Green Tools and Toys
Project Title: Green Tools and Toys, an Electricity/Magnetism PBL for Physical Science
Project Idea: The class will receive a letter (Letter from GT and T Company to Students) from the Green Tools and Toys Company which manufactures “green” electrically-operated tools and toys that do not need to be plugged into an outlet and also are friendly to the environment.  The letter will request student assistance for developing ideas for new products.  After the students have been given an opportunity to learn about electricity and magnetism, they will collaborate in small groups to develop a tool or toy that meets the criteria given by the company.  After building a prototype, groups will present their toy or tool to another class and make video clips of their toy or tool to post on the school website.

Entry Event: As students enter the classroom, a solenoid flashlight that lights after being shaken will be shown to them.  Then they will be presented with a letter (Letter from GT and T Company to Students) from a company called “Green Tools and Toys” which manufactures electrically-operated tools and toys that do not need to be plugged into an outlet and also are friendly to the environment.  The CEO will ask the students to develop ideas for new products.  Before students start designing their own product, they will be assigned to groups and will organize their ideas on a K-W-L chart.  They will list what they already know about electricity and magnetism and what they know about the request from the company.  They will then list what want to learn about electricity and magnetism that will be helpful to them as they design their new product, and they will include what they must learn about the products they will consider for the project.
*Bold faced refers to documents found at the bottom of the PBL.

Content Standards:  
	Standards Directly Taught or Learned Through Discovery
	Identified Learning Targets
	Evidence of Success in Achieving Identified Learning Target

	S.HS.PS.6 develop a model to illustrate that the release or absorption of energy from a chemical reaction system depends upon the changes in total bond energy.
S.HS.PS.17 design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
S.HS.PS.19 develop and use a model of two objects interacting through electric or magnetic fields to illustrate the forces between objects and the changes in energy of the objects due to the interaction
DDS.9-12.8 achieve school success

TCS.9-12.23 Innovation and Design


	Diagram and describe the patterns of magnetic fields around bar magnets.  Use observations of magnetic fields around bar magnets and predict patterns around magnets of other shapes.  Use iron filings to experimentally determine and describe the magnetic fields.
Use appropriate vocabulary to describe circuits (electron current, conventional current, series and parallel circuits, voltage, resistance); draw circuit diagrams; describe direct current; construct and diagram series and parallel circuits; compare the voltage and current for series and parallel circuits.

 

Know the terms in Ohms Law and the power equation (voltage, current, resistance, power); rearrange and solve for unknowns using the equations V=IR and P=IV, expressing answers with the correct units.  
Explain how magnetic fields are caused by the movement of charged particles (i.e., electrons through a wire or around atomic nuclei); demonstrate how a magnetic field is created around a current-carrying. 

Explain how a changing magnetic field can be used to create an electrical current; demonstrate how magnets and coils of wire can be manipulated to create an electric current.

	Students will successfully complete the Mag Field Lines Lab – Using iron filings, students will diagram and describe the magnetic fields around bar magnets; after predicting the pattern of the magnetic field lines around horseshoe and circular magnets, determine and diagram the actual pattern.  The student will successfully complete the GT and T Test.
Students will successfully complete the DC Lab which includes constructing and diagramming series and parallel circuits, indicating the directions of electron current and conventional current, and using a multi-meter to measure voltage and current.  The student will successfully complete the GT and T Test.
The student will successfully design and construct an electrically-operated tool or toy that does not need to be plugged into an outlet and also is friendly to the environment.  The student will draw a circuit diagram for the tool or toy, assessed using the rubric GT and T Product Rubric.
 

Students will successfully use the Ohm’s Law and power equations, as evidenced in the following:
Circuit Calculations Practice 
Circuit Calculations Quiz 
GT and T Test

The student will successfully complete the 
E and M Relationship Lab analysis and conclusions. 
The student will demonstrate mastery of this objective in the GT and T Product Rubric and in the Video Clip Rubric.  
Design, develop, test and revise prototypes, embracing the cyclical process of trial and error and understanding problems or setbacks as potential opportunities for improvement.


Performance Objectives:  
Know  
The differences between static electricity and electric current

Parts of a battery and parts of a light bulb

The differences between electron current and conventional current

The differences between series and parallel circuits

The relationship between electricity and magnetism

The possible impacts of the product components on the environment
Do

Construct series and parallel DC circuits.

Draw circuit diagrams and indicate the directions of electron current and conventional current.

Use a multi-meter to measure voltage and current.

Create data tables to compare series and parallel circuits.

Use the equations P=IV and V=IR with correct units.

After predicting the pattern of the magnetic field lines around bar, horseshoe, and circular magnets, use iron filings to determine the actual pattern; diagram results.

Demonstrate how a magnetic field is created around a current-carrying wire.

Demonstrate how a changing magnetic field can create an electric current.

Draw and use diagrams to explain the qualitative relationship between electricity and magnetism.

Explain how electricity and magnetism are related. 

Work collaboratively to design and create an electricity-operated tool or toy that does not need to be plugged into an outlet and is friendly to the environment.  
Present the final product to another class.

Make video clips of their tool or toy.
Post the video clip on the school website.
Driving Question:  How can we develop electrically-operated tools and toys that do not need to be plugged into an outlet and also are friendly to the environment?
Assessment Plan:  
	Major Group Products


	Collaborate to design and construct electrically-operated tool or toy

(GT and T Collaboration Rubric, GT and T Product Rubric)  

Presentation of tool or toy to another class

(GT and T Presentation Rubric)

Video clip of project (Video Clip Rubric); post on school website

	Major Individual Products

	Static Tape Lab 
DC Lab 
Circuit Calculations Practice and Circuit Calculations Quiz
Magnetic Field Lines Lab
E and M Relationship Lab
Student Activity Log
Self-and peer-evaluation during project development 
Test on electricity and magnetism (GT and T Test)


Assessment and Reflection:
	Rubric(s) I will use: (Check all that apply.)
	Collaboration
GT and T Collaboration Rubric
	X
	Written Communication
	

	
	Critical Thinking & Problem Solving
GT and T Product Rubric
	X
	Content Knowledge
	

	
	Oral Communication
GT and T Presentation Rubric
	X
	Other
Student Activity Log Rubric  
Video Clip Rubric
	X

	Other classroom assessments for learning: (Check all that apply) 
	Quizzes/ tests
Circuit Calculations Quiz  
GT and T Test
	X
	Practice presentations
	

	
	Self-evaluation
	
	Notes
Circuit Calculations Practice 
Static Tape Lab
DC Lab
Mag Field Lines Lab
E and M Relationship Lab
	X

	
	Peer evaluation
	
	Checklists/observations
	

	
	Online tests and exams
	
	Concept maps
	

	Reflections: 
	Survey
PBL Reflection
	X
	Focus Group
	

	
	Discussion
	
	Task Management Chart
	

	
	Journal Writing/ Learning Log
Student Activity Log
	X
	Other
	


Map the Product: Students will be given a letter from a company called “Green Tools and Toys” which manufactures “green” electrically-operated tools and toys that do not need to be plugged into an outlet and also are friendly to the environment.  They will be given an opportunity to learn about electricity and magnetism and collaborate to develop a tool or toy for that company.  After building a prototype, they will present their tool or toy to another class and make video clips of their tool or toy to post on the school website.
Product: The product is the tool or toy that the group has designed and created.
	Knowledge and Skills Needed
	Already Have Learned
	Taught Before the Project
	Taught During the Project

	1. Proper lab behavior and safety such as preventing short circuits
	x
	
	x

	2. Scientific inquiry methods
	x
	
	

