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files with a few additions from J A Hargreaves on how she teaches the material. Thisrduesake it fixed that this is
the only way b teach. Tis is the things | have taugthe topicover the yearslf we follow it to some extent, uigg the
same terms etc. it wilgive all students a similar experience and give confidence to staff who fiegy a little out of their
depth with the physics. As usual this is applicationand skills led course and it is as important for students to learn
practical skills and confidence as they are to learn the contdtiease do as little talk and chalk as ggible.
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Prior to the course

Please introduce students to what Physics is. @tgnand Biology are easity describe to students than Physics and it is
FYFTAYy3 K2g Ylye atGAtf R2y Qi lokglafieBsitting irda2PRyRicsOlasy OSLIG 2F 6 KI 0

| What is Physics? |

Physics is the scientific study of matter and energy and how they interact with each other. This energy can take the form of
motion, light, electricity, radiation, gwity . . . just about anything’hysics deals with matter from salbomic particles (i.e. the
particles that make up the atom and the particles that make up those particles) to stars and even galaxies.

Or summing up

Physics is the subject that delvésxplores)into our wonderfully andbeautifully made universe and tries to describe things
using laws.

I How Physics Works

Physics wes the scientific method to formulate and test hypotheses that are based on observation of the natural world. The goal
of physics is to ughe results of these experiments to formulate scientific laws, usually expressed in the language of
mathematics, which can then be used to predict other phenomena.

Theoretical physics is theea of physics that is focused on develgptinese laws, and using them noake newpredictions.
These predictions from theoretical physicists then create new questions that experimental physicists then develop experiments
test.

I Aims of the Course(including SALS) \

Thisis a practicatourse, whihfocuses on skills as well as content and knowledge. | am lookistuftents 6 confidentlybe

able tovisually inspect electrical equipment and have an idea of why an electrical appliance might ndtamorot expecting

any student to be handling ans equipment, but it might be possible for them to check wiring and change a fuse. This must
come with a health warning that getting it wrong can be fatal and if in doubt to ask. All work must be completed under adult
supervision (and an experienced aful

SALs

Measuring(current, voltage, length, resistance)

Observingeffects of static current, effects of series and parallel circuits)

Taking Readings (Including Using Alba)

Line Graphgplot a line graph of length of wire against resistance)

Literacy Tak(The Atom/ Definitions)

Evaluating Experimen{®easuring | &V in series and parallel)

Problem Solvinguilding circuits)

Designing, Constructing, Testing & Modifying Solut{edt finding and building circuitg}s well as supplementary
timetodesiy FyR O0dzZAf R OANDdzAGA F2N) 0KS R2ffQa K2dzaSo

< <K<K <K<K <KKLK KL
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Terms To Avoid- Please!

Please avoid using the following terms wherever possible as it will cause trouble later

Electricityg WKI G R2Sa&a GKA& YSIyK AG A& Y2NB | 3 NBedetibing S
Use it for titles only and never for anything specific. (Ditto for gravity)

Current flow ¢ a current is a flow, instead try to use the term electron flow, or flow of charge.

Battery ¢ the thing you useeg double A, triple A areellsand notbatteries. A battery is a collection of cells

Voltage in/ voltage - voltage does not go in, or through. It is a measure of the energy drop per coulomb of charge as

through passes around the circuit.

Current across - current is a flow of electrons atharge and it travels through conductors.

Introduction to the course

This course covers the following outcomes

SCN:2.09, SCN:2.10 SCN:3.09, SCN:3.10a,

Potentially the following could be covered

SCN: 4.09a, SCN: 4.09b, SCN: 4.09¢,SCM4.10a, SCK4.10b

The development of literacy skills plays an important role in all learning.

LIT 3-01a/LIT 4-01a, LIT 3-02a, LIT 4-02a, LIT 3-04a, LIT 4-04a, LIT 3-05a/ LIT 4-05a, LIT 3-06a / LIT 4-06a ,, LIT 3-07a, LIT 4-
07a, LIT 3-09a, LIT 4-09a, LIT 2-10a/LIT 3-10a, LIT 4-10a, LIT 3-10a, LIT 3-13a, LIT 4-13a, LIT 3-14a/, LIT 4-14a, LIT 3-15a
/LIT 4-15a, LIT 3-16a, LIT 4-16a, LIT 3-21a, , LIT 4-21a, LIT 3-22a/ LIT 4-22a, LIT 3-23a, LIT 4-23a, LIT 3-24a, LIT 4-24a, LIT 3-
25a, LIT 4-25a, LIT 3-26a/ LIT 4-26a, LIT 3-28a, LIT 4-28a, LIT 3-29a, LIT 4-29a

| develop and extend my literacy skills when | have opportunities to:

f
f

communicate, collaborate and build relationship, ps

reflect on and explain my literacy and thinking skills, using feedback to help me improve and sensitively
provide useful feedback for others

engage with and create a wide range of texts in different media, taking advantage of the opportunities
offered by ICT

develop my understanding of what is special, vibrant and valuable about my own and other cultures and
their languages

explore the richness and diversity of language, how it can affect me, and the wide range of ways in which |
and others can be creative

extend and enrich my vocabulary through listening, talking, watching and reading.

My learning in numeracy enables me to:

1
f

= =4

develop essential numeracy skills which will allow me to participate fully in society

understand that successful independent living requires financial awareness, effective money
management, using schedules and other related skills

interpret numerical information appropriately and use it to draw conclusions, assess risk, make reasoned
evaluations and informed decisions

apply skills and understanding creatively and logically to solve problems, within a variety of contexts
appreciate how the imaginative and effective use of technologies can enhance the development of skills
and concepts.
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MNU 3-01a (NB When they say accuracy | think they mean precision!), MNU 4-01a, MNU 3-03a, , MNU 3-03b,, MNU 4-03a,
MNU 3-04a , MNU 3-07a, MNU 3-08a, MNU 3-11a, , MNU 4-11a, MNU 3-20a, , MNU 4-20a, MNU 3-22a

Learning in health and wellbeing ensures that children and young people develop the knowledge and understanding,
skills, capabilities and attributes which they need for mental, emotional, social and physical wellbeing now and in the
future.

Each establishment, working with partners, should take a holistic approach to promoting health and wellbeing, one
that takes account of the stage of growth, development and maturity of each individual, and the social and community
context.

| can expect my learning environment to support me to:

develop my self-awareness, self-worth and respect for others

meet challenges, manage change and build relationships

experience personal achievement and build my resilience and confidence

understand and develop my physical, mental and spiritual wellbeing and social skills

understand how what | eat, how active | am and how decisions | make about my behaviour and
relationships affect my physical and mental wellbeing

participate in a wide range of activities which promote a healthy lifestyle

understand that adults in my school community have a responsibility to look after me, listen to my
concerns and involve others where necessary

learn about where to find help and resources to inform choices

assess and manage risk and understand the impact of risk-taking behaviour

reflect on my strengths and skills to help me make informed choices when planning my next steps
acknowledge diversity and understand thatitiseveryone 6 s r esponsi bility to chal

= =4 =A =4 =8 -8 -4

E K]

HWB 0-0la/HWB 1-0la/HWB 2-0la/HWB 3-01la/HWB 4-01a, HWB 0-03a / HWB 1-03a / HWB 2-03a / HWB 3-03a / HWB 4-
03a, HWB 0-04a / HWB 1-04a/ HWB 2-04a / HWB 3-04a / HWB 4-04a, HWB 0-05a / HWB 1-05a / HWB 2-05a / HWB 3-05a /
HWB 4-05a, HWB 0-07a / HWB 1-07a/ HWB 2-07a / HWB 3-07a / HWB 4-07a, HWB 0-09a / HWB 1-09a / HWB 2-09a / HWB 3-
09a / HWB 4-09a, HWB 0-10a / HWB 1-10a/ HWB 2-10a / HWB 3-10a/ HWB 4-10a, HWB 0-11a/HWB 1-11a/HWB 2-11a/
HWB 3-11a/HWB 4-11a, HWB 0-12a / HWB 1-12a / HWB 2-12a / HWB 3-12a / HWB 4-12a, HWB 0-13a/ HWB 1-13a / HWB 2-
13a/HWB 3-13a/HWB 4-13a, HWB 0-14a / HWB 1-14a/HWB 2-14a/ HWB 3-14a / HWB 4-14a, HWB 0-15a / HWB 1-15a/
HWB 2-15a/ HWB 3-15a / HWB 4-15a, HWB 0-16a / HWB 1-16a/ HWB 2-16a / HWB 3-16a / HWB 4-16a, HWB 0-17a/ HWB 1-
17a/HWB 2-17a/HWB 3-17a/ HWB 4-17a, HWB 3-19a, HWB 2-20a / HWB 3-20a / HWB 4-20a HWB 2-20a / HWB 3-20a /
HWB 4-20a, HWB 2-21a / HWB 3-21a, HWB 3-23a, HWB 3-24a, HWB 3-33a, HWB 3-41a/ HWB 4-41a
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Teachers INTRO

LG ¢2dzZ R 0SS 3I22R G2 ¢gKSSt Ay GKS R2f { héreidirBedztitl® endf tRe cauic® ¢ G
iKS &iGdzRSyda OFy o0dAtR a2YSGKAYy3a F2N ofpete &tdrithe@si) K2dzaS oG

The students are aiming to be awardeldde Ohm Comforts Official Members Badge, you can find sheets of these for printing in
Resources

Mhm
CUimf NI
Official Member

¢ KSNB I NB & LJ NI A Odzf I N&tafy lire tat thik Bouse B fipffoRsale & a wharSsoldsakfaimidy wanks Some
electricians to check the wiring and improve the electrical appliances in the l{8eseAppendix 1 and. Z)hese are stored in
YELLOW folders in the filingbinet in H208.

There is a note in the root welcomistyidents as trainee apprentisgagain there are copies of these per students.
Homework is a vital part of this course.

STUDENTS SHOULD NOT BE IN CLASS COPYING OUT NOTES, INSTRUCTIONS ETC. THIS SHOULD BE COMPLETED £
PRACTICAL SHOULD BE COMPLETED IN THEIGh&®®rk will be up on the websiteasww.mrsphysics.co.uk/bgé give

students permission to print out notes at home if required. Sign notes in and out for those students who do not have access t

a computer, and a few sets can be printed for ASN students.

This providesa great training ford 1 dzRSy Ga 2y GKS LIdzN1J2aS 2F K2YSg2N] @ ! ye
placed in a corner and can write out the work whilst other students are completing the practical. This generally increases
students who do homeworlas they want to be involved in dag the practicals

Qx

b. LG A& 3AINBIG 6KSy adGdzRSydGa ¢2N)] 2dzi GKS GAdGES 2F GKS O
up with the name.

