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Science Standards (VELS)
The Science knowledge and understanding dimension focuses on building student understanding of the
overarching conceptual ideas of science. This includes understanding concepts of energy and force as a
way of explaining physical phenomena. These understandings enable students to build on their curiosity
and answer their own questions about themselves and their interactions with the world while at the same
time allowing them to think through contemporary challenges and issues. Through this, students come to
understand how science relates to society and the environment.
In Science, standards for assessing and reporting on student achievement are introduced at level 3. The
learning focus statements for Levels 1 and 2 provide advice about learning experiences that will assist
students to work towards the achievement of the standards at Level 3.

Level 2
At Level 2.5, the work of a student progressing towards the standard at Level 3 demonstrates, for
example:


knowledge of how change related to matter, space, energy and time may be of benefit to society;
for example, use of electromagnets.

Level 3
At Level 3, students identify forms of energy and energy transformations in the everyday world.
At Level 3.75, the work of a student progressing towards the standard at Level 4 demonstrates, for
example:



knowledge of the consequences of change in terms of cause and effect applied in chemical,
physical, biological, earth and/or space science contexts; for example, effect of forces that do not
always require contact (such as magnetism).
knowledge of the connections between concepts applied in an everyday context related to matter,
space, energy and/or time.

Level 4
At Level 4, students use everyday examples to illustrate the transforming and transferring of energy.
At Level 4.25, the work of a student progressing towards the standard at Level 5 demonstrates, for
example:


knowledge of the function/s of the components of systems; for example, series and parallel
circuits.
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At Level 4.5, the work of a student progressing towards the standard at Level 5 demonstrates, for
example:


knowledge of the relationships between components of systems, including understanding of
changes over time; for example, electron flow comparisons in series and parallel circuits.

Science Standards (Australian Curriculum - Draft)
In the Science understanding content strand science understanding is evident when a person selects and
integrates appropriate science knowledge in ways that explain and predict phenomena, and applies that
knowledge to new situations and events. Science knowledge refers to facts, concepts, principles, laws,
theories and models that have been established by scientists over time. Science knowledge represents the
building blocks of science understanding but it is the dynamic nature of science understanding that will be
beneficial to citizens in an ever-changing world.
Year 5
By the end of year 5 students begin to have an understanding of the properties of electricity and start to
consider the microscopic structure of materials.
Electricity
Electrical energy can be transferred and transformed.
Elaborations
 investigating electrical circuits as a means of transferring electrical energy to produce light, heat
and sound.
 investigating conductivity and recognising that electricity is conducted through materials known
as conductors and that it will not travel through materials known as non–conductors (insulators).
 understanding that the transformation of energy refers to the changing of energy from one form to
another (eg electrical energy can be changed to heat energy).
 representing simple electrical circuits by diagrams and conventional symbols.
Year 7
By the end of year 7 students begin to gain an understanding of the concept of energy, including energy
transformation, and compare the sustainability of different energy sources, relating this to their own use
of energy.
Transferring and transforming energy
Useful energy transfers and transformations, such as those involving heat, light, sound, moving objects,
electricity and gravity, and how energy is wasted.

