
High School Physics Electricity Unit 

 
Stage 1 – Desired Results 

 
Established Goals 
(e.g., standards) 

TEKS 112.39 C (5) 
Science concepts. The 
student knows the 
nature of forces in the 
physical world. The 
student is expected to: 

(A) describe the 
concepts of 
gravitational, 
electromagnetic, weak 
nuclear, and strong 
nuclear forces; 

(C) describe and 
calculate how the 
magnitude of the 
electric force between 
two objects depends 
on their charges and 
the distance between 
their centers; 

(D) identify and 
describe examples of 
electric and magnetic 
forces and fields in 
everyday life such as 
generators, motors, 
and transformers; 

(E) characterize 
materials as 
conductors or 
insulators based on 
their electric 
properties; and 

(F) investigate and 
calculate current 
through, potential 
difference across, 
resistance of, and 
power used by electric 

Transfer 
Students will independently use their learning to… 
Design and construct an electronic machine out of sustainable materials and simple circuit pieces. 
Students will be able to interpret and draw accurate circuit diagrams using US standard electronic 
symbols and additionally be able to assemble circuits on a breadboard when given a circuit 
diagram. Students will be able to measure and calculate electric properties of circuits and circuit 
pieces such as voltage, current, resistance, and power. 
Students practice frequent goal setting, self-monitoring, and reflection of their progress as 
individuals and within group assignments.  
 

Meaning 
Understandings 
Students will understand that…. 
● The macro world we see and the subatomic world 

are inseparable. 
● Subatomic/electric properties of different materials 

affect how humans use them. 
● Electricity is not limited to human-made devices. 
● The “realness” of electric fields is a matter of 

philosophical debate. 
 

Essential Questions 
● Where does electricity come from? 

Where does it go? 
● How do the subatomic/electric 

properties of a material affect how it is 
used by humans? 

● What is electric field with no other 
particles present? 

● Why are there multiple types of current? 
Could there be more? 

● How does what we measure influence 
how its measurement is counted? 

 
 

Acquisition 
Knowledge 
Students will know… 
● Atoms are made of subatomic particles: protons 

which carry a positive electric charge, electrons 
which carry a negative charge, and neutrons which 
carry no charge. 

● Like charges repel each other while opposite 
charges attract. 

● An electrically charged particle extends an electric 
field in all directions from its center. The strength 
of a particle’s electric field can be calculated by the 
product of Coulomb’s constant and the particle’s 
charge, divided by the radius between the charged 
particle and the object experiencing its charge. 

Skills 
Students will be able to… 
● identify subatomic particles based on 

their electric charge or lack thereof 
● calculate electric field using the electric 

field formula 
● calculate electric force using Coulomb’s 

Law 
● classify conductors and insulators by 

their subatomic properties and through 
observation and analysis of experimental 
data 

● identify and give examples of sources of 
direct and alternating current 

● calculate current, voltage, and resistance 
using Ohm’s Law, V=IR 



circuit elements 
connected in both 
series and parallel 
combinations. 

 

● Charged particles exert an electric force on each 
other as defined by Coulomb's law which considers 
both electric fields. 

● In a neutral atom, there are the same number of 
protons and electrons and this arrangement 
determines how many electrons can orbit on the 
valence shell.  

● Ions, atoms with too many or too few electrons, 
will trade and share with other atoms to correct 
the number of electrons in their valence shell. 

● Electricity is the flow or passing of electrons 
between atoms. 

● Conductors are materials that allow heat and 
electricity to flow through them freely because 
they are composed of atoms that are easily ionized. 

● Insulators are materials that do not allow heat and 
electricity to flow freely because they are 
composed of atoms that do not easily ionize. 

● There are no perfect conductors or insulators. 
● Electric current is the amount of electric charge 

passing through a given point of material per 
second. 

● There are two types of current: direct current (DC) 
flows through a material in one direction while 
alternating current (AC) alternates the direction of 
flow of electrons. 

● Voltage is the difference of electric potential across 
a material and represents the “pressure” that 
makes electrons flow. 

● Resistance is the amount of opposition to current 
caused by atoms that are not easily ionized. 

● Ohm’s Law states that voltage is equivalent to the 
product of current and resistance. 

● Circuits are looped paths through which electrons 
flow. Series circuits provide only one path while 
parallel circuits provide multiple simultaneous 
paths for electron flow. 

● Electric power is the rate at which electric energy is 
transferred per unit of time. It can be calculated as 
the product of current and voltage. 

● interpret and draw US standard circuit 
diagrams 

● construct series and parallel circuits with 
and without circuit diagrams 

● manipulate the PVIR formula wheel 
● calculate electric power using P=IV 

 
Stage 2 – Evidence 

 
Evaluative Criteria  
(for rubric) 

 

The group: Performance Task 
Students will demonstrate meaning-making and transfer by… 



● builds a float with 
wheels that can roll 

● constructs a circuit 
that makes the float 
move or produces a 
special feature such as 
lights, sound, moving 
figurines, etc 

● decorates the float for 
Fiesta or has another 
school-appropriate 
theme 

● tracks progress 
through daily goal 
setting and reflection 

● utilizes other planning 
materials provided 
such as the calendar 
and checklist 

● accurately measures 
and calculates electric 
properties of their 
float in the 
calculations packet, 
showing work from all 
group members 

