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Colour Diagrams: Emission and Absorption Spectra*
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Ministerial foreword

The Department of Basic Education (DBE) has pleasure in releasing the second
edition of the Mind the Gap study guides for Grade 12 learners. These study
guides continue the innovative and committed attempt by the DBE to improve the
academic performance of Grade 12 candidates in the National Senior Certificate
(NSC) examination.

The study guides have been written by teams of exerts comprising teachers,
examiners, moderators, subject advisors and coordinators. Research, which
began in 2012, has shown that the Mind the Gap series has, without doubt, had
a positive impact on grades. It is my fervent wish that the Mind the Gap study
guides take us all closer to ensuring that no learner is left behind, especially as
we celebrate 20 years of democracy.

The second edition of Mind the Gap is aligned to the 2014 Curriculum and
Assessment Policy Statement (CAPS). This means that the writers have considered
the National Policy pertaining to the programme, promotion requirements and
protocols for assessment of the National Curriculum Statement for Grade 12 in
2014.

The CAPS aligned Mind the Gap study guides take their brief in part from the
2013 National Diagnostic report on learner performance and draw on the Grade
12 Examination Guidelines. Each of the Mind the Gap study guides defines key
terminology and offers simple explanations and examples of the types of questions
learners can expect to be asked in an exam. Marking memoranda are included to
assist learners to build their understanding. Learners are also referred to specific
questions from past national exam papers and examination memos that are
available on the Department’s website - www.education.gov.za.

The CAPS editions include Accounting, Economics, Geography, Life Sciences,
Mathematics, Mathematical Literacy and Physical Sciences Part 1: Physics and
Part 2: Chemistry. The series is produced in both English and Afrikaans. There are
also nine English First Additional Language (EFAL) study guides. These include
EFAL Paper 1 (Language in Context); EFAL Paper 3 (Writing) and a guide for each
of the Grade 12 prescribed literature set works included in Paper 2. These are
Short Stories, Poetry, To Kill a Mockingbird, A Grain of Wheat, Lord of the Flies,
Nothing but the Truth and Romeo and Juliet. (Please remember when preparing
for EFAL Paper 2 that you need only study the set works you did in your EFAL class
at school.)

The study guides have been designed to assist those learners who have been
underperforming due to a lack of exposure to the content requirements of the
curriculum and aim to mind-the-gap between failing and passing, by bridging
the gap in learners’ understanding of commonly tested concepts, thus helping
candidates to pass.

All that is now required is for our Grade 12 learners to put in the hours required
to prepare for the examinations. Learners, make us proud - study hard. We wish
each and every one of you good luck for your Grade 12 examinations.

x—A\_,: _} ﬂ_——_ﬂ—"’i @:_-/"("t A‘___{
\ ﬁ

Matsie Angelina Motshekga, MP
Minister of Basic Education
2015
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Dear Grade 12 learner

This Mind the Gap study guide helps you to prepare for the end-of-year
CAPS Grade 12 exam.

We are
confident that this
Mind the Gap study
guide can help you to
prepare well so that you
pass the end -of-year
exams.

The study guide does NOT cover the entire curriculum, but it does focus on
core content of each knowledge area and points out where you can earn
easy marks.

You must work your way through this study guide to improve your
understanding, identify your areas of weakness and correct your own
mistakes.

To ensure a good pass, you should also cover the remaining sections of the
curriculum using other textbooks and your class notes.

Overview of the Grade 12 exam

The following topics make up each of the TWO exam papers that you write
at the end of the year:

Cognitive | Description Paper 1 (Physics)
level
1 Remembering/Recall 15%
2 Understanding/Comprehension 35%
3 Applying and analysing 40%
4 Evaluating and creating (synthesis) 10%
Paper Type of questions Duration Total Date Marking
Physics
10 multiple-choice
1 questions - 20 marks 3 hours 150 October/November External
Structured questions -
130 marks

Paper 1: Physics Focus

Content Marks Total Duration Weighting of cognitive levels
Mechanics 63
Waves, sound and light 17
150 marks 3 hours 15 35 40 10
Electricity and magnetism 55
Matter and materials 15
© Department of Basic Education 2015 INTRODUCTION vii
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Look out for
these icons in the
study guide.

How to use this study guide

This study guide covers selected parts of the different topics of the CAPS
Grade 12 curriculum in the order they are usually taught during the year.
The selected parts of each topic are presented in the following way:

* An explanation of terms and concepts;

— e Worked examples to explain and demonstrate;
Activities with questions for you to answer; and
e Answers for you to use to check your own work.

Hints to help you

Pay special attention & remember a F:oncept Worked examples
or guide you in

solving problems

Step-by-step Refers you to the Q AZ’Z‘QE'::SV‘;S? o
instructions exemplar paper L q y

— to answer

* The activities are based on exam-type questions. Cover the answers
provided and do each activity on your own. Then check your answers.
Reward yourself for things you get right. If you get any incorrect
answers, make sure you understand where you went wrong before
moving on to the next section.

* |Inthese introduction pages, we will go through the mathematics
that you need to know, in particular, algebra and graphs. These are
crucial skills that you will need for any subject that makes use of
mathematics. Make sure you understand these pages before you go
any further.

* (Go to www.education.gov.za to download past exam papers for you to

practice.

Use this
study guide as a workbook.
Make notes, draw pictures
and highlight important
concepts.

viii INTRODUCTION © Department of Basic Education 2015
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Top 10 study tips

10.

Have all your materials ready before you begin studying - pencils,
pens, highlighters, paper, etc.

Try these
study tips to
make learning
easier.

Be positive. Make sure your brain holds on to the information you
are learning by reminding yourself how important it is to remember
the work and get the marks.

Take a walk outside. A change of scenery will stimulate your
learning. You'll be surprised at how much more you take in after
being outside in the fresh air.

Break up your learning sections into manageable parts. Trying to
learn too much at one time will only result in a tired, unfocused and
anxious brain.

Keep your study sessions short but effective and reward yourself
with short, constructive breaks.

Teach your concepts to anyone who will listen. It might feel strange
at first, but it is definitely worth reading your revision notes aloud.

Your brain learns well with colours and pictures. Try to use them
whenever you can.

Be confident with the learning areas you know well and focus your
brain energy on the sections that you find more difficult to take in.

Repetition is the key to retaining information you have to learn.
Keep going - don’t give up!

Sleeping at least 8 hours every night, eating properly and drinking
plenty of water are all important things you need to do for your
brain. Studying for exams is like strenuous exercise, so you must be
physically prepared.

If you can’t explain it simply, you don’t understand it well enough.

Albert Einstein

© Department of Basic Education 2015 INTRODUCTION ix
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Mnemonics
encode information
and make it easier
to remember

Mnemonics

A mnemonic code is a useful technique for learning information that is
difficult to remember.

Here’s the most useful mnemonic for Mathematics, Mathematical Literacy
and Physical Science:

BODMAS:

B - Brackets
—  Of or Orders: powers, roots, etc.

— Division

0

D

M - mutiplication
A - Addition

S

—  Subtraction

Throughout the book you will be given other mnemonics to help you
remember information.

The more creative you are and the more you link your ‘codes’ to familiar
things, the more helpful your mnemonics will be.

Education helps one cease being intimidated by strange situations.

Maya Angelou

x INTRODUCTION
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Mind maps

There are several mind maps included in the Mind the Gaps guides,

summarising some of the sections.

4 connect ideas BHANCHES

& ditterent coloyrg MIND MAP

IDEAS RULES

@ have funy

p'.c‘“’vé

Mind maps work because they show information that we have to learn in

the same way that our brains ‘see’ information.

As you study the mind maps in the guide, add pictures to each of the

branches to help you remember the content.
You can make your own mind maps as you finish each section.

How to make your own mind maps:

1. Turn your paper sideways so your brain has space to spread out in all
directions.

2. Decide on a name for your mind map that summarises the
information you are going to put on it.

3. Write the name in the middle and draw a circle, bubble or picture
around it.

4. Write only key words on your branches, not whole sentences. Keep it
short and simple.

5. Each branch should show a different idea. Use a different colour for
each idea. Connect the information that belongs together. This will
help build your understanding of the learning areas.

6. Have fun adding pictures wherever you can. It does not matter if you
can’t draw well.

© Department of Basic Education 2015

Mind
mapping your
notes makes them
more interesting

and easier to
remember.
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On the day of the exam

1_ Make sure you have all the necessary stationery for your exam,
i.e. pens, pencils, eraser, protractor, compass, calculator (with new
batteries). Make sure you bring your ID document and examination
admission letter.

2_ Arrive on time, at least one hour before the start of the exam.

3_ Go to the toilet before entering the exam room. You don’t want to
waste valuable time going to the toilet during the exam.

4_ Use the 10 minutes reading time to read the instructions carefully.
This helps to ‘open’ the information in your brain. Start with the
question you think is the easiest to get the flow going.

5_ Break the questions down to make sure you understand what is
being asked. If you don’t answer the question properly you won’t
get any marks for it. Look for the key words in the question to know
how to answer it. Lists of difficult words (vocabulary) is given a bit
later on in this introduction.

6_ Try all the questions. Each question has some easy marks in it so
make sure that you do all the questions in the exam.

7. Never panic, even if the question seems difficult at first. It will be
linked with something you have covered. Find the connection.

8_ Manage your time properly. Don’t waste time on questions you are
unsure of. Move on and come back if time allows. Do the questions
that you know the answers for, first.

Write big and bold and clearly. You will get more marks if the
marker can read your answer clearly.

Check weighting - how many marks have been allocated for your
answer? Take note of the ticks in this study guide as examples
of marks allocated. Do not give more or less information than is
required.

xii INTRODUCTION © Department of Basic Education 2015
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Question words to help you
answer questions

It is important to look for the question words (the words that tell you what
to do) to correctly understand what the examiner is asking. Use the words

in the table below as a guide when answering questions.

Question word/phrase

What is required of you

Analyse Separate, examine and interpret

Calculate This means a numerical answer is required - in
general, you should show your working, especially
where two or more steps are involved

Classify Group things based on common characteristics

Compare Point out or show both similarities and differences
between things, concepts or phenomena

Define Give a clear meaning

Describe State in words (using diagrams where appropriate)
the main points of a structure/process/
phenomenon/investigation

Determine To calculate something, or to discover the answer by

examining evidence

Differentiate

Use differences to qualify categories

Discuss Consider all information and reach a conclusion

Explain Make clear; interpret and spell out

Identify Name the essential characteristics PAY SPECIAL
ATTENTION

Label Identify on a diagram or drawing

List Write a list of items, with no additional detail

Mention Refer to relevant points

Name Give the name (proper noun) of something

State Write down information without discussion

Suggest Offer an explanation or a solution

Tabulate Draw a table and indicate the answers as direct

pairs

© Department of Basic Education 2015

In every exam
question, put a CIRCLE
around the question word and
underline any other important
key words. These words tell
you exactly what is being
asked.
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Vocabulary

The following vocabulary consists of all the
difficult words used in Mind the Gap Mathematics,
Mathematical Literacy, and Physical Science. We
suggest that you read over the list below a few
times and make sure that you understand each
term. Tick next to each term once you understand

apply

(v). Make a formal application; be
relevant to; work hard; place on.

approximate

(v. & adj.). Come close to (v);
roughly, almost, not perfectly
accurate, close but not exact. The
verb is pronounced “approxi-mayt”
and the adjective is pronounced
“approxi-mitt”.

it S0 you can see easily where the gaps are in your | ascending (adj). Going up.
knowledge.
C
KEY
Abbreviation | Meaning cause (v). Make something happen.
v) verP: doi?g-word or action word, such cause (n). The person or thing that makes
as “walk something happen; an aim or
(n) noun: naming word, such as “person” movement to which a person is
(adj) adjective: describing word such as committed.
“big” causality (n). Someone or something
(adv) adverb: describing word for verbs, responsible for a result.
such as “fast” clockwise (adj). In the direction a clock’s
(prep) preposition: a word describing a hands move.
position, such as “on”, “at” collide (v). To crash into; to hit.
(sing) singular: one of consecutive | (adj). One after another without any
(pl) plural: more than one of gaps or breaks.
(abbr) abbreviation consider (v). Think about.
contrast (v). Show the difference between;
(n) something that is very different
G enera | terms from what it is being compared
with.
Term Meaning conversely (adv). The opposite of.
A counteract (v). Act against something in order
to stop it.
- counter- see anticlockwise.
abbreviate (v). Make shorter. clockwise
account for (v). Explain why.
adjacent (adj). Next to something. D
affect (v). Make a difference to; touch the
feelings of. Do not confuse with dat | I - - found
effect. See effect. ata (pl), (n). Information given or found.
analyse (v). Examine something in detail. datum (sing) .
ante- (prep). Before (e.g., ante-natal - deduce EV)' Ton\;vr?rk something out by
before birth) easoning. _ _
anti- (prep). Against (e.g., anti-apartheid deduction (n). Conclusion or idea that
: : someone has worked out.
- against apartheid). : _
anti- (adv. and adj.). In the opposite define a/c)).rgslve the meaning of a word or
clockwise direction to the way a clock’s hands .
move. definition (n). The meaning of a word or
apparent (adj). Clearly visible; the way words. _
something seems to be or the way deliver (V) To brlng and hand over.
it appears. denote (v). To refer to or mean something.
appear (v). Come into sight; seem to be. descending (adj). Going down.

xiv INTRODUCTION
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determine (v). Work out, usually by experiment H
or calculation.
direct (v). Instruct or tell someone what horizontal (adj). Across, from left to right or
to do; to control a process or right to left. (From “horizon”, the
;“Oveme”til to go S”a'g:t- 'V'OVr:”g line dividing the earth and the sky).
rom one place to another in the -
straightest and quickest way (adj). hover (v). Float just above a surface.
hypothesis (n). A theory or proposed
E explanation.
hypothetical | (adj). Theoretical or tentative;
waiting for further evidence.
effect (n). Result.
effect (v). Carry out, do, enact. I
eject (v). Force or throw something or
someone out violently or suddenly. identify (v). Recognise of point out
elapse v). Pass by or finish, e.g., time. — :
P v) y g illustrate (v). Give an example to show what
establish (v). Show or prove, set up or create. is meant: draw.
excluding (prep). Not including. impair (v). Weaken or damage.
exclusive (adj). Excluding or not admitting imply (v). Suggest without directly saying
other things; reserved for one what is meant.
articular group or person.
P group . P indicate (v). Point out or show.
exemplar (n). A good or typical example. - X
inter- (adj). Can be swapped or
exempt (v)- To free from a duty. changeable | exchanged for each other.
exempt (adj). Be freed from a duty. investigate (v). Carry out research or a study.
exemption (n). Being freed from an obligation. issues (v). Comes out of.
expel (v). Force someone or something to issues (n). An important problem or a topic
leave a place. Eject. for debate.
extent (n). The area covered by something.
M
F
macroscopic | (adj). Visible without being made
factor (n). A circumstance, fact or bigger.
influence that contributes to a magnitude (adj). Size.
result; a component or part. -
P P manipulate (v). Handle or control (a thing or a
factory (n). A place where goods are made person).
or put together from parts.
P g P microscopic | (adj). Very small, not visible without
find (v). Discover or locate. being made bigger.
find (n). Results of a search or discovery. motivate (v). Give someone a reason for
finding (n). Information discovered as the doing something.
result of an inquiry. mount (v). Attach, place upon (“mount
fixed (adj). Not able to move, attached; or the picture”); climb on (“mount the
repaired, not broken. chair”); begin (“mount an attack”).
format (n). Layout or pattern; the way mount (n). Mountain; frame or attachment
something is laid out. that you can mount things on.
multiple (adj). Many.
G
N
global (adj). Found all over the world

(globe).

negligible

(adj). Small and insignificant; can
be ignored. From “neglect” (ignore).

© Department of Basic Education 2015
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numerical (adj). Relating to or expressed as a relative (adj). Considered in relation to
number or numbers. something else; compared to.
numerous (adj). Many. relative (n). A family member.
represent (v). Be appointed to act or speak for
0 someone; amount to.
resolve (v). Finalise something or make
- it clear; bring something to a
observe (v). Look at; watch carefully. conclusion.
obtain (v). Get. respect (v). Admire something or someone;
occur (V). Happen. consider the needs or feelings of
operate (v). Work; drive; control. another person.
optimal (adj). Best; most favourable. respectively | (adj). In regards to each other, in
optimum (adj). Best; (n) the most favourable relation to items listed in the same
order.
situation for growth or success.
orientation (n). Position or layout relative to
other things or to compass points; S
getting used to the position or
layout of things. simul- (adv). At the same time.
taneously
P site (n). Place.
phenomenon | (n). A fact or situation that is seen T
to exist or happen.
phenomena (). Plural of phenomenon. tendency (n). An inclination to do something
prefix (n). Part of a word that is attached in a particular way; a habit.
to tr(;e bigmn!ng 3: many d|fferent transmission | (n). The act of sending
words, ¢ _angmg elr mean.mg, (transmitting) something.
e.g., prehistoric - before written
records were kept. transmit (v). Send across.
principal (n). Head of a school. transverse (adj). Extending across something.
principal (adj). Main or most important. truncated (adj). Cut short.
principle (n). A basic truth that guides the
way a person behaves. U
provide (v). Make available for use; supply.
uniform (n). Standardised clothing.
Q uniform (adj). Remaining all the same at all
times; unchanging.
quality (n). The standard of something unimpeded | (adj). Free to move.
compared to other similar things; universal (adj). Found everywhere; true
a characteristic of someone or everywhere; applicable everywhere.
something. universe (n). Everything that exists.
R v
reciprocal (adj). Given or done in return. verify (v). Show to be true; check for truth;
record (v). Make a note of something in confirm.
order tcc>JI refer to it later (pronounced vice versa (adv). The other way round.
ree-cord).
) . versus (prep). Against. Abbreviated “vs”
record (n): A note m-ade in order to refer and sometimes “v”.
to it later; evidence of something; tical ai. Unright straight up: standi
a copy of something (pronounced vertica (adj). Upright; straight up; standing.
rec-cord. via (prep). By way of; by means of;

travelling through.
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TeChnicaI terms atm (n). Abbreviation: atmospheres
of pressure (1 atm = 101,3 kPa).
A The pressure of the air at sea
level. Same as “bar” (barometric
pressure).
absorption (n). To take into; the process of ATM (n). Abbreviation: automatic teller
taking something in. machine.
accelerate (v). To increase speed (or velocity) atmosphere (n). The air or the gases
per second, measured in metres surrounding a planet; the sky; as a
per second per second (m-s~2 or unit of measurement, see atm.
m/s?). See also velocity, speed, atmospheric | (adj). To do with the atmosphere.
decelerate. - -
- atom (n). The smallest unit of a chemical
algebra (n). A mathematical system element, which, if broken down
where unknown quantities are further, no longer behaves in the
represented by letters, which same way chemically. Consists
can be used to perform complex of a nucleus or centre part which
calculations through certain rules. is positively charged, and an
ammeter (n). A device to measure electron cloud (negatively charged)
amperage. See amp, amperage. which surrounds the nucleus. See
amperage (n). The number of amperes. nuclear.
amp, ampere | (n). One coulomb of charge attract (v). To bring something closer.
passing one point in one second. average (n). Mathematics: The sum of parts
See coulomb for more. Technically, divided by the quantity of parts. In
1 ampere is that constant current common use: neither very good,
which, if maintained in two straight strong, etc., but also neither very
parallel conductors of infinite weak, bad, etc; the middle. In
length, of negligible circular cross Physical Science and Mathematics:
section, and placed 1 metre if you are asked to find the
apart in a vacuum, would produce average, you always have to
between these conductors a force calculate it using the information
of 2 x 107" N/m. you have. For example, the
amplitude (n). The size of something average of (1;2;3) is 2, because
(common usage). Physics: the (1+2+3)/3 = 2. See also mean,
maximum extent of a vibration median and mode.
in the direction perpendicular to axis (sing), (n). A line along which points
the direction of propagation; or, in axes (pl, can be plotted (placed), showing
simpler language: the furthest a pronounced how far they are from a central
vibration moves (left/right) when a “akseez”) point, called the origin. See origin.
wave is travelling forward. “Vertical axis” or “y-axis” refers
angel (n). In Abrahamic religions, a to how high up a point is above
messenger from God. Note the the origin (or how far below).
spelling. “Horizontal axis” or “x-axis” refers
angle (n). The difference in position ;zvg%?:; Itehf; (c)):i,rglirft apointis
between two straight lines which
meet at a point, measured in
degrees. Note the spelling. B
anions (n). A negative ion. See cation, ion.
apparatus (n). Equipment; parts of a scientific
experiment. battery (n). A collection of cells connected
area (n). Length x breadth (width). In In series (end-to-end). See cell. In
common usage: a place. common use, batt?ry |s used to
mean the same as “cell” (e.g. a
armature (n). Part of an electrical engine or

generator (dynamo); the part which
has coils of wire wrapped around
it, which is attached to a central
axle (rod).

penlight or AA cell), but this use is
incorrect except for a car battery,
which consists of a series of cells.

© Department of Basic Education 2015
Mind the Gap Physics

INTRODUCTION xvii



© Department of Basic Education 2015

bias

(n). To be inclined against
something or usually unfairly
opposed to something; to not
accurately report on something; to
favour something excessively.

Cartesian

(adj). Anything believed or
proposed by Rene Descartes.
In particular, the x-and-y axis
coordinate system.

bi-

(prefix). Two.

cation

(n). A positively charged ion. See
anion, ion.

BODMAS

(abbr.). Brackets, of/orders
(powers, squares, etc), division,
multiplication, addition,
subtraction. A mnemonic
(reminder) of the correct order
in which to do mathematical
operations.

cell

(n). An apparatus that generates
electricity using electrochemistry.
An AA or Penlight battery, as it is
commonly called, is a cell. A car
battery consists of a number of
cells inside a single container.

body

(n). Physics: any object.

boil

(v). Physics: to cause a liquid’s
vapour pressure to exceed

the pressure of the gas in the
container, usually by heating it,
but it can be done by lowering
the pressure of the gas in the
container, too. See vapour
pressure. In common usage, to
make a liquid hot until it bubbles.

CFL

(n). Compact Fluorescent Light; a
small fluorescent tube curled up
inside a standard lightbulb shape.

bond

(n). A connection. In physics and
chemistry, between atoms and
molecules.

brake vs
break

(n & v). To brake means to stop.
To break means to destroy. Brakes
are devices on vehicles which
cause the vehicle to stop.

charge

(n). Chemistry: having too

many or too few electrons

(most commonly), resulting in

a substance ionising. A positive
charge results from too few
electrons, and a negative charge
from too many electrons. Physics:
a basic feature of all physical
electromagnetic particles, except,
e.g. neutrons and photons, which
have zero charge. All protons have
a positive charge, all electrons
have a negative charge.

chart

(v). To draw a diagram comparing
values on Cartesian axes.

breadth

(n). How wide something is. From
the word “broad”.

brush

(n. & v.). Anything that contacts
anything else lightly in a sweeping
motion (n); to sweep over
something whilst touching lightly
(v). Electrodynamics: the item
that contacts the armature (the
part of the motor that turns). See
armature.

circuit

(n). A track or pathway which
meets end-to-end. Electricity: a
closed series of wires or cabling
which starts at a power source and
ends at the same power source
which enables the flow of current.

circum-
ference

(n). The distance around the outer
rim of a circle.

coefficient

(n). A constant value placed

next to an algebraic symbol as a
multiplier. Same as constant (see
below). Or: a multiplier or factor
that measures a property, e.g.
coefficient of friction.

calibrate

(v). To adjust a measuring tool

or measurement against a

known accurate measurement to
ensure that the measuring tool or
measurement is accurate; to check
a measurement or measuring
tool’s accuracy; to mark with
accurate measurements using a
standard scale like cm, mm, m/,
etc. Common use: to assess or
evaluate carefully.

coil

(n). Electricity: a loop of wire or
series of loops of wire used to
create a magnetic field. In a car
engine, it refers to the device
which sends a spark of electricity
to the spark plugs. General use:
any loop of any wire, rope or string.

commutator

(n). The connectors or rings which
contact the brushes in an electrical
engine.

compressed

(adj). Subjected to pressure,
squashed.
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condensation

(n). When a vapour or gas cools
down and starts to collect into
larger droplets; changing phase
from vapour or gas to liquid.
Condensation reaction: to produce
a larger molecule from two smaller
ones.

coordinate (n). The x or y location of a point on
a Cartesian graph, given as an x or
y value. Coordinates (pl) are given
as an ordered pair (X, y).

correlate (v). To see or observe a relationship

between two things, without
showing that one causes the other.

correlation

(n). That there is a relationship
between two things, without
showing that one causes the other.

conditions (n). Physics and Chemistry: how

(STP) the environment is: temperature
and pressure. STP (Standard
Temperature and Pressure is 25°C
and 1 atm).

conduct (v). Electricity: to allow

electricity through a substance.
Thermodynamics: to allow heat
through a substance.

correspond

(v). To pair things off in a
correlational relationship. For two
things to agree or match. E.g. A
corresponds to 1, B corresponds to
2, C corresponds to 3, etc.

conductivity

(n). How well a substance allows
heat or electricity through it; the
opposite of resistance.

conductor

(n). A substance that allows
electricity through. A poor conductor
obstructs or resists electricity.

coulomb

(n). A measure of charge, the
quantity of electrons carried by a
1-amp current past a point in one
second. 6,2415 x 10 electrons.

counteract

(v). Oppose or resist.

conservation

(n). A law which describes
something that does not change.
E.g. the conservation of matter-
energy says that matter-energy
cannot be created or destroyed,
only transformed from one form
into another. There are a number
of other conservations, e.g.
momentum and torque.

crest

(n). The top of a wave in a
transverse wave. See transverse,
trough, wave.

cubed

(adj). The power of three;
multiplied by itself three times.

cubic

(adj). Shaped like a cube; having
been multiplied by itself three
times.

constant

(n). See coefficient. Means
“unchanging”.

current

(n). Flowing electrons.

continuous

(adj). Mathematics: having no
breaks between mathematical
points; an unbroken graph or curve
represents a continuous function.
See function.

cylinder

(n). A tall shape with parallel sides
and a circular cross-section - think
of a log of wood, for example, or a
tube. See parallel. The formula for
the volume of a cylinder is mr2h.

control

(n. and v.). To ensure something
does not change without

being allowed to do so (v);

an experimental situation to
which nothing is done, in order
to compare to a separate
experimental situation, called the
‘experiment’, in which a change
is attempted. The control is then
compared to the experiment to see
if a change happened.

decelerate

(v). To slow down. Opposite of
accelerate.

denominator

(n). See divisor. In popular speech:
a common factor.

control
variable

(n). A variable that is held constant
in order to discover the relationship
between two other variables.
“Control variable” must not be
confused with “controlled variable”
(see independent variable).

density (n). How much mass is contained
in a particular volume; how
compact something is. Measured
in kg/m3

depend (v). To be controlled or determined

by something; to require something
to happen or exist first.

conventional

(adj). In a standard way. Electricity:
conventional current flows from +
to -. In reality, electrons flow from
-to +.

© Department of Basic Education 2015
Mind the Gap Physics

INTRODUCTION xix



© Department of Basic Education 2015

for a graph of a function. See
range.

dependent (adj/n). A variable whose value Doppler (n). The compression of a wave
(variable) depends on another; the thing (effect) (increase in its frequency) as an
that comes out of an experiment, object approaches an observer
the effect; the results. See also and the spreading out of a wave
independent variable and control (or lowering of frequency) as
variable. The dependent variable the object moves away from an
has values that depend on the observer.
independent variable, and we plot ductile (adj). Able to be stretched, usually
it on the vertical axis. into a thin wire. Said of metals.
determine(s) | (v). To cause; to ensure that; to set - -
(causation) up so that; to find out the cause of. durable (adj). Tough; something that can
endure.
di- (prefix). Two. dynamic (adj). Changing often. Relating
diagonal (adj. & n.). Aline joining two to forces that produce motion.
opposite corners of an angular Opposite of static. See static and
shape. electrostatic.
diameter (n). The line passing through the dynamo (n). A mechanical device structured
centre of a shape from one side the same way as an electric
of the shape to the other, esp. a motor, however, instead of taking
circle. Formula: d = 2r. See radius, in electrical energy so as to turn,
radii, circumference. mechanical energy is used to turn
difference (n). Mathematics: subtraction. It and' it generates electricity. A_
Informally: a dissimilarity. How machine that converts mechanical
things are not the same. energy into electrical by rotating
- - - metal coils (usually copper)
diffraction (n). The proces's 'of sprea.dlng. within a magnetic field. Same as
out light or splitting light into its generator. See generator, motor.
component wavelengths. See
wavelength.
dimension (n). A measurable extent, e.g. E
length, breadth, height, depth,
time. Physics, technical: the base
units that make up a quantity, e.g. earth (n., v.). The planet upon which we
mass (kg), distance (m), time (s). live (n); Electricity: to connect an
diode (n). A semiconductor device with electrical circuit to the earth (v);
two terminals (electrodes), usually the wire that connects an electrical
allowing current to flow in one circuit to the earth, having zero
direction only. potential difference (n). Used to
discharge (v., n.). Release (v); something that prevent circuit overload in the case
> of excess current.
has been released (n). Electricity:
to release a charge (v). ecliptic (n). A circlg in outer s’pace,
displace (v). To move or relocate something. :)Zpt)gezz}zﬂggtr::/::: S apparent
displacement | (n). A.dlstance moved; the process E, (n, abbr.). Kinetic energy. The
of being moved. energy of motion.
distance (n). See displacement. elastic (adj). Able to stretch and return
distribution (n). How something is spread to its original shape. Physics: a
out. Mathematics: the range and collision which does not transfer
variety of numbers as shown on a E, from one object involved in the
graph. collision, to the other object(s).
divisor (n). The number below the line electric (adj). Containing electricity
in a fraction; the number that is (electrons).
dividing the other number above electrode (n). General use: the point where
the fra(?tlon line. See numerator, electrons enter or exit a power
denominator. source or a circuit. Specifically
domain (n). The possible range of x-values (Electrochemistry): Part of a circuit

dipped into a solution to receive or
release electrons. See anode and
cathode.
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electro- (n). The study of motion caused by empirical (adj). Relating to the senses or to
dynamics electricity, or electricity caused by things that you can see, touch,
motion. taste, etc. Chemistry: empirical
electro- (adj). That electricity causes formula: a formula giving the
magnetic magnetism and vice versa; the proportions of the elements
relationship between electricity present in a compound but not the
and magnetism. actual numbers or arrangement
. ) of atoms; the lowest ratio of
electro- (n). A Co_'l of wire that bepgmes elements without giving structure
magnet magnetised whe_n electricity or quantities.
passes through it.
- - - energetic (adj). Having a lot of energy;
electromotive | (adj). Usually electromgtlve force performing a lot of work.
or emf. The potential difference
caused by electromagnetism, energy (n). Work or the ability to do
which causes current to flow. work. There are various forms of
Producing a current with energy: motion (E,), light energy
electromagnetism. See emf. (photons), electrical energy, heat,
- etc. Energy can neither be created
electron (n)- A fundamental phys!cal nor destroyed, but only converted
parfuc!e beanngg negative chaf;gse, from one form to another. See
we|_gh|_ng approximately 9 x _10 g, conservation.
which is found around atomic
nuclei in areas called ‘orbitals’. engine (n). A machine that transfers or
Responsible for electricity and converts energy, or converts power
chemical reactions. Symbol e-. (electrical, chemical) into motion.
See proton, nucleus. E, (n, abbr). Potential energy. See
electroscope | (n). A device to measure the potential and E,. Energy that
strength of a charge of static a system has due to torsion
electricity or ionisation of the air. (twisting), extension (stretching),
See static. or gravitation (being placed at a
- X - height above a large body). When
electrostatic (adj). 'Rel.atlng to 'electrons or . a system which is under these
electric fields whloh.are not flowing conditions is released, it releases
as current. See static. the E, in the form of E,. Examples:
element (n). Mathematics: part of a set a compressed spring, someone
of numbers. Physics: a pure about to jump.
substance made only of atoms of estimate (n., v.). To give an approximate
one type, with the same number value close to an actual value; an
of protons in each nucleus. An imprecise calculation.
element cannot be broken down
further without losing its chemical evaporate (v)- To change phase of matter
properties. Each element has a from liquid to gas. Compare
unique atomic number which is the sublimate and boil.
number of protons in the nucleus. excited (n). The state of being in a higher
See nucleus, atom, isotope. energy level (higher than ground
Popular use: part of. state).
elevation (n). Science: height above the exert (v). To impose or place pressure or
ground or sea level. Architecture: a force upon something; to make an
face of a building as viewed from a effort.
certain direction on an architect’s exponent (n). When a number is raised to
plan of the building. See plan. a power, i.e. multiplied by itself
emf (abbr). Same as electromotive as many times as shown in the
force. Always written in lowercase power (the small number up above
(small letters). the base number). So, 2% means
emission (n). Something released, e.g. gas, 2 X2 X 2. See also cubed.
light, heat. exponential (adj). To multiply something many
emit (v). To release. times; a curve representing an

exponent.
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extrapolation

(n). To extend the line of a graph
further, into values not empirically
documented, to project a future
event or result. In plain language:
to say what is going to happen
based on past results which were
obtained (gotten) by experiment
and measurement. If you have

a graph and have documented
certain results (e.g. change vs
time), and you draw the line further
in the same curve, to say what
future results you will get, that is
called ‘extrapolation’. See predict.

frequency

(n). How often. Physics: the
number of crests and troughs of a
wave passing a point per second.
See wavelength, crest, trough.
Experienced by humans as high- or
low-pitched sounds (high or low
frequency), or different colours
(visible light). See also Doppler
effect.

friction

(n). The act of rubbing two things
together; heat generated or lost
due to objects rubbing together; a
force; the resistance between two
surfaces moving whilst in contact.

fahrenheit

(n). A temperature scale based
on human body temperature.
Water freezes at 32°F and

boils at 212 °F under standard
conditions. The conversion
formula to centigrade/celcius is:
(‘F-32)x2="C

function

(n). Mathematics: when two
attributes or quantities correlate.
If y changes as x changes, then

y = f(x). See correlate, graph,
Cartesian, axis, coordinate. Also:

a relation with more than one
variable (mathematics). Chemistry:
functional group: part of a
molecule that gives the substance
its chemical properties in common
with other similar chemicals.

field

(n). Physics: an area in which a
force is experienced (felt) and

is caused by either electricity,
gravity, or magnetism. E.g. an
electric field is one in which a
test charge (a free particle) would
move spontaneously. A magnetic
field is one in which iron filings
automatically orient themselves
along regular lines.

fuse

(n., v.). Electricity: a wire that melts
when an excessive current passes
through it (n). The rating of the
fuse in amps tells you what the
maximum current can be before
the fuse melts and breaks the
circuit. Common use: to join or
merge two things (v).

fluid

(n). Any substance that can flow
and take the shape of a container;
liquid, some gels, and gas.

flux

(n). A flow of energy or ions; a
substance used to lower another
substance’s melting point so that
it can be shaped or used more
easily, e.g. glass and lead.

gas

(n). The third phase of matter.
When a solid is heated it turns into
liquid, and when a liquid is heated
it turns into gas.

gaseous

(adj). In a gas form.

force

(n). The exertion of energy. An
influence tending to change the
motion of a body or produce
motion or stress in a stationary
body. The size of such an influence
is often calculated by multiplying
the mass of the body by its
acceleration (F = ma). See energy,
exert.

generator

(n). See dynamo.

gradient

(n). A slope. An increase or
decrease in a property or
measurement. Also the rate of
such a change. In the formula for
a line graph, y = mx + ¢, m is the
gradient.

gradually

(adv). To change or move slowly.

graph

(n). A diagram representing
experimental or mathematical
values or results. See Cartesian.

graphic

(n., adj.). A diagram or graph
(n). Popular use: vivid or clear or
remarkable (adj.).
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graphically (adv). Using a diagram or graph. |
Popular use: to explain very
clearly.
gravitation (n). A force of attraction exerted ideal (adj). Not as seen in real
on all bodies by all bodies. The life; theoretical. Ideal gas: a
strength of the force is proportional hypothetical gas whose molecules
to the mass of the body; the more occupy negligible space and
massive the body, the larger the have no interactions, and which
. G(m,m.,) consequently obeys the gas laws
gravity. F = o See body, (PV = nRT) exactly.
force. :
- — ignition (n). The start of a combustion
gravity (n). Same as gravitation. Popular reaction. Common use: to start
USE: SEriousness. a car (which has an internal
ground (n). Same as earth. combustion engine). See engine,
combustion.
H illuminate (v). To explain or light up.
impact (n., v.). To hit hard (v); a strong
influence or blow (n).
heat (n). Physics: a measure of impair (v). Prevent; hinder; slow down.
tEe avelragel kinetic energy of impulse (n). Physics: A shock wave or
t Zmo ele es c;}r ?to_mr:]s Ina impact which acts on a body for a
su Sta”‘?e’ enthalpy; the energy short period of time, resulting in a
of an object as molecular motion. change in the body’s momentum
Alternatively, infra-red radiation Effectively the same as '
(SheaL r?jdlatlon) coming off a body. momentum. Or: a jolt of electricity.
€e body. Popular use: to have a sudden
heavy (adj). Massive; having a great careless urge to do something.
mass; weighty. See weight, mass. incandescent | (adj). Giving off light as a result of
hertz (n). A measure of frequency. being heated.
hf (equation). E = hf is a measure incidence, (n., adj.). An event, sgmething that
of the energy of a photoelectron incident happened (n). As qf |I%ht, .falllng
(see photoelectron). h is Planck’s c->nto"a surface (adj). “Incident
constant, 6,626 X 10734 Js. fis light”.
the frequency of incident light (see incline (n. & v.). Slope. See gradient (n); to
incident). hf standing alone can lean (v).
also represent light, a photon or independent | (n). The things that act as input
photoelectron. See photon. (variable) to the experiment, the potential
horsepower (n). An old unit of power, causes. Also called the controlled
approximately 750 W. See watts, variable. The independent variable
power. is not changed by other factors,
Huygens’ (n). Every point on a wave-front an_d we plot it on the horizontal
principle may be considered a source of axis. See control, dependent
secondary spherical wavelets variable.
which spread out in the forward indigo (n). The colour between violet and
direction at the speed of light. The blue; purplish-blue.
new wave-front is the tangential induce (v). To cause or start. Electricity: to
surface to all of these secondary cause a current to flow by moving
Wavele.ts. Used to explain a conductor (metal) in a magnetic
refraction. field.
hyperbola (n). Mathematics: a graph of a induction (n). The process of inducing a
section of a cone with ends going current.
off the graph; a symmetrical (both inelasti 4.0 ite of elastic-
sides the same) open curve. inelastic (a J.).. ppo&tg of e astlc,.a
- - collision in which energy is lost or
hypotenuse (n). The longest side of a right- transferred.

angled triangle.

