Electrical Circuits 

Make and Take a Circuit Kit
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1. Electricity and magnetism are related effects that have many useful applications in everyday life. As a basis for understanding this concept, students know:

 a. how to design and build simple series and parallel circuits using components such as wires, batteries, and bulbs.

 g. electrical energy can be converted to heat, light and motion.
I. Constructing your kit

II. Batteries and Bulbs

III. Using FOSS/STC materials

IV. Using circuit symbols (optional)

V. Series and Parallel circuits

VI. Understanding Electrical Concepts

VII. Computer Simulations of Circuits

I. Constructing your kit
To build your kit you will first need to prepare the connecting wires!

[image: image1.wmf][image: image24.wmf]To work with electric circuits it is important to have the right tools. One of the most common tools is a wire stripper.  This tool is used to remove the plastic insulation that surrounds a wire.  If the wire is to make good electrical contact the insulation at the ends of the wire needs to be removed.







A wire stripper is sort of like a scissor or clipper except the goal is not to cut all the way through the wire, but to use the wire stripper to remove or “strip” only the plastic insulation.  Although not difficult to use it does require some practice to strip a wire without cutting the metal wire inside!

1. To start take a wire stripper and cut off a 6-inch piece of wire from the spool.  You will use the wire stripper to strip both ends of the wire:

[image: image25.wmf]•  Position the open wire stripper about ½ “ from the end of the wire 

• Position the wire in the “notch” hole

• apply pressure to close the blades of the stripper until you feel it just cut into the plastic

• now pull the wire stripper toward the ½” end of the wire.  The insulation should come off leaving a ½” piece of wire exposed

2. Strip both ends of 4 pieces of 6-inch wire

3. Strip both ends of a mini holiday light bulb

Once you have prepared the wires and the holiday light we are ready to put the kit together
II. Electrical Circuits: Batteries and Bulbs
Activity A.  What electrical paths between a battery and a holiday light will light the bulb?
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1. PREDICT: Mark each drawing below with a check mark if you think it describes a path that will light up the bulb.
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2.. TEST: Obtain a battery and a bulb and test your predictions.

What is required to make the bulb light?

Activity B.  Challenge: Apply what you’ve just learned to a mini light bulb.

What is in that little light bulb to make it light up?  Obtain a light bulb that has been “opened” by removing the glass.  Examine the insides to see where the little wires go.
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	1.
Draw a picture showing the path that electricity flows into, inside and out of the light bulb.  
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3. Obtain a mini light bulb, two wires and a battery and test your predictions and if necessary correct your answers.

4. What is required to make this bulb light?

Activity C.  Assessment.  How is a flashlight wired to “work”?

	1.
Examine the flashlight by opening it up and taking it apart as much as possible.  

2. Draw and label the parts of the flashlight that enable it to work.  Hint: you need a closed circuit to light the bulb.  
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3. After you have drawn it, reassemble the flashlight and make sure it works!

Activity D.  Assessment.  How can we make a homemade flashlight?

1. How could you make your own flashlight, using a paper towel tube,  a “D” cell battery, and a small bulb?  What other materials would you want to use?  How would you wire it?  Build it, and enter a description and diagram below.

III. Using FOSS or STC Electric Circuit Kit Materials 

Activity A: How are circuits put together?  In the previous activities you have had to hold the circuit together with your hands.  We will now use materials from a 4th grade FOSS (Full Options Science System Kit) to build circuits that will hold together without human hands!  This will allow us to put more than one bulb in a circuit and make measurements on the circuit.
	1.
Each kit contains:

 - 1 D-cell battery (commonly used in flashlights)

 - 4-6 6-inch lengths of wire

 - 2 mini-light bulbs

 - 2 FOSS kit light bulb holders

 - wire strippers

 - 1 FOSS kit battery holder

 - 1 holiday light
	


	2.
Connecting wires. Take a careful look at the light bulb holder and notice the clips on the side. These clips, called Fahunstalk clips, are used to hold the wires in place. To use the clip, use your finger to press the clip down and insert the wire into the space below the clip. The photo to the right shows how the wire fits into the clip. 
	

	2. When you use the battery holder, battery, bulb and bulb holder to assemble a circuit that lights up one bulb, the circuit will look similar to the one shown here.


	


3. Use the battery holder, battery, bulb and bulb holder to assemble a circuit that lights up one bulb.  Draw your circuit and show the complete path that the electricity travels.  Make sure you show: 1. The battery 2. The path through the bulb holder. 3. The path through the bulb.

IV. Using circuit symbols (optional) 

Activity A.    How are circuits modeled with wiring diagrams or schematics?  

To make it easier and faster to draw circuit diagrams we will use the following symbols to represent batteries, light bulbs, wires and switches.

	wire or other conductor
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battery
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	Light bulb (or resistor)*
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* this symbol is used to represent any device that creates resistance in the circuit.

switches: open switch       closed switch
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1. Use the circuit symbols to draw a simple circuit (A single light bulb lit by one battery) and label symbol with the part of the circuit it represents.

V. Series and Parallel circuits 

When there are two or more bulbs in a circuit there are several ways of connecting them together.  Two common patterns of connecting bulbs are “in series” and “ in parallel”.

Into

Activity A.  Minilecture: What are series and parallel circuits?

	Series circuits

When two or more light bulbs are connected end to end so the same electrical pathway passes through each one they are said to be connected in series

Two bulbs connected in series:

[image: image11.jpg]




	Parallel circuits

When two or more light bulbs are connected so that the electrical pathway from the battery splits into separate branches they are said to be connected in parallel.

Two bulbs connected in parallel:
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	Draw a schematic of a series circuit:


	Draw a schematic of a parallel circuit:




Activity B.  What happens to light bulbs when they are added in series?  Construct the following series circuits.  Compare and record the brightness of the bulbs.

