces acting, 3 em 1" T
2) Make sure you choose a sensible scale (eg 1 cm =1 N). drawn to seale
3} Draw the J-_;;_p_ﬂgﬂl, from the tail of the first Fi= o/ Rasdltars
arrow to the tip of the last arrow. i FORTAa
4) Measure the length of the resultant with a ruler and use the R BN
scaletoifind the forceana e | VT T VETVTVRITTrTonyt Trg 37 .
= A |Jr..r|r-.gj 1% An .|||.'!,|r matasured -— e "'-hf
5) Usea RICLEACKOL L0 MEASUFE = clockwise from north, given as a = o Resultant force is 5 N
the direction as a bearing. = 3 digt number, 0g 10% = 010° 5 1 on a bearing of 037°,
AR AR AN RN AN A
An Object is in Equilibrium if the Forces on it are Balanced
1) If all of the foroes acting on an object combine to give Bt swilibiim -
a resultant force of zero, the object is in equilibrium. e - S
2) On a geale diagram, this means that the fip of the lagt force you : oA
draw should end where the fail of the first force you drew begins.
E.g. for three forces, the scale diagram will form a triangle. Tip-to-tail the
3) You might be given forces acting on an object and told to find a missing force, forces join up
given that the object is in equilibrium. To do this, draw out the forces you do Fr F,
know (to gcale and fip-to-tail), join the end of the |\, (v, < —a
lagt force to the start of the first force. = Wake sure you draw the -?tt : e "']mlm.!
This line is the missing force so you can Tl M rgloamalan e = iy

in the opposite direction ks b
draw a resultant farce
YIRRTR LR ARRARR

measure its size and direction,

W

Wy ETLres

‘-,-n;:lfd
ARERRERRY

k]

You Can Split a Force into Components |

2) To make these easier o deal with, they can be split into two components
at righ! angles to each other (usually horizontal and vertical). E

3) Acting fogether, these components have the same effect as the single force.
4) You can recolve a force (split it into components) by drawing it on a zcale

grid. Draw the force to ccale, and then add the horizontal and vertical
components along the grid lines. Then you can just measure them.

1) Not all forces aet horizontally or vertically — some aot at awkward angles.

vertical
component

horizontal
component

Don’t blow things out of proportion — it’s only scale drawings...
Keep those pencils sharp and those scale drawings accurate — or vou’ll end up with the wrong answer.
1 A toy boat crosses a siream. The motor provides a 12 N driving force to the north. The river’s

current causes a force of 5 N wesi (o act on the boat. Find the magnitude ol the resultant force.  [2 marks]
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Forces and Elasticity

Stretching, Compressing or Bending Transfers Energy

1) When you apply a force to an object you
may cause it to gtrelch, compress or bend. F
2) To do this, you need more than one force acting F-%
on the object (otherwise the object would simply move in

the direction of the applied force, instead of changing shape).

3) An object has been elastically deformed if it can go back to ite
original shape and length after the force has been removed. F

4) Objects that can be elastically deformed are called glagtic objects (e.g. a spring).
§) An object has been inelagtically deformed if it doesn't return to its

original shape and length after the force has been removed. { .
6) Work is done when a force stretches or compresses an object and

causes energy to be transferred to the glagtic potential energy store

of the object. I it Is elagtically deformed, ALL this energy is transferred
Extension is Directly Proportional to Force...
If & spring is supported at the top and then a weight is attached to the bottom, it glretches.

1) The extension of a etretched spring (or other elastic object) is
directly proportional to the load or force applied — so F « a.

2) This is the equation:

to the object's elastic potential energy store (see p.12).
E

wtension (m)

= 3) The spring constant depends on the material that you are
=1 Extension, stretching — a gtiffer spring has a greater spring constant.

4) The eqguation also works for gcompression (where e is just the difference
between the natural and compressed lengths — the compression).

Force, F

Spring constant (N/m)
Natural -

length
!

Force, F

..but this Stops Working when the Force is Great Enough

There's a limit to the amount of force you can apply to an object for
the extension to keep on increasing proportionally.

1) The graph shows force against extension for an elastic object.

2) There is a maximum force above which the graph curves, showing P
that extension is no longer proportional to force. This is known as the
limit of proportionality and is shown on the graph at the point marked P.

3) You might see graphs with these axes the other way around
— extension-force graphse. The graph still starts has a
straight part, but starts fo curve upwards once you go
past the limit of proportionality, instead of downwards.

Force

.
L

Extension

I could make a joke, but I don’t want to stretch myself...
That cquation is pretty simple, but that doesn™ mean you can skip over it. Have a go at the guestion below,
1 A spring is fixed at one end and a force of 1 N is applied to the other end, causing it to streich.
The spring extends by 2 cm. Calculate the spring constant ol the spring. [4 marks]
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Investigating Springs

You Can Investigate the Link Between Force and Extension
Set up the apparatus as shown in the diagram. Make sure you have plenty

of extra masses, then measure the mass of each (with a mass balance) fimed ruler
and caleulate ite weight (the force applied) using W = mg (p.52). prns .{ }',-‘""'

You could do a quick pilot experiment first fo check your masses are a good size:

*  Using an identical spring to the one you'll be testing, load it with masses one at a
time up to a total of five. Measure the extension each time you add another mass.
*  Work out the increase in the extension of the spring for each of your masses. | :r_
If any of them cause a bigger increase than the previous masses, you've gone ‘-_—-W\L
past the spring’s limit of proportionality. If this happens, you'll need to use E (B rarg

gmaller magses, or else you won't get enough measurements for your graph. it e

masses B

1) Measure the patural length of the spring (when po load is applied) with a i . -
millimetre ruler clamped to the stand. Make sure you take the reading at f
eye level and add a marker (e.g. a thin strip of tape) to the bottom weighted stand
of the spring to make the reading more acourate. SR M e

2) Add a mass to the spring and allow it to come o rest. Record the mass and = deformation is ¢ :, ,”_,,
maeasure the new length of the spring. The extension is the change in length. inelastic, you ean remove

" . gach mass Ler Fill d =
3) Repeat this process until you have enough measurements (no fewer than 6). = 0 7" omrerany and

= chitck the Spring goes bagk _.
4) Plot a force-extension graph of your results. "-":_’_‘T\ I
AR A AN INY v
It will only start to gurve if you exceed the limit of proportionality, it il U L
but don't worry if yours doesn't (as long as you've got the straight line bit), 3" ;

*  When the line of best fit is a gtraight line it means there is a linear
relationship between foree and extension (they're directly proportional,
see previous page). F = ke, so the gradient of the straight line is
equal to k, the gpring congtant.
*  When the line begins to bend, the relationship is now non-linear between force
and extension — the epring stretches more for each unit increase in force.

i Lape (to
mark end

of springl
g

W

Extension [m)
You Can Work Out Energy Stored for Linear Relationships |

I:' Aslungaaaapringis not stretched [_Pf_'l:"ﬂ HB.|.|_I_|_1!1 RALRRR RN R AR RARRRAN AR NN ENRANANT)

of proportionality, the work done in stretching = The energy in the elastic o -
i H 1 bt natential energy store 7 Fi -

or compressing) a spring can be found using: = B o y :
l P n'g:' P E ) g - of a stretched spring -
SFrmg canstant [Nf"l"ﬂ_] = equal to the area undér a P _‘

= force-extension graph up A =

Elastic potential o to that point: \‘_kj ___ g

= Estensan P

energy () Extension (m) N LT R TR R R R s

2) For elastic deformation, this formula can be used to calculate the energy stored in a
spring's elastic potential energy store. I's also the energy transferred to the spring
as it's deformed (or {ransferred by the spring as it returns 1o Hs original shape).

Time to spring into action and learn all this...

Remember that vou can only use the gradient to find the spring constant if the graph is lincar (a straight line).
1 A spring with a spring constant of 40 N/m extends elastically by 2.5 cm.
Calculate the amount of energy stored in its elastic polential energy store. [3 marks]
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Moments

Once you can calculate moments, you can work out if a seesaw is balanced. Useful thing, physics.

A Moment is the Turning Effect of a Force
A force, or several forces, can cause an object to rotate. The turning effect of a force is called its moment.

The size of the moment of the force is given by: T
Moment of a force (Nm) Distance (m) the perpendicular distance fron
the pivot to the line of action of the force
1) The force on the spanner causes a turning effect or moment on € Distance R Pt
the nut (which acts as pivot). A larger force or a longer "".'———-—.-‘""
distance (spanner) would mean a larger moment, %T — . \m
2) To get the maximum moment {or turning effect) you i

need to push at right angles (perpendicular) fo the spanner. Pushing at "
any other angle means a gmaller digtance, and so a gmaller moment. ™ =4,

If the total anticlockwise moment equals the total glockwise moment
about a pivot, the object is balanced and won't turn. You can use the

equation above to find a miseing foree or distance in these situations.
m A 6 m long steel girder weighing 1000 N rests horizontally on a pole 1 m from one end.

What is the tension in a supperting cable attached vertically to the other end?
1) For the girder to balance, the total anticlockwise

, F due |
moment should equal the total cockwise moment, T -hnl:::: In “h‘:'_ Cenire of moss
1000 x2=5xT am » 2 ) e ] =P
2)  Stick in the numbers you know and rearrange for T K
T=2000 + 5 = 400 N Weight = 1000N  Pole (the pivot)

Levers Make it Easier for us to Do Work |

Faorce
Levers increase the distance from the pivot at which
the force is applied. Since M = Fd this means
less force is needed to get the same moment.

This means levers make it eagsier to do

work, e.g. lift a load or turn a nut. Load

Pt

Load

Gears Transmit Rotational Effects

1) Gears are circular discs with "teeth’ around their edges.
2) Their teeth interlock so that turning one causes another to turn, in the opposite direction.
3) They are used to transmit the rotational effect of a force from one place to another.

4) Different sized gears can be used to change the moment of the force.  aag™,
A force transmitted to a larger gear will cause a bigger
moment, as the distance to the pivot is greater. ;3?&
b

5) The larger gear will turn slower than the smaller gear.

Don’t get in a spin — gear up for some more physics...
Moments can be used in lots of different situations, so get your head around them sooner rather than later.

01 Your brother weighs 300 N and sits 2 m rom the pivot ol a seesaw. 11 vou weigh 600 N,
what distance from the pivot, on the other side of the seesaw, should vou sit to balance it? [3 marks]
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Fluid Pressure

Hopefully reading this page will make you feel a little less pressured about your physics exam.

Pressure is the Force per Unit Area

LA

= A fwid s either a 2

1) Fluids are substances that can ‘flow’ because their particles are able to move around. - )
2) As these particles move around, they collide with surfaces and other particles. e

3) Particles are light, but they sfill have a mass and exert a force on the object ihau collide
with. Pressure is force per unit area, so this means the pariiclua exert a pregggg

4) The pressure of a fluid means a force is exerted normal

(at right angles) to any surface in contact with the fluid,
5) You can caleulate the pressure at the gurface of a fluid by using: R
Force normal to
Pressure in & surtade (N)

pascals (Pa) Area of that surface (m?) Farce

Pressure in a Liquid Depends on Depth and Density

1) Dengity is a measure of the gnlrnEs!g,gh;qe.u-'*,,gE of n substance, i.e. how glose together the particles
in a substance are (p.38). For a given liquid, the density is uniform (the game everywhere) and

it doesn't vary with ghape or gize. The rJanf;Hg of a gag can vary though (see next page).

2) The more denge a given liquid is, the more particles it has in a certain space.
This means there are more particles that are able to gollide so the pressure is higher.

3) As the depth of the liquid increases, the number of particles ghove that point increases. The weight
of these particles adds to the pressure felt at that point, so liquid pressure increases with depth.

4) You can calculate the pregsure at a certain depth due to the golumn of liquid above using:

Hﬂighl af the column of quuid (the dr:ptl"l} in m T I LR A RA Y
: n Earth, g = 98 MNika -
Pressure (Pa) m Gravitational field strength (N/kg) ";;lfju -.'l- S
Density of the liquid (kg/m’) (the symbol is the Greek letter “rho’)
m Calculate the change in pressure between a point 25 m below the surface of water

and a point 45 m below the surface, The density of water is 1000 kg/m’,

1) Caleulate the pressure caused by the p = hpg = 25 » 1000 « 98 s gt
water at a depth of 25 m. = 245 00O Pa = Check your answer makes 5ense -_
2) Do the same for a depth of 45 m. p = hpg = 45 x 1000 = 9.8 = E‘.I"I" - I‘“EI‘J:: I'W;JTI i ,RIH,‘;-',IIE.I. c
3) Take away the pressure at 25 m =44 000 Pa
from the pressure at 45 m. 441 00O - 245 OO0 =196 00O Pa (or 196 kPa)

You could write the answer above in standard form — it's a way of writing very big or very small
numbers. Numbers in etandard form always look like this:

Ais always a n is the number of places the decimal paint would meve if
number bmegm)ﬂnu wrote the number out fully. It's negative for numbers
1 and 10. less than 1, and positive for numbers greater than 1.

8o 200 000 Pa would be written as 2 * 10° Pa in standard form.

So a gas is a fluid — next they’ll be telling me custard is a solid...
Pressure = force + area doesn’t just apply to fluids — it's true for any situation a force acts on an area
Q1 Calculate the force exerted on a 10 m? area by a pressure of 200 kPa. [3 marks]

Q2 At a point 3.0 cm below the surface of a jug of olive oil, the pressure due to the oil is 450 Pa.
Calculate the density of olive oil. The gravitational field strength of Earth is 9.8 N/kg. [3 marks]
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Upthrust and Atmospheric Pressure

Fluid pressure can explain why potatoes gink and apples float. Because you've been dying to know...

Objects in Fluids Experience Upthrust
rl-.-.llp Pineapple displaces

1) When an object is submerged i a fluid (either partially or completely), this much water

the prezzure of the fluid exerts a force on it from every direction,
ﬂj Pressure increases with depth, so the force exerted on the botHom

of the object is larger than the force acting on the top of the object.
3) This causes a resultant foree (p.63) upwards, known as upthrust,

4) The upthrust is equal to the weight of fluid that has been dizploced i el
(pushed out of the way) by the object. E.g. the upthrust on a pineapple B gh. L! this
in water is equal to the weight of a pineapple-shaped volume of water. vrmm amount of wales

An Object Floats if its Weight = Upthrust |

1) I the upthrugt on an object is equal to the object's weight, then the forces balance and the object floats.

2) If an object's weight is more than the upthrust, the object ginks.

3) Whether or not an object will float depends on ite dengity.

4) An object that is less dense than the fluid it is placed in waighs less than the aquivalent volume of fluid.
This means it digplaces a yolume of fluid that is equal to its weight before it is gompletely submerged.

5) At this point, the object's weight is equal o the upthrust, so the object floats.

6) An object that is denger than the fluid it is placed in is unable to displace enough fluid to equal
ite weight. Thie means that ite weight is always larger than the upthrust, so it ginks.

This much water

weighs (e game
as the whole apple

This much water weighs
Ihe agple has lgss than & patats
dl::l:.l.?ql'_['fl ] '|.'|_'|||.|r||l_' “.'L.||.||'|r' I'.llf '.l'l.'ltn.'l.('
of water ggual 1o its i denser than water)
wreghl o b Hoals

The potato can
never daplace a

volume of water
equal to its -\...r.q]h*.,
50 It snks

because the apple is
lese dense than water]

Qubmarines make use of upthrust. To sink, large tanks are filled with water to increase the
weight of the submarine so that it is more than the upthrust. To rise to the surface, the
tanks are filled with compressed air to reduce the weight so that it's less than the upthrust.

Atmospheric Pressure Decreases with Height

i ik o
1) Th}e airﬁnusphara is a layer u.{" air that surrounds Earth. high 4 Hiahakmtahions
It ie thin compared to the size of the Earth. v pressure
2) Atmospheric pressure is created on a surface ¢
by air molecules colliding with the surface. ;7
3) As the altitude (height above Eatth) increases, i Low atmaspheric
atmospheric pressure decreases. £ o
4) This is because as the altitude increases, | *
oW
the atmosphere gets lese dense, so there are o e : veally high up
fewer air molecules that are able to collide with the surface. eleabion

5) There are also fewer air molecules above a surface as the height increases. This means that the
weight of the air above it, which contributes to atmospheric pressure, decreases with altitude.

Next time you’re feeling pressured go on a hike...
Atmospheric pressure and liquid pressure are similar — but the density of the atmosphere changes (unlike liquids).

0l Explain why a wooden object (p = 700 kg/m*) floats in water {(p = 1000 kg/m). [3 marks]
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Distance, Displacement, Speed and Velocity
Time for a quick recap on distance and speed. You should race through this page. On your marks...

Distance is Scalar, Displacement is a Vector

1) Distance is just how far an object has moved. 1t's a sealar quantity (p.51) so it doesn't involve direction.
2) Displacement is a vector quantity. It measures the distance and direction in a straight line from an object's
starting point to ite finishing point — e.g. the plane flew 5 metres north. The direction could be
relative o a point, e.g. towards the school, or a bearing (a three-digit angle from north, e.g. 035”).
3) If you walk 5 m north, then 5 m gouth, your digplacerment is O m but the distance travelled is 10 m.

Speed and Velocity are Both How Fast You’re Going

1) EBpeed and velooity both measure how fast you're going, but speed is a gealar and velocity is a vector:
Spead is just how fast you're going (e.g. 30 mph or 20 m/s) with no regard to the direction.

Velocity is speed in a given direction, e.g. 30 mph north or 20 m/s, 060°,

2) This means you can have objecte travelling at a gongtant speed with a gchanging velogity.
This happens when the object is changing direction whilst staying at the game speed.
An object moving in a gircle at o ponstant speed has a gonstantly changing veloeity,
as the direction is always changing (e.g. a gar going around a roundabout).

3) I you want to meagure the speed of an object that's moving with a gonstant speed, you should
time how long it takes the object to travel a certain digtance, e.g. using a ruler and a gtopwatch.
You can then galeulate the object's gpeed from your measurements using this formula:

g = distance travelled (m) = speed (m/s) X time (s)

4) Objects rarely travel at a gonstant speed. E.g. when you walk, run or travel in a gar, your speed is always
changing. For these cases, the formula above gives the average (mean) speed during that time.

You Need to Know Some Typical Everyday Speeds |

1) Whilst every person, train, car ete. is different, there is usually a typical speed that
each object travels at. Remember these typical speeds for everyday objects:

A person walking — 1.6 m/s A car — 25 m/s
A person running — 3 m/s A train — BB m/s
A person cycling — 8 m/s A plane — 250 m/s

2) Lots of different things can affect the speed something travels at. For example, the speed at which a
person can walk, run or cycle depends on their filness, their age, the distance travelled and the
terrain (what kind of land they're moving over, e.g. roads, fields) as well as many other factors.

3) It's not only the speed of objects that varies. The speed of sound (330 m/s in air) changes depending
on what the sound waves are travelling through, and the speed of wind is affected by many factors.

4) Wind speed can be affected by things like temperature, atmospheric pressure and if there are any
large buildings or structures nearby (e.g. foreste reduce the speed of the air travelling through them).

Ah, speed equals distance over time — that old chestnut...
Remember those typical speeds of objects — you might need to use them to make estimates.

(8] A sprinter runs 200 m in 23 s. Calculate his speed. [3 marks]
Q2 Marie walks her dog afier school. She takes a route of 1500 m that starts at and returns to her house.
State: a) the distance she travels b)) her displacement [2 marks]
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Acceleration

Uniform acceleration sounds faney, but it's just speeding up (or glowing down) at a congtant rate.

Acceleration is How Quickly You’re Speeding Up
1) Acceleration is definitely nof the same as velocity or speed. m
2) Acceleration is the change in velocity in a certain amount of time.
3) You can find the average acceleration of an object using:

A cat accelerates at 2.5 m/s*
from 2.0 m/s to 6.0 m/s.

Find the time it takes to do this.
Change in velocity (m/s) i A

=(6.0-20)+25=16s

Acceleration (m/s*)
Time (s)

4) Deceleration is just negative acceleration (if something clows down, the change in velocity is negative).

You Need to be Able to Estimate Accelerations

You might have to estimate the agceleration (or degeleration) of an object.
To do this, you need the typical speeds from the previous page:

A car is travelling along a road, when it collides with a tree and comes to a stop.

Estimate the deceleration of the car. The typical speed of a car is =25 m/s.
1) First, give a sensible speed for the car to be travelling at.  The car comes to a stop in =1 s,
2) Mext, gatimate how lang it would take the car to stop. am Av+ ¢ ST e
3} Put these numbers into the acceleration equation. = (=25) + 1 = :.Fplrl--..:.:f--l-lI.}rl:lw.-l.lll!-\.l.-”t:;“: _‘: r,r -
4) The question asked lor the deceleration, so you can lose = ~25 m/s’ SALLLLULLLLLLLLELLLLEV ) 110
the minus sign (which shows the car is slowing down): So the deceleration is ~25 m/s’

Uniform Acceleration Means a Constant Acceleration

1) Constant acceleration is sometimes called uniform acceleration.

2) Acceleration due o gravity (g) is uniform for objects in free fall. ‘s roughly equal to 9.8 m/s*
near the Earth's surface and has the same value as gravitational field strength (p.52).

3) You can use this equation for uniform acceleration:

Acceleration (m/s’) Mg,
3 : = Initral velogity is st =
Final velocity ’

(rm/s)

i = the starting velgei
Distance (m) = starting velocity

-
/.'l V)

or .*h:_- -':hl.:.:"
YR FAVERTRT RIS

Initial velocity (m/s)

m A van travelling at 23 m/s starts decelerating uniformly at 2.0 m/s* as it heads towards
a built-up area 112 m away. What will its speed be when it reaches the built-up area?

1) First, rearrange the equation se v is on one side. V= + 2as

2) Now put the numbers in — remember a is vV =23+ (2 x =20 x112)
negative because it's a deceleration. = 81

3} Finally, sguare root the whole thing, v= /81 =9 mfs

Uniform problems — get a clip-on tie or use the equation above...

You might not be told what equation 1o use in the exam, so make sure yvou can spot when o use the equation lor
untform acccleration. Make a list of the information you're given to help vou see what to do.

Q1 A ball is dropped from a height, /i, above the ground. The speed of the ball just before it hits the ground is
7 mis. Calculate the height the ball is dropped from. {(acceleration due to gravity = 9.8 m/s*)  [3 marks]
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Distance-Time and Velocity-Time Graphs

You need to be able to draw and interpret distance and velogity-time graphs.

