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this lesson, students are given a real-world context for the concept of energy transfers and trans-
mations through the remarkable true story of a boy who builds a windmill for his village. They

how a simple generator can transform the energy of motion into electrical energy, and how wind
bines and power plants produce electricity.

’ gested Grade Levels: 3-5

LESSON OBJECTIVES Connecting to the Framework

SICAL SCIENCES

1pea PS3: ENERGY

.A: DeFINITIONS OF ENERGY

# end of grade 5: Energy can be moved from place to place by moving objects or through sound, light, or electric currents.
dary: At this grade level, no attempt is made to give a precise or complete definition of energy.)

B: CONSERVATION OF ENERGY AND ENERGY TRANSFER

the end of grade 5: Energy can ... be transferred from place to place by efectric currents, which can then be used locally to
duce motion, sound, heat, or light. The currents may have been produced to begin with by transforming the energy of motion
'eiectrical energy {e.g., moving water driving a spinning turbine which generates electric currents).

RTH AND SPACE SCIENCES

IpEa ESS3: EArTH AND Human Activity

3.A: NaturaL RESOURCES

he end of grade 5: All materials, energy, and fuels that humans use are derived from natural sources, and their use affects
ﬂm environment in multiple ways. Some resources are renewable over time, and others are not.

THEB
wio HAF;,N‘SV‘-:fo - Featured Picture Books

‘ 5 ’ TITLE: The Boy Who Harnessed the Wind

AUTHOR: William Kamkwamba and Bryan Mealer

ILLUSTRATOR: Elizabeth Zunon

PUBLISHER: Dial Books for Young Readers

YEAR: 2012
GENRE: Narrative Information

African village

TITLE: Wind Energy: Blown Away!
AUTHOR: Amy S. Hansen
PUBLISHER: PowerKids Press
YEAR: 2010
GENRE: Non-Narrative Information

Even More Picture-Perfect Science Lessons, K-35

SUMMARY: Tells the true story of a boy who turned junkyard scraps into a
working windmill to bring electricity and water to his famine-struck

SUMMARY: Explains where wind comes from, how wind turbines produce
electricity, and the advantages and disadvantages of wind power
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This lesson will take about a week. Suggested scheduling is as follows:

Day 1: Engage with 7he Boy Who Harnessed the Wind Read-Aloud and What's in William’s
Windmill? Preassessment

Day 2: Explore with Dynamo Torch, Dynamo Challenge, and Inside the Dynamo

Day 3: Explain with How Is the Dynamo Torch Like William’s Windmill? T-chart and close
reading of “Energy Gets Things Done!” article

Day 4. Explain with Wind Energy: Blown Away! Read-Aloud and with What’s in
William’s Windmill? Postassessment, Elaborate with Energy Resources

Day 5: Evaluate with Energy Resources Posters

Materials

For The Boy Who Harnessed the Wind Read-Aloud (per class)
¢ World map or map of Africa
* (Optional) Moving Windmills documentary (from heep.//movingwindmills.org/documentary)

‘, For Dynamo Torch (per group of four to six students)

* 4M Green Science Dynamo Torch kit (from www.4m-ind.com or www.amazon.com)

For Dynamo Challenge (per group of four to six students)
* Dynamo Torch

® Photos or video of the sOccket (from hrep:/fus.soccket.org)

For Inside the Dynamo (per group of four to six students)

* Dynamo Torch

¢ Small Phillips head screwdriver with a #1 bit

® Dynamo Torch kit instruction booklet

* Quart-size zippered plastic bag for Dynamo Torch parts

For How Is the Dynamo Torch Like William’s Windmill? (per group of four to six students)

» Disassembled Dynamo Torch

# Dynamo Torch kit instruction booklet

For “Energy Gets Things Done!” Close Reading

* “Energy Gets Things Done!” Close Reading Teacher Page (for teacher use)
For Energy Resources Posters (per group of four to six students)

* Poster board or construction paper

¢ Markers or colored pencils

¢ (Optional) Energy Infobooks (from www.need. org/energy—infobog/ex)
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nergy Gets Things Done!” (article)
rergy Gets Things Done!” Close Reading

ergy Resource Poster Scoring Rubric

kground

a quarter of the world’s population lacks access to any electric power, regardless of how it is
It is estimated that 1.5 billion people (concentrated mostly in Africa and southern Asia)
thout electricity. This “energy poverty” limits development in the world’s poorest places and
¢ life difficult for people who live there. But one remarkable boy in sub-Saharan Africa helped
this problem in his own village. William Kamkwamba was born in 1987 in a small town in the
of Malawi. In 2001 and 2002, his village suffered a devastating famine. William’s family went
and, with no money to pay for school, he had to drop out. He began visiting a library, started
American government, where he found books about science. He was particularly intrigued by
re he saw of a windmill in one of those books. He read that windmills could produce electricity
mp water. His family did not have electricity and he knew that pumping water could help his
who was a farmer. William was determined to build a windmill. He patched together a tractor
k absorber, frame of a broken bicycle, plastic pipe, bicycle dynamo (a small generator), and
¢ to create 2 windmill that could power a small lightbulb ... and he was only 14 years old!
yt tinkering with his design until he was able to use the windmill to charge a car battery, which
erad four lightbulbs in his family’s home. And several years later, he was able to pump water from
to water his family’s garden.

