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ENERGY INNOVATORS

Episode 1: Introduction to
Electric Vehicles and
Renewable Energy

High School Physics

Summary

This lesson provides students with a foundational understanding of key physics concepts—Coulomb’s
Law, electric fields, and energy transformations—as they relate to electric vehicles (EVs) and renewable
energy. Through hands-on activities and discussions, students explore how electric fields impact energy
storage in EV batteries, how forces between charges affect performance, and how voltage, current, and
resistance drive energy transfer in circuits.

By connecting these principles to real-world applications, students see how EVs reduce environmental
impact and promote sustainability. They also consider how advancements in battery and renewable
energy technology rely on these concepts. This lesson bridges high school physics standards with global
challenges, helping students understand the role of physics in innovation and its relevance to
environmental stewardship and everyday life.

Teacher Discussion Guide:

Objective:

e Introduce key physics concepts like Coulomb’s Law, electric fields, and electric potential energy
as they apply to electric vehicles (EVs) and renewable energy.

e Students will explore energy transfer, electric fields, and charge interactions in EVs, understand
voltage, current, and resistance in circuits, and analyze how these principles reduce carbon
footprints.

e The lesson fosters critical thinking about the role of physics in advancing EV and renewable
energy technologies.




Key Concepts:

Energy Transformation in EVs — Chemical energy in batteries converts to electrical and kinetic
energy, demonstrating energy conservation and transformation principles.

2. Electric Circuits and Forces — Ohm'’s Law governs electricity flow in EVs, while Coulomb’s Law
explains charge interactions and energy storage in batteries.

3. Electric Fields and Potential Energy — Electric fields influence charge movement, energy storage,
and current flow in EV systems.

4. Environmental Benefits of EVs — Reduced carbon emissions and pollution compared to
gasoline-powered vehicles contribute to environmental sustainability.

5. Charging and Energy Storage — Energy transfer during battery charging parallels everyday
charging examples, offering insights into energy storage in EVs.

Key Vocabulary:

e Charge: A fundamental property of matter that causes it to experience a force when placed in an
electric and magnetic field.

e Coulomb's Law: A law describing the force between two charged objects.

e Electric Field: A field around a charged particle that exerts a force on other charged particles.

e Electric Potential Energy: The energy a charged object has due to its position in an electric field.

e Voltage: The electric potential difference between two points, driving the flow of electric charge.

e Current: The flow of electric charge through a conductor.

e Resistance: A material’s opposition to the flow of electric current.

e Series and Parallel Circuits: Configurations of components in an electric circuit.

e Kirchhoff’s Laws: Principles for analyzing current and voltage in complex circuits (Junction Rule

and Loop Rule).

Pre-Video Discussion Questions:

1.

2.

3.

4,

How do you think electricity powers an electric vehicle (EV)?

o Encourage students to think about the role of electricity in powering devices and explore
how EVs are different from gasoline-powered cars. Introduce the concept of energy
transformation (chemical to electrical to kinetic energy).

What is Coulomb’s Law, and how might it apply to electric vehicles?

o Prompt students to discuss how electric charges interact, and how Coulomb’s Law could
help us understand the forces at work within the battery of an EV. Ask them to think
about how electric forces influence the flow of energy in the vehicle.

What is an electric field, and how does it help store energy in an EV battery?

o Introduce the idea that electric fields affect how charges move and how this impacts
energy storage in EV batteries. Encourage students to consider the importance of
electric fields in the functioning of renewable energy technologies.

How might energy transfer and transformation in EV batteries impact the environment?



o Ask students to reflect on the potential environmental benefits of electric vehicles,
focusing on how energy is transformed and how EVs can help reduce the carbon
footprint. Lead a discussion about how energy conservation can play a role in
sustainability.

5. What do you think is the connection between voltage, current, and resistance in an EV battery
system?

o Introduce the basic concepts of voltage, current, and resistance, and how they relate to
the functioning of EV batteries. Encourage students to predict how these principles
might affect the battery's performance and energy efficiency.

Pre-Video Activity

Objective: Students will explore Coulomb's Law, electric fields, and energy transformation in electric
vehicles (EVs) to understand the physics behind energy storage, electric forces, and the flow of
electricity.

