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                    Technology-Enhanced Lesson Plan 2007
Lesson Title:  Understanding Electrical Circuits - Parts 1 and 2
Created by: Mark Davids - June 2007
Lesson Abstract:
Part 1  Rather than teaching the fundamentals of electric circuits, let students “play” and “discover” the patterns (Ohm’s Law and Kirchoff’s rules) themselves.  Provide students with simple and safe equipment and challenge them to find the rules. 

Part 2  Students design and build electrical circuits on the computer screen. All of the components are “full” of electrons and the flow is shown in every part of the circuit.  The electrical flow is directly proportional to the voltage and inversely proportional to the resistance (Ohm’s Law). Conservation of electric charge is demonstrated and students can take measurements of voltage and current by adding meters to their circuits.     
Subject Area: physics/physical science
Grade Level:  9 - 12
Unit Title: Electricity 
Michigan Educational Technology Standards Connection:
6. Technology problem-solving and decision-making tools

 

a. Students use technology resources for solving problems and making

    informed decisions.

1. Students use a variety of technology resources (e.g., educational

    software, simulations, models) for problem solving and independent 

    learning.
Michigan High School Content Expectations Connection:

P1.1c 

Students will design and conduct scientific investigations
using appropriate techniques and tools.
P1.1d 

Students will identify patterns in data and relate them to
theoretical models.
P1.1f 

Students will predict outcomes if variables, methods,

or timing of an investigation were changed.

P4.10a

Describe energy transformations for electric circuits.

P4.10b

Identify common devices that transform electrical energy into
different forms of energy.

P4.10c

Explain energy transfer in a circuit using the “electric charge”
model.

P4.10d

Students will discriminate between voltage, current, and resistance.

UDL Connections 

This lab is designed to be a discovery activity and provides multiple paths for success.  The activity is consistent with the best practices in science education and theories of brain-based learning. Students will learn by manipulating the equipment, by observations, by interacting with classmates, and by making and testing their predictions. Students will share their observations, insights, and questions with their classmates throughout the activities and in the follow-up discussion.  Ongoing and flexible feedback will be supplied by the environment, their classmates, and their teacher.  Students will present their discoveries to their classmates with drawings, data tables, graphs, word descriptions, etc.
Estimated time required to complete lesson or unit:

90 minutes total-Part 1 will take 45 minutes for actual lab and Part 2 will take an additional 45 minutes for the computer simulation
Instructional resources:

Part 1 requires the following lab equipment: 2 mini-amps with sockets, 1 Genecon or similar hand held electric generator, 1 capacitor, and 4 lengths of bell wire with alligator clips on ends for each lab team of 3 students.
Part 2 requires access to computers connected the internet. Students will use the Circuit Construction Kit program from the site:  http://phet-web.colorado.edu/web-pages/simulations-base.html
Prior required technology skills:

Students will understand that voltage is the electrical pressure, current is the electrical flow and that these values can be determined by connecting the devices to electric circuits.

Students will be able to connect to a site on the internet, to use a mouse to grab and move objects on their computer display, and use the right click function of the mouse to change the values or appearance of components.
Sequence of Activities:
Begin a discussion with a series of open-ended questions such as:  1)  How important are electric circuits or electronics to our lives?  2)  How many electric or electronic devices do we use in a typical day?  3)  How would we react if all electric and electronic devices suddenly stopped working?  

Possible transition into investigation:  What are the important concepts involved in understanding electric circuits?  Instead of giving you the definitions and formulas, I am going to ask you to play with a few electrical devices and see if you can “discover” the important patterns.  Then hold up and name each device and let them get stared working in their lab teams.

Here is the Student lab sheet:
(Make copies for each student!)


Understanding Electrical Circuits

____________________________




Part 1










                     ___ hr.

1.  Connect the Genecon to the wires on a lamp socket to make sure that you can light the

      lamp.  After you checked to see that you have a working lamp and Genecon, then

      remove a miniature lamp from its socket.  Now use the hand generator to light the

      lamp.  Make a sketch to show your connections to the lamp.  (without a socket!)

These did NOT work




These DID WORK !!

2.  How many connecting wires are needed for success?

3.  Look closely at a full size lamp.  How many connecting points are on a regular lamp?

4.  How many separate wires are in a normal lamp cord? 

5.  Place the mini-lamp securely in a socket.  Try to light the mini-lamp with only 

     one of the two clips from the Genecon attached.  Describe your results.

6.  Slowly turn the handle of the Genecon and feel the force.  Continue to turn the

     handle as one of your lab partners connects the other clip to light the lamp.

     Describe the feeling.   Explain the results in terms of energy.

7.  How does the rate of turning affect the brightness of the lamp?  Describe your results.

8.  Now attach the clips of the Genecon to the posts of the capacitor.  Rotate the handle

    10 turns at a medium speed and quickly release the handle of the Genecon.  Describe

     what happens in terms of energy.

