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CHAPTER ONE
INTRODUCTION AND
BASIC CONCEPTS

CHARGE AND CURRENT

1.1: How many electrons pass a given point in a conductor in 20s if the conductor is carrying
10A?

1.2: If 240 C pass through a wire in 12s what is the current?

1.3: What current passes through a conductor if 3.2 x 10?! electrons flow through the conductor
in 16s?

1.4: If the current in a conductor varies in accordance with the relationship

i=dt+24(1-e H)A

how much charge flows from time, ¢t = 0 to time, ¢ = 557

ENERGY, POWER, VOLTAGE, CURRENT AND CHARGE

1.5: How much work is done in moving 10nC of charge a distance of 68 cm in the direction of
a uniform electric field of having a field strength of E = 80kV/m?

1.6: A charge of 0.5C is brought from infinity to a point. Assume that infinity is at 0V and
determine the voltage at the terminal point if 14.5J is required to move the charge.

1.7: If the potential difference between two points is 125 V, how much work is required to move
a 3.2 C charge?

1.8: How many coulombs can be moved from point-A to point-B if AVyp = 440V and a
maximum of 842J can be expended?

1.9: If 1 horsepower (hp) is equal to 0.746 kW, how much energy does a 20 hp motor deliver in
20 min?

1.10: If a 150 W incandescent bulb operates at 120 V, how many coulombs and electrons flow
through the bulb in 1h?

1.11: If a light bulb takes 1.2A at 120V and operates for 8 h/day, what is the cost of its
operation for 30 days if power costs $0.21/kwh?

1.12: If 1 calorie (1cal) is equal to 4.184J and it takes 1000 cal to raise 1kg of water 1°C. how
much current is carried by a 120V heater if it is used to heat 4.82kg of water from 25°C to
45°C in 4 min?



1.13: The waveforms for the current through and the voltage across a certain resistor are as
shown in Fig 1.1. Determine the energy dissipated.

u(t), V

3 i(t), A

2 2

t,s

Figure 1.1.

1.14: The waveforms for the current through and the voltage across a certain resistor are as
shown in Fig 1.2. Determine the energy dissipated.

vt), V. # it), A
| A
4+ . 4

> f s

,
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R
w

Figure 1.2.

RESISTANCE

1.15: A certain resistor dissipates heat at the rate of 8.12kJ/min. If charge is passing through
tlie resistor at the rate of 312.5 C/min, what is the potential difference across its terminals?

1.16: A copper transmission line consists of 24 strands of copper wire, each 1.62 mm in diameter.
If the resistivity of copper is 1.72 x 108 Q-m. find the resistance of a 10km length of wire.
1.17: What is the resistance between the circular faces of a right circular cylinder that is 1.8 m

high and 1.88cm in diameter if the cylinder is made from a material having a conductivity of
8 x 108 5/m?

1.18: A sheet of foil that is 10.16 cin wide and 0.0108 cm thick must carry 4 amperes and is
permitted to dissipate a maximum of 5.104 mW. If its conductivity is 5.805% 107 /m, determine
the maximum length of foil that can be used?

1.19: What is the length of a rectangular aluminum bus bar having dimensions 16 cm by 1.4 cm,
a conductivity of 3.61 x 1005/m and a resistance of 1.527 Q?

1.20: A metal wire having a resistance of 0.1567 £} at a temperature of 20°C is to be used in
an application where its resistance can lie between 0.1314 Q) and 0.1872Q. If its temperature
coefficient of resistance is 0.00314°C~!, find the permitted temperature extremes?

1.21: Measurements taken on a conductor show a resistance of 8.24 Q2 at 0°C and a resistance
of 8.882 at 20°C. Determine the temperature coefficient of resistance at 20°C.

1.22: A light bulb has a filament with a “cold” resistance of 25 and a temperature coefficient
of resistance of 0.0048°C~ 1. If the bulb, while operating, draws 0.48 A at 120V, determine the
“hot” resistance of the bulb and the operating temperature of its filament.