http://museumvictoria.com.au/scienceworks/education/
4

Elaborations
 investigating different sources of energy in everyday situations (eg sunlight, potential energy in
stored water, heat energy from fuels and food, potential energy in wind-up toys) and working out
how energy is wasted when sources of energy are used.
 investigating heat transfer, including conduction, convection and radiation, in a home or school
(eg effects of insulation, fans, and types of air conditioners).
 describing energy transformations in a range of everyday devices (eg microwave ovens, electric
and gas cooktops, refrigerators, electric tools and toys, fluorescent and incandescent light bulbs,
LED lighting, radios, television sets and car engines) and working out how energy is wasted
when these transformations take place.
 discussing the significance of the law of energy conservation in examples of energy transfer and
transformation.
 investigating the effects of heating and cooling on water when it is a solid, liquid and gas
including change of state and density changes.
 investigating energy transformations in a range of situations (eg when stored water is used to
make electricity).
Year 9
By the end of Year 9, students are able to formulate scientific questions based on a range of sources of
information. They describe and compare the use of a range of energy sources in the world. They are able
to explain, with examples, how the properties of energy (eg chemical, electrical, heat and light) are related
to their use.
Electrical energy
Methods of generating and transferring electrical energy.
Elaborations
 describing the differences between series and parallel circuits in terms of voltage, current and
resistance and describing the different uses of these circuits.
 describing the difference between alternating current (AC) and direct current (DC), and their
advantages and disadvantages in the generation, storage, distribution and use of electricity.
 comparing the efficiency and power output of different methods of electricity generation from
both renewable and non-renewable sources.
 using laboratory equipment such as a solar cell, fuel cell, thermocouple and dynamo to generate
electricity.
 researching nuclear energy as a source of electricity generation.
 researching superconductors and their uses.
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Static electricity
Background information
You may have been zapped by electricity while getting out of a car, or zapped yourself or someone else
after walking on carpet. These incidents involve static electricity. Static electricity occurs when electric
charge builds up in one place. When you rub two different materials together, you can move negative
charges (electrons) from one material to the other. This is often referred to as ‟charging up‟ the materials.
If the static electricity is strong enough, you can see and/or hear a spark moving from one object to
another as it discharges. Discharging occurs when electrons move between a charged object and another
object that is connected to the ground („earthed‟).
There are two types of charge, positive charge and negative charge.
• When two materials have the same charge (positive and positive or negative and negative), they
repel each other.
• When two objects have different charges (positive and negative or vice versa) they attract each
other.
The Triboelectric Series
• Charged objects attract neutral objects (objects that have no
charge).

+ Positive

If an object is charged, it will discharge when it is in contact with or close
to the ground. This contact can be either direct or indirect. For example, a
charged rod will discharge through the ground via the human body when it
comes into contact with a human finger. The charge is given a pathway to
the ground via the person's finger. A strong charge can jump to the finger if
it is close enough. The person may feel a little shock as the rod discharges.
Lightning is a discharge of static electricity on a much larger scale.
Buildings have lightning rods that reach high into the sky so that the
charged clouds can discharge through them to the ground. This protects
buildings by providing a safe path for the electricity to pass through.

The Triboelectric Series
Tribology is the study of friction. The triboelectric effect is the transfer of
charge between materials that are rubbed together.
Materials lower on the list alongside will acquire a negative charge when
rubbed against materials higher on the list.

Air
Human skin
Asbestos
Rabbit fur
Glass
Human hair
Nylon
Wool
Silk
Aluminium, zinc
Paper
Cotton
Steel
Wood
Hard rubber
Copper, nickel, carbon
Brass, silver
Gold, platinum
Polyester
Polyurethane
Polyethylene
PVC (vinyl)
Teflon

─ Negative
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Van de Graaff Generator
Van de Graaff Generators are machines which use a moving belt to produce high electrostatic voltages
on a hollow metal globe. They were invented by Robert J Van de Graaff at Princeton University in 1929.
The Van de Graaff Generator consists of a motor, a Teflon roller, a metal roller, a metal dome, a rubber
belt and an insulating column to keep the dome separated from the base.
The motor rotates the Teflon roller. As the rubber belt separates from the roller it becomes positively
charged. This happens because when different materials are rubbed together they transfer charge from one
to the other. This leaves one of the materials carrying a positive charge and the other carrying a negative
charge. The amount of charge transferred and which material becomes positive and which becomes
negative can be determined by examining the triboelectric series. (See page 6.)
The rubber belt carries the positive charge to the metal roller. The positive charges attract negative
charges (electrons) off the metal roller and the inside of the dome. This causes the dome to become
positively charged. The positive charge is distributed across the metal dome. When a person isolated from
the earth touches the dome they become positively charged also.
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Mini - Biographies
Namarrkon
The Aborigines of northern Australia have a number of stories that explain thunder, lightning and the wetseason clouds and rain. Namarrkon (spelling varies as the consonant sounds have no exact equivalents in
English) is the Lightning Spirit of the Kunwinjku people of Western Arnhem Land in the Northern
Territory. He/she has a circle of flashing lightning leading from his/her head to the lower parts of his/her
body. Namarrkon creates electrical storms and destroys trees by throwing the stone axes that protrude
from his/her knees and elbows. It is widely believed that the marrkidjbu or „clever men‟ have the power
to call on Namarrkon to strike a particular person whom they wish to have killed.

