Lesson #4 (classroom meetings #7-9), Erik

Title: Fundamental units & dimensional analysis of
electricity

Description:  Electrical Voltage (potential difference),
Current and Resistance.

Goals: Students will understand the physical definitions
of electrical voltage, current and resistance. They will also
work on their mathematical relationships, exploring
various mathematical concepts such as composite
numbers, exponential numbers of the tenth power (metric
multipliers and their prefixes) or two linear equations
with two variables.

Estimated Time: 3 class meetings

Assessment activities: Activity sheets, short homework
paragraphs seeking for understanding, final exam.

Lesson #5 (classroom meetings #10-11), Vijaya

Title: Electrical Conductivity, Resistance, conductors
and Insulators

Description: Current carrying substances and their
properties.

Goals:  Students will what makes atoms conduct
electricity and why. They will test for conductors and
insulators as well as resistance. In the process, they will
also learn a set of vocabulary terms.

Estimated Time: 2 class meetings.

Assessment activities: Online and hands-on activities to
test for conductors, insulators and resistance.

Lesson #6 (classroom meetings #12-13), Vijaya

Title: Transformation of energy

Description: Electricity can be used by transforming it
into various forms.

Goals: Students will understand that, electricity can be
produced from chemical reactions and used as the
driving force in a battery.

Estimated Time: 2 class meetings.

Assessment activities: Making a battery

Lesson #1 (classroom meetings #1-2), Vijaya
Title: Atomic Structure
Description: Students will understand how the
structure of the atom of an element will affect its charge
carrying ability.
Goals: What is an atom made of? What are subatomic
particles? How do atomic number and atomic mass
relate to the number of electrons, protons and
neutrons? How are electrons, protons and neutrons
distributed within the atom of an element?

Estimated time: 2 meetings
Assessment activities: Build a model of an atom or
perform a subatomic skit.

Lesson #2 (classroom meetings #3-4), Vijaya

Title: The Periodic Table

Description: Students will understand the arrangement
of elements in the periodic table and how their position
affects their properties.

Goals: Students will learn about the periodic law,
analyze the difference between groups and periods,
predict atomic mass of an element from the atomic
number, explain vocabulary terms like atomic size,
electro-negativity, ionization energy and ionic size,
analyze periodic trends in the properties of elements in
the periodic table.

Estimated Time: 2 meetings

Assessment activities: Jeopardy with vocabulary terms
and “Who wants to be a chemist” using three lifelines.

Lesson #3 (classroom meetings #5-6), Vijaya

Title: Static and Current Electricity

Description: Types of electricity and their uses.

Goals: Students will understand that current flows by
the movement of electrons in a domino like fashion and
that like charges repel and unlike charges attract.
Estimated Time: 2 class meetings

Assessment activities:  Activity sheets and Labs:
electron train and experiments with balloons.

Lesson #7 (classroom meetings #14-15), Vijaya

Title: Heat, Light and Motion

Description: Electricity and its applications

Goals: How does resistance affect the flow of current?
How can electricity be used? What happens if we don’t
have it?

Estimated Time: 2 class meetings.

Assessment activities: Online activities, activity sheets,
skit, safety around electricity.

Electricity through Chemistry and Mathematics

We will study electricity inithis unit. Electricity is an important area in the
study of Physics (anotheribranch of science). It can be described as the flow
of electrons that travel at the speed. of light. It is the source of heat, light
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and power for household appliances‘and industrial machinery. The world-
wide demand for eleGtricity has been increasing every year for many de-
cades. In the Uni}tfed Statesialone, the demalpdifolelectis y has increased

by 60% sinceg1970. Althotighlimestefusttakelifforgraited

Understandings:

*Why do only some elements conduct electricity
and not others?
* How does electric current flow?
* How can current, voltage and resistance be measured?
* How can electricity become useful to us?
* How can the cost of electricity be calculated?
* How can electricity be conserved?

Skills - Students will be able to:

* from the mathematical point of the view:

Lesson #8 (classroom meeting #16), Erik

Title: Electrical power

Description: Electrical Power as the fourth dimension
besides Voltage, Current and Resistance

Goals: Students will understand the physical definition of
electrical power and also how it is related to voltage and
current (power as the product of the voltage and the
current drop “P=VI"). No further exploration is done yet
since the complete analysis takes place during the Ohm's
law lesson. Also, students will continue working on the S1
prefixes and metric multipliers during this lesson.
Estimated Time: 1 class meetings.

Assessment activities:  Activity sheet, short homework
paragraph seeking for understanding.

Lesson #9 (classroom meeting #17), Vijaya and Erik
Title: Guest speaker

Description: “How to read your electric meters.”
Goals: Students will learn to read electric meters and
use the information on their appliances to estimate the
energy consumed by them.

