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	CHAPTER 5

Developing Ideas

ACTIVITY 3 HW: Multi-bulb Circuits and Electric Current


Chapter 5

C5 Act 3 Homework

Name:________________________________   Date:_______________  Group: ______

Purpose

In activity 3 you analyzed a simple circuit with one battery and one bulb in terms of battery voltage, electric current and resistance.  These three quantities are connected through Ohm’s Law:  Current  =  Battery Voltage/Resistance.  You also used the blowing-through-straw analogy to help you make sense of how the current depends both on battery voltage and resistance.  In C5A2 HW you analyzed series and parallel circuits in terms of energy.  In this homework you will analyze the same circuits, but this time in terms of battery voltage, current and resistance.

Initial Ideas

Below, to the left, is a simple one-battery, ammeter, and one-bulb circuit.  We will refer to this as Circuit A.  In the middle is a series circuit consisting of one battery, an ammeter, and three bulbs.  Call this circuit B.  Finally, to the right is a parallel circuit consisting of one battery, an ammeter, and three bulbs. This is circuit C.  All the batteries are 1.5 volts, and all bulbs are identical (same resistance).
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Circuit A
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Circuit B
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Circuit C
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 How do you think the ammeter reading in Circuit B would compare with the ammeter reading in Circuit A? Why do you think so?
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 How do you think the ammeter reading in Circuit C would compare with the ammeter reading in Circuit A? Why do you think so?
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 How do you think the ammeter reading in Circuit C would compare with the ammeter reading in Circuit B? Why do you think so?

Collecting and Interpreting Evidence

Exploration #1: How does the electric current compare in series and parallel circuits?

To check your predictions, open Chapter 5 Activity 3 Homework Setup.  Construct Circuit A, turn on the simulator and record the ammeter reading in the Table below.  Repeat with Circuit B, then with Circuit C.  Record all ammeter readings in the Table. Keep the simulator open, as you will use it again later in the homework.
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 Values of Electric Current in Different Circuits 

(Battery Voltage = 1.5 volts, all bulbs identical)

	Circuit
	Description
	Ammeter Reading (mA)

	A
	Simple one battery and one bulb
	

	B
	One battery and three bulbs in series
	

	C
	One battery and three bulbs in parallel
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 Which circuit has the largest value of the current?
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 Which circuit has the smallest value of the current?
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 How does the data compare with your predictions in the Initial Ideas section?

Let’s try to make sense of these results in terms of the blowing-through-straws analogy.  In activity 3 you compared blowing with the same strength through a double-length stirrer and a single stirrer.
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 Was the resistance of the double-length stirrer larger than, or smaller than, the resistance of the single stirrer?
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 Was the air current in the double-length stirrer larger than, or smaller than, the air current in the single stirrer?

Now imagine that you taped three stirrers together, end-to-end, and blew through them with the same strength that you did with the single or double-length stirrer.  Below is a side-view diagram of the stirrers.
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 Do you think the triple-length stirrer would have more or less resistance than the double-length stirrer?  Why does that make sense?
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 Do you think the air current in the triple-length stirrer would be larger or smaller than the air current in the double-length stirrer (assuming you blew with the same strength)?  Why does that make sense?

Since the wire filaments of the bulb have much more resistance than any other part of the circuit, when thinking about the resistance of the whole circuit we need only consider the filament(s) of the bulb(s). The resistance offered by three bulbs in series would then be like the resistance offered by a single bulb with a filament three times as long.
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 Is the resistance of three bulbs in series greater than or less than the resistance of a single bulb?  
The resistance term in Ohm’s Law refers to the resistance of the entire circuit—the total resistance all the bulb filaments.  
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 Using Ohm’s law, explain why the electric current in a three-bulb series circuit is smaller than the electric current in a one-bulb circuit.  (Assume the battery voltage is the same for both circuits.)

In activity 3 you compared blowing with the same strength through a straw and a single stirrer.  The straw had a much larger diameter opening than the stirrer.
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 Was the resistance offered by the straw larger than, or smaller than, the resistance offered by the stirrer?

[image: image19.jpg]


 Was the air current in the straw larger than, or smaller than, the air current in the stirrer?

Now imagine that you bundled three stirrers together, side-by-side.  The total opening in the three bundled stirrers has approximately the same diameter as the straw.  (The walls of the stirrers are much thinner than their openings, so you can ignore the effects of the stirrer walls that touch each other, and consider just the openings.) 
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 Do you think the 3-bundled stirrers would offer more or less resistance than the single-length stirrer?  Why does that make sense?
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 Do you think the air current in the 3-bundled stirrers would be larger or smaller than the air current in the single-length stirrer (assuming you blew with the same strength)?  Why does that make sense?

You can think of each of the stirrers in the bundled combination as providing its own pathway for the flow of air from your mouth out the other end to the palm of your hand.  In a similar way, in the three-bulb parallel circuit, each bulb is in its own pathway with the battery.  Thus, three bulbs in a parallel circuit would be analogous to three straws bundled together.
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 Is the resistance of three bulbs in parallel greater than or less than the resistance of a single bulb?
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 Using Ohm’s law, explain why the electric current in a three-bulb parallel circuit is greater than the electric current in a one-bulb circuit.

Exploration #2: How does the electric current compare in the different loops of a parallel circuit?

In Exploration #1 you used the simulator to determine the total electric current in the three-bulb parallel circuit. The ammeter alongside the battery measured the total electric current in the circuit: electric charges flowed through that ammeter before dividing up between the three separate loops, and then combining again at the other end of the battery.  Imagine that you connected an ammeter next to each of the three bulbs in the circuit, as shown below.
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 How do you think the three ammeter readings would compare with each other?  Explain your reasoning.
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 If you sum the readings of the three ammeters, how would the sum compare with the value of the electric current measured with the single ammeter next to the battery (in circuit C) that you measured in Exploration #1?  Why do you think so?  

To test your ideas, return to the simulator.  Set up the circuit shown above, and then turn on the simulator.

[image: image28.jpg]


  Record below the values of the three ammeter readings.

Ammeter #1 = ________;  Ammeter #2 = ________; Ammeter #3 = _________

How do the three readings compare with each other?
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 How does the sum of the three ammeter readings compare with the single ammeter reading you recorded in the table in Exploration #1?  Is it essentially the same, or different?  (‘Essentially the same’ means that the sum is within 0.8 mA of the ammeter value from Exploration #1. This is because we can assume that each ammeter reading is accurate to 0.1 mA.)
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 Why might these last two results make sense?  (Think about the blowing-through-straws analogy.  Would you expect the air current in each of the three straws to be the same or different?  Would the sum of the air currents in each of the three straws be the same as the total air current from your mouth through all the straws?)

Summarizing Questions

S1.  As you add more bulbs in series with a battery, does the resistance of the circuit increase, decrease or remain the same?  Cite evidence from this homework to support your answer.

S2. As you add more bulbs in parallel with a battery, does the resistance of the circuit increase, decrease or remain the same?  Cite evidence from this homework to support your answer.

S3. As you add more bulbs in series with a battery, does the electric current in the circuit increase, decrease or remain the same?  Why does this make sense?

S4. As you add more bulbs in parallel with a battery, does the electric current in the circuit (as measured by an ammeter alongside the battery) increase, decrease or remain the same? Why does this make sense?
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