Thor
Thor was the god of thunder in Norse (Northern European) mythology. He had a magic hammer which he
threw with the aid of iron gloves. It always returned to him. Lightning strikes occurred when his hammer
hit something hard. Thunder was the sound of his rolling chariot. Thor was the eldest son of Odin, the
ruler of all gods. Thursday is named after Thor.

Thales (about 580 B.C.)
Thales was born in Miletus in Asia Minor. He is considered to be the founder of Greek philosophy and
was one of the so called Seven Sages (Wise Men) of Greece. He explained many natural phenomena.
Thales found that a piece of amber (fossilised plant sap), when rubbed with a cloth, attracted feathers and
the dried pith of plants. (The Greek word for amber is hlektron).

William Gilbert (1544–1603)
William Gilbert was an English physicist and physician who was educated at the University of
Cambridge. He was appointed physician to Queen Elizabeth I. William Gilbert determined that a compass
needle points north because the Earth behaves as a giant magnet. In 1600 he published a book, De
Magnete, which gave a full account of all his experiments on magnets and electrical attractions. His book
was used as the main reference on electricity and magnetism for over 150 years.

Benjamin Franklin (1706–1790)
Benjamin Franklin was an American printer, author, diplomat and philosopher as well as a scientist. In
1752 Franklin performed his famous experiment, which involved flying a kite in a thunder storm. The
kite was used to „capture‟ lightning, using a special storage device called a Leyden Jar. The jar was
connected to the kite by a string. His experiments were the first to show that lightning is electricity. He
was very lucky not to have been killed! Franklin also explained how objects become charged and
discharged using his theory of „positive‟ and „negative‟ charge.

Benjamin Franklin's experiment proving the identity of
lightning and electricity.
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Petrus van Musschenbroek (1692–1761)
The Dutch physicist, Petrus van Musschenbroek is one of two people credited with the invention of the
Leyden Jar in about 1745. The German scientist, Ewald George von Kleist, who was working
independently, is also accorded this honour. Leyden Jars were used to store static electricity. Van
Musschenbroek‟s jar was a water-filled glass jar with an iron rod in it. It was named in honour of the city
of Leyden, where its inventor was born.

Ewald George von Kleist (1700–1748)
Ewald George von Kleist was the Dean of Kamin Cathedral in Pomerania (now a part of Poland). Von
Kleist discovered the Leyden Jar independently of van Musschenbroek. His model used a chain in a glass
jar, while van Musschenbroek‟s used an iron rod.

Otto von Guericke (1602–1686)
Otto von Guericke was a German physicist who studied law and mathematics. Von Guericke developed
the first machine for producing an electrical charge. It consisted of a sulphur ball which could be spun on
an axle. The turning ball would be brushed with a hand, a soft leather pad or a woollen cloth. Its operation
was accompanied by showers of sparks. Von Guericke also did many experiments on air pressure,
including the famous Magdeburg hemispheres demonstration, and invented the first air pump.

Luigi Galvani (1737–1798)
Luigi Galvani was an Italian professor of anatomy. Galvani accidentally discovered that he could make a
frog‟s leg twitch violently when it was touched in different places by iron and copper rods. He (wrongly)
thought that the frog‟s leg contained „animal electricity‟ that was released when it was touched by these
metals. It was Volta who proved that the frog‟s leg and the two different metals were behaving like a
battery. The electrical terms, GALVANISM and GALVANISATION, were named in Galvani‟s honour.

