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Wind Wisdom for School Power...Naturally>"

Unit Outline

Description

Wind is a renewable resource. Wind is here flovangund the planet, and it is free. Wind
turbines harness the energy of the wind and gempmter for human consumption. There is no
smog, no chemical reaction, and no chemical poltutlhere is small-scale wind, a turbine for a
home or a small community; and there is large-se@ie, many turbines to add power to a
region’s electrical power grid. Engineers desigmines according to location and needs.
Nowadays, siting wind turbines is quite a deligattecess as we are more aware of our impacts
on the ecosystems in which we reside. Wildlife fays are taken into account as are viewscapes
and noise issues. In order for humans to turn laghg there will be impacts from the energy
required. We need to carefully consider what thegmcts are, who is affected, and how to best
meet our needs while sharing this one preciousdaaith all its other inhabitants.

Enrichment Program

Wind Wisdom for School Power...Naturdfys intended to enrich existing scholastic
programming. It is for teachers, non-formal edutgtoommunity mentors, and home-schooling
parents who may not be completely familiar with @gpts in wind energy and would like to
learn along with their children. This curriculumdsasigned for and can be used as a certificate
program for students, families, youth groups, aathers interested in gaining a deeper
understanding of the science, issues, and opptdsimif wind energy as a renewable energy
source Wind Wisdom for School Power...Naturdtfyan be downloaded from the New York
State Energy and Research Development AuthorityJERDA) and the Northeast Sustainable
Energy (NESEA) websites. For more information geitberwww.SchoolPowerNaturally.org
or www.nesea.org/k12/solarsailsnewyork

Grade level
The unit is appropriate for the elementary levaidkrgarten through fourth grade.

Rationale & Objectives

Wind Wisdom for School Power...Naturdfyffers an introduction to the technology involved
in clean, renewable wind energy and makes a gtading point for in-depth studies in several
related areas. It provides a context for teachamgngific principles related to energy
transformations, chemical transformations, eleityri@and light, which are central to many clean
energy technologiesVind Wisdom for School Power...Naturdtfyalso provides a natural segue
to environmental, ecological, social, and humarnthesudies in a variety of topics such as
climate change, ecological foot-printing, and carmot-printing.

Goals of Unit
After completing the activities in this unit, studde have a deeper understanding of how
electricity is created from wind energy and thel@apions of this renewable energy source.
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Activities
There are four basic steps in the structur@/sfd Wisdom for School Power...Naturaly

1. Learn: Introductory activities that develop general backepd knowledge on wind,
its definition, tools of measuring wind, and winglarenewable energy source.

2. Explore: Field study opportunity that provides a contexd aoncrete experience to
help gain a basic understanding of wind energy.

3. Integrate: Follow-up activities that provide substantive expltion to develop a
deeper understanding of wind turbine design amaigsit

4. Act. Students share their learning experiences anaiexiple concepts they learned.

Glossary: Words that may be unfamiliar will be in bold thesfitime they are introduced in the
unit. The definitions of these words are locatethmglossary at the end of the unit.

Certificates of Completion

Studentavho complete all four steps—Learn, Explore, Indégy Act—are eligible to receive a
Wind Wisdom for School Power...Naturdfyaward certificate from the teacher or mentor
working with them on this unit. A copy of the décate is available in this unit. A color copy
Certificate is free and downloadablenatw.nesea.orgrFollow the links to the Solar Sail New
York program. There is also a “Clean Green Powearn@ion” patch available through NESEA
at $5 per patch, while supplies last. An imagehefgatch is on the certificate.

New York State Curriculum Standards and Core Curriculum

An explicit list of State Standards and core cudtion with corresponding performance
indicators are addressed in each lesson. Thisnests specific performance indicators in New
York State Mathematics/Science/Technology Standards

Standard 1: Analysis, Inquiry and Design

Standard 4: Science

Standard 5: Technology Education

Standard 6: Interconnectedness

Standard 7: Interdisciplinary Problem Solving

Assessment

Model assessment activities are available at tdeoéthe “Learn” and “Integrate” sections.
Teachers are welcome to use the assessment tdbisyagre or as templates to create more
grade appropriate assessment tools that are sprifihat the class covered during the lessons.



CHAPTER 1: LEARN

Lesson 1
What Is Wind?

BACKGROUND: The Earth’atmosphereis made of air,
which is composed of different gases. The sun shime
the Earth’s atmosphere and heats its surfaces.eAsaw
the Earth is not flat; it is a sphere, and so tiredoes not
reach all surface areas evenly or at the same Aair
heats it rises; theoleculesin the air spread out because
the air is light. Cooler air falls; its particleseadlenser and
so the air is heavier. As the warm air rises, thaer air
fills in the space. This process of warming andiogaair
placement is calledonvection and this is what causes the
air to move. This is wind.

LEARNING OUTCOME: Students state the definitiorvahd (knowledge level). Students
explain the cause of moving air/wind. (comprehem$svel).

GRADE LEVEL APPROPRIATENESS: K-4

LINKS TO MST LEARNING STANDARDS AND CORE CURRICULA:
Standard 1 Students will use mathematical analysis, scientiiquiry, and engineering design,
as appropriate, to pose questions, seek answersleaelop solutions.

Scientific Inquiry:

Key Idea 1: The central purpose is to develop exilans of natural phenomena in a
continuing creative process.

S1.1 Ask “why” questions in attempts to seek greahderstanding concerning

objects and events they have observed and heaut. abo
Standard 4 — ScienceStudents will understand and apply scientificaapts, principles, and
theories pertaining to the physical setting anshgvenvironment and recognize the historical
development of ideas in science.

Physical Setting(elementary)

Key Idea 4: Energy exists in many forms, and winesé forms change, energy is
conserved.

4.2 Observe the way one form of energy can befwangd into another form of
energy present in common situations (e.g. mechktwdeeat, mechanical to electrical,
chemical to heat)

4.2 a Everyday events involve one form of energgdehanged to
another.
* The Sun’s energy warms the air and water.
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MATERIALS:
Part Options to obtain it

Balloon, one for demonstration or| Grocery store
enough to give each child one
Long flowy strips of a light weight| Used clothing/fabric store, linen closet
fabric, 1 per student

OR

Long strips of surveyor’s tape Hardware store

Hair blow dryer, 1 Home bathroom, pharmacy
OR

A portable canned heating fuel suctsrocery store, camping goods supply store
as Sterno, 1 container & a lighter
OR

A tea light set in a candle holder arGrocery store
80z can & a lighter

Thin, light weight clear plastic bag Grocery store
that fits the size of a small waste

basket, 1-3
OR
A model hot air balloon Kits and models available through several online

science stores.

SAFETY: Plastic bags melt with heat. If choosingleanonstrate with an open heat source, be
mindful of the bag and your clothing so as notatch on fire. When using an open flame it is
always sensible to have a fire extinguisher on hand

TEACHING THE LESSON: INSTRUCTIONS

1. Airis there: “As we look around we may not seedirebut it is there. How can we
tell it is there? One way we can know that thasathere is that it takes up space.”
Demonstrate by expanding your arms out as if yorewelding an expanding
balloon. This next part can be done as a teachreodstration or a quick activity with
students. Blow up a balloon. “What did | use tovblap this balloon?” Elicit
responses. “l used my breath, the air in my luodsdw up the balloon. The balloon
now has air in it. How do we know it has somethimg? Because when | release the
tab, the air comes out and the balloon deflatesrhbnstrate. Then blow the balloon
back up. “Again, air fills the balloon. So evemié cannot see it, air is there.”
Release the air from the balloon or tie the endleade the balloon full.

2. What is wind?: Can be taught inside but if not iragn go outside and stand in a
circle. “How can you tell the wind is blowing?” Eii responses. “The Earth has an
atmosphere; think of it as a thin blanket arouredEarth. The Earth’s atmosphere,
this blanket, is made of air that includes différgases, such as oxygen. The sun
shines on the Earth’s atmosphere and heats itscasfand the air. Since the Earth is
a sphere, like a ball, the sun does not reacluglce areas evenly or at the same
time. When air heats it rises. The molecules inaihepread out. Cooler air falls. The
molecules in cooler air are denser, and the &ie&vier. As the warm air rises, the
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cooler air fills in the space. This process of wiagrand cooling air placement is
called convection, and this is what causes thairove. This is wind.”

3. Wind Scarves: This activity will be more apprecthby younger students and is
more appropriate for grades K-2. Hand out scarmes,to each student. “This is a do
as | do, say as | say game. Hot air rises (raigd sthand), cool air falls (bring scarf
down), and the wind moves all around (spin arouiid 8carf).” Repeat and create a
moving circle of wind scarves.

The next set of experiments will be more apprediateolder elementary level
students and is more appropriate for 2-4 grades.

4. Hot Air Rises Demonstration: “How do we know that Rir rises? | am going to fill
up this bag with hot air. What do you think willgen? Let's make a prediction.”
Elicit responses. If you are using a hair blow diy@u can have the students put their
hands under the blower to feel the hot air. If go& using a sterno container or tea
light, the students should recognize that a flasrteot and to keep a safe distance. Set
up a graph of student responses.
Examples:

Prediction — EXAMPLES How Many Agree
The bag will float straight up to the ceiling. 5
The bag will float straight only as long as the aitis 8
beneath it.
The bag will float up and then drift the right sidecause 3
the vent is on and it is on the left side of theessfoom.
The bag will hover over the hot air source but fiomt 2
up.
The bag will fall on top of the hot air source. 2

Once the predictions are made, set the clear plaag above the heat source. Let the
bag fill up with hot air and then let go. Assessuaacy of predictions and test results.
Students may opt to request a repeat of experitoesge if the successful
prediction(s) remain correct. Another bag may bedee depending on how hot the
heat source was and if the bag melted in placebacame more wrinkled and hard
as a result. For optimal success, the bag nedus fi@e of rips and stiff, wrinkled
spots.

5. Discuss results and confirm that hot air, evengegiphot air, rises.

6. Experiment’s Control: “If hot air rises and coot &lls, how would we know that
cool air falls? What kind of experiment could wetdasee cool air falling?” Elicit
responses. Students may opt for another rounteddag experiment, this time with
cool air. Ask students where they might get cotd @iuggestions they may come up
with are: tray of ice cubes, a freezer, or theidetsir on a cold day. Collect the cold
air as closely as possible as the hot air wasatellieto keep the experiment similar.
Make predictions and graph them as was done ihdhair experiment.

