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These modules are designed to build upon each other, culminating in a final activity. Resources like handouts, assessments, and web links are provided, but you are encouraged to find additional materials. Example curriculum alignments for Ohio Learning Standards and NGSS are included; use the provided links to explore and select the most relevant standards for your needs.

Some modules may require equipment purchases. Recommendations are provided, but these are not endorsements. Conduct your own research before purchasing or using any external resources. 




LIABILITY RELEASE: This curriculum is provided "as is," without warranties. Partnership for Innovation in Education (PIE) is not liable for any damage arising from its use, including equipment purchases or reliance on external resources.MODULE 2: 
Components & Systems
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Module 2 Overview
This FormulatE curriculum module provides a comprehensive five-day exploration of electric vehicle (EV) components and systems, designed to engage students through a blend of interactive presentations, hands-on activities, and research projects. Beginning with an introduction to EVs and their core components, the module progresses through detailed studies of electric motors and controllers, battery technologies and management systems, and power electronics and inverters. Each day incorporates online simulations, videos, and practical exercises to reinforce learning, culminating in a final project where students synthesize their knowledge. The curriculum emphasizes understanding the principles behind EV technology and encourages critical thinking about the future of EVs and their societal impact, with assessments based on participation, completed activities, and demonstrated comprehension.  
· Students will be able to accurately identify and describe the function of the main components and systems of an electric vehicle, including the battery, motor, controller, inverter, and related technologies.
· Students will be able to explain the fundamental principles behind how electric vehicles operate, including the conversion of electrical energy, the role of power electronics, and the interaction between different systems.
· Students will be able to compare and contrast different EV technologies, such as various battery types, motor designs, and control systems, evaluating their advantages and disadvantages.
· Students will be able to analyze the current trends and future implications of EV technology in society, considering environmental, economic, and technological factors.
· Students will be able to apply their knowledge of EV components and systems through hands-on activities, simulations, and projects, demonstrating a practical understanding of the concepts learned. 
Main Learning Objectives
	· Students will gain a comprehensive understanding of the main components and systems of electric vehicles, including their functions and operational principles. This includes the battery, motor, controller, inverter, and related technologies, as well as the conversion of electrical energy and the role of power electronics. 

	· Students will develop the ability to analyze, compare, and contrast different EV technologies. This involves evaluating the advantages and disadvantages of various battery types, motor designs, and control systems. 

	· Students will be able to analyze the current trends and future implications of EV technology in society, considering the environmental, economic, and technological factors that influence its development and adoption.



Curriculum Alignment
	Ohio Learning Standards
· PS.EW.5: Electricity: Electric potential (voltage); Resistors and transfer of energy
· PS.EW.2b Identify the transformation of energy in a given scenario (e.g., Electricity conversions)
· RL.9-10.10a Read grade-level/age-appropriate, adapted literature materials.
· S.IC.6b Determine if data supports the results/claim.
· Ohio Technology Standards:
· Knowledge Constructor: 9-12.KC.3.a. 
· Innovative Designer: 9-12.ID.4.b.
· Computational Thinker: 9-12.CT.5.b.

	NGSS Standards


· HS-PS2-5: 5: Plan and conduct an investigation to provide evidence that an electric current can produce a magnetic field and that a changing magnetic field can produce an electric current.
· HS-PS3-3: 3: Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
· HS-ETS1-3: Evaluate a solution to a complex real-world problem based on prioritized criteria.
· HS-ESS3-4: Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.
Career Connections
Below are some resources and information relevant to careers pertaining to the curriculum in this module. 

· Video: Career Close-Up: Electric Vehicle Technician
· Video: Jennifer Braggin Entegris SEMI Tiggbee
Automotive Technician (Specializing in EVs):
· Diagnose, maintain, and repair EV systems, including electrical components, batteries, and motors.
· Use specialized tools and equipment to work on EVs.
· Stay up-to-date with the latest EV technology and repair procedures.
· Advise customers on the proper maintenance and operation of their EVs.
Charging Infrastructure Specialist:
· Design, plan, and implement EV charging infrastructure projects.
· Select and install charging stations and related equipment.
· Ensure the compatibility and interoperability of charging systems.
· Work with utilities and other stakeholders to support the growth of EV charging networks.
· Troubleshoot and maintain charging infrastructure   
Sustainability Analyst:
· Evaluate the environmental impact of EV technology, including manufacturing, use, and end-of-life.
· Analyze data related to EV adoption, energy consumption, and emissions.
· Develop strategies to promote the sustainability of EV transportation.
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· Advise organizations and policymakers on EV-related sustainability issues.
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LESSON OVERVIEW – Day 1: Introduction to Electric Vehicles Basic Components
Day 1 of the electric vehicle curriculum introduces students to the basics and benefits of EVs through a video, an interactive presentation, a "Think-Pair-Share" activity to discuss prior knowledge, and a hands-on exercise using an external website to identify and draw the main components like the battery, motor, controller, and inverter, ensuring they understand key terms and fundamental parts before moving on to more complex topics. 
*Please review all resource links and appendix resources prior to starting lesson activity.

