Chapter 11: Electricity and Its Production

Mini Investigation: Building an LED
Circuit, page 503

A. When one cell was connected to the LED, the
LED did not light no matter which way they were
connected.

B. When two cells and the LED were connected,
the LED did light but only when connected in one
way.

C. The electricity does flow in a particular
direction. If it flowed in either direction, the LED
would have lit regardless of the way it was
connected. Step 2 of the investigation supported
my statements.

Section 11.1: Electrical Energy

and Power Plants

Tutorial 1 Practice, page 505
1. Given: AE=1201J; At=25s
Required: P

Analysis: P = AE
At

Solution:
pAE
At

1207

C 25

P=48W

Statement: The power rating of the digital camera
is4.8 W.

2. Given: AE=198 000 J; A¢t=15 min
Required: P

Analysis: P = AE
At

Solution: First convert time to seconds to get the
answer in joules per second (J/s), or watts (W):

60s
At=15 X
miﬁ lmiﬁ

At=900s
poAE
At
198000 J
©900s
P=220W

Statement: The power required for the hair dryer
to transform the energy is 220 W.
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Tutorial 2 Practice, page 506
1. Given: P=7.0W; Atr=24h
Required: AE

Analysis: P = %

AE = PAt
Solution: Convert time to seconds to get the
answer in joules:
3600 s
1A
At =86400s

At=24Y x

AE = (7.0 W)(86 400 s)
J
=|7.0= |(86 400
[ g} P

=6.048x10° J (two extra digits carried)
AE =6.0x10"J
Statement: The compact fluorescent light bulb
needs 6.0 x 10° J of energy to operate for 24 h.
2. To convert the answer from Question 1 to
kilowatt hours, convert from joules:
1 kWh

3.6x10° Y

The compact fluorescent light bulb needs
0.17 kWh of energy to operate for 24 h.

6.048x10° J x =0.17 kWh

Research This: Power Plant
Efficiency, page 507

A. Answers may vary. Sample answer:

I chose wind power plant technology for electricity
generation. It has a thermal efficiency of 40%.

B. Improvements in the types of materials that can
be used create wind turbines has increased the
output of wind power technology plants. Lighter
materials allow for larger blades and taller
supports. Increased turbine height means the
turbines can catch the stronger, higher altitude,
winds. These changes have increased thermal
energy output.

C. By building bigger and lighter turbines, other
but similar plants could be improved. Fewer
turbines would be needed to generate more
electricity.
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D. Answers may vary. Students’ reports could
include:

Hydro power plant efficiency could be improved
by upgrading or “uprating” existing hydro power
plants in the mechanics of generating the
electricity and the electronics of operating the
plant. Taller dams or water reservoirs would
increase output of electricity. Heat capture
mechanisms could be connected to cooling towers
to convert heat energy to power other parts of the
plant or to be used elsewhere.

Fossil fuel (such as coal) power plant efficiency
could be improved by directing steam into pipes
and increasing its pressure, allowing it to reach
much higher temperatures. The higher
temperatures make the transfer of energy more
efficient.

Nuclear power plant efficiency could be improved
by redesigning important components in the
energy production process. For example, the
uranium cylinders could become hollow tubes. The
increased surface area would allow water to flow
in and out of the cylinders, increasing heat transfer.
Solar power plant efficiency could be improved by
using solar power towers instead of solar troughs
to capture sun energy. In a trough system, many
parabolic (half cylindrical troughs) solar panels,
placed at a fixed angle, capture sun energy which
is transferred to synthetic oil circulating through
pipes. In a tower system, the sun energy is
captured and reflected directly by movable solar
panels to a tower that transmits the energy to a
fluid. As with both systems, the heat is used to
generate steam to run a turbine. The tower system
is more efficient because it requires fewer solar
panels than a trough system for the same energy
output. Unused energy can be stored with the
tower system, unlike the trough system.

Section 11.1 Questions, page 507

1. Answers may vary. Sample answer:

The statement “My washing machine consumes a
large amount of electricity.” uses the word
electricity incorrectly. The statement should be
“My washing machine requires a large amount of
electrical energy per second in order to operate.”
Electricity refers to electrical energy and the
movement of charge.
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2. Given: AE=19200J; At=2.0s
Required: P

Analysis: P = AE
At

Solution: P= AE
At

192007
~ 20s
P =9600 W
Statement: The power of the starter is 9600 W.
3. Given: P=1200 W; AE=1.8x10°J
Required: At

AE
Analysis: P=—
At

Solution: P= %

t
A==
J3
_1.8x10° )
1200 ©
S
At=150's

To find the answer in minutes, convert from
seconds:
Ar =150 g x 10
60 g
At =2.5 min
Statement: The food was in the microwave for
2.5 min.
4. Given: P=380 W; Ar=110h
Required: AE

Analysis: P = AE
At

AE = PAt
Solution: Convert time to seconds to get the
answer in joules:
3600 s
14
At =396 000 s

At=110 4 x

AE = (380 W)(396 000 s)
= (380 é)(s% 000 %)

AE =1.505x10% J (two extra digits carried)

To find the answer in kilowatt hours, convert from
joules:

1.505x 10 ]xﬂ =42 kWh
3.6x10° ¥
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Statement: The plasma television needs

1.5 x 10%J or 42 kWh of energy to operate for one
month.

5. Given: P =380 W; At =110 h/month for

12 months

Required: AE

Analysis: P = AE
At

AE = PAt
Solution: First find the total amount of television
watched in hours. Then convert time to seconds to
get the answer in joules:

110 h
At = 12 merth
IMX ’

=1320h

3600 s
LK

=1320 4 x

At =4752000s

AE = (380 W)(4 752 000 s)
= [380 é)m 752 000 %)

AE =1.806x10° T (two extra digits carried)

To find the answer in kilowatt hours, convert from

joules:
1 kWh

3.6x10° ¥
Statement: The plasma television needs

1.8 x 10° T or 5.0 x 10> kWh of energy to operate
for one year.

6. Answers may vary. Sample answer:

I was disappointed that wind energy technology is
so inefficient since it is in the news as a solution to
our energy problems. I thought it would be more
efficient if it is being promoted so much.

1.806 x10° ¥ x =5.0x10* kWh
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Section 11.3: Electric Potential

Difference

Mini Investigation: Modelling Electric
Potential Energy, page 510

A. The amount of energy applied is directly related
to the amount of energy emerging from the other
side—the higher the beginning balls are raised
before release, the higher the end balls fly up.

B. The middle spheres do not move, but merely
transfer the energy.

C. When the middle spheres are moved out of the
way, the release of the end ball does not result in a
transfer of energy to the other end ball. The
dropped ball simply swings until it stops and the
other end balls remains motionless.

D. A possible limitation of this model is that if the
balls are not identical in mass and shape, then the
transfer of energy will not be equal from ball to
ball. Also the balls must be touching when the
motion of the outside ball is set in order for energy
transfer to occur.

Tutorial 1 Practice, page 511
1. Given: AE=120J; 0=52C
Required: V'

Analysis: V = AE
0

Solution:
y_AE
0

1207

- 52C
V=23V
Statement: The electric potential difference of the
chipis 2.3 V.

Section 11.3 Questions, page 513
1. Given: AE=1750J1; 0=3.1C
Required: V'

Analysis: V = AE
0

Solution:
y = AE
0

1750 3

ERYe
V=560V
Statement: The electric potential difference is
560 V.
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2. Given: V=15V; 0=0.075C
Required: AE

Analysis: V = AE
0

Solution:
y = AE
Q
AE =VQ
= (15 V)(0.075 C)
J
= [15 Z](o.msz)
AE=1.1]
Statement: The energy transformed in the adapter
is 1.11J.
3.Given: V'=37V;AE=6.01]
Required: O

Analysis: V = AE
0

Solution:
y = AE
0
AE
0= 1%
607
37V
_6.0)
i
C
0=16C

Statement: The amount of charge travelling
through the cellphone is 1.6 C.

4.(a) Given: P=7.0W; At=25h; 0=525C
Required: V'

Analysis: V = AE
0

AE
P=—
At
Solution: Convert time to seconds to find AE in
joules using the power equation from Section 11.1.

At=25h
3600 s
14

=254 %

At =9000 s
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_AE
T A

AE = PAt
= (7.0 W)(9000 s)

J
=1 7.0 = |(900
[ SJ( o

AE =63 000 J
y = A
0
63000 J
©525C
V=120V

Statement: The electric potential difference of the
CFL bulb is 120 V.

(b) Multiply the number of coulombs in part (a) by
the number of electrons per coulomb to find the
number of electrons that were moved through the
CFL bulb:

6.2 x 10" elect
525 7' CICIONS _ 3 3% 10* electrons

1
Statement: In part (a), 3.3 x 10%' electrons were
moved through the CFL bulb.
5. Given: AE=130J; V=710V
Required: O

Analysis: V = AE
0

Solution:
y = AE
0
AE
Q—7
1301
710V
0=0.18C

Statement: The amount of charge delivered to the
heart is 0.18 C.

6. (a) I would expect to observe a voltage gain
across the battery because it increases the potential
difference of the circuit, and to observe a voltage
drop across the LED lamp because it is a load.

(b) I would expect no voltage drop or gain across
the switch and the connecting wires, since they are
conductors designed to have low resistances.
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7. (a) A power plant is a source of electrical
energy, so it causes a voltage gain.

(b) A digital camera is a load, so it causes a
voltage drop.

(c) A game console is a load, so it causes a voltage
drop.

(d) A wind turbine is a source of electrical energy,
so it causes a voltage gain.

(e) A solar panel is a source of electrical energy, so
it causes a voltage gain.

(f) A calculator is a load, so it causes a voltage
drop.

8. (a) A voltmeter should not be connected in
series. A voltmeter must always be connected in
parallel.

(b) A circuit with more than one complete path is a
parallel circuit. A series circuit has exactly one
complete path.

(c¢) Connecting a voltmeter in series will not allow
only a small amount of electrical energy to travel
through it, since the electrons flowing through the
circuit have no alternate path to follow and must
pass through the voltmeter. Connecting a voltmeter
in parallel will allow only a small amount of
electrical energy to travel through it.

(d) A parallel circuit does not need to have only
two complete paths. A parallel circuit can have
two or more complete paths.

(e) A complete circuit contains a power source and
a load but the power source must be switched on.

9.
o o LT @

[+

[+

©

It
©
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Section 11.4: Physics Journal
Section 11.4 Questions, page 515

1. The early professions of Benjamin Franklin
surprised me because they were not scientific in
nature. He had no formal education in science until
after 42 years of age.

2. Assuming electricity was a fluid was reasonable
at that time because it was assumed that electricity
flowed from one material to another. Water does
this so it was natural for people to use what they
know and apply it to new situations.

3. The kite experiment is famous because it was
dramatic and dangerous. It proved most evidently
(through touch) that lightning was some form of
electricity.

4. The development of electricity technologies did
not rely on knowing the direction of electricity
flow because the direction of electricity flow does
not effect how devices function.