You Can Show Journeys on Distance-Time Graphs

If an object moves in a siraight line, its distance travelled can be plotted on a distance-time graph.

4 Distance (m)

This is because: speed = distance + time

Stopped

/ Steady speed 4) Curves represent acceleration or deceleration (p.61)

Time (s) ° 6) A levelling off curve meane it's glowing down.

7) If the object is changing speed (accelerating) you can find ite speed at a point
by finding the gradiant of the tangent to the curve at that point, p.7.

You Can Also Show them on a Velocity-Time Graph
How an object's velocity changes ag it travels can be plotted on a velocity-time graph.

1) Gradient = agceleration, since acceleration is change in velocity + fime.

2) Flat seclions represent travelling ot o gleady speed. T Welocity (mis)
3) The gteeper the graph, the greater the Steady speed

aceeleration or deceleration.
4) Uphill sectione (/) are geeeleration. Steady speed
B) Downhill sections (\) are deceleration.
6) A curve means changing acceleration.

IF th draph 15 1|l'ke|i. YO AN LAE A t.llln_'!l'rll La the curve

Increasing \
acceleration 1

Canstant \
accelerabion II".

at a poirk te find the acceleration at that Paank,

= (change in vertical axis) + (change in horizontal axis).
{\oturang 2) Flal sections are where it's gtationary — it's stopped.

3) Straight uphill sections mean it is travelling at a gteady speed.

\  Constant
II". deceleration

> Time (s)

Crecelerating 1) Gradient = speed. (The steeper the graph, the fagter it's going.)

& 5) A gleepening curve means it's gpeeding up (increasing gradient).

7) The area under any section of the graph (or all of it) is equal to the distance travelled in that fime interval,

8) If the section under the graph is irregular, it's easier to find the area by gounting the
squares under the line and multiplying the number by the value of one square.

m The velocity-time graph of a car's journey is plotted. Velocity (m/s)
L

a) Calculate the acceleration of the car over the first 10 s.
b) How far does the car travel in the first 15 s of the journey? 20} - - - - -

a) This is just the gradient of the line: a=Av+t=20 + 10 = 2 m/fs?

i
I
b) Split the area into a triangle and a Area = (% = 10 = 20) + (5 = 20) 10 :
rectangle, then add together their areas. =200 m I
Or find the value of one square, count the Tsqguare=2mfsx1s=2m p 5 l:j E
total number of squares under the line, and Area = 100 squares Time (s}
then multiply these two values together. =100 x 2=200 m

Understanding motion graphs — it can be a real uphill struggle...

Make sure vou know the difference between distance-time and veloeity-time graphs, and how to interpret them.

Ql Sketch the distance-time graph for an object that accelerates before travelling at a steady speed. [2 marks]

Q2 A stationary car starts accelerating increasingly for 10 s until it reaches a speed of 20 m/s. It travels at

this speed for 20 s until the driver sees a hazard and brakes. He decelerates uniformly,
coming 1o a stop 4 s after braking. Draw the velocity-time graph for this journey.
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L L3
Terminal Velocity
Ever wondered why it's so hard to run into a hurricane whilst wearing a sandwich board? Read on to find out...

Friction is Always There to Slow Things Down

1) If an object has no force propelling it along it will always slow down and stop because of friction
(unlegs you're in epace where there's nothing to rub against).

2) Friction always acts in the opposite direction o movement.

3) To travel at a gteady speed, the driving force needs to balance the frictional forces (see next page).

4) You get friction between two surfaces in contact, or when an object passes through a fluid (drag).

Drag Increases as Speed Increases |

1) Drag is the registance you get in a fluid (a gas or a liquid). Air resistance is a type of drag.
2) The most important factor by far in reducing drag is keeping the shape of the object gtreamlined.
Thie i where the object is designed to allow fluid to flow easily across it, reducing drag. _
Parachutes work in the opposite way — they want as much drag as they can get. ﬂ
3) Frctional forces from fluids alwaye increase with speed. A car has much more friction - e

to work againgt when travelling at 70 mph compared to 30 mph. 8o at 70 mph ol iy
the engine has to work much harder just to maintain a steady speed.

Objects Falling Through Fluids Reach a Terminal Velocity

by

When a falling object first gets off, the force of gravity is much mo 1
than the friclional force slowing it down, so it aceelerates.

Ag the gpeed increases the friction builde up. This gradually reduces
the acceleration until eventually the frictional force is equal to the

accelerating force (so the resultant force ie zero). It will have reached

ite maximum speed or {erminal velocity and will fall at a steady speed.

Maimum speed or Lerminal velooty

Velocity (m/s)

L3

Thenir (5]
Terminal Velocity Depends on Shape and Area
The accelerating force acting on all falling objects is gravity

7 «f’; 7 mmn;;\ and it would make them all fall at the game rate if it wasn't for
i air resistance. This means that on the Moon, where there's
( -jl The difference s~ no_air, hamsters and feathers dropped simultaneously will hit
"« _\T -\[/ \'ﬁf the speed at which  the ground together. However, on Earth, gir resistance causes

/ that happens. thinge to fall at different speeds, and the ierminal velocity

of any object is determined by its drag in comparison to ite
weight. The frictional force depends on its shape and area.

The most important example is the human gkydiver. Without his

parachute open he has quite a area and a torce o
Is ; |' ch he h small d a force of
"W = mg" pulling him down. He reaches a terminal velocity of

about 120 mph. But with the parachute open, there's much more
{rbath <t air resistance (at any given speed) and sfill only the same force
R=W v'v weigni "W = mg" pulling him down. This means his ferminal velocity comes
dcrwn to about 1S mph, which is a safe speed to hit the ground at.

Learning about air resistance — it can be a real drag...
Learn what terminal velocity is and why it happens, it’s a term that crops up a fair bit in physics.

8] Explain why a ball falling from the top of a tall building reaches terminal velocity. [4 marks]
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Newton’s First and Second Laws

In the 1660s, a chap called lsaac Newton worked out his dead useful Laws of Motion. Here are the first fwo.

| A Force is Needed to Chan_g_re Motion

This may seem simple, but it's important. Newton's First Law says that a resultant
force (p.53) is needed to make something start moving, speed up or slow down:

FIAFEIFA S

(RULOLQTRIa] |

If the resultant force on a glationary object is zero, the object will

remain stationary. If the resultant force on a moving object is zero, it'll

just carry on moving at the same velocity (same speed and direction).
8o, when a train or car or bus or anything else is moving at a constant velocity, _Jm#

the resistive and driving forces on it must all be balanced. The velocity will only

change if there's a non-zero resultant force acting on the object.
1) A non-zero resultant force will always produce aceeleration (or deceleration) in the direction of the force.
2) This "acceleration” can take five different forma: starting, EAWiFVEAFA LB

stopping, speeding up, slowing down and changing direction. _ —
3) On a free body diagram, the arrows will be unequal. ._'“ FARATIE) g

Acceleration is Proportional to the Resultant Force

1) The lurger the resultant force acting on an object, the more the object accelerates
— the force and the acceleration are direolly proportional. You ean write this as F « a.

2) Acceleration is also inversely proportional to the mass of the object — so an object with a larper
mass will accelerate locs than one with a smaller mass (for a fixed resultant foree).

3) Thera's an incredibly useful formula that desoribes Newlon's Second Law:

Acceleration (m/s’)
Resultant force (M) —m\/
Mass (ka)
m A van of mass of 2080 kg has an engine that provides a driving force of 5200 N.

At 7O mph the drag force acting on the van is 5148 N. Find its acceleration at 70 mph.

1] Work out the resultant force on the van, Resultant force = 5200 — 5148 =62 M
(Drrawing a free body diagram may help.) A= i m
2) Rearrange F = ma and stick in the values you know. =52 + 2080 = 0.025 m/s’

You can use Newton's Second Low to get an idea of the forces involved in everyday transport.
Large forces are needed to produce large accelerations:

W Estimate the resultant force on a car as it accelerates from rest to a typical speed.

1) Estimate the acceleration of the car, A typical speed of a car is ~25 m/s.
using typical speeds from page 60. It takes ~10 s to reach this.
(The ~ means approximately.) Soga=Av+ t=25+10 =25 m/s’
2) Estimate the mass of the car. Maszs of a car is <1000 kg.
3) Put these numbers into ns 2nd Law.  So using F= ma=1000 x 25 = 2500 N

So the resultant force is =2500 M.

Accelerate your learning — force yourself to revise...

Short and sweet, just how [ like my cquations. Unfortunately you can’t get away with just learning those symbols
— make sure you've got vour head around both of those laws, before moving on to Newton's third and final law.
Q1 Find the force needed for an 80 kg man on a 10 kg bike to accelerate at .25 m/s*. [2 marks]
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Inertia and Newton’s Third Law

Inertia and Newlon's Third Law can seem simple on the surface, but they can quickly get confusing.
Make sure you really understand what's going on with it — especially if an object is in equilibrium.

Inertia is the Tendency for Motion to Remain Unchanged

1) Until acted upon by a resultant force, objects at rest glay at rest and
objects moving at a steady speed will gtay moving at that speed (Newton's First Law).
This tendency to continue in the game state of motion is called inertia.

2) An object's inertial mase measures how difficult it is to change the velocity of an object.

83) Inertial mass can be found using Newton's S8econd Law of F = ma (previous page).
Rearranging this gives m = F + a, so [nertial mass ie just the ratio of force over acceleration.

Newton'’s Third Law: Equal and Opposite Forces Act on Interacting Objects

Newton's Third Law says:

When two objects intaract, the foroes they
exert on each other are aqual and opposite.

1) If you pugh something, say a shopping trollay, the trolley will push back against you, just as hard.

2) And as soon as you glop pushing, so doss the trolley. Kinda clever really.
3) 8o far so good. The slightly tricky thing to get your head round is this
— if the forces are alwaye equal, how does anything ever go anywhere?
The important thing to remember is that the fwo forces are acting on different objects.

Bkater B

Suiar A When skater A pushes on skater B, she feels an equal and

opposite force from skater B's hand (the 'normal contact’
force). Both skaters feel the same sized force, in opposite
directions, and so accelerate away from each other.

Bkater A will be aggelerated more than skater B, though,
because she has a smaller mass — remember g = F + m.

An example of Newton's Third Law in an equilibrium situation is a

man pushing against a wall. As the man pushes the wall, there Push
is a pormal contact force acting back on him. These two forces

are the same size. As the man applies a force and pushes
the wall, the wall ‘pushes back' on him with an equal force.

It can be easy to get confused with Newton's Third Law
when an object is in equilibrium. A book resting on the
ground ig in equilibrium. The weight of the book is equal

to the normal contact force.

But this iz NOT Newton's Third Law because the two forces
are different types, and both acting on the book.

Newton’s fourth law — revision must be done with tea...

Newton’s 3rd law really trips people up, so make sure you understand exactly what the forces are acting on and
how that results in movement (or lack of it). Then have a crack at this question to practise what you know,

Q1 Explain why you don’t move when you lean on a wall, even though you are exerling a force. [3 marks]
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. Investigating Motion

Qure, you can learn the different laws of motion, but doing an expetiment for yourself can really help you to
understand what's going on. Read on for some snazzy ways to test how mass and force affect motion.

You

can Investigate how Mass and Force Affect Acceleration

It's time for an experiment that tests Newton's 2nd law, F = ma (p.84).

1

2)
3)
4)

5)

6)

7

8)

1)

2)

Newton’s Second Law Can Explain the Results

1)
2)

3)

My

K now
01

Topic §

Set up the apparatus shown below. Set up the trolley so it holds a piece of card with a gap in the
middle that will interrupt the signal on the light gate twice. If you measure the length of each bit

of card that will pass through the light gate and input this into the goftware, the light gate can
measure the velocity for each bit of card. 1t can use this to work out the acceleration of the trolley.

Connect the trolley to a piece of string that goes over a pulley and is connected on the

other side to a hook (that you know the mags of and can add more masges fo).

The weight of the hook and any masses attached to it will provide the accelerating

force, equal to the mags of the hook (m) x acceleration due to gravity (g).

The weight of the hook and masses accelerates both the trolley and the masses, so you

are investigating the acceleration of the system (the trolley and the masses together).

Mark a glarting line on the table the trolley light gate cannected

is on, so that the trolley always travels ta data logger

the game digtance to the light gate, ARSI}

Place the trolley on the glarting line, holding  trelley of

the hook so the string is taut (not loose Anp RN

and touching the table), and release it. | . |~

Record the acceleration measured by the light st u—-ﬁ line

gate as the trolley passes through it. This

i the acceleration of the whole systen. hask of known mass -._..é
E

Repeat this twice more fo get an average acceleration.
To investigate the effect of mass, add masses to the frolley one at a time

piece of card

piiiley

to increase the mass of the system. Don't add masses to the hook, or SR 0,

you'll change the force. Record the average acceleration for each mass. - The

= and the bench might affect your

To investigate the effect of force, you need to keep the total mass of the = acceleravion measirems bring, b

system the game, but ghange the mase on the hook. To do this, start
with all the masses loaded onto the trolley, and transfer the masses to
the hook one at a time, to increase the accelerating force (the weight of =, ,f,rr'f'ff il et
the hanging masses). The mass of the system stays the same as you're .
only transferring the masses from one part of the system (the trolley)

to another (the hook). Record the average acceleration for each force.

could use an air track to rechice
this fictian (a track which he

St

Newton's Second Law can be written as F = ma. Here, F = weight of the hanging
masses, m = mass of the whole system and a = acceleration of the system.

By adding masses to +h& trolley, the mass of the whole system increases, but the force applied to the

system stays the same. This should lead to a decrease in the acceleration of the trolley, asa = F = m.

FHjng

d
riction he tween the lra Ir.r -

By trancferring masses in the hook, you are increasing the accelerating force without changing the mass

of the whole system. So increasing the force should lead to an increase in the acceleration of the trolley.

acceleration increases with nearby cake...

the ins and outs of that experiment — you could be asked about any part of it or to describe the whole thing,
Explain how a light gate can be used 1o measure the acceleration of a trolley. [3 marks]
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Stopping Distances
Knowing what affects stopping distances is especially useful for everyday life, as well as the exam.

Man__r Factors Affect Your Total Stopping Distance |

1) In an emergency (e.g. a hazard ahead in the road), a driver may perform an emergency stop. This is
where maximum force is applied by the brakes in order to stop the car in the shortest possible distance.

The longer it takes to perform an emergency stop, the higher the rigk of crashing into whatever's in front.
2) The distance it takes to stop a car in an emergency (its stopping distance) is found by: H.‘,E.E}m&

Stopping Distance = Thinking Distance + Braking Distance
Where the THINKING DISTANCE is how far the car travels during the driver's reaction fime

(the time belween the driver geeing a hazard and applying the brakes). And the BRAKING
DISTANCE is the distance taken to stop under the braking force (once the brakes are applied).

Typical car braking distances are: 14 m at 30 mph, 55 m at 60 mph and 75 m at 70 mph.
Thinking distance is affected by:
*  Your SPEED — the faster you're going the further you'll travel during the fime you take to react.

*  Your REACTION TIME — the longer your reaction time (see p.68), the longer your thinking distance.

!:':'.:LH:LI_ izbaro it I]r‘rﬁl}lﬂ{:l hH:

*  Your SPEED — for a given braking foree, the [naler o vehicle travels, the lonpor it takes to stop.

*  The WEATHER or ROAD SURFACE — if it is wet or icy, or there are leaves or ol on the road, there is
loss grip (and so less {riction) between a vehicle's fyres and the road, which can cause fyres to okid,

*  The CONDITION of your TYRES — if the tyres of a vehicle are bald (they don't have iy tread laft)
then they cannot pol rid of water in wet conditions. This leads to them okidding on top of the water.

*  How good your BRAKES are — if brakes are worn or faulty, they won't be able to apply as much

{orce ag well-maintained brakes, which could be dangerous when you need to brake hard.

3) You need fo be able to degeribe the faglors affecting stopping distance and how this affects gafety
— especially in an emergency. E.g. icy conditions increase the chance of gkidding (and so
increase the stopping distance) so driving too glose fo other cars in icy conditions is yngafe.
The longer your stopping distance, the more gpace you need to leave in front in order to stop gafely.

4) SQpeed limits are really important because speed affects the stopping distance so much.

Braking Relies on Friction Between the Brakes and Wheels

1) When the brake pedal iz pushed, this causes brake pads to be pressed onto the wheels.
Thie contact causes [riction, which causes work to be done. The work done between
the brakes and the wheels transfers energy from the kinetic energy stores of the wheels
to the thermal energy stores of the brakes. The brakes increase in temperature.
2) The faster a vehicle is going, the more energy it has in its kinetic stores, so the more work needs to be
done to stop it. This means that a greater braking force is needed to make it stop within a certain distance.

3) A larger braking force means a larger deceleration. Very large decelerations can be dangerous because
they may cause brakes to overheat (so they don't work as well) or could cause the vehicle to gkid.

4) You can estimate the forces involved in accelerations of vehicles using fypical values:

m A car travelling at a typical speed makes an emergency stop to aveid hitting a hazard
25 m ahead. Estimate the braking force needed to produce this deceleration.

1]  Assume the deceleration is uniform, and v=~25 m/s m=-~1000 kg.
rearrange v — o' = 2as to find the deceleration. 5= (2 — ?) = 25 = (02 — 257) = (2 x 25) = —125
2) Then use F = ma, with m = <1000 kg. F=1000 x 125 =12 500 N, so Fis ~12 500 N

Stop right there — and learn this page...
Make surc you understand the difference between thinking and braking distance, and the factors affecting them.
Q1 Give one factor that affects braking distance. [1 mark]
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Reaction Times

Go long! You need fast reaction times to avoid getting hit in the face when playing catch.

Reaction Times Vary From Person to Person

Everyone's reaction time ig different, but a typical reaction time is between 0.2 and 0.9 s.
This can be affected by tiredness, drugs or alcohol. Distractions can also affect your ability to react.

You can Measure Reaction Times with the Ruler Drop Test

You can do gimple experiments fo investigate your reaction time, but as reaction times
are go short, you haven't got a chance of measuring one with a gtopwatch.

One way of measuring reaction times is to use a gomputer-based test
(e.g. glicking a mouse when the screen changes colour).
Another is the ruler drop test:
ruler h.|l|!'| g between

1)  Sit with your arm resting on the edge of a table thurb and forefinger
(this should stop you moving your arm up or down during the

test). Get someone else to hold a ruler so it hangs between your o= 9%
thumb and forefinger, lined up with zero. You may need a third

pergon to be at eye level with the ruler to check it's lined up.

2) Without giving any warning, the person holding the
ruler should drop it. Close your thumb and finger to -

&

|I|'|._|Ifr i e

wl.[h Fird

try to gateh the ruler as quickly ag possible. > ruler is dropped __:_'_‘5* ‘x-
3) The measurement on the ruler at the point where it is caught i Hilhout saing - Eag
how far the ruler dropped in the time it takes you to react.

ruler caught between

4) The longer the digtance, the longer the reaction time. thumb and finger
§) You can calculate how long the ruler falls for

(the reaction time) because acceleration due to gravity
is_constant (roughly 9.8 m/s%).

I1--.I.|r'-|:t Fallen

E.g. say you catch the ruler at 20 em. From p.B1 you know: v* - u* = 2as.
u=0,a=98m/fands=0.2m,80:v=/2x9.8x0.2+0 = 1.97... m/s
vig Bquui to the change in velocity of the ruler,

You also know: 8 = v + fs0f=Av+a=197. +98=0202.8=02s(to]s.f)
This givese your reaction time.

6) It's pretty hard to do this experiment accurately, so you should do a lot of repeats and calculate
an averape reaction time. The resulte will be better if the ruler falls straight down — you
might want to add a blob of modelling clay to the bottom to stop it from waving about.

7) Make sure it's a fair test — use the same ruler for each repeat, and have the game person dropping it.
8) You could try to investigate some factors affecting reaction time, e.g. you could infroduce distractions
by having some music playing or by having someone talk o you while the test takes place.

9) Remember to still do lots of repeats and calculate the mean reaction time with distractions,
which you can compare to the mean reaction fime without distractions.

Test a friend’s reaction time by throwing this book at them...

Not really. Instead re-read this page and make sure you can describe the experiment. Much more fun.

0l Mark’s reaction time is tested using the ruler drop test. He is tested in the carly afternoon and at night.
In the afternoon, he catches the ruler after it has fallen a distance of 16.2 cm. At night, he catches the ruler
after it has fallen 18.5 cm.

a) Calculate Mark’s reaction time in the afternoon. Give vour answer to 2 significant figures.  [3 marks]
b} Explain why Mark’s thinking distance might be longer when driving in the evening. [2 marks]
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More on Stopping Distances

8o now you know what affects gtopping distances, let's have a look at the facts and figures.

Leave Enough Space to Stop
1) The figures below for tupical stopping distances are from the Highway Code.

i i B
30 mph n 6 car

Hngthe Thinki Braking 1111,
di“‘l’ﬂﬂgﬁ diﬂ*ﬂmﬂlﬂ -:\ II I-_-I:'l.lrl"f Ilr;.:rll-;d;il ugdlonis

#
- ﬂl.--'\-.]\ =

16m 3Bm

= Ike Bad wessl -

13 oar = 4 ather and =

80 I‘I'lph n IBI’IE‘“'!B = rfoad coneitigng will make =
= Mopping ditances o =

lofiger [tee ga -
21m 76m L1V e page 67)

E“-Uﬂrl . "...'|.1I|||,|,._-.";
i III lengihs

2) To avoid an accident, drivers need to leave enough space between their car and the

one in front so that if they had to gtop suddenly they would have time to do so gafely.

'Enough space' means the gtopping distance for whatever speed they're going at.
3) Speed limits are really important because gpeed affects the stopping distance so much.

Speed Affects Braking Distance More Than Thinking Distance

1) As a cor gpeeds up, the thinking distance inoreages at the
game rate as speed. The graph is lingar (a straight line).
2) This is because the thinking time stays pretty
constant — but the higher the speed, the more
distance you cover in that same time.

3) Braking distance, however, increases fagler the more
you epeed up. The work done to stop the car is equal

to the energy in the car's kinetic energy store (Yamv?).

8o as speed doubles, the kinetic energy increases
4-fold (27), and so the work done to stop the car il
increases 4-fold. Since W = Fs (p.563) and the braking 0 a0 40 &80

force is constant, the braking distance increases 4-fold. / Speed (mph)

E 10t
% 80
2 6o
-4
o
9

[=3]

20

&
-

4) Slopping distance is a combination of these two distances (p.67) so
the graph of speed against gtopping distance for a car looks like this: ————

5) You need to be able to interpret graphs like this for a range of vehicles — they're all a similar shape.

m Below is a graph of stopping distance against speed for two vehicles, A and B. Compare the
stopping distance for both vehicles at a speed of 40 rnph. stapping distance (m) B
I A

1} Read off ’fhf gr_’aph to find Vehicle A stopping distance = 34 m
the stopping distance for Vehicle B stopping distance = 41 m
each vehicle at 40 mph.