© Department of Basic Education 2015
Mind the Gap Physics

INTRODUCTION xxiii




© Department of Basic Education 2015

the usual number of neutrons in
the element. E.g. *2C has 6 protons
and 6 neutrons, but **C has

8 neutrons and 6 protons, and

is radioactive.

inertia (n). Physics: The same as J
momentum; the unwillingness
of an object to move or change
direction when moving. joule (n). Unit of energy.
infrared (n., adj.). Electromagnetic radiation
(light) with a frequency just
lower than visible red light. Heat K
radiation. 800 nm to about 1 mm.
Not visible to the naked eye.
insulate (v). To separate or isolate from. kelvin (n). Unit of tempgrature, W',th
Electricity: to prevent the flow of absolute zero being the PO'”t
electricity. where no mf)lecular motion occyrs,
at -273,15°C. Hence, the freezing
insulation (n). The state of being separated point of water is 273,15 K. Note
from. Electricity: a substance or that there is no degree sign
surface that stops the flow of before K.
electricity. kinetic (adj). Pertaining to motion. (About
intensity (n). How strong a force or field is; movement).
how bright a light is. KWh (abbr). Unit of power (kilowatt
interference (n). When two forces or things hours) that electricity suppliers
interact in a way that prevents charge for. See power, watt.
the other from acting. Physics: 1000 watts used in 1 hour
specifically when two waves = 1kWh = 1 unit. So e.g. a 2000 W
interact and either reinforce or heater uses 2 units per hour.
cancel each other out.
interval (n). Gap. A difference between two
measurements. L
intra- (adj). Within or inside a molecule.
molecular See molecule, intermolecular. - -
law (n). In Physical Science, a
inverse (n). The opposite of. li/lathematics: formula or statement, deduced
one divided by. E.g. 5 is the (discovered) from observation
inverse of 2. (watching). The formula or
inversion (n). Chemistry: turning something statement will then predict that
upside down. under the same conditions the
ion (n). An atom or molecule or part of '?r?emﬁer;?Ilz:i\z:‘”tﬁlev:;ysd;igmg.s E&
a molecule which has an electrical says that matter and energy
charge due to gaining or losing one cannot be destroyed, but only
or more electrons. changed from one form to another.
ionic (bond) (adj.). A bond in which electrons LED (abbr). Light emitting diode. A
have been transferred from one type of light bulb, used to make
side of the molecule to another computer screen,s and modern
resulting in a cation and anion, torches.
which then attract. E.g. NaC/.
.. S linear (adj). In a line. Mathematics:
ionisation (n). The process of ionising. See in a direct relationship, which,
lonise. when graphed with Cartesian
ionise (v). To turn into an ion. See ion. coordinates, turns out to be a
isotope (n). An element which has a straight line.
different number of neutrons from logarithm (n). Mathematics: a quantity

representing the power by which a
fixed number (the base) must be
raised to produce a given number.
The base of a common logarithm is
10, and that of a natural logarithm
is the number e (2,7183...). A log
graph can turn a geometric or
exponential relationship, which is
normally curved, into a straight line.
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longitude

(n). Lines running north to south
on the earth, measuring how far
east or west one is, in degrees,
from Greenwich in the UK.
“Longitudinal” (adj) means from
north to south, or top to bottom.
Running lengthwise. Physics:

a wave whose vibrations move

in the direction of propagation
(travel). Example: sound. Statistics:
a study in which information is
gathered about the same people
or phenomena over a long period
of time.

medium (sing)

(n). Common use: the average.
Science: the substance that
transmits something else (e.g.
glass, air), or allows something
to pass through it, e.g. light,
information, etc. Plural is media.

metal

(n). A substance which is malleable
(can be hammered flat), is ductile
(can be drawn into a wire), which
conducts electricity and heat well
and which is reflective (most light
striking it is emitted again). Most
elements are metals except the
few on the right hand side of the
periodic table starting at Boron (B)
and running diagonally down to
Astatine (At).

mach

(n). A measure of speed. Mach 1 is
the speed of sound, approximately
340 m/s.

meter

(n). A device used to measure
something. You might see this
spelling used in American books
for metre. See metre.

macroscopic

(adj). Large enough to be visible
to the unaided human eye; big
enough to be seen.

metre

(n). The Sl unit of length, 100 cm.

magenta

(n). A bright purple/pink colour.

maghnitude

(n). Size.

manipulate

(v). To change, or rearrange
something. Usually in Mathematics
it means to rearrange a formula to
solve for (to get) an answer.

mass

(n). The amount of substance in a
body. Do not confuse with weight,
which is the amount of force that a
mass exerts on a surface. The mass
of an object is constant everywhere
in the universe (as the amount

of substance does not change).
However, the weight of an object
changes according to the strength
of the gravitational field on it. E.g.
you would weigh about 38% of your
weight on Mars, and about % on
the moon, because these bodies
are smaller than earth. (Advanced
point: mass increases as you
approach light speed).

metric

(adj). A measurement system,
using a base of 10 (i.e. all the
units are divisible by 10). The USA
uses something known as the
Imperial system, which is not used
in science. The Imperial system is
based on 12. Examples: 2,54 cm
(metric) = 1 inch (imperial).

1 foot = 12 inches = approx.

30 cm; 1 metre = 100 cm. 1 FI.Oz
(fluid ounce) = approx 30 m¢¥.

microscopic

(adj). Too small to be seen by the
unaided human eye.

microwave

(n). Electromagnetic radiation
(light) with a lower frequency than
red light, and lower than infrared.
Wavelength between 1 mm and
30 cm. Used to heat food and in
cellphone towers.

modal

(adj). Pertaining to the mode, or
method. Can mean: about the
mathematical mode or about the
method used. See mode.

matter

(n). Substance; stuff. Opposite of
vacuum (nothing).

mode

(n). Mathematics: the most
common number in a series of
numbers. See also mean, median.

mean

(n). See average.

mechanical

(n). By means of physical force.

media (pl)

(n). More than one medium, or way
of transmitting or sending.

median

(n). Mathematics: the number in
the middle of a range of numbers
written out in a line or sequence.

model

(n). A general or simplified way

to describe an ideal situation,

in science, a mathematical
description that covers all cases of
the type of thing being observed. A
representation.

© Department of Basic Education 2015
Mind the Gap Physics

INTRODUCTION xxv



© Department of Basic Education 2015

momentum (n). Same as impulse; roughly how (0)
(sing), much force something can exert
momenta (pl) | when it collides with something
else, or, more technically, how ohm (n). Unit of resistance, symbol Q,
much inertia it has (how unwilling written as R in a formula.
itis to move or change direction). ohmic (adj). Follows Ohm’s law (V = IR).
Specifically, where p is momentum:
p = mv (mass X velocity). See omega (n). Last letter of the Greek
velocity, mass, inertia, impulse. alphabet, Q. Symbol for ohms.
Momentum is conserved; if one opaque (adj). Not transparent; not allowing
object collides with another, the sharp vision through, but allowing
momentum of both objects before light through.
and after the collision is the same. optical (adj). Pertaining to light or vision or
moon (n). Any small spherical body that the eye.
orbits a planet. See planet. optimal (adj). Best, most.
orbit (n). The (approximate) circle traced
by planets travelling around a star
o (sun). Biology: the eye socket.
origin (n). Mathematics: the centre of
neutron (n). A subatomic particle with a Cartesian coordinate system.
no charge, mass approximately General use: the.source of
the same as a proton, found in anything, where it comes from.
the nucleus of an atom. Symbol outlier (n). Statistics: a data point which
n°. If there are too many neutrons lies well outside the range of
in a nucleus, the substance related or nearby data points.
will be radioactive as it releases
alpha particles (helium nuclei,
2p* + 2n9). P
newton (n). Unit of force, symbol N, equal
to the force that would give a mass -
of one kilogram an acceleration of packet (n). Physics: a quantum.
one metre per second per second parallel (adj). Keeping an equal distance
(1 kgm/s?). 1 kg mass exerts a along a length to another item
force of 9,8 N on earth. (line, object, figure). Mathematics:
nichrome (n). An alloy of nickel and chrome, two lines running alongside each
with some iron; a wire of high other which always keep an equal
resistance. distance between them.
nonconserva- | (adj). Not conserving; see particle (n). Any small part, e.g. a proton,
tive conservation. an atom, a molecule.
normal (n., adj.). Mathematics and particular (adj). A specific thing being pointed
Physics: a force, vector or line that out or discussed; to single out or
acts at right angles to another point out a member of a group.
force, vector or line or object. (n). pascal (n). The unit of pressure,
Common use: Regular or standard abbreviated Pa, units: N/m?
(@dj). perimeter (n). The length of the outer edge;
nucleus (n.) The centre of something the outer edge of a shape.
(sing), nuclei | (generally), specifically the centre - -
(pl), nuclear of an atom, consisting of at least period (n). The time between (?rests or
(n.) one proton (hydrogen), or two troughs of waves; the tl.me gap
protons and two neutrons (helium). between events; a section of time.
Plural nuclei is pronounced “noo- periodic (adj). Regular; happening regularly.

klee-eye”.

numerator

(n). The opposite of a denominator;
the number on top in a fraction.

perpendicular

(adj). Normal; at right angles to
(90°).
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phase

(n). Time, period; a state of matter
(solid, liquid, gas); the relationship
in time between the cycles of a
system (such as an alternating
electric current or a light or sound
wave) and either a fixed reference
point or the states or cycles of
another system with which it

may or may not be synchronised
(simultaneous). l.e. if two systems
vibrate at the same time at the
same rate, they’re “in phase”.

power

(n). Power is the rate at which
(how fast) work is done or energy
is transferred or transformed
(work/time or J/s). It is a scalar
quantity, measured in watts (W).
Mathematics: an exponent. See
exponent.

predict

(v). General use: to foresee.
Physical Science: to state what will
happen, based on a law. See law.

phi

(n). The Greek letter @ (f) used to
represent a photon (particle of
light).

pressure

(n). A continuous force exerted on
an object over a certain area, in
pascals, Pa. N/m?2. See pascal.

photocell

(n). A device which captures
light energy and converts it to
electrical energy. Makes use
of the photoelectric effect. See
photoelectric.

photoelectric

(adj). The effect in which high-
energy light, such as UV, can cause
electricity to flow in a metal, by
ejecting electrons from the metal
as photoelectrons.

photoelectron

(n). An electron ejected from a
metal by light.

probability

(n). How likely something is. See
likely. Probability is generally a
mathematical measure given as a
decimal, e.g. [0] means unlikely,
but [1,0] means certain, and

[0,5] means just as likely versus
unlikely. [0,3] is unlikely, and [0, 7]
is quite likely. The most common
way to express probability is as a
frequency, or how often something
comes up. E.g. an Ace is 13 0r
0,077 likely, in a deck of cards,
because there are 4 of themin a
set of 52 cards.

photon

(n). A light particle.

pi

(n). m, the Greek letter p, the ratio of
the circumference of a circle to its
diameter. A constant without units,
value approximately 3,14159.

plane

(n). A flat surface.

planet

(n). A large spherical astronomical
body which orbits a star (sun). See
moon.

project

(n. & v.). A project (n., pronounced
PRODJ-ekt) is a plan of action

or long-term activity intended to
produce something or reach a goal.
To project (v., pronounced prodj-
EKT), is to throw something, or to
guess or predict (a projection). To
project a result means to predict a
result. See extrapolate.

plot

(v). To place points on a Cartesian
coordinate system; to draw a graph.

polarity

(n). To have poles or distinct
ends, e.g. positive and negative
(electricity), north and south
(magnetism); having two opposite
and contradictory properties.

projectile

(n). An object that has been
projected (thrown or shot).
Projectiles will usually start at
velocity (speed) O m/s, and
accelerate, then fall to earth at the
same rate as they accelerated.

positive

(adj). Having many protons not
paired with electrons; a lack of
electrons.

propagate

(v). Send or deliver, spread. Said
of roots, information, and light or
fields.

potential

(n). Having the ability to do work, in
particular, E, (potential energy, the
tendency to fall or start moving,

as in a spring), or emf (voltage).
General use: potential exists when
there is an energy difference
between two points, e.g. due to
gravity or electrical charge. In the
context of electricity, read it as
“voltage”.

propagation

(n). The state of travelling

or spreading. “Direction of
propagation” means the direction
in which something is travelling or
spreading.

proportion

(n). To relate to something else

in a regular way, to be a part of
something in relation to its volume,
size, etc; to change as something
else changes. See correlate and
respectively.
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proton

(n). The positively-charged particle
that forms the centre of an atomic
nucleus, weighing 1 836 times as
much as an electron, but having
the same and opposite charge.
Symbol p*. See also nucleus,
neutron, electron.

radiate

(v). Physics: To send out radiation
(electromagnetic emissions,

light, or radioactivity). See emit.
Mathematics: To spread out from a
central point. See radius.

pull

(n). A force towards the source of
the force. Measured in newtons, N.

radiation

(n). Radioactivity or
electromagnetic emissions. See
radioactive.

pulse

(n). A single vibration or wave
crest/trough.

radio

(n). Electromagnetic radiation
with a wavelength larger than
microwaves.

pump

(n). A machine that uses energy

to transfer a fluid from one

place to another. In Biology one
finds cellular pumps, which are
biological machines for transferring
ions and nutrients.

radioactive

(adj). Giving out harmful radiation,
especially alpha (helium nuclei),
beta (high-energy electrons)

or gamma (high-frequency
electromagnetic radiation).

push

(n). The opposite of a pull.

Pythagoras’s
Theorem

(n). The square on the hypotenuse
is equal to the sum of the squares
on the other two sides of a right-
angled triangle. Where h is the
hypotenuse, a is the side adjacent
to the right angle, and b is the
other side: h? = a2 + b2,

radius (sing),
radii (plur)

(n). The distance between the
centre of an object, usually a
circle, and its circumference or
outer edge. Plural is pronounced
“ray-dee-eye.”

rainbow

(n). A visible spectrum produced
by sunlight diffracting through
raindrops. See diffraction.

random

(n). Unpredictable, having no cause
or no known cause. Done without
planning.

qualitative

(adj). Relating to the quality

or properties of something. A
qualitative analysis looks at
changes in properties like colour,
that can’t be put into numbers.
Often contrasted with quantitative.

range

(n). Mathematics: the set of values
that can be supplied to a function.
The set of possible y-values in a
graph. See domain.

rate

(n). How often per second (or per
any other time period). Physics:
number of events per second; see
frequency.

quantitative

(adj). Relating to, or by comparison
to, quantities. Often contrasted
with qualitative. A quantitative
analysis is one in which you
compare numbers, values and
measurements.

ratio

(n). A fraction; how one number
relates to another number; exact
proportion. If there are five women
for every four men, the ratio of
women to men is 5:4, written
with a colon (:). This ratio can be

. 5 1
represented as the fraction 7 or 1Z
or 1,25; or we can say that there
are 25% more women than men.

ray

(n). Physics: A single straight line
of electromagnetic radiation.
Mathematics: a line from amongst
a set of lines passing through the
same central point. See radius.

reflective

(adj). Giving off all light shone
upon it. Popular use: someone who
thinks a lot.

quantity (n). Amount; how much.

quantum (n). The smallest amount of energy
possible in a wave of a particular
frequency, a discrete quantity of
energy E proportional in magnitude
to its frequency. In a formula,
E = hf. See hf.

R

radar (n). A device which uses radio to

detect moving vehicles, especially
aircraft.
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refraction

(n). Bending light when it travels
from one medium (e.g. air) into
another medium (e.g. water or
glass). Changing the direction of
propagation of any wave as a result
of its travelling at different speeds
at different points along the wave
front. See Huygens’ principle,
diffraction.

repel

(v). To push away from. Physics:
like charges repel, unlike charges
attract.

satellite

(n). Any body that orbits any other
body. Astronomy: a moon is a
satellite of a planet. A planet is

a satellite of a star. Engineering;:
a man-made machine that

orbits the earth to provide
telecommunications or military
services.

repulsion

(n). The process of repelling
something.

scalar

(n). A quantity that does not have a
direction, only a magnitude (size).
Compare vector. Example: mass.

resistance

(n). How much a conductor (usually
metal) slows down or impedes

the flow of current. See current,
impede, ohm.

scale

(n). A system of measurement, with
regular intervals or gaps between
units (subdivisions) of the scale.

resistor

(n). A device which resists current.

rest

(n). Physics: A state of lowest
energy.

resultant

(n). Physics: A force, velocity, or
other vector quantity which is
equivalent to the combined effect
of two or more component vectors
acting at the same point. The
result of mechanical forces pulling
in different directions. See vector.
It is calculated using trigonometry,
with two of the vectors being sides
of a right-angled triangle, and the
resultant being the third side.

series

(n). Physics: components of

a circuit arranged end-to-end
without any branches, so that
current passes through all items
in the circuit one after the other.
Chemistry: a range of elements on
the periodic table with common
properties.

Si

(abbr). Systéme International. The
international system of metric
units used by scientists. See
metric, IUPAC.

revolution

(n). Physics: A turn; to turn over.
Hence common usage in politics:
to overturn the government.

simplify

(v). To make simpler. Mathematics:
to divide throughout by a common

factor (number or algebraic letter)

that will make the equation easier
to read and calculate.

revolve

(v). To turn around a point; usually
said of something moving at a

distance from the central point or
another object. Compare to rotate.

solve

(v). To come up with a solution
(answer). Show your working.

rhombus

(n). A quadrilateral (four sided)
figure (diagram or shape) which
has equal sides, but no right-
angles (90° angles).

rms

(abbr). Root mean square. Always
lowercase. The square root of the
arithmetic mean (average) of the
squares of a set of values. See
average. Used to get the average
voltage of an AC current.

sound

(n). Vibrations that are transmitted
through air or another medium,
which one can hear (detect with
the ear). It travels at approximately
mach 1. See mach. Old use: to

be safe or intact, as in “safe and
sound” (compare “asunder”, and
“sundry”, meaning in parts).

space

(n). Astrophysics: the vacuum
between planets, stars, etc.

rotate

(v). Same as revolve, but usually
said of a solid object turning
around its own centre point.

spectroscope

(n). A device used to split light up
into a spectrum, to analyse the
components (elements) that make
up the light source. Used to tell
what elements make up stars.
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spectrum
(sing), spectra

(D)

(n). A series of continuous
wavelengths which make

up a portion of the range of
electromagnetic radiation.
More simply, a section of
electromagnetic radiation, or light.
E.g. the microwave spectrum,
the radio spectrum, the visible
light spectrum, etc. A rainbow is
a spectrum of visible light. See
rainbow.

substitution

(n). The process of substituting.
Mathematics: to replace an
algebraic symbol in a formula with
a known value or another formula,
so as to simplify the calculation.
See simplify. Chemistry: to cause a
substituent to bond to a substance.

sum

(n., v.). To add things up.
Represented by Greek Sigma (s):
Y. or the plus sign (+).

speed

(n). How much distance is covered
in a certain amount of time; the
scalar of velocity. Measured in
metres per second (m/s). See
velocity.

sun

(n). Our nearest star. See star.

sphere

(n). A perfectly round three-
dimensional shape. A ball.

system

(n). Any closely associated and
inter-related or inter-dependent
group of things; a set of things
working together. Chemistry: a
vessel (container) which contains a
chemical reaction.

square

(n). Mathematics: a shape or figure
with four equal sides and only right
angles; the exponent 2 (e.g. the
square of 4 is 42 = 16).

squared

(adj). Having been multiplied by
itself, put to the exponent 2. See
square.

stable

(adj). Chemistry and Nuclear
Physics: not likely to break down or
react further.

star

(n). A large spherical body in outer
space undergoing continuous
nuclear fusion. E.g. the sun. See
sun. The second-nearest star to
us is Alpha Centauri, at 4,7 light-
years.

tangent

(n). Mathematics: a straight line
touching a curve only at one point,
indicating the slope of the curve at
that point; the trigonometric function
of the ratio of the opposite side of

a triangle to the adjacent side of a
triangle in a right-angled triangle; a
curve that goes off the chart.

temperature

(n). A measurement of heat. See
heat, enthalpy. Sl unit is kelvin.

static

(adj). Not in motion, opposite
of dynamic. Also short for static
electricity.

tensile
(strength)

(adj). How strong a material is
when stretched; how much force it
can withstand before breaking.

tension

(n). A force of stretching in a
material.

stationary

(n). Not moving.

terminal

(n). Final; end point.

stationery

(n). Pens, pencils, paper, ink, files,
folders, etc.

statistics

(n). The mathematics of chance
and probability.

steam

(n). Water vapour, microscopic
droplets of water. Not a gas, a
suspension of water droplets in air.
See suspension, gas, liquid, phase,
aerosol.

STP

(abbr). Standard temperature and
pressure; 101,3 kPa and 25°C.

theory

(n). A usually mathematical
representation of an explanation
for something in the sciences,
which does not depend on the
thing being explained. A theory
differs from a law in that theories
are prone to empirical (visible or
measurable) refutation (rejection);
meaning that they can be
discarded if evidence comes in
that they are wrong. See law.

sublimate

(v). To change phase of matter
from solid straight to gas without
the intermediate phase of liquid.
See the case of dry ice (CO,).

substance

(n). Matter. Physical things.

substitute

(v). To replace.

threshold

(n). Physical Science: the
magnitude or limit of something,
which, if exceeded, will cause
something else, e.g. release of
radiation, a chemical reaction, etc;
the minimum amount of energy
required to cause something.
Medicine: the maximum safety
level of a dose.
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unit

(n). A subdivision of a scale. See
scale.

unstable

(n). Chemistry or Nuclear Physics:
prone to disintegrating or reacting.

uv

(abbr). See ultraviolet.

vacuum

(n). The absence of matter. See
matter. Vacuums do not have
suction powers. Suction is really a
result of a higher pressure pushing
objects into the area of low
pressure (vacuum).

vapour
pressure

(n). The pressure above a liquid
caused by molecules evaporating
from the surface of its liquid form,
when in phase equilibrium (i.e. as
many molecules leaving the liquid
surface are condensing back into
the liquid).

thrust (n). See push.

tides (n). Motion of the earth’s oceans
due to the gravitational pull of the
moon.

torque (n). Angular momentum; a force
that causes rotation; the amount of
force delivered through a rotation.
See momentum.

trajectory (n). The path that a projectile will
take. See projectile, project (v).

transformer (n). Physics: a device used to
increase (step-up) or decrease
(step-down) the voltage of an AC
current.

transistor (n). Physics: a device which can
hold current.

transparent (adj). Allowing most light through.
Compare opaque.

transverse (adj). A wave whose vibrations move

(wave) perpendicular to the direction of
propagation (left/right). Example:
light. Compare longitudinal.

travel (n). Movement.

trends (n). Mathematics: regular patterns

within data.

trigonometry

(n). Mathematics: the relationship
and ratios between sides and
angles within a right-angled
triangle.

variable

(n., adj.). A letter used to represent
an unknown quantity in algebra
(n); a quantity that changes (n);
subject to change (adj).

trough

(n). The low point in a transverse
wave. See crest, wave, transverse.
“Trough” is pronounced “troff”.

vector

(n). A mathematical quantity with
direction and magnitude (size).
Example: velocity. Compare speed,
scalar.

tungsten

(n). An element (metal) used in
incandescent (hot) light bulbs,
symbol W.

velocity

(n). The amount of distance
covered per unit time, in a
specified direction. Compare
speed. Units: m/s.

visible

(adj). Able to be seen by the human
eye, opposite of invisible. Compare
microscopic, macroscopic.

ultrasound

(n). Sound with too high a
frequency for the human ear to
detect, used in scanning the body,
e.g. the heart for obstructions for
blood flow, or foetuses to image
(draw, depict) them on a scanning
machine.

viscosity

(n). The thickness of a fluid. A
viscous fluid flows slowly, e.g.
syrup. Pronounced “viss-KOSS-
itee” and “viss-k’s”.

volatility

(n). How easily something
evaporates. E.g. Ether (C,H,OC) is
more volatile than water.

ultraviolet

(n). Light with a higher frequency
than violet light, not visible to

the human eye. Present in
sunlight, causes sunburn. Can

be stopped by Ozone (03) in

the atmosphere. In darkness it
reflects off white clothing as violet
light. Also called “black light”.
Wavelength 400 nm - 10 nm.

volt

(n). Unit of potential difference

in electricity. The difference of
potential (E,) that would carry one
ampere of current against one
ohm resistance. Same as emf. See
emf, resistance, ohm, ampere.

voltage

(n). The measurement of volts.

volume

(n). A measure of the space
occupied by an object, equal to
length x breadth x height.
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watt

w

(n). Unit of power. See power.
P =< (joules per second).

weber

(n). The Sl unit of magnetic flux,
causing the emf of 1 voltin a
circuit of one coil when generated
or removed in one second.

wattage

(n). The amount of power being
used, usually rated in kWh. See
kWh.

wave

(n). A series of increasing and
decreasing energy concentrations,
e.g. sound, light, heat radiation,
movements on liquid surfaces,
vibrations. A periodic vibration
either in a substance (e.g. air,
water, solids) which disturbs

or moves the particles in that
substance, or a vibration or
fluctuation (regular change) in
electromagnetism. Waves have
compressions and rarefactions
(dense and looser areas) in air

or water or solids when acting

as sound. When acting on the
surface of a liquid, or in light or
electromagnetic waves, waves
have crests and troughs (high
points and low points). See trough,
crest, propagate. Waves have a
period (time range between crests/
troughs), a frequency (how many
crest/trough combinations pass

a point per second), as well as a
wavelength. See wavelength below.

weight

(n). The force exerted on the
mass of a body by a gravitational
field. See mass, gravity, force,
acceleration. W = mg, where

g = 9,8 m/s?, mis the mass of
the body.

work

(n). Energy, measured in joules.
Usually in the sense of the amount
of energy required to move an
object or change its course
(direction of motion).

X-rays

(n). Electromagnetic radiation of
higher energy than UV but lower
energy than Gamma radiation.
Wavelength 0,01 to 10 nm. Used
to see into the body, but emitted by
stars as well.

wavelength

(n). The distance between crests/
troughs, written as Greek L
(lambda): A.

yard

(n). Old Imperial measurement of
length, approximately equal to a
metre (1,09 m).
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The maths you need

This section gives you the basic mathematical skills that you need to pass
any subject that makes use of mathematics. Whether you’re studying for
Physical Science, Mathematics, or Mathematical Literacy, these basic
skills are crucial. Do not go any further in this book until you have mastered
this section.

1. Basic Pointers

If a formula does not have a multiplication (x) sign or a dot-product
(), and yet two symbols are next to each other, it means “times”. So,
m,m, means mass 1 times mass 2. You can also write itas m; x m,
orm,-m,

Comma means the same as decimal point on your calculator

(i.e. 4,5 = 4.5). Do not confuse the decimal point with dot product
(multiply): 4.5 = 4% but 4-5 = 20. Rather avoid using the dot product
for this reason.

In science it is common to write divisors with an exponent. This means,
for example, that 0.5 metres per second is usually written 0.5 m-s™*
rather than 0.5 m/s. Both notations are perfectly correct, however, and
you may use either. It is important, however, that you either use -1 or
/ . If you just put 0.5 ms, that means 0.5 milliseconds, which is not a
velocity (speed in a direction); it is a time.

A variable is something that varies (means: changes). So, for
example, the weather is a variable in deciding whether to go to the
shops. Variables in science and mathematics are represented with
letters, sometimes called algebraic variables. The most common you
see in maths is x, probably followed by y, z. In science, variables are
given their letter symbols specifically depending on what they stand
for; so, for example, M or m are used for mass (amount of substance
in kilograms); v is used for velocity (speed in a certain direction); a is
used for acceleration (change in velocity), etc. You can guess for the
most part what a variable is for by what its letter is; so V is voltage, R
is resistance, P is pressure, and so on.
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2. Subject of Formula or Solving For

Very often in science and mathematics you have to “make something the
subject of a formula” or “solve for something”. This refers to finding the
value of an unknown quantity if you have been given other quantities and
a formula that shows the relationship between them.

Worked example 1

If John has 5 apples, and he gives some to Joanna, and he has two apples left, how

many did he give to Joanna? Well, the formula would be something like this:
5—x=2

To solve for x, we simply have to swap the x and the 2. What we’re actually doing is

“won

adding “x” to both sides:

S5—x+x=2+x
this becomes:

5=2+x
then we subtract 2 from both sides to move the 2 over:
5-2=2-2+x
b-2=x
3=x ... S0 John gave Joanna three apples.

The same procedures apply no matter how complex the formula looks. Just either add,
subtract, square, square root, multiply, or divide throughout to move the items around.

Worked example 2

Let’s take an actual example from Electricity: V = IR. This means, the voltage in a circuit
is equal to the current in the circuit times the resistance.
Suppose we know the voltage is 12V, and the resistance is 3 Q. What is the current?
V=R
12=3X%1

divide throughout by 3 so as to isolate the I
12 _ 3}

371

remember that anything divided by itself is 1, so:

12 _ 12 _
?_(1) x1 ..and 5 =4..50
4=Tor
I=4A ... The circuit has a current of 4 amperes.
It is possible to remember how to solve for these equations using a triangle mnemonic
as shown:
If you're solving for V, cover V with your hand. Then, | next to R means times R, or IR.
So,V = IR. If you're solving for R, cover R with your hand. V is over . So R = ¥ While
this is an easier way to do it, remember that many formulas do not consist of only three
parts, so it is better to know how to make something the subject of a formula, or solve
for something.

xxxiv INTRODUCTION
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Worked example 3

Here’s a more tricky example. Given
K.=4,5
[SO.] = 1,5 mol/dm?