7. Discuss results and confirm that cold air, evepgeal cold air, sinks or falls.
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8. Convection: “Hot air rises and cool air falls. hethot air experiment we could see
that hot air rose with the bag, just like a hotk@Hoon. The rise and fall of air
currents is called convection; it is a heat trangfecess. Air takes up space, and
when we trap it we can see that, such as when weh&ahot air bag rising. The
heated air expands and becomes less dense; ligatsing the bag to rise through
the denser, cooler surrounding air. Cooler air fllin the space where the warm air
was. This movement of air placement on a largaless what makes wind.”

REFERENCES:
* The Hot Air Demonstration using portable cannedihgduel was inspired by wind
activities taught by the staff at the Hitchcock &erfor the Environment, Amherst, MA.
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Lesson 2
Measurements Are a Breeze:
Part 1: The Beaufort Scale

BACKGROUND: By using our senses we know the wisithlowing. Visual and audio cues
help us to assess qualitatively the speed of the viihe wind is calm or it is blustery. In 180
Sir Francis Beaufort, a British naval officer, dexha scale of measurement by assigning a
guantitative numeric value to corresponding visiadervation to more accurately describe wi
condition on the sea and on the land. Over 200syleger, théBeaufort Scaleis still used by
ship officers and meteorologists to assess windlitions. Assessing wind conditions allows f@
a deeper awareness of the surrounding environnneiné@vironmental conditions.
Understanding wind force also provides a basic tstdeding of the types of wind conditions
conducive tavind energy generation.

LEARNING OUTCOME: Students state the use of a Bedufcale (knowledge level).
Students explain the Beaufort Scale (compreherisicat).

GRADE-LEVEL APPROPRIATENESS: K-4

LINKS TO MST LEARNING STANDARDS AND CORE CURRICULA:
Standard 1 Students will use mathematical analysis, scientiiquiry, and engineering design,
as appropriate, to pose questions, seek answerslearelop solutions.
Mathematical Analysis:
Key Idea 1: Abstraction and symbolic representaicnused to communicate
mathematically.
M1.1c: Apply mathematical skills to describe ttaural world.
Scientific Inquiry:
Key Idea 1: The central purpose is to develop ewgilans of natural phenomena in a
continuing creative process.
S1.1 Ask “why” questions in attempts to seek greahderstanding concerning
objects and events they have observed and heaut. abo
Sl.1a Observe and discuss objects and events eord @bservations
S1.2 Question the explanations they hear from sthed read about, seeking
clarification and comparing them with their own eb&tions and understandings.
S1.2a Identify similarities and differences betwe&planations received
from others or in print and personal observatiansmulerstandings
S1.3 Develop relationships among observations mstcact descriptions
of objects and events and to form their own tem¢agixplanations of what they
have observed.
S1.3a Clearly express a tentative explanation serg@ion which can be

tested.
MATERIALS:
Part Options to obtain it
Beaufort Scale Diagram Included\iviind Wisdonunit
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Long flowing strips of a light Used clothing/fabric store, linen closet
weight fabric, 1 per student
OR

Long strips of surveyors tape Hardware store
OR
crepe paper ribbon and a stick or | Grocery store
ruler and tape

TEACHING THE LESSON: INSTRUCTIONS

1. Wind Speed: “The process of warming and coolingplicement is what causes air to
move. How do we know there is wind?” Elicit respesis “We may see movement,
the air pushing objects such as leaves or brarmhesbris. You may feel the wind
pushing you when it's strong.” Request that thelstis come up with words to
describe moving air and write them on a board. Sigderiptive words may include:
gentle, lightbreeze breezy, waft, blustery, gusty, windy, whippimgle, hurricane,
etc.

“The Beaufort Scale, created by British naval comdsa Sir Francis Beaufort in
1805, assigns a value to wind strength and speeddh visual cues. What are some
visual cues you can think of to assess the windength? What types of things do
you notice the wind push when it is gentle vershemit is strong?” Elicit responses
and write them on the board. Hold up the diagrarthefBeaufort Scale and state
some of the visual cues from the Beaufort Scaledhgn with the students
descriptive words of wind and what visual cues tbaye up with. This
demonstrates to the students their success irtHirgting of their own descriptive
words and visual cues regarding wind. They them &Bmmation that Sir Francis
Beaufort came up with similar descriptive words &istial cues as they did.

2. Visual Cue Measurements: Using the wind scarves tie “What is Wind” lesson,
or constructing a “wind measurement tool” from 60 of crepe paper ribbon or
thread and a stick or ruler, have the studenigrasslues to the visual cues they are
observing. For example, standing in a circle indlassroom will probably elicit a
response of “no wind” or “calm”. Take the studeotsside in various safe weather
conditions with their wind scarves or wind measugatrtools and have them assess
how windy it is outside. Discuss the values thesigrsto the visual cues. Do they
differ from one another? Are they similar? Attertgpform a standard that the
students can agree to naming different windy cawrakt

EXTENSIONS
» Beaufort Scale Pictorial Diagram: Studedtaw pictures to correspond to the Beaufort
Scale. Suggestions: Assign students each to aalitféBeaufort number force” and have
them draw it. Create a large poster of these digsviim the order of “Beaufort number
force” and display.
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The Beaufort Scale

The Beaufort scale is an empirical measure foirttensity of wind.
The scale was created by the British naval comnra@idd-rancis Beaufort in 1805.

Beaufor| Wind Wind
number| speed | Speed Description Sea conditions Land conditions
“Force” | MPH Knots
0 | <@ | <1 | cam | Flat | Calm
1 1-3 1-3 Light air Ripples without crests Wind motion visible in
smoke
2 4-7 4-6 Light Small wavelets Leaves rustle
breeze
3 8-12 710 tgsentle Large wavelets Smaller tW|gs in constant
reeze motion
4 13-18 | 11.16  Moderate Small waves Small branches begin to
breeze move
Fresh
5 19-24 17-21 b Moderate longer wave: Smaller trees sway
reeze
6 25-31 22-27 Strong | Large waves with foam Large branches in motion
breeze crests
7 32-38 28-33| Near gale Sea hgaps up and fog Whole trees in motion
begins to streak
8 39-46 34-40 Gale querately .h'gh waves Twigs broken from trees
with breaking crests
9 47-54 41-47 | Severe g;*IeH'gh Wi\ézsmwnh densf Light structure damage
Verv high waves Trees uprooted.
10 55-63 48-55 Storm yhig . .| Considerable structural
The sea surface is Wh|l1e
damage
11 64-72 56-63 Violent Exceptionally high Widespread structural
storm waves damage
12 73-82 64-71|  Hurricane Se_a cor_npletely white| Massive and widespread
with driving spray. damage to structure
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Lesson 3
Measurements Are a Breeze:
Part 2: Wind Vanes & Anemometers

BACKGROUND: We know the wind is blowing by usingraenses. g ﬁ
We can smell a scent on the breeze, see and hieatimove. These cues 3| 2
help us to assess qualitatively the speed andtitineof the wind. To w}‘rw
assess directiomnvind vanesandwind socksprovide visual observations i

of wind direction. The earliest record of a windheavas in 48 B.C. in Athens i

Greece, and was created by the astronomer And®mduwnor of the Greek

Triton. Both the Vikings and the Christians affixénem to structures beginning in tH& 9
century. They appeared more ornamental and of spmi&ual significance. Today, ornate wind
vanes still decorate the tops of structures, wsiitgpler wind vanes are used to asses wind
direction and may be used in conjunction with otlgrd measuring devices. "Vane" comes
from the Anglo-Saxon word "fane”, meaning "flagh&wind sock is generally seen at airports
and used as a visual cue of wind direction andeforc

@ 9 Q To assess speed, anemometeris employed to determine revolutions per
L >

minute. The term anemometer is derived from theelsreord,anemosmeaning
wind. The first anemometer was invented in 1450t&lan architect Leon
Battista Alberti. Robert Hooke, an English phydidiater reinvented the

% anemometer, and in 1846, John Thomas Romney Rahiasdrish physicist,

invented the spinning four-cup anemometer. In 1826yee-cup anemometer
was designed by Canadian inventor John Pattersoredcup anemometers are
currently the industry standard in wind energy ass®nt studies because this
design responds more quickly to gusts than thedapranemometer and has
a more constartbrque (twisting force). Subsequent three-cup improvemerdre developed in
1935 by Americans Brevoort & Joiner and as receal{t991 by Australian Derek Weston to
measure both wind direction and wind speed.

LEARNING OUTCOME: Students state the purpose ofirdwane. (knowledge level).
Students explain how winds are named by their ie¢comprehension level).

Students construct a simple anemometer (synthes)| Students use a simple anemometer to
calculate wind speed (application level).

GRADE-LEVEL APPROPRIATENESS: K-4

LINKS TO MST LEARNING STANDARDS AND CORE CURRICULA:
Standard 1 Students will use mathematical analysis, scientiiquiry, and engineering design,
as appropriate, to pose questions, seek answerslearelop solutions.

Mathematical Analysis:

Key Idea 1: Abstraction and symbolic representaicnused to communicate
mathematically.

M1.1c: Apply mathematical skills to describe ttaural world.
Scientific Inquiry:
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Key Idea 1: The central purpose is to develop ewgilans of natural phenomena in a
continuing creative process.

S1.1 Ask “why” questions in attempts to seek greahderstanding concerning
objects and events they have observed and heaut. abo

Engineering Design:

Key Idea 1: Engineering design is an iterative pssdanvolving modeling and
optimization (finding the best solution with giveanstraints); this process is used to develop
technological solutions to problems within givemstaints.

T1.4b: Build a model.

SAFETY: For the downwind activity, make sure yoa asing a tea or scent that will not cause
an allergic reaction in your students. Have theeis watch the direction of the water vapors as
you pump the spray. Do not spray directly into arg/e face. For safe use of the pins, tell the
students that the pins must only go point firsb itite pencil eraser.