2) Find the difference between 1 =34=Tm
these two values. So the stopping distance for vehicle B

is 7 m longer than for vehicle A,

If you live life in the fast lane — leave plenty of space in front...
You have to be comfortable finding information from graphs of stopping distance against speed, so practise It.
Q1 A driver performs an emergency stop. His thinking distance and braking distance are both 6 m.
Estimate his total stopping distance if he had been travelling three times as quickly. [4 marks]

Topic 5 — Forces
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Momentum

A large rugby player running very fast has much more momentum than a skinny one out for a Sunday
afternoon stroll. It's something that all moving objects have, so you better get your head around it.

Momentum = Mass X Velocity

Momentum is mainly about how much ‘gomph’ an object has. It's a property that all moving objects have.
1) The greater the mass of an object, or the greater its velocity, the more momentum the object has.

2) Momentum ie a vector quantity — it has size and direction.
3) You can work out the momentum of an object using:

momentum (kg m/s) = mass (kg) x velocity (m/s)

R A S0 kg cheetah is running at A boy has a mass of 30 kg and a momentum
60 m/s. Calculate its momentum., of 75 kg m/s. Calculate his velocity.

p=mv=50 x 60 vep+m=75+30=25m/s
= 3000 kg m/s

Momentum Before = Momentum After S TITIL NIt ITIII

= A closed : sstem o pust a4 2

In a closed system, the total momentum before an event (e.g. a collision) = lnoy way f: sanag '_“" .
is the same as afler the event. This is called vonservation of momentum. e .
In snooker, balls of the same gize and mags collide with each other. Each collision is an event where the

momentum of each ball changes, but the overall momentum stays the same (momentum is conserved).

e The red ball is stationary, so it has zero momentum. The white
Before: |\ m |/ .

ball is moving with a velocity v, so has a momentum of p = mv.

P The white ball hits the red ball, causing it to move. The red ball
After: ( m |—> .—h now has momentum. The white ball continues moving, but at
N a much smaller velocity (and so a much gmaller momentum).

The combined momentum of the red and white ball is
equal to the original momentum of the white ball, mv.

A moving car hits into the back of a parked car. The crash causes the two cars to |ock fogether, and
they continue moving in the direction that the original moving car was irn\rﬂlllng. but at a lower velocity.

Before: The momentum was equal to mass of moving car X its velocity.

After: The mass of the moving object has increased, but its é—a:}"
momentum is equal to the momentum before the colligion. #
8o an increase in mass causes a decrease in velocity.

if the momentum belore an event is zero, then the momentum after will also be zero.
E.g. in an explosion, the momentum before is zero. After the explosion, the pieces fly off in
different directions, so that the total momentum cancels out to zero.

Learn this stuff — it’ll only take a moment... um...
Conservation of momentum is incredibly handy — there’s more on using it over on the next page.
Q1 Calculate the momentum of a 60 kg woman running at 3 m/s, [2 marks)]

Q2 Describe how momentum is conserved by a gun recoiling (moving backwards) as it shoots a bullet. [4 marks]

Topic § — Forces
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Changes in Momentum

A force causes the momentum of an object fo change. A bigger force makes it change faster.

You Can Use Conservation of Momentum to Calculate Velocities or Masses

You've already seen that momentum is conserved in a closed system.
You can use this to help you calculate things like the velocity or mass of objects in an event.

m Misha fires a paintball gun. A 3.0 g paintball is fired at a AL TTT TP

= The war recail g
velocity of 90 m/fs, Calculate the velocity at which the paintball b

t v, |
O mMave backwards =

gun recoils if it has a mass of 15 kg. Momentum is conserved. L h 3010
1) Calculate the momentum of the pellet. p=0003 x 90 = 0.27 kg m/s
2] The momentum before the gun is fired is zero, Momentum before = momentum after
This is equal to the total momentum after the collision. O =027+ (15 x v)
3} The momentum of the gun is 1.5 = v
4) Rearrange the equation to find the velocity ve ~(027 +15)

of the gun, The minus sign shows the gun is

= _1
travelling in the pppesite direction to the bullet. =08 m/s

Forces Cause a Change in Momentum

1) You know that when a non-zero resultant force acts on a moving object

(or an object that can move), it causes its velocity to change (p.64). Changs in

This means that there is a change in_momeantum. r'::imt":";"
2) You also know that F = ma and that Force (N) e

a = change in velocity + change in time. Change in
8) 8 F=mx V;”. which can also be written as: e time (s)
4) The force causing the change is equal to the rate of change of momentum. = Equations tell you e

vanables are related You

5) A larger force means a faster change of momentum, :
6) Likewise, if someone's momentum changes very quickly (like in a gar gragh), = ' work out how changing —

the forces on the body will be very large, and more likely to cause injury. %) I"]"I'I "I*:"I :.'frf".t the other =
7) This is why cars are designed to slow people down over a longer time when they have
a crash — the longer it takes for a change in momentum, the smaller the rate of

change of momentum, and so the smaller the force. Smaller forces mean the injuries
are likely to be less severe.

: :h"“""l b -I:'.F'I-C Lo use them -

IFA NN TR

Cars have many safety features, such as:

Bike helmets contain a crushable layer

* Crumple zones crumple on impact, increasing | | of foam which helps to lengthen the fime
the fime taken for the car to stop. taken for your head to stop in a crash.

* Seat belts streteh slightly, increasing This reduces the impact on your brain.
the time taken for the wearer to stop.

* Air bage inflate before you hit the dashboard Crash mats and cushioned playground flooring
of a car. The compressing air inside it increage the time taken for you fo stop if you
slows you down more gradually than if fall on them. This is because they are made
you had just hit the hard dashboard. from zoft, compressible (squishable) materials.

Don’t crumple under the force of revision — take your time...
Make sure you understand how the Tormula above explains how salety leatures works.
1 A 10 kg object is travelling at 6 m/s. It hits a stationary 20 kg object and the two objects

join together and keep moving in the same direction. Calculate the velocity of the combined
object, assuming that momenium is conserved. [3 marks]

Topic 5 — Forces
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Revision Questions for Topic 5

Well, that's Topic 5 over and done with — have a quick break then see how you've done with this summary.

*  Try these questions and fick off each one when you get it right.
*  When you've done all the questions under a heading and are completely happy with it, tick it off.

Forces and Work Done (p.51-54) [ |
1)  Explain the difference between scalar and vector quantities, and contact and non-contact forces.
2) What is the formula for caleulating the weight of an object?

3) What is a free body diagram?
4) Give the formula for caleulating the work done by a force, and explain what each symbol means.

5) How many joules of work does 1 Nm equal?

6) Describe the forces acting on an object in equilibrium.

Stretching and Turning (p.55-57) | |

7) What is the difference between an elastic and an inelastic deformation?

8) Give the equation that relates force, extension and the spring constant of an object.

9) What is the limit of proportionality?

10) How do you find the following from a linear force-extension graph? a) spring constant, b) work done
) Give the equation used to find the energy in an elastic object's elastic potential energy store.

12) Define a moment and state an equation for caloulating the size of 8 moment.

13) If a seesaw is balanced, what can you say about the moments?

Fluid Pressure (p.58-59) [ ]

14) State an equation for calculating the pressure at the surface of a fluid. Give the units of pressure.
16) Explain why the pressure increases as you go deeper into a column of a liquid.

16) What causes an object to float?

17) Explain how and why atmosphetic pressure varies with height,

Motion (p.60-66) [ |

18) What is the difference between displacement and distance?

19) Define acceleration in terms of velocity and time.

20) What does the term 'uniform acceleration' mean?

21) What does the gradient represent for a) a distance-time graph? b) a velocity-time graph?
22) What is terminal velocity? What causes it?

23) State Newton's three laws of motion.

24) What ig inertia?

Car Safety and Momentum (p.67-71) [ |

25) What is the stopping distance of a vehicle? How can it be calculated?

26) State four things that can affect the braking distance of a vehicle.

27) Give two things that affect a person's reaction fime.

28) What is an average reaction time?

29) Briefly describe an experiment you could do to compare people's reaction times.

30) State the formula used to caleulate an object's momentum.

31) Explain how car safety features use momentum and forces o reduce the risk of injury to passengers.

Topic § — Forces
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Transverse and Longitudinal Waves

Waves {ransfer energy from one place to another withoul trancferring any matier (stuff).

Waves Transfer Energy in the Direction they are Travelling

When waves travel through a medium, the particles of the medium oscillate and transfer energy between
each other (see p.11}. BUT overall, the particles stay in the same place — only energy is transferred.

For example, if you drop a twig into a calm pool of water, ripples form on the water's
surface. The ripples don't carry the water (or the twig) away with them though.
8imilarly, if you strum a guitar string and create sound waves, the sound

waves don't carry the air away from the guitar and create a vacuum.

1) The amplitude of a wave is the maximum displacement of
a point on the wave from its undisturbed position. amplitude /\;\m‘""! o

o 11761

2) The wavelength is the distance between the same point ‘2‘ wavelength
on two adjacent waves (e.g. between the frough of :

Dhistance (m)
one wave and the frough of the wave next to it).

4 /
wrae lemagth
3) Frequency is the number of complete waves passing M

a certain point per gecond. Frequency is measured travgh ©
in hertz (Hz). 1Hz is L wave per second.

4) From the frequency, you can find the period of a wave using:  Period
This is the amount of time it takes for a full cycle of the wave.  (5)

6) All waves are either transverse or longitudinal (see below).

Frequency
(Hz)

Transverse Waves Have Sideways Vibrations

In transverse waves, the oscillations (vibrations) are A spring wiggled up and down
perpendicular (at 90°) to the direction of energy transfer, ( gives & Lranaverac wave,

Most waves are transverse, including: rr||||| |

S Al { $ % y
1) Al electromagnetic waves, e.g. light (p.78). ||I||q|’l"" 11 |I1I!!llllhl”"ﬂlrll PR
2) Ripples and waves in water (zee p.74). thes way
3) A wave on a string. T LI

(NEERARRA! 4| |. _5
) 2 -,p ok waved An
Sater wa I
ropEs are <1

wibiraligns go

up and down

waves in spTIngs and
jechanical waves

L
x_.,|,||.

Longitudinal Waves Have Parallel Vibrations

In longitudinal waves, the oscillations are il
parallel to the direction of energy transfer. IF you push the end vibrations in the same

Exampls are: Lo O Sl

1) SBound waves in air, ultrasound. ul I TVl
gL rarefactions
2) Shock waves, e.g. some seismic waves.

Wave Speed = Frequency x Wavelength m

The wave epeed is the speed at which energy is being Ao Maarve s B Teenieney of 120 o108 iz
transferred (or the speed the wave is moving at). Find i s d of radi
The wave equation applies to all waves: NG aveendLy, {Ihe spess. of raio

WaVe equation app el waves in air is 3.0 = 10% m/fs)

Wave speed (m/s) Wavelength (m) A=vef
=3.0=10% + (120 =10% =25 m

Frequency (Hz)

|meF|E'.||'.I|‘
REIREAR] TLYAERARARY IRRN]

= L1y
\,ll -

direction as wave travels

I «—>——

So, that’s the wave basics...
Make sure you've got all this clear in vour head, otherwise the rest of the topic will just be a wavey blur of nonsense.

1 A wave has a speed of 0.15 m/s and a wavelength of 7.5 cm. Calculate its [requency. [4 marks]

Topic 6 — Waves
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Experiments With Waves

Time to experiment. Make sure you can choose guitable equipment to measure the speed of different waves.

Use an Oscilloscope to Measure the Speed of Sound

By attaching a signal generator fo a speaker you can generate sounds with a specific frequency.
You can uge two microphones and an oscilloscope to find the wavelength of the sound waves generated.

1) S8et up the oscilloscope so the detected waves at spaker abtached 13

pscillose aps

each microphone are shown as separate waves. signal generator microphones, i
2) Start with both microphones next to the speaker, then |(}} : .‘ / 'J'——i——r

slowly move one away until the two waves are aligned wavilingth \ /ALl

on the display, but have moved exactly one wavelength apart. T ———Ce witves ind up

8) Measure the distance between the microphones to find one wavelength (A).

4) You can then use the formula v = {/ (p.73) to find the speed (v) of the sound waves passing through
the air — the frequency (f) is whatever you set the gignal generator to (around 1 kHz is sensible).
5) The speed of sound in air is around 330 m/s, so check your results roughly agree with this.

Measure the Speed of Water Ripples Using a Lamp

1) Using a signal generator attached to the dipper of a ripple tank ~—

you can create water waves at a get fraquency. 2

o sieponal
2) Use a lamp to see wave crects on a sereen below the tank. Make ;u,.urtt:, <
sure the gize of the waves' ghadows are the game gize as the waves,

3) The distance between each shadow line is equal to one wavelength.
Measure the digtance between shadow lines that are 10 wavelengths

apart, then divide this distance by 10 to find the average wavelength.
This is & good method for measuring small wavelengths (p.104).

il pper dign ir anid

aul of the waler

» a prr:«]:l' ing npples

sCreen

4) If you're struggling to measure the distance, you could take a photo of s ‘\-..

the shadows and ruler, and find the wavelength from the photo instead. e shadows cast
6) Use v = fito caleulate the wave speed of the waves, ST i L ae
B) This set-up is guilable for investigating waves, because it allows you = |,ﬂ,.',lhm|.:,u:_:”'”:::'r".’r'"t':_ -

to measure the wavelength without disturbing the waves, AN S
You can Use the Wave Equation for Waves on Strings
1) 8et up the equipment shown on the right, then turn on the signal sbration transducer —string pully

generator and vibration transducer. The string will start to vibrate.

2) Adjust the frequency of the signal generator until there's
a clear wave on the string. The frequency you need
will depend on the length of string between the pulley and
the transducer, and the masses you've used. masses —

3) You need to measure the wavelength of these waves. ibi< i5 the length of 4 half-wavelengths
The best way to do this accurately is o measure the lengths

of, say four or five half-wavelengths (as many as you can)
in one go, then divide to get the mean half-wavelength (p.6).
You can then double this mean to get a full wavelength.

4) The frequency of the wave is whatever thi string il laak:satmething, Bee this
l_hE ﬁiinﬂl EEnEI‘I‘ﬁﬂr i3 $E* *n. abrripipradietnn et R Pl g Ny Pl e R RN rng

— This set-up is suitakle for investigating waves on a string because
5} You can find the EEEEd of the wave Uﬂihg v = fi. its easy to see and measure the wavelength [and frequency).

IR R g N g v bp VR pn gt

~.|_qr|;|| generator berch

Vs

ar W

Surf’s up, it’s time to, like, totally measure some waves...
Sound waves, ripples, and waves on strings are used as model waves because theyre casy to work with,

g1 Describe a suitable experiment to measure the wavelength of a water wave. [3 marks]

Topic 6 — Waves
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Reflection

If you're anything like me, you'll have spent hours gazing into a mirror in wonder. Here's why...

All Waves Can be Absorbed, Transmitted or Reflected

When waves arrive at a boundary between two different materials, three things can happen:
1) The waves are absorbed by the material the wave is trying to cross into — this fransfers
energy to the material's energy stores (this is how a microwave works, see page 79).

2) The waves are fransmitted — the waves carry on travelling through the new material.
This often leads to refraction (see p.76).

3) The waves are reflected — more on this below.

What actually happens depends on the wavelength of the wave and the properties of the materials involved.

You Can Draw a Simple Ray Diagram for Reflection | »/!!'!\//(1 it s,
] ray i3 a line -I.-|.|wm.;| the path a =
1) There's one gimple rule to learn for gll reflected waves: R DAPCHRNA. KL PR MR

- wave's wave fronts (next page). Kays -

- - A . Wre .||w,|.:,-~\. r|r,|.wr| W% '\.'r.|-|;|"f lirds :
Angle of incidence = Angle of reflection I TS

2) The angle of incidence is the angle between noemal
the incoming wave and the normal. ~

3) The angle of reflection is the angle between ineRnng 1
the reflacted wave and the normal,

4) The pormal is an imaginary line that's perpendicular angle of incidgnce
il“ righl' ﬂn&l‘nj h:l ﬂ'l& !ﬁur‘rﬂ!EE ﬂi *ha I!ﬂ' [Il' !!i i!]ﬂldgr!gﬂ |J-.’:-||r'|1.'|!:.'
(the point where the wave hitg the boundary).

§) The normal is usually shown as a dotted line. A

refected ray

3
13
3
P
[}
P p
¥ angle of refection
P s

L

‘

P i i

Reflection can be Specular or Diffuse |

1) Woaves are reflected at different boundaries in different ways.

(There's an investigation on this on page 77.) 8pecular reflection
2) Specular reflection happens when a wave is reflected in a ncomingrays _'""'-'“"“* e
single direction by a smooth surface. E.g. when light is //

reflected by a mirror you get a nice clear reflection. ————=iie \\\
3) Diffuge reflection is when a wave is reflected by a rough
surface (e.g. a piece of paper) and the reflected

srngoth

surface
rays are scattered in lots of different directions.
Diffuse reflection 4) This happens because the normal is different for
reflected rays are seattered each incoming ray, which means that the angle of

il rectiors incidence is different for each ray. The rule of angle

of incidence = angle of reflection still applies.
5) When light is reflected by a rough surface,

o e the surface appears matte (not shiny) and
- L ¥ a "
angle of incidence still equals angle of reflaction g don I'E'B‘i' a clear reflection of ﬂhjﬂ(.‘-f&

My reflection is absolutely spectaculatr...
Remember, the angle of incidence is always equal to the angle of reflection of a wave.
0Ql MName the type of reflection that occurs when waves are reflected by a smooth mirror. [1 mark]

Q2 A light ray is incident on a mirror at an angle of 307, Draw a ray diagram to show its reflection. [3 marks]

Topic 6 — Waves
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Electromagnetic Waves and Refraction
The differences between iypes of electromagnetic (EM) waves make them useful to us in different ways.

pu by

There’s a Continuous Spectrum of EM Waves |

|,||||IIIIII [N

\ e aren't vibrations =
1) All EM waves are transverse waves (p.73) that transfer energy - E:E u: T”'" :'3':;; r: o :.It: : dectric
from a source to an absorber. E.g. a hot object transfers energy by - Tr-' :': nd magnetic fields (p92). This
emitting infrared radiation, which is absorbed by the surrounding air. = .00 they can travel throuah & samien o

TTLORLTEARTAA R L h

2) All EM waves travel at the game speed through air or a vacuum (space).””""""""" B
3) Electromagnetic waves form a confinuous spectrum over a range of frequencies.
They are grouped into geven basic fypes, based on their wavelength and frequency.

RV MIERO INFRA M BLE LILTRA (R BAY 2
S AV E S RED GHT VIOLET RAR | VVagenath

ITm=10¢m| 10%m 10°% m 107" m 10%m 107" m 107" m ‘:J
. 0 B W W AV ATV AV AT

INCREASING FREQUENCY AND DECREASING WAVELENGTH
4) There is such a large range of frequencies because EM waves are generated by a variety of changes in

atomg and their puclei (p.483). E.g. changes in the pucleus of an atom creates gamma rays (p.44).
Thie also explaine why atoms can gbgorb a range of frequencies — each one causes a

6) Because of their different properties, different EM waves are used for different purposes.

Refraction — Waves Changing Direction at a Boundary

1) When a wave crosses a boundary between materials at an gngle it changes direction — it's refracted.

2) How much it's refracted by depends on how much the wave speeds up or glows down, which usually
depends on the density of the two materials (usually the higher the density of a material, the slower a

wave travels through it). If a wave crosses a boundary and glows down it will bend fowards the normal.
If it crosses into a material and gpeeds up it will bend away from the normal.

3) The wavelength of a wave changes when it is refracted, but the frequency stays the same.
4) If the wave is travelling along the normal it will change speed, but it's NOT refracted.
[ Less Dense |

Less Dense Denser |

] dri -
The wave fronls bang L The wave hits a different

closer Logether shows a rmiechurn &b an angle, 30 the
fl change in wavelength {and witve changes direction

0 A Change in \'I'!Illllll:f':l

6) The opfical density of a material is a measure of how quickly light can travel through
it — the higher the optical density, the slower light waves travels through it.

You can construct a ray diagram for a refracted light ray. incoming - i poel
ray £ HI'IH-R‘.' OF IMCICENLE

1) First, start by drawing the boundary between your two materials and : 4

the normal (a line that is at 90° to the boundary). : baundary
2) Draw an incident ray that meets the normal at the boundary. S

The angle between the ray and the normal is the angle of incidence. : v

(If you're given this angle, make sure to draw it carefully with a protractor.) Sy i angleof
3) Now draw the refracted ray on the other side of the boundary. [Eagtan

If the second material iz optically denser than firet, the refracted ray bends towards

the normal (like on the right). The angle between the refracted ray and the normal : :

(the angle of refraction) is smaller than the angle of incidence. If the second material releaceil ry

is lezs optically dense, the angle of refraction is larger than the angle of incidence.

Lights, camera, refraction...
Refraction comes up again and again in GCSE Physics, so make sure you really understand it before moving on,

01 Diraw a rav diagram for a light ray entering a less optically dense medium at 407 to the normal. 3 marks)
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Investigating Light

Hurrah — it's fime fo whip out your ray box and get some reflection and refraction going on...

You Need to Do Both of These Experiments in a Dim Room

Both experiments use rays of light, so it's best to do them in a dim room so you can clearly
see the light rays. They also both use either a ray box or a lager to produce thin rays of light.
This is 60 you ean easily see the middle of the ray when fracing it and measuring angles from it

' You Can Use Transparent Materials to Investigate Refraction

The boundaries between different substances refract light by different amounts. You can investigate

this by looking at how much light is refragted when it passes from air into different materials.

1) Place a transparent rectangular block on a piece of paper vy biex A UEpaTITL clnaus
and frace around it. Use a ray box or a lager to shine a ray . s il
of light at the middle of one side of the blook. el

2) Trace the incident ray and mark where the light ray emerges -|1|:i|:|r|.1: __f \[ ' ;(
on the other side of the block. Remove the block and, with e g '

a giraight line, join up the incident ray and the emerging point to
show the path of the refracted ray through the block.