[SO,] = 0,5 mol/dm3
(x—48)

0,] = 5 mol/dm?
solve for x.
[SO.)° (1,57
KC = en 2N 1 . 4,5 = ———
[802] [02] (0,52 b 8448)
s.x=176¢

How did we get that answer?

Step by Step

Let’s see how it works.
First, solve for the exponents (powers):

=
( y ) 64

Now, we can see that 2,25 and 0,25 are similar numbers (multiples of five), so let’s
divide them as shown.

45=(2,25/0,25) x ((x—48)/64)
That leaves us with

45=9 X% ((x—48)/64)

But if we're dividing a divisor, that second divisor can come up to the top row. Here's a
simple example:

1+@2+3) =

o=

x3
2

=15

|

If you doubt this, try it quickly on your calculator: 1 + (2 + 3) ... this means, one, divided
by two-thirds. Well, two-thirds is 0,6667, which is almost one. So how many “two-
thirds” do you need to really make up one? The answer is one and a half “two-thirds”...
i.e.0,6667 + (0,6667 + 2) = 1. Hence the answer is 1,5.
So, back to the original problem, we can bring the 64 up to the top line and multiply it
by nine:

45 = 9X ((x—48)/64)

_ 9x64
45 = x—48
_ 576
45 = x—48
Now we can inverse the entire equation to get the x onto the top:
B
45 576

© Department of Basic Education 2015
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Now we multiply both sides by 576 to remove the 576 from the bottom row
576 _ (x—48)576
45 ~ 576

and we cancel the 576’s on the right hand side as shown above. Now, if

576 + 4,5=128, then

128 = x — 48
Now we add 48 to both sides to move the 48 across
128 + 48 = x — 48 + 48 ...hence, 128 + 48 = x = 176.

3. Statistics

Many experiments in science and many reports in economics make use
statistics. You should therefore at least know the following:

Dependent variable: The thing that comes out of an experiment, the effect;
the results.

Independent variable(s): The things that act as input to the experiment,
the potential causes. Also called the controlled variable.

Control variable: A variable that is held constant in order to discover the
relationship between two other variables. “Control variable” must not be
confused with “controlled variable”.

It is important to understand that correlation does not mean causation.
That is, if two variables seem to relate to each other (they seem to co-
relate), it doesn’t mean that one causes the other. A variable only causes
another variable if one of the variables is a function f(x) of the other. We
will see more about this when we look at graphs, below.

Mean: The average. In the series 1, 3,5, 7,9,themeanis 1 +3+5+7+9
divided by 5, since there are 5 bits of data. The mean in this case is 5.

Median: The datum (single bit of data) in the precise middle of a range of
data. In the series 1, 3, 5, 7, 9, the median value is 5.

Mode: The most common piece of data. In the series 1, 1, 2, 2, 3, 3, 3, 4,
5, the mode is 3.

Often in scientific formulas it is said that things are proportional to each
other. However, we cannot calculate the value of a force or energy output
or mass etc., if we only know what things are in proportion (i.e. which
things correlate).

Let’'s take momentum for example. Momentum (how forcefully something
moves, more or less), is proportional to velocity (speed in a direction).
So the faster something’s moving, the more momentum it has. But p
(momentum) can’t be calculated if we only know velocity; we need to know
mass as well. Why? Because momentum is also proportional to mass; the
more massive something is, the more momentum it has. Thus, to get rid of
the proportionality sign (<), we have to come up with a formula.

Many experiments in science serve to find out what the relationship is
between two variables, i.e. if they’re merely correlated — proportional — or
if they’re causally related. In the case of momentum, it's easy, because
there are no further variables: p = mv. However, in the case of gravity or
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electric or magnetic field strengths, it's not that easy. In those cases, we
have to introduce something called a “constant”. A constant is a fixed value
that is always multiplied into an equation. Constants are often written k.
However, some specific constants, such as in the Law of Gravity, have their
own symbol, in this case, G. These constants are given in the tables later
in this book.

4. Triangles

Science makes a lot of use of triangles, e.g. vector force diagrams, areas

under graphs, and so on.

The area of a triangle is half the base times the height: a = %(h). A

triangle with a base of 5 cm and a height of 3 cm will have an area of
2,5 x 3 =7,5 cm? This is useful when considering graphs of motion/
acceleration.

A=75

a h
By Height /ﬂ L
Y
b
Lengths of Triangle Sides
You can calculate the lengths of sides of right-angled triangles using
Pythagoras’ Theorem. The square of the hypotenuse is equal to the sum of
the squares of the other two sides: In this diagram, b = base, h, = height,
and ¢ = the hypotenuse: ¢2 = h,2 + b2

Worked example 4

In the triangle shown, the hypotenuse, marked

“?” can be obtained by squaring both sides,

adding them, and then square-rooting them for 3ecm
the length of the hypotenuse. That is:
3%+ 52 =9 + 25 = 34. Since in this case
34 = hyp? it follows that the square root of 34 gives scm
the value of “?”, the hypotenuse. That is, 5,83 cm.

c

This is useful when you get to vector addition, e.g. if the known sides were
vectors and we wanted to know the value and strength of the force, and
the direction in which it would go.

5. Trigonometry

You can use trigonometry to calculate triangle sides’ sizes if you do not
have enough information, e.g. you do not have the sizes of at least two
sides (but do have the angle).

sin = opposite / hypotenuse sin=0/H
cos = adjacent / hypotenuse cos =A/H
tan = opposite / adjacent tan = 0/A
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opposite
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Yoo o
/7(/86
3cm

/9'=30°

adjacent

It's probably easiest to remember this as SOHCAHTOA (soak a toe or soccer
toe).

Hypotenuse is the longest side next to to the angle, usually represented
with a theta (0). “Opposite” means the side of the triangle directly opposite
the angle. “Adjacent” means the side adjacent to (next to) the angle, that
is not the hypotenuse.

Worked example 5

In this triangle, the side opposite the angle 6 is 3cm long. The side adjacent to the
angle 6, and the hypotenuse, are unknown. Theta, the angle, is 30 degrees.
How do we calculate the hypotenuse? Well,
sin@:%:ch+H.
sin 30" = 0,5 (you can get this from your calculator, or memorise it).
thus
05=3/H
solving for H, we multiply throughout by H to make H the subject of the formula:
Hx05=3xH=+H
Hx05=3
now divide throughout by 0,5 to isolate the H:
Hx05+05=3+05
H=3+05. . H=6cm

Let’s try work out what the adjacent side is equal to, assuming we don’t know the
hypotenuse.

tan 6 = O/A

tan 30°=3cm + A

0,57735=3+A

Ax 057735 =3 xA+A

Ax0,57735=3

A=3+0,57735

A=5,196 cm =~ 5,2 cm.
Let’s check this with Pythagoras. Suppose we want to prove that the opposite side is
3 c¢m. We have H=6 and A = 5,2. So, Pythagoras tells us that A> + 0% = H. So,

5,22 + 0? = 6?

02=62-5,22

02=36-27

02=9

So the square root of 0% will give us O .... namely, 0 = 3 cm. The trigonometric

calculation is correct.

Lastly, there are three other operations you can do in trigonometry, but they're just
inverses of the first three: cosecant, secant, and cotangent. Cosec, sometimes
abbreviated csc, is the reciprocal (inverse) of sine. Sec is the inverse of cosine. And cot
is the inverse of tangent. So this means if sin = 0/H, then cosec = H/0, and so on.
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Worked example 6 A\ unknown

Earth orbits the sun at a distance of 149 597 870 700 metres or 149 597 870,7 km
(one hundred and forty nine million km). This distance is called the AU, or astronomical
unit. The flat disc that corresponds to earth’s orbit is called the ‘ecliptic’. Suppose that on
21 December, an unknown object is observed at an angle of 88° to the ecliptic, and that son
on June 21 the same object is observed at 92°. How far is the unknown object in AU? -« »)Oearth

ecliptic

Step by Step

Step 1. Ignore extra information. Since the earth orbits the sun, the angle to the
unknown object relative to the earth is the same in both cases; it’s just that on one date,
the earth is on one side of the unknown object, and on the other date, it is on the other
side.

From the angles given, you can tell that the unknown object is at 90" to the sun relative
to the earth.

Step 2. We know the angle to the unknown object, and the distance to the sun. So, Oearth

if we draw a triangle where the sun is the right-angle, the earth is at the tip of the 0)

hypotenuse, and the distant unknown object is opposite the sun, we get the following ?
triangle.

So, we want the hypotenuse. We know that triangles add up to 180", so the difference % 5 A
between 0 and the given angle of 88" is 2°. That means that the angle the unknown sun ' unknown

object makes in reference to earth is 2°. Thus:

in =0
sin =4,

sin2” =1AU+H=149597 870,7 km + H
0,035 =149 597 870,7 km + H

H =149 597 870,7 km + 0,035

H =4 286 533 756,4964 km = 28,6 AU

This means that the unknown object is 4,2 billion km away, or 28,6 AU away.

6. Graphs

A lot of work in science involves interpreting graphs. You get graphs of
motion, graphs of rates of chemical reactions, graphs of distance-relative
strengths of force fields, and so on. Before you can understand these
graphs, it's probably best to start from scratch with Cartesian Coordinates.

“Coordinates” are numbers that refer to the distance of a point along a
line, or on a surface, or in space, from a central point called the “origin”.
Graphs that you will use have only two dimensions (directions). The
positions of points on these graphs are described using two coordinates:
how far across (left-to-right) the point is, called the x-coordinate, and how
far up-or-down on the page the point is, called the y-coordinate.

© Department of Basic Education 2015 INTRODUCTION xxxix
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Worked example 7

Consider the following graph. It shows six points in a straight line.

y »
A3 o
,
,
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,
7
41 o
¥
,
,
7
- | | e | | N
Y 1 1 1 1 » X
2 a0 . 1 2 3
7
7
/./ ——_1
,
7
7
& 42
,
7
,
, v -3
¢ -y

The coordinates shown can be described using what are called “ordered pairs”. For
example, the furthest point in this graph is 3 units across on the “x-axis” or horizontal
line. Likewise, it is also 3 units up on the y-axis, or vertical (up and down) line. So, its
coordinates are (3;3). The point just below the midpoint or “origin”, is one unit down
of the x-axis, and one unit left of the y-axis. So its coordinates are (—1;—1). Note that
anything to the left or below of the origin (the circle in the middle), takes a minus sign.
In most cases in science, you'll only have graphs showing positive axes (plural of axis,
pronounced aks-eez), since most graphs are of time.

This series of dots look like they're related to each other, because they’re falling on a
straight line. If you see a result like this in an experimental situation, it usually means
that you can predict what the next dot will be, namely, (4;4). This kind of prediction is
called “extrapolation”. If you carry out the experiment, and find that the result is (4;4),
and then (5;5), you've established that there is a strong relation or correlation. You can
therefore start thinking about a formula to describe your findings. For example, this
might be a graph showing a measurement of voltage (x) against a measurement of
resistance ().

Now, another way of saying that x relates to y, or x is proportional to y, is to say that
y is a function of x. This is written y = f(x). So, in the example given above, voltage

is a function of resistance. But how is y related to x in this graph? Well, it seems to

be ina1to 1 ratio: y = x. So the formula for this graph is y = x. In this case, we're
only dealing with two factors; x and y. In other graphs you'll find that sometimes more
factors are involved, such as acceleration graphs, which have units of m/s2. Don’t worry
about that; you treat them the same way (for example, m/s? vs. time).

xI INTRODUCTION
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Worked example 8

Now, let’s take a slightly more complex case, illustrated below.

In this next graph, we see that wherever x is equal to something, y is one more. So,
trace your finger from the bottom left dot upwards. It meets the x-axis at the point —3.
Do the same for the same point towards the y-axis. You'll see it meets the y-axis at
—2.You'll see the next coordinates are (—2;—1), then (—1;0), then (0;1), (1;2), and finally
(2;3). From this we can see that whatever x is, y is one more. So, y = x + 1is the
formula for this line.

y
A3 »
) o’
—w“i
< | 1 /AR | | »
—X < » X
A
3 booh Y > 3
. e
L7 —1
o
42
Y 3

Worked example 9

Let’s take another case. In this next case, we see the following values: where x has a
certain value, y has double that value. Let’s tabulate it.

A3 e
— 2 ’/ P y
K 1.5 3
T 1 2
< | | Jony | | g 0,5 1
3 D T > 3 5 5
o 0,5 -1
-1 2
. —+-2
/! -1,5 -3
1 A
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So, when x is 1,5, y is 3, when x is 1, y is 2. Thus, the formula for this line is: y = 2x.
This value next to x is called the “gradient” or “slope” of the line. The larger the value
next to x is, i.e. the larger the gradient, the steeper the slope. The gradient is usually
abbreviated as “m” when it is unknown.

Now, how this applies to science is simple: if we are looking, for example, at a case of
a graph of a chemical reaction, we will usually have the x-axis as time. And the y-axis
will usually be the quantity (@amount) of substances produced. So, if we have a graph

of a chemical reaction with a large gradient, it means that the reaction is fast; a lot of
substance (y) i s produced in a short time (x). If, for example, we heated the reaction,
and saw that the gradient increased even more, that would show that the chemical
reaction was sped up by heat, or, that reaction rate is proportional to heat. Likewise, if
the gradient sloped downwards, it would show that the reaction slowed down over time,
because y, the amount of substance produced, was decreasing, as x (time) increased,
e.g. because the reactants were being used up.

Worked example 10

Let’s do one more case. In this case, we can see that y is a function of x, since it's a
straight line graph. However, it's not that easy to see the relationship between x and y.
We can see that the slope is the same as the previous graph, so it must be something
like y = 2x. However, it doesn’t quite make sense, since 2(-1,5) is not —2. We see
that where x is zero (at the origin), y is at 1. But the slope is the same, so it must be
y=2(0)+1.Sothe formulais: y = 2x + 1.

y L]
A3 /
.. —2 -/
As you can see, this is )/
where mathematicians get )
the general equation for a b1
straight line of y = mx + c. ,
(“c” stands for “constant”). )
—x< | LM | | .
-3 -5 -Il /// N J. & 3
// 41
‘ —+-2
\ 3
X y 2x +1
-15 -2 2(-15)+1=-3+1=-2
-1 -1 2-1)+1=-2+1=-1
-0,5 0 2(-0,5)+1=-1+1=0
0 1 2(0)+1=0+1=1
0,5 2 2(0,5)+1=1+1=2
1 3 2(1)+1=2+1=3
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7. Circles

Diameter is the width of a circle (2r); radius is half the diameter (%).
The edge of a circle is called the “circumference”. “Diameter” means
to “measure across”. Compare “diagonal” which means an angle
across a square or rectangle, so “dia-" means “across” (Greek).
“Circumference” means to “carry in a circle” (Latin); think of how

the earth carries us in a circle or orbit around the sun. To remember
the difference between these things, just remember that the sun’s
rays radiate out from the sun in every direction, so the radius is the
distance from the centre of a circle, e.g. the sun, to the outer edge of
a circle surrounding it, e.g. earth’s orbit (the circumference).

Area of a circle =1 r?

Circumference =2 mr

You can use the above to solve for radius or diameter.

Resource Sheets

The following information sheets will be supplied to you in the exam. You
do not need to memorise them.

Sl Units: Multipliers

Prefix Symbol Value Value written in full
tera T 10*2 1 000 000 000 000
giga G 10° 1 000 000 000
mega M 108 1 000 000

kilo k 108 1000

hecto h 102 100

deka da 10t 1

deci d 10 0,1

centi c 10-2 0,01

milli m 1073 0,001

micro u 1076 0,00 000 1

nano n 10-° 0,00 000 000 1

pico p 10-*2 0,00 000 000 000 1
femto f 1015 0,00 000 000 000 000 1

© Department of Basic Education 2015

If you are studying
CAT/IT, do not be confused
when you notice that these
same multipliers are given in
multiples of 1024, not 1000.
This is because computers use
binary (powers of 2).
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Constants
Name S| Unit Symbol | Approximate Value Easier to Understand
Acceleration due to g 9,8 m/s? Your speed increases by about
gravity 10 metres per second, every second
you fall
Gravitational constant | G 6,67 x 10 N-m? / kg? 667 000 000 000 units

STP (Standard
Temperature and
Pressure), (in Physics).

not applicable,
two conditions

1 atm (101,3 kPa), 25°C
(298 Kelvin (K))

You generally put two atm (bar) pressure
in car tyres, i.e. the pressure in a car tyre
is twice atmospheric pressure

Speed of light C 3 x 108 m/s 300 000 000 metres per second, or
about a billion kilometres per hour

Speed of sound atsea | v 340,29 m/s - 343 m/s One kilometre in three seconds. You

level in air at STP can use this to work out how far away a
lightning strike is.

Planck’s constant h 6,626 X 10°34 J-s 0,0000000000000000000000000000
000006626 Js

Charge on electron e, % -1,6 x 10°*°*C 0,00000000000000000016 coulombs

(coulombs) is the charge on one electron
Electron rest mass m 9,109 x 1073 kg 0,0000000000000000000000000009

109 g is the weight of one electron

Proton rest mass,
Atomic Mass Unit

1,67 X 1072 kg

0,00000000000000000000000167 g
is the weight of one proton

Gas constant 8,3J/ mol-K The Rin PV =nRT

Molar gas volume at A 22,4 dm? / mol 22,4 Litres of gas is made by a mole of a
STP substance

Coulomb’s law constant | k 9 X 10° N-m? / C? 9 000 000 000 units

xliv INTRODUCTION
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Formulas

Forces and Motion:

u, vy, = velocity (initial)

v,v, = velocity (final)

S, x = displacement/distance travelled
t = time

a acceleration

A change in

p = momentum

r = distance between bodies
F=ma

F=G(m,m,)/r? (Newton’s Law of Gravitation)

a=Av/t v=s5/t
v=u+at or v, =v,+alt
S=ut+2at or Ax= VAt + = alt?
2 0 2
vZ=u?+ 2as or v,2=v22+2as

p=mv P1Vy = PoV,
Replace “a” with g (9.8 m/s?) if falling to earth.

Energy, Work, Power, Waves:

E,W = energy or work
E, kinetic energy
W, work function
P = power
H height off the ground
h = Planck’s constant
A = wavelength (Greek letter L)
f = frequency
c speed of light
m = mass
% = velocity
T = time/period
- W -
E=W P=3 E, = mgH
W = FAxcos6
E, = % mv? (at speeds much less than light)
E = mc? (light speed, nuclear reactions)
E = hf
v ="1A (at light speed, use ¢ = fA)
f=1

© Department of Basic Education 2015

Doppler Effect:
_VV(f) _ V()
LT V3V, OR fL_(V—VS)

Electricity and Transformers:

E = energy (joules)
q,Q = charge
v, V = voltage
F = force
I = current in amperes
R = resistance in ohms (Q)
s/p = secondary/primary coils
E=g E=F/q
kQ
E="
k
= @ (compare to Newton’s Law
of Gravitation)
F = k(l,1,)L/r (where in this case,
k=2Xx107)
V=IR | = Q/At
%
p=iv=" E=Vit="2
R=r,+r,+r15 (in series)
% %+r—12+ . (in parallel)
VS
Vol =V, v, =Ny/N,

Notes:

In most cases, a subscript of “1” means
“before” and a subscript of “2” means “after”,
S0, p,V,=p,v, means “momentum at time 1
times velocity at time 1 (before collision), is
equal to momentum at time 2, times velocity at
time 2 (after collision)”.

To convert from km/h to m/s, divide by 3,6.
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Unit

Mechanics: Force and
Newton’s Laws

Summary

This section covers important aspects from the Grade 11 work. Make sure that you
revise it well so that you can apply this knowledge to your Grade 12 work. In order to be
successful in this section, you need to revise trigonometry and Pythagoras’ theorem.

You must know how to:

e Draw a sketch of parallel and perpendicular vectors.

* Determine the resultant vector graphically using the head to tail method as well
as by calculation.

* Resolve a vector into its parallel and perpendicular components.

You must remember:

* Newton’s Laws and how to apply them.
e Different kinds of forces.

e Force diagrams and free body diagrams.

Definitions and Laws you must remember:

1. Aforce is a push or pull upon an object resulting from the object’s interaction
with another object.

2. Gravitational force is the force of attraction that objects exert on other
objects in virtue of having mass. It is the force that makes all things fall and
causes tides in the ocean. The greater the mass of an object, the greater its
gravitational pull.

3. The normal force is a perpendicular force that a surface exerts on an object
with which it is in contact.

4. The resultant (net) force acting on an object is the vector sum of all the forces
acting on the object. The vector sum is the sum of all vectors (all the forces
added up, taking their directions into account).

5. Newton'’s First Law of Motion: An object will remain at rest or continue moving
at a constant velocity (or at constant speed in a straight line) unless acted upon
by a non-zero external resultant force.

6. Newton’s Second Law of Motion: If a resultant (net) force acts on an object, the
object will accelerate in the direction of the resultant force. The acceleration
is directly proportional to the resultant force and inversely proportional to the
mass of the object.

7. Newton’s Third Law of Motion: When object A exerts a force on object B, object
B simultaneously exerts a force on object A, which is of equal magnitude but
opposite in direction.

8. Newton’s Law of Universal Gravitation: A force of gravitational attraction exists
between any two particles or objects anywhere in the universe. The magnitude
of this force is directly proportional to the product of the objects’ masses and is
inversely proportional to the square of the distance between their centres.

“Universal”
means the
statement is valid
for any object in

the universe.
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1.1 Revision: Vectors
A vector is a quantity that has both magnitude (size) and direction.

e We can use bold type to represent a vector, R, or an arrow above the

letter R .
e Vectors may be added or subtracted graphically by laying them head

to tail / head to head on a set of axes.

Worked example 1

Addition Subtraction
/C ‘
C
_— A :
A . - X E C
- = 2 > =2 -
A+C=D A-C=E

e Just as one vector is the sum of two vectors, we can also find two vectors to make
up one vector.

e In mechanics, it is often useful to break up a vector into two component vectors, one
horizontal and the other vertical. We use basic trigonometry to find the components.

Worked example 2

%
Example: \ector R makes an angle © with the x-axis. ﬁ is broken into component
- -
vectors R, and R,

i R
cos e:a—djz—x
hyp

R
: ..Rcos 8 =R,

RI=RSI'I'IU R : ) opp R,

' ; SnG=—-==

: hyp R

0 > > .~ Rsin® =R,
R.=Rcos®

=d cos@and R =sin R, where R, istheangle between a and the x-axis

X

%
R
_)
R

(Ry).
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Worked example 3

If vector ﬁ has a magnitude of 5 and is at an angle of 6 = 36,86°, the components are
- -
F,=5c0836,86°=+4and R, =5 sin 36,86° = +3.

1.2 What is force?

When objects interact with each other, they exert forces on each other.

If a force acts on an object, it can cause a change to the object. Some of
the possible changes are:

¢ the shape of an object
e the object’s state of rest
¢ the velocity of the object

* the direction in which the object moves :
e the object’s acceleration. ~
- ) ' _ . _ _ DEFINITION
Force ( F) is a vector quantity. This means it has magnitude and direction. Repulsion: a force between
* It may be represented by an arrow in a vector diagram. The length of objects that tends to separate
the arrow shows its magnitude and the angle shows its direction. them
e [tis measured in the Sl unit newton (N). Attraction: a force between
N . .
We show the force vector using F. objects that brings them
together
F without an arrow represents the size of the force vector only. \_ )
Example .
W} represents a force (F) of 12 N to the right.
e Objects exert push (repulsion) or pull (attraction) forces on each other.
e Aforce can be classified as either a contact force or a non-contact
force
* Objects can exert a force on each other when they are in contact
(touching each other) e.g. friction and normal forces
OR
* Objects can exert a force on each other when they are not in
contact (i.e. are apart from each other) e.g. magnetic, electrostatic
and gravitational forces.
1.3 Different types of forces
We study these different forces:
_)
1. Gravitational force or weight (F , or v_v>)
- —
Normal forces (F or N)
%
3. Frictional forces (F)
4. Applied forces (push or pull)
. - -
5. Tension (F;or T)
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normal:
In Physics, normal
means perpendicular
to. It does not mean
‘ordinary!

Gravitational force (?g ora):

Gravitational force is the force of attraction that the Earth exerts
on an object above its surface.

Gravitational force acts downwards towards the centre of the
Earth.

The weight (W) of an o_b)ject is the same as the gravitational force
(Fg) on the object, so F = w

The weight of an object is the product of the mass and the
gravitational acceleration of the Earth.

SOW = mg where m is mass and E is the acceleration due to
gravity.

P eW=emd
.Fg=w=mg
where Fis gravitational force

%
F
w is the weight of an object
m

g is mass X gravitational acceleration

-
—
d \

DEFINITION

A “centre of gravity” is a
point from which the weight
of a body or system may be
considered to act. In uniform
gravity it is the same as the
center of mass.

Normal force (?N or W):

When an object rests on a surface, the surface exerts a force on the
object, called a normal force.

It is a contact force that acts at a right angle (90°) upwards from the
surface.

In the diagrams below, you will see a free body diagram and a force
diagram. In a force diagram, you show the object that is experiencing
forces. The forces act on the body at its “centre of gravity”. In a free
body diagram, you do not show the object that is experiencing forces;
i.e. you treat the object as a single point.

2.1. When an object is resting or moving on a horizontal surface
the normal force will have the same magnitude, but an
opposite direction to the weight of the object or gravitational
force.

An object resting on a horizontal surface

—

Fn

|

ul

[i=]

So Fn=-Fg and Fy = -mg
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2.2. When an object is resting or moving on an inclined plane
(surface), the normal force will have the same magnitude, but
an opposite direction to the perpendicular component of the

weight of the object or gravitational force.

An object resting on an inclined plane (surface)

—_—

Fn

Fg So FN=—|—:-ga.

- -
3.1 Frictional force (F;or f):
e Frictional force opposes motion. So it works against the
movement of an object.

*  Frictional force acts in the opposite direction to an object’s

motion or intended motion.

* The rougher the surface, the more friction there is between

the object and the surface.

The less rough the surface, the less friction there is between the

object and the surface.

This means that the greater the magnitude of the normal force
acting on the object, the greater the magnitude of the frictional
force. Think of grinding something here. The harder you press,
the more “normal” (perpendicular) force there is. Hence, when
you are grinding something, e.g. crushing maize for making pap,
it experiences strong normal (perpendicular) forces and thus

strong frictional forces; hence it is ground up.

e If an object is at rest, then there is a static frictional force.

* If the object is moving, then there is kinetic frictional force.

3.2 The coefficient of friction (p)

The coefficient of friction depends on the material of the two

surfaces that are in contact.

u (s the Greek
letter mu.

Examples

e Steel on wet ice has a low coefficient of friction (slides easily).

* Rubber on tar has a higher coefficient of friction (more grip, less
sliding).

e When an object is at rest on a horizontal surface and no
force is applied to it, then there is no static friction.

¢ When a small force is applied to an object at rest, then
the force of static friction increases as the applied force
increases.

© Department of Basic Education 2015 UNIT 1 MECHANICS
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* Asthe force increases, the static friction continues to increase.

e This continues until the static friction reaches a maximum
value - it cannot increase further. Eventually maximum
static friction force is exceeded and the object moves.

*  The friction then_)decreases to a smaller value called the
kinetic friction ( f ).

e The kinetic friction remains constant while the object
moves at a constant speed.

e The kinetic friction remains smaller than the maximum
static friction. f, < pFy and f, = uFy

I8 |

When an object moves along a surface inclined at an angle 0, the normal force is
multiplied by the kinetic coefficient of friction to find the frictional force.

The kinetic coefficient is calculated using cos ©:

—> — RN —
Fyu=Fgu=mg-cos® fi=1 Fy y

4. Applied forces

An applied force is a force that a person or object applies to another object.
If a person is pushing a cart along the ground, then there is an applied
force acting upon the object.

Normal

: Applied force
Friction (push)

Weight

_|

5. Tension (?T or 7):

When an objectis pulled by a rope (or string or cable), or hanging from

a ceiling, the rope applies a force on the object. This force is called
tension. It is a contact force and acts in the opposite direction to the

‘pull’. If an object hangs from a rope, the direction of the tension is
always upwards in the rope. This force complies with Newton’s Third W

Law, i.e. it is the reaction to the action of the pulling. e

1.4 Force diagrams and free body
diagrams

1. Inforce and free body diagrams we consider forces acting on ONE (the same) object

2. When you answer questions about force, you must:
- name the forces
- state which object exerts a force on which object
- state the directions of the forces.
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Example

A man pushes a loaded trolley N:::rmal
along a horizontal floor.
We can identify the following =] Applied force
forces that are acting on the  Friction 510 (push)
trolley: !

v Weight

* the weight or ?g of the
trolley and load, i.e. the force exerted downwards on the trolley by
gravity/ the earth

%
* the normal force, F,, exerted upwards on the trolley by the floor

* the applied force that the man exerts on the trolley, which acts in a
forwards direction

%
e the frictional force, F;, in the opposite direction to the motion.

Forces acting on an object can be represented by force diagrams or by
free body diagrams.

Force diagram Free body diagram
e The object is represented as a block and the e The object is represented as a dot and the
forces as vectors. forces as vectors.
e The vectors start at the point of application. e The vectors start at the dot and they all point
e Weight is drawn from the object’s centre away from the dot.
of gravity, downwards. * If the object is on an inclined surface, the weight
vector can be resolved into two component
vectors.

g

Force symbols in diagrams

We use these symboils to help represent forces in force diagrams and
free body diagrams:
- =

e ForF, . appliedforce, in the direction applied

e -
e F.orF: friction force, surface on object, opposite to direction
of motion
%
e Fgor W: gravitational force or weight, force exerted by the
earth on object, downwards
%
e FyorN: normal force, surface on object; perpendicularly
upwards from the surface
e =
e F,orT: tension, cable or rope on object, in direction of motion.
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Steps for drawing force or free
body diagrams

Follow the steps in this example.

Example: An object on a horizontal
surface (plane):

Sipho exerts a force to the right
while pushing a car along a rough,
flat road. Draw a force diagram and
a free body diagram to represent
the situation.

Force diagram: . FN Free body diagram:
Fn
FSiphU
Fi IEf I_';Sipho
“—p—>
A IEg = ﬁ
I_-;g = w

Step 1. If there is a surface, draw a line to represent it.

Step 2. Force diagram: draw a block to represent the object.

Step 3. Free body diagram: draw a dot to repres_)ent the object.

Step 4. Draw a vector to represent the weight (F ) of the object.

Step 5. If the body rests on a surface draw an arrow to represent the
ngrmal force, upwards from and perpendicular to the surface.
(Fy)

Step 6. Draw an arrow to represent each applied force.

Step 7. Draw an arrow to represent friction (if there is friction).

Step 8. If you are drawing a free body diagram, erase the line
representing the surface.
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Draw a force diagram and a free body
diagram for an object hanging from a rope
or a cable.

Solution
Force diagram:

Fr=T

Fo=w

Worked example 4

Free body diagram:

AFT= T

Component vectors in free body diagrams
Free body diagrams are useful for showing all the forces involved in a

situation.

When an object rests on an inclined plane, the force due to gravity may be

shown by two vectors:

* one representing the component parallel to the surface
e the other representing the component perpendicular to the surface.

Force diagram:

Free body diagram:

parallel component Fo=

of the weight perpendicular component

of the weight

© Department of Basic Education 2015
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Direction of frictional force:

The friction acts against
the object to prevent it from
sliding down the slope so it
acts upwards parallel to the
slope.

)

Worked example 5

If an object with a mass of 40 kg slides down a surface which has a coefficient of
kinetic friction pk = 0,14, and a slope of 15°, what is the net force on the object as it
slides down the surface? Use the diagram to help you.

'-':w = Fg sin®
Fﬂl = FgCDS 0

Solution
Weight component down the slope
= ?gsin B =mgsin 15° =40x 9,8 x 0,26 = 101,92 N.

Frictional force up the slope
F 41, 00s 6= 40 x 9,8 x 0,14 x 0,96 = 52,68 N

.". Net force down the slope is:
101,92 + (-52,68) = 49,24 N.

Worked example 6

Calculate the components of the weight of an object when it is resting on a surface
which slopes at an angle of 6.

Solution
0+a=90°anda+ c=90°Soc=6.
The component of the weight perpendicular to the surface with a slope of 0 is

J - - - I
F,. = F,cos @ and parallel to the surface is F, =F,sin 6.

a ('

// O

0
._t..'." A
Fo
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1.5 Resultant (net) force

When a number of forces act on an object, we need to determine the
resultant or net force acting on the object.

-

—

S D

The resultant (net) force acting on an object is the vector sum of all the forces acting
on the object.

— —> - = N
Fnet: FreS:ZF: F1+ ag+...

Z? is the sum of all the forces acting on the object
- /

Worked example 7

John exerts a force of 100 N to the right on a box resting on a rough, horizontal surface.
Sarah exerts a force of 50 N to the left on the box. The friction between the box and Remember:
the surface is 5 N. Draw a force diagram and calculate the resultant force acting on the e Force is a vector.
boX. e Indicate the direction of
the force with a + or —
AFn Lot ——p sign.
Faohn Fsaran e Interpret the answer in
—_— < words as the final step
| Fe in your solution
Fg=w=mg

§)OIUti°_>n R N R Note: Since the force
Fnet =2F = (+ FJohn) + (_ FSarah) + (_ Ff) apphed by Sarah and
the frictional force are
- - - Mt
= Fom = Fsaran = Fs opposite in direction to the
N force applied by John,

=100-50-5=45N.". F,, = 45 N to the right Fewar = —50 N and

Now consider a situation where a box slides down a slope. The force that
makes the box slide down the slope is the component of the box’s weight
that acts parallel to the slope.