I have used headings and broken things into lessons but saritigake over a period. | will add this into the commentary

Student INTRO

Welcome to MAM QAT S a company set up to provide electrical services to those in and around Lockerbie. We are

delighted that following your firstSciencdest you have been agpted on the apprenticeship scheme.

The course is designed to give you a basic insight into electricity and how it can be used in the house. Your apprentiitlieship
take the following form

1. Avideo to show why it is important to be careful around eletyrici

2. A brief introductiomWhat is this electricity anywa&y
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3. A check of building and drawing circuits using symbols.

4. Your assessment will be in several parts, one will be fault finding in circuits and onepnaliibeing plans for a circuit
plus a writen test.

On successful completion of your apprenticeship you will be invited to join the company and be given responsibilitieébr a pro

LEARNING OUTCOMES FOR ELECTRICITY |

You should know that:

Electrical Safety

1. Electricaknergycan be dangerous.
2. Recognissaome of the dangers of electdatenergyin the home and outside.

Atoms

3. All objects are made up of small particles called atoms.

4. Inside each atom there are three small particles called neutrons, protons, and electrons
5. A proton has a positive charge.

6. An electon has a negative charge.

7. A neutron is unchargear has a neutral charge

How to make Electricity

8. Electric charge can be made by rubbing two surfaces together.
9. A Van de Grf generatorproduces electric charges.

Electric Current.

10. When electric charge mosave call it an electric current.

11. Current is a flow of charge (or electrons) around a circuit.

12. Materials that allowcurrentthrough them are called electrical conductors.
13. Materials that do not alloveurrentthrough them are called electrical insulators.
14. Weuse the symbdlto mean current.

15. Current is measured in amperes or amps.

16. Current is measured usingammeter.

17. Ammeters are connected in series.

18. The symbol for an ammeter is

19. For electronso flow there must be a complete circuit.

20. A multimeter carbe set up to measure current, resistance or voltage.
21. When a multimeter is set up to measure current we call it an ammeter.

Resistance

22. Some materials have a high resistance and make it difficult for current to flow.
23. A continuity tester can be used to tésr conductors and insulators.
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24. Resistance is a measure of how difficult it is for the charges to move through an object.
25. The longer a wire the higher the resistance of the wire.

Voltage

26. For most materials, as you increase the voltahe current increass.
27. Potential difference (p.d.) is often called voltage.

28. p.d. is the push that makes the charges move around a circuit.
29. Voltage is measured in volts.

30. Voltage is measured using a voltmeter, symol

31. Voltmeters are connected in parallel.

Drawing Circuits.

32. Circuit symbols are used to show how circuits can be built.
33. The circuit symbol for a cell, switch, bell, ammeter, voltmédenp, power supply, resistor, wire, connected wire.
34. Make sure that you can draw circuits using the proper symbaldalowing the rules for drawing circuits.

Series and Parallel Circuits

35. The two types of circuit are called series and parallel.

36. In series cirdts the current is the samelaround the circuit.

37. In parallel circuits the current splits up and some goesndeach branch.

38. In series circuits the voltage across the components adds up to give the voltage of the supply.

39. In parallel circuits the voltage is the same across each branch.

40. The current drawn from the supply increases the more components are connegtedliel.

41. Whenlamps are added in parallel the current drawn from the supply increases. This is because the overall resistance o
the circuit is reduced.

42. 1 can help to design simple chemical cells and use them to investigate the factors which affettatieeproduced.

Additional Learning Outcomes

43. Using experimental evidence, | can place metals in an electrochemical series and can use this information to make
predictions about their use in chemical cells. SQANa4

44, Using a variety of sources, | havgred the latest developments in chemical cells technology and can evaluate their
impact on society. SCN1Ob

The Effects of a Current

45. The flow of electric current through a conductor produces several useful effects, heat, light, magnetism, and chemical
effects.

hKYQ& [ 6

46. | cantry the Ohms Law taska level 4 outcome and there is a sheetyided to help)This could form a Nat 4 or 5
outcome 1V=IR (Voltage = current multiplied by voltage)
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Notethat all resourcesre now uploaded ontaww.mrsphysics.cak Please show students how to log on to this website.

.
“

L »
. y

LESSON PLANNIN®RDER

Order/
Lesson Content Homework Resources
No.
http://dingo.care2.com/cards/flash/5409/galaxy.swf
(NB this contains a rude word. Please warn the students and cough loudly at |
end)https://www.youtube.com/watch?v=p o04aY7xkXg
Intro to coursgWHAT IS PHYSIGSue | ELECTRICTY title page http://htwins.net/scale2/?bordercolor=white
outcomes, R ;
1 The Atonsheet 52ttt Q4 | 2 dzaparHculégrsishelét 6 A NRA vy 3
Intro to Mhm Qamfirts
Locate the main electrical switch to turn off a| Atom sheetThis has been uploaded as a pdf file ontows¥site and stdentscan
Safety, video electricity to the house. Thisis ared large | view anddownload at homewww.mrsphysics.co.uRA @S O2 LA Sa ¥4
switch. have computer access.
http://www.twothirtyvolts.org.uk/electricalsafety/aroundyourhome/
http://www.classtools.net/educatiorgamesphp/timer/
Static experiments sheets.
h h h K Locatethe mains switch in your home
o4 3 Go through atom homework. http://www.kasuku.ch/pdf/monde_etrangeatomes/EN_amazing_world_atoms.p
Stati hat is stati ) ; write up the experimentmainly as pictures
injlj(;’ir\:é tTleISV&(;:Ig & HPEHmEn with small amount of text.. Order electrostatics tragrods, watchglasses, salt and pepper mixed, loo roll clot
etc)
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http://www.classtools.net/education-games-php/timer/
http://www.kasuku.ch/pdf/monde_etrange_atomes/EN_amazing_world_atoms.pdf

7 Am Amfirts 2

Order/
Lesson Content Homework Resources
No.
Build a circuit with onéamp (2.5V), 1 cell and 1 wire only.
Add in holders, add iswitch,
What is a circuit?
Equipment Lamps, cells, leads, switch#gossible get a box of cells rather than
Testing for conduction starting with a i i i
4 g g Draw Symbols and Circuits removing them from holders which wrecks the 1sgsi
torchlamp
Starting Science Book 1 pp §tequired)
(or go from what is a circuit to why draw
circuit symbols Marbles (all the same size)
Circuit symbol sheefwebsite)
) Tray of conductors and insulators. Chllaps, leads and switcheSAFETY Do not
5 Conductors & insulator S
allow students to go near sockets or electrical lapes
Definition and word boards . NB Do NOT give the lower ability students the
Current Voltage & Resistanfaritten . _ definitions on the cards, this is a much harder t&sk. most students add the word
6 . ) Learnl16wordsand definitionsin word list _— L _— .
exercise + qujzerms and words on a card to the definition on the boar#ctivinspire definition sheet, white boards
required.
Meter table (showing ammeter, voltmeter and ohmmeter)
Meters(effect on resistance and current . . .
7+ 8 ) Meter sheet showing the connections. Both of these can be cut out and stuck in
of long wires)
Conductorsand insulators tray can be used as previous.
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Order/
Lesson Content Homework Resources
No.
Laminated fault finding cards, one per group for checkirggy thircuits.
8.9 Building Circuits briefly introduce series Meters ppp of Building circuits fof you want to keep students togeer, or better still give
’ and parallel them the small printed sheets with the 7 circuit descriptions on.
3 xLamps 2 x switches 7x leads 2 x cells (per group) + spares
Explanation of sies and parallel from ) . . )
9,10 Review Definitions start revision Flipchart paper, or board.
the model
Measuring Current and Voltage in series Electrical Dominoes ) ) i . )
11 q el A4 electrical dominoes sheets. (in the yellow filing cabinet)
and parafle Revision
L . 11 fault finding boardand repair kits (pleaseheck in and out at the end of each
12 Fault finding Revision . ) )
lesson) fault finding laminated sheets, multimeters
) i Students can try to bring in some fruit or veg ) ) )
13 Fruity Batteries i i Fruit and veg, different metals as electrodes, crigscleads.
before this lesson and have some in reserve
Give students opportunity to build something
Assessment F2NJ 0KS R2tfQa K2dza$s _
14 ) , ) Tests in H28 (please return after use)
Introduction to the Dolls House anything already there), things created inclug
a bbq, fridge, revolving microwave, door bell|
Go through test- start design and make , C2NJ hKYQa [l 82X OSNIYAO Y2dzy i SR NBaA
15 . ) Plan for the design and make
2NJ hKYQa [ ¢ per group
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Lesson Content Homework Resources
No.

Motors, wires, cedl, potentiometers you might want to look at the electronic boa

16+ | Students design and make ot
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ILESSON.-What is Physics? |

| AIMof LESSON 1 |

1. I have an understanding of the subject of Physics
2. | know the types of topics that make up Physics
3. lunderstand | am responsible for my leag.

1 Express views
e Present an argument
Hypothesising

Literacy Task (homework)
I Introduction - This may well take up to 1 lessons

= =4 =4

Task1 for students

1) Write the homework in your jotters
ELECTRICITY TITLE PAGE complete for next period

The Atom Sheet: Give one week's notice to detafthis. The answers are in the sheet (literacy task)

Task 2 for students

2) What is Physics?

Brainstorm draw a bubble in books students write what they think PhysicSdése. how many of them fail to write the word
ELECTRICITY (not very thoughtful,wdyld | give them homework if it is not relevant)

Task 3 Teacher Questioning

Drop a pen and ask why it falls, most will say it is gravity but ask them what that is? (I am sure | did a video foyé&as teas

it will be rubbish as | am not an acthprizet them to talk to their parents about it. Mosiilmot have a clue or will say it is

because the Earth sucks or spirtee Teal reason is because af ihass. Anything that has mass attracts other things so everyone
in this room is attractiveask wtat the difference is between us and the Earth, Earth more massive. If we were as massive as the
Earth we would pull things towards us which coulceb@arrassingor us all espciallyif we were bending down.

https://www.youtube.com/watch?v=p o4aY7xkXanly for the brave)

Do we feel like we are moving? No, well how do we have day and®riginth is spinning? Which way? Sun rises in East and sets
in the west so we must be turning anticlockwisevasstand. That means we are going pretty quickly.

Circumference/24 hours= speed in miles per hour

=
8 ¢ h T =approx.1000 mph

Obviously we are travelling slower than that? Why? Less distance
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http://dingo.care2.com/cards/flash/5409/galaxy.swf

http://htwins.net/scale2/?bordercolor=white

Plenty of other discussion ideas just ask me about some or make some up.