Estimated Time: 1 class meeting

Assessment activities: As homework, students will
complete an electricity and energy data sheet and bhe
ready with the information needed to plot a graph in
class at the next meeting.

Lesson #10 (classroom meetings #18-20), Erik

Title: Ohm’s law

Description:  All four variables of Electrical Voltage,
Current, Resistance and Power (V, I, R, P respectively)
being integrated into one mathematical relationship, i.e.
an equation using three variables

Goals:  Students will learn how to modify two
independent formulas they have previously discovered
(ie. V=IR, P=VI) into universal mathematical
relationships (such as P=FR), using non-linear equations
of squares. They will be also introduced to proper use of
calculators.

Estimated Time: 3 class meetings.

Assessment activities: Online acftivities, activity sheets,
short homework paragraphs seeking for understanding,
final exam.

same withelut electricityFit'behoovesiistaliitelelpipreservelwhatiye have iy
and consegve our natural resources.  FSgEY ' vide

-use fractions and composite numbers,

-use cancelation rule, identify and solve basic
exponential functions (with the base number 10)
while naming metric multipliers,

Caolor
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Through tH‘*e.S*tudy of electricity students Will demonsitrate antinde)stand-
ing of the atomic structure of matter angd its propertiels in relaion ko the pe-
riodic table. They:will also show an uncgerstanding offhow enjergyjlis trans-
formedjinto other forms such as heat and light and)motion epergy. They

this kngwledge to monitor their own eléctrical usgge at home dind also try
to conyince their c{ommunity that they can save energy and money by un-
dersta

Essential Vocabulary: Knowledge - Students will know:

* electricity, electric current, * There is a universality of electricity in the nature (even heart Is an electric pump).
* atomic structure, flowing charge, energy conversion, * Why some substances conduct electricity, while others do not.

* batteries, generators, * How current flows through a circuit.

*voltage, resistance, power,

-solve linear equations with one variable and two
unknown variables,

-plot and read graphs and interpret bills
* Predict which substances are conductors/insulators.

* Design series and parallel circuits and learn how to stop
and start the flow of current.

* Make informed decisions before buying batteries
and bulbs for home or special projects.

* Be aware of electrical usage and find ways to save energy
and money.

* Make conscious changes in habits or lifestyle to conserve
energy.

* Know how to live without electricity for short periods of time.

* Monitor and track their usage over a period of time using
software.

* Save energy and money by making changes in habits.

Essential questions:

* We can neither see nor touch electricity, so how do we know it exists? Where can we see
effects of electricity? How would we describe them? What causes them?

*What do you know about electricity? And how could you describe/define it in your own
* Defiinitions of unit specific vocabulary terms. words?

Lesson #11 (classroom meetings #21-22), Vijaya

Title: Making connections and simple circuits
Description: Elements of a circuit, types of circuits,
design and representation of circuits.

Goals: What is a circuit? What are the elements of a
circuit? Represent a circuit using symbols. Build a
switch. Design a circuit to test for conductors and
insulators. Build a simple circuit. Represent and build
series and parallel circuits.

Estimated Time: 2 class meetings.

Assessment activities: Lab: Circuit design and building
switches, representation of various types of circuits
using electronic symbols for battery, circuit and
resistors, designing series and parallel circuits,
culminating task.

Lesson #14 (classroom meeting #29), Erik
Title:  Cost-energy Savings Analysis of CFLs versus
Incandescent Light Bulbs by Reading Electric Bills

Lesson #12 (classroom meetings #23-24), Erik

Title: Batteries and EMF

Description: Batteries and Electromotive Force (EMF)
Goals: What exactly are they? And what do they do in the
circuit? Do they have any physical significance on the
circuit, i.e. changing its properties over the time? Then
what exactly is internal resistance?

Estimated Time: 2 class meetings.

Assessment activities: Online activities, activity sheets

Lesson #15 (classroom meeting #30), Vijaya

Lesson #13 (classroom meetings #25-28), Erik

Title: Mathematics behind Series & Parallel circuits,
Reciprocals

Description:  Calculating total resistance in Series &
Parallel circuits

Goals:  Students will learn how to generalize their
understanding of the physical world into a few useful
mathematical formulas using the idea of reciprocals.
They will also intensively work on reading diagrams and
calculating examples using calculators.

Estimated Time: 4 class meetings.

Assessment activities: Activity sheets, homework example
of a complex circuit (“human circuit”) to figure out its
resistance, final exam.

Lesson Plan: Mathematics behind Series & Parallel circuits, Reciprocals
Grade Level: 9th Grade (Freshman High School), 1st semester
Context: Electricity through Chemistry and Mathematics

Estimated time: 4x80 minutes
(NB: although the Stage 3 is essentially designed for 4 consecutive 80 minutes long classroom meetings, the lesson is
flexible and easy to be modified so that 8x40 minutes long sessions take place)
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examples should include numbers too big or too small — to uncommon — to be observed in the natural
world)?