	Lesson Learning Objectives
	Lesson Resources

	Students will be able to define what an electric vehicle (EV) is and explain at least two key advantages of EVs compared to traditional gasoline-powered vehicles 
Students will be able to accurately identify and describe the four main components of an EV: battery, motor, controller, and inverter, including their basic functions
	Website: Main Components of Electric Vehicles
Video: How Electric Cars Work


	Lesson Time
	Lesson Materials

	45-minutes
	Projector/whiteboard
Internet access
Handout: EV Components
Writing Utensils



Lesson Introduction
The introductory lesson serves as a foundation to electric vehicles, aiming to familiarize students with the core concept and its advantages. The lesson begins with an engaging video to spark interest, followed by an interactive presentation covering the definition of EVs and their environmental and performance benefits. Students actively participate through a "Think-Pair-Share" activity, sharing their existing knowledge. The lesson culminates in a hands-on activity where students draw and describe the main EV components (battery, motor, controller, inverter), using an external website as a resource. This approach ensures students grasp the basic vocabulary and understand the fundamental building blocks of electric vehicles before delving into more complex systems.
Lesson Activity/Presentation 
Electric vehicles hold significant promises, but their widespread adoption faces real-world hurdles. To effectively navigate these challenges, we need to understand them thoroughly and develop innovative solutions. Today, we'll be working in teams to identify and research specific obstacles to EV adoption and begin exploring potential solutions. Today we're diving into the world of electric vehicles, or EVs. We'll start by figuring out exactly what makes a car an EV, and why they're becoming so popular. Think about the benefits: they're better for the environment and can even perform better than gas-powered cars. We'll then break down the main parts of an EV, like the battery, motor, and controller, so you understand the basic building blocks. To really get a feel for these components, you'll draw a simple picture of them and write a quick explanation of what each one does. We'll also use a website to help us understand each part in more detail. By the end of today, you'll have a solid understanding of the core parts of an EV and why they matter.
· Start with this short video showcasing EVs and their benefits.
· How an Electric Car Works?: Its parts and functions explained 
· Show PowerPoint presentation “Introduction to EVs”
· Engage students with a "Think-Pair-Share" activity: "What do you already know about EVs?"

Lesson Activity 
Complete the handout of the main components and write a short description of each component through a website presentation.
· Use this website to explain in more detail the main components:
· Main Components of Electric Vehicles    
· Label and discuss each main component.
· Handouts: 
· EV Components (appendix)



LESSON OVERVIEW – Day 2: Electric Motors & Controllers 
This unit gives students a basic understanding of electric motors and controllers in EVs by exploring electromagnetism in AC and DC motors and the role of controllers in managing speed and torque through online simulations and hands-on activities with small motors and circuits, ultimately explaining how these key components power electric vehicles.

	Lesson Learning Objectives
	Lesson Resources

	Students will be able to explain the basic principles of electromagnetism and how they are applied in the operation of both AC and DC electric motors used in electric vehicles.
Students will be able to describe the function of a motor controller and explain how it regulates the speed and torque of an electric motor in an EV.
Students will be able to identify and differentiate between the key components of an electric motor system and demonstrate their understanding through hands-on activities or simulations.
	Article: Are electric cars better for the environment than fuel-powered cars? Here's the verdict.
Website: How Electric Motors Work
Video: How does an Electric Motor work? (DC Motor)
Video: Motor Control: What does the motor controller in electric vehicles do?
Video: Motor Controller Fundamentals
Video: What Does a Speed Controller Do?
Simulation: Faraday’s Electromagnetic Lab (PhetColorado)
Simulation: Circuit Construction Kit: AC

	Lesson Time
	Lesson Materials

	60 minutes (Can be longer depending on pacing)
	Projector/Interactive Whiteboard
Computers/tablets
Internet access
[bookmark: _Hlk196219002]Handout: Faraday’s Electromagnetic PhET lab (appendix)



Lesson Introduction
This unit provides students with a foundational understanding of electric motors and controllers of electric vehicles (EVs). Students will explore the fundamental principles of electromagnetism and their application in both AC and DC motors, gaining insight into how these motors function. The unit helps build understanding of motor controllers in regulating speed and torque, utilizing online simulations and, if possible, hands-on demonstrations with small electric motors and circuits. Through interactive presentations and practical activities, students will develop a beginning understanding of the core components that drive EV propulsion. 