	3. How to construct simple circuits using batteries, bulbs, wires, and switches
	
	
	x

	4. How to keep electrical components connected (i.e., battery holders, clamps, electrical tape)
	
	
	x

	5. How to determine the number of batteries needed to light a given light bulb and how the batteries should be connected
	
	
	x

	6. How to use a multi-meter to measure voltage and current
	
	
	x

	7. How to include other circuit components such as motors and solar panels
	
	
	x

	8. How different components of the circuits may negatively impact the environment
	
	
	x


Resources: 

School-based Individuals: 
Marketing teacher – their class could watch the product presentations to determine which products could          possibly be marketed

Art teacher – could visit the class to provide input on artistic design of the products

 
Technology:

Technology coordinator – could assist with film clips to post on the school website
Community:

Friend in community – could pose as the CEO from the company and attend the product presentations


Environmental professor from a college or university – could visit the class to discuss the environmentally-friendly component of the electronic tools and toys

 
Materials:

For introduction of project: solenoid flashlight, flip chart paper, masking tape, markers

For Static Tape Lab - Electricity vs. Current: several rolls of transparent Magic tape, “energy balls” 

For DC Lab (and project design): wires (lots of short pieces of wire, preferably with clips), flashlight bulbs (3 per group; able to handle 4.5V), switches (1 per group), 1.5 V batteries (3 per group), battery holders, electrical tape, multi-meters

For Mini-Lab on Resistors: batteries, wires, steel wool, balloons

For Mag Field Lines Lab: magnets (bar, horseshoe, circular), flat sealed containers of iron filings 

For E and M Relationship Lab: long wire (~50 cm), battery, large Styrofoam cup, four small directional compasses, iron nails, paper clips, galvanometer, two bar magnets, solenoid coil (optional) 

Additional materials for project design: motors, LEDs, solar cells, additional materials requested by students (within reason, given monetary limitations)

For presentation: flip-charts, computer, projector, printers (as needed)
For video cameras, computers, internet, USB cable
Manage the Process: 
WEEK 1:
 

Introduction of project: 

(Materials: solenoid flashlight, copies of letter for each student, flip chart paper, masking tape, markers)

As students enter the classroom, a solenoid flashlight that lights after being shaken will be shown to them by the teacher.  The students will be presented with a letter (Letter from GT and T Company to Students) from a company called “Green Tools and Toys” which is interested in manufacturing electrically-operated tools and toys that do not need to be plugged into an outlet and also are friendly to the environment.  The company would like for the students to develop ideas for new products.  Clip art for the entry letter document in this PBL are from Art Explosion 250,000 Images, CD-ROM. California: Nova Development Corporation, 1995-97.  

 

Project groups will be assigned by the teacher.  Using flip chart paper, groups will develop a plan using a K-W-L chart, including what they already know about electricity and magnetism that will be helpful for the project, and what they want to learn before they start designing their own product.  If it is determined during the KWL activity that students actually know information that is targeted by specific activities outlined for this PBL, those activities (or parts of the activities) may be omitted from this lesson.  

 

They should also determine a team name for their group.  The teacher will reiterate specific project requirements (design and construct an electrically-operated tool or toy that does not need to be plugged into an outlet and is environmentally-friendly; present product to a marketing class; make a video of the product to post on school website) and allow students to modify their charts. 

 

Static electricity vs. current:

Static Tape Lab
(Materials: transparent Magic tape, copies of lab sheets for each student)

 

“Energy Balls” activity…these can be ordered on-line at https://www.teachersource.com/product/energy-ball/electricity-magnetism
 When two electrodes are touched to complete the circuit, the ball will light and make a sound.  The class will stand in a circle and hold hands to complete the circuit; students can release hands to open the ‘switch’.  The class will be divided into small groups and an energy ball will be given to each group.  They will be asked to create a circuit in which a ‘switch’ can be opened but the ball still lights.  This will be used to show a parallel circuit in which there is more than one pathway for the current to flow.  If time permits, the teacher can also take apart an energy ball to show how it works.

 

Each group will be presented with a flashlight bulb, a square of aluminum foil, and a battery.  They will be challenged to make the bulb light up.  The teacher will identify the parts of the batteries and light bulbs; the differences between electric current and conventional current will be explained.  

 

The teacher will assist the students in starting a “Word Wall” where new words and their definitions can be posted during the project.

 

Groups will be given time to work on their projects.  

Each student will use a Student Activity Log to record their contributions to the group; notes on design ideas, construction, testing, and modifications; and reflections on the group meeting.  The logs will be used for each group meeting.  The teacher will discuss the Student Activity Log Rubric (contributions, notes & design ideas, construction & modifications, reflections, number of entries, appearance); a copy will be posted in the classroom. The activity logs will be checked (and initialed) periodically for completion by the teacher.

 

WEEK 2:
 

DC Lab
(Materials: wires (lots of short pieces of wire, preferably with clips), flashlight bulbs (3 per group; able to handle 4.5V), switches (1 per group), 1.5 V batteries (3 per group), battery holders, electrical tape, multi-meters)

Student will construct and diagram series and parallel circuits; indicate the directions of electron current and conventional current; and use a multi-meter to measure voltage and current.

Students will create data tables to compare series and parallel circuits.
Note: Safety precautions...Students should not be permitted to make short circuits or to connect multiple batteries in series to increase voltage beyond what the wires and bulbs are designed to handle.  Fire can result!

 

Mini-Lab (no hand-out): Resistors

Materials (batteries, wires, steel wool, balloons)

The teacher will explain how resistors, such as the filament of a bulb, resist the flow of current and thus may emit light and heat.  Students will construct a circuit with a battery and two wires and a piece of steel wool as a resistor.  The steel wool will get hot and glow.  (The teacher will emphasize lab safety!).  Students will tape a couple of strands of steel wool to an inflated balloon and (wearing goggles!) create a circuit to cause the balloon to pop.  

 

The teacher will demonstrate how to include other circuit components such as motors and solar panels into a circuit.

 

Groups will be given time to work on their projects.  

Groups will be required to have their design plans approved by the teacher before they start construction on their product.  The teacher will use observations and feedback during laboratories and project design and construction to assist in classroom management.  The PBL will allow for differentiation for students because students will choose their specific contributions to the group.  By including labs, group work, and reflections on the project, different learning styles will be addressed. 

 

WEEK 3:
 

Circuit Calculations Practice
Students will use the equations P=IV and V=IR; they will rearrange the equations to solve for each variable and express answers with correct units.  

 

Circuit Calculations Quiz
 

Mag Field Lines Lab
(Materials: magnets (bar, horseshoe, circular), flat containers of iron filings 

Students will predict the pattern of the magnetic field lines around bar, horseshoe, and round magnets, then use iron filings to determine the actual pattern and diagram results.  

 

Groups will be given time to work on their projects.  

 

Students will do self- and peer-evaluations, using the GT and T Collaboration Rubric (effort, quality of work, time-management, attitude, focus, preparedness).  The teacher will use these to lead a class discussion on the expectations of group work.

 

WEEK 4:
 

E and M Relationship Lab
(Materials: long wire (~50 cm), battery, large Styrofoam cup, four small directional compasses, iron nails, paper clips, galvanometer, two bar magnets)

Students will explore how electricity and magnetism are related.  They will demonstrate that a magnetic field is created around a current-carrying wire and that a changing magnetic field creates an electrical current.  They will draw diagrams to show these relationships.

The teacher may use a hula hoop to help students visualize the magnetic field around a current-carrying wire.  Arrows taped around the hula hoop will represent the direction of the magnetic field.  The hula hoop is placed around the teacher; the teacher is the wire, with conventional current coming out of the top of his or her head.  As students look down onto the teacher’s head, the magnetic field will be counterclockwise.  If the teacher is standing in front of the students, a compass placed in front of the teacher would point to the students’ right; a compass placed behind the teacher would point to the students’ left.

