ABRHS PHysICs NAME:

Chapters 34 & 35: Electric Circuits

Text:

Chapter 34 Chapter 35

Think and Explain: 1-3, 6-8, 10 Think and Explain: 1-10
Think and Solve: 1-6 Think and Solve: 1-4
Vocabulary:

Ohm’s Law, resistance, resistivity, superconductor, series, parallel, voltmeter, ammeter, current,
amps, volts, ohms, equivalent resistance, circuit, short circuit, open circuit, kW-h, AC, DC

Equations:
Ener
=2 VL V=IR P=1V R,=SR —=Y1
t Q ! R, R,
Constants: e=16x10"C

Key Objectives:

Concepts

explain what happens to current and voltage in series and parallel circuits.
correctly interpret a circuit diagram.

compare and contrast an ammeter and a voltmeter.

explain what happens to electrons and energy in a circuit.

compare and contrast an insulator, conductor and superconductor.

apply the law of conservation of charge to a circuit.

apply the law of conservation of energy to a circuit.

given a circuit made of identical light bulbs, be able to predict the relative brightness of each
bulb and what would happen if bulbs were unscrewed or shorted.

explain what happens to electrons and energy when a light bulb is on and shining.
explain how the outlets in your home are connected and why.

compare and contrast AC and DC electricity and identify their sources.
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Problem Solving

solve for the missing variable in Ohm’s Law.

calculate total charge or current given the current or total charge.

convert between total charge and number of electrons.

calculate the total energy from either power and time or voltage and charge.
calculate the total cost of running an appliance for a given amount of time.
calculate the equivalent resistance for resistors connected in series or parallel.
calculate the missing variables (V, I, R) for a series, parallel or compound circuit.

o000

2012-13



ABRHS PHysics

Circuits Summary

NAME:

Word

Variable

Units

Idea

Other

Potential
Difference

Power

Current

Resistance

Charge

Energy

Time
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Current & Voltage

1. If 15 C of charge flows by in 30 seconds, what is the current?

2. Ifacharge of 60 C goes by in 3 minutes, what is the current?

3. There is a current of 4 amps in a wire.
a. How many Coulombs of charge flow through each second?

b. How many Coulombs of charge flow through each minute?

4. How long will it take a current of 5 A to move 100 C of charge?

5. If2x 10% electrons flow by in 45 seconds, what is the current?

6. There is a current of 0.3 A in a resistor.
a. How much charge will pass through in 5 minutes?

b. How many electrons is that?

7. A power supply is set for 2.5 V and is connected to a light bulb.
a. How much energy would 3 C of charge get to go through the light bulb?

b. How much energy would 15 C of charge get to go through the light bulb?

8. 150 C of charge flows through a resistor and “loses” 450 J of energy.
a. What is the voltage across the resistor?

b. What happens to the “lost” energy of the charge?

9. 15 x 10% electrons pass through a resistor in 1 minute and “lose” a total of 400 J of energy. What
is the current and voltage of the resistor?

Answers: 1) 0.5A 2) 0.33A 3.a) 4C b) 240 C 4) 20s 5) 0.71 A
6.a) 90C b) 5.63x 1 7.a) 7.5J b) 37.5J 8.a) 3V b) heats up resistor
9) 4A&1.67V
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Lab 34-1: Ohm's Law

Purpose: 1. To determine the relationship between voltage and current for a resistor.
2. To determine the resistance of an unknown resistor.
3. To become familiar with connecting and reading ammeters and voltmeters.

Materials:
1 power supply 2 wires 2 alligator clips 2 different resistors

Warnings: The resistors you are using can become very hot if there are large currents
passing through them for any length of time. To prevent burning your fingers, and/or
destroying the resistors and meters, observe the following precautions:

1. Always start with low voltages and currents, and work your way up.
Stop if something starts to really heat up.
2. If you smell smoke, immediately disconnect the power supply.

Procedure:
1. Turn on your common sense . Then set up the circuit as shown.

wire

power

supply__ resistor

wire

2. Vary the power until you are reading about .05 A in the resistor. Record the exact
current and voltage. Remember to record the voltage and current as measured by
the portable meters.

