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DESCRIPTION  
Through a series of goal-oriented activities and research, students will build physical 
models that demonstrate the interactions between magnetism and magnetic fields as 
well as interactions between magnetism and electric fields. Students will be 
challenged to engineer devices that: change a magnetic field using electricity, 
creating a magnet using electricity, and inducing a changing magnetic field using a 
magnet. This lesson is suitable as an introduction to electromagnetism for various 
purposes especially for electricity generation (wave and tidal power, hydropower, 
wind power, and fossil fuel electricity generation). 

GRADE LEVEL(S) 
6, 7, 8 

SUBJECT AREA(S) 
Electromagnetic Induction, Faraday’s Law, Electromagnets, Magnetic Properties of 
Current-carrying Wires 

ACTIVITY LENGTH 
4 class periods (~50 minute class periods) 

LEARNING GOAL(S) 
1. Students will demonstrate energy transfer through space using 

electromagnetic phenomena. 
2. Students will design a model that demonstrates that a current-carrying wire 

can induce magnetism.  
3. Students will define and build an electromagnet. 
4. Students will demonstrate electromagnetic induction.  
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STANDARDS REMINDERS 
• On the first day of background research, get students thinking about 

questions they have from the texts and videos that they might be able to 
answer experimentally. At the end of this lesson, have students compare 
informative videos/articles with their experiments. 

• This introductory lesson allows students to build and manipulate models. 
Encourage students to think about the usefulness of building and testing 
models to explain phenomena even when they aren’t taking quantitative data. 

• Students should be looking at how they can find evidence that fields exist 
between objects that are not in physical contact in these experiments. 

• Students should use the lens of energy and forces to make claims about what 
is happening. 

EXPECTED CONTENT UNDERSTANDING 

STUDENT BACKGROUND 
Students participating in this lesson should be familiar with the following scientific 
concepts and practices: 

• The engineering design process 
• Electricity basics: 

o Electricity involves electrons flowing through conductors (metals) 
o Batteries store energy that can be transformed into electricity  

• Magnetic fields 
• (Optional) electricity and magnetism are connected somehow 
• (Optional) electric fields 

EDUCATOR BACKGROUND 
Educators leading this lesson should be familiar with electromagnetic induction and 
the Engineering Design Process (see unit plan for details). Note: magnet wire is 
insulated! Save yourself (and your students) a headache by remembering to use 
sandpaper on the ends to remove the insulation). Or, make it a part of the learning 
progression. Pose a question about the wire (as simple as “Is this wire insulated?”) to 
prompt a discussion about scientifically testing a hypothesis.  

REQUIRED MATERIALS 

HANDOUTS/PAPER MATERIALS 
• Student Science Journals 
• Lesson 1: “How Electromagnets Work” Article and Questions Worksheet 
• Lesson 1: “The Sticking Power of Electromagnets” Article and Questions 

Worksheet 
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CLASSROOM SUPPLIES 
• Scissors 
• Transparent tape 
• Safety goggles 

ACTIVITY SUPPLIES (PER GROUP OF 3-4 STUDENTS) 

DAY 1: N/A 

DAY 2: MAGNETISM PRODUCED BY AN ELECTRIC CURRENT 

• (1) 25 centimeters magnet wire 
• (2) Alligator clip test leads 
• (1) Foam cup 
• (1) 3 inch by 5-inch index card 
• (1) 9-volt battery 
• (1) Rare earth magnet  
• (1) Piece of sandpaper  

DAY 3: BUILDING AN ELECTROMAGNET 

• (1) 50 centimeters magnet wire 
• (2) Alligator clip test leads 
• (1) Iron nail 
• (1) Piece of sandpaper  
• (1) Compass 
• (1) 9-volt battery 
• (10) Steel paper clips 

DAY 4: DEMONSTRATING ELECTROMAGNETIC INDUCTION 

• (2) 180 cm magnet wire 
• (2) Alligator clip test leads 
• (1) 5 ¼ inch soda bottle preform 
• (1) 60 milliliter plastic jar 
• (1) Piece of sandpaper 
• (1) Rare earth magnet 
• (1) Compass 

LESSON PROGRESSION 

PLANNING AND PREP 
This lesson is designed to span 4 days. Students will need a scientific notebook for 
each day. Each group of 3-4 students will then get an “engineering kit” for the day’s 
activity. Having those materials grouped and ready for distribution is extremely 
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helpful and time-saving. Note on safe battery usage: Do not complete the 
circuits with 9-Volt batteries for longer than 10 seconds at a time 
because the batteries (and wire) can become very hot due to the low 
resistance of the wires.  

Day 1: Watching videos and reading articles. Print worksheets. Students will 
need either their individual science notebooks or printouts of a KWL chart (google or 
create your own, e.g. https://en.wikipedia.org/wiki/KWL_table). Students will need 
two article/worksheet combinations (How Electromagnets Work and The Sticking 
Power of Electromagnets). 