3) Draw the normal at the point where the light ray entered the block. 1
Use a protractor to measure the angle between the incident ray and ™
the normal (the angle of incidence, 1) and the angle between the (1 L
refracted ray and the normal (the angle of refraction, R). narmal " “u'_*

4) Repeat this experiment using rectangular blocks made from different refracted ray
materials, keeping the incident angle the game throughout,

You should find that the angle of refraction ghanges for different materials
— this difference is due to their different pptical densities (see page 76).

.
EMErGING ray

You shauld draw

inciclent r 1y

Different Materials Reflect Light by Different Amounts

1) Take a piece of paper and draw a straight line across if.
Place an object so one of ite sides lines up with thie line. L {:&l Qe y

2) Shine a ray of light at the object's surface /1
and irace the incoming and reflected light beams. incident r=tf,~._‘ﬁ s . _
3) Draw the normal at the point where the ray hits the object. S h:;ﬂ;mﬂ
Use a protractor to measure the angle of incidence ittt O,
and the angle of reflection and record these values I
in & table. Also make a note of the width and
brightness of the reflected light ray. S L R S R LR A b -

= For a refresher on reflection, go kack to page 73 -

4) Repeat thie experiment for a range of objects. e R AR AR R R AN A AR RN R ARV RA Y YA

You should alzo see that emooth surfaces like mirrors give clear reflections (the reflected ray
iz ag thin and bright as the incident ray). Rough surfaces like paper cause diffuse reflection
(p-75) which causes the reflected beam to be wider and dimmer (or not observable at all).

You should algo find that the angle of incidence ALWAYS equals the angle of reflection.

Time to reflect...

These experiments aren’t the irickiest, but you stll have o be able w deseribe how 10 do them and what they show.

0] a) Describe an experiment you could do to measure how much light is refracted
by different materials. [ marks]
b) Explain why a thin beam of light should be used. [1 mark]
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Radio Waves

EM waves are used for all sorts of stuff — and radic waves are definitely the most entertaining.
They transfer energy to your car radio and your TV — what would you do without them?

Radio Waves are Made by Oscillating Charges

N
2)

3)
4)

5)

6)

7)

8)

EM waves are made up of oscillating electric and magnetic fields.

Alternating cutrents (ac) (p.31) are made up of pscillating charges. As the charges oscillate,
they produce oscillating electric and magnetic fields, i.e. electromagnetic waves.

The frequency of the waves produced will be equal to the frequency of the alternating current.

You can produce radio waves using an alternating current in an electrical circuit. The object in
which charges (electrons) oscillate o create the radio waves is called a {ransmitter.

When transmitted radio waves reach a

receiver, the radio waves are absorbed. ..\ o0y oscillate EM waves are
The energy carvied by the waves and praduce ¥ "'""“'"” ""”” Absorbed and
I b i i EMA waves cause €lectrons n the
& tl'_ﬂ.[lﬁiﬂ[r_ﬂ‘_d 0 & ﬂ]ﬂ_ﬂiﬂﬂﬁ n \ ',-"( / recereer to oscillate
the material of the receiver. f \ \ €

9 F
This energy causes the electrons fo I oA [y
oscillate and, if the mnluur is part | ) #mithid radlo wies \
uf . H Lransler ERErE Y

complete eletricy A supplied ac s produged in
ﬂﬂnﬂ'miﬂﬂ an ﬂl"_ﬂ[[!ﬂﬂmw ahown an an thié recenwier
This current has the game frequency RREEE iaad o ovir o e tectrlity pection =
= Head on aver to the electrioty sechon =

as “"' M that Eﬂ‘ﬁﬂrﬂfﬂd it. - on pages 2436 for more on ac

R NN R R R RN AN AR R NN NN,

Radio Waves are Used Mainly for Communication

D
2)

3)

4)

5)

€)

7

Radio waves are EM radintion with wavelengths longer than about 10 em.

Long-wave radio (wavelengths of | = 10 kim) can be transmitted from London, say, and received
halfway round the world. That's because long wavelengths diffract (bend) around the curved surface
of the Earth. Long-wave radio wavelengths can also diffract around hills, into tunnels and all sorts.

This makes it possible for radio signals to be received even if the

receiver isn't in line of the sight of the transmitfer. Long-wave signals bend around the Earth

Short-wave radio signals (wavelengths of about
10 m = 100 m) ecan, like long-wave, be received

at long distances from the transmitter.

That's because they are reflected (see p.75)
from the ionosphere — an electrically charged
layer in the Earth's upper atmosphere.

Eluetooth™ uees short-wave radio waves to send
data over chort distances between devices

without wires (e.g. wireless headgets o you 5“”*:;” 5i51“3|: reflect
can use your phone while driving a car). e - FM and TV signals must

] - ke in o sight
Medium-wave signals (well, the shorter oneg) can also reflect from the T

ionosphere, depending on atmospheric conditions and the time of day.
The radio waves used for TV and FM radio transmissions have very short wavelengths. To get reception,
you must be in direct sight of the fransmitter — the signal doesn't bend or travel far through buildings.

Size matters — and my wave’s longer than yours...
Producing radio waves — who knew it was so tricky? It worth it though — they're just so darn useful.

Ql
Q2

State one use of radio waves, [1 mark]

Describe how radio waves can be produced. [1 mark]

Topic 6 — Waves



79

EM Waves and Their Uses

Radio waves aren't the only waves used for communication — other EM waves come in pretty handy {oo.
The most important thing is to think about how the properties of a wave relate to ite uses.

| Microwaves are Used by Satellites

1) Communication to and from gatellites (including satellite
TV signals and satellite phones) uses microwaves.,
But you need to use microwaves which can pass
easily through the Earth's watery atmosphere.
2) For satellite TV, the signal from a fransmitter
is transmitted into space...

3) ... where it's picked up by the satellite receiver dish orbiting
thousands of kilometres above the Earth. The satellite
tranemite the signal back to Earth in a different direction...

4) ... where it's received by a gatellite dich on the ground. There is a slight time delay between
the signal being sent and recelved because of the long distance the signal has to travel.

cloud and waler vapour

Microwave Ovens Use a Different Wavelength from Satellites

1) In gommunications, the microwaves used need to pass through the Earth's watery atmosphere.

2) In microwave oveng, the microwaves need to be absorbed by water molegules in food —
50 they use a different wavelength to those used in satellite communications.

3) The microwaves penetrate up to a few centimetres into the food
before being absorbed and fransferting the energy they are carrying
fo the water molecules in the food, causing the water to heat up.

4) The water molecules then irangfer this energy to the rest of the
molecules in the food by heating — which guickly cooks the food.,

Infrared Radiation Can be Used to Increase or Monitor Temperature

1) Infrared (IR) radiation is given out by all hot objects
— and the hotter the object, the more IR radiation it gives out.

2) Infrared cameras can be used to detect infrared radiation and monitor
temperature. The camera detects the IR radiation and turns it into
an electrical signal, which is displayed on a screen as a picture. The
hotter an object is, the brighter it appears. E.g. energy transfer from a |
house's thermal energy store can be detected using infrared cameras.©

3] J—M orbi IR radiation causes ﬂhjﬂﬂfs to gﬂi I.'—EHHH . [Different colours represent different amounts of
md can be mkﬁ_d l.lﬁil'l,g IR radiation — the M IR radiation being detected. Here, the redder the
of the food increases when it absorbs IR radiation, colour, the more infrared radistion is being detecled

e.g. from a foaster’s heating element.

4) Electric heaters heat a room in the same way. Electric heaters contain a long piece
of wire that heats up when a current flows through it. This wire then emits lots of
infrared radiation (and a little visible light — the wire glows). The emitted IR radiation
is absorbed by objects and the air in the room — energy is transferred by the IR waves
to the thermal energy stores of the objects, causing their temperature to increase.

Revision time — adjust depending on brain wattage...
The next time you're feeling hungry and zap some food m the microwave, think of it as doing revision.

Q1 Explain why signals between satellites are transmitted as microwaves. [1 mark]

Topic 6 — Waves



80

IMore Uses of EM Waves

Haven't had enough uses of EM waves? Good, because here are just a few more uses of those incredibly
handy waves — complete with the all-important reasons for why they have been used. Get learning.

Fibre Optic Cables Use Visible Light to Transmit Data

1) Optical fibres are thin glase or plastic fibres that can carry data (e.g. from
telephones or computers) over long distances as pulses of vicible light,

2) Thﬂu work because of reflection u]?E:] Glass fibre
The light rays are bounced back and forth
until they reach the end of the fibre.

3) Vigible light is used in optical fibres.

4] Lighi' iz not BHE“I‘.,! pbeorbed or Cladding to protect filre

coltered ag it travels along a fibre.

Light ray bouncang back
and forth along the fibire

Ultraviolet Radiation Gives You a Suntan

1) Fluorescence is a property of certain chemicals, where ultra-violet (UV) radiation is absorbed and then

vigible light is emitted. That's why fluorescent colours look so bright — they actually emit light.

2) Fluorescent lights generate UV radiation, which is absorbed and re-emitted as visible light by a layer of
phosphorug on the inside of the bulb. They're energy-efficient (p.17) so they're good to use when light
i needed for long perlods (like in your glagsroom).

3) Security pens can be used to mark property with your name (e.g. laptops). Under UV light the ink will
glow (fluoresce), but it's invigible otherwise. This can help the police identify your property if it's stolen.
4) Ultraviolet radiation (UV) is produced by the 8un, and exposure to it is what gives people a guntan.

5) When it's not sunny, some people go to tanning salons where UV lamps are used to
give them an artificial guntan. However, overexposure to UV radiation can be SMTH N,

dangerous (fluorescent lights emit very little UV — they're totally safe). IO WO -

= the dangers of =

= UV oonpll -
LITRI LRI RAL Y
X-rays and Gamma Rays are Used in Medicine
1) Radiographers in hospitals take X-ray 'photographs’ The brighte
of people to see if they have any broken bones. bits are where
2) X-rays pass easily through flesh but not so easily through denser -rays get
material like bones or metal. 8o it's the amount of radiation ihmuﬂ'{- T_hi“ i
that's absorbed (or not absorbed) that gives you an X-ray image. ?hﬂﬂitﬁ?iﬂ!lﬂrﬂiﬂﬁv
3) Radiographers use X-rays and gamma rays to treat people with nf; HI:I‘! !tﬂit: 2

cancer (radiotherapy). This is because high doses of these rays
kill all living cells — so they are carefully directed towards

R RN NN RN RU RN TN RN RN AN
= There’s more on gamma rays on pd

=~

ARl

cancer cells, to avoid killing too many normal, healthy cells. T TR
4) Gamma radiation can also be used as a medical tracer (p.48) — this is where a gamma-emitfing

source is injected into the patient, and its progress is followed around the body. Gamma radiation
is well suited to this because it can pass out through the body to be detected.

5) Both X-rays and gamma rays can be harmful to people (p.81), so radiographers wear lead aprons and
stand behind a lead screen or leave the room to keep their exposure to them to a minimum.

Don’t lie to an X-ray — they can see right through you...
I hate 1o say it, but go back to page 78 and read all of the uses for EM waves again to really learn them.
01 Stale two uscs of M-rays. [2 marks]

Q2 Explain why plastic optical fibres use pulses of visible light to transmit data. [1 mark]
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Dangers of Electromagnetic Waves

Okay, so you know how useful electromagnetic radiation can be — well, it can also be pretty dangerous.

Some EM Radiation Can be Harmful to People

1)  When EM radiation enters living tissue — like you — it's often harmless, but sometimes it creates
havoe. The effects of each type of radiation are based on how much energy the wave transfers.

2) Low frequ waves, like radio waves, don't transfer much energy and
so mostly pass through soft tissue without being absorbed.

3) High frequency waves like UV, X-rays and gamma rays all transfer
lots of energy and so can cause lots of damage.

4) UV radiation damages surface cells, which can lead to gunburn and cause gkin to age prematurely.
Some more serious effects are blindness and an ingreased rigk of skin cancer.

6) X-raye and gamma raye are types of jonising radiation. (They carry enough energy to
knock electrons off of atoms.) This can cause gene mutation or cell destruction, and cancer.

You Can Measure Risk Using the Radiation Dose in Sieverts

1) Whilst UV radiation, X-rays and gamma rays can all be harmful, they are also
very ugeful (see pages 78-80). Before any of these types of EM radiation
are ugsed, people look at whether the benefits outweigh the health risks.

2) For example, the rigk of a person involved in a car accident developing
cancer from having an X-ray photograph taken is much smaller than
the potential health risk of not finding and treating their injuries.

3) Radiation dose (measured in gieverts) is a measure of the rigk
of harm from the body being exposed to radiation.

4) This is not a measure of the fotal amount of radiation that has been absorbed.

E} Tharlnk dnpﬂndsnn{hummwﬂhmrhﬂd PYERL TR an e nnbenrebnibun
and how harmful the fype of radiation ie. o VIt i

Radiabion doses can be caleulabed for =

all types of radiation, naol just L

8) A sievert is pretty big, so you'll often see doses in millisieverts Syt
(m8v), where 1000 m8v = 1 Sv. i s NHEL BTN T e

JLOR YUy

Risk can be Different for Different Parts of the Body

A CT scan uses X-rays and a computer to
build up a picture of the ingide of a | | Radiation dose (m8v)

patient's body. The table shows the Head 2.0
radiation dose received by two different Chee 8.0
parte of a patient's body when having CT scans. —

If a patient has a CT scan on their chest, they are four fimes more likely to suffer damage to
their genes (and their added rick of harm is four times higher) than if they had a head scan.

This is not an excuse fo stay in bed all day...
It’s impossible to aveid all forms of harmful radiation, so it’s all about balancing risks and reducing vour exposure.

0l Give two effects of a person being exposed to too much UV radiation, [2 marks]

Q2 A patient’s pelvis is being examined. It can either be examined with a single X-ray photograph or with a
CT scan. An X-ray of the pelvis has a radiation dose of 0.7 m5v. A CT scan of the pelvis has a radiation
dose of 7 mSv. How much larger is the added risk of harm if the patient has a CT scan? [1 mark]
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Lenses

These next few pages are about how light acts when it hits a lens. Be ready for lots of diagrame.

Different Lenses Produce Different Kinds of Image

Lenses form images by refracting light (p.76) and changing its direction. There are two main types of
lens — gonvex and goncave. They have different shapes and have opposite effects on light rays.
1) A convex lens bulges outwards. It causes rays of light parallel to the axis

to be brought together (converge) at the principal focus.
2) A concave lens caves inwards. It causee parallel rays of light to spread out (diverge).

3) The axig of a lens is a line passing through the middle of the lens.
4) The principal focus of a gonvex lens is where rays hitting the lens parallel to the axis all meet.

6) The principal focue of a concave lens is the point where rays hitting the lens parallel to the axis appear to
all come from — you can trace them back until they all appear to meet up at a point behind the lens.

8) There is a principal focus on each side of the lens. The distance from AR F LT
the cenire of the lens to the principal focus is called the focal length. = Convex lnses are alio =

= called corverging lenses, =
Cono ; = and concave lenses are

= called o VEFiing lerises
L PRIV EI iy

L ]
LLERNENTEE PEVEled ey pyg
The difference bt =

: - ¢én real
I il — p! ariel virtual 15 ""I:'I-“-'!F..I et
fac s — the mesd paie
- PN i "'Il"-.:-_|'||\l‘
You need fo make sure you can draw proper ray disgrams to show
how convex and concave lenses differ — see pages 83-84.
There are Three Rules for Refraction in a Convex Lens...
1) Anincident ray parallel to the axis refracts through the lens i
and passes through the principal foous on the other side. = An example ray diagram fora =
convex lens is on page 83
2) An incident ray passing (hrough the principal focus AV TS

3) An incident ray passing ﬂ'lh[ll.lgh the centre of the lens carvies on in the same direction.

... And Three Rules for Refraction in a Concave Lens

1) An incident ray parallel o the axiz refracts through the lens, and travels in
line with the principal focus (so it appears to have come from the principal focus).

2) An incident ray passing through the lens fowards the principal focus refracts
through the lens and travels parallel to the axis.

3) An incident ray passing through the cenire of the lens carries on in the same direction.

The neat thing about these rules is that they allow you to draw ray diagrams without bending
the rays as they go into the lens and as they leave the lens. You can draw the diagrams
as if each ray only changes direction ence, in the middle of the lens (see next page).

Warning — too much revision can cause a loss of focus...
Those rules are dead important for drawing ray diagrams, which you'll see loads of on the next page.
Ql What is the principal focus of: a) a convex lens b) a concave lens? [2 marks]

Q2 Skeich parallel rays of light being {ocused by a convex lens. [2 marks]
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Images and Ray Diagrams

Lenses can create virtual or real images (don't worry, it's not as weird as it sounds). After working through this

page, you should be able to draw a ray diagram for a convex lens and know the type of image that's created.

Lenses can Produce Real and Virtual Images ‘
EAL IMAGE |

on wregn |

1) A real image iz where the light from an object comes together
to form an jmage on a 'screen’ — like the image formed on
an eye's refina (the 'screen’ at the back of an eye).

2) A yirtual image is when the rays are diverging, so the light from IGBJEU
the object appears to be coming from a completely different place.
~ VIRTUAI fens 8) When you look in a mirror you see a virtual image of your face —

l_’:’!ﬁGE because the object (your face) appears to be behind the mirror.

g —.| 4) You can get a virtual image when looking at an object

through & magnifuing leng (see next page) — the virtual
image looks bigger than the object actually is.

To describe an image propetly, you need to say & thinge: 1) How big [t s compared to the object;
2) Whether it's upright or invertod (upside down) relative to the object: 3) Whether it's real or victual.

Draw a Ray Diagram for an Image Through a Convex Lens

1) Pick a point on the top of the object. Draw a ray going
from the object to the lens parallel to the axis of the lens. A In ray duagrams

2) Draw another ray from the top of the object f e iy s gl
going right through the middle of the lens. ! :
3) The incident ray that's parallel to the axis is refracted St ’ 4
through the principal focus (F) on the other side of the lens. i

Draw a refracted ray passing through the principal focus.
4) The ray passing through the middle of the lens doesn't bend. M

6) Mark where the rays meef. That's the fop of the image. N F

6) Repeat the process for a point on the bottom of the object Limage
object. When the bottom of the object is on the
axig, the bottom of the image is also on the axis.

If youi really want to draw a Lhird incident ray passing through the princigal focus on the way Lo the lens, you can
{refract ot so Hhat it QoEs para lel ko the axis). |n the exam you can get away w th b rays, so no need to bother with Ehree

Distance from the Lens Affects the Image ‘

1)  An object at 2F will produce a real, inverted image the same size as the object, and at 2F.

Bina 2) Between F and 2F it'll make a
m @) obiect @) ' real, inverted image bigger than
object E  9F £ oF

%
-

i the object, and beyond 2F.
F |- BF = . T\* ; 3) An object nearer than F will
J; L\ gF F "ul F_oF make a virtual image the right

W oimage % W image % .:.hjecé.%‘ way up, EEEE than the ﬂbj&t‘-’t
2% on the same side of the lens.

Virtual images — they’re not just in video games...
Make sure vou know the differences between real and virtual images, they can be pretty tough,

0l Draw a ray diagram for an object at a distance of 2F in front of a convex lens. [3 marks]
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Concave Lenses and Magnification

Now for concave lenses and geting up close and personal with a handy equation — the magnification formula.

Draw a Ray Diagram for an Image Through a Concave Lens
1) Pick a point on the top of the object. Draw a ray going N Inay dagrams

from the object to the lens parallel to the axis of the lens. object /—.h;s represents a
2) Draw another ray from the fop of the object 1:-: KA
going right through the middle of the lens. F F
8) The incident ray that's parallel to the axis is refracted so it

appeare to have come from the principal focus. Draw a ray from N
the principal focus. Make it dotted before it reaches the lens. N

4) The ray passing through the middle of the lens doesn't bend. cbjec!
6) Mark where the refracted rays meet. That's the top of the image. .

6) Repeat the procese for a point on the bottom of the oF F ? F o
object. When the bottom of the object is on the axie, mage
the bottom of the image is algo on the axie. et

Concave Lenses Always Create Virtual Images

Unlike a gonvex lens, a goncave lens always produces a virtual image. The image is nghj_w_ﬂu_up gmaller
than the object and on the game side of the lens as the object — no m r *

Magnifying Glasses Use Convex Lenses |

Magnifying glasses work by creating a magnifiod virtual imnge. # g { , .Iﬁ*.

1) The object being magnified must be E ER F_i
closer to the lens than the focal lenglh. I l. ."I =

2) Since the image produced is a virtual image, \ '/ !
the light rays don't nctuslly come from i b Y lens

1wlh|.:|:'

the place where the image appears to be.

3) Remember "you can't project a virtual image onto a screen” — that's a
useful phrase to use in the exam if they ask you about virtual images.

4) You can use the magnification formuls to work out the
magnification produced by a lens at a given distance:

}'.l.|II|||||II| TRIR I PRT R b paniy
= Mclqu ification is a ratig, so it doesn't have an e units

imugﬂ h&rghi' = Mhis means so |.l"|.| as the units are the same, you

object height ;

o

magnification =

= can measure the heights in whatever units you like.
"'||II ||II||I|II'.II|||II PIVEYN R BB ™

{ou can alse find the magnification by drading the between the tmage and the leng by the distance between the abjec )

m A coin with diameter 14 mm is placed behind a magnifying lens. The virtual image

produced has a diameter of 35 mm. What is the magnification of the lens at this distance?
maghnification = image height + object height = 35 + 14 = 25

If you ask me, lenses are magnificent...
Congratulations, you've reached the end of lenses. Why not celebrate with some practice questions?
Ql Find the magnification of a lens if a 12 cm tall object produces a 6 cm high image. [2 marks]

Q2 Calculate the height of an image il the object is 10 cm tall and the magnilication is 2.3, [3 marks]
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Visible Light

Ah, light. That stuff we see all of the time. But it's a bit more complicated than you might have thought.

Visible Light is Made Up of a Range of Colours

1)
2)
3)

4)

As you saw on page 76, EM waves cover a very large spectrum. We can only see a tiny part of this
— the vigible light spectrum. This is a range of wavelengths that we perceive as different colours.

Each colour has ite own narrow range of wavelengths (and frequencies)
ranging from violets down at 400 nm up to reds at 700 nm.

Colours can also mix together to make other colours,
The only colours you gan't make by mixing are the primary colours: pure red, green and blue.

When all of thece different colours are put fogether, it creates white light.

Colour and Transparency Depend on Absorbed Wavelengths

1)
2)

3)

4)

5)
8)

7)

8)

Different objects absorb, transmit and reflect different wavelengthe of light in different ways (p.75).