5. (a) Conventional current is where the flow of
electrons or electricity in an electrical circuit goes
from a positive side to a negative side. Electron
flow is electric current. There are two types: direct
current, DC, and alternating current, AC. In direct
current, electron flow is in only one direction. In
alternating current, electron flow is in two
directions, from positive to negative terminal, and
vice versa.

(b)
Conventional current Electron flow
D S— || L e
[
+I'1'-
T
resistor
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Section 11.5: Electric Current

Tutorial 1 Practice, page 517

1. Given: Q =0.20 mC; At = 0.75 min

Required: /

Analysis: [ = Q
At

Solution: Convert time to seconds and charge to

coulombs to get the answer in coulombs per

second, or amperes:

At=0.75miﬁ>< 60s

1 peify

At=45s
0=020pC x—C
1000 €
0=2.0x10"C
_Q
At
_20x10* C
45 s
1=44x10° A

Convert the current to microamperes:
o Ix10°uA

I=44x10"° A x T

[=44 uA

Statement: The current travelling through the

cellphone charger is 4.4 x 10° A or 4.4 pA.

2. Given: /=15 A; At=24h

Required: O

Analysis: [ = 9
At

Solution: Convert time to seconds to get the
answer in ampere-seconds, or coulombs:

3600 s

14

At =86 400 s (one extra digit carried)

At =244 x

=2
At
Q=IAt
= (15 A)(86 400 s)
0=13x10°C

Statement: The number of electrons resulting
from the current is 1.3 x 10° C.
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Mini Investigation: How Much Current
Can a Lemon Produce?, page 518

A. Answers may vary. Sample answer:

When the lemon was connected, 0.5 V was
produced. When the LED load was added, the
voltage dropped by 50 mV. The difference is
negligible.

B. When more lemon cells are added in series, the
brightness of the LED is increased.

Section 11.5 Questions, page 518

1. Direct current is the flow of electrons in one

direction only. By convention, the electrons flow

from the negative terminal of the source of

electrical energy and travel through the conducting

wires toward the positive terminal.

2.Given: 0=2.5C; At=4.6s

Required: /

Analysis: [ = Q
At

Solution: /= 2
At
_25C
T 46
1=0.54 A

Statement: The current in the circuit is 0.54 A
3. Given: /=800.0 A; At=1.2 min
Required: O

Analysis: [ = 9
At

Solution: Convert time to seconds to get the

answer in ampere-seconds, or coulombs:

Ar =12 5 208

1 gty

At=T72s
Y
At
0=1IMt
=(800.0 A)(72 s)
0=58x10"C

Statement: The amount of charge travelling
through the car battery is 5.8 x 10* C.

4. Given: /=250 mA; Q=17 x 10> C
Required: At

Analysis: [ = 9
At
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Solution: Convert current to amperes to get the
answer in coulombs per ampere, or seconds:

I=250;rﬂ(xi

1000
1=025A
_9
At
a=2
I
_1.7x10° C
T 025A
At =680 s

Convert the time to minutes:
1 min
60 g
At =11 min
Statement: The battery can produce the current
for 680 s or 11 min.
5. Given: Q=150 4C; /=0.21 mA
Required: At

At =680 g X

Analysis: [ = 9
At

Solution: Convert charge to coulombs and the
current to amperes to get the answer in coulombs
per ampere, or seconds:

0=150 ¢ x— &

1%10°

0=15x10"C

[=020mK x— A

1000
1=21x10" A
_Q
At
n=£
1
_15x10° C
2.1x10™* A
At=0.71s

Statement: The time required for the charge to
pass through the LED light is 0.71 s.

6. First find the charge of the battery. Convert
current to amperes and time to seconds to get the
answer in coulombs.

1A
I=2650p0K x —>
1000 &

1=2.65A
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3600 s
At =14 X
)t X
At =3600 s
_Q
At
0= 1At

=(2.65 A)(3600 s)
0 =9540 C (two extra digits carried)

Now find the time it takes for 159 C of charge to
deplete with a current of 883 mA. Convert current
to amperes to get the answer in seconds.

[=833pK x— A

1000 prA

[=0833A
Y

Y
a=2

1
9540 C
0.833A
At =1.15x10* s (two extra digits carried)

Convert the time to hours:
At = 1.15x104gxi

3600
At=3h
So, the battery could produce a current of 883 mA
for 3 h.
7. The student connected the ammeter in parallel
so there is more than one path for the current to
flow along. It is possible that the path passing
through the ammeter has a much lower resistance
than the path it is connected in parallel with,
causing a large amount of current to take this path
and resulting in a high reading.
8. Electric current is the conduction of free
electrons in a material. If the material does not
contain free electrons, then the material is not an
electrical conductor. Therefore, no electric current
can be produced in an non-conductor.
9. Electricians turn off the power to a circuit before
working on it for safety. A current above 0.075 A
is extremely dangerous when it flows into the
body, and this is below a typical household circuit
current rating. An electrician must always turn off
the power to avoid accidental contact with an
exposed wire or short-circuited electrical
component.
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Section 11.6: Kirchhoff’s Laws
Tutorial 1 Practice, page 522

1. Separate the circuit in Figure 7 into sections that
are connected in parallel and sections that are
connected in series. Doing this shows how to view
the circuit as three complete paths: the path
passing through the source, lamp 1, lamp 2, and
lamp 3; the path passing through the source,
lamp 1, lamp 2, and lamp 4; and the path passing
through the source, lamp 1, lamp 2, and lamp 5.
Using this approach of three separate paths, you
can think of three completely independent series
circuits.
Using KVL for a series circuit, you can solve for
Vzl

e =V AV, 4T,
60.0 V=200V+V,+15V
60.0V=35V+7,

V,=25V

If you apply the same thinking to the next path,
you can solve for Vy:
source = I/1 + I/2 + V4
60.0 V=200V+25V+V,
60.0 V=45V +V,
V,=15V

If you apply the same thinking to the third path,
you can solve for Vs:
source = V] + VZ + VS
60.0 V=200V+25V+V,
60.0 V=45V +V,
V,=15V

So, V=25V, V4=15V,and V5=15V.
2. The current in a series circuit is constant and the
same as the source current. The source, lamp 1,
and lamp 2 are in series, and /; = 0.70 A. Using
these values and KCL, you can find Zsoyrce and /:

source = Il = 12
I, =070A=1,

source

Therefore, Iyouree = 0.70 A and I, = 0.70 A.
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The amount of current entering a junction is equal
to the amount of current exiting the junction. This
can be used to find /y:

I =L+ +1

parallel

070 A=0.10A+1,+020 A
070 A=030A+1,

1, =040 A
So, I, is equal to 0.40 A.

Section 11.6 Questions, page 522

1. (a) Kirchhoff’s current law (KCL) states that the
current entering a junction is equal to the current
exiting a junction in a circuit, but the current going
into the parallel circuit is listed as 0.50 A and the
current coming out of the parallel circuit is listed
as 0.30 A, which are not equal.

(b) Kirchhoff’s voltage law (KVL) states that the
voltage gains are equal to the voltage drops in a
complete path in a circuit, but the student has
measured that the series circuit has one voltage
gain of 10 V from the source, and a voltage drop of
10 V from each of the three loads, for a total
voltage drop of 30 V.

(¢) Kirchhoff’s voltage law (KVL) states that the
voltage gains are equal to the voltage drops in a
complete path in a circuit. The source and the first
lamp form one complete path in the circuit, and the
source and the second lamp form another complete
path in the circuit, so the voltage drop of the first
lamp and the voltage drop of the second lamp must
both equal the voltage gain of the source. The
student has measured that the voltage drop of the
first lamp is 20 V and the voltage drop of the
second lamp is 10 V, which are not equal, so the
student’s measurements must be incorrect.

(d) Kirchhoff’s current law (KCL) states that the
current entering a junction is equal to the current
exiting a junction in a circuit. Since there is no
junction in a series circuit, only one complete path,
the current must be the same for all the loads.
Since the lamps have different currents, they
cannot be connected in series.
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2. (a)

Item V (V) I1(A)

source 3.0 3.0

lamp 1 2.0 3.0

lamp 2 1.0 1.5

lamp 3 1.0 1.5
Using KVL for a series circuit, you can solve for
Vsource:

Vowee =1 72

=20V+1.0V

V. =30V

source

So Vsource = 3.0 V.

If you apply the same thinking to the other path,
you can solve for Vj:

Viowe =V 7,
30V=20V+V,
V,=1.0V
So V3=1.0V.

The current in a series circuit is constant and the
same as the source current. The source and lamp 1
are in series, and /; = 0.70 A. Using these values
and KCL, you can find Isyce:

=1
source 1

I =30A

source

So Lource = 3.0 A.

The amount of current entering a junction is equal
to the amount of current exiting the junction. This
can be used to find /3:

Ipara]]el =1, +1

30A=15A+1,
L=15A

So=1.5A.

(b)
Item V (V) I1(A)
source 24.0 2.0
lamp 1 10.0 2.0
lamp 2 6.0 1.0
lamp 3 6.0 1.0
lamp 4 8.0 2.0
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Using KVL for a series circuit, you can solve for
V4I
source = I/l + V2 + V4
240V=100V+6.0V+V,
240V=160V+V,
V,=80V
So V4=8.0V.

If you apply the same thinking to the other path,
you can solve for Vj:
source = Vl + V3 + VV4
240V=100V+V,+38.0V
240V =180V +V,
V,=60V
So V3=6.0V.

The current in a series circuit is constant and the
same as the source current. Lamp 4, the source,
and lamp 1 are in series, and Jsoyree = 2.0 A. Using
these values and KCL, you can find /; and /4:
Isource = Il = 14

20A=1 =1,
Sol;=2.0Aand I4=2.0 A.
The amount of current entering a junction is equal

to the amount of current exiting the junction. This
can be used to find /3:

1 parallel I, + 1

20A=10A+1,
I,=10A

So=1.0 A.

()
Item V (V) I1(A)
source 6.0 4.0
lamp 1 3.0 4.0
lamp 2 1.0 2.0
lamp 3 2.0 2.0
lamp 4 3.0 2.0

Using KVL for a series circuit, you can solve for
V]I
source = I/1 + VZ + V_’y
60V=V+1.0V+20V
60V=V+30V
V=30V
So V;=3.0V.
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If you apply the same thinking to the other path,
you can solve for Vy:

Viowe =V 4V,
6.0V=30V+V,
V,=30V
So V4=3.0V.

The current in a series circuit is constant and the
same as the source current. The source and lamp 1
are in series, and /ouree = 4.0 A. Using these values
and KCL, you can find /;:

source = Il
1 =40A
Sol;=4.0 A.

Lamp 2 and lamp 3 are in series, and [, = 2.0 A.
Using these values and KCL, you can find /3:

12 = 13

1,=20A

So5=2.0 A.

