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Chapter 2 Instructor Notes 
Chapter 2 develops the foundations for the first part of the book.  Coverage of the entire Chapter would be 
typical in an introductory course.  The first four sections provide the basic definitions and cover Kirchoff’s 
Laws and the passive sign convention; the box Focus on Methodology: The Passive Sign Convention (p. 
35) and two examples illustrate the latter topic.  The sidebars Make The Connection: Mechanical Analog of 
Voltage Sources (p. 20) and Make The Connection: Hydraulic Analog of Current Sources (p. 22) present 
the concept of analogies between electrical and other physical domains; these analogies will continue 
through the first six chapters. 
 Sections 2.5and 2.6 introduce the i-v characteristic and the resistance element.  Tables 2.1 and 2.2 on p. 41 
summarize the resistivity of common materials and standard resistor values; Table 2.3 on p. 44 provides the 
resistance of copper wire for various gauges.  The sidebar Make The Connection: Electric Circuit Analog of 
Hydraulic Systems – Fluid Resistance (p. 40) continues the electric-hydraulic system analogy. 
 Finally, Sections 2.7 and 2.8 introduce some basic but important concepts related to ideal and non-
ideal  current sources, and measuring instruments. 

The Instructor will find that although the material in Chapter 2 is quite basic, it is possible to give 
an applied flavor to the subject matter by emphasizing a few selected topics in the examples presented in 
class.  In particular, a lecture could be devoted to resistance devices, including the resistive displacement 
transducer of Focus on Measurements: Resistive throttle position sensor (pp. 52-54), the resistance strain 
gauges of Focus on Measurements: Resistance strain gauges (pp. 54-55), and Focus on Measurements: 
The Wheatstone bridge and force measurements (pp. 55-56). The instructor wishing to gain a more in-depth 
understanding of resistance strain gauges will find a detailed analysis in1. 
 Early motivation for the application of circuit analysis to problems of practical interest to the non-
electrical engineer can be found in the Focus on Measurements: The Wheatstone bridge and force 
measurements.  The Wheatstone bridge material can also serve as an introduction to a laboratory 
experiment on strain gauges and the measurement of force (see, for example2).  Finally, the material on 
practical measuring instruments in Section2.8b can also motivate a number of useful examples. 
 The homework problems include a variety of practical examples, with emphasis on 
instrumentation.  Problem 2.36 illustrates analysis related to fuses; problems 2.44-47 are related to wire 
gauges; problem 2.52 discusses the thermistor; problems 2.54 and 2.55 discuss moving coil meters; 
problems 2.52 and 2.53 illustrate calculations related to temperature sensors; an problems 2.56-66 present a 
variety of problems related to practical measuring devices. 
 It has been the author's experience that providing the students with an early introduction to 
practical applications of electrical engineering to their own disciplines can increase the interest level in the 
course significantly. 

  
1 
1
2 
Learning Objectives 
1. Identify the principal elements of electrical circuits: nodes, loops, meshes, branches, 

and voltage and current sources. 
2. Apply Kirchhoff’s Laws to simple electrical circuits and derive the basic circuit 

equations. 
3. Apply the passive sign convention and compute power dissipated by circuit elements.  
4. Apply the voltage and current divider laws to calculate unknown variables in simple 

series, parallel and series-parallel circuits. 
5. Understand the rules for connecting electrical measuring instruments to electrical 

circuits for the measurement of voltage, current, and power.  
     2.1 

                                                         
E. O. Doebelin, Measurement Systems – Application and Design, 4th Edition, McGraw-Hill, New York, 
990. 
G. Rizzoni, A Practical Introduction to Electronic Instrumentation, 3rd Edition, Kendall-Hunt, 1998. 
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Section 2.1: Definitions 

Problem 2.1 

Solution: 
Known quantities: 

Initial Coulombic potential energy, CkJVi /17= ; initial velocity,
s
mMUi 93= ; final Coulombic 

potential energy, CkJVf /6= . 

Find: 
The change in velocity of the electron. 

Assumptions: 

cg PEPE ∆<<∆  

Analysis: 
Using the first law of thermodynamics, we obtain the final velocity of the electron: 

...+∆+∆+∆=− gcheat PEPEKEWQ  
Heat is not applicable to a single particle. W=0 since no external forces are applied. 
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________________________________________________________________________ 

Problem 2.2 

Solution: 
Known quantities: 
MKSQ units. 

Find: 
Equivalent units of volt, ampere and ohm. 
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Analysis: 
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________________________________________________________________________ 

Problem 2.3 

Solution: 
Known quantities: 
Battery nominal rate of 100 A-h. 

Find: 
a) Charge potentially derived from the battery 
b) Electrons contained in that charge. 

Assumptions: 
Battery fully charged. 

Analysis: 

a) 
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________________________________________________________________________ 

Problem 2.4 

Solution: 
Known quantities: 
Two-rate change charge cycle shown in Figure P2.4. 
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Find: 
a) The charge transferred to the battery 
b) The energy transferred to the battery. 

Analysis: 

a) To find the charge delivered to the battery during the charge cycle, we examine the charge-current 

relationship: 

dtidqor
dt
dqi ⋅==  
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b) To find the energy transferred to the battery, we examine the energy relationship 
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observing that the energy delivered to the battery is the integral of the power over the charge cycle. Thus, 
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________________________________________________________________________ 

Problem 2.5 

Solution: 
Known quantities: 
Rated voltage of the battery; rated capacity of the battery. 

Find: 
a) The rated chemical energy stored in the battery 
b) The total charge that can be supplied at the rated voltage. 
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Analysis: 
a)  
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As the battery discharges, the voltage will decrease below the rated voltage. The remaining chemical 
energy stored in the battery is less useful or not useful. 
b) Q∆  is the total charge passing through the battery and gaining 12 J/C of electrical energy. 
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________________________________________________________________________ 

Problem 2.6 

Solution: 
Known quantities: 
Resistance of external circuit. 

Find: 
a) Current supplied by an ideal voltage source 
b) Voltage supplied by an ideal current source. 

Assumptions: 
Ideal voltage and current sources. 

Analysis: 
a) An ideal voltage source produces a constant voltage at or below its rated current. Current is determined 
by the power required by the external circuit (modeled as R). 

IVP
R

VI s
s ⋅==  

b) An ideal current source produces a constant current at or below its rated voltage. Voltage is determined 
by the power demanded by the external circuit (modeled as R). 

ss IVPRIV ⋅=⋅=  
A real source will overheat and, perhaps, burn up if its rated power is exceeded. 
________________________________________________________________________ 
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Sections 2.2, 2.3: KCL, KVL 

Problem 2.7 

Solution: 
Known quantities: 

Circuit shown in Figure P2.7 with currents 2I0 −= A, 4I1 −= A, 8IS = A, and voltage source 

12VS = V. 

Find: 
The unknown currents. 

Analysis: 
Applying KCL to node (a) and node (b): 
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________________________________________________________________________ 
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Section 2.4: Sign Convention 
 
 
 
 
 
 
 
 
 
 
 
 

Problem 2.8 

Solution: 
Known quantities: 
Direction and magnitude of the current through the elements in Figure P2.8; voltage at the terminals. 

Find: 
Class of the components A and B. 

Analysis: 
The current enters the negative terminal of element B and leaves the positive terminal: its coulombic 
potential energy increases. 
 
Element B is a power source. It must be either a voltage source or a current source. 
 
The reverse is true for element A. The current loses energy as it flows through element A. 
 
Element A could be 1. a resistor or 2. a power source through which current is being forced to flows 
‘backwards’. 
________________________________________________________________________ 

Problem 2.9 

Solution: 
Known quantities: 
Current absorbed by the heater; voltage at which the current is supplied; cost of the energy. 