The teacher will wrap up the lab by discussing with students the relationships between electricity and magnetism.  

 

Students will determine what aspects of the tools and toys may be particularly harmful to the environment by conducting internet research.  The teacher may ask a guest speaker (such as a college environmental science professor) to visit the classroom.

 

Groups will be given time to work on their projects.  

 

Students will be required to email reflections to the instructor.  This will be used for confidential feedback on how the groups are interacting and how the projects are progressing.

 

WEEK 5:
Groups will finish building prototypes and will prepare their project presentations.  The teacher will review the grading rubric for the presentation and will ask groups if they need any special materials or additional visual aids (i.e., flip charts, projector).  

Groups will present their toy or tool to a marketing class; the marketing teacher will then ask their students to select one of the toys or tools and develop a marketing strategy for the product.  A person from the community posing as the CEO from Green Tools and Toys could also attend the presentations.  The teacher will use the GT and T Product Rubric (safety to consumer/user, materials, attractiveness, function, “green” product, circuit diagram, analysis of circuit, relationship between E&M) and the GT and T Presentation Rubric (preparedness, enthusiasm, eye contact, volume, questions, respect for others) for assessment. 

 

WEEK 6:
 

Following a brief tutorial by the teacher, groups will use digital cameras to create short video clips marketing their invented tool or toy.  They will post the videos on the school website.  The teacher will use the Video Clip Rubric (understanding, explanation of design, relationship between E&M, picture quality, sound quality, focus, equity, enthusiasm, style) for assessment.

 The teacher will assess collaborative group work using the rubric GT and T Collaboration Rubric. 
 The teacher will use the Student Activity Log Rubric to grade individual student notes on the project.

 Students will take the GT and T Test on electricity and magnetism.
Students will evaluate the PBL process using the PBL Reflection
Project Reflection and Evaluation: 

At the completion of the PBL, students will be given the PBL Reflection.  This will be followed by a class discussion on the process

Circuit Calculations Practice

Name ____________________________________  
Period ____________

List givens and unknown, rearrange the equation if needed, show all work, and put a box around your final answer with correct units.


Ohm’s Law: V=IR

1. A small bulb draws 0.25 A from its 1.5 V battery.  What is the resistance of the bulb?





2. What voltage will produce 0.20 A of current through a 2000 Ω resistor?





3. If an electrical device has a resistance of 2000 Ω, what will the current be at 150 V?





4. What is the resistance of a toaster if 120 V produces a current of 3.0 A?





5. If a 6 V battery is connected to a resistor of 2.0 Ω, what current flows through the circuit?





6. If 3.0 A of current flows through a 1.5 Ω resistor, what is the voltage that was applied?


Power Equation: P=IV

1. An appliance uses 5.0 A of current at 120 V.  What is the power used by the toaster?


2. A light bulb is rated at 40 W, 120 V.  How much current does the bulb require?


3. An electric drill operating on 120 V uses a current of 8.0 A.  What is the power rating?


4. A radio that requires 0.5 W of power uses 0.1 A of current.  What voltage needs to be applied?


5. An appliance connected to 120 V uses 1200 W of power.  What is the current?


6. A power tool using 1500 W has a current of 15 A running through it.  What is the voltage?

Answer Key

V=IR

1. 
6 Ω

2.
400 V

3.
0.075 A

4.
40 Ω

5.
3 A

6.
4.5 V

P=IV

1.
600 W

2.
0.33 A

3.
960 W

4.
5 V

5.
10 A

6.
100 V

Circuit Calculations Quiz A

Name ____________________________________  
Date: __________   Period _______

List givens & unknown, rearrange equation, show work, box final answer with correct units.

Ohm’s Law: V=IR

1. What is the resistance of a toaster if 120 V produces a current of 2.0 A?





2. If 4.5 A of current flows through a 1.5 Ω resistor, what is the voltage that was applied?





3. If a 6 V battery is connected to a resistor of 3.0 Ω, what current flows through the circuit?







Power Equation: P=IV

4. An electric drill operating on 120 V uses a current of 10 A.  What is the power rating?





5. An appliance connected to 120 V uses 600 W of power.  What is the current?





6. A radio that requires 0.8 W of power uses 0.1 A of current.  What voltage needs to be applied?




Circuit Calculations Quiz B

Name ____________________________________  
Period ____________

List givens & unknown, rearrange equation, show work, box final answer with correct units.

Ohm’s Law: V=IR


1. If an electrical device has a resistance of 3000 Ω, what will the current be at 150 V?




2. What voltage will produce 0.20 A of current through a 1000 Ω resistor?




3. A small bulb draws 0.25 A from its 3.0 V battery.  What is the resistance of the bulb?




Power Equation: P=IV


4. A light bulb is rated at 60 W, 120 V.  How much current does the bulb require?


5. A power tool using 2000 W has a current of 10 A running through it.  What is the voltage?


6. An appliance uses 12 A of current at 120 V.  What is the power used by the toaster?



Answer Key – Quiz A

V=IR

1. 
60 Ω

2.
6.75 V

3.
2 A

P=IV

4.
1200 W

5.
5 A

6.
8 V

Answer Key – Quiz B

V=IR

1.
0.05 A 

2.
200 V

3.
12 Ω

P=IV

4.
0.5 A

5.
200 V

6.
1440 W

DC Lab

Name ____________________________________  
Date: ___________
Period ____________

Materials needed: wires with clips or electrical tape, 3 flashlight bulbs in holders, 1 switch, 
3 1.5V cells, battery holders, multi-meter

Safety note: Do not connect more cells in series than your light bulb is designed to handle, or you will cause the bulb to burn out quickly.  (See the voltage that is stamped on the base of the bulb.)  Do not connect the wires directly to the battery without a bulb for the current to pass through; this is a short circuit.  Without a resistor such as a bulb, the circuit will quickly overheat and may cause a fire!

Background: Cells or bulbs can be connected in series (all the current passes through each one) or in parallel (there are alternative pathways for the current).  

Part 1: Cells in Series and Parallel

Procedure:

1. Using only one bulb, construct a circuit in which adding cells to the circuit results in the bulb becoming brighter.  Begin with one cell and draw a circuit diagram for each of the circuits in the space below.

(a) 1 cell 





(b) 2 cells 





(c) 3 cells 




Question: 
Are (b) and (c) series or parallel circuits?  Explain your reasoning.


	

	


2. Now, test the effect of connecting positive terminals together and negative terminals together.  Use only one bulb and add cells together in this manner.  Begin with one cell and draw a circuit diagram for each of the circuits in the space below.  As you add additional cells, the bulb brightness should not significantly change.  See safety note! - Make sure that the current is passing through a bulb so you do not create a short circuit!!!

(a) 1 cell 




(b) 2 cells 





(c) 3 cells

Question: 
As you link cells in this manner, you are creating a “larger” battery that will last longer.  Is this a series or a parallel circuit?  Explain. 

	

	



3. Use a multi-meter set on the voltage setting 20 V to measure the voltage of each of the three cells.  Note: Always use the setting that is closest to the expected voltage but not less than what is expected; if you apply too much voltage, you may blow a fuse in the multi-meter.  The black lead should be in the “COM” and the red in “V”.  (Just use cells; omit the switches and bulbs.)  Touch the black terminal to the negative terminal of the cell and the red terminal to the positive terminal of the cell.  Record your results in Table 1.  If any of the cells are significantly lower than 1.5 V, see your teacher.

	Table 1. Voltage of individual cells.