The amount of current entering a junction is equal
to the amount of current exiting the junction. The
amount of current entering the junction is equal to
L, (or I3). This can be used to find /4

Ipam]]e] =1,+1,
40A=20A+1,
I,=20A

Sol;=2.0A.
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Section 11.7: Electrical

Resistance
Mini Investigation: Determining

Unknown Resistance, page 523
A. Graphs may vary. Sample graph:

Voltage v. Current

12 7
10
8 —

6 -

4 —

2 -

0 |

Voltage (V)

T T T T 1

T
5 10 15 20 25 30
Current (A)

slo e—A—V
Pe=AL

072V 024V
"~ 20A -08A
048V
T 12A

slope = 0.4 V/A

The unknown resistance is 0.4 Q.

B. Answers may vary. Sample answer:

A 100 Q resistor would give values ranging from
2-15Vand 0.2 A to 0.15 A. Note: the ammeter
should be of an appropriate scale. The percent
difference is typically around 5 %.

C. Answers may vary. Sample answer:

The other student’s graph had the same shape as
mine. Both graphs show a linearly proportional
relationship, but each had a different slope.

Tutorial 1 Practice, page 525
1. Given: V=120 V;I=6.5 A
Required: R

Analysis: R =

Solution: R =

T IR S

ov
65A
R=18Q
Statement: The resistance of the toaster element is
18 Q.
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2.Given: A =450A; V=12V
Required: R

Analysis: R =

Solution: R=

R=0.027 Q
Statement: The resistance of the car starter is
0.027 Q.

Section 11.7 Questions, page 526

1. (a) Given: R= %

Rearranging: R:%
vV
RxI==x[
4
IR=V
A_V
K R
1=
R

The equation solved for current is / = % .
(b) Given: R= % .
Rearranging: R=

RxI==x[

NN~

V =1IR
The equation solved for voltage is V' = IR.
2. Given: V'=9.0 V; =160 mA
Required: R

Analysis: R = %

Solution: Convert the current to amperes to get the
answer in ohms:

[ = 160K x — A
100
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Statement: The resistance of the portable fan is
56 Q.

3. Given: '=9.0 V; R =100 000 Q

Required: /

Analysis: R =
I =

Solution: =

14
7
|4
R
v
R
9.0V
100 000 Q
I=9x10"° A
Statement: The current going through the skin
would be 9 x 107 A.
4. Given: '=120V; R=1000 Q.
Required: /

Analysis: R =

~
Il

Solution; =

| oS~

—

1200V
1000 Q
1=0.1A
Statement: The current going through the skin
would be 0.1 A.
5.Given: R=8.0Q; V=52V
Required: /

Analysis: R =

~
Il
= oS~

Solution; =

)
[\
<

8.0 Q
1=0.65A
Statement: The current going to the speaker is
0.65 A.
6. Given: /=2.07 A; R=8.05 Q
Required: /

Analysis: R= %
V =1IR
Solution: ¥V = IR
=(2.07 A)8.05 Q)
V=167V

Statement: The voltage of the chargeris 16.7 V.
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7. Answers may vary. Sample answer:

Electrical resistance is a term that describes a
measure of how able an electric current is to travel
through a material. The higher the resistance, the
less able an electric current is to travel through a
material.

Resistance Data

Voltage (V)
~
Il

0 T T T T T 1
50 100 150 200 250 300

Current (mA)
The slope of the line connecting the data points
represents the resistance. For example, the line
passes through the data points (12 V, 151 mA) and
(18 V, 226 mA). First convert the current to
amperes to find the resistance in ohms:
A

1
I =151 mA x——
' 1000 p&

1,=0.151A

I = 226K x—2

1000 &

1,=0.226 A

The two data points (12 V, 0.151 A) and
(18 V, 0.226 A) can be used to find the slope:

rise
slope =——
run
m:A_V
Al
__1BV-12V
0.226 A-0.151 A
m=380 Q

So the resistance is 80 Q.
9. Ohm’s law can be stated as an equation as

V
R= T For any value for the current, 7, on the

graph, the load represented by the blue line has a
greater voltage than the load represented by the red

. . V
line. From the equation R = 7 for a constant
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current, a higher voltage indicates a higher
resistance. So the blue line represents the higher
value of resistance.

10. The student has incorrectly connected the
ohmmeter in series instead of in parallel, and has
incorrectly connected the ohmmeter to an
operating circuit instead of a circuit that is
switched off.

11. Answers may vary. Sample answer:

A situation where electrical resistance is desirable
is in an electric circuit that has fine wires and
devices sensitive to high currents, since high
electrical currents could damage the wires or
devices, and a high resistance means that electrical
currents do not flow easily.

A situation where electrical resistance is
undesirable is in the transmission of electrical
energy through wires from a power plant to
consumers, since resistance in the wire will cause
some of the electrical energy flowing through the
wire to be converted into thermal energy, which
will be wasted.

12.
Current Voltage (V) | Resistance ()
25 mA 12 480
1.2 A 610 510
375 uA 0.25 670
36A 120 33
1.0 mA 1.5 1500

Row 1: Convert current to amperes to get the
answer in volts per ampere, or ohms:

I=25);rﬂ(>< 1A
1000 &
I1=0.025A
r="
I

12V

T 0.025A
R=1480 Q

The resistance is 480 Q.

Row 2:
r=L

I
V =1IR

= (1.2 A)(510 Q)

V=610V

The voltage is 610 V.
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Row 3: Convert current to amperes to get the

answer in volts per ampere, or ohms:
1=375p x— 8
1x10° y&

1=375x10" A

RV
I
025V
S 3.75%107% A
R=670 Q

The resistance is 670 Q.

Row 4:
r="
I
=7
R
120V
330
I=36A

Row 5:
N4
I
v
R
15V
"~ 1500 Q
I=1.0x10" A

Convert current to microamperes:

[=1.0x10° K x 1000 mA
1X
I=1.0mA

The current is 1.0 mA
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Section 11.8: Resistors in

Circuits

Tutorial 1 Practice, page 527
1. Given: R, =252 Q; R, =28.12 Q
Required: Rics

Analysis: Rgeries = R + Ry

Solution: R =R +R,
=252Q+28.12Q
R =533Q

Statement: The equivalent resistance is 53.3 Q.
2. Given: R; =53.0Q; R, =53.0Q; R; =53.0 Q
Required: Ryics

Analysis: Rgeries = R + Ry + R3

Solution: R =R +R +R,
=53.0Q+53.0Q+53.0Q
R =159 Q

series

Statement: The equivalent resistance is 159 Q.

Tutorial 2 Practice, page 529
1. Given: R =120Q; R, =60 Q
Required: Ryl

Solution:
parallel Rl 2 3 4

20Q 20Q 20Q 20Q
1

B

parallel

oL

0
0

NN

parallel

=5Q

parallel

Statement: The equivalent resistance is 5 Q.

# ‘

Tutorial 3 Practice, page 530

1. (a)

Step 1. Divide the circuit into series and parallel
parts.

R,and R;are
connected in parallel.
R, —'\/\/\—‘
)
+ AN
{ R; R,

R,, R, and Rsare in series
with each other.

Step 2. Find the equivalent resistance of the
parallel part of the circuit.

Analysis: L + S
parallel R] RZ
Solution: ! = S + 1
parallel 1 RZ
I S S
120Q 60Q
N S
1200 120Q
13
parallel 120 Q
120 Q
R 1lel =
parallel 3
R =40 Q

parallel
Statement: The equivalent resistance is 40 Q.
2. Given: R; =20 Q; R, =20 Q; R; =20 Q;
Ry=20Q;
Required: Ryl

Analysis:
parallel 1 2 3 4
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L _ 1.t
parallel RZ R}
o 1
50Q 50Q
12
Rparallel 5.0Q
5.0Q
parallel = 2
=250Q

parallel

Step 3. Redraw the circuit using the equivalent

resistance from Step 2.
R1 Rparallel
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Step 4. Solve to determine the equivalent
resistance of the remaining series circuit. Let the
equivalent resistance for the complete circuit be
Rtotal-

Rtotal = R] + Rpam]]e] + R4 + RS
=50Q+25Q+5.0Q+5.0Q
R =175Q

total
Statement: The total resistance of the mixed
circuitis 17.5 Q.
(b)
Step 1. Divide the circuit into series and parallel

parts.
R, R; R, and Rsare
connected in parallel.

Step 2. Find the equivalent resistance of the
parallel part of the circuit.
1 1 1 1 1
=t —t+—+—
Rparallel RZ R} R4 RS

1 1 1 1
= + + +
50Q 50Q 50Q 50Q

I 4
Rparallel 5.0Q
5.0Q

parallel = 4
=13Q

parallel

Step 3. Redraw the circuit using the equivalent
resistance from Step 2.

parallel

Step 4. Solve to determine the equivalent
resistance of the remaining series circuit. Let the
equivalent resistance for the complete circuit be
Rtotal-

Rtotal = Rl + Rpara]lel
=50Q+13Q
R =63Q

total
Statement: The total resistance of the mixed
circuit is 6.3 Q.
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Section 11.8 Questions, page 530

1. Start with the equivalent resistance in a series
circuit:

R, =R+R+R +

series

Substitute Ohm’s Law in the form R = % :

series :5_'_&_’_&
Lo

series 1 3
In a series circuit, the current is constant and the
same at all points (KCL). So the currents on the
left side will cancel with the currents on the right
side:

+ .-

I/series_I/l+I/2+I/3+
Iseries 1 12 13

V 4

series  __ 1

ILELE
W KKK
Therefore, in a series circuit the voltage is given by
Veries = Vi +Va+ V3 +
This is Kirchhoff’s voltage law for a series circuit.
2. Start with the equivalent resistance in a parallel
circuit:

1 1

1 1
=ttt
R

parallel Rl 2

Substitute Ohm’s Law in the form R = % :

1 1 1 1
=—+—+—+-
Vpara]]e] 5 2 &
parallel ]] ]3 13
Toia 4 L L
Vparallel Vl I/'2 V%

In a parallel circuit, the voltage is constant and the
same at all points (KVL). So the voltages on the
left side will cancel with the voltages on the right
side:

&“dzi+l_2+i+..
Vpaml]e] I/l 2 V3

]para]]sl =L+ 12 +i+...
v VLAY
IPara]]elzll+I2+I3+'“

This is Kirchhoff’s current law for a parallel
circuit.
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3. Suppose the resistance of the two identical
resistors is an unknown value 7, so that Ry = r and
R, = r. Since the resistors are in parallel, the
equivalent resistance can be found:

1 1 1
= — 4+ —
parallel R] R2
1 1
= —4—
r r
L2
Rparallcl r
7
parallel = E

So the equivalent resistance of the two identical
resistors in parallel is % which is half the

resistance of one of the resistors.

4. Answers may vary. Sample answer:

The amount of electric current will increase with
each load that is added, since adding a load in
parallel causes a decrease in the total resistance of
the circuit and an increase in the current. This is a
cause for concern because home electrical wiring
is designed for low currents, and a high electric
current may damage the wires or even begin a fire.
In many home electrical systems the dangerous
increase in electric current caused by connecting
too many loads in parallel is prevented by a device
called a circuit breaker.