MATERIALS:
Part Options to obtain it
Water spray bottle, 1 Garden store, hardware sfpoeery store

Aromatic water for bottle, strong | Grocery store
tea such as peppermint.
OR

Extract, small bottle added to spray
bottle (peppermint or vanilla)

Directional Field Compass, 1 Sporting goods or damptore
Soap Bubbles, enough small Grocery store

containers for students to work in

pairs

Images of a wind vane & wind soc¢kncluded inWind Wisdonunit

Image of an anemometer Included/find Wisdonunit

Small, sturdy 2-4 oz. paper cups, 4Grocery store
per student

Straws, 2 per student Grocery store

Single hole punchers, 1 per studenSchool supplies
or 4-6 to share with entire class

Pencils with eraser (new), 1 per | School supplies, Office supply store

student

Pin with a beaded head, 1 per Fabric store, Grocery store
student

Markers, enough to share School supplies

TEACHING THE LESSON: INSTRUCTIONS
1. Upwind-Downwind: “How can we tell if we are upwima downwind? What does
being upwind mean?” Elicit responses. “We may s@meitent on the breeze. If you
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can smell a scent on a breeze, that means theisvawiing toward you, and you are
downwind of whatever is creating the scent. Thexso®y be a fragrant flower or a
passerby’s perfume or cologne or exhaust fumes &aar. When you are downwind
of a scent, you can smell it. It also means thateder is upwind of the scent cannot
smell it. Let’'s see and smell which way the breisz@dowing.” NOTE: This activity

is best done outside. If that is not possiblauped fan on low setting and place it so
the students will be downwind. Spray the spraylbottWatch the water vapor and
sniff the breeze. Can you see which way the waporfloated? Can you smell a
scent? If you can smell the scent are you upwindbamwind?” The proper answer
is downwind. To ascertain if the students indeedlkthe scent, ask them what they
smelled. You can then confirm the scent you usethi®demonstration. IF your
school has a “no scent” policy, this activity maydmended with a spray bottle filled
with just water and focus on students’ observatmirthe water vapor.

2. Directional Wind: “Learning to recognize whether you are upwind dodnwind
can help you to understand which way the wind esviohg. The next step is to learn
which direction the wind is coming from to determaitihe directional wind. There are
four basic directions, north, east, south, and wigst sun rises in the east. Do you
remember where the sun was shining earlier?” Hawdests point the direction the
sun rose in. Confirm with a compass. Go over eadttibn and have the students all
face each one. For example, “The sun rose in trestibn and this is east. Everyone
face east. The sun sets in the opposite diredtienwest. Everyone turn and face
west, the opposite direction of east.” Make sukstadents know each direction. “To
determine the directional wind, here is an exanpkhink about - if the wind is
going from north to south, what is the directiowahd called?” Elicit responses. “A
north wind. The wind is named the direction itarong from.”

3. Bubbles Experiment: Facilitate outside. Hand oualsoontainers of bubbles with a
bubble wand. “I want you to blow the bubbles andestse the direction they float
in.” Have the students take turns blowing and dipsbserving where the bubbles are
floating. Ask the observers which direction the blels are floating in. For example,
“If the bubbles are floating west, then what is directional wind?” Elicit responses
to ascertain understanding of directional wind.

4. Wind Vanes and Wind Socks: “Besides blowing bubltlesre are other tools that
can be used to know the directional wind. Hold npnaage of a wind vane. “A wind
vane is a tool that is mounted in a high locatiochsas a building. The arrow of the
wind vane can spin in a breeze and the tip wilefdee direction the wind is coming
from.” Hold up an image of a windsock. “A windsod&es very much the same.
There is a wider end and a smaller end and thebri@wvs through it. When it is
windy, the sock will be blowing away from the ditienal wind. The directional wind
is pushing or blowing the sock in the oppositedion. The windsock can also
provide observational information about wind spdgthe sock is drooping there is
little wind. If the wind is strong, the sock wilklblowing straight out.”

5. The Anemometer: Hold up an image of an anemomé&Tdris invention, called an
anemometer, turns in the wind and measures winedspased on the revolutions per
minute, the number of turns in a minute or sixtyss®ls. Today we are going to
construct simple versions of an anemometer anti@®eaccurate a reading we can
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get outside.” Hold up the model students will tieenstruct. (Be sure you have made

one first.)

Note: Student models may not accurately measureitine speed velocity, but

students can get the general idea about wind dpeading this device.

a. Gather enough supplies so that every student c&e or&e anemometer: one
pencil, one pin, two straws, and four small papgysc

b. Using a single hole-puncher have students hole{purio one side of the
paper cup. Express the importance of holes beitigeisame place on each
cup. Adult help may be necessary for younger stisden

c. Students will take one straw and put each endyptmtbugh a cup, thereby
attaching two cups with a straw. Repeat so botb)(straws are attached to
two cups (total four).

d. Cross the straws, making sure all four sides avaleand then using a push
pin, push the pin through straws and into the psneiaser.

e. Mark one cup with a marker, just one, for easiadneg as the anemometer
spins.

f. The anemometer is now ready to use.

6. For determining wind speed, at a most basic lavigh student model anemometers,
have the students count the number of times th&edaiup passes a certain point in
a minute. If there is no perceivable breeze outsithn can be used. Have students
create a paper fan to wave at the anemometer @ruskectrical fan. It may be
helpful for students to work with a partner so gae count to sixty while the other
one focuses on how many times the marked cup goas@in a one minute period.
Testing the wind speed in various windy conditionsside will give students a sense
of how fast the wind is moving. These models, haveare unable to provide
accurate miles-per-hour readings. For an accurdés4per-hour reading, visit a local
weather station either on site or via the internet.

7. Ask students to state how many times the markedgasped around in a one minute
period. Ascertain the similarities in passes gphations in that one minute period to
assess accuracy in counting. For example, howofasdbw are students counting? Is
everyone stating a number every second and onlyging one second per number?
How long do students think a second is? Model deseary.

NOTE: For young learners you may also consideel@sg the time of the counting
period to thirty seconds or work in small groupstvan adult leading the counting so
that students learn their numbers and how lorekieg to count to 60; i.e. sixty
seconds or one minute.

8. Discuss the wind speed and compare to the Bedbdaie in the prior lesson.

EXTENTIONS
» Create a grid of anemometer readings with varioasl wonditions or fan settings in one
column and a series of test counts. Working in kgralips, have one person be the time
keeper, another student be the counter, and ano¢hidie scribe and write down the
windy condition or fan setting and the number ohtuthe anemometer makes in a one
minute period. For older elementary students youhzeve them find the average of the
three readings.
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Wind or Fan Speed| Wind Speed in Revolutions per mute (RPM)

(define type) ' reading 2" reading 3% reading
1

2

3

» Calculate therelocity of the wind: Calculate thercumference (in meters) of the circle
made by the rotating paper cups. Multiply your ttations per minute (RPM) value by
the circumference of the circle, and divide by B0is will provide an approximation of
the velocity of at which the model anemometer sfimsneters per second).

* Make a wind vane for mounting on the Anemometerk&hick arrow shapes and have
the students trace them on thick manila paper. Usadla file folders work well. Make
sure students have two pieces of paper, so whgrctlighe traced arrow they will have
two. Adult aid may be needed for cutting thick pajstaple or glue the pieces together,
except in the middle, though closer to the arrgv Tihe arrow should be able to spin
freely and evenly when propped on the beaded pin.

S

* Make a windsock: Windsocks can be constructed forariety of light-weight fabrics.
Students can get creative in the overall desidorasas they keep the basic conical
shape. Streamers, ribbons, or survey tape magdxkto decorate the end. The wide end
of the cone will need to be secured in 3-4 placiéls the string leading out and tied
together. The remaining string can then be usdié the windsock to a high place such
as the flag pole. Several can be strung up alomgdpe and drawn up to the top of the
pole.

» Study the history and applications of weather umsents. Students in grades 3-4 are
able to do simple research projects and may aieslgarning more about what they are
creating and the applications of wind socks, wiades, and anemometers. Library and
internet searches will facilitate the process.
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Wind Vane

Windsock
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Anemometer
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Lesson 4

Just Add Wind:
Lighting a Light Bulb with Wind
Adapted fromEnergy Thinking, © 2008, NESEA

BACKGROUND: According to the 2009 Pattern and TreReport of New York State Energy
Profiles for 1993-2007, about 13% of New York eryengeds are met in-statdew York State
operates thirteen coal plants and six nuclear piegrts. In-state crude oil production is at 0.1%
and natural gas is 4.7%. With regard to other @&espower sources, there are 28 large and 340
small hydro-electric projects contributing 6% aad wind farms (less than 1%). Biofuels
derived primarily from wood, wastes, and agricldtyproducts contribute 5% to the in-state mix,
and solar contributes less than 1% (NYSERDA, 2008)ether New York’s energy is produced
from nuclear fission, natural gas, coal, watdr,w0od or other biomass (such as waste or
landfill gas), or wind, all need an electric gerterdo produceower. The only exception is

solar energy. The use of an electric generatonésveay humans use the interaction between
matter and energy. In a most basic seasergyis the ability of a force to perform work or to
organize or change matter. Energy occurs in mamygg and is classified as either potential
energy (stored) or kinetic energy (in motion) asdonverted from one form to another.

A generator converts mechanical energy into electrical enéngyughelectromagnetic

induction. Electromagnetic induction occurs when a coil akvexperiences a changing
magnetic field, which causessaltageto be induced in the coil. This effect was discedan

1830 by the English physicist Michael Faraday ankhiown as Faraday's Law. Faraday
discovered that moving coils of wire and magnet pae another would generate an electric
current in the wire. This ability to generaiectricity from coils of wire and magnets is the basis
for most modern electric power generation. In modgnerators, coils of wire and a set of
blades are connected to a common shaft. The wilg adhich are placed inside a ring of
magnets, are spun when the blades are turned witlktarnal energy source such as water
heated by burningpssil fuels high-pressure steam, falling water, or wind.

There are many ways a coil can experience a chgmgagnetic field. Electric generators
accomplish this either by moving a magnet withcod of wire or, as in most commercial

electric generators, coils of wire are spun withicircle of large permanent magnets. Either way,
a voltage is “induced” in the coils.

The coils of wire in a generator are attachedderdral shaft that can be turned by an outside
force. For electrical generation via the wind, shaft is connected to a set of long narrow wing-
shapedurbine blades that can be turned by wind.

In 1888, Charles Brush, an American inventor, it first wind turbine for electrical
generation. In 1891, Poul la Cour, a Danish inveatl scientist, expanded upon Brush’s
concept to develop the first electrical output wintbine, incorporating aerodynamic design
principles. Subsequent modifications and experisbate led to the modern day wind turbine
designs, all with the single focus: how to geneedetricity most efficiently using wind as the
energy source.
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LEARNING OUTCOME: Using a model wind turbine, geat electricity with breath and with
wind. (application /synthesis level).

GRADE-LEVEL APPROPRIATENESS: K-4

LINKS TO MST LEARNING STANDARDS AND CORE CURRICULA:
Standard 4 — ScienceStudents will understand and apply scientificapts, principles, and
theories pertaining to the physical setting anshgvenvironment and recognize the historical
development of ideas in science.

Physical Setting

Key Idea 4: Energy exists in many forms, and winesé forms change, energy is
conserved.

4.1 Describe a variety of forms of energy (e.gthelactrical, light) and the
changes that occur in objects when they interattt thiose forms of energy.

4.1a Energy exists in various forms: heat, elecsotind, chemical,
mechanical, light.