The Framework cautions that “the idea that there are different forms of energy, such as
| energy, mechanical energy, and chemical energy, is misleading, as it implies that the
of the energy in each of these manifestations is distinct when in fact they all are ulti-
t the atomic scale, some mixture of kinetic energy, stored energy, and radiation. It is
e misleading to call sound or light a form of energy; they are phenomena that, among
pther properties, transfer energy from place to place and between objects” (p. 122). Be-
many of these descriptive terms associated with forms of energy are arbitrary, we have
to define some terms when appropriate, while giving examples of other terms to avoid
students misconceptions. For example, in the article “Energy Gets Things Done!” we are
Io describe energy without actually defining it, because the well-known physical science
fon (“the ability to do work”) is not meaningful to younger students. Likewise, we do not
e terms potential or kinetic energy because these appear after the grade 5 endpoint of the
work. We use the term energy of motion to describe the energy that is transformed into
cal energy in a generator, and we use the terms electrical energy and electricity inter-
eably. Electrical energy is not defined in terms of the movement of electrons because this
pt also appears after the grade 5 endpoint.
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[image: image4.jpg]In 2007, some journalists found out about William and went to Malawi to see his windmill. Wil-
liam was invited to speak at a conference in Tanzania, and many people were so moved by his story
that they donated money to send him back to school. In 2010, William’s story became a New York
Times bestseller for adults, and in 2012 his story was adapted into a children’s book of the same title,
The Boy Who Harnessed the Wind. William went on to study engineering at Dartmouth College.

A Framework for K—12 Science Education suggests that by the end of grade 5 students should
understand that electric currents can be produced by transforming the energy of motion into electrical
energy, and that energy can be moved from place to place by electric currents. William's remarkable
true story, which students learn about on day 1 of this lesson, provides a real-life context for these
difficult concepts. His handcrafted windmill was able to transform the energy of motion produced
by turning blades into electrical energy to power a lightbulb and other devices for the boy’s village.
On day 2, students learn how energy can be transformed and transferred by observing how a simple
generator, the Dynamo Torch, works. A generaror is a device that transforms mechanical energy into
electrical energy. According to the Framework, mechanical energy generally refers to some combina-
tion of motion and stored energy in an operating machine, and electrical energy may mean energy
transmitted by electric currents or energy stored in a battery. "

Electrical energy can be transferred through wires by currents and used to produce motion, sound;
light, or heat. In the 1800s, a scientist named Michael Faraday discovered the remarkable relationship
between magnetism and electricity. He figured out that by passing a magnet through a coil of wir
or moving a coil of wire near a magnet, he could make an electric current flow through the wire. Thi
process is called electromagnetic induction and is the basis for all generators. Inside the Dynamo Torc}
is a small generator, called a toy motor in the instruction booklet. A motor and a generator are basi-
cally the same device, but a motor transforms electrical energy into energy of motion and a generata)
transforms energy of motion into electrical energy. The generator inside the Dynamo Torch containj
2 coil of wire and tiny magnets. When the crank is turned, the wire turns between the magnets. Thi
causes the electrons in the wire to flow, producing an electric current through electromagnetic ind
tion. The electric current sransfers, or carries, electricity through wires and into a tiny LED bulb.

Generator
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[image: image5.jpg]After exploring how the Dynamo Torch works, students do a close reading of an article on day 3
to learn how energy can be both transferred and transformed, what must happen inside the Dynamo
Torch to produce electricity, and how energy is transformed to make electricity in power plants.
They begin reading “Energy Gets Things Done!” “cold” with no front-loading of vocabulary or prior
discussion of content or structure. Next they write a brief summary of the important points the
author is trying to convey and share it with a partner. Then they listen closely as the teacher reads
the text aloud. (This practice supports the engagement of all students, especially those who struggle
with reading the text independently.) After the teacher reads the text aloud, students reread care-
fully in order to answer a series of text-dependent questions. Here, they must refer back to what the
text says explicitly and make logical inferences from it. Finally, students participate in a discussion
with a partner to compare the Dynamo Torch with a coal-fired power plant (as opposed to personal
reflections on the reading).

On day 4, students listen to a read-aloud of Wind Energy: Blown Away! and find out how a wind
turbine works. In a wind turbine (a windmill that produces electricity), the blades are attached to a
shore stick called a drive shaft. As shown in the illustration, moving air spins the blades (1), which
turn the drive shaft (2). The drive shaft moves gears, which turn the generator (3), which spins magnets
around wires to produce electricity. In a wind turbine, the motion of the spinning blades (energy of
motion) is transformed, or changed, inside a generaror into electrical energy. ‘

All generators, including the ones bringing electricity to our homes, work in the same basic way:
they convert energy of motion to electrical energy by rotating magnets around a coil of wire or by
spinning a coil of wire in between magnets. The source of the energy of motion may be a wind turbine,
water falling through a turbine or waterwheel, compressed air, a hand crank such as the one in the
Dynamo Torch, or any other source of energy of motion. Most of the electrical energy consumption
in the United States depends on burning fossil fuels, including coal and oil. The heat produced by
burning fossil fuels creates steam, which rotates a turbine that spins a generator shaft, which produces
electricity through Faraday’s principle of electromagnetic induction.

There are a number of problems associated with burning fossil fuels for electricity production,
including the creation of greenhouse gases that contribute to global warming and the fact that fossil
fuels are nonrenewable and will someday be depleted. In contrast, wind energy is clean, cheap, and
renewable. Some disadvantages of wind energy include noise pollution, negative visual impact on the
landscape, and the threat that moving blades pose to birds. Nevertheless, wind energy production,

though a very small percentage of overall energy production, is on the rise in the United States and
worldwide.

The Framework states that all energy and fuels that humans use are derived from natural sources,
and their use affects the environment in multiple ways. Some resources are renewable over time, and
others are not. In the elaborate phase of this lesson, students discuss the advantages and disadvantages
of wind energy and burning fossil fuels. Finally, they apply their knowledge of energy transformations
and electricity production in the evaluate phase by creating energy resources posters.
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