Are the students able to solve more complex tasks such as the pointed questions from the resource2
#1 numbered 20+?

Do students have fun, enjoy the class and are they engaged?

STAGE THREE: LEARNING PLAN
(LESSON SEQUENCE + LEARNING ACTIVITIES, “WHERETO”)

BIG IDEA:  After the students completely understood the Ohm’s Law (including all - Electric
Current, Voltage, Resistance and Power) and they have been introduced to the electrical circuits,
they should wonder what happens if they plug in more resistors in the same circuit. The students will
understand why and how to calculate the total Resistance in different circuits in order to solve
questions about different Ohm’s Law relationships. That will be eventually applied to circuits with
more light bulbs plugged in and to their interchange that has impact on the total Power usage
(another lesson).

CLASS # 1: (Days/classroom periods __1x80min__) Prior knowledge + Introduction:

This lesson is placed towards the second half of our unit. Therefore, there has been a fair amount of
information covered by this moment. Before starting to synthesize the ideas from the Ohm’s law and
electrical circuits into one application, we would need to revise these main ideas. | would ask the
class what we know about current, voltage and resistance at first. As they would react promptly
(hopefully), | would write a few notes on the blackboard. If nobody would respond, | would try to
restate the questions for more specific ones, i.e. what are the signs and units for... After they would
also comment on the mathematical relationship among I, V, R, we would quickly do the same for the
power as well. We should end up with something like this after a few (circa 5) minutes:

I [A] current
V=IR V [V] volatage
R [€2] resistance

P=VI < P[W]power

Also, | would recall an example from the Ohm’s Law lesson when we knew R and V and wanted to
get P. In that case, we replaced I=V/R in P=VI and simply calculated P=V?/R. The students would be
shown a useful application for knowing R and V.

Afterwards, | would ask them about what they remember from the electrical circuits’ lesson. Hopefully,
| would hear a few ideas of continuous unbroken path, source of energy and load/device needed to
be powered. Again, if they would not seem to understand what the main ideas from that lesson were,
| would reformulate the question for “What were the three conditions for an electrical circuit?” | would
not start with this less open-ended question though since | would like them to point out the safety
precautions as well. It is crucial to stress that Voltage does not kill but the Current it generates does.
Students should remember that 0.1-0.2A is enough of | for an injury and 0.5A is usually fatal.

Now, recall that students were (so far) thinking of only one resistor and they were building simple
circuits. This lesson should help them to expand that knowledge and apply what they know in theory

STAGE ONE: DESIRED RESULTS

ESTABLISHED GOALS: The students should leave the classroom with clear understanding of
Series and Parallel circuits in relation to total resistance — i.e. their concepts, mathematical derivation
and mathematical relationships of multiplication, division, squares and square roots and the idea
behind reciprocals. The state standards of Vermont DoE are some previous (7.8.-20 & -21) with new
ones that are more stressed throughout this lesson. All of them are listed below:

* Standard 7.8: Functions and Algebra Concepts

MHS: 19 Solves and models problems by formulating, extending, or generalizing linear and
common nonlinear functions/relations.)

And makes connections among representations of functions/relations (equations, tables, graphs, symbolic
notation, text).

MHS: 20 Demonstrates conceptual understanding of linear relationships and linear and nonlinear
functions (including f(x) = ax2, f(x) = ax3, absolute value function, exponential growth) through analysis of
intercepts, domain, range and constant and variable rates of change in mathematical and contextual
situations.

MHS: 21 Demonstrates conceptual understanding of algebraic expressions by evaluating,
simplifying, or writing algebraic expressions; and writes equivalent forms of algebraic expressions or
formulas (d = rt—> r = d/t or solves a multivariable equation or formula for one variable in terms of the
others).

* Standard 7.10: Mathematical Problem Solving and Reasoning—Applications

MHS: 30 Demonstrate understanding of mathematical problem solving[2] and communication
by:[4]

» Approach and Reasoning—The strategies and skills used to solve the problem, and the
reasoning that supports the approach;

» Execution—The answer and the mathematical work that supports it;

« Observations and Extensions—Demonstration of observation, connections, application,
extensions, and generalizations;

» Mathematical Communication—The use of mathematical vocabulary and representation to
communicate the solution; and

* Presentation—Effective communication of how the problem was solved, and of the
reasoning used.

[2] Problem-solving situations are mathematical problems that reflect the levels of mathematic in the Grade Level Expectations.
[4] See Vermont High School Level Mathematics Portfolio Scoring Guide for additional information.

UNDERSTANDINGS: ESSENTIAL QUESTIONS:
- Series circuits have resistors lined up What are the different ways of combining more
one after the other one resistors in a circuit?