9.  Rotate the handle 10 turns at a medium speed and quickly disconnect the clips.

     Wait about 30 seconds then connect the mini-lamp to the posts of the capacitor.

     Describe the results in terms of energy.  

10.  What common device has a similar function as the capacitor? 
        What are the similarities and differences?

11.  Look back at your results so far.  Do you believe that you could put energy into the

       capacitor with only one post connected?  Try it!  Explain your results.

12.  Transducers are devices that change energy from one form into another.  List the

        type of input energy and output energy for each of these devices:

device


energy in

energy out 


battery


chemical 

electrical


mini-lamp

___________

___________


generator 

___________

___________

13.  Predict what might happen when you connect 2 hand generators together and turn the

       handle on one of them.

14.  What might happen when you use two mini-lamps instead of one?  Make your

       predictions, try it, and then describe your results.

TEACHER NOTES
for 

Understanding Electrical Circuits  Part 1
1.  Connect the Genecon to the wires on a lamp socket to make sure that you can light the

      lamp.  After you checked to see that you have a working lamp and Genecon, then

      remove a miniature lamp from its socket.  Now use the hand generator to light the

      lamp.  Make a sketch to show your connections to the lamp.  (without a socket!)

These did NOT work




These DID WORK !!






Students will need to connect to the bottom

and to the side of the mini-lamp.

2.  How many connecting wires are needed for success?





Two wires are needed.

3.  Look closely at a full size lamp.  How many connecting points are on a regular lamp?





Two connecting points - Same as the mini-amp.
4.  How many separate wires are in a normal lamp cord? 





Two connecting wires - Same as the mini-amp.

5.  Place the mini-lamp securely in a socket.  Try to light the mini-lamp with only 

     one of the two clips from the Genecon attached.  Describe your results.





Cannot light the lamp without two wires.

6.  Slowly turn the handle of the Genecon and feel the force.  Continue to turn the

     handle as one of your lab partners connects the other clip to light the lamp.

     Describe the feeling.   Explain the results in terms of energy.




The handle becomes harder to turn when the connection is made.



Additional energy is needed to push (pull) electron through the lamp.
 It takes energy to light the lamp! 

7.  How does the rate of turning affect the brightness of the lamp?  Describe and explain your
     results.

  Observation:

Turning the handle faster makes the lamp brighter.

Possible explanations:

Turning faster produces more pressure on the electrons.





Turning faster provides more energy per time (more power).
8.  Now attach the clips of the Genecon to the posts of the capacitor.  Rotate the handle

    10 turns at a medium speed and quickly release the handle of the Genecon.  Describe

     what happens in terms of energy.

  Observation:

The handle keeps turning.

Possible Explanation:

Some of the electrical energy was stored in the capacitor.





The stored energy in the capacitor makes the handle turn. 


9.  Rotate the handle 10 turns at a medium speed and quickly disconnect the clips.

     Wait about 30 seconds then connect the mini-lamp to the posts of the capacitor.

     Describe the results in terms of energy.  


  Observation:

Same results as number 8 above.
Possible Explanation:

Waiting does not affect the energy from the capacitor.
10.  What common device has a similar function as the capacitor? What are the similarities and
       differences?




The capacitor acts like a rechargeable battery. It stores and release

the electric energy. Only difference is the amount of energy.
11.  Look back at your results so far.  Do you believe that you could put energy into the

       capacitor with only one post connected?  Try it!  Explain your results.




Our prediction that 2 wires were needed was correct.
12.  Transducers are devices that change energy from one form into another.  List the

        type of input energy and output energy for each of these devices:

device


energy in

energy out 


battery


chemical 

electrical


mini-lamp

electrical

heat and light

generator

mechanical

electrical  
13.  Predict what might happen when you connect  2 hand generators together and turn the

       handle on one of them.



Turning the handle on one generator supplies energy to the other

which acts like an electric motor!

14.  What might happen when you use two mini-lamps instead of one?  Make your

       predictions, try it, then describe your results.


Results
:
Two lamps, end to end, are dimmer than one lamp when the generator



handle is turned. 




When the two lamps are connected to the capacitor, they are dimmer

than one lamp.   
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          __ hr.
Log onto your computer, connect to the internet, then type in the URL 

  http://phet-web.colorado.edu/web-pages/simulations-base.html
You should be connected to the PhET website at the University of Colorado.  Select the simulation called Circuit Construction Kit.  

Click and drag each of the following components onto the work space: wire, resistor, battery, bulb, and switch.  Do NOT connect them yet!

Click on the checkbox of the voltmeter and drag it onto the workspace.
Notice that each device has several blue dots in it.  Each dot represents one trillion electrons.
Would the number of electrons in a wire depend on the length of the wire?  Explain your guess.