3. Repeat #2 for current re adings of up to 0.5 A at .05 A intervals.

4. Repeat for a second resistor, recording your data in the table below.

Data:
Resistor #1 Resistor #2
Voltage | Current | Voltage | Current Voltage | Current | Voltage | Current
v) (A) V) (A) v) (A) V) (A)
Calculations:

1. For each set of data, make a graph of voltage vs. current. (Put the graphs on one piece of

paper: to type in the second set of data, under ODataO choose ONew Manual ColumnO and

call it OVoItageZQ) After entering the other voltages, on the graph, click on the vertical
axis and choose OMore...O to turn on both voltages and turn off the current. These graphs
should be straight, so put in the regression lines.

2. On each straight line graph, write  the equation that describes the relationship voltage
and current. Make photocopies as needed.

side 1
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Lab 34-1: Ohm's Law

Questions:
1. For the resistors you were given, how does the current in a resistor depend on the
applied voltage?

2. Define resistance, both in words and mathematically.

3. Did the resistors become charged in anyway; i.e., do they become positive or negative?
Explain.

4. Define each item listed below.
a. voltage

b. current

c. resistance

5. Imagine you have a 20 Q resistor with a potential difference of 10 volts across the ends.
a. What is the current in the resistor?

b. How much charge would pass through the resistor in one minute?

c. How many electrons would pass through the resistor in one minute?

d. Ifthere was 40 V across the resistor, what would be the current?

6. How much voltage would it take to create a current of 0.75 A through a 3 Q resistor?

7. What is the resistance of something if 5 V produces a current of 0.8 A?

side 2
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Power & Ohm's Law

Concepts
1. What is the definition of power? (This was back in December!)

Power = Units of Power =

2. If a hot plate uses 10000 J of energy in 5 seconds, what is the power of the hot plate?

3. A pump has a power of 1500 W. That means it can do J of work every second. How
much work would it do in one minute?

4. A 75 W light bulb is on for 15 seconds. How much energy does it use?

5. A 60 W light bulb is on for one hour. How much energy does it use?

6. For electrical circuits, what is the equation that relates power, voltage and current? Also show
how the units all work out correctly.

Problems
7. A 75 W light bulb is in a 120 V outlet.
a. What is the current drawn by the light bulb?

b. What is the resistance of the light bulb?

c. How many electrons would pass through the light bulb in one hour?

8. There is a current of 3 amps passing through a 25 Q resistor.
a. What is the potential difference across the resistor?

b. What power is dissipated by the resistor?

c. How much energy is dissipated by the resistor in 30 minutes?

9. A hair dryer is plugged into a 120 V outlet and draws 4 amps of current.
a. What is the power of the hair dryer?

b. What is the resistance of the hair dryer?

Side 1
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Power & Ohm's Law

10. There is a curren t of 2 A flowing through a 2700 ! resistor.
a. What is the voltage across the resistor?

b. What is the power rating of the resistor?

c. How much energy is dissipated at the resistor in 1 second?

d. How much energy is dissipated at the resistor in 1 minute?

11. A hair dryer has two settings: 600 W and 1200 W. (Household voltage is 120 V)
a. Calculate the current draw for both settings.

b. Atwhich setting do you expect the resistance to be higher? Why?

c. Calculate the resistance at each setting. (Household voltage is 120 V.)

12. What is the resistance and current through a 60 W light bulb if it is connected to its proper
source voltage of 120 V?

13. You buy a 60 W light bulb in Europe, where electricity is delivered to homes at 240 V.
a. If you use the bulbin Eu rope, what is the current through the light bulb?

b. What is the resistance of the bulb?

14. A freezer of resistance 10 ! is connected to a 110 V source.
a. What is the current?

b. What is the power delivered to the freezer?