-they have the same Voltage “V” (generated by | How would we simplify them to a few basic kinds?
a battery) and the same Current “I” flowing
through all of them And how can the Current flow — what are the paths
it can travel through?

-then the total Resistance “R” in Series circuits

is just R=V/I How would we try to calculate the total Resistance?
-but all partial resistors with R1,R2,Rs...Ry And why would we want to do it?

are in a line that can be “squeezed” into one i.e.: again, here the teacher should make it clear
point with still the same | and V that the general application for this is when

electricians set up new circuits (e.g. building a new

-thence for R we sum up (R=R{+R,+Rs+...+R,) | house); and at the same time, the teacher should

stress the fact that understanding of this lesson is

- Parallel circuits have resistors positioned | crucial for further development in this unit (bulb
parallel, one next to the other one interchanging)

-although they have the same V, the | “flow” is What kind of a relationship from the Ohm’s Law

separated into independent ones, each going are we going to be looking at in order to actually
through one of the parallel resistors calculate the total R?

(i.e.: 1, V, R relationship, yet thinking without the
-thus the total Current is just the sum: Power “P”)

| = VIR1+V/R+VIRs+...+VIR, =
Vx(1/R1+1/R2+1/Rs+...+1/R,) = VXR where R is | Is the Voltage same all through the circuit?
the total Resistance
Is the Current same all through the circuit?
-but then we can divide (“cancel”) both sides by
V and we get 1/R=1/R1+1/Ro+1/Rs+...+1/R, If not, how is it split across all resistors (the same
way or with a certain ratio)?

-further simplifying (by using the idea of
reciprocals) we get the total Resistance: How could we find a general expression for R?
R=1/(1/R1+1/Ry+1/Ra+...+1/Ry)

from the Ohm’s Law. For the next 10 minutes or so, | would ask the students questions about
possibilities to connect more resistors into one circuit (see the first six Essential Questions in the
Stage 1). From this brainstorming, | hope to get some general understanding what series and parallel
circuits might be.

Then we would move to a traditional lecture-style part of our classroom meeting. These twenty
minutes would be spent with thorough explanation of mathematics behind series and parallel circuits.
The teacher should basically go through all the points outlined in the Understandings section (Stage
1), while constantly checking on students” comprehension. Looking into their eyes and trying to see
confusion are only some actions to take. Teachers should also allow students to interrupt their lecture
at any time of struggle. Also, a great metaphor | would certainly use to help with thinking about
reciprocals would be: “Alex, there is a light right above your head. And Joanna, do you see that fan
right above your head? Well, if | turn my head upside down (or if | actually stand on my hands), it
looks like the light is under Alex’s head now. But at the same time, the fan is under Joanna’s head
too. Isn’t that great? No matter what way | look at it, the relations among these objects are kept the
same. Either both the light and the fan are above, or they are both below. So if you have fractions,
you can turn them around as long as you turn the both sides at the same time. | mean, a/b=c/d is the
same as saying b/a=d/c. So (1/R=some stuff) is (R=1/that stuff).”

The last 40 minutes would be spent with solving some simple non-numerical classroom examples,
starting general diagrams of series and parallel circuits:
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and continuing through questions 1, 2, 14 from the resource #1. The question 14 is to be left for the
end of this classroom meeting because it suddenly introduces the other order of resistor (which is
actually the most common among all real examples). There is a combination of series and parallel
circuits at the same time. Homework problems would be assigned as well (questions 3, 5, 6, 7 from
the resource #1).

CLASS # 2: (Days/classroom periods __1x80min__) Consolidation:

The first twenty minutes of this classroom meeting are allocated for students to check on any
problems from the homework set. If some of the homework questions would be non-problematic, we
would not necessarily go through them. | would also walk around the classroom and see which
students seem to have any confusion about the topic. Again, | would try to classify them into three
groups (firstly mentioned in the previous Lesson Plan): “word-to-word memorizers”, “conceptual-
realizers” and “misunderstood-thinkers”. My aim by the end of this lesson unit would be to have as
many students as possible in the middle group. For that, | would personalize the solution of
homework problems for problematic students by including them in a dialogue with me. | would try to
make them finding solutions instead of me solving something in front of them.

KNOWLEDGE: SKILLS:

NB: the first three are previously covered and By the end of this lesson, students should clearly
now applied to our topic understand why we calculate total R differently for
Series and Parallel circuits. They should be
-Ohm’s Law (information from the page 19, or confident about identifying, distinguishing and

57, in the resource1 #3) calculating properties for such circuits

-safety precautions for electrical circuits Also, students should have gained fair skills of
multiplication, division, use of fractions and
-Electromotive Force “EMF” (the force causing | composite numbers, cancelation rule, simplification
the flow of electrons and ions / the current flow) | of an equation by taking its reciprocals.