Lesson Activity/Presentation 
Ever wondered how electric cars zoom off so quickly and quietly? It's all thanks to the magic of electric motors and their clever controllers! In this unit, we're going to dive into the heart of EV technology, exploring how these motors harness the power of electromagnetism to turn electricity into motion. We'll discover the differences between AC and DC motors, learn how controllers precisely manage speed and torque, and even get hands-on with simulations and, if possible, real motors. By the end, you'll understand the key components that make electric vehicles tick and appreciate the fascinating science that drives the future of transportation.

Introductory Activity:
· Explain the basic principles of electromagnetism and how it relates to electric motors.
· Show how to use the website and explain how students will complete the handout.
· Students will use this website interactive: https://phet.colorado.edu/en/simulations/faradays-electromagnetic-lab 
· Students will complete handout titled “Faraday’s Electromagnetic PhET lab” (Appendix)
· Discuss the function of the motor controller in detail.
· Video: Motor Control: https://www.youtube.com/watch?v=Uoke9k1FU4o 
· Relate it to the PhetColorado lab and how it relates to what they learned in the video on motor controllers.
· If time allows go over these videos as well:
· Video: How DC Motors Work: https://www.youtube.com/watch?v=1AaUK6pT_cE 
· Video: Motor Controller Fundamentals: https://www.youtube.com/watch?v=8f_2u3UrWmc 
· Video: What does a speed controller do?: https://www.youtube.com/watch?v=J6ZTHajrCxU 
· Hands-on Activity: 
· If available, demonstrate a small electric motor and explain its operation.
· Suggested materials: STEM Kits Electric Motors
· Optional: Use a simple circuit diagram to illustrate how a motor controller regulates motor speed: https://phet.colorado.edu/en/simulations/circuit-construction-kit-ac 
· Ending Activity
· Use this website and go through each part to finalize your understanding of how all the components work together.
· Website: How Electric Motors Work: https://electronics.howstuffworks.com/motor.htm 
· Alternative website: https://afdc.energy.gov/vehicles/how-do-all-electric-cars-work 

. 
LESSON OVERVIEW- Day 3: Battery Technologies and Management Systems
This lesson teaches students about EV battery technology and Battery Management Systems (BMS) through an interactive presentation covering battery chemistry, types like lithium-ion, and how capacity affects range, along with the BMS's functions like temperature monitoring and voltage balancing, reinforced by a research and presentation activity on a specific battery technology that is graded with a rubric which can be found in the appendix.

	Lesson Learning Objectives
	Lesson Resources

	Students will compare and contrast EV battery technologies (e.g., lithium-ion) based on capacity, range, and chemical composition.
Students will describe the key functions of a Battery Management System (BMS), including temperature monitoring and voltage balancing, and explain their importance for battery safety and longevity.
Students will research and present information on a specific battery technology.
	Video: How does a battery work? - Simple and easy explanation
Video: How a Lithium Ion Battery Actually Works // Photorealistic // 16 Month Project
Video: 3D Animation | What is a Battery Management System?

	Lesson Time
	Lesson Materials

	45 minutes
	Projector/Interactive Whiteboard
Computers/tablets
Internet access
Handout: Battery Systems Presentation Rubric (appendix)



Lesson Introduction
This lesson introduces students to the core technologies behind electric vehicle (EV) batteries and the critical role of Battery Management Systems (BMS). Through an interactive presentation, students will explore the chemical processes within batteries, compare various battery types like lithium-ion, and understand how factors like capacity influence range. The presentation will also delve into the essential functions of a BMS, including temperature monitoring and voltage balancing. To reinforce their learning, students will engage in a hands-on activity, researching and presenting on one specific battery technology, fostering deeper understanding and critical thinking, all assessed using a presentation rubric.

Lesson Activity/Presentation 
In this lesson, we'll explore the power behind EVs: their batteries. We'll start by uncovering the different types of batteries used, like lithium-ion, and how factors like capacity affect how far an EV can travel. Then, we'll examine the crucial role of the Battery Management System (BMS), the "brain" that keeps these batteries safe and efficient. Finally, you'll put your research skills to the test by investigating a specific battery technology and presenting your findings to the class, giving you a chance to become an expert on the future of electric power.