Day 2: Affecting a magnetic field using electricity. Prepare Kits. Students will 
work in groups of 3-4 and each group will build an electromagnet that induces a 
magnetic field. Students will need the “electromagnetic induction kit” and their 
scientific notebooks. 

Day 3: Creating a magnet using electricity. Set-up video projection system 
and prepare kits. Students will watch a video and then create two electromagnets 
that will each pick up paperclips. Each student group will need one “electromagnet 
building kit” and their scientific notebooks. 

Day 4: Inducing a changing magnetic field using a magnet. Set up 
computers by downloading PhET simulations (Faraday’s Electromagnetic Lab (PhET 
2016, https://phet.colorado.edu/en/simulation/faraday). Prepare kits. Students will 
need access to computers for the simulation (note that as of September 2017, this 
simulation is only available via Java and will therefore not work with Chromebooks or 
iPads) 

LESSON SEQUENCE  

DAY 1: BACKGROUND INFORMATION 

1. (10 min) Warm-up: Have student share what they know about magnets and 
electricity. Students could complete a KWL (“What I Know,” “What I Wonder,” 
“What I Learned”) chart or take notes in their science journal. 

2. (10 min) Watch YouTube video “Magnetism and Electromagnetism Tutorial”  
(2014) from ScienceBuddiesTV (https://youtu.be/V-Gus-qIT74). This video 
discusses the properties of a magnet, a circuit relative to a magnetic field, and 
the construction of an electromagnet. 

3. (25 min) Read and answer questions on two sections of the article “How 
Electromagnets Work” (Brain and Looper 2000). Students may read online or 
use Lesson 1: How Electromagnets Work Article and Questions Worksheet and 
Lesson 1: The Sticking Power of Electromagnets Article and Questions 
Worksheet. 
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4. (5 min) Have a class discussion about electromagnets. Have students share 
observations, knowledge and questions. 

DAY 2: MAGNETISM PRODUCED BY AN ELECTRIC CURRENT 

1. (10 min) In their notebooks have students summarize what they read 
yesterday in 7 quick facts. Students will then share facts with partners and 
groups.  

2. (25 min) Inform students that they will be using the engineering design cycle 
to create models that will induce magnetism using electric currents. Ensure 
that students are clear on the engineering design cycle and what questions, 
observations, or other ideas they should be recording in their notebooks. Ask 
(post on the board): What factors can you change to affect the magnetic field 
in a given location? What evidence will indicate that the magnetic field has 
changed? While students are building and investigating with their materials, 
teacher will roam to ask questions to prompt students towards being able to 
answer the discussion questions at the end of class (See Figure 1 for an 
example of a successful model). Students should explicitly reference the 
engineering design during this process. The version listed below is based on 
the Engineering Adventures version of this process (eie.org): 

a. Identify/Investigate: students identify the problem and record any 
background knowledge or research that they have already done (this 
could include looking back through their notes from the previous class). 

b. Imagine/Plan: students draw out what their models could look like in 
their notebooks using the materials at hand. 

c. Create/Test: Students build out their first iteration, taking notes on 
evidence that indicates whether or not they have changed a magnetic 
field. 

d. Improve: Students note changes they might make to make their device 
successful or better and then implement at least one of these changes. 

e. Communicate: Students answer questions, individually and/or as 
teams/whole group to discuss their models and the underlying science 
concepts that they are uncovering. 

Without giving them the prompts, each group should be able to answer 
some if not all of the answers to the following discussion questions after 
this investigation). Figure 1 diagrams one potential setup that may help to 
answer question 3b of the discussion questions below. In this image, the 9-
volt battery is connected to two alligator test leads. Each of those 
“connector cords” are then connected together with a stretch of magnet 
wire. This wire runs below a compass resting on top of a “tent” made of a 
foam cup and index card.  
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3. (10 min) In their groups, have students discuss and record their responses to 
the following discussion prompts in their scientific notebooks. If your students 
are not familiar with circuits and current flow (e.g. how to “reverse the 
current”), consider either changing the question to ask about switching wires 
around or consider adding a background lesson on circuits. 

a. Based on your observations what was the effect of the 
magnet on the compass needle? Sample student observations: The 
compass spun around a number of times until it pointed at the magnet. 
The magnet had a pull or attraction, which caused the compass to move 
in its direction. If the magnet was not near the compass it pointed North. 
This direction would change depending on the location of the magnet. 

b. What was the direction of the red tip of the compass needle 
with electric current traveling through the wire? What 
happens when the current is reversed? Sample student 
observations: When the battery was first hooked up the compass needle 
moved counter-clockwise. When we reversed the current the compass 
needle moved clockwise. They seem to be opposite reactions of one 
another. 

4. (5 min) Have each group of students share their model and findings with the 
rest of the class. 

DAY 3: BUILDING AN ELECTROMAGNET 

1. (10 min) Warm-up: Show a video of a junkyard crane such as “ The 
Electromagnetic Car Crane” (gregtennant 2009, 
https://youtu.be/nvyL5s6hLjk)  

Figure 1. Example model of magnetism produced by an electric current. 
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a. Ask students how this process might work. When students are talking 
about magnets (whether on their own or through prompting), ask them 
how this magnet is different to magnets that students have been 
working with so far this week. Note: it is important to have students 
note the ability of the magnet to be turned on and off. 