Opngue objects are objects that do not tranemit light. When visible light waves
hit them, they abeorb some wavelengthe of light and reflect others.

The colour of an opaque object depends on which wavelengths of light are most strongly refllected.
E.g. a red apple appears to be red because the wavelengths corresponding to the red part of the
vigible spectrum are most strongly reflected. The other wavelengths of light are abgorbed.
For opaque objects that aren't a primary colour, they may be reflecting either the
wavelenpths of light corresponding to that colour OR the wavelengths of the primary
colours that can mix together to make that colour. 8o a banana may look yellow

because it's reflecting yellow light OR because it's reflecting both red and green light.
White objects reflect all of the wavelengthe of visible light equally.

Black objects absorb all wavelengths of visible light.

Your eyes see black as the |lack of any vigible light (i.e. the lack of any colour).

Transparent (see-through) and translucent (partially see-through) objects fransmit light, i.e. not all
light that hits the surface of the object is absorbed or reflected — some van pags thro

Some wavelengthe of light may be absorbed or reflected by transparent
and translucent objects. A transparent or translucent object's colour is
related to the wavelengths of light transmitted and reflected by it.

Colour Filters Only Let Through Particular Wavelengths

N
2)
3)

4)

5)

Colour filters are used to filter out different wavelengths of light, so that ‘

. v RS | | 1
only certain colours (wavelengths) are transmitted — the rest are abzorbed. Red light s refected

A primary colour filter only transmits that colour, e.g. if white light is shone at a blue by the red hat
colour filter, only blue light will be let through. The rest of the light will be absorbed. l l l

If you look at a blue object through a blue colour filter, it would still look blue.

Blue light is reflected from the object's surface and is fransmitted by the filter. e il
However, if the object was e.g. red (or any colour not made from blue light), Jt:. e el
the object would appear black when viewed through a blue filter. ——— ~— -

All of the light reflected by the object will be abzorbed by the filter. ‘“H:Ea&_ ‘
Filters that aren't for primary colours let through both the

wavelengths of light for that colour AND the wavelengths of —so the hat

the primary colours that can be added together to make that colour. appears black,

Have you seen my white shirt? It's red and green and blue...
Remember that the colowr of an opague object depends on the wavelengths of visible light it most strongly reflect.

01

A student looks at a red bag with a green buckle through a green colour filier. Describe
and explain the appearance of the bag and the buckle when the student looks through the filter.  [4 marks]
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Infrared Radiation and Temperature

Fun Fact — although the radiators in most houses are painted white, they'd actually do their job
better if you painted them black. 11'd ruin with the colour scheme in my sitting room though...
Every Object Absorbs and Emits Infrared Radiation

1) All objects are continually emitfing and absorbing infrared (IR)
radiation. Infrared radiation is emitted from the surface of an object.

The hot chocolate {and the mug) =

warmer than the air around i, 50 i

2) The hotier an object is, the more infrared ibiea Ao eeien (B0 ot it A T
radiation it radiates in a given time. > absarkis, which cacls it down
3) An object that's hotter than ite surroundings emits more IR radiation | [ T "
than it absorbs as it cools down (e.g. a cup of tea left on a table). N g f
And an object that's cooler than its surroundinge <-- >
abgorbs more IR radiation than it emile as it warms up e
(e.g. a cold glass of water on a sunny day). r Y 5
4) Objects at a gonstant temperature emit infrared radiation ¥ o[ oo
at the game rate that they are abgorbing if.
6) Bome colours and gurfaces absorb and emit radiation better than others. For example,

a black surface is betler at absorbing and emitting radiation then a white one, and a
matl surface is better at absorbing and emitting radiation than a ghiny one,

You Can Investigate Emission With a Leslie Cube

alt white

A Leglie cube is a hollow, watertight, metal cube made of e.g. | om
aluminium, whose four vertical faces have different surfaces (for il m:\—. paint

example, matt black paint, matt white paint, shiny metal and dull metal). i

You can use them to invegtigate IR emigsion by different surfaces:

1} Place an empty Leslie cube on a heat-proof mat.
2) Boil water in a kettle and fill the Leglie cube with boiling water,
8) Wiait a while for the cube to warm up, then hold a thermometer against nﬂuh of
the four vertical faces of the cube. You should find that all four faces are the game temperature.

4) Hold an infrared detector a set distance (e.g. 10 cm) Vae T cnkes
away from one of the cube's vertical faces, and '
record the amount of IR radiation it detects.

5) Repeat this measurement for each of

the cube's vertical faces. Make sure
you position the detector at the game

digtance from the cube each time.

8) You should find that you detect more infrared radiation from the black surface Meat-proct mat
than the white one, and more from the matt surfaces than the ghiny ones.

fised distance

|I1Fr.|r|:.:.'-

detector

7) As always, you should do the experiment more than once, ST T Tl
e I'nﬂl(& sure your I‘EEU"& are 18 R lP-‘“- E You can alsg -n-.-emqat-_ h,::.-.:- ;::I:;r::::r L
8) It's important to be careful when you're doing this experiment. = }d:l]m}; d:'r :" "'I face. One way is to stick =
Don't try to move the cube when it's full of boiling water — = surfices w,{: “Z:r;ﬂzafi i:‘:f' ﬂ"-:ﬂf-!::-r =
LCh one fglls —

you might burn your hands. And be careful if you're carrying = % Frt when the iy, T
a full kettle — your mate won't thank you if you spill boiling = i I“Ij'ftdjff“lslrom 3 bunsen bumey, | =
water into their bag (or down their back). s SR Y, 2

AAVERENd g™

L
Feelin’ hot hot hot...
Cret that link between radiation and temperature firmly stuck in your head. Then have a go at this guestion:
Q1 Explain what is happening in terms of radiation and temperature when a bow! of ice cream
is lefi on a counter in a warm room. [2 marks]
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Just take your time and make sure you really understand what's going on in that graph.

Black Body Radiation

It sounds complicated, but black body radiation is not as hard as it sounds.

| Black Bodies are the Ultimate Emitters |

N

2)

3)

4)

6)

6)

Radiation Affects the Earth’s Temperature |

1)

2)

3)

4)

B) Changes to the atmosphere can cause a change to the
Earth's overall temperature. If the atmosphere starts to
absorb more radiation without emitting the same amount,

radiation that hits it. No radiation is reflected or transmitfed.

All obiects emit electromagnetic (EM) radiation due to the anargy in their thermal energy stores.
This radiation isn't just in the infrared part of the spectrum — it covers a range of wavelengihs and

The intensity and distribution of the wavelengthe emitted

by an object depend on the object's terperature.

Intensity le the power per unil area, |.e. how much energy
g transferred 40 a Ei!.l'nn aren in a certain amound of tima,

Az the fr:||:p1:r'.’|1||l o of an uhjnﬂl' Inocreages, the
|l|’r|-||'.|!:_! [I-'Fl".-'l‘l'l.j amitted u.'u'.r|-||-l|]1||| increasas.
However, the |nfﬂnBH'H inGreaaes mora h'l|'m“|_j for
shorter wavelangthe than longer wavelengths.

This causes the peok wavelength (the wavelergth
with the highagt i|.1r-|.:.rh_];l to decrensa,

The curves on the right show how the intensity and
wavelength distribution of a black body depends
on its temperature,

The overall temperature of the Earth depends on the
amount of radiation it reflects, absorbe and emits.
During the day, lots of radiation (like light) is
traneferred to the Earth from the 8un and absorbed.
Thie causes an increage in |ocal temperature.

At night, less radiation is being absorbed than is being
emitted, causing a decrease in the local temperature.

Overall, the temperature of the Earth stays

faidy constant. You can show the flow of /J

radiation for the Earth on a handy diagram. e——"

the overall temperature will rise until absorption and
emission are eqgual again (global warming).

Intensity
L

Ad the object gets hottes, the

peak wavelength decreases

—
Wisible light range

Same rachation s reflected

by thie atmosphire, clouds

andl the Earth's sur

'rd 144

Wavelength

Radiation i
aleg ematied

Some radiation 15 absorbed by the atmosphere,
clouds and the Earth's surface

Don’t let this get you hot under the collar...

The peak wavelength of radiation vou emit is about 10 pm — and you thought this topic was dull. ..

Q1

The peak wavelength of light from the Sun is about 500 nm.

The peak wavelength of light from a second siar is at about 850 nm.

Which star is hotter? Explain vour answer,

[2 marks]
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Sound Waves

Time to learn all about the properties of gound waves and how they cause us to hear things. Don't panic
though — you won't be quizzed on each individual part of the ear, just make sure you have a general idea.

Sound Travels as a Wave
1) Sound waves are caused by vibrating objects. These vibrations are passed through the surrounding

medium as a series of compressions and rarefactions (sound is a type of longitudinal wave — page 73).
2) Sound generally travels faster in solids than in liquids, and faster in liquids than in gases.
3) When a sound wave fravels through a solid it does so by causing the particles in the solid to vibrate.
loudspeaker compression rarefaction

salid abject

Faper diaphragm in a speaker Wifhan the sound wave hits a sold abject,

vibrates back and Torth, which the air p.l.r'.il: (4] hlt'.'ﬂq the 4.P|:I;l.'l:t [the

causes the surrsurding air Lo pressure — g} causes the Fl.d'hllf'.. i the
=] .

_.-1_.!,‘||p. crealing Lo ey Hz"lh'j to move h‘l”:L 1|"|l:| rLlF“" t'-lh"ﬂ'.f]

and rarefactions These particles hit the next parbiches in

A sound wave 5 erdated

L33E R

B e R e T g
e ek Pl e e e

ling and so an = passing the sound wave

through the object as a senes of vbrations
The sound wave {ravely |;|'|rul|!:||‘l the an Ah a

sories af COMPFASSIaNS and rarefactions

4) Sound can't travel in gpace, because it's mostly a vacuum (there are no particles to move or vibrate).

6) Sometimes the sound wave will eventually travel into someone's ear and reach their gar
drum at which point they might hear the sound — more on this below,

: You Hear Sound When Your Ear Drum Vibrates outer ear  middle ear

1) Sound waves that reach your ear drum can cause it to vibrate.

2) These vibrations are passed on to tiny bones in your ear called
ossicles, through the semicircular canals and to the cochlea.
3) The cochlea turns these vibrations into
elecirical signals which get sent to your brain
and allow you to gense (l.e. hear) the sound.

4) Different materials can convert different frequencies
of sound waves into vibrations. For example, humans NPTTVERTPOTRRTT P ia 1 0T
can hear sound in the range of 20 Hz - 20 kHz. = Microghones work in a similar way
Microphones can pick up sound waves oufside of this range, but if Sound waves cause a diaphragm

you tried to listen to this sound, you probably wouldn't hear anything. ik b syt bt

L

ROVl pLas

transferred into an electrical signal

6) Human hearing is limited by the gize and shape of our ear drum, ag well /o TR
as the structure of all the parts within the ear that vibrate to transfer the energy from the sound wave.

sliling

| Sound Waves Can Reflect and Refract

1) Sound waves will be reflected by hard flat surfaces. Echoes are just reflected sound waves.

2) Sound waves will also refract as they enter different media. As they enter denser material,
they speed up. This is because when a wave travels into a different medium, its

wavelength changes but its frequency remaings the same so its gpeed must also change (p.73)
(However, since sound waves are always spreading out so much, the change in direction is hard to spot undar normal
circumetances. )

Sorry, listening to music doesn’t count as revision...
Make sure you know that sound waves make solids vibrate and that your vibrating car drum lets you hear them.
01 Explain, in terms of vibrations, what happens when a sound wave enters your ear. [4 marks]
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Ultrasound

Can you hear that? If not, ‘that’ could be ultragound — a handy wave used for geeing hidden objects.
Ultrasound is Sound with Frequencies Higher Than 20 000 Hz

Electrical devices can be made which produce electrical oscillations over a range of frequencies. These can
easily be converted into mechanical vibrations to produce gound waves beyond the range of human hearing
(i.e. frequencies above 20 000 Hz). This is called ulirasound and i pops up all over the place.

Ultrasound Waves Get Partially Reflected at Boundaries

boundary 1) When a wave passes from one medium into another, gome of the
wave is reflected off the boundary between the two media, and
madium 1 i 2 some is transmitted (and refracted). This is partial reflaction.

nEdiming

-.||_-..w~...;|"?f$f _ : 2) What this means is that you can point a pulse of ultrasound at an

WA ’E"p : object, and wherever there are boundaries between one substance

W are refracted

{&'f?&a y and another, some of the ultrasound gets reflected back.

Pt e AW .. 3) The time it takes for the reflections to reach a detector can
be used to measure how far away the boundary is.

Ultrasound is Useful in Lots of Different Ways

1) Ultrasound waves can pass through the body, but whenever they reach

a boundary between {wo different media (like fluid in the womb and the P
skin of the foetus) some of the wave is reflected back and detected. ( e : )

2) The exact timing and distribution of these echoes are processed by {
a computer to produce a video image of the foetus, foetus =

3) No one knows for sure if ultrasound is safe in all cases but X-rays would definitely be dangerous.

Industrial imaging, e.g. finding flaws in materials
1) Ultrasound can also be used to find flaws in objecte such as pipes or materials such as wood or metal.

2) Ultrasound waves entering a material will usually ultrasound waves reflecled 3 crack causes
be reflected b}j the far gide of the material. by far side of maten 1I"=""-—* ---- ;; __ ¢ 1r|-’ eflection
of waves

3) W there is a flaw such as a crack inside the object, the wave will be reflected sunner.

Echo sounding uses high frequency sound waves (including ulirasound). I's used by boats and
submarines to find out the depth of the water they are in or to locate objects in deep water.

m A pulse of ultrasound takes 4.5 seconds to travel from a submarine E

to the seabed and back again, |f the speed of sound in seawater
is 1520 m/s, how far away is the submarine from the seabed? e

1) The formula is of course distance = speed = time s=wvt=1520 = 45 = 6840 ot | ;_;-il s
2) But this is a reflection question, 6840 + 2 = 3420 m. sant E—_ I back
so don't forget the factor of 2. thery

3} The 45 < is for there and back, so halve the distance. V_H:—”—%’

Partially reflected — completely revised...

Ultrasound waves are really useful, so make sure vou can describe how looking at the time taken for them to be

reflected can let you see the structure of things vou would otherwise be unable to — like the inside of a metal.
Q1 Calculate how long it takes for an ulirasound pulse to return to a submarine, if the speed
of sound in seawater is 1520 m/s and the submarine is 2500 m above the seabed. [3 marks]
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Exploring Structures Using Waves

Ultrasound waves can be used to explore structures that we can't gee, but they're not the only ones.
E.g. you can use seismic waves produced by earthquakes to investigate the Earth's inner structure. Fancy.

Waves Can Be Used to Detect and Explore

1) Waves have different properties (e.g. speed) depending on the material they're travelling through.

2) When a wave arrives at a boundary between materials, a number of things can happen.

3) It can be completely reflected or partially reflected (like in ultrasound imaging, see
previous page). The wave may continue travelling in the same direction but at a
different speed, or it may be refracted (p.76) or absorbed (like 8-waves below).

4) Studying the properties and pathe of waves through etructures can give you clues to some
of the properties of the structure that you can't gee by eye. You can do this with lots of
different waves — ultrasound and seismic waves are two good, well-known examples.

Earthquakes and Explosions Cause Seismic Waves

1) When there's an garthquake somewhere, it produces geigmic waves which travel out through the Earth.
We detect these waves all over the surface of the planet using gelamometers.

2) Seigmologiste work out the time it takes for the shock waves to reach each seismometer,
They also note which parts of the Earth don'f receive the shock waves at all.

3) When geigmic waves reach a boundary between different layers of material (which all have different
properties, like density) inside the Earth, some waves will be absorbed and some will be refracted.

4) Most of the time, if the waves are refracted they change speed gradually, resulting in a curved path.
But when the properties change suddenly, the wave speed changes abruptly, and the path has a kink.

P-waves can Travel through the Earth’s Core, S-waves can't

1)  There are fwo different types of seismic waves you need
to learn — P waves and § waves (see below).

2) By observing how seismic waves are absorbed and refracted,
scientists have been able to work out where the properties
of the Earth change dramatically. Our current understanding
of the internal structure of the Earth and the size of
the Earth's core is based on these observations.

Erust

[almast) solid

rantle

quid outer
core

solid inner core

= Earthaquake = ingi

Earthguaks

Mo P-waves
reach here

'’

Powaves pass
through core and
are detected here

Mo S-waves
are detected
here as they cant

pass througn the

P-waveg are Inngiiudinal. ligurd outer core
They travel through solids and liguids. Q-waves are transverse and can't travel through
They travel faster than S-waves. liquids (or gases). They're slower than P-waves.

I’ll take an Earth with metal filling and a crispy crust to go...
Wow, who knew earthquakes could be so educational as well as destructive...

Q1 S-waves produced at the Earth’s North Pole would not he detected at the South Pole. Sugpest one
conclusion you can make about the Earth’s core from the observation. Explain your answer. [2 marks]

Topic 6 — Waves



- Bl

Revision Questions for Topic 6

And that's the end of Topic 8 — give yourself a pat on the back before seeing how much you've learnt.
* Try these questions and fick off each one when you get it right.

*  When you've done all the questions under a heading and are completely happy with it, tick it off.
Wave Properties (p.73-74) [ ]

1)  What is the amplitude, wavelength, frequency and period of a wave?

2) Describe the difference between transverse and longitudinal waves and give an example of each kind.

3) Describe experiments you could do to measure the speed of sound and the speed of ripples in water.

Reflection and Refraction (p.75-77) [ |

4) State the law of reflection.

5) Draw a ray diagram for a light ray being reflected where the angle of incidence is 25°.

6) Define specular and diffuse reflection.

7)  True or false? All electromagnetic waves are tranaverse,

8) Explain refraction and draw a ray diagram for a light ray entering a less optically dense material.
9) Describe an experiment you could do to investigate a) refraction and b) reflection of light.
Uses and Dangers of Electromagnetic Waves (p.78-81) [ |

10) What kind of current is used fo generate radio waves in an antenna?

1)  Explain why microwaves are uged for satellite communication and mobile phone signals,
12) Give an everyday use of infrared radiation,

13) What type of radiation is used to transmit a signal in an optical fibre?

14) Name the type of radiation produced by the lamps in tanning salons.

18) What does the term ‘ionising radiation’ mean?

16) What does radiation dose in sieverts measure?

Lenses (p.82-84) [ ]

17) Give the three rules for refraction in a convex lens and the three for a concave lens.

18) Explain the terms "real image' and 'virtual image’.

19) Draw the ray diagram symbols for a converging lens and a diverging lens.

Visible Light and Black Body Radiation (p.85-87) | |
20) True or false? Opaque objects transmit light.

21) Describe how colour filters work.

22) Describe the rates of radiation absorption and emission for an object at a constant temperature.
23) What is a perfect black body?

24) What is a Leslie cube? How could you use one to investigate IR emission by different surfaces?

25) a) Draw a diagram showing radiation reflected, absorbed and emitted by the Earth and its atmosphere.
b) Explain how this absorption, reflection and emission of radiation affects the Earth's femperature.

Sound Waves and Exploring Structures with Waves (p.88-90) [ |

26) What is the frequency range of human hearing?

27) Explain how ultragound is used in pre-natal scanning, industry and echo sounding.

o0 O 00000 000 0000000 OOoooodo Ood

28) Describe how 8 and P waves can be used to explore the structure of the Earth’s core.
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Permanent and Induced Magnefs

| think magnetiem iz an attractive subject, but don't get repelled by the exam — revise.

Magnets Produce Magnetic Fields ‘

1) All magnets have fwo poles — north (or north seeking) and gouth (or south seeking).

2) All magnets produce a magnetic field — a region where other magnets or - ar magnet
magnefic materials (e.g. iron, steel, nickel and cobalt) experience a force. s ¥
(This is a non-contact forge — similar to the force on charges
in an electric field, like you saw on page 36.)

3) You can show a magnetic field by drawing magnetic field lines”™

4] The lines HIW“UE go from M—*—h and *he'd show a north pole bere would
a force would act on a north pole if it was put at that point in the field. fiel a force to the right

6) The closer together the lines are, the sironger the magnetic field. Abrartlan Repulsion
The further away from a magnet you get, the weaker the field is. N WQ{.’L

6) The magnetic field is girongest at the poles of a magnet. Ej: _::_; A N, sl
This means that the magnetic forces are also gtrongest at the poles, RN Wl

7) The force between a magnet and a magnetic materal is always attractive, no matter the pole.

8) If two poles of a magnet are put pear each other, they will each exert a forge on each other.
This force can be attractive or repulsive. Two poles that are the same (these are
called |ike poles) will repel each other. Two unlike poles will attract each other.

narth pn:'t-||-
aod ygnos

Compasses Show the Directions of Magnetic Fields

1) Inside a compase ig a tiny bar magnet, The north pole
of thie magnet is attracted to the south pole of any The north pole of the magnet in the compass points along
other maﬂnﬂ'i it ie near. Bo the ﬂﬂmpﬂﬂﬂ ]I_l:li||1!: in the the held line towards the south pole of the bar magnet
direction of the magnetic field it is in. {“ o A "D,

2) You can move a compass around a magnet and froce E..: *#'3"|
ite position on some paper to build up a picture of ) &.}IN g [ oo I
what the magnetic field looks like, o | |

3) When they're not near a magnet, compasses always E:' ook AN Ll

point north. This is because the Farth generates its
own magnetic field, which shows the inside (core) of the Earth must be magnetic.

Magnets Can be Permanent or Induced |

permanent

1) There are two types of magnet — permanent magnets N magnet
and induced magnets.

E} Permanent magneis FII'DdUﬂB iheir AW I'nﬂgh&ﬁﬂ field. The magnetic material becornes magnetised when it s brought
3) Induced magnets are magnetic materials that turn into /" e D gk Ik HBk A ovn pores And wg"H i
a magnet when they're put into a magnetic field. [N Pj,::é'::{"t
4) The force between permanent and induced magnets is :
always atiractive (see magnetic materials above). nduced poles

5) When you take away the magnetic field, induced magnets
quickly loge their magnetism (or most of it) and gtop producing a magnetic field.

Magnets are like farmers — surrounded by fields...
Magnetism is one of those things that takes a while to make much sense. Learn these basics — vou'll need them.
Q1 Drraw the magnetic field lines for a bar magnet. Label the areas where the field is strongest. [2 marks]

Q2 Give two differences between permanent and induced magnets. [2 marks]
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Electromagnetism

On this page you'll see that a magnetic field is also found around & wire that has a current passing through it.