● has at least one 
member who 
participates in the 
parade 

● thoughtfully complete 
group and individual 
reflections 

In small groups, students are tasked with constructing a tiny electric parade float for Fiesta, a 
two week celebration in San Antonio, Texas that memorializes the battles of the Alamo and 
San Jacinto, culminating in the Battle of Flowers parade. It is celebrated by millions of people 
in the city and is a proud display of Tejano and Hispanic culture. The school I wrote this for is 
an old, 99% Hispanic community that is said to be descended from the people who built and 
maintained the San Antonio missions so this theme felt especially relevant.  
The student-made parade floats must be made out of cleaned up trash, found items, and 
recyclables in order to encourage sustainability as well as equitability for students who 
cannot buy materials for the assignment. The floats must also include a circuit, using school-
owned circuit pieces, that either moves the float or produces a special electric feature such as 
lights, sound, moving figurines, etc.  
Student groups measure and calculate electric properties of their float and its circuit pieces, 
draw circuit diagrams of their construction, and classify its circuit as series or parallel and its 
current as direct or alternating. Additionally, the students discuss and record daily goals and 
reflections regarding their group work throughout the assignment. 
The performance assessment culminates in an after school parade in which all of the floats 
are presented and celebrated. At last, students participate in individual reflections about 
their own contributions to the academic and social work of being in a team. 

● group contract packet - given to each group on the first day of the performance 
assessment, includes daily log (goal setting and reflection) to help groups self monitor 
their progress  

● table guide - reviewed together on the first day then left on tables in sheet protectors 
throughout the assignment 

● calculations packet - given on testing/fixing day, should have evidence of all group 
members’ handwritings 

● reflections page - done on the last day of the project, before debrief 
● parade day quick grading - This is a document I made to help quickly observe/grade 

floats on the day of the parade.   
These five linked materials have also been pasted below the references section. 
-------------------------------------------------------------------------------------------------- 
Other Evidence (e.g., formative) 

● Understanding checks on notes days 
● Exit tickets 
● Party Dragon practice sheet 
● Formula Wheel PVIR sheet 
● Electricity Quiz 

 
Stage 3 – Learning Plan 

 
Pre-Assessment 

How will you check students’ prior knowledge, skill levels, and potential misconceptions? 
Pre-Assessment Stations on the first day of the unit ask students to convert standard notation into scientific notation, 

label the parts of an atom, calculate gravitational force (the formula of which parallels Coulomb’s Law for electric force), 
assemble a series and a parallel circuit using an online simulator, and participate in a chalk talk over the main Essential 

Questions: “Where does electricity come from? Where does it go?” 
Learning Activities Progress Monitoring (e.g., formative data) 

 

https://docs.google.com/document/d/1YU_EwXxcsQ5fIQVLP8H3moYgaQHqmDGQpgzS6IObDEs/edit?usp=sharing
https://docs.google.com/document/d/1nZxHevojPd3sl-Bz2S_a3aqnwlC0-Sr1tP2xsb8tuto/edit?usp=sharing
https://docs.google.com/document/d/10yCskuowpVFnkcetwU7tlxFOpmkE-itMklydXBNsSho/edit?usp=sharing
https://docs.google.com/document/d/1ck65xFIf4uPNdw1Bysr8GXPIH6bzDbY84phJ_JaEps4/edit?usp=sharing
https://docs.google.com/document/d/1njCfo_JztW5eaIwSM0rxbZZ_80eyTnx2fSMAYEQukKo/edit?usp=sharing


A suggested calendar for the unit as well as some accompanying materials 
can be found below the references section. 

● Notes on electric field & Coulomb’s law 
○ Ask students to look over the Pre-Assessment Chalk Talk 

over the Essential Question “Where does electricity come 
from? Where does it go?” and write down a thoughtful 
hypothesis in their notebook. 

○ Students write guided notes in their interactive journals 
identifying the parts and structure of an atom as well as the 
electric charges of protons, neutrons, and electrons. 
Additionally, they define electric field and Coulomb’s law, 
their formulae and units.  

○ Discuss essential question: What is electric field with no 
other particles present? 

○ Exit ticket: draw and label the parts of a Carbon atom 
● Party Dragon Electric field/force practice 

○ Students follow choose-your-own-adventure style 
instructions to draw a silly image of the class mascot, a 
plushie komodo dragon in a tiny party hat named Party 
Dragon, as determined by their answers to problems on 
electric field and electric force. After solving a problem, the 
student must identify if their answer is greater or less than 
a number given in scientific notation on the worksheet. 
Whether their answer is greater or less than the number 
dictates what to draw next on the image.  

● Electric field/force Rotation Frustration 
○ Within small groups, students collaborate to solve electric 

field and force problems on sections of the whiteboard, 
rotating who is allowed to write on the board every 45 
seconds. The game encourages thinking aloud and 
communicating about steps of the problem solving process. 
More detailed instructions are below. 

● Notes on valence electrons, conductors/insulators 
○ Students write in their interactive notebooks regarding the 

structure of electron orbital shells around the nucleus of an 
atom, how atoms become ions, and how such electrical 
properties within the atom determine the material’s 
conductivity.  

○ Students classify conductors and insulators based on the 
electrical properties of their atoms. 

○ Essential question think/pair/share becomes written exit 
ticket: How do the subatomic/electric properties of a 
material affect how it is used by humans? 

● Electron Game 
○ Students acting as electrons form orbital shells by holding 

hands around tables that display an element’s atomic 
diagram. The game resembles musical chairs and more 
details for game play are below.  

● Notes on electric field & Coulomb’s law 
○ Accurately draws a carbon atom 

with 6 protons and 6 neutrons in 
the nucleus, 2 electrons in the 
inner shell, and 4 electrons in the 
valence shell 

 
 
 
 
 
● Party Dragon worksheet 

○ Fields and forces are calculated 
accurately, steps are clearly 
shown, unit is included with 
answer. 

○ Correct picture of Party Dragon 
should show that student also has 
mastery of converting between 
standard notation and scientific 
notation. 

