NZ Transport Agency Rail Safety Resource —Primary — Level 1 to Level 4 Science

What is the big ideaor focus?

What is the key understanding —
Why s it important for my
students right now?

Driving question

Focus tasks for assessment
Understanding and skills

Citizenship.

Science: Physical world: Physical
Inquiry and Physical Concepts:
Energy: Electrical Energy.

In the context of keeping safe
around the electrified rail
network.

Whenyou are a citizenyou
belong, you matterand you make
a difference.

Citizenswork togetherto create
safe journeys foreveryone
around the electrified rail
network.

Energy existsin many forms.
Energy can be transformed when
things change or are made to
happen.

What isworth knowingand
doingas a citizenaround places
on the electrified rail network?

Stay away from overhead wires

carrying electrical energy.

The electrical energy that moves trains
is always dangerous and always on.
You cannot hear, see or smell electrical
energy.

The electrical energy is 100 times more
powerful than the electrical energy used
at home.

The electrical energy can jump gaps of
up to 3 metres.

When electrical energy passes through
people, it kills or seriously injures them.
Always use level crossings to

get across the tracks.

Trains on the tracks are very big, very
fastand very quiet.

Trains take along time to stop.

It is dangerous to take shortcuts and
trespass.

Watch out for the second train.
Obey all warning signs and signals.
Wait until all warning signs have
stopped before crossing —there may be
a second train.

Look and listen in both directions.

1. Describe how electrical energy is transferred
inthe electrified rail network in ways that keep
citizens safe. [multistructural]

2. Explain why transferring electrical energyin
these ways will keep citizens safe around the
electrified rail network. [relational]

3. Take action to share this information to help
keep citizens safe around the electrified rail
network. [extended abstract]

Learning area
Essence statement:

Links to other learning areas:

NZC Values

NZC Key Competencies

Science

Excellence

Thinking— Critically analyse the factors
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In science, students explore how
boththe natural physical world
and science itself work so that
they can participate as critical,
informed, and responsible
citizens in a society in which
science plays a significant role.

curiosity
Diversity
Equity

Integrity
Respect

Innovation, inquiry, and

Community and participation
Ecological sustainability

contributing to safe electrified rail networks for
all citizens.

Managing self— Act responsibly when around
the electrified rail network as a pedestrian,
passenger, cyclistordrivertoensure all citizens
keep safe.

Participating and contributing— Display an
awareness of the local issues around creating
and maintaining safe electrified rail networks.
Be activelyinvolved in community issues
around safe electrified rail networks.

Relating to others— Interact with othersto
create safe electrified rail networks.

Making meaning from language, symbols and
text —Interpretand use language, symbols and
textinwaysthat keep citizens safe around
electrified rail networks.

Suggested learningintentions

(SOLO verbs—e.g. Define, Describe, Sequence, Classify, Compare / Contrast, Explain,
Analogy, Analyse, Generalise, Predict, Evaluate, Create)

Use constructive alignment to design SOLO differentiated | earning intentions
(intended learning outcomes) to match the unit’s content.
amhook.com/solo-apps/learning-intention-generator/

Strand Achievement objectives
Select the achievement objectives that best match the NZTA focus -
concept and context - for your students

Nature of Science — Levels One and Two

Investigating in science

- Extend their experiences and personal
explanations of the naturalworld through
exploration, play, asking questions, and discussing
simple models.

Levels Three and Four

- Build on priorexperiences, working together to
share and examine their own and others’
knowledge.

- Ask questions, find evidence, explore simple

Bringing inideas

Explore an experience in the natural world related to electrical
energy.

Share an experience inthe natural world related to electrical
energy.

Describe an experience inthe natural world related to electrical
energy.

Explore simple models of an experience inthe natural world
related to electrical energy.

Connectingideas
Formulate questions about an experiencein the natural world
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models, and carry out appropriate investigations
to develop simple explanations.

relatedto electrical energy.

Explain an experienceinthe natural world related to electrical
energy.

Extendingideas

Investigate an experience in the natural world related to electrical
energy.

Create a simple modelforan experience inthe natural world
related toelectrical energy.

Nature of Science —

Levels One and Two

Participating and contributing - Exploreand act on issues and questions that link

their science learning to their daily living.

Levels Three and Four

- Use their growing science knowledge when
considering issues of concern to them.

- Explore various aspects of an issue and make

decisions about possible actions.

Bringing inideas

Identifyan issue abouta [physical phenomenon]onthe electrified
rail network.

Describe an issue related to a [physical phenomenon] on the
electrified rail network.

List possible solutions toanissue related to a [physical
phenomenon] onthe electrified rail network.

Describe one or more solutionsto an issue related toa[physical
phenomenon] onthe electrified rail network.

Connectingideas

Ask questions about [physical phenomena] on the electrified rail
network.

Explain the causes foran issue relatedtoa [physical
phenomenon] onthe electrified rail network.

Explain the effect of an issue related toa [physical phenomenon]
on the electrified rail network.

Compare and contrast solutionstoanissue relatedtoa [physical
phenomenon] onthe electrified rail network.

Extendingideas

Create a model of anissue relatedto a [physical phenomenon] on
the electrified rail network.

Evaluate the effectiveness of solution/stoanissue relatedto a
[physical phenomenon] on the electrified rail network.

Act on an issue relatedtoa[physical phenomenon] onthe
electrified rail network.
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Nature of Science -
Communicatingin science

Levels One and Two

- Build their language and develop their
understandings of the many ways the natural
world can be represented.

Levels Three and Four
- Begin to use a range of scientific symbols,
conventions, and vocabulary.

Bringing inideas

Demonstrate the use of scientificsymbols when exploring the use
of electrical energy to make something happen.

Demonstrate the use of scientificconventions when exploring the
use of electrical energy to make something happen.

Demonstrate the use of scientificvocabulary when exploring the
use of electrical energy to make something happen.

Physical World -
Physical inquiry and physics
concepts

Levels One and Two

- Explore everyday examples of physical
phenomena, such as movement, forces, electricity
and magnetism, light, sound, waves, and heat.

- Seek and describe simple patterns in physical
phenomena.

Levels Three and Four
- Explore, describe, and represent patterns and

trends foreveryday examples of physical
phenomena, such as movement, forces, electricity
and magnetism, light, sound, waves, and heat. For
example, identify and describe the effect of forces
(contact and non-contact) on the motion of
objects; identify and describe everyday examples
of sources of energy, forms of energy, and energy
transformations.

Bringing inideas

Define [physical phenomena].

Identify/find everyday examples of things that use electrical
energy and magnetism to make somethinghappen.

List everyday examples of things that use electrical energy and
magnetism to make something happen.

Describe everyday examples of things that use electrical energy
and magnetism to make something happen.

Connectingideas

Classify everyday examples of things that use electrical energy and
magnetism to make something happen.

Sequence the stepsinvolved in operating something that uses
electrical energy and magnetism to make something happen.
Compare and contrast everyday examples of things that use
electrical energy and magnetism to make something happen.
Explain the cause for using electrical energy and magnetismto
make something happen.

Explain the effect of using electrical energy and magnetismto
make something happen.

Explain how electrical energy and magnetism can be used to make
somethinghappen.

Analyse somethingthat uses electrical energy and magnetismto
make something happen.

Extendingideas

Make a generalisation about things that use electrical energy and
magnetism to make something happen
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Create an action in response to an everyday example of things
that use electrical energy and magnetism to make something
happen.

Bringing inideas

Identify/find everyday examples of the use of electrical energy
and magnetism on trains and tracks.

Describe everyday examples of electrical energy and magnetism
on trains and tracks.

Connectingideas

Classify everyday examples of the use of electrical energy and
magnetism on trains and tracks.

Sequence an everyday example of the use of electrical energy and
magnetism on trains and tracks.

Compare and contrast everyday examples of the use of electrical
energy and magnetism on trains and tracks.

Explain the causes for an everyday example of the use of electrical
energy and magnetismon trainsand tracks.

Explain the effect of an everyday example of the use of electrical
energy and magnetism on trains and tracks.

Analyse an everyday example of the use of electrical energy and
magnetism on trains and tracks.

Extendingideas

Make a generalisation about an everyday example of the use of
electrical energy and magnetism on trains and tracks.

Create an action inresponse to an everyday example of the use of
electrical energy and magnetism on trains and tracks.
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Learning activities/learning experiences
Build learning activities and experiences for SOLO differentiated learning intentions.
Choose learning intentions that match your students’ prior learning, interests and abilities.

Science: Physical World: Physical Inquiry and Physical Concepts: Energy: Electrical Energy.

Think like a scientist about the energy that moves electric trains.

What action would best keep citizens safe around electrical energy thatis moving trains on the

rail network?

Determining prior knowledge, identifying misconceptions
Determining prior knowledge is astarting place forall learning.

Ask students to:

e Pause—clear yourmindand thenthink deeply aboutelectrical energy.
e Discussthe following question promptsinturn.

o

O O O O

O O O O O

O

O
O

Have you or anyone you know used electrical energy to make something happen?

What happened?

How did the electrical energy make it happen?

What happened afterwards?

What are the dangerous things you know to watch out forwhenyou use electrical energy
to make something happen?

What have you done around electrical energy that could be dangerous?

Why do you thinkyou behaved dangerously?

What have you seen otherpeople doaround electrical energy that could be dangerous?
Why do you think people actin potentially dangerous ways around electrical energy?
How do you feel when you see people actingin potentially dangerous ways around
electrical energy?

What do you do whenyou see people actingin potentially dangerous ways around
electrical energy?

What do kids need to know about keepingsafe around electrical energy?

What do grownups need to know about keeping safe around electrical energy?

e Record (write ordraw) youranswersto each question on separate Post-it notes.

e label each Post-it note with the date.

e Attheendof the discussion on each question, stick youransweronto alarge sheet of newsprint
labelled with the question prompt.

e Repeatthis process with each question prompt.

Keep a record of the prior knowledge of yourclass.
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SECTION 1: What is worth knowing and doing as a citizen around places on the electrified rail network?

Bringing inideas

These activities provide opportunities forstudentsto bringinideas about energy and energy transferin
the context of citizens using the electrified rail network.

