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Name: ___________________________ Grade: ____ of 30 

Electric & Magnetic Lab 
Simulator: Charges & Magnet Fields Simulation 

• This lab provides a basic exploration of Electro & Magnetic fields via a PhET
simulation.

Learning Goals: You will use a simulation to:
• Predict the direction of the magnet field for different locations around a bar magnet

and electromagnet
• Identify the characteristics of electromagnets that are variable and what effects each

variable has on the magnetic field's strength and direction
• Relate magnetic field strength to distance quantitatively and qualitatively

Background: 
The ancient Greeks and Chinese discovered that certain rare stones, called lodestones, 
were naturally magnetized. These stones could attract small pieces of iron in a seemingly 
magical way, and were found to always point in the same direction when allowed to swing 
freely, suspended by a piece of string, or floating on water. Early navigators used these 
magnets as rudimentary compasses to help them determine their direction while at sea. 

Theory: 
Magnets can be made by placing a magnetic material, such as iron or steel, in a strong 
magnetic field. Permanent, temporary, and electromagnets can be produced in this manner. 

The atoms forming materials that can be easily magnetized such as iron, steel, nickel, and 
cobalt are arranged in small units, called domains. Each domain, although microscopic in 
size, contains millions of billions of atoms and each domain acts like a small magnet. If a 
magnetic material is placed in a strong magnetic field, the individual domains, which 
normally point in all directions, will gradually swing around into the direction of the field. They 
also take over neighboring domains. When most of the domains are aligned to the field, the 
material becomes a magnet. 

Magnets attract certain materials and have an effect on electrical conductors when the magnet and 
the conductor are moving in relation to each other. Magnets transform energy from one form to 
another, without any permanent loss of their own energy- so really cool devices worth studying! 

https://phet.colorado.edu/sims/cheerpj/faraday/latest/faraday.html?simulation=magnet-and-compass
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Part I: Charges & Fields (12 points) 

Investigation: Exploring Charges & Fields  
Procedure – Go to URL here. We will use this Simulation environment 
for some of today’s activities.  
 
To the right is an initial screen shot of the website. 

 
In the simulator the Red portion of the magnetic represents the North Pole of the Magnetic 
while the White part represents the South Pole of the Magnetic. 

In the simulator external to the magnetic is the magnetic field of charged particles. The 
Red arrows represent a positive charge, while the White part represents the negative 
charge of the Magnetic. 

 
1. Uncheck “Show Compass”. On the Compass the Red Arrow is the North wns 

qhilw trhe White side is the South side. 
 

2. Which of the magnet’s poles do the red arrows point away from? [North/South] 
______________ 

  
3. Which of the magnet’s poles do the red arrows point toward? [North/South] ______________ 

4. Check “Show Compass” and move the compass around the screen.  
 
a) Do the magnetic field lines change? [Y/N] ____________ 

b) Why or why not? ________________________________________________________ 

 

5. Which side of the compass always points to the south side of the magnet? [North/South] 
______________ 

a. Why? ______________________________________________________________ 

 
6. Move the compass to the far side of the screen and Check “Show Planet 

Earth” 
 

a. Which of Earth's poles does the Red Arrow of the compass point to? 
[North/South] ______________ 

b.  Which of Earth's poles does the White Arrow of the compass point to? [North/South] 
______________ 

c. Why do you think the red part of the compass needle always points to Earth’s North 
Pole? _______________________________________________________________ 

https://phet.colorado.edu/sims/cheerpj/faraday/latest/faraday.html?simulation=magnet-and-compass
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7. Let’s explore the Magnetic Field of the Magnetic 

a. Uncheck the “Show Planet Earth”.  
b. Check the “See Inside Magnetic, Show Field, Show Compass, Show 

Field Meter” boxes. 
 

8. Place the Magntic Filed Meter inside the Bar Magnet (Point “A” below). 
a. What is the overall Magnetic Field Strength? ___________ G. Record 

your results in the table provided below. 
Reminder: the magnitude of the vector is the Square Root of the sum of the 
squares of the x-component and y-component! 𝐵𝐵 =  �𝐵𝐵𝐵𝐵2 + 𝐵𝐵𝐵𝐵2 
 

b. Notice that the Magnetic Field Strength is a Vector Quantity. Why is the y-
component of the Magnetic Field Strength (By) nearly 0 Gauss (G)? 
_____________________________________________________________ 

 
9. Now move the Magntic Field Meter to the point right where the Gray and Red parts of 

the Magnet meet (Point “B” below).  
a. Record in the table below the overall magnetic Field  

10. Now move the Magntic Field Meter to the point left where 
the Gray and Lite Grey parts of the Magnet meet (Point 
“C”).  