5. (a) Given: R, =12.0 Q; R, =12.0 Q;
R;=12.0Q; R,=12.0Q

Required: Ryics

Analysis: Rries =R+ Ry + Ry + Ry

Solution:

R . .=R+R+R+R,

=12.0Q+12.0Q+12.0 Q+12.0 Q
R =48.0Q

series

Statement: The equivalent resistance is 48.0 Q.
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(b) Start by finding the equivalent resistances R 4
and R, 3 for the resistors in series in the parallel
part of the circuit.

For R, and R4:

Rscries = Rl + R4
=120Q+12.0Q

R .. =240Q

R_.. =R +R,
=120Q+12.0Q

R . =240Q

Now find the equivalent resistance for the parallel
circuit.

1 1 1
=4 —
Rparallel Rl,4 RZ,S
R DR
R, 240Q 240Q
R =12.0Q

parallel

Statement: The equivalent resistance is 12.0 Q.
(c) From part (b), the parallel part of the circuit has
an equivalent resistance of 12.0 Q. Now the total
resistance can be found:

Rparallel 18 in series with Ry, so

Rtotal = R] + R[\aml]e]
=12.0Q+12.0Q
R =240Q

total
Statement: The equivalent resistance is 24.0 Q.
(d) From part (b), the parallel part of the circuit
has an equivalent resistance of 12.0 Q. Now the
total resistance can be found:
Rparallel 18 in series with Ry and Rg, so

Rtotal = R] + R[\aml]e] + R6
=120 Q+12.0 Q+12.0 Q
R =36.0Q

total

Statement: The equivalent resistance is 36.0 Q.
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Section 11.9: Circuit Analysis
Tutorial 1 Practice, Case 1, page 532
1.

Step 1. Find the total resistance of the circuit. Start
by finding the equivalent resistance for the parallel
part of the circuit.

1 1 1
= —+4 —
Rparallel RZ R3
1 1 1
= +
R, .. 300Q 300Q
R =15.0Q

parallel

Now find the total resistance.
Rparallel 18 in series with Ry, so

Rtotal = Rl + Rparallel
=250Q+15.0Q
R =40.0Q

total

Step 2. Find oyree using Ohm’s law written as

=
R

source

source
source

400V
T 400Q
I =1.00A

source

Step 3. Apply KCL to find /;. Note that the source
is in series with /; and the parallel part Zqraiicl.
Iscrics = 11 = 12 = 13 =

I =1 =l =1 =1.00 A

series source parallel

Step 4. Find ¥} using Ohm’s law written as V' = IR.
I/1 = IIRI

= (1.00 A)25.0 Q)
V=250V

Step S. Apply KVL to find Vparatel.
V. =V AV, +V, +-

series

I/soumc = I/1 + I/pamllcl

Vparallcl = source Vl

V =400V-250V
parallel

V =150V

parallel
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Step 6. Apply KVL to find ¥, and V5.

parallel

Vo=V, =V, =150V

parallel

Step 7. Find 7, and /5 using Ohm’s law written as

j.
R

2
150V
730.0Q
1,=0.500 A

] =

3 ]e3
150V
T300Q
1,=0.500 A

Step 8. Record your final answers using the
correct number of significant digits. Look back at
the circuit and see if the values you have
calculated coincide with Kirchoff's laws.

Riotal = 40.0 Q; Liouree = 1.00 A; 1} = 1.00 A;

5L =0.500 A; ;=0.500 A; V; =25.0 V;
V,=150V; V3=150V

Potential
difference across
Potential R,is15.0V.
difference across A
R,is25.0V. 150V T2 0V
400v R 150V
—e AN 4
Potential R,
difference |40.0V |+
across the _____ 150V oV
source is ov I~
40.0V.
Potential
difference across
R;is15.0V.

The electric potential energies associated with the
electrons are marked on the diagram. We chose a
reference point of 0 V. The boxes represent the
voltage across each point in the circuit. In each
complete path, the sum of the voltage gains

(40.0 V) equals the sum of the voltage drops
(25.0 V+15.0 V). Therefore, the problem is
solved correctly.
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0500A A

1.0A R 10A
—0—/\/\/¥0—- —
R
1.0A [+ e AA/—— [10A
p— 0.500 A

The values on the diagram represent the current at

various points in the circuit. The only junction is

where the current splits into R, and R3. The current

going into the junction is 1.00 A. The current

coming out is also 1.00 A. The current in each path

of the parallel part of the circuit must add up to

0.500 A. A check of the values (0.500 A +0.500 A
=1.00 A) shows that the current in the parallel part

of the circuit adds up to 1.00 A.

Tutorial 1 Practice, Case 2, page 534
1.

Step 1. Apply KVL to any complete pathway. In
this case, one complete pathway involves the
source, resistor 1, and resistor 4.

I/source = I/l + V4

V=v_ -V,

1 source 4

V,=420V-175V
V=245V

Step 2. Apply KVL to any complete pathway. In
this case, another complete pathway involves the
source, resistor 1, resistor 2, and resistor 3.
source = V] + V2 + V3
V3 = Vsource - Vl - V2

=420V -245V-875V
V,=875V

Step 3. Find /; using Ohm’s law written as [/ = % .

2
875V
73500

1,=0250 A
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Step 4. Apply KCL to find the missing current
values. Note that I, ; represents the current going
through the path that contains /; and /5.

Find Lource:

Lo =1,

I ..=L75A

Find Z5:

wiies = 1

= [2
=0.250A
I,=0.250A

Find I4:

Lee = [2,3 +1,
=1~ 12,3
I,=1.75A-0.250 A
I,=150A

Step S. Find all other missing values using Ohm’s
law.

_n
1 ]1
245V
1.75 A
R =140 Q
V.
R =2
3
875V
0.250 A
R, =350Q
2V
4 14
175V
150 A
R,=117Q
to‘al = source
420V
1.7 5A
R =240Q

total
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Step 6. Record your final answers with the correct
number of significant digits. Now that you have
finished the problem, you can look back at the
circuit and see if the values you have calculated
coincide with Kirchhoff’s laws.

Lsource = 1.75 A; L, =0.250 A; 5,=0.250 A;

[4 =1.50 A; V] =245 V; V3 =8.75 V; R] =14.0 Q;
R3;=35.0Q; Ry =11.7 Q; Riota1 =24.0 Q

Potential Potential
- difference | | difference
Potential acrossR, || acrossR,
difference is875V. || is875V.
across R,
i5245V. | q75v R, g75v Rs ov

420v R 175V
— ANt

Potential 175v Rs ov
difference |42.0V [+
across the — ov
source is T
420V. ov
Potential
difference across
R,is17.5V.

The electric potential energies associated with the
electrons are marked on the diagram. We chose a
reference point of 0 V. The red boxes represent the
electric potential difference (or voltage) across the
electric circuit parts. In one complete path, the sum
of the voltage gains (42.0 V) equals the sum of the
voltage drops (17.5 V + 15.75 V + 8.75 V). In the
other complete path, the sum of the voltage gains
(42.0 V) equals the sum of the voltage drops

(24.5 V +17.5 V). Therefore, you have solved the
problem correctly.

0250A R, 0250A R,
1.75A R, 1.75A

1.50A R,

1.75A

.

- 1.75A

The values on the diagram represent the current at
various points in the circuit. The only junction is at
the parallel part where the current splits into R, 3
(R; and R; together) and Ry4. The current going into
the junction is 1.75 A. The current coming out is
also 1.75 A. The currents in both paths of the
parallel part of the circuit must add up to 1.75 A.
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A check of the values (1.50 A +0.250=1.75 A)
shows that they do. Note that the current in the two
resistors connected in series (R, and R3) stays
constant.

Section 11.9 Questions, page 535

1. (a)

Step 1. Find the total resistance of the circuit. Start
by finding the equivalent resistance for the parallel
part of the circuit.

Lo
Rparallel R2 R3
1 1 1
= +
R, 12002 120Q
R =6.00 Q

parallel

Now find the total resistance.
Rparallel 18 in series with Ry, so

Rtotal = Rl + Rparallel
=12.0 Q+6.00 Q
R =18.0 Q

total

Step 2. Find oyree using Ohm’s law written as
V

I==.
R
60V
T 18.0Q

I =033A

source

Step 3. Apply KCL to find /;. Note that the source
is in series with /; and the parallel part /yqraiicl.
=1 =1 =033 A

series source parallel

Step 4. Find ¥} using Ohm’s law written as V' = IR.
I/1 = IIRI

=(0.33 A)(12.0 Q)
V=40V

Step S. Apply KVL to find Vparatel.

I/source = I/I + Vpam]lel
Vpamllel = source Vl

=6.0V-40V
V =20V

parallel
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Step 6. Apply KVL to find ¥, and V5.
Viwa =Vo=V,=20V

parallel

Step 7. Find 7, and /5 using Ohm’s law written as

Step 8. Final answers:

Rsource = 18.0 Q5 Liource = 0.33 A; 1, =0.33 A;
L=017A;=017A;V1,=40V; 1,=2.0V;

V3 =20V

(b)

Step 1. Find the total resistance of the circuit. Start
by finding the equivalent resistance for the
resistors in series in the parallel part of the circuit.
Find Rgeies1, the equivalent of R, and Rj:

Rxeriesl = RZ + R3
=120Q+12.0Q
R, ...=240Q
Find Rgies2, the equivalent of R4 and Rs:
Rseries2 = R4 + RS
=12.0Q+12.0 Q
=24.0Q

series2

Now find the equivalent resistance for the parallel
part of the circuit.

1 1 1
= +
Rparallel series| series2
1 1 1
= +
R . 240Q 2400Q
R =12.0Q

parallel

Now find the total resistance.
Rparallel 18 in series with Ry and Rg, so
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Rtotal = R] + R[\aml]e] + R6

=120Q+12.0Q2+12.0 Q
R, =360Q
Step 2. Find oyree using Ohm’s law written
asl = K .

R
60V
36.0 Q

I =0.17A

source

Step 3. Apply KCL to find /;. Note that the source
is in series with /;, the parallel part /yqrane1, and Z.
=1,=1_,,=1=017TA

series source parallel

Step 4. Find ¥} and V; using Ohm’s law written as
V=IR.

I/1 = IIRI

=(0.17 A)(12.0 Q)
V=20V
Ve = IR

=(0.17 A)(12.0 Q)
V=20V

Step S. Apply KVL to find Vparatel.
V =V +V +V,

source parallel

Vparallel = Vsource - Vl - V(>
=60V-20V-20V
V =20V

parallel

Step 6. Apply KVL to find V>3 and Vys.
V =V,,=V,;=20V

parallel

Step 7. Find 1> 3 and I4 5 using Ohm’s law written
V
as [ = e Note that [, 3 represents the current

going through the path that contains /; and /5, and
I, s represents the current going through the path
that contains /; and Is.

