HS-PS2-5. Plan and conduct an investigation to provide evidence that an electric current can
produce a magnetic field and that a changing magnetic field can produce an electric current.
HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one
form of energy into another form of energy.

HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields
to illustrate the forces between objects and the changes in energy of the objects due to the
interaction.

HS-PS4-3. Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic
radiation can be described either by a wave model or a particle model, and that for some
situations one model is more useful than the other.

HS-ETS1-1. Analyze a major global challenge o specify qualitative and quantitative criteria and
constraints for solutions that account for societal needs and wants.

HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and
trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics
as well as possible social, cultural, and environmental impacts.

HS-ESS2-4. Use a model to describe how variations in the flow of energy into and out of Earth’s
systems result in changes in climate.

HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural
resources, occurrence of natural hazards, and changes in climate have influenced human
activity.

HS-ESS3-2. Evaluate competing design solutions for developing, managing, and utilizing energy
and mineral resources based on cost-benefit ratios.*
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Overview of the Unit

This unit is loaded with phenomena. The real world task that propels students through
an arc of electricity, magnetism, power production, and climate science is a 50-Year
Energy Plan. After the Request for a 50-Year Energy Plan, students jig-saw innovative
power solutions. Next, they build and explore motors (starting with speakers which also
connect to the Waves & Technology unit) and inefficient generators. The need for
massive, efficient generators leads us to harness energy in nature so we will be
engineer designing wind turbines and optimizing solar cells for a local parks use.
Creating the rubric to evaluate large scale power production launches us into climate
science. With all the learning of the unit students and many real world constraints



Electricity, Magnetism, & Power Production - Day 1

Agenda: Warm Up Question:
Voices Around the World What do you know

Introduction to Our about climate science,
Engineering Challenge global warming, and

Where do we get power from? climate change?

Due Next Class:

Background Research on
Power Production

Due This Class:
Voices of the World

What do you want to
learn about these
topics?

Patterns Physics Electricity, Magnetism, & Power Production 5



Self Assessment on the
Big Ideas of this Unit

On the front page of the packet, using a
scale of 1 - 4: where is your current
understanding?

Patterns Physics Electricity, Magnetism, & Power Production 6



By the End of this Day
You Should Be able to Answer:

Patterns Physics Electricity, Magnetism, & Power Production 7
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Voices of the World - 1 Page Per

. Get acquainted with the your role/identity your
were given™, you want to be able to share your

perspective without reading your card. **Note, this
can be difficult if the person is different from you.

. Now form medium sized groups of 6-9.

. Then get acquainted with each other, spending
about a minute to share your story.

. Then listen to the stories of the other person you
are with. Be sure to take notes in your packet.

. Next form a new smaller group of 4-5 of mostly
new people and repeat.

*Adapted from Bill Bigelow with Rethinking Schools, see his instructions here.


https://docs.google.com/document/d/13Fl8v2G1w-mDyD9o1sDYPq5yRmeNrVrAfXawKvYStjc/edit
http://www.rethinkingschools.org
http://rethinkingschools.aidcvt.com/static/climate/TeaPartyInstructions.pdf

Getting a Handle on
our Challenge

With some context from voices of the world and the charge to the
Energy Plan Commission we need to define our problem.

Then, let us get a clear, focused statement of the design problem in
our Engineering Portfolio.

We as (role) seek to (problem) that must address (goal) for
(Stakeholders).

Patterns Physics Electricity, Magnetism, & Power Production 10


https://docs.google.com/document/d/1Yi0YdqNzk8Wos6nCYCUEfxE7RePdaH2qoV13G7u2hYc/edit

K-W-L in Formative

What do you know about power production,
electricity, and energy sources?

When you plug your phone into the wall, what is
going on”? Where does that energy come from?

What do you want to learn about power
production, electricity, and energy sources?

Patterns Physics Electricity, Magnetism, & Power Production 11






Background Research on Power Production

Each of the energy strategies below are proven to b
about our energy needs, there is no perfect solution
using the resource below fill out the chart below det:
activity you will need access to the internet. Go to sf

Energy
Source

Wind

Description:
Describe the energy strategy

thinking

First: T

Let us brainstorm considerations when thinking
through energy sources -- that is, the top three
criteria we will use to evaluate them.

here.

Include any unique costs or
benefits that are not listed in
the columns to the right.