Materials:

Small balloons or plastic rods

Wool or fur for charging

Ruler or measuring tape

Iron filings or electric field sensor (optional)

Circuit simulation software (optional, e.g., PhET Circuit Construction Kit)

Instructions:

1. Charge Objects:

o Use wool or fur to charge two balloons or plastic rods by rubbing them together. Have
students observe the interaction between the charged objects (attraction or repulsion)
and relate this to Coulomb's Law.

2. Measure Force:

o Have students measure the distance between the charged objects and discuss how the
force between them changes as they move closer or farther apart. Relate this to the
inverse square law of Coulomb's Law: as the distance increases, the force decreases.

3. Map Electric Fields:

o Sprinkle iron filings around the charged object or use an electric field sensor to visualize
the electric field. Discuss the direction of the electric field lines and how the strength of
the field changes with distance from the charge.

4. Energy Transfer in EVs:



o Have students discuss how energy is transferred and transformed in an EV battery, from
chemical energy to electrical energy, and then into kinetic energy (movement). Relate
this to the energy conservation principles observed in the experiment.

Analysis:

e Discuss how the force between charges follows Coulomb’s Law and how this relates to the flow
of electricity in EV batteries. Encourage students to think about how electric fields help store and
move charges within the battery.

e Have students calculate the theoretical force between the charges using Coulomb’s Law and
compare the calculated results with their observations.

Extension Activities:

1. DC Circuit Simulation:

o Using a circuit simulation tool (e.g., PhET Circuit Construction Kit), have students build
simple circuits (series and parallel) and analyze how voltage, current, and resistance
interact in each configuration.

o Ask students to calculate current, resistance, and voltage using Ohm's Law and
Kirchhoff’s Laws, then compare their findings to real-life applications such as EV charging
systems.

2. Electric Field Strength in Real-Life Scenarios:

o Research how electric fields and charge interactions are used in technology such as
capacitors, MRl machines, or air purifiers.

o Have students write a report explaining the role of electric fields in one of these
technologies, and incorporate mathematical concepts like Coulomb’s Law or electric field
strength.

3. Environmental Impact of Electric Vehicles:

o Ask students to research the environmental impact of electric vehicles and renewable
energy.

o Have them create a presentation that explains how the principles of energy
transformation and electric charge distribution contribute to the sustainability of EVs
and renewable energy technologies, focusing on reducing carbon emissions.

4. Energy Storage and Efficiency in Renewable Energy:

o Explore how energy storage systems (like batteries) are used in renewable energy
technologies (solar, wind).

o Have students investigate how energy efficiency in these systems is influenced by
electric fields, charging mechanisms, and the flow of current, and then create a model or
diagram of a renewable energy system.



Post-Video Discussion Questions

1. Why are electric vehicles (EVs) considered more environmentally friendly than gas-powered
cars?

Answer: EVs produce no carbon emissions during operation, unlike gas vehicles, which emit
harmful pollutants from burning fossil fuels. The interview highlighted that while electricity
production still has a carbon footprint, it’s easier to decarbonize energy production than to
address emissions from millions of cars.

2. What advancements are being made in EV battery technology, and how might they impact
sustainability?

Answer: Jing Lions mentioned improvements in battery chemistry, load management, and using
batteries as energy storage on the grid. These advancements will make batteries more efficient
and contribute to a sustainable transportation system by reducing waste and supporting
renewable energy use.

3. How might urban centers evolve as EV adoption increases?

Answer: The interview suggested that urban areas will change as gas stations become less
centralized. Charging stations might appear in locations like restaurants or community spaces,
creating a more integrated and accessible charging infrastructure.

4. How can students and schools engage with EV technology and sustainability efforts?

Answer: The interview recommended participating in events like sustainability summits or
science education days. Students can also explore EV technology hands-on, such as
experimenting with batteries and circuits to understand the underlying physics.

5. What is the connection between energy transformation principles and EV efficiency?

Answer: EVs transform chemical energy in batteries into electrical energy and then kinetic
energy to power the motor. This energy transfer process is highly efficient compared to the
combustion of fossil fuels in gas-powered vehicles, which lose significant energy as heat.

6. What opportunities exist for community engagement in renewable energy and EV adoption?



Answer: Community groups and events, such as sustainability summits, offer chances to learn
about EVs and renewable energy. These activities help educate the public and foster
collaboration on building a green future.