Answers:  7.a) 0.63 A b) 192 ! c) 1.42 x 10* 8.a) 75V b) 225 W c) 405,000 J
9.a) 480 W b) 30! 10. a) 5400 V b) 10,800 W c) 10,800 J d) 648,000 J
11.a) 5A&10A b) 600 W, less current for same voltage c¢) 24! & 12! 12) 0.5A & 240!
13.a) 0.25A b) 960 ! 14.a) 11 A b) 1210 W

Side 2
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Resistance and OhmOs Law

1. The resistance of your body can vary a great amount, depending on how dry or sweaty you are.

a. If the resistance of your body was 100,000 ! , how much current would flow through your
body if you touched the ends of a 24 volt potential?

b. What would be your resistance if your body drew 0.1 amp of current from a 48 V potential?
(This current through your heart would probably kill you.)

2. A75W light bulb is in a 120 V outlet.
a. What is the current drawn by the light bulb?

b. What is the resi stance of the light bulb?

c. How many electrons would pass through the light bulb in one hour?

3. There is a current of 3 amps passing through a 25 ! resistor.
a. What is the potential difference across the resistor?

b. What power is dissipated b y the resistor?

c. How much energy is dissipated by the resistor in 30 minutes?

4. A hair dryer is plugged into a 120 V outlet and draws 4 amps of current.
a. What is the power of the hair dryer?

b. What is the resistance of the hair dryer?

5. A flashlight has a 10 W bulb in it with a resistance of 2.03 I when it is lit.
a. What current would the bulb draw?

b. How many 1.5 V batteries would be needed for this flashlight?

Answers:  1.a) 0.00024 A b) 480 ! 2.a)063A b)192! c)1.42x10%  3a)75Vb)225 W
c) 405,000 J 4.a)480 W  b) 30! 5.a)222A b)4.5V: 3 batteries
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Electric Bills
1. Power is the rate at which energy is converted and is measured in watts. One watt is equal to
one per . There are Win 1 kW.
2. Given the power of something, you calculate the amount of energy it used by multiplying
and . Therefore, a “kilowatt-hour” (kWh) is a unit of
. How many Joules are in 1 kWh? (show work below)

3. A 60 W light bulb runs all day for 3 days.
a. What is the power rating of the light bulb in kW?

b. How many total hours is the light bulb in use?

c. What is the total energy used in kWh?

d. If the electric company charges $0.12 per kWh, how much does it cost to keep the light bulb
on day and night for 3 days?

4. A 1500 W air conditioner is in operation for 5 hours.
a. What is the power rating of the air conditioner in kW?

b. What is the total energy used in kWh?

c. Ifyou pay 14 cents per kWh, how much does it cost to run your air conditioner for 5 hours?

5. How many kWh (kilowatt-hour) of energy does a 550 W toaster use in the morning if it is in
operation for a total of 10 min? At a cost of 12 cents/kWh, how much would this add to your
monthly electric bill if you made toast everyday for 1 week?

6. At $0.110 per kWh, what does it cost to leave a 40 W porch light on day and night for a year?

Answers: 1) Joule, second, 1000 2) power, time, energy 3.a) 0.06 kw b) 72 hrs
c) 4.32kwh d) $0.52  4.a) 1.5kw b) 7.5 kwWh c) $1.05 5) $0.077 6) $38.54
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Lab 35-1: Total Resistance

Purpose: 1. To calculate the total reistance for resistors connected in series and in
parallel.
2. To qualitatively determine how the total resistance for a series and parallel
circuit compares to the individual resistors.
3. To determine the mathemat icl relationship for total resistance in a series
circuit.

Equipment: wires, alligator clips, resistors, power supply
Procedure:
This is up to you. You do NOT have to make any graphs - the resistors have constant
resistance. Just make a sketch of the ¢ ircuits you make, record any data and show
your calculations.

Diagrams:

Calculations

Conclusions:
1. How does the total resistance of a series or a parallel circuit compare to the individual
resistors in the circuit?

2. If you know the individual resistances, what is the total resistance when they are hooked
up in series?

3. If you keep adding resistors in series, what happens to the total resistance?

4. If you keep adding resistors in parallel, what happens to the total resistance?



ABRHSPHYSICS NAME

Lab 35-2: Light Bulb Circuits

Purpose: 1. To develop a conceptual understanding of basic circuits.
2. To define the terms short circuit , and open circuit .
3. To see how ammeters and voltmeters work.