Solar Cells

Patterns Physics
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Background Research on Power Production

Each of the energy strategies below are proven to b
about our energy needs, there is no perfect solution
using the resource below fill out the chart below det:
activity you will need access to the internet. Go to sf

First:

Energy

Satice Description

Criteria

Let us brainstorm considerations when thinking
through energy sources -- that is, the top three
criteria we will use to evaluate them.

thinking
jour group
r this

f'n

Environmental Impact /
Land Use: Describe how
this energy strategy affects
the land/water it is on or
around. Does it need to be
in specific locations?

Climate Impact /

Air Quality:

Describe any impact on
CO, emissions or air
quality associated with this
strategy

Lifetime Cost:

Describe any costs, both

short and long term,
directly and indirectly
associated with this
strategy.

Patterns Physics

Electricity, Magnetism, & Power Production
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Background Research on Power Production

1. Everyone investigates Wind, Coal, Solar Cells
(photovoltaics or PV) or Hydro.

2. Then you will be assigned one more Energy Source
for Power Production.

Criterion #1: Criterion #2: Criterion #3:

Energy
Souroe Description

Patterns Physics Electricity, Magnetism, & Power Production 15



Background Research on Power Production

www.studentenergy.org/map

Note: NIMBY means “Not in my Backyard” and
refers to when people do not want a power plant
of a certain type near where they live.

Patterns Physics Electricity, Magnetism, & Power Production 16


http://www.studentenergy.org/map

Check In:
You Should Be able to Answer:

Patterns Physics Electricity, Magnetism, & Power Production 17
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Electricity, Magnetism, & Power Production - Day 2

Agenda: Warm Up Question:

Finishing Background Research

on Power Production Read the overview of

Exploring Engineering Solutions Oregon’s electricity mix

Energy City Simulation on page 20 of State of

Upcoming Oregon Biennial Energy
Plan 2015-17

Due Next Class (linked in your 6EP doc).

Due This Class
Complete Background Research

Patterns Physics Electricity, Magnetism, & Power Production 19


http://www.oregon.gov/energy/data-and-reports/documents/2015-2017%20biennial%20energy%20plan.pdf

What did you notice or learn from reading the overview
of Oregon’s electricity mix on page 20 of State of
Oregon Biennial Energy Plan 2015-17

Natural Gas
12%
Wind
9
Noclear Other %
_3% 0.13%

Biomass
1%

Geothermal
0.12%

LandfillGases
0.09%

Renewables
6%

Solar
0.02%

_Petroleum
0.12%

04
1% Coal _Waste

33% 023%

Patterns Physics Electricity, Magnetism, & Power Production



What did you notice or learn from reading the overview
of Oregon’s electricity mix on page 20 of State of
Oregon Biennial Energy Plan 2015-17

Net Summer

Plant Primary Energy Source Operating Company Capacity (MW)

1 JohnDay Hydroelectric USACE Northwestern Division 2,160
2 The Dalles Hydroelectric USACE Northwestern Division 1,823
3 Bonneville Hydroelectric USACE Northwestern Division 1,093
4 McNary Hydroelectric USACE Northwestern Division 991
5 Hermiston Power Partnership Natural Gas Hermiston Power Partnership 615
6 Boardman Coal Portland General Electric Co 585
7 Beaver Natural Gas Portland General Electric Co 487
8 Klamath Cogeneration Plant Natural Gas Pacific Klamath Energy Inc. 470
9 Hermiston Generating Plant Natural Gas Hermiston Generating Co LP 464
10  Biglow Canyon Wind Farm Wind Portland General Electric Co 450

Source: U.S. Energy Information Administration, Form EIA-860, "Annual Electric Generator Report."

Figure 12: According to the U.S. Department of Energy’s Energy Information Administration, the top four
electricity generators in Oregon are hydroelectric.

Patterns Physics Electricity, Magnetism, & Power Production



Hear is another similar representation Oregon
Department of Energy now uses. What do you think?

Hydro | Coal

40.47% 31.89%

19,488,884 MWh | 15,358,984 MWh

Fuel

B Hydro

. Coal

. Natural Gas

B wind

. Nuclear

. Biomass
Solar

. Geothermal

. Biogas

. Waste

. Petroleum

. Other Biogenic

Other Non-Biogenic
. Landfill Gases
. Others

Patterns Physics
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Power Production in the West (map linked)

B wind
Solar

B coa

. Nuclear

. Water

. Natural Gas

. Petroleum Products
. Geothermal

. Biomass-Based Renewables
. Biogas

. Other

List of all Oregon Power Production Plants

Patterns Physics Electricity, Magnetism, & Power Production 23


http://www.oregon.gov/energy/energy-oregon/Pages/Electricity-Mix-in-Oregon.aspx
https://en.wikipedia.org/wiki/List_of_power_stations_in_Oregon

Jump Back to Finish your Background Research

Background Research on Power Production

Each of the energy strategies below is proven to be able to help meet our energy needs on a large scale. When thinking
about our energy needs, there is no perfect solution and each of the energy strategy comes with trade-offs. Go to
studentenergy.org/map and with your group, fill out the chart below detailing the energy strategies and their respective
trade-offs. For this activity you will need access to the internet.