Find: 
a) Power consumption 
b) Energy dissipated in 24 hr. 
c) Cost of the Energy 

Assumptions: 
The heater works for 24 hours continuously. 

Analysis: 
a)  

Focus on Methodology: Passive Sign Convention 
1. Choose an arbitrary direction of current flow. 
2. Label polarities of all active elements (current and voltage sources). 
3. Assign polarities to all passive elements (resistors and other loads); for passive elements, 

current always flows into the positive terminal. 
4. Compute the power dissipated by each element according to the following rule: If positive 

current flows into the positive terminal of an element, then the power dissipated is 
positive (i.e., the element absorbs power); if the current leaves the positive terminal of an 
element, then the power dissipated is negative (i.e., the element delivers power). 



G. Rizzoni, Principles and Applications of Electrical Engineering Problem solutions, Chapter 2 

 

      2.8 

( ) KW
s
a

a
JKaVVIP 53.253.223110 ====  

b)  
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c)  
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________________________________________________________________________ 

Problem 2.10  

Solution: 
Known quantities: 
Current through elements A, B and C shown in Figure P2.10; voltage across elements A, B and C. 

Find: 
Which components are absorbing power, which are supplying power; verify the conservation of power. 

Analysis: 

A absorbs WAV 525)15)(35( =  

B absorbs WAV 225)15)(15( =  

C supplies WAV 750)15)(50( =  

Total power supplied WPC 750==  

Total power absorbed WWWPP AB 750525225 =+=+=  
Total power supplied = Total power absorbed, so conservation of power is satisfied. 
________________________________________________________________________ 

Problem 2.11 

Solution: 
Known quantities: 

Circuit shown in Figure P2.11 with voltage source, VVs 12= ; internal resistance of the source, 

Ω= kRs 5 ; and resistance of the load, Ω= kRL 7 . 

Find: 
The terminal voltage of the source; the power supplied to the circuit, the efficiency of the circuit. 

Assumptions: 
Assume that the only loss is due to the internal resistance of the source. 
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Analysis: 
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________________________________________________________________________ 

Problem 2.12  

Solution: 
Known quantities: 
Circuit shown in Figure P2.12; Current through elements D and E; voltage across elements B, C and E. 

Find: 
a) Which components are absorbing power and which are supplying power 
b) Verify the conservation of power. 

Analysis: 
a)   
By KCL, the current through element B is 5 A, to the right. By KVL, 

Vvv ED 10==  (positive at the top) 

010105 =−−+Av  
Therefore the voltage across element A is 

VvA 15=  (positive on top) 
 
A supplies WAV 75)5)(15( =  

B supplies WAV 25)5)(5( =  

C absorbs WAV 50)5)(10( =  

D absorbs WAV 40)4)(10( =  

E absorbs WAV 10)1)(10( =  
b)   
Total power supplied WWWPP BA 1002575 =+=+=  
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Total power absorbed WWWWPPP EDC 100104050 =++=++=  
Total power supplied = Total power absorbed, so conservation of power is satisfied. 
________________________________________________________________________ 

Problem 2.13 

Solution: 
Known quantities: 
Headlights connected in parallel to a 24-V automotive battery; power absorbed by each headlight. 

Find: 
Resistance of each headlight; total resistance seen by the battery. 

Analysis: 

Headlight no. 1: 

Ω===

==×=

76.5
100
576

100
R

or   
R
v W001ivP

2

2

v
 

Headlight no. 2: 

Ω===

==×=

68.7
75

576
75

R

or   
R
v W57ivP

2

2

v
 

The total resistance is given by the parallel combination: 

Ω
+

Ω
=

68.7
1

76.5
11

TOTALR
 or RTOTAL = 3.29 Ω 

________________________________________________________________________ 

Problem 2.14 

Solution: 
Known quantities: 
Headlights and 24-V automotive battery of problem 2.13 with 2 15-W taillights added in parallel; power 
absorbed by each headlight; power absorbed by each taillight. 

Find: 
Equivalent resistance seen by the battery. 

Analysis: 

The resistance corresponding to a 75-W headlight is: 

   7.68
75

576
75
vR 

2

75W Ω===  

For each 15-W tail light we compute the resistance: 
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 38.4
15
576

15
v R

2

15W Ω===  

Therefore, the total resistance is computed as: 

Ω
+

Ω
+

Ω
+

Ω
=

4.38
1

4.38
1

68.7
1

68.7
11

TOTALR
 or Ω=  2.3TOTALR  

________________________________________________________________________ 

Problem 2.15 

Solution: 
Known quantities: 

Circuit shown in Figure P2.15 with voltage source, VVs 20= ; and resistor, Ω= 5oR . 

Find: 
The power absorbed by variable resistor R (ranging from 0 to 20 Ω). 

Analysis: 

The current flowing clockwise in the series circuit is: 

R
i

+
=

5
20

 

The voltage across the variable resistor R, positive on the left, is: 

5
20
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R
RRivR  
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R
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________________________________________________________________________ 
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Problem 2.16 

Solution: 
Known quantities: 

Circuit shown in Figure P2.16 with source voltage, VVs 12= ; internal resistance of the source, 

Ω= 3.0sR .  Current, =TI 0, 5, 10, 20, 30 A. 

Find: 
a) The power supplied by the ideal source as a function of current 
b) The power dissipated by the nonideal source as a function of current 
c) The power supplied by the source to the circuit 
d) Plot the terminal voltage and power supplied to the circuit as a function of current 

Assumptions: 
There are no other losses except that on Rs. 

Analysis: 

a)  Ps = power supplied by the source TSSS IVIV == . 
b)  Rs = equivalent resistance for internal losses 

STloss RIP 2=  

c)  TV  = voltage at the battery terminals: 

TSST IRVVVD −=:  

0P = power supplied to the circuit ( LR  in this case) TTVI= . 
Conservation of energy: 

0PPP lossS += . 
 

)(AIT  )(WPS  )(WPloss  )(VVT  )(0 WP  
0 0 0 0 0 
2 30 1.875 11.4 28.13 
5 60 7.5 10.5 52.5 

10 120 30 9 90 
20 240 120 6 120 
30 360 270 3 90 
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Note that the power supplied to the circuit is maximum when aIT 20= . 
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Problem 2.17 

Solution: 
Known quantities: 

Circuit shown in Figure P2.17 if the power delivered by the source is 40 mW; the voltage v = 1v /4; and 

Ω=Ω=Ω= kRkRkR 12,10,8 321  

Find: 

The resistance R, the current i and the two voltages v and 1v  

Analysis: 

mWivP 40=⋅=  (eq. 1) 

 
4
v10000 v 21 =⋅=⋅= iiR (eq. 2) 

From eq.1 and eq.2, we obtain: 

i = 1.0 mA  and  v = 40 V. 

Applying KVL for the loop: 

012000100008000 =++++− iRiiiv  or, 10001.0 =R  

Therefore, 

  10k=R Ω and V10v1 = . 
________________________________________________________________________ 

Problem 2.18 

Solution: 
Known quantities: 
Rated power; rated optical power; operating life; rated operating voltage; open-circuit resistance of the 
filament. 

Find: 
a) The resistance of the filament in operation 
b) The efficiency of the bulb. 