1.23: An electric heater takes 1.8 kW at 120V for 20 min to boil a quantity of water. Find the
current through the heater and its resistance.

1.24: What is the resistance of the element in Problem 1.157
APPLICATIONS OF OHM’S LAW

1.25: Two resistors are connected across the same voltage source. The length and diameter
of resistor-1 are L; and d; respectively. Resistor-2 has a length of 0.40L; and a diameter of
0.75d;. Determine the ratio of the cwrrents and powers, I1/I; and P/ P;.

1.26: If the same current flows through the two resistors of Problem 1.25, determine the ratios,
Vi/Va and P/Py?

1.27: A 0.5 resistor is connected across a 6 V battery. Determine the current flowing through
the resitor, the power absorbed by the resistor and the power delivered by the source.

1.28: What is the length of the resistor in Problem 1.27 if it is an aluminum wire with a
diameter of 16 BWG (1.651 mm) and a resistivity of 2.72 x 10~8 Q-m?

1.29: An unspecified resistance, R, and a 12(2 resitor are both connected across a 24 V source.
The power dissipated by R is 12W. Determine the value of R and the total power delivered by
the source.

1.30: Three resistors having identical magnitudes are fed, in turn, by a 12 A current source.
The power delivered by the current source is 1728 W. What is the magnitude of the resistances?

1.31: In a certain network containing four resistors, the resistors dissipate powers (with the
subscript corresponding to the value of the resistor) of

Py = T50W
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P 1875 W

Py = 1406.25W
and

Py

468.755 W

Determine Vsg, V3, Iy and Iha.

1.32: In a certain network containing four resistors, the resistors dissipate powers (with the
subscript corresponding to the value of the resistor) of

Ps = 45W

P = 9W

P = 12W
and

Ps = 6W

#
Determine Vs, V4, I3 and I;.

CGNTROLLED SOURCES

1.33: In the circuit in Fig 1.3, if the resistor dissipates 2304 W, determine the value of 3,

‘ ~— ],

B85
+
Vm=12v® . 12 S,

Figure 1.3.

1.34: In the circuit of Problem 1.33, determine the voltage gain, |Vout/Vin| and the power gain,
IP out./ Pml

1.35: If p = 10 in Fig 1.4, determine the value of R; that is required to deliver a power of
25,600 W to the 162 resistor.

+
Io=8A I R S v, 160
\_/ - A
Figure 1.4.

1.36: Determine the current gain |J3/J1| in the circuit of Problem 1.35.
1.37: In the circuit of Fig 1.5, 8 =8 and rrn = 8. Determine the voltage gain, |Vout/Vin| and
the power gain, |Pout/Pial-

ﬁll T‘mIQ
Vin I 40 I 20 8RS Vi

Figure 1.5.

1.38: In the circuit of Fig 1.6, u = 8 and gm = 0.5U. Determine the current gain, |23/ Iin).

nglT /\ AT

124 52 60 < Vs
N he ST

Figure 1.6.
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CHAPTER TWO
KIRCHHOFF’S CURRENT AND VOLTAGE LAWS
AND SERIES-PARALLEL RESISTIVE CIRCUITS

KCL PROBLEMS
2.1: Determine 41,172 and i3 in the network of Fig 2.1.
2.2: Determine 4; through is in the network of Fig 2.2.

iz

IAY 2A ia

Figure 2.1 Figure 2.2
2.3: Determine i; through i4 in the network of Fig 2.3.

iy

1A

Figure 2.3

KVL PROBLEMS
2.4: Determine v; through vs in the network of Fig 2.4.
2.5: Determine v; through v in the network of Fig 2.5.
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2.6: Determine vy through vg in the network of Fig 2.6.