& batteries (electrochemical cells converting

stored chemical energy into electrical) are As mentioned in the Lesson Plan #1, most of these
plugged in a circuit, thus generating constant V | concepts are not new to students and that is why
(same magnitude and same polarities) we can confidently cover all of them just in one

lesson. The concepts are being “recycled” for our
-resistance in Series circuits is summed up application in circuits. For most of the students, the

only new idea will be “swapping an equating
-resistance in Parallel circuits is calculated upside-down” (reciprocals) in order to get the value
through a reciprocal sum formula (reciprocal for the denominator variable.

sum of reciprocals)

COMMON MISCONCEPTIONS: ESSENTIAL VOCABULARY:
While revising the safety precautions during the | -prior vocabulary:
first part of the first classroom meeting, it is voltage
crucial to stress the common misconception current
that Voltage kills — Voltage does not kill at all resistance, resistor
but the Current it generates does. 0.1-0.2A is power
enough of | for an injury and 0.5A is usually Ohm’s Law
fatal. battery
EMF
Also, some students may try to memorize circuit
incorrectly the total R as the sum of reciprocals
(1/R1#1/Rz+1/R3+...+1/R;) because it looks -circuits: series & parallel
more intuitive. It is important to tell the students
that they are almost right but that way they -sum & reciprocals

would have calculated only 1/R. Explain them
why the correct formula is reciprocal sum of
reciprocals [1/(1/R1+1/Rx+1/Rs+...+1/Rp)]

Afterwards, we would pick up on the idea where we ended the last time, a combination of a series-
parallel circuit. We would have seen in the homework that sometimes it was easier to think of
resistors R1, Ry, Rs, etc. as some numbers. Thus, we expand our general conceptual understanding
of resistors and include numbers too (firstly having simple examples such as the one below requiring
only fractions, later including computations with calculators too):

A series-parallel combination circuit

100Q < R, R, <250 Q

350Q < R, R, < 200Q

It is important to point out the simplifying method for calculating the total R — students should identify
the whole circuit as a union of some “sub-circuits” which are either series or parallel. They can be
dealt individually at first. On the end, one would always end up with a simple series or parallel circuit.
For example, the graphic example above can be looked at as Ry & Rz being one parallel circuit Ra,
and similarly R, & R3 being another parallel circuit Rg. Then both Ra & Rg are actually just a simple
series circuit.

And of course, we would continue with exemplary solutions for classroom problems. | recommend
continuing with the questions 16, 18, 21 from the resource2 #1 as they follow our intellectual progress
the best way. Notice that the last one introduces an integration of our well-known Ohm’s Law and lets
us to calculate other variables besides resistance. | suggest that the students would work on these
problems in groups of three. Then they could help each other to understand some concepts they
might still struggle with, and they would enjoy learning in a positive environment.

In order to keep students engaged and make their classroom experience enjoyable, | believe that it is
worthy to spend the last 15 minutes with a personal “get-to-know-each-other-a-little-better” game. It
will have been already a few weeks these high school freshmen were in a class together and thus |
believe it is appropriate to make them stand up and arbitrarily create a circuit by holding their hands.
Students should do so either in series or parallel way so that once they are done, some form of a
circuit is created. However, try to keep it not too complicated as the ordering would be used for
something important in a minute. We would have known each other names by that time for sure, but |
am positive that we would have no idea about our birthdays. Since some the students may consider
such information inappropriate, only the month of one’s birthday would be crucial. Yes, we would say
the month out loud one by one. Of course, if someone chooses to share a day as well, do not stop
him/her. While everybody shares the month of his/her birthday and something else he/she wants too
(so that | have more time), | would note down a diagram of all students and their numbers

represented by the months of their birthdays (January as 1, February as 2 and so on). Naturally, |
would be included in the circuit as well so that | become a part of our social classroom community on
the same level. But in order to maintain an authoritative position, | would be the one guiding them
through the game and keeping discipline.

On the end, this diagram with numbers for each of the students (and the teacher) would become a
homework assignment with a simple task: “Find out the total resistance of our circuit”. Also, some
other questions would be included: 17, 19, 20 from the resource2 #1.

STAGE TWO: ASSESSMENT EVIDENCE

PERFORMANCE TASK (S): (STUDENTS OTHER EVIDENCE: (FORMATIVE, SELF-
DEMONSTRATE BY SATISFACTORY, ASSESSMENT)
INDEPENDENT)

-ongoing classroom evaluation based on student
-solving classroom examples (e.g. some of the | reactions, questions and answers

CLASS # 3: (Days/classroom periods __1x80min__) Application + Revision:

Naturally, we would start this classroom meeting by collecting the homework. | would ask the
students to raise their hand if they think they correctly solved the homework assignment we made on
the end of the previous session (by creating a human circuit). Then | would present detailed solution
for our homework problem and try to see how many students raise their hand this time. If too many of
them drop down, it means that there is a problem in the class with breaking down the circuit into more
simple parts. In that case, more attention and slower explanation would be necessary. We would also
go through the homework problems and since they were about the same topic, | could start re-
teaching the class using those examples. | suppose that all should not take more than 25 minutes.