Criterion #1: Criterion #2: Criterion #3:

Energy

Saiitoe Description

Wind

Coal

Patterns Physics Electricity, Magnetism, & Power Production 24



Let’'s Get Focused

Problem

Now with more research into power production, we need to further
explore our problem.

We already have our focused statement of the design problem in our
Engineering Portfolio.

We as the Energy Plan Commision seek to create a 50-Year Energy
Plan that must address the energy needs and environmental

concerns of Oregonians.

Patterns Physics Electricity, Magnetism, & Power Production 25


https://docs.google.com/document/d/1Yi0YdqNzk8Wos6nCYCUEfxE7RePdaH2qoV13G7u2hYc/edit

What are our
Constraints in this
Project?

Problem

Constraints for the 50 Year Energy Plan:

ickHereToType
ickHereToType
ickHereToType

@ o=
O OO

Patterns Physics Electricity, Magnetism, & Power Production 26



What are our
Constraints in this
Project?

Problem

Constraints for the 50 Year Energy Plan:

Must provide enough power to meet future demand/increase
Cannot use coal after 2035 (Clean Electricity & Coal Transition Act)
It is due by ClickHeretoType

Respond to the values of Oregonians (clean technologies,
environment with focus on wildlife)

=W~

Patterns Physics Electricity, Magnetism, & Power Production 27



What are our Criteria
In this Project?

3
3
9
Q

Criteria that your energy source choices will be
measured hy:

ickHereToType
ickHereToType
ickHereToType

L o=
OO O

Patterns Physics Electricity, Magnetism, & Power Production 28



What are our Criteria § s \
in this Project? ¢ . dewm !

Criteria that your energy source choices will be
measured by:

Environmental Impact/ |Climate Impact/ Lifetime Cost:
1. Land Use: Describe how | Air Quality: Describe any costs, both
?) | this energy strategy affects | Describe any impacton  |short and long term,
3 the land/water itisonor | CO, emissions or air directly and indirectly
“laround. Does it need to be |quality associated with this |associated with this
in specific locations? strategy strategy.

Patterns Physics Electricity, Magnetism, & Power Production 29



To wrap our heads
around this, let's try

out a "wild guess”

Problem

lInitiaI 50-Year Plan

2010s 2020s 2030s 2040s 2050s 2060s
% Energy Needed
(% of current energy use) 100 105 110 115 120 125
%** % Growth % %Growth] % %Growth| % % Growth| % % Growth % % Growth
Hydro (Maxed) 43 43 43 43 43 43
Coal 34 34 34 34 34 34
Natural Gas 12 12 12 12 12 12
Nuclear 3 3 3 3 3 3
Biomass 3 3 3 3 3 3
Wind 5 5 5 5 5 5
Geothermal 0 0 0 0 0 0
Solar 0 0 0 0 0 0
Wave 0 0 0 0 0 0
Smart Grid Technology 0 0 0 0 0 0
Energy Storage 0 0 0 0 0 0
100 100 100 100 100 100
Energy Needs Check of 6 of Q of Q of Q of Q of Q
100 105 110 115 120 125

Patterns Physics

Electricity, Magnetism, & Power Production
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https://docs.google.com/spreadsheets/d/1RAkgycuu5qf04ArgMsz4m_x_LT85Frfi3nKU2639jOs/template/preview

Looking ahead to our Final Report

As always, you will be tasked with communicating
the problem and evaluating your design solution
as compared to others. However, as our last CER,
we will be stepping up our sophistication with

1. Exploring Our Engineering Challenge (Claim)
2. Evaluating Competing 50 Year Plans (Evidence)
3. Reasoning about the Best Design (Reasoning)

4. Limitations of your Plan

Patterns Physics Electricity, Magnetism, & Power Production 31



Evaluating Design Solutions

You will be tasked with commu
problem and evaluating your d
compared to others. In this the
sections.