2. (25 min) Pass out materials to group of 3-4 students. Students are going to 
use the engineering design cycle and build two electromagnets (one with nail 
and one without) that can pick up paperclips. Students should reach the 
conclusion that they must wrap wire into a number of coils to induce a 
magnetic field that will “stick” paperclips to the device and that using the nail 
is much more effective. 

a. Identify/Investigate: students are identifying their goal is to “build and 
electromagnet that can pick up paperclips, one using a nail and one not 
using a nail” and writing down questions they have about this goal.  
Also they are given the chance to explore materials and use 
background knowledge from their previous work.  

b. Imagine/Plan: students draw out what their models could look like in 
their notebooks using the materials at hand 

c. Create/Test: Students build out their first iteration, taking notes on how 
well it was able to pick up paperclips 

d. Improve: Students are careful to take notes in their journals about what 
was successful and what was not, and the changes they made to their 
design. 

e. Communicate: answering both individually and as a group the questions 
in section 3. 

3. (10 min) Have groups discuss the following discussion prompts and record 
their responses in their scientific notebook: 

a. Explain the challenges and successes you faced with building 
the electromagnet. Sample student response: One challenge that my 
group members and I faced was figuring out how to wrap the wire 
around the nail tightly. At first we did not wrap it tight enough and we 

Figure 2. Model of electromagnet. 
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had to rewrap the wire three times before we got it tight enough. A 
success that we had was that our electromagnet worked. I really did not 
think it would. 

b. How many paper clips were you able to pick up with the 
electromagnet with the nail (iron core)? How many were you 
able to pick up with only the wire (with no nail)? Why do you 
think there is/isn’t a difference? Sample student response: We were able 
to pick up 5 paper clips with the nail and only one without. We thought 
that there was a difference because the iron nail increases the magnetic 
pull and made the electromagnetic stronger. 

c. What were the effects on the compass with the 
electromagnet with the nail and without? Sample student 
response: The electromagnet with the nail was much stronger. It caused 
the magnet to move from a farther distance. We had to almost touch 
the wire to the compass when there was no nail. 

4. (5 min) Have each group of students share their electromagnets and findings 
with the rest of the class. 

DAY 4: ELECTROMAGNETIC INDUCTION 

1. (15 min) Warm-up: Give students time to explore PhET Simulations, specifically 
Faraday’s Electromagnetic Lab (PHET 2016, 
https://phet.colorado.edu/en/simulation/faraday) 

a. Have students explore of 10 minutes and record observations in their 
notebook. Students should be able to use information from Days 1, 2, 
and 3 to make connections about what is occurring in the simulations. 

2. (25 min) Pass out materials to student groups. Inform students that they will 
be using their prior knowledge about these concepts and the engineering 
design cycle to create a magnetic field using electromagnetic induction. 
Before handing out materials, review with students again how the compass 
reacts to current and how magnets interact with wrapped wire. Again, ensure 
students are identifying where they are at during the cycle as they execute 
each stage: 

a. Identify/Investigate: review the goal of this activity, write down 
questions, and look at materials. 

b. Imagine/Plan: sketch out and discuss potential methods for inducing a 
current using magnets and different sets of wire wrapping. 

c. Create/Test: build first iteration and record the results of different 
actions e.g. moving the magnet in different areas and determining how 
to use the compass as a gauge of success. 

d. Improve: manipulate different variables within the system and record 
the results after returning to the previous steps. 

e. Communicate: answer section 3 question as a group and whole-class.  



LESSON PLAN 

Page 9 of 10 

3. (5 min) Have groups discuss the following question and record their responses 
in their scientific notebook:  

a. How does magnet movement affect the compass? Sample 
student response: When the magnet was moved in and out of the coil 
there was a greater change in the compass needle. If the magnet stayed 
still in one spot the compass would move and stay. 

4. (5 min) Have each group share their model and findings with the class. 

ASSESSMENT AND EXTENSIONS 

FORMATIVE ASSESSMENT 
Teacher should be making observations and notes throughout the investigations. 
Students can be assessed on their written responses, group responses and teacher 
observations. As preconceptions and erroneous conclusions develop within the class, 
determine whether another day of exploration or testing will be necessary (possibly 
as Day 5 with all previous kits available). 

SUMMATIVE ASSESSMENT 
N/A 

 

 

 

Figure 3. Electromagnetic Induction Model (on the left is the preform and the 
right is the jar). 
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LESSON EXTENSIONS 
Whether as an assessment or to deepen understanding with real-world connections, 
students can create a project showing how and where electromagnets are used in 
real life. This can be done through a poster, book, presentation or song. Additionally, 
students could journal about potential jobs that incorporate electromagnetism into 
their day-to-day. 
 