 
 

 
● Rotation Frustration 

○ Groups successfully collaborate to 
answer electric force and field 
problems 

 
 

● Notes on valence electrons 
○ accurately classifies conductors 

and insulators based on the 
electric properties of their atoms 
during practice time 

 
 

 
 

 
● Electron Game 

○ Student is part of several 
accurately formed atoms in the 
game and participates in 
discussion of the game’s realism 
versus limitations 

 
 

https://docs.google.com/document/d/1iA3lvaMl9WZ9o5hbAlXpIqG6ZIU0tnJXuenIPehidEo/edit?usp=sharing
https://docs.google.com/document/d/1iA3lvaMl9WZ9o5hbAlXpIqG6ZIU0tnJXuenIPehidEo/edit?usp=sharing
https://drive.google.com/file/d/1RnVduq5lwDnhYwUCwmCvWJbnQNs9Q5mK/view?usp=sharing
https://drive.google.com/file/d/1RnVduq5lwDnhYwUCwmCvWJbnQNs9Q5mK/view?usp=sharing
https://drive.google.com/file/d/1RnVduq5lwDnhYwUCwmCvWJbnQNs9Q5mK/view?usp=sharing


○ Debrief game play by discussing strategies that worked and 
did not work during the game.  

○ Debrief content by discussing how the game provides a 
good analogy for atomic structure as well as the limitations 
and unrealistic aspects of the game. 

○ Exit Ticket: In your journal, revise or defend your hypothesis 
on the Essential Question: “Where does electricity come 
from? Where does it go?” 

● Conductivity Exploration (online) 
○ Using their phones or school devices, students use the DC 

circuit construction kit from University of Colorado 
Boulder’s PhET Interactive Simulations to assemble a simple 
circuit in which they test and sort a variety of items into 
conductors, insulators, and semiconductors. 

● Notes on simple circuits (series, parallel) and types of current 
(direct and alternating) 

○ Students write in their interactive notebooks classifying 
series, parallel, and combination circuits as well as 
definitions and uses of direct and alternating currents.  

○ Students practice interpreting and drawing US standard 
circuit diagrams. 

○ Exit Ticket: Respond to essential question: “Why are there 
multiple types of current? Could there be more?” 

● Simple Circuit Lab 
○ Students assemble several simple series and parallel 

circuits, exploring the advantages and disadvantages of 
both and drawing the circuits using standard circuit diagram 
symbols. 

● Notes on Ohm’s Law & P=IV 
○ In their interactive journals, students write guided notes 

defining current, resistance, voltage, and power as well as 
their relationships to each other through Ohm’s Law and 
the equation P=IV. 

○ Students will take a closer look at the units for current, 
resistance, voltage, and power in a discussion or 
Think/Pair/Share over the Essential Question: “How does 
what we measure influence how its measurement is 
counted?” 

○ Students calculate current, resistance, voltage, and power 
of circuits in practice problems. 

● Formula Wheel Worksheet (PVIR wheel) 
○ Students manipulate a formula wheel to help them identify 

which formulas to use on their practice problems solving for 
current, resistance, voltage, and power.  

● Online Circuit Lab Calculations (PVIR) 
○ Students return to the online PhET circuit construction kit 

to construct series and parallel circuits in order to measure 
and calculate their current, resistance, voltage, and power. 

 
 
 
 
 

● Conductivity Exploration 
○ Assembles and sketches a circuit 

with few pieces that lights the 
10.0 ohm lightbulb 

○ correctly classifies conductors, 
semiconductors, and insulators 
from the toolbox 

 
 
● Notes on simple circuits 

○ Accurately interprets and draws 
standard circuit diagrams during 
practice time 

 
 
 

● Simple Circuit Lab 
○ Assembles series and parallel 

circuits according to instructions 
and considers the advantages and 
disadvantages of both 

 
● Notes on Ohm’s Law & P=IV 

○ accurately calculates current, 
resistance, voltage, and power of 
circuits during practice time 

 
 
 
 
 

● Formula Wheel Worksheet 
○ correctly calculates current, 

resistance, voltage, and power 
○ shows work, formulas, and units 

 
● Online Circuit Lab Calculations 

○ assembles a virtual circuit that 
meets the needs of the 
calculation activity as stated by 
the instructions 

○ calculates current, resistance, 
voltage, and power with accuracy, 

https://docs.google.com/document/d/1Hzc2bkHfzKjK34TApRknrotAp4vchh5ZgGS0g89tmJk/edit?usp=sharing
https://phet.colorado.edu/en/simulation/legacy/circuit-construction-kit-dc
https://phet.colorado.edu/en/simulation/legacy/circuit-construction-kit-dc
https://phet.colorado.edu/en/simulation/legacy/circuit-construction-kit-dc
https://docs.google.com/document/d/1J-h3b0cQ0XXC_V2ARowk2x4eXwhYWCwWW-sVRX11_RA/edit?usp=sharing
https://docs.google.com/document/d/1I1aMBbeBVZaeiFJTx-AFcPkbaF8mAJIACgEF7OSi6-c/edit?usp=sharing


○ Students compare the processes of calculating resistance in 
series and parallel circuits. 

○ Students calculate the resistance and voltage of various 
pieces within the circuit. 

● Electricity Quiz 
○ This is a formative assessment to check student mastery of 

unit knowledge and skills before the group performance 
assessment. The data collected from this quiz can be used 
to help teachers give students additional support during or 
in place of the Circuit Kit game that follows. 

○ Students identify circuit types and calculate current, 
resistance, voltage, and power of given circuit diagrams. 
Students interpret and draw US standard circuit diagrams. 
Students calculate electric field and force of charged 
particles. 

