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General Introduction to Electric Circuits

Water Analogy

The current that a battery can push through a wire can be compared to the water flow that a pump can push through a pipe. Greater pump pressures lead to larger water flow rates, and, similarly, greater battery voltages lead to larger electric currents. In the simplest case, the current is directly proportional to the voltage. Thus, a 12-V battery leads to twice as much current as a 6-V battery, when each is connected to the same circuit.
Resistance

In a water pipe, the flow rate is not only determined by the pump pressure but is also affected by the length and diameter of the pipe. Longer and narrower pipes offer higher resistance to the moving water and lead to smaller flow rates for a given pump pressure. A similar situation exists in electrical circuits, and to deal with it, we introduce the concept of electrical resistance. Resistors and light bulbs both restrict the amount of current that can flow through them. The difference is that resistors generate mostly heat energy, while light bulbs generate more light than heat. (Refer to Appendix A for a visual of the water analogy).
Series Circuits

In a series circuit, the electric current has only one path on which it can travel. Many old sets of lights for holiday decorations use a series circuit. The current in a series circuit is the same current flowing through each resistance in the circuit. In a series circuit the voltage of the source (the battery) equals the sum of the separate voltage drops in the circuit. The resistance of the conducting wires is very small and will be neglected here. The total resistance of a series circuit is equal to the sum of all the resistances in the circuit.
Parallel Circuits

The type of circuit in which the current has several paths that it can travel is called a parallel circuit. The current in a parallel circuit is divided among the branches of the circuit. How it is divided depends on the resistance of each branch. Since the current divides, the current from the source is equal to the sum of the currents through each of the branches. The voltage of the battery is the same as the voltage drop across each resistance in the circuit. Therefore, several different loads requiring the same voltage may be connected in parallel. The equivalent resistance of a parallel circuit is less than the resistance of any single branch of the circuit. (Formula can be left until Senior 4 Physics).
Sources:


 Ohm’s Law and DC Circuits, Chapter 22, Text unknown.

Cutnell & Johnson, Physics, 4th ed.1998.
Exploration Guide, Circuits Gizmo, Explore Learning, http://explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=398&CFID=659338&CFTOKEN=31765817
Curriculum Objectives
	Cluster 3: Nature of Electricity

	Specific Learning Outcomes
	General Learning Outcome Codes


	S1-3-13 
	Construct electric circuits using schematic diagrams. 

Include: 

series, parallel 


	GLO: C3, D4, E4 

	S1-3-15 
	Compare and contrast voltage and current in series and parallel circuits. 

Include: 

cells, resistance


	GLO: C3, D4


Simulation Sequence
Evidential

Introduce the concept of series and parallel circuits using the water analogy described in the introduction. Show the class an actual circuit with a light bulb, a battery, and a switch (shown in Appendix B). Talk briefly about each element of the circuit, explaining that the wires allow a path for the current to follow, but have no resistance (ideally); the battery generates the current, and; the light bulb uses some of the energy from the circuit and acts as a resistor in the circuit. Demonstrate what happens when the switch is closed and when it is open.
Introduce the simulation to the class by using a screen at the front of the class. Briefly demonstrate how the simulation works, without getting into details of the concepts that they are to discover on their own. For example, show them what the voltmeter does in the simulation, but do not explain that the voltage will be the same across each component of a parallel circuit. After an introduction to the simulation, discuss with the class what some of the limitations of the model may be. How does this simulation blur reality?
Assign students to groups of two. One student will be able to manipulate the simulation while the other records the observations of the group. Both students may have a turn manipulating the simulation, if they wish. As they progress through the activity, the group will communicate their ideas with each other, and negotiate on their final conclusions. 
Psychological

Encourage the groups to begin the activity by “playing around” with the model. Acknowledge the observations they make and encourage them by telling them that they have already made a good start on some of the conclusions the activity asks for.
The students can then begin the activity by collecting and interpreting data, as outlined in the worksheet (Appendix C).
Accompanying Discussion and Extension Questions

Theoretical

After the groups have finished the activity, have the students complete the assessment questions at the end of the activity (see Appendix D). 
To consolidate their learning further, have the students work by themselves and explore their own series and parallel circuits. Building their own circuits, they will be able to create rules about current and voltage in both series and parallel circuits. They can follow the activity outlined in Appendix E.
Then bring the class together to discuss the rules that they have observed. Clarify any misconceptions and reinforce the theoretical concepts of series and parallel circuits. Link the concepts that have been learned to the initial evidential phase, where the students observed a real-life circuit in action. From your discussion you will be able to get a sense of whether or not they are using the model to interpret the actual thing. For instance, they may describe the current as moving fast or slow, as shown in the model. Again, discuss the limitations of the model. Does current really move at different speeds? Or is this just the way that the water analogy and the model help us to understand the size of the current?
References
The simulation was found at http://explorelearning.com/
You can activate a free 30 day trial to check out all of their “gizmos”. The simulation I used was under the Science collection, Grade 9-12, Electricity and Magnetism, Circuits, or http://explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=398&CFID=659338&CFTOKEN=31765817 

The activities in Appendices C, D, and E are from this page, as well.
Appendix C

Exploring Series and Parallel Circuits

In this activity you will build a series circuit and a parallel circuit. You will also see the differences between the two types of circuits. 

