Exploration Guide: Circuits
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Electricity is such a commonplace part of our lives that we take it for granted. In the late afternoon of August 14, 2003, however, over 40 million people were confronted by a massive power outage. In New York City, failing traffic lights caused huge traffic jams. Many frustrated commuters simply abandoned their cars and walked home over bridges and highways. Months later it was revealed that the most extensive blackout in North American history was triggered by a few overgrown trees touching power lines, somewhere in Ohio. 

The incredibly complex grid of power plants, power lines, and substations that crisscross North America is a massive example of a circuit, allowing electricity to flow from one area to another. As the 2003 power outage clearly revealed, all of these components are intimately connected, and a small change to one component can affect the entire system. 

Series Circuits

Circuits are classified into two basic types, series and parallel. In this activity you will investigate a simple series circuit. 

1. In the Gizmotm, build a circuit like the one shown below. To do this, drag the necessary parts from the COMPONENTS 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 holiday lights use a series circuit. 


1. Click on the battery in your circuit, and then vary the voltage across the circuit by dragging the Selected battery voltage (volts) slider. How is the brightness of the lights affected when the voltage is increased? 
2. When it is decreased? 

3. Click Show current. The current is represented by moving arrows. (Note: Based on a convention established before the discovery of the electron, current is shown flowing from the positive terminal of the battery to the negative terminal. This is opposite the actual movement of electrons.) How does the flow of current change when the voltage is increased? 
4. Decreased? 

5. Remove a light bulb from the circuit. What happens to the remaining bulbs? 
6. What happens to the current?
7.  Return the bulb to its original position in the circuit. 

8. Set the battery voltage to 10 volts. Drag the Ammeter from the Meters box and place it in different places in the circuit. An ammeter is a device that measures the flow of current. The amount of current flow, in amperes, is shown in the Meters box. How do the amounts of current flowing in different parts of the circuit compare? 

2. A voltmeter attaches to both ends of a circuit segment and measures the voltage difference between these two points. Drag the positive end of the Voltmeter to the peg near the positive terminal of the battery. Drag the negative end of the voltmeter to the peg near the negative terminal of the battery. 

1. Set the battery voltage to 10 volts. What is the voltage measured by the Voltmeter? 

2. Now use the Voltmeter to measure the voltage difference across each of the other segments of the circuit. Jot these values down here.

3. What is the voltage difference across the segments that don't contain a light bulb? 
4. How about across the segments that do contain a light bulb? 

5. Add up the voltage differences for all the segments except the battery. How does this sum compare to the voltage difference across the battery? 

3. Click Clear and build a simple circuit consisting of a 10-volt battery, a switch, a wire, and a 20-ohm resistor (no bulbs). A resistor slows the flow of current, like a blockage in a pipe. The unit of resistance is the ohm. 

1. Use the Ammeter to measure the current. In your notes, record the voltage, 
2. resistance,
3.  and current. 
4. Do you see a relationship between the three numbers? 

5. Change the voltage to 40 volts. What is the current in the circuit now? 
6. What is the relationship between the voltage, resistance, and current? 

7. Based on your data so far, what will the current be when the voltage is 30 volts? Use the Gizmo to check your answer. 

8. Write the relationship you discovered as an equation. Use I for current, R for resistance, and V for voltage.. This equation is called Ohm's law. 

4. Replace the wire in your series circuit with a 10-ohm resistor, so that the current must pass through both resistors before reentering the battery. Measure the current in any part of the circuit. 
5. 
1. Using Ohm's law, V = IR, what is the resistance of the circuit? 

2. Check the total resistance using the Ohmmeter. First, click on the switch to turn it off. An ohmmeter only functions when no current is flowing through the circuit. Then, connect the terminals of the Ohmmeter to either end of the two resistors. The total resistance is displayed in the Meters box. 

3. What is the relationship between the total resistance and the resistance of each resistor in the series circuit? 

4. Predict the current and total resistance for a combination of a 200-ohm, 100-ohm, and 10-ohm resistor. Check your answer using the Gizmo. Remember, an ohmmeter only works when the current is zero. Either add a switch to your circuit and turn it off before using the ohmmeter, or remove the battery from the circuit altogether. 

5. Replace the resistors in your circuit with one or more light bulbs, and measure the current. Using Ohm's law, what is the resistance of a light bulb? Check your answer using the Ohmmeter. (Remember to disconnect the battery first.) 

Parallel Circuits

Series circuits are problematic because when one component is disconnected, the entire system fails. If all of your household appliances were connected by a series circuit, you would have to turn on all the lights, the blender, the toaster, the microwave and the clothes dryer just to watch TV! A better way to connect many components is through a parallel circuit. 

1. Click Clear and turn off Show current. 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 Selected battery voltage (volts) slider. How is the brightness of the lights affected when the voltage is increased? 
2. When it is decreased? 

3. Remove a light bulb from the circuit. What happens to the brightness of the remaining bulbs? Return the light bulb to its original position in the circuit. 

4. Set the voltage to 3 volts and select Show current. What do you observe about the flow of current in the different segments of the circuit?
5.  Is it the same throughout? 

6. Place the Ammeter in the circuit segment containing the battery to measure the total current in the circuit. What is the total current? 

7. Place the Ammeter on the first light bulb and record the current. Then, measure the current flowing through the other light bulbs. What is the current flowing through each light bulb? 
8. What is the relationship between the total current and the sum of currents in each light? 

9. Add two wires to the right side of the circuit and a fourth light bulb, parallel to the other three lights. How do you think this will affect the total current? 
10. Test your hypothesis using the Gizmo. 

11. Place the positive terminal of the Voltmeter above the first light bulb, and the negative terminal below. Record the voltage, then use the same method to measure the voltage across each of the other light bulbs. What pattern do you notice in the voltages? 

12. Using Ohm's law, calculate the current across each light bulb.
13.  Use the voltage values you just measured and a light-bulb resistance of 15 ohms. Does this calculated current match current you measured earlier? 

2. In a series circuit, the total resistance is simply the sum of the resistance of each component in the circuit. Finding the total resistance of a parallel circuit is a bit more complicated, because adding more parallel components actually decreases the total resistance of the circuit. Click Clear. Construct a parallel circuit containing a 10-volt battery, six wires, and three 10-ohm resistors, as shown below. 
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1. Place the Ammeter next to the battery. What is the total current? 

2. Using Ohm's law, what is the total resistance of the circuit? 
3. Double-check your answer using the Ohmmeter. (Remember to disconnect the battery first.) 

4. As you have seen, the total current in a parallel circuit, I, is equal to the sum of currents in each parallel branch: 
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Since Ohm's law states that V = IR, or I = V/R, this equation can be rewritten: 
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(Note that, in general, each branch could have a different resistance, so we use R1, R2, and R3. But, since the voltage is the same for each component in a parallel circuit, we just write V for each.) Dividing both sides of the equation by V, we have: 
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Using this last equation, what is the resistance (R) of a parallel circuit with three 10-ohm resistors? (R1, R2, and R3 = 10 ohms.) 
5. Does this match the resistance you measured in step b? 

6. What is the total resistance of a parallel circuit with a 10-ohm, a 100-ohm, and a 200-ohm resistor?
7.  Calculate the resistance using the equation. 
8. Then use the Gizmo to check your answer