○ After the quiz, students discuss and revise or defend their 
interactive journal hypothesis in response to the Essential 
Question: “Where does electricity come from? Where does 
it go?” 

● Circuit Kit game 
○ Pairs or triads of students interpret circuit diagrams to 

assemble successful circuits. Groups who finish first receive 
a stamp and then go assist other groups until all or most of 
the class has made the complete, working circuit. More 
detailed instructions are below. 

showing work, formulas used, and 
units 

 
● Electricity Quiz 

○ correctly classifies circuits as 
series or parallel 

○ calculates current, resistance, 
voltage, power, electric field, and 
electric force with accuracy, 
showing work, formulas used, and 
units 

 
 
 
 
 
 
 

● Circuit Kit Game 
○ groups completely assemble all 

circuits required 

 

References 

This unit is made with love and gratitude for the science department at Harlandale High School to be 
used in my absence in the future. It is heavily based on work I co-created with the Harlandale HS physics 
team during the 2018-2019 school year, much of which was originally the work of Cari Sandoval who 
also supplied key suggestions and feedback as I revised the unit to better suit the Understanding by 
Design framework. Brent Schriver created several calculations problems used in the quiz and 
worksheets. The online simulation used in many of the learning activities is the “Circuit Construction Kit: 
DC”, a PhET Interactive Simulation made by the University of Colorado Boulder and can be found at the 
following link. https://phet.colorado.edu/en/simulation/circuit-construction-kit-dc 

 

 

Suggested Calendar for traditional/non-blocked schedule, 50min classes 

https://docs.google.com/document/d/1wuv_yAmSNjPMgBOhpCIb4vTGDe5ZqrYLBBznkCENFVE/edit?usp=sharing
https://phet.colorado.edu/en/simulation/circuit-construction-kit-dc


Pre-Assessment 
Stations. 
 
(start collecting 
recyclables for project) 

Notes on Electric 
Field & Coulomb’s 
Law // Start Party 
Dragon practice 

Finish Party 
Dragon Practice 

Rotation 
Frustration 
(electric field and 
Coulomb’s law) 

Notes on Valence 
Electrons // 
Electron Game 

Conductivity 
Exploration 
(online) 

Notes on Simple 
Circuits //  
Begin Simple 
Circuit Lab  

continue Simple 
Circuit Lab 

Notes on Ohm’s 
Law and P=IV 

Formula Wheel 
Worksheet (PVIR) 

Online Circuit 
Exploration 
Calculations 
(PVIR) 

continue Online 
Circuits 

Electricity Quiz Circuit Kit 
Assembly Game 

Intro Electric 
Fiesta project 
-groups 
-contracts 
-material list 
-design sketch 

Build floats Build floats Build floats Build floats, 
gallery walk and 
feedback  

Build floats 

Test floats and 
make adjustments 
as needed  // 
Begin calculations 
packet. 

Floats are 
complete. // Work 
on calculations 
packet. // Parade 
after school! 

Turn in 
calculations 
packet. // 
Reflections // 
debrief  

  

 

 

 

Pre-Assessment Stations 

● Convert to Scientific Notation 
● Label parts of an atom 
● Chalk talk: where does electricity come from? 
● Online Circuit Construction Kit - make a series circuit that turns on two lightbulbs and sketch; 

make a parallel circuit that turns on two lightbulbs and sketch 
● Gravitational Force problem 

 
 

 

https://phet.colorado.edu/en/simulation/circuit-construction-kit-dc


 
Party Dragon’s Electric Force Practice 

Follow the directions below to create your picture in the box.  
SHOW YOUR WORK and circle your answer!!!  Assume k = 9x109   N m2/C2 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
1. Find the distance (r) between a 0.0021 C charge and a non-charged particle 

if the electric field experienced is 7.56x107 N/C. 
a. If your answer is greater than 0.3 meters, draw Party Dragon facing right 
b. If your answer is less than 0.3 meters, draw Party Dragon facing left 

 
 
 
 

2. What is the magnitude of electric field felt by a non-charged particle that is 
10-3 meters away from a particle with -3x10-6 C of charge? 

a. If your answer is greater than 2x1010 N/C, give Party Dragon red claws 
b. If your answer is less than 2x1010 N/C, give Party Dragon yellow claws 

 
 
 
 

3. Find the force between a 3 C charge and a 2 C charge separated by a 
distance of 3 meters.  

a. If your answer is greater than 7x108 N, draw Party Dragon with a cowboy hat 
b. If your answer is less than 7x108 N, draw Party Dragon with a party hat 

 
 



 
 
 

4. The force between a pair of 0.001 C charges is 200 N. What is the distance 
between them?  

a. If your answer is greater than 7 meters, color Party Dragon orange/red 
b. If your answer is less than 7 meters, color Party Dragon blue/green 

 
 
 

 
5. Two equal charges are separated by a distance of 1 meter and experience 

an electric force of 1,000 N. How much electric charge does each particle 
have in Coulombs? 

a. If your answer is greater than 1x10-7 C, draw a unicorn friend for Party Dragon 
b. If your answer is less than 1x10-7 C, draw a giraffe friend for Party Dragon 

 
 
 
 
 

6. What is the electric field of either charge in problem #5 when experienced 
by the other charge in the problem? 

a. If your answer is greater than 800 N/C, give Party Dragon’s friend a top hat 
b. If your answer is less than 800 N/C, give Party Dragon’s friend a sombrero 

 
 
 
 
 
 

7. The electric force between two charges is 2 N.  The distance between the 
charges is 2 x 10-4 m.  If one of the charges is 3 x 10-6 C, what is the strength 
of the other charge?  

a. If your answer is greater than 3x10-10 C, draw the background as a beach 
b. If your answer is less than 3x10-10 C, draw the background as outer space 

 
 
 

8. Our main learning target for today is “I can calculate charge, distance, 
electric field, and electric force between two objects.”  



a. If you feel you met our target today, draw a little apple by your name on the 
front of the paper. 

b. If you need more help understanding the material today, draw a little rocket by 
your name on the front of the paper. 