-6+ -
+ -
: " ls
“ - oo
+10- +2-
N +
§ 12
- + -
Figure 2.6

EQUIVALENT RESISTANCE PROBLEMS

2.7: Two resistors, R and Ry are connected in parallel. What is the value of the equivalent
resistance if

(a) Ry =200 and Ry = 200
(b) R1 =200 and Ry = 800
(C) R1=209&ndR~2=OOQ
(d) Ry =200 and Ry = 0Q
(e) R1 =208 and Ry =504

2.8: One of the resistances in the network shown in Fig 2.7 is blurred because of coffee spillage.

If the e?quivalent resistance of the network is Req = 202, what is the value of the blurred
resistor?

11

2.9: Determine the equivalent resistance looking into terminals a-b of the network shown in
Fig 2.8. .

40 Q

120Q

1200

40
100

Figure 2.7 Figure 2.8

2.10: Determine the equivalent resistance looking into terminals a-b of the network shown in
Fig 2.9.

20

Ry 30 200
— 30 Wy 240
50

9Q 180
b o—— WAV 240 —

8Q
160 A

400

100

Figure 2.9
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2.11: Determine the equivalent resistance looking into terminals a-b of the network shown in
Fig 2.10.

Figure 2.10

2.12: Find the equivalent resistance looking into terminals a-b in Fig 2.11.

1200

60 0

b 1200

O
Figure 2.11

OHM’S LAW PROBLEMS

These problems include applications of KCL, KVL, current dividers and
voltage dividers.

2.13: Two resistors of 40 and 122 are connected in series to a 24 V source. Determine (a) the
current flow and (b) the voltage across each resistor.

2.14: Determine the power drawn by each resistor in Problem 2.13.

2.15: Use the voltage divider principle to determine the voltage across each resistor in the
series connection of the 4 and 122 resistors of Problem 2.12

13

2.16: A 4Q resistor is connected in parallel to a 12 resistor and the combination is connected
to a 12 A source. Determine (a) the voltage across the combination and {b) the current through
each resistor.

2.17: Determine the power drawn by each resistor in Problem 2.16.

2.18: Use the current divider principle to determine the current through each resistor in the
parallel connection of the 4§ and 12 resistors of Problem 2.16.

2.19: In the network of Fig 2.12, designate each resistor by its resistance value and find the
current in all four of the resistors.

30 90
VMV e AA A
4Q
I —NAAN
60
48V ~\AA
Figure 2.12

2.20: Determine the power dissipated by each resistor in the network of Problem 2.19.

2.21: In the series network shown in Fig 2.13, Req = 1002, Vo = 24 V and P3 = 16 W. Determine
the values of Ry, Ry and R3?

Figure 2.13

2.22: Figure 2.14 shows four resistors with subscripts corresponding to their resistance values.
The right hand leg containing the 2§ and 40 resistors is designated as R, (s for series com-
bination) and the current entering the parallel combination of the 32,2 and 4 resistors is
designated as J,. If the current entering the network is I = 6 A, determine the current through
and the voltage across each resistor.
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2.23: Find the current through and the voltage across each resistor in Fig 2.15.

8A 60

MW

0 e
L

89§

Figure 2.15
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2.24: In the network of Fig 2.16, the resistance designators correspond to the resistance values.
Determine the currents, I; and J and the voltage across R without using current and voltage

division.

5Q 1Q 40
—\WV VWA

63V 6Q§ 30 ZQ§

Figure 2.16

2.25: In the network of Problem 2.24, determine the currents, I; and I and the voltage across
Rg by employing current and voltage division in place of KVL and KCL.

2.26: Find Ig, I4 and V7 in the network shown in Fig 2.17 without using voltage division.

20 90 30 70
AW AN A AAA
Iy + V-
48A<D sn§ 120 6n§ 40 [ SQ§
v
Iy
Figure 2.17

2.27: Find Iy, I; and V7 in the network shown in Fig 2.17 without using current division.
2.28: Find I3, I3, V2 and Vy4 in the network shown in Fig 2.18.