Allesandro Volta (1745–1827)
Alessandro Volta was an Italian physicist who performed many experiments with electricity, and
developed the first battery, called a Voltaic Pile. It consisted of stacked copper and zinc plates, separated
by paper or cloth that had been soaked in salt water. Voltaic piles were the first steady source of electric
current. In honour of his work, Napoleon made Volta a count, and the electrical unit the VOLT was
named after him.

Hans Christian Oersted (1777–1851)
Hans Christian Oersted was a Danish physicist who was educated at the University of Copenhagen. In
1818, Oersted discovered that a magnetic compass needle will move when it is placed near a wire
carrying a current. He also discovered the first electromagnet. This discovery began the study of
electromagnetism, an important step on the path to the first electric motor. Oersted was the first person to
extract the metal aluminium, and the magnetic unit, the OERSTED, is named in his honour.

André Ampère (1775–1836)
André Ampère was a child prodigy who mastered every aspect of mathematics by the time he was twelve.
He went on to become a professor of physics, chemistry and mathematics at various universities in
France. Ampère built the first meter for measuring electricity, and was the first person to work out the
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mathematical relationship between electricity and magnetism. The unit of measurement of electric
current, the AMPERE, is named in his honour.

Michael Faraday (1791–1867)
Michael Faraday was the son of an English blacksmith and received little formal education. He became a
physicist and chemist, and is best known for his discoveries of electromagnetic induction and electrolysis.
In 1821, Faraday discovered the principle behind electric motors, which convert electricity into
movement. He understood that many electrical effects are reversible – he was the first person to make an
electrical generator, which converts movement into electricity. The electrical unit, the FARAD, was
named in his honour.

Thomas Edison (1847–1931)
Thomas Edison developed the electric light bulb, the electric generator, the phonograph and the motion
picture. Altogether, Edison patented more than 1000 inventions. In 1882, he developed and installed the
world‟s first large central electric power station in New York City. This generator supplied direct current,
while later generators produced alternating current, as proposed by Nikola Tesla and George
Westinghouse.

Nikola Tesla (1856–1943)
Nikola Tesla, an electrical engineer and inventor, was born in Smiljan (in the former Yugoslavia). He
emigrated to the United States in 1884 and later became an American citizen. In 1888, Tesla developed
the first system for generating alternating current. George Westinghouse installed this system in the
Niagara Falls power station, which opened in 1895. In 1891, Tesla developed a high voltage transformer
– the Tesla coil – which has important applications in the field of radio communications. The magnetic
unit, the TESLA, is named in his honour.

Hertha Ayrton (1854–1923)
Hertha Ayrton was born in England. She was trained as a mathematics teacher, but went on to become an
electrical engineer. Ayrton worked on the development of electric arc lamps. Her inventions were used as
searchlights during World War I and in the cinema. Ayrton published many papers on electric lighting,
and was the first woman to become a full member of the Institute of Electrical Engineers. She was refused
membership of the Royal Society on the grounds that she was a married woman.

Hertha Ayrton
http://upload.wikimedia.org/ wikipedia/commons
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Glossary
Alternating Current

A flow of electric current in which the direction of movement periodically
changes. The number of complete cycles in a second is called the
frequency. In Australia, AC current has a frequency of 50 cycles per
second or 50 Hertz.

Ammeter

An instrument which measures electric current.

Ampere

The unit of measurement for electric current. It corresponds to the flow of
18

approximately 6 x 10 electrons per second. Ampere is usually shortened
to amps or A.
Arc

A brief flash of light caused by an electric current moving through a gas
between two points with a high voltage difference. An arc lasts much
longer than a spark.