· Discuss the chemical reactions involved in battery operation while viewing this video.
· https://www.youtube.com/watch?v=VaT2s7FvTF0 
· Compare different battery technologies and their pros and cons with this video.
· https://www.youtube.com/watch?v=4-1psMHSpKs 
· Explain the functions of a BMS (temperature monitoring, voltage balancing).
· https://www.youtube.com/watch?v=bo1weX-O3Yo 
Hands-on Activity: 
In groups students will research and create a short presentation on a specific type of battery technology. Encourage them to use any digital sources they need for the presentation: Google Slides, Canva, Prezi, etc.
Use Presentation Grading Rubric to grade presentations (Appendix).
Types of EV Batteries for Group Assignments:

Lithium-ion (Li-ion): 
· This is the most common type. Students can explore different Li-ion chemistries (e.g., NMC, LFP, NCA), their pros and cons, and how they're used in different EVs.   
· Lithium Iron Phosphate (LFP): 
· Focus on the safety and longevity advantages, and the trade off with energy density.   
· Nickel Manganese Cobalt (NMC): 
· Focus on the higher energy density, and the tradeoffs with cost and safety.
Solid-state batteries: 
· An emerging technology. Research its potential advantages (e.g., higher energy density, faster charging, improved safety) and the challenges of its development.   
Sodium-ion batteries: 
· Research the cost effectiveness, and the material availability advantages.   
Lithium-air batteries: 
· A more experimental technology. Students can research its potential for extremely high energy density and the challenges of its development.   
Advanced Lead-Acid Batteries: 
· Although older tech, advanced versions are being used for some EV applications. Students can research their cost-effectiveness and limitations.
Next generation battery technologies:
· Students could research any new or experimental battery type that is being developed.
Battery capacity and range.
· The role of the BMS in monitoring and protecting the battery.


LESSON OVERVIEW- Day 4: Power Electronics & Inverters
This lesson teaches students about EV battery technology and Battery Management Systems (BMS) through an interactive presentation covering battery chemistry, types like lithium-ion, and how capacity affects range, along with the BMS's functions like temperature monitoring and voltage balancing, reinforced by a research and presentation activity on a specific battery technology that is graded with a rubric. 

	Lesson Learning Objectives
	Lesson Resources

	Students will be able to differentiate between direct current (DC) and alternating current (AC) and explain why inverters are necessary in electric vehicles.
Students will be able to interpret basic operational diagrams of inverters and describe the fundamental process of DC to AC power conversion.
Students will be able to trace the path of electrical energy from the battery to the motor in an EV and articulate the central role of power electronics and the inverter in this process.
	Video: Alternating and Direct Current | Electricity | Physics | FuseSchool
Video: How an Electric Car Works? Its Parts & Functions [Explained]
Simulation: Circuit Construction Kit: DC - Virtual Lab

	Lesson Time
	Lesson Materials

	45-minutes
	Whiteboard/Projector
Laptops/ Tablets with internet access
Handout: Fun with DC Circuits (Appendix)


Lesson Introduction
This lesson introduces students to the necessary role of power electronics and inverters in electric vehicles (EVs). Through an interactive presentation, students will learn the fundamental differences between DC and AC power, understand the operational diagrams of inverters, and grasp the importance of power electronics in optimizing EV performance. A hands-on activity, involving circuit diagram analysis and potentially a simple inverter demonstration, will solidify their understanding of DC to AC conversion. Students will further reinforce this knowledge by creating a flow chart depicting the electricity's path from the battery to the motor, highlighting the inverter's central function. This lesson aims to provide a foundational understanding of power conversion within EV systems.

Lesson Activity 
In this lesson, you will learn how electric vehicles (EVs) convert direct current (DC) from batteries into alternating current (AC) for the motor using power electronics and inverters. You will understand why EVs require this conversion. We will examine diagrams of inverters and explore their operation. You will also learn the fundamental principles of power electronics. You will identify the differences between DC and AC. Through circuit diagrams, you will see how DC is transformed into AC. Finally, you will create a flowchart to visualize the path of electricity from the battery, through the inverter, and to the motor in an EV.