10 20 40 100
AN A ANV
Iy

81v 3n§1 603 ung}gz mn§}w4
I3 -

Figure 2.18
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2.29: Find Ig, I1p and V4, in the network shown in Fig 2.19.

40 60 10 a
—AW AN AN A
Is
+
Va{gzn 120 [§mn 380 v
I
Figure 2.19

2.30: Find Ig, I4o and V7 in the network shown in Fig 2.20.

90 60 120 70
ANV AV A
— 5 ——
+Vr-
153V |60§ 2oa§ 4on§l 30
] Iy
Figure 2.20

2.31: Find I 3,114, Vs and V7 in the network shown in Fig 2.21.

100 70 50 20 30
—AM AV A AN A
+Vr -

4n§ l3ﬂ§l ]4Q§1
120v CD e b 03

1603 1o mg};;

Figure 2.21

2.32: Find I5, Voo and the power dissipated in the 24 resistor in Fig 2.22.

00
—AM

A
+ Vi —

sV *D sné 1zn§ 240?

Figure 2.22
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CHAPTER THREE
NODAL AND LOOP ANALYSES

SINGLE NODE PROBLEMS
3.1: Use nodal analysis to determine the voltage at point-1 (Node-1) in the network of Fig 3.1.
3.2: Use nodal analysis to determine the voltage at point-1 (Node-1) in the network of Fig 3.2.

sa - @ s e (D) 60

AN AN
BV = 120 4Q )
I ] 16V =,
1
Figure 3.1 Figure 3.2

3.3: Use nodal analysis to determine the voltage at point-1 (Node-1) in the network of Fig 3.3.
3.4: Using nodal analysis, determine I in the network of Fig 3.4.

@ 809 160 240
AN AN
a——
I
0.06Vio I
600 +
" 1 Tem " .0 "

Figure 3.3 Figure 3.4

3.5: Use nodal analysis to determine the current flowing downward in the 8 resistor in the
network of Fig 3.5.

19
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Figure 3.5
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3.6: Determine the node voltages, V| and V4, in the network shown in Fig 3.6.
24A

-
{
\
—

2)

o

Q
124 14 é 1/69 wA

Figure 3.6

3.7: Use nodal analy-is to determine the node voltages, ¥} and V, and then find the current
through the 4 () resistor in the network of Fig 3.7.

20 o 40 @

A'A%% - _‘\—/V\_L —
Ii=1I,
10 30
16v<+> 4A §6n
T 121, 36V

Figure 3.7
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3.8: Write the node equations for the network shown in Fig 3.8 but do not attempt to solve

them. a
—AM
40} %0
@
6A ©)

©
>

%03 24 %né 3A $Yio

Han HsQ

D
Ds
®

®

Figure 3.8

3.9: Determine the value of I; that will produce a voltage of 36 V at node-2 in the network of
Fig 3.9.

s Q
4’2 'A%

Vi ® Yiq
@ AN AV ®

Ya 8.-\ “a “ Yia ”

Figure 3.9



C

O N O O

( ¢ ¢

(

(

(

22

3.10: In the network of Fig 3.10, determine the current I4o using nodal analysis.

100 Q Q %00

80
1250 \ 400 500
200V 180V
Lso

Figure 3.10

3.11: Determine the node voltages, Vi and V; in the network shown in Fig 3.11.

200
AN
200 @ 800 ®
AAN AAA : ,
—
L, A%
21,
+
24V M
Figure 3.11

3.12: Use nodal analysis to determine the current in the 1/8 resistor in the network of Fig

3.12.

40Q

1/49

[
Lo

24A
1/69 1/89

1/4Q 16A 1/30

124 1/29

= o @ } ‘____.

Figure 3.12
3.13: Determine the node voltages, Vi, V2 and V3 in the network of Fig 3.13.

40 5%

8v
4A 20 ‘ 29% T na

Figure 3.13

SUPERNODE PROBLEMS
3.14: Determine the node voltages, V1, V2 and V3 in the network of Fig 3.14.