1. Exploring Our Engineering Challenge (Claim)

2. Evaluating Competing 50 Year Plans (Evidence)
3. Reasoning about the Best Design (Reasoning)
4. Limitations of your Plan

ting the
n solution as
ill be four (4)

Patterns Physics Electricity, Magnetism, & Power Production 32



Preparing for the first paragraph of your
essay: Graphic Organizer

Exploring Our Engineering Challenge

Problem Statement: What is the problem that you are trying to solve?

Describe the Constraints for your Energy Plan:

Constraint 1 Constraint 2 Constraint 3

Describe the Criteria for Each of the Energy Sources

Criterion 1 Criterion 2 Criterion 3

Make a claim: Which of the criteria above is your highest priority, and why? (This will help develop your strategy.)

What possibly might happen if you do not solve the problem?

Patterns Physics Electricity, Magnetism, & Power Production 33


https://docs.google.com/document/d/1cK0fmhbZ2eTBkWCoN44vTDq9LmD8RdLbsjXuexog3Vw/edit?usp=sharing

Kick Off Playing Energy City

D NATIONAL CEOCRAPHIC

T'he

JASON

Project

Your Mission...

Welcome to Energy City. Your mission is to
craft an urban energy portfolio that
balances economic, social, and
environmental issues...all while negotiating
with stakeholders and generating enough
power to support a growing population. The
city is depending on you! Do you have what
it takes to successfully lead a city toward a
sustainable energy future?

Learn More!

Begin!

Patterns Physics Electricity, Magnetism, & Power Production



http://content3.jason.org/resource_content/content/digitallab/8250/misc_content/public/popup.html

6Simulation - Energy City Strategy and Reflection

Energy City Game Strategy and Reflection

(Click on the Image Below for a Link to the Game)

[[] mamosen crocassrec

4

foon IAGONID It
l'rojt‘(‘l/' m

Your Mission...

Weicome to Energy City. Your mission is to
craft an urban energy portfolio that
balancas economic, social, and
ernvironmental issues._all while negotiating
with stakeholders and generating enough
power to support a growing population. The
city is depending on you! Do you have what
it takes to successfully lead a city toward a
sustainable energy future?

Learn More!

Begin!



https://docs.google.com/presentation/d/1HL2CkwDt1Z1WozqseBVqC31gX-LUfJp54RynuZHfua8/template/preview

Energy City Reflection Slides

Play your first game of Energy Cty

®  What was the strategy you used? uniielion S¥ Mgl
- == = nee- REPlAce this image
¢  What did the game capture sbout power production that s with a screenshot of

leamviound NINFesINg/was naw 10 you e YOU €N-GAME SCOTE

> b o f 8= (be careful not to hit
You probably falled during the first game and even If you didn, ¢ - continue before you
you likely could be more successfl What thoughts will you take — screenshot)

Energy City Game 3 Reflection
BTN higgia

into the next game? AL the end of your third game compiete the following <t

b

| - Re'pléce'thi's ifnaée Wifh a{
screenshot of you
end-game Energy ‘
Diversity (be-earéful not to
it continue before you

What are the differences between the four energy strategies DT N S

(Non-renewable, Inexhaustible, Conservation, Renewable)? - — RUD‘(’)CU this image
> =B ¥ = with a screenshot of

How does early research play a role In future success in the ;__ you end-game score

game? 8 = (be careful not 10 hit
> I s - continue before you

Why is it important in the game to divensify your power options? screenshot)

How could this be true in the real world? | Total Sod

> m

Replace this image with a
screenshot of you
end-game Energy -
Diversity (be-earéful not to
hit continue before you
screenshot)._ .

Energy City Game 2 Reflection

Before your second game: What is the strategy that you will use?
>
Pause at yoar 5 How are you balancing the resources you have
ol the start of the game with the resources you have investad in?
> Herd
Al the end of the game, what happened? Did you win or lose?
What can you do better for your next game?
>

8 Replace this image
§ with your year 5 image lu"(:“

»

Replace this image with a
screenshot of you
end-game Energy .
Diversity (be garefal not to
hit continue before you
screenshof)._
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https://docs.google.com/presentation/d/1HL2CkwDt1Z1WozqseBVqC31gX-LUfJp54RynuZHfua8/template/preview

Electricity, Magnetism, & Power Production - Day 3

Agenda: Warm Up Question:

In-Class Essay: Exploring Our
Engineering Challenge

Diving into the Physics of
Power Production

Making Speakers

Given two batteries, two
wires, and a light bulb:

Make three observations
as you play with the
Due Next Class materials.

| Write down two things you
Due This Class wonder.