· Show video: Alternating and Direct Current: https://www.youtube.com/watch?v=tJSga2YamDc 
· Discuss with students their understanding of the difference of each.
· Relate to earlier lesson for the EV vehicle part of the DC converter.  
· Show video of overall systems and specifically power conversions: https://www.youtube.com/watch?v=tJfERzrG-D8 
· PhetColorado Activity: Fun with DC Circuits
· Students will complete the handout “Fun with DC Circuits” using the online simulation: https://phet.colorado.edu/en/simulations/circuit-construction-kit-dc-virtual-lab 


Lesson Overview- Day 5: Putting It All Together: The Future of EVs
Through a review of key concepts, a video on current trends and future developments, and a guided discussion, students will explore the present and future landscape of electric transportation. A central hands-on activity challenges students to construct detailed diagrams or models of EVs, accurately labeling components, to solidify their grasp of how these complex systems function. The lesson concludes by fostering critical thinking and discussion about the broader societal and environmental impacts of transitioning to an all-electric vehicle future.

	Lesson Learning Objectives
	Lesson Resources

	Identify and discuss current trends and future developments in electric vehicle technology and infrastructure.
Analyze the potential societal and environmental impacts of widespread EV adoption.
Engage in critical thinking and discussion about the pros and cons of an all-electric vehicle future.
	Various websites, videos, and simulations that have been used so far in previous modules.
Video: Electric Cars – Pros and Cons, Part 1

	Lesson Time
	Lesson Materials

	45 – 90 minutes
(Depending on class time and structure)
	Projector or interactive whiteboard
Computer with internet access
Whiteboard or chart paper and markers
Printed copies of the "Electric Vehicle Diagram" blackline master (one per student, plus extras)
Art supplies for diagram/model creation  



Lesson Introduction:
This lesson concludes the EV module by integrating previously learned concepts into a holistic understanding of electric vehicle systems. Students will review core EV components and their functions, then explore current trends and future projections for EV technology and infrastructure through a video and guided discussion. A hands-on activity requires students to diagram or model an EV, accurately labeling its key parts, reinforcing their comprehension of the vehicle's integrated operation. The lesson culminates in a critical discussion about the societal and environmental implications of widespread EV adoption, fostering deeper analytical thinking.
Lesson Introduction
Today, we will finish our study of electric vehicles (EVs). We will review how all the different parts of an EV work together. Next, we'll watch a video and discuss what's happening now with EVs and what the future might look like for these cars. You will then create a detailed drawing or model of an EV and label its main components. Finally, we will talk about the advantages and disadvantages of everyone switching to electric cars.
 