Analysis: 
a) 

ma
V

Va
V
PIVIP

R

R 7.521
115
60 ===∴=  

OL: Ω==== 4.220
7.521

115
ma
V

I
V

I
VR R

 

b) 
Efficiency is defined as the ratio of the useful power dissipated by or supplied by the load to the total power 
supplied by the source. In this case, the useful power supplied by the load is the optical power. From any 
handbook containing equivalent units: 680 lumens=1 W 
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=outoP ,  Optical Power Out W
lum

Wlum 206.1
680

820 ==  

=η  efficiency %009.202009.0
60
206.1, ====

W
W

P
P

R

outo
. 

________________________________________________________________________ 

Problem 2.19 

Solution: 
Known quantities: 
Rated power; rated voltage of a light bulb. 

Find: 
The power dissipated by a series of three light bulbs connected to the nominal voltage. 

Assumptions: 
The resistance of each bulb doesn’t vary when connected in series. 

Analysis: 
When connected in series, the voltage of the source will divide equally across the three bulbs. The across 
each bulb will be 1/3 what it was when the bulbs were connected individually across the source. Power 
dissipated in a resistance is a function of the voltage squared, so the power dissipated in each bulb when 
connected in series will be 1/9 what it was when the bulbs were connected individually, or 11.11 W: 

Ohm’s Law: 
B

B
BB R

VRIIVP
2

2 ===  

VVV SB 110==  

( ) Ω=== 121
100
110 22

Va
V

P
VR B

B  

Connected in series and assuming the resistance of each bulb remains the same as when connected 
individually: 

KVL: 0321 =+++− BBBS VVVV  

OL: 0123 =+++− BBBS IRIRIRV  

ma

a
V

V
RRR

VI
BBB

S 303
121121121

110

321

=
++

=
++

=  

( ) .100
9
111.11121303 2

1
2

1 WW
a
VmaRIP BB ==�
�

�
�
�

�==  

________________________________________________________________________ 

Problem 2.20 

Solution: 
Known quantities: 
Rated power and rated voltage of the two light bulbs. 
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Find: 
The power dissipated by the series of the two light bulbs. 

Assumptions: 
The resistance of each bulb doesn’t vary when connected in series. 

Analysis: 
When connected in series, the voltage of the source will divide equally across the three bulbs. The across 
each bulb will be 1/3 what it was when the bulbs were connected individually across the source. Power 
dissipated in a resistance is a function of the voltage squared, so the power dissipated in each bulb when 
connected in series will be 1/9 what it was when the bulbs were connected individually, or 11.11 W: 

Ohm’s Law: 
B

B
BB R

VRIIVP
2

2 ===  

VVV SB 110==  

( ) Ω=== 7.201
60

110 2

60

2

60 Va
V

P
VR B

 

( ) Ω=== 121
100
110 2

100

2

100 Va
V

P
VR B

 

When connected in series and assuming the resistance of each bulb remains the same as when connected 
individually: 

KVL: 010060 =++− BBS VVV  

OL: 010060 =++− BBS IRIRV  

ma

a
V

V
RR

V
I

BB

S 9.340
1217.201

110

10060

=
+

=
+

=  

( ) W
a
VmaRIP BB 44.237.2019.340 2

60
2

60 =�
�

�
�
�

�==  

( ) W
a
VmaRIP BB 06.141219.340 2

100
2

100 =�
�

�
�
�

�==  

Notes: 1.It’s strange but it’s true that a 60 W bulb connected in series with a 100 W bulb will dissipate 
more power than the 100 W bulb. 2. If the power dissipated by the filament in a bulb decreases, the 
temperature at which the filament operates and therefore its resistance will decrease. This made the 
assumption about the resistance necessary. 
________________________________________________________________________ 
 

Problem 2.21 

Solution: 
Known quantities: 
Schematic of the circuit shown in Figure P2.21. 

Find: 
The resistor values, including the power rating, necessary to achieve the indicated voltages for: 
a)  VvkRVV out 10,10,30 1 =Ω==  
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b)  VvkRVV out 5.8,140,12 1 =Ω==  

Assumptions: 
Resistors are available in 8

1 - 4
1 - 2

1 -, and 1-W ratings. 

Analysis: 

(a) 

mWRIP

k

V
RR

Rvout

20)5000(
15000

30

5R
101010)1030(R

10 (30) 
10000+R

R 

2
2

2

2

3
2

2

2

12
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=⋅�
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�==
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⋅⋅=−

=⋅=⋅��
�

�
��
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�

+
=

 

WPR 8
1

2
=  

mWRIP 401
2

1 ==  

P WR1

1
8

= . 

(b) 

5.8
140

14012
112

2 =��
�

�
��
�

�

+
⋅=⋅��

�

�
��
�

�

+
=

R
V

RR
Rvout  

Ω= 571R  

mWRIPmaV
RR

VI 1.21261
14057

12
1

2
1

21

==�=
Ω+Ω

=
+

=  

mWRIP 9.5202
2

2 ==  

WPR 4
1

1
=  

WPR 1
2

=  
________________________________________________________________________ 

Problem 2.22 

Solution: 
Known quantities: 

Schematic of the circuit shown in Figure P2.22 with resistances, Ω=Ω= kRkRo 3.4,6.1 2 ; and 

voltages, VvVV out 3.64,110 == . 

Find: 
The resistor values, including the power rating, necessary to achieve the indicated voltages. 
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Assumptions: 
Resistors are available in 8

1 - ¼- ½-, and 1-W ratings. 

Analysis: 

3.64
43001600

4300110
1210

2 =��
�

�
��
�

�

++
⋅=

++
=

R
V

RRR
Rvout  

Ω= kR 45.11  

maV
RRR

VI 15
430014501600

110

210

=
Ω+Ω+Ω

=
++

=  

WPmWRIP R 2
1360

00
2

0 =�==  

WPmWRIP R 2
125.326

11
2

1 =�==  

WPmWRIP R 15.967 22
2

2 =�==  
________________________________________________________________________ 

Problem 2.23 

Solution: 
Known quantities: 
Schematic of the circuit shown in Figure P2.23 with source voltage, Vv 24= ; and resistances, 

Ω=Ω=Ω= 2,10,8 21 RRRo . 

Find: 
a) The equivalent resistance seen by the source 
b) The current i 
c) The power delivered by the source 
d) The voltages 1v  and 2v  

e) The minimum power rating required for 1R  

Analysis: 

a) The equivalent resistance seen by the source is 
Ω=++=++= 202108210 RRRReq  

b) Applying KVL: 

0=− iRV eq , therefore A2.1
20

V24 =
Ω

==
eqR

Vi  

c) 
WAVViPsource 8.282.124 =⋅==  

d) Applying Ohm's law: 
VAiRv 122.11011 =⋅Ω== , and VAiRv 4.22.1222 =⋅Ω==  

e) 
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( ) WAiRP 4.142.110 22
11 =⋅Ω== , therefore the minimum power rating for 1R is 16 W. 

________________________________________________________________________ 

Problem 2.24 

Solution: 
Known quantities: 
Schematic of the circuit shown in Figure P2.24 with resistors, 

Ω=Ω=Ω=Ω= 7,5,10,25 4321 RRRR . 

Find: 

a) The currents 1i  and 2i  
b) The power delivered by the 3-A current source and the 12-V voltage source 
c) The total power dissipated by the circuit. 

Analysis: 

a)  KCL at node 1 requires that: 

  
R

 
2

1v
+   

R 
V 12 -

 
3

1v
- 3 A = 0 

Solving for 1v we have 
( ) V 1843

32

23
1 =

+
+=

RR
RRv  

Therefore, 

A 8.1
10
18

2

1
1 −=−=−=

R
vi  

A 2.1
5
612

3

1
2 −=−=−=

R
vi  

b) The power delivered by the 3-A source is: 
P3-A = (v3-A)(3) 

Thus, we can compute the voltage across the 3-A source as 
v3-A V 93182533 11 =+⋅=+= vR  

Thus, 
P3-A = (93)(3) = 279 W. 