AlsocanstzZRSy Ga &aGA01 | oAl 2F GAy F2Af 2y (GKS FTNRYyld 2F $§KSAN
came from an idea | had whilst at CX, where the mirrors in the bathroom said this person is responsible for your sefgty. Stud
OFyQi FyR aK2dzZ RyQi o6ftlYS lyeg2yS StasS FT2NJ GKSANI FFAf dz2NB

Task 4 Student task, useseadéctricity

This is a really interesting task to find out about your students. It is amazing what they can learn. | tend to tell tHemilltha
adopt one othem if they pass the test. Ask the students to write down 30 uses of electrical current. Tirdasgtbhom tools.

http://www.classtools.net/educatiorgamesphp/timer/

L 2dzQf f ScBdbsing mingradkdinessomeLJA O1 Ay 3 KFANJ RNASNRIZ ff LAOLAY3I Y2
get one student in a class that record such things as irons, washing machines and tumble driers! They pass the test. It gives
good indicatiorof who is spending what time on their computers and square boxes.

ILESSON + 3- Safety & Static current |

| AIM for LESSON 2 |

1. Iknow that using electrical items can be dangerous.

I know how to be safe with electrical items

I can recognise some of the dangef&lectricity in the home and outside.

I knowhow to generate static electricity

I know that electrical charge can be made by rubbing two surfaces together.
I know that a Van de Graff Generator produces electric charges.

e 1 Risk Assessment

A

AV AN

I Lesson 2 + 3. This may take at least 2 periods but can be started period 1 \

This lesson, which may take between 1 and 2 periods covers Safety of Elettigghnd generating static electricity in the lab.

It carries on nicely from the last lesson, so if you are reltytof ideasyou can ask them about safet§.students have a clear
ARSI GKFG adrdiAaAo FyR OdzZNNByd FINB GKS alyYS GKAy3IzI 2dzaid 2y
problemsthat arise later, that electricity is really emgrcarrying electrons

Possible breakdown of time depending on when you see students

1. Safety + VdG lesson 2. Review Atom homework + Static Experiments
2. Safety + review of atom homework lesson 2: Static Experiments then VdG
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I What is "Electricity" and why we s houldn't use that word

The term electricity can mean so many things it is not a very scientific word so is best alugdeslially use it to mean

electrical energy or electrical current but can be used to describe voltsgeie cannot be sure what yowan by the term we

will use it only for the title of the block and not for any other context. | play BUZZ where if | use the term in theonimxig ¢
aGdzRSyda Oly odz 1 (icppragdatétzi &l tz6 e B2 NU K dSAADAA NG BIA ODKS

| Electrical safety videos

It is vital before students start that they have a good healthy respet¢héotopicofSt SOGNA OAGE OHO® 2SS R2
terrified but we do need to get over the point of the damage that can be caused if gongsong or if it is not treated sensibly.

We will not have time to watch ELECTRICAL GRAFFITI but we might do a few lunchtime viewings. We should be able to see s
OtALlA 2F St SOGNROIt &l FSGe& odzi G KS NsBe all difieseinitheSInss B iewhg s a
at home, but DO NOT TRY ANY OF THE STUNTS ATHEY/EOULD KILL!

Here are a few | have selectadmeare American so the plugs might look different but still the same rules apply.

1. http://www.twothirtyvolts.org.uk/electricatsafety/aroundyourhome/

(use this in the first instance)

2. http://www.esc.org.uk/

3. http://video.google.co.uk/videosearch?hl=en&qg=electrical%20safety&cr=countryUK%7CcountryGB&um=21&ie=UTF
8&sa=N&tab=wv#

4, http://www.youtube.com/watch?v=WwXywOtvSA

5. http://www .veoh.com/browse/videos/category/educational and_howto/watch/v18592895eRgz2Net

6. http://www.youtube.com/watch?v=ay Wzyec36A&feature=player embedded#

7. http://www.youtube.com/watch?v=PvPmuReff6U

8. http://www.youtube.com/watch?v=rTbBqGFdJF4

9. http://www.break.com/usercontent/2008/11/Thé&lectricalSafetyFoundationinternationatLaunches507009.html

10. http://www.5min.com/Video/LearrAboutElectricalSafety61996853

11. http://www.metacafe.com/watch/2031644/electcal _safety foundation_international warns_consumers_about_the
dangers_of counterfeit_electrical _products/

12. http://video.google.co.uk/videosearch?hl=en&qg=electrical%20safety&cr=countryUK%7CcountryGB&um=1&ie=UTF
8&sa=N&tab=wv#

13. http://www.escweb.org.uk/newsand-events/lates-news/ViewOurTelevisiopAdvertid-31.html

14. http://www.youtube.com/watch?v=CYhlLglnaZo
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|Important safety points |
1. 52 y203 YSaa IINRdzyR gA0GK aStSOGNROA(GEE ® LG OFly 06S FI(

2. Main Dangers of electriti

a. Electric shock and burns from contact with electricity

b. Exposure to electrical arcing

c. Fire from faulty electrical equipment or installations

d. Explosion due to electrical equipment or static electricity igniting flammable vapours or dusts
3. All wiring shoud be inspected to make sure the wires are not frayed
4. Never put things into sockets, metal or otherwisely fully compliant insulated plugs.

5. Never put electrical items in damp places (it is illegal to have 13A sockets in the bathroom, and otheskoaktze
isolated from people, eg shower switches are generally pull cords, etc)

6. 52y Q0 20SNI2FR &a4201S80azx GdKAa Oly OldzaS I FANB® ¢KS YI
this by looking at the rating plate on their appliancéshé total in one socket is more than this value then something
must be removed.

7. ltems that produce heat use more electrical energy ever second.

8 52y Qi Llzi AGSYya Ay GKS G2raidsSN) G2 S2S0G G2radoe
9. Outside stay away from sub stations, pylons and other elet&mapment. Much of it is high voltage and can Kill.

10. Please note it is the current that kills rather than the voltage across a person. Usually a high potential difference will
cause a high current but this is not always the case. For example you mag.debfl 000 Vacross the VdG but the
current is miniscule so should not cause harm.

| tell the story of a young woman who had a baby in the buggy. She came home after shopping to find her kitchen flooded
from the washing machine. | ask the students wiety should do. Most say switch off the electricity and | say this is above
the washing machine; is this OK? What happened was the young lady walked through the water to switch the electricity off
and was electrocuted. Her 18 month old called the alarmftioe screams. The lady ought to have switched off the
electricityl & GKS al!Lb 9[9/¢L/L¢, 062E® LT GKA& 6L ayQild | OOSaan
disconnected as an emergency. Wearing wellies, is too risky and shoblel aitempted.

Contact with Live Parts can result in:

Shock leading to cardiac arrest and death (electrocution)

Nonfatal shock can cause other injuries

Current through the body can cause deep burns

Current through the body will depend upon the voltageesistance of the circuit, including body resistance

cCccc
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| The Atom

If this is the following day for the atom and students have not had time to complete this tastdleenductors and insulators
lessorfirst and then come back to statid®emember, any student who h&tompleted homework should so this as students
are doing the practical work.

Go over the homework for the atom and make sure that students have an understanding of the atom and that it contains sever:
parts. They should be aware that diagrams of the atom are mevscale. | was told that if the atom was a football field the

nucleus would be the size of a pea. (It is a good idea to ask them what they think the size would be, eg, goal, centh®leircle
midsection, football etc )

ATOMS make up all materials. There are 3 parts to atoms. They are called

neutrons, protons & electrons. The protons are positively charged. The electrons are

negatively charged and the neutrons have no charge or neutral. The centre of the
atom is called the nucleus . This contains the protons and neutrons . The electrons
move round the centre of the atom. It is the electrons that can be removed from the
atom and make electricity . Atoms usually have 0 charge and are called neutral
because the number of protons in the nucleus is equal to the number of electrons in
the orbits. However, rubbing one object on a different object can remove electrons
from atoms. When the electrons are "stolen" and made to move we have an electric
current. We sometimes call these electrons charges because they have a negative
charge.

Naff Joke

| ySdziNRy 3F28& Ayid2 | Lldz FyR F&al1a F2NJI LAYG FyR Fala
OKIF NBSHE

For the bright students you might want to tell them that Atom means indivisible gdgedginally thought this was the

smallest thing there was. Then we discovered protons and electrons and thought they were the smallest thing there is, now
6SQ@S FT2dzy R ljdzl N}l &3 a2 -lrighgstulleyit® abud resdashiils. GERMutoé greatyfeRchidgl JH
resources.
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To be consistenaicross the Sciences,lias beerrequested we use the termeutral as it fits with remembering the term

neutron. A particle can beneutral or haveno chargeit cannot be neutrally chargedPlease make surthey understand this
term. We will all use thigerm..

I How to generate static electricity in the lab

There are a range of experiments that can be completed to generate static current or charge. When we rub too different
materials electrons cabe ripped dof one of the materials and be stored on the other material. If the material is an insulator then
those electrons will remain on the material. If they are a conductor they will move through the material and it will nat rema
charged. Cashmere and fluffymjipers charge the best.

Usually polytheneharges up negatively, acetapmsitively. Acetate never charges as well as the polythene. Charging is most
effective if it is in one direction and gripped hard, along the elbow.

l Electricity Types |

I Background infor mation Static and Current Electricity \

NOTE: If you attempt to do any exjpeents which involve electatenergyc NEVER use tloairrentfrom the mains It is very
powerful and very dangerous. You should onlyagdisfor electrical experimentsunless told byour teacher.

There are two types of electricity:

1.)Current Electricity is caused by tiny invisible things called electrons that move through metal. This flow is called an electric
current. Objects that need current electricity (moving electricitg)pwered by batteries or by electricity which travels along
wires from a power station. The circuit is completed by a switch, which turns the appliance on. When the switch is fuheed off
circuit is broken and the appliance is turned aff electrondlow around the circuit

Many objects that we use every day are powered by electgdityn computers and hairdryers to lamps and washing machines.
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2.) Static Electricity this type of electricity stays in one place. Static electricity is produced sdme materials are rubbed
together. Static electricity is the result of an imbalance between negative and positive charges in an object. Theseacharges
build up on the surface of an object until they find a way to be released or discharged. Omedisaharge them is through a
circuit.

How does static electricity worl&atic electricity happens when there is an imbalance between negative and positive charges in
objects. It causes crackles when you comb your hair and makes dust stick to tesevistmis. Static electricity experiments work
best on a dry day.

Lightningis caused by a natural builth of static electricity in clouds. The lightning strike is just a giant spark of electricity.
Have you ever walked across the room to pet your doggbt a shock instead?