Lesson Activity:
Introduction & Review (10-15 minutes)
1. Engage: Begin by asking students: "We've spent this week diving deep into electric vehicles. What's one thing that surprised you the most about EVs?" Allow for a brief share-out.
2. Recap Key Concepts: Facilitate a quick review of the main topics covered throughout the week. You can do this by: 
· Asking students to brainstorm key terms (e.g., battery, motor, charging station, regenerative braking, range anxiety).
· Using a "think-pair-share" activity where students discuss one key concept they learned with a partner, then share with the class.
· Quickly going over a prepared list of essential EV components and their functions. Emphasize how these individual parts contribute to the overall operation of the vehicle.
3. Lesson Hook: Transition by stating: "Today, we're bringing it all together. We'll see how these incredible machines operate as a complete system, explore what's happening in the EV world right now, and peer into the future of electric transportation. We'll also get our hands dirty by creating our own detailed EV diagrams or models."
Interactive Presentation & Discussion (20-25 minutes)
1. Current EV Trends & Future Developments: 
· Video Introduction: Introduce the video: "This video will give us a concise overview of both the advantages and disadvantages of electric vehicles, and touch upon some of the exciting developments happening right now."
· Show Video: Play the video: https://www.pbs.org/video/electric-cars-pros-and-cons-part-1-nmn66l/
· Guided Discussion (Post-Video): Facilitate a discussion using the following prompts: 
· "What were some of the main 'pros' of EVs mentioned in the video?" (Guide towards environmental benefits, lower running costs, quiet operation, instant torque).
· "What were some of the main 'cons' or challenges discussed?" (Guide towards range anxiety, charging infrastructure, battery production/disposal, initial cost).
· "The video touched on current trends. What did you notice about things happening now in the EV world?" (Prompt for increased charging stations, growing model variety, improvements in battery technology, government incentives).
· "What did the video hint at for the future of EVs?" (Encourage discussion about self-driving capabilities, vehicle-to-grid technology, faster charging, improved battery density, even electric aircraft or boats).
2. "Future Forward" Discussion: 
· "Beyond what the video showed, what do you imagine electric vehicles will be like in 10, 20, or even 50 years?"
· "How might widespread EV adoption change our cities, our environment, and even our daily lives?" (Encourage thinking about air quality, noise pollution, energy grids, urban planning, job markets).
· "Do you think everyone switching to EVs is a good idea? Why or why not? What challenges might we face as a society if we transition fully?" (Promote critical thinking and acknowledge complexities like raw material sourcing, grid capacity, equity in access).
Hands-on Activity: 
EV Diagram/Model (20-25 minutes)
1. Introduce the Activity: "Now it's your turn to synthesize all the information we've gathered. You will either draw a detailed diagram of an EV or, if you're feeling ambitious and have the materials, create a simple model. The key is to label all the main components and systems you've learned about this week."
2. Distribute Blackline Master: Hand out the "Electric Vehicle Diagram" blackline master to each student. Explain that this is a starting point, and they should add as much detail as they can. They can also choose to draw their EV from scratch on a blank piece of paper if they prefer, or use the blackline master as a template for their model.
3. Provide Instructions: 
· "Your diagram/model should include, at minimum, the following labeled components: Electric Motor, Battery Pack, Inverter, On-Board Charger, Charging Port, Drivetrain/Wheels, Regenerative Braking System."
· "Feel free to add more details like cooling systems, control units, dashboards, lights, seats, etc., if you have time and know where they belong."
· "Use colors, arrows, and brief descriptions to make your diagram clear and informative."
· "For models, consider using different materials to represent different parts."
4. Circulate and Assist: Walk around the room, providing guidance, answering questions, and encouraging students. Prompt them to think about the flow of energy and information within the EV.
5. Optional: "Expert Challenge": For early finishers or advanced students, challenge them to: 
· Add more specialized components (e.g., DC-DC converter, thermal management system).
· Illustrate the flow of electricity from the charging port, through the battery, inverter, and motor to the wheels.
· Research a specific emerging EV technology (e.g., solid-state batteries, wireless charging, hydrogen fuel cell EVs) and add a small section about it to their diagram or prepare a brief verbal explanation.
Conclusion & Wrap-up (5 minutes)
1. Share and Showcase (Optional but Recommended): Invite a few students to briefly share their diagrams or models, pointing out a component they are proud of or found interesting to draw/build.
2. Revisit Learning Objectives: Briefly review the learning objectives for the day. Ask students to give a thumbs up if they feel they achieved each objective.
3. Future Thoughts: End with a thought-provoking question: "What's one thing you'll remember most about electric vehicles after this module, and how might it change the way you think about transportation in the future?"
4. Acknowledge and Applaud: Thank students for their engagement and hard work throughout the EV module/
Differentiation:
· Support: Provide pre-labeled diagrams with some blanks for students to fill in. Offer a word bank of terms. Pair students for collaborative diagram creation.
· Challenge: Encourage students to research and include more advanced EV components or to design an entirely new EV concept, justifying their design choices. Have them create a presentation about their future EV.



Handout: EV Components

Name: _________________________________				Date: _______________________

EV Components

Next to each electric vehicle component name, write a short description (in your own words) of its job in the EV system. Also, make a simple drawing of the part in the space provided.

Traction Battery Pack:Sketch:


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Description:


DC-DC ConverterSketch:


Description:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________




Electric Motor:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Sketch:

Description:



Power Inverter:
Sketch:

Description:

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________






Charge Port:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Sketch:

Description:


Onboard Charger:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Sketch:

Description:









Controller:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Sketch:

Description:


Auxiliary Batteries:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Sketch:

Description:









Thermal System (Cooling):
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Sketch:  (Draw what you think it would look like. Use colors if necessary)

Description:


Transmission:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Sketch:

Description:




Handout: Faraday’s Electromagnetic PhET Lab

Name: ____________________________________				Date: ________________

Module 2 Day 2: Electric Motors and Controllers: Faraday’s Electromagnetic PhET Lab

Today, you will use the Faraday’s Law PhET lab to bar magnets, permanent magnets and a generator.  

Part 1 – Bar Magnet
1) Open the Faraday’s Electromagnetic PhET simulation. Begin on the “Bar Magnet” tab. What can you change about the simulation?

2) What happens to the compass as you move it around the magnet? 

Draw a picture of what you see below 
	



3) What do you notice about the arrows the further they are from the magnet? What do you think this means? 

 
Part 2 – Pickup Coil 
4) Find two ways to make the light bulb light up. Describe them in the table below.
	Method
	Picture
	Description

	1
	
	

	2
	
	






5) Select one of your methods and now try to increase the brightness of the bulb by changing the properties of the pickup coil. 
	Item
	How it influences the brightness of the bulb

	
	

	
	



6) Why do you think it is called a pickup coil? 



Part 3 – Generator 
6) Using what you have learned with the pickup coil, you will now design the best generator ever (that the sim will allow!). Make a list of the characteristics you think it should have below.