A Moving Charge Creates a Magnetic Field

1) When a current flows through a wire, { Current e

a magnetic field is created around the wire. Magne hr held

2) The field is made up of concentric circles perpendicular
fo the wire, with the wire in the centre. @ =
3) You can see this by placing a compags near a wire / 7

that is carrying a gurrent. As you move the compass, AT L
it will frace the direction of the magnetic field. The Right:Hand Thurb Rule

4) Ehﬂﬁgihg the ﬂtﬂ_ﬂiﬁm of the current ﬂhﬂnﬂEE the Using your right hand, poink your thumb in the
direction of the magnetic field — use the .-|.r.-¢-..1.-.‘ % "r"'_'_“, 'jmi Hlfmr |_...1\5.-:-.” ”;If..’.h”:h'.'I
right-hand thumb rule to work out which way it goes. R s Lt ot

6) The gtrength of the magnetic field produced changes with the gurrent and the digtance from the wire.
The larger the current through the wire, or the cloger to the wire you are, the gtronger the field is.

A Solenoid is a Coil of Wire |
1) You can increase the gtrength of the magnetic field that a wire

produces by wrapping the wire into a goil called a golencid. Magnetie field
2) This happens because the field lines around each o H,_‘k
loop of wire line up with each other,
3) This results in lots of field lines pointing in the same direction that are «((({((«((((((((
very cloge to each other. As you saw on the last page, the closer 4{
together field lines are, the gironger the field is. :_ (N Current

4) The magnetic field ingide a solenoid is glrong and uniform (it has the game_
strength and direction at every point in that region).

6) Outgide the coil, the magnetic field is just like the one round a bar magnet.

8) You can increage the field strength of the solenoid even mare by putting a block of iron in the
centre of the coil. This iron core becomes an jnduced magnet whenever current is flowing.

7) If you stop the current, the magnetic field disappears. A solenoid with an iron core (a magnet whose
magnetic field can be turned on and off with an electric current) is called an ELECTROMAGNET.

Electromagnets Have Lots of Uses

Magnets you ecan switch on and off are really useful. They're usually used because they're so

quick to turn on and off or because they can create a varying force (like in loudspeakers, p.95).

1) Electromagnets are used in some cranes to attract and pick up things made from magnetic
materials like iron and steel, e.g. in scrap yards. Using an
electromagnet means the magnet can be switched on when you

want to pick stulf up, then switched off when you want to drop it.

2) Electromagnets can also be used within other circuits to act ag  #eciromagne
switches (e.g. in the electric starters of motors), like this: my, -

*  When the switch in circuit one is closed, it turng on the
electromagnet, which attracts the jron contact on the rocker.

racEer

iran contack

|
F
4

{ =

MO
* The rocker pivots and closes the contacts, CIRCUIT CIRCUIT
completing circuit two, and turning on the motor. OME WO

Strong, in uniform and a magnetic personality — I’'m a catch...
Electromagnets are used in loads of everyday things from alarms to trains, so you'd better learn how they work.

0] Draw the magnetic field for: a) a current-carrving wire b} a current-carrying solenoid  [4 marks]

Topic T — Magnetism and Electromagnetism



94

The Motor Effect

The motor effect can happen when you put a current-carrying wire in a magnetic field. IW's really useful in stuff
like... well... electric motors. If you want to know exactly what it is, you'll have to keep reading.

A Current in a Magnetic Field Experiences a Force |

When a current-carrying wire (or any other conductor) is put between magnetic poles, the magnetic field
around the wire interacts with the magnetic field it has been placed in. This causes the magnet and the
conductor to exert a force on each other. This is called the motor effect and can cause the wire to move.

This is an aerial view, (__..‘\ .1: R&Huliihg Foroa

The red dol represents a wir

carrying current "out of the Normal magnetic field of w
H'_Jl' ‘3 Moy |||||l||||||||

page” (towards you) e
— WNH- A —=— Dwvinted magneto feld of mngn-uh:

1) To experience the full force, the wire has to be at 90" to the magnetic field. If the wire rune parallel
to the magnetic field, it won't experience any force at all. At angles in between, it'll feel gome force.
2) The force alwaye acte at right angles Horseshoe magnet
to the magnetic field of the magnets

and the direction of the current in the wire.

3) A good way of showing the direction of the
force is to apply a current to o set of pails

inside a horseshoe magnet (shown opposite).
A bar is placed on the rails, which gompletes the gireuit. : Bar rolls along rails when
This generates a forge that rolls the bar along the rails. current is applied

4) The magnitude (strength) of the force increases with the strength of the ip field.

6) The force also increases with the amount of current passing through the conductor.

You Can Find the Size of the Force...

The force acting on a gonductor in a magnetic field depends on three things:
1)  The magnetic flux dengity — how many field (flux) lines there are in a region.
This shows the gfrength of the magnetic field (p.92). Current (A)
2) The size of the current through the conductor. Force (N)
3) The length of the conductor that's in the magnetic field. /_»
M

When the current is at 90° to the magnetic field it is in, the -
forge acting on it can be found using the equation on the right.

Length (m)
agnetic flux density (T, tesla)

.. and Which Way it’s Acting

You can find the direction of the force with Fleming's leff-

1) Using your left hand, point your Eirst finger in the direction of the Eield.
2) Point your zeCond finger in the direction of the Current.

3) Your thuMb will then point in the direction of the force (Motion).

Fleming's left-hand rule shows that if either the current or the magnetic field is reversed, then the direction
of the force will also be reversed. This can be uged for all sorts of things — like motors on the next page.

Left-hand rule for the motor effect — drive on the left...

Use the lefi-hand rule in the exam. You might look a bit silly, but it makes getting those marks so much easier.

Q1 A 20 cm section of wire with a current of B A is at %0° to a 0.1 T magnetic field. ekt
a) Find the direction of the force acting on the wire. Haakie Rl Z [1 mark]
b) Calculate the size of the force. " > [3 marks]
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Electric Motors and Loudspeakers

If you've ever broken a pair of headphones, you'll have seen the tiny erinkly paper cone inside them.
I'm sure you've never sat and wondered how they work, but that's all about to change my friend...

A Current-Carrying Coil of Wire Rotates in a Magnetic Field

1) The diagram on the right shows a basic dc motor.
Forces act on the two gide arms of a coil of
wire that's carrying a current.

2) These forces are just the usual forces which
act on any current in a magnetic field (p.94).

3) Because the coil is on a gpindle and the
forces act one up and one down, it rotates.

4) The gplit-ring commutator ie a clever way of Split-ring YRR, ———
swapping the contacts every half furn to commutator Neuching 1pIkt eing
keep the motor rotating in the game direction.

6) The direction of the motor can be reversed either by f
swapping the polarity of the dg supply (reversing the gurrent) 3
or swapping the magnetic poles over (reversing the field). 8 '

6) You ocan use Elaming's loft-hand rule fo work out which way the coil will furn. *

m Is the coil turning clockwise or anticlockwise? 8. Y,
—
= .,2-./]

1) Draw in gurrent arrows (from positive to negative, p.24).
2) Use Fleming's left-hand rule on gne branch
(here, I've picked the right-hand branch). Field ~ Current
3) Point your fist finger in the direction of the f
magnetic field (remember, this is north to south)
4)  Point your second finger in the direction of the current,

5) Draw in the direction of motion e : : :
{the direction your thumb is pointing in). The coil is turning anticlockwise.

Loudspeakers Work Because of the Motor Effect
Loudspeakers and headphones (which are just tiny loudspeakers) both use cleciromagnets:
1) An alternaling current (ac) is sent through a

coil of wire attached 1o the base of s paper cone.
2) The coil surrounds one pole of & permanent magnet,
and is surrounded by the other pole, so the current causes

3) When the current reverses, the force acts in the
opposite direction, which eauces the cone to

move in the opposite direction too. r |
4) So variations in the current make the cone vibrate, Magieh = fof
which makes the air around the cone vibrate and creates f//_f. \( o
the variations in precsure that cause a cound wave (p.88). [ @@} _
6) The frequency of the sound wave is the same as the ‘\J’}‘E ' Cail
frequency of the ac, so by controlling the frequency of R
the ac you can alter the sound wave produced. Frant view of magnet

If a loudspeaker falls in the forest does it still make a sound...

Motors and speakers are both really common examples, so make sure you learn them well for the exam.

0] Explain how a londspeaker converts electrical signals into sound waves. [ marks]
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The Generator Effect

Electricity is generated using the generator effect (which is also known as electromagnetic induction).
Sounds terrifying, but read this page carefully and it hopefully shouldn't be too complicated.

Cutting Field Lines Induces a Potential Difference |

The Generator Effect: The induction of a potential difference (and gurrent if there's a complete cireuit)

in a wire which is moving relative to a magnetic field, or experiencing a change in magnetic field.

1) The generalor effect creates a potential difference in a conductor,
and a gurrent if the conductor is part of a gomplete circuit.

2) You can do this by moving a magnet in a goil of wire OR moving a
conductor (wire) in a magnetic field ("cutting” magnetic field lines).

3) 8hifting the magnet from gide to side creates a little "blip" of
current if the conductor is part of a complete cireuit.

4) If you move the magnet (or conductor) in the opposite direction, then the
potential rliffnrnn-uw'[:urruni will be roversed. Likewise if the polarity of the

magnet is reverged, then the potential difference/ourrent will be reversed too. y
5) If you keep iha magnet (or the coil) moving backwards and forwards, you produce k’r
a potential difference that keeps swapping direction — an alternating current.
You can create the same effect by turning 8 magnet ond 1o ond in a coll, or turning o coil inside a
magnetic field. This is how generators work to produce no or direct current {de) — see next page.

1) As you turn the magnet, the magnetic field through the coil chonges. This change in the
magnetic field induces o potentinl difference, which con make a currant flow in the wire,

m’?. 2) When you've turned the magnet through half a turn, the direction of the magnetic

side view

J field through the coil reverses. When this happens, the potential difference

-

'hé reverses, 5o the current flows in the opposite direction around the coil of wire.
8) If you keep turning the magnet in the same direction — always

_ .ﬁ clockwise, say — then the potential difference will keep on reversing

ol every half turn and you'll get an alternating current.

Induced Current Opposes the Change that Made It

1} 8o, a change in magnetic field can induce a current in a wire. But, as you saw on page 93,
when a current flows through a wire, a magnetic field is created around the wire. (Yep, that's a
second magnetic field — different to the one whose field lines were being cut in the first place.)

2) The magnetic field created by an induced current always acts against the change
that made it (whether that's the movement of a wire or a change in the field

it's in). Basically, it's trying to return things to the way they were.
3) This means that the induced current always opposes the change that made it.

You Can Change the Size of the Induced Potential Difference

If you want to change the size of the induced pd, you have to change the rate that the magnetic
field is changing. Induced potential difference (and so induced current) can be increased by either:

1) Increasing the speed of the movement — culting more magnetic field lines in a given fime.
2) Increasing the strength of the magnetic field (so there are more field lines that can be cut).

Generators work when the coil or the field is moving...
Electricity is super useful in our daily lives, which means the generator effect is really important too. Learn it

Q1 State the generator effect, [ 1 mark]

Q2 Giive two ways Lo increase the induced current in a generator. [2 marks]
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Generators and Micropho;es

Generators make use of the penerator effect from the previous page to induce a current. Whether this current
ie alternating or direct all depends on two gimilar sounding methods of connection. Don't get them mixed up.

Alternators Generate Alternating Current ‘

1) Generators rotate a coil in a magnetic field
(or a magnet in a coil).

2) Their construction is pretty much like a motor.

3) As the coil (or magnet) sping, a gurrent is induced in the
coil, This current changes direction every half turn. :

4] ||'I$|EEd of a ﬁpl“;ﬂmw- F.~I||:I|--'ng': and

ac generators have slip rings and brushes brushes NOUCED AC OUT
g0 the contacts don't swap every half turn.

5) Thie means they produce an allernating potential difference — more on this below.

Dynamos Generate Direct Current

1) Dynamos work in the same way as alternators,
apart from one important difference.

2) They have a gplit-ring commutator
instead of slip rings.

3) This gwaps the connection every half turn to Splivring
keep the current flowing in the sgame direction REpgr

(similar to the motion of a de motor, p.9B6).
You Can Use an Oscilloscope To See the Generated pd

1) Oscilloscopes show how the potential difference generated in the coil changes over fime.
2) For ac this is a line that goes up and v v : 4

down, crossing the horizontal axis, 1 . 1 r AAHA

3) For de the line isn't straipht like .’f B \ o ‘.r/ \ f\\/\‘ .i\‘:r .J. I_/Y 1A t
you might expect, but it stays above N \ / . E =ttt
the axis (pd is always positive) i | L\..-J; 1Y
so it's still direct current. ac trace de trace Increasing revolutions

4) The height of the line at a given point is the generated potential difference at that time.
6) Increasing the frequency of revolutions increases the overall pd, but it also creates more peaks too.

Microphones Generate Current From Sound Waves

1) Microphones are basically loudspeakers in reverse.

2) Sound waves hit a flexible diaphragm that is attached to a coil of wire, wrapped around a magnet.

3) This causes the coil of wire to move in the magnetic field, which generates a current. diaphragm

4) The movement of the coil (and so the generated current) depends on the altachad o cos
properties of the sound wave (louder sounds make the diaphragm move further).

5) This is how microphones can convert the pressure variations of a
sound wave into variations in current in an electtic circuit. mEdneL™

nduced cuarrent’ F

ac from Alternators, dc from Dynamos — easy peasy...

Remember, microphones act like a loudspeaker in reverse. 1 you're not sure about speakers, go back to page 95.

1 a) Draw a potential difference-time graph lor a direct current generated by a dynamo. [2 marks]
by Explain how the dynamo generates this current. [3 marks]
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Transformesrs

Transformers Change the pd — but Only for Alternating Current |

1) Transformers change the size of the potential difference of an alternating current.

2) They all have two coils of wire, the primary and the secondary, joined with an iron core.

3) When an alternating pd is applied across the primary coil, the iron core magnetises and demagnetises
quickly. This changing magnetic field induces an alternating pd in the secondary coil (p.96).

4) If the second coil is part of a gomplete gireuit, this causes a current to be induced.

5) The ratio between the primary and secondary potential differences is the same as the
ratio between the number of turns on the primary and secondary coils. S
= o 13 wied pecavise

- s easily magnetised.

Iron gere_ Vg il oTEP.UP TRANSFORMERS step the potential 1111 1 1111111
] ' difference up (i.e. ingreage it). They have more
turns on the gecondary coil than the primary coil.

STEP-DOWN TRANSFORMERS step the potential
I Seconday difference down (i.e. decrease it). They have
more tutng on the primary coil than the secondary.

Primary 4
coil ol

The Transformer Equation — Use it Either Way Up

1) Aslong as you know the [nput pd and the number of turns on each coll, you can
caleulate the output pd from a transformer using the transformer equation:

Mumber of turns AR LN TR TAARTTY Vi

S0 for a sepeup transformer

Input potential difference (V)
|,-'l » Li arnil f” i':t\: ]Cl'ﬁ'rl

on primary coil

tramaformer, |,J " b’
|I|-'|||I||||||| ||||I-'l,|

“PERER A

L}'ﬁ.'ll.”

Mumber of turns

{ j,.1[||_|1 |:'|:-||'||t|.|| |||‘H|'|1'|'-\.|' ':‘\-"]

on secondary coil

2) This equation can be used either way up, so :;': = :; works just as well,

There's less rearranging to do if you put whatever you're trying to find (the unknown) on the top.
8) Transformers are almost 100% efficient. If you assume that they are, then the input power
ie equal to the output power. Using P = VI from page 33, you can write this as:

Current through Mg,

. ' ko |/
primary coil (A) * 1, is the power output
at Eh'd ﬂ|"l\.l:lH|'.i_,r'|' oo
Vo« _l'
F

Pd across

secondary coil (V)

15 the power input

'-"'-l"-ll

Pd across primary coil
P r}r {W L':"H:'l nary coil

Current through secondary coil (A) it
4) You need to be able to relate both of these equations to power transmission in = R
the national grid, to explain why and how the national grid transmits at very high pds.
5) You've already seen on page 34 that a low current means that less energy is wasted heating
the wires and the surroundings, making the national grid an efficient way of transmitting power.
The equation in the blue box shows why, for a given power, a high pd is needed for a low current.
6) The equation in the orange box above can be used to work out the number of turns needed to

increase the pd (and decrease the current) to the right levels.

""n'||-.||||ll.

I once had a dream about transforming into a hamster...

Make sure yvou know how translormers work and then take a stab at using those equations with this question.

1 a) A transformer has 16 turns on its primary coil, 4 turns on its secondary coil and an output
potential difference of 20 V. Calculate the potential difference across the primary coil. [3 marks]
b) Calculate the input current needed 1o produce an outpul power of 320 W, [3 marks]
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Revision Questions for Topic 1

Whew, the end of Topic 7 — time to put yourself to the test and see how much you ean remember.
*  Try these questions and tick off each one when you get it right.
*  When you've done all the questions under a heading and are completely happy with it, tick it off.

M ti 1 Basic Elect ti (.92-93) I:l
1) What is a magnetic field?

2) Give three magnetic materials.

3) In what direction do magnetic field lines point?

4) Describe how you could uge a compase to show the direction of a bar magnet's magnetic field lines.
6) Describe the behaviour of a compass that is far away from a magnet.

8) True or false? The force between a magnet and a magnetic material is always repulsive.

7) What happens o an induced magnet when it is moved far away from a permanent magnet?

8) Describe the magnetic field around a current-carrying wire.

9) Why does adding more turne to a solenoid increase the strength of its magnetic field?

10) Describe an electromagnet and give one example of where it could be used.

The Motox Effect (p.94-95) [ |

1) Explain why a current-carrying conductor in a magnetic field experiences a force.

12) State the equation for calculating the size of this force.

13) Name three ways you could inorease the force on a current-carrying wire in a magnetic field.
14) What iz Fleming's left-hand rule?

16) Explain how a basic de motor works.

16) Draw the magnetic field for the magnet inside a loudspeaker.

The Genexator Effect (p.96-97) ]

17) Describe how you can induce a current.

18) Give two ways you could reverse the direction of an induced current.

19) True or false? Induced currents create magnetic fields that oppose the change that made them.
20) Give two ways that you can increase the size of an induced potential difference.

21) Which type of generator uses slip rings and brushes?

22) What kind of current do dynamos produce?

23) Draw a graph of potential difference against fime for an ac supply.

24) Explain how microphones translate sound waves into electrical signals.

Transformers (p.98) | |

25) What kind of current are transformers used with?

26) Why do transformers have a core of iron?

27) True or false? Step-down transformers have more coils on their primary coil than on their secondary.
28) A transformer has an input pd of 100 V and an output pd of 20 V. What kind of transformer is it?
29) State the transformer equation.

30) Write down the equation that relates the input and output currents and pds of transformers.
What does this equation assume?

00 00000 O0O00000d 000000 O00oo0o0odood

31) Explain how transformers are used to improve efficiency when transmitting electricity.
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The Life Cycle of Stars

Stars go through many traumatic stages in their lives — just like teenagers.

PROTOSTAR CLOUD OF DUST P
AND GAS 1) Stars initially form from a cloud of

dust and gas called a nebula.

2) The force of gravity pulls the dust and gas together to form a protostar.
The temperature rises as the star gets denser and more particles collide
with each other. When the temperature gets high enough, hydrogen nuclei
undergo nuclear fusion (p.49) to form helium nuclei. This gives out huge
amounts of energy, which keeps the core of the star hot. A star is born.

3) The star enters a long stable period where the oulward pressure
(p.68) caused by the nuclear fusion that tries to expand the star

balances the force of gravily pulling everything inwards.

In this stable period it's called a main sequence star and it typically
MAIN BEDUENG_E 8TAR lasts geveral billlon years. (The Sun is In the middle of this sluble period.)

& Btars about the sams 4) E'ul'ﬂl!'l‘l'u!l“ld the hydroger beging fo run out. The star ﬂlﬂh pwalls
 § into a red glant (if it 1s a small star) or a red super giant

(if it Is a larger star). It becomes o because the surface
cools, Fusion of helium (and other elements) ocours. Heavier
elements (up to iron) are created in the core of the star.

gize ns the Sun
Btars much bigger
than the S8un

- o'uHI‘TE DWARF  mm— BLACK DWARF

5) Asmall-to-medium-sized star like the 6) Asawhite dwarf cools down, it
8Sun then becomes unstable and emits leas and less gnergy.
sjects its outer layer of dust and When it no longer emits
gas. This leaves behind a hot, a significant amount, it is
dense solid core — a white dwarf. called a black dwarf.

7) Big stars, however, start to glow brightly again as they
undergo more fusion and expand and contract several
times, forming elements as heavy ag iron in various nuclear
reactions. Eventually they'll explode in a supernova, forming
elements heavier than iron and ejecting them into the
universe to form new planets and stars. Stars and their life
cycles produce and distribute all naturally occurring elements.

8) The exploding supernova throws the outer layers of dust

and pas into space, leaving a very dense core called
a neutron star. If the star is massive enough, it
will become a black hole — a super dense point in

HEUTRDF-\..'.IQTAR BLACK HOLE space that not even light can escape from.

It’s the beginning of the world as we know it...
Preity neat, secing how stars like our Sun — which all of us rely on — were made all those years ago.
Q1 Describe the life cycle of a star much larger than our Sun, from ils main sequence onwards. [4 marks]
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The Solar System and Orbits

The Sun is the centre of our golar system. 1's orbited by eight planets, along with a bunch of other objects.
l'"'““'"'"ll- i,
Our Solar System has One Star — The Sun o z"g s N Moy 2
- arth ars, Jupite -

The solar system is all the gtuff that orbits our Sun. This includes things like: '-J“‘;-?tln m ,_,,I.::ral..dl o 3
1) Planets — these are large objects that orbit a star. There are eight in our solar system. PR
They have to be large enough to have "cleared their neighbourhoods". This means that their

gravity is strong enough to have pulled in any nearby objects apart from their natural satellites.

2) Dwarf planets, like our pal Pluto. These are planet-like objects
that orbit stars, but don't meet all of the rules for being a planet.

3) Moong — these orbit planets.

They're a type of patural satellite (i.e. they're not man-made).
4) Artificial satellites are satellites that humans have built.,

They generally orbit the Earth.

Our solar system is a tiny part of the Milky Way galaxy. _—-"‘#
This is & maggive collection of billions of stare that are all held together by gravity.