12,3 = L
series1
20V
T 2400Q
1,,=0.083 A
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The same amount of current goes through both /,
and /3, so:
[2’3 :[2 = 13 =0.083 A

14,5 = V4’5
series2
20V
2400
1,,=0.083 A

The same amount of current goes through both /4
and Is, so:
[4’5 :[4: 15 =0.083 A

Step 8. Find all other missing values using Ohm’s
law.
VZ = 12R2
=(0.083 A)(12.0 Q)
V,=10V

I/3 = ISRB
= (0.083 A)(12.0 Q)
V,=1.0V

V4 = I4R4
= (0.083 A)(12.0 Q)
V,=10V

I/S = ISRS
= (0.083 A)(12.0 Q)
V,=1.0V

Step 9. Final answers:

Rsource = 36.0 Q; Iouree = 0.17 A; [, = 0.17 A;

1, =0.083 A; 5=0.083 A; 1, =0.083 A;
Is=0.083 A;[=0.17A; V1 =2.0V; 1,=1.0V;
V3: 1.0 V; V4: 1.0 V; V5: 1.0 V; V6:20V
()

Step 1. Find the total resistance of the circuit.
Start by finding the equivalent resistance for the
resistors in series in the parallel part of the circuit.
Find Rgeies1, the equivalent of R, and Rj:

R e = By + R

=12.0Q+12.0Q
=24.0Q

series1

Copyright © 2011 Nelson Education Ltd.

Now find the equivalent resistance for the parallel
part of the circuit.

1 1 1
= + —
parallel series] 4
1 1 1
= +
R, o 240Q 120Q
R =8.00 Q

parallel

Now find the total resistance.
Rparallel 18 in series with Ry, so

Rtotal = Rl + Rpara]lel
=120 Q+8.0Q
R =20.0Q

total

Step 2. Find ioyree using Ohm’s law written

aSI:K.

R
60V
T200Q

I =030A

source

Step 3. Apply KCL to find /;. Note that the source
is in series with /; and the parallel part Zyqraiicl.
=1 =1 =030 A

series source parallel

Step 4. Find ¥} using Ohm’s law written as V' = IR.
I/1 = IIRI

=(0.3 A)(12.0 Q)
V=36V

Step S. Apply KVL to find Vparatel.

I/source = I/I + Vpam]lel
parallel = source Vl
=6.0V-36V
V =24V

parallel

Step 6. Apply KVL to find V3 and V4.
V =V,,=V, =24V

parallel
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Step 7. Find 1> 3 and 14 using Ohm’s law written as
V .
1= e Note that [, 3 represents the current going

through the path that contains 7, and /5.
V.

12,3 = i
series1
24V
T 2400
1,,=0.10A

The same amount of current goes through both /,
and /3, so:
[2’3 :[2: 13 =0.10 A

,
24V
“1200
I,,=020 A

Step 8. Find all other missing values using Ohm’s
law.
VZ = 12R2
=(0.10 A)(12.0 Q)
V,=12V

I/S = 13R3
=(0.10 A)(12.0 Q)
v,=12V

I/4 = 14R4
=(0.20 A)(12.0 Q)
V,=24V

Step 9. Final answers:

Rsource = 20.0 Q; Liource = 0.30 A; 7, =0.30 A;
L=010A;5=0.10A;1;,=020A; V,=3.6'V;
sz 1.2 V; V3: 1.2 V; V4:24V

(d)

Step 1. Find the total resistance of the circuit. Start
by finding the equivalent resistance for the
resistors in series in the parallel part of the circuit.
Find Rgeries1, the equivalent of R, and Rj:

Rxeriexl = RZ + R3
=12.0Q+12.0 Q
R =24.0 Q

series1
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Find Rgeies2, the equivalent of R4 and Rs:
Rxeries2 = R4 + RS

=120 Q+12.0 Q
=24.0Q

series2

Now find the equivalent resistance for the parallel
part of the circuit.

1 1 1
= +
Rparallel series| series2
1 1 1
= +
R . 240Q 2400Q
R =12.0Q

parallel

Now find the total resistance.
Rparallel 18 in series with Ry, so

Rtotal = R] + Rpaml]e]
=12.0Q+12.0 Q
R =240Q

total

Step 2. Find oyree using Ohm’s law written as
V

I=—.
R
60V
T 240Q

I =025A

source

Step 3. Apply KCL to find /;. Note that the source
is in series with /; and the parallel part /yqraiicl.
=1=1_,=025A

series source parallel

Step 4. Find ¥} using Ohm’s law written as V' = IR.
I/1 = IIRI

=(0.25 A)(12.0 Q)
V=30V

Step S. Apply KVL to find Vparatel.

I/source = I/I + Vpam]lel
Vpamllel = source Vl

=6.0V-30V
V =30V

parallel

Step 6. Apply KVL to find V>3 and Vys.
V =V,,=V,;=30V

parallel
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Step 7. Find 1> 3 and /4 5 using Ohm’s law written
V
as [ = e Note that [, 3 represents the current

going through the path that contains /; and /3, and
I, s represents the current going through the path
that contains /; and Is.

1 — V2,3

23

series]

3.0V
2400
1,,=0.125 A (one extra digit carried)

The same amount of current goes through both /,
and /3, so:
Ls=L=151=0.125 A (one extra digit carried)

[ = 45
series2

3.0V
2400Q
1,,=0.125 A (one extra digit carried)

The same amount of current goes through both /4
and Is, so:
Iis=1,=1s=0.125 A (one extra digit carried)

Step 8. Find all other missing values using Ohm’s
law.
VZ = IZRZ
=(0.125 A)(12.0 Q)
V,=15V

I/3 = 13R3
= (0.125 A)(12.0Q)
V,=15V

V4 = I4R4
=(0.125 A)(12.0 Q)
V,=15V

I/S = ISRS
= (0.125 A)(12.0 Q)
V,=15V

Step 9. Final answers:

Rsource = 24.0 Q; Iouree = 0.25 A; 11 = 0.25 A;
L=0.13A;5=013A;1,=0.13 A;I5=0.13 A;
=30V 1h=15V;V3=15V;V4=15V;
Vs=15V
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= ém

R,
NS
Step 1. Apply KCL to find the missing current
values.

series source

I,=1,=020A

Step 2. Find ¥ using Ohm’s law written as V' = IR.
I/1 = IIRI

=(0.20 A)(30.0 Q)
V=60V

Step 3. Apply KVL to any complete pathway. In
this case, one complete pathway involves the
source, resistor 1, resistor 2, and resistor 3.

Ve =Vi V3 +V,

V=V ==V,

3 source

V,=150V-60V-40V
V,=50V

Step 4. Find all other missing values using Ohm’s
law.

_V2
RZ_I—2
40V
T 020A
R,=2.0x10' Q
_
R3_]—3
50V
020 A
R =25Q
total_w
150V
T 020A
R =75Q

total
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Step 5. Final answers:

Vi=60V; 13=50V;1,=020A;5=020A;
Lowee =0.20 A; R, =2.0x 10" Q; Ry =25 Q;
Riota1 =75 Q

S 2

Step 1. Apply KVL to any complete pathway. In
this case, one complete pathway involves the
source and resistor 1.

source 1

V=15V

Step 2. Apply KVL to any complete pathway. In
this case, another complete pathway involves the
source and resistor 2.

source 2

V,=15V

Step 3. Apply KVL to any complete pathway. In
this case, another complete pathway involves the
source and resistor 3.

source 3

V,=15V

Step 4. Find 7, and /5 using Ohm’s law written as
I=—.

R
2
_Lsv
T 75Q
1,=020A
3
_Lsv
500
1,=030 A
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Step 5. Apply KCL to find the missing current
values.

Find [source:

]source = ]l + ]2 + 13
=0.10A+020A+030 A

1 =0.60 A

source

Step 6. Find all other missing values using Ohm’s
law.

4
R =
1
15V
0.10 A
R=15Q
ol = source
15V
0.60 A
R, =250

total

Step 7. Final answers:
V] =1.5 V; V2 =1.5 V; V3 =1.5 V; [2 =0.20 A;
I=0.30 A; Isource = 0.60 A; R; =15 Q;
Rtotal =25Q
4,
Step 1. Find V4 using Ohm’s law written as V' = IR.
V4 = ]4R4
=(0.10 A)(70.0 Q)
V,=70V

Step 2. Apply KVL to any complete pathway. In
this case, one complete pathway involves the
source, resistor 1, resistor 3, and resistor 4.

Vowee =V TV +V,

source

=25V+50V+70V
V. . =145V

source

Step 3. Apply KVL to any complete pathway. In
this case, another complete pathway involves the
source, resistor 1, resistor 3, and resistor 5.

Vowee =V +V3+V;

source

Vi =Voawe =1 V5

=145V-25V-50V
V=70V
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Step 4. Apply KVL to any complete pathway. In
this case, another complete pathway involves the
source, resistor 2, resistor 3, and resistor 4.
source =V2+V3+V'4
VZ = Vsourcc - I/3 - V4

V,=145V-50V-70V
V,=25V

Step 5. Apply KCL to find the missing current
values.
Find Isource:

source = 13

I =050A

source

Find /;:
I, =1+1,

source

=1, —1

source 2

1,=0.50 A—0.30 A
1,=020 A

Find Is:
I, =1+1

source

IS = [sourcc - 14

[,=050 A—~0.10 A
[,=0.40 A

Step 6. Find all other missing values using Ohm’s

law.
4
R =—
[l
25V
0.20 A
R =13Q
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2
25V
T 030A

R, =83Q

3
50V
T 0.50 A

R =1.0x10' Q

5
7.0V
040 A

R =18Q

total_w
145V
T 050 A

R =29Q

total

Step 6. Final answers:

Veource = 145V V2 =25V; V4=7.0V;
Vs=7.0 V; Ipurce = 0.50 A; I; = 0.20 A;
Is=040 A; R =13 Q; R, =83 Q;
Ry=1.0%10" Q; Rs =18 Q; Riga1 = 29 Q
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Chapter 11 Review,
pages 540-545

Knowledge

1. (b)

2.(b)

3.(c)

4. (d)

5. (b)

6. (c)

7. (a)

8.(d)

9.(c)

10. True

11. False. Carbon capture and storage is a

technology that captures carbon dioxide leaving

the smokestack, compresses it, and transports it by

pipeline to a storage location deep underground.

12. True

13. False. Conventional current is the movement of

charge from positive to negative.

14. False. Direct current is the flow of electrons in

one direction only.

15. True

16. True

17. False. Superconductors are materials with no

electrical resistance.

18. False. For resistors in series, the total

resistance is given by Rgeries = R + Ry + Rz + =+

19. Using Kirchhoff’s voltage law (KVL) for a

series circuit, the potential difference across the

voltage source is: Vsoyree = V1 + V2 + V3.

20. In a parallel circuit the equivalent resistance is
1 1

=_+—+i+--~,so the total
Rl RZ R'3

given by
parallel

resistance, R, for three resistors placed in parallel
. I 1 1 1
isgivenby —=—+—+—.
R R R R

3

;‘ —
Understanding
22. The nuclear power plant has an efficiency of
35 %, so 35 % of the total power is transformed
into electrical energy. 35 % of 12 000 MW is:

0.35x 12 000 MW = 4200 MW. So, the power
plant produces 4200 MW of electrical power.