Patterns Physics Electricity, Magnetism, & Power Production 37



6CER - Part 1
In-Class Essay:
Exploring Our Engineering Challenge

Patterns Physics Electricity, Magnetism, & Power Production 38



By the End of this Day
You Should Be able to Answer:

Patterns Physics Electricity, Magnetism, & Power Production 39



From the Need to How It Works

Learning from Multiple Sources

What are the three big ideas of the following
video?

Patterns Physics Electricity, Magnetism, & Power Production 40



The need for Large Scale Power Production
is the need for Large Scale Energy Transformations




From the Need to How it Works

Learning from Multiple Sources

Need Energy for:
Eierma fOr heat
E 1 echanical fOr transportation
Eclectricity t0 power things

At the heart of nearly all Egjecticity is motion of a turbine

Power Production then is really about Energy Transformations

Patterns Physics Electricity, Magnetism, & Power Production 42



Let’'s Be Playful with our Inner Scientist

From our KWL on power production, electricity,
and energy sources you clearly already know a
lot, but let’s push the use of some of our tools
from our physics toolbelt to explore deeper:

- Start with thinking through a couple of
easy, concrete examples

- make observations
- create useful diagrams
- walk the Triangle

Patterns Physics Electri




Teacher Note: Water Bucket Analogy
Key terminology in electricity: energy, voltage, current,
electron, and power.

— aterials for each Scenario:

Water Bucket An_alggy_ 'I:he Switch is ON

-
Real Life: Analogy:
battery AA, D, 9V 1st bucket,
bigger bucket
energy
colored water
wires taped

Peutetiis Paysics Electricity, Magnetism, & Power Production 44



Let’'s Be Playful with our Inner Scientist

Connect what you observe to what you know

1. What is our system?

2. What does it take to light the light bulb?
3. What is in the battery?

4. What is in the wire?

5. What is the value in

creating an analogy?
1. Brainstorm ways to

represent this system?
6. How should we

Patterns Physics Electrit smrerererrawomm— e S



Moving from Our Experience to a Diagram
Diagram of Analogy

This bucket
represents the
AA battery.

\ This bucket
N—

represents a
light bulb.

kR

This is on page 7 of your packet.

Patterns Physics Electricity, Magnetism, & Power Production 46



Moving from Our Experience to a Diagram

Diagram of Circuit

This symbol

represents the
@ AA battery. I —

\ This symbol

represents a
light bulb.

This is on page 7 of your packet.

Patterns Physics Electricity, Magnetism, & Power Production 47



Moving from Our Experience to a Diagram

Diagram of Analogy Diagram of Circuit

% B L Po

m?u:;he T ———— This symbol
’ representsthe ——_ |
'\ This bucket u @ AA battery. -
represents a )
E% light bulb. C% \ This symbol

i represents a

light bulb.

This is on page 7 of your packet.
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Water Bucket Analogy: The Switch is Off
time =0s

This bucket
represents the
AA battery.

This bucket
represents a
light bulb.

T g® o
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Water Bucket Analogy: The Switch is On
time = just after 0 s

Patterns Physics Electricity, Magnetism, & Power Production 50



Water Bucket Analogy
time=1s
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Water Bucket Analogy
time=2s

Patterns Physics Electricity, Magnetism, & Power Production 52



Water Bucket Analogy
time=3s

Patterns Physics Electricity, Magnetism, & Power Production 53



Water Bucket Analogy
Repeat with 9 V

Patterns Physics Electricity, Magnetism, & Power Production 54



Let’'s Be Playful with our Inner Scientist

Connect what you observe to what you know
1. Experience: How does our real system match

up to the analogous one? What signifies what*?
*using words we understand to technical terms
2. Graph: Let us use one of our best tools
to visualize patterns in data,
let’'s graph it.
3. Mathematical How can we start
to quantify this system?
4. Then let's make predictions
about the system to '

Patterns Pnysics ElectriCil = eremrewomrr—— owe e



Experience: How does our real system match up
to the analogous one”? What signifies what*?

*using words we understand then technical terms

Water Bucket Analogy

Real Circuit

What does the water

Energy. It starts as electrical energy
in the battery and gets transformed to

represent? light in the light bulb.

What do the students Electr.ons. Electrons carry the. |
electrical energy around the circuit.

represent?

The path that the students
are walking.

What would represent the wires?

This is on page 7 of your packet.
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Water Bucket Analogy: Definitions

Word Definition
Vol e Energy per electron.
oltage e Represented by the amount of water in each
cup.
Current e Electrons per second.

e Represented by the moving people.