 

 

 

Rotation Frustration 

This is a game my students and I made and revised together over my first year of teaching. Students get 
into groups of four and queue up at sections of the whiteboard where there is a problem taped to the 
board in front of them, covered with another piece of paper. The group is lined up single file, facing the 
board, and the student at the very front of the line has the dry erase marker. Once the teacher says 
“Go!” the first student can lift up the cover paper and begin working on the problem. Every 45 seconds 
(this varies on the type of problem but 30-45 seconds is usually best), the timer goes off and the 
students rotate their line so that they take turns holding the marker and working on the board. The 
students are encouraged to communicate and think out loud to make sure the whole team keeps up 
with the work and no one wastes time when it’s their turn. The first group to correctly answer their 
problem wins and we usually go until there is a 1st, 2nd, and 3rd place in each round to encourage more 
groups to complete their problems. After a round, the groups rotate to a different whiteboard 
section/problem. 

Some tips for the game: 

● Make sure groups are working on the same type of problem or that you supply problems that 
should take the same amount of time/steps to complete.  

● If you want students to work on different types of problems or problems that take different 
amounts of time in the same class period, color code the papers and stack them under each 
other in the same order. For instance, in this unit, we could do several rounds of blue electric 
field problems, then several rounds of pink problems solving for electric force, then several 
rounds of green problems solving for the charge of one particle given electric force and the 
other charge, etc… While I would call both pink and green problems “electric force problems”, 
the green problems require more steps and time than pink so I would need to separate them for 
the game. 

● Have a clipboard with all the solutions. The game is VERY fast and you’ll sometimes need to 
check answers very quickly. 

● I usually spend a 50-minute class period playing the game. 

 

 



 

Electron Game 

This game is inspired by musical chairs and should help students understand the organization of 
electrons within an atom. At the beginning of the game, every participant is acting as a free electron, 
standing around the outside edges of the room. In the center are tables (or small clusters of desks), each 
representing a specific element’s atom and displaying an atomic diagram that shows how many 
electrons should be in each orbital shell of the atom.  

When the music begins, students mad dash to the tables replicate the image of the atomic diagram with 
the table acting as the nucleus and the electrons (students) holding hands with the other electrons in 
their shell. The shells have to be built from the inside out so the first two students at the table form the 
inner shell, the next four form the next shell, etc.  

Electrons that are still free when the music ends are out for the rest of the game. Misformed and 
incomplete atoms are also out. The teacher can remove atom tables as the game loses players. I 
recommend ending the game with Helium and having two winners but you could play to Hydrogen and 
have the first player to touch the nucleus (table) win.  

In the debrief, have students supply ways in which the game is a good analogy and ways in which it is 
unrealistic. For example, atoms are not formed by electrons swarming nuclei; free electrons and 
“misformed atoms” don’t cease to exist. Additionally, debrief game play by discussing strategies that 
worked in the game and those that did not.  

For a more challenging game, do not allow the electrons to talk.  

 

 

 

Online Conductivity Exploration 
Check off each task as you complete it: 

❏ Open the PhET simulation called “DC only circuit”. 
https://phet.colorado.edu/en/simulation/legacy/circuit-construction-kit-dc 
 

❏ Take 3-5 minutes to explore the construction kit. Click and drag items into the blue 
workspace from the tool box on the left. Adjust the settings and explore tools like the 
Ammeters and Voltmeter on the right. 
What are your thoughts and observations from your exploration time? 
 
 
 
 



❏ Click the orange button on the bottom right to reset the lab. Turn on the Values setting 
on the right -you will learn more about these values later this week but for now, the 
values setting will simply help you identify circuit pieces. 
 

❏ Using as few parts as possible, make the silvery 10.0 Ω lightbulb turn on, then: 
Draw a picture of your circuit 
 
 
 
 
 
 
 

Sketch a Circuit Diagram of your circuit 

What are your thoughts and observations from trying to assemble the circuit? 
 
 
 
 
The blue dots represent electrons. What are they doing when the lightbulb is on and how do you 
interpret that translating into real life circuits? 
 
 
 
  

❏ “Snip” one of the dotted circle connections of your circuit. What happened in the image 
and what does that imply for real life circuits? 
 

 
 

❏ Test each item in the tool box for its conductivity by placing it in the gap you made when 
you “snipped” a connection. List the items in the appropriate column below and explain 
how you decided the classification for each item. (Test every item except batteries) 

 

Conductors Semiconductors Insulators 
List the item AND explain why you put it in 
the conductor column! 
 
 
 
 
 
 
 
 
 
 
 

List the item AND explain why you put 
it in the semiconductor column! 

List the item AND explain why you put it in 
the insulator column! 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Considering your observations, 
write a definition of a conductor in 
your own words: 
 
 
 
 
 
 

Considering your 
observations, write a 
definition of a semiconductor 
in your own words: 

Considering your observations, 
write a definition of an insulator 
in your own words: 

Challenge: How many ways can you cause a fire in the simulation? Describe each below and 
hypothesize about why it happened in each situation. 
 

 

 

Simple Circuits Lab 
Pre-Lab Questions: 

1. Draw and define a series circuit:                                                             2.    Draw and define a parallel 
circuit: 

 

 

 

Series Circuit Observations:  Assemble a series circuit for each of the following situations.  