4.1b Energy can be transferred from one place aothan.

4.1c. Some materials transfer energy better thaerstheat and
electricity).

4.1d Energy and matter interact: water is evapdrayethe Sun’s heat; a
bulb is lighted by means of electrical current; asial instrument is played to
produce sound; dark colors may absorb light, lggibors may reflect light.

4.1 e Electricity travels in a closed circuit.

4.2 Observe the way one form of energy can beftvemed into another form of
energy present in common situations (e.g. mechiktad¢eeat, mechanical to electrical,
chemical to heat)

4.2 a Everyday events involve one form of energgdehanged to
another.
* The Sun’s energy warms the air and water.
4.2 b Humans utilize interactions between matteremergy:
 chemical to electrical, light, and heat: battang bulb
» mechanical to sound (e.g., musical instrumemtégping)
* light to electrical (e.g., solar powered calcafat
Standard 6—Interconnectedness: Common ThemesStudents will understand the
relationships and common themes that connect mattesnscience, and technology and apply
the themes to these and other areas of learning.
Key Idea 2: Models are simplified representatiohsbjects, structures, or systems used
in analysis, explanation, interpretation, or design
» Discover that a model of something is differentirthe real thing but can be
used to study the real thing.

MATERIALS:
Part Options to obtain it
Sources of Electricity visual aid IncludedWind Wisdonunit

Wind Turbines Connected to Electricity | Included inWind Wisdonunit
Grid visual aid
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DC hobby motor, 1-4 volts, 1 per pair

hobby stoogdine at Pitsco, Solar Worlg
KidWind

Mini-fan blades, 1 per pair

children’s science stamline at KidwWind

Alligator clip leads (2-ended), 2 per pair

electosnstore

Breath

It's FREE! Just blow.

Fan

Classroom, Small appliances store

Light Emitting Diode (LED), 1 per pair

Electronics

SAFETY: If you are using Light Emitting Diodes (LEDkeep bulbs away from the face.
Always when working with glass, safety gogglesra@mmended. Be advised: Though

resistorsare not required with this lesson, as a fan vatl $pin the motor fast enough to develop
the output that may destroy the LED, resistorsugeful to maintaining a stable resistance when
working with acircuit.

TEACHING THE LESSON: INSTRUCTIONS

1.

2.

Walk to the room’s light switch and turn it off and again. Ask the students if they have
any ideas about how the lights are able to turrantf on. Most will have some
understanding that electricity is responsible ftiglat being able to be turned on.

What is energy?: “Lighting homes, heating watenmiag spaces, running machines,
driving cars, and flying planes all require energnergy is all around us and appears in
many forms. It can be either stored, called poédetergy, or in motion, called kinetic
energy. To learn a little bit about how energy veirk our lives we are going to act out a
few forms as they relate to our topic on wind egefidnis is a repeat after me, do as | do
game.” Have the students rise and give themselvaggh space to move around.

MODEL: “Kinetic energy” (student repeat) “is enefdgtudents repeat) “in
motion”. (Students repeat and mimic leader pretegmnth power walk.)

» “Kinetic energy is energy in motion.” (Pretend tower walk.)

» “Potential energy is energy that is waiting.” (Tyaqur foot and look at your
wrist.)

* “Mechanical energy is energy that is a moving objé@retend to throw a ball.)

*  “Wind energy is energy, a form of mechanical eng(gyetend to throw a ball)
which comes from wind turning big metal turbined®a in the sky. (Wave your
arms in big slow circles and make a low and constaaof’ sound.)

* “Electrical energy is energy that is electrons mgwvihrough wires.” (Put hands
at sides and shuffle fast a few paces, turn antdreanto shuffle as if you are
moving inside a wire.) “It is also lightning!” (Da pose with your hand raised at a
diagonal, finger pointed up to the sky and thempdown across your body to the
ground. Repeat a few times. Think disco dancing.)

Have the students sit back down.

What is electricity? : “Electricity is the flow @lectrical power or charge. Electricity is
the flow of electrons moving through a wire. An@éytcan do work when the wire is
connected to a circuit. (Demonstrate this by tugron a light.) Electricity is a secondary
energy source, which means that it is converteoh fother sources of energy, like coal,
natural gas, oil, nuclear, wind, water, solar, atiter natural resources. These are
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primary (first) sources. (You may choose to usevikeal aid “Energy Sources to Create
Electricity”.) The energy sources we use to maketekity can beenewableor non-
renewable The primary source, wind, is a renewable resokaenewable resource is
something that is not only natural, such as armth@fprimary sources mentioned; a
renewable resource is also naturally and contipuaplenished. It does not run out. The
sun shines, the wind blows, water flows.”

4. Where does electricity come from? : “We can prodmeake) electricity from a variety
of sources; the sun, moving water, burning coaas, or wind. When we use the energy
of the wind we use big turbine blades in the skg&tch the wind. The wind is a force in
motion, a form of mechanical energy, and it carhghe wind turbine blades. These
spinning blades makes a generator, a big motan,am this creates - electrical energy -
electricity. There is more to this motor or generabut let us start with this one building
block of knowledge.” (Can hold up visual, “Wind Tumes Connect to the Electric Grid
to Generate Electricity”).

5. The motor: Hold up the hobby motor. “Here is a mobaeside it, this little motor has
parts that can make electricity, a magnet andla€@iires. Working together, these
parts have the ability to turn on a light bulb, the motor needs help. First we will
connect a bulb to the motor using metal wire. (Dest@te; connect the LED bulb to the
motor with the alligator clips and wire leads.héeds an energy source. If we attach this
miniature fan to the motor we can turn on the ligddw might we do that?” Elicit
responses.
Students may suggest that the fan be p
in front of another moving fan or to go
outside if it is windy or to use their breai
to make the fan blades turn.
Encourage all methods to assess effect e
methods to get the fan blades to turn. otar sed F

6. Inquiry: Pass out enough supplies so tt @ eeacrawer
students can work in small groups.
Attach the mini fan blades to a hobby
motor. Allow time for student exploratiol
of how to get the fan blades to spin and
light bulb to light.

a) For students testing their lung power to see iy iten push enough breath out to
blow on the fan blades and make them spin, haalah helper available to
assist as younger students may not have the lungrgo turn an LED with their
breath. First allow them try. If they are meetwigh failure let them know that
they have smaller lungs and may not have the ahbdipush out as much air as is
needed. They may need help, either with more staddowing on the fan blades
in unison and blowing in the same direction, otwvétbigger pair of lungs such as
an adult. Ask if they would let you try too. Allotime for experimentation with
“who has the strongest lungs?” There may be suftdesdividuals and/or
groups.

b) If the LED does not light up, suggest to studeots\t reversing the leads.

7. Where is the wind coming from?: Have groups dis¢hes method of making the fan
blades spin to get the light to turn on.

Wire leads with
alligates clips
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a) For groups using their breath, ask, “Where is tirdweoming from?” Answer is
“my breath.” “Where were you blowing on the famadé when you experienced
success in making it spin?” If they are using nmbine blades they will spin
when air is forced on them from the front just dslbsize turbine will do.

b) If there are students have chosen to use a segosaiarce, such as another fan,
ask them where the larger fan is getting its soof@nergy.

Appropriate response or teacher provided responses

* The fan is plugged into an outlet and electriciynes from there.

* The larger fan is plugged in to an outlet that ptes an electric current
through wires that are connected to the power lngside, which are
connected to perhaps several energy sources, ingluéter, wind,
nuclear power plants, coal power plants, and gagpplants.

8. A Consistent Source: Students who used their luvgep may have been able to turn on
the light bulb. Could they keep the light bulb iy not? “To turn on the light bulb
and keep it on, the light needs a consistent safreaergy. Another fan can give it that,
and that fan then also needs its own energy sdunmpiire if the students who went
outside had luck in turning on the light bulb witle wind and keeping the light on.
Discuss how their site may or may not have the@pate conditions for generating
electricity with the wind.

9. Conditions for a Wind Turbine: Ask the studentsdme up with conditions they think
are needed for a big fan, a wind turbine, to be &blkatch the wind and turn on many
light bulbs. Appropriate responses include:

a) The turbine would need a constant wind blowington i

b) The turbine would need to be placed in such a wajt$ blades to catch the wind
in order to spin.

c) The turbine would need to be connected to the hgittts in some way so that it
could turn them on.

EXTENTIONS

« The Mini-Turbine: For ¥ grade students interested in studying electromtimgnerefer
to Wind Wisdom for School Power...Naturdty 5"-6" grade, lesson “How Can Wind
Generate Electricity?: Part A: The Mini-Electri¢a&nerator”

« Testing volts with a multi-meter™grade students may be ready and interested in
reading power outputs. Referdind Wisdom for School Power...Naturdfty 5"-6"
grade for including use of a multi-meter with atgn/How Can Wind Generate
Electricity?: Part B: The Mini-Wind Turbine”

www.SchoolPowerNaturally.org Page 21




Energy Sources to Create Electricity
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Wind Turbines Connect to the Electric Grid to Geneite Electricity
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w2
% ~— "  What have you learned about wind energy”

Part 1

Please fill in the blanks of the following sentesice

The 's energy heats up the water and the

air rises and air falls. TBhghat causes the

air to move and moving air is called

Please circle the correct answer to the statensatb

If you smell a scent on the breeze yo ;

. up down side below
are wind of the scent.
A wind going from north to south north south up  down
is called a wind.
An anemometer is an instrument direction  force length  speed
that measures the of the wind.

Draw a picture of a “light breeze”.
On the Beaufort Scale, what is the number value dfight breeze”? _

Wind Wisdom for School Power..Naturally ™
Assessment Tool
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- n I
© ~— What have you learned about wind energy?

Part 1 - TEACHER ANSWER SHEET

Please fill in the blanks of the following sentesice

The sun’senergy heats up the water and the land

Hot air rises and cool air falls. This is what caauthe

air to move and moving air is called wind

If you smell a scent on the breeze you are downwiimdl of the scent.
A wind going from north to south is called a nontind.

An anemometer is an instrument that measures sy the wind.

Draw a picture of a “light breeze”.
On the Beaufort Scale, what is the number value dfight breeze”? 2

=

Wind Wisdom for School Power...Naturally®

Assessment Tool
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CHAPTER 2: EXPLORE

Lesson 5
Exploring Wind Turbines and Wind Farms in New York State

BACKGROUND: The field trip provides a hands-on, peaative learning experience. Field
trips to local destination sites have the abilityrhpress upon students real life practices and
applications of the subjects they are studyingchSautdoor pedagogical activities provide a
context for understanding the interface betweemtitaral and built environments while
supporting enhancement initiatives such as the hiwCeft Inside Act (NCLI) as well as place-
based programs such as the EIC Model — Using thedfmrment as an Integrating Context.