%
". F4=mgsinawhere ais the angle between the slope and the horizontal.
Always calculate this force first.
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a Activity 1

—
A box of mass 100 kg slides down a rough slope which forms an angle of
30° to the horizontal. The friction that acts on the box is 20 N. Draw a free
body diagram representing all the forces acting on the object and calculate
the resultant force acting on the box and causing it to slide. Perpendicular
forces may be ignored. (12)

Solution
Let the direction down the slope be positive.
Then F,=-20Nv/
- - -
Fnet = ZF = (+ Fgll) + ( f) ‘/
%

=F +

gll f

=mg-sin0(+?f/ / v/
= (100)(9,8)(sin 30°)+( - 20)
=490 -20=470N

.. 470 N, down the slope v

‘3 Activity 2
S

R and S are two positively charged spheres. P is a negatively charged
sphere. Sphere R exerts an electrostatic force of 0,2 N on P and sphere S
exerts a force of 0,6 N on sphere P.

Draw a free body diagram for sphere P and then calculate the resultant

force on sphere P. (5)
Remember:
Opposite charges )
attract. Therefore Solution
R attracts P and S
attracts P. FRonP Fsonp v
< @ >

Let FS onP be + v

E——
- - = -
Fnet=ZF=(FSonP)+(FRonP) ‘/
= + (- 2 ‘/ —
06+(-0.2) Note: F g =—0,2 N
=0,4N ..0,4NtowardsS v [5]
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A Activity 3

—v
Three identical spheres X, Y and Z are in the same horizontal plane.
Spheres X and Z are both positive and sphere Y is negative. Sphere Y
exerts an electrostatic force of 450 N on sphere X and sphere Z exerts an
electrostatic force of 350 N on sphere X.

1. Draw a free body diagram for sphere X e °
and indicate the electrostatic forces

X and Z are positive

acting on it. (2) . Z repels X and
2. Calculate the magnitude of the resultant . . . ”
. Y is negative and Z is positive
electrostatic force on sphere X. (8) Y attracts X
[10]
Solutions v
1. Free body diagram: Fzonx
v
FY on X (2)
v
_>2 = _>2 %2
2. F net — E/Zonx‘;- F Yon X (pythagoraS)
= 359)2 + 4502 = 325 000
= F,,=V325000 = 570,09 N
v/ 4
v
F‘r‘ on X C
FZ on X
v
/ Fnet on X
(8)
[10]
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1.6 Newton’s First Law of Motion
(Law of Inertia)

o
S R
Inertia
: e |nertia is the property of an object that resists any change in the state of rest or
~ uniform motion.
If the object is at rest, it resists any change to a state of motion.

DEFINITION If it is in motion, it resists any change to the speed and direction of its motion.
Resists: e Inertia is determined by the object’s mass. The greater an object’s mass, the greater
0pposes, prevents, works its inertia.
against J

Example

A box lying in the boot of a car will move forwards when the car brakes.

The box’s inertia resists the change in movement and allows the box to

continue moving in the direction in which the car was moving before it

stopped. This is why you must wear seatbelts!

Newton’s 1st Law of Motion

An object will remain at rest or continue moving at a constant velocity

(in a straight line) unless acted upon by a non-zero external resultant force.

Fee=0N .". ? =0m-s?
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Worked example 8

The diagram shows the forces on a trolley
moving with constant velocity. Normal

1. A man pushes a loaded trolley with i
constant velocity along a horizontal

floor. The trolley and load have a mass =j—>Applied force
) Friction b—

of 56 kg and the friction of the moving .. (push)
trolley is 2,1 N. Calculate the force the + Weight
man exerts to push the trolley along

the floor.

2. If he then pushes the trolley with a force of 2,5 N to the right, calculate the
acceleration of the trolley.

Solutions

1. The acceleration = 0, so the net force is equal to zero. The force
the person pushes with is equal and opposite to the force of
Kinetic friction on the trolley.
Fpush = I:trolley = 211 N

2. The diagram shows the free body

diagram. 4 F

The net force is 0,4 N in the forward

direction.

The tLoIIey accelerates forward: 2,1 N 25N
Free _ 04

a = M= %—6 =7,14x103ms2 YW

forward / to the right.
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1.7 Velocity and acceleration:
Revision

* Velocity (v) is the rate of change in position (displacement). It is a
vector. Speed is a scalar.

These equations
are listed on the data
sheet in the exam paper.

You don’t have to - AX _ _ _
memorise them, but you Vaverage = At ... Ax is the displacement; rate is shown by change
must know how to use in time At
them. N
e Acceleration (&) is the rate of change of velocity.

- _AV V)f - 7i : ; ; : ;
a=N~"m - Av is change in velocity: final velocity (v;) -

initial velocity (v,)

e Equations of motion: In Grade 10 you learnt these equations
that describe the relationships between velocity, acceleration,

displacement and time:

> _- =

e V,=V,;+ adAt
- - -

° V2= V72Z2+2aAx

o AX =V, At + AR

1.8 Newton’s Second Law
of Motion in terms of
acceleration

When the resultant force acting on an object is NOT zero, the object’s state
of motion will change.

It may:

e start moving (then Vi =0m-sstand 7f #0 m-s™);

e stop moving (come to rest, then Vf =0 m-s);

* move faster (accelerate); move slower (decelerate); or
e the direction in which it moves will change.
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Newton’s Second Law of Motion

If a resultant (net) force acts on an object, the object will accelerate in the direction
of the resultant force. The acceleration produced is directly proportional to the resultant
force and inversely proportional to the mass of the object. In other words, acceleration is
the amount of change in speed (or velocity), per second, hence, it is metres per second
change per second, or m-s

For any object @ o< Fryand @ e .. F,=ma’

where ais acceleration (m-s-), F is force (N) and m is mass (kg)

S >
a o< Fnet

.". straight line through origin

Whena s mthe graph is a hyperbola
witha and m on the axes.

When @ o % the graph is a straight

. . —>
line with & and mon the axes.

1/m

If d/ffereg)tforoes are applied to the same object and its mass stays constant, then
7 o > F . The higger the net resultant force acting on the object, the more the
object will accelerate.

. /

Worked example 9

%
Aresultant force F is applied to an object of mass m and the object accelerates at 7.

What will the object’s acceleration be if the resultant force acting on the object is
tripled?

Solution
m is constant .". @ « F and if the force is tripled (from F to 3F), the
acceleration will also triple .". the object will accelerate at 3 a.

NOTE:

If a constant non-zero
resultant force is applied to
two objects, then @ o< - .

The object with the smaller
mass will accelerate more
than the object with the
bigger mass. Think about it;
it's easier to make a lighter
object move further and
faster.
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o R

Sometimes the forces you are
given in a diagram are not

at right angles to each other,
yet when you draw a force
diagram on the Cartesian
Plane, the forces must be
drawn at right angles to each
other. In order, then, to find
out what the vertical and
horizontal parts of a force
are, when that force is at

an angle, we have to use
trigonometry.

Worked example 10

%
A constant resultant force F is applied to objects of masses m and 2 m. If the object of
mass m accelerates at ?, what will the acceleration of the other object be?

Solution
%

F is constant .. @ o

m
If the mass doubles (from m to 2 m), the acceleration will halve
.".the object of mass 2 m accelerates at % 3.

. /

Steps to solve problems on
Newton’s Laws

Step 1: Read the problem as many times as you need.

Step 2: Sketch the situation if it is necessarily.

Step 3: Draw a force diagram for the situation.

Step 4: Draw a free body diagram; you must resolve the forces into

Step 5:
Step 6:

Step 7:

Step 8:

components on the Cartesian plane if necessary.

Consider this example. You are told that the force F acts at an
angle of 60° to the normal or 30° to the horizontal plane. What
are its vertical and horizontal components?

y
F=10N
-"‘
.d”
o I y-component
z"“‘.
LA
T
xmmponom

Well, the y-componentis opposite the angle, and the hypotenuse
(10 N) is known, so since sine is O/H, sin 30° x 10 N = the
y-component: 5 N. Likewise, the x-component is adjacent to
the angle, so since cosine is A/H, cos 30° X 10 N =8,67 N. So
your x-component is 8,67 N and your y-component is 5 N.

List all the given information and convert the units if necessary.
Determine which physical principle (law) can be applied to
solve the problem.

Use the principle (law) to answer the question, often by
substituting numerical values into an appropriate equation.
Check that the question has been answered and that the
answer makes sense.
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Q Activity 4

Sy

Two boxes, A and B, are lying on a table and are connected by a piece of
string. The mass of box A is 3 kg and the mass of box B is 2 kg. Assume
that the mass of the string is very small, so we can ignore it. A 30 N pulling
force, pointing to the right, is applied to box B, causing the two boxes to
move. The surface acts with a frictional force of 5,9 N on box A and 4,1 N

on box B.
A T B 30N
[ ]
1. Calculate the acceleration of boxes A and B. (14)
2. Calculate the magnitude of the tension on the string. (5)
[19]
Solution
1. We are going to take the whole system as a unit.
T Veiaxis 4 Data:
E m,=3kg, my=2kg Va4
LY mg=2kgmy=m,+my=3kg+2kg=5Kkg
F, = 30 N to the right
s Fi = 5,9 N to the left
v Fg = 4,1 N to the left
Fﬂ' = FfA + FfB = 5,9 + 4,1 = 10 N tO the |eft
a =7 to the right
T="
9)
Frre = msa (from F=ma) v/ v/
Fat+t Fr=msa
(o) -
(30) + (-10) =ba
a =4 m/s?to the right v/ (5)
2. To calculate the tension you may use box A or box B
Tension using box A
¥ pexis
: FRA)C = mAa /
T + FfA = mAa /
T-59=03)4) vV
T=12+59
T=179Nv
; (5)
i
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Tension using box B

A y-axis
:
1
1

' Ny Free = Mga v
_‘T ~ Fa+T+Fg=mga v/
- - 30-T-4,1=@2)4) /v
;—:. - . X=iIXTS T+ 25,9 =8
l T=-179
V Fya T=179NV/

)
[19]

===

a Activity 5
—w

The sketch below shows a block of 8,5 kg at equilibrium on an inclined
(sloping) plane (surface).

8,5kg
30°
Calculate:
1. The magnitude of the tension in the cord. (12)
2. The magnitude of the normal force acting on the block. (6)
3. The magnitude of the block’s acceleration, If the cord is cut. 4)
[22]
Solution
1. Data
m=85kg;a=30%;,v,=0;a=0
Let’'s make the free body diagram of forces.
(6)

The gravitational force is not in the
direction of any axis then we have
to determine its components on
the x-axis and y-axis.
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1. Applying Newton’s First Law
_>
> F=0
- =
Fs+T=0V
Working with the projections of the forces on the x-axis we get:
Fee-T=0
Fgsina-T=0 v/
m-g-sin}%0° -T=0 v/
8',/5><9,8><O,5—T=O
41,65-T=0
T=4165N / (6)

2. Working on the y-axis
N-F,=0
N - (Fycos o) = 0 //
N —/(m-g};os 30'0) =0
N-(85%x98x0,866)=0
N-731=0
N=73,AN v/ (6)

3. Applying Newton’s Second Law.
ﬁ

> F
If the cord is cut there is no tension force acting on the block and
there is only one force acting on the direction of the x-axis, causing
acceleration to the block.

%
~=ma, 4

Working with the projections
Fee = m-a

Fgsina=m-a

mg-sin 30° =m-a v

Simplifying:
g-sin 30° =a
a=gsin30°
a=98x0,5 v
a=49ms? v 4)
[22]
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Q Activity 6
.

Two blocks of 25 kg and 15 kg are connected by a light string on a horizontal
surface. Assume that the string cannot stretch. A force of magnitude 240 N
is applied to the block of 15 kg forming an angle of 60° with the horizontal
as shown in the sketch below. The coefficient of kinetic friction is 0,20.

F=240N

1. State Newton’s Second Law of Motion in words. (7)
2. Draw a free body diagram for each block. (8)
3. Calculate the magnitude of the acceleration of the blocks. (14)
[29]
Solutions
1. If aresultant force v acts on a body, it will cause the body
to accelerate v in the direction of the resultant v/ force. The
acceleration of the body will be directly v proportional to the
resultant v force and inversely v proportional to the mass v/
of the body. (7)
2.
ANV
v 3 v
fk T
“ >
Fg v/
VEg / BLOCK Zqu
BLOCK OF 25 kg g
(8)
3.
Option 1
Taking the objects as a system
Fre =mMa v
F. + Fr = ma, v Note: In this series of solutions we have
F, - Fr=msa, omitted (taken out) the vector arrow above
F, - (Fy, +Fy) =(m, +mya,s | Fanda;thisisjustto make it easier to read
the solution.
F. = (UNy + uN,) = (my + my)a,
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We have to calculate the normal force for both blocks

N, =F,=m,g

N, =m,g - Fsin 60" v/ /

F-cos 60° - [um,g + pu(m,g - F-sin 60°)] = (m, + m,)a,

(240-c0s760°) - [(0,2)(25)(9,8) + (0,2)[(15)(9,8)] - 240-sin 60°]]

= (25+15)a, v v
120 - [49 + (0,2)(147 - 207,85)] = 40a, v/
83,17 = 40a, v/

a,=2,08m/s? v/

Option 2
Applying Newton’s Second Law of motion to each object individually
Fr=m,a

For object 1:
T=Fy,=ma, v
T-Fy=ma,
T-pmg=ma, v/

For object 2:

Fror = Mya v

Fo+T+F,=moa, v/

F.-T-F,=mya, vV

F-cos 60° - T - uN, = m,a,

F-cos 60° - T - y(m,g - F'sin60°) = m,a, v

Adding equation (1) and (2).

T-pum,g+Fcos60°-T- u(m,g -F-sin60°) = m,a, + m,a,

Takin ou‘t/T and a,: - ym,g + F-cos 60° - y(m,g -F-sin 60°) = (m, + m,)a,
[-(0,2)(25)(9,8)] + [240-cos 60° - (0,2)[(15)(9,8) - (240-sin 60°)] =
(25 + 15)a o/

(-49 + 120) - (0,2)(147 - 207,85) = 40a,

71+ 12,17 = 40a, /

83,17 = 40a,
a,=2,08m/s?v/ (14)
[29]
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a Activity 7

—

The sketch below shows two blocks connected by a string of negligible
mass that passes over a frictionless pulley also of negligible mass.
The arrangement is known as Atwood’s machine. One block has mass
m,= 2 kg and the other has mass m,= 4 kg.

The blocks have just this instant been released from rest.

1. Draw a free body diagram of all the forces acting on each block. (6)

2. Calculate the magnitude of the acceleration of the system. (7)
3. Calculate the magnitude of the tension in the string. (4)
4. Compare the magnitude of the net force on m, with the net force
on m,. (1)
Write down only GREATER THAN, SMALLER THAN or EQUAL TO.
5. Will the pulley rotate clockwise or anticlockwise? (1)
[19]
Solutions
1. See diagram below:
2 kg block 4 kg block
1 77 7
Note: In this series
 m, v of solutions we have
omitted (taken out) the
ma2 vector arrow above F
and a; this is just to
y — v make it easier to read
F the solution.
a
Fy v
(6)

2. YF.=ma@ v/
T-Fy=m,a
T-mg=ma v/

T-2x98=2a v/

-T+m,g=m,a
-T+4x9,8=m,a v/

2x98=6a

a=327ms?v

For the 2 kg block (+ upwards)

For the 4 kg block (+ downwards)

Solvir}g the system of equations
T-2%x98-T+4x98=(2+4)a

a =+ 3,27 m-s~? (upwards)
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3. Option1

2m;m,
T_(m1+m2)xg a4
_[2x2x4
T=(25224). 908
T=26,13 N a4
Option 2 v

T-Fu=ma OR T=mya+g) v
T=2(327+98) /
T=2614N

Option 3 Y v
-T+mg=ma OR -T=ma-m,g OR T=-mya+m,g
T=4(-327+9,8) vV V/

T=2612N V (4)

4. Smaller than. v (1)
5. Anticlockwise. v/ (1)
[19]

“3 Activity 8
S

A 4 kg block on a horizontal, rough surface is connected to a 8 kg block by
a light string that passes over a frictionless pulley as shown below. Assume
that the string cannot stretch. The coefficient of kinetic (dynamic) friction
between the block of 4 kg and the surface is 0,6.

4 kg

& kg

1. Draw a free body diagram of all the forces acting on both blocks. (6)
2. Calculate the acceleration of the system. (10)
3. Calculate the magnitude of the tension in the string. (3)
4. Calculate the magnitude of the frictional force that acts on the

4 kg block. (4)
5. Calculate the apparent weight of the 8 kg block. (4)
6. How does the apparent weight of the 8 kg block compare with

its true weight? Write down only GREATER THAN, EQUAL TO or

LESS THAN. (1)
7. How does the apparent weight of the 4 kg block compare with

its true weight? Write down only GREATER THAN, EQUAL TO or

LESS THAN. (1)
[29]
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Solutions

1. BLOCKOF 4 kg BLOCKEF 8kg
E';“' v r
v
v T
1»[!-- % - - >
X
=
\ J Fg
Positive to the right Fg' v
v
X ; Positive downwards

(6)
Let’s take the direction of motion as positive

2. Let’s apply Newton’s Second Law of Motion to each block.
=4 -
Z F=ma 4
Block of 4 kg (A)

Note: In this series of
solutions we have omitted

In the x direction (horizontal) (taken out) the vector arrow

T-f=m,a above F and a; this is just to

T-uN=ma makg it easier to read the
solution.

T - ym,g = m,a (call this Equation 1)

Block of 4 kg (A)

In y direction (up/down)

N - F, = 0 (not moving horizontally)
N=F,=mg v

Block of 8 kg (B)

In the x direction (horizontal)

-T+Fys=mga

-T + mgg = mga (call this Equation 2)

Solving the system of equations (adding Equation 1 and 2)

T-umg-T+mgg=mua+mga v v/

Removing T and isolating a:

-um,g + mgg = (M, + Mg)a

-(0,6)(4)(9,8) + (8)(9,8) = (4 + 8)a

54,88 = 12a

a=457m/s? v (10)
3. Using Equation 2

-T+ mgg =mgza /

-T=8x4,57 - (8 X9,8)

T=4184N V (3)
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Using Equation 1
T-umg=m,a
T-(0,6)(4)(9,8) = (4)(4,57)
T=(0,0)(4)(9,8) + (4)(4,57)

T=418N V/ (3)
4. f,=pN

N =mg

fi=umg /

fe=0, X'QL X 9,8

f,=23,52N v (4)

5. —T+mBg;mBa/ 4
-T=-8x%x4,57 +(8 x9,8)

Apparent weight =T =41,84 N v/ (4)

6. Lessthan v/ (1)
7. Equalto v/ (1)
[29]

1.9 Newton’s Third Law of Motion

For a third law forces pair:

¢ the forces are equal in magnitude

e the forces act in the same straight line but in opposite directions on
different objects

e the forces do not cancel each other, as they act on different objects.

Example
The force diagram shows the pair of forces when a brick rests on a table.
(Note: these are the contact forces)

A Force of table on brick

Force of brick on
table

Example

The reaction force of the weight of an object is IF«.MWW
the force that the object exerts on the earth,

upwards. (These are not contact forces, they act F carth on sopie

at a distance.)

8

When pairs of objects interact
they exert forces on each
other. If object A exerts a force
on object B, object B will exert
an equal force on object A but
in the opposite direction.

For any two gbjects A and B;
- —

l:AonB == l:BonA

/

Opposite direction
is indicated by a
negative (=) sign.
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1.10 Newton’s Law of Universal

Gravitation
—
Newton’s Law of Universal Gravitation states that: A
Each body in the universe attracts every other body with a force that is directly
proportional to the product of their masses and is inversely proportional to the
square of the distance between their centres.
For any two objects: F e< m-m, and Foc% - F=G m‘rzmz
DEFINITION F: magnitude of force (N)
Universal means that the m: mass (kg)
statement is valid anywhere r:distance between centres of the objects (m)
in the universe. G: universal gravitation constant (6,67 x 10" N-m2kg?
- %
F F F
mi-mz r2 e
1) Focm,.m, 2) Focit
.. straight line .. hyperbola
through the
origin
28 UNIT 1 MECHANICS: FORCE AND NEWTON’S LAWS © Department of Basic Education 2015

Mind the Gap Physics




Worked example 11

d

m, T

A force of gravitational attraction exists_?etween the earth with mg;e,s m, and a
person with mass m,. The force on m, is F, and the force on m, is F ..

Compare the magnitudes (sizes) of these forces and state the name of the law which
explains your answer.

Solution

- -
F, = - F,according to Newton’s Third Law of Motion:

The force between the earth (m,) and a person (m,) standing on its

surface:
m,m
Smyg =G5
m
S g=G—
F,=m.yg RoEmnEa
B - OR e e
L T mm
person (m,) - F=6G—71%

The gravitational acceleration on earth (or on any planet) is:

* dependent on the mass of the earth (planet) (m,)

e dependent on the distance between the centre of the object and
the centre of the earth (planet)

¢ independent of the mass of the object on the planet on which the
force acts. On a different planet, acceleration due to gravity is different.

Application of the law of Universal Gravitation: This law enables us to
calculate the size (mass) of astronomical bodies like planets, stars, etc.
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|

and weight

1.11 The difference between mass

It is important to understand
and be able to compare mass
and weight.

Mass

e Mass is the amount of J
matter in an object.
* Mass determines the
object’s inertia. J
* Mass remains constant.
e Mass is measured in
kilograms (kg). J
¢ Mass is a scalar quantity
(with magnitude, but not .
direction). .

Weight
Weight is determined by the force
of attraction the earth exerts on
the object.
Weight depends on the object’s
distance from the centre of the
earth.
Weight depends on the masses of
the earth (planet) and the object.
Weight is measured in Newton (N).
Weight is a vector quantity, so it
has magnltude and dlrectlon
Fg m- g or =m- g where
g = gravitational acceleration
(9,8 m's™ on earth).

Worked example 12

The diagram shows a ball A of mass 0,01 kg which is 1 m (measured from centre to
centre) from another ball B of mass 520 g. Calculate the magnitude of the force of ball

A on ball B.
& -
A
Solution
-11
F=G m m2 _ 6,67 x 10 1><20,01><O,52
= 3,57 x 10-* N
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Worked example 13

An object weighs 720 N on earth. It orbits the Earth in a satellite at a height equal to the earth’s diameter, above the surface of
the Earth. What does the object weigh on the satellite?

Hint: diameter = 2 x radius

Step by step

Step 1. Determine the number of radii —_ On the Earth’s surface, the object is
from the centre of the Earth. 1 radius from the Earth’s centre.

Step 2. Determine how many times the > In orbit, the object is 1 diameter = 2 radii
distance between the object above the surface.
and the centre of the Earth has
increased.

Step 3. Square this number (multiply it by — So the object is 3 radii from the centre.

itself). (37=9
2r =
Step 4. The force has decreased this — .. the gravitational force on the object
number of times because has decreased 9 times because
— 1 N

F

Step 5. Divide the value of the force (or — .. its weight on the satellite is
weight) by the value calculated in 720N =9 =80 N
step 3.
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Gravitational acceleration on planets other than earth
Newton’s universal law of gravitation can be used to calculate the
acceleration due to the force of gravity on any planet.

If the mass and radius of a planet are known, we can calculate 2 for that
planet.

Worked example 14

The Mars Rover is an automated vehicle that has been sent to explore the surface of
the planet Mars.

If the value of acceleration due to gravity on the planet Mars is EMm =3,7ms?
Calculate the weight of the Mars rover on Mars if it has a mass of 174 kg.

Solution
W)Mars = EMa,S X Mopet = 3,7 X 174 = 643,8 N towards the centre of the
planet Mars.
Keep going!
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Unit 9

Momentum and
Impulse

Summary
Application Problem types:
1. Two objects collide and
continue to move as separate
Definitions Newton'’s second law objects aft_e)r the collision:
* momentum Zp. pr
* Newton’s laws m v1|+m2v2‘—m v1f+m2v2f
* Impulse Conservation
. Elastlc. N of linear 2. Two objects collide and unite:
A momentum formula: * Inelastic collisions momentum Z p, Z pf
p=mv m V1|+m2V2\ (m1+m)7
Elastic and
/inelastic 3. Two moving objects that are
isi initially joined, then separate:
Change in momentum MOMENTUM collisions Z—> yjz_> P
Ap =mV,-mV, ———— Pi P
(my + m2)V1 m1V1f+ m2V2f
Unit for momentum Newton's second 4. Two stationary objects that are
kg-m-s law in terms of initially joined, separate (e.g.
momentum durlng an exploswn)
- Impulse-momentum F... = Ap /At ZD. pr
I N
Application th(iorem (m, + mz) V= myfy+ My vy
Ap - Fnet At —
O m1V1f T My Vo
m1V1f_ - m2V2f
5. An object falls vertically onto
another object that is moving
horizontally below it:
Zpi = pr
M4Vy; + Moy = (Mg + My)Vy
mM4Vy; + My(0) = (Mg + mMy)vg
m4Vy; = (Mg + my)vg
© Department of Basic Education 2015 UNIT 2 MECHANICS: MOMENTUM AND IMPULSE 33

Mind the Gap Physics



Conservation
means to keep things
(forces) the same (in a
closed system).
Linear momentum refers to
the momentum of objects
in a straight line.
A closed system is a system
that does not experience
any external forces.

2.1

Momentum

Momentum is a vector quantity with the same direction as the object’s

velocity.

You need to remember the differences between speed and velocity.

/Speed

e Speed is the distance covered per
unit time

magnitude and no direction).
e Symbol: v

e Speed is a scalar quantity (thus has

Velocity R

e \elocity is the rate at which an object
is displaced.

e \elocity is a vector (thus has
magnitude and direction).

e Symbol: v

—
—
d

The formula for momentum is: p = mv
® where

p = momentum

m = mass

v = velocity

e velocity is measured in m-s™
e the unit of momentum is: kg-m-s

e mass is measured in kilograms (kg)

/

The momentum of an objectis defined asthe product ofits mass and velocity

(B =mV)

to the mass of the object:

pam

Momentum is directly proportional

Momentum is also directly
proportional to the velocity
of the object:

pxv
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Examples of momentum:

The motion that is a result of objects colliding with each other, an object
exploding, or a bullet being fired is described by momentum.

2. Impulse:

Impulse is the product of the net force acting on an object and the time
that the force is applied to an object. (Impulse = FAt). Think of the term
“impulsive” or “having an impulse to do something”. This might help you to
remember what it means.

Definitions and principles or
laws have certain key words
that should not be left out.
These are written in bold in
each of the above definitions.

3. Newton’s second law of motion in terms of momentum:

The net (resultant) force acting on an object is equal to the object’s rate of
Ap

change of momentum. In a formula: F.; = =+

4. The law of conservation of linear momentum:

The total linear momentum of an isolated (closed) system remains
constant (is conserved).

2.2 Change in momentum

When an object’s velocity changes in magnitude (size) or direction, its
momentum will also change. Since an object's mass remains constant
during a collision (assuming it does not break up or approach light speed),
it follows that the change in its velocity is what causes a change in its
momentum.

We only study objects moving in straight lines, for example, backwards
and forwards, left and right or up and down.

Change in velocity Change in momentum
- - - - _ = =

AvV=V, -V, Ap = p;- p;
- - -
where Ap =mv¢-myv,

- - -
AV: change in velocity in m-st | AP =M(V¢ = V)

ve  final velocity in m-s™ where

v initial velocity in m-s™® Ap: change in momentum in kg:-m-s.
- . . 1

pqs  final momentum in kg:-m-s™.

- N . )

p;: initial momentum in kg:m-s

m:  massin kg
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Momentum is
a vector quantity,
S0 you must give the
direction in all your
answers.

Steps to follow when solving
problems

Make a sketch (on your rough work page) of the situation.

Always choose and indicate direction and write it down clearly. It is
recommended that you choose a positive direction (e.g. to the right
is positive).

Write down the information in symbols. Remember to include the
correct signs for the directions of the initial and final velocity.
Choose the correct formula from the information sheet.

Substitute the values into the formula.

Solve for the unknown variable.

. Worked example 1

. Acar has a momentum of 20 000 kg-m-s~'. What will the car’s new momentum be
if its mass is doubled (by adding more passengers and a greater load) and it travels
at the same velocity?

What will the velocity be if the momentum is 60 000 kg-m-s~' and the mass of the
caris 2 000 kg?

A truck has a mass of 6 000 kg and travels at 80 km-h-". How does the momentum
change if the truck is loaded with 1 200 kg and then travels at 60 km-h~'?

Solutions

1.

.= — .
The formula for momentum is p = mv, so the momentum will
double and will be equal to 40 000 kg-m-s~* in the same direction
as before.

— —
Pp=mv
60 000 = 2 000 x V
. 7 =30 m'stin the same direction as the momentum.
Convert both velocities to m's™:
Vi =2222ms* & V,=16,67 ms*

= (6000 x 22,22) = 133 320 kg'm-s*

= (7200 x 16,67) = 120 024 kg-m-s*

;=133 320 - 120 024 = 13296 kg'm's™*
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2.3 Newton’s Second Law of
Motion in terms of momentum

Newton’s Second Law of Motion can be used to find the object’s acceleration
due to the net force, and the object’s change in momentum due to the net
force.

We know that the object’s change in momentum is always:

* directly proportional to the net force acting on the object AB’ oc Fpo
e directly proportional to the time that the net force acts on the object
ATo’ o< At in the direction of the net force acting on the object.

Worked example 2

Why is it less painful for a high jumper to land on foam-rubber carpet than on the ground?

Solution
—> Ap
F net = E

The ?net needed to bring the jumper to rest (7f = 0 m's™) depends on

A? and At. When he lands on the foam-rubber, he comes to rest over a

longer period of time (At) than if he lands on the ground.

e So time taken At to change his momentum increases

. ?net decreases (?“S oc Ait)

* The magnitude of F, determines the amount of pain
experienced, so it is less painful to land on foam-rubber.

—
S
Newton’s Second Law of
Motion states that: The
resultant/net force acting
on object is equal to

the rate of change of
momentum and the change
is in the direction of the

resultant/net force.
. )

NOTE:

The same reasoning explains
why a cricket player would
draw his hands back to catch
a fast ball and why modern
motor vehicles are designed
with air bags and crumple
Zones.

. Worked example 3

. A spaceship has a mass of 1 000 kg. The rocket engines discharge for 5 s and
increase the rocket’s velocity from 25 to 30 m-s~'. Calculate the force exerted by
the engines to cause this change in momentum.

2. Assume the direction of the initial velocity is positive and the answer you obtain in
the above problem is negative, what would be the direction of the exerted force?

Solutions
1. Let the direction of the initial velocity be positive.
> Ap  mv,-my, (1000)(30) - (1000)(25)
Fra =20 =" & - 5
=1 000 N in the initial direction of motion.

2. Thesame i.e. in the initial direction of motion.

NOTE:

e Asthe question is asking
for a vector quantity
(force) the answer must
have both magnitude and
direction.

¢ Since the answer is
positive and it was
decided the direction
of the initial velocity is
positive the direction of
the force exerted is the
same as that of the initial
velocity.
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Convert
mass to kg!

a Activity 1

—

Study the diagrams below showing the movement of a 150 g baseball

thrown at a wall at right angles.

Diagram A

Diagram B

v,=18 ms”’
_—

— = -
=il ==

v,=12m.s”

v=18m.s”

*

|
. I
|
I

Diagram A:
m =150 + 1000 = 0,15 kg

Diagram B:
m = 0,15 kg
V,=+18ms!

%
v,;=0ms™?

Ap

Fnet
Ap

Let the direction towards the wall be positive.

1. Calculate the momentum of the baseball as it strikes the wall in

Diagram A.

2. Calculate the momentum of the baseball as it leaves the wall in

Diagram A.

3. Calculate the change in momentum during the collision in

Diagram A.

4. Calculate the force exerted by the wall on the baseball in
Diagram A and in Diagram B, if each collision lasts 0,1 s. (6)
5. Draw a vector diagram to illustrate the relationship between the
initial momentum_)( p i)_,)thei)ﬂnal momentum (p,) and the change
in momentum (Ap = p;-p;) for the baseball in Diagram A. (6)

[21]
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Solutions Y
1. p,=mv, “in = 150 g =0,15 kg 2. P.=mV, m=150g=0,15 kg
7- =18 m's™? =-12ms™t?

P.=mV, =(0,15)(18) v Pi=mv,= (o 15)(-12) = -1,8 kgm's

E), 2,7 kg:m- s; towards the wall  (3) B>f =1,8 kgm-s™? aw‘}a\y from the wall  (3)
3. Here are two ways to answer:

AB =m-AV , m=0,15 kg OR AP =P:-p, ¥

AP =(0,15)(-12 -18) Ap=-18-27

AB) = -4,5 kg'm-s™ AB =-45kgm-s™?

. A? is 4,5 kg:m-s™ awgy from the wall 6} is 4,5 kg'm-s™* away from the wall (3)

L. Y v

4. Diagram A:F,, = 50 = T Y Y5t 2O - _ssN v

Force exerted by the wall is 45 N away from the wall

L. v v

Diagram B:F,, = AA_E() _ meA_thi _ (0,15)(0)6,i0,15)(18) =~ 927N/

Force exerted by the wall is 27 N away from the wall (6)
5. p.=-18kgms*away fromthe wall v Pr '< P v B

D, = 2,7 kg'm-s* towards the wall v < —1.8kg'ms . *+2,7 kg'm.s .

AP, = 4,5 kg'm-s* away from the wall v > ap, = 45 kgms" v .

[21]

2.4 Impulse

Impulse is another way to define momentum. Impulse is a measure of the
amount of force applied to an object, for a certain period of time. Think of
it as a measure of the shock experienced by an object when another object
collides with it.

The formula for Impulse is:
F is force in newtons N
At is change in time in seconds

Impulse = FAt where

Impulse and momentum are in fact the same thing. We can show this by
dimensional analysis, that is, by working out what the units of impulse are,
and comparing the units to the units of momentum.

