Billie McBride and Danielle Coutts

Circuits Circus

Introduction:
This activity introduces students to the idea of a circuit at a very basic level. Students have the opportunity to experiment easily with the ideas of current and resistance by quickly altering circuits as directed. They are given space to record their ideas and consolidate their understanding.

Because the students participating in this activity are not expected to have extensive experience working with circuits, an advantage of using this computer simulation is that safety is not an issue. Students get the chance to play around with the circuits as they like, without having to worry about their safety or the well-being of equipment.

Some advantages of using this simulation are as follows:

· Safety is not an issue

· Equipment (do not need to worry about students breaking equipment when experimenting)

· Changes in the brightness of light bulbs are noticeable

· Changes in the speed of the charged particles are obvious

· Speed (circuit can be altered quickly and easily)

Some limitations of using this simulation are as follows:

· It assumes zero resistance for some components (not true in real life)

· Does not allow students to incorrectly hook up an ammeter or a voltmeter (it automatically hooks them up correctly so students will not likely notice that one is in series and the other is in parallel)

· Unlike real life, the simulation shows the movement of the current

· Size is restricted (i.e. the size of the circuit board as well as the number of each component are limited)

· Students cannot see how components are actually connected
Curriculum Objectives:
S1-3-13 
Construct electric circuits using schematic diagrams.

Include: series, parallel

S1-3-14 
Use appropriate instruments and units to measure voltage (electric potential difference), current, and resistance.

S1-3-16 
Investigate and describe qualitatively the relationship among current, voltage (electric potential difference), and resistance in a simple electric circuit.

Explanation of the Simulation Sequence:

See attached.

Accompanying Discussion

See attached.

Reference: www.explorelearning.com/index.cfm?method=cResource.dspResourceCatalog

Click on: G9-12: Physics
Click on: Electricity and magnetism
Go to: Circuits (Launch gizmo)

Note: in order to use this simulation, you must sign up for a 30-day free trial period. If you sign up for this free trial using the teacher category, it allows you to login at least 35 students in a computer lab for free.
Circuits Circus

For this activity, you will be required to work in pairs. Choose a partner and sit down at a computer. One of you will act as a recorder and one of you will act as the ‘constructor.’ The recorder will be in charge of writing down all of the necessary information on the worksheet. The ‘constructor’ will be in charge of working the computer and building the circuits as necessary. It is recommended that you switch roles halfway through the activity so that you can both experience the full benefits.

Open Internet Explorer and go to the following web site.

www.explorelearning.com/index.cfm?method=cResource.dspResourceCatalog

Click on: G9-12: Physics
Click on: Electricity and magnetism
Go to: Circuits (Launch gizmo)
Now we’re ready to begin!

Build the circuit shown below. Click on the item you want and drag it to the circuit board. Once you have it in the correct position, let go of the mouse and the component will drop into place. To connect a second item, place it next to the first and the program will automatically connect them together for you. If you make a mistake you can just click on the item again and drag it to the desired location on the circuit board. You can also put an item back but dragging it to the appropriate location. For large errors you can press the clear button to start over with a fresh screen.
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Build the following circuit:

Your light bulb did not light up. Why? 
_______________________________

_______________________________

_______________________________

Predict how you could change your circuit so that your light bulb would illuminate.

Write your prediction below.

________________________________________________________________________________________________________________________________________________

Modify the circuit to incorporate your predictions until your light bulb lights up.
What did you need to add in order to illuminate the light bulb? _____________________

********************************STOP!**********************************

Let’s spend a couple of minutes discussing why you need to add this component!
In your own words, describe why a power source in the circuit was necessary for illuminating the light bulb. Be sure to include the concept of voltage in your answer.
________________________________________________________________________________________________________________________________________________________________________________________________________________________
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At this point, your circuit should look like this: 
Remove one of wires from your circuit. 
Describe what happened and predict why.

________________________________________________________________________________________________________________________________________________

________________________________________________________________________
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Now, alter your circuit so it includes a switch. 

It should look as follows: 

Click once on the switch. Describe how this changed your circuit. 

______________________________________

______________________________________

If removing a piece of the circuit produces the same result as clicking on the switch, what can be said about the role of the switch in a circuit?
________________________________________________________________________________________________________________________________________________

********************************STOP!**********************************

Let’s discuss the science behind why the circuit must be continuous!
************************************************************************

Explain this in your own words.

________________________________________________________________________________________________________________________________________________________________________________________________________________________

Check the “show current” box. 
As long as your switch is turned on (and your circuit is connected) you should see little green circles moving around your circuit. These represent charged particles moving through your circuit. This is known as current.