LEARNING OUTCOME: Visit, analyze, and evaluate aifidy that uses wind to generate
electricity (application/analysis/evaluation).

GRADE-LEVEL APPROPRIATENESS: K-4

LINKS TO MST LEARNING STANDARDS AND CORE CURRICULA:

Standard 1—Analysis, Inquiry, and Design: Students will use mathematical analysis,
scientific inquiry, and engineering design, as appate, to pose questions, seek answers, and
develop solutions.

Scientific Inquiry:

Key Idea 1: The central purpose of scientific imgis to develop explanations of
natural phenomena in a continuing, creative process

S1.1 Ask “why” questions in attempts to seek gneatelerstanding concerning objects
and events they have observed and heard about.

S1.2 Question the explanations they hear from staed read about, seeking
clarification and comparing them with their own eb&tions and understandings.

S1.2a Identify similarities and differences betwe&planations received from
others or in print and personal observations oeustdndings.
Standard 7: Interdisciplinary Problem Solving: Students will apply the knowledge and
thinking skills of mathematics, science, and te¢bgyto address real-life problems and make
informed decisions.

Key Idea 1: The knowledge and skills of mathemascgence, and technology are used
together to make informed decisions and solve prob| especially those relating to issues of
science/technology/society, consumer decision ngakiasign, and inquiry into phenomena.

* 1.1 analyze science/technology/society problemssswues that affect their home,
school, or community, and carry out a remedial sewf action.

MATERIALS:
Part Options to obtain it
Wind turbine image Included Wind Wisdonunit
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SAFETY: Teachers, parents, and youth group leaderst assume responsibility for children in
their care and use their own best judgment in s@ahation. Adults must accompany and directly
supervise youngsters and teenagers during figld &mnd follow all reasonable safety guidelines.
The New York State Energy Research and Developéetitority and the Northeast Sustainable
Energy Association assume no responsibility foetyaf

TEACHING THE LESSON: INSTRUCTIONS
1. Find a wind project to visit as a destination site.
a. Possible Locations:

* American Wind Energy Association lists wind farmdNew York.
http://www.awea.org/projectsClick on New York State image for a listing of
wind projects in New York.

* The KidWind Project is mapping wind farms across tI5. Check locations
in New York.http://www.kidwind.org/

* The Fenner Renewable Energy Center, Inc. (or "FRERer"), Morrisville,
NY, http://www.fennerwind.com/

b. Site Finding & Arrangement Tips:

» Sites by county (as of 2009):

Allegany County Noble Allegany
Chautauqua County Noble Ball Hill

Clinton County Noble Altona, Noble Clinton, Noblddnburg
Erie County Steel Winds

Franklin County Noble Bellmont, Noble Chateaugay
Lewis County Maple Ridge

Madison County Fenner, Madison, Munnsville

Steuben County Dutch Hill
Wyoming County Noble Bliss, Noble Wethersfield

» Schedule the visit. Ask if there are any considenatand/or constraints the
students need to be aware of when visiting the wungine or wind farm.

* For grades 3-4 consider pairing up the wind sis# with another energy
resource site for comparison. Other options inchateral gas plant, nuclear
power plant, coal processing plant, or hydro-elegtower plant. There may
be security issues involved, so be sure to havedsdld permission for the
Visit.

2. Prepare students for the site visit:
NOTE: A stand alone field trip can suffice withdhe additional prep work for students,
particularly for grades K-2.

a. Ask: “Can we use wind to generate electricity, sashurning on a light?” Assess
if students made the connection between turning lkight with breath in the
earlier experiment “Just Add Wind” and turning ohED light with wind.

b. “A wind turbine uses the wind to make electricity-Hold up an image of a wind
turbine. “Looking at a wind turbine, it may remigdu of a gigantic fan. The
blades spin in the wind and are connected to argarea much bigger version of
the little hobby motors we were experimenting wikthis generator then converts
the mechanic energy of the blades spinning to ideshergy so we can use it to
turn on the lights.
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c. Make some predictions or hypotheses about the exmer: “What are some
things you have heard about wind turbines or wardhg, places that have many
wind turbines?” Elicit responses. Based on thearse create a list of student
predictions of what they think the wind turbined ook like and sound like at
various distances. For example:

Student Prediction / Hypothesis How Many Students hink Is True
A fan makes noise. The wind turbine will also
make noise. — Jesse

The wind turbine is bigger than a fan. When we
are close the wind turbine will sound loud. - Sam
Wind turbines are big. We will see them from a
distance. — Jose

The hobby motor lit one small light bulb. A wind
turbine can light many light bulbs. - Maya

i. After the site visit assess the predictions tovgeieh ones were true and
why.

3. Prepare students for the interview: Before youaythé site, work with students to
prepare some interview questions and write thenmnd®@uestions may include:

* How many light bulbs can this turbine (or this wiiadm) light up at once?

* Do the wind blades always spin?

» If the blades are not spinning how can we have poaveurn on the light?

* Whatis it like to work here?

* How did you get the turbine blades so high?
Give the site host the grade level and types o$tjes that will be asked, so she or he
can best be prepared to answer questions.

4. Site Visit Tips

* Have students bring notebooks or clipboards tortezview and be prepared
to jot down new questions to ask or possibly ttofetup on later.

» Consider bringing a tape recorder, camera, or videoera to the interview as
a way to record your visit. Ask the host aheadrogtif it is okay to record
images or voices and let him or her know how tliermation will be used.

» Parents and adult mentors must accompany youngitarsy all parts of site
visits and take responsibility for all safety calesiations.

5. The Interview and Visit: Meet a renewable energynper! See wind energgchnology
up close.

6. Have the students write a thank you note to theqreinterviewed and to the people
managing or owning the wind turbine site. Photoeawihgs, and mention of specific
things students learned and appreciated are theme@ningful to people who
generously offered their time and knowledge.

7. Hypotheses revisited: Have the students refle¢hem visit and what they learned by
discussing it in detail as a class and/or by wgitabbout it in a journal. Review their
hypotheses and what they think now about wind gnerg
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EXTENTION OR ALTERNATIVE OPTION A
When a field trip proves to be too far or too engiee, consider inviting an expert in the field of
wind energy into the classroom for a presentation.

1. Find a wind energy expert to intervielaook up someone who works in the wind
industry, such as a technician, engineer, or ilestadomeone who is a policy maker or
public relations person for wind energy; or somewhe is a researcher in wind energy,
such as a biologist who studies impacts on wildMeke a request, asking if this expert
would be willing to be interviewed about his or lsareer and what he or she does. To
find an expert in the fields of wind energy, try:

a. Internet search by a wind energy job clearing haush as:
i. American Wind Energy Association: Careers in Wind
http://www.careersinwind.com/

ii. WindJobs.ordnttp://www.windjobs.org/

iii. The Wind Power Jobs Boahttp://www.jobsinwindpower.com/
b. The Northeast Sustainable Energy Association (NESEiAtainable Green

Pageshttp://www.nesea.org/

c. Alliance for Clean Energy New York, Inbttp://www.aceny.org/
d. Wind Developer in your state or region.
e. Scientist who researches wind energy.

2. Guest Speaker: Prepare students for the interBefare the guest speaker arrives, work
with students to prepare some interview questiobvaite them down. Questions may
include:

* What do you do? What does your day look like?
* Why did you choose this as a career?
* What did you study in school that helped you pregar this job?
» How long have you been doing this?
* What do you enjoy most about your job?
Allow time for the guest speaker to discuss whavthehe does in the wind energy field
and then allow time for a question and answer perio
» Prior to the presentation, ask if the presenteramgswind energy props that she
or he can bring in to show the students.
» Tell the speaker that if he or she has any hands:zbvities or demonstrations for
the class that he or she is welcome to make tleevietv more participatory.

3. Have the students write a thank you note to theqrgs) interviewed. Photos, drawings,
and mention of specific things students learnedagpdeciated are the most meaningful
to people who generously offered their time andwedge.

EXTENTION OR ALTERNATIVE OPTION B

The On-School-Grounds Field Trip: Schedule a pnognath an environmental or energy
educator who can facilitate age-appropriate agwiat the school site. This could replace the
interview and provide an entertaining set of haodsctivities on wind energy and/or energy
concepts in general. Contact your local environ@lesducation or energy education center for a
programs listing. Non-formal educators at thesdifi@s may also be able to specially create or
tailor a program to suit the needs and interesteetlass.
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ADDITIONAL SUPPORT FOR TEACHERS

» Children’s Museums may offer interactive exhibitsemergy for students to gain an

understanding of the principles of energy pathwaays transformations.
o Children’s Museum of Science and Technology (CMQSTQy, NY
http://www.cmost.com/exhibits/Go%20Power.php

* Placed-Based Education Evaluation CollaborativayjdQifying a Relationship Between
Place-based Learning and Environmental Quality IFRegoort.” This report outlines the
merits of place-based environmental education usisiyident air-quality study to
highlight findings.
http://www.peecworks.org/PEEC/PEEC_Research/S03CB483CB558E

* No Child Left Inside provides information and refeces for place-based and community
education in outdoor settingsttp://www.cbf.org/Page.aspx?pid=948
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Wind Turbine
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A wind mill and a wind turbine.
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CHAPTER 3: INTEGRATE

Lesson 6
Wind Turbine Orientation

BACKGROUND: What creates optimal conditions fdirgl a wind turbine or a wind farm at a
particular location? It is the relationship betwédenlies of land and/or water and the air flowing
over them. The wind responds to the contours ofahe, creating places that are windier than
others on a more consistent basis. Propentation of the wind turbines is very important to
maximizing the turbines’ ability to catch the wiriehgineers and developers investigate
potential sites, studying the wind and its chanasties at each site. Information is gathered on
prevailing winds or wind direction, wind speed, aatbulence. When a site is determined to be
suitable for generating wind energy, the wind toesi need to be placed in such a way as to best
catch the wind so that the turbine blades will spin

LEARNING OUTCOME: Students observe the orientatddrvind turbines. Students orient
themselves to the prevailing wind.

GRADE-LEVEL APPROPRIATENESS: K-4

LINKS TO MST LEARNING STANDARDS AND CORE CURRICULA:
Standard 4 — ScienceStudents will understand and apply scientificaapts, principles, and
theories pertaining to the physical setting anshgvenvironment and recognize the historical
development of ideas in science.

Physical Setting

Key Idea 2. Many of the phenomena that we obsemeéasth involve interactions among
components of air, water, and land.

