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PhD SCIENCE® TEKS EDITION Energy ▸ Lessons 15–16

Lessons 15–16
Windmills at Work

Prepare
In Lessons 12–14, students created a generator to better understand how windmills transform the 
energy of motion into electrical energy. In Lesson 15, students build a key concepts checklist to guide 
them as they revise the class anchor model. In Lesson 16, students revisit the story of William 
Kamkwamba. This sets the stage for the engineering challenge introduced in Lesson 17. Students then 
apply their new understanding of energy to explain how energy is transferred and transformed and 
answer the Essential Question.

Student Learning

Knowledge Statement
Everything that happens can be explained by the transfer and transformation of energy.

Objectives
 ▪ Lesson 15: Model how windmills transfer and transform energy.

 ▪ Lesson 16: Explain that energy makes things happen when it is transferred and transformed.

Concept 3: Energy  
Transformation
Focus Question

How does energy transform?

Phenomenon Question

How do windmills change wind  
to light? (Essential Question)
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Texas Essential Knowledge and Skills Addressed
4.2A Plan and implement descriptive investigations, including asking well defined questions, 

making inferences, and selecting and using appropriate equipment or technology 
to answer his/her questions. (Addressed)

4.2F Communicate valid oral and written results supported by data. (Addressed)

4.3B Represent the natural world using models such as the water cycle and stream tables and 
identify their limitations, including accuracy and size. (Addressed)

4.3C Connect grade-level appropriate science concepts with the history of science, science 
careers, and contributions of scientists. (Addressed)

4.6A Differentiate among forms of energy, including mechanical, sound, electrical, light, and 
thermal. (Addressed)

English Language Proficiency Standards Addressed
2E Use visual, contextual, and linguistic support to enhance and confirm understanding 

of increasingly complex and elaborated spoken language.

2F Listen to and derive meaning from a variety of media such as audio tape, video, DVD, and 
CD ROM to build and reinforce concept and language attainment.
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Materials

Lesson 15 Lesson 16

Student Science Logbook (Lesson 15 Activity Guide, Lesson 2 Activity Guide) ● ●

Science Logbook (Lesson 16 Activity Guide) ●

Teacher Hoover Dam Turbines Photograph (Lesson 15 Resource) ●

Anchor model ●

Driving question board ●

The Boy Who Harnessed the Wind  by William Kamkwamba and Bryan Mealer (2010) ●

Key concepts checklist developed in Lesson 15 ●

Preparation None
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Lesson 15
Objective: Model how windmills transfer and transform energy.

Launch  5 minutes

Remind students that they learned about another use of generators in the Earth Features module 
by showing them turbines that generate electricity inside the Hoover Dam (Lesson 15 Resource). Ask 
students to think about what they learned in the previous module about hydroelectric dams. 

► How do you think the generators in the Hoover Dam compare to the generators you
built?

▪ Maybe they have a lot of the same parts: wires and something that spins.

▪ They both transform mechanical energy to electrical energy.

Agenda
Launch (5 minutes)

Learn (38 minutes)

▪ Develop Key Concepts Checklist
(10 minutes)

▪ Revise Initial Models (15 minutes)

▪ Refine Anchor Model
(13 minutes)

Land (2 minutes)

Teacher Note
As necessary, reference the reading 
Finding Out about Hydropower  by  
Matt Doeden (2015, 14–18). A digital 
version of the text is available on Epic! 
by opening a free educator account 
(http://phdsci.link/1036).   
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▪ The dam uses mechanical energy from water, and the windmill uses mechanical energy from
the wind.

▪ Our generators are tiny compared to the ones in the Hoover Dam.
Inform students that, after building a generator in the previous lesson, they are ready to apply their 
learning to answer the Essential Question: How do windmills change wind to light?

► How is your generator like the windmill?

▪ The magnets spin like the blades of the windmill spinning in the wind.

▪ Both transform mechanical energy into electrical energy, and we know this happens
because the light turns on.

Tell students they will demonstrate their new learning by revising their models of the windmill.

Learn  38 minutes

Develop Key Concepts Checklist  10 minutes

Display the anchor model. Ask students to consider how much they have learned about energy 
transfers and transformations over the last few weeks. As a class, summarize their learning 
by developing a key concepts checklist.

 ►What energy concepts should we make sure we show on our model of the windmill?

As students share, listen for key ideas to include on the key concepts checklist. Record the checklist 
on the board where students can refer to it.  

