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

Copyright © 2011 Nelson Education Ltd.

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
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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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