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AP Phys 1 Discovery Lesson — Electric Circuits

2.1 Experiment: Charge Flow Strength & Resistors
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A circuit is an unbroken loop of conductors. Charge (q) can flow continuously in a circuit. If an insulator (like air)
“connects” any parts of the circuit, charge will not flow easily.

Charge flows one way through a circuit. By convention, we take this direction to be out of the positive side of a
battery and into the negative side.

For this experiment, you will need 4 wires, 2 round bulbs, and batteries.
(a) Use 4 wires, round bulb(s), and batteries to make a circuit. Observe the bulb brightness.

(b) Place a compass beneath one of the wires such that the wire lines up with the compass needle. Disconnect
and reconnect the circuit and observe what happens.

(c) Now replace the round bulb(s) with long bulb(s). How does the brightness change?

(d) How does the compass deflection change?

(e) Did charge flow at a greater rate through the round bulbs or through the long bulbs?

(f) Charge has more trouble flowing through some materials than others. The ability of circuit components to
resist charge flow like this is called resistance. The more charge flow is difficult, the more the material resists
it. Circuit components that do this are called resistors and not all resistors are the same.

Which is the stronger resistor: round bulbs or long bulbs?

How can you tell these are the stronger resistors?

* CHARLIE CAMP
Adomote Techicl Con
5100 A, Box 817

o178




2.2 Experiment: Resistors and Thickness

(a)

(b)

(c)

(d)

(e)

Compare the thickness of connecting wires (W), supports inside the bulbs (S), the filament of the round bulbs
(R), and the filament of the long bulbs (L). List them in order according to thickness:

THICKNESS: Thinnest < < < Thickest

Now compare their ability to resist charge flow.

RESISTANCE: Lowest Resistance < < < Most Resistance

Does charge flow more easily through thick or thin wires?
Does charge flow more easily through long or short wires?

If R = Resistance, o= resistivity (having to do with the material), A = cross-sectional area (the “thickness”), and
L = length of a resistor, complete the following equation using all 4 variables:

)

)

2.3 Exercise: Resistors in Series and in Parallel

(a)

(b)

Connect a single round bulb in series with the battery pack (like before, but with only one bulb).
Observe the brightness and describe it.

Now connect an ammeter in series with the battery pack by breaking open the circuit at the battery and
inserting the ammeter in between the battery and the wire. This will measure the charge flow rate (the
current) in units of Coulombs per second, or Amperes (Amps [A] for short). How many Amps of current flow
through the wire in this case?

A T

* Note that the flow rate of charge (the current) is the ratio of how much charge flows per unit time:
A
I= _q
At



(c)

(d)

(e)

Now add another bulb in series (one line) by breaking open the circuit by disconnecting a wire beside the bulb
and inserting another identical bulb in there. What happened to the brightness?

What was the new flow rate in Amps? T

A

Remove the second bulb and re-make the circuit from part (a) — the one with only one bulb in it. This time,
connect the second, identical bulb in parallel with the first bulb (branching off to another path) by simply
connecting both wires of the second bulb across the ends of the first bulb.

What happened to the brightness of the first bulb?

i ?
What was the new flow rate in Amps? O O

A

When adding a resistor in series, as in part (c), does the flow rate through the battery increase or decrease?

What does this say about the overall resistance when you add a resistor in series?

To calculate the total (equivalent) resistance of a group of resistors in series:

Row =R+ R, + Ry +...

When adding a resistor in parallel, as in part (d), does the flow rate through the battery increase or decrease?

What does this say about the overall resistance when you add a resistor in parallel?

Explain how you can add a resistor to a circuit so that it decreases the overall resistance. lIs this possible?
[Refer to your answer to part (f)]

To calculate the total (equivalent) resistance of a group of resistors in parallel:

1 1.1 1
=+

R R R R




2.4 Series and Parallel Advantages
(a) Set up a circuit with 2 round bulbs in series. Partially unscrew one bulb and describe the results.

(b) Set up a circuit with 2 round bulbs in parallel. Partially unscrew one bulb and describe the results.