Learning intention: Describe how electrical energy is transferred in the electrified rail networkin ways
that keep citizens safe. [multistructural]

Differentiated success criteria: We will knowwe have achieved this because....

Multistructural My description has several relevant ideas about the use of electrical energy in the rail network that are
important for keeping safe

Relational ... and explains whythese ideas are relevant to keeping safe

Extended ... and makes a generalisation about the use of electrical energy and keeping safe.

abstract

Key Competency self-assessment rubric' Highlight the relevant Key Competencies for section 1.

Thinking

Managing self

Participating
and
contributing

Relating to
others

Using language,
symbols and
text

Criticallyanalyse the
factors contributing
to safe electrified
rail networks forall
citizens.

Example — describe,
explain and justify
ways to stay safe at
places on the
electrified rail
network.

Act responsibly
when aroundthe
electrified rail
network asa
pedestrian,
passenger, cyclist or
driverto ensure all
citizens keep safe.

Example — adopt a
“sort it and report
it” approach to
unsafe behaviour
around the
electrified rail
network.

Displayan
awareness of the
localissues around
creatingand
maintaining safe
electrifiedrail
networks.

Be activelyinvolved
in community issues
aroundsafe
electrifiedrail
networks.

Example — listen,
respond and act
together to make
the electrified rail
network a system
free of death and
serious injury.

Interact with others
to create safe
electrified rail
networks.

Example —
demonstrate a
commitment to
safer outcomes for
self, friends, family
and whanau at
places on the
electrified rail
network.

Interpretanduse
language, symbols
and textinways
thatkeep citizens
safearound
electrified rail
networks.

Example — share
safe rules and
behaviours for
places on the
electrified rail
network.
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1.0. Think like a scientist about the energy that moves electrictrains
What action would best keep citizens safe around the electrical energy that moves trains on the
electrified rail network?

What is worth knowing and doing as a citizen and a scientist around places on the electrified rail
network?

e Stay away from overhead wires carrying electrical energy.
o Theelectrical energy that moves trains is always dangerous and always on.
o You cannot hear, see or smell electrical energy.
o Theelectrical energy is 100 times more powerfulthan the electrical energy used at home.
o Theelectrical energy can jump gaps of up to 3 metres.
o Whenelectrical energy passes through people, it kills or seriously injures them.
e Always use level crossings to get across the tracks.
o Trains onthe tracks are very big, very fastand very quiet.
o Trains take a long time to stop.
o Itisdangeroustotakeshortcuts andtrespass.
e  Watch out for the second train.
o Obeyall warning signs and signals.
o Wait until all warning signs have stopped before crossing —there may be a second train.
o Lookandlisten in both directions.

Think like a scientist about physical phenomena- like the movement of trains on the electrified rail
network.

Background: A physical phenomenonis an event—somethingthat happens thatyou can observe (or
detect usinganinstrument). Examples of physical phenomenainclude movement, forces, electricity and
magnetism, light, sound, waves and heat. The spark from static electricity in astorm cloudisa physical
phenomenon; soisyour hair standing on end after you have taken off a woollen beanie. The electrictrain
moving alongthe tracks is a physical phenomenon; sois the arcing of electrical charge from the live
contact wire to the pantograph whenice builds up on the wires above the train.

Scientists explore physical phenomena by:
e observation (What can | see?)
o inference (Whydol thinkitislike that? Explaining the observations)
e wondering/predicting (What does it make me wonder? Making a forecast based on what you
already know).
Watch a video clip showingan electrictrain moving across the rail network.
Auckland Transport: First test run for Auckland's new train: http://youtu.be/WdEAZbGIAFs

Discussion prompts
[think-pair-share, or small group or whole class discussion only]

What do you see? Why do you thinkitis like that? What does it make you wonder?

If you are a citizen usingthe electrified rail network, whatis worth knowing about electrical energy and
energy transfer?

1.1. What is the electrified rail network and what does it do?
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highly dangerous. The only safe way to get from one side of the tracks to the otheristo use a railway
overbridge, footbridge orlevel crossing.

There are many othersafety systems and structures builtinto the rail corridor to keep people safe while
they use trains. You can see these systems and structures at stations, on platforms and on trains and
tracks.

The electrical energy moves up to 375 passengers (along with their bicycles, pushchairs, wheelchairs,
guide dogs and luggage) at speeds of 110km/h.

As a class, study images and video of trains using the electrified network. Arrange avisit to the electrified
rail network; while there, observe, ask questions and take photographs of whatyou see. Invite p eople who
have used the electrified rail network orwho work for the electrified rail network to visit your class.

Ask studentstouse the ideas andinformation they have gained to write (ordraw) a class description of
the electrified rail network and whatit does. Include asection that describes the hazards that citizens
must manage if they are to stay safe around the rail network.

Resources

You can select photographs and video of electrical energy being used to move trains from the resources
below. Include images of electrictrains, pantograph, overhead wires (catenary and contact), level
crossings, overbridges and warning signs. When sharing the resources with students, encouragethemto
thinklike ascientist about using electrical energy to move trains.

All About Our New Electric Trains: http://www.aktnz.co.nz/2011/10/06/all-about-our-new-electric-trains/
Auckland Electrification Safety: http://www.kiwirail.co.nz/projects/major-projects/auckland-rail-
electrification/auckland-electrification-safety.html

Live Wire: http://youtu.be/2TQ6QCs4rqgo

Staying Safe Around the Electrified Rail Network: http://www.kiwirail.co.nz/projects/major-
projects/auckland-rail-electrification/auckland-electrification-safety/staying-safe.html

If You Live Next to the Rail Tracks: http://www.kiwirail.co.nz/projects/major-projects/auckland-rail-
electrification/auckland-electrification-safety/living-next-door.html

Level Crossings: http://www.kiwirail.co.nz/projects/major-projects/auckland-rail-electrification/auckland-
electrification-safety/level-crossings.html

Frequently Asked Questions: Electrification of Auckland’s Network:
http://www.kiwirail.co.nz/projects/major-projects/auckland-rail-electrification/auckland-s-electrification--
-frequently-asked-questions.html

Auckland Transport: First Test Run for Auckland's New Train: http://youtu.be/wdEAZbGIAFs

Auckland Transport: Auckland's First Electric Train Unveiled: http://youtu.be/mm0CogkTV_U

Auckland’s NEW Electric Trains from CAF, Spain. Testing + (New Horn): http://youtu.be/zozNrWCg-PM
New EMUs for Auckland’s Transport Future Undergo Testing: http://youtu.be/ed8zrCtCNRo

Our New Trains—Take a Video Trip: http://www.aktnz.co.nz/2011/10/06/our-new-trains-take-a-trip/
JohnsonvilleLine, Driver’s Eye Viewfilmed with a GoPro Hero 2 Camera: http://youtu.be/ tg5ljQqulLo
KiwiRail Image and Film Library: http://www kiwirail.co.nz/media/image-library

Work with studentsto further develop the class description using the following learning experiences.

1.1.1. Identify, label and describe the purpose of the two wires running above the tracks
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Resources
Completed wires out near Swanson: http://transportblog.co.nz/2013/05/13/electrification-project-

running-late/

Railway Technical: Overhead line—Catenary: http://www.railway-technical.com/etracp.shtml#Overhead-
Line-Catenary

1.1.2. Identify and label the structure used to connect the contact wire with the train

Demonstrate how a pantograph works usinga simple copper wire loop circuit and a bulb or buzzer.

For instructions on how to build a wire loop game circuit, referto:

Central Networks: Making a Buzzing Circuit Game: http://www.eon-uk.com/downloads/worksheet12.pdf
Buzz Wire: http://youtu.be/4g7TBXnLucA

Wire Loop Game: http://youtu.be/mz7lzikz|Os

Constructing the Steady Hand Buzzer Game: http://youtu.be/0a2gX7VMIT4

Materials: Bulb or buzzer, battery, metal loop, insulated connecting wires, 1m bare copper wire, shoebox
(supportwire), crocodileclips, sticky tape.
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Ask students to move a small metal loop along the wavy copperwire without touchingit. Withouta
complete circuit, the energy from the battery cannot getto the charge in the light bulb or buzzer.

How should the metal ring be moved to make sure the bulbis always lit?

Make an analogy between the componentsinthe buzzing game circuitand the pantograph on an electric
train.

Resources
Pantograph and Overhead Wire: http://youtu.be/gE-HCldxWuc
Pantograph Arcing at 27,000V: http://youtu.be/tYjIRgMHwpl

1.1.3. Explain how the connection between the pantograph and the live wire can be maintained when
the train is travelling at 110km/h

Resources

Catenary and Pantograph: How Does It Work? http://youtu.be/kFPJ8eFOM2A

Sparking Matangi ElectricTrain at Silverstream, Upper Hutt, New Zealand: http://youtu.be/sPxG4W4mDhE
High Speed Beaujolais and Pantograph Action: http://youtu.be/A0G14ee3tR8

1.1.4. Identify and label the return path for the flow of charge (electrical current)

1.1.5. Identify, label and explain the purpose of a level crossing

Visitalevel crossinginyourlocal area.
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Invite a KiwiRail representative to visit you at the crossing or at school and talk about keeping safe around
trainsand tracks inthe electrified rail network.

Take photographs of the different ways used to warn people whenatrainis close. Take photographs of
the messages thattell people they have to be careful of the overhead wires even when no trains are
around.

Use these photographsto write areportor create a simple model to show how levelcrossings help keep
people safe when they cross the rail corridor. Referto the different physical barriers and signs and
symbols used to communicate safety information about electrical energyon the rail network.

Resource
Glen Eden Level Crossing photograph: http://www.kiwirail.co.nz/projects/major-projects/auckland-rail-
electrification.html

1.1.6. Create a simple model to show energy transfer on the electrified rail network

Background: Electrictrains do not carry their own electrical energysupply. They gettheirelectrical energy
from an external source, the rail substation. The rail substation takes the electrical energy froma
Transpower substation and transforms itintoa form that can give energy to the motors onthe wheels
that move the train. It supplies this electrical energy to the train through an overhead wire hanging 67
metres directly overthe rail tracks. The train uses a spring-loaded arm (pantograph) to touch the overhead
contact wire from the rail substation, allowing electrical current to carry the energy from the wires to the
speed control system and from there to the traction motors that turn the wheels. The electrical current
leaves the train through the wheels and returns to the rail substation through th e rails, completing the
circuit.