Atom

The basic particle, or ‟building block‟ of all matter. Atoms consist of a
positively charged centre, called the nucleus, surrounded by negatively
charged electrons.

Battery

A battery is a combination of cells connected together in series. Most car
batteries are made up of six separate cells.

Capacitor

A pair (or pairs) of conductors separated by insulators. A capacitor stores
electric charge.

Cell

A single device that changes chemical energy into electrical energy. It
usually consists of two electrodes and a conducting liquid called an
electrolyte. Many commonly used batteries (for example a AA sized
battery) more correctly should be called a cell.

Charge

A basic property of all matter (see Atom). Charge can be positive or
negative. Negative charges, or electrons, can be transferred from one
material to another. An excess of electrons results in an object having a
negative charge and a deficiency of electrons resul;ts in an object having a
positive charge. The unit of measurement of charge is the coulomb (C).

Conductor

An object or substance through which electricity can flow easily.

Coulomb

The unit of measurement of electric charge. One coulomb is the amount of
18

charge carried by approximately 6 x 10 electrons.
Current

A flow of electrons from one place to another. The symbol for current is I.
Current is measured in amperes (A).

Direct current

A flow of electric current in one direction only. Batteries supply direct
current (DC).
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Dry cell

A cell where the conducting liquid (electrolyte) is in the form of a paste or
jelly so that it doesn‟t spill. The common torch battery is an example of a
dry cell.

Electricity

A general term for the phenomena associated with electrons at rest or in
motion.

Electrode

A conductor which allows electricity to flow in or out of a material or
object. Electrodes are usually made from a metal or graphite.

Electromagnet

A coil of wire which only becomes magnetic when electricity passes
through it. The coil may be wound around a material such as iron to
increase the magnetic effect.

Electron

A sub-atomic particle found in every type of atom. Electrons have a
negative charge and are found outside the nucleus of an atom.

Electrolysis

A method of separating chemically bonded elements and compounds by
passing an electric current through them.

Galvanisation

An electrolytic process where iron objects are coated with a thin layer of
zinc. This reduces the rate at which the iron rusts.

Galvanometer

An instrument which can be converted for use as a voltmeter or an
ammeter.

Generator

A machine which converts one form of energy into another. An electricity
generator converts kinetic energy into electrical energy.

Induction
(electromagnetic)

The creation of an electric current in a circuit as a result of it being close to
a changing magnetic field. For example, in an electric generator, a current
arises in a wire that is wound around a cylinder (a solenoid) when a magnet
is moved inside the cylinder.

Insulator

An object or material that has a high resistance to the flow of electricity.

Leyden Jar

An old fashioned device for storing static electricity.

Magnet

A piece of metal that exists naturally with a magnetic field surrounding it.
This field exerts a force on other magnets and iron pieces.

Motor (electric)

A machine which converts electrical energy into kinetic energy.

Ohm

The unit of measurement of the resistance to the flow of electric current in
a circuit. Ohms is often represented by the symbol Ω.

Parallel circuit

A way of arranging wires and „appliances‟ in a circuit The circuit is in
parallel when the current flowing has more than one pathway to flow
through.
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Resistance

The tendency for materials to resist the flow of electric current and convert
electrical energy into heat. The unit of measurement for resistance is the
ohm. The symbol for resistance is R.

Series circuit

A way of arranging wires and „appliances‟ in a circuit. A circuit is in series
when all the parts are arranged end to end in a continuous path.

Solar cell

A device for converting the Sun‟s energy into electrical energy. A solar
panel is made up of many solar cells.

Solenoid

A coil of wire which is usually wound around a tube. It is used to produce
a magnetic field (see electromagnet).

Spark

A brief flash of light caused by an electric current moving through a gas
between two points with a high voltage difference. A spark lasts for a very
short time.

Static electricity

Electric charge acquired by an object as a result of being rubbed, being
brought close to, or touching another charged object.