* describe the relationships among air, water,land on Earth.

SAFETY: Provide enough space between studentsas@teryone’s arms can move freely and
no one will accidently hit one another.

TEACHING THE LESSON: INSTRUCTIONS

1. This activity is preferably facilitated in an opgpace; outside is ideal. If there is time
after the site tour and you have space to do ttigity on site, it may help for the
students to see the turbine blades as they mirar thith their bodies.

2. Blade orientation: “Orientation is the process byak you orient or position yourself
in relation to something else such as a directiothis activity we are going to
mimic the turbine blades with our arms and oriantlaodies to face the wind.” Have
everyone spread out and start spinning arms. Asliesdion and have students face
into the wind. Ask them to name the directional dyithe direction the wind is
coming from. Assess wind speed and have the staidetatte arms accordingly, faster
or slower. “If there is no perceivable breeze, wlonlir blades rotate?” Have the
students study the blades to see if there is dadpeay they can hold their arms to
mimic the shape of the turbine blade.
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3. The Relationship between the Land and the Winche“lumps and bumps of the land
and the trees and the houses where they standfeahthe way the wind flows. To
generate electricity the wind turbines need toitumted where the wind is steady and
fast. What features do you notice about the lanustaat make this a good location?
Elicit responses.

4. Wind Shadows: Form groups of three students. Amsethese groups will assess
where a wind shadow falls. For the first part & #ctivity have students line up in
threes. The front person is facing into the winthwie other two students behind
them forming a line. Ask the front person if hesbe feel a breeze on his or her face.
It is best if they are lined up with the tallestgmn in front. Then ask the students
standing behind if they can feel a breeze on flaees. Have them squat until their
faces are level with the front person’s back. Thetadents are less likely to feel
much of a breeze. They are in the wind’s shadowid shadow can be explained
similarly to the sun’s shadow. When you are belinabject, it can be a shelter
from the wind. The wind goes around the object gmbehind and you do not feel
the breeze. The point at which you are back inatimel and no longer sheltered by
the object in front of you, is the end of the wimdhadow. Have the students behind
the front person continue to squat and walk bac#santil they each feel the wind
on their faces. This is the same concept an engwideemploy when spacing wind
turbines to create a wind farm. They will asceriahere the wind shadow ends from
one turbine to another, and this is the spot wherenext turbine can be placed.
Example:

Wind turbines are set up in a series to effectiwalich the maximum directional wind
while spaced in rows to minimize the wind shadowhefturbine in front.
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For photos, do an internet search, “wind farm, iesddgo see how wind turbines are
in series and in rows for maximum effectiveness.

EXTENTION OR ALTERNATIVE OPTION

When a field trip proves to be too far or too exgpee, and you are unable to visit a wind
turbine, you can still do this activity. Conduotvab search on wind turbine blades and print
several photos of wind turbines and the blades slebras up close. Pass around the photos and
then facilitate the activity outside.

REFERENCES
* The concept for the Wind Shadow activity was insgiby Clayton Handleman,
President of Heliotronics, Inc., a company thatstarcts and monitors solar and wind
data acquisitions systentgtp://www.heliotronics.com/
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Lesson 7
Let’'s Go Fly a Kite:

Siting Investigations

BACKGROUND: The first kite recorded in history datieack three thousand years ago,
in China and was made from bamboo and silk. Sdiemipplications were discovered, and
kites were used as scientific instruments. Susbarh experiments on weather included:

» Scottish scientist Alexander Wilson, in 1749, usederal kites attached in a row to
measure and compare air temperature at differgtuidss.

» Between approximately 1890 and 1930, box kites weptemented to send
meteorological instruments aloft to gather variagsmther data such as temperature,
barometric pressure, wind velocity, and humidity.

» Benjamin Franklin, an American electrical scientistnducted a kite experiment in 1752
to prove that lightning is a form of electricity.

A wind turbine works best where the wind flow isagght, fast, and steady. Kite flying
observations may help to assess windy conditiongpatible with wind energy generation.

LEARNING OUTCOME: List the conditions necessary wind to produce electricity (analysis
level). Determine what site conditions are besttie production of electricity using wind
(evaluation level).

GRADE-LEVEL APPROPRIATENESS: K - 4

LINKS TO MST LEARNING STANDARDS AND CORE CURRICULA:
Standard 4 — ScienceStudents will understand and apply scientificaapts, principles, and
theories pertaining to the physical setting anshgvenvironment and recognize the historical
development of ideas in science.
Physical Setting
Key Idea 2. Many of the phenomena that we obsemeéasth involve interactions among
components of air, water, and land.
* describe the relationships among air, water,land on Earth.
Key Idea 5. Energy and matter interact throughdstibat result in changes in motion.
» describe the effects of common forces (pushegatis) on objects, such as
those caused by gravity, magnetism, and mechafoicas.

MATERIALS:
Part Options to obtain it
Kites AND/OR Children’s science store

Kite Materials:
Dowels, shishkabab sticks or expandablehardware store
poles for frame, 2 per pair
Tape classroom supplies, hardware store
Heavy plastic, paper bags, large sheet gfgrocery store

heavy weight paper, or ripstop nylon, 1 péacility that has old parachutes for salvage
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pair

String, 50’-75 per pair hardware store, grocery store
Spool or toilet paper roll, 1 per kite bathroom (save rolls) or fabric store
Beaufort Scale Withilwind Wisdonunit

Wind It's FREE! Head outside

SAFETY: Be sure that the area where you fly a isiteafe from overhead wires or other
obstacles.

TEACHING THE LESSON: INSTRUCTIONS

1. Gather in a circle outside and tell the studentstaad still and feel the air pushing or
pulling them. Ask them to assess if there is a @momdreeze, if it is blowing steady, and
if it is coming from one direction. Discuss the @iconditions.

2. Introduce the kite: “How does a kite stay alofE}tit responses. Appropriate responses
include:

a) The wind keeps it up.

b) When I pull on the string and run with it the kitél stay up.

c) When | pull on the string attached to the kite #melwind pushes against it.

3. Studying the windiness of a location: “How can & kielp us determine if it is windy?
Can a kite help us learn locations that are wirlbha time?” Elicit responses.
Appropriate responses include:

a) You can fly a kite on a windy day.

b) If the kite stays up then it is windy.

4. Kite construction: Have students construct kitepairs or have pre-fabricated ones,
enough for students to work in pairs. There aveise tutorials available to construct a
kite. Basically:

a) Create a frame by forming a cross with two lighint rigid, and sturdy parts such
as dowels, shishkabab sticks, or plastic or woddgiparts. Tape together with a
sturdy tape or glue.

b) Form and attach a plastic, paper, or fabric sleettd frame.

c) Using a hole-punch, punch the sheet at all fowr Wwhere sheet meets frame.

d) Cut four pieces of thin light-weight string, longaigh so that each piece can be
tied at one hole, looped around the tip of the #aand come together without
folding the sheet.

e) Tie the strings together and attached one endrefyalong, 20-30 feet, piece of
string. Wind the other end around a toilet papé#ératospool.

Frame

- xStrlng

20-30’ of string

|
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5. Kite Flying: Allow the activity’s primary focus tbe on kite flying on a variety of days to
assess how to define windy conditions in a paricldcation. Discuss safety when
sending the kite aloft and be aware of one’s summgs. It is helpful to work in pairs.
One student holds the kite up as high as his oaimrwill reach and when the other
student starts to run the student holding thedtieuld release it.

a) Discuss as a group the wind speed value on thef@g&cale. Chart it for a few
days or weeks.

EXAMPLE
Date Time Wind Conditions —descriptive Beaufort Scke Value
9/9/09 10:05 a.m. Light breeze from southeast 2
9/16/09 10:10 a.m. Breezy; twigs swaying, wind from4
south

6. Assessing the site:“Siting is the term given toctié® the process of putting a wind
turbine or wind farm in a location. There are sal/&ctors that need to be taken into
consideration. How windy is the site? Is it coresigly windy? What else is on the site
that could affect putting a turbine there? Is tibe im a migratory flyway for birds or
bats? What is the site’s proximity to neighborsPtAd¢se things are taken into
consideration when a wind turbine is being propos®efore this conversation can even
occur, it has to be known if the site has a fasdypsistent wind. What does our research
tell us about this site?” Bring out the chart ttiet class has been working on and discuss
the windiness of the site. Ask students to in&trgireir observations and measurements,
looking for patterns in windy conditions. If thigesshows that it does have potential
according to students, and the students are imnéer@s further dialogue, then return to
the above siting questions to discuss why it wdndlar would not feasible to site a wind
turbine at the location you studied.

EXTENSIONS
» Study the history of kites and how they were usecksearch the weather.
* Invite a wind energy engineer to present the sigragess and how a specific location
is determined to be a effective site for generagilegtricity from wind energy.
» Create more lyrics to the Mary Poppins song, “L&sFly A Kite” that include
wind energy concepts. This can be used as an ‘“datitVity so that students can
share what they have learned about wind energy.

Let's go fly a kite
Up to the highest height!
Let's go fly a kite and send it soaring
Up through the atmosphere
Up where the air is clear
Oh, let's go fly a kite!
“Let’s Go Fly a Kite”, Mary Poppins
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Lesson 8
Spinning in the Wind:
Wind Turbine Blade Design

BACKGROUND: Why are turbines designed the way they are?
Designers consider a great many things during thesign, such as
economics, bird nesting, effects on wildlife, whére turbines will be
located, balance, effects of weight, aerodynanaiod, year-round weather
conditions.

LEARNING OUTCOMES: Build, test, and evaluate winnlldine blades (application/
synthesis/evaluation).

GRADE-LEVEL APPROPRIATENESS: 3-4
NOTE: This lesson is advanced for grades K-2. Hare¥ you do have a working
model then having the students see it, touch d,vaatch it work will help students
understand how a turbines works.

LINKS TO MST LEARNING STANDARDS AND CORE CURRICULA:

Standard 1: Analysis, Inquiry, and Design:Students will use mathematical analysis, scientifi
inquiry, and engineering design, as appropriatpote questions, seek answers, and develop
solutions.

Scientific Inquiry:

Key Idea 2. Beyond the use of reasoning and consessientific inquiry involves the
testing of proposed explanations involving the efseonventional techniques and procedures
and usually requiring considerable ingenuity.

e carry out their plans for exploring phenomena tgrodirect observation and
through the use of simple instruments that perneidsnrements of quantities

Engineering Design:

Key Idea 1. Engineering design is an iterative pssanvolving modeling and
optimization finding the best solution within giveanstraints which is used to develop
technological solutions to problems within givemstaints.