3.15: Determine the node voltages, V1, V2, V3 and Vj in the network of Fig 3.15.

23
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8A
AN
1/120
28V
L A N
1/49 w
sa (4 189 1/169%
Figure 3.14

Figure 3.15

3.16: Determine the node voltages, V1, V, and V3 in the network of Fig 3.16.

£

190

32A

40A

0A

Figure 3.16

3.17: Determine the node voltages, V7, V4 and Vs in the network of Fig 3.17.

25

0.51,
2§ >

OO BBV O,

A

.
74 v Q1100 l ynn  89Q M

I

Figure 3.17

A LINK TO CHAPTER TWO

3.18: Figure 2.14 shows four resistors with subscripts corresponding to their resistance values.
The right hand leg containing the 202 and 42 resistors is designated as R, (s for series com-
bination) and the current entering the parallel combination of the 362,28 and 4 resistors is
designated as I,. If the current entering the network is I = 6 A, determine the current through
and the voltage across each resistor (This is a repetition of Problem 2.22).

3.19: In the network of Fig 2.16, the resistance designators correspond to the resistance values.
Use nodal analysis to determine the currents, J; and Iy and the voltage across Rg (This is a
repetition of Problem 2.24).

3.20: Use nodal analysis to determine I3, I, Vi2 and Vi4 in the network shown in Fig 2.18
(This is a repetition of Problem 2.28).

3.21: Use nodal analysis to determine [ and Vag. Then determine the power dissipated in the
24 Q) resistor in Fig 2.22 (This is a repetition of Problem 2.32).

SINGLE LOOP ANALYSIS
3.22: Determine the current, I, in the network shown in Fig 3.18.

400 200

ANV vVAN ¢
64V 1 ) %} W0V

Figure 3.18
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8.23: Determine the current, 1, in the network shown in Fig 3.19.

4002
J‘VAVAV
Is
>
Figure 3.19

3.24: Determine the current, , in the network shown in Fig 3.20.

100Q
VA~
RPN
ol 800mA I, € 500 2509 100mA
\_/ : S Db
Figure 3.20

§2215 Determine the current, [, and the equivalent resistance seen by the 102V source in Fig

+ Vo — 320
(o]

4Q 8V,

I
102v q> Req
"'0 0

Figure 3.21
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3.26: Use loop analysis to determine the current flowing in the 8 Q resistor in Fig 3.5 (This is
a repeat of Problem 3.5).

3.27: Determine the current, J, in the network shown in Fig 3.22.

40092
VNV

N

I
80V 7 7500 % . 0.607

Figure 3.22

MULTIPLE LOOP ANALYSIS
3.28: Use loop analysis to determine the current flowing in the 4§ resistor in Fig 3.7 (This is
a repeat of Problem 3.7).

3.29: Write the mesh equations for the network shown in Fig 3.23 but do not attempt to solve
them,

Figure 3.23
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3.30: Determine the value of V; that will produce a current of J; = 1.532 A in the network of
Fig 3.24.

120
VA
I N )
20 109
AR A%
49 68
' <
08
Ve
24V
Figure 3.24

A
3.31: Use mesh analysis to determine the current flowing through the 16§} resistor and the
voltage across the 82 resistor in tne network of Fig 3.25.

40 8N 1240
vV AN VAN VAN
> I
20 (1Y 10Q 160
61,
270V 48V @ 64V

Figure 3.25

3.32: Use mesh analysis to find the current through the 6 2 and 4 Q2 resistors, the voltage drop
across the 122 resistor and the power dissipated by the 24 Q resistor in Fig 3.26.

29

842

MV
6Q%

O

249%

Figure 3.26

3.33: Use mesh analysis to find the current through, the voltage across and the power dissipated
by the 6 resistor in Fig 3.27.