This is on page 7 of your packet.
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Water Bucket Analogy: Definitions

Word Definition
Vol e Energy per electron.
oltage e Represented by the amount of water in each
cup. /
Current e Electrons pé¢r second.

e Represented by the moving people.

/

What happens when we increase the
“voltage” in our analogy?

This is on page 7 of your packet.
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Water Bucket Analogy: Definitions
Word Definition

e Energy per electron.

volage e Represented by the amount of water in each
cup.
Current e Electrons per second.

e Represented by the moving people.

\

e

What happens when we increase the
“current” in our analogy? The wire
doesn’t get more electrons, so how do
you get more electrons per second going
T through the light bulb?
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Refurnlng [0 our Inner Scientist

Let us use one of our best tools to visualize patterns in data,
let’'s make a graph.

1. Let us rerun the 1.5 V set up and plot
Energy vs time.
1. Now let’s repeat this process for a 9 v battery.

2. Let's walk the triangle.
a. why a zero y-intercept?
b. what does the A value mean?
c. will the lines continue forever?
d. what is the
mathematical model?

Patterns Physics
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1.5 8
Volt. 6

’4 2 4 6 g 10
/2 | | __Time (s)
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Let's walk the triangle.
a. why a zero y-intercept?

b. what does the A value

mean??
c. will the lines continue
forever?
d. what is the
mathematical model?
1.5 8
Volt. 6
[ |
4 _
|
9 _
[
; 2 4 6 8 10
/2 | | _Time (s)
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Energy (J)

10
. Time (s)
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With our focus on Power Production

Equation 1 Equation 2

From our graph

P __ Energy Transferred

Energy = Power * time pr—

Word Definition

Voltage / current above Voltage / current definitions above

e Energy transferred per second

Power e Represented by how fast the bucket fills

This is on page 7 of your packet.
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With our focus on Power Production
Power:

e In terms of our analogy it is the combination of how many
cups transfer their water times how much water is in each

cup.
e How then can we increase the power?

Equation 3

Analogy
Power = cups per second * energy per cup

Mathematical
Power = Current * Voltage

This is on page 7 of your packet.
Electricity, Magnetism, & Power Production 66
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Energy = Power * Time
Power = Current * Voltage
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Power

Power = current * voltage
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When:
g voltage doubles




Let’'s Make some Predictions Question 3
Repeat with two AA V batteries in series

%i

Patterns Physics Electricity, Magnetism, & Power Production 69



One battery vs two in series
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Let’'s Make some Predictions Question 4
Repeat with two AA V batteries in parallel

%i
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One battery vs two in parallel
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Check In:
You Should Be able to Answer:
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With Our Built-Up Background
Let’'s Dive Deeper

Beyond all the cool things you can understand
through current, voltage, and power, there is
another fascinating property of electricity we
need to understanding for power production.
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Demonstration of a Phenomenon

credit and description: https://www.exploratorium.edu/snacks/motor-effect
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https://www.exploratorium.edu/snacks/motor-effect

By the End of this Activity
You Should Be able to Answer:
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Exploring, Reverse Engineering Speakers
Let us use our Engineering Toolbelt:

First things First:

What is the most basic physics of speakers?

They are motors

and motors transform electricity into motion
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Exploring, Reverse Engineering Speakers
Let us use our Engineering Toolbelt:

1. Let us look at some working speakers, what is
going on”? Tool: observation

2. Let us get a drawing. Tool: diagramming

3. Let us deconstruct some speakers and observe
a little more. Tool: observation

4. Let us improve our drawing. Tool: iteration

5. What do you think, how do they work? Tool:

reasoning
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Visuals for Sound Waves in Air
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Iongitu:dinal (left—right) particle displacement

pressure
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V

. .n-v-l-u--u-u#-;v#.l.—-l-#.#-h-v!.vav.#o

-+l-->.ﬂ- e ﬁ--"nu.t‘..O- Pasqspspundint” smd s}y ran
..o..r -..-MHMM.NM-...-r-.-. .4-0.4-m—m-.1.+.4- -vai..o_...w 2aw?
i-ll'u“ ls.l Il!l’ll”t.ll&l‘d l4"m*lhh*hmlill-M“#ﬂ.#-#muﬁu 14vr st .Y