Transformer

A device used to alter voltage or (alternating) current. They work without
moving parts by the process of electromagnetic induction.

Volt

A unit of measurement of voltage. Voltage is a measure of the amount of
electrical energy available. The symbol for volt is V.

Voltmeter

An instrument which measures voltage.

Watt

The unit of measurement of power. In electrical systems it is the number of
amps multiplied by the number of volts. The symbol for watt is W.

Wet cell

A cell where the electrolyte is in the form of a liquid. This means that they
must be kept upright to avoid spillage. Most car batteries are wet cells.
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Resources
Internet addresses
Facts about lightning:
Museum Victoria
http://museumvictoria.com.au/scidiscovery/lightning/index.asp
How Stuff Works
http://science.howstuffworks.com/search.php?terms=lightning&x=53&y=20
Bureau of Meteorology
http://www.bom.gov.au/info/thunder/#protectionn
Public Broadcasting Service (PBS) (USA)
http://www.pbs.org/wnet/savageplanet/03deadlyskies/01lforms/indexmid.html
Information on Nikola Tesla:
Nick’s Personal Website
http://nickf.com/tesla.php
PBS: Tesla for Teachers
Includes lesson plans on mechanical – electrical energy conversion
http://www.pbs.org/tesla/tt/index.html
Stoneridge Engineering
Tesla timeline
http://205.243.100.155/frames/tesla.html
University of Melbourne – School of Physics
Some simple (and some not so simple) experiments for Electricity and Magnetism
http://lecturedemo.ph.unimelb.edu.au/Electricity-Magnetism
Exploratorium, San Francisco
Simple activities on electricity
http://www.exploratorium.edu/snacks/iconelectricity.html
Science Made Simple
Detailed information about static electricity and fun experiments to try
http://www.sciencemadesimple.com/static.html
Ergon Energy (Qld)
Activities on electricity suitable for students in Years 1-9
http://www.ergon.com.au/ergonia/
University of New South Wales
Animations on electric motors and generators for senior students
http://www.physclips.unsw.edu.au/jw/electricmotors.html#schematics
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Energy Safe Victoria
Information on safety when using electricity
http://www.esv.vic.gov.au/

Excursion ideas
CERES (Centre for Education and Research in Environmental Strategies)
The Energy Park provides access to a variety of hands-on activities and demonstrations on
energy use, alternative technologies, energy efficient building design and smart energy
solutions. Programs cater for primary, secondary, VCE and tertiary groups.
Cnr Roberts and Stewart Streets
BRUNSWICK EAST, 3057
Ph: (03) 9389 0100
http://www.ceres.org.au//
PowerWorks Museum Exhibition Centre
Provides power station and mine tours for primary and secondary students.
Ridge Road
MORWELL, 3840
Ph: (03) 5135 3415
http://www.powerworks.com.au//

Alternative Technology Association
Information and events promoting energy conservation.
Level 1, 39 Little Collins St.
MELBOURNE, 3000
Ph: (03) 9639 1500
http://www.ata.org.au//
Clockwise from top-right: Solar-electric power station; nuclear power plant; hydroelectric dam; wind turbine
http://www.howstuffworks.com/hydrogen-economy4.htm
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Activities
Hundreds and thousands
What you need
• „hundreds and thousands‟
• shallow (l or 2 cm) container with a clear plastic lid (e.g. a small take away food container)
• woollen clothing or cloth.
What to do
1. Put a small amount of „hundreds and thousands‟ in the container.
2. Put the lid on the container and charge the lid by rubbing it with a woollen cloth. Observe what
happens.
3. Gently move a finger over the top of the container and observe what happens.
Questions
1. Why do the „hundreds and thousands‟ often jump back down?
2. What happens when you move your finger over the top of the container?