You are here

Gravity Provides the Force That Creates Orbits e AL
= A sakellibe 1y an et !hq". -.-rl:; l: II:.

1) The planets move around the Sun in almost cireular orbits = 4 second, more massive obiect -
(the same goes for the Moon orbiting the Earth). R T T

2) If an object is travelling in o circle it is gonstantly changing direction, which meanas it is
constantly aceelerating. (Just like o car going around a roundabout, pages 60-61.)
3) This also means it is constantly changing velocity (but NOT changing speed).
4) For an object to accelerate, there must be a force acting on it R s
(p.64). This force is directed towards the ventre of the circle, ittt
§) This force would cause the object to just fall towards 4 (instankaneous velocity)
whatever it was orbiting, but as the object is already |
maoving, it just causes it to change its direction. Q O

8) The object keeps accelerating towards what it's orbiting
but the instantaneous veloeity (which is at a right angle
to the acceleration) keeps it travelling in a gircle.

7) The force that makes this happen is provided by the
gravitational force (gravity) between the planet and
the 8un (or between the planet and its satellites).

The force is abways towards
thr centre of the cirele

~ The Size of the Orbit Depends on the Object’s Speed

1) The clozer you get to a star or planet, the stronger the gravitational force is. G 42 ks
2) The stronger the force, the faster the orbiting object needs to travel /
to remain in orbit (to not crash into the object that it's orbiting). ' | €

3) For an object in a stable orbit, if the speed of the object changes,
the size (radius) of its orbil must do so too, Fasfer moving objects .\
will move in a stable orbit with a smaller radius than slower moving ones.

Revision’s hard work — you’ve got to plan et...
Make sure you know what orbits what and how to tell a moon from a planet. Then have a go at these questions.

Q1 Give one difference between natural and artificial satellites. [1 mark]
Q2 I the distance between the Moon and the Earth was smaller, how would the orbital speed of the
Moon compare 1o its current orbital speed? Explain vour answer. [4 marks]
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Red-shift and the Big Bang

'How it all began’ is a tricky question that we just can't answer. Our best guess at the minute is the Big Bang.

The Universe Seems to Be Expanding

As big as the universe already is, it looks like it's getting even bigger.
All its galaxies seem to be moving away from each other. There's good evidence for this...

1) When we look at light from most distant galaxies, we find that the wavelength has increased.

2) The wavelengths are all [pnger than they should be — they're ghifted P Wi I’;‘;'Jﬂ;"‘f__
towards the red end of the spectrum. This is called red-shift. 2 ;:;.I: I::,-:I'I,L--e:.'---r-] :
3) This suggests the gource of the light is moving away from us., Measurements of = ot as the source =

the red-shift indicate that these disgtant galaxies are moving away from ug (receding) ._-,_Iﬂl'f:*:"'lﬁ:‘j-l'-‘l o ,“f,\:..'-
very quickly — and it's the same result whichever direction you look in.

4) More distant galaxies have greater red-shifts than nearer ones, This means
that more distant galaxies are moving away fagter than nearer ones.
6) The inescapable conclusion appears to be that the whole universe (space itself) is expanding.

Imagine a bolloon eovered with porporns.
As you blow into the balloon, it siretches.
The pompoms move [urther awny from each other.
The balloon represents the univerco and each pompom s \
i i,l-'l""""J" As time El‘lﬂﬂ on, Bpaca ':h.'l-ile‘_!u"g ﬂﬂd ﬂ!pﬂhdﬂ. “‘h
moving the galaxies away from each other.
This is a cinple model (balloons only stretch co {ar, and there would
be galaxies ‘\0ide' the balloon too) but it shows how the cxpansion
| of space makes it look like galaxies are moving away from us,

This Evidence Suggests the Universe Started with a Bang

8o all the galaxies are moving away from each other at great speed — suggesting something must have

got them going. That 'something' was probably a big explosion — the Big Bang. Here's the theory...

1) Initially, all the matter in the universe ocoupied a very small space.
This tiny space was very dense (p.38) and so was very hot.

2) Then it 'exploded’ — space started expanding, and the expansion is still going on.

New Evidence Might Change Our Theories

1) Something important to remember is that the Big Bang theory is the best guess we
have so far. Whenever scientists discover new evidence, they have to either make
a new theory or change a current one to explain what they've observed.

2) There is still lots we don't know about the universe. Observations of supernovae from 1998 to the
present day appear to show that distant galaxies are moving away from us faster and faster (the
speed at which they're receding is increasing).

3) Currently scientists think the univerge iz mostly made up of dark matter and dark energy.

Dark matter is the name given to an unknown substance which holds galaxies together, but does
not emit any electromagnetic radiation. Dark energy is thought to be responsible for the accelerated
expangion of the universe. But no-one really knows what these things are, so there are lots of

different theories about it. These theories get tested over time and are either accepted or rejected.

And it all started with the Big Bang...

Or al least, thats what we currently think is most likely. Remember that theories change depending on evidenee.

]! How does observed light from distant galaxies suggest that the universe is expanding? [3 marks]
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Revision Questions for Topic 8

Topic 8 — short, sweet and super interesting. Now it's time to check you filled all that space in your head.
*  Try these questions and tick off each one when you get it ri
*  When you've done all the questions under a heading and are completely happy with it, tick it off.

The Life Cycle of Stars (p.100) []

1) What is a nebula?

2) What causes the rise in temperature that leads to nuclear fusion in a protostar?

3) What causes a main sequence star to remain stable for a long time?

4) What happens fo a star about the same size as our 8un when it beging to run out of hydrogen?
6) What is a black dwarf and how is it mada?

B8) At what stage in a star's life oyole are elements heavier than iron formed?

7) True or falee? The Sun will eventually turn into a black hole.

The Solax System and Oxbits (p.101) [ ]

8) How many stare are there in our solar system?

9) What do planets and dwarf planets orbit?

10) True or false? The moon is an artificial satellite.

1) What galaxy is our solar system part of?

12) What is the approximate shape of the planets' orbits around the Sun?

13) True or false? An object in a stable orbit has a continually changing speed.

14) What is the name of the force that pulls an orbiting object towards Earth?

16) 8tate the direction of the orbiting object's instantaneous velocity in relation to this force.

16) How does the strength of a planet's gravitational force change as you get closer to its surface?

17) What happens to the speed of an orbiting object if its orbital radius increases?
Explain why this happens.

Red-shift and the Big Bang (p.102) [ ]

18) What is red-shift?

19) True or false? Very distant galaxies are moving away faster than ones closer to us.

20) Give two limitations to the balloon model of the expanding universe.

21) Briefly describe the ideas that make up the Big Bang theory.

22) What did scientiste discover about the movement of galaxies in 1998 and how did they discover this?

23) True or false? New evidence that disproves a popular theory is ignored.

LO0O000 O 000000000 0000000
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Apparatus and Techniques

Get your lab coat on, it's time to find out about the ekills you'll need in experiments.
First things first — make sure you're uging appropriate equipment and know how to use it correctly.

Mass Should Be Measured Using a Balance

1) For a solid, set the balance to zeto and then place your object onto the scale and read off the mass.

2) I you're measuring the mass of a liquid, start by putting an empty
container onto the balance. Next, reset the balance fo zero, e
3) Then just pour your liquid into the container and record the mass displayed. Easy peasy. <_ AU %

Measure Most Lengths with a Ruler

1) In most cases a bog-standard centimelre ruler ean be used to measure lengih.
It depends on what you're measuring though — metre rulers are handy for lorge distances,
while micrometers are used for measuring tiny things like the dinmetar of o wire.

2) The ruler should always be parallel 1o what you want to measure.

3) W you're dealing with something where it's ricky to measure just one acourately (e.g. water ripples,
p.74), you can measure the length of ton of them and then divide to find the lenpth of one.

4J If HDU'I‘H filkil‘lg multiple mesgurements of the game Ill]]ﬂ{]l‘ {Hg to meagsure ﬂhﬂhﬂﬁﬁ in o Spring
length) then make sure you always measure from the sume point on the object. It can 3 > >
help to draw or stick small (norkors onto the ebject to line up your ruler against. gy, | g: =
6) Make sure the ruler and the object are always at cye lovel when you take ‘
a reading. This stops parallox affecting your results, —. fultr P71 c lﬂ
Pu:nllmr iz where a measurement appears to change based on where | g_: N |
you're looking from. The blue line g the measurement taken when e
the spring is at eye level. It shows the correct length of the spring. AN
Use a Protractor to Find Angles
1) First align the vertex (point) of the angle with the mark in the gentre of the protractor.
2) Line up the bage line of the protractor with one line that forms the angle and
then measure the angle of the other line using the scale on the protractor. .
3) If the lines creating the angle are very thick, align the protractor and measure fﬂm“ e ¥ o
the angle from the centre of the lines. Using a sharp pencil to trace light . "~ | 7
rays or draw diagrams helps to reduce errors when measuring angles. LYy !
4) W the lines are foo short to measure easily, you may have to extend
them. Again, make sure you use a gharp pencil to do this. o
Measure Temperature Accurately with a Thermometer S,
: When :(.:-._.'”- rmji".'-l o a :'
1) Make sure the bulb of your thermometer is completely submerged = scale, use the value of the =
in any substance you're measuring. = Ilfr'l’est mark on the seale =
= £ nearest _|f.1.'.'|.|l i " :_

2) Wait for the temperature to stabilise before you take your initial reading. oo i o0
3) Again, read your measurement off the scale on a thermometer at eye level.

You May Have to Measure the Time Taken for a Change

1) You should use a stopwatch to time most experiments — they're more accurate than regular watches.

2) Always make sure you start and gtop the stopwatch at exactly the right time. Or alternatively, set
an alarm on the stopwatch so you know exactly when to stop an experiment or take a reading.

3) You might be able to use a light gate instead (p.106). This will reduce the errors in your experiment,

Practical Skills
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Apparatus and Techniques

-_ Measuring Cylinders and Pipettes Measure Liquid Volume ,

1) Measuring culinders are the most common way to measure a liquid.

2) They come in all different sizes. Make sure you choose one that's the right size for the
measurement you want to make. It's no good using a huge 1 dm® oylinder to measure
out 2 om® of a liquid — the graduations (markings for scale) will be too big and you'll
end up with massive errors. Wd be much better 1o use one that measures up to 10 om?.

3) You can also use a pipetie to measure volume. Pipeties are used 1o

suck up and fransfer volumes of liquid between containers. L a;fi___hx_l Read volume
4) Graduated pipettes are used to transfer accurate volumes. .. ":l'—l'.” b + ; flreml' 1:,., =
A pipette filler is attached fo the end of a graduated pipette, === | 1| |/ r::r :":::i

to gontrol the amount of liquid being drawn up.

5) Whichever method you use, always read the volume from the
bottom of the meniscus (the curved upper surface of the liquid) when it's at eye level.

Eureka Cans Measure the Volumes of Solids |

1) Eureka cans are used in gombination with measuring cylinders g tireha
to find the volumes of jrregular golids (p.38)
2) They're essentially a beaker with a spout. To use them,

fill them with water o the water level is gbove the spout. ~,
3) Let the water drain from the spout, leaving the water lavel just = =

below the start of the spout (so all the water displaced by an object

goes into the measuring cylinder and gives you the correct voluma).

4) Place a measuring cylinder below the end of the spout, When you place a solid

in the beaker, it causes the water level to rige and water to flow out of the spout.

§) Make sure you wait until the spout has gtopped dripping before you measure the volume
of the water in the measuring cylinder. And eurekal You know the object's volume.

FEAsunng

eylniler

ni:-Jq' et i)

dwrird shatue

Be Careful When You Do Experiments

1) There are always hazarde in any experiment, so before you start an experiment you should read
and follow any safety precautions to do with your method or the apparatus you're using.

2) Stop masses and equipment falling by using clamp stands. Make sure masses are of a
sensible weight so they don't break the equipment they're used with, and use pulleys of a
sensible length. That way, any hanging masses won't hit the floor during the experiment.
3) When heating materials, make sure to let them cool before moving them, or wear insulated gloves
while handling them. If you're using an immersion heater to heat liquids, you should
always let it dru out in air, just in case any liquid has leaked inside the heater. = A%

= g
= '

4) If you're using a lazer, there are a few safety rules you must follow. A 51
Always wear laser safety goggles and never look directly into the lager or shine it .

towards another person. Make sure you turn the laser off if it's not needed to avoid any accidents.

5) When working with electronics, make sure you use a low enough voliage and current fo prevent wires
overheating (and potentially melting) and avoid damage to components, like blowing a filament bulb.

B) You alzo need to be aware of general safety in the lab — handle glassware carefully so it doesn't break,
don't stick your fingers in sockets and avoid touching frayed wires. That kind of thing.

Experimentus apparatus...
Wizardry won't help you here, unfortunately. Most of this'll be pretty familiar to you by now, but make sure vou
get vour head down and know these technigues inside out so they're second nature when it comes to any practicals.
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Working with Electronics

Electrical devices are used in a bunch of experiments, so make sure you know how to use them.

You Have to Interpret Circuit Diagrams »a

Before you get cracking on an experiment involving any kind of electrical devices, you _,,e;;TI B & |

have to plan and build your cireuit using a circuit diagram. Make sure you know all of N:Bf:b[';n- oA
the circuit symbols on page 24 so you're not stumped before you've even started. %”‘q,;;,"t 3
: Ay

There Are a Couple of Ways to Measure Potential Difference and Current

Voltmetere Meagure Potential Difference

1) If you're using an analogue voltmeter, choose the voltmeter with the most appropriate unit
(e.g. V or mV). If you're using a digital voltmeter, you'll most likely be able to switch between them.

2) Connect the voltmeter in parallel (p.25) across the component you want to test.
The wires that come with a voltmeter are usually red (positive) and black (negative).
These go into the red and black coloured ports on the voltmeter. Funnily enough.

3) Then simply read the potential difference from the geale (or from the goreen if it's digital).

Ammeters Measure Current

1) Just like with voltmeters, choose the aroreter with the most appropriate unil. M i,

2) Connect the ammeter in corios (p.26) with the component you want to - I.lljr.-r'-:;u: F.I .:I -
test, making sure they're both on the sarme branch, Again, they usually = b0 prevent wires
have rod and blook ports to show you where to connect your wires. - "'I-;’:-"'L_' ip and

3) Read off the current shown on the coule or by the toresn. - :\-Hrd,.m.

AN RN AN I

Multimeters Meature Both

1) Instead of having a geparate ammeter and voltmeter, many cirouits use
multimeters. These are devices that measure a range of properties

— usually potential difference, current and resistance.
2) If you want to find potential difference, make sure the red
wire is plugged into the port that has a 'V' (for volts).
3) To find the gurrent, use the port labelled ‘A’ or ‘mA’ (for amps).
4) The dial on the multimeter should then be turned to the relevant section, e.g. to ‘A’
to measure current in amps. The sereen will display the value you're measuring.

Light Gates Measure Speed and Acceleration

1) Alight gate sends a beam of light from one side of the gate to a detector on the
other side. When something passes through the gate, the beam of light is
interrupted. The light gate then measures how long the beam was undetected.

2) To find the speed of an object, connect the light gate to a computer.

Measure the length of the object and input this using the software. It will then
automatically caleulate the speed of the object as it passes through the beam.

3) To measure acceleration, use an object that interrupts the signal twice in F_T::ﬂ
a short period of time, e.g. a piece of card with a gap cut into the middle.

4) The light gate measures the speed for each section of the object and uses this

to calculate its scceleration. This can then be read from the computer screen.
Hawve a look at page GBE for an rxmn;.ll- of a ||!‘]l'|r gate hl'll"l!,'J_ wsed

':.,';!:1 ke LT B

the beam

A light gate is better than a heavy one...

Alter finishing this page. vou should be able 1o take on any elecirical experiment that they throw at vou... ouch.
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Page 11 — Energy Stores and Sysiems
Q1  Eneegy is transferred mechanically [T mark]
fram the: kinetic enengy store of the wind
[1 mark] to the kinelis energy store of the
wandmill [1 mark].

Page 12 — Kinetic and Potential Energy
Stores
Q1 The change in heighl is 5.0 m. 5o the energy
translerred lrom the @'H\.’ILNIIZII'IHI p-h‘l!lr'l!llll
enengy Shone I8
E=mgh=20%08«50= 08 [f mark)
This is transforred to the kinetic energy store of
the objsct, so £ = 98 0 [T mark]
E, = Y sa v = 2E + m [1 mark]
® {2 = WE) + 2.0 [1 mark]
= 88 mdg*
v= JOE = 9.800
= 9.0 mis (102 s.1) [T mark]

Page 13 — Specific Heat Capacity

Q1 AE = meAlsn Alrs AE + (m = o) [T madk]
= 50 000 + (& = 4200 = 2.4 *C [T mark]
S0 Uhee mily bvmgaraiure
=5+ 24874°CH mark]

Page 14 — Conservation of Energy and
Power
ar PeE+|
[=2 60120 & [1 mark]
P e 4800 + 120 [1 mark] = 40W {1 mark)

Page 16 — Conduction and Convection

a1 Fliabbngy Domnsbers mnergy 1 W particle’s Kinslio
energy stores [T mark], These particles vibrale
] U anaergy Btwien lhem = gradually
ftransderming the energy thaguwgh the solid
[1 mark], This is called condwsison [1 mark]

Page 16 — Reducing Unwantad Energy

Transfers
Q1 Covvily wall insulatkon reduces anergy Iransiar
by convection 7 mark]. 11 also reduces anergy
transfer by conduchan [T mark] bscauss tha
insulating fomm has a kw thermal conductivity
andd &0 has a low ralo of anargy transior from
Themmal energy slores [T mark],

Page 17 — Efficiency
a1 efficiency = useful oulpn energy transler
+ todal inpud encrgy transfor
= 225 = 300 [1 mark] = 0.75 [T mark]
Q2 efficiency = uselul power oulpul
& lolal power inpul
= 900 + 1200 = 0.75 [ mark]
wsieful output energy transfer
= gfficiency = tolal inpul energy transfer
It mark]
=(hT6 = 72 000 [7 mark] = 54 000 J [T mark]
Page 18 — Energy Resources and their
Uses
Q1 a) renewabla [1 mark]
Ib) non-renewable [1 mark)
c) non-renewable [1 mark)
d) renewabla [1 mark]

Page 189 —Wind, Solar and Geothermal

a1 E.qg wind power ean b unreliable as sometimes
there's no wind or the turbines have o be
ghopped becauss the wnd is boo sirong, so
they don't provide a constant supply of energy
[1 mark]. Geothermal power plants can run
continuously as they ransler energy fram the
thermal energy slore of the ground [T mark].

Page 20 — Hydro-electricity, Waves and
Tides

Q1 E.qg. they disturb the seabed / they disturk the
habilats of manne animats [1 mark]

Page 21 — Bio-luels and Non-renewakbles

Q1 Any two from: a.g. they're raliable [ they're
comparafivety cheap 1o run ! they can respond
quickly o changes in demand (2 marks]

Q2 E.g burning of releazes carbon dioxide, which
contributes lo global warming [1 mark]. 11 also
produces sudur dioxida which causas acid
rain, which is harmful 1o irees and animals and
Gl have far-roaching eflacls in ecosyslams
I rark]. Qil spills also ocour when lransporbng
all, which san harrdkill animals Ihat ve inoand
argund the sea [1 mark]

Page 22 — Trends in Energy Hesource Use
Q1 Any twao fromi o, building now powor plans is
axpensive | peophe don't wanl o llve noar e
porwin pants ranewablie enangy resounces
ara lnps rellande than nan-ranawable anengy
rasourcas | fybrid cars ang maons oxpansive tan
aquivalent patrod cars [2 maeks],

Page 24 — Current and Circuit Symbaola
Q1 G=Weod= Q[ mark]

= 28 80D + B0 [1 mark]

= 30008 (=1 hour) /1 mark]

—®—
Ly

{1 mark for pach eorreat symbol conmrected
v wlogle loop, otherwlse, award & marks
for earvect symbols In an inearrect loop]

Page 26 — Rosistance and V = [R
o1 WEiRen R Ve T[T mark]
= A0 BT k] = A8 02 1 mark]
Page 26 — Reslstance and [-V
Characteristics

0Q1a) f
¥

[1 mark for correct axes, Tmark for a stralght
line throwgh the origin]

b I
¥
[ mark for correct axes, T mark for correct
shape]
Page 27 — Circuit Devices
Q1 a) E.g. aulomalic mghi lighls — a light
automatically furns an when il gels dark
I mark]

b) E-g. thermostals — the haating automatically
turns ondeff at a certaln temperature 1 mark].

az Eq

Page 28 — Series Circuits
Q1 W=12+12=24% [N mark]
R=24+3s7T=12 [} [T mark]
Voo i x so e Ve 7T mack]
=24 = 12 [1 mark] = 2 A 1 mark]
Page 28 — Parallel Circuits
Q1 The current thegaegh the circuit increases
I mark] and the fotal resistance of e dreuil
decreazes o keas than the reslstance of the
amallest resstor [1 mark].

4
[T mark for the correct circwit symbaols,

1 mark for two bulbs connecied in paralied,
1 mark for both swifches being on the same
branches as the lamps)

Page 30 — Investigating Resistance
a

(111

.

o +

@
{1 mark for a cirewit with soveral resisfors

connected in paraiel and switches alfowing
ane realsfor to be added at a tima, ]

Page 31 — Electricity in the Home
Q1 a) 230 W [ mark]

b 0% |1 mark]

a) 0 [1 mark]

Page 32 — Power of Electrical Appliances
Q1 PeE = o000 = 30 [T mark]
= 200°W {1 mark)
Qe PsE+tanE=Pal [l mark]
= 250 = {2 = B0 = 60)
= 1 SO0 000 J §1 mark)
£ =375 x (2 » 60 » 60) = 2 700 000 J ff mark]
Bo change in onargy is
2 T00 000 = 1 BOO Q00 = 900 000 J [T mark]

Page 33 — More on Power
Q1 E=0Qx Vs 10000 % 200 [f mark]
= 2 000 000 J {1 mark]
Q2 P=Val=12 =40 [1 mark] = 48 W [1 mark]
Q3 P=Wai=230« 100 = 2300 W [ mark]
This. is exqual to P = P8 [Y mark]
R= P+ F[1 mark] = 2300 + 10.0F [T mark]
= 23 41 [1 mvark]

Page 34 — The National Grid

Q1 The Mational Grid distributos oloctricty al a
high pd and a low current [1 marks] A high
pd means thal it can distribube lobs of power
per second (a5 power = pd = current) [1 mark].
Using & low current reduces enengy losses
[1 mark] which makes the National Grid efficient
al transferring anargy [1 mark].