Referto Figure 1 — ElectricRailway Car Propulsion System:
http://www.engineeringexpert.net/Engineering-Expert-Witness-Blog/?p=2111

Ask students towork in groups to demonstrate the transfer of electrical energy fromthe substation toan
electrictrain on the rail network. The demonstration can use role play, asimple 3-D model made from
recycled materials, aseries of sketches ora computer graphic(suitable programs listed below).

Pantograph—<

Connecting Wires

Contact Wire

Railway
Substation
25000 volts

Electric Speed Electric
Motor Controller Motor
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The presentation shouldinclude advice on how people can stay safe around the electrical energy onthe
electrified rail network. Groups present theirmodelto otherstudentsinashort (3-minute) oral
presentation, in person orbyvideo.

Co-construct success criteriaforthe presentation against the following categories: Introduction;
Development of ideas about electrical energy transferand staying safe on the electrified rail network;
Ability to engage and involve audience; Suitability for purpose and audience; Use of voice; Use of scientific
and technological vocabulary; Use of 3-D model or computeranimation; Conclusion; Answering questions
fromaudience.

Use the success criteriato self- and peer-assess each presentation.

Suitable graphics programsinclude:

Google SketchUp: http://www.sketchup.com/

Kid Pix Deluxe 4 forSchools: http://softwareforlearning.tki.org.nz/Products/Kid-Pix
HyperStudio 5: http://www.mackiev.com/hyperstudio/index.html

Tux Paint: http://www.tuxpaint.org/

Draw.To: http://draw.to/new

ABCya Paint: http://www.abcya.com/abcya paint.htm

timtim: http://www.timtim.com/coloring/drawing/

Crayola Digi Colour: http://www?2.crayola.com/coloring_application/index.cfm
Kerpoof: http://www.kerpoof.com/#/activity/draw

1.2. Identify what you know you don’t know about electrical energy and moving trains on the rail
network

What do you know you still don’tknow about energy transfer?

What do you know you still don’t know about the electrified rail network?

Ask students toimagine the rail network could answer questions. What questions they would like to ask
the train, the tracks, the substation, the catenary and contact wires or the pantograph? What questions
wouldthey like to ask “energy”?

Write these “what we know we don’t know” questions on Post-it notes and display them on the classroom
walls. Encourage students toadd to them as they progress through the unit. Add a few of your own
guestions and invite any visitors to the class to add some as well.

Examples

Whatisenergy?

What is electrical energy?

How iselectrical energy made?

How does electrical energy move around?

How does electrical energy make things happen?

Where does the electrical energy come from to move the trains around the track?
How does the electrical energy movethrough the contact wires?

How doesthe electrical energy gettothe train?

How does electrical energy move the trains along the tracks?

What makes the charge move aroundin a circuit?

How do the lights come on straight away even when they are along way away from the switch?
Do some things move electrical energy better than others?

When something gets full of energy, doesthe energy leak outinto the air?

Why are the covers on plug sockets made of plastic?
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Why do fuses blow?

How much energyisinlightning?

Why does lightning strike some places and not others?

Why don’tall the fish die when alightning strike hits the sea?

Could we use the energyinlightningto bringenergy to ourhomesand factories?

Is lightning like the electrical energy that movestrainsin the rail network?

How do people whowork on the powerlines keep safe from electrocution?

How do electriceels protect themselves from being electrocuted?

Can we use energy froman electriceel to make a train move?

How can birds siton powerlines without being electrocuted?

How much energyisthereina torch battery?

Why isit dangeroustofly kites near powerlines?

Is itsafe to help someone who has had an electric shock?

Where does the energy go when a torch battery goes” flat” all by itself?

Why is electrical energy dangerous?

If electrical energy can be dangerous forliving things, how can we keep peoplesafe from electrical energy
whentheyare around trains and the rail network?

How can we keep people safe around the electrical energy that moves trains on the rail network?

As students work through the unit, mark off the answered questions or move themto anotherlocation .
The followinglearning experiences will help answer some of the questions raised.

Note: The research literature shows that students bringanumber of deeply held misconceptions to
learning experiences that explore the transfer of electrical energy. These misconceptions result from
“common sense” explanations, everyday language, imprecise use of technical language, and previous
experience and teaching. A student’s understanding of electrical energy transferis often significantly at
odds with a scientist’s explanation and results in persistent errors and faulty reasoning. On the surface,
students can appear to be knowledgeable, able to connect up simple circuits, and make buzzers buzz and
light bulbs light up, but their explanation of whatis happeningin terms of electricalenergy transfer
reveals alowerlevel of knowledge and skills. Challenging their misconceptions and flawed understandings
isdifficult but necessary if they are to avoid problem solving errors when thinking about electrical energy.
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1.3. What is energy?
1.3.1. Define energy (Whatis energy?)

Background: Energy makes something happen. Energy is not matter (stuff) —it does not take up space like
matter (solid, liquid, gas). Energyis not directly visible. Itis not something you can touch. You cannot pick
it upor pouritintoa containerlike you can with matter. Energy comesin different forms —the kinetic
energy of a movingobject, radiant energy carried by light, potential energy —and can be changed from
one formto another.

Referalsoto: BBC Bitsize revision:

http://www.bbc.co.uk/bitesize/ks3/science/energy electricity forces/energy transfer storage/revision/1

[

Ask students tothink about what they know about energy. “Whatis energy?”
Show students energy-related images taken from theirlocal community or experience. Use these to
prompt new thinking aboutenergy.

Referstudentstoenergyinteractives onlinefor more ideas about energy transfer.

Examples

Eon Energy Educational Resources:

Energy Home:5 to 7 yearolds http://www.eon-uk.com/EnergyExperience/85.htm
Energy Town:7 to 11 year olds: http://www.eon-uk.com/EnergyExperience/93.htm
Energy Nation: 11 to 14 yearolds: http://www.eon-uk.com/EnergyExperience/479.htm

The following sites are useful when looking for alternative, copyright-friendly images orinformation on
energy transferand energy sources online:

Search Creative Commons: http://search.creativecommons.org

Shahi Visual Dictionary: http://blachan.com/shahi/

PicsdLearning: http://www.pics4learning.com/index.php

Record students’ responses (asindividuals, groups orthe whole class) onto SOLO Hexagon templates using
drawings, images or text.

Use the HookED Hexagon generatorto make the templates: http://pamhook.com/solo-apps/hexagon-

generator/

Cut out the individual hexagons and work in groups of three to make connections between the individual
ideas by tessellatingthe hexagons. When making links, give reasons to explain why two ideas have been
linked (use textannotation ororal explanation). Use glue sticks to fix hexagons to a backing sheet if
required.

Step back fromthe connected hexagons and make a generalisation —“Overall we think energyiis....
because (insertreason) because (insert evidence orexamples).”

Give students multiple opportunities to revisit this activity, adding extraideas and improving their
generalisations about energy, as you progress through the learning experiences that follow.

Extension: The HookED SOLO Hexagon energy templatesin appendix 2 contain energy-related terms that
can promptstudentsto extend their thinking forthis SOLO Hexagons activity.
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1.3.2. Classify forms of energy (Are there differenttypes of energy?)

Background: Energy makes things happen. It changes things. Energy comes in different formsincluding
light, heat, chemical, electrical and movement energy. The many forms of energy can be sorted into two
categories: potentialand active (kinetic). Potentialenergy is stored energy. Potential energy can come
from the position of the object —gravitational energy when an objectis raised up. Energy is also storedin
chemicals like coal and gas as well asin food, compressed springs, and the nucleus of an atom. Active
energy (kineticenergy)is motion. Itincludes the motion of objects, waves, electron s, atoms, molecules
and substances. So light energy, heat energy, sound energy and electrical energy are all types of energyin
motion.

Alsoreferto: BBC KS3 Bitesize revision: Energy Transferand Storage:
http://www.bbc.co.uk/bitesize/ks3/science/energy electricity forces/energy transfer storage/revision/2

[

Use demonstrations, video, images and text to show examples of different forms of energy and what they
can make happen. Forexample, show examples of light energy, heat energy, electrical energy, magnetic
energy, atomicenergy, chemicalenergy, elasticenergy and kineticenergy. Include examples of energies
associated with the electrified rail network. For each example, ask students, “Is thisenergy?’

Addthese ideasto SOLO Hexagon templates, using different coloured pens (or paper) to distinguish them
fromthe initial responses. Cut outthese hexagons and add them to the prior knowledge tessellation.

Extension: Re-sortthe differentforms of energy into two categories:

e active, meaningtheyare easily seen ordetected

e potential, meaningthey are stored and only have an effect when they are changed into another
(active) form.

1.3.4. Design a Joseph Herscher type installation to connect a train moving at 110km/h with an electrical
energy supply

The plans for your machine must show at least five different types of energy and five different types of
energy transformation.

Referto:

Joseph Herscher(NZ artist based in New York): http://www.josephherscher.com/

Joseph Herscher—The Page Turner: http://youtu.be/GOMIBdM6EN7Q

Rube Goldberg machines: http://www.rubegoldberg.com/

W Heath Robinson: http://en.wikipedia.org/wiki/W. Heath Robinson

Mouse Trap game: http://en.wikipedia.org/wiki/Mouse Trap %28game%29

The Incredible Machine: http://en.wikipedia.org/wiki/The Incredible Machine %28game%29
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SECTION 2: Explain what is worth knowing and doing as a citizen around places on the electrified rail

network

Relatingideas

These activities provide opportunities for students to connectideas about energy and energy transferin
the context of the electrified rail network.

Learning intention: Explain why transferring electrical energy in these ways will keep citizens safe
around the electrified rail network. [relational]

Differentiated success criteria: We will knowwe have achieved this because ...

Multistructural My explanation has several relevant reasons why knowing about this use of electrical energy will help keep
people in the community safe around the rail network

Relational .... and explains why these reasons are relevant

Extended ... and makes a generalisation about the reasons.

abstract

Key Competency self-assessment rubric’ Highlight the relevant Key Competencies for section 2.

Thinking Managing self Participating Relating to Using language,
and others symbols and
contributing text
Criticallyanalyse the [ Act responsibly Displayan Interact with others | Interpretanduse

factors contributing
to safe electrified
rail networks forall
citizens.