iillll-f.l-a-lllllﬁﬁﬁ A IR T T TE LS ﬂ'f-l.llvl$5‘

-

E R e L T s T e R T
. I.’..-f.ﬂ- Faafiay., Yevasnuvaradsnre? anPagiend -1-“;0- .
L ST L L T TR *-I-I-# san"” anamgrpm® L e
LT PR KT T ..0-+-hh*.ﬂ srsws .Wﬂﬂf-#-#v abd@en® L Tt
‘. rans, Fag,. et Ptannnannt+tire)y L a av* .-
-H.\"-nana- -0-- Ay, apusnn -‘on... --u).ﬂn
ad s -l-rfb. l.vllbtl.;& Teaame b vvui.bii¢-‘ -.runs-l- - hat
ey l-.'ll-‘ 1+-Aﬁ01l AL T FEY PRLE LA l‘.'e-#a b 4 Qll
--.I-b--ﬂ-I--of-l-.-.-- —m—m— ----b-----d- -0-!--
li..?—..lﬂlll..l{”.lll llvnﬁh* #F'la.i ll.b{l II.-I&QIVI
. avw i 0 Y L LA R RS 1 R B PR o el B
L ) - ands 0-&“-’ rnﬂﬂ\-t - me &+
-;b-b‘--#&- l--#f‘l- LA R FY L -lﬂv#-.l” Sy n & b
dd g Lot ¢ s, -"l-ncflo.d s..A‘!lll‘-v-.r Qﬁnﬂlull"- dgg e 8 &4
L R T LT IAlv‘v intn'i '--l. &a&-vl g e n T
’-v-*v'-liuflltv 0-!-\.—*-#"-‘-# o . LB
l#.’il-.cu‘r...r.d‘\.-lnnvlnnl‘ansvl-ll‘onuub‘udnb—. Thu e + "
-lOIO-VJIIQF-‘Ilniifﬂﬁb vvlu-i.ll-.’lnia thye o b
A ruwtn g gy gabd oo, P oo B 8 b P, s by, g aw . e v &
-l..'.ul...-l..visntiit-.nP.’a;v.avv#bu.nbab'-al¢ sdmy = »
T L R L I T L L adl X e o Togum & "hgy g  * - M P
- namrs " 8 smEE  ammt o opgm™PF oL 1 asc T mp gy s teman " A aw
00.....1"7.-‘-13.-0-!.‘!&!.“ vﬁ.l.llol.#.!oo"v T 9H++ +
W O EEESE S W AN W NS S W N EEE R EN SR N N W W R Eme A -
.v#o.o.-r-v.-saroolno-loliilsy-vﬁ.vhillolntnloqur i A+ + +
llln--l--1'.'-rJl!r((.!nnv‘!nl‘qs.fl‘n- " rawrew
A" N b ARy g b N R i, 4 . T R L v avi® ® §
-.l--’-!#--lirduuunt.s.vn;r svr.v.-.-n-isdinn-010.-.-;-
v A ARy s b TR TR D-l-aal..lvivvlunb;..!v“-.Il!ol..v-lollbﬁ
.-&r..o-v.-.-.._q-u.t-a.-vul-l...---ls... "wawlt o gt e gty
A AR TR T H AR R HER R A RS
#0 Ny p w "tapg e w T T+ -..:-m—*..... LR M L e IR L
.r-l""s-JQ-Wfl-lanuonvo.bl- snsnsay -b’ﬁ-v--‘.nnlvu‘-"-li
“.l#”.fl##vOIIIODh'.a..ﬁ P vvn.i’.ﬁ#n.un.—ﬂ’.’.“’..‘(
A T e L L {1 LLE PR - R T R
-“-sqclﬂb-‘lﬁtnlnncl ITTAE AR RS -l--rff-l--_r---..r-"-
Seasw v---ﬂ- llb#- uninv-ﬂd#-m—m-mﬂﬁn;-iul --“rll -l-.-g - nat
--01-5-;---.-! l--- --lun l-l--vco_--.vfl-l
-.taa.-0.'.14.-0.4..”..“..»-‘..,.-.1:‘:5..;'-».#%.:0.._4-?{....n-(.-
""c(-l"- -0!--.—1 aaund 0¢8RN EFE4s L uwrs j!nrn.l#. -"-.4‘“"
an vn....+54“-.-.-4.-._,_. waﬁ.o.'.:.‘..o..w»h ...-.4... .rﬁcvo.q.-,. .,
e ---e --..0. "-d-###-l-l.*.m.*-ﬂn" -00-.- ‘.’f--- v e
. omt «miwlm -t 1111 .. " bw Vas
. -fvolab- .v-lt\ldsnn dgasndPrARLRRbaa,, .nr.-.b-lt-..l -b--;.v- n
. 8 puagaes ™ #-0% -t P L L L L v#lau?.-n# ety L
"l..ulll#r-lﬂvnblll- J!‘ll.r.- femeans l.?!lﬁlﬁll.lllliv-‘-ws.vl-l-'l“
- B B - - L] - L) . -
‘-ilsallr-‘b-llrl.-lbs-...ﬁnd*mM.#hlnllin-l*mm*ﬂuﬁvu Iu..s!l.#usll-'llll.