Page 35 — Static Electricity

Qi As the jJurnper rubs against his shirt, a static
charge builds up on the both the umpear and
tie =hirt {1 mark]. This is due o electrons
being removed from one and being deposited
onta the other [T mark]. The chamge becomes
large encugh for elecinons 1o Jump’ across the
amall &r gap betaesn the jumper 2nd the shir,
causing aparks 1 mark].
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Page 36 — Electric Fields

a7

« >

[T mark for lines af a dght angle to the
surface, 1 mark for lines pointing away from
the sphere]

Q2  The force between the charges inceases
a8 ey gel doser logelhes [T mark], This s
becausa the force is caused by the electric fialds
of the chanpes inlaractng [1 mark]. Electric
fiodd strength gots sironger tho closor you gal to
i charged odejeol, 5o whan B Iwo ebjscls b
s logether the field i sironger and thay fesl
 kasged force [T mark],

Page 38 — Density of Matorials

Q1 Firsd fendd the cubin’s volurmis
1.5% 1.5x 1.5 = 3376 cm® [ mark]
Thae cailen s cansily i 3500 kgim"
1 glem® = 1000 kg'm',
B0 Uhen o 3500 = 1000 = 3.6 gfem” [1 mark],
pEmveom= pw VT mark]

=05« 3375 1P mark] = 1101256
=BG (o3 sl) [t mark]

Page 38 — Internal Energy and Changes
of Slate

Q1 Hoating the solid iranslors enedgy ia the kinalic
anogy slores of the pariiches {ncreasing the
It rand gy 1 mark]. Wiin i particlas
hivwe encugh enengy In thelr kinatic enengy
wioren, Dy Can break this bonds Bodding thism
togother [T mark]. The solid changoes stabe and
becoman liquid [T mark]

Page 40 — Specilic Latent Heat
Q1 E=mmsl =028« 120000 [1 mark)
= 30000 J [T mark]

Page 41 — Particle Moton in Gases
a1 pV e constanl, 50 when
Veldim' pV=520x358
= 1820 [1 mark]
When V=1m® p=1= 1820 [T mark],
5o p = 1820 Pa [1 mark]

Page 43 — Developing the Model of the
Arom

Q1 a) The centra of an alom |8 & liny, posllvely
charged nucleus [T mark], This s made up of
protons and neutrons Bnd is the source of most
of the atom's mass [1 mark]. Most of the atom
is emply space [T mark], Electrons arbil the
muchews @l set energy hevels 1T mank],

b} The radius of an #lom is arcund 1 x 10" m

[T mark]. The radius of & nuclEus 18 10 (00

temes smaller than this [1 mark],

Page 44 — Isolopes and Nuclear Radiation

01 E.g Alpha would nol be suilabk: because il
is slopped by a few orm of ar or a cheel of
paper [1 mark]. N would nol be abde to pass
theiowsgh the packaging to sterilise the equipment
[1 mark].

Page 45 — Nuclear Equations

Q1  Bela partices [1 mark]

gz “ERn - GPosiHe
[1 mark for correct layout, 1 mark for correct
symbaol for an alphs particle, 1 mark for total
atomic and mass numbers being equal on
both sides]

Page 46 — Hali-life

o1 Afier one haliife the count-rate will be
40 + 2 = 20 cps [1 mark]
Afier a second: 20+ 2 = 10 cps
Afer @ thind: 10 + 2 = 5 cps [T mark]
S0 the ralio is 5:40 = 1:8 [T mank]

Answers
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Page 47 — Background Radiation amd
Contamination

Q1  E.g. rocks [1 mark], coemic rays 1 mark] and
fallout from nuchear moplosions [1 mark]

Page 48 — Uses and Risk

Q1  Gaemme rays are drected carefully at a tumour
[T mark]. Becauee a high dose of gamma rays
will kill living calls, the cancarous cells will be
destroyad withoul damaging ton many normal
tuzielihy cells [T mork],

Q2 a) Radioactive solopes e swallowed by o
injected inlo a parsan [T mark] The radialion
Thi igotope gives off s detected and a campuler
shows whara (he sirongest readings are coming
Tram to show how the body is working 1T maek),

b} Medicnl tracars uso radislion snd this poses

i risk 1o tha human body, o.g, § can cause
damage of mulation of cells [T mark]. Palienis
may think thase naka ane too serous and want
alhiar tesls to e pafermad nabead [1 mark],

Page 48 — Fisgion and Fugion
Q1 a) A daige and unstablo seclous abisorn @
meutran {1 meark], This cavses I b split inla
Tt paugihly soual pead noeclal [T mak], Two
ar three nowirons arg seo relensad whan the
lnrpo nualoug apdds [1 mark]. Tha sosrgy nol
transfarrad 1o the smallor neclal or noutrons s
Iranslarrad [ IHay warnmabingn Dy Quimma riys
{1 inark],
. o Epuke
i ?.:_-io.‘,n—}@%
v T Sy O ¢
T Wt P
e MY
{1 araek for a nedtren belng absorted (o
cavse spditting, T merk for e large nucleus
spitting deto two soealflor nuehel, T vk for
i pradieing & neafrar that (s absarbod by
arvo it Targe, unsfable nehous]

Page B1— Contact and Non-Contagt Forcos

Q1 Contact forco: alr rogsatanco [1 mark]
MWan-contast forae: gravdational forca [1 mark]

Q2 a) Any lwo from: o.g. spead | dislance | mabs |
lamiperalirg {3 mearks]

b} Ay o frome e, displacerment [ momentum |
Tares ! accaleration | valocily [2 marks]

Page B2 — Weight, Mass and Gravity
Q1 a) W=mg=25= 080 mak] =49 N [T mark]

b} W= 5% 1.8 [ mark] = 3 M {1 mark]
Page 53 — Resultant Forces and Work Done
a1 20cm=02m [ mark]

W= Fe= 20 0.2 [ mark] =4 J [1 mark]

Page 54 — Calculating Forces
a1

Resulant =13 N
[T mark for a correct scale drawing, 1 mark
far corract rasultant force]

Page B8 — Forces and Elasticity
Q1 2em=0.02m [T mark]
F=kasok=F+a[lmark]
=1+ 0.02 [1 mark]
= 50 N'm [T rark]
Page 56 — Investigating Springs
01 25em=0.025m [f mark]
E, = Yako® = Y * 40 = (0.025) [1 mark]
= 00125 J [T mark]

Page 5T — Momants
Q1  For forces (o balance, anficlockwise moment =
clockwise moment [T mark]
Lal your dstance =
So 300 = 2 = 800 % ¥ [1 mark]
¥ =600+ 800 = 1 m 1 mark]

Page 58 — Fluid Pressure
@l p=F+AsaF=p= Al mark]
= 200 000 = 10 [ mark)
= 2 000 00O N [ mark]
Q2 p=hpgsop=p+ hg 1 mark)
= d50 + (0,050 = 9.8) [1 mark]
p=B18.36.. = 920 kg/m® (fo 2 5.0) {1 meark)

Page 59 — Upthruat and Atmospheric
Pregsure
Q1 Wood s less dense han waler 1 mark], which
maans hal whan a wooden abject s placed in
waber, It can displace enough water bo create
an uptieest oaqual o tha swaight of the cbyect
[ mark]. Sotho uplhrust equals tho weight and
I Nloals 1 maik],
Pago 60 — Distange, Displacemont, Speod
and Valocity
Q1 amwtao = g+ I T mark)
& 200 = 26 1 mark] = 8 m'a [T mark]
Qi o) Distance rovallod = 1500 m [T mark]
) Marie's journey onds ot th samo position as i
shifad, 6o e displacamant is 0 m [1 mark)
Page 61 — Accelaration
Q1 u=sOms ve T a=g BB me,
a8 = )+ 2o [T mark]
® (40 = 0 = (2 % 0.8) {1 mark]
= 3.5 m [T mark]

Page 68 — Distance-Time and Velocity-

Time Graphs
al Eg
— L
E ,
r
5 #
.-"ff
_r'-d-f k.
Tima 1a:|"'

[1 mark For a curved line with an Increasing
positive gradient, 1 mark for the line
beconling a straight line with a positive

pradient]

Q2 Y
hﬂﬂ Il—ll
2 |
= |/ }.:
0 10 20 _30 7

Time {3}
1 mark for an upwards curved accelaration
fina to 20mis, 1 mark for a straight Nne

representing sicady speed, T mark for a
straight line representing deceleration]

Page 63 — Terminal Velocity

Q1 As the ball falis, it accalerates towards earth dus
o the force of gravity [1 mark]. Air resstance
alsa acls on the ball, in he opposile direction
o the force due logravity [1 mark]. As the ball
speeds up, the alr resistance increazes until the
accelerating force and the sir resistance balance
[T mark]. The objact cannot go any faster —
this is ibs fermanal welocity [T mark].

Page 84 — Newton's First and Second Laws
@1 F=ma= (80+10) = 0.25 {1 mark)
= 22.5 M [1 mark]



Page 65 — Inertia and Newton's Third Law

Q1 ‘When you lean on a wall, you axerd a force on
fthe wall. Due o Newton™s Third Law, the wall
alen exerts an equal bul opposile foroe (normial
contact fonce] back on you [1 mark]. You also
exert a force on the ground and the ground
exerts a force on you [1 mark]. The resuliant
force is e s0 you remain stationary [1 mark].

Page 66 — Investigating Motion

Q1 Aplece of card with a gap i the middle is
attached 10 the trofhey,. 50 thal two bils of card
stick up and interrupt the light gate beam as it
moves [T mark], The length of each bil of card
s il indo the lighl gabe software, and the lighl
gale measuies e veloeily of esch b of card as
fh Trodley moves [T mark]. 1 can use the two
wvalooy walues 10 find the accalaration [1 mark].

Page 687 — Stopping Distances
an Ay o Prosm e g, st § road surtisce /
condition of tyres | conditon of brakes [T mank]

Page 68 — Reaction Timos
Qla) v=u'=2ps
Va2 uD8 s 002+ 0 [ mark]= 21752
ve JETTEZ = 1,781, mis [T mark]
a® iwv+iso
i v = e [T mark]
=784, 00 [T mark] = 0.181... 8
=018 8 (o 2 w0y [T mark]
la) Hin remction Ui s longes in b evening
11 mark] &0 whilst droving, he may take longer io
fouwt Lo hinzard, msaning s thinking dislanco

wesdld bo longer [ meark)

Page 69 — More on Stopping Distances

Q1 Thinking distance increases linearly with spacd,
%0 thinking dsdance = 3 = & = 18 m /1 mark]
Braking distance incroasos with spaed by 3
[
S0 braking distance = 3° & & [T mark]

= bl m [T meark]

Siopping distance = 18 + 54 = 72 m [T mark)

Page 70— Momentum

Q1 pe=or =60 = 3 [ mark] = 180 kg m's [ mark]

Q2  Belore the gun fires the bullet, the (olal
L 1% 2enn (Rether thie gun nor ths bulls
are mowing) {1 mark], When the bullel leaves
fhia gun, il has momantem in ona direction
[ mark]. Tho gun moves backwards so i has
mgmaridum in he apposie dection [ mark]
This roveisns thal the Tolal momentum slter the
Badiet s been fired & 2era. Momentum has
b conserved [1 mark].

Page 71 — Changes in Momentum
Q1 p . =(10= @)« {20 =0) = 60 kg mi's [T meark]
i = (10 # 20) = v = 30v [1 rark]
p:-lh'\t = prllr
&0 = 30w
50 ¥ = 80 = 30 =2 m's [T mark]
Page 73 — Transverse and Longitudinal
Waves
Q1 7.5+ 100 = D075 m [T rark]
wave speed = fequency * wavelength, so
frequency = wave speed + wavelength [1 mark]
=15 + 0075 [1 mark]
=2 Hz [1 mark]

Page 74 — Experiments With Waves

Q1 Eq attach a dgnal generalor 1o a dipper and
place i in a nipple tank filed with water to
create some waves [T mark]. Flace a screen
undemeath the ripple tank, then um on a lamg
abowe the tank and dim the: other lights in the
nistem 1 mavk], Measure B disfance betwean
shadow lines thal ane 10 wavelengths aparl on
the zcreen beneath the tank, then divide this
number by 10 — this = egual to the wavelength
of tha npples. [T mark].

Answers

Page 15 — Rellection
01 Specular reflection [T mark]

a2 a0° //

[1 mark for cormect dlagram showing rays
and the narmal, T mark for correct angle
of incidence, T mark for correct anghe of
raflectian]

Page 76 — Electromagnetic Waves and
Refraction

o

1 mark for & corroct diagram showing
rays and the dormal, 1 mark for an angile
of incidenca of 40, 1 mark for an angle of
rafraction groater thap 40°]

Page 77 — Investigating Light

Q1 a) Craw around o glass Bock anto a plece of
papar, Snkne g bl iy Trom a ray box inb s
black f1 k], Traco the Incldant ray and mork
whirn thi sy smargos fram tho block, Romas
the ilack and poin thede up with o siralghi bne
]"I mark], Kadsur e snghe of ingldence
and angle of refractian f1 aark], Repeat s
axparimant for dilaren) matenaln, Kesping hs
angla of iIncidenca conslant and saaing how the
angla ol rolrdbion shnppog with ths matana
I1 markj,

b} 8o you can cosdy trace the light ray (o measee

s angls balaman he ey and e poomal

1 markj.
Page 78 — Radio Waves

Q1 Epg handu-fron Biueiooth™ hoadsols to use in
thi air [ mark]

Qe Radio waves can be produced By allermabng
aurmenls | osciations of charged pariches in
alacirical clreuls [1 mark]

Page 79 — EM Waves and Their Uses
Q1 Thoy can pass oasily through the Earh's walary
almosphere wilhoul being absorbed [T mark],

Page 80 — More Uses of EM Waves

Q1 E.qg ¥-ray photographs [1 mark] trealing cancer
(radicihorapy) [T mark]

Q2 Visibde light is not oasily absorbed or sealiored
in i fibre [7 mark],

Page 8] — Dangers of Electromagnetic
Waves

01 Any two from: e.g. UV radislion damages
surface cells / cause sunbum / cause premature
againg of the skin / cause blindness | increase
the risk of skin cancer,
12 marks — 1 mark for nach correct offaet]

Q2 T mSv+FmSre 10
S0 the added sk of hamm from @ T acan |s en
times higher than from an X-ray [1 mark].

Page 82 — Lenses
01 a} The point whers tays hitling The lens parallel o
the axis mee [T mmark]
b} The poind where light rays hitling the lens
parallal te the axs 2ppesar to coms from
I mark]

a2

I mark for parailel Nnes beimg rafracted and
brought tegether a5 they pass through the
lens, 1 mark for fnes meeting al the principal

foeus (Flf
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Page 83 — Images and Ray Diagrams

[1 mark for an Imap.:u digtance IF in front
of the lens, 1 mark for an inverted Image,
1 mark for two correct Nght rays]

Page 84 — Concave Lenses and
Magnification
Q1 magnfication = image height + object haight
= 6+ 12 [T mark] = 0.5 [1 markj
az  magafication = image helghl * oject hekght so
Image haight = magndication = oboect hakgh
't mark]
= 2.6 = 10 [1 mark] = 25 cm {1 mvark]

Page 88 — Visible Light

Q1 Tha rivd bag ia anly raflécting red gt and (e
proen buckhe i anly rflecting gresn ight. Al
athas wavalangths of visiblo ight are absorbed
{1 mark]. Colaur flters anly allow wasvalangihs
Ihad mateh halr colour heowgh, so tha Altes
willl only Tl throwgh graan lght f1 erﬂ This
riaeaand Ihal the buckls will appear green, & i
light refected by It can pass Boough the Diter
{1 mark]. Howévar, ha fed Bag wil appaar
black, bockuso tha Hier doean't allow through
[ rad Bgihl being rfleciod by tho bag [T mark]

Page 88 — Infrared Radiation and
Temperature
Q1 The bow of lce cream s absorbng mone
o iatscy B (88 amiting 1 mack]. Tha
coutos an incroase in the emparature of the
bowd of e craam {7 mark]

Page BT — Black Body Radiation
Q1 The Sun i halter [T mark]. The haotler an abject
It is, the aharter it peak wavelength [1 mark)

Page 88 — Sound Waves

Q1 Alr partiches ane moving back and Forih, oreating
prssure on your aar dium {1 mark] This
chandgs (i predaure cauded the e dium o
wibeate 1 mark]. Theae vibrations pass from
your gar drum to the inside of your ear [1 mark].
Thaso vibrations are urned into eleckncal
signals, which are senl b your brain $0 you can

hiear e sound 7 k],
Page 88 — Ultrasound
a1l s=w

Time takan for sound to reach the seabed
= 5+ v [1 mark] = 2500 + 1530
= 1,64, [T mark]
Tirre taken for the sound bo returm:
184, = 2=328. =335 (to 2 s} [1 mark]

Page 90 — Exploring Structures Using
Waves

Q1 The S-waves can'l Iravel though the contre of
the: Eartn, so at least par of the Exrh's cove
must be bguid [1 mark]. S-waves can only
travel through solids [1 mark].

Page 92 — Permanent and Induced

Magnets
il

[T mark for a correct diagram, 1 mark for an
indication of the fleld being strongest at the
poles)

Answers
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Answers

Q2 E.g. permanent magnets produce thair own
magnetic fields bul induced magnels bacoma
magnets when they'ra in a magnedic ficld
[T mark]. The foroe batesen an induced
magnel and a permanant magnet (s always
altractive, bul behwesn two parMEnen] magnats
it can be atractive or repulsive [1 mark].

Page 53 — Electromagnetism
01 a) E.g. for cuirent oul of the Pags:

(72N
©)

[T mark for eoncentrle circles geiiing further
apart, 1 mark for ammows o Reld Hnes with
correct divection]

[T mark for uniform fald inside coll, T mark
for field similar to a bar magret oulside of

eail]

Page 84 — The Moter Effect
Q1 a) In%o tho Page [1 mark]
b) 20 &m = 0.2 m /1 mark]
Fufilm0.0 x5 x0.2f1 mark]
= 018 N 1 mark]

Page 86 — Electric Motors and
Loudspoakers

Q1 A col of wine camying an altemating curnen is
wyapgad arcund m pole of & permansnt magns
which is surmoundod by the othor pola, thon
itlachad 1o o uspir cone [1 mark], When a
curtend fiows through the wire, this couses a
foece which moves the cone & ona drection
[T mark]. When the curmen! reverses, tho
forcn i rovarsnd and the cona ie mavad in tho
opposio dinection [1 mark]. This makes tho
e wilsrade, which vibralos th air seound it bo
create o sound wave, of the same frequency as
the allemnating current [1 mark].

Page 96 — The Generator Effect

Q1  The induction of a polential diference (and &
currend il There is @ compdels cirowil) ina wire
wiich iz morving relative 1o a magnetic fleld,
o experiencing a change in magnetic field
[1 mark].

Q2 Increase the speed of the movemant [T mark].
Increase the sirength of the magnetic field
[T mark]

Answers

Page 97 — Generators and Microphones
a1 a)

f/aVaVaN
l i
[T mark for correct axes, 1 mark for correct
fine]
I} A cail is made b ralata in a magnatic fiald

[T mark], This induces a poleslial dilference
acrass the coil, which causes a current fo flow
through (L f1 mvark], & spdil-ring commutalor s

usd 1o swap the connaciion aach half bim to
keap The curmant loweng in the sgame direclion

[T mark].
Page 88 — Transformera
Qi) ¥V + V¥ =n +n
'I.-':, =in, e [ mark]
s (10 = d) = 30 [1 mark] = 80y [T mark]
I} oulput powor = Input powor
PelWap V| 8y«
20w HO 5 LY mark)
i = 320 = BO [ mark] = 4 A [T mark)

Page 100 —The Life Cyale af Stare

Q1 E.g Whin the slae funs out of hydiogen to
Tuss, Il will papand and coal, bacoming o roxd
nupar gianl 11 ekl L bogins o glow boghily
hﬂnlh and Hpﬂ'ld'l and confracis saveral imas
wrlil il weplados i g supormoye [T markf, Tha
suparnovn throws dust and giag Inlo spaca
il leastes bahind o very disnde cofe callad w
neutran star [1 mark]. This will become a black
Potali 00 1% b i b mnowgh 7 imaeky,

Page 101 —Tha Salar Systam and Qrbita

Q1 E.g. artiliaisl salelidos am mace by humans,
whils! nalural satolites are not 11 mark]

Q2 e orbilal speed would be fastor (1 mark], The
Tarce dus o graydy inceemaas e clogar you
ol 1o the Earth's surface [T mark), Saif tha
riidiug of the Moon's oril was smallar, s largar
contripolal forco would be acling on it [1 mark],
50 b rermiadn o slabde orbil, the Moon's
instanlaneous velocily would nead 1o be larger
[T mark].

Page 1028 — Red-shiflt and the Big Bang

Q1 Obsarved light from galaxies has all bean red-
shifle) [T vark], This suggests that the light
sourcas (the distant galaxies) are moving away
fram us [1 mark]. Observationg have ahown
that thesa digtant galaxies are moving eway
from us at an increasing spead. This supporls
the idea that space is axpanding. causing
Ther dishinces between galaches o increase
[T ik,
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Physics Formulas — How to Deal with Them

If formulas just look like a load of weird symbols and nonsense to you, then you're never
going to get very far with Physics, that's for sure. Formulas are the Physics alphabet and
without them, you're... in trouble.

Formula Triangles

It's pretty important to learn how to put any formula into a triangle. There are two easy rules:

1) If the formulais "4 = B X C" then A goes on the top and B_X € goes on the bottom.

2) If the formula is "4 = B + " then
(because that's the only way it'll give "B divided by something")

— and so pretty obviously A4_and € must go on the bottom.

Three Examples:

turng into: turng into: turns into:

How to use them: Cover up the thing you want to find and write down what's left showing.

EXAMPLE:
To find V from the one on the right, cover up V and you gef left showing, so "V = %

Using Formulas — the Three Rules: i

1) FEind a formula which contains the thing you want to find together with the other
things which you've got values for. Convert that formula into a formula triangle.

2) Stick the numbers in and work out the answer.
3) Think very carefully about all the unite — and check that the answer is sensible.

Some Awkward Formulas Don’t Fit in Triangles

If you have a formula like v2 — y? = Das...
then there's no way it's going to fit in a formula triangle.
I'm afraid with these weirdy formulae, YOU JUST HAVE TO LEARN TO USE THEM AS THEY ARE.
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