Materials:
3 light bulbs & holders 1 ammeter 1 voltmeter
6 alligator clips 10 wir es

Procedure:

You will be asked to make several simple circuits and alter them a number of times. Each time,
record your observations of all the light bulbs and any meters that you are using. Be very careful to
note whenever something changes. Make n ote of the brightness of the bulbs and any meter
readings.

Part I: Series Circuits
1. Hook up alight bulb as shown in the diagram. Adjust the power supply until the light bulb is
bright. Record the total current passing through the light bulb.

@

2. Unscrew the light bulb. What happens to the bulb and the current?

3. Screw the bulb back in. Without adjusting the power supply, add a second light bulb to your
circuit as shown. What happens to the brightness of the bulbs and the  total current?

O—D

4. Unscrew one of the light bulbs. What happens?

5. Screw the bulb back in. Connect the portable ammeter and connect it so that it is in between the
two light bulbs. What happens? How does the reading on the portable ammeter compare to the

reading on the power supply?
[
I

6. Remove the portable ammeter and adjust the power supply until both light bulbs are as bright
the first one was. Record the current passing through the bulbs.

7. Add a third light bulb to your circuit. What happens to the brightness of the bulbs and the
current?

as

side 1
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8.

10.

11.

12.

13.

14.

Lab 35-2: Light Bulb Circuits

Unscrew one of the light bulbs. What happens?
Screw the bulb back in. Unscrew a different bulb. What happens?

Screw the bulb back in. Take a wire and connect it around a light bulb as shown. What happens
to the brightness of each bulb and the current?

||
!
D@

Repeat step 10 by short circuiting the other two bulbs, one at a time. NOTE: do not short out
the entire circuit!

Take the portable ammeter and connect it around a light bulb, a s you did with the wire in step
10. What happens to the brightness of each bulb and the current?

I
DD
®

Remove the ammeter from the circuit. With a voltmeter, record the total voltage for your circuit.

Connect the voltmeter as shown in the diagram . What happens to the brightness of each bulb
and the readings on the ammeter and voltmeter?

Part Il: Parallel Circuits

1.

2.

3.

Hook up a light bulb and ammeter as shown in the diagram. Adjust the power supply until the
light bulb is bright. Record the current passing through the light bulb.

il @
Without adjusting the power supply, add a second light bulb to your circuit as shown. What
happens to the brightness of the bulbs and the current?

T QO

Unscrew one of the light bulbs. What happens?

side 2
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Lab 35-2: Light Bulb Circuits

4. Screw the bulb back in. Unscrew the other light bulb. What happens?
5. Add a third light bulb as shown. What happens?
T 900

6. One at a time, unscrew each light bulb. What happens?

7. Make sure all the bulbs are lit. Take a wire and  briefly connect it around one of the bulbs as
shown in the diagram. What happens?

T O @

8. Repeat step 7 with the other two bulbs.

Questions:

1. Define the following terms:
series circuit
parallel circuit
short circuit
open circuit

2. Which would be brighter, a light bulb with more current passing through it or less current?

3.  Which meter acts like a short circuit?

4. Which meter acts like an open circuit?

5. If you were to keep the power supply set to the same voltage all the time and kept adding light
bulbs in series, what would happen to the brightness of the light bulbs? What would happen to
the total current leaving the power supply?  Why?

6. If you were to keep the power supply set to the same voltage all the time and kept adding light

bulbs in parallel, what would happen to the brightness of the light bulbs? What would happen to
the total current leaving the power supply?  Why?

side 3
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circuit.

2. To determine what happens to voltage, current and resistance in a series

circuit.

Equipment: 7 wires
1 ammeter

Procedure:

6 alligator clips
1 voltmeter

Circuit 1: Two resistors in series.

1. Hook up the circuit shown in the diagram below.
2. Set the power supply for 1 volt. DON'T CHANGE IT ONCE IT IS SET.
3. Measure the current and voltage for the 2 Q resistor and record in the data table

below the diagram.

4. Repeat measurements for the 5 Q resistor.
5. Measure the total voltage and total current using your portable meters. (This makes
sure you use the same devices to measure all the currents and voltages.)