Then we would move onto the last step of our ladder — we would try to compute the most difficult
question | dare to give the ninth graders at this moment. It would involve five resistors and it could be
question 31 from the resource2 #1. Also, | want the students to have not only mathematical skills but
also contextual understanding of what is going on (e.g. question 36: “What will happen to each
resistor's voltage and current in a circuit if a resistor Ry fails to open?”).

This class would be our revision class as well since | want to prepare the students for an exam
following. Hence the last third should be spent revising the material from the previous classroom
meetings, including both theory and computation. Students should have no problems by now to apply
their knowledge and solve questions 13, 23, 32 from the resource2 #1. | would make sure that
students try to work through the questions in groups of three, while | would walk around the
classroom to help them on individual basis. After approximately 20 minutes, we would find solutions
together. | would appoint a student for each question (or it’s part) to read his/her answer with
reasoning out loud. Then the other students would get an opportunity to check on their own
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Student Driven Lesson

Vijaya Wunnava [10/18/09]

I have chosen electricity as my overall unit because I am excited about teaching it! In
order for students to understand about electricity, they will need to understand how
charge moves along a path (a circuit). For this they will need to understand the structure
and composition of atoms and the relationship between the position of an element in the
periodic table and its properties of conductivity. Hence, the title of the first lesson will
be:

Title: Atomic Structure and the Periodic table
Grade level: 9

Estimated time required: 1 - 3 class meetings

The purpose of the lesson: Students will understand how the structure of the atom of an
element will affect its charge carrying ability.

Rationale: 1 know that these topics are introduced superficially at the middle school
level in public schools. After the summer, I am not sure how much of the information is
retained. I would therefore like to target this lesson to ot graders at the high school level.
There are several ways to teach this unit. This lesson can be taught from a historical
perspective or from the perspective of the scientific method or in several other ways. If I
were teaching in a chemistry class, I might have considered one of those ways. However,
I have chosen to do starting directly with a lesson on atomic structure because this is a
unit on Physics. Erik and I are bringing the relevant chemistry and mathematics concepts
together to introduce this unit on electricity. To understand electricity, students need to
understand how charge moves around a circuit. To understand charge, they will need to
understand that some atoms can gain or lose electrons more easily than others. This will
depend on the structure of the atom and its position in the periodic table. Therefore I will
be doing lessons on atomic structure as well as the periodic table not necessarily in that
order. Similarly, Erik will be teaching how electricity is measured and how to calculate
the cost of using this electricity using dimensional analysis. It might be helpful to
mention that the ultimate goal is to use the knowledge and skills gained through this unit
to conserve electricity. There will be a continuous transfer of knowledge between all
three disciplines with proper scaffolding.

For the purpose of this unit, I anticipate a couple of challenges as of today. Since atomic
structure and the periodic table are both intertwined, one of my challenges is whether 1
should teach about atomic structure first or the periodic table?  The second is in how
much detail should I delve into the chemistry concepts before they can understand about
electricity? 1 want to ensure that there are no gaps in knowledge but I am also aware of
time constraints. In other words, should I go through the details of electronic
configuration before they understand which atoms can gain or lose electrons easily or
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should I just hand them a sheet that already gives the electronic configuration of various
elements? While it is exciting to note that the unit involves three different content areas
(physics, chemistry and mathematics) to achieve our goal, I am keenly aware of the
scaffolding (the logistics of planning and time) needed to ensure a simultaneous and
timely transfer of knowledge across the disciplines.

Focusing questions: What is an atom made of? What are subatomic particles? How do
atomic number and atomic mass relate to the number of electrons, protons and neutrons?
How are electrons, protons and neutrons distributed within the atom of an element?

State/discipline Standards: The lesson is aligned with the study of Space, Time and
Matter, article 7.12bbb of the Vermont Framework of Standards and Learning
Opportunities for Science for grades 9-12. Students will demonstrate an understanding
of atomic structure of matter in relationship to the periodic table.

Instructional Objectives: Students will learn vocabulary terms like element, atom,
protons, neutrons and electrons, atomic number, mass number, nucleus etc. They will
know what an atom is composed of and how the composition is related to its position in
the periodic table. They will be able to understand how elements are represented in the
periodic table. What do the subscript and superscript mean and represent. They will be
able to understand the arrangement of electrons within the shells of an atom. They will
then be able to understand how atoms can gain or lose electrons. And finally depending
on the position of the element in the periodic table, students will gain an understanding of
how elements gain or lose electrons (to become ions) easily and why. Students will then
understand which elements have the ability to carry a charge.