The rubbing of certain materials against one another can transfer negative charges or electrons. For example, if you rub your
shoe on the carpet, your body collects extra electrons. The electrons cling to your body until theyeteasied. As you reach

YR (2dzOK @2dzNJ FdZNNE FTNASYRI @&2dz 3SiG I aK201® 52y Qi 62 NN
unsuspecting pet.

| 1 @S @2dz SOSNJ GF 1Sy @2dz2NJ KIG 2FF 2y de? RNBE gAyGSNDa RIE& |

As you remove your hat from your head, electrons are transferred from the hat to your hair, creatinegarahgéng your

interesting hairdo. Remember, objects with the same charge repel each other. Because they have the same charge, your hair v
stand on end. Your hairs are simply trying to get as far away from each other as possible. Combs attract bits of papgr. Clothi
GOt Ay3a¢e G2 @e2dzNJ o2Re& 0SOldzaS 2F adal iAo St SOGNROAGE®

Have you ever made a balloon cling on to a wall after rubbing it agadnstojothes?

When you rub a balloon against your clothes and it sticks to the wall, you are adding a surplus of electrons (negats)gecharge
the surface of the balloon. The wall is now more positively charged than the balloon. As the two come tntberttatioon will
stick because of the rule that opposites attract (positive to negative).

All physical objects are made up of atoms. Inside an atom are protons, electrons and neutrons. The protons are positively
charged, the electrons are negativelyactped, and the neutrons are neutral. Therefore, all things are made up of charges.
Opposite charges attract each other (negative to positive). Like charges repel each other (positive to positive or megative t
negative). Most of the time positive and ney&t charges are balanced in an object, which makes that object neutral.

For each of the following experiments that you try draw a diagram or diagrams to show what you did and write a conclusion
explaining your observations

|Static electricity experiments |

] L. Stuck on YouA sticky experiment! |

Materials you will need

w ! Lttt 22y
w {UNRBYy3 [dzy3a

w ! 222fftSy 2NIJbeéetz2y {6SI SN 6 WdzYLISND
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Steps:

1 Blow up the balloon and tie the end so that the air does not escape.

2 Take the balloon and rub it vigorously against yjounper/sweater or your head of hairs about ten times.
3.  Now hold the balloon against your jumper/sweater or hairs for a minute.

4 Let go of the balloon. What happens? Does it stick?

When a balloon and a jumper/sweater or hairs are rubbed together; eacbanilla different type of electrical charge. The
balloon becomes a negative charge and the jumper/sweater or hairs becomes a positive charge. Opposite charges attract eac
other.

I 2. Bending Water Experiment

Materials you will need:

V A Plastic Comb or rod
V  Woollen Jumper or cloths
V  Running Tap (Water)

This is a cool experiment!

Steps:

1. Rub the plastic comb against your jumper or comb through your hair around ten times.
2. Turn the tap on so that it has a slow, steady stream of water.

3.  Place the comb close to teter (don't let the comb touch the water).

I 3. Resisting Balloons

Materials you will need:

V Tape
V  Scissors
V Door Frame
V  Two Balloons
V  String/Thread
V A Woollen Sweater/Jumper
Steps:
1. Cuttwo equal lengths of thread/string and tape them to the top of a doonér&n the middle about 1 inch or 2.5 cm apart.
2. Blow up the balloons and tie each end so that the air does not escape.
3. Tie each of the blown up balloons to the end of each thread/string so that they are hanging at the same height and are
resting next to ede other.
4. Rub each of the balloons with the woolly jumper/sweater to charge them (one at a time).
5. What happens when you let them go? How do they react to each other?
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Both of the balloons have become negatively charged once they have been rubbed with Itha juomper/sweater and will
push each other away. Items that are made up of the same material will always take on the same charge. If you have a matchir
charge of static electricity in like items, they will repel each other just like the same polegrafteaill repel each other.

Try to bring the two balloons together after they have been rubbed with the woollen sweater/jumper. What happens when you
try to bring the balloons together?

Place your hands in between the two balloons, does somethingetiffeappen?

I 4a. Rising Tissue Paper

This is a fun experiment to watch as the tissue paper is pulled up by the charged comb/pen.

Materials you will need:

1 Scissors

I Tissue Paper

1 Woollen Jumper/Sweater

1 A Plastic Comb/Pen
Steps:

1. Cut up some small pieces afstile paper.
2. Charge up the comb/pen by rubbing it against a jumper/sweater or combing through your hair about ten times.

3. Hold the comb/pen over the small pieces of tissue paper.

I 4b. Rising Tissue Paper

Materials you will need:

1 Ruler
1 Tiny pieces of coloufftissue paper
1 Several objects available that you can rub the ruler with that will prevent it from picking up the tissue paper (paper,
metal, water)
1 Several objects that will enable you to pick up the tissue paper (fake fur, silk)
Steps:

1. Ask the studets if they think you can piekp the tissue paper with the ruler.
2. Try to pick up the pieces of paper with a ruler that has not been charged.

3. Next, ask the students if they can think of what you could do to the ruler to enable it to pick up the pjegees of

4. Use the materials listed above to try to demonstrate to the students what materials will charge the ruler and which ones
won't.

**Note: You must neutralize the ruler each time before you rub the ruler with a new object. You can neutralizklitriyyon
your shirt or wetting it with water.**
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I 5. Charged or Not ChargedBalloons

Materials you will need:

-Tape

-Scissors

-Two Balloons

-String/Thread

A Woollen or Nylon Sweater (Jumper)
Steps:

1. Inflate both balloons so they are the same sizeaTkaot in the neck of each balloon so that the air does not escape.
2. Tie one end of the string to one of the balloons.

3. Using tape, secure the free end of the string to the edge of a table.

4.  Charge the second balloon by rubbing it with the wool scarf.

5. Hold he charged balloon near, but not touching the hanging balloon.

6. Observe the motion of the hanging balloon.

Before rubbing, like all materials, the balloons and the wool scarf &eeutral. This is because they each have an equal
number of positively @rged subatomic particles (protons) and negatively charged subatomic particles (electrons).

When you rub the second balloon with the wool scarf, electrons are transferred from the wool to the rubber because of
differences in the attraction of the two matals for electrons. The balloon becomes negatively charged because it gains
electrons from the wool, and the wool becomes negatively charged because it gains electrons from the wool, and the wool
becomes positively charged because it loses electrons.

When the negatively charged balloon is brought near the neutrally charged hanging balloon, the electrons on the surface of the
hanging balloon move away because like charges repel. This leaves the surface facing the charged balloon more positive. Sinc
opposte charges attract, the positive charge on the surface of the hanging balloon is attracted to the negative charge on the
handheld balloon. This attraction is strong enough to move the hanging balloon.

I 6. Charging up aLamp

Materials you will need

w ! rk Bobm

w Cf dzz2NeBnaightSByiliiit works best when put on your knee!)
w ! /2Yok222ttS8y {OFNF

Steps:

1. Gointo a dark room with the light bulb and the comb (woollen scarf).
2. Run the comb through your hair around 20 times. You could rub the comb over a woollen scarf for the same effects.

3.  Place he comb on the metal end of the light bulb and watch as the filament in the bulb lights up.

Version 1.2 Page25



—

L Mhm Oimfirts L

The friction between your hair and the comb causes electrons to travel from your hair to the comb. This causes your body to
become positively charged and the colrdzomes negatively charged. With the comb being charged, it discharges into the light
bulb causing the bulb to emit the small pulses of light.

B 7. Two Chages

Place one watch glass upside down on top of another one. The top one should be free to maatbelichieved with one, but
it is not usually as effective

Charge a rod with a cloth and carefully place it onto the watchglass leaving one side overhanging. DO NOT touch this rod as it
placed on the watchglass as it will discharge.

Charge another b andbring it close to the charged rod (do not touch it)

Depending on the charge of the rod the other rod should rotate towards or away from the rod. Try similar and opposite rods.
Always use the same cloth to rub each of the roads. This shows thattleefieo types of charge original with the names
positive and negative.
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I 8. Separating Salt and Pepper

Materials you will need:

1 One teaspoon of Pepper

1 One teaspoon of Salt

1 A piece of Wool or Fake Fur

1 Plastic petri dish or Sheet of Paper andesaCplastic ruler
Steps

Using a Sheet of Paper

1. Have the students measure out one teaspoon full o 1.

and one teaspoon full of pepper onto the sheet of

paper. 2.

2. Use a pencil's eraser top or pen top to mix the salt ¢

pepper together. 3.

3. Have the students take the plastic ruler/rod and rub
with the wool/fake fur.

4. Approach the pepper with the ruler/rod from above
slowly. The pepper will begin to jump onto the ruler.
you get closer to the mixture, the salt will eventually
begin to pmp to the ruler. The pepper will jump to th
ruler/rod and stick.

Using a Petri Dish

Have the students measure out one teaspoon full ¢
salt and one teaspoon full of pepper into the petri ¢
Place the cover on the petri dish and mix well by g
swirling.

Have the sidents rub the top of the petri dish with t
fur. Turn the petri dish over for a few seconds and
turn it back to the original position. The pepper sha
stick to the top of the petri dish.

The uncharged pepper particles were attracted to theigish or ruler as opposite charges were induced in the pepper. Since
pepper is lighter than salt, it takes less effort for pepper to overcome the force of gravity.

Rubbing the plastic surface with the fur/wool caused the plastic surface to becomedhveth static electricity. (There was an

excess of electrons left on the plastic from the fur/wool).

Since pepper is lighter than salt, it takes less effort for pepper to overcome the force of gravity.

You can place both the salt and pepper into watdre pepper will float and the salt will sink. You can skim the top of the water

and remove the pepper.

Using the stencil allowed rubbing the petri dish lid at certain confined areas. Only those areas that were touched with the

fur/wool were charged.

8b. Stencilling in Salt and Pepper

Extensions

If using a petri dish, you can expand on this lab.

Steps:

1. Place the salt and pepper back in the bag and clean the petri dish.

2. Start with a clean, dry petri dish.

3. Next, let add a pinch of pepper to the petish.
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4. Place the lid back on the petri dish.

5. Take a piece of paper and cut it the same size as the lid to the petri dish.

6. Once this is done, have them cut out a stencil from this paper.

7. Next, hold the stencil on the lid and rub the open area (theoatiirea) with the fur.

8. Remove the stencil and turn the petri dish over for a few seconds and turn it back over again to the original position.

9. You should see their stencil of pepper sticking to the cover.
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I 9.Charging cornflakes , charging balloons

V Cornflakes, suspended on thread
V Balloon
V  Clamp stand, bosshead and clamp
Rub the balloon on your hair or a cloth, bring it towards a hanging cornflake and see what appen

Then suspend two balloons on thin threads and hang from clamps, be sure the metal clamps are as far from the balloons as
possible (maybe clamp two metres sticks etc)

Rub the balloons on your hair and gently release then without touching the part thatipbed. The balloons should repel.