a. Record in the table below the overall magnetic 
Field  

11. Now move the Magntic Field Meter to a point right of the 
Magnet’s North Pole 4 “charge units” as show in the 
figure (Point “D).  

a. Record in the table below the overall magnetic 
Field  

12. Now move the Magntic Field Meter to a point left of the Magnet’s South Pole 4 “charge 
units” as show in the figure (Point “E”). 

a. Record in the table below the overall magnetic Field   
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Magnetic Field Strength at Various Points 
Point B (G) 

Middle- A _________ 

North Side in Magnet- B _________ 

South Side in Magnet-C _________ 

4 units to right of North Side-D _________ 

4 units to left of South Side-E _________ 

 

13. Answer the following questions on your data: 

a. What do you notice relative to the overall Magntic field Intensity as the Magnetic 
Field Meter is moved further from the middle of the magnetic? 
_______________________________________________________________ 

b. What can you say about the symmetry of the measured Magnetic charge? 
________________________________________________________________ 

 

 

 

Part II 

Investigation: Charges & Fields (8 points) 
Procedure – Go to URL here. We will use this Simulation environment 
to support some of today’s activities.  
 
1. Check the box on the right for “Direction Only”. 
 
2. Drag one of the +1 nC red dots onto the middle of the screen. This represents a 

positive electric charge. 
 
a. Which direction do the Electric Field arrows point? ____________________________ 

b. Is this similar to the North Pole or the South Pole of a magnet? _______________ 
 
3. Drag another of the +1 nC red dots onto the middle of the screen.  

a. Which direction do the Electric Field arrows point now? 
____________________________ 

4. Remove both dots from the screen. 
 
5. Drag one of the -1 nC blue dots onto the middle of the screen. This represents a 

https://phet.colorado.edu/en/simulation/charges-and-fields
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negative electric charge.  
a. Which direction do the Electric Field arrows point? ____________________________ 

b. Is this similar to the North Pole or the South Pole of a magnet? _______________ 
 
6. Drag another of the -1 nC blue dots onto the middle of the screen.  

a. Which direction do the arrows point now? ____________________________ 

 
7. Remove one of the -1 nC blue dots from the screen. 
8. Drag one of the +1 nC red dots onto the middle of the screen 

a. Which direction do the arrows point now? ____________________________ 
 
9. How are magnetic fields that you learned about in the previous section and the electric 

fields that you learned about here in this section similar? 
__________________________________________________________________________ 

 
 
Part III 

Investigation: Faraday’s Law (6 points) 
 
As you remember form our previous lab on Simple Electronic circuits a 
complete path is required to generate a current through a simple circuit 
requiring a Source (i.e. battery), a load (i.e. a Lamp), and wire connecting them.  
In this experiment there is not a Battery source (like a Battery) and a Load (Lamp) is directly 
connected to a coil of wire. 
 
Procedure – Go to URL here. We will use this Simulation environment to support the 
remainder of today’s activities.  
 
1. Enable the 2-coil option in the simulation. Check the Voltmeter and Field Lines boxes. 
 
 

 
 
 
2. Now, slowly move the magnet into the shorter coil of wire (the coil near the top).  What 

happens to the voltage when the magnetic field lines that are closer together (at the 

BE SURE TO SELECT THIS OPTION TO VIEW 
LESS AND MORE COILS OF WIRE. 

https://phet.colorado.edu/en/simulation/faradays-law
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North and South Poles) move through the wire, compared to when the middle of the 
magnet moves through the coil? 

_________________________________________________________________________
_________________________________________________________________________ 

 

3. Next, move the same magnet through the longer coil of wire (the coil near the bottom).  
Move the magnet the same as you did for the previous question.  Do you notice any 
differences in voltage?  Why or why not? 

_____________________________________________________________________________
_____________________________________________________________________________ 

 

4. Describe what you learned about the relationship between magnetism and electricity 
based on your observations. 
______________________________________________________________________
______________________________________________________________________ 
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Part IV: Putting it all together: Choose the Correct Answer (4 points) 
 

1) Which compass shows the correct direction of the magnet field at 
point A? ______ 

a)  
 
  

b)  c)  d)  

 

2) What would you expect the light to do if you change the coils from 2 to 3 
and you move the magnet the same speed? ______ 

a) Show the same brightness 
b) Show less brightness 
c) Show more brightness 

 
 

3) Which would be a stronger magnet?______ 
a) A 
b) B 
c) They would be the same 
d) Not enough info to answer 

 

4) Which would be a stronger magnet?______ 
a) A 
b) B 
c) They would be the same 
d) Not enough info to answer 

 

A B
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