When we measure current we are measuring the flow of charged particles passing a certain point in a circuit, in a particular period of time. To help you to understand exactly what current is, think about moving traffic on a busy street. The number of cars passing through an intersection in a given period of time (for instance, one minute) could be described as the street current.

Now, let’s experiment with current!
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Build the following circuit: 

The purple arrow is pointing at a device known as an ammeter.

An ammeter measures the amount of current in a circuit. The unit for measuring current is called an Ampere, also known as an amp. This can be compared to measuring distance using centimeters for the unit. The symbol for amps is A. 

For example, if we get a reading of 5 A on our ammeter, it means that we have 5 units of charge passing by a certain point in our circuit in one second.

To see the amount of current the ammeter is reading, look at the bottom of the controls section. For example, in the diagram below, the ammeter is reading a current of 1.0000 A
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Try moving your ammeter to at least three other places on your circuit. Record the readings below:
Place #1: _____A

Place #2: _____A

Place #3: _____A

Examine the readings above. What can you conclude about current in this circuit?

________________________________________________________________________

Remove one of the wires in your circuit and replace it with another light bulb.
Describe what happened to the following:
Brightness of bulbs: _______________________________________________________

Speed of the charged particles: ______________________________________________

Reading of the ammeter: ___________________________________________________

Predict what will happen if you add a third light bulb into the circuit.

Brightness of bulbs: _______________________________________________________

Speed of the charged particles: ______________________________________________

Reading of the ammeter: ___________________________________________________

Were you correct? 

In general terms, describe what happens as you add more light bulbs into a circuit.

________________________________________________________________________________________________________________________________________________

________________________________________________________________________

You have now been introduced to the concept of resistance. 
Back to the example of street current: 

Think about that same road, only it is covered in sticky mud. Traffic has no choice but to move slower and less cars will be able to pass through an intersection in a given period of time. The more sticky mud that you add to the road, the slower the cars will have to move. You could say that the mud is resisting the forward movement of the traffic.
Each time you added another light bulb to your circuit, you were slowing down the movement of the charged particles (i.e. reducing the amount of current). The light bulbs were resisting the movement of the particles.
Resistance is measured in units called ohms. The more ohms of resistance in a component, the more it will slow down the movement of the charged particles. For example, a light bulb with a resistance of 10 ohms will reduce the current more than a light bulb with a resistance of 5 ohms. The symbol for ohms is Ω.
Each element in a circuit has its own resistance. For our purposes, the resistance of wires will be negligible. However, it is important to note that in reality, there is no such thing as a component with zero resistance.
To determine the set resistance of any of the components in this simulation, hold the mouse on a certain object and its resistance will be displayed. NOTE: in this simulation the switches and the meters will not display a resistance. In reality, these components would all possess some level of resistance.
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Modify your circuit so it looks as follows:

Notice the arrows pointing at the different resistors.

A resistor is simply a device used to decrease (slow down) the current in a circuit.

Each color of resistor has a distinct level of resistance. 

Hold your mouse over each color of resistor to determine the resistance.

Purple: _____ Ω
Blue: _____ Ω

Orange: _____ Ω
Green: _____ Ω
Try adding each type of resistor into your circuit, one at a time. Observe what happens.
In your own words, write out a rule relating the amount of resistance in a circuit with the amount of current.

________________________________________________________________________________________________________________________________________________

NOW YOU’RE READY TO HAVE SOME FUN!!!!

Here’s your chance to build any circuit you want. The catch is, your circuit must have 2 resistive elements (not including wires or meters) and must also include a power source and a place for an ammeter.
Step 1: Build your circuit using the computer simulation. 

Step 2: Draw a diagram of your circuit below. Be sure to label the resistances of all elements and include the reading on your ammeter. Include a legend if necessary.
Step 3: Have the teacher check your circuit to ensure all of the necessary elements are present.

Step 4: Once your circuit has been approved, you will receive the components necessary to build a real version of this circuit.
Step 5: Build your circuit. 
Note: as there is only one ammeter for the entire class, the teacher will come around and help you to incorporate this in your circuit and take a reading.

Reading on the ammeter: _________ A

Step 6: Outline at least three differences between the circuit you created using the computer simulation and the circuit you actually created. Be prepared to share your answers in the class discussion to follow.


1. 


2.


3.

Step 7: What are the advantages and disadvantages to using this computer simulation when learning about circuits? Be prepared to discuss your answers with the class.


Advantages:


Disadvantages:

Next class: 

We are back in the lab to further investigate the property of voltage. 

We will look at how voltage, current, and resistance are related.
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