	Connection
	Voltage (V)

	
	1st cell alone
	

	
	2nd cell alone
	

	
	3rd cell alone
	


4. Suppose that you are creating a tool or toy that requires more voltage than what is supplied by one cell.  How can you add cells together to increase the total voltage?  (Disconnect from your bulb before testing the voltage of the cells to get an accurate measurement.)  Record the voltage for each circuit below.  What type of circuit is this? _____________________________________

	Table 2. Arrangement for increasing voltage


	Connection
	Voltage (V)

	
	2 cells
	

	
	3 cells
	


5. Connect cells together in such a way that adding cells results in a voltage that is approximately constant.  This might be used for a tool or toy in which you would like for the battery to last longer.  Record the voltage for each circuit below.  What type of circuit is this?  _____________________________________

	

Table 3. Arrangement for increasing life of battery.
	Connection
	Voltage (V)

	
	2 cells 
	

	
	3 cells 
	


Questions:
How can you determine the voltage of cells owHoconnected in series?


	

	


How can you determine the voltage of cells connected in parallel?


	

	


If you bought a toy that required a 9V battery, and all you had at home were 1.5V cells, how could you connect them, and how many would you need to get a total of 9V?

	

	


Part 2: Bulbs in Series and Parallel

Procedure:  You will now be constructing circuits and using a multi-meter to measure current.  In order to do this, you must insert the multi-meter into the circuit so that current passes through the meter.  The black lead should be in the “COM” and the red in “10A MAX”.  Turn the switch to 10A.  (Note: When you are designing your tools and toys, they should have less than 10A of current.  If you pass too much current through the multi-meter, you will blow the fuse.  In addition, do not use a multi-meter that is not designed to handle this much current!)

1. Construct a circuit with two cells in series, a multi-meter set to measure amperes of current, and a bulb.  Connect the circuit so that the ammeter is measuring the conventional current leaving the battery.  Below, draw the circuit diagram.  Notice the brightness of the bulb.  Record the current in Table 4 on the following page.  (Note: If you are getting over 3 amps, you do not have the multi-meter connected so that current flows through it; rather, you are by-passing the bulbs and have created a short circuit.  You should be getting less than 1 amp.)

2. Now modify your circuit so that the current passes through 2 bulbs in series.  Draw a circuit diagram below.   How does the brightness of the bulb change? ___________________________________________
Record the current in Table 4. 

3. Predict what will happen if the current must pass through 3 bulbs in series.  
What do you expect to happen to the brightness of the bulbs? ____________________________________
What do you expect to happen to the amount of current passing through the circuit? __________________
Draw a circuit diagram below.   Test your predictions and record the current in Table 4. 





4.  Connect two bulbs so that the current can go through either one bulb or the other (parallel arrangement).  Draw a circuit diagram below.  The brightness of the two bulbs compared with only one bulb alone should be approximately the same (perhaps slightly dimmer).  Insert your meter into the circuit next to the battery.  How is the amount of current leaving the battery affected by the parallel bulbs? 

	



Record the current in Table 4. 

5. Predict what will happen if the current passes through 3 bulbs in parallel.  
What do you expect to happen to the brightness of the bulbs? ______________________
What do you expect to happen to the total current passing through the circuit? ________  
Draw a circuit diagram below.   Test your predictions and record the current in Table 4. 



Table 4. Current for bulbs in series and in parallel.

	Connection
	Current (A)

	1 bulb
	

	2 bulbs in series
	

	3 bulbs in series
	

	2 bulbs in parallel (total current)
	

	3 bulbs in parallel (total current)
	

	Current through one of the individual bulbs in a parallel circuit
	



6. Move the multi-meter so that it is next to one of the bulbs rather than next to the battery.  This will allow you to measure the current through an individual bulb as opposed to the total current.  Record your result in Table 4.  How does the current through each bulb in a parallel circuit compare to the current in your circuit with only one bulb (much greater than, much less than, or approximately the same)? _____________________________________________________________

Questions: 
Why do you think that the current leaving the battery decreased as you added more bulbs in series? 

	

	



Why do you think that the current leaving the battery increased as you added more bulbs in parallel?


	

	



If you were buying a strand of lights for a Christmas tree, which would be more convenient if a bulb burned out, series bulbs or parallel bulbs, and why?

	

	




Which do you think would be cheaper to manufacture, and why?

	

	



Part 3: Design a “Dysfunctional” Flashlight

Design a “flashlight” that includes the following circuit components: wires, a switch, one bulb, and three cells.  The twist: When the switch is opened, the bulb remains lit.  
Draw a circuit diagram below.  







Based on the circuit diagram, predict the voltage that is being supplied to the bulb.  Record your prediction and explain your rationale below.  Then use a multi-meter to test the voltage (after disconnecting the cells from the bulb).  

	

	


Is it what you predicted?  If not, explain.  Show your circuit to your teacher, please.

	

	


Use the multi-meter to measure the current that is passing through the bulb, inserting your multi-meter into the circuit to make sure that the current is passing through the multi-meter.  Make sure that you adjust the settings and leads on the multi-meter as needed.  Record your results below.  Show your circuit to your teacher before disconnecting it, please.

Teacher Notes for DC Lab

Part 1: Cells in Series and Parallel

As more cells are added in series, the brightness of the bulb will increase.
As cells are added in parallel, the brightness of the bulb stays relatively the same.

The voltage of each cell alone should be close to 1.5 V.
When cells are connected in series, the voltages will add together since the current passes through all cells.
When cells are connected in parallel, the voltage should remain ~1.5 V since some of the current is leaving and entering each cell.  (The advantage is that cells in parallel last longer than individual cells.)
Four 1.5V cells could be connected in series to make a 9V battery.

Part 2: Bulbs in Series and Parallel

When bulbs are connected in series, there is more resistance, resulting in less current, so the bulbs will be dimmer.  You will likely see ~0.3 amps of current for one bulb alone, and the current will decrease as the bulbs are connected in series.
When bulbs are connected in parallel, there are more pathways for the current, so there is less resistance, resulting in more total current entering and leaving the battery.  The bulbs should remain about the same brightness as one bulb alone; it is possible that they will slightly dim due to the connections.  For two bulbs in parallel, the total amount of current, measured close to the cells, will approximately double compared to one bulb alone.  For three bulbs in parallel, the total current will approximately triple.  When the multi-meter is moved so that it is next to an individual bulb, the current passing through each bulb is approximately the same as in the circuit with one bulb alone.  You can use an analogy of a lunch line in the cafeteria:  as more lanes are opened, approximately the same number of students gets served in each lane, and the total number of students served in a given amount of time increases with the number of lanes open.

Christmas lights would be more convenient in a parallel arrangement.  If one bulb burns out, there are other pathways for the current, and the remaining bulbs still light.  The series strands of lights are probably cheaper to manufacture, since less wire is required and the circuit is easier to assemble.  

Part 3: Design a “Dysfunctional” Flashlight

There are many possible arrangements for a “dysfunctional” flashlight.  For example, the switch could be wired in parallel so that when it is open, current still has a pathway.  Some groups may create circuits in which the flashlight only works when the switch is open; closing the switch could create a short circuit and the electricity will follow the path of least resistance and completely by-pass the bulb.  Groups could create posters of their circuits to describe to the class.

E&M Relationship Lab

Name ____________________________________  

Period ____________

Materials needed: long wire (~50 cm), battery, large Styrofoam cup, four small directional compasses, iron nails, paper clips, galvanometer, two bar magnets, solenoid coils (optional)
WARNING: Keep magnets away from electrical devices!

Background: In this lab, we will explore how electricity and magnetism are related.  You will show that a magnetic field is created around a current-carrying wire and that a changing magnetic field creates an electrical current.  