Circuit 2: Three resistors in series.

1. Hook up the circuit shown in the diagram below.
2. Repeat your procedure from Part I, recording your results in the data table below the

diagram.

NAME

Lab 35-3: Series Circuits

Purpose: 1. To calculate the voltages and currents for individual resistors in a series

one 5-Q & two 2-Q resistors
1 power supply

[Remember:

Ammeters are connected in series.

Voltmeters are connected in parallel.

Diagrams:
Circuit 1
[
II
20 5Q
ANV AV
Data:
Circuit 1
R \'/
20
50
Vpower supply
Ipower supply

Circuit 2

2Q

Circuit 2
R Vv
20
5Q
20
Vpower supply
Ipower supply
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Lab 35-3: Series Circuits

Questions:
1. For each circuit, compare the current from the power supply to the current passing
through the individual resistors.

2. For each circuit, compare the total voltage coming from the power supply to the voltages
of each individual resistor.

3. In general, what happens to voltage, current, and resistance in a series circuit?

Follow Up:

1. A5 Qand a3 Q resistor are connect ed in series. There is a current of 2 A passing through
the 5 Q resistor.
a. What is the total resistance?

b. What is the currentinthe 3  Q resistor?

¢. What is the voltage across each resistor?

2. The total resistance of two resistors is 15 . If one of the resistors is 10 Q, what is the
second resistor?

3. A 20 Q and a 30 Q resistor are in series. There is a potential difference of 40 V across the
20 Q resistor.

a. What is the current through the 20  Q resistor?

b. What is the voltage a cross the 30 Q resistor?

side 2
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Series Circuits

The following problems are all based on the following series circuit. For each problem, find
all the missing numbers.

V'total
[
II_
—AM—AMA—AN—
R1 R2 R3
Circuit 1
R
Rl 3Q Vt =9V
R> 30 Iy =
R3 30 R¢=
Circuit 2
R
R1 12Q Vi =
R> 12 Q k= 2A
R3 12Q R =
Circuit 3
R
Ry 4Q Vi=9V
R> 8Q Iy =
R3 6Q R¢=
Circuit 4
R
Ry 6Q Vi =
R> 12 Q k= 3A
R3 Rt =200Q

side 1
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Series Circuits

NAME:

V'total
[
II_
—AM—AMA—AI—
R1 R2 R3
Circuit 5
R ! v
R4 41 Vi=12V
Ro 1A Ik =
R3 5V [Ri=
Circuit 6
R I |74
R4 05A Vi=11V
Ro 4V k=
Rs 6V [Ri=
Circuit 7
R ! |74
R 2V [|Vi=
Ro 10V |[k=2A
Rs | 3! Ri=9!
Circuit 8
R ! |74
R 8! Vi =
IRZ |t= 3A
Rs 12V |Ri=20!

side 2
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Lab 35-4: Parallel Circuits

Purpose: 1. To calculate the voltages and currents for individual resistors in a parallel
circuit.
2. To calculate the equivalent resistance of a parallel circuit.
3. To determine what happens to voltage, current and resistance in a parallel

circuit.
Equipment: 7 wires 6 alligator clips one 5-! & two 2-! resistors
1 ammeter 1 voltmeter 1 power supply

Procedure:
Circuit 1: Two resistors in parallel.
1. Hook up the circuit shown in the diagram below.
2. Set the power supply for 1 volt. DON'T CHANGE IT ONCE IT IS SET.
3. Measure the curre nt and voltage for the 3 ! resistor and record in the data table
below the diagram.
4. Repeat measurements forthe 5 ! resistor.
5. Measure the total voltage and total current using your portable meters . (This makes
sure you use the same devices to measure all the currents and voltages.)

Circuit 2: Three resistors in parallel.
1. Hook up the circuit shown in the diagram below.
2. Repeat your procedure from Part |, recording your results in the data table below the

diagram.
[Remember: Ammeters are connected in series. Voltmeters are connected in parallel.
Diagrams:
Circuit 1 Circuit 2
T 2! 51 2 Q§ 5 Q§ 2 Q§
Data:
Circuit 1 Circuit 2
R V I R V |
20 20
50 50
20
Vpower supply Vpower supply
Ipower supply Ipower supply

side 1
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Lab 35-4: Parallel Circuits

Questions:
1. For each circuit, compare the current from the power supply to the current passing
through the individual resistors.