 Sketch using circuit diagram symbols Describe using the words brightness, 
current, and resistance 



One lightbulb 
that turns on 

 
 
 
 

 

Two lightbulbs 
that turn on 

 
 
 
 

 

Three lightbulbs 
that turn on 

 
 
 
 

 

an open circuit  
 
 
 

 

 

Parallel Circuit Observations:  Assemble a parallel circuit for each of the following situations. 

 Sketch using circuit diagram symbols Describe using the words brightness, 
current, and resistance 

Two lightbulbs 
that turns on 

 
 
 
 

 

Three lightbulbs 
that turn on 

 
 
 
 

 

Open Circuit  
 
 
 

 

Two lightbulbs 
that turn on and 
one short circuit 

 
 
 
 

 

 



Post-Lab Questions: 

1. Which circuit design produced the brightest lightbulbs?  Relate this to the amount of current 
flowing through each lightbulb. 

 

 

2. What happened when all three lightbulbs were connected in series? Why did this occur? 

 

 

3. Is there more resistance in the series circuit or the parallel circuit?  How can you tell? 

 

 

4. What is one advantage of a series circuit?  What is one disadvantage? 
 
 
 

5. What is one advantage of a parallel circuit? What is one disadvantage? 
 
 
 

6. What happened with the two parallel-connected lightbulbs and the short circuit? 
 
 
 

7. Is it better to have a string of lights, such as Christmas-tree lights, connected in series or 
parallel?  Explain. 

 

 



Ohm’s Law and Power Practice 
V=IR   and   P=IV 
 
The formula wheel on the left combines and rearranges the formulas 
V=IR and P=IV.  How to use the formula wheel: 
1. Identify what variable you need to solve for, the “unknown” 
2. Choose the quadrant of the wheel that has your unknown in 
  the center of the pie slice (P, V, I, or R) 
3. Identify your givens in the problem and choose the outer 
  section of your pie slice that includes those givens 
4. Set the center equal to the outer piece and solve! 
 
 

Assume we have a simple series circuit with one battery and one light bulb.  
Use the givens to help you solve for the missing values. Show your work in the box! 

ex. V, Voltage (v) I, Current (A) R, Resistance (�) P, Power (W) 

#1  

9 V 
 

Example done for you 
 

I=V/R   < from wheel 
I=9/10 

I=0.9 A 

 

10 � 
  

#2  
45.5 V 

 
 

 
 

5.65 A 

   

#3  
 
 
 
 

 
 

0.49 A 

  
 

5.88 W 

#4  
 
 
 
 

  
 

20 � 
 

72.2 W 

#5    A parallel circuit with 2.14 A of current is hooked up to a 9 V battery. One wiring 
branch has a 14 � lightbulb and another branch has a 6 � lightbulb.  



Draw the circuit and then solve for the values on the right. 
 

V=    
I=    
RTotal=    
P=    

  
 
 
 
 
 
 
 
#6    Go to the Circuit Construction Kit and recreate the circuit from problem #5.  
https://phet.colorado.edu/en/simulation/circuit-construction-kit-dc 

● Insert an Ammeter next to the battery and record the current. Itotal = 
● Now check the current next to your 14� lightbulb.    I1 = 
● Finally, check the current next to your 6� lightbulb. I2 = 
● What do you notice about the relationship between the currents you recorded? 

 
 
 
 

● What do you notice about the picture that confirms what you just wrote about the 
current? 

 

 

https://phet.colorado.edu/en/simulation/circuit-construction-kit-dc


Electricity Quiz 
 

1. What type of circuit is shown to the right? 
 
 

a. Calculate the total resistance of this circuit 
 
 
 
 
 
 

b. Calculate the current of this circuit 
 
 
 
 

 
 

2. What type of circuit is shown to the right? 
 
 

a. Calculate the total resistance of 
the circuit 
 
 
 
 
 
 
 

b. Calculate the current running through the circuit 
 
 
 

c. Calculate the power running through the circuit 
 

 
 
 
 
 

3. A particle with a charge of 1.7x10-6 C exerts a force of 7.8x10-6 N on a second charge 
that is 0.006 m away. Calculate the strength of the second particle’s charge. 

11� 

13

9� 

6V 

21 5V 

7� 

8
� 

7� 



 
q2=  

 
 
 
 
 
Calculate the electric fields of each charge above: 
 

E1 =   
 
 

E2=   
 

4. In the box provided, mark whether the statement is true or false: 

 Current flows from positive to negative. 

 According to Coulomb’s Law, doubling the distance between two charges 
reduces the electric force by 1/4th. 

 Two objects with negative charge will repel (push away from) each other. 

 Two light bulbs connected in a parallel circuit would be brighter than two 
lightbulbs in a series circuit. 

 The total resistance of a parallel circuit is smaller than any of its resistors.  
 

5. Draw a series circuit with three light bulbs. 
 
 
 
 
 
 

6. Draw a parallel circuit with three light bulbs. 
 

 

 

 

 

Circuit Kit Game 



Each pair or triad of students is given a circuit kit. We use the Chaney Electronics 33-in-1 kit which 
comes with a manual in which there are numbered circuit diagrams. The teacher pulls a numbered 
popsicle stick out of a cup and the pairs assemble the identified circuit from the manual. In each round, 
the first group(s) to successfully complete the circuit get a stamp and then go assist classmates having 
difficulty until most/all groups have completed the circuit successfully.  

 

 

 

Daily Group Packet 
Electric Fiesta Parade Float Design Team 

Members of the Design Team: 
____________________________________________________ 
____________________________________________________________________________ 
 

Discuss and record 3 - 5 ground rules that will guide your group to work 
successfully as a team. It might help to anticipate challenges you could face during this 
assignment and make rules that could help you avoid or overcome those potential difficulties. 
 