Similarly, the power supplied by the 12-V source is: 
P12-V = (12)(I12-V) 

We have  I12-V =   
R
12 

4

+ 2i  = 514.3 mA, thus: 

P12-V = (12)(I12-V) = 6.17 W 

c) Since the power dissipated equals the total power supplied: 
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Pdiss = P3-A + P12-V =279 + 6.17 = 285.17 W 
________________________________________________________________________ 

Problem 2.25 

Solution: 
Known quantities: 
Schematic of the circuit shown in Figure P2.25. 

Find: 
The power delivered by the dependent source. 

Analysis: 

A 2A 
12
24

)57(
24 ==

Ω+
= Vi  

( ) A 245.05.0 2 =⋅== iisource  

The voltage across the dependent source (+ ref. taken at the top) can be found by KVL: 

024)15)(2( =+Ω+− VAvD  �  54=Dv  V 

Therefore, the power delivered by the dependent source is 
108254 =⋅== sourceDD ivP  W. 

________________________________________________________________________ 

Problem 2.26 

Solution: 
Known quantities: 
Schematic of the circuit in Figure P2.26. 

Find: 

a) If Ω=Ω== 55.2,15.0,0.12 11 LRRVV , the load current and the power dissipated by the 
load 

b) If a second battery is connected in parallel with battery 1with Ω== 28.0,0.12 22 RVV , 
determine the variations in the load current and in the power dissipated by the load due to the 
parallel connection with a second battery. 

Analysis: 

a) 

 
2.7
12 

2.55+0.15
12 

1

1 ==
+

=
L

L RR
VI = 4.44 A 

LLLoad RIP 2=  = 50.4 W. 

b) with another source in the circuit we must find the new power dissipated by the load. To do so, we write 

KVL twice using mesh currents to obtain 2 equations in 2 unknowns: 
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( )�
�
�

=++
=−+−

22221

112122 0
VRIRII

RIVVRI

L

  �  ( )�
�
�

=⋅++⋅
=⋅−⋅

1228.055.2
015.028.0

221

12

III
II

 

Solving the above equations gives us: 
95.21 =I  A,  58.12 =I  A  �  53.421 =+= III L  A 

33.522 == LLLoad RIP W 
This is an increase of 1%. 
________________________________________________________________________ 

Problem 2.27 

Solution: 
Known quantities: 
Open-circuit voltage at the terminals of the power source is 50.8 V; voltage drop with a 10-W load attached 
is to 49 V. 

Find: 
a) The voltage and the internal resistance of the source 
b) The voltage at its terminals with a 15-Ω load resistor attached 
c) The current that can be derived from the source under short-circuit conditions. 

Analysis: 

(a) 

Ω=�= 24010)49( 2

L
L

RW
R
V

 

Vvs 8.50= , the open-circuit voltage 

498.50
240

24049 =
+

�=
+ S

S
LS

L

R
v

RR
R

 

Ω=−= 82.8240
49

)8.50)(240(
SR  

(b) 

Vv
RR

Rv S
LS

L 0.328.50
1582.8

15 =
+

=
+

=  

(c) 

76.5
82.8

8.50)0( ====
S

S
LCC R

vRi  A 

________________________________________________________________________ 

Problem 2.28 

Solution: 
Known quantities: 
Voltage of the heater, maximum and minimum power dissipation; number of coils, schematics of the 
configurations. 
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Find: 
a) The resistance of each coil 
b) The power dissipation of each of the other two possible arrangements. 

Analysis: 

(a) For the parallel connection, 2000=P  W. Therefore, 

( ) ( )

( ) ��
�

�
��
�

�
+=

+=

21

2

2

2

1

2

11220

2202202000

RR

RR
 

or, 

121
511

21

=+
RR

. 

For the series connection, 300=P  W. Therefore, 

( )
21

2220300
RR +

=  

or, 

484
31

21

=
+ RR

. 

Solving, we find that Ω= 6.1311R  and Ω= 7.292R . 

(b) the power dissipated by R1 alone is: 

( ) W
R

PR 368220

1

2

1
==  

and the power dissipated by R2 alone is 

( ) W
R

PR 1631220

2

2

2
== . 

________________________________________________________________________ 
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Section 2.5, 2.6: Resistance and Ohm’s Law 

Problem 2.29 

Solution: 
Known quantities: 
Diameter of the cylindrical substrate; length of the substrate; conductivity of the carbon. 

Find: 
The thickness of the carbon film required for a resistance R of 33 KΩ. 

Assumptions: 
Assume the thickness of the film to be much smaller than the radius 
Neglect the end surface of the cylinder. 

Analysis: 

m
m
S
m

aR
dt

ta
d

A
dR

363

3

1012109.21033

109
2

2

−

−

⋅⋅⋅⋅⋅Ω⋅

⋅=
⋅⋅

=∆

∆⋅⋅
≅

⋅
=

πσπ

πσσ
 

________________________________________________________________________ 

Problem 2.30 

Solution: 
Known quantities: 
The constants A and k; the open-circuit resistance. 

Find: 
The rated current at which the fuse blows, showing that this happens at: 

0

1
AkR

I = . 

Assumptions: 
Here the resistance of the fuse is given by: 

[ ])(1 00 TTARR −+=  

where 0T , room temperature, is assumed to be 25°C. 
We assume that: 

kPTT =− 0  
where P is the power dissipated by the resistor (fuse). 

Analysis: 

)1()1()1( 2
000 RAkIRAkPRTARR +=+=∆⋅+=  

0
2

0 RRAkIRR =−  
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∞→
−

= 2
0

0

1 AkIR
R

R     when   02
0 →− AkIRI  

2
1

0

)11.035.07.0(1 −°
°

==
a
V

Va
C

C
m

AkR
I =6.09 a. 

________________________________________________________________________ 

Problem 2.31 

Solution: 
Known quantities: 

Circuit shown in Figure P2.31 with voltage source, VVs 10= and resistors, 

Ω===Ω=Ω=Ω= 15,10,40,20 654321 RRRRRR . 

Find: 
The current in the 15-Ω resistors. 

Analysis: 

Since the 3 resistors must have equal currents, 

I
3
1I15 ⋅=Ω  

and,  

303
33
10

5820
10

||||||R
VI

654321

S ==
++

=
++

=
RRRRR

 mA 

Therefore, 101
99
10I15 ==Ω  mA 

________________________________________________________________________ 

Problem 2.32 

Solution: 
Known quantities: 

Schematic of the circuit in Figure P2.7 with currents 2I0 −= A, 4I1 −= A, 8IS = A, voltage source 

12VS = V, and resistance Ω=  2R 0 . 

Find: 

The unknown resistances 1R , 2R , 3R , 4R and 5R . 

Assumption: 
In order to solve the problem we need to make further assumptions on the value of the resistors. For 

example, we may assume that 14 R
3
2R =  and 12 R

3
1R = . 

Analysis: 
We can express each current in terms of the adjacent node voltages: 
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2
R

3
22RR

I
1

40
0 −=

+

−=
+
−= baba vvvv

 

4
R

I
1

1 −=−= ba vv
 

6
R

3
1R

I
1

2
2 === aa vv

 

2
R

I
3

3 == bv
 

8
R

12
R

VI
55

S
S =−=−= bb vv

 

Solving the system we obtain: 

V 3=av , V 9=bv , Ω=  5.1R1 , Ω=  5.0R 2 , Ω=  5.4R 3 , Ω=  1R 4  and  

Ω=  375.0R 5 . 