Shallow container with clear plastic lid

Neutral spheres are attracted to the lid
and the charged ones are repelled

„Hundreds and thousands‟
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Make a Magnet

What you need:







1 large steel bolt
A piece of insulated wire
1 film canister with a lid
2 split pins
4 or 5 paper clips
1 „C‟ cell battery

What to do:
1. Push the split pins halfway through
the holes in the canister and lid.
2. Wind the wire around the bolt 15 to
20 times. (See diagram below).
3. Carefully push the exposed ends of
the wire between the „legs‟ of each split pin and wrap it around one of the „legs‟.
4. Push the split pins the rest of the way through the holes in the lid and canister and spread the
„legs‟.
5. Put the battery into the film canister, and close the lid. Push firmly to make sure the split
pins are touching both ends of the battery.
6. Hold one end of the bolt close to a small pile of paper clips. What happens?
7. You‟ve made a magnet! Count how many paper clips your magnet picks up.

Try this…
 Disconnect the battery; is your bolt still magnetic?
 Try connecting more than one battery to your electromagnet.
 Change the number of coils you wrap around the bolt, or squash all the coils up to one end of the bolt.
Is there any change? How many paper clips are picked up now?
 Remove the bolt, but leave the wire coiled up. Are the coils magnetic?
 Put your electromagnet near a compass. Watch the needle closely!
 Roll up some aluminium foil and use it instead of the bolt.
 Try using a plastic core, like a pen.
 Reverse the wires connecting to each end of the battery. Any change?
If it’s not working…
 Make sure your wire is wound tightly around the bolt. Spread the coils out evenly along the bolt.
 Ensure the metal of the wire is touching the metal of the split pins.
 Your battery might be flat! Your electromagnet may drain your battery quite quickly.
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WARNING The battery terminals and wires may become quite hot. Do not leave your electromagnet
continuously connected to the battery for more than a few minutes.

What’s happening?
The electricity stored in the battery flows through the split pins and into the wire. When an electric
current flows through a wire, the wire becomes surrounded by a magnetic field. When you wind the wire
into coils around an iron core (the steel bolt contains iron), all of the magnetic fields surrounding each bit
of wire line up through the centre of the bolt, creating a much larger magnetic field.
Magnetic fields

Coil of wire

The iron atoms in the bolt all have a north and south pole. Usually the poles of the atoms point in
different directions and cancel each other out, so it has no overall magnetic field. As the wire is coiled
around the bolt, the electric current makes the iron atoms line up with the magnetic field of the coils.
Giant electromagnets like this are used in wreckers‟ yards, to pick up cars! They are better for this
purpose than permanent magnets, like the magnets on your fridge, because they can be easily turned off
when you want to drop the load.
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A Simple Spinner
Tiny Electric Dancer - Truly, the World‟s simplest electric motor
(This activity is reproduced from Eric Muller‟s exploratorium web site www.exo.net/~emuller/)

Introduction:
A wire can be made to spin about a magnet by using the interactions of magnetism and
electric current.
Materials:
• Copper magnet wire (25 to 35 cm)
• Sand paper or something to strip the magnet wire
• New single cell battery: AA, A, C or D size.
Note: this motor design uses batteries quickly
• Circular Neodymium Magnet
Careful: Always use caution when working with Neodymium magnets. These magnets are
extremely strong and can fly towards each other and shatter.
Optional equipment:
• Aluminum foil
• Standard Ceramic magnets
Assembly:
This device can be made in multiple ways. Presented here, is but one. See the links to images and videos
at the end of this document to discover other ways to make this device.
1. Cut off a piece of copper magnet wire about 25 to 35 cm long

2. Scrape the ends of wire so that they will conduct electricity when in contact with the
battery.

3.

Use your battery as a guide to coil the wire around it. Two or three turns will do.

4. Remove the wire and expand or loosen the coil so that it will easily move around the
body of the battery.

5. Carefully attach and center a neodymium magnet on the negative terminal of your
singe cell battery.

6. Bend one end of the wire so that the coil can rest and spin on the top center of the battery.
7. Place the battery on a tabletop magnet side down (or positive terminal up).
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8. Place the coil on the tip of the positive battery terminal so that it can freely spin.