-

lﬂ;‘.l.h#.fﬁ..& gqutnw -F-H—ﬂ—h- UL “FPraa -0?-1-17-?
LL ro e b PR L a-bno.‘...- -r.#-rnuv Tesw - l!l#fl
- buyre P an"dlfr =t subnnddithuny tmygabipn g, .
T P R R snungtramdn” "trraritenn, L
. Yhaur" L PETI E LA R R L LN e "epadt ..

Dan Russell

82

C
i)
-

(®)

)
©

(@)

| .
o

| -

o

=

O
o
o

=
R
ol

o

C

(@)

©
=

>
=
9
]

(®)
9
L

Patterns Physics




iIsual for Sound Waves from a
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Let’s Plan an Investigation
to Provide Evidence that it works
the Way You Think

1. Let us build a speaker
2. See instructions at bit.ly/makeyourownspeaker
3. Carry out your experiment to collect evidence and

build an argument for how speakers work.
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http://bit.ly/makeyourownspeaker

Electricity, Magnetism, & Power Production - Day 4

Agenda: Warm Up Question:
Investigating Speakers VVhat will happen if we hold this
electromagnet up to a

t?
Going Electric! comMpass:

How do we get it to attract
the south end of the

Due Next Class compass? -

Quiz on Motors
and Generators

Due This Class
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Technically we don’t even need the nail.

Magnetic Field
Lines

Let’s try it with a compass N A
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surround
dust cap
cone
spider
basket
former
winding
voice coil
terminals \
top plate /
magnet(s) .
pole piece & /
credit:

O Flectrnty. Maunensre, & Power Srecochor



https://animagraffs.com/loudspeaker/
https://animagraffs.com/loudspeaker/

Background Research

bit.ly/backgroundonspeaker

Survey the text - What looks familiar
Questions you have

Predict what you will understand after reading
Read for understanding, Chunk by Chunk
Respond: answer your questions, evaluate it

Summarize what you read.
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Let’s revise our Plan and Conduct an
Investigation to Provide Evidence that it
works this Way

If needed:

1. Build a speaker
2. See instructions at bit.ly/makeyourownspeaker

3. Carry out your experiment to build an argument
from evidence.
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http://bit.ly/makeyourownspeaker

Debrief Your Investigation
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former
winding
voice coil
terminals
top plate
magnet(s)
pole piece

credit:

O Flectrnty. Maunensre, & Power Srecochor



https://animagraffs.com/loudspeaker/
https://animagraffs.com/loudspeaker/

" Permanent magnet

/ Voice coil = electromagnet

electromagnet

Moving the voice coil

former

credit:



https://animagraffs.com/loudspeaker/

former

credit:

Permanent magnet

Voice coil = electromagnet

electromagnet

Moving the voice coil



https://animagraffs.com/loudspeaker/

Use the Big Ideas of Science we
Discovered to Explain how Speakers Work

See Packet Page 8
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producing
. the basis for electric motors, Is
definitely a Big Idea in Science.

Playing with this idea, what are wonderings that
come to mind?

Let us brainstorm applications of this big idea in
science?

Design Solutions: How might we want to modify
our motor for other applications?
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Electric Currents producing Magnetic
~lelds, the basis for electric Motors, is
definitely a Big Idea in Science.

For cars, blenders, drills we need a circular
motor.

Design Solutions: How might we do this?

bit.ly/makeyourownmotor
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http://bit.ly/makeyourownmotor
http://bit.ly/makeyourownmotor
http://bit.ly/makeyourownmotor
http://bit.ly/makeyourownmotor
http://bit.ly/makeyourownmotor

Check-In: How Does a Speaker Work?
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Check In:
You Should Be able to Answer:
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Electric Currents producing Magnetic
~lelds, the basis for electric Motors, is
definitely a Big Idea in Science.

Follow up questions.
Demo: Gencon to Gencon. Wait?!

Electric cars use battery to turn wheels, but then
use turning wheels to charge battery
(regenerative braking).
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The Phenomenon




Alternate or Additional Phenomenon




By the End of this Activity
You Should Be able to Answer:
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An Electric Guitar using our Speaker Coil
-- Generator to Amp to Motor --