________________________________________________________________________ 

Problem 2.33 

Solution: 
Known quantities: 

Schematic of the circuit in Figure P2.7 with resistors Ω= 2R1 , Ω= 5R 2 , Ω= 4R3 , Ω=1R 4 , 

Ω= 3R5 , voltage source 54VS = V, and current 4I2 = A. 

Find: 

The unknown currents 0I , 1I , 3I , SI  and the resistor 0R . 

Analysis: 
We can express each current in terms of the adjacent node voltages: 

40
0 RR

I
+
−= ba vv

 

1
1 R

I ba vv −=  

4
R

I
2

2 == av
  �  2054 =⋅=av V 
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3
3 R

I bv=  

5

S
S R

VI bv−=  

Applying KCL to node (a) and (b) : 

�
�
�

=−++
=++

0IIII
0III

31S0

210   �  

�
�

�

�
�

�

�

=−−+−+
+

−

=+−+
+

−

0
42

20
3

54
1R

20

04
2

20
1R

20

0

0

bbbb

bb

vvvv

vv

 

Solving the system we obtain: V 24=bv  and Ω=  1R 0 . 

________________________________________________________________________ 

Problem 2.34 

Solution: 
Known quantities: 
NOTE: Typo in Problem Statement for units of R3 

Schematic of the circuit shown in Figure P2.34 with resistors Ω=Ω=Ω=Ω= 6,3/4,1,2 3210 RRRR  

and voltage source 12VS = V. 

Find: 

a) The mesh currents ai , bi , ci   
b) The current through each resistor. 

Analysis: 
Applying KVL to mesh (a), mesh (b) and mesh (c): 

( )
( ) ( )

( )�
�

�
�

�

−=
=−+−−

=−+

3S

321

10

RV
0RRR

0RR

bc

bcbba

baa

ii
iiiii

iii
  �  

( )

( ) ( )
( )�

�

�

�
�

�

�

=−

=−+−−

=−+

126

06
3
4

02

bc

bcbba

baa

ii

iiiii

iii

 

Solving the system we obtain: 

�
�

�
�

�

=
=
=

A 8
A 6
A 2 

c

b

a

i
i
i

  �  

�
�

�

�
�

�

�

=−=

==

=−=

==

) ofdirection  in the (positiveA    2I

) ofdirection  in the (positiveA          6I

) ofdirection  in the (positiveA    4I

) ofdirection  in the (positiveA          2I

3

2

1

0

R

R

R

R

cbc

bb

bab

aa

iii
ii
iii

ii

 

________________________________________________________________________ 
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Problem 2.35 

Solution: 
Known quantities: 
NOTE: Typo in Problem Statement for units of R3 

Schematic of the circuit shown in Figure P2.34 with resistors Ω=Ω=Ω=Ω= 4,5,2,2 3210 RRRR  

and voltage source 24VS = V. 

Find: 

a) The mesh currents ai , bi , ci   
b) The current through each resistor. 

Analysis: 
Applying KVL to mesh (a), mesh (b) and mesh (c): 

( )
( ) ( )

( )�
�

�
�

�

−=
=−+−−

=−+

3S

321

10

RV
0RRR

0RR

bc

bcbba

baa

ii
iiiii

iii
  �  

( )
( ) ( )
( )�

�

�
�

�

=−
=−+−−

=−+

244
0452

022

bc

bcbba

baa

ii
iiiii

iii
 

Solving the system we obtain:  

�
�

�
�

�

=
=
=

A 01
A 4
A 2 

c

b

a

i
i
i

  �  
( )

( )�
�

�

�
�

�

�

⊕=−=

⊕==

⊕=−=

⊕==

up) (    V 42RV

up) (            V 02RV

down) (      V 4RV

up) (              V 4RV

3R

2R

1R

0R

3

2

1

0

bc

b

ab

a

ii
i

ii

i

 

________________________________________________________________________ 

Problem 2.36 

Solution: 
Known quantities: 
NOTE: Typo in Problem Statement for units of R3 

Schematic of the circuit shown in Figure P2.34 with resistors Ω=Ω=Ω=Ω= 4,2,3,1 3210 RRRR  

and of the current source 12IS = A. 

Find: 
The voltage across each resistance. 

Analysis: 
Applying KVL to mesh (a), mesh (b) and mesh (c): 

( )
( ) ( )
�
�

�
�

�

=
=−+−−

=−+

S

321

10

I
0RRR

0RR

c

bcbba

baa

i
iiiii

iii
  �  

( )
( )

�
�

�
�

�

=
=+−−−

=−+

A 12
048423

03

c

bbba

baa

i
iiii

iii
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Solving the system we obtain:  

�
�
�

�

�
�
�

�

�

=

=

=

A 21

A 
9
64

A 
3

16 

c

b

a

i

i

i

  ����  
( )

( )�
�

�

�
�

�

�

⊕=−=

⊕==

⊕=−=

⊕==

up) (    V 55.19RV

up) (            V 22.14RV

down) (      V 5.33RV

up) (              V 5.33RV

3R

2R

1R

0R

3

2

1

0

bc

b

ab

a

ii
i

ii

i

 

________________________________________________________________________ 

Problem 2.37 

Solution: 
Known quantities: 
Schematic of voltage divider network shown of Figure P2.37. 

Find: 
a) The worst-case output voltages for 10± percent tolerance 
b) The worst-case output voltages for 5± percent tolerance 

Analysis: 

a) 10% worst case: low voltage 
R2 = 4500 Ω, R1 = 5500 Ω 

Vv MINOUT 25.25
55004500

4500
, =

+
=  

10% worst case: high voltage 
R2 = 5500 Ω, R1 = 4500 Ω 

Vv MAXOUT 75.25
55004500

5500
, =

+
=  

b) 5% worst case: low voltage 

R2 = 4750 Ω, R1 = 5250 Ω 

Vv MINOUT 375.25
52504750

4750
, =

+
=  

5% worst case: high voltage 

R2 = 5250 Ω, R1 = 4750 Ω 

Vv MAXOUT 625.25
47505250

5250
, =

+
=  

________________________________________________________________________ 
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Problem 2.38 

Solution: 
Known quantities: 
Schematic of the circuit shown in figure P2.38 with 
resistances, Ω=Ω=Ω=Ω=Ω=Ω= 5,16,2,8,12,4 543210 RRRRRR . 

Find: 
The equivalent resistance of the circuit. 

Analysis: 

Starting from the right side, we combine the two resistors in series: 

 
Then, we can combine the two parallel resistors, namely the 5 Ω resistor and 10 Ω resistor: 

( ) Ω=�Ω+= −

3
10

10
1

5
11 1

parallel
parallel

R
R

 

 
Then, we can combine the two resistors in series, namely the 3.33 Ω and the 16 Ω resistor:  

 
 

Then, we can combine the two parallel resistors, namely the 12 Ω resistor and 19.33 Ω resistor: 

( ) Ω=�Ω+= − 4.7
33.19

1
12
11 1

parallel
parallel

R
R
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Therefore, eqR  = 4 + 7.4 = 11.4 Ω. 
_______________________________________________________________________ 

Problem 2.39 

Solution: 
Known quantities: 

Schematic of the circuit shown in Figure P2.39 with source voltage, VVs 12= ; and resistances, 

Ω=Ω=Ω=Ω=Ω=Ω=Ω= 6,12,10,8,50,2,4 6543210 RRRRRRR . 

Find: 

The equivalent resistance of the circuit seen by the source; the current i through the resistance 2R . 