Safety note: Do not leave the wires connected to the battery for long periods of time; disconnect between observations.  This is a short circuit; without a resistor such as a bulb, the circuit will quickly overheat and may cause a fire!  
Procedure: 

Part 1: A magnetic field is created around a current-carrying wire

1. Punch a small hole in the bottom of the Styrofoam cup and turn it upside down.

2. Thread the long wire through the hole.  

3. Place the four small compasses on the surface around the wire.  All compasses should be pointing north at this time.  If they are not, notify your teacher.

4. Straighten the wire so that it is not curved near the compasses. 

[image: image1.jpg]








Side view



   Top view

5. Connect the wire to a battery.  The compass needles will point in different directions; if you look carefully, you will see that they are in a circle, showing the direction of the magnetic field that is created around the current-carrying wire.  The right-hand rule can be used to predict the direction of the magnetic lines of force around a current-carrying wire.  Point your right thumb in the direction of the conventional current flow in a wire; your fingers will curl in the direction of the magnetic lines of force around the wire.  (This rule was discovered by Andre-Marie Ampere).  The Earth’s magnetic field is also affecting your compass needles, so they may not point in a perfect circle.

On the sketch of the side view above, label the “+” and “-” electrodes on your battery, draw arrows and label “I” to indicate the direction of the conventional current, and draw arrows and label “e-” to indicate the direction of electron current.  On the sketch of the top view, use the following convention to indicate the direction of the current in the wire through the middle of the cup:  a dot in the middle of the wire shows the current coming towards you; an “X” shows the current going into the page away from you.  Think of it like an arrow with the point coming towards you or the tail feathers moving away from you.  Then use arrows to show the directions of the four small compasses.  The north end of the compass needles should be indicated as the tips of the arrows. 

6. Now flip the battery around and reconnect it so that current flows in the other direction.  The compass needles should flip and point in the other direction.  (If they pointed clockwise with your first set up, they should now point counterclockwise, and vice versa.)  Sketch your results on the side view and top view pictures below.  On the side view, label the “+” and “-” electrodes on your battery, and indicate the directions of the conventional current and the electron current.  On the top view, indicate the direction of the current in the wire through the middle of the cup and the directions of the four small compasses.  







Side view



   Top view

7. Electromagnets!  The creation of a magnetic field around a current-carrying wire can have practical technological applications.  One is an electromagnet, which can be used in a junkyard to pick up and move cars.  To create your own electromagnet (on a smaller scale (), wrap a wire around an iron nail several times and connect the wire to a battery.  The magnetic field that is created around each loop of the wire will add together.  By wrapping the coils around a nail, when current flows through the wire, the magnetic domains in the nail line up and the nail becomes magnetized.  Experiment with ways to increase the strength of your electromagnet.  Try adding more coils in the same direction, or adding more cells to your battery in series.  How many paper clips can your electromagnet pick up? ________  

Can your electromagnet be turned “on” and “off”?  What happens to your electromagnet when the coil of wire is disconnected from the battery?  ____________________________________________________

Draw a sketch of your electromagnet below.  

Use the right-hand rule to determine which end of your electromagnet is its North Pole, and which is its South Pole:  focus on the wire on one side and use the right-hand rule to determine the direction of the magnetic field through the center of the loop.  Test with a compass needle to confirm; the north end of your compass needle will be attracted to your electromagnet’s South Pole and repelled by its North Pole.  Label the north and south poles of your electromagnet on your sketch.  

Show your electromagnet and your sketch to your instructor before you proceed. _______ (initials) 

What is going on here?  All magnetic fields are created by the movement of charged particles.  Electrons moving through a wire create a magnetic field around the wire.  In the same way, electrons moving around the nuclei of atoms cause the atoms to become tiny magnets; in magnetic materials such as iron, electron movement tends to be in sync, and the atoms arrange into groups lined up in the same direction (magnetic domains).  Placing the iron nail into a magnetic field (created by your current-carrying coil of wire) causes the magnetic domains to align and the nail becomes magnetized.  When you turn off the electric current flowing through the coil of wire, the magnetic field around the wire disappears; the magnetic domains of the nail no longer align, and the nail is no longer magnetic.  
Part 2: A changing magnetic field creates an electrical current.  

1. Obtain a solenoid coil or wrap a long wire around two or three of your fingers numerous times.  Connect it to a galvanometer.  This device will measure the magnitude and direction of electrical current flowing through the wire.

2. Obtain a bar magnet.  You will be testing how a changing magnetic field creates an electrical current.  Complete each of the following procedures and record your observations of the galvanometer needle 
(no movement, to the left, to the right, more deflection, less deflection).

	Procedure
	Galvanometer Needle

	While moving the N end of the bar magnet into the coil.
	

	While moving the N end of the magnet out of the coil.
	

	While moving the S end of the magnet into the coil.
	

	While moving the S end of the magnet out of the coil.
	

	Holding the magnet inside the coil without moving it.
	

	Moving the magnet into and out of the coil more quickly.
	

	Using more turns to your coil.
	

	Placing two bar magnets side by side with opposite poles together; moving it into and out of the coil.
	


Questions: 


1. Is there an electrical current when the magnet is held at rest within the coil?

	


2. How does changing the speed of the changing magnetic field affect the electrical current?

	


3. What happens to the current if there are more turns to the coil?

	


4. What happens to the current if you weaken the strength of the changing magnetic field by placing two bar magnets side by side with opposite poles together?    

	



Practical Application: A changing magnetic field can be used to generate electricity.  If a spinning magnet is placed near a coil of wire, electrical current is produced as the ends of the magnet approach and move away from the wire.  Is the current that is created by this changing magnetic field alternating current (AC) or direct current (DC)? __________
Explain.

	

	


Typical household circuits use AC that changes direction 120 times/second.  
 Teacher Notes for E&M Relationship Lab

I – conventional current
electron current is in the opposite direction


I





·     +

Side view



   Top view


I








          +         -

Side view



   Top view

Electromagnet Observations: Adding more turns in the same direction, placing more batteries in series, or adding another nail may increase the strength of the electromagnet.


Galvanometer Observations: The current flows in opposite directions as the magnet is moved into the coil versus out of the coil.  The current changes direction when the magnet is flipped around.  No current will flow if the magnet is held stationary within the coil.  There will be more current when the magnet speed is increased.  There will be more current if there are more turns to the coil.  Little or no current will flow if two bar magnets are used with opposite poles aligned.  This is alternating current since the current changing direction back and forth as the magnet approaches and moves away from a coil of wire.

	Green Tools & Toys Collaboration Rubric

	Student Name:     ________________________________________
	Date: ____________
	Period: ____________

	   Check One:  ___ self-evaluation; ___ peer evaluation; ___  evaluation by teacher
	

	CATEGORY
	Outstanding
	Very Good
	Fair
	Poor

	Effort
	The student always puts forth their best effort.
	The student usually tries hard to help the group succeed.
	The student does what is required, but no more.
	The student is rarely useful or refuses to help.

	 
	10
	8………………..9
	7
	0………………..6

	Quality of Work
	Work is always excellent and top quality.
	Work always meets groups' expectations.
	Work may have minor mistakes.
	Work is poor quality; others need to redo it.

	 
	10
	8………………..9
	7
	0………………..6

	Time-management
	The student always manages time well to meet group goals.
	The student may procrastinate a little, but they get the work done with time to spare.
	The student puts things off until the last minute, but gets it done.
	The student has poor time management.  The group has to pick up the slack.

	 
	10
	8………………..9
	7
	0………………..6

	Attitude
	The student has a positive attitude and is a pleasure to work with.
	The student is usually positive and is rarely critical of others.
	The student sometimes has a poor attitude or is critical of others.
	The student often has a negative attitude or is critical of others.

	 
	10
	8………………..9
	7
	0………………..6

	Focus
	The student stays focused on the project.
	The student is usually focused, but occasionally gets off topic.
	The student sometimes gets off task and needs to be prompted by teacher or group members.
	The student is rarely focused and is easily distracted.