F=ma
_F
a=m
As
a=y
F=%><m
Impulse-%x m X At

As
Impulse === Xm

p=mv=vm
p=xm
. p = Impulse
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Remember:
INs = 1 kgms™*
1 newton second

= 1 kilogram metre

per second

g Activity 2

—
A cricket ball of mass 175 g is thrown horizontally towards a player at
12 m-s™. It is hit back in the opposite direction with a velocity of 30 m-s™.
The ball is in contact with the bat for a period of 0,05 s. Calculate:

1. The impulse of the ball. (4)
2. The force exerted on the ball by the bat. (3)
3. The force exerted on the bat by the ball. Motivate your answer by
referring to a Law of Motion. (D)
[12]
Solutions
N v, v  /
1. impulse = FAt=mAv =(0,175)[(-30)-(12)] = -7,35 N's
therefore 7,35 N-s away from the bat v’ (4)
- oo 135/
2. FAt=-7,35=F0,05).. F=—455s =-147N
therefore 147 N away from the bat v’ (3)
v v

3. 147 N towards the bat. According to Newton’s Third Law of
Motion the force of the bat on the ball is equal to}he force of
the ba‘u on the bat, but in the opposite direction, (5)

Fbat on ball = _Fball on bat*

[12]

2.5 The principle of conservation
of linear momentum

-
—
~~

)

Steps for solving problems on
conservation of linear

that: The tota_ll linear mom entum

momentum in a closed

system remains constant Step 1. Choose a direction as positive.

\('s conserved) ) |Step 2. Sketch the situation - draw a block to represent each object.

Step 3. Write down the equation for the Conservation of Momentum:
ER = ng

Step 4. Expand this equation according to the type of collision.

Step 5. Substitute the known values into the equation. Remember to
check the direction of the objects’ velocities and to use the
correct signs for the directions.

Step 6. Calculate the answer.

Step 7. Write the answer, include units and indicate the direction.

The principle of conservation
of linear momentum states

VERY IMPORTANT

¢ Always remember to include units in your answer
¢ Remember that the +/- signhs represent direction
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We can solve problems about the conservation of linear momentum
according to the nature of the collision or separation (explosion) of the
objects involved. We usually solve problems in which two objects are

involved.

2.6 Problem types

1.

Two objects collide and continue to move as separate objects after
the collision:

N N
POIEDINH

N - > N
MVt MV =My Vet MyVy

Two objects collide and unite:
=
2Pi=2p;
- - —
My Vg +mMyVy = (Mg +my) v

Two moving objects that are initially joined, then separate:
- -
Z pi= Z Pt
— — —
(My+mMy)Vy=myV+m,Vy

Two stationary objects that are initially joined, separate (e.g. during
an explosion):

- -
Z p;= Z o
- —
(Mg +my) vy =myfie+ myvy
%
0=myvy +m,Vy
- _ -
MV = - MyVoy
An object falls vertically onto another object that is moving
horizontally below it:

dp=>p

MyVy; + MyVy = (Mg + mMy)v;

myVy; + my(0) = (Mg + my)vq
My Vg = (Mg + mMp)vq

o R

This looks scary, but it’s not
really! It's saying that the sum
of the momenta remains the
same, that is, before collision
and after collision, the total
momentum before and after
is the same. So, Y, is the
sum of all the initial momenta.
Yp; is the sum of all final
momenta. To calculate the
initial momentum sum, just
add up the momenta of all the

objects.
N Y,
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Problem Type 1: Two objects collide and continue to
move as separate objects after the collision

a Activity 3
—

In a railway shunting yard, a locomotive (train engine) of mass 4 000 kg,
travels due east at a velocity of 1,5 m's™. The train driver tries to link it to
a stationary wagon of mass 3 000 kg by letting them collide. Instead, the
wagon moves due east with a velocity of 2,8 m-s™.

Calculate the magnitude and direction of the velocity of the locomotive
immediately after the collision.

Remember: (11)
If an object is stationary,
its velocity is © ms; " 4 w E
"stationary" means "not ame o-me
moving". BEFORE: 000k | 3000kg |
Locomotive Goods wagon
e AFTER ;
Dt
,-':f, -l { i
Iy /B
|:, I': ,.'I. e b\ it / E = _,.-"'-“'J- -
/ \,Ttw # \,w,f_fif/ ‘—;J'_. 72" | Solution
VY (52
I. /) 3 - Illl rﬁ“_j’ Let the locomotive be object 1 and the wagon be object 2.
Jl'\ - i IP' Let motion to the east be positive
S ™ /
|| |ﬁ Then:
\
S lJ /)/ m,=4000kg and  m,=3000 kg
| T ;...«L.- )'f' vy =+1,5ms™ Vy =0ms™
' ! Vi =7 Vo =+2,8ms™t
- -
Z p;i= Z p:
4 - - - -/
My Vg ¥ MoV o =My Ve MoV o /
(4000)(‘1/5) +(3000)(0) = (4OO‘C/))V1f + (300‘9)(2,8)
4000V ,; = 6000 -'8400
71f =0,6mstV
.. 0,6 m's~* to the west v/ [14]
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Problem Type 2: Two objects collide and unite

Q Activity 4

S
A boy of mass 40 kg runs at 5 m-s~* east and jumps onto a skateboard of
mass 2 kg moving at 3 m-s~* east.

Calculate the speed at which the boy and skateboard move together. (7)

Solution
Let the boy be object 1 and the skateboard be object 2. Let motion to
the east be positive.
Then:

m, = 40 kg and m, = 2 kg

vy =5 mst Vy =3 ms?

Ve =7

d2.p=2p v/ /

40)(5) + (2)(3) = (40 + 2)v

( )(/) ( ?} ‘)/ ( )V

42v, =206

v,=49ms?t v/

.. the boy and skateboard move together at 4,9 ms* v/ [7]

Problem Type 3: Two moving objects that are initially
joined, then separate

a Activity 5
=

Hendrik is an amateur rocket builder. He launches a two-stage rocket as
shown in the diagram. Section A (stage 1) contains the rocket engine and
fuel. Section B (stage 2) has a mass of 2 kg.

1. Hendrik says that Newton’s Third Law of Motion is used to explain
why the rocket moves upwards during flight. ldentify one action-
reaction pair of forces involved with the rocket’s motion. (1)

At a certain height, when the rocket has a velocity of 5 m-s?
upwards, the last fuel is used up, and section A has a mass of 3 kg.
To get section B even higher, a small explosion separates section B from
section A at this point and increases the upwards velocity of section B to
8 ms™.

2. State the Law of Conservation of Linear Momentum in words. (4)
3. Calculate the velocity of section A after the explosion. (12)
[16]

Remember:
The question asks
for the speed of the
skateboard. Speed is
a scalar, so you don’t
need the direction
of the motion in the
answer.

A
%—3'@
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Solutions

1. The force of the rocket on the expelled (pushed out) gases and
the force of the expelled gases on the rocket. v (1)

2. The total linear momentum of a closed system remains

constant in magnitude and direction. v/ 4)
v v v
3. Let upwards be positive.

For section A: my=3 kgand v,="7?

For section B: my =3 kg and vgi,=8 m's™
Before the explosion:

Vg =5 m-s™

2P = 2P 4 Y

(My + Mg)V; = MyVye + MgV

3+ 2)(5) = (3)(vy) + (2)(8

(/5} (3)(va) * (2)(8)

3v,=25-16 Y
SV = % =-3ms?t v
S.3mstupwards Vv (11)

[16]

Problem Type 4: Two stationary objects that are initially
joined, and then separated (e.g. during an explosion)

When two objects are forced apart by an explosion or as a result of a
compressed spiral spring released between them, they move in opposite
directions after the explosion e.g. when a gun fires a bullet, the bullet
moves forwards and the gun moves backwards.

g Activity 6

e
A gun of mass 1 kg is attached to a trolley of mass 4 kg and is loaded

with a bullet of mass 2 g. The system is at rest on a frictionless horizontal
surface. The gun is fired by remote control and the bullet has a muzzle
velocity of 350 m-s™.

Calculate the velocity of the trolley and gun after the bullet has been fired. (8)

Solution
Let the direction of the bullet’s motion be positive.
Let the trolley and gun be object 1:

m,=1+4=5kg

Vi =7 2p=2p; v
Let the bullet be object 2:  (My + M,)y; = MY+ movyY

m, =2 g = 0,002 kg 0 =myvy + byvy

vy =350 m-s™ MqVye = - m2V2‘f//
Before the explosion: (5)vy¢ = -(0,002)(350)

_ - 2

Viasgy = 0 ms™ Vi = w = —0,1;1 m-s
Therefore the gun and trolley move at 0,14 m-s™* in the direction opposite
to that of the bullet, after the explosion. Y [8]
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Problem Type 5: An object falls vertically onto another
object that is moving horizontally below it

Q Activity 7
—y

Atrolley of mass 3 kg moves at 4 m-s™%, west along a frictionless horizontal
path. A brick of mass 1 kg drops vertically onto it. The brick lands on the
trolley at a vertical velocity of 0,5 m-s™. Calculate the velocity of the brick
and trolley system after the collision.

If an object falls vertically, its
horizontal velocity is zero.

[13]

=,

Solution

The brick strikes the trolley vertically at 0,5 m-s™. So the brick’s
horizontal velocity is zero (0 m-'s™). v Momentum is conserved in a
straight line. v So the brick’s vertical velocity is ignored when applying
the Law of Conservation of Linear Momentum. v (3)

Let motion west be positive

Let the trolley be object 1: Let the brick be object 2:
m, = 3 kg m, = 1 kg
v, =+4 mst Vy =0 ms™

After the collision: v, + v, =7

2p=2p; Vv
MVy; + MoVy = (M + My)Vs
(3)4)+ (1)) =3+ 1)vs Zero, because the brick is not
AR at v moving horizontally
12 = (4)v;
vi=3mstY
v
.. brick and trolley system have a velocity of 3 m-s™ west
(horizontally) (10)
[13]
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2.7 Elastic and inelastic collisions

2.7.1 Revision

Linear momentum is always conserved in a closed system. Kinetic energy
is, however, always conserved, and is often transformed into other forms
of energy, like heat and sound, or potential energy.

2.7.2 Differentiating between elastic and
inelastic collisions

Elastic Collisions: Inelastic Collisions:
Collisions are classified as e linear momentum is * linear momentum is conserved
gither elastic collisions or as conserved e colliding objects are joined or
inelastic collisions. e colliding objects remain change their shapes
separate and are not changed ¢ total kinetic energy is not

in any way conserved:
+ total kinetic energy is > E.>> Ey
Conserved: ° Ek before collision > Ek after collision
Y Eq=D Ey « some of the initial kinetic
¢ Ek before collision Ek after collision energy is transformed into other
* the initial kinetic energy is not forms of energy e.g. heat, light,
transformed into any other sound.

forms of energy.

Remember that for objects moving much below the speed of light (e.g. bullets, trains,
people, bricks),

_1
E_zmv

thus, if p = my, then E = 15 pv

Steps for solving problems on
elastic and inelastic collisions

Step 1. Calculate the sum of the kinetic energies of all the objects
before the collision

1 1
Y B = 5MyVy? + 5myv,?

Step 2. Calculate the sum of the kinetic energies of all the objects
after thg CoIIision1
3By = 5Myvaf + 5myVpd

Step 3. Compare the total kinetic energy of the system before the
collision to the total kinetic energy of the system after the
collision.

Step 4. If X E; =% Eq .. 2 Eypefore the coiison = 2 Excafter the cotision therefore
the collision was elastic
If E Eki * 2 Ekf 2 Ek before the collision * E Ek after the collision therefore
the collision was inelastic

46 UNIT 2 MECHANICS: MOMENTUM AND IMPULSE © Department of Basic Education 2015
Mind the Gap Physics



Q Activity 8

S

Collisions between vehicles take place on the roads in our country
daily. In one of these collisions, a car of mass 1 600 kg, travelling at a
speed of 30 m's™* to the left, collides head-on with a minibus of mass
3000 kg, travelling at 20 m-s~* to the right. The two vehicles move together
as a unit in a straight line after the collision.

1.
2.

3.

Calculate the velocity of the two vehicles after the collision. (8)

Do the necessary calculations to show that the collision was

inelastic. (13)

New cars have a crumple zone to help minimise injuries during

accidents. Air bags and padded interiors can also help to reduce

the chance of death or serious injury. Use principles in Physics

to explain how crumple zones and air bags can reduce the chance

of death or injury. (9)
[30]

Solutions
1.

Let the motion to the left be positive, and treating the minibus as
object 1 and the car as object 2:

/
Minibus car * Minibus

p before collision p after collision

MyVy + MyVy,

v

= (my +m,)v;
(1 600)(30) + (3 000)(-20) = (1 600 + 3 000)v,
48 000 - 60 000 = (4 600)-v,
Vi = -2,6mst
S Ve = 2,6 msTtto the right v (8)

Before the collision:

2K = %mvivzn + lmz V3, 4

1 v 1 /

5(1 600)(30)% + 5(3 000)(20)?

720 000 + 600 000 = 1,32 x 10° JV/

After the collision:

YK = %mvlvz1f + % m, V2,
%(1 600 + 3 000)(2,6)?
15548 /
DYNED

c Ek before collision > Ek after collision

.". the collision is inelasfic

Remember:
Velocity is a vector
quantity. .. include the
direction in your answer.
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3. Crumple zones in a car ensure that the car comes to rest over a
longer period of time (At) during an accident, while air bags ensure
that the driver / passenger comes to rest over a longer period of
time inside the car. v y
.". At to change the momentum of the car and of the driver OR
passenger increases

=4 - 1 /
. F et decz;eases (F et #7) @nd

%
the magnitude of F . determines the extent of the passengers’

injuries v 4
". crumple zones and air bags decrease the extent of injuries
during accidents. v/ v/ 9)

[30]

Q Activity 9
—v

A bullet of mass 10 g, moving at a velocity of 300 m-s™2, strikes a wooden
block of mass 1,99 kg resting on a flat horizontal surface as shown in the
diagram below. The bullet becomes embedded in the block. Ignore the
effects of air friction.

BEFORE COLLISION AFTER COLLISION
v =300m-s?
—>
L
- EpaS g _— >
m=10g
wooden block block-bullet system

1. Write down in words the principle of conservation of linear

momentum. (2)
2. Calculate the speed of the block-bullet system immediately
after the collision. 4)

3. Is this collision elastic or inelastic? Give a reason for the answer. (2)
The floor exerts a constant frictional force of 8 N on the
block-bullet system as it comes to rest.

4. Calculate the distance that the block-bullet system moves after

the collision. (5)
[13]
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Solutions

1. The total (linear) momentum remains constant/is conserved v in
an isolated/a closed system/the absence of external forces. v/ (2)

2. To the right as positive

zpbefore = zpafter ‘/
(0,01)(300) v+ (1,99)(0) = (0,01 + 1,99)v,, v/

Vp=15ms?t/ (4)
3. Inelastic v

Kinetic energy is not conserved.v’ (2)
4. Fq=ma/

S.(-8)=2av ..a=-4ms?
Vi, =V, +2alx v/
0%2=(1,5)2+2(-4)Ax v/

Ax=0,28m / ()
[13]
Keep going!
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Learn the
summary very
well.

6 Unit

Vertical projectile
motion in one
dimension

Summary

You must remember that:

acceleration, velocity and displacement (change in position or place) of a projectile

occurs if it is:

e dropped from a certain height i.e. an object falling freely from rest;

e projected (thrown) upwards and then falls back to the same level as the
original level;

* projected upwards and then falls back to a level below the original level;
* afalling object that bounces on a surface.

You need to be able to:

e Describe the motion for the different types of projectiles mentioned above;
e Draw and interpret graphs of the rate of change of position, velocity and
acceleration;

e Use the graphs to calculate displacement or acceleration (using a velocity-
time graph).

You must remember:

e displacement = moving to another place

e velocity = speed in a specific direction

* acceleration = change in velocity within a certain time.
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3.1 Revision: Graphs of
velocity, acceleration and

displacement

1. The slope of a displacement-time graph gives the velocity of an

object: N

Ay >

slope = AoV (m/s)
N

_>
v

%

y
AY = mAt
C; " >

where m is the velocity

2. The slope of a velocity-time graph gives the acceleration of the

object:

ol

<l

AV = mAt

WV

= t

where m is the acceleration

3. The area below a velocity-time graph gives the displacement of the

object:
Area of Triangle = % base x L(perpendicular)height

N
%
a

<l

% base X 1L height = area

%AtxA7=s

G : >

where s is displacement
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o R

projectile: an object (e.g.
stone, ball or bullet) that
travels through the air while
gravity is the only force acting
onit.

unimpeded: without being
opposed or obstructed or

disturbed.
\

3.2 Free fall

~ ~
DEFINITIONS:

e Free fall is the unimpeded motion of an object in the absence of air friction

(resistance) where only gravitational force influences the object.

e (Gravitational acceleration:

e (ravitational acceleration (
due to gravity.

e All objects experience the same gravitational acceleration (if we ignore the
effects of air resistance). Hence, if there were no air a feather would fall at the
same speed as a stone. See http.//www.youtube.com/watch?v=5C5_dOEyAfk
(where O is "oh", not zero).

e |t is always directed downwards.

e Onearthitis Eeanh =9,8 m-s? and on the moon: Emoon =1,6ms?
. /

3) is the constant acceleration of a free falling object

Formulas

All the following formulas are useful when you calculate projectile
motion:

. Vf = At where:
%

. V, is initial velocity (m-s™)

Ay
AL Vf is final velocity (m-s™)

V=V

o Ay=V At+
o V4tV A7is displacement (m)
y

3 is acceleration (m-s2)
At is time (s)

Tips for calculations:

e Ignore air resistance for all calculations in Grade 12 unless the
question states that there is air resistance.

* Free falling objects experience a constarlt> downward acceleration
equal to the gravitational acceleration, (g = 9,8 m's™2).

¢ Choose a direction (downwards or upwards) as positive and keep
this unchanged throughout the problem.

¢ Indicate the direction you have chosen as positive clearly at the
start of your answers.

eg + + [

L4

REMEMBER:

Gravitational acceleration “§>” is constant and always directed downwards even
when the object is moving upwards.

Therefore:

e |f upwards direction is chosen as positive gravitational acceleration (
negative.

e |f downwards direction is chosen as positive gravitational acceleration (
positive.

7) will be
7) will be
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3.3 Graphs of Projectile Motion
Type 1: Dropping a projectile

NOTE:

When a projectile is dropped (from rest) from a certain height, then: It the object is thrown

. . T downwards (not dropped)
* Initial velocity v, =0m-s from a certain height, then
¢ The velocity increases as the object falls downwards initial velocity is not zero.
e The velocity is a maximum (Vf) as the object hits the ground. Vi =0
Vi = the velocity at which the

object is thrown.

If you choose downwards If you choose upwards
as positive as positive
V,=0 V,=0
a =498 a=-98
AY +? positive Ay -7 positive
At="? At="?
- -
V¢ =+ max V= - max

Graphs and Projectile Motion: Type 1 - Dropping a projectile

Downwards as positive Upwards as positive
Ya Vi
+ + \ The distance (y) NOTE:
starts increasin .
I ne Note that the ground is taken
@ t 1 slowly and then
/ more quickl as the zero reference for
- / parabola - parabola quICKIy. these graphs.
v k J
Vi Vi
5 N The velocity (v)
/ negathie increases at the
slope
-1 t Same rate from
positive start to finish.
- slope =
Y v
ahk a
+ . evel The accelertion is
9,8 m/s eve constant at 9,8 m/s?
q >t =t Wwhetheritisin a positive
level 08 m/s d.lrectlon or not. Only the
- = sign changes.
9
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@ ~ g Activity 1
S—

The mass of a falling object A ball of mass 200 g is dropped from the roof of a 100 m high building.
is irrelevant during free fall. Ignore air resistance and calculate:
Ignore the given value! The ) o
value of the mass is only 1. the velocity of the ball when it hits the ground. 4)
relevant if you're asked to 2. how long the ball is in the air before it hits the ground. )
calculate the momentum with [9]
which it strikes the ground.
Remember the feather and .
hammer. Solutions
\ / (Calculations for ‘down positive’ and for ‘up positive’ are provided. You
only need to do one way!)
Let direction of motion down be positive
— _ —
v, =0m-st V,=7?(a)
Ay=+100 m 3 =+98ms>
At =7 (b)
1. V=V +2a-AYy
= 0%+ (2)(9,8)(100)
= 1960
V,=V1960 = +44,27 m-s*
. 44,27 m'st, downwards v/ (4)
2.V, =V.+a A v
4427 =0 ;(9,8) At
44,27V
At = 98 - 452s e
.. the ball is in the air for 4,52 s (D)
[9]
If we let direction of motion up to be positive the solution is the same,
only the sign changes.
This example shows that projectiles can have their motion described by
a single set of equations for both upward and downward motion. It is
not necessary to set motion in two directions for the same question.
However it is important that you are able to solve problems using both
approaches i.e. downwards - positive OR upwards - positive.
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3.4 Graphs of Projectile Motion
Type 2: Projectile shot up,
then falls down

Thinking about Physics

A gun fires a bullet up into the air and the bullet leaves the gun at mach 1
(the speed of sound). Suppose the bullet flies up to a certain height and
then falls down to earth. Will it hit the ground at mach 1, or will it reach a
certain limiting velocity and not achieve mach 1 again?

Answer: It will hit the ground at approximately mach 1 (ignoring air
resistance). The reason is that as it flies up, it decelerates (gets gradually
slower), until it reaches O m/s at the peak of its travel. It then has the same
E, (potential energy) as it did when it left the gun with the original kinetic
energy (E,).

Thus, as it falls back to earth, the E is converted to E, again. Since energy
is conserved, the amount of energy with which it strikes the ground, must
be the same as that energy that it had when it left the gun, namely, enough
energy to reach mach 1.

The deceleration of the bullet from mach 1 to O m/s is entirely due to
gravity and air resistance; hence, when it falls back, its acceleration will be
entirely due to gravity.

NB: These three graphs below are of the SAME EVENT: an object thrown upwards,
then falling back down.

The displacement (y) increases in the positive

. / direction until it reaches a maximum, and then
_ / it decreases. It becomes negative if it moves
Displacement - : t below the starting point.
time graph
_ \\ NB: This graph tracks the position of an object
thrown up, then falling, in time. It DOES NOT

mean that the object is thrown in an arc.

vi The velocity (v) decreases until it reaches zero
at the maximum height. Then the magnitude
of the velocity increases, but in a negative

b >t direction, hence it goes below the t axis.

Fot

Velocity -

time graph _ | Pogative NB: This is NOT a rock rolling down a hill. This
siope is an object being thrown or shot up, reaching
a maximum height, then falling back down
again.

The acceleration is constant at
9,8 m/s? throughout, since we chose upwards

e as positive.
Acceleration -
time graph t NB: This is NOT an object travelling in a

straight line; it is an object experiencing

-9,8 m/s? . . . .
- uniform negative acceleration (deceleration)
' due to gravity.
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d

~
For the three graphs illustrated above
e Upwards is positive. If downwards is taken as positive the graphs will be inversed
(upside-down).
e The original position is taken as the reference point.
J

3.5 Type 2a: A projectile projected
vertically upwards which falls
back to the same level

e We choose downwards as
positive

« Initial velocity (V) at A. The
object leaves the starting point
in an upwards direction.

. 7| is negative, as it is moving
upwards.

e The magnitude of the velocity
decreases as the object rises

e The velocity is zero when the
object reaches the highest point
at B.

. Vf(up)atB=O
=V, (down) at B

* The velocity increases as the
object falls down towards the
ground.

e Theinitial velocity up is equal in
magnitude to the final velocity
down.

eV, (up)at A= V,(down)atC

If downwards is chosen as positive
g = +9,8 m's2 ALWAYS.

Ay (up)is negative;'

Viw =0 B Vi gown =0

' Ay (down) is positive

At (up) = At {down)

\; isnegative : ' Vidown reaches
A H 1.' c a maximum

NOTE: v, (up) at A = v; (down) at C
because level A is the same as level C

* The time taken to rise from A to
B = time taken to return from B
to the original position C
t (up) AB =t (down) BC

* The total time taken through AB
to C =time to rise from Ato B +
time to return from B to original
position C.

e The object’s displacement is
zero (as it returns to its original
position).

* The velocity (7f) downisa
maximum as the object hits the
ground at C.

e The acceleration of the object
igconstant at
g = 9,8 m's™? downwards
throughout the motion.

If upwards is chosen as positive
€= -9,8 m-s2 ALWAYS.
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Q Activity 2
—v

A ball is thrown vertically upwards at 4 m-s™ and returns to the thrower’s
hand.

Let the direction of motion downwards be positive.

Calculate:
1. The maximum height reached by the ball. (4)
2. The time taken for the ball to reach the highest point in its
trajectory. (9)
3. The total time that the ball is in the air. (3)
4. The ball's total displacement during the motion. (1)
[13]
Solutions
Let the direction of motion down be positive
Vi =-4m-s
7f =0ms™
Ay =?(@m At the highest point
3 =+98ms> of the ?mjectow the
velocity is © ms™ while
At =7 (b) the acceleration is still
q,8 ms2 downwards.
1. V2 =V? +2§/’-A7 v
0= (-42% (2(9,8) YA
19,6 Ay = -16
Ay =-0,82mY
.".the ball reaches a height of 0,82 m above the starting level (4)
2. V= + a }t v
0= (— ) (9,8)At

At = ﬁ ‘—/O 41 s Y
.. the ball takes 0,41 s to reach the highest point in its trajectory (5)

v v
3. Time upwards = time downwards

.. total time in the air is
(2)(0,41)=0,82s vV (3)

4. Total displacement = A7 =omY (1)
Displacement is measured in a straight line from the initial
position (the thrower’s line from the original to the final position
(the thrower’s hand is the initial and final position).

[13]
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3.6 Type 2b: A projectile projected
vertically upwards which falls
below the original level

¢ We choose upwards as
positive.

« Initial velocity (V) at A

* isvelocity as object leaves the
starting point in an upwards
direction. It is positive.

e The magnitude of the velocity
decreases as the object rises.

e The velocity is zero when the
object reaches the highest
pointat B i.e.

Vf (up)atB=0
= 7i (down) at B.

*  The magnitude of the velocity
increases as the object falls
downwards.

e The magnitude of the initial
velocity upwards at A is equal
to magnitude of velocity down
at the starting level, C.

Viw=0 B

At (up)

Ay (up) is +

vj s+

i

"
[
'
[
v
]
[
"
W
[
]
[

A W

Vidown

= negative maximum

Vi down = 0

v
v
[
v
[
W
P
W
[

Ay (down) is —

C Vidown 18~

At (down)

The time taken to rise from Ato B
= time taken to return from B to
the original position C.

The total time taken to move
though ABC to D = time to rise
from A to B + time to return from
B to original position C + time
from C to the ground D.

The object’s displacement is
downwards (as it passes the
starting point and falls further
downwards).

The object’s displacement (A to
D) is equal in magnitude to the
height from which it was released
The final velocity (V) is a
maximum as the object hits the
ground at D.

The acceleration of the object

is constant, E =9,8 m's™

v D hroughout th
. 71 (up) atA = - 7f (down at L dmo(\)/:(/ir;vr\]/ards throughout the
starting level) at C. )
If downwards is chosen as positive If upwards is chosen as positive
g = +9,8 m's2 ALWAYS. g =-9,8 m's2 ALWAYS.
Q Activity 3
—

e se a ruler to draw the
axes and any straight
lines!

Drawing a sketch graph

e The graph does not have
to be to scale, but it must
have the correct shape

e The graph must show
the physical quantity
in words followed by
the abbreviated unit (in
brackets) e.g. velocity
(m-s~)

e The graph must include
the values asked for in the
question.

Velocity (m-s™)

A

10

02

2,04

"\ Leratothrows a stone vertically into the air from the top of a cliff. The stone
strikes the ground below after 3 s. The velocity vs. time graph below shows
the motion of the stone. Ignore the effect of air resistance.

[ ]

-19.4

Time (s)
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1. How long does the stone take to fall from the height of the cliff to the

ground below?

2)

2. What is the maximum height that the stone reaches above the
groud? (Hint: calculate the height the stone reaches above
the cliff, then calculate the height of the cliff, and add these

two numbers).

(4)

3. Draw a graph of position versus time. Use upwards as negative. (6)

[12]
Solutions
1. 3-2,04/ =0,96s/ (2)
2. Option1
Ay = VAt +Za AR /
= (10)(3) + 3 (-9,8)(3)2 /
=141m
Ay = 14,1 m below the starting point
vZ2 = v?2+ 2alAy
0 = 100 + 2(-9,8) Ay v/
Ay = 51 m
Maximum height above the ground = 5,1 + 14,1 = 19,2m v/
Option 2
Ay = AL+ ZaA? v/
=0 /+3(-98)3- 1027 /
=-19,21m
Ay =19,21 m (maximum height above the ground) v/
Option 3
vZ =v2+2aAy v/
(-19,4)2 v/ = 0+2(-9,8) Ay v/
Ay = 19,2 m (maximum height above the ground) v/ 4)

© Department of Basic Education 2015
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3.
F
14,1
E i
g i
T 0 1,02 2, 3 Time(s) _
o [ Ll
The mass of the ball is
irvelevant. The ball is in :
free fall — this means that Sl N :
all effects of air resistance
may be ignored. Marks for: correct shape v'v/; graph starts at zero v/
¥ maximum height shown as -5,1 m //; times indicated
correctly v/; graph ends at 3s /. (6)
[12]

| ==

;} 3.7 Graphs of Projectile Motion

Type 3: A bouncing ball

When a ball falls freely through the air, gravity is the only force that acts
on it. The resultant force on the ball is downwards and it accelerates in the
direction of the resultant force (Newton’s Second Law of Motion).

Consider a ball that bounces y B The resultant force on the ball

up from the ground (at A). Let 4 + is therefore upwards and the

direction of motion upwards + m ball accelerates upwards, in

be positive. 0 A CcD F ¢t other words it slows down and

The ball rises to a maximum stops.

height while slowing down - While still in contact with

(gravity accelerates it the ground, it starts to move

downwards at 9,8 m's™2) > upwards and (at D) leaves the

At the highest point in its path A D ground.

(at B) its velocity is The collisions with the ground

Om-s™ are inelastic and some of

It still accelerates downwards the ball’s kinetic energy is

at 9,8 m-s™2 due to gravity. transformed into e.g. sound

It falls to the ground and its and heat every time it strikes

velocity increases until it the ground.

strikes the ground (at C). a4 So the velocity as th_e> ball

From C to D the ball is in leaves the ground (V; ,pwaras) IS

contact with the ground. less than the velocity at which

The ground exerts an upward it hits the ground.

force on it which is greater -98m.s™ t After each bounce, the height

than the force of gravity. ACD F reached by the ball is less than
g during the previous bounce.
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Q Activity 4
—v

A hot-air balloon is rising upwards at a constant velocity of 5 ms=. When
the balloon is 60 m above the ground, a boy drops a ball from it and the
ball falls freely.

Assume that the balloon continues to move upwards at the same constant
velocity. When the ball hits the ground, it bounces vertically upwards to a
height of 8 m above the ground. It falls back to the ground and bounces
again to reach a height of 5 m. Take upwards as positive.

1. Describe the motion of the ball from the moment it is dropped

until it hits the ground. (8)
2. Why does the ball not reach the same height during the second
bounce as during the first? (7)
3. What is the magnitude and direction of the ball’s velocity at the
moment when it is dropped? (1)
4. Calculate maximum height reached by the ball. (5)
5. Where is the ball after 3 seconds? (6)
6. How far apart will the ball and the balloon be after 3 seconds? (7)
7. Calculate the time taken for the ball to reach the ground. (7)
8. Calculate the time the ball takes to reach the height of 8 m above
the ground after its first bounce. (10)
9. Calculate the velocity at which the ball hits the ground the after the
first bounce. (4)

10. Draw a sketch graph of velocity vs. time for the ball from the
moment it is dropped until it reaches the height of 5 m after its
first bounce. (5)
11. Draw a sketch graph of position vs. time for the ball for the same
time as in (10). Use the position of the ball when it is dropped as

The point of reference for a
position-time graph is placed
on the time axis, where

the point of reference. (B)
12. Draw a sketch graph of acceleration vs time for ball for the same y=0m.
time as in (10). (4)
[69]
Solutions

1. [Initially the ball and hot-air balloon will both move upwards at a
constant velocity. v/
When the ball is dropped it continues to move upwards'/but
decelerates constantly (at 9,8 m-s™2) v due to the gravitational v/
attraction force of the earth and slows down until it reaches
the highest point in its trajectory (path) /. It stops momentarily
(7 = 0) v/ and then starts to accelerate downwards constantly v/
(at 9,8 m's™). Its speed increases until it hits the ground at a
maximum velocity v. (8)

2. The collision between the ball and the ground is inelastic.
Some of the ball’s kinetic energy is converted into heat v and
sound energy and the ball is deformed during the collision. v/
The upward force of the ground on v the ball causes it to bounce
upwards but the kinetic energy is less than before the collision,
so the velocity v at which the ball leaves the ground is less than v
the velocity at which it hit the ground and the height reached v/ is
lower v than the previous bounce. (7)
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3. 5ms!upwards v 1)

V,=+5mst V,=0ms?! &=-98ms?
sz = 7,2 + 25)'A7 v/

02=52+2(-9,8)AY
25 = Y196y

- _ =25 _
AY = gg=128m / p

.. the ball will reach a maximum height of (60 + 1,28) = 61,28 m
above the ground. (5)
- -
5. Vv,=+5ms? At=3s a=-98ms?
AY =Vat+iEe v/
N v v 1 v
SAY =(5)(3) + 5 (-9,8)(3)
CAY =-291m v
.. the ball is 29,1 m below the point from where it was released, or
(60 - 29,1) = 30,9 m above the ground. v (6)

P

6. The hot-air balloon moved upwards at a constant velocity.
A7 =viAt+%5>At2 4
N v /
Ay =(5)@3)+0
AY =15m v p
.". After 3 s the hot-air balloon will be 15 m above the starting point.
We know from Question 4 that the ball will be 29,1 m below the

starting point after 3 s. V4
.. after 3 s the hot-air balloon and the ball will be (15 + 29,1)
= 44,1 m apart. Ve (7)

7. NOTE: Always calculate the velocity at which the ball hits the
ground first.
V., =+5mstAy=-60ma =-9,8ms>
Vo=V ;23-A7 v

V2 =(5)?+2(-9,8)(-60) /

Vf = 34,66 ms-t downwards v

then 7f = Vi + a-At

-34,66 = 5‘7 (-9,8)At
At =4,05s 4 (7)
C , /
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8. NOTE: The up and down
displacement of the ball
from the first to the
second contact with the
ground, is the same in
maghitude (size) and Ay =+8

b Y
1
L)

#

Vizﬂ

+

Ay=-8
tup = tdown. .‘f
Consider the downward At =2
motion as negative as in
the previous calculations.
For the downward part of
the bounce:

At = ? (asked)

Vi =+7 V¢ = = max

=
Il
o
N
e E LT .