I Alternative Teacher Led demonstrations

1.

2.

oo

10. When you rubbed the rod against aloth or your jumper some of the outeelectrons from the materials were 'stolen

Try to stick a rubber balloon on the ceiling or wall after you have put electric charges (remember that
charges are positive or negative parts of an atom) on it.
Now answer the questions in your jotter.

a. What do you think affects thé&ength of timethe balloon sticks to the wall?

b. Explain how you put electric charge onto the balloon.

Use a plastic comb, ruler or rod to pick up some small pieces of paper.
Now answer the questions in your jotter.
a. Can you make the comb pick up more paper?

b. If you could pick up more paper explain how you did it.

Describe what happens when an electrically charged plastic pen is held near a thin stream of water.
Rub a balloon on your jersey and try to make your hair stand on end.
Now answer the questions in your jotter.

a. Can you give a reason for why this happens?

b. Does your hair standing up depend on whether you have rubbed the balloon?

c. Isyour hair being pulled towards the balloon or away from it?

If you have time or are waiting for apparatus complete the following task in your jotter. Read and answer
the questions on page 84 of Starting Science Book 1.

The following task must be completed with your teacher. Read the following paragraph and then copy and
complete the summary to check that you have understood the work.

by the rod. This means that the rod h&sselectrons and so is negaely charged. The material has lost some
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electrons and so igositively chargedThe material and the rod are likely to remain like this for some time. This is

because the materials from which they are made do not allow charges to move or escape.

I Van Der Graaff

NB There is an instruction sheet that the students will be able to download explaining how they can make their own VdG
generator. It has been checked by Gregor Steele. No one has made one yet.

http://practicalphysics.org/varde-graaff-generatorbasics.html

http://practicalphysics.org/Van _de Graaff generator apparatus.htm

I Van de Graaff generator safety ‘

Van de Graaff generator demonstrations can provide useful insights into electrical phenomena, &vhich ar
the same time memorable.

1 Itis essential the Van de Graaff generators for school science are obtained through reputable school sdEneateq
suppliers. The electrostatic energy stored by the sphere should not exceed 0.5 J.

1 Do not add devices to the sphere that increase the capacitance.

1 Van de Graaff generators with mains powered pulleys must be electrically inspected and testeshmeheay as
other mains powered equipment.

1 When carrying out the hastandingon-end demonstration, do it with one person at a time. After the demonstration, to
avoid a sudden discharge, the person should take their hand off the sphere and touchiabe stia wood bench top
(avoiding metal fittings such as gas taps). Alternatively, hand the charged person a wooden metre rule. After a few
moments, they will be discharged.

9 Itis not advisable for people to participate in practical work with Van de Gifagenerators if they have heart
conditions, or a pacemaker, or other electronic medical equipment fittBlgither should they participate if they have
epilepsy. YOU MUST ASK AND CHECK AT THE START OF EVERY LESSON.

1 The electrical discharge from a Van da&@f generator can wreck electronic circuits, so equipment such as computers
and instrumentation with electronic circuits should be kept well away.

The Van de Graaff generators designed for schools are usually the triboelectricthgse are the mos
suitable. The transfer of charge is achieved by a rubber belt driven by a plastic pulley, with an arrangemer
of metal combs at either end of the belt. Charge is transferred to a metal sgheapacitori and very

high voltages are achieved betweea #iphere and ground, typically in the range 200 kV to 300 kV.

Using a Van de Graaff generator, one is quite likely to receive a short shock by accidental or intentional
contact with the charged dome. An enquiry to CLEAPSS has revealed no recordet ofaiitect injury

caused by shocks from the correct use of school Van de Graaff generators. However, some people are m
sensitive than others and can find the shocks very unpleasant and painful. For this reason, only volunteer:
should take direct pait the practical work.

The shock is a single unidirectional pulse of short duratidhe current flowing and energy transferred
should be well below that which could cause any risk of ventricular fibrillation.

Generally speaking, sphere diametef¥/an de Graaff generators should be about 20 cm or less.
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sehere. Some insulating materials when separated from the surface of othexes these

* surfaces electrically charged, each with the opposite sign of charge and with a
high potential difference (p.d.).

A machine to make charges was invented in 1929 by a young American called
Van de Graaff. Huge machines, some over 30 m high, loaskis ideas have

1 I been built to produce extremely high potential differences.
+ —Rubber
belt BELTS AND ROLLERS
N . A flexible belt made from an insulating material and running continuously over
two rollers can, by the same process, produce a supply of charge where the
g P surfaces separate. The two rollers have to have different surfaces (often acrylic
and metal) and together with the balibber, are chosen by experiment.

JE CowmBS

= Charges are fAsprayedo on to and r emo
situated adjacent tthe rollers. Actual contact between the combs and the belt is not essential because of tl
high potential differences. Combs can be simply a stretched wire, or a sharp or serrated edge: action
depends on very high potential gradients due to their smail (githilar action to lightning conductors).

The lower comb is maintained at or close to earth potential and is a drain for negative charge, leaving the
belt with positive charges that are carried up to the top comb.

COLLECTING SPHERE

The top comb isannected to a collecting sphere which, having inherent electrical capacity (proportional to
its radius) will collect and store the charge on its outer surface until discharged either by breakdown of the
surrounding air as a spark, or by conduction to afjaadnt earthed object.

CHARGING CURRENT

So long as the belt continues to move, the process continues, the drive (motor or manual) supplying the
power to overcome the electrical repulsion between the charges collected on the sphere and those arrivin
on the belt.

The charging current is wusually a few mA and po
100150 kV and by fisenioro generators up to about

THE WHOLE APPARATUS

The mechanical arrangement of the belt/roller systemrissimple. The lower roller is driven either

manually or by motor. The motors, control switches and mains input socket are housed in a metal or plast
enclosure, although some junior models have used a transparent plasticoseske

The support columfor the collecting sphere can be a simple PVC plastic rod or acrylic tube or a pair of
acrylic strips with separators. Il n some model s
along its length. Not all generators have means of adjustiageparation of the upper and lower rollers

i.e. the belts have to be tailored for a particular machine.
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Since the diameter of the collecting sphere determines the maximum p.d. (voltage) achievable, large sphe
are mounted on taller columns to be moemote from the earth motor and control box.

Machines are usually supplied with a fAdischarge
that has to be earthed to draw sparks from the collecting sphere.

Demonstrations and accessories
Certainly the Van de Graaff generator can produce striking demonstrations. The usual experiments are:
Far aday 0 % showy électncalange resides on the outer surface of a charged hollow conductor.

Bouncing ball Suspend a conducting ball a roanducting thread. When the ball touches the charging
sphere, it will become charged and be repelled away from the sphere. If the ball is then allowed to dischar
(touching an earthed surface, or leaking charge to the air) it will be attracted once onive gphere, to be
recharged ... and so the process continues.

The head of hairis another demonstration of repulsion. Real hair or shredded paper strips bunched at one
end are used and provide a sensitive means of detecting charge.

An apparatus noterotheVan de Graaff generataives information about good housekeeping and repairs.

I Van De Graaff Demonstrations ‘

Students must not complete the experiments if they areeppd, have a heamurmur2 NJ A ¥ G KS&@QNB | OKA O]

NB Do not let the students push DOWN on the dome. This breaks the mechanism. The students only hav
to be lightly touching the VdG for it to conduct. It is not necessary for students to remove anything

best for students to put their hands on the lower sides of the dome than on the top, this prevents the
pressure on the beltProviding contact is made with the VdG and the student is insulated then they

should become charged.

The besthairforcharg@ A a4 FAYS RNE KIFIANXY LG R2SayQid g2N] |
Demos are not usually very good on humid or damp days as the VdG discharges into the air.

It is usually best to complete this at the end of the lesson, as the students usually get guditable. If

not have it at the very start and then move on to something else fun after a quiet time.

Firstly. DO NOT GO STRAIGHT ON TO GETTING THE STUDENTS HAIR TO RISE. The VdG must be explained. It is basicall
improved version of rubbing rods prmper. Charge moves up the belt (or down!) jumps off at the metal combs and collects

around the outside. If you were inside you would have no charge on the inside. Charge collects on the outside onlyy This is w
you are safe in a bird cage, car or steeht during a thunderstorm.

https://www.youtube.com/watch?v=PdrgdW4Miao

V Then stick a piece of thread (very thin) with a small piece efklonto the VdG dome.

V  Turn the VdG on and see how tlmedad rises up.

V. .NAY3I Fy20KSNJI LIASOS 2F GKNBIFIR G261 NRa GK
touching the thread.

V A student can touch the VdG (discharge between each use)
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NB when the student is not insulatecethurrent passes through the body and into the ground. It is not storing the charge.

V Then get the student to stand on a box (a deep old tray usually works well and can cope with approx. 11 stone if it is
carefully spread)

V Repeat the process and now thehaiight to rise up. This is because similar charges are repelling and so to get as far
away from each other the hairs rise and separate.

V Again bring a piece of thread close to the student and see how the electric field is quite far from the studeattiitie el
field is the region where there is an electric force. Move the thread further away until it hangs down. This is then outside
the field. As you move closer to the student the thread should rise more as the strength of the force and field is greater.

V Do not get too close to the student as you could discharge them and cause a spark

V Students should be moved at least 60cm from the student being charged and should not be moving around the back to
prevent discharge.

How to Survive a Lightning Strike

Crowch down low ke o baebal # your hair begins to stond on end or
catcher. Get o5 low 03 you can. The your skis starts 1o Engle, o lighting strike
neawr you ore 1o the growed, the f immneat. immadiately get isto the orcuching

ks Bhaly 1o b sreck b =~ \ : postian, Ughting may srike withou this
eyt 7N B .l g e Ty e

s 5 worning, howerer
e I\K Poce hands over son
‘_"_"_'_‘;_\l—!""/ 1o minlmize heoring loss
O from the leod clop of
thuadar that wil boom

very doss o you.

oty o g thegrendshodt L U KA Y 1 U KA dasheate/f@ trik§ wabldie O 2

Do touch S S
i o =0 A . e % in back down arms, knees feet. The bottom should be
— D The more you mnimze oon with . .
= § LA W g the ..'.'.'a.,.,”:.,u.u'ﬁ.a, the highest point and the arms and chest should not be
- ! b wrdur
N gl the best path as this puts the heart in the path of the
+ g - F =0 .
=N } Q: i current. You need the easiest route to be bottom, legs,
e et T;uth Ol:;iuhdyou feat together. Hf decricity from o out of y(llr feet.
uANLxﬁnss groand srie smers through your faet, this increases the

chonces of the sleciricly going in one fool and cat the other,
rather than st the reat of year body

—— —
 An ot Michmen sl Tt Sumgyve. A1 Faghes Benrmd

Fig. 8: the lightning position is for waiting out
storms in stationary situations when it is
impractical to move to a safer location.