Example — describe,
explain and justify
ways to stay safe at
places on the
electrified rail
network.

when aroundthe
electrified rail
network as a
pedestrian,
passenger, cyclist or
driverto ensure all
citizens keep safe.

Example — adopt a
“sort it and report
it” approach to
unsafe behaviour
around the
electrified rail
network.

awareness of the
localissues around
creating and
maintaining safe
electrifiedrail
networks.

Be activelyinvolved
in community issues
aroundsafe
electrifiedrail
networks.

Example — listen,
respond and act
together to make
the electrified rail
network a system
free of death and
serious injury.

to create safe
electrified rail
networks.

Example —
demonstrate a
commitment to
safer outcomes for
self, friends, family
and whanau at
places on the
electrified rail
network.

language, symbols
and textinways
thatkeep citizens
safearound
electrified rail
networks.

Example — share
safe rules and
behaviours for
places on the
electrified rail
network.
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2.1. What are some everyday examples of charge imbalance?

Background: Charge imbalance is all around us. There are many everyday life examples of charge
imbalance accumulating on the surface of objects. Forexample, electric charges can make the hairs stand
up on your head whenyou go down a slide. You getthe same effect when you take off awoollen beanie
and the wool rubs against your hair. The friction charges your hair. Each hair has the same charge and,
because like charges repel each other, the hairs on your head move away from each other by standing up
straight, givingyou a “bad hair” look. The surfaces of TV screens and computer monitors are dustier than
othervertical surfacesinthe home or classroom because charge accumulating on the screens attracts
dust. You can sometimes demonstrate this effect by brushing your arm close to the screen and watching
the fine hairon yourarms stand up. Some students will have experienced getting zapped by small electric
charges when they touch the door handle while getting out of a car or when they have rubbed theirfeet
across carpetand thentouched a metal object. The friction from tumble drying synthetic materials can
charge the clothes, makingthem cling to each otheror to your body when you putthem on. Pullingapart
syntheticmaterials afterthey have been dried inatumble dryer creates aseries of small sparks as the
charge imbalance is discharged. People touching the body of anisolated coach on an electrictrain can get
a charge imbalance shock from the charge built up from the overhead wiresifitis not sufficiently earthed.

Note: Charge imbalance iscommonly called staticelectricity but this name wrongly suggests that the
charges are stationary and cannot move.

Demonstrate charge imbalance using aVan de Graaff generatorto generate a charge imbalance oniits
dome.

If you cannot get hold of a generatorto use in the classroom, watch an online demonstration on YouTube.
For example:

Should a Person Touch 200,000 Volts? AVan de Graaff Generator Experiment:
http://www.youtube.com/watch?v=ubZuSZYVBng&list=PL41778092B7768366

StaticElectricity: Van de Graaff Generator http://youtu.be/rNEY3YvIkC8

Use charge imbalance to transferenergy to a small fluorescent bulb. Build charge imbalance on a plastic
comb by rubbingit through your hair. In a darkened room, touch the comb to the end of a fluorescent
light bulb.

Discussion prompts
[think-pair-share, or small group or whole class discussion only]

What do you see? Why do you thinkitis like that? What does it make you wonder?

Extension: Investigate other ways of building charge imbalance to light the fluorescent bulb. Forexample,
rub PVC piping with a piece of furor wool.

2.2. Explore electric charges (Whatis charge? Where does it come from? What does it do?)

Background: An object becomes electrically charged when it gains electrons (negative charge) orloses
electrons (positive charge). Some materials gain charge more easily than others. You can accumulate
charge onan object by rubbingitagainstanothersurface. The friction between the two surfaces helps

builds up a charge onan object by increasing the contact surface available for adding or removing
negativelycharged particles called electrons.
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Charge accumulation due tofriction is called charge imbalance (orstaticelectricity). The imbalanced
charge moves away by electrical discharge or by electrical current (flow of electriccharge).

When two differently charged objects are brought close to each other, a momentary electricdischarge
may occur as charge moves from one objectto another. If you look carefully, you can see sparks (visible as
a small flash of light) jump through the airbetween the two objects.

In an electriccurrent, the electriccharge (electrons) moves freely in metal wires such as overhead power
lines used to deliver electrical energy to homes, railway substations and contact wires above the rail
corridor.

2.2.1. Demonstrate charge imbalance
Ask studentsto hold an inflated balloon close to awall. What do they predict will happen when the
balloonisreleased? Release the balloon and observe what happens.

Thenask studentstotry rubbinga balloon ontheirhead before placing it close tothe wall. Explain that
rubbingthe balloon on their hair will cause animbalance of charge to accumulate on the surface of the
balloon. Hold this charged balloon close to the wall and release it.

The accumulation of unbalanced charge on the balloon can make things happenwhen aballoonis
released close tothe wall. Friction causes electriccharges to build up on the surface of the balloonand
this unbalanced charge causes the balloon to be attracted to (“stick” to) the wall.

Discuss whatis different between the two events. What do these differences make the students wonder
aboutelectrical charge?

Extension: Use student wonderings to investigate other ways of demonstrating unbalanced charge.
For some ideas using plasticbottles and Styrofoam balls, refer to:
Steve SpanglerScience: http://www.stevespanglerscience.com/lab/experiments/floating-static-bands

2.2.2. Investigate unbalanced charge (How is it created? What doesit do?)
Get studentsto charge an object using friction — by rubbing two surfaces together.

Let students experiment (think like a scientist) with arange of materials. Materials that gain charge more
easilyinclude: balloons, plasticcomb, glass rod, PVC piping, rubbed-on human hair, nylon, wool, fur orsilk.

For example, students can build up staticcharge on a balloon, plasticruler, pen orcomb by rubbingit with
a woollenjumperora piece of silk.

Use an electroscope to detect any charge build-up.

Can all objects be charged?

Can you make charge by rubbing the same substancestogether?

Is the whole object charged orjusta part of it? (Which end of the comb attracts pieces of torn tissue
paper?)

Can you make the charge stronger or weaker?

Are both substances charged?

How long does the charge last? (How long are pieces of tissue paperheld onto the comb?)

How dothe charged objectsinteract with each other?
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Observe what happens when the charged objectis held close to:
e small scraps of tissue paper
e the smoke froma burning mosquito coil
e anemptyaluminium can placed onitsside ona flat surface
e anelectroscope (charge detector)
e otherchargedobjects (anotherballoon)
o the small stream of water leavingatap.

Discuss what happensineachinstance.

Discussion prompts
[think-pair-share, or small group or whole class discussion only]

What do you see? Why do you thinkitis like that? What does it make you wonder?

Use the student explanation and wonderings as the basis for further studentinquiry and experimentation.
Note: Experiments on unbalanced charge work best on dry days.

Extension: You can make your own unbalanced charge detector (electroscope) using abinder clip and two

strips of clear plastic(overhead transparency film). Watch the YouTube video, How to Make Your Own
Electroscope! http://www.youtube.com/watch?v=Z0616rvtu2g&Iist=PL41778092B7768366&index=10

2.3. Keep safe around electriccharge

2.3.1. Explain the dangerous effects of unbalanced charge (Why can a build-up of unbalanced charge be
dangerous?)

Background: Unbalanced charge can be dangerous. When the difference between two charged surfacesis
large enough, the charge can arc (jump) through the airto the otherobject or person. The spark of charge
isespecially dangerous around inflammable materials (e.g. petrol vapour) and clouds of fine dust where
the spark can cause fire and explosions. The sparkis dangerous for people who gettoo close to any highly
charged powersource. You don’t need to touch a charged object to be electrocuted —the charge can jump
through the air and zap you.

Share stories aboutthe Hindenburgexplosion, petrol pump flare-ups, dust explosions, lightningand
everyday life examples of strategies used to stop people gettingtoo close to any highly charged source of
electrical energy.

Examples

e HindenburgExplosion “Caused by StaticElectricity”:
http://www.telegraph.co.uk/news/worldnews/northamerica/usa/9908985/Hindenburg-
explosion-caused-by-static-electricity.html

e Stop Static (campaignto preventrefuelling fires at gas pumps):
http://www.pei.org/PublicationsResources/SafetyResources/StopStaticCampaign/tabid/121/Defa
ult.aspx

e Dust Explosion: http://science.howstuffworks.com/dust-explosion-info.htm

e Lightning: The friction between drops of water can cause unbalanced staticcharge to build up to
dangerouslevelsinastorm cloud. When the charge grows large enough, itcan jump fromone
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part of a cloud to another, toanothercloud or to the ground. Whenitjumps, this huge spark of
charge flows through the air, heatingit so much that it glowsand in this way produces lightning.

You can watch charge jumpingthroughthe airinthe followingimages andvideo.

Steve Spangler: The Science of Lightning:
http://www.stevespanglerscience.com/lab/experiments/lightning-science

The Birth of a Lightning Bolt (slow motion lightning strike): http://youtu.be/6MUYs|jTKvk
The Science of Making Lightning: http://youtu.be/WyygaemPt9s

National Geographic: Lightning Strikes: http://youtu.be/H MG __ 53wsM
SeeingElectricity: http://www.sciencelearn.org.nz/Contexts/Super-Sense/Sci-
Media/Images/Seeing-electricity

If you are struck by lightning ortouch something with alarge electriccharge (or getso close that a
large charge jumpsthrough the air to you), the charge will flow through your body to the ground,
causingan electricshock. The electricshock cankill. It causes bad burns, breaks bones and can
stop your heart.

Challenge students to find at least 10 examples of places where unbalanced charge in everyday lifewould
be dangerous to people. Make awall display of the warning signs, images and text examples. Rankthemin
orderfrom the most dangerous to the least dangerous.

Note: Wires and otherobjects using electriccurrent (moving charge) to carry high levels of electrical
energy (voltage) are also dangerous. These wires are called “live” asin “live wire” and are used to carry
mains electricity to homes. Electrical appliances using mains electricity have an earth wire which connects
the appliance (through the fuse box) to a metal stake or water pipe that connects to the earth. The earth
wire usually carries no current. However, if something goes wrongin the appliance, the current does not
pass through you; instead, it flows harmlessly from the live wire through the earth wire to the ground.