1. In the Gizmotm, build a circuit like the one shown below. To do this, drag the necessary parts from the CONTROLS pane to the CIRCUIT BOARD. This type of circuit is called a series circuit. In a series circuit, the electric current has only one path on which it can travel. Many old sets of lights for holiday decorations use a series circuit. 
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1. Vary the voltage across the circuit by dragging the Battery Voltage slider. How is the brightness of the lights affected when the voltage is increased? When it is decreased? 

2. Remove a bulb from the circuit. What happens to the remaining bulbs? Return the bulb to its original position in the circuit. 

3. Select Show current. The speed of the circles moving along the circuit indicates the amount of current flowing. Vary the voltage again by dragging the Battery Voltage slider. How does the flow of current change when the voltage is increased? When it is decreased? 

4. Once again, remove a bulb from the circuit. What do you observe about the current flow? Return the bulb to its original position in the circuit. 

5. Drag the ammeter (labeled A) from the Meters shelf and place it in different places in the circuit. The ammeter measures flow of current. It can be placed in any circuit segment, including those containing light bulbs or the battery. The amount of current flow, in amperes or "amps," is shown at the bottom of the CONTROLS pane. How do the amounts of current flowing in different parts of the circuit compare? 

6. How does the current change if you increase the Battery voltage? If you decrease it? 

7. Drag the voltmeter from the Meters shelf and place it on the circuit segment containing the battery. The voltmeter attaches itself at both ends of a circuit segment and measures the voltage difference between these two points. The meter reading is displayed at the bottom of the Controls pane and, in this case, should be equal to the Battery voltage. Now use the voltmeter to measure the voltage difference across each of the other segments of the circuit. Jot these values down on a piece of paper. What is the voltage difference across the segments that don't contain a light bulb? How about across the segments that do contain a light bulb? Add up the voltage differences for all the segments except the battery. How does this sum compare to the voltage difference across the battery? 

8. Change the Battery voltage and repeat the process. Again, compare the Battery voltage with the sum of the voltage differences across the rest of the circuit. 
2. Click Clear. Then, on the CIRCUIT BOARD, build a circuit like the one shown below. This type of circuit, in which the current has several paths that it can travel, is called a parallel circuit. 
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1. Vary the voltage across the circuit by dragging the Battery Voltage slider. How is the brightness of the lights affected when the voltage is increased? How about when it is decreased? 

2. Remove a bulb from the circuit. What happens to the brightness of the remaining bulbs? Return the bulb to its original position in the circuit. Remove each of the other two bulbs. What happens to the brightness of the remaining bulbs in each case? 

3. Select Show current. What do you observe about the flow of current in the different segments of the circuit? 

4. Once again, remove a bulb from the circuit. What do you observe about the current flow? Return the bulb to its original position in the circuit. 

5. Place the ammeter in the circuit segment containing the battery. Jot the current down on a sheet of paper. Move the ammeter to the next segment in the circuit, just beyond the + end of the battery. How does the current here compare to the current flowing through the segment containing the battery? At the end of this segment the current arrives at a branch. Some of the current flows downward through the leftmost bulb. Place the ammeter in this segment (as shown in Diagram A) and record the amount of current flowing through this segment. The remainder of the current continues rightward toward the other two light bulbs. Place the ammeter in this segment (as shown in Diagram B) and record the current flowing through it. 
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Sum the two ammeter readings from the positions shown in Diagrams A and B. How does this sum compare to the total amount of current flowing in the segment preceding the branch? 

6. Now measure the current in each of the segments that contains a light bulb and record the values. Total the currents flowing in these three segments. How does the sum compare to the current flowing in the segment containing the battery? 

7. Change the Battery voltage and repeat the process, again comparing the current flowing in the battery segment with the sum of the currents in the three segments containing the light bulbs. 

8. Place the voltmeter on the circuit segment containing the battery. The reading will agree with the Battery Voltage. Now use the voltmeter to measure the voltage difference across each of the circuit segments containing a light bulb. What is the voltage difference across each of these segments? How does this voltage difference compare to the Battery Voltage? 

9. Remove one light bulb from the circuit. Does this affect the voltage difference across the battery? Across the remaining two light bulbs? 
Appendix D
1. In the series circuit shown below, if one of the light bulbs were removed from the circuit, what would happen to the remaining light bulbs?
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· A. The lights would go out.
· B. The lights would stay lit.
· C. The lights would begin to blink.
· D. There is not enough information to answer this question.
Correct Answer: A — The lights would go out. 
Explanation: In a series circuit, the current has only one path on which it can travel. If that path were broken by removing a light bulb, the current would not be able to travel, and all the lights would go out. 