9. Gently pull the other end of the coil downward so that the coil extends just below
the battery, but not so far it touches the tabletop.

10. Bend the lower portion of wire so that the uninsulated portion of coil can gently
touch or scrape along the magnet as it spins.

To do and notice:
Let go of the coil and see it spin…. if it does, good…if doesn‟t, make adjustments.
Trouble shooting hints:
a. Make the lower portion of wire touch the magnet in a more perpendicular angle.
b. Move the coil so it‟s just off center, allowing the coil to only occasionally contact the magnet.
c. The battery might be underpowered…. try a new battery.
d. You might need a better electrical contact between the wire and magnet.
i. Re-scrape the insulation.
ii. Wrap the neodymium in aluminum foil (limit the wrinkle in the foil).
Options:
1. Flip the magnet over to make the motor spin the other way.
2. Try using regular ceramic magnets. The motor won‟t spin as fast, but these
magnets are much easier to get and safer too.
a. Stick at least two circular ceramic magnets together.
b. Wrap the magnets in aluminum foil. Make sure there are not many
wrinkles in the foil. This foil “coating” will help in the conduction of
current from the battery to the coil.

What’s going on?
Magnetism and electricity interact with each other to produce a force. This is how an
electric motor works. This pushing force is called the Lorentz Force.
An electric current and a magnet field oriented perpendicular to each other, in the X
and Y directions, cause a push in the Z direction. This type of electromagnet
interaction can be shown with the “right-hand rule.” Switching the current flow
direction or flipping the orientation of the magnet will change the direction of the
Lorentz force, which will make the coil spin to change direction.
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Do more!
More variations and designs are on-line and in video at:
www.exo.net/~emuller/
Find out more about the history and some science of this type of motor:
http://en.wikipedia.org/wiki/Homopolar_motor
http://www.evilmadscientist.com/article.php/HomopolarMotor
http://scitoys.com/scitoys/scitoys/electro/railgun/railgun.html
Variations of this motor are also viewable on youtube.com.
Michael Faraday originally developed this type of simple motor back in the 19th century. This type of
electric motor has various names such as: a Homopolar motor and disk dynamo.
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Basketball hoop microphone
Background
To produce electricity you need to have a magnet, a metal coil and movement. In the case of a
microphone this comes from the vibrations produced when you speak. By speaking near the
microphone membrane you vibrate the membrane which combines with magnet and metal coil to
produce an electrical signal that goes to the amplifier.






As a stand use a small (toy) basketball hoop.
The membrane is a cardboard annulus.
The coil is copper wire wound around a small spool.
Use an amplifier lead connected to the coil to go to your amplifier. (Music departments often
have broken leads that can be used.)
Use a separate magnet to show the effect of placing the magnet near the coil as well as away
from it.
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Speaker
An old speaker with the magnet removed can be used with a magnet to see the effect on the speaker of
the magnet being present or not.
Using an old speaker, remove the magnet from the back so that the metal coil can be seen easily. Attach
a cable that has a suitable jack on the end for a radio or MP3 player. Plug the cable into the earphone or
speaker port of your radio or MP3 player and see what happens when a magnet is bought up to the back
of the speaker near the coil.
If there is no sound you may need a stronger magnet or to turn up the volume. If this still doesn’t work
you may need a supply with a stronger output signal – a radio works best.
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Home-made pickup
A pickup is a magnet with a metal coil wrapped around it. Passive pickups are used in electric guitars and
can be easily fabricated.
To make a pickup you will need a magnet that fits inside a plastic spool, wire and an amplifier lead (one
plug only).
Wrap the wire around the spool.
Place the magnet inside the spool.
Connect the lead to the two ends of the wire.
Use with an amplifier and electric guitar to get sound without plugging in the guitar. Proving that an
electric guitar makes electricity it doesn’t need electricity.
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