Teacher Note
For background on using key concepts 
checklists, see these professional 
resources from Ambitious Science 
Teaching about a similar technique 
called “gotta-have” checklists (2E):
▪ Generalizable Science Ideas: The

“Gotta Have” Checklist video (Tools
for Ambitious Science Teaching 2013) 
(http://phdsci.link/1005)

▪ “Face-to-Face Tools: Making Changes
in Student Thinking Visible Over Time” 
(2015) (http://phdsci.link/1159).

Differentiation
For students who struggle with language, 
build a word bank from the key concepts 
checklist that students can use as they 
move through this lesson. Include energy ,  
transfer , and transform  in the word  
bank.



Energy ▸ Lesson 15 PhD SCIENCE® TEKS EDITION

Copyright © Great Minds PBC126

Sample key concepts checklist: 

Key Concepts Checklist

▪ Energy transformations

▪ Energy transfers

▪ Relationship between energy and speed

▪ Different indicators of energy

If students overlook key energy concepts, review the anchor chart and discuss which concepts from the 
chart help explain the windmill phenomenon.

After the class develops the key concepts checklist, students record a copy in their Science Logbooks 
(Lesson 15 Activity Guide).

Revise Initial Models  15 minutes

Have students revisit the initial model they drew in their Science Logbooks (Lesson 2 Activity Guide). 
Explain that they will now create an updated model (Lesson 15 Activity Guide). They may include 
parts from their initial models and add or change elements to represent their new understanding. 
Remind them to represent the concepts from the key concepts checklist and to show how those 
concepts apply to the windmill phenomenon. 

After creating their revised model, students share their drawing with a partner and discuss the 
following question: What are the similarities and differences between our models? Students 
record similarities and differences in the table in their Science Logbooks. Allow students to revise 
their diagrams based on their discussions. As students work, circulate to observe and support 
their thinking.

Differentiation
As needed, provide students with 
individual support. Have visual aids such 
as physical models from previous lessons 
or the anchor chart to support students 
who are struggling to revise their models.
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Check for Understanding
Students revise their initial model to reflect new learning about energy.

Evidence

Look for evidence that student models include the following key concepts:
▪ Energy transformations
▪ Energy transfers
▪ Relationship between energy and speed
▪ Different indicators of energy

Next Steps

As you circulate, note any students whose models contain key concepts all the models should share. 
If students do not mention these concepts in the subsequent discussion, call on those students to share 
their thoughts and their models.

Refine Anchor Model  13 minutes

Invite students to share their revised models with the class by describing new components and 
labels. As students share new components, encourage other students to use nonverbal signals 
to show whether they agree that the new component accurately represents how the windmill 
system works. Call on students to justify their agreement or disagreement with evidence.

If most students agree with the addition of a component and can justify the addition, draw 
it on the anchor model. Continue asking students what is missing from the anchor model and 
adding those components until everyone is satisfied that the anchor model successfully explains 
the windmill phenomenon. As the anchor model develops, students may revise their models 
as necessary.
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Sample anchor model: 

Electric current
transfers energy
through wires.

LED light
s up

when blades spi
n.

The windmill transforms
energy from motion into
electrical energy and
then into light.

Wind collides with
the blades, 
transferring

energy.
Generator behind blades 
transforms mechanical 
energy into electrical 
energy.

How a Windmill Harnesses the Wind

In the windmill system, wind collides with the blades, which transfers energy to a generator. The motion of 
the spinning blades moves the magnets inside the generator, where the mechanical energy of the spinning 
magnets is transformed into electrical energy. An electric current transfers energy through the wires and 
turns on the light. When the wind blows harder, more energy is transferred to the blades. The windmill 
system transforms energy from mechanical energy to electrical energy and then to light.

Review the key concepts checklist, asking students to use nonverbal signals to show whether they 
think the anchor model represents each concept. Call on students to justify their answers with 
evidence, and revise the anchor model to represent all key concepts if needed.

Land  2 minutes

Have students explain to a partner their answer to the Essential Question: How do windmills change 
wind to light? Select a few student pairs to share their answers.
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Sample student response: 

▪ When the wind collides with the blades of the windmill, the blades turn, and energy
is transferred to the windmill through the force of the air on the blades. The generator
transforms the mechanical energy from the blades and the magnets into electrical energy.
Electrical energy is transferred through the wires to the light, and the energy is transformed
again when the light comes on.

Tell students that during the next lesson, they will revisit the driving question board to see if they have 
answered all their questions about energy.

To begin preparation for the engineering challenge in Lessons 17–23, ask students to start bringing 
in materials from home, such as plastic bottles, plastic or paper plates, straws, paper or polystyrene 
cups, wooden skewers, and craft sticks.