2. In the parallel circuit shown below, if one of the light bulbs were removed from the circuit, what would happen to the remaining light bulbs? (Assume that the circuit remains the same in all other ways.)
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· A. The lights would go out.
· B. The lights would stay lit.
· C. The lights would begin to blink.
· D. There is not enough information to answer this question.
Correct Answer: B — The lights would stay lit. 
Explanation: In a parallel circuit, the current has multiple paths along which it can travel. If one of the paths were broken by removing a light bulb, the current would simply travel along the other paths that still remain intact. So, the remaining lights in the circuit would stay lit. 

3. In the circuit shown below, the Battery Voltage is 12 volts and the light bulbs are all identical. What is the voltmeter reading?
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· A. 0 volts
· B. 3 volts
· C. 4 volts
· D. 12 volts
Correct Answer: C — 4 volts 
Explanation: The circuit shown is a series circuit. In a series circuit, the sum of the voltage differences across the circuit elements (excluding the battery) is equal to the battery voltage. When there are three identical light bulbs in the series circuit, the voltage difference across each will be the same. Because the battery voltage is 12 volts, the voltage difference across each of the bulbs must be 4 volts. 

4. A current of 0.3 amperes flows from the battery in the circuit shown below. What will be the reading of the ammeter shown in the circuit?
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· A. 0 amperes
· B. 0.1 amperes
· C. 0.3 amperes
· D. 0.9 amperes
Correct Answer: C — 0.3 amperes 
Explanation: The circuit shown is a series circuit. In a series circuit the same amount of current flows through each component of the circuit. Because 0.3 amperes of current flow from the battery, that same 0.3 amperes of current must flow through each of the three light bulbs. 

5. A current of 4.8 amperes flows from the battery in the circuit shown below. The light bulbs are all identical. What will be the reading of the ammeter shown in the circuit? 
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· A. 1.2 amperes
· B. 1.6 amperes
· C. 4.8 amperes
· D. 14.4 amperes
Correct Answer: B — 1.6 amperes 
Explanation: The circuit shown is a parallel circuit. In a parallel circuit, the current that flows from the battery is distributed among the different branches of the circuit. In a case such as this, where each branch contains an identical light bulb, the current is distributed equally among the branches. Because there are three branches, one third of the total current, or 1.6 amperes, flows through each of the branches. 

6. In the circuit shown below, the Battery Voltage is 9 volts. What is the voltmeter reading?
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· A. 0 volts
· B. 2.25 volts
· C. 3 volts
· D. 9 volts
Correct Answer: D — 9 volts 
Explanation: The circuit shown is a parallel circuit. In a parallel circuit, the voltage difference across each branch of the circuit is the same as the voltage difference across the battery (whether the light bulbs are identical on not). Therefore, the voltage difference across the bulb shown is 9 volts. 
	Exploring Your Own Series and Parallel Circuits

In this activity, you will construct your own series and parallel circuits and explore the current flow and the voltage differences in your circuits. You will use resistors as well as light bulbs in these circuits. Resistors and light bulbs both restrict the amount of current that can flow through them. The difference is that resistors generate mostly heat energy, while light bulbs generate more light than heat. 

1. Click Clear. Then construct a series circuit (one path only) containing the Battery along with at least one Light bulb and at least two Resistors. 

1. With Tool Tips selected, mouse over the different resistors and light bulbs on the shelf and in your circuit. The Gizmo will display the resistance of each resistor and bulb, expressed in units of ohms. Be sure that at least one of your resistors has a resistance of 20 ohms or more. 

2. Use the ammeter to measure the current flowing in the segment containing the battery, and also in each of the segments containing resistors and light bulbs. How does the current compare in each of these segments? State a rule that describes the current in the various components of a series circuit. 

3. Use the voltmeter to measure the voltage drop across the battery and across each of the resistors and light bulbs. Compare the sum of the voltage differences across the resistors and light bulbs with the voltage difference across the battery. State a rule that relates the total voltage differences across the resistors and light bulbs to the voltage difference across the battery. 

4. Clear the CIRCUIT BOARD and create a new series circuit. Test the two rules that you just stated regarding current and voltage differences in series circuits on your new circuit. 

2. Click Clear. Now construct a parallel circuit (multiple paths for the current) containing the Battery and at least one Light bulb and at least two Resistors. Make sure to use at least one resistor that is NOT a 10-ohm resistor. 

1. Use the ammeter to measure the current flowing in the segment containing the battery, and also in each of the segments containing resistors and light bulbs. How does the current compare in each of these segments? Total the currents flowing in the segments containing resistors and light bulbs. Compare this sum to the current flowing in the segment containing the battery. State a rule that describes the current in the various components of a parallel circuit. 

2. Use the voltmeter to measure the voltage drop across the battery and across each of the resistors and light bulbs. Compare the voltage difference across each of these circuit elements. State a rule that relates the voltage differences across the resistors and light bulbs to the voltage difference across the battery. 

3. Clear the CIRCUIT BOARD and create a new parallel circuit. Test the two rules that you just stated regarding current and voltage differences in parallel circuits on your new circuit. 