1) Put your feet together to significantly reduce
the effects of ground current which
causes about half of lightning fatalities.

2) Crouch to slightly reduce the effects of side
flash and upward leaders which together
cause ~40% of lightning fatalities.

3) Don’t touch long conductors to avoid contact
voltage which causes ~20% of lightning fatalities.
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Lesson4 -CONDUCTORS and INSULATORS |

This is likely to be lesson 4 or 5. This could be completed prior to the static lessons as it is slightly differenthéngiuéd
students the chance to gortugh the structure of the atorbefore doilg the static experiments which explain static.

I Aims of LESSON-4Conductors and Insulators \

1. When electric charge moves we call it an electric current.

Current is a flow of charge (or electrons) around a circuit.

Materials that allow current through them aiealled electrical conductors.
Materials that do not allow current through them are called electrical insulators.
Forelectronsto flow there must be a complete circuit.

A multimeter can be set up to measure current, resistance or voltage.

No oD

When a multimegr is set up to measure current we call it an ammeter.
1 Hypothesising

e 1 Equipment Handling
1 Observing
1

AV A

Design/construct/test/modify

These experiments build up the idea of a circuit. It should introduce the idea that current needs a path for the eleatrons t
GF1SY 6KAOK dzadz-fte& oodzi y2d Fftgleao NBGdNYya G2 GKoleadl N
circuit. This is shown well with marbles tightly in a line, Push anyone and they all mtivis. sometimes good to start the
current from somewhere other than the cell to remind students of this

Task X light a lamp

1. Try to light a smallamp using the minimum amount of equipment. Draw what you did in your jotter.
2. You ought to be able to use just 3 pieces of equipment.
For examge:
i. awire, lampholder, lamp, batter battery holder etc.

ii. Eachof these counts as one piece of equipment

3. If you use two wires, thisounts as two pieces of equipmentjamp holder or battery holder also counts as an extra
piece of equipment.

4. Draw alarge diagram showing how you lit théamp.

NB the terminals of the lamp are on the bit at the bottom that sticks out and the sides. If both were on the
sides current would not pass into the filament! Please draw the students attention to the connectors for the
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lamp

5. NOTES: It is awkward having to cope with small fiddly equipment so we gatthand battery in holders.
6. Remake your circuit so that it is easier to (iseadd alampholder and cell holder, notice an additional lead is required)
7. Answer the following questions in your jotter.
a. How many pieces of equipment does this use?
b. Draw a diagram of your new circuit.
8. The circuit that you have just made can be used as a torch. It will also be used later to find out if materiaisragiuw
through them (are they conductors).

9. Can you improve it further (depending on the brightness ofaimp, you might want to use another cell) but also add a
switch. This should be added so that the switch turndahg ON and not OFF

You could introduce the idea of circuit symbols and why that is better than trying to draw the diagrams that
you have been drawing. For example is this diagram anything like the circuits that the students were
producing? Put up other diagrams of students with other kit. How would you tell if it was the same circuit?
Therefore we introduce a new Al anguageo, that of ci
these out at school.

u @

Bulb

Battery

In which of the circuits would the lamp light?

10. Good conductors aflectrical currengllow electrons to flow -. '
through them easily. Sometimes they bump into atoms in the wire

YR GKAAa aftz2ga GKSY R2gy® ¢KAAa ONIY{1Ay3a STFFSOG Aa OFff

resistance.
11. The longer the wire, the more resistance it has.

12. A thin wire has a higher resistanceatha thick wire. There is a
smaller area of wire for the electrons to pass along.

13. We will come back and look at resistance in more detail later.
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I Additional Notes (not required yet)

.
“

ELECTRIC CURRENNd conductors and insulators

When electric charge moves we have an electric current. Current will only flow if there is a complete path for it
to follow. This is known as a circuit. You noticed this with the light lamp. It only lit if there was a complete
circuit. Electric charge cannot flow through all materials. Current would not flow if one of these materials that
electric charge cannot flow through was put in the circuit.

If a material, such as copper, lets electric charges move through it, we call it a conductor.
An insulator does not let electric charges through, for example rubber. This is similar to the conductors and
insulators of heat that you met in the first unit.

B2% #( %238 ./ 4%3 Q %84%. 3) /

Read and answer the questions on page 85 of Starting Science Book 1.

Collect six to ten marbles and line them up between two jotters so that they are touching each other.
Push the marble closest to you. Record what you noticed.

Then answer the following questions.
1. Did all the marbles move?
2. Which marble moved first or did they all move together?

Now get your partner to put their finger at the end of the row. Now gently push the marble closest to
you again. What happens?

1. How is this different from the last experiment?

2. How do you think this compares with charge trying to move in a conductor or insulator.

Get your teacher to go over this demonstration to show how it is similar to electrons passing around a
circuit and shows the difference between conductors and insulators.

If pupils replace the switch with the material to test this is the correct circuit for experimeebteRise the YELLOW meters and
connect up as shown in the other sheets ONE WIRE IN THE COM and ONE WIRE IN THE 10A. SWITCH THE DIAL to A WITHI
STRAIGHT BARS not the other wiggly line above the A (this is for using on a.c.)
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ITesting materials for conductio n and insulation

Building on from the torch circuit, which you could have introduced a switch if we have any (which we

currently

dondét), vyou

can introduce

the idea o

f condu

You are going to complete TWO experiments to show which materials are conductors of electrical current and which
materials are insulators of electrical current You already have a good idea of what types of materials you are looking

for so try to test some unusual ones.

Write the heading in your jotter i T € S t I n dals foa Canduction of Electrical

Currento

Draw a table out like the one shown. You will need a whole page for the table. You will use this table
for two experiments. For the first experiment only fill in the first four columns.

[1The first four columns are for Expt 1 [1For Expt 2
1. Material 2. Prediction 3. Does the 4. Conductor or 5. Current 6. Order
lamp light? Insulator?
(A) (best conductor no 1

etc)

EE YOU MUST THINK SAFELY AND NOT TRY ANYTHING THAT COULD BE DANGEROUS. ASK =

+ YOUR TEACHER IF YOU ARE IN ANY DOUBT.

" DO NOT PLACE ANY

» ELECTRICAL APPARAT

IECE OF =
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METHOD
1. Set up the circuit like the one above.
2. Choose a material to test.
3. Record your material in column 1.
4, Predict whether your material is a conductor or an insulator of electrical current.
5. Fill in column 2.
6. Carefully try out your material.
7. Fill in columns 3 & 4 for your material.
8. Repeat for other materials.
9. You should be able to test at least 20 different objects or materials.

Explain how the light lamp would tell you which objects were the best conductors of electrical current.

The experiment that you have just completed is not a very accurate way of measuring how much electrical
current (electric current) is going round the circuit. The small light lamp that you used can be replaced with a
meter which will measure how much current is flowing around the circuit (see the diagram below).

At this point you might want to introduce the meters and come back to this task later. Or order
Ammeters only from the technicians. NB Ammeters go in series.

1. Retest all your conductors and insulators using your meter.

2. Fill in the fifth column in the table.

3 From your current readings try to list your objects in order, starting with the best conductor at the
top.

The circuit that you built to test whether something was a conductor or an insulator is called a continuity tester.

Not all conductors are equally good at letting charge through. Some resist the current more than others. We say these
materials have a high resistance

The meter is called a multimeter and it can be set up to measure current, resistance or voltage. When it is set up to
measure current we call it an ammeter.

An ammeter is used to measure current.
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LESSOM,6: METERS |

This lessocan be done very quickly or you can give the students a chance to use their skills in which case this will take 2 perioc
Go through with the students how each meter is connected. The COM is the common terminal so the negative lead (one closes
to the negative terminal always goes in here). Students should be isgitle@ cut out of the types of meter and the table. This
should be 2 students materialto 1 A& 3S® LT & 2 dz RithyhQtimetgrSuSd indii@ugl Amnieterg and voltmeters,

but students are unlikely to meet these anywhere else in their life, so | believe in training them young. Feel free to disagree.

When dealing withéthe topic ofS f S O ditNghs@rietim@sihelpful to be able to use a meter to measure current, resistance and
voltage. For example, if you muddled up old and new batteries how do you sort them out? Using a voltmeter will distinguish

between the old and the new. An ohmmeter can tell you if there is a break in the circuit. An ammeter will show you if you are
overloadng a circuit.

Rather than using a separate metermeasure each of the quantitiésjs easier to buy aeter that can be adapted to take
readings of different quantities. Such a meter is calldlA. TIMETERhey are fairly cheap to buy and with carefetting up
can be very useful

| Aims of Lesson 5 & 6 Meters

1. We use the symbdto mean current.

2. Current is measured in amperes or amps.
3. Current is measured using an ammeter.
4. The symbol for an ammeter is

5. A multimeter can be set up to measure cuatrgesistance or voltage.

6. When a multimeter is set up to measure current we call it an ammeter.

7. Some materials have a high resistance and make it difficult for current to flow.

8. A continuity tester can be used to test for conductors and insulators.

9. Resitance is a measure of how difficult it is for the charges to move through an object.
10. The longer a wire the higher the resistance of the wire.

11. Voltage is measured in volts.

12. Voltage is measured using a voltmeter, symiol

13. Voltmeters are conneetl in parallel.

y

Measuiing
Equipment Handling
ﬂ “ Observing

Design/construct/test/modify
Line graphs
Taking Readings

== =4 4 4 4 -
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Examples of multimeters are given below.

The symbols for each meter are given below.

Meter symbol Meter IMPORTANT INFORMATION ON CONINE

Ammeters are used to measure the current in a circuit.

The wires connect to the COM (negative) and 10A (positive). Only if the cu
is small can you connect it on the mA scale, but beware, too much current
the fuse will blow and th meter wont work. AMMETERS are connected IN
SERIES

Ammeter

Ohmmeters are used to measure the resistance of a component or a circui
wires connect to the COM (negative) arpositive). OHMMETERS must not

Ohmmeter used with a power supply

Voltmeters are used to measure the voltage in a circuit.
V Voltmeter The wires connect to the COM (negative) and V (positive).

VOLTMETERS are connected in PARALLEL across the component.