 
 
 
 
 
 
 
 
 
 
 
 

What are some appropriate consequences that a teammate will face if they break a 
rule in the group contract? If consequences are different for different rules, clarify. 
 
 
 

https://www.electronickitsbychaneyelectronics.com/prodinfo.asp?number=C6709


 

 
By signing below, we hereby make our group contract an official classroom document. 

 
______________________________         _______________________________ 

______________________________         _______________________________ 

 
Use the calendar and checklist space below to help manage your time during our project.  

Plans can change so use a pencil! 
 

Calendar 
Monday Tuesday Wednesday Thursday Friday 

     
     
     

 
Main checklist of things to do:

❏ Complete and sign group contract 

❏ Decide who is bringing what materials 

❏    

❏  

❏  

❏    

❏    

❏   

❏  

❏    

❏    

❏  



 

 

Date: 
 
 
Who is present 
today? 
 
 
 
 
 

@Beginning of class 
Write 2-3 goals to accomplish today. 
Be specific about who is doing what. 
 

@End of class 
Something that went well today: 
 
 
 
Something that needs to improve: 
 
 
 

Teacher check: _____ 

Date: 
 
 
Who is present 
today? 
 
 
 
 
 

@Beginning of class 
Write 2-3 goals to accomplish today. 
Be specific about who is doing what. 
 

@End of class 
Something that went well today: 
 
 
 
Something that needs to improve: 
 
 
 

Teacher check: _____ 

Date: 
 
 
Who is present 
today? 
 
 
 
 
 

@Beginning of class 
Write 2-3 goals to accomplish today. 
Be specific about who is doing what. 

 

@End of class 
Something that went well today: 

 
 
 

Something that needs to improve: 
 
 
 

Teacher check: _____ 

Date: 
 
 
Who is present 
today? 
 
 
 
 
 

@Beginning of class 
Write 2-3 goals to accomplish today. 
Be specific about who is doing what. 

 

@End of class 
Something that went well today: 

 
 
 

Something that needs to improve: 
 
 
 

Teacher check: _____ 

   

Date: 
 
 
Who is present 
today? 
 

@Beginning of class 
Write 2-3 goals to accomplish today. 
Be specific about who is doing what. 
 

@End of class 
Something that went well today: 
 
 
 
Something that needs to improve: 



 
 
 
 

 
 
 

Teacher check: _____ 

Date: 
 
 
Who is present 
today? 
 
 
 
 
 

@Beginning of class 
Write 2-3 goals to accomplish today. 
Be specific about who is doing what. 

 

@End of class 
Something that went well today: 

 
 
 

Something that needs to improve: 
 
 
 

Teacher check: _____ 

Date: 
 
 
Who is present 
today? 
 
 
 
 
 

@Beginning of class 
Write 2-3 goals to accomplish today. 
Be specific about who is doing what. 

 

@End of class 
Something that went well today: 

 
 
 

Something that needs to improve: 
 
 
 

Teacher check: _____ 

Date: 
 
 
Who is present 
today? 
 
 
 
 
 

@Beginning of class 
Write 2-3 goals to accomplish today. 
Be specific about who is doing what. 

 

@End of class 
Something that went well today: 

 
 
 

Something that needs to improve: 
 
 
 

Teacher check: _____ 

   

Date: 
 
 
Who is present 
today? 
 
 
 
 
 

@Beginning of class 
Write 2-3 goals to accomplish today. 
Be specific about who is doing what. 

 

@End of class 
Something that went well today: 

 
 
 

Something that needs to improve: 
 
 
 

Teacher check: _____ 

Date: 
 
 
Who is present 
today? 

@Beginning of class 
Write 2-3 goals to accomplish today. 
Be specific about who is doing what. 

 

@End of class 
Something that went well today: 

 
 
 



 
 
 
 
 

Something that needs to improve: 
 
 
 

Teacher check: _____ 

Date: 
 
 
Who is present 
today? 
 
 
 
 
 

@Beginning of class 
Write 2-3 goals to accomplish today. 
Be specific about who is doing what. 

 

@End of class 
Something that went well today: 

 
 
 

Something that needs to improve: 
 
 
 

Teacher check: _____ 

Date: 
 
 
Who is present 
today? 
 
 
 
 
 

@Beginning of class 
Write 2-3 goals to accomplish today. 
Be specific about who is doing what. 

 

@End of class 
Something that went well today: 

 
 
 

Something that needs to improve: 
 
 
 

Teacher check: _____ 

 

 

 

 

 

Table Guide -  Electric Fiesta Project  

This guide lists what is needed to earn a 100 on each of the assignments in this project. 
 
Notice that there are two different options that groups must choose from: Option #1 focuses on 
using the circuit to move the float whereas Option #2 focuses on using the circuit to power their 
special electric feature.

 
Option #1: Electric Movement 

● Parade Float (test grade) 



○ The group builds a circuit that makes the float move. 
○ The float is built out of collected recyclables and cleaned trash. No toy car parts. 
○ The float is decorated for Fiesta or has another appropriate theme. 

● Daily Log (work grade) 
○ @beginning and @end of class daily log boxes are complete for each day of the 

project 
○ The progress of the group can be followed in the daily log entries, calendar, and 

checklist. 
○ Group contract is thoughtfully completed and signed by each group member. 

● Calculations Packet (test grade) 
○ All questions answered and work shown. 
○ It is clear that all group members contributed to the work. 

● Reflections (work grade   -  graded individually) 
○ Individual and group feedback forms are thoughtfully completed 

● Parade (daily grade)
○ At least one member from the team is present at the All Physics Parade shortly 

after school on Wednesday May 1st 
○ Groups in which absolutely none of the teammates are able to attend the short 

after school parade will have submitted their reasons to your teacher by 4:30pm 
on Tuesday April 30th. These should be verified/signed by relevant parents, 
coaches, or employers.