1._________________-

=0mst?

=-8m

a =-9,8ms™2

AY  =VAt+Z FARY
-8  =0+3-98)(AB)
At =128sY

but ty, = tiown v/

.. the ball takes 1,28 s to reach a height of 8 m. v (10)

9. V,=V, + XAtf
V,.=0+(-9,8)(1,28)
V.= -12,54 ms* /
ball hits the ground at 12,54 ms-* downwards after the first

bounce (4)
10. A
)
|
|
I
\ / i
0 4 v Time (3]

- i v
v I
E |
2 i
‘O 1
! i
] i
> |
]
|
]
1
1

v 5)
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11. A
/\ distance (m)
0 =
c v
= v
/ o
2
0
o
v
v
\4
)
12. A
i
n
n
1%
£ }
0 >
_5 i Time (s)
- o
Tog I 4
@
o
<
\4
(4)
[69]
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Q Activity 5

S
1. A 30 kg iron sphere and a 10 kg aluminium sphere with the

same diameter fall freely from the roof of a tall building. Ignore
the effects of friction. When the spheres are 5 m above the
ground, they have the same ...

A momentum.

B Acceleration

C Kinetic energy

D potential energy (2)

2. An object is thrown vertically into the air at 12 m-s™in the
absence of air friction. When the object is at the highest point,
the velocity of the object in m-s~is?
A O
B 9,8 downwards
C 9,8 upwards
D 12 (2)

3. Anobject is projected vertically upwards and then falls back
to the ground level. The acceleration of the object is ....

A Directed upwards throughout its movement.

B Zero at the greatest height.

C Directed downwards throughout its movement.
D

Directed upwards and then downwards. (2)
[6]
Solutions
1. B/V (2)
2. AVY/ 2)
3. Cv/ (2)
(6]
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Q Activity 6
—v

A ball of mass 0,15 kg is thrown vertically downwards from the top of
a building to a concrete floor below. The ball bounces off the floor. The
velocity versus time graph below shows the motion of the ball. Ignore the
effects of air friction. TAKE DOWNWARD MOTION AS POSITIVE.

1
o]
o

T

]

]

\

1

1

1

]

]

]

Velocity (m-s™)
=3

' t Time (s)’

1. From the graph, write down the magnitude of the velocity at
which the ball bounces off the floor. (1)

2. s the collision of the ball with the floor ELASTIC or INELASTIC?
Refer to the data on the graph to explain the answer. (2)

3. Calculate the:

a. Height from which the ball is thrown (3)
b. Size of the displacement of the ball from the moment

it is thrown until time t (5)
(in an exam, you might see the word “magnitude” — this means
“size”).

4. Sketch a position versus time graph for the motion of the ball
from the moment it is thrown until it reaches its maximum
height after the bounce. USE THE FLOOR AS THE ZERO
POSITION.

Indicate the following on the graph:

e The height from which the ball is thrown

e Timet 4)
[15]
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Solutions
1. 15ms?tv

2. Inelastic v

The speed/velocity at which the ball leaves the floor is less /
different than that at which it strikes the floor OR The speed/
velocity of the ball changes during the collision. v/

Therefore the kinetic energy changes/is not conserved.

3a. v2=v2+2aAyV/
(20)? = (10)% + 2(9,8)Ay v
SAy=1531m v

3b Displacement from floor to maximum height
v2 =v?2+ 2aAyv/
(0)? = (-15)% + 2(9,8)Ay v
Ay=-11,48 m v/

Total displacement
=-11,48+ 15,3/
=3,82mv or383m

2)

e
o
[

position (m)

Marking criteria for graph:

Correct shape as shown for first part.

Correct shape as shown for the second partuptot/ 2,55 s.

Graph startsat -15,3matt=0s.

Maximum height after bounce attime t / 2,55 s.
Maximum height after bounce less than 15,3 m.

NSO ISNSN S

(4)
[15]

Keep going!
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e Unit

Work, energy and
power

41 Work

Summary

* Work is a scalar quantity and therefore does not have a direction.

* The measuring unit of work is Joule. The symbol of Joule is J.

* Net Work is the sum of all work done on an object.

* Net Work is done by a Net Force.

* Positive work is the work done on an object to move it in the
direction of the force (or component of the force). Positive work
increases the kinetic energy of an object.

* Negative work is the work done by an opposing force. Negative work
decreases the kinetic energy of an object.

*  Work done by the man is positive.

e Work done by the friction is negative.

Learn the
summary very
well.

You must remember:

e Work is defined as the product of the force parallel to the movement of an
object and the displacement of the object.

*  Work can be defined Mathematically as: W = F Ax cos 6
e Wis the magnitude of work
¢ Fis the magnitude of the applied force
e Ax is the magnitude of the displacement
* 0O isthe angle between the applied force and the displacement of the

object.

*  Work-energy theorem: The net work done on an object is equal to the
change in the object’s kinetic energy OR work done on an object by a net
force is equal to the change in the object’s kinetic energy.

*  Work-energy theorem formula: W, = AK = K; - K,

This is just saying that the total work is the the difference between the initial
and the final kinetic energy state.
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g Activity 1

S—

Multiple Choice Questions

Four options are provided as possible answers to the following questions.
Each question has only ONE correct answer. Write only the letter (A-D)
next to the question number (1.1 - 1.2).

1. An object moves in a straight line on a ROUGH horizontal surface.
If the net work done on the object is zero, then

A the object has zero kinetic energy.

B the object moves at constant speed.

C the object moves at constant acceleration.

D there is no frictional force acting on the object. (2)

2. Anobjectis pulled along a straight horizontal road to the right
without being lifted. The force diagram below shows all the forces
acting on the object.

fa—1 |

Which ONE of the above forces does POSITIVE WORK on the object?

AW
B N
cCf
D component F (2)
[4]
Solutions
1. Bv// (2)
2. bvv (2)
(4]
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“ Activity 2: Work
—

A 220 N force is applied horizontally to a box of mass 50 kg which rests
on a rough horizontal surface and the box moves 10 m. The kinetic friction
between the surface and the box is 40 N. Calculate:

1. The work done on the box by the applied force. (3)
2. The work done on the box by the normal force. (3)
3. The work done on the box by the friction. (3)
4. The net work done on the box. (3)
5. The net force acting on the box. (D)
6. The work done on the box by the net force. (3)
[20]
Solutions
1. Weappied = Fapp”ed-Ax-'éos 0= (220)(10)(co'éO°) =(220)(10)(1)
=2200J s / Y v (3)
2. Weiomal = FromarAx:€0s 6 = mg:Ax-cos 90 ° = (50)(9,8)(10)(0)
=0J v v (3)
3. Wheiiction = FirictionAXC0S 8 = (40)(10)(cos 180°) = (40)(10)(-1)
=-400J v/ (3)

4' Wnet = EW = WFappI‘ie/d + WFfriction = (2 200) +‘(/_400) = 1 800 -J ‘/ (3)

5. LetF,,q actin the positive direction (.". Fy,,, acts in the
negative direction)
¢ / §
Fnet = EF = ( applied + (_Ffriction) = (220) + (_ 40) =+ 180 N

.. 180 N in the direction of the applied force (5)
6. W;, = FAx-cos 6 = (180)(10)(cos 0°) = (180)(10)(1)
=1890) v v (3)
[20]
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Q Activity 3: Work

S—
A crateof mass 70 kg slides down a rough incline that makes an angle
of 20° with the horizontal, as shown in the diagram below. The crate
experiences a constant frictional force of magnitude 190 N during its
motion down the incline. The forces acting on the crate are represented
byR,SandT.

1. Label the forces R, Sand T. (3)

2. The crate passes point A at a speed of 2 m-s™* and moves a
distance of 12 m before reaching point B lower down on the
incline. Calculate the net work done on the crate during its

motion from point A to point B. (5)
[8]
Solutions
1. Risthe Normal Force/, S is the force of gravityv” and T is the
Frictional forces/ (3)
2. R
T=Fcos180°

et = FgAx-c0SB + F-Ax-cosb v/

et = (686)(12)(cos 707) v + (190)(12)(cos 180°) v/
et =2815,51 - 2280 v/

et =535,51J/

= = = =

(5)I8]

&

. Draw a free body diagram

and label all the forces.

. Resolve the Force

of gravity into its
components to determine
the applied force acting
down the incline.

. To determine the net work

apply the formula (W =
FAx-cos(180") to both
the applied force and the
frictional force and add to
find the net work done.
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Q Activity 4: Work-energy theorem
—y

A rescue helicopter is stationary (hovers) above a soldier. The soldier of
mass 80 kg is lifted vertically through a height of 20 m by a cable at a
CONSTANT SPEED of 4 m's .. The tension in the cable is 960 N. Assume
that there is no sideways motion during the lift. Air friction is not to be
ignored.

1. State the work-energy theorem in words. (2)
2. Draw a labelled free body diagram showing ALL the forces

acting on the soldier while being lifted upwards. (3)
3. Write down the name of a hon-constant force that acts on

the soldier during the upward lift. (1)

4. Use the WORK-ENERGY THEOREM to calculate the work done
on the soldier by friction after moving through the height

of 20 m. (5)
5. Identify TWO forces which do negative work. (2)
[13]

Solutions

1. The net (total) work done on an object/ is equal to the change in
kinetic energy of the object. YOR The work done on an object by

a net (resultant) forcev is equal to the change in kinetic energy of

the object. v (2)
2.
Fapplied ¥
pgraviw‘/ Air Friction
Y (3)
3. Gravitational force or weight of the soldier.v// (1)

4. Solution as follows:
W, =AK VvV
WFgravity + Wiension + Wriction = AK
FeAy-cost + F;Ay-cosb + FAy-cost = AK
(960)(20)-:cos 0° v + (80)(9,8):cos 180° v + W, =0 v/
19200 - 15680 + W, =0

S W, =3520J v/ (5)

5. Air frictionv” and Force of gravitys/ (2)

[13]
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4.2 Energy

Summary

* Energy is a scalar quantity and therefore it does not have a direction

e The measuring unit of energy is called Joule. The symbol of Joule is J.

* The principle of conservation of mechanical energy states that the
total mechanical energy (sum of gravitational potential energy and
Kinetic energy) in an isolated system remains constant. (A system is
isolated when the resultant/net external force acting on the system
is zero.)

* Solve conservation of energy problems using the equation:
W, = AE, + AE, 1

e The formula E, = 5 mv? is used to calculate the kinetic energy.

* The formula E, = mgH is used to calculate the potential energy.

* The Law of Conservation of Energy states that energy cannot be
created or destroyed. Energy can only be transferred from one object
to another or transformed from one type of energy to another type.

Learn the

summary for

You must remember: Energy very well.

e Energy is the ability to do work

* A conservative force is defined as a force for which the work done
in moving an object between two points is independent of the path
taken. Examples are gravitational force, the elastic force in a spring
and electrostatic forces (coulomb forces).

* A non-conservative force is defined as a force for which the work
done in moving an object between two points depends on the path
taken. Examples are frictional force, air resistance, tension in a _
cable, etc. [ | .. T O |
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Q Activity 5

S

Multiple Choice Questions:

Four options are provided as possible answers to the following questions.
Each question has only ONE correct answer. Write only the letter (A-D)
next to the question number (5.1 - 5.2).

1. The kinetic energy of a car moving at a constant velocity v is K. The
velocity of the car changes to 2v. What is the new kinetic energy of
the car?

A 025K

B 05K

c 2K

D 4K (2)

2. Astone is dropped from the edge of a cliff. Which ONE of the
following graphs best represents the change in kinetic energy
of the stone during its fall?

A B
Ex A Ex A
t(s) t(s)
c E, 4 D E, 4
t(s) t(s)
(2)
[4]
Solutions
1. DV/ (2)
2. AV (2)
[4]
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Activity 6: Work done by Non-
k -
—» Conservative Forces
A box of mass 100 kg slides down a slope. Its velocity increases from

0 m-s™ at point A to 4 m's™ at point B as in the diagram. Calculate the
work done by the non-conservative force while it slides from A to B.

A

43 >

B
[4]
Solution
W, = AE, + AE, v/ Remember that a frictional
force is an example of a non-
= [mghg - mgh,] + [%mvB2 - %mv,@] conservative force,therefore
1 1 =

=[(100)(9,8)(0) - (100)(9,8)(1)] v + [(5)(100)(4)2 ~ (5)(100)(0)?] v/ Wee =Wy

=-980 + 800 =180

- Wrristion 1S 180 J v

(4]
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e Use the formula
W, = AE, + AE, 10
calculate the work done
by the non-conservative
force (friction).

e Use the work done by the

non-conservative force to
calculate friction.

e Remember, Work is a
scalar, it does not have a

negative form.

direction and therefore do
not leave your answer in a

Q Activity 7

S
A toy truck, mass 1,4 kg, moving down an inclined track, has a speed of
0,6 m's™t at point P, which is at a height of 1,5 m above the ground level
QR. The curved section of the track, PQ, is 1,8 m long. When the truck
reaches point Q it has a speed of 3 m's™. There is friction between the
track and the truck.

m=1,4 kg

/

Q R
1. State the principle of conservation of mechanical energy (2
2. Is mechanical energy conserved? Explain. (2)
3. Assume that the average frictional force between the track
and the truck is constant along PQ and calculate the average
frictional force experienced by the truck as it moves along PQ. (6)
[10]
Solutions
1. The total mechanical energy in an isolated system ' remains
constant or is conserved. v/ (2)
2. The mechanical energy is not conserved v due to the presence
of non-conservative force (frictional force). v/ (2)
3. W,.=AE +AE, v/
W, = (3 mvZ - 3 mv2) + (mgh, - mgh) /
Wnc = (075)(174)(32) - (0!5)(1!4)(0!62) + O - (1!4)(9!8)(1!5) /
W, =6,3-0,252+0 - 20,58
W, =-14,532 = 15,532 J uphill v
W; =fAx-cos B v/
14,532 = (1,8)-cos 0°
f=807NV (6)
[10]
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4.3 Power

Learn the

Summary summary for
e Power is the rate at which work is done or energy is transferred (or Power very well.
converted).

* Power is an indication of the rate at which (how fast) work is done or
energy is transferred or transformed and is a scalar quantity.

You must remember:

* The unit of Power is the watt

¢ The symbol of watt is W.

e Theformula P = % is used to calculate power, where P is power, W is
work and At is the change in time.

* Average power can be calculated by applying the formula P,, = FV,,,
where P, is the average power, F is the force or net force and V,, is
the average velocity or average speed.

Q Activity 8
—w

Multiple Choice Questions:

Four options are provided as possible answers to the following questions.
Each question has only ONE correct answer. Write only the letter (A-D)
next to the question number (8.1 - 8.2).

1. Power is defined as the rate.....
A of change in velocity.
B at which work is done.
C of change of momentum.
D of change of displacement. (2)

2. Which ONE of the following physical quantities is equal to the product
of force and average velocity?

A Work
B Average power
C Energy
D Average acceleration (2)
(4]
Solutions
1. Bv/V/ (2)
2. B/V (2)
(4]
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Q Activity 9: Power

S—
A car of mass 500 kg accelerates from 10 m-s™* to 30 m'st in 20 s.
Calculate the power of the car. [5]
E——
Solution

W, = AEK = (3 mv? - 2 mv2) /

W,: =(0,5)(500)(302) - (0,5)(5?/0)(102)
v

W, =200 000 J

P ==200000 +20/
. First calculate the work P =10000W v [5]

done by applying the
work-energy theorem.

. Calculate the power (P).

a Activity 10: Power
—w

A pump is needed to lift water through a distance of 25 m from a borehole
at a steady rate of 180 kg/min. What is the minimum power motor that
could operate the pump if the velocity at the intake is 4 m-s™* but at the
outlet the water is moving with a speed of 9 m-s™2.

(8]

Solution

W, = AE, + AE, ¥

W, = (5 mv? - 5 mv2) + (mgh, - mgh) v/

W, = (0,5)(3)(9%) - (0,5)(3)(4°) + (3)(9,8)(25) - O
v / v

W, = 1215 - 24+ 735 - 0

W,,=832,5) v/

In 1 second, the mass
of water lifted up is But

3 v
180 kg/60 s = 3 kg P=N=8325/1=8325W/ [8]
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Q Activity 11: Power

e
A 0,5 horsepower electric pump is used to bring water out of a borehole
that is 80 m deep. 1 horsepower = 745,7 W. Calculate the mass of water

that is let out of the borehole in one minute. [5]
Solution
P=0,5x7457 = 372,85 W
P=a
372,85 =W/ 60
W =22371)
W = FAy-cos® v
F =mg
W = mg Ay-cos 0° v
22 371 =m x(9,8)(80)cos O0°
22371 =784 xm v
..m  =2853kg 4 [5]

Q Activity 12: Power
—v

A motor car of mass 1 400 kg moves with a constant speed up a slope that
makes an angle of 10° with the horizontal. The motor car experiences a
frictional force of 700 N as it moves up the slope.

1. Draw a free body diagram to indicate the forces acting on

the car. (7)
2. Calculate the applied force necessary to move the motor car
up the slope at a constant speed. (5)
3. If the motor car moves at 80 km-h-%, calculate the power
delivered by the motor car’s engine. (3)
[15]
© Department of Basic Education 2015 UNIT 4 WORK, ENERGY AND POWER 79

Mind the Gap Physics



Solutions
1.

Fapplred

Faopiea- PUlling force exerted by the engine v/
F\: normal force upwards on the car by the surface v
Fe: gravitational attraction of the earth on the car vertically
downwards v/
Fg ;- component parallel to incline v/
Fq.- component perpendicular to incline v/
F: frictional force between the car and the surface, in the direction
opposite to the motion v/ (7)
2. Ifvisconstant,a=0mss2andF.,,=0N
Let direction up the incline be positive.

Fiee=ma=2XF/
0= Fapplied - Ff - I:g|| v/ v/
0 = FLppiiea — 700/— (1400)(9,8)(sin10°)
Fappiea = 700 + (1400)(9,8)(sin 10°)
the applied force is 3 082,45 N up the incline. v' (5)

REMEMBER
First convert km/h to m-s~'. An easy way to do this is to divide by 3,6

3. v=80km/h = (80000 m)/(3600s)=22,22ms™* v

Keep going! P=Fv=(308245)(22,22) = 68 498,80 W 3)
[15]
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Unit e

Doppler Effect

5.1

Waves: Revision

e Vibrations cause waves and waves cause vibrations.

There are two kinds of waves: transverse waves and longitudinal waves.

Transverse waves

Wave Motion

VAVAV/IVAVARE

Particle Molion

e The disturbance of the medium is
perpendicular to the direction in which the
wave is propagated (transmitted).

e Examples: water waves, electromagnetic
waves (light, radio waves, X-rays etc.)

Longitudinal waves

Wave Motion
COMPrass ol n

IR AT

“—I" Farticle Motion

T

e The disturbance of the medium is parallel
to the direction of propagation of the pulse.

e Example: sound waves, slinky spring
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5.1.1 Wave properties

Transverse Wave

Wavelength

Displacement

sl
>

One complet le /
} e L Distance travelled /
t t ¢ >

/

Amplitude

Direction of propagation (travel)

P
-

The amplitude (height) of a wave motion is the maximum
displacement of the particles from their equilibrium (rest) position.
The amplitude determines the volume of a sound wave.

The wavelength (A) of a wave is the distance between two
consecutive points in the wave which are in phase and is measured
in metres (m).

It is therefore also the distance between two successive crests or the
distance between two successive troughs.

The frequency (f) of a wave motion is the number of complete waves
passing a specific point per second and is measured in hertz (Hz).
The frequency of a sound wave determines its pitch. The frequency
of a light wave determines its colour.

The frequency of a wave determines the energy of the wave.

The higher the frequency, the higher the energy. So E o< f

-
~ N
The period (T) of a wave motion is the time taken for one complete wave to pass a
fixed point.
f = number of waves passing a point T= 1? and
time f 1
and T ,
, T is the period of the graph
1 = lme fis the f H
number of waves passing a point (s) fis the frequency (Hz)
The speed (v) of a wave is the rate at which the energy is propagated by the wave
and is measured in m-s~',
v="1A
where v is speed (m-s7)
f is frequency (Hz)
A is wavelength  (m)
. J
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5.1.2 Light

Red
Qrange
Yellow
Green
Blue
White Light Indigo
Glass Prism Violet -~
~~ \
* The visible spectrum of light is just a small section of a much greater For light:c =fA
series of wavelengths called the electromagnetic spectrum. ¢ is the speed of an
e The speed of light (and all other electromagnetic radiation) is electromagnetic wave (m-s~)

constant (3 x 108 m-s™).

e The colour of light depends on its frequency.

* Inthe colour spectrum, red has the longest wavelength and lowest
frequency and violet has the shortest wavelength and the highest A is wavelength (m)
frequency. \

¢ =3x108ms”’
fis frequency (Hz)

The Visible Light Spectrum

Increasing frequency (f)
>

Rgd Orange Yellow Green Blue Indigo Violet

o+ * *\
< Increasing wavelength (3.) “\
Low Energy "High
Low Frequency High
Long Wavelength Short
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5.2 The Doppler Effect

-
—
~

The Doppler Effect is the change in frequency or pitch of the sound or the colour of
light that is detected when the wave source and the observer move relative to each
other.

Vocabulary: Frequency means “how often”. “Observer” means person who sees, hears,
or otherwise comes to know through the senses.
\_ %

Example
When a car approaches a listener:

* the sound waves emitted by the car’'s hooter are compressed in
front of the car;

¢ more sound waves reach the listener per second and

e the pitch appears to be higher than the sound emitted by the
source (the car’s hooter). The opposite is true when the car moves
away from the listener.

Source of sound

Larger Smaller
wavelength wavelength

Longer wavelength (A) Shorter wavelength (A)

.. Lower frequency .. Higher frequency
.. Person hears . Person hears
lower pitch. ' higher pitch.
‘\TFUW
Listeners
+ Listanor lowards f.  :frequency of Estaner (Hz)
= Listaner away f. :frequency of source (Hz)
f!. = v :speed of sound (ms")
. ot
+ Source away v speed of listener (s 1:
= Source towards v, :speed of source {m:s")
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Q Activity 1

S—
1. A sound source approaches a stationary (not moving) observer at
constant velocity. Which ONE of the following describes how the
observed frequency and wavelength differ from that of the sound

source?
Observed Wavelength Observed Frequency
A. | Greater than Greater than
B. | Less than Less than
C. | Greater than Less than
D. | Less than Greater than

(2)

2. Which one of the following is the main principle applied when using
the rate of blood flow or the heartbeat of a foetus in the womb?
A. Doppler Effect.
B. Photoelectric effect
C. Huygens principle
D. Diffraction (2)

3. An ambulance approaches an accident scene at constant velocity.
The siren of the ambulance emits sound waves at a frequency of
980 Hz. A detector at the scene measures the frequency of the
emitted sound waves as 1 050 Hz.

a. Calculate the speed at which the ambulance approaches
the accident scene. Use the speed of sound in air as

340 m-st (6)
b. Explain why the measured frequency is higher than the
frequency of the source. (2)

c. The principle of the Doppler Effect is applied in the Doppler
flow meter. State ONE positive impact of the use of the
Doppler flow meter on humans. (2)

4. The siren of a stationary (not moving) ambulance emits sound waves
at a frequency of 850 Hz.

An observer (person witnessing this) who is travelling in a car at a
constant speed in a straight line, begins measuring the frequency of
the sound waves emitted by the siren when he is at a distance x from
the ambulance. The observer continues measuring the frequency as
he approaches, passes, and moves away from the ambulance. The
results obtained are shown in the graph below.
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900

800 | e

Frequency (Hz)

Time (s)

a. The observed frequency suddenly changes att = 6s. Give a
reason for this sudden change in frequency. (1)
b. Calculate
b(1) The speed of the car (Take the speed of sound in
air as 340 m-s™) (5)
b(2) Distance x between the car and the ambulance
when the observer BEGINS measuring the frequency.  (3)

[23]
Solutions
1. D 4 (2)
2. A =4 (2)
3.
v v
ViV () v (f.)

= R TRy d

1050 v - (340 - 0) / (340 - V,) x 980 v/

SV, =22,67m/s / (6)

a. Wauves in front of the moving source are compressed. The
observed wavelength decreases (v). For the same speed of
sound (v), a higher frequency will be observed. (2)
b. Determine whether arteries are clogged or narrowed (v'), so
that precautions can be taken to prevent heart attack or stroke
(v"), OR Determine the heartbeat (V') of a foetus to assure that
the child is alive or does not have a heart defect (V). (2)

4.a The approaching observer (higher f) passes the source att=6s
and moves away (lower f) from the source. (V) (1)
4.b(1)
Option 1. Approaching observer:
_VEVL() R fL=V+V (f)
L ViV, V

..900 v = (340 +V,) (850) v / (340)
SV =20m/s v (5)
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Option 2. Observer moving away:
V+V (f) fl=V-V_ (f)
LT V=V, 9R v 4
..800 v = (340 - V) (850) v / (340)
SV =20m/s v (5)
Notes: any other correct Doppler Effect formula gets maximum % marks.
4b(2)
Option 1.
Ax =v,At+ Zaae ¥
= (20)(6) + 3(0)AL Y
=120m v
Option 2.
Ax = VAt v
= 20)6) ¥
=120m v (3)
Note: accept s = ut or s = vt, as well as s = ut + % at?, as well as Ay = v,At + % alt
[23]

Q Activity 2
—v

An ambulance moving at 40 m-s~! approaches a traffic light where a blind
man and his dog wait to cross a road. The siren of the ambulance (source)
emits sound waves at a frequency of 350 Hz (f,). The pitch of the sound
that the man hears increases as the ambulance moves towards him and
decreases as the ambulance passes him and moves away.

1. If the speed of sound in air is 340 m-s™%, determine the frequency
(f,) of the sound waves that the man hears while the ambulance

approaches him. (3)
2. Explain how this effect can help a blind person waiting to cross
the road. (2)
[5]
Solutions
\Z32)
fL = (V£V,)fs v
3 (340+0)
f= (340-40) x 350 Hz v
f, = 396,67 Hz v (3)

2. When crossing a street, a blind person can determine whether
a car is moving towards or away from him. If the pitch of a v
ehicle decreases, v the person knows that the vehicle is moving

away from him, and vice versa. v/ (2)
(5]
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Doppler
flowmeter

—
—
d

Remember:

The wavelength of light is
usually measured in nm
(nanometers) and must be
converted to m (metres)

Tnm=1x10"
\Jnm m

before doing any calculations.

)

/

5.3 Applications of the Doppler
Effect with ultrasound waves

The Doppler flow meter is used to measure the rate of blood flow in a
patient’s blood vessels.

e Ultrasound is a longitudinal wave with very high frequency of above
20 kHz that we cannot hear.

e A catheter connected to a Doppler flow meter is inserted in a blood
vessel. It gives out a sound wave at ultrasound frequency. The blood
velocity through the heart causes a ‘Doppler shift” in the frequency
of the returning waves. The meter measures this and compares the
frequencies.

* The receiver detects the reflected sound and an electronic counter
measures the reflected frequency.

* From the change in frequency, the speed of the blood flow can be
determined and narrowing of blood vessels identified.

5.4 Applications of the Doppler
Effect with light

The electromagnetic Spectrum

The electromagnetic spectrum is the full range of types of electromagnetic
radiation.

Electromagnetic radiation consists of waves which have both an electric
and magnetic component. They are transverse waves. They are emitted by
many objects eg. the sun, lights, fires, stoves, persons.

All forms of light, radio, and heat at a distance, are electromagnetic
radiation. Note that electromagnetic radiation is NOT the same as
radioactivity except for gamma waves, which come from nuclear reactions.
The electromagnetic spectrum is shown on the next page.

Visible light is part of the electromagnetic spectrum.

e Stars, like the sun, emit light.

*  When a star moves away from the Earth, its spectrum shifts to longer
wavelengths (lower frequencies) - in other words, the red side of the
spectrum. The star appears red.

*  When a star moves towards the Earth, its spectrum shifts to shorter
wavelengths (higher frequencies) - in other words, the blue side of
the spectrum. The star appears blue.
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2 s
z g
& ]
3 >
o m
@ =
L Gamma-rays — 0.1 A
104 :
A Ultrasound machines
— 0.1 nm use the Doppler Effect to
100 400 get readings of unborn
X-rays s babies in the womb so that
1047 doctors can see
if the baby is healthy.
10t .
Ultraviolet 500 nm
10%_| :
1000 nm g —
1pm | )
10 — 600 nm R =
Infra-red L -
10| ) ﬂ
-
Thermal IR |— 100 pm i i3
10| — 700 nm I s
FarlR) 1000 pm [
1000 MHz— Lo 1 mm
=1 |
1| UKF Microwaves [—1cm ;
500 MHz - 100_] I\
_ Radar | X
A =10 cm ( B\ |
100 — ¥
- |, 4\ H
713 1 {Radio, TV Jl - i
100 MHz—| FM | I — 10 m i
<1 VHF o
10 26 f
50 MHz - —100m % Y
i 100 AM
= 1000 m
Long-waves
Keep going!
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G Unit

Electrostatics

Summary

Electrostatics is the study of static (rest or stationary) positive or negative
charges. Think for example of how you can get little shocks from scuffing
your feet on a carpet when wearing rubber-soled shoes. This kind of
electricity is not flowing, unlike, for example, the electricity in a plug point.
Define electrostatics, electric field and electric field strength.

Give evidence for the existence of two kinds of electric charge (like charges
repel, unlike charges attract).

Describe and demonstrate a method for determining whether an unknown
charge is positive or negative.

Name the unit of charge, and discuss its size with respect to common
electrostatic situations and in terms of the number of unit charges it
represents.

Describe what it means to say that charge is conserved.

Coulomb’s Law

Drawing of electric field lines.

Application of Coulomb’s Law and electric field strength (by calculations).

6.1 Definitions: Electrical charge and

electric force

Electrical Charge

Static, rest or
stationary have
similar meanings
in science

At the atomic level, charge is associated with protons and electrons. They
have the same magnitude of charge, but their charge is opposite in sign.
Protons have Positive charge and Electrons have Negative charge. The
symbol for a proton is p* and the symbol for an electron is e".

Charge is measured in Coulombs, abbreviated C. It takes 6,25 x 108
charges to make 1C of charge, i.e. 6 250 000 000 000 000 000 charged
particles. 6,25 x 108 electrons will make -1C of charge. A coulomb is
defined technically as one ampere-second (1 As), in other words, the amount
of charge carried by one ampere in one second.

Coulomb’s Law is a measure of how strong the force is between two charged
orbjects. Its formula is:

F = <

Electrical charges will exert forces on each other. Two positive charges

will repel each other and two negative charges will repel each other. (Like
charges, or charges of the same sign, repel each other.) A positive and a
negative charge will attract each other. (Unlike charges attract each other.)
Electrostatic charge is a strong force.
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¢ As a result most objects usually have about the same amount of
positive and negative charge. If they have exactly the same amount
of positive and negative charge the net charge is zero and we say
they are neutral.

e For convenience, we can abbreviate “positive” and “negative” as
+ve and -ve respectively.

® ® ®
@8 @9 @(%)@
® o ® @ @ Q

no. of +ve = no. of —ve charges  no. of +ve charge > no. of —ve charges  no. of +ve changes < no. of —ve charges
. neutral .. net positive charge .. net negative charge

Electric Force

e The force is proportional to the product of the charges and inversely
proportional to the square of the distance between them. (If we
double one charge the force doubles. If both charges are doubled
then the force increases by four. If the distance between the charges
is increased, the force decreases, and vice versa.) This is similar to
Newton's Law of Gravitation, which has the same formula structure.

e Electrical forces can do work and there is a potential energy
associated with this force.

6.2 The Law of Conservation of
Charge

*  When two charged spheres are brought into contact with each
other, electrons flow from the sphere with more electrons to the
sphere with fewer electrons.

* The symbol for charge is Q. Do not confuse this with current, I.
Q is measured in coulombs and I is measured in amperes.

e [f sphere B has more electrons than sphere A:

E-
Q(A) @gr—g) Q(B) REMEMBER

when charges are
Qoo = Qi (A) + Q;(B) brought into contact they

{1\

Charge cannot be destroyed
or created, but can only be

transferred from one object to
another.

must be added and then
AQa=Qi-Q; O . AQp=0Qi-Q divided by TWO to

get an average.

Q(A) @ . Q«B)

Qnew on each =

2

Nao. of e” transferred = M = @
Qe Qe
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Worked example 1

A B
Two spheres A and B carry charges of +5 C and —7 C respectively. They are brought
into contact and are then separated.

1. What is the nature of the force between the charges before they are allowed to
touch? Explain.

In which direction are electrons transferred during the contact? Explain.
Calculate the total charge in the system.

Calculate the charge on each sphere when they are separated.

Calculate the change in the charge on A and on B.