Click on one end of the wire and change the length.  Describe what happened to the number of electrons.

The voltmeter measures the electrical pressure across a device.  To use the voltmeter, the tips of the red and black leads should touch the ends of the device.

Use the voltmeter to measure the voltage across each of the components.  Record your results here:



component
measured voltage



wire

__________



resistor

__________



battery

__________



bulb

__________



switch

__________

Next move the components on the screen and connect them to build a simple circuit with a switch, a lamp, a battery, and several wires.    
Close the switch and describe what happens.
Which device is pushing and pulling the electrons through the circuit?

What do you notice about the speed of the electrons in different parts of the circuit?

Right click on the battery to show the voltage (electrical pressure) supplied by the battery.
Right click on the lamp to show the resistance value (electrical friction) of the lamp.

Put a check mark in the non-contact ammeter, and then drag the meter over a wire to show the amount of electrical flow at various wires in the circuit?  Describe the results.

Predict what will happen to the electrical flow if you double the battery voltage. Explain your prediction.
Now right click on the battery and double the value of the voltage.  Describe what happened to the electrical flow as shown by the ammeter.

Predict what would happen to the electrical flow in the circuit if you now tripled the battery voltage from the original value.  

Try it and describe your results.  

You also can change the value of the resistance of the lamp in the circuit by right clicking on the lamp.  Predict what will happen when you double and triple the resistance of the lamp.

Try it and see what happens to the current.  Describe your results.

Record your results in the data table here:



Voltage
resistance
predicted current
measure current

     9.0

   10 Ohms

XX

     0.9 amps



   18.0

   10 Ohms
        ________
    _________



   27.0

   10 Ohms
        ________
    _________



   27.0

   20 Ohms
        ________
    _________

   27.0

   30 Ohms
        ________
    _________

Write a possible equation between the current, the battery voltage, and the resistance of the circuit.  Use the symbol I for current, the symbol V for voltage, and the symbol R for resistance. 
Use your possible equation to predict the current in a circuit where the battery voltage is 6.0 Volts and the bulb resistance is 5.0 Ohms. Show your calculation here:

Now modify the values of the battery voltage and the lamp resistance to check your prediction.  Describe your results.  

Modify your circuit so that you now have 2 lamps in the circuit.  Both lamps should be connected to each other with one wire.  Make sure to set the lamps to have the same resistance!

Compare the speed of the electrons moving through each lamp.
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Log onto your computer, connect to the internet, then type in the URL 

  http://phet-web.colorado.edu/web-pages/simulations-base.html
You should be connected to the PhET website at the University of Colorado.  Select the simulation called Circuit Construction Kit.  

Click and drag each of the following components onto the work space: wire, resistor, battery, bulb, and switch.  Do NOT connect them yet!
 Walk around the room to make sure that students successfully load the simulation.

Click on the checkbox of the voltmeter and drag it onto the workspace.

Notice that each device has several blue dots in it.  Each dot represents one trillion electrons.

Would the number of electrons in a wire depend on the length of the wire?  Explain your guess.


Every object contains electrons so a longer wire would have more electrons.

Click on one end of the wire and change the length.  Describe what happened to the number of electrons.



Yes, the simulation shows that the longer wire has more electrons!

The voltmeter measures the electrical pressure across a device.  To use the voltmeter, the tips of the red and black red leads should touch the ends of the device.

Use the voltmeter to measure the voltage across each of the components.  Record your results here:



component
measured voltage



wire

__0.0_



resistor

__0.0_


battery

__9.0_


bulb

__0.0_


switch

__0.0_
Next move the components on the screen and connect them to build a simple circuit with a switch, a lamp, a battery, and several wires.    

Close the switch and describe what happens.


The lamp goes on and the electrons move through the circuit. 
Which device is pushing and pulling the electrons through the circuit?



The battery is pushing and pulling the electrons.
What do you notice about the speed of the electrons in different parts of the circuit?



All of the electrons are moving at the same speed.
Right click on the battery to show the voltage (electrical pressure) supplied by the battery.




Battery will show 9.0 Volts.

Right click on the lamp to show the resistance value (electrical friction) of the lamp.




Resistance is at 10 Ohms.

Put a check mark in the non-contact ammeter, and then drag the meter over a wire to show the amount of electrical flow at various wires in the circuit?  Describe the results.




The electrical flow is about 0.90 amps.
Predict what will happen to the electrical flow if you double the battery voltage. Explain your prediction.



Most students will predict that doubling the pressure will double

the flow or about 1.8 amps.
Now right click on the battery and double the value of the voltage.  Describe what happened to the electrical flow as shown by the ammeter.



The current is just a little below 1.8 amps.
Predict what would happen to the electrical flow in the circuit if you now tripled the battery voltage from the original value.  



Three times the voltage should triple the current. 