7) Test your ideas out using the simulation. How does the simulation accomplish what you wanted it to? Does it include anything additional? 


Handout: Battery Systems Presentation Rubric
	Category
	Excellent (4 Points)
	Good (3 points)
	Fair (2 Points)
	Needs Improvement (1 Point)

	Remembering (Knowledge) (25%)
	Accurately recalls and presents all key facts and terminology related to the chosen battery technology, demonstrating a comprehensive grasp of the subject.
	Recalls and presents most key facts and terminology with minor inaccuracies or omissions.
	Recalls and presents some key facts and terminology, but with noticeable inaccuracies or omissions.
	Struggles to recall and present basic facts and terminology, demonstrating limited knowledge.

	Understanding (Comprehension)(25%)
	Clearly explains the underlying principles and processes of the chosen battery technology, demonstrating a deep understanding of how it works.
	Explains the principles and processes of the technology with generally accurate explanations, though some details may be unclear.
	Attempts to explain the principles and processes but struggles to convey a clear understanding, with significant inaccuracies.
	Fails to adequately explain the principles and processes, demonstrating a lack of comprehension.

	Applying (Application) (25%)
	Effectively relates the chosen battery technology to real-world EV applications and potential future developments, demonstrating an ability to apply knowledge.
	Relates the technology to EV applications with some examples, but may not fully explore future implications.
	Attempts to relate the technology to applications but struggles to provide clear or relevant examples.
	Fails to connect the technology to real-world applications or demonstrate practical implications.

	Collaboration (Group Work) (15%)
	(If applicable) Demonstrates exemplary teamwork, with all members contributing equally and effectively to the presentation.
	(If applicable) Demonstrates good teamwork, with most members contributing appropriately.
	(If applicable) Demonstrates some teamwork, but with uneven contribution or some conflict.
	(If applicable) Demonstrates poor teamwork, with significant conflict or lack of contribution from some members.

	Intrinsic (Individual Effort) (10%)
	Demonstrates exceptional effort and engagement, with evidence of thorough research and thoughtful presentation design.
	Demonstrates good effort and engagement, with well-prepared materials and a clear presentation structure.
	Demonstrates some effort but may lack thorough research or clear presentation structure.
	Demonstrates minimal effort and engagement, with poorly prepared materials and a disorganized presentation.



Total grade: _________________ / 20

Handout: Fun with DC CircuitsElectricity 1
This activity uses PhET simulation – Circuit Construction Kit: DC - Virtual Lab.

This is a guided inquiry task. You must read and follow the instructions carefully.

	1
	Circuit Symbols
Drag some components out onto the work area from the component tool bar on the left. Use the button on the bottom right to toggle between the drawings and the circuit symbols.
Complete the table below. Make sure you use a ruler

	component
	symbol
	component
	symbol

	wire

	
	resistor
	

	battery / cell

	
	switch
	

	light bulb *
	[image: A black and white symbol]
	fuse
	


*Some geographic regions may use different symbols
	[image: A screen shot of a device]

[image: A close-up of a battery]

	2
	Circuit diagrams 
Diagrams show engineers and scientist how to connect circuits. They are not pictures. There can be more than one correct diagram. They have strict rules.
1. Always drawn with pencil and ruler.
2. Components are represented using circuit symbols
3. Components are not placed on corners
4. Wires are horizontal or vertical lines

Use the circuit diagram on the right to build the circuit on the work area. Close the switch and the bulb should light up.

	[image: A diagram of a circuit]


CHECKPOINT #1

	3
	Electric Current
Whilst the switch is closed and the bulb is lit you should notice the blue circles moving around. These represent the charges moving around the circuit. In metal wires the charges are the electrons. Open the switch and the electrons stop moving.
The flow of electric charge is called electric current. Electric current is measured in units called amperes, A. This is often shortened to amps. We use a device called an ammeter to measure current.
Use the scissors tool to cut you circuit and drag an ammeter into the gap. It should read 1.80A.  The symbol for an ammeter is shown on the right.
 
[image: A diagram of a circuit]Build the circuit below, close the switch and record the current measurement beside each ammeter. On the diagram below.   ______A






   ______A

   ______A



	
[image: A black letter in a circle]
ammeter



[image: A yellow circle with scissors and blue circle with black and yellow circle with black and yellow circle with black and white circle with black and white circle with black and white circle with black and white circle with]
           
[image: A close-up of a meter]




CHECKPOINT #2

	
	Q1. What do you notice about the current measurements? 