» describe objects, imaginary or real, that mightrmeleled or made differently and
suggest ways in which the objects can be changesti, for improved.

» generate ideas for possible solutions, individuatg through group activity;
apply age-appropriate mathematics and sciences&ithluate the ideas and
determine the best solution; and explain reasanghéchoices.

» plan and build, under supervision, a model of thlateon using familiar
materials, processes, and hand tools.

» discuss how best to test the solution; perforntélseunder teacher supervision;
record and portray results through numerical aaglgic means; discuss orally
why things worked or didn’t work; and summarizeulesin writing, suggesting
ways to make the solution better.
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Standard 4 — ScienceStudents will understand and apply scientificapts, principles, and
theories pertaining to the physical setting anshgvenvironment and recognize the historical
development of ideas in science.

Physical Setting

Key Idea 3. Matter is made up of particles whosperties determine the observable
characteristics of matter and its reactivity.

» observe and describe properties of materials wgdpgopriate tools.

Standard 5—Technology Education: Students will apply technological knowledge andiski
to design, construct, use, and evaluate produdsgstems to satisfy human and environmental
needs.

Engineering Design

Key Idea 1. Engineering design is an iterative pssanvolvingnodelingand
optimizationused to develop technological solutions to problentisin given constraints.

« describe objects, imaginary or real, that mighiMmeleled or made differently and
suggest ways in which the objects can be changest, for improved.

* investigate prior solutions and ideas from bookagazines, family, friends,
neighbors, and community members.

* generate ideas for possible solutions, individuatd through group activity;
apply age-appropriate mathematics and scienceskithluate the ideas and
determine the best solution; and explain reasanthéochoices.

» plan and build, under supervision, a model of thlatgn using familiar
materials, processes, and hand tools.

» discuss how best to test the solution; perforntélseunder teacher supervision;
record and portray results through numerical aaglgic means; discuss orally
why things worked or didn’t work; and summarizeulesin writing, suggesting
ways to make the solution better.

Standard 6: Interconnectedness: Common ThemesStudents will understand the
relationships and common themes that connect matthesnscience, and technology and apply
the themes to these and other areas of learning.

Key Idea 2: Models are simplified representatiohsbjects, structures, or systems used
in analysis, explanation, interpretation, or design

* Analyze, construct, and operate models in ordeligocover attributes of the real
thing

» Discover that a model of something is differentirthe real thing but can be
used to study the real thing.

MATERIALS:

Part Options to obtain it

Working model wind turbine, 1 per class | www.KidWind.org (Recommended)
Large fan, 1-2 per class hardware store, genepglies

Thin balsa wood or stiff thick cardboard phardware store, craft store
Coroplast (corrugated plastic sheets), 3-4

pieces pair

Scissors, 1 per pair office supplies
3/8"dowels, 3-4 per pair hardware store

Glue or strong tape, 1 per pair craft store, offiapplies
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| Light Emitting Diode (LED), 1 | electronics store |

SAFETY: Model Turbine: When the turbine is opergtstand in front of or behind the turbine.
Do not be in the plane of rotation. If the bladesrevto fly off, they would fly off to a side.
Consider safety goggles. LED Safety: If you arengdiight Emitting Diodes (LEDs) keep bulbs
away from the face. When working with glass, satgiggles are always recommended. Be
advised: Though resistors are not required with lggson, as a fan will not spin the motor fast
enough to develop the output that may destroy #iB,lresistors are useful to maintaining a
stable resistance when working with a circuit. B@a Safety: Do not stick anything into a box

fan.

TEACHING THE LESSON: INSTRUCTIONS

1. Preparation: Assemble a working wind turbine moBet.the purposes of this activity a
model that can be handled will benefit studentrigey more than an image of a turbine.
Introduction: “Wind turbine blades need to be camsged in a shape that will best catch
the wind and spin in a breeze. The materials at®ul o be durable and weather
resistant.” Using a working model of a turbine @gmunended) discuss the blades’
features. Ask the students what they notice alimublades’ shape and feel.

2.

a.

If you are unable to obtain a working model, coriducinternet search of wind
turbines. The images will show the students theeg@rshape of wind turbine
blades.

The Best Blade Challenge: “To get a better idea hawnd turbine spins in the wind, we
will now construct turbine blades and experimerthwvhich ones can catch and spin in a
breeze.” Hand out blade materials. Students wéldngencils to draw the shape of their
blades onto the blade material. Thin balsa woafd cstrdboard, or a corrugated plastic
(Coroplast) can all work. For younger studentsadmlt will need to cut the thick

material. Adult help or supervision may be neededHe students to glue or tape their
blades to dowels that will fit into the working wdnurbine model. Use one or more
large, strong box fans to create the wind needeestathe blades. Position the turbine
hub, the front of the turbine where the bladesiaréont of the fan. Run the tests on the
working model to see which blade design catchegezie most easily and spins in the

wind.
a.

Consider borrowing or purchasing a working modeidviurbine such as one that
can be found through the Kid Wind Projeeirw.KidWind.org). Kid Wind’s
working model wind turbines are designed for expentation and come with
suggested experiments.

To fund a purchase, consider asking if there iseyavailable from a local
business, parent teacher organization funds, asdheol, and follow up by
donating the kit to the school or public libraryléan out.

Students can also make their own working model vimkine.

NOTE: This activity may be more appropriate for epplementary.

Here are three web sites that can help guide desigrts.

Science Fair Wind Generataossvw.otherpower.com/toymill.html

The Penbina Instituteww.re-energy.ca/t-i_windbuild-1.shtml

Vela Creationsvww.velacreations.com/chispito.htmi
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4. If possible, compare the fan to wind outside. Btting students outside with the model
and their blade designs on a windy day and runesis outside.

5. More than just spinning: Some model wind turbinesie with a light that is attached and
will light up when generating enough power, sogh&lents can see that the spinning
turbine blades have an effect and can generat&ieigc You can also attach a small
LED light with leads to connecter wires on the ni@od watch the LED light up when
the blades are spinning fast enough.

6. Review: “What blade design or designs did you oliséeing the most effective to spin
in a breeze?” Elicit responses. “What are thelaitas of these designs? What made
other designs less effective?” Elicit responses.

REFERENCES
* This lesson is based on KidWind'’s lesson “Wind ToetBlade Design” for middle to
high school students. For more information anditteté wind turbine blade design and
lesson plans visit the KidWind Projecthdtp://www.kidwind.org
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’—/\/\ What have you learned about wind energy” * \ J
(SR N
Part 2 )

Please circle the correct answer to the statensatb

wind energy is energy and ¢ electrical mechanical potentig|
be transferred to energy electrical mechanical potentig|
The wind turbine is connected to a :

Gird blade generator

which converts one form of energy into anot

When there is a closed circuit, you can turn ¢=—= —
light because now you have power  electricity energy

Please fill in the blanks of the following sentesice
To generate electricity the wind turbines neede@laced where the

wind is and

. The process of putting a windrerbr wind farm i

in a location.

Draw a picture of a wind turbine catching the prevaling winds.
Draw an arrow to show the directional wind.

Wind Wisdom for School Power...Naturally®

Assessment Tool
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’m/ —~ What have you learned about wind energy? * . /)
Part 2 - TEACHER ANSWER SHEET LY

Wind energy is mechanicahergy and can be transferred to electrical
energy.

The wind turbine is connected to a generatgdnch converts one form
of energy into another.

When there is a closed circuit, you can turn oiglat because now you
have electricity

To generate electricity the wind turbines needa@laced where the
wind is steadyand straight(Fastis also acceptable, as is other
synonyms to any of these three words.)

Siting: The process of putting a wind turbine or windhian a location.

Draw a picture of a wind turbine catching the prevaling winds.
Draw an arrow to show the directional wind.

Wind Wisdom for School Power...Naturally®

Assessment Tool
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CHAPTER 4: ACT

Lesson 9
Students as Teachers

BACKGROUND: Sharing the learning experience deepens studeetstanding as they learn
to be a teacher by explaining the concepts thanéea

Sometimes all a student needs is the time and spae#lect on what he or she has learned, and
to the best of his or her ability, share his or lmederstanding of the concepts with others. In this
activity students are asked to try out their thdasgim their teachers, peers, and the community at
large and to learn how to most effectively and tively communicate their ideas and their
understanding of the concepts they have learned.

LEARNING OBJECTIVE: Students choose to educatesttiteool and/or greater community
about wind energy (Affective Domain: valuing antemmalizing).

GRADE-LEVEL APPROPRIATENESS: K-4

LINKS TO MST LEARNING STANDARDS AND CORE CURRICULA:

Standard 4 — ScienceStudents will understand and apply scientific cgrigeprinciples, and
theories pertaining to the physical setting anshgivenvironment and recognize the historical
development of ideas in science.

Living Environment:

Key Idea 7 Human decisions and activities have had a profaunpact
on the physical and living environment.

Standard 7—Interdisciplinary Problem Solving: Students will apply the knowledge and
thinking skills of mathematics, science, and tedbgyto address real-life problems and make
informed decisions.

Key Idea 1: The knowledge and skills of matheosatscience, and technology are used
to make informed decisions and solve problems,@albhethose relating to issues of
science/technology/society, consumer decision ngakiasign, and inquiry into phenomena.

Key Idea 2: Solving interdisciplinary problems imwes a variety of skills and strategies,
including effective work habits; gathering and presing information; generating and analyzing
ideas; realizing ideas; making connections amoag&dmmon themes of mathematics, science,
and technology; and presenting results.

LINKS TO AFFECTIVE DOMAIN:

Level Trigger Words Student Activities
Receiving Recognizes, is aware of Be aware, béengitb take
notice, choose one over the
other
Responding Show concern, contributes,| Comply with suggestions,
accepts voluntarily seek out activities
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enjoys chosen activities

Valuing Values, shows interest, Accept a value and be willing
appreciates, respects, chooseto be identified with it, act
to consistently with, choose ang

seek out a position, attempt t
convince others

[®)

Characterization Internalizes Act consistently with
internalized, act with a new
world view, develop a
consistent philosophy of life.

TEACHING THE LESSON: INSTRUCTIONS

1. Students as Teachers: This activity gives the stiscEn opportunity to be the teachers.
Ask students to review what they have learned atvind energy. Tell them it is now
their turn to teach what they have learned. Byiaganformation, students are able to
retain what knowledge they have gained as thep@nein the position to instruct.