A cut out of the tabl@bove has been copied for each student.
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Connecting An OHMMETERo measure resistance

Notice there is no power suppdnd no other component, just what you want to test. Just add two wires to your meter and place
it across your test component. Connect one wire into the COM terminal of your meter and the othelifd.tfiarn the dial to
the Wsymbol.

Test
material

A cut out of all three meters drrzan A4 sheet is available in the filing cabinet in H208.
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SomeResistors that we use in School are very big and their real purpose is to help students understand how they work. In
everyday appliances the resistor is found in the majority of electrical circuits and the length of the resistances &llvetgrem

is adiagram showing the code to work out the resistance of resistors.

Example:
100 Ohm
1%
1st  2nd 3rd multiplier tolerance
digit  digit digit series
10%| E12
2% | E24
omo 0
E96
E48
E192
66 6 E192
E1592
E1592
| [s] [o
http:{ /www_ smpspowersupply.com/ http:/ /www.smps.us/

Laminated A3 posters of these are available from the technician. Use them for the block, but please return after use.
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Go through the use of meters with the students, make sure they have diagrams of the connections to be made when using a
multimeter. If you wish you can use the ammeters and separatmet#rs but these are generally in everyday use.

I Measure + Record. TASK ‘
Each group needs to complete at least 2 of the following tasks

1. Voltageacross aCell Measure the voltage across the 1.5V cells, are there any that
I NE aFtldé¢ 2N keygohtaiash SR 0KS Sy SNHE@

2. Current in the circuit of 1 cell, 1 lamp
3. Resistance of each object in the pots

4. Resistance of a wire of length 10cm, 20cm, 30cm, 40cm, 50cm, 60cNB=Tthis is a
great task to introduce graph, averages and repeated measurements. This igya ve
repeatable experiment and you should get almost identical results each time. This
gives great opportunitiego plot graphs using excel or paper method. A good line of
fit is achievable.

5. Return to the experiment completed last lesson with the adaptethtoiruit which is
being used as a Continuity Tester Test the current in the circuit waeenCin the
circuit when each item in pot is placed in the c

6. Comparingjuoted esistanceand measuredesistanceTake 4 or 5 resistors with
different markings.

a. Record the colour markings on the resistors.

b. Work out from the diagram the expected resistance of each resistor.
c. Now use an ohmmeter and check whether you are correct.
d

. Explain why there could be differences between what you expect as an answel
and the vale you obtain.

Teacher notes, you can allow all students time to produce a graph of length against
resistance or you can introduce excel to the students or this can be given to the those who
complete the task as a homework exercise. This can form one 8#hs though
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Connecting An AMMETERt0 measure current |

3
«

An Ammeter must have a load (component) and power supply to make it work. Connect one wire to the COM terminal and one
to the A symbol. If the current is very small then the second wire can beatedrio the mA terminal but if the current is too

large and you connect to this terminal you will blow the fuse inside and it will not work. Turn the dial to the A symblod (ol

have straight lines above it not wavy which is used for a.c)

Thelampis not necessary but it shows you quickly if you are getting current in your circuit.

VIS LYW
1531
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Connecting A VOLTMETERNd measuring voltage

3
«

A Voltmeter must be placed ACROSS a component in a circuit. Voltmeters always go in parallel. Connett dne G
terminal and one to théA/V symbol. The easiest way is to build your test circuit and then connect the Voltmeter across the
terminals where you thing the circuit is not functioning or where you wish to measure the voltage. It is probabljedtareser
to use. If you want to see if one of your cells is near the end of its workin
life then connect a voltmeter staright across the terminals (top and botto
and it will give you the voltage. Usually most cells are rated at 1.5V. A nd
cell couldgive you a reading of 1.65V but some devices will no longer
function if the cell voltage drops below 1.3V.

TEST
MATERIA

These notes are available on the websitew.mrsphysics.co.uk
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ILESSON: Learning Terms |

.

I Aims of Lesson 7 Learning Terms \

e 1 Literacy Task

A\

We use the symbdto mean current.

Current is meased in amperes or amps.

Current is measured using an ammeter.

Ammeters are connected in series.

The symbol for an ammeter is

For electronso flow there must be a complete circuit.

A multimeter can be set up to measure current, resistance or \@ltag

© N A~ WDNRE

When a multimeter is set up to measure current we call it an ammeter.

Resistance

9. Some materials have a high resistance and make it difficult for current to flow.

10. A continuity tester can be used to test for conductors and insulators.

11. Resistance is a meare of how difficult it is for the charges to move through an object.
12. The longer a wire the higher the resistance of the wire.

Voltage

13. For most materials, as you increase the voltage the current increases.
14. Potential difference (p.d.) is often called agjé.

15. p.d. is the push that makes the charges move around a circuit.

16. Voltage is measured in volts.

17. Voltage is measured using a voltmeter, symol

18. Voltmeters are connected in parallel.

2SS OFlyQi 3ISG I NRPdzy R A (assbéfafetlBitreledtiBal cargeniit the Stivhis aré féduited to RBw. |
have found a fairly successful method of learning these is to complete this group reading task! There are laminatedthoards wi
the terms. NB it is much harder to add the measit@a board of terms than the terms to a board of meanings, so use this as a
method for differentiation. There are various sheets that students can use at the end, either copying these into tlseiojotter
being given the word and write the meaning, méay and write the word or a completed tablhis is the one long written task

| do over the whole block, the rest is written at home.

NB there is no definition of charge in the text but it is the one definition they ought to have not covered at théherntdsk.
This then indicates which is correct. Some of the boards have numbers and letters on them. If you read across frogfitright to |
then the numbers and letters go in order. Some students work this out for themselves.
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Definitions |

Iplaythisasd . | %%¢ Al YSd {GdzRSyida OFftft 2dzi . ! %% FFTGSNIL YSydGaAz:
meaning and the word and place the word on the bo#rgiou find a more successful method let me know. There is an

activinspire board that has ehdefinitions and terms produced by StuartBell. 9! { 9 R2y Qi al @S GKA& ! O
completed answers unless you keep your own version. It will be awkward for the next person if the answers are already given.
| find this Activinspire works wellsa revision tool the next lesson to check who has learned the terms. | will get the words

onto the website or GLOW for students to download

Using the words below write a report or your own dictionary to explain their meaning

a) Current b) Charge c) \Voltage

d) Resistance e) Ammeter f) Voltmeter

g) Ohmmeter h)  Multimeter )] Conductor

)i Insulator k)  Potential Difference )] Circuit

m) Series circuit n) Parallel circuit 0) continuity tester
p) The effects of a current

1. Electric charge is produced from the outer parts of atoms called electrons. tédsasmall charges or electrons move
around a circuit we call this a curreldectric current oelectrical currentWhen an electric current passes through a
conductor it produces several usedfflects, heat, light, magnetism, and chemical effects

2. Yau will only get an electric current if theresicomplete path for it to follow. This is known as a cir¢tgt.example a
light lampwill only light if there is a complete path from the power supply througHhaimp and back to the power
supplyWeusel KS deyvYoz2f L (G2 NBLINBaSyid OdNNByid a2 ¢S R2y Qi |
used to refer to current as intensifhe unit of current is the ampere or an@urrent is measured using ammeter.

Ammeters are connected in serigfie symbol for an ammeter is

3. Electric charge cannot flow through all materidéaterials that charges flow through easily, such as copper, are called
conductorsMaterials that charges cannot flow through, for example rubber, are called insuldtase materials are
similar to conductors and insulators of heat. Notice, materials that are good conductors of heat are also good
conductors otlectrical currentand materials that are bad conductors of heat are also bad conductors (or good
insulators) delectrical current

4. The number of free electrons in a substance determines how well it comdlerctiscal currentMetals such as
aluminium, copper, silver and gold are good conductors because they have at least one free electron per atom. Some
metals,such as lead and tin, are poorer conductors than other metals because they have less than one free electron pe
atom. Substances with no free electrons, such as glass, and rubber, do not normally etedrical currentThey are
called insulators.

5. Resstance is a measure of how difficult it is for these charges to move through an élgectconductors resist the flow
of electrical currentnore than good conductors. Resistance changes electrical energy into heat. Not all conductors are
equally good atetting charge through. Some resist the current more than others. We say these materials have a high
resistance. Resistance is represented by the symbol R and is measured in units called OhmgyRgsistance is
measured with an Ohmmetevhich has he symbol
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6. The electrical push that allows charge to flow is called voltage. It is also a measure of the energy given to each of the
charges as it passes through the power supply.

7. Potential difference (p.d.) is often called voltage. p.d. is tleh pliat makes the charges move around a cird(oftage
is measured in volts. Voltage is measured using a voltmeter. Voltmeters are connected in parallel and have the symbol

less
BAIS

8. A circuit that can be built to test whether something was a conductor orsafator is called a continuity testeRather
than using a separate meter to measure current and voltage and resistemecmeter can be used on different settings.
This meter is called a multimeter.

9. Soon we are going to find out that there are two typésiccuit that we can build. Remember thata series circuit
there is only one path for the current to takeharge flows through all the componeritsa parallel circuit there is more
than one path for the current to také\n example of each is giveeldw.

W— X

o The lamps are in parallel
A series itcuit
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Lesson8: S2 APPRENTICESHIP ASSESSMENT BUILDING CIRCUITS LESSC

I Aims for Lesson & Building Circuits \

By this time students should have drawn the circuit symbols and so ought to know the familiar symbols they will be using
¢ KS LJzN1J2 de8SsoiF (2RI & Qa

to draw circuits using symbols

to build circuits from a description

to build circuits from a diagram

to distinguish between different circuits

Circuit symbols are used to show how circuits can be built.

The circuit symbol for a cell, switch]lbammeter, voltmeterlamp, power supply, resistor, wire, connected wire.
Make sure that you can draw circuits using the proper symbols and following the rules for drawing circuits.
The two types of circuit are called series and parallel.

9 1 equipment handing

2\

< < <KL

P wnpRE

Observing

Diagram

Problem solving

Design/ construct/ test and modify

=A =4 =4 =4

To complete all the circuits will take most students between 1.2 and 2 lessons, there will always be a group of studewvs who
difficulty with their equipment. These are geneydhe most scared students! Sometimes it is i@sthe studentdo put all the
kit back and start again, or swap it with the group that are storming ahead

INTRO TO LESSON: FAULT FINDING (1)

If possible try to introduce this at the end of the last lesswit will give you a chance to do the building circuits lesson inrone o

1.5 lesson<Do not take longer than this to complete the task or the students will get frustrated. If they finish | will make up some
additional work sheets, or use the old elegityi notes and they can build some of the circuits given after paragraphrhbcan

also be completed or introduced when doing the torch circuit and conductors and insulators. There are fault finding laminated
cards in the filing cabinet, please colledit20 up at the end of the lesson.