Analysis: 

Starting from the right side, we can combine the three parallel resistors, namely the 10 Ω resistor, the 12 Ω 

resistor and the 6 Ω resistor: 

( ) Ω=�Ω++= −

7
20

6
1

12
1

10
11 1

parallel
parallel

R
R

 

 

Then, we can combine the two resistors in series, namely the 8 Ω and the 2.86 Ω resistor: 

 

Then, we can combine the three parallel resistors, namely the 4 Ω resistor, the 50 Ω resistor and the 10.86 

Ω resistor: 



G. Rizzoni, Principles and Applications of Electrical Engineering Problem solutions, Chapter 2 

 

      2.31 

( ) Ω=�Ω++= − 76.2
86.10

1
50
1

4
11 1

parallel
parallel

R
R

 

 

Therefore, eqR  = 2 + 2.76 = 4.76 Ω. 
Looking at the following equivalent circuit: 

 
We can apply KVL and KCL to the above circuit: 

�
�

�
�

�

==

++=
=−−

eq

eq

S

IiI
IiII
IIV

86.2504

042

0

01

01

 �  

�
�

�

�
�

�

�

−−=

=
−=

=

eq

eq

IIIi
iI
iI

iI

01

1

0

48.17
256
5.12

 � 107=i  mA 

________________________________________________________________________ 

Problem 2.40 

Solution: 
Known quantities: 

Schematic of the circuit shown in Figure P2.40 with source voltage, VVs 50= ; resistances, 

Ω=Ω=Ω=Ω=Ω=Ω= 30,8,8,2,5,20 654321 RRRRRR ; and power absorbed by the 20-Ω 
resistor. 

Find: 
The resistance R . 

Analysis: 

Starting from the right side, we can replace resistors iR  (i=2..6) with a single equivalent resistors: 

( )( ) Ω=++=  10|||| 65432 RRRRRReq   
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The same voltage appears across both 1R  and eqR  and, therefore, these element are in parallel. Applying 
the voltage divider rule: 

203
1000

||
||

1

1
1 +

=
+

=
R

V
RRR

RR
V S

eq

eq
R  

The power absorbed by the 20-Ω resistor is: 

( )
( ) 20

203
50000

203
1000

20
1

2

2

1

2

20
1 =

+
=�

�

�
�
�

�

+
==Ω RRR

V
P R   �  Ω=  10R  

________________________________________________________________________ 

Problem 2.41 

Solution: 
Known quantities: 
Schematic of the circuit shown in Figure P2.41.  

Find: 

The equivalent resistance eqR  of the infinite network of resistors. 

Analysis: 
We can see the infinite network of resistors as the equivalent to the circuit in the picture: 

 
 

Therefore, 

( )
eq

eq
eqeq RR

RR
RRRRRR

+
+=++= 2||   � ( )RReq 31+=   

________________________________________________________________________ 

Req ReqR

R

R
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Problem 2.42 

Solution: 
Known quantities: 

Schematic of the circuit shown in Figure P2.42 with source voltage, VVs 110= ; and resistances, 

Ω=Ω=Ω=Ω=Ω=Ω=Ω=Ω= 80,60,10,30,20,40,50,90 87654321 RRRRRRRR .  

Find: 
a) The equivalent resistance of the circuit seen by the source. 
b) The current through and the power absorbed by the resistance 90-Ω resistance. 

Analysis: 
a)  Starting from the right side, we can combine the two parallel resistors, namely the 20 Ω resistor and the 
30 Ω resistor: 

( ) Ω=�Ω+= − 12
30
1

20
11 1

parallel
parallel

R
R

 

 
Then we can combine the two parallel resistors in the bottom, namely the 60 Ω resistor and the 80 Ω, and 
the two resistor in series: 

( ) Ω=�Ω+= − 3.34
80
1

60
11 1

parallel
parallel

R
R

 

 
Then we can combine the two parallel resistors on the right, namely the 40 Ω resistor and the 22 Ω: 

( ) Ω=�Ω+= − 2.14
22
1

40
11 1

parallel
parallel

R
R
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Therefore, ( ) ( ) Ω=�Ω
++

+= − 47
3.342.1450

1
90
11 1

eq
eq

R
R

. 

b)  The current through and the power absorbed by the 90-Ω resistor are: 

A 22.1
90

110

1
90 ===Ω R

VI S  

( )  W4.134
90

1102

1

2

90 ===Ω R
VP S  

________________________________________________________________________ 

Problem 2.43 

Solution: 
Known quantities: 
Schematic of the circuit shown in Figure P2.43. 

Find: 
The equivalent resistance at terminals a,b in the case that terminals c,d are a) open b) shorted; the same for 
terminals c,d with respect to terminals a,b. 

Analysis: 

With terminals c-d open, Req= Ω=Ω++ 400)540180()540360( , 

with terminals c-d shorted, Req= Ω=Ω+ 390)540540()180360( , 

with terminals a-b open, Req= Ω=Ω++ 360)180360()540540( , 

with terminals a-b shorted, Req= ( ) Ω=Ω+ 351540180)540360( . 

________________________________________________________________________ 

Problem 2.44 

Solution: 
Known quantities: 
Layout of the site shown in Figure P2.44; characteristics of the cables; rated voltage of the generator; range 
of voltages and currents absorbed by the engine at full load. 

Find: 
The minimum AWG gauge conductors which must be used in a rubber insulated cable. 
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Analysis: 
The cable must meet two requirements: 
1. The conductor current rating must be greater than the rated current of the motor at full load. This 

requires AWG #14. 
2. The voltage drop due to the cable resistance must not reduce the motor voltage below its minimum 

rated voltage at full load. 
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Therefore, AWG #8 or larger wire must be used. 
________________________________________________________________________ 

Problem 2.45 

Solution: 
Known quantities: 
Layout of the building shown in Figure P2.45; characteristics of the cables; rated voltage of the generator; 
total electrical load in the building. 

Find: 
The minimum AWG gauge conductors which must be used in a rubber insulated cable. 

Analysis: 
The cable must meet two requirements: 
1. The conductor current rating must be greater than the rated current of the motor at full load. This 

requires AWG #4. 
2. The voltage drop due to the cable resistance must not reduce the motor voltage below its minimum 

rated voltage at full load. 
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Therefore, AWG #0 or larger wire must be used. 
________________________________________________________________________ 
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Problem 2.46 

Solution: 
Known quantities: 
Layout of the site shown in Figure P2.46; characteristics of the cables; rated voltage of the generator; 
electrical characteristics of the engine. 

Find: 
The maximum length of a rubber insulated cable with AWG #14 which can be used to connect the motor 
and the generator. 

Analysis: 
The voltage drop due to the cable resistance must not reduce the motor voltage below its minimum rated 
voltage at full load. 
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________________________________________________________________________ 

Problem 2.47 

Solution: 
Known quantities: 
Layout of the building shown in Figure P2.47; characteristics of the cables; rated voltage of the generator; 
total electrical load in the building. 

Find: 
The maximum length of a rubber insulated cable with AWG #4 which can be used to connect the source to 
the load. 

Analysis: 
The voltage drop due to the cable resistance must not reduce the motor voltage below its minimum rated 
voltage at full load. 
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________________________________________________________________________ 

Problem 2.48 

Solution: 
Known quantities: 
Schematic of the circuit shown in Figure P2.48 with 
resistances, Ω=Ω= kRkR 18,2.2 21 , Ω=Ω= kRkR 3.3,220 43 . 

Find: 
The equivalent resistance between A and B. 