________________________________________________________________________________________

________________________________________________________________________________________

The current going in and out of every component is unchanged. This law is called the conservation of charge.


	4
	Voltage
In electric circuits there are places where the charges electrical gain energy (e.g. batteries, power packs) and places where they transfer this energy out of the circuit (e.g. speaker, motor, bulb). We say that those components have a voltage. 
The voltage across a component is the energy change of the charges. It is measured in units called volts, V. We use a device called a voltmeter to measure voltage.
	
[image: A black and white circle with a letter v in it]
voltmeter
[image: A close-up of a meter]

	
	[image: A diagram of a voltage tester]
Voltmeters do not allow electricity to pass through them. They are never really part of the circuit (see diagram).
Use the voltmeter from tools to measure the voltage across your bulb. Then complete the table.

	component
	voltage  (V)

	bulb
	

	batteries
	

	Switch (closed)
	




	
	
Q2. Why doesn’t the switch have a voltage? 

__________________________________________________________________________________________

__________________________________________________________________________________________



	5
	Investigation 1 – effect of batteries on current and voltage
Build the circuit shown in the diagram. It has 1 battery and 2 bulbs. The voltmeter is shown in position across bulb 1.
· Use the voltmeter to measure the voltage across the battery and each bulb. Record the data in the first row of the data table.
· Use the ammeters to measure the current in both positions and record the data.
· Use the scissor tool and add a second battery. Repeat the measurements, and make sure you measure the voltage across all of the batteries. Then do the same with 3 batteries.

	
	[image: A diagram of a circuit]
2
1
1

	batteries
	voltage  (V)
	current (A)

	
	batteries
	bulb 1
	bulb 2
	1
	2

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	



CHECKPOINT #3



	
	Total     Increase     Decrease     Constant       Proportional       Energy     Charges

Q3. Describe the relationship between the battery voltage and the bulb voltages. (Use the words above to help)

__________________________________________________________________________________________

__________________________________________________________________________________________

Q4. Explain the relationship between the battery voltage and the bulb voltages.

__________________________________________________________________________________________

__________________________________________________________________________________________

Q5. Describe the relationship between the battery voltage and the current.

__________________________________________________________________________________________

__________________________________________________________________________________________

Q6. Explain the relationship between the battery voltage and the brightness of the bulbs.

__________________________________________________________________________________________

__________________________________________________________________________________________

CHECKPOINT#4


	6
	Investigation 2 - Conductors and Insulators
Refresh the page. Drag a battery to the work area. Highlight the battery and change the voltage to 50 V. Build a circuit to test the current through different materials.
[image: A diagram of a voltage meter]
	material
	voltage (V)
	current (A)

	dollar bill
	
	

	paper clip
	
	

	coin
	
	

	eraser
	
	

	hand
	
	

	pencil
	
	



Q7. Which materials are insulators and which are conductors? Which one is difficult to classify?

____________________________________________________________________

____________________________________________________________________

Q8. Referring to your data, how would you define a conductor?

____________________________________________________________________

____________________________________________________________________
 
____________________________________________________________________
	
[image: A diagram of a battery]

[image: A screen shot of a coin]






       





CHECKPOINT#5

	6
	Investigation 3 - Resistors
Refresh the page. Drag a resistor to the work area. Tick the values box. The resistor has a value of 10 ohms (Ω).
Build the circuit shown in the diagram. It has 1 battery and 1 resistor. The ammeter is shown in position between the battery and the resistor.
· Use the ammeter to measure the current through the resistor. Record the data in the table.
· Use the scissor tool and add a second resistor. Repeat the measurements, add more resistors (each resistor adds 10 Ω to the circuit).

	
[image: A close up of a device]

[image: A checklist with check boxes and check marks]

	
		resistance / Ω
	current / A

	10
	

	20
	

	
	

	
	

	
	


[image: ]

	
	Q9. Plot a scatter graph of current aginst resistance for resistors in a circuit. Add a trend line.

 Increase     Decrease     Constant      Halve      Double       Proportional       Inverse  

Q10. Describe the relationship between the current and the resistance. (Use the words above to help).

__________________________________________________________________________________________

__________________________________________________________________________________________


Resistance 
In circuits some components or materials resist or prevent the flow of current more than others. Materials with very high resistances are called insulators.
Resistance measures the amount of voltage required to make current flow. It’s unit are ohms, Ω  and it is usually calculated from current and voltage measurements.

Q11. The material inside a pencil is graphite. Graphite is a semi-conductor. Use the evidence you collected in investigation 2 and the information about resistors to define a semi-conductor and justify your definition.

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________
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