INFORMATION

You may often find that circuits do not always work when you connect them up. There are a few useful things that you can do
before you panic and call in the teacher.

CHECK THAT:

the batteries are all connéad up the right way,

the wires are all connected up and make a complete circuit,
the batteries are not flat,

the lamp has not blown,

arwdh e

the lamp holder is not broken,
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6. your meter is connected properly and that the right buttons are pushed in (there shaalloldséer on the wall to show
you),

7. the equipment is plugged in and is switched on,

8. Check that you have checked everything.

If you have checked all that could have gone wrong and your circuit still doesn't work now panic and call in the teacher!

PLEASE NOTHIS TASK IS ABOUT STUDENTS FINDING OUT ABOUT SERIES AND PARALLEL FOR THEMSELVES. Stude
KIgS O02YLX SGSR GKA& G LINAYFNE aOK22f odzi AT m Ay Swy QG y
work. So it is a good é& to give each group a Fault Finding card. Have plenty of spare kit. Generally the cells are flat or
connected the wrong way around. You are more likely to get this to work if you usarmh®but they can be easithamaged

So beware!

We are asking #ot of students this period and it is exhausting for the teacher, but the students and teacher gets so much out of
it. It is about students seeing their improvement. PLEASE CHECK STUDENT DIAGRAMS, ESPECIALLY THE FIRST FEW, BE
ALLOWING THEM TO MOVE ONHE NEXT CIRCUIT. Generally the students put symbols in the corners, are unable to turn a
switch upside down and make their cells look déil@pacitor Alex Fuhrmann came up with an excellent idea to use a quiz board
underneath the circuit so they carse the quiz board to help draw out the circuit. NB THIS TASK MUST BE COMPLETED AFTEF
STUDENTS HAVE DRAWN OUT THE CIRCUIT SYMBOLS.

¢CKS LlzZN1J2asS 2F G2RlI&Qa fSaaz2y Aa

V to draw circuits using symbols

V  to build circuits from a description

V  to build circuits frona diagram

V to distinguish between different circuits
TO DO

Come in get out your jotters.

Check that you have copied all the necessary circuit symbols.
If not sit in the corner and copy these ALL out from the sheets
Collect the following apparatus

7 x leads

2 x 1.5V cells & holders
3 x 2.56Mamps & holders
2 x switches

< << L

Wait silentlyfor instructions

Complete the circuit for the activity. For each circuit you must read the description and build the circuit correctly

f summary

We built 7 circuits. A circuitsscomplete PATH. There are 2 types of circuitserigs circuitvhen onedampis unscrewed the
others go off. In garallel circuitwvhen one is unscrewed the other stays on.
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In a series circuit there is only ONE path for the current. In a parallat tiene is MORE THAN ONE path.

ILESSON 9: MODELLINE ECTRICAL CURRENT |

] Aims of Lesson 9 Modelling |

1. In series circuits the current is the same all round the circuit.

In parallel circuits the current splits up and some goes down each branch.

In series circuitthe voltage across the components adds up to give the voltage of the supply.

In parallel circuits the voltage is the same across each branch.

The current drawn from the supply increases the more components are connected in parallel.

Whenlamps are addedn parallel the current drawn from the supply increases. This is because the overall resistance of
the circuit is reduced.

2

1 Hypothesising

e 1 Processing

2\

The dectricitytopicis a difficult concept for students and so it can be a good idea to rnttwelébpicof electricityand | find this
model works really well. Students are able to predict the rules for current and voltage for series and parallel fromethis mod

| have had a board made once and it might be something we might want to consider reggimggmarties as the energy
source. Alternatively a large sheet of flip chart paper on the table works well and it can be quite interactive. Studaatstban
role of ammeter, lorry driver/ electrons/ batterfactory owner etc.

This is often more difficdor the more able students who are nas keen or do not feel that they need the model. This might be
- LJX FOS F2NJGKS Y2aid lofS addzRSyda G2 O02YLX SGS GKS hKYQ&

Students should draw their own models in the jotters as you go along.

It can teke 2 periods to do the model thoroughly, but the result is that they can complete the measuring current and voltage in
series and parallel much quicker, under a period.

LT &2dz ¢yl GKS NY¥zy R2gy SiG YS 1y 2 wahttdrériake thé middel (yhy Dilkhdd G S O
produced a board from a wall paper pasting table with the road signs fixed in and egg box individual egg slots as th&dorries
might be able to buy ready made signs frohildren toys.
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Model The topic of elecicity

Factory Battery/ cell/ power supply
Lorry Electrons

Traffic (lorries on the road at one time) Current

Shops Lightlamps

Road Wires

One way street

Current goes one way

Counting cars

(in the street)

Ammeters

(go in series)

In a series circuit the counters all count the same number
lorries

In a series circuit auent stays the same.

No. of boxes of mars bars=voltage

Voltage is the ENERGY per CHARGE

Weighbridge (see place at Carlisle)
PARALLEL

Voltmeter GOES IN PARALLEL

The boxes of mars bars in our series circuit adds up to wh
delivered to each shop

In aseries circuit the voltage across eatdmp adds
up to the total.

The boxes of mars bars in our series circuit adds up to wh
delivered to each shop

In a series circuit the voltage across edemp adds
up to the total.

In a 2 branch town the numbesf mars bars each lorry
delivers is the same as the total

IN a parallel circuit the voltage across each branch i
the same as the supply.

IN CIRCUIT TO AVOID CONGESTION ALL ROADS ARE ONE WAY!

This means all electrons flow in one direction only.

Circuit vas built to provide a route from the factory.

The factory is the cells or battery or power supply and this pushes electrons around the circuit. No factory no lorries.

This is like the power supply. The power supply pushes the charges around the baguitovide the energy to the charges.

The energy per charge is the voltage.
Voltage is BOXES OF MARS BARS PER LORRY.

aSladNB (KS g2t Gl 38 oe

Q&L YLE Ay3 |

GSNE &Yl ff

This is like the Weighbridge at Carliskome lorries are taken off and the cargo of mars bars checked.

Shops are equal to component eg lamps, resistors, motors, buzzers.

The factory produces MARS BARS

Mars bars give us ENERGY.
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Cells produce energy

~

If we made the factory bigger it could prasumore mars bars, more energy, need more lorries.

The more cells the more energy is produced and the higher the current

Lorries take the mars bars to the shops.

Electrons or charge take energy to the components.

People count lorries at the side of thewdb

Ammeters count the charge flowing each second in the circuit. Ammeters go in series

In our town of circuit when the shops come one after the other, all the people count the same number of lorries.

In a series circuit the current stays the same.

l=h=l=k

When counting trucks you stand at the side of the road. When checking mars bars per truck you need to pull off some trucks.
Ammeters go in series, Voltmeters go in parallel.

Mars bars are energy

Voltage is the energy supplied to each charge ortelac

Voltage is also known as potential difference. This is like the difference between the energy each charge has before the
component compared to after. (how many boxes of mars bars have been dropped off!)

In our town, the number of boxes of mars barfwiged to each shop adds up to the total on the truck at the factory.
In series the voltage across each lamp adds up to the total from the supply.
VeeViH\Vo+ Vs

In parallel in our town, the number of trucks in each branch adds up to the total.
In parallel @cuit, the current in each branch adds up to the total.

li=h+b+l
In our town in parallel each truck delivers the same number of boxes of mars bars as was given at the factory.
In parallel the voltage across each branch is the same as the supply.

Vs=Vi=Vo=Vg
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Road wires
Trucks charge
Traffic current
Factory Cells, power supply, battery
Mars Bars energy
Counting lorries (at side of the road) Ammeters (go in series)
Layby with weighbridge counting mars bars per lorry Voltmeter (go in parallel)
Road Wires/ circuit
One way All electrons flow in one direction only
Factory extension, would mean more lorries on the road an| Bigger power supply
more mars bars per lorry
More energy per charge, bigger current and higher voltage
Two street town Parallel circuit

NB this is not the completed model and | will add to it as | remember.
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|LESSON 10: MEASURUNBG CURRENT AND VOLTAGE |

IAims for Lesson 10 Measuring current and Voltage \

1. In series circuits the current is the same all round troaiiti

2. In parallel circuits the current splits up and some goes down each branch.
3. In series circuits the voltage across the components adds up to give the voltage of the supply.
4. In parallel circuits the voltage is the same across each branch.
5. The current cawn from the supply increases the more components are connected in parallel.
6. Whenlamps are added in parallel the current drawn from the supply increases. This is because the overall resistance o
the circuit is reduced.
I Hypothesisimg 1 Diagram
e 1 Planning 1 Problem solving
I Measuring 1 Design/ construct/ test
q ﬂ ‘ 1 Observing and modify
equipment handling I Processing data

LT @2dz2Q@S |t NBFRe 3JI2yS (KNRBdzAK (G(KS Y2RSt (KAa Oly o0& 0O2Y
here is a chancettake time and carefully allow students to become confident with the apparatus. Measuring current in parallel
is the most difficult to set up. | will see if we can get some boards makde up so that meters or wires can just be plugged in
although this is ot giving students the skills to do this for themselves. You may wish to allocate groups to each of the 4
measuring tasks and then students can move around collecting results from each group. This works well and give the ASN
students voltage in series tetup, as it is by far the easiest. You are likely to find that the voltage values do not remain constant
in the parallel circuit as they should and students will talk about it being further to get to the bottom branches, wtiietejsso
pleasegothrod K G KAa® ¢KS NBIFf NBlIazy gAft 0SS LI22N 02yySOiAz2ya
SyadaNBE aitdzRSyda R2yQiG 3SG GKS ARSI (KIFG GKS OdzZNNBy G & NYzy.

|MEASURING CURRENT IN A SERREDIT |

Position Current (A) ) I | ‘ | It>
lg 0.135
l1 0.135
I> 0.135
I3 0.135 I3 P 4
|4 0.135
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Conclusion:

In a series circuit the current stays the same. There is only 1 path for the current so all
electrons flow along this path.

|MEASURING CURRENT IN A PAREL CIRCUIT

Position Current (A) - } | ‘ | ;-

It
I 0.57 ls
Iy 0.19 @
I, 0.18 ) 1
4
I3 0.20 ® ~
s (I1+h) 0.38 l2
ls 0.58
Conclusion In a PARALLEL I3
circuit the current splits up and flows down different branches. The current

in the branches adds up to the total acuant in the circuit which passes through the cells.

IMEASURING VOLTAGE IN A SERIES CIRCUIT |

Position | VOLTAGE (V) A L
v 78 I
\VA 0.878
Vs 1.095
VA 0.881
Conclusion

In a series circuit the voltages across the
componentslamps) adds up to the supplipltage (\)
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