The overhead wires carrying electrical energy to the new electrictrains in Auckland supply charges with
25,000 volts of energy from the wires to the train. Thisis 100 times more powerful than the mains
electricityin yourhome. Special safety measures are putin place to keep peoplefrom getting too close to
the live wires around trains and tracks in the rail corridor. If a spark of charge arcs through the air (or
across water) to the person, the current from the rail network wires will pass through the person,
electrocutingthem.

Extension: Find out how to help someone who has been electrocuted without getting shocked yourself.
Referto:

KiwiRail: Electrical Safety (emergency rescue procedures):
http://www.kiwirail.co.nz/infrastructure/infrastructure -and-engineering/accessing-the-corridor/electrical-
safety.html

Wikipedia: First Aid/Electrocution: http://en.wikibooks.org/wiki/First Aid/Electrocution

Make a fridge magnetora card to keepina wallettoinform others whatthey should doto keep safe
when someone has been electrocuted.

2.3.2. Describe how we can manage some of the risks from static and/or current electricity (How can we
manage the risks from electriccharge?)

Background: The risks from unbalanced charge and current electricity can be managed in various ways.
Theseinclude:
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e providingan alternative path forthe charge —for example, connectingto the earth by an earth wire,
which lets the charge pass harmlessly to the ground

e preventingthe charge flowingthrough the persontothe earth—for example, usinganinsulator such
as insulated matting, insulated casing or screens, orshoes with insulated soles

e usingsignage and enforcement measures aimed at keeping people from trespassing too close to the
live wires.

Examples of insulators (materials that prevent the flow of charge) include plastics, Styrofoam, paper,
rubber, glassand dry air.

Examples of conductors (materials where charge flows easily) include water, carbon and metals like iron,
aluminium, copperandsilver.

Ask students to work in groups to find an everyday life example of the use of earth wires (conductors)
and/orinsulated surfaces to manage the risks from static or current electricity. Forexample, how should
we manage the static charge that can build upwheninflammableliquids flow through ahose orpipe
when refuellingaplane oran automobile?

Describe the example using text orannotated diagrams.
Write a list of instructions on how to avoid a potentially dangerous staticdischarge.

Extension: Plan and create a “Stop the charge flowing through you” multi-media advertisement to “sell” a
staticenergy protection device tothe public. Use persuasive language and appropriate technical and
scientificlanguage.

2.4. Explore everyday examples of flowing electric charge (electrical current)

Background: When charge moves through a material, we describe the moving charge as an electric
current or electricity. Itis easierforcharge to move in some materials (conductors), which have alooser
hold on theirfree electrons, thanin others (insulators). These moving charges carry energy that can be
used by light bulbs and other components to make something happen. The energy to move charges can
come from batteries (electrochemical cells) or mains electricity. Voltageis a measure of the energy
available to move (push) the charges.

SAFETY NOTE

Exploring electricity is safe aslongasit is done undersupervision using low -voltage batteries to supply the
energy tothe charges. Neverexperiment with electricity from the mains. Fatal electricshocks and serious
burnscan result.

2.4.1. Describe physical phenomenainvolving moving electric charge
Introduce the idea of physical phenomenainvolving moving electric charge through a series of physical
eventsforstudentstoobserve and/ormeasure androle play.

Get studentstorole play moving charge. Inan openareainthe classroomor field, mark out a corridor
representing asection of a connecting wire (metal conductor) inacircuit. Some students act as fixed
nuclei of the metal atoms and are dotted across the wire. Other students act as charged particles
(electrons). They are not attached strongly to the nucleiinametal. When the circuitis connected (the
switchison), these students getapush force fromthe electrical energy from the battery and start to flow
freely everywhere alongthe wire at the same time.
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These moving charge scenarios can be set upin the classroom and outside. Also show video clips of
electricity-based events that are hard to demonstrate. These events should demonstrate changesin
movement, light, forces, sound, heat and magnetism caused by an actioninvolving the energy of charged
particles.

Show students energy-related images taken from theirlocal community orexperience. Use these to
prompt new thinking about energy from moving charges. Forexample, show images of a CD player, MP3
player, television, electricmotors, computers, digital camera, defibrillator, electricguitar, laser pointer,
metal detector, smoke detector, solarcells, tooth brushes, electrictrains and/or electriccars. Include
examples of battery-powered appliances (torch, remote control, battery operated toys, radio, remote
control vehicle) and mains-powered appliances (bar heater, electrictrain, toaster, television,
electromagnet, doorbell). Provide specifictechnical vocabulary.

The followingssites are useful when looking for alternative copyright friendly images online.
Search Creative Commons: http://search.creativecommons.org

Shahi Visual Dictionary: http://blachan.com/shahi/

Pics4Learning: http://www.pics4learning.com/index.php

At each station, get students to observe carefully, think about what they see and then wonder about what
theysee. Addtheirsee, think, wonderresponses to a HookED Describe ++ (See Think Wonder) mapin
whichthey respond to prompts— What do you see/measure? (Observation of the event) Why do you think
itislike that? (Inference) What does it make you wonder? (A question for furtherresearch).

Ask studentsto use the class responses tothe HookED Describe ++ map to thinklike a scientist when
writing a paragraph, drawing an annotated picture ortalking about theirfavourite physical phenomenon
involving electriccharge. Each paragraph should describe what happens, explain why they think it happens
and reflecton whatit makesthemwonder.

Extension: Ask studentstofill acontainer withimages or sketches of five objects that represent, in their
opinion, the five mostimportant uses of moving electriccharge in the world. Annotate each object with an
explanation of why you have choseniit.

2.4.2. Demonstrate a physical phenomenon using electrical energy (BIG circuits and physical
phenomena)

Use a simple battery-powered circuit as an example of a physical phenomenon —BIG circuit
demonstration.

Ask students tolook carefully at the filament of wire passing through alight bulb. What dothey see? Why
do theythinkitislike that? What does it make them wonder?

Role play the passage of electrons through the filament of abulb. Create a narrowinginthe “wire”
corridorto representthe narrowerfilamentin abulb. Explain that the amount of space the electrons have
isreduced. Ask the students to move at a constant rate through the “filamentwire” in the bulb. What did
they experience when they tried to flow through the connecting wire? Some students will make the link
between collisions, friction forces, and heat and light.

Note: This model can reinforce the misconception that electrons slow down when they travelthough the
filamentwire. Itis harderfor the electrons to get through the narrower filament wire BUTthey do not

travel more slowly as a result. Addingresistance tothe circuitinthe form of light bulbs does NOT make it
harderfor electronsto get through the bulb; rather, it makesit harder for the electronsto getaround the
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whole circuit. If the overall rate of flow inthe complete circuit remains the same then the charges must
speed up through the resistance wire.

1. Make a BIGcircuit with a 2.5V bulband a 4.5V battery. Ask studentsto predict what will happen when
you complete the circuit. Ask students to note the brightness of the bulb.

Note: Disconnectthe circuit after students have observed the brightness of the bulb. A 4.5V battery
willburnouta 2.5V bulbifthe circuitis left on.

2. Make a BIGcircuit with two (or more) identical 2.5V bulbs and a 4.5V battery. Ask students to predict
what will happen when you completethe circuit. If they think both bulbs willlight, ask them to predict
how brightthe bulbs will be. When both bulbs light, note that although they are not as bright as the
bulbinthe single-bulb circuit, the brightness of each bulbin the two-bulb circuitis the same.

Note: The flow of charge isthe same all around the circuit —the same number of electronsis flowing at
any (and every) pointinthe circuit. The charge is presentinall the wiresin the circuitall the time. The
battery supplies energy to move the charge. The electrical energy supplied to the charge in the wire
fromthe batteryisshared equally between the two bulbs.

3. Make a BIGcircuit with up to five identical 2.5V bulbs and a 4.5V battery. Unused (new) bulbs work
best. Ask studentsto predict what will happen when you complete the circuit.

Note: The extra bulbs make it harder forthe electrical energy to push the electrons around the circuit.
Fewerelectrons flowso the bulbs are dimmer. However, the same number of electronsis flowing at
every pointinthe circuit so the bulbs will all be the same brightness.

The next BIG circuit exercise is useful for challenging students’ misconceptions about electrical energy
transfer. The original exercise is described in Wainwright, Towards Learning and Understanding Electricity:
Challenging Persistent Misconceptions, p28.

1. Make a BIG circuit and place a brighter (newer) bulb near one of the battery terminals andadimmer

(older) bulb nearthe other.

Ask students:

e What do you notice aboutthe brightness of the bulbs? (Whatdo you see?)

o Why doyou thinkitis like that? (Whatdo youinferfrom the difference in brightness?)

e What do youinferaboutthe way the electrical charge is moving? (Most students will predict that
the charge is moving fromthe pole nearestthe bright bulb and getting use up as it travels around
the circuit.)

e What do you predict will happenif the position of the bulbsisreversed?

2. Reverse the position of the bulbs so students can observe that brightness has NOTHING to do with the
position onthe circuit.

3. Explainthat brightnessisacharacteristicof the individual bulbs and evenidentical bulbs may differ
because brightness will change as bulbs age.

4. Askstudentstoobserve which bulb goeson first and which goes off first. (There is no discernable
difference —all bulbs go on instantaneously.)

5. Askstudentstowonder (hypothesise) how all bulbs could go oninstantaneously.

Use an electrical energy model to help students understand how charge movesinstantaneouslyina

circuit.
Refertosection 2.5.1.
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Write a paragraph or annotate a series of diagrams to show thata physical phenomenon like abulb
lightingis caused by the transfer of electrical energy from a battery by movingelectriccharge ina circuit.

Extension: Make an analogy for the flow of charge ina simple circuit.

Step 1: Describe the features of the idea, activity or thing you wish to make an analogy for.

Step 2: Choose one essential characteristic.

Step 3: Describe otherideas, activities orthings that share the same characteristic. Think widely.
Step 4: Choose an idea, activity or thing that captures yourattention.

Step 5: Use thisto form an analogy with the firstidea. You can use the HookED SOLO Analogy map
to helpyou.

Step 6: Share youranalogy with othersinyourclass. See if you can persuade others toadoptitin
theireveryday conversations about the movement of charge and energy transferinsimple
circuits.