Calculate the number of electrons transferred from one sphere to the other.

o ok wDd

Solutions
1. Attraction. Opposite charges (+ and —) attract.

2. From sphere B to sphere A. Electrons are transferred from the
sphere with the most electrons (B in this case) to the sphere with
the least electrons (A).

Qo =Q A +Q;(B)=+5+(-7) =-2C
total _ -2
Qnew oneach Q% = 7 = _1 C= Qf
AQ,=Q;-Q, =-1-(+5)=-6C..6 Ccharge was transferred

fromBto A
AQz=Q;-Q =-1-(-7)=+6C ..6 Ccharge was transferred
fromBto A
6. No. of e transferred % = No. of e” transferred = AQ(?)
e Qe
6 6

“16x100 M T1ex10®
= 3,75 X 10* electrons
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6.3 Coulomb’s Law

Coloumb’s Law is the electrostatic force of attraction or repulsion between
two charged objects is directly proportional to the product of the charges
and inversely proportional to the square of the distance between their
centres.

-
~ N
For any two charges, where F is electrostatic force (N), Q is charge (C), r is the distance
between the centres of the objects (m), and k is Coulomb’s constant (9 x 10° Nm?C?)
. kQ,Q
SR = %
F i F \ F
Q. r 1/
. %

6.3.1 Using Coulomb’s Law

We apply Coulomb’s Law to determine how the electrostatic force between
two charged objects (or point charges) changes when the charge on one or
both of the objects changes and when the distance between their centres
changes.

We can also use Coulomb’s Law to calculate the electrostatic force between
two charges, the distance between them, or the magnitudes (sizes) of the
charges.

Worked example 2

The original force between two charges is F. If both charges are doubled and the
distance is a third of the original distance, what is the magnitude of the new force
relative to the original force?

Solution

kQ,Q
Foriginal = r12 :
E _ k(2Q.)(2Q,)
new - 1

3r)?

4kQ,Q, 36kQ,Q,

Fnew = :?Q = ?Q = 36 Foriginal
§I’2 r

Remember to square the
distance.
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‘Charges are
unknown’ this means |
need to calculate them.
| must remember just
not forget to convert
mm to m.

Two small identical metal spheres carry equal but opposite charges. If their centres are
30mm apart, and the electrostatic force between them is 2.56 x 10-N. Calculate:

1. The magnitude (size) of the charge on each sphere

2. The number of electrons that would flow from the negatively charged sphere to the
positively charged sphere if they were brought into contact.

Solutions

k
1. F= —Qr;QQ

2,66 x 103 x 0,0009 (9x 104 =9x10°xQ xQ
2,304 x 1076/ (9 x 10°) = Q2

Q?=+2,56 x 10 ; Q = 1,6 x 10°C
total charge
charge on one electron

= (1,6 x 1078) / (1,6 x 107%°)
=1 x 10 electrons

2. number of electrons =
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Q Activity 1

S—
Two small identical metal spheres, A and B carrying charge of -4 x 1072C

and -3 x 107*2C respectively, are mounted on insulated stands as shown.
The distance between the centres of the spheres is 5 cm.

5cm

-4 x 10" C 3x10%C

1. Calculate the magnitude and direction of the force that
A exerts on B. (6)

Sphere A is moved and makes contact with sphere B. It is then
moved back to its original position.

2. Calculate the new charge on each of the spheres. (3)
3. How does the magnitude of the force that the sphere A exerts
on sphere B change? Answer by writing ONLY increases,

decreases or remains the same. (2)
[11]
Solutions
ki
1. F= Q;QQ v
_(9x10%) x (-4 x10*?) x (3 x 1073
B (0,05 v
_ -1,08x 103
0,0025
Start by converting the
- _ -11
4,32x10 NV distance 5¢cm to m. Look at
= 4,32 x 10"** N v/ Force of attraction v/ (6) the conversion table.
(Q,+Q,)

2. Q= — v
(-4x102) + (3x 1012)

=-5x108Cv
This is a new charge (3)
3. Increases v v (2)
[11]
© Department of Basic Education 2015 UNIT 6 ELECTROSTATICS 95

Mind the Gap Physics



S

DEFINITION

An electric field is a region
or space in which an electric
charge experiences an
electric force.

/

Remember:
The arvows representing
electric field lines
ALWAYS point away from
a positive charge and
towards a
negative charge.

6.4 Electric fields around charged
objects

* Electric fields are represented by field lines as illustrated in the
diagrams below.

* Electric field is a vector quantity.

* An electric field line indicates the direction in which a positive test
charge would move if placed at a point in the electric field.

6.4.1 Properties of electric field lines

Electric field lines:

e start and end perpendicular to the surface of a charged object
* never cross each other

e are closer where the electric field is stronger

e are directed from positive to negative

6.4.2 Representing electric fields

You must be able to draw simple diagrams to show the electric fields
around charged objects.

a) Around a positive point
charge

b) Around a negative point
charge

Z50N

&

Between two like point
charges that are not equal in
magnitude

c) Between two like point d)
charges of equal magnitude
(both positive or both
negative)

The field lines are closer
together when the electric
field is stronger (around the
greater charge).

If the point charges are
negative, the arrows point
inwards, towards the point
charges.
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e) Between two unlike (opposite)
point charges (one positive
and the other negative)

f) Between two oppositely
charged(one positive and one
negative) parallel plates

+

This electric field is uniform -
it is equally strong everywhere
between the two plates, so
the electric field lines are
equally spaced and parallel.
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Step by step

ALWAYS calculate
the electric field
strength at the
given point (P in
this case) due to
each of the point
charges first. The
negative sign for
a negative charge
is NOT used in
this equation.
Then choose

an electric field
direction as
positive and state
this clearly.

Then find the
resultant (or

net) electric

field strength by
adding the two
field strength
values. Lastly,
remember the
signs for the
directions!

Step 1.

Step 2.

Step 3.

The values substituted
are positive (+), because
left is chosen as positive
and both the electric fields
are directed to the left.

6.5 Electric field strength

-
—
~~

Formula

The electric field strength at a point is the electric force per unit positive charge
experienced at a point in an electric field.

For any charge:

—Fond E=KQ
E=fand. . E=%

. /

Worked example 4

Two point charges, Q, and Q,, at a distance of 3 m apart, are shown below. The charge
on Q, is =14 uC and the charge on Q, is +20 uC.

REMEMBER:
First convert uCto C: =14 uC=-14x10°C and20 uC=20x10°C
-14pC ) +20uC
......

3m

a) Define the electric field strength at a point.
b) Calculate the net (resultant) electric field at point P situated 2 m from Q,.

Solutions

a) Electric field strength at a point is the electric force per unit
positive charge experienced at the point.

b) Electric field at P due to Q1:
kQ (9 x109(14 x 10°°)
E = 7 = 12

= 1,26 x 10° N-C* to the left

Electric field at P due to Q2:
kQ _ (9x10°)(20 x 10°°)
I 12
= 4,5 x 10* N-C* to the left
Let — E*
Enet = EQl + EQ2
= (+1,26 x 10%) + (+4,5 x 10* N-C%)
=+41,71 x 10° N-C*
..1,71 x 10° N-C* to the left

E=
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Q Activity 2
—v

Multiple Choice Questions:

1. The sketch below shows two small metal spheres, A and B, on
insulated stands carrying charges of magnitude q and 2q respectively.
The distance between the centres of the two spheres is .

r i

a >
A (7 \e
N

Sphere A exerts a force of magnitude F on sphere B. What is the
magnitude of the force that sphere B exerts on sphere A?

1
A SF
B F
C 2F
D 4 (2)

2. Two identical small metal spheres on insulated stands carry
equal charges and are a distance d apart. Each sphere experiences
an electrostatic force of magnitude F.
The spheres are now placed a distance %2 d apart.
The magnitude of the electrostatic force each spheres now
experience is..

A SF

B
C 2§F
D 4F (2)

3. Three identical point charges, q1, g2 and g3, are placed in a straight
line, as shown below. Point charge g2 is placed midway between
point charges q1 and 3. X and Y are two points on the straight line
as shown.

8‘3 X
ds |

] y

A
T T

A
G
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Which ONE of the following best describes how the electric field E at
a point X compares to that at point Y?

DIRECTION OF E MAGNITUDE OF E
A Same E, > E,
B Same E, <E,
Cc Opposite E, > E,
D Opposite E, <E,
(2)
(6]
Solutions
1. Bv/ (2)
2. DvVV/ (2)
3. DvV/ (2)
[6]
Q Activity 3
—
A negative charge of 2 uC is positioned 10 cm from point P, as shown
below.
10 cm
Oy B
-2uC
1. Define the electric field at point P in words. (2)
2. Draw the electric field lines associated with this charge. (2)
3. A positive charge of 5 uC is now positioned 15 cm from
point P, as showed in the diagram below.
10 cm
QT *
-2pC
15 cm
5uC
O
J/
Calculate the magnitude of the electric field at point P due
to both charges. (12)
[16]
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Solutions
v v
1. The force per unit charge. (2)

2.

Marking criteria
Shape of field lines v

Direction of field lines (towards charge) v

3. Force diagram

V.
Eresuntant E ?-IC

4

v
E -2pC P

E2uC= "r—f 4
(9 x10°%)(2 x 107)

(0,2)?
=1,8x 10 N-C'* / towards the 2 uC v'

E5uC = kr—S
(9 x 10°%)(5 x 107)

(0,15) v
=2x10°N-C* v/ away from the 5 uC charge

Eresultant = \/(1,8 X 106)2 + (2 X 106)2 v
= 2,69 xN-C*v/

pythagoras (12)
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Keep going!

Q Activity 4
—v

The centres of two small, charged conducting spheres, Xand Y, on insulated
stands, are separated by a distance of 60 mm. Sphere X initially carries a
charge of +12 x 10° C.

XandY are brought into contact with each other and are separated again.
After separation, each sphere carries EQUAL charges of +5 x 10-° C.

1. Draw a neat diagram of the resultant electric field pattern that

surrounds X and Y. 4)

2. Calculate the number of electrons that must be added to Y to
make it neutral. (3)

3. Calculate the magnitude of the force which X exerts on Y once
they are back in their original positions (after separation). (4)
4. Calculate the original charge on sphere Y. 4)
[15]

Solutions

1. Thefield is curved; lines on the outside are important.

BV

Marks for: field lines between charges (v); field lines outside the charges
(v); direction: away from X and Y (V); fleId lines not going into spheres

but touching surface and not touching each other. (V) (4)
2. Number of electronsonY = q%

_ _-5x10° (V)

T -1,6x10 (V)

= 3,125 x 10% electrons (V') (3)

ki

3. Force F= % ()

(9 x109(5 x 109)(5 x 10-9) (V)

- (0,067 (V)

=6,25x 10° N (V)
If you forget to convert mm to metres, or forget to square the

distance between the two (r?) you will lose a mark. (4)
+
4. Total charge Q= Ql L,
12 x10°°
= (XT)QY (where Qy is the

charge on sphere Y)
2(5x10°C) = (12 x 109 Q,

2(5x10°C
A =Q,=83x107C (4)
v v [15]
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Unit a

Electric circuits

Summary

You must remember:

e For a current to flow, we need a source of electrical energy (cell or battery)
and a closed circuit (or at least a magnetic field moving near a conductor).

* The direction of the conventional current is from the positive pole or
terminal of the cell through the circuit to the negative pole or terminal of the
cell. This flow in one direction is called Direct Current.

e The potential difference between two points in a conductor is the work
done per unit charge to move a positive charge from one point to another.
Potential difference is measured in volts (V) with a voltmeter which is
connected in parallel in a circuit.

) ™\
Potential difference = %

Electric current is the amount of charge per second which flows past a point. It is measured in
amperes (A) with an ammeter which is connected in series in a circuit.

|=T

Resistance is a measure of how much a conductor opposes the flow of charge through it. Itis
measured in Ohms (Q). A resistor is a component in a circuit that resists (opposes) the flow of
current.

\ /
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7.1 Factors influencing the
resistance of a wire conductor

* The length of the resistor (the longer the wire, the greater the
resistance)

* The diameter (thickness) of the resistor (the thinner the wire, the
greater the resistance)

* The temperature of the resistor (the higher the temperature, the
greater the resistance)

* The type of material that the resistor is made from. Different

A\ / IJ\ substances have different resistances, e.g. tungsten (W) has a very
|/ \ high resistance
i ‘//f -

but copper (Cu) has a very low resistance.

Learn the factors
influencing the resistance
of a wire conductor. It will
help when explaining your
answer in an exam.

\L' £
i

== ’
&’Q 7> 1.2 Ohm’s Law
Y F e Potential difference across a conductor is directly proportional to the
. current in the conductor at constant temperature.

e  The mathematical formula of Ohm’s Law

Vv
-
~

R=~
DEFINITION OF THE OHM:
A conductor has a resistance of 1 ohm (1 Q) if the potential difference of 1 volt
(1V) applied across its ends, causes a current of 1 ampere (1 A) to flow through it.

7.2.1 Circuit connection

Circuits can be connected into two ways: Series and Parallel. A series
circuit requires the electricity to travel one path that does not split. A
parallel circuit allows the electricity to go down different paths (there’s a
split in the circuit). See the diagrams below showing resistors in series and
parallel for an illustration.

Resistors in a circuit

Resistors in series Resistors in parallel

Rz Ra Ra - &

V2

Vi

Vs
®

* Resistors are connected in series or in parallel.
* Resistors, rheostats and light bulbs resist the flow of current.
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* Resistors are connected in series or in parallel.
* Resistors, rheostats and light bulbs resist the flow of current.

*  Work is done in a resistor when the electric energy is transformed

to heat energy or to light energy.

e Resistors in series are
potential (voltage) dividers.

e The total resistance in a
circuit increases when more
resistors are added in series.

e The current through all
resistors in series is the
same.

e The total current in a circuit
decreases when more
resistors are added in series.

e |f one resistor burns out,
the circuit is broken and no
current flows (in a series
circuit).

* The total current in a circuit
increases when more
resistors are added in
parallel.

e If one resistor burns out,
current still flows through the
other resistor (in a parallel
circuit).

* Resistors in parallel are
current (amperage) dividers.

¢ The total resistance in a
circuit decreases when
more resistors are added in
parallel.

7.2.2 Comparison between series and

parallel circuits

Series connection

Parallel connection

The total current across the series
is the same.

V1 = V2 = V3Ill

The total voltage across the
parallel component is the same.

V, =V, +V, + V...

This is a potential divider.

=1+ 1, + ...

This is a current divider.

Riy=r,+r,+r;...

Addition of resistors.

1_1.1
Er_r1+r2+"'

Addition of the ratio of resistors.
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7.3 Voltage (Potential Difference)
and Electromotive Force (emf)

‘ TF

Ri=10Q R:=200Q

* Voltage in which the charge is losing energy is a potential
difference, V.

* Voltage in which the charge is gaining energy is an electromotive
force (emf), €

* Therefore the voltage across the battery is an electromotive force
(emf), while the voltage across each resistor is potential difference

(p.d).

7.4 Internal Resistance

When the switch is open, the voltmeter reads the emf of the battery
which is 12,5 V. This means the battery can transfer 12,5 J of energy
for every 1 C of charge.

* When the switch is closed, the voltmeter reads the p.d of the
external circuit.

* Internal resistance is found inside the cell or battery, which is the
small amount of energy that is used up inside the cell or battery.

* Anideal cell would have zero internal resistance, r = 0 Q.

* The volts used inside the cell are referred to as the lost volts, V.

....................
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7.4.1 emf

The emf (€) of a cell is: emf = 1 (R +r) is the
final formula to use

¢ the electrical potential difference across the terminals (poles) of a when calculating emf
cell while no current flows

e the total amount of electric energy supplied by the cell per coulomb
of charge

¢ measured with a voltmeter connected in parallel over a cell or battery
when no current flows (the switch is open)(see diagram below)

e measured in volts (V).

Formula to calculate the emf )

Derivation: since R =V/I,V = IR, so if emf =V + V' (the sum of the two voltage
measurements), then emf = IR + IR". For convenience, we write IR" as Ir. Now, since
I is common to both factors IR and Ir, we can take it out as a multiplier, like so: I(R-+r).
Hence, emf = I(R+1).
given: emf=V+V
emf=IR+1Ir

9 emf=1(R+7r) )

7.4.2 Ohmic and non-ohmic conductors:
differences and examples

Ohmic conductor Non-ohmic conductor
Obeys Ohm’s Law or | Obeys Ohm’s Law when voltage Does not obeys Ohm’s Law when
not? or current is varied voltage or current is varied

Graph of the voltage
vs. the current vV
across conductors

V
>
I >
Shape: Straight line from the origin |
V/1=R Shape: Curve
V/I1#R
Examples circuit resistors light bulb
nichrome wire. diodes

transistors
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7.5 Electric energy
When current flows or charges move through a resistor:

e electric energy is transferred from the moving charges to the
particles in the resistor

e the particles in the resistor gain kinetic energy

e the temperature of the resistor increases as the kinetic energy of the
particles increases.

Formulas
The work done (W) is equal to the energy (E) transferred.

W = E (in joule J)
_ _ _ _ V3t
W=VQ=VIt=I12Rt =

W: work done (J) joule

V: potential difference (V) volt

I: current (A) ampere
R: resistance (Q) ohm

t time (s) seconds

If you are asked to calculate the amount of energy transferred, use the
correct formula to calculate the work done

7.6 Power
~ ™
DEFINITION
Power is the rate at which work is done or energy is transferred.
W _v_pp_ V2
P_E_VI_IZR_ﬁ
P:  power (W) watt
W:  work done (J) joule
V. potential difference (V) volt
[ current (A) ampere
R:  resistance (Q) ohm
t: time (s) seconds
- %

7.6.1 The brightness of light bulbs

The brightness of a light bulb is determined by the rate at which energy is
transformed in the bulb, that is, by the power (P).

* Asthe power increases, the brightness increases.
e For bulbs in series:
P R (power is directly proportional to the resistance of the bulb)
if the resistance increases, the power increases and
the brightness increases.
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e For bulbs in parallel:

P oc% (power is inversely proportional to the resistance of the bulb)
if the resistance decreases, the power increases and

the brightness increases.

Note: the above applies to incandescent bulbs only (the type with a filament

of wire).

Compact Fluorescent Lights (CFL) come in a range of power/wattages but
they will simply blow if overpowered by a significant increase in voltage/

amperage.

Worked example 1

V1 is connected as shown and voltmeter V2 is connected over the three resistors in
parallel. The resistance of the connectors and of the ammeter may be ignored.

=
® OLNINCIO,
—{a ] e —

1. Switch S is open.
a) What is the reading on V,?
b) What is the reading on V,?
2. Switch S is now closed. Calculate:
a) the total resistance in the circuit.
b) the current that flows through the 8 Q) resistor.
¢) the charge that flows past a cross section of the 8 () resistor in one minute.

Solutions

1a) V, =24V (when S is open, no current flows and V1 is connected
across the battery)

1b) V, =0V (Sis open, no current flows, V is connected on one side
of the switch, .. only to one pole of the battery

i _ 1,1 1 _1.1.1 _6+2+1 _ 9
R, R "RTR “3%*9T18 7 18 T~ 18

SR, =18/9=20Q

In this circuit the battery has an emf of 24 V and an internal resistance of 2 Q). Voltmeter
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Solutions

2a) Reernal = Reeries T Ry =8 +2=10Q and
Revernal = Rext T i =10 +2 =12 Q

2b) The 8 Q resistor is connected in series .". the total current
flows through it
.". calculate the total current (I) that flows through the circuit.

VtOt
Rt = e
L12=22
2:‘ Thisis a
Sl =15 =2A current
0 that flows
2c) | = At through all
=9 the circuits.
(1)(60)
S.Q=(2)(1)e0)=120C
Remember: Convert
minutes to seconds: x 6O or
hours to seconds: x 3600
Remember: Curvent is the rate at
which electric charge passes a fixed
point in a conductor.
[« Q
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g Activity 1

S—
In the circuit below the battery has an emf of 24 V and an unknown internal
resistance. Voltmeter V, is connected across the battery. The resistance of
the connectors and of the ammeter may be ignored. When switch S is
closed, voltmeter V, reads 4 V and voltmeter V, reads 20 V.

a) The reading on ammeter A,.

b) The reading on ammeter A,.

¢) The resistance of resistor R.

d) The internal resistance of the battery.

e) The energy converted in resistor R in 10 minutes.

Switch S is now opened. Will the reading on voltmeter V, increase,
decrease or remain constant? Explain. (6)

GD 20V 160

L — ()

Calculate:

—~ o~~~ o~
w b
2= =

[23]

1b.

1c.

1d.

le.

Solutions
1a.

Ammeter A2 reads the current that flows through the 4 Q resistor.
VooVl 4 . 4
R4Q=T“Q°..E..|M=Z=1A/ (2)

v
The resistance‘éf the 16 Q resistor is DOUBLE the resistance of the (4 + 4) = 8 Q resistors
.. the current that flows through the 16 Q resistor is HALF the current that flows though the

4+4)=80Q resistblr. 1 A flows through the (4 + 4) = 8 Q resistor

.. 0,5 A flows through the 16 Q resistor /
e =1+05=15A/ (5)

4 _1.,1_1 . 1 _ 2_3 v
R,2-R TR, 16 @+ 1t16"16
R, =

2=-533Q "7

Vv
and Ry, = 77", Reg = % =13,330Q (4)

emf = Vi = Vegierna + Vinteﬁal S.24=20+ Vint(:r/nal

Vinternal =24-20=4V ‘/ (3)
Energy transferred (or transformed) = E = work done = W
W = I?RAt v = (1,5)%8)(10)(60) v = 10 800 J v/ (3)

When current flows, V, reads the external potential difference: when S is opened there are fewer

resistors in parallel v/

.. Regernal INCreases v .. I, decreases v/ ..V, decreases v

and emf is constant .”. V .. iNCreases (6)
v v [23]
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a Activity 2

—y

Multiple Choice questions:

1. Which ONE of the following is the unit of measurement for the rate of
flow of charge?

A watt

B coulomb

C volt

D ampere (2)

2. The two resistors in circuit 1 below are identical. They are connected
in series to a cell of emf V and negligible internal resistance. The
power dissipated by each resistor is P.

Circuit 1 | IV
| |
R R
- 1

The two resistors are now connected in parallel, as shown in circuit 2
below.

Circuit 2 | | \'

The power dissipated by each resistor in the circuit 2 is...

A 2P

B 4P

C 8P
D 16P (2)
[4]

Solutions
1.Dv V/ (2)
2.B/ VvV (2)
[4]
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Q Activity 3

-
In the circuit represented below, the battery has an emf of 10 V and an

unknown internal resistance. Voltmeter V, is connected across the battery
and voltmeter V, is connected across the open switch S. The resistance of
the connecting wires and ammeter can be ignored.

6Q 3Q

Switch S is open

1. What is the reading on V1? (2)
2. What is the reading on V2? (2)
When Switch S is closed, the reading on V1 drops to 7,5 V.
3. What is the reading on V2? (2)
4. Calculate the reading on the ammeter. (8)
5. Calculate the internal resistance of the battery. (5)
[19]
Solutions
1. 10V v (2)
2. 10V a4 (2)
3. ZeroorOVV/ V/ (2)
4 Ri = Ri + Ri v product
poo M1 Mo OR R, =—5im— (V)
RTsW*3()=3 R, =823
R,=20Q (V) R,=20Q (V)
Now use 2 Q in the next calculation...
R«=2Q+1Q=3Q
|=% ()
=75()/3 (V)
=25A (V) (8)
5. emf=V ., +Ve (V)
10()=(7,5+25)r vV
r=1Q () (5)
[19]
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a Activity 4
—

The headlights of a car are connected in parallel to a 12 V battery, as
shown in the simplified circuit diagram below. The internal resistance of
the battery is 0,1 Q and each headlight has a resistance of 1,4 Q. The
starter motor is connected in parallel with the headlights and controlled
by the ignition switch, S,. The resistance of the connecting wires may be
ignored.

emf=12V
{], o010 |

Sz
Starter motor J

1. State Ohm’s Law in words. (2)
2. With only switch S, closed, calculate the following;:
a) Effective resistance of the two headlights (3)
b) Potential difference across the two headlights 4)
c) Power dissipated by one of the headlights (3)

3. Ignition switch S, is now closed (whilst S, is also closed) for

a short time and the starter motor, with VERY LOW
RESISTANCE, rotates.

How will the brightness of the headlights be affected while
switch S, is closed? Write down only INCREASES,
DECREASES or REMAINS THE SAME.

Fully explain how you arrived at the answer. (9)

[21]
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Solutions

1. The currentin a conductor is directly proportional to the potential
difference across its ends at constant temperature. v'v/

OR
The ratio of potential difference to current is constant at
constant temperature (2)
1_1 .1
2.a) R- ?1 ta
=—— 4 l ‘/
1,4 " 1,4
=0,7Q V/ (3)

2.b) emf=IR+r) v/
12 =1(0,7 + 0,1) v
I=15A
- !

V=0,7x15 v/ =105V V/ (4)

2.c)  I(light) = 7,5 A (from 2b: 2 headlights = 15 A) /
P =V
= (10,5)(7,5) /
=78,75W / (3)

3. Decreases v
(Effective/total ) resistance decreases. v/
(Total) current increases. v
“Lost volts” / Vi.ema / I increases, thus potential difference / V
(across headlights) decreases. v
P =V / R decreases. v/

P=W/At v/
60 =W/ 2(60)
W=7200J v
Starter motor W = Vq v
q=7200/ 12
q=600C v 9)

[21]

Keep going!
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0 Unit

Electrodynamics:
electrical machines
(generators and motors)

Summary

e Definitions

e Faraday’s law of electromagnetic induction

e Differences between motors and generators.

e Operations of motors and generators.

» Differences between direct current (DC) and alternating current (AC) in the
cases of both motors and generators.

e The graphs of AC and DC.

e Right hand rule to determine the direction of the force on the conductor.

e The use of motors in everyday life.

e (Calculations of the Root Mean Square.

Electrodynamics
is the study of the
relationship between
electricity, magnetism
and mechanical
phenomena.

—
—

DEFINITIONS AND LAWS YOU MUST REMEMBER

Magnetic flux (@) is the product of the strength of a magnetic field and the surface area the
field cuts perpendicularly. It is measured in Wb (weber) units.

Electromagnetic induction is when a magnet moves relative to a conductor, and the magnet’s
magnetic field is at right angles to the conductor, the maximum electric current is induced in

the conductor.
\ J

e Faraday’s Law of Electromagnetic Induction
- The induced emf in a conductor is directly proportional to the rate of
change of the magnetic flux in the conductor.

AD
- Soec At

__ Ao
- €=-N At where

N is the number of turns in the coil
eis emfin (V) volts
A® is change in magnetic flux in (Wb) weber
At is change in time in (s) seconds
- The negative sign shows that the emf creates a current and a magnetic
field B that opposes the change in the magnetic flux ®.
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8.1 Motors and generators

8.1.1. Alternating current generators
The principle of the AC generator

We know that, according to the phenomenon of electromagnetic induction:

* when an electric conductor moves in a magnetic field, there is a
change in the magnetic flux which induces an emf that causes a
current flow in the conductor;

¢ the magnetic field strength (B) that passes perpendicularly through
a surface area A (in m?) is called the magnetic flux (®) and is
measured in weber (Wb).

S4 and S;, a pair of slip-
rings connected to each
end of the coil separately
* P B1 and B, brushes
'Y S, Ve «(carbon blocks) to collect

The coil is rotated " the induced current

mechanically - in this '31
case, clockwise

29°
The handle and the C\Jo“-
shaft A ensure that the W b
coil and slip-rings rotate
as a single unit.
abcd, a loop of insulated

N and S-poles of field magnets cco!?per wire (l'lortmally
to provide the magnetic flux coils or an armature)

Magnetic field is directed
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NB: Use the Right Hand Rule to determine the direction of the
force on the charges (F) in the conductor of the generator -
the conventional current direction (I) of the induced current.
The magnetic field (B) is in the North to South direction.
Remember it like so: First Finger is Field; SeCond finger is
Current; ThuMb is Movement or Thrust.

“Fleming’s left-hand rule is used for electric motors, while
Fleming’'s right-hand rule is used for electric generators.
Different hands need to be used for motors and generators
because of the differences between cause and effect.”
(Wikipedia). So, if you're trying to work out the direction of
current in a generator, you need to use the Right Hand Rule,
and, vice versa, if you're trying to work out which way an
electric motor will turn, you need to use the Left Hand Rule.
The fingers are the same; just the hand changes. Note also
that an alternative hand positioning is to place all four fingers
forwards (Field), and then the thumb indicates the thrust or
motion, and a line perpendicular to the palm indicates the
current.

Suggestion: watch the video http://www.youtube.com/watch?v=wpCYiSFBQOU (where O is zero)

Step I: Coil vertical:

Step II: Coil horizontal:

ab and cd are parallel to the normal to the

magnetic field

which is directed from Nto S
and is parallel to the motion of sides ab and cd

there is no change in the magnetic flux

.. no emfis induced
in the coil and

.. no current flows in
the coil

V=0Vand|=0A

STEPI

. rotation direction

Coil is rotated in a clockwise direction

ab and cd cut through the magnetic field which is
directed from N to S.

.. there is a change in the magnetic flux and ab
moves down and an emf is induced across the
ends of the coil which induces current in the coil.

... conventional current direction is from b to a, so
a and A are - (negative)
AND

cd moves up and an emf is induced across the
ends of the coil which

induces currentinthe ~ STEPII

coil. So conventional
current direction is
fromdtoc,sodand
D are + (positive)

-, rotation direction

V and | increase to
V.o @and | ., when the
coil is horizontal and
it cuts the magnetic
field perpendicularly

V and | decrease from
V.. and |, as the
coil turns further.
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Step llI: Coil vertical: Step IV: Coil horizontal:

e ab and cd are again parallel to the normal to the e ab and cd again start to cut through the magnetic
magnetic field field which is directed from N to S.

* which is directed fromNto S * .. there is again a change in the magnetic flux

e and is parallel to the as ab moves up (thumb points up) and an emf is
motion of sides ab STER I induced across the ends of the coil which induces
and cd -===s, Fotation direction current in the coil.

* .. there is no change e .. conventional current direction is from a to b, so
in the magnetic flux a and A are + (positive)

e .. noemfisinduced AND
in the coil and  cd moves down STEP IV

* .. no current flows in (thumb points down) .---., rotation direction

and an emf is induced ! L]

the coil
across the ends

of the coil which
induces current in
the coil. Palm faces
forwards fromctod ..
conventional current field direction
direction is from ¢ to
d,sodandD are -
(negative)

e Vand | increase to
Vo and |, when
the coil is horizontal and it cuts the magnetic field
perpendicularly. V and | decrease from V.., and
I.ax @S the coil turns further.

V=0VandIl=0A

Because each side of the coil or
armature is always connected to
the same slip ring and brush, the
current changes direction.

The alternating current (AC) cycle
In AC (alternating current), the current changes

:a :D —— "lj - ﬂ voltage (and direction) every cycle; that is, every time
the generator or dynamo turns over through one

revolution (full cycle).

Positions Of the C‘-Clil

! 1 revolullon
1AC cycle

Induced emf
<
]
) >
x:1

v
When the coil is vertical When the coil is horizontal
(in coil positions 1, 3 and 5) (in coil positions 2 and 4)

e ab and cd are parallel to the normal to the e ab and cd are perpendicular to the normal to
magnetic field, and do not cut through the magnetic the magnetic field, and therefore cut through the
field magnetic field

e There is a changing magnetic flux

* There is no changing magnetic flux « .. emfand current are induced in the coil

e .. noemf or current is induced in the coil e V=V, andl=1,,

e .V=0Vandl=0A but the emf and current are reversed.
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Increasing the induced emf and current
The induced emf (and therefore the amount of induced current) increases if:
e The conductor (wire) is rotated faster so that the rate at which the magnetic flux changes, increases;
e the magnetic field is stronger (use stronger magnets);
\- there are more turns (loops) on the coil, so that the length of the conductor (wire) moving through the field is increased.
J

The direct current (DC) cycle

In DC (direct current), the current keeps the same voltage (and direction) in
every cycle; that is, every time the generator or dynamo turns over through
one revolution (full cycle).

The direct current (DC) cycle

35 5HE

w= Vinax ——
E r < <
@
—]

T o+ ra v X

F i 5 F LY
g D !{ i. ‘\. J'” ‘\
- — =
= 1 Revolution 1 AC cycle —

When the coil is vertical When the coil is horizontal
e ab and cd are parallel to the e ab and cd are perpendicular to the
normal to the magnetic field, and normal to the magnetic field, and
do not cut through the magnetic therefore cut through the magnetic
field field

* there is no changing magnetic flux | ¢ there is a changing magnetic flux
* .. noemforcurrentisinduced in e .. emfand current are induced in

the coil the coil
e ~V=0VandIl=0A e V=V andl =1,
e The emf and current are always
positive.
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8.1.2 The difference between AC and DC generators

A direct current generator (dynamo) generates direct current instead of alternating current.

Alternating current (AC) generator

Direct current (DC) generator

Slip Rings

Galvanometer

Coil

Commutator

Galvanometer

Similarities between AC and DC generators

¢ Both convert mechanical energy to electrical energy.

e The coils are turned mechanically (e.g. by steam, flowing water or wind).

e The induced emf increases and decreases during each cycle.
* When the coil cuts through the magnetic field, the changing magnetic flux induces an emf and electric

current in the coil.

e The induced V and | have maximum values twice during every cycle.

¢ Carbon brushes collect the current.

Differences between AC and DC generators

AC generator

¢ The coil is connected to slip rings.

e The same part of the coil is always connected to the
same slip ring.

e The current in the slip rings changes direction when
the current in the coil reverses.

* The brushes collect the alternating current (AC)
from the slip rings.

DC generator
¢ The coil is connected to a split ring commutator.

* A brush makes contact with a different half of
the split ring commutator during each half of the
rotation (cycle).

* One brush always makes contact with the positive
half of the split ring commutator and the other
brush always makes contact with the negative half
of the split ring commutator.