2. Students can choose from a variety of formats amteampart the facts about wind
energy they have learned to others. First decidetamis the audience: family members,
a school assembly, or the general public. As ss@asn small groups, decide on the
format of presentation.
Presentation format:

a. Lecture: Individuals or small groups give 2-3 mmueports on what they learned
to an audience of family members and peers.

b. Performance Artistry: Small groups perform a skisong on what they have
learned about wind energy.

i. Students may opt to sing a song such as “Let’s i@ Kite” and add
lyrics that teach about wind energy.
ii. Students may perform a skit such as the “Wind Thel®rientation”
activity with a student speaker describing whatgtaup is acting out.
lii. Students may create a poem on wind energy and $peatkioud.

c. Public Display: The finished product should be @fuality high enough that the
students would be proud to display it in a pubdttiag such as the school’s foyer,
their local library, environmental center, childeemuseum, other public setting.
Options include:

i. Beaufort Scale drawings
ii. Poetry displayed within shapes of wind turbines.
iii. Folding kiosk board with information, photos, andwlings
3. Students present and share what they have |leaboed wind energy in the presentation
format of choice.
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Glossary of Terms
Anemometer: a device for measuring wind speed. Anemometerdeativided into two
classes: those that measure the velocity of thd,veind those that measure the pressure of the
wind, but as there is a close connection betweemptessure and the velocity, a suitable
anemometer of either class will give informatiomabboth these quantities.
Atmosphere Layers of gases around the earth, including the@breathe, which is mostly
nitrogen (78%), about 21% oxygen, with the restlsina very important amounts of other
gases including water vapor, argon, carbon dioxiden, helium, methane, hydrogen, nitrous
oxide, and ozone.
Beaufort Scale A scale of wind velocity ranging from 0 (calm)1@ (hurricane).
Breeze:A light current of air; a gentle wind.
Circuit : An electrical device that provides a path forc#ieal current to flow.
Circumference: The distance around a closed curve; the lengthrak a circle.
Conductor: A device or material designed to transmit eledj heat, etc.
Convection The transfer of heat by motion within the atma=eh

Current: A flow of electricity through a conductor.

Decibel (dB): Logarithmic unit of measurement that expreskesnagnitude of a physical
guantity such as power or intensity, relative gpacified or implied reference level.

Directional Wind or Wind Direction: The direction from which the wind originates.
Electrical Circuit : An unbroken loop of material that electricity déow through such as
copper metal wires. If there is a break in theuwtrdhe electricity does not flow and cannot do

work.

Electricity : A type of energy which exists when there is &etdénce in the number of electrons
present at two different points, whether the resbiitatic, generation, or magnetic field.

Electromagnetic Induction: The production of voltage across a conductorlas#t in a
changing magnetic field or a conductor moving tigloa stationary magnetic field.

Energy: The capacity to do work; a resource for produg@oger.

Fuel: Anything we burn or can burn to get energy, saskvood, gasoline, coal, heating oil,
propane, natural gas, etc. Note that some fuelsleamer when they burn than others.
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Fossil Fuels Natural fuels such as oil, coal, and naturaltgas took millions of years to form in
the earth. They are rich in the elements carborhgddogen and come from the remains of
ancient living things.

Gale: A very strong wind.
Generator: A machine that converts mechanical energy intotetal energy.

Hurricane: A wind with a speed greater than 74 miles (119rk#éters) per hour, according to
the Beaufort scale.

Kilowatt-hour (kwWh) : A unit of electric energy often used to keep kratthe amount of
energy you buy from the electric company. It tglssi how much electric power or rate of
energy use (measured in kilowatts) was used ogerem time (measured in hours).

Molecule: The smallest particle of a substance that rethi@shemical and physical properties
of the substance and is composed of two or morasgta group of like or different atoms held
together by chemical forces. A small particle;rgy it.

Nonrenewable Of or relating to an energy source, such asrailadural gas, or a natural
resource, such as a metallic ore, that is not ceplale after it has been used.

Orientation: The act of orienting or the state of being oridnteis the location or position
relative to the points of the compass.

Power. The rate at which work is accomplished.

Renewable A resource that renews or replenishes itself shat time scale. Examples include
solar, wind, geothermal, hydropower, and biomass.

Resistor. a two-terminal electronic component that producesltage across its terminals that is
proportional to the electric current through iaiccordance with Ohm's law:=IR. The current
and voltage in a resistor are linearly relatedt theans that a change in voltage will produce a
proportional change in current. Current versusagdtis a straight line for a resistor.

Siting: To situate or locate in a place.

Technology The body of knowledge available to a society thatf use in fashioning
implements, practicing manual arts and skills, extlacting or collecting materials.

Torque: A turning or twisting force. The moment of a fer¢he measure of a force's tendency to
produce torsion and rotation about an axis, equtde vector product of the radius vector from
the axis of rotation to the point of applicationtieé force and the force vector.
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Turbine: Any of various machines in which the kinetic eneof a moving force is converted to
mechanical power by the impulse or reaction offtlee with a series of buckets, paddles, or
blades arrayed about the circumference of a wireglimder.

Velocity: The time rate of change of position of a bodwg particular direction; the rapidity or
speed of motion.

Volt: (Symbol V) the International System unit of efeal potential. The value of the across a
conductor when a current of one ampere dissipatesvatt of power in the conductor.

Voltage: The electrical potential difference, usually eegsed in volts.

Watt: A watt is a measure of electric power; the ratehow fast electric energy gets used. A
100-watt bulb can receive more energy per secoard ah60-watt bulb, and so it is brighter and
hotter. A kilowatt (kW) means 1000 watts, a mega\eiV) means a million (1,000,000) watts,
and a gigawatt (GW) is a billion (1,000,000,000}t&a

Wind Energy: Using blades attached to a turbine to convertivnergy into electric energy. It
also refers to converting wind energy into mechairenergy.

Wind Sock - A cloth cone attached to a pole to show thectima of the wind.

Wind Vane - Mechanical device attached to an elevated stre¢hat rotates freely to show the
direction of the wind.
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Wind Resources on the World Wide Web

Curriculum

American Wind Energy Association (AWEA)

Through the National Energy Education Developmeanjeet (NEED)
http://www.need.org/curriculum.phgnd in cooperation with the American Wind Energy
Association (AWEA), the downloadable uniténd Energyfor Kindergarten -12 grade. The
material is organized by grade levels to ensuretttginformation is appropriate for each age
group.http://www.awea.org/education/curriculum/

AWEA also provides background information, factetiseand reports on wind energy.
http://www.awea.org/faq/

Carol Hurst’s Children’s Literature Site: Wind in C hildren’s Books
Offers information on children’s books about wirdiso links to other educational wind sites.
http://www.carolhurst.com/subjects/wind.html

The Kennedy Center ArtsEdge: Lessons on Wind
Provides artistic and science literacy lessons ol w
http://artsedge.kennedy-center.org/teach/les.cipvdms=wind&x=0&y=0

Kid Wind Project

Provides resources, lesson plans, and workshopsnzhenergy.
http://www.kidwind.org/lessons/teachers.html

Student-friendly sitehttp://www.kidwind.org/lessons/students.html

New York State Energy Research & Development Authaty (NYSERDA)
School Power...Natural®) offers a multitude of lessons on energy, partidylan photovoltaic
energy.http://www.powernaturally.org/programs/SchoolPowatiNally/default.asp

Northeast Sustainable Energy Association (NESEA)
The K-12 Education Department offers teacher trginvorkshops and downloadable units on
wind energy and related renewable energy topitg://www.nesea.org/k-12/

Pandion Systems, Inc.
In partnership with Kidwind, Pandion developatihdWise Educatigriessons for 6-12grade
focusing on wind energy and wildlifattp://www.pandionsystems.com/projects.htm

The Penbina Institute
“Build Your Own Wind Turbine” (PDF). Step-by-stepggedures on constructing a model wind
turbine.http://www.re-energy.ca/pdf/wind-turbine.pdf
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Curriculum Support — background information on wind enerqy

Energy Kids Page

Website supported by the Energy Information Adntraison of the U.S. Department of Energy.
Student friendly site devoted to explaining histand applications of wind energy.
http://www.eia.doe.gov/kids/energyfacts/sourcegveable/wind.html

National Renewable Energy Laboratory Wind Energy Basics
Explains the basics of wind enerdptp://www.nrel.gov/learning/re_wind.html

New York Energy Research & Development Authority (YSERDA)

Renewable Portfolio Standard — downloadable asf PD

Report providing information on renewable energgtallations in the State, including wind.
http://www.nyserda.org/rps/projectgallery.asp

Educational Online Data Monitoring

Heliotronics

Regional energy education business that installs@data monitoring systems to compliment
on-site solar arrays on school grounds and is ntlyrevorking on site monitoring for wind
energy.http://www.heliotronics.comAlso visit Heliotronics collaboration with NYSERD#
monitor 50 schools within New York Statetp://www.sunviewer.net/portalsS/INYSERDA SPN/

Other Helpful Resources for NYS Educators

Alliance for Clean Energy New York, Inc.

Discussion of New York’s energy mix and expangpotential for renewable energy
technologies, particularly wind.
http://www.aceny.org/clean-technologies/wind-powin/pageid/68235

Energy Information Administration
Official energy statistics from the U.S. Governmeéiew York State profile.
http://tonto.eia.doe.gov/state/state_energy pmfifen?sid=NY

EnergyTeachers.org
A network of educators sharing ideas for teachimgué energy production and use.
http://energyteachers.org/

New York Independent System Operator

“2009 Load and Capacity Data Gold Book.”

Complete inventory of generation plants in New Y8thte, including fuel source, capacity
(size), town, and county.
http://www.nyiso.com/public/webdocs/services/plangiplanning_data_reference_documents/2
009 _LoadCapacityData PUBLIC.pdf
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New York State Energy Research and Development Authity (NYSERDA)

In January 2009, NYSERDA's Energy Analysis progrqamblishedPatterns and Trends - New
York State Energy Profiles: 1993-20@%23kb .pdf) a comprehensive storehouse of energy
statistics and data on energy consumption, sugplyces, and price and expenditure information
for New York State.

http://www.nyserda.org/Energy Information/energygt$aasp

New York State Public Service Commission

Find out more about New York State energy soura@s m
http://www.askpsc.com/askpsc/page/?PageAction=r&zadeByld&Pageld=a8022193f892947a
1d26b67506005183#energymix

New York State Small Wind Explorer

AWS Truewind's web-based prospecting and sitindiegmon for small wind users and
installers, is an application commissioned by tlesvN ork State Energy Research and
Development Authority (NYSERDA). This applicatioffers public access to highly accurate,
site-specific wind resource maps and reports.

http://nyswe.awstruewind.com/

Union of Concerned Scientists

Learn facts and figures about energy and humandta@ad successes in the United States of
America.

http://www.ucsusa.org/clean_energy/
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