HookeD SOLO ANALOGY map

with SOLO coded self-assessment rubric

o
B
2
Stap 1: Describe t Icthvit thing o
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characteristic characteristic

characteristic characteristic
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Step 5: Use this 1o form an analogy with the first ikdea (or o
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characteristic

characteristic

Hook | - */
© socki D ¥ per sock, 2012 AR gty reverves ————

2.4.3. Explore everyday appliances that use energy from electric charges to make something happen
(Where does the electrical energy come from?)

1. Listeverydayappliances andtechnologies that use energy, from movingelectriccharges, to make
somethingto happen. (Whatuses energy from moving electriccharges to make things happen?) Use
pictures cut from magazines and photographs taken on your walk around the school. Brainstorm
differentthings (appliances) that use energy from electric charges to make things happen. Make an
electricity map of the classroom showingthe appliances and equipment that use electrical energy
from the mains or from batteries. Go on a walk around the school, putting Post-it notes on any
appliancesthatuse electrical energy. List the appliances inthe left-hand column of athree-column
table.
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2. Classify(sort) the examplesintoappliancesthat use the energy given to the charges by mains
electricity and appliances that use energy given to the charges by batteries (electrochemical cells).
(What type of energy supplyisused?) Note that “mains” electrical energy is much more powerful than
the electrical energy from batteries, making mains electricity much more dangerous.

In the middle column, identify whether the appliance uses electricity from the mains socket or from
batteries. Read and respond to the sorting activity in Engineering Interact: Electricity in Our Lives:
http://www.engineeringinteract.org/resources/siliconspies/flash/concepts/electricity.htm

3. Explain what each appliance does with the energy —the results of the energy transfer. What does
each appliance do with the energy givento the charges (electrical energy)? In the right-hand column
of the table, describe what each appliance uses electricity for — forexample, does the appliance use
the electrical energy to make heatenergy, light energy, movement (kineticenergy) orsound energy?

2.4.4. Identify the energy (push or voltage) provided by different sources (How much energyis
transferred?)
Challenge students to find out how much energyis supplied to moving charges by:

e anelectriceel

e batteriessold ata local convenience store

e acar battery

e mainselectricity supply

o electricity supply lines running along main roads

e overheadwiresinthe rail network between Palmerston North and Hamilton

e lightning.

Whichis the largest supplier of electrical energy (supplying the most electrical energy)? Which supplies
the least electrical energy?

Extension: What if electrictrains were powered by electriceels? Draw a plan showing how you would set
up acircuitto move electrictrains with the voltage from electriceels. List some of the advantages and
disadvantages of usingenergy fromeels.

Note:Voltage is like an electrical pressure or push force: it can cause electricchargesto flow. Voltage is
measured between two points. Insome waysitis a measure of the charge imbalance. However, voltage
can exist without current. Current can exist without voltage.

Resources

ElectricEel: Moody Institute of Science (1954 Educational Film) Part 1 of 2: http://youtu.be/NNZmIcBpRLw
ElectricEel : Moody Institute of Science (1954 Educational Film) Part 2 of 2:
http://youtu.be/HdMp7qyyhB8

ElectricEel Christmas Tree: http://youtu.be/80S9YuGIWMU

Background:

Volts: The casingon the outside of a battery tells you how much energy the battery suppliestothe
charges— it can vary dependingon the battery used, e.g. 1.5 volts, 9 volts, 12 volts. The battery supplies
the energy to the appliance (light bulb, buzzer, motor etc.) by twoinsulated wires. One wire has 1.5 volts
of electrical force pushing the charge to the appliance. The otherwire returns the charge (with 0 volts of
energy) to the battery where it can be given more energy.
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Mains electricity: Mains electricity supplies moving charges with much higherlevels of energy (240 volts)
than a battery. Mains electricity is supplied tothe home by two insulated wires. One wire is the “live wire”
and carries charge with 240 volts of electrical force pushingthe charge; the otheris called the neutral wire
and carries charge with zero volts from the house and back to the power station.

Power lines: The powerlinesalongthe sides of roads are insulated. They supply charges with even higher
levels of energy than mains electricity: it varies between 400 volts and 33,000 volts.

Overhead wires: The overhead wires carrying electrical energy tothe new electrictrainsin Auckland are
not insulated. They are bare wiresrunning ataheight of 6 to 7 metresimmediately above the train tracks.
They supply charges with 25,000 volts of energy from the wires to the train. This is 100 times more
powerful than the mains electricity in yourhome. The charge will getto the train through a structure
called a pantograph. The pantograph maintains contact with the wires at all times so the electricity can be
used by the train’s engine.

2.5. Think like a scientist about moving charges

2.5.1. Use models as analogies for electriccurrent
Introduce students toa mental model to help them understand current flow.

Scientists use anumber of models to help understand whatis going on when charge flows through a
simple circuit.
Examples

e Mental Model 1: You can think of “charge” as beinglike afleet of supermarketvans linked
togetherina circle as they deliver kiwifruit (energy) to different supermarkets (components)
before returningtothe packingstore to get more kiwifruit.

e Mental Model 2: You can think of the moving charge in wires as water flowing through pipes.

¢ Mental Model 3: You can think of the circuitas a big loop of rope. When the person actingas a
battery pullson the rope, all parts of the rope move at once — just as charges carrying energydoin
acircuit. For example, referto TES Connect: Teachers’ TV: Primary Science —Electricity (role play
modelling energy flow in simple circuits): http://www.tes.co.uk/teaching-resource/Teachers-TV-
Primary-Science-Electricity-6044058/

e Mental Model 4: You can think of a circuitas a hula hoop. Students hold the hoop loosely with
theirright hand. Theirlefthandrepresentsalightbulb. One studentisthe energy supplyandis
responsible formovingthe hoop. When the otherstudents feel the hulahoop moving, they raise
theirleft hand. Much like the bigloop of rope model, this model suggests that charge is
everywhereinacircuitand, whenitgetsenergy to move, it moves everywhere at once.

However, all models misrepresent the flow of charge and energy transferinacircuitin some way — so only
share them with caution. For example, the “water model” leads students to see a battery as a source of
current much like atap or reservoiris asource of water. Water cannot be compressed in the way that
charge iscompressed whenittravels throughalight bulb.

For furtherdiscussion of using analogies to teach electricity, refer to Furry Elephant: Electric Circuit
Analogies: http://www.furryelephant.com/content/electricity/teaching-learning/electric-circuit-analogies/

2.5.2. Use scientificterms

www.education.nzta.govt.nz © HookED, Pam Hook, 2013. All rights reserved.



http://www.education.nzta.govt.nz/
http://www.tes.co.uk/teaching-resource/Teachers-TV-Primary-Science-Electricity-6044058/
http://www.tes.co.uk/teaching-resource/Teachers-TV-Primary-Science-Electricity-6044058/
http://www.furryelephant.com/content/electricity/teaching-learning/electric-circuit-analogies/

29

Encourage students to use correct scientificand technical language when talking about energy transfer,
charge and the electrified rail network.

Build a class glossary of key terms associated with electrical energy transfer on the electrified rail network.
Refertoelectrical energy glossaries; forexample, Science Learning:
http://www.sciencelearn.org.nz/Contexts/Super-Sense/Key-Terms#term7023

Challenge students to create arange of plush toys, with each one representingadifferent aspect of
electrical energy —one foreach wordinyour class glossary. Each character must come with an information
tag summarisingwhatitisand how it can be used to transferenergy.

Resources

Particle Zoo: http://www.particlezoo.net/index.html

Giant Microbes: http://www.giantmicrobes.com/

Canned Dragon Meat: http://www.thinkgeek.com/product/1144/
Canned Unicorn Meat: http://www.thinkgeek.com/product/e5a7/

Other strategies

e Builda collaborative online class glossary —using a wiki.

o Get studentstomake electricity vocabulary word games to practise meaning; forexample, Flash
cards, Guessthe question, Hangman. Bingo, Floating questions game. Referto TES Connect:
Teachers’ TV: Primary Science — Electricity (use Floating questions game with componentsin
electrical circuits): http://www.tes.co.uk/teaching-resource/Teachers-TV-Primary-Science-
Electricity-6044058/

e Earnthe rightto use the science vocabulary. Students can only use a key term if they show they
can defineitand demonstrate its attributes within asimplecircuit.

2.5.3. Energy transfer challenge
Note: Check for misconceptions when students are experimenting with simplecircuits. Refer to appendix
1.

Challenge: Connectan energy provider (battery/cell) with an energy transformer (light bulb) in away that
changeselectrical energyinthe batterytolightand heatenergyinthe bulb.

SAFETY NOTE

Exploringelectricityis safe as longas it is done undersupervision using low -voltage batteries to supply the
energy tothe charges. Neverexperiment with electricity from the mains. Fatal electricshocks and serious
burns can result.

Materials

e 1.5V cell (commonlyreferredtoasa battery) —to supply energy tothe charge inthe wire

e Connectingwires with crocodile clips (atleast 2longand 2 short) — allow the charge to flow
around the circuit; metal in the wires contains loose charge that can carry the electrical energy

e 2.5V torch bulbswith holders—energy transformer—a fine filament wire inthe bulb getsvery hot
when electrical energy flows throughit; it gets so hotit transforms the energy carried by the
charge to lightenergy and heat energy, much like the electrichob on a cookeror the wire onthe
bars of a radiator

e Tape

Procedure
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Ask students towork in groups of twoto try to light the bulb with the electrical energy storedin the
battery. Challengethemto use trial and error (and all they have found out about electrical energy) tolight
the bulb by connectingthe wiresand componentsinthe circuitin different ways.

Use diagrams, photographs orvideo to keep a record of all attempts (successfuland unsuccessful).

Many students will start by thinking that only one wire from the battery will light the bulb. Others believe
that electricchargeisstoredinthe batteryand, whenitgets used up, the battery goes flat. Referto
common student misconceptionsin appendix 1.

Ask students to describe whatthey see when they connectthe components, why they thinkitislike that
and what it makes them wonder. Take photographs of their circuits or draw simple diagrams. You can use
the HookED Describe ++ map to draft your answers.

Ask students whatis required fora working circuit where the bulb lights up. Record theirresponses —an
energy supply (battery), an unbroken path forthe energy to travel through, components withtwo ends so
the energy can flow through the components.