2. For each circuit, compare the total voltage coming from the power supply to the voltages

of each individual resistor.

. . . . Vpower supply
3. Calculate the total equivalent resistance for each circuit by R = ——

equivalent —
power supply

I 1 1

4. With calculations, show that ——— = — +— +—+--: in a parallel circuit.
Requivalent Rl RZ R3

5. In general, what happens to voltage, current, and resistance in a parallel circuit?
Follow Up:

1. A4Qand a4 Qresistor are connected in parallel. What is their total resistance?
2. A 3Qand a6 Qresistor are connected in parallel. What is their total resistance?

3. What is the total resistance of three 2-Q resistors connected in parallel?

4. Two identical resistors are connected in parallel and have a total resistance of 4 Q. What

are the individual resistors?

side 2
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Parallel Circuits

The following problems are all based on the following parallel circuit. For each problem, find

all the missing numbers.

[
=+ Viotal § R1 éRz é Rs

Circuit 1
R I V
Rl 3 I Vtota] = 9 V
R2 3! ltotal =
R3 3! Rtotal =
Circuit 2
R I V
0.5
Ry | 12! A Viotal =
Ry, | 12! ltotal =
Rs | 12! Riotal =
Circuit 3
R I V
R1 6! Viotal = 6 V
Ry, | 12! ltotal =
R3 31 Riotal =
Circuit 4
R I V
R1 6! Viotal = 12 V
Ry |12! ltotal = 6 A
R3 Riotal =

side 1
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Parallel Circuits

[
=+ V'total § R1

s Zw

Circuit 5
R I V
Ry | 10! Viotal =
R ltotal =
Rs (20! 1A Rigtas =5 "
Circuit 6
R I V
0.5
R1 A Viotal =
R ltotal = 3 A
Rs 1A Riota =2 "
Circuit 7
R I V
Ry 2A Viotal =
R, 2" 3A ltotal =
R3 5A Riotal =
Circuit 8
R I V
R1 8" Viotal =
R2 2A ltotal = 4 A
R3 Riotal = 1"

side 2
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Circuit Analysis

It turns out that one can understand an analyze even the most complicated ¢ ircuits by just
remembering one equation and two simple rules: 1) Ohm's Law, 2) charge is conserved and 3)
energy is conserved. It's really that simple!

Ohm's Law

The fundamenta | equation behind circuit analysisis Ohm's Law , or
V=IR
You can think of it as a "cause and effect" equation. If there is a voltage (V) across a resistor (R) then
a current (I) will flow. (It is sort of like F=ma.) While voltage is actually energy p er charge, you can

think of it as a sort of electrical push trying to get electrons to flow through a resistor. No push, no
flow.

The "Junction Rule" aka Conservation of Charge

A junction is anyplace a wire branches off into 2 or more different wires or 2 or more wires come
together into a single wire.

One of the fundamental ideas in physics is that electric charge must be conserved. In circuit
analysis, this means that electrons cannot be created or destroyed while they move through the
circuit. Ther for, the total current going into a junction has to equal the total current going out of a
junction. (You can think of the electrons as cars, and the wires as roads - every car that enters an
intersection leaves the intersection.)

1. Whatis meant by the word junction in a circuit?

2. What is the Junction Rule ?

3. The Junction Rule is really just a statement of what basic principle?

4. What could be the unmarked current in the pictures below?

8 A X 4 A X
7A z
10 A X 10 A 5A 3A y

5. When resistors are connected in series, what must be true about the currents through each of the
resistors?

6. When resistors are connected in parallel, what must be true about the currents through each of
the resistors?

side 1
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Circuit Analysis

The "Loop Rule" aka Conservation of Energy

A loop is just any closed p ath that an electron might take in the circuit. We will keep the circuits
fairly simple and not do multiple voltage sources, so for us, this simply means what are the possible
ways that an electron might take to go from one terminal of the power supply to the other. (In
college, you will probably see problems with multiple power supplies, but we won't do that.)