Analysis: 
Shorting nodes C and D creates a single node to which all four resistors are connected. 
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________________________________________________________________________ 

Problem 2.49 

Solution: 
Known quantities: 

Schematic of the circuit shown in Figure P2.49 with source voltage, VVs 12= ; and resistances, 

Ω=Ω=Ω=Ω= mRkRkRkR 22.0,8.6,220,11 4321  

Find: 
The voltage between nodes A and B. 
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Analysis: 
The same current flows through R1 and R3. Therefore, they are connected in series. Similarly, R2 and R4 
are connected in series. 
SPECIFY THE ASSUMED POLARITY OF THE VOLTAGE BETWEEN NODES A AND B. THIS 
WILL HAVE TO BE A WILD GUESS AT THIS POINT. 
Specify the polarities of the voltage across R3 and R4 which will be determined using voltage division. The 
actual polarities are not difficult to determine. Do so. 
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The voltage is negative indicating that the polarity of ABV  is opposite of that specified. 
A solution is not complete unless the assumed positive direction of a current or assumed positive polarity of 
a voltage IS SPECIFIED ON THE CIRCUIT. 
________________________________________________________________________ 

Problem 2.50 

Solution: 
Known quantities: 

Schematic of the circuit shown in Figure P2.49 with source voltage, VVs 5= ; and resistances, 

Ω=Ω=Ω=Ω= kRkRkRkR 3.3,7.4,18,2.2 4321  

Find: 
The voltage between nodes A and B. 

Analysis: 
The same current flows through R1 and R3. Therefore, they are connected in series. Similarly, R2 and R4 
are connected in series. 
SPECIFY THE ASSUMED POLARITY OF THE VOLTAGE BETWEEN NODES A AND B. THIS 
WILL HAVE TO BE A WILD GUESS AT THIS POINT. 
Specify the polarities of the voltage across R3 and R4 which will be determined using voltage division. The 
actual polarities are not difficult to determine. Do so. 
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A solution is not complete unless the assumed positive direction of a current or assumed positive polarity of 
a voltage IS SPECIFIED ON THE CIRCUIT. 
________________________________________________________________________ 
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Problem 2.51 

Solution: 
Known quantities: 

Schematic of the circuit shown in Figure P2.51 with source voltage, VVs 12= ; and resistances, 

Ω=Ω=Ω= kRkRmR 10,3,7.1 321  

Find: 

The voltage across the resistance 3R . 

Analysis: 

The same voltage appears across both 2R  and 3R  and, therefore, these element are in parallel. Applying 
the voltage divider rule: 

down) (   V 999991.11V 12
3.27.1

3.2
||

||

321

32
3

⊕=
Ω+Ω

Ω=
+

=
km

kV
RRR

RRV SR  

Note that since 321 || RRR << , then SR VV ≅
3

. 
________________________________________________________________________ 
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Sections 2.7, 2.8: Practical Sources and Measuring Devices 

Problem 2.52  

Solution: 
Known quantities: 

Parameters 3000 =R  Ω (resistance at temperature 0T = 298 K),  and -1K 01.0−=β , value of the 
second resistor. 

Find: 

a) Plot )(TRth  versus T in the range 350 T 750[°K] 

b) The equivalent resistance of the parallel connection with the 250-Ω resistor; plot )(TReq  versus 

T in the range 350  T  750[°K] for this case on the same plot as part a. 

Assumptions: 
( )0

0)( TT
th eRTR −−= β . 

Analysis: 

a) ( )29801.0300)( −⋅−= T
th eTR  

b) 
( )

( )298 01.0

298 01.0

 65
 1500250||)()( −−

−−

+
=Ω= T

T

theq e
eTRTR  

The two plots are shown below. 

 
In the above plot, the solid line is for the thermistor alone; the dashed line is for the thermistor-resistor 
combination. 
________________________________________________________________________ 
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Problem 2.53 

Solution: 
Known quantities: 

A potentiometer shown in the circuit of Figure P.253 with The value of the resistance mR , the total length 

of the resistor Tx  and voltage source Sv . 

Find: 

a) The expression for )(xvout . Plot Sout vv /  versus Txx / . 

b) The distance x  when V 5=outv . 

c) Assuming the resistance mR becomes infinite, repeat parts a and b  

Assumptions: 

( ) ( )( )TmPTS

out

xxRRxxv
v

−+
=

11
1  

x
P exR 200)( =  

Analysis: 

a) ( ) ( ) ( )( ) 232 105101
500

02.0110020002.01
10

xexe
x

xex
xv xxxout ⋅+−

=
−+

=  

 
In the above plot, the solid line is for Ω=  100mR ; the dashed line is for ∞→mR . 

b) ( ) cm 18.14V 5 ==outvx  

c) Now ∞→mR . 
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( ) ( ) ( )( ) x
xex

xv xout 500
02.0120002.01

10 →
−∞+

=   

( ) cm 10V 5 ==outvx  
________________________________________________________________________ 

Problem 2.54 

Solution: 
Known quantities: 
Meter resistance of the coil; meter current for full scale deflection; max measurable pressure. 

Find: 
a) The circuit required to indicate the pressure measured by a sensor 
b) The value of each component of the circuit; the linear range 
c) The maximum pressure that can accurately be measured. 

Assumptions: 
Sensor characteristics follow what is shown in Figure P2.54 

Analysis: 
a) A series resistor to drop excess voltage is required. 
b) At full scale, meter: 

.2:..0
200

10

ˆˆˆ

ˆ

ˆ

mVrIVL
r

AI

mFSmFSm

m

FSm

==
Ω=

= µ
 

at full scale, sensor (from characteristics): 
kPaPFS 100=  
mVVTFS 5.9=  

0: ˆ =++− FSmRFSTFS VVVKVL  
mVmVmVVVV FSmTFSRFS 5.725.9ˆ =−=−=  

AIII FSmTFSRFS µ10ˆ ===  

Ohm law: Ω=== 750
10

5.7
A

mV
I
VR

RFS

RFS

µ . 

c) from sensor characteristic: 30 kPa –110 kPa. 
________________________________________________________________________ 

Problem 2.55 

Solution: 
Known quantities: 
Meter resistance of the coil; meter current for full scale deflection; max measurable pressure. 

Find: 
a) Redesign the circuit to meet the specification. 
b) The value of each component of the circuit. 
c) The linear range of the system. 
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Assumptions: 
Sensor characteristics follow what is shown in Figure P2.55 

Analysis: 
a) A series resistor to drop excess voltage is required. 
b) At full scale, meter: 

.90:..0
8.1
50

ˆˆˆ

ˆ

ˆ

mVrIVL
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AI

mFSmFSm

m

FSm

==
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at full scale, sensor (from characteristics): 
VVTFS 5.9=  

0: ˆ =++− FSmRFSTFS VVVKVL  
VmVVVVV FSmTFSRFS 41.9905.9ˆ =−=−=  

AIII FSmTFSRFS µ50ˆ ===  

Ohm law: Ω=== k
A
V

I
VR

RFS

RFS 2.188
50

41.9
µ . 

 
c) from sensor characteristic: 20 kPa –110 kPa. 
________________________________________________________________________ 

Problem 2.56 

Solution: 
Known quantities: 
Meter resistance of the coil; meter voltage for full scale deflection; max measurable temperature. 

Find: 
a) The circuit required to meet the specifications of the new sensor. 
b) The value of each component of the circuit. 
c) The linear range of the system. 