Explore different ways to make the light bulb go out. Introduce the ideathat switches break the circuit.
Electrical energy cannot easily pass through the air. Electrical energy can pass easily through metal. Invite
studentsto create theirown switchesto connectthe circuit, using the metal in paperfastenersand/or
paperclips.

Note: For olderstudents, you may wish tointroduce the use of electrical symbols when students are
drawingthe different arrangements of battery, wiresand components used to light the bulb. Introduce
symbolsfora conductor, electriccell, battery, light bulb/globe, terminal, switch open, switch closed, bell,
ammeter, resistor etc.

Referto appendix 2 for online resources and ideas for exploring simple circuits.

Extension: Explore conductors and insulators. These activities require students to have some prior
knowledge of the materialworld —properties of matter.

1. Testvarioussubstancestosee how wellthey letelectrical energy through—thatis, how well they
conduct electriccharge. Some materials will let electrical energy through easily (conductors); other
materials will not (insulators).

Setup a simple circuit using three wires with crocodile clip connectors, abulband a 4.5V battery. Use
the third wire to make a breakin one of the wires. Connect different substancesinturn. Attemptto
complete the circuit using different substances (e.g. a paperclip, plastic, coin, matchstick, rubber
band, wood, paper, plastic-coated wire, pencil graphite, piece of copper, piece of glass, graphiteblock,
strip of aluminium foil, water) open ateach end. Record whetherthe light bulb glows. Which materials
are good conductors of electricity? Explain youranswer. Which materials are poor conductors
(insulators)? Does the electriccharge flow through the air? Address students’ misconceptions that
electrical energy will onlyflow through metals. If it has enough power, electrical energy flows through
salty waterand through people who are largely made of salty water. The electrical energy froma
battery does not have enough powerto push the energy through people butthe electrical energy
from the mainsis much more powerful and consequently more dangerous.

2. Try makinga papercircuit using graphite markings on asheet of paper. Referto the instructionson
YouTube: PaperCircuit: http://youtu.be/BwKQ9Idg9FM
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SECTION 3: Extend your thoughts and your actions as to what is worth knowing and doing as a citizen
around places on the electrified rail network

Looking in a new way

These activities provide opportunities for students to extend their connected ideas about energy and
energy transferin the context of the electrified rail network.

Learning intention: Take action to share this information to help keep citizens safe around the
electrified rail network. [extended abstract]

Differentiated success criteria: We will knowwe have achieved this because...

Multistructural I have created a circuit game to teach people how to keep safe around the electrified rail network
Relational .... and | explain how and why the game works to teach others how to stay safe

Extended ... and | seek and act on feedback to improve the learning outcomes from the game.

abstract

Key Competency self-assessment rubric’ Highlight the relevant Key Competencies for section 3.

Thinking

Managing self

Participating
and
contributing

Relating to
others

Using language,
symbols and
text

Criticallyanalyse the
factors contributing
to safe electrified
rail networks forall
citizens.

Example — describe,
explain and justify
ways to stay safe at
places on the
electrified rail
network.

Act responsibly
when aroundthe
electrified rail
network as a
pedestrian,
passenger, cyclist or
driverto ensure all
citizens keep safe.

Example — adopt a
“sort it and report
it” approach to
unsafe behaviour
around the
electrified rail
network.

Displayan
awareness of the
localissues around
creatingand
maintaining safe
electrifiedrail
networks.

Be activelyinvolved
in community issues
aroundsafe
electrifiedrail
networks.

Example — listen,
respond and act
together to make
the electrified rail
network a system
free of death and
serious injury.

Interact with others
to create safe
electrified rail
networks.

Example —
demonstrate a
commitment to
safer outcomes for
self, friends, family
and whanau at
places on the
electrified rail
network.

Interpretanduse
language, symbols
and textinways
thatkeep citizens
safearound
electrified rail
networks.

Example — share
safe rules and
behaviours for
places on the
electrified rail
network.

® For draftversions of these Key Competency self-assessmentrubrics,seethe appendix to this Rail Safety Resource.
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3.0. Challenge: Design and create your own circuit game to teach others how to keep safe around the
electrified rail network

Explore simple games and how they work; forexample, Snakes and ladders, Matchingitems, Paper,
scissors, rock, Snap, Branching stories, Wheel of fortune, Jeopardy, Who wants to be a millionaire,
Hangman, Word jumble.

Show examples of games based on connecting simple circuits —Operation, Electrical quiz boards, Wire
loop or Buzzing circuit games.

Ask students towork in groupsto make a game to teach people somethingabout staying safe around the
electrical energyinthe rail network.

1

4.

Identify the game message:
Use the transfer of electrical energy as a context for communicating these key messages:

e Stay away from overhead wires carrying electrical energy.
o The electrical energy that moves trains is always dangerous and always on.

o You cannot hear, see or smell electrical energy.

o The electrical energy is 100 times more powerfulthan the electrical energy used at
home.

o The electrical energy can jump gaps of up to 3 metres.

o When electrical energy passes through people, it kills or seriously injures them.

e Always use level crossings to get across the tracks.
o Trains onthe tracks are very big, very fast and very quiet.
o Trains take a long time to stop.
o Itisdangeroustotakeshortcuts andtrespass.

e Watch out for the second train.
o Obeyall warning signs and signals.
o Wait until all warning signs have stopped before crossing —there may be a second
train.
o Lookandlisten in both directions.

Design a game to help others understand the message.

Brainstorm ways to include simple electrical phenomenain the game play through the use of
simple DCcircuit/sinthe game design.

Create your circuit board game usingthe ideas generated previously.

Suggested materials

4.5V cells (batteries)
Connecting wires
2.5V bulbs

LEDs

Switch
Aluminiumfoil
Copperwire
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o Alligatorclips

e Paperclips
e Stiffcard
e Tape

For additional ideas, referto:

Lesson plan fordesigning yourown circuitgame in TES Connect Teachers TV: Primary Science — Electricity:
http://www.tes.co.uk/teaching-resource/Teachers-TV-Primary-Science-Electricity-6044058/

Claire’s ElectricQuiz Board: http://youtu.be/EdMnObe6D4M

ElectricExam: A Home-made Electrical Quiz Board: http://www.darkstar.cc/discovery/electricexam.htm
How to Make an Electronic Matching Game: http://www.youtube.com/watch?v=z8wadyalsy0
Instructables: A Simple Circuit Game: http://www.instructables.com/id/A-Simple-Circuit--Game/
Instructables: Build a Simple Circuit from a Pizza Box: http://www.instructables.com/id/Build-a-Simple-
Circuit-from-a-Pizza-Box-No-Solder/

Instructables: How to Make a Custom Operation Game: http://www.instructables.com/id/How-to-Make-a-
Custom-Operation-Game/

Instructables: Robot Surgery Game: http://www.instructables.com/id/Robot-Surgery-Game/
Instructables: Wire Loop Game: http://www.instructables.com/id/Wire-Loop-Game/

Instructables: Operation? No O-Paul-Ration: http://www.instructables.com/id/Operation-No-O-Paul-

Ration/
Giant Buzz Wire Game: http://youtu.be/ gfSxVIXH2M
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Appendix 1: Challenging misconceptions

Look out for common misconceptions aboutthe flow of charges and energy transferin the student
explanations.

Some of these misconceptions and the correct scientificexplanations are detailed in Table 1below. The
following websites offer explanations of some other misconceptions.

Common Misconceptions regarding Electric Currents:
http://www.physicsclassroom.com/class/circuits/u9l2e .cfm

Furry Elephant: Common Misconceptions about Electricity:
http://www.furryelephant.com/content/electricity/teaching-learning/misconceptions/

Electricity — Diagnostic Assessment:
http://www1.curriculum.edu.au/sciencepd/teacher/assessment/resr_electricity.htm

Wainwright, C. “Towards Learningand Understanding Electricity: Challenging Persistent Misconceptions”
(PowerPoint): http://fg.ed.pacificu.edu/wainwright/presentations.html

Wainwright, C. “Toward Learning and Understanding Electricity: Challenging Persistent Misconceptions”
(article pdf) http://fg.ed.pacificu.edu/wainwright/publications.html

Challenge these assumptions through further experimentation, analogies, sim ple models and discussion.

Table 1: Common student misconceptions about electricity

What can you see? What Common student misconceptions | Scientificexplanation

happened? Whydo you thinkit is like that? Whydo you thinkit is like that?
How and why did it happen? How and why did it happen?

Circuit The circuit as a sequence— where | The circuit as a system—any
the order matters — forexample, changes affect the entire circuit.
the amount of current flowing in
components of a circuit is An electriccircuitisa complete,
dependent on which one comes unbroken pathway forvery tiny
“first” or which one is closest to particles of charge called
the battery. electrons.

Current Currenttravels aroundthecircuit | An electriccurrent consists of a
and s influenced by each flow of a very large number of
componentit meets in turn. moving electrons (negative

charge).
A change madeata particular
pointin the circuit does not affect | The current (negative charge)is
the current until it reaches that foundin all parts of the circuit—
point. the wires, the battery and the
bulb.
The current comes from the
battery.

Electron Electrons are made by the Electrons are part of all atoms

battery. that make up all matter— they
are foundinall componentsand
wiresinthe circuit. For example,
there are electronsinthe
battery, the bulband the
connectingwires.
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In acircuitthe chargeis
conserved and recycled.

Conductors andinsulators

Conductors andinsulators are
seen as opposites.

Electrical conductivity variesin
different materialsandin
different conditions.

Conductors have free electrons
(charges) that can move.Some
conductors have more free
electronsthan others.

The electronsininsulators have
very little freedom to move
around. Some insulators hold
ontotheirelectrons more
strongly than others.

Battery (several electrochemical
cellsjoined together)

“Batteries (cells) store electric
charge (electrons).”

“The battery provides the charge
(electrons) that flow through the
connecting wires in the circuit.”

“The battery supplies the same
amountof current (flow of
charge) to every circuit regardless
of the numberand/or
arrangement of the circuit
components.

A battery providesthe push
(energy) to move the electrons
(charge).

A battery does NOT store electric
charge (electrons). The battery
(electrochemical cells) stores the
energy needed to move charge
froma low-energyterminaltoa
high-energy terminal.