Another fundamental idea in physics is that energy ~ must be conserved. In a circuit, a battery gives
electrons energy. The electrons use that en ergy in going through resistors. (We are assuming ideal
wires with no resistance.) Because energy can't be created or destroyed, the total energy "used up"

by an electron going through a circuit must be the same as the total energy given the electron by the
power supply. Since voltage is simply energy per charge, this  also means that the voltage of the
power supply has to equ al the sum of the voltages of all the resistors that the electron went through.

1. Where does an electron get the energy to move t hrough a circuit?

2. Where does an electron lose energy in a circuit ?

3. What happens to the energy lost by an electron going through a resistor ?

4. What is the Loop Rule?

5. The Loop Rule is really just a statement of what basic principle?

6. For each of the circuits shown below, sketch in the two possible paths (loops) that an electron
could make in going from one terminal of the power supply to the other. (For our purposes, it
doesn't matter if you go clockwise or counter clockwise.)

R2
R1
AWV
R3
i1
1
V'total
— A ——AM—
R1 R2
—AM——AMN—
R3 R4
y
V'total

side 2
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circuit.

NAME

Lab 35-5: Compound Circuit s

Purpose: 1. To calculate the voltages and currents for individual resistors in a compound

2. To calculate the actual equivalent resistance of a compound circuit.
3. To calculate the ideal equivalent resistance of a compound circuit.
4. To determine what happens to voltage, current and resistance in a compound

circuit.

5. To apply the ideas of conservation of charge and conservation of energy to a

compound circuit.

Procedure:

1. Hook up the circuit shown in the diagram below.

2. Set the power supply for about 1 volt.

3. Measure the current and voltage for each resistor in the circuit and record in the data

table.

4. Measure the total voltage and total current using your portable meters.

[Remember:

Ammeters are connected in series.

Voltmeters are connected in parallel.

Circuit1  Diagram:

R1

R3

N

V'total

Questions:

1. The currentin R ; should have been the same as the current leaving the power supply.

Why?

Data:

R \
R1 | 2!
R, | 5!
Rz | 2!
Vpower supply

Ipower supply

2. The current going through R ; should have been equal to the sum of the currentin R, and

R;. Why?

3. The voltages of two resistors should be the same. Which two are they and why should

they be the same?

side 1
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NAME

Lab 35-3: Compound Circuit s

Circuit 2 Diagram:

—AA——A—
R1 R2

Questions:

1. The voltage of R ; should be the same as the voltage of the power supply. Why?

Data:

R \
Ri | 2!
R, | 5!
Rz | 2!
Vpower supply

Ipower supply

2. The currents through R ; and R, should be the same. Why is that?

3. How does the current leaving the power supply compare to the currents through

branch and t he bottom branch of the circuit?

the top

side 2
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Compound Circuits
Fill in the missing information for each of the given circuits
Circuit 1
VWA
R | \% R1
R1| 2! 1A Vit = R3
VW
R2 It = R2
I
R3 | 2! 3A Rt = ]
Vtotal
Circuit 2
MWWV
R I \% R2
R1| 4! V=12V R1
MWV
R2 4V |lt= R3
R3| 4! Rt = j'l
V'total
Circuit 3
VW
R | \% R1
R1| 4! Vit = R3
A%
R2 8V [lt=3A R2
(]
R3 4V |Rt= I
Vtotal
Circuit 4
—AMA——A—
R ! v R1 R2
R1| 1! Vi=6V
A'A'A%
R2 t=3A R3
R3| 6! Rt = ’I
V'total

side 1
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Compound Circuits
Circuit 5
— NN/ AN/
R ' R1 R2
R1 2! 2A Vit =
AAAY,
R2| 4! It = R3
R3 4 A Rt = II
Vtotal
Circuit 6
AN
R I R2
R1 6! Vi=6V R1
AN
R2 1/6 A It=2/3A R3
[
R3 Rt = _ll
Vtotal
Circuit 7
VWA
R I R1
R1 Vi=3V R3
VWA
R2 1/12 A lt=1/3 A R2
[
R3| 6! Rt = ]
Vtotal
Circuit 8
AN
R [ R2
R1 31 Vi=12V R1
AN
R2 6! It = R3
R3| 6! Rt = jll
Vtotal