	 
	10
	8………………..9
	7
	0………………..6

	Preparedness
	The student is always prepared with materials and a proper mindset.
	The student is almost always prepared.
	The student is not prepared sometimes.
	The student is usually unprepared to work.

	 
	10
	8………………..9
	7
	0………………..6

	POINTS
	 
	 
	 
	 

	
	
	
	TOTAL
	 

	Grade: 56-60 A; 51-55 B; 45-50 C; 39-44 D
	
	


	Green Tools and Toys Presentation  Rubric

	Team Members:     ________________________________________
	Date: ____________
	Period: ____________

	
	
	
	
	

	CATEGORY
	Outstanding
	Very Good
	Fair
	Poor

	Preparedness          
	Team is well-prepared and has obviously rehearsed the presentation.
	Team is prepared but should have rehearsed a little more.
	Team is prepared, but obviously has not rehearsed enough.
	Team is not prepared.

	 
	19………………..20
	15………………..18
	13………………..14
	0………………..12

	Enthusiasm
	Team is enthusiastic about their product.
	Team is somewhat enthusiastic about the product.
	Team shows little enthusiasm for the product.
	Student shows no enthusiasm for the product.

	 
	10
	8………………..9
	7
	0………………..6

	Eye Contact
	Team members use excellent eye contact;  rarely rely on notes.
	Team uses good eye contact; occasionally checks notes.
	Team frequently relies on notes; rarely makes eye contact with audience.
	Most of the team reads from notes most of the time; has poor eye contact.

	 
	10
	8………………..9
	7
	0………………..6

	Volume
	Audience in the back can hear at all times.
	Most of the audience can hear most of the time.
	It is difficult to hear in the back of the audience.
	It is difficult to hear in the middle of the audience.

	 
	10
	8………………..9
	7
	0………………..6

	 Questions          
	All team members can answer questions with a full understanding.
	Team answers most questions with a good understanding.
	Team can answer a few questions; shows partial understanding.
	Team cannot answer most questions.

	 
	19………………..20
	15………………..18
	13………………..14
	0………………..12

	Respect for Others
	Team members listen to other presentations without being distracting.
	For the most part, team members listen without distractions.
	Team members are sometimes inattentive, but there are very little distractions.
	Team members are inattentive and/or distracting at most times.

	 
	10
	8………………..9
	7
	0………………..6

	POINTS
	 
	 
	 
	 

	
	
	
	TOTAL
	 

	Grade: 75-80 A; 68-74 B; 60-67 C; 52-59 D
	
	


	Green Tools and Toys Product Rubric 

	Team Members:     ________________________________________
	Date: _______________

	
	
	
	
	

	CATEGORY
	Outstanding
	Very Good
	Fair
	Poor

	Safety to Consumer/User
	Extra precautions have been taken to ensure product is safe.
	Appropriate precautions have been taken to ensure product safety.
	A few minor problems could cause some concern over the product's safety.
	Product is unsafe and would be recalled if placed on the market.

	 
	14………………..15
	12………………..13
	10………………..11
	0………………..9

	Materials
	Materials were appropriate; no extraneous materials added unnecessary expense to the product.
	Materials were appropriate but some extraneous materials added unnecessary expense to the product.
	Materials were satisfactory.
	Inappropriate materials were used (extraneous, expensive, not functional).

	 
	14………………..15
	12………………..13
	10………………..11
	0………………..9

	Attractiveness
	Product is neat and attractive; most consumers would be delighted to purchase the product.
	For the most part, product is attractive, but a few minor details could have improved the appearance.
	Product could have been modified to have been much more attractive.
	Not attractive; most people would not want to purchase it.

	 
	14………………..15
	12………………..13
	10………………..11
	0………………..9

	Function                               
	Product works as intended.
	Product has very minor problems that could have been modified after testing.
	Product has several problems that should have been modified before final production.
	Product does not work.

	 
	18………………..30
	23………………..17
	20………………..22
	0………………..19

	"Green" Product
	Product goes above and beyond in its design to be safe for the environment.
	Product is safe for the environment.
	Product does not pose a major threat to the environment.
	Product is unsafe for the environment!

	 
	24………………..25
	19………………..23
	17………………..18
	0………………..16

	Circuit Diagram
	Circuit diagram of product is complete, accurate, and neat, and easy to read.
	Circuit diagram of product is either incomplete, has inaccuracies, is messy, or is difficult to read.
	Circuit diagram of product lacks in more than one of the areas.
	Circuit diagram is lacking in all areas, or video clip does not include a circuit diagram of the product.

	 
	10
	8………………..9
	7
	0………………..6

	Analysis of Circuit
	Group accurately gives the measured values of current and voltage measured in at least one location within the product's circuit and uses the values to accurately calculate Resistance and Power.
	Group makes one mistake for I, V, R, or P.
	Group makes two mistakes for I, V, R, or P.
	Group makes more than two mistakes for I, V, R, or P.

	 
	19………………..20
	15………………..18
	13………………..14
	0………………..12

	Relationship Between E&M
	Group uses their product to give a complete and clear explanation of the relationship between electricity and magnetism, including a clear description of how the movement of charged particles creates a magnetic field, and how a changing magnetic field can be used to create current.
	Group uses their product to give a fairly good explanation of E&M but details are a little unclear.
	Group uses their product to give a sketchy explanation of the relationship between E&M.
	Group gives an inaccurate or no explanation of the relationship between E&M, or fails to explain how it relates it to their product.

	 
	19………………..20
	15………………..18
	13………………..14
	0………………..12

	POINTS
	 
	 
	 
	 

	
	
	
	TOTAL
	 

	Grade: 140-150 A; 128-139 B; 113-127 C; 98-112 D
	
	


Green Tools & Toys Test
Electricity, Magnetism, and the E&M Relationship

Name ____________________________________  
Date: ___________

Period _________

1. Draw a circuit diagram for four 1.5 V cells connected in series to a light bulb.

2. In the above circuit, what voltage is being applied to the bulb?

a. 1. 5 V

b. 3. 0 V

c. 6.0 V

d. 24.0 V

3. What would you expect to happen if we supply a voltage of 24 V to a bulb that is designed to withstand a maximum of 12 V?

a. Expect bulb to light brightly for a long time

b. Expect bulb to light dimly for a long time

c. Expect to burn out the filament (blow the bulb)

d. Expect the bulb to not light up at all

4. Draw a circuit diagram for four 1.5 V cells connected in parallel to a light bulb.

5. In the above circuit, what voltage is being applied to the bulb?

a. 1. 5 V

b. 3. 0 V

c. 6.0 V

d. 24.0 V

6. Draw the following 3 circuit diagrams: a battery connected to one bulb, a battery connected to 2 bulbs in series, and a battery connected to two bulbs in parallel.

7. In which of the above circuits do you expect the bulb to be the most dimly lit?

a. One bulb

b. Two bulbs in series

c. Two bulbs in parallel

8. Why?

	

	


9. In which of the above circuits do you expect the most total current to pass through the battery?

a. One bulb

b. Two bulbs in series

c. Two bulbs in parallel

10. Why?

	

	



True or False?  If the statement is false, correct it so that it is true!!!

11. True or False
A positive charge on an object means that it has lost some electrons.




12. True or False
Opposite electric charges repel while like charges attract.




13. True or False
A series circuit has more than one conducting pathway for the current.




14. True or False
If four 1.5 V cells are connected in parallel, then the voltage is equal to the sum of the voltages of all the cells.




15. True or False
In a series circuit of Christmas tree lights, if one light burns out, only that bulb goes out.




Match each with the appropriate unit.