* The brushes collect DC from the split ring
commutator.

© Department of Basic Education 2015
Mind the Gap Physics

UNIT 8 ELECTRODYNAMICS: ELECTRICAL MACHINES 121




8.1.3 Electric motors
Parts of the direct current (DC) motor
axis_ _q_f rotation

—_— ) -
A I

split ring commutator

-
Fixed carbon brusﬁes

Use Fleming’s Right Hand Rule to determine the direction of the force on
the conductor -the direction in which the coil turns. Remember: the current
is in the direction of the middle finger or palm, whereas the magnetic field
is in the direction of the fingers (or index finger), and the thrust (motion) is

in the direction of the thumb.

w
I

Mation g Forca —

Magnetic Figld — g
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8.1.4 The working of a simple DC-motor

Step 1: Coil horizontal at 0° Step 2: Coil vertical at 90°
¢ the split ring commutator makes contact with the ¢ the openings in the split ring commutator are
brushes .". current flows through the coil opposite the brushes
e aband cd are at 90° to the magnetic field e .".no current flows through the coil

* the magnetic field is from N to S (fingers left to right) | « - nho resultant force on the coil

* abis connected to the + terminal e BUT coil's momentum carries it past the vertical

."..conventional current position

from b to a (thumb from

b to a) STEP | STEPII
e ..palm facesup..

DOWNWARD force on ab ,.-----.,_'“'aﬁ‘-‘" diraction +--.._otation direction

« cd is connected to the - : k
terminal .. conventional
current fromdtoc
(thumb from d to ¢)
.. palm faces down .".
UPWARD force on cd

¢ the 2 forces cause a
resultant torque (turning
force) on the coil

e .. it rotates anticlockwise

-
fielddirection | =% | | = pmeeseeeeeeee >

fiald direction

Step 3: Coil horizontal at 180° Step 4: Coil vertical at 270°
e The split ring commutator makes contact with the ¢ The openings in the split ring commutator are
brushes again .. current flows through the coil opposite the brushes again .. no current flows
* aband cd are at 90° to the magnetic field through the coil
* the magnetic field is from N to S (fingers left to * .. no resultant force on the coil
right) e BUT coil's momentum carries it past the vertical
 ab is now connected to the — terminal position back to the original position in Step 1
. conventional current from a to b (thumb fromato | * thefirst cycle is complete and the process is
b) repeated.
STEP Il
e .. palm faces down .". STEP IV
UPWARD force on ab

) ---._rotation direction
 cd is connected to the + ¥ oo

terminal .. conventional
current from ¢ to d (thumb
from ¢ to d)

--.._ rotation direction

e .".palm faces up ..
DOWNWARD force on cd

* the 2 forces cause a fiald direction
resultant torque (turning
force) on the coil

“fleld direction

e .. it continues to rotate
anticlockwise

Increasing the speed at which the DC motor rotates (turns)

The coil will turn faster if:

e the current in the coil increases;

e the number of turns on the coil increases;

e the strength of the magnetic field increases.
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8.1.5 The differences between AC and DC

motors

Alternating current (AC) motor

Direct current (DC) motor

Coil

Slip Rings

Coil

Battery

AC power supply

e DC power supply (battery)

Fixed magnets supply a fixed magnetic field from N
to S and the brushes make contact with slip rings
to supply the AC to the coil OR

AC electromagnets supply a magnetic field that
changes direction during each AC cycle and the
brushes make contact with a split ring commutator
to supply the AC to the coil

* Brushes contact with split ring commutator to
supply the DC to the coil

Used for heavy loads e.g. washing machines,
electric drills

» Used for small loads e.g. hair dryers, toy cars
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8.1.6 Differences between a motor and a

generator

An electric motor and an electric generator are basically the same device.
The primary difference is in the case of a motor, electricity is used to turn
it, whereas in the case of a generator, turning it mechanically generates
electricity.

Direct Current (DC) Motors Direct Current (DC) Generators

Coil Coil

Battery
Galvanometer

¢ Connected to a battery. The battery is a source of ¢ NOT connected to a battery.
electric energy.

* Converts electrical energy to mechanical energy. * Converts mechanical energy to electrical energy.

¢ The magnetic fields of the magnets and those * The coil is turned mechanically (e.g. by steam,
around the current-carrying conductor, interact. flowing water or wind).

* The resultant magnetic field exerts a magnetic force | * When the coil cuts through the magnetic field of the
on the coil. magnets, there is a change in the magnetic flux.

e The coil turns due to the resultant magnetic force e According to Faraday’s Law of Electromagnetic
acting on it. Induction, a change in magnetic flux induces an

emf across the ends of the coil and current is
induced in the coil.

8.1.7 Electrical motors in everyday life

In practice, motors turn evenly at a high speed. The coil in a motor consists
of a soft iron core, surrounded by coils. This coil forms the armature. Most
armatures have many coils, which are placed at different angles. Each coil
in the armature has its own commutator. This results in a bigger turning
effect which makes the motor turn evenly. A very important example of an
electric motor is the starter motor of a car, which turns the car engine over
in order to start it. The purpose of the car battery is to power the starter
motor (and other things like lights). When the car is running, the petrol
motor turns a generator over which then recharges the battery.

Some motors, e.g. an electric drill, can also use alternating current
because they contain electromagnets and not permanent magnets. As the
alternating current flows in the coil, the magnetic field changes direction.
Thus the motor continues to turn in the same direction.
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8.2 Alternating current circuits

*  Frequency: The frequency (f) of an alternating current supply is the
number of complete cycles per second and is measured in hertz (Hz).
In South Africa electricity is supplied by Eskom power stations and
has a frequency of 50 Hz.

e Period: The period (T) of an alternating supply is the time taken to
complete one cycle. If the frequency of the AC current is 50 Hz,

1

T=1-2-002s

50 ~

8.2.1 Voltage and current in an AC circuit

emf induced by an AC generator

Current induced by an AC generator

VI'I'II.K

=
3
@

time (s)

Potential Difference

‘Vmu

= 1 AC cycle

—

=

E >
3 time (s)
o

=lmax
—— 1 ACcycle —

V varies in cycles
- between zero and V,,,,
- between + and - values
as a function of time (i.e. over time)
Voltage changes polarity twice in one AC cycle

V..o« IS read at the crest (top) of the voltage curve and
is the amplitude of the voltage curve

V... IS reached twice in 1 AC cycle
Vs IS root mean squared voltage, measured in volts (V)

Vmax
Vims = NG

| varies in cycles
- between zero and | max
- between + and - values
as a function of time (i.e. over time)
Current changes direction twice in one AC cycle

lax IS read at the crest (top) of the current curve and is
the amplitude of the current curve

lax IS reached twice in 1 AC cycle
l.ms IS rOOt mean squared current
measured in amperes (A)

I _ Imax

ms — 2

-
—
~~

DEFINITION

Root mean squared voltage

The root mean squared voltage (V,,) is the equivalent DC voltage value that produces
the same heating effect or power as the changing AC.

V |

V — max | _ max

rms_ﬁ rms_ﬁ

The root mean squared current (o) is the effective current value of alternating current.

* Root mean square (rms) values are the AC equivalent of DC emf.
e If a DC circuit has an emf of 100 V and an AC circuit has a V,,,, of
100V, the circuits would use the same amount of power.
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8.2.2 Electric power in an AC circuit

-
~ N
DEFINITION
Electrical power (P) is the rate at which energy is transferred or transformed from one
type to another.
Summary
AC circuit DC circuit
10% AC 100V DC
O k[t
1 —
| I L
Veax =142 -
Vims = 100 =
ms }
. E 100
E ’ Time (s) w
E
w
“Vimax Time (s)
Vmax _ —
Vims =15 = 100V V=100V
Vrms V
R = | '.'Vrms_ IrmsR R=TV= IR
" er52 — — V2
Pavg = Vrmslrms = |2rmsR R P=VI-IPR= R
Pug average power watt W)
Vies & rms potential difference volt V)
lims : rms current ampere (A
R : resistance ohm Q)
- /

Remember:
1 megavolt = 1 x 10° volt
1MV=1x10°V

© Department of Basic Education 2015
Mind the Gap Physics

UNIT 8 ELECTRODYNAMICS: ELECTRICAL MACHINES 127




8.2.3 Advantages of alternating current

s
I

e

Power Station Step-up
Transformer

The most important advantage of AC is the fact that the potential
difference can be changed by using transformers.
Transformers can only function with alternating current.

Transmission

Lines
P
= o
Industrial Substation Household
Consumers (Step-down Consumers
(Factories) Transformer) (Homes)

The power in a transformer remains constantand P=VI ..V« %

At power stations step-up transformers are used to increase (step-up)
the voltage which decreases the current.

The voltage is increased to between 130 and 750 MV

This allows electrical energy to be transmitted in electric cables over
long distances while the current is low.

The loss in energy due to the heating effect of the cables is low when
the current (I) is small:

W = |2Rt Wtransformed to heat o< |2

Conducting cables are thick to help decrease the energy lost as heat
during transmission.

Factories need high voltage (+ 10 kV).

In towns step-down transformers are used to decrease (step-down)
the voltage to £ 220 V. You can see these at the side of the road in
most suburbs; they are painted dark green.

128 UNIT 8 ELECTRODYNAMICS: EL

ECTRICAL MACHINES © Department of Basic Education 2015
Mind the Gap Physics



Q Activity 1

S—
A simplified sketch of a generator is shown below.

direction of
rotation ™

1. Isthe output voltage AC or DC? Give a reason for your answer. (2)
2. What type of energy conversion takes place in the above
generator? 2)
3. State TWO effects on the output voltage if the coil is made to
turn faster. (2)
4. What is the position of the coil relative to the magnetic field
when the output voltage is a maximum? (1)
[7]
Solutions
1. AC —The generator has slip rings. v v (2)
2. Mechanical v energy is converted to electrical energy. v (2)
3. Output voltage incre‘gses and the number o'f/cycles per second
increases. / (2)
4. The coil position is parallel to the magnetic field. (1)
[7]
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Q Activity 2
—y

Lights in most households are connected in parallel, as shown in the
simplified circuit below. Two light bulbs rated at 100 W; 220 V and 60 W;
220 V respectively are connected to an AC source of rms value 220 V. The

fuse in the circuit can allow a maximum current of 10 A.

10A
Fuse 2
220V @ 100 W ® 60 W
b
1. Calculate the peak voltage of the source. (3)
2. Calculate the resistance of the 100 W light bulb when
operating at optimal conditions. (3)
3. An electric iron, with a power rating of 2 200 W, is now
connected across points a and b. Explain, with the aid of a
calculation, why this is not advisable. (5)
[11]
Solutions
Vmax
1. V= NG v
v v
220 = % SV =311,1V (3)
V2
2. P=—t=/
220% .
100=T‘/.. R=484 Q/ (3)
3. Pue=Vigms v 2200 = (220),1,s v
| = 2200
ms — 220
l.e=10AV
The iron draws 10 A of current. Together with the lights the
total current will exceed 10 A causing the fuse to blow. v v (5)
[11]
130 UNIT 8 ELECTRODYNAMICS: ELECTRICAL MACHINES © Department of Basic Education 2015

Mind the Gap Physics



‘; Activity 3
S—

The essential components of a simplified DC motor are shown in the
diagram below.

axis of rotation

L

e
il '?;.\,{, 5_..
I\\ Qg: | S

'b_.]'l

)

When the motor is functioning, the coil rotates in a clockwise direction as
shown.

1. Write down the function of each of the following components:
a) Split-ring commutator (1)
b) Brushes (1)
2. What is the direction of the conventional current in the part of
the coil labeled AB? Write down only FROM A TO B or FROM B
TOA. (1)
3. Will the coil experience a maximum or minimum turning effect
(torque) if the coil is in the position as shown in the diagram

above? (1)
4. State ONE way in which this turning effect (torque) can be
increased. (1)

5. Alternating current (AC) is used for the long-distance
transmission of electricity.
Give a reason why AC is preferred over DC for long-distance
transmission of electricity. (2)
6. An electrical appliance with a power rating of 2 000 W is connected
to a 230 V rms household mains supply.
Calculate the:

a) Peak (maximum) voltage (3)
b) rms current passing through the appliance (3)
[13]
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Solutions

1. a) Reverses‘/current direction in the coil every half cycle. (1)

b) Connects external circuit to split ring commutator. (1)
2. BtoA / (1)
3. Maximum v/ (1)
4. |Increase current strength v/ Increase number of coils v/

Use stronger magnets. v/ (any one) (1)
5. AC can be stepped up to high voltages and low current. v/

Less energy loss with low current (W = I?RAt). v (2)

Voax . Vinax

6. a) V.= N1 v/ ..230/ = 75 Vi = 325,27V (3)

b) Poo=Vodne
2 000 = (230)l,,., v/
l.e = 2000 / 230
l.=8695A (3)

[13]
Q Activity 4
—v

Electric motors are important components of many modern electrical
appliances. AC motors are used in washing machines and vacuum
cleaners, and DC motors are used in toys and some tools.

1. What energy conversion takes place in electric motors? (2)
2. What is the essential difference in the design between DC
motors and AC motors? 4)
3. List THREE ways in which the efficiency of the motor can be
improved. (3)

4. Consider the diagram. The conventional current direction is
indicated by the arrows.
a) In which direction (clockwise or anti-clockwise) will

the coiled armature rotate if the switch is closed? (1)

b) Why does the armature continue moving in the same
direction once it has reached the vertical position? (2)
[12]

.
current
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Solutions

1. Electric energy'/converted to mechanioal'énergy. (2)
2. A DC motor reverses current direction with the aid of the
commutator whenever the coil is in the vertical position to ensure
continuous rotation. 4
An AC motor, with alternating current as input, works
without commutatoré/since the current alternateéfslip rings

can be used. v (4)
3. Increase the number of turns on each coil; increased

current;‘étronger magnets. / (3)
4. a) Anticlockwise (1)

b) The armature’s own momentum v/ the split ring
commutator changes direction of current, every time
the coil reaches the vertical position. v/ (2)

[12]
{) Activity 5
S—

In the circuit the AC source delivers alternating voltages at audio frequency

to the speaker.

1. What is the peak voltage that the source can deliver? (3)
2. Calculate the average power delivered to the speaker. (7)
[10]
15 Vims 1\9 [:(]10.4 0
Solutions
1. V,.=Vo/V2 V
V= % /=2121V/ (3)

2. Ryw=82+104/=1860Q/
|=%/=15/18,6=081A v/

P=1?R/ =(0,81)%10,4) / =6,76 W (7)
[10]
Keep going!
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Unit

Optical phenomena
and properties of
materials

9.1 Electromagnetic waves and
visible light: Revision

9.1.1 Electromagnetic waves

Electromagnetic waves consist of electric and magnetic fields. These fields are
perpendicular to each other and to the direction in which the wave is propagated
(the direction in which it travels).

You must remember:

* Electromagnetic waves travel through a vacuum at 3 x 108 m-s™

e They increase in frequency and energy from radio waves (lower frequency
and less energy) to gamma rays (higher frequency and more energy)

* They increase in wavelength from gamma rays (shorter wavelength) to radio
waves (longer wavelength)

* The visible light spectrum is part of the electromagnetic spectrum (shown

below).
Penetrates
Earth [ v ] N N
Atmosphere?
103 10°2 105 5x106 108 1010 1012
About thei;\/\/_\/\/\/\/\[\/W\ﬂmm
hii~é® & + o
! . | . =
Buildings Humans HoneyBee Pinpoint Protozoans  Molecules Atoms  Atomic Nuclei
Frequency
(Hz)
104 108 1012 1015 1016 1018 1020
Temperature
of bodies emitting )
the wavelength
b 1K 100K 10,000K 10 Million K
The electromagnetic spectrum (Source:http;//en.wikipedia.org/wiki/Electromagnetic_spectrum)
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9.1.2 \Visible light

Visible light is part of the electromagnetic spectrum. You must remember:

Visible light increases in frequency and energy from red (lower
frequency, less energy) to violet (higher frequency, more energy)
Visible light increases in wavelength from violet (shorter wavelength)
to red (longer wavelength).

Visible light has a dual nature because it has wave properties while
it is propagated (transmitted) and it has particle properties when it
strikes and interacts with other matter (the photoelectric effect).

9.2 The photoelectric effect

The photoelectric effect is used in solar panels to generate electricity. The
photoelectric effect refers to the ability of light to cause metals to release
electrons. You must remember:

DEFINITIONS

Light energy is transmitted in ‘packages’ which are called photons.
Each photon consists of a certain amount of energy which is called a
quantum.

The amount of energy (E) in a quantum is directly proportional to the
frequency (f) of the light.

An electron needs a minimum amount of energy to be released from
an atom. So the photon providing this energy must have a minimum
frequency before it will allow an electron to be released from the
metal surface.

When light shines on a surface (like a metal), the photons collide
with the atoms in the surface.

All the energy of the photon (E = hf) is transferred to the atom with
which the photon collides.

If an electron in an atom on the surface of the metal gains sufficient
energy during the collision, it is ejected from the metal surface and is
called a photoelectron.

—
—
d

~

The photoelectric effect is the process whereby electrons are ejected from a metal
surface when light of suitable frequency is incident on (falls on) that surface.

The work function (W,) of a metal is the minimum energy that is required to emit a
photoelectron from the surface of the metal.

The threshold frequency or cut-off frequency (f,) is the minimum frequency of
the incident photons (light) that is required to emit a photoelectron from the surface
of the metal.

energy o frequency and  work function < threshold (cut-off) frequency
: Eoc f and W o< 1,
E=hf and W, = hf,

=

Dual nature of light:

Wave nature during
propagation proved
by diffraction and
interference

Particle nature
during interaction with
matter proved by the
photoelectric effect

The formula ¢ = fAis
used to calculate the
speed of light, where ¢
(3x102m-s™)is

the speed of light in
metres per second, A
is the wavelength in
meters (m) and fis the
frequency in hertz (Hz).

The formula E = hfis
used to calculate the
energy of radiation,
where

E is the energy of
radiation in Joule (J), h
is Planck's constant

(6,63 x 10** J-s7") and

fis the frequency in
hertz (Hz).

=

/
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9.2.1 Changing the frequency and intensity

of the incident light

The intensity of a light wave is measured by the power (wattage) of
the light source. An 8 W (watt) CFL lamp is dim but a 16 W CFL lamp
is bright.

It also depends on the type of light. So, for example, Light Emitting
Diode (LED) lights use very little power but are very bright, Compact
Fluourescent Lights (CFLs) use a mid-range amount of power and are
bright for the amount of power they use, and Tungsten Filament or
Incandescent Lamps use a lot of power for the amount of light they
provide E.G. 60 W, 100 W.

This means that the same type of light with a higher wattage will be
brighter than the same type of light with a lower wattage.

When the frequency of the incident light (the light falling on the metal)
is greater than the threshold frequency, changes to the intensity

(brightness) and the frequency cause these changes:

Increasing the frequency of
incident light

The frequency of the incident
light is increased while its
intensity (brightness) remains
constant:

e The same number of
photoelectrons are
emitted from the surface
of the metal

e the kinetic energy of the
photoelectrons increases

* the speed at which the
photoelectrons move
away from the metal
increases

BUT

e the same number of
photons strike the metal
surface per second and

e the same number of
photoelectrons are
emitted from the metal
surface per second;

i.e. the rate at which
photoelectrons are
emitted, remains
constant.

Increasing the intensity of
incident light

The intensity (brightness) of
the incident light is increased
while its frequency remains
constant:

¢ More photoelectrons are
emitted from the surface of
the metal

e the energy of each photon
remains constant as the
frequency is constant and

* the kinetic energy and
speed of the emitted
photoelectrons remains
constant so that

* the speed at which the
photoelectrons move away
from the metal remains
constant

BUT

* more photons strike the
metal surface per second
and

¢ more photoelectrons are
emitted from the metal
surface per second; i.e. the
rate at which photoelectrons
are emitted, increases.
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9.2.2 Calculating energy of photoelectrons

work function of the metal

) kinetic energy of
energy of the light photoelectrons

T~

E= WO + El(
hf = hf, + Vsmv?

/ \ velocity of the

frequency of the light photoelectrons

threshold frequency
of the metal

9.2.3 Conditions for emission of photoelectrons

1 flight <f 2 flight =1 3 flight > 1
Ejgre < W, Eigre = W Ejgne > W,
fige < N, fige = N, fig > N,
Photoelectrons: Photoelectrons: Photoelectrons:
e are not emitted. e are emitted onto the surface of the | ® are emitted from the surface of the
metal metal
e don't have kinetic energy e have Kinetic energy
e don’t move away. ® move away.
f<f, f=f E,=0J f>f, © =n
E<W, = i 1 ; E,z?J
0 E =W, ev-Om.s E>W, v=?ms"’
© © © © ©
o090 "o oo 0% o 0%
-
~ ~
E.  energy of light )
Planck’s constant (6,63 x 10734 J-s7)

f.  frequency (H2)

W,: work function )

E. kinetic energy )

v:  velocity of electrons (m-s™)

\m: mass of electron (9,11 x 1073 kg)
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9.2.4 Another example of the photoelectric
effect

A photoelectric diode in an electric circuit is another example of the
application of the photoelectric effect. When photons (light) with a
frequency higher than the cut-off frequency of the metal cathode shines
on the cathode, photoelectrons are emitted.

Photoelectric diodes are used in:

e smoke detectors
e light meters in cameras
* remote controls and

* CD players.
Photoelectrons
4-0/ A
light beam
Cathode

Consists of photons )u - Metal with a specific

(energy packages) E =hf work function (W)
Anod€”

A photoelectric diode in an electric circuit

Worked example 1

Calculate the energy of a light wave with a wavelength of 660 nm.

When the wavelength
is given, always calculate
the frequency first.
Convert nm to m
660 nm = 660 X 1077 m

Use ¢ = Nf
Then calculate the
energy using E = hf.

Solutions

C =AM

S.3x108=660x 10°f
f=3x108 - 4,55 x 10* Hz

E = hf

E = (6,63 x 10-3%)(4,55 x 10%)
E=3,02x101°)
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Worked example 2

A learner wants to demonstrate the photoelectric effect.

He uses a disk of zinc placed on an electroscope.

The work function (W) of zinc is 6,9 x 10710 J.

1. Define the concept work function.

2. Calculate the maximum wavelength of light that will eject electrons from the zinc.

3. The electroscope is negatively charged and then exposed to ultraviolet light from a
mercury discharge lamp. One of the wavelengths of the light is 260 nm. Calculate
the kinetic energy of an electron emitted from the zinc disk by a photon of this light.

Solutions

1. The work function (W,) of a metal is the minimum energy that is
required to emit a photoelectron form the surface of the metal.

2. E=nf and Cc =M
6,9 x 101 = (6,63 x 103 f 3 x 108 =\ (1,05 x 10%)
f=1,04 x10% Hz A=288x10"m
3. E=W,+E,
E=hf
hf =W, + E,

(6,63 x 10719)(1,15 x 10%) = 6,9 x 10 ° + E,
E, = (7,63 x107%) - (6,9 x 107%9)
E,=7,3%x102°)
And

C =AM

3x10%8=(260x 10°)f

f=3x108%/(260 x 107°)

f=1,15x 10% Hz

Remember:
Convert nm to m
260 nm
=260 x 1077 m
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Q Activity 1
—w

A metal surface is illuminated with ultraviolet light of wavelength

330 nm. Electrons are emitted from the metal surface. The minimum
amount of energy required to emit an electron from the surface of this
metal is 3,5 x 107%° J,

-?/H
Ultraviolet electrons
light
O o
©O" 0 0 0
1. Name the phenomenon illustrated. (1)
2. Give ONE word or term for the underlined sentence in the above
paragraph. (1)
3. Calculate the frequency of the ultraviolet light. (3)

4. Calculate the kinetic energy of a photoelectron emitted from the
surface of the metal when the ultraviolet light shines on it. (3)

5. The intensity of the ultraviolet light illuminating the metal is how
increased.
What effect will this change have on the following?
a) Kinetic energy of the emitted photoelectrons. (Write down only
INCREASES, DECREASES or REMAINS THE SAME.) (1)
b) Number of photoelectrons emitted per second. (Write down
only INCREASES, DECREASES or REMAINS THE SAME.) (1)

[10]
Solutions
1. Photoelectric effect. v/ (1)
2. Work function. v (1)
3. c=AM V
3x108=(330x 109 f v
f=9,09x 10 Hz v (3)
4, E.=hf-wW, v 330nm=330x10°m
= (6,6 x 103%)(9,09 x 10*) - 3,5 x 10°1°
= 6,0x10%°-35x%x 10 v
=25x0%) vV (3)
5. a) Remainsthesame. v (1)
b) Increases. / (1)
[10]
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Q Activity 2

g
In the simplified diagram below, light is incident on the emitter of a
photocell. The emitted photoelectrons move towards the collector and the
ammeter registers a reading.

incident light
)

o
—
emitter collector
potential O ( : )
Odifferen-::e
1. Name the phenomenon illustrated above. (1)

2. The work function of the metal used as emitter is

8,0 x 10-%°J. The incident light has a wavelength of

200 nm. Calculate the maximum speed at which an electron

can be emitted. (6)
3. Incident light of a higher frequency is now used.

How will this change affect the maximum kinetic

energy of the electron emitted in the question above?

Write down only INCREASES, DECREASES or REMAINS

THE SAME. (1)
4. The intensity of the incident light is now increased.

How will this change affect the speed of the electron calculated in

QUESTION 11.1.2? Write down INCREASES, DECREASES or REMAINS

THE SAME. Give a reason for the answer. (2)
5. A metal worker places two iron rods, A and B, in a furnace.

After a while he observes that A glows deep red while B glows

orange. Which rod A or B has higher energy of radiation?

Give a reason for your answer. (2)
6. Neon signs illuminate many buildings.
What type of spectrum is produced by neon signs? (1)
[13]
© Department of Basic Education 2015 UNIT 9 OPTICAL PHENOMENA AND PROPERTIES OF MATERIALS 141

Mind the Gap Physics



Solutions
1.

2.

Photo-electric effect v/ (1)

E=W,+E v/

hf = hf, + E, v/

m = W + im 2 /

A oTMmv

(6,63 x 10%4)(3 x 10°%)
200 x 10-°

Increases v/ (1)

/=8x107°/ +3911x 10N/ (6)

Remains the same v
Intensity only affects number of photoelectrons emitted per

second. v/ (2)

Bv

Orange light has a higher frequency than red light. v/ (2)

Line emission (spectra) v/ (1)
[13]

Q Activity 3
=

During an investigation, light of different frequencies is shone onto
the metal cathode of a photocell. The kinetic energy of the emitted
photoelectrons is measured. The graph below shows the results

obtained.
Graph of kinetic energy versus frequency
N
y
E4

=

==

2

@

c

@

£

@

=

&

0 >
0 5x10" 10x 10™ 15x 10™
Frequency (Hz)

1. For this investigation, write down the following;:

a) Dependent variable (1)

b) Independent variable (1)

¢) Controlled variable (1)
2. Define the term threshold frequency. (2)
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3. Use the graph to obtain the threshold frequency of the metal
used as cathode in the photocell. (1)

Calculate the kinetic energy at E, shown on the graph. (4)

5. How would the kinetic energy calculated in QUESTION 11.4
be affected if light of higher intensity is used? Write down only

Ea

INCREASES, DECREASES or REMAINS THE SAME. (1)
[11]
Solutions
1.a) Kinetic energy v/ (1)
b) Frequency v/ (1)
c) (Type of) metal v/ (1)
2. The minimum frequency needed to emit electrons v* from the
surface of a metal. v/ (2)
3. 9x10%Hz/ (1)

4. E=W,+Ek/
hf = hf, + Ek
(6,63 x 1073%)(14 x 10™) / =
(6,63 x 10-3)(9 x 10%) + E, v/

therefore E, = 3,32 x 10 J / 4)
5. Remains the same v (1)
[11]

Keep going!
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All images on
pages 144,145
and 146 are in
colour on the
inside front cover.

Unit

Emission and
absorption spectra

Summary

When a light ray passes from one optical medium to another, the ray is
refracted and its speed and direction change.

The pattern which forms when a ray of light is broken up into its component
frequencies is called a spectrum. The light is broken up by the individual
rays of different frequencies being refracted or having their path “bent”

as they go through optical (transparent) media of different optical density
(different degrees of transparency/light conductivity).

Spectra can be observed with a diffraction grating, a spectroscope or a
prism, or in a rainbow after a storm.

(Source: http://en.wikipedia.org/wiki/Prism)

10.1 Continuous emission spectra

The spectrum produced when white light passes through a prism is called a
continuous spectrum.

The spectrum emitted by the sun is a continuous emission spectrum.

The colours in the spectrum follow on each other without any gaps between
them. A familiar example of a spectrum is a rainbow that one sees after a
thunderstorm.
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10.2 Atomic emission spectra

e Atomic emission spectra are produced when a gas is heated or by
passing an electric current through it in a gas discharge tube.

* The electrons in the atoms of the gas absorb the energy and become
excited and move to a higher (excited) energy level. This high energy
state is unstable.

* When excited electrons return to the ground state or a lower energy
level, the energy is released in specific energy packets called
“photons”, or light particles.

e The gas becomes incandescent (glowing).

e The energy of the emitted photon equals the energy difference
between the two energy levels. The energy of light is directly
proportional to its frequency and the frequency of light determines
its colour.

¢ Only the frequencies (colours) of light that are in the visible range,
that are emitted by the atoms, are seen by the eye. Colours out of
the visible range, such as ultraviolet and infrared are not seen. The
range of frequencies emitted by a particular substance are called
a line emission spectrum as most substances do not emit the full
spectrum; instead, they emit a particular pattern of frequencies.

* The atoms of each element have a unique set of energy levels, so the
line emission spectrum is a set of discrete coloured lines with dark
spaces in between where those frequencies are not being emitted.

e The line emission spectrum for each element is unique to that
element, and can be used to identify that element. For example,
amber street lamps have a sodium lamp in them, and thus produce
an amber light, as sodium emits primarily in the yellow band.
Likewise, fireworks’ colours are determined by the chemicals used in
them. So, for example, bright red is produced by strontium (Sr), blue-
green by copper (Cu), and so on.

e Scientists are able to tell what elements are present on distant
planets and stars by projecting their light through a prism and
capturing the line emission spectrum.

Emission spectrum of Iron (Fe)

Viclet Indige Blue Cyan  Green Yellow Orange Red

Violet Blue Cyan Red

Emission spectrum of Hydrogen (H)
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< A
DEFINITIONS

discrete: clear and individual,
separate

incandescent: glowing

ground state: lowest stable
energy state

excited state: high and

unstable energy state

10.3 Atomic absorption spectra

An atomic absorption spectrum is a continuous spectrum where certain
colours or frequencies are missing. These frequencies appear as dark
lines in the spectrum. The region A-B in the diagram below is Infrared. The
region B-C and part way to D is red. The region C-D is orange. The region
D-E is green. The region E-F is cyan/light blue. The region around F is blue.
The region F-G is indigo, and G-H violet. The region KH is ultraviolet.

[4

T |I|I|I|I|I|I i ;l TR ||||||||||||||| ||||; | ||||||||| L ||||
A0

wavelength in nm

(Source: Wikimedia Commons)

You must remember:

e Atomic absorption spectra are produced when light passes through a
cold gas.

* The electrons in the atoms of the gas absorb energy from the light
and become excited and move to a higher (excited) energy level.

* The energy of the absorbed light energy equals the energy difference
between the two energy levels.

* The energy of light is directly proportional to its frequency and the
frequency of light determines its colour.

e The light that has not been absorbed by the gas, reaches the eye and
therefore shows the range of frequencies in the atomic absorption
spectrum.

* The atoms of each element have a unique set of energy levels, so
the atomic absorption spectrum is a continuous spectrum with
a few black lines. These lines represent the colours (and hence
frequencies) of the light that were absorbed by the gas atoms’
electrons.

e The atomic absorption spectrum for each element is unique to that
element, and can be used to identify that element.

* The dark lines represent the same frequencies of light that are
emitted in the same element’s atomic emission spectrum. If an
atomic emission spectrum and an atomic absorption spectrum are
combined for a specific element, we see a continuous spectrum.

146 UNIT 10 EMISSION AND ABSORPTION SPECTRA © Department of Basic Education 2015

Mind the Gap Physics



Q Activity 1
—

1. What is the approximate wavelength range of visible light? (2)
2. Name five wavelength ranges and their uses. (5)
3. How can a scientist tell what elements are present on a star? (3)
4. What is the approximate wavelength of red light? And violet? (2)
5. What does the wavelength of UV tell you about its energy levels? (2)
6. Does microwave radiation or gamma radiation have more energy
per photon? (1)
7. Give one example of a colour in fireworks achieved through
emission spectra. (1)
[16]
Solutions
1. 400 nm (V) to 700 nm (V') (One mark per correct value) (2)

2. \Visbile light: to see (v); Xrays: to inspect bones without surgery
(v); Gamma rays: to kill bacteria (v); UV: suntanning (v), helps
bees navigate (v'), powers photosynthesis (v'); Infrared: night
vision (v'), heat radiation (v'), some lasers (v'); Microwaves:
telecommunications (v), radar (v'), ovens (v'); Radio waves:
telecommunications (v/). (any b) (5)

3. She can project the light from the star through a spectroscope
(v") which splits it into its components (v'). She can then
compare the spectrum to known emission spectra of known

elements (V). (3)
4. Any value 700-600 nm (V) (it's continuous); Any value near

400-450 nm (V). (2)
5. UV has a short wavelength (v') which means that it has

high (v') energy levels. (2)
6. Gamma. (V) (1)

7. Cu/ Copper: blue / green / cyan / blue-green / turquoise (v');
Strontium / Lithium: Red (v); Iron / Sodium / Calcium / Na / Fe /
Ca: orange / yellow (v'); Magnesium / Mg / Aluminium / A{: White
(v'); Potassium/K: lilac / violet (v'); Green: Barium / Ba (V) (light
green), possibly Copper / Cu (darker green) (V). (any one) (1)
[16]

Well done!
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