Hint: calculate the total resistance of R , & R ; first.

side 2
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More Circuit Problems
Fill in the missing information for each of the given circuits
Circuit 1
Vtotal
R I V [
R1| 2! Vit = '
R2 05A It =
MN—AVWNW— WV
R3| 31 Rt=7! R1 R2 R3
Circuit 2
Vtotal
R I V [
R1 51 Vi=20V !
R2 | 4! It =
MN—AWNWN— WV
R3| 11 Rt = R1 R2 Rs3
Circuit 3
R [ V J'_Vtotal %Rl éRZ § R3
R1 31 Vi=12V
R2| 6! It =
R3 | 3! Rt =
Circuit 4
R I V J'—Vtotal éRl éRz é R3
R1| 2! 2A Vit =
R2 t=7A
R3| 4! Rt =

side 1
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More Circuit Problems
Circuit 5
NN
R I V R1
R1 V=5V
L AN~ AM—]
R2 21 t=3A R R3
R3 0.5 A Rt = |
Vtotal
Circuit 6
NNV
R I V R2
R1 3A 6V |[Vt= R1
R2| 21 It = l\léz\g\'
R3 15A Rt = |
Vtotal
Circuit 7
— NN/ AN/
R ' v R1 R2
R1 11 2A Vit =
'A%
R2 It = R3
R3| 5! 1A Rt = ’I
Vtotal
Circuit 8
VWA
R I V R1
R1 6 A Vit = R3
W%
R2 t=9A R2
[
R3 36V |Rt=10! ]
Vtotal

side 2
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Light Bulb Circuits

For each circuit, use 3 identical light bulbs and make the circuit shown. For each question, predict
what will happen, and then test it on your circuit.

Circuit 1 )\
1. Rank the brightness of the bulbs, from brightest to dimmest. \/_Q/B
2. What happens to the brightness of each bulb if you A /,‘Q\
a. unscrew bulb A? \./C
b. unscrew bulb B? II
c. unscrew bulb C?
3. What happens to the brightness of each bulb if you
a. short out bulb A?
b. short out bulb B?
c. short out bulb C?
Circuit 2
4. Rank the brightness o f the bulbs, from brightest to @ @
dimmest. A B

°&)

5. What happens to the brightness of each bulb if you
a. unscrew bulb A?

b. unscrew bulb B?

c. unscrew bulb C?

6. What happens to the brightness of each bulb if you
a. short out bulb A?

b. short out bulb B?

c. short out bulb C?
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Challenge Circuits
Fill in the missing information for each of the given circuits
Circuit 1
—NW—VW\—
R I \% R2 R3
R1 3! Vi=14V R1
R2 2/13 A It = l\ll?\i\'
R3| 3! Rt = II
Vtotal
R4 8V
Circuit 2
—NW—VW\—
R I V R2 R3
R1 3V [[Vt= R1
R2 lt=4A l\ll?\i\’
R3| 2! Rt = II
Vtotal
R4 9! 1A
Circuit 3
—AM———AN—
R | \% R1 R2
R 32 A Vi=12V
! ! A ———AM—
R2 | 3" lt=5/2 A R3 R4
R3 | 3! Rt= Al
\/total
R4

side 1
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Challenge Circuits
Circuit 4
—AMA——MA—
R I \ R1 R2
R1 8V |[Vi=
—AMN——ANM—]
R2 16V [lt=6A R3 R4
R3 | 21 Rt = |
Vtotal
Rga| 4"
Circuit 5
hA
2
AAA ———
AN R4
R3
ANN— MAN—
Rs Re ANA,———
Rl R7
AWV
Rs
il
'l
Vtotal
R [ V
R1 Vi= 36V
R2 1A lt= 6 A
R3| 3! 2A Rt =
R4
R5 2A
R6 8V
R7 | 1!
R8 18 V

side 2