Performance Task: I know that in a diverse classroom I will have to provide a variety
of ways to assess the students. To this end, I would like the students to show me that
they understand the structure of an atom either by building a model of the atom or by
performing a subatomic skit, in which the characters could be the nucleus and subatomic
particles and together they could form the various elements and have their classmates
guess which element was enacted.

Evaluation/Assessment evidence: I can assess their prior knowledge using a quiz and
some true or false questions. Based on the evidence, I can design my next lesson plan. I
will assess using activity sheets, tests, questions during class (both teacher prompted and
student initiated) and self reflection. 1 will also use unprompted evidence like
observation during labs and discussions. Since I would like to build on prior knowledge,
I will design activity sheets with mini-lessons of the main concepts. I would also like to
encourage on-going self-reflection on tests and have students consider revisions seriously
by making the reflection a part of their overall grade.

Since I am expecting to teach a diverse group of students I will make sure that there are a
variety of tasks and activities to reach every child in the classroom. In order to gauge
their understanding I might use learning logs or exit cards. They will give me clues to
what changes need to be made to my teaching so as to reach more students. I will also
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use several performance based activities like skits, games, posters and songs to
accommodate the diverse learning group. I will tap into the discussions that occur during
lab activities or questions asked during class to assess their understanding and make
modifications to my teaching.

Materials: Colored cardboard, square board, pencil and compass, scissors, craft knife,
beads, short plastic tube and adhesive.

Sequence/Instructional plan and activities:

Teacher will:

Introduce the lesson.

Clarify vocabulary terms.

Define atomic number and atomic mass.

Explain how to calculate the number of protons, electrons and neutrons in an
atom.

* Explain and complete activity sheets on atomic number and atomic mass.

Introduction:

Every substance in the universe, from a mustard seed to distant planets, is made up very
small particles called atoms. There are 2 billion atoms in the period at the end of a
sentence. Despite their minute size they are mostly empty space and contain particles
that include protons, neutrons and electrons. In the center of every atom is a tiny but
dense nucleus composed of protons and neutrons. The protons have a positive electrical
charge and the neutrons have zero or no electrical charge. The number of protons in the
atom of an element is known as its atomic number and is a key signature of the element.
The atomic number forms the basis for the position of an element in the periodic table.

In every atom there must be as many electrons as there are protons. The atom as a whole
is therefore electrically neutral. Almost all the mass of an atom is concentrated in its
nucleus. The sum of the protons and neutrons is the mass number of the element.
Neutrons are neither attracted to electrons nor protons. Protons and neutrons are about
the same size as each other and much larger than electrons. The mass of a proton is
essentially same as the mass of a neutron. The mass of a proton is 1840 times the mass of
an electron. The nucleus of an atom contains protons and neutrons and carries a positive
electrical charge.

Electrons spin around the nucleus of an atom in pairs and are distributed in different
shells around the nucleus. The electrons are not solid balls but bundles of energy moving
at the speed of light. They can move anywhere around in their shell and sometimes can
jump from one shell to another. When they jump inward they release energy and to jump
farther out they must absorb energy. There are at most seven shells or layers in an atom
and there is a limit to the number of electrons that can fit into each one. In the first shell
there is room for only two electrons; in the second eight; in the third eight. After that it
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becomes very complicated. If there are four or more shells the third can hold up to
eighteen electrons. However, the outermost shell can never hold more than eight.

Tons result when atoms gain or lose these outer electrons.  In general, atoms can gain or
lose electrons more easily than protons or neutrons. When atoms lose electrons they
become cations and when they gain electrons they become anions. It is these charged
ions that carry electricity in a circuit. It is the interaction between the outer electrons of
atoms or groups of atoms that causes chemical reactions.

To visualize how the various subatomic particles are arranged within the atom, we
construct the Bohr model of an atom.

Procedure: Cut about 40 thin slices from the plastic tube. These thin slices hold the
beads in place on the board. Cut them as flat as possible so that they sit properly on the
board.

1. Using a compass and pencil to draw four circles on the cardboard as shown in
the diagram (wi// provide this). Cut these circles out with scissors. These form
the different electron shells. Alternate the color of each shell.

2. Starting with the largest one stick the circles onto the board. It is simplest to stick
them on top of each other. However, for a neater flush fit, cut away the inside of
each larger circle.

3. Stick the tube rings onto the board along the edge of each circle, shown in the
pattern by the beads below (wil/ provide this). You need one in the center, 2 in
the ring 2, 8 in ring 3, 18 in ring 4 and 8 in the outer ring.