	16. Voltage _______
	a. Amps


	17. Current _______
	b. Ohms


	18. Resistance _______
	c. Watts


	19. Power _______
	d. Volts



 
V=IR and P=IV

20. The filament of a certain light bulb has a resistance of 96 ohms.  To operate at its proper brightness, it needs a current of 1.25 amps to pass through it.  What voltage must be applied to this light bulb?  Show your work.
a. 96 V

b. 120 V

c. 1.25 V

76.8 V



21. A small portable stove operates from a 120 V outlet.  When it is in use, 6 amps flow through it.  What is the resistance of the heating element of the stove?  Show your work.
a. 2 ohms

b. 720 ohms

c. 20 ohms

d. 0 ohms

22. An electric drill operating on 120 V uses a current of 8.0 A.  What is the power rating?  Show your work.

a. 960 W

b. 15 W

c. 0.067 W

d. 1920 W



23. An appliance connected to 120 V uses 2400 W of power.  What is the current?  Show your work.
a. 0.05 A

b. 288000 A

c. 1440 A

d. 20 A

True or False?  If the statement is false, correct it so that it is true!!!

24. True or False
A magnet can have two north poles.





25. True or False
Magnets ONLY have a force at their poles.





26. True or False
When a South magnetic pole and a North magnetic pole are brought near each other, they repel. 




27. True or False
If you cut a magnet in half, you get two magnets, both with a north pole and a south pole.

28. Label the poles on the second magnet if the iron filings show that the ends are repelling.




	S                        N
	
	                        


29. On the side view diagram below, does the arrow represent conventional current (I) or electron current (e)? ____________


30. On the top view diagram below, draw the directions that the compass needles will point when current is passed through the circuit.










      
                +        -         

Side view



   Top view


31. What would happen to the compass needles if you flipped the battery around so that current flowed in the opposite direction?  

	


32. Explain how you can use the Right Hand Rule to determine the direction of the magnetic field around a current-carrying wire.  

	

	

	

	

	

	

	

	


True or False?  If the statement is false, correct it so that it is true!!!

33.  True or False
Conventional current goes in the same direction as electron flow.



34. True or False
Electromagnets can be turned on and off.



35. True or False
To produce electricity by using magnetism, the magnetic fields must be moving or changing.



36. True or False
If you insert a magnet into a coil, current flows in one direction.  If you remove the magnet, current flows in the opposite direction.



Answer Key

1.The circuit should have four cells in series.

2. C
6.0 V.

3. C
Expect to burn out the filament (blow the bulb)

4. The circuit should have four cells in parallel.

5. A
1. 5 V

6. 3 circuit diagrams: a battery connected to one bulb, two bulbs in series, and two bulbs in parallel.

7. B
Two bulbs in series

8. There is more resistance so less current.

9. C
Two bulbs in parallel

10. There are two pathways for the current, so more total current through the battery.

11. T

12. F
Opposites attract; like charges repel.
13. F
A series circuit has one pathway for the current.

14. F
If four cells are in series, the total voltage is the sum of all cells. 

15. F
They all go out.

16. D

17. A

18. B

19. C

20. B

21. C

22. A

23. D

24. F
It cannot have 2 North poles.

25. F
The force is strongest at the poles.

26. F
They attract.

27. T

28. N pole on left; S pole on right

29. I

30.  The compass needles will circle clockwise.

31.  The compass needles will circle counterclockwise.  

32. Right-Hand Rule for magnetic field around a current-carrying wire: If you point your right thumb in the direction of the conventional current, your fingers will curve in the direction of the magnetic lines of force around the wire.

33. F
opposite direction

34. T

35. T

36. T


Green Tools and Toys
4141 Earth Friend Way
Suburbia, MD  34567

January 1, 2011

Dear Students:

Your local newspaper, The Journal, recently had an article about the electricity and magnetism unit your class will be investigating soon.  As the Chief Executive Officer for Green Tools and Toys (GT&T), I was very excited to hear this!  Our sales are down a little in the current economic situation, and we are looking for new and innovative products to increase our sales.

We would like your assistance in creating a toy or tool that we could potentially market.  In order to do this, you must understand and be able to explain the relationship between electricity and magnetism as you construct and analyze electrical circuits.  We ask that you collaborate with others in your classroom to design and construct an electrical device that meets our needs.  In particular, we are interested in tools and toys that use batteries, solar power, hand-held generators, solenoid magnets, or are fruit- or vegetable- powered.  However, we are NOT interested in tools and toys that must be plugged into wall outlets, as we find them to be rather cumbersome.  Likewise, we are not interested in products that utilize large batteries.  Safety is of the upmost concern, of course.  Furthermore, the tools and toys should be environmentally-friendly.

After your product is developed, I would like to visit your classroom for the presentations of your toy or tool.  You are encouraged to share your findings with students in other classes as well, so that you can receive their feedback prior to my visit.  Furthermore, I would like for your group to prepare a video clip of your product in action and to post it on your school website.  This will enable my colleagues to easily examine the products as well. 

Our company is anxious to begin production of new and innovative products.  Therefore, I must request that you contact me as soon as possible to schedule a visit to your classroom.  Good luck and please enjoy the study of electricity and magnetism.

Sincerely,

Blake Ree Cycler II

Blake Ree Cycler II, CEO

Green Tools and Toys
Magnetic Field Lines Lab

Name ____________________________________  

Date: ____________
Period _____

Materials needed: Magnets (bar, horseshoe, circular), flat sealed container with iron filings 
WARNING: Keep magnets away from electrical devices!  

Background: Iron filings collect in areas where the magnetic field is the greatest.  They will be randomly scattered in areas where the magnetic field is not great enough to affect them.
Procedure/Questions:

1. Place a bar magnet on your table.  Cover it with a flat container with iron filings.  Observe where the filings collect.  Sketch the arrangement of the iron filings around the magnet.  

Sketch:


	N                        S



Where is the magnetic field the strongest? ___________________________________________


2. “Opposites” attract!  Place a North end and a South end of two bar magnets close together but not touching.  Repeat the process and sketch the result.

Sketch:

	N                        S
	
	N                        S


Describe the shape of the magnetic field between two magnets that are attracting one another.


___________________________________________________________________________

___________________________________________________________________________

3. “Like” poles repel!  Place two North poles close together but not touching.  Repeat the process and sketch the result.

 Sketch:

	S                        N
	
	N                        S


Describe the shape of the magnetic field between two magnets that are repelling one another.

___________________________________________________________________________

___________________________________________________________________________
4. Predict the shape of the magnetic field around a horseshoe magnet. 

Sketch your prediction:



Now test your prediction and sketch the result.

Sketch:




5. Predict the shape of the magnetic field around a circular magnet.

Sketch your prediction:




Now test your prediction and sketch the result.
Sketch:





You can also try standing the circular magnet on its edge.

Return your magnets to the indicated location in your lab area.  Magnets should be stored with unlike poles together.  This helps to keep the magnetic domains aligned and they will retain their magnetism for a longer time than if they are stored with like poles together. 

Teacher Notes for Magnetic Field Lines Lab



	N                        S



The magnetic field is strongest at the poles.  The strength of the magnet decreases as the distance from the magnet increases.


	N                        S
	
	N                        S


Opposite poles attract.


	S                        N
	
	N                        S


Opposite poles repel.



Opposite ends of a horseshoe magnet attract.  (Like a bent bar magnet.)



(possibly)


Circular ceramic magnets commonly have N and S poles on the flat sides.  Check this advance with your lab materials, however.  Ring magnets may also have N on the inside and S on the outside, or multiple N and S poles around the outside edge, etc.
Reflection on Green Tools & Toys PBL

Name _________________________________

Date: __________
Period ___________

On a scale of 1-5, with 5 being the highest, rank the effectiveness of each of the following activities for increasing your understanding of electricity and magnetism.  