 
 

 
Option #2: Electric Decoration 

● Parade Float (test grade) 
○ The group builds a circuit that produces a special electric feature like lights, 

sound, moving figures, etc. 
○ If you choose option #2 then your float must have free-rolling wheels and will roll 

when pulled by a string. 
○ The float is built out of collected recyclables and cleaned trash. No toy car parts. 
○ The float is decorated for Fiesta or has another appropriate theme. 

● Daily Log (work grade) 
○ @beginning and @end of class daily log boxes are complete for each day of the 

project 
○ The progress of the group can be easily followed in the daily log entries, 

calendar, and/or checklist. 



○ Group contract is thoughtfully completed and signed by each member. 

● Calculations Packet (test grade) 
○ All questions answered and work shown. 
○ It is clear that all group members contributed to the work. 

● Reflections (work grade   -  graded individually) 
○ Individual and group feedback forms are thoughtfully completed 

● Parade (daily grade)
○ At least one member from the team is present at the All Physics Parade shortly 

after school on May 1st. 
○ Groups in which absolutely none of the teammates are able to attend the short 

after school parade will have submitted their reasons to your teacher by 4:30pm 
on Tuesday April 30th. These should be verified/signed by relevant parents, 
coaches, or employers. 

 

 

 

 

 

Names:____________________________________________________________ 
 

Class period:_______         Name or theme of the Float: _________________________ 

 
Electric Fiesta Calculations Packet  

Drawing of your Float 
 
 
 
 
 
 
 
 
 

Sketch of the circuit in your Float using circuit 
diagram symbols 



 
 
 
 
 

 

Is the circuit in your Float series or parallel?     How do you know? 
 
 
What formula will you need to calculate resistance later? 
 
 

 

Is the circuit in your Float DC (direct current) or AC (alternating current)?   How do you 
know? 
 
 

 
Using the multimeter, perform a continuity test on each piece of your float (not just circuit 
pieces) to determine which pieces are conductors, semiconductors, and insulators.  

Conductors  Semiconductors Insulators 
 
 
 
 

Voltage of your circuit 
How much Voltage is supplied to your circuit?               What is the source of the voltage? 
 
 
Using a red coloring pencil, draw arrows around your circuit diagram (on the previous page) 
that show the direction that the electrons are flowing in. 

 
Estimating total resistance of your circuit 

1st step:   Resistance of the wires 
Measure the total length of your circuit’s wires in centimeters: 
 



 
The average resistance of our copper and aluminum wires is about 0.0022 �/cm 
(ohms per centimeter), multiply this by length to get average resistance of the wires: 
 
 
Rwire = 
 

2nd step:   Resistance of the circuit parts 
Reference the inventory list from the front of the Instruction Manual for the resistance 
of most pieces. Others-     Speaker: 8�      Tiny light on wire: 0.7 �     DC Motor: 9.5 
� 
List your float’s parts and their resistances below 
 
 
 
 
 
 

3rd step:   Total Resistance of the circuit 
What resistance formula should you use based on your circuit? 
 
 
Calculate the total resistance of your circuit (including wires and circuit parts): 
 
 
 
 
 
 
 
Rtotal =  

 
Current of your circuit 

Use Ohm’s Law formula V=IR to calculate the total current running through your circuit 
 
 
I = 

As a team, do you think your current is the same throughout the whole circuit or do you think 
it changes?  If so, where? 
 
 



 

 

Electric Power of your circuit 
Using P=IV, calculate the power done by your circuit 
 
 
 
P = 

 
 

Focus of the Circuit 
Did you choose Option #1: Focus on Movement  or  Option #2: Focus on Special Feature? 
 
 

How/why did your team decide on this option?  Why was focusing on the movement or the 
special feature more significant to your float than the other option? 
 
 
 
 
 

 
 

Reflection as a team 
Spend a minute or two talking about each question as a team before you write anything down.  

Did your float have a theme?  If so, what was it and why was that theme chosen? 
 
 
 

What did your team do well?    Why did those things go well for you? 
 
 
 
 
 



What was challenging for your team?    Why were those things challenging? 
 
 
 
 
Did your team manage to overcome those challenges?   Why or why not? 
 
 
 

What advice would your team give to a group of students starting this project?    What would they need 
to do to be successful? 
 
 
 

What else do you think is important for your teacher or someone else who sees your project to know 
about the work you did throughout this assignment? 
 
 
 

 
 

 

 

 

Works best in landscape             

 Electric Fiesta - Feedback and Reflections 

 Write what this 
person contributed 
to the project 

How could this 
person improve as a 
team mate? 

What did this person 
do well? 

What grade 
would you give 
this person and 
why?  
(out of 100%) 

Yourself 
 
 
 
 

    



Partner’s 
name: 
 
 
 
 
 

    

Partner’s 
name: 
 
 
 
 
 

    

Partner’s 
name: 
 
 
 
 
 

    

 

Now that it’s over, what did you think about the project? 
 
 
 
 

 

What did you learn or realize 
about electricity/physics? 
 
 
 
 
 
 

...about yourself? ...about others? 

 

What was it like working on your team? 
 
 
 
 

 

Who would you work well with on our next project? 



 

What else should your teacher know about your work on this project? 
 
 
 

 
 

 

 

Quick Grading/Observation Chart  

Group members Opt # Does circuit 
accomplish 
function? 

All recycled 
materials, no 
toy parts 

Decorated for 
Fiesta or 
other theme? 

Additional 
Comments 

      

      

      

      

      

 