21.
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23. Given: P=60.0 W; Ar=3.0h
Required: AE

Analysis: P= AE
At

AE = PAt
Solution: Convert time to seconds to get the
answer in joules:
3600 s
1
At =10 800 s

At=3.04 x

AE = (60.0 W)(10 800 s)
=6.48x10°Wss
AE =6.48x10° J (one extra digit carried)

To find the answer in kilowatt hours, convert from
joules:

1 kWh
3.6x10°)
Statement: The light bulb requires 0.18 kWh of
energy to operate for 3.0 h.

24. Given: P =450 W; At=48 h
Required: AE

6.48%x10° ¥ x =0.18 kWh

Analysis: P= AE
At

AE = PAt
Solution: Convert time to seconds to get the
answer in joules:

3600 s
At =48H x
A X
At =172 800 s

AE = (450 W)(172 800 s)
=7.776x10" Wes
AE =7.776x107 ] (two extra digits carried)

To find the answer in kilowatt hours, convert from
joules:

1 kWh
3.6x10°)
Statement: The window air conditioner needs
78 M1J or 22 kWh of energy to operate for 48 h.

7.776 %107 ¥ x =22 kWh
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25. Given: AE=1200J; Af=15 min
Required: P

Analysis: P= AE
At

Solution: First convert time to seconds to get the
answer in joules per second or watts:

At =5 minx

min
At=300s

_AE
A
12007
©300s

P=4W
Statement: The amount of power required to
charge the battery is 4 W.
26. (a) The solar power plant has an efficiency of
16% and produces 30.0 MW of electrical power,
so 16% of the input power, P, is 30.0 MW. This
is 0.16 x P;, = 30.0 MW, which can be used to
solve for Pi,:

0.16x P =30.0 MW

P

300 MW
" 0.16
P, =190 MW

The power plant requires 190 MW of input power
to produce an output of 30.0 MW.
(b) The solar power plant has 190 MW of power as

an input and 30.0 MW of power as an output, so AE =315000J
190 MW - 30.0 MW = 160 MW of power is lost.
160 MW is 160 MJ/s, so 160 MJ is lost by being 0= AE
converted to thermal energy each second. v
27. Given: AE=1080J;, 0=120C 31500017
Required: S 120V
Analysis: 7 = AE Q=2600C

0 Statement: The total amount of charge that moves

. AE through the bulb while it is on is 2600 C.

Solution: V' =— 30

Q .

1080J
S 120C v,
/=50 © |

Statement: The electric potential difference
between the terminals of the battery is 9.0 V. i ]
28. Given: V=120 V; AE =480 J ~ ls
Required: Q I+ A) A% %ne
Analysis: V =— T=

Q

AE

0= ra
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Solution: Q=

=|&

4801
120V
0=40C
Statement: The total amount of charge moved
across the terminals is 4.0 C.
29. Given: P=35W; Ar=25h; V=120V
Required: Q

(o]
[}

Analysis: 7 = AE
o

AE

Q=

poAE

At

Solution: Convert time to seconds to find AE in
joules using the power equation from Section 11.1:
At=25h

3600 s

=25 x X

At =9000 s

_AE
At
AE = PAt

= (35 W)(9000 s)

_[35 1
= [35 x](%oox)




31. (a) Given: V=240 V; AE=2.0 kWh
Required: Q

Analysis: V = AE
o
AE
0=7

Solution: First convert energy to joules to get the
answer in coulombs:

6
AE = 2.0k x 2010 T

1wt

AE=72x10°7
y - AE
0
_7.2x10°]
240V
0=3.0x10*C

Statement: The total amount of charge moved
through the machine for each load is 3.0 x 10* C.
(b) Given: Af =35 min; AE =2.0 kWh
Required: P

AE
Analysis: P=—
At

Solution: Convert time to seconds and energy to
joules to find P in watts using the power equation
from Section 11.1:

At =35 min

60 s
=35 X
yﬁ{ 1miﬁ

At=2100s

poAE
At
_72x10° )
©2100s
=3400 W
1 kW

= 3400 W x
w 1000 W

=3400 W
P=34%kW
Statement: The washing machine uses 3400 W or
3.4 kW of power for a 35 min load.
(¢) Given: At=35min; 0 =3.0x 10* C
Required: /

Analysis: [ = Q9
At
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Solution: Convert time to seconds and use the
value for Q found in part (a) to get the answer in
coulombs per second, or amperes:

Ar = 35t 5 208

1 gty

At=2100s
_9
At
~3.0x10° C
©2100s
I=14 A

Statement: The washing machine draws 14 A of
current for a 35 min load.

32.
—e AN/
R,
—~— VW AN
1t vV

(A)

ey
33. Given: 0 =0.75 C; At=1.7 min
Required: /

Analysis: [ = Q9
At

Solution: Convert time to seconds to get the
answer in coulombs per second, or amperes:

Ar = 1.7 x 208

1 gty

Ar=102s
_9
At
_0.75C
T 102s
1=74%x10"° A

Convert the current to milliamperes:
I=7.4><10"3}(><M

1X
I=74mA
Statement: The amount of current in the wire is
7.4 mA.
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34.Given: /=32 A; At=5.0h
Required: Q

Analysis: [ = Q
At

0=IAt
Solution: Convert time to seconds to get the
answer in ampere-seconds, or coulombs:

Ar =504 x 8008
14
At =18 000 s
0=IA
= (3.2 A)(18 000 s)
0 =58 000 C

Statement: In 5.0 h, 58 000 C pass through the
wire.

35. Given: Q=3 C; /=750 mA

Required: At

Analysis: =

At =

~IQ o

Solution: Convert current to amperes to get the
answer in coulombs per ampere, or seconds:

1=7500K x— 2

1000
I=0.75A
a=2
Ji
_3C
T 075A
At=4s

Statement: It takes 4 s for the charge to pass
through the resistor.
36. Answers may vary. Sample answer:

Il
©
©
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38. (a) Using KVL for a series circuit, you can
solve for V5:

Veowe =V H 7,
9.0 V=3.0V+V,
V,=60V

So V>,1s 6.0 V.

(b) Using KVL for a series circuit and letting
V1 = V3, you can solve for V;:
VSOUTCE = K + V2

Ve =V, 1V,

source

=2V,

source 2
Vo
2 2
90V
2
V,=45V
SoV,is4.5V.
39. (a) The current in a series circuit is constant
and the same as the source current. The source and
lamp 1 are in series, and /; = 7.5 mA. Using these
values and KCL, you can find Zsoyrce:

=]
source 1

1 =75 mA

source

The amount of current entering a junction is equal
to the amount of current exiting the junction. This
can be used to find /3:

Ipam]]e] = IZ + 13
7.5mA =43 mA+ [,
I, =32mA

So I3 1s 3.2 mA.
(b) The current in a series circuit is constant and
the same as the source current. From part (a),
Lsource = 7.5 mA. The amount of current entering a
junction is equal to the amount of current exiting
the junction. Letting [, = I3, this can be used to find
131
=1,+1,
=L+1

21

parallel = 3

parallel

parallel

I
arallel
13 =pT
_ 7.5 mA
2
1, =3.8mA
So I51s 3.8 mA.
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40. Given: =60 V; 4 =750 mA.
Required: R
Analysis: R= %

Solution: Convert the current to amperes to get the
answer in ohms:

[ =750 K x— A

1000 3K

I=0.75A
RV
J;
60V
T 075A
R=80Q

Statement: The resistance of the load is 80 Q.
41. Given: R =80.0 Q; 4 = 0.85 mA.
Required: R

Analysis: R = %

Solution: Convert the current to amperes to get the
answer in volts:

[=085mK x— B

1000 p&

I=85x10" A
r="
I
V =1IR
=(8.5x10™* A)(80.0 Q)
=6.8x107 V
—68x 107 §f x 1200 mV
X
V =68 mV

Statement: The potential difference across the
resistor is 68 mV.

42. The current in a series circuit is constant and
the same as the source current. The source, load 1,
and load 2 are in series, and lyoyrce = 0.50 mA.
Using these values and KCL, you can find /; and
[21

Isource = 11 = 12

0.50mA =1 =1,
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Using KVL for a series circuit, you can solve for
Vz!

source = V] +V2
12V =455V+V,
V,=745V

Using the given value for V; and the values found
for I, I, and V>, the resistances R; and R, can be
found:
Required: R,

v
Analysis: R =

[]
Solution: Convert the current to amperes to get the
answer in ohms:

I =050 x—2

1000 pr&

I, =50x10" A
4
R=-L
11
455V
5.0%10° A
=9100 Q
— 91004 x K&

R =9.1kQ
Statement: The resistance of load 1 is 9.1 kQ.

Required: R,
V.
Analysis: R =2
12

Solution: Convert the current to amperes to get the
answer in ohms:

L =050pK x—2

1
1000 p&

I,=50x10" A
12
745V
S 50x10* A
=15 000 Q

1 kQ

=15 000
A 100045

R, =15kQ
Statement: The resistance of load 2 is 15 kQ.
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43. Given: R1 =23 Q; R, =43 Q; R; =0.85 Q;
Ri=12Q

Required: Rygics

Analysis: Reries =R] + Ry + R3 + Ry

Solution:

R ..=R+R +R +R

=23Q+43Q+085Q+1.2Q
R _=87Q

Statement: The total resistance of the circuit is
8.7 Q.

44. Given: R1 =21 Q; R, =72Q; R3=45Q
Required: Rpraiel

Analysis: L —t—t+—
parallel 1 2 3
Solution:
1 1 1 1

=—t+—+—
R R R

parallel 1 2 3

1 1 1 1
= + +
R 21Q 72Q 45Q

parallel

R =12Q

parallel

Statement: The equivalent resistance of the circuit
is 1.2 Q.
45. The resistors R, and R; are in parallel and can
be replaced with an equivalent resistance:

1 1 1

= — 4+ —
Rparallel Rl RZ
1 1 1
= +
L 13Q272Q
parallel
R =8.8Q

parallel

The resistor R, and the equivalent resistance
Rparaliel are in series and can be replaced with an
equivalent resistance:

You can now solve for /,:

v
R =
2
=2
>R
2
11V
30.0 Q
1,=037 A

The current in a series circuit is constant and the
same as the source current. The source, load 1, and
load 2 are in series, and [, = 0.37 A. Using these
values and KCL, you can find 5oy and /;:

source = Il = [2
I, =1=037A

source

You can now solve for R;:

4
R =-!
[l
70V
037 A
R=19Q

Statement: The value of R; is 19 Q, the value of
V5 is 11 V, and the current through the circuit is
0.37 A.

47.