Assumptions: 
Sensor characteristics follow what is shown in Figure P2.56 

Analysis: 
a) A parallel resistor is required to shunt (bypass) the excess current. 
b) At full scale, meter: 
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r

VIL
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mVV

m

FSm
FSm

m

FSm
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at full scale, sensor (from characteristics): 
CTFS °= 400  

mAITFS 5.8=  
0: ˆ =++− FSmRFSTFS IIIKCL  
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mAAmAIII FSmTFSRFS 4.81005.8ˆ =−=−= µ  
mVVVV FSmTFSRFS 250ˆ ===  

Ohm law: Ω=== 76.29
4.8

250
mA
mV

I
VR

RFS

RFS . 

c) from sensor characteristic: 220 °C –410 °C. 
________________________________________________________________________ 

Problem 2.57 

Solution: 
Known quantities: 
Meter resistance of the coil; meter voltage at full scale; max measurable temperature. 

Find: 
a) The circuit required to meet the specifications of the new sensor. 
b) The value of each component of the circuit 
c) The linear range of the system. 

Assumptions: 
Sensor characteristics follow what is shown in Figure P2.57 

Analysis: 
a) A parallel resistor is required to shunt (bypass) the excess current. 
b) At full scale, meter: 
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at full scale, sensor (from characteristics): 
CTFS °= 400  

mAITFS 5.8=  
0: ˆ =++− FSmRFSTFS IIIKCL  

mAAmAIII FSmTFSRFS 4.81005.8ˆ =−=−= µ  
mVVVV FSmTFSRFS 250ˆ ===  

Ohm law: Ω=== 76.29
4.8

250
mA
mV

I
VR

RFS

RFS . 

c) from sensor characteristic: 220 °C –410 °C. 
________________________________________________________________________ 

Problem 2.58 

Solution: 
Known quantities: 
Schematic of the circuit shown in Figure P2.58; voltage at terminals with switch open and closed for fresh 
battery; same voltages for the same battery after 1 year. 
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Find: 
The internal resistance of the battery in each case. 

Analysis: 

a) 

V
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________________________________________________________________________ 

Problem 2.59 

Solution: 
Known quantities: 
Ammeter shown in Figure P2.59; Current for full-scale deflection; desired full scale values. 

Find: 
Value of the resistors required for the given full scale ranges. 

Analysis: 

We desire R1, R2, R3 such that Ia = 30 µA for I = 10 mA, 100 mA, and 1 A, respectively. We use 

conductances to simplify the arithmetic: 

Ga =  
1

R
  

a
=   

1000
1 S 

G1,2,3 =  
1

R
  

1,2,3
 

By the current divider rule: 

Ia =  
G

G  +  G
   a

a x
I 

or: 

G G
I
I

Gx a
a

a=
�

�
�

�

�
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1 1
G G

I
I Ix a

a

a
=

−
�

�
�
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R R
I

I Ix a
a

a
=

−
�

�
�

�

�
� . 
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We can construct the following table: 

 

x I Rx (Approx.) 

1 10-2 A 3 Ω 

2 10-1 A 0.3 Ω 

3 100  A 0.03 Ω 
________________________________________________________________________ 

Problem 2.60  

Solution: 
Known quantities: 

Schematic of the circuit shown in Figure P2.60; for part b: value of pR  and current displayed on the 
ammeter. 

Find: 
The current i; the internal resistance of the meter. 

Assumptions: 

Ω<< kra 50  

Analysis: 

a) Assuming that Ω<< kra 50  

i ≈   
50000

12 
R
V

s

s = = 240 µA 

b) With the same assumption as in part a) 

meteri  = 150⋅(10)-6 =  
R+r

R
 

pa

p i  

or: 

150⋅(10)-6 =  10240
15+ r

15 6-

a

⋅ . 

Therefore, ar = 9 Ω. 
________________________________________________________________________ 

Problem 2.61 

Solution: 
Known quantities: 
Voltage read at the meter; schematic of the circuit shown in Figure P2.61 with source voltage, 

VVs 12= and source resistance, Ω= kRs 25 . 
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Find: 
The internal resistance of the voltmeter. 

Analysis: 

Using the voltage divider rule: 

V = 11.81 =  (12) 
R +r

r 
s m

m  

Therefore,  mr  = 1.55 MΩ. 
________________________________________________________________________ 

Problem 2.62 

Solution: 
Known quantities: 

Circuit shown in Figure P2.61 with source voltage, VVs 24= ; and ratios between sR  and mr . 

Find: 
The meter reads in the various cases. 

Analysis: 

By voltage division: 

V =  (24) 
R +r

r 
s m

m  

 
Rs V 

0.2 mr  20 V 

0.4 mr  17.14 V 

0.6 mr  15 V 

1.2 mr  10.91 V 

4 mr  4.8 V 

6 mr  3.43 V 

10 mr  2.18 V 

For a voltmeter, we always desire mr  >> sR . 
________________________________________________________________________ 

Problem 2.63 

Solution: 
Known quantities: 
Schematic of the circuit shown in Figure P2.63, values of the components. 

Find: 

The voltage across 4R  with and without the voltmeter for the following values: 
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a)  Ω=1004R  

b)  Ω= kR 14  

c)  Ω= kR 104  

d)  Ω= kR 1004  . 

Assumptions: 
The voltmeter behavior is modeled as that of an ideal voltmeter in parallel with a 120- kΩ resistor. 

Analysis: 

We develop first an expression for 
4RV  in terms of 4R . Next, using current division: 
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Without the voltmeter: 

a) 
4RV = 3.08 V 

b) 
4RV = 30.47 V 

c) 
4RV = 269.91 V 

d) 
4RV = 1260.7 V. 

Now we must find the voltage drop across 4R  with a 120-kΩ resistor across 4R . This is the voltage that 

the voltmeter will read. 
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With the voltmeter:  

a) 
4RV = 3.08 V 

b) 
4RV = 30.47 V 

c) 
4RV = 272.57 V 

d) 
4RV = 1724.99 V. 

________________________________________________________________________ 

Problem 2.64 

Solution: 
Known quantities: 
Schematic of the circuit shown in Figure P2.64, value of the components. 

Find: 

The current through 5R both with and without the ammeter, for the following values of the resistor 5R : 

a)  Ω= kR 15  

b)  Ω=1005R  

c)  Ω=105R  

d)  Ω=15R . 

Analysis: 

First we should find an expression for the current through 5R  in terms of 5R  and the meter resistance, 

mR . By the voltage divider rule we have: 

3RV  = 
)R||(RR + )R+R+(R||R

)VR+R+(R||R 
S12m543

Sm543

+
 

and 

3RI  =  
R+R+R

V
 

m54

R3  

Therefore, 

3RI  = 
m54S12m543

Sm543

R+R+R
1

)R||(RR + )R+R+(R||R
)VR+R+(R||R ⋅
+

 

=   
)R+(R373208350

5904 
Sm⋅+

 

Using the above equation will give us the following table: 
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 with meter  in 

circuit 
without meter 
in circuit 

   a 10.15 mA 9.99 mA 
   b 24.03 mA 23.15 mA 
   c 27.84 mA 26.67 mA 
   d 28.29 mA 27.08 mA 

________________________________________________________________________ 

Problem 2.65 

Solution: 
Known quantities: 
Schematic of the circuit and geometry of the beam shown in Figure P2.65, characteristics of the material, 
reads on the bridge. 

Find: 
The force applied on the beam. 

Assumptions: 
Gage Factor for Strain gauge is 2 

Analysis: 

1R  and 2R  are in series; 3R  and 4R  are in series. 

Voltage Division: 
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Problem 2.66 

Solution: 
Known quantities: 
Schematic of the circuit and geometry of the beam shown in Figure P2.65, characteristics of the material, 
reads on the bridge. 

Find: 
The force applied on the beam. 
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      2.51 

Assumptions: 
Gage Factor for Strain gauge is 2 

Analysis: 

1R  and 2R  are in series; 3R  and 4R  are in series. 
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