(c) Would you wire your house in series or parallel?

Why?

(d) How does this relate to Christmas lights?

(e) Fuses in circuits are there to protect from overheating b y disconnecting the circuit when too much current
passes through. Should fuses be connected in series or in parallel? Explain.
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Potential = Voltage (measured in units of Volts [V]).




We can use colors to represent these “pressures”, where red is the highest pressure in the circuit, orange is

Ill

high, yellow is “normal”, green is low, and blue is the lowest “pressure”.

The + side of the battery and the wire connected to it are always red.

The — side and its wire are always blue.

Any wire gets the same pressure (and color) as what it’s connected to.

Resistors can’t be colored, since they’d be “rainbowing” their way gradually from one color to the next.

(a) Using these rules, color code each circuit pictured below.
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(b) Like air, charge flows from high pressure to low pressure.
Indicate with an arrow the direction charge flows through each bulb in your diagrams.

(c) You may have noticed that some bulbs in your diagram couldn’t have a flow direction. That’s because charge
won’t flow through them. They will be unlit and have zero Amps of current through them.
Why is there no flow in these cases?

2.6 Series Voltage Division

(a) As with air, the bigger the difference in pressures, the more the flow. If there are 2 equal bulbs in series, each
one is half as bright as just one bulb. Therefore, it’s half the difference in pressure (color) across each bulb.
Draw and color code a circuit with 2 round bulbs in series. What color should the middle wire be?




(b) Because it’s just as far from red (the + side wire) to yellow as it is from blue (the — side wire) to yellow, the
only way to have the same difference across each bulb is to make the middle wire yellow. Now remove one
of the round bulbs and replace it with a long bulb.

Color code the circuit redrawn here:

(c) Which bulb was brighter?

(d) Which bulb had the biggest voltage difference (color difference) across it?

(e) Circle the correct word in the statement below:

In series, the resistor with the greatest / least resistance has the greatest voltage

difference across it.

This is true in general for resistance values in series.

2.7 Experiment: Measuring Voltage and Current

(a) Make a circuit with one round bulb and one long bulb in series with a battery pack containing only two
batteries.
Draw and color code this circuit.

(b) Now add a voltmeter in series with the long bulbs. What happens to the bulbs?



(c) Draw and color code the new circuit you just made.

(d) Next, replace the voItmeter with an ammeter E What happens to the bulbs now? Compare this
brightness to the brightness without the ammeter from part (a).

(e) Draw and color code this circuit.

(f) When placed in series, which had the largest voltage difference across it, the voItmeter or

the ammeter III?

(g) Which had the greatest resistance? (Hint: remember your rule for series voltage division)

(h) Which measuring device didn’t change the circuit when added in series?

(i) Remake the original circuit from part (a). This time add the voItmeter in parallel across the long bulb.
What happens to the bulbs?

(j) Draw and color code this circuit.



(k) Now, making sure there are only two batteries in the circuit, replace the voltmeter with an ammeterlzl
. What happens to the bulbs?

(I) Draw and color code this circuit.

(m) When placed in parallel, which had the same voltage difference across it as the long bulb?

(n) Which measuring device didn’t change the circuit when added in parallel?

(o) Should a measuring device change what it’s measuring?

Explain.

Circle the correct words in the following statements in the next two steps:

(p) Ammeters must be placed in series / parallel in order to “catch
all the flow” therefore they are designed with very high / low resistance.

(q) Voltmeters must be placed in series / parallel in order to get the difference between

the voltages before and after the bulb, therefore they are designed with a very

high / low resistance.



2.8 Current and Voltage in Series

For this experiment, make a circuit containing one round bulb and one long bulb in series. We will be
measuring how current and voltage split up in a series circuit.

(a) PREDICT: Will there be the most charge flow (current) through the round bulb, the long bulb, or the battery?

(b) PREDICT: Will there be more voltage difference across the round bulb or the long bulb?

(c) Make the appropriate measurements to fill in the table. Remember that the ammeterlzl must be connected
in series by breaking open the circuit and inserting it between the 2 parts.