One bulb


two bulbs in series




three bulbs in series



What generalization can you make???

When bulbs are added in series they _______________________

Activity C.  What happens to light bulbs (resistors) in a parallel circuit? Construct the following parallel circuits.  Compare and record the brightness of the bulbs.

One bulb



two bulbs in parallel
three bulbs in parallel



.
What generalization can you make???

When bulbs are added in parallel they _______________________

VI. Understanding Electrical Concepts 

Activity A.  Investigating Prior Knowledge: What concepts and units of measure are important to measure electricity?  You are probably familiar with some concepts and units that are used to measure electricity.  

List any “words” you think would be important in a conversation about electricity and write down what you think they mean. (At the end of this unit come back to this section and add to or modify your understanding of these words)

Activity B.  Minilecture – Key electrical concepts- What are they and why are they important?
	Consider a simple electrical circuit, one battery, wire, and a light bulb. Describe what role each of these components play in lighting up the light bulb.

Battery:

Wire:

Light bulb:
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To describe how much energy the battery can supply we will need the concept of Voltage.  

To describe what moves through the wire we will need the concept of current.  

To describe how the light bulb transforms electrical energy into light we will need the concepts of resistance and power.

	Voltage
	Current
	Resistance

	•Voltage can be thought of as an “electrical pressure” that pushes electricity or charge through a circuit.  

• measured in units of volts or V

• symbol: V


	• Electric current is the flow of charge around a circuit.  The electrical current carries energy.

• measured in  units of amps or amperes or A

• symbol: I
	• Electrical resistance is like friction.  Resistance slows down the flow of charge and can change the current that flows around a circuit

• measured in units of ohms or 
• symbol R


VII. Computer Simulations of Circuits 

For the following investigations you will use the PhET simulations at the University of Colorado Website:

http://www.colorado.edu/physics/phet/web-pages/simulations-base.html
(You can also Google: “PhET” and click on “PhET simulations” to access the website)
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	1. Click on Circuit Kit Construction Icon.

The program will load this might take a bit of time.
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	2.  You should get a blank template like the one shown to the right
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	2. Click on the Help and Mega Help for a quick overview of what this simulation can do. 
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	4. Drag the icons on the side to build a simple circuit that will make the bulb light up. 
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	5.  You can use the voltmeter to measure the voltage “across” the battery or the bulb. Just select the voltmeter from the “Tools” in right panel and connect the probes “across” the device.
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	5. You can use the Non-Contact Ammeter to measure the current through any wire in the circuit. Just select the Non-Contact Ammeter from the right panel and drag it over a wire.
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Activity A. Investigating a simple circuit:

1. Use the PhET simulation to build a simple circuit.

2. Use the voltmeter to measure the voltage across the battery and across the light bulb

3. Use the Non-Contact Ammeter to measure the current going into and coming out of the light bulb.

Questions:

1. How does the voltage across the battery compare to the voltage across the light bulb

2. Does the amount of current change as it passes through the light bulb?

Activity B. Investigating a series circuit:

1. Use the PhET simulation to build a series circuit.

2. Use the voltmeter to measure the voltage across the battery and across each of the light bulbs

3. Use the Non-Contact Ammeter to measure the current through each section of the circuit.

Questions:

1. How does the voltage across the battery compare to the voltage across each of the light bulbs?

2. Does the amount of current change as it passes through the light bulbs?   Is there a pattern?

Activity C. Investigating a parallel circuit:

1. Use the PhET simulation to build a parallel circuit.

2. Use the voltmeter to measure the voltage across the battery and across each of the light bulbs

3. Use the Non-Contact Ammeter to measure the current through each branch or section of the circuit.

Questions:

1. How does the voltage across the battery compare to the voltage across each of the light bulbs?

2. Does the amount of current change as it leaves the battery and passes through the light bulbs?   Is there a pattern?

D. Comparing and Contrasting Series and Parallel circuits:

	Concept
	Series circuit
	Parallel circuit

	Voltage
	The sum of the voltages across each resistor is equal to the voltage across the battery.

Vbulb1 + Vbulb2 = Vbattery
	The voltages across each light bulb is equal to the voltage across the battery.

V bulb1 = Vbulb2 = Vbattery

	Current
	I is the same throughout the circuit.  It has the same value where ever you measure it.

Ibulb1 = Ibulb2 = Ibattery
	I is not the same around the circuit.

I bulb1 + Ibulb2 = Ibattery



	Resistance
	Resistance of the whole circuit is equal to the sum of the resistances of each bulb.

The resistance of the whole circuit is greater than the resistance of each bulb.

The more bulbs the current has to go through the greater the resistance.

Rcircuit = Vbattery/Ibattery

Or

Rcircuit = Rbulb1 + Rbulb2
	Resistance of the whole circuit is not equal to the sum of the resistances of each bulb.

The resistance of the whole circuit is less than the resistance of either of the two bulbs.  

The more pathways for current to flow the lower the resistance.

Rcircuit = Vbattery/Ibattery

	Power
	Power used by the whole circuit is equal to the sum of the power of each light bulb.

Pcircuit = Pbulb1 +Pbulb2
	Power used by the whole circuit is equal to the sum of the power of each light bulb.

Pcircuit = Pbulb1 +Pbulb2


Activity D. Investigating the connection between brightness and current:

1. Use the PhET simulation to conduct an investigation that measures the connection between the number of bulbs in a series circuit and the amount of current that flows through the circuit.

Data Table
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Questions:

1. What is the relationship between the number of bulbs and the amount of current flowing in the circuit?

2. What is the relationship between the amount of current and the brightness of the light bulb?

Wire Stripper
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