Step 1. Apply KVL to any complete pathway. In
this case, one complete pathway involves the
source, resistor 1, and resistor 2.

source =V] +V2
VZ = Vsource_Vl
=22V-12V
V,=10V

Rtotal = R] + Rpara]]sl
Step 2. Apply KVL to any complete pathway. In
=61Q+88Q this case, another complete pathway involves the
R, =15Q source, resistor 1, and resistor 3.
Statement: The total resistance of the circuit is Vewee =Vi Y,
15 Q.. V.=V .-V
46. Using KVL for a series circuit, you can solve V-2V
for V5:
Vs = Vi V4 S
18V =70V+V,
v, =11V
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Step 3. Find /; and /; using Ohm’s law written as
I =

~ 600 Q
~0.1667 A

1000 mA
1X

I, =166.7 mA (two extra digits carried)

=0.1667 & x

Step 4. Apply KCL to find the missing current
values.
Find Zsource:

=1
source 1

I =40A

source
Find I3I

source = 12 + 13
=1 -1

3 source 2

I,=40A-0.1667 A

3

I, =3.833 A (two extra digits carried)

Step 5. Find R; using Ohm’s law in the form

rR=Z.
4
R =-
3 13
_ 10V
3.833A
R =26Q

Step 6. Final answers:
[] =4.0 A, 12: 170 mA, 13 =38 A, R3 =2.6Q

Analysis and Application
48. (a) The hydroelectric power plant has an
efficiency of 85 % and produces 1200 MW of

electrical power, so 85 % of the input power, Pjy, is

1200 MW. This is 0.85 x P;, = 1200 MW, which
can be used to solve for Pj,:
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0.85% P =1200 MW

1200 MW
nT085
P, =1400 MW

The power wasted is Py, - Poyt, and Py 1S
1200 MW, so the power wasted is
1400 MW — 1200 MW =200 MW

The nuclear power plant has an efficiency of 40 %
and produces 1200 MW of electrical power, so

40 % of the input power, Pj,, is 1200 MW. This is

0.40 x P;, = 1200 MW, which can be used to solve
for Pi,:

0.40x P = 1200 MW

1200 MW
nT 040
P, =3000 MW

The power wasted is Py, — Poy, and Poy is
1200 MW, so the power wasted is
3000 MW — 1200 MW = 1800 MW

The difference in the amounts of power wasted is
1800 MW — 200 MW = 1600 MW.

So, the nuclear power plant wastes 1600 MW more
power than the hydroelectric power plant.

(b) Answers may vary. Sample answer:

Two power plant technologies that can be
compared more directly are wind power and solar
power.

49. The coal-fired power plant has an efficiency of
46 % and produces 2500 MW of electrical power,
so 46 % of the input power, Pj,, is 2500 MW. This
is 0.46 x P;, = 2500 MW, which can be used to
solve for Pi,:

0.46 X P, = 2500 MW

_ 2500 MW
in 0.46
P =5435 MW (two extra digits carried)

The coal-fire power plant with carbon capture
technology installed has an efficiency of 42 % and
still has an input of 5435 MW of electrical power,
s0 42 % of 5435 MW, is P,,. This is

0.42 x 5435 MW = P, which can be used to
solve for Pyy:

0.42x 5435 MW =P
P =2283 MW (two extra digits carried)

ou
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The difference in the amount of output power is

2500 MW —2283 MW =220 MW.

So the amount of extra power lost to the carbon

capture technology is 220 MW.
50. Given: P =90 % of 40.0 W; AE=2.0MIJ
Required: At

AE
Analysis: P=—
At

Solution: Convert AFE to joules to get the answer

in joules per second, or watts:
AE=2.0MJ

10°J
=20
lem

AE =2.0x10°1J

P=90%o0f40.0 W
=0.90x40.0 W
P=360W

_2.0x10°)

36.0 24
S

=5.56x10* s (one extra digit carried)
1h

=556x10* g
3600 s

At=15h

Statement: It takes 15 h to charge the battery.
51. Given: P=11 % of 60.0 W; Ar =2.0 h
Required: AE, 5 AE

AE
Analysis: P=—
At

Solution: Convert time to seconds to get the
answer in joules:

60 it

n 60s
X

X "1 it

At=2.0H x

At=7200s

For input energy, AE

input
AE.
P — input
At
AE =PXAt

intput
=60.0 Wx7200 s
AE  =43x10"J

input
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For output energy, AEompm :

P=11%0f60.0 W
=0.11x60.0 W

P=66W

output

At
AE, . =PxAt

=6.6 Wx7200s
AE  =48x10*7

output

Statement: The input energy is 4.3 x 10° J.
The output energy is 4.8 x 10 J.

52. Given: P=75% of 14 W, AE, . = 5.1 kWh

t

Required: AE At

output ’
AE

Analysis: P=—
At

Solution:
AE . =75% of 5.1 kWh
=0.75x% 5.1 kWh

AE, .. =3.8kWh
P=175% of 14 W

=0.75x W

=105W
P =0.0105 kW (two digits extra carried)

output

At

Af = AEou[pul

P
3.8 AW h

0.0105 X
At=360h
Statement: The energy of output is 3.8 kWh.
The time of use is 360 h.



53. Start by finding Ryyal.

Rtotal = Rl + RZ
=30.0Q+12.0Q
R =42.0Q

total

. . V
Now find /gource using Ohm’s law written as [ = e

source

source
source

200V
T 4200
I =0476 A

source

The amount of charge in coulombs passing
through the circuit in 10 s can now be found using

_Q
A
Y
Y
0=IAt
=(0.476 A)(10.0 s)
0=476C
So, in 10.0 s, 4.76 C of charge that passes through
the circuit.
54. (a) Start by finding V.

Vsource = Vl + VZ
I/l = Vsourcc - VZ

V,=50V-35V
V, =1.45V (one extra digit carried)

Now find /; using Ohm’s law written as I = % .

;20
"R

1

1
145V

S 7.0Q
1,=0.2071 A (two extra digits carried)

Resistor 1 and resistor 2 are in series. Using KCL
for a series circuit, you can find /;:

Il = 12

1,=0.2071 A (two extra digits carried)

You can now find R; using Ohm’s law written as

rR=Z.
1
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V2
R2 —1_2
355V
T 02071 A
R =17Q

So the value of Ry is 17 Q.

(b) The source and resistor 1 are in series. From
part (a), ; =0.2071 A (two extra digits carried).
Using KCL for a series circuit, you can find Zsoyrce.

=1
source 1

1 =0.2071 A (two extra digits carried)

source

The time it will take for 12 C of charge to pass

through the circuit can now be found using 7 = % .
0
At
e
1
. 12C
T 0.2071A
At=358s

So it takes 58 s for 12 C of charge to pass through
the circuit.
55. (a) First find the total resistance of the circuit.
Start by finding the equivalent resistance for the
parallel part of the circuit.

1 1 1

Rparallel R2 R3
1 1 1
= +
W 16Q 30.0Q
parallel
R =10.43 Q (two extra digits carried)

parallel

Now find the total resistance.
Rparaliel 18 in series with Ry, so

R, =R +R

total parallel

=50Q+1043Q
R =15.43 Q (two extra digits carried)

total

. . V
Now find /gource using Ohm’s law written as [ = e

source
source
source

_12v
T 15.43Q
1 =0.7777 A (two extra digits carried)

source
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The amount of charge in coulombs passing

through the circuit can now be found using 7 = % .
_Q
At
0=IAt
=(0.7777 AX(7.0 5)
0=54C

So after 7.0 s, 5.4 C of charge passes through the
circuit.
(b) The source and resistor 1 are in series. Using
the value found for /sy in part (a) and KCL for a
series circuit, you can find /;:

source = Il

1,=0.7777 A (two extra digits carried)

You can now find ¥ using Ohm’s law written as
V=1IR.
I/1 = IIRI
=(0.7777 A)5.0 Q)
V. =3.889 V (two extra digits carried)

Apply KVL to the complete pathway involving the
source, resistor 1, and resistor 2 to find V5.

source = V] +V2
VZ = Vsource - Vl
=12V-3880V

V,=8.111V (two extra digits carried)

You can now find /; using Ohm’s law written as

I=—.
R
>R
2
8111V
16 Q
1,=0.5069 A

The amount of charge in coulombs passing

56. (a) Apply KVL to the complete pathway
involving the source, resistor 1, and resistor 2 to
find Vz.

source = V] +V2
VZ = Vsource - Vl
=15V-9.0V
V,=60V

Apply KVL to the complete pathway involving the
source, resistor 1, and resistor 2 to find V3.

KOUYCE =VI+V3
‘V3 :VSOUICC_K
V,=15V-9.0V
V,=60V

You can now find R3 using Ohm’s law written
[
asRk = T First convert /3 to amperes to get the

answer in ohms:
~ 1A
1, =500.0 K x ————

1000 p&

1, =0.5000 A
3
60V
~0.5000 A
R=12Q

You can now find /; using Ohm’s law written as

I=—.
R
4
L,=-2
RZ
_ 60V
30.0 Q
1,=020 A

So the value of Rz is 12 Q and the value of I, is
0.20 A.
(b) First use KCL for a parallel circuit to find

through R, can now be found using 7 = 2 . Ivaratiel. Note that in part (a), /, was found to be
At 0.5000 A.
I= Agt Ipara]]el = 12 + 13
0= IA =0.5000 A +0.20 A
= (0.5069 A)(12 5) Ly =0.70 A

0=6.1C
So after 12 s, 6.1 C of charge passes through R,.
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The source and Jpgraiier are in series. Using KCL for
a series circuit, you can find lsoyrce.

source parallel

I =070A

source

The time it will take for 20.0 C of charge to pass
Q

through the circuit can now be found using 7 = N

_9
At

n=2
1

20.0C

T 0.70 A
At=29s
So it takes 29 s for 20.0 C of charge to pass
through the circuit.
57. The resistance values would not be the same in
both measurements, because an ohmmeter will not
give an accurate measurement if the circuit is live.
The correct scenario for measuring the resistance
values is the one in which the power supply is
turned off.
58.

75Q

_.J\/w,_
30Q

50 Q
[+ L e AN

59.
7.00 Q

:

28.0Q

:

T 120 Q

:

240Q

:
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_AE
At
Solve for AE in the electric potential difference
equation and At in the current equation, and then
substitute these expressions into the power
equation:

y = AE
0

AE =VQ
=<
At
w2
I
p=AE
At
_rz
1
P=VI

So an expression for power in terms of current and
potential is P = V1.
61. (a)

Resistance Data

Voltage (V)
~
1

0 T T T T 1
0.04 0.08 0.12 0.16 0.2
Current (mA)
(b) The slope of the line connecting the data points
represents the resistance. For example, the line
passes through the data points (12 V, 0.097 mA)
and (16 V, 0.129 mA). First convert the current to
amperes to find the resistance in ohms:

1, =0.097 K x —2

1000 A

1,=97x10% A

I, =0.129mK x — 2

1000 p&

1,=129%10" A
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The two data points (12 V, 9.7 x 107° A) and
(16 V, 1.29 x 10™* A) can be used to find the slope:

rise
slope =——
run

m=2V
Al
_ 16 V-12V
1.29%x10* A-9.7x10° A
m=13x10° Q

So the resistance of the circuit is 1.3 x 10° Q.
62. (a) First find /; using Ohm’s law in the form

s
R
4
==L
Rl
12V
300 Q
1,=040 Q

Resistor 1 and resistor 2 are in series. Using KCL
for a series circuit, you can find /,.