I(A) AV (V) [*AV (W)

#1 Entering L

#2 Entering R

#3 Through Battery

(d) Which bulb had more current flow through it?

(e) Which bulb had more voltage across it?

Circle the correct words in the following statements in the next two steps:
(f) The current / voltage is always the same in all parts of a series circuit.




(g) In series, the current / voltage adds up to the total across the
battery (the “emf” or €).

(h) If you multiply current and voltage, you calculate the power output of the resistor in units of Joules per second
or Watts [W]. This is the rate at which the energy from the battery is used. For light bulbs, energy leaves the
circuit as heat and light, so it is related to bulb brightness. More power output (more Watts) means more
brightness. P = (1)(4V)

PREDICT: If you add up all the outputs, should they equal more or less than the input from the battery?

REMEMBER: WITH GREAT

POWER COMES GREAT
CURRENT SQUARED

Why? TIMES RESISTANCE.

\

ORM NEVER FORGOT HIS
. . , DYING UNCLE'S ADVICE.
(i) Now try it. Add up all the outputs you measured and compare the total to the battery’s output.

Pround + PLong = W) +( W) = W

Pbattery = W

(j) Is there a significant difference?

2.9 Current and Voltage in Parallel

This time, put the round bulb and long bulb in parallel with each other and connect the battery.

(a) PREDICT: Will there be more charge flow (current) through the round bulb, the long bulb, or the battery?

Explain your reasoning.

(b) PREDICT: Will there be more voltage difference across the round bulb or the long bulb?

Explain your reasoning.
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(c) Make the appropriate measurements to fill in the table.

4]
#1 #2
© ®
#3
I(A) AV (V) [*AV (W)

#1 Entering L

#2 Entering R

#3 Through Battery

(d) Which bulb had more current flow through it?

(e) Which bulb had more voltage across it?

Circle the correct words in the following statements in the next two steps:

(f) The current / voltage is always the same across each resistor in parallel.

(g) In parallel, the current / voltage splits so that it adds up to the total in the branch

before and after the paths split.

(h) Examine the power outputs and input column. Add up all the outputs and compare it to the input from the
battery. Is there a significant difference?

(i) What physical conservation law would be violated if the outputs were different than the input?

11
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HOMEWORK: Straws and Resistors

For this exercise, we will explore resistances in series and parallel by blowing through straws (wide
paths) and stirrers (narrower path) in different combinations.

(a) Blow through a straw then blow through a coffee stirrer. Which one lets more air through per

second?

Which one is easier to blow through?

Which one has the smallest resistance?

Is this more like a round bulb or a long bulb?

(b) Now securely attach a straw around the back of a stirrer so that it is airtight.
PREDICT: do you think this will be easier to blow through the combination or through the straw by
itself?

(c) Blow through the straw-end of the combination straw/stirrer.
Was this more like blowing through the straw by itself or the stirrer by itself?

Blow through the stirrer-end this time. Compare this to blowing through the straw-end.
Was it easier or harder this way?

(d) Compare the resistance of the combination with the resistance of a single straw. Which is greater?

(e) Compare the resistance of the combination with the resistance of a single stirrer. Which is greater?

(f) This time, place two straws side by side and blow through them that way.
Was this easier or harder to blow through than one straw by itself?



Which one lets more air through per second, the single straw or the double straw?

Which one has the smallest resistance, one straw or 2 straws side by side?

By adding the straw to the side, was it easier or harder to blow through?

Explain why adding a straw in this way makes the air flow change the way it does.

(g) Now cut a small section from the end of one straw and blow through that.
Was this easier or harder to blow through than a full-length straw?

Which one lets more air through per second, the shortened straw or the full-length straw?

Which one has the smallest resistance?

(h) When you add a straw end-to-end, the straw is effectively lengthened.

What does this do to the resistance?

What does this do to the air flow?

() When you add a straw side-by-side, the straw is effectively widened.
What does this do to the resistance?

What does this do to the air flow?