4. Puta large red bead in the center to represent the nucleus of the atom. Blue beads
represent electrons. The model can be used to represent any element. Always fill
up places on the board from the center out leaving no gaps until you have the
right number of electrons, defined by the element’s atomic number.
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Assessments,
learning evidence

-Multidisciplinary

content area literacy (i.e. chem, Math, Phys)

-Multiple form of representation using
symbols, formulas, equations,
circuits, schematic diagrams, graphs

-Performance & communication
through assessment activities
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Lesson #18 (classroom meetings #34-35), Erik and
Vijaya

Title: Conclusion of the unit.

Description: students draft their personal energy action
plan and the persuasive essay.

Goals:  Students will apply everything they have
learned about electricity to draft a personal energy
action plan and write a persuasive essay to convince

their community to adopt one of the various measures
for conserving energy. Their work from the lesson #17
should be included as the graphs add on a general
relevance of the paper by recalling specific data examples.
Estimated time: 2 class meetings.

Assessment activities: Personal energy action plan and
persuasive essay.

Lesson #17 (classroom meetings #32-33), Erik

Title: Conservation

Description: CFLs and other measures of conservation
Goals: This class is a direct continuation of previous
classes. Students will analyze the energy -cost savings in
electrical usage by using either CFLs or making changes
in habits and lifestyle, individually applied to their own
environment (house, apartment). They will draw back on

what they learned about graphs as a group in the lesson
#14, what they found out about conservation in the lesson
#15, and what they have concluded after the discussion in
the lesson #16.

Estimated Time: 2 class meetings.

Assessment activities: Electricity and energy data sheet,
plotting and analysis of graphs.

parallel way) so that once they are done,
everybody shares the month of his/her birthday
that would actually represent the resistance value

KEY CRITERIA:

Can students easily identify and see differences among series and parallel circuits (to determine
these relations of resistors combined in a circuit, | recommend the question 4 on the resource # 1)?

Have the students shown any progress and development of their ideas?
Are the students doing their tasks responsibly and actively participating in the class?

Do the students make calculations intuitively without trial-error approach, i.e. trying to calculate either
through division or multiplication and guessing more likely answers (thence, some numerical

The students would get to answer questions 13, 38, 40 from the resource2 #1 and one other
example. The questions 13 and 18 are clearly conceptual and they are seeking for students”
understanding of this topic, while the question 40 would test them on computational skills in the
highest extent (there are 7 different resistors). Notice that the diagrammatic approach there is not
usual but more realistic — one we would have got a chance to touch our hands on in the homework
question 4.

The other example | mentioned would seek for their understanding of the application for calculating
the total resistance in a circuit. The question “What is the total electrical power in the circuit below”:

10.0 Q
- f\ f\_ j&, frmsrssme—

ol 8.0 0
oA K
6.00 VWV 3
M\{\J{ & i jw
e A AAN <
W, 3
| r=0.50 |
=90V

could be approached with a tedious way through the formula P=VI. A student would calculate the total
R in order to get the total current flown through the circuit (V=IR, so I=V/R) and then multiply the
current with voltage. Yes, that is a correct approach but not the easiest one. Why not to look at the
both formulas V=IR & P=VI and think about what we know, what we are looking for and we can find
easily. We know V and we want P. So P=VI should work the best if we could replace | with something
we can find easily. The total resistance R in this case saves the day because I1=V/R (from V=IR) and
so P=VI=V(V/R)=V*R. This method saves us from calculating six partial currents and summing them
up. The basic idea of integrating these two formulas into one was first introduced in the Ohm’s Law
lesson and so | do not expect too many students to be surprised.

Nevertheless, | would allocate for this exam one hour at most, so there is time on the end of the
classroom meeting to reflect upon the exam (the last question especially) and the lesson as a whole
too. We would conclude that this lesson was useful because we were suddenly able to compute the
total power usage without knowing a single piece of information about the magnitude of the current
flown through a circuit. It is easy to find the resistance of a device at home and usual households
have potential difference (voltage) of 120V. Therefore, the most active, knowledgeable and eager
students could be encouraged to calculate the power usage of some easily identifiable circuit at
home.
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¢ Check for understanding through an activity sheet or worksheet.

Extensions: The most remarkable thing about scientists like Werner Karl Heisenberg,
Albert Einstein, Madam Marie Curie, Amadeo Avogadro, Niels Bohr and Dimitri
Mendeleev is that they had never seen an atom. While we have a lot in common with
these scientists thus far, we know that they went much farther. Avogadro counted the
number of atoms in a molecule, Einstein calculated their energy equivalent, Bohr
described their inner geography, Heisenberg developed the theory of energy levels and
Mendeleev correctly predicted the existence of many undiscovered elements.
“Photographs of actual atoms became available to scientists only in the seventies.” It is
important to note that science makes revisions to current theories as and when new
investigative tools become available. Reading biographies about these and other
scientists is a fascinating way to engage in the process of science and deepen our own
understanding. For fun, students can also watch “Darwin’s darkest hour”, about
the conflict between science, culture and society.
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