	Activity
	1
	2
	3
	4
	5

	Letter from GT&T Company to Students
	
	
	
	
	

	KWL chart
	
	
	
	
	

	Static Tape Lab
	
	
	
	
	

	“Energy Balls” activity
	
	
	
	
	

	Making a bulb light with aluminum foil and a battery
	
	
	
	
	

	“Word Wall”
	
	
	
	
	

	Student Activity Log
	
	
	
	
	

	DC Lab
	
	
	
	
	

	Resistors (steel wool, balloons)
	
	
	
	
	

	Group project – tool or toy
	
	
	
	
	

	Circuit Calculations (P=IV and V=IR)
	
	
	
	
	

	Magnetic Field Lines Lab
	
	
	
	
	

	Self-evaluation on collaboration skills
	
	
	
	
	

	Peer-evaluation on collaboration skills
	
	
	
	
	

	E&M Relationship Lab
	
	
	
	
	

	Environmental concerns with electrical tools & toys
	
	
	
	
	

	E-mailing reflections to instructor
	
	
	
	
	

	Presentation to another class
	
	
	
	
	

	Video clips
	
	
	
	
	

	Test on electricity and magnetism
	
	
	
	
	


What did you enjoy the most about the Green Tools & Toys project?

What did you enjoy the least? 

Whenever you participate in a PBL in the future, what will you do differently?

What can others possibly learn from your experience in participating in a PBL?

Please comment on any of the activities that you scored particularly high or low.

Static Tape Lab

Name ____________________________________  
Date: ___________
Period _____

Materials needed: Invisible tape, such as Scotch brand Magic Tape (not cellophane)

Background: When Magic Tape is removed from another piece of Magic Tape, charged groups of atoms are broken off.  The tape becomes electrically charged (positive if it has more protons than electrons; negative if it has more electrons than protons); the other piece of Magic Tape has the opposite charge.  

Procedure: 

1. Prepare three layers of tape.

Tear off a piece of Magic tape that is approximately the width of a sheet of paper (not too long!); fold the end under (about an inch) to form a tab.  Place this piece of tape onto your desk; you will leave this surface layer on your desk for the entire experiment.  Add another layer of tape, again folding one end under to form a tab.  Label this as “Lower”.  Add one more layer in the same manner.  Label this as “Upper”.  

2. Same electrical charges.
(a) If you and your lab partner remove your Upper tapes from your tape layers, the tapes will have the same electrical charge.  Do you predict that the two Upper tapes will attract or repel each other?  ______________

(b) Work with a neighbor to observe how two Upper tapes interact.  You might approach one piece of tape hanging vertically with the other tape oriented horizontally, held by two hands at its ends.  Make sure that the non-sticky sides face each other.  Record your observations below.

	

	

	

	

	

	


3. Charged versus neutral objects.

Your hand is neutral.  What happens when you hold a charged piece of tape close to your hand?  

	

	

	


4. Opposite and like electrical charges.  

Reassemble the three layers of tape, and run your finger along the tape several times to neutralize it.  Now remove both the Upper and Lower layers slowly as a unit and neutralize it by running a finger down the smooth side of the Upper tape several times, until it is no longer attracted to your hand.  (It helps to attach the end of the unit to your desk.)  Then, quickly separate the Upper and Lower tapes.  Note: it is important to completely neutralize the unit of the two tapes before separating them.  

 (a) If a Lower tape is charged, and its charge is opposite the charge on an Upper tape, what interaction would you predict between a Lower tape and Upper tape?

	

	


(b) What interaction is observed between a Lower and Upper tape?

	

	


(c) What interaction would you predict between two Lower tapes?

	

	


(d) What interaction is observed between two Lower tapes?

	

	


(e) “Opposite charges ____________; like charges ____________.”

6. Be a Detective: Determine which tape is negative and which is positive.

Prepare an Upper tape and a Lower tape and make sure that they are charged by seeing that each is attracted to your neutral hand.  Rub a clear plastic refillable pencil through your hair to give it a negative charge.  Determine the charge of each tape.  Explain how this was determined.  Write your answers using complete sentences.  (Note: If both are attracted to your pencil, then your pencil is not charged enough; it is neutral.  Rub it through your hair again.)

	

	

	

	

	

	


Teacher Notes for Static Tape Lab

Two Upper tapes should repel since they have “like” charges.

A charged tape will be attracted to a neutral object (due to induced charges).

A Lower tape and an Upper tape should attract, since they have “opposite” charges.

Two Lower tapes should repel, since they have the “like” charges.

The clear plastic pencil that has been rubbed through your hair has a known negative charge.  One of the tapes (either Upper or Lower) should be attracted to the pen; this tape has a positive charge.  The other tape should be repelled by the pen; this has a negative charge.  The charges of the Upper and Lower tapes will differ depending on the brand of tape that is used.  To avoid confusion, it may be best to use the same brand for the entire class if possible.

	Green Tools & Toys Activity Log Rubric

	Student Name:     ________________________________________
	Date: ____________
	Period: ____________

	
	
	
	
	

	CATEGORY
	Outstanding
	Very Good
	Fair
	Poor

	Contributions
	Log has very clear descriptions of your contributions to the group.
	Log has fairly detailed descriptions of your contributions to the group.
	Log has incomplete descriptions of your contributions to the group.
	Log has very poor descriptions of your contributions to the group.

	 
	10
	8………………..9
	7
	0………………..6

	Notes & Design Ideas
	A thorough and detailed record of planning the project is included; reader could duplicate the project design.
	Most details of the planning are included; reader could follow the design without many questions.
	Some details of the planning of the project are included; reader can follow most details.
	Very few planning details are included; reader does not understand what was done.

	 
	10
	8………………..9
	7
	0………………..6

	Construction & Modifications         
	Log paints a clear picture of how the project was constructed and modified. 
	Log contains a mostly complete description of construction and modifications.
	There are some missing details on how the product was constructed, tested, and modified.
	There are very sketchy descriptions of how the product was constructed and modified.

	 
	19………………..20
	15………………..18
	13………………..14
	0………………..12

	Reflections
	Log includes thorough reflections on what did or did not work and personal reflections.
	Log includes mostly complete descriptions of what did or did not work and personal reflections.
	There are a few descriptions of what did or did not work and personal reflections.
	Log has vague or incomplete descriptions and reflections.

	 
	10
	8………………..9
	7
	0………………..6

	Number of Entries
	Entries were made for over 85% of the group meetings.
	Entries were made for 66-85% of the group meetings.
	Entries were made for 51-65% of the group meetings.
	Entries were made for 50% of the group meetings or less.

	 
	10
	8………………..9
	7
	0………………..6

	Appearance
	Over 85% of the entries have dates and are easy to read.
	66-85% of the entries have dates and are easy to read.
	51-65% of the entries have dates and are easy to read.
	50% or less of the entries have dates and are easy to read.

	 
	10
	8………………..9
	7
	0………………..6

	POINTS
	 
	 
	 
	 

	
	
	
	TOTAL
	 

	Grade: 65-70 A; 60-64 B; 53-59 C; 46-52 D
	
	


Student Activity Log

Name _____________________________


Date: ____________
Period __________

Entries are to be made for each group meeting; they must include dates and be easy to read.  Give very clear descriptions of your contributions to the group.  Include a thorough and detailed record of design ideas as you plan the project, and clearly explain how the project was constructed, tested, and modified; a reader should be able to duplicate the project design based on your notes.  Include thorough reflections on what did or did not work and personal reflections.

	
Date
	Your contributions to the group during this time
	Notes on design ideas, construction, testing, and modifications
(attach extra pages w/ dates)
	
Reflections on this group meeting 
(frustrations, excitements, etc.)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Attach additional pages following the same form