12 = Il
1,=040Q

Now find V5 using Ohm’s law in the form V' = [R.
VZ = IZRZ

= (0.40 A)(50.0 Q)
V,=20V

Apply KVL to the complete pathway involving the
source, resistor 1, and resistor 2 to find Vource.

KOUFCC=K+V2
=12V+20V
Voo =32V

source

Now find the total resistance of the circuit.

Start by finding the equivalent resistances R; > and
R, 5 for the resistors in series in the parallel part of
the circuit.

R,=R +R,

Now find the equivalent resistance for the parallel
part of the circuit.
1 1 1

Rparallel R1,2 R3,4
1 1 1
= +
R, . 800Q 1200
R =48.0 Q

parallel

So Rtotal =48.0 Q.

Now find /youree using Ohm’s law in the form
V

I==.
R
32V
T 480Q

I =067A

So the total current through the circuit is 0.67 A.
(b) As found in part (a), Viource is 32 V.

63. Note: After the first printing, V', was changed
to /; in both the question and Figure 15.

(a) First apply KVL to the complete pathway
involving the source, resistor 1, and resistor 3 to
find V3.

Veuee =V1 1+ V5
Vi =Vme =V
=15V-40V
V,=11V

Now find /5 using Ohm’s law in the form 7= % .

£

I, = R
_ v
150 Q
I,=0.073 A

Resistor 1 and resistor 3 are in series. Using KCL
for a series circuit, you can find /;.

Il = 13
R, =80.0 0
R,=R +R,
=60.0 Q+60.0 Q
R, =120Q
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Now find R; using Ohm’s law in the form R =? .
"
R =-"
11
40V
0.073 A
R =55Q

Use the relationship between R; and R, to find R,.
R2 = Rl

R,=55Q

So the resistance of Ry and R, are both 55 Q.

(b) As found in part (a), /5 is 0.073 A.

64. (a) First let V4 = V; and apply KVL to the
complete pathway involving the source, resistor 1,
and resistor 4 to find V.

I/;ource = Vl + V4
source = ZK
4
‘Vl - source
2
500V
2
V=250V

SoV;=25.0Vand V,=25.0V.

The source, resistor 1, and the parallel part of the
circuit are in series. Using KCL for a series circuit,

You can now find /»:

31
="
~3(0.100 A)
- 2
1,=0.150 A

Now find R4 using Ohm’s law in the form R = % .

Vv
R =—*
4 14
250V
0.100 A
R4 =250%x10" Q
So the value of R4 is 2.50 x 10° Q, the value of I
is 0.250 A, the value of 15 is 0.150 A, and the value
of I;is 0.100 A.
(b) Now find Ry, using Ohm’s law in the form

rR=L.
1
ool = source
500V
0.250 A
R, =200Q

total

Now find Rparatel.

you can find /; and Zyaraliel- R = +R
total series parallel
source = 1 = Iparallcl = —
1 _ I _ 0 250 A parallel total series
1~ “parallel — U — Rmta] _ Rl
. =200 Q-100.0 Q
Now, note that [, = I, 3, since the current through R _100 O
the path containing resistor 2 and resistor 3 must parallel
. 3/
be constant. Since 2/, = 314, let 1, = I,,= 74 and
use KCL for a parallel circuit to solve for /s.
Iparallcl = 12,3 + 14
37
=5
A
parallel 2
J = 2[pumlle1
4 5
~2(0.250 A)
5
I,=0.100 A
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Rparallel 18 the equivalent resistance of resistors 2, 3,
and 4. Let R, = 2R3 and use the value for R4 found
in part (a) to find Rs.

1 1 1

Rparallel R2,3 R4
1 1
= + —
R,+R, R,
1 1
=4 —
2R, +R, R,
11
3R, R,
111
Rparallcl 3R3 R4
d_
3R3 Rparallel 4

3 3

3 3
100Q 25%x10*° Q
R, =55.56 Q (two extra digits carried)

1
R Rparallcl 4
1
R

You can now find R»:
R, =2R,
=2(55.56 Q)
R, =111.1 Q (two extra digits carried)

Resistor 2 and resistor 3 are in series. Using KCL
for a series circuit and the value found for 7, in
part (a), you can find /3.

12 = 13

1,=0.150 A

Now find V; and V3 using the value found for /7, in
part (a) and Ohm’s law in the form V' = [R.
I/2 = [2R2

=(0.150 A)(111.1 Q)

V,=1671V
I/3 = [3R3

= (0.150 A)(55.55 Q)
v, =833V

So the value of V5 is 16.7 V and the value of V3 is
8.33 V.
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65. (a) The source and R, are in series. Using KCL
for a series circuit, you can find Zsoyrce.
Isource = Il

1 =110 mA

source

Now find Ry using Ohm’s law in the form
V
R= T Convert current to amperes to get the

answer in ohms.

I, =110mK x 1A
1000

1 =0.110 A

source

source
total
source

34V
0.110 A
R, =3.0x10* Q

total

You can now find an expression for each
resistance in terms of R.

R, =2R,
R
R==
2R =5R,
R
2R =5| =
2
2 AR,
25
2R =5R,
L
3705
R =R,
R =R
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Now find the equivalent resistance of the parallel

part of the circuit in terms of R;.

parallel 2,3 4

6R,

5
L_1r
Rparal]e] 6R1
6R

— 1
parallel 1 1

Now find R, using the equation for Ry
R =R

total series + parallel

=R +—
11

total 11

llRtotal
o7
_11(300 Q)
17

R =2.0x10" Q
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The other resistance values can now be found,
using the value found for R;.

2 4R,

25
_4(2.0x10* Q)
B 5

R =1.6x10" Q

2 2R

s
_2(2.0x10* Q)
==

R =80Q

R, =R

R,=2.0x10> Q

So the value of Ry is 2.0 x 10° Q, the value of R, is
1.6 x 10° Q, the value of R3 is 80 Q, and the value

of Ry is 2.0 x 10° Q.
(b) As found in part (a), /source = 110 mA.

Evaluation
66. Answers may vary. Sample answer:
The electrical devices I checked had either the

power and voltage or the voltage and the current.

To solve for the current of the power, I used the

fact that 7 = P :
14

I=£ sinceP=£
|14 At
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Electrical Current (A) | Resistance (Q)
power (W) 7= P e 14
Item P=vI Voltage (V) 4 1
heater 800 120 800 _ 67 18
120
kettle 1500 120 1500 _ s 9.6
120
computer (100)(8) = 800 100 8 16.5
microwave 1350 120 1350 _ 11.25 10.9
120
mini-fridge (115)(1.33) =153 115 1.33 86

To determine the amount of energy each item consumes in a day, multiply its electrical power by the time it is

on in a day.
Electrical Electrical Time of use
power power in a day Energy
Item (W) (kW) (h) (kWh)
heater 800 800 0.8 3.0 0.8x3.0=24
1000
kettle 1500 1500 L5 0.2 1.5x0.2=0.3
1000
computer 800 800 03 6.0 0.8x6=4.8
1000
microwave 1350 1350 135 0.1 1.35%x0.1=0.135
1000
mini-fridge 153 153 0.153 24 0.153x24=3.7
1000
The items in order of the energy they consume in an average day is:
* computer * mini-fridge  « heater * kettle * microwave
67. Reflect on Your Learning
night light 68. Answers may vary. Sample answer:
© I do not approve of nuclear power for the
lamp production of electrical energy. The uranium rods
© that are used in the generation of the energy have a
computer long half-life so it takes a long time for them to
VW break down. The rods are radioactive and so
Billar ES phone storage is a problem, and uranium is npt a
VW renewable resource. Eventually, we will not be
able to rely on nuclear power for our electricity.

It is not a good idea to have the lamp and cell
phone charger on the same power bar as the
computer because you are overloading the power
bar.
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I would prefer that a renewable source of energy
be used such as wind or solar power. Currently the
technology to generate electricity using these
sources is expensive but so is the technology for
producing electricity through nuclear power.

As wind and solar technologies improve, it should
become cheaper to produce electricity through
these means. Furthermore, the carbon footprint of
these technologies is less than for nuclear power.
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69. Examples of electricity reduction may vary.
Some possible examples are turning off the lights
in rooms that are not in use, turning down the
thermostat when heating the house in winter,
turning up the thermostat up when cooling the
house in summer, using a hanging line to dry
clothes rather than the dryer, and limiting use of
electronic devices such as desktop computers and
land line telephones.

70. Answers may vary. Sample answer:

The part I found difficult about electric potential
difference is that it is work done by an electric
field. This concept is difficult to visualize unlike
mechanical work, where you can see the results (in
most cases). When I related electric potential
difference to mechanical work and tried to
visualize electrons moving, then the concept
became easier for me to visualize.

71. Answers may vary. Sample answer:

I found trying to keep straight the rules for electric
potential difference, current, and resistance for
series and parallel circuits. With practice with
questions and applying a structure to my solutions,
I was better able to understand Kirchhoff’s voltage
law.

72. Answers may vary. Sample answer:

I understand how connecting resistors in parallel
lowers the equivalent resistance as being
analogous to sharing. When you share something
with others, your portion will be less than the
original amount.

Research

73. (a) Students’ answers should include
information about the overall amount of resources
and energy used to produce each bulb, and whether
or not this poses an environmental problem, i.e., if
any resources are scarce, or if the refinement or
use of resources causes a lot of pollution.

(b) Students should include the average amount of
power each bulb uses for a given amount of light.
A 60W incandescent bulb is roughly equivalent to
al4 WCFLanda7 W LED.

(¢) Students should note that CFL bulbs contain
mercury and require special handling for disposal.
They should also mention that the lifetime of an
incandescent bulbs is only about 1500 h, compared
to around 10 000 h for CFLs and 60 000 h for
LEDs. This means that there is a lot more waste
from incandescent bulbs. A comparison of
recycling costs and reusability is also a plus.
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74. Students’ representations should include a
simple diagram of a resistor, a detailed description
of what a resistor is and how it is used in electronic
devices.

75. Students’ answers should include statistics
about different energy forms and the amount of
heat that each emits into the environment.
Estimates should be made about the effect this
waste heat has on water temperature and whether
or not this affects the ecosystems involved.
Sources should be cited to back up arguments.

76. The potential difference of a lightning strike
ranges on the order of tens to thousands of
megavolts and carries on the order of 30 000 A.
Students answers should include information about
the theories behind the causes of lightning
including different types. All numerical estimates
should follow from documented sources.

77. Students’ answers should include information
about the technologies available and how they
work. Future technological ideas should also be
included and used in their estimate of how much
energy can be generated and at what cost. Any
environmental impacts such as the destruction of
habitats or death of marine animals should be
included.
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