Try it and describe your results.  



Yes, we had almost three times the current!
You also can change the value of the resistance of the lamp in the circuit by right clicking on the lamp.  Predict what will happen when you double and triple the resistance of the lamp.



More resistance should result in less flow, so doubling the resistance 

should reduce the current to half of the previous value, etc.
Try it and see what happens to the current.  Describe your results.


It works!  Three time the resistance gives about one third of the previous current.

Record your results in the data table here:



Voltage
resistance
predicted current
measure current

     9.0

   10 Ohms

XX

     0.9 amps


   18.0

   10 Ohms
        1.8 amps
    
     1.8 amps


   27.0

   10 Ohms
        ________
       2.7 amps


   27.0

   20 Ohms
        1.35 amps
    _________

   27.0

   30 Ohms
        ________
    0.9 amps
Write a possible equation between the current, the battery voltage, and the resistance of the circuit.  Use the symbol I for current, the symbol V for voltage, and the symbol R for resistance. 



I  =    V


         R

Use your possible equation to predict the current in a circuit where the battery voltage is 6.0 Volts and the bulb resistance is 5.0 Ohms. Show your calculation here:



I  =   V

=    6.0

=   1.2 amps


        R

      5.0
Now modify the values of the battery voltage and the lamp resistance to check your prediction.  Describe your results.  



Students will be able to verify that their equation is correct.
Modify your circuit so that you now have 2 lamps in the circuit.  Both lamps should be connected to each other with one wire.  Make sure to set the lamps to have the same resistance!

Compare the speed of the electrons moving through each lamp.



The electrons move slower than before, but the speed is
still the same at every point in the circuit.
Assessments:

· Pre-Assessment
Possible scenario – start with a personal story.


My car wouldn’t start last night and the fellow from the garage put in a new battery. Everything is fine now, but I was really surprised when I looked at the bill.

They charged me $100 for a 12 volt battery. I understand that they want to make a profit, but 9 Volt batteries that I use for my calculator only cost about $3 each and the 1.5 Volt AA cells are even less at the hardware store.  Couldn’t I get 18 volts from 2 of the 9 volt batteries?  Wouldn’t these work just fine to start my car?
· Post-Assessment:

Have lab teams present what they learned from the lab activities. Ask students to distinguish between the concepts of voltage, resistance, and current.  Ask students to describe the relationship between these variables.  This is the time to define voltage, resistance, and current, and also to write Ohm’s Law. Show the metric units of these measurements (ergo – voltage is the energy/charge in units of joules/coulomb, the amps is actually the charges/time in coulombs/second, etc..  
Technology (hardware/software):
Part 2 requires students use a computer program connected to the internet.

Key Vocabulary:

Introduce the vocabulary as needed:  voltage as the electrical pressure supplied by a generator or battery, current as the electrical flow, and resistance as the electrical friction.  Energy is the ability to make changes in light, heat, etc. of objects. Let students “discover” Ohm’s Law in Part 2.

Applications Beyond School:

Our modern civilization depends on controlling electrons. Our homes, our commerce, and our communications all are based on the flow of electrons.  Even wireless communications require electric vibrations in antennas for sending and receiving the signals through the air and complex electrical circuits to code and de-code the signals. There are a number of ways to reinforce the key concepts of this lesson. Ask students why it might save energy to use the new fluorescent screw in lamps instead of the old fashioned incandescent.  Ask students if they understand the importance of fuses or circuit breakers in their homes.  Ask students if they could make a sketch of a circuit with 2 lamps and 2 switches where each switch controls each lamp.  (This is a prelude to the next activity on series and parallel circuits.
Teacher Reflection and Notes:
Part 1 is a nice example of a “guided inquiry” type lab. This exploratory activity reinforces various types of learning including kinesthetic, verbal, auditory, visual, and etc.  Students learn by playing with the equipment, interacting with their classmates, and making and testing predictions.  The hand generator and the capacitor are novel devices and will provide some surprises.  Students will be delighted as they discover that their hand generator is also a motor.  Encourage students to make predictions and then to try different procedures. Assure students that they will not get shocked by the low voltages. Move around the lab during this activity and offer advice, encouragement, challenges, and support.  

In Part 2 students will build their circuits on the screen. Take a few minutes to demonstrate how to use the program before releasing students in the lab. Show how to grab the components, how to change the voltages of the batteries, how to change the resistance values of the resistors, etc.

Demonstrate how to use the ammeter and the voltmeter to make measurements. Have students notice that the electrical flow is shown in the circuits and that the components are always “full” of electrons! Ask students to organize their investigations and to sketch their various circuits and to look for patterns of voltage and current.  Use the next class period for students to share what they have learned. This sharing period will be the time to introduce Ohm’s Law, conservation of charge, etc. Save the differences between parallel and series circuits for another class period.
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