A battery does NOT supply the
charge (electrons) to the circuit.
The battery suppliesthe energy
that movesthe chargein the
wires through the circuit.

A chemical reactioninthe
battery sets up an electricfield
that exertsa “push” force on the
charge (electrons) alreadyinthe
metal wiresinthe circuit.

The energy (push) the battery
can provide is measuredinvolts.

Battery voltage

Battery voltage isa measure of
the “push” the battery can exert
on the electrons(charge) inthe
wire.

Battery does not work — “Flat
battery”

In everyday language, we talk
about “recharging batteries”,

Batteries (cells) are constant
current providers.

When a battery goes “flat”, it has
run out of charge or electrons.

Batteriesare energy providers.

Batteries donotrun out of
charge. Batteries run out of
energy to make the chargesin
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creating misconceptions for
students—we should talk about
“re-energising batteries”.

When a batteryor an
electrochemical cell nolonger
works, it must be “recharged”
(get more charge) before itcan be
used again.

the circuitmove.

When a battery or cell goes
“flat”, the chemicals reactingto
produce the energy forthe
“push” have beenused upand
the chemical reactionis finished.

When an electroniccell no
longerworks, it mustbe “re-
energised” (byreversingthe
chemical reaction) beforeitcan
be used again.

Connecting wires—connecting
the battery to the bulband a
return wire connectingthe bulb
to the battery

The wire provides a pathway for
the charge to flow along.

The wire isempty.

Whenwe complete the circuit, a
flow of charge (electrons) moves
through an initially empty wire.

Whenthe flow of charge goes
through a light bulb, the charge is
used up.

The charge flows from the battery
to the light bulb, but not fromthe
light bulbtothe battery.

Wires are full of charge — free
electrons.

Electrons (charge) are inthe wire
and the battery and bulb at all
times.

Chargeis everywhereinthe wire
at all times.

When we complete the circuit,
we supply energy tothe
electrons (charges) and they all
move instantaneously —they all
move together.

Light bulb—thin metal wire
(resistance wire) housedinaglass
bulb

The narrow metal wire inthe light
bulb “resists” or “slows down”
the charge flowingthrough the
circuit.

The rate of flow of the charge
doesnotslow downwhen
flowing throughresistance wire.

The rate of flow of the current
remains the same everywherein
the circuit.

To ensure the rate of flow of the
charge (current) remainsthe
same, the charges speed up at
resistances like the narrow metal
wireina lightbulb.

Thisincrease in speed means the
moving charges (electrons)
collide more frequently with the
fixed atomsin the metal lattice,
causingthemto vibrate.
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The vibration is emitted as heat
and lightenergy.

When the batteryis connected to
the light bulb by the wiresina
simple circuit, the light goeson—
the light bulb emits heatand light
energy.

Charge from the battery flows to
the lightbulb, whereitisused up
as heatand light. This means
thereisno chargein the return
wire that connects with the
battery.

The light goes on whenthe charge
inthe wire goesthrough the light
bulb (component). Less charge
leavesthe lightbulbthanenters
the light bulb.

Alternatively—the charge leaves
both terminals of the battery and
meetsupinthe lightbulb. The
collisionreleases heatand light.

Chargeis notused up inthelight
bulb. Energyisdeliveredtothe
light bulb.

The amount of charge that
leavesalightbulbisthe same as
the amount of charge that
enteredthe light bulb.

The energy carried by the charge
flowingout of the light bulbis
lessthanthe energy carried by
the charge enteringthe light
bulb. Thisis because some
energy hasbeendispersed as
heatand light.

Charge travelsinone direction
around the circuit.

The light bulb emitslight
immediately afterthe switchis
flippedon.

The light goes on when the charge
from the battery getsto (orgoes
through) the light bulb.

Charge flows through circuits at
very high speeds.

Currenttravels sequentially
aroundthe circuitand is
influenced by each componentin
turn.

A change made at one pointin a

circuitdoes not influence the flow

of charge (current) until itreaches
that point. Forexample, students
will argue that openingaswitch
located aftera bulbina circuit
will allow the bulbtolightup
because the current has already
passed the bulb.

The light goeson whenthe
battery supplies energy tothe
chargesin the circuit. The energy
isdeliveredtothe light bulb by
the charges —the energy leaves
the circuitas heatand light—the
charges keep moving.

Chargedoes not come
fromthe battery —
chargeis already
everywhere in the wire.
Chargeis the same
everywhere in the wire.

Chargedoes not move
all theway around the
circuit in a short time. It
can take hours fora
chargeto makea
completetrip around the
circuit.

Charge moves atthe
samespeed throughout
the circuit. For every
chargethatleaves a
battery at one terminal,
anotheroneenters the
battery at the other

www.education.nzta.govt.nz

© HookED, Pam Hook, 2013. All rights reserved.



http://www.education.nzta.govt.nz/

38

terminal.

Chargeis justa way of
moving theenergy from
place to place. The rate
at which charge flows is
the same anywherein
the circuit.

Adding more lightbulbstoa
seriescircuitdimsthe light from
each bulb.

The flow of charge (current) from
the battery stays constant.

Charge becomes used up by light
bulbssothat thereislessofit as
it goesaround.

Changingthe circuit by adding
extracomponents changesthe
currentdrawn from the battery.
The addition of extra
componentsinthe circuit
increasesthe currentdrawn
fromthe battery.

The battery does not provide
constant current (flow of
electrons—charge). The battery
provides apushforce or energy
to each charge.

In a seriescircuitthe energyis
shared between components.

The total energy drop across all
the light bulbs must equal the
total energy drop across the
battery.

If you put more lightbulbsintoa
seriescircuit, the energy from
the batteryis shared and the
lights are dimmerthanthey
were before. The lights are
equally dim.

Addingextralightbulbstoa
parallel circuitdivides the
“constant current” provided by
the battery.

The current takes the easiest
route.

Current cannot choose a route.

The energy drop across each
componentina parallel circuitis
the same as the energy drop
across the battery.

A seriescircuit

A seriescircuit hasonlyone
pathway forthe charge to flow
along—all the componentsarein
aline.

Currentina seriescircuit

The rate of flow of charge
(current) isthe same all around
the seriescircuit.
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Appendix 2: Online resources and ideas for exploring simple circuits

University of Colorado: Circuit Construction Kit: http://phet.colorado.edu/en/simulation/circuit-
construction-kit-dc

Squishy Circuits (create circuits and explore electronics using play dough):
http://courseweb.stthomas.edu/apthomas/SquishyCircuits/index.htm

TED Talks: Hands on Science with Squishy Circuits:
http://www.ted.com/talks/lang/en/annmarie_thomas_squishy circuits.html

Engineering Interact: The Real Deal —Electricity:
http://www.engineeringinteract.org/resources/discovermore/electricity.htm

Engineering Interact: Silicon Spies (electricitygame): http://www.engineeringinteract.org/interact.htm
Engineering Interact: Simple Circuits:
http://www.engineeringinteract.org/resources/siliconspies/flash/concepts/simplecircuits.htm
Engineering Interact: Building Circuits:
http://www.engineeringinteract.org/resources/siliconspies/flash/concepts/buildingcircuits.htm
EngineeringInteract: Circuit Experiments
http://www.engineeringinteract.org/resources/siliconspies/flash/conce pts/experimenting.htm
The Blobz Guide to ElectricCircuits (interactiveanimations):
http://www.andythelwell.com/blobz/guide.html

BBC Schools Science Clips: Simple Circuits—ages 6 to 7:
Worksheet: http://www.bbc.co.uk/schools/scienceclips/teachersresources/ages6 7/tr ages6 7.shtml#

BBC Schools Science Clips: Circuits and Conductors —ages 8 to 9:

Worksheet: http://www.bbc.co.uk/schools/scienceclips/teachersresources/ages8 9/tr ages8 9.shtml#
BBC Schools Science Clips: Changing Circuits —ages 10 to 11:

Worksheet:

http://www.bbc.co.uk/schools/scienceclips/teachersresources/agesl0 11/tr changing circuits wk.shtml
BBC Schools: Static— Static Electricity:

http://www.bbc.co.uk/schools/gcsebitesize/science/add edexcel/static elec/staticrevl.shtml

BBC Schools: Static— ElectricShocks:

http://www.bbc.co.uk/schools/gcsebitesize/science/add edexcel/static elec/staticrev2.shtml

BBC Schools: Static— Safety Measures:

http://www.bbc.co.uk/schools/gcsebitesize/science/add _edexcel/static_elec/staticrev3.shtml

BBC Schools: Static— Uses of Electrostatics:

http://www.bbc.co.uk/schools/gcsebitesize/science/add edexcel/static elec/staticrev4.shtml

BBC Schools: Electric Current— Electric Circuits:
http://www.bbc.co.uk/schools/gcsebitesize/science/add edexcel/static elec/electriccurrentrevl.shtml
BBC Schools: Circuits —Series and Parallel Circuits:
http://www.bbc.co.uk/schools/gcsebitesize/science/add edexcel/controlling current/circuitsrevl.shtml
BBC Schools: Circuits— Currentand Voltage:

http://www.bbc.co.uk/schools/gcsebitesize/science/add edexcel/controlling current/circuitsrev2.shtml
BBC Schools: Circuits — Cells and Circuits:

http://www.bbc.co.uk/schools/gcsebitesize/science/add edexcel/controlling current/circuitsrev3.shtml
BBC Schools: Circuits — Potential Difference and Charge:
http://www.bbc.co.uk/schools/gcsebitesize/science/add edexcel/controlling current/circuitsrev4.shtml

BBC Schools: Annie’s Circuit Builder: http://www.bbc.co.uk/schools/podsmission/electricity/annie03.shtml
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BBC Schools: Pod’s Lemon Battery: http://www.bbc.co.uk/schools/podsmission/electricity/pod.shtml

BBC Schools: Ollo’s Electricity —Top Facts:
http://www.bbc.co.uk/schools/podsmission/electricity/ollo.shtml

TKI: Science Online: Nature of Science: Which of these Materials Make the Lights Go on:
http://scienceonline.tki.org.nz/Nature-of-science/Nature-of-Science-Teaching-Activities/Which-of-these-
materials-make-the-light-go-on

The FuseBox: Circuit Builder: http://thefusebox.northernpowergrid.com/page/circuitbuilder.cfm
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