20V
)
N
30 60%
16V
4Q m
AAA + -
U/
2A 120 20§
Figure 3.27

3.34: Use mesh analysis to find the power delivered by the 24 V source in Fig 3.28.
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30

161,

24V

20

Figure 3.28

3.35: Problem 2.22 described a problem in which the network contained four resistors driven
by a current of 6 A. The problem is repeated here with excitation by a current source of 6 A as
shown in Fig 3.29. Use mesh analysis to determine the currents through and the --oltage across
each reststor. (This is a repeat of Problem 2.22 and Problem 3.18).

-

I

Figure 3.29

3.36: Use mesh analysis to determine the currents, I; and 2 and the voltage across Rg in the
network of Fig 2.16 (This is a repeat of Problems 2.24 and 3.19).

38.37: Use mesh analysis to find I3, Iy, V12 and Vi4 in the network shown in Fig 2.18 (This is a
repeat of Problems 2.28 and 3.20).

3.38: Use mesh analysis to determine I5, Vo9 and the power dissipated in the 24 ) resistor in
Fig 2.22 (This is a repeat of Problems 2.32 and 3.21).

CHAPTER FOUR
THE OPERATIONAL AMPLIFIER

ANALYSIS USING THE IDEAL OP-AMP MODEL

31

4.1: Determine the voltage gain and the input resistance for each of the ideal operational

amplifier circuits of Fig 4.1.

100 kQ 100 kQ
50k 40 kQ
—AN—

+ +

Vi + Vi

- v -

(a) (b)

Figure 4.1

10kQ

()

4.2: Determine the voltage gain and the input resistance for each of the ideal operational

amplifier circuits of Fig 4.2.

50kQ 75kQ
——WWA— __/vv\,j
50kQ 25kQ kO
—WA— —ANW— —AA—
+ | + 1 +
Vi + Vi + Vi
- v, - v -
(a) (b)
Figure 4.2

88 kQ

()

4.3: Determine the voltage gain of the ideal operational amplifier circuit of Fig 4.3.

o
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200 k2
200k
40kQ “Wv
: 20k
Vi
- +
VO
Figure 4.3 v
4.4: Determine the ratio, ¥o/;, in the ideal operational amplifier circuit of Fig 4.4.
R,
MA-
Ry
AAA
Ry
—MWA— -
+ A
+
4
rd {7 Rs Yo
MW -
Ry i
Figure 4.4

4.5: For the idea] operational amplifier shown in Fig 4.5, determine the gain G = v,/v;, for

the conditions of (a) Ry = 100kR and Ry =900kQ, (b)

Ry = 100kQ and Rp=11MQQ.

Ry = 50kQ and Ry = 750k and (c)

Ry
— AN ———
Ry
b
+ +
y Vo
Figure 4.5
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4.6: For the ideal operational amplifier arrangement shown in Fig 4.6, determine the output
voltage, v, if the input voltage, v;, is equal to 1.20'V.

YA

400k

100kQ2

o

+ +
U AN Uo
+ 450k -
Yl7 Figure 4.6

4.7: Figure 4.7 shows an ideal operational amplifier connected as a differential amplifier. Both
the inverting and non-inverting terminals are used. Determine an expression for the output
voltage, v,, as a function of v; and vi2 [v, = f(vi1,v12)]. Then determine v, = v, = f(vi1,v12)
if R1 = Ra.

Ry
R
Vil — AW\~ -
Vi2 e v
o
R,
Figure 4.7

4.8: Figure 4.8 shows an ideal operational amplifier that can be used as a strain gage which
is based on the fact that the the value resistance, AR, will change slightly when the resistor is
bent or twisted. Determine the value of AR as a function of the input voltage, v;, and the two
resistances, R, and Rj.
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W
R,
R, —
+ - +
v; Yo

Y g $

Figure 4.8

4.9: Figure 4.9 shows how an ideal operational amplifier can be put together by using resistors
that have relatively small resistance values. If Ry = 2000 Om, determine the value of a single
feedback resistor to produce a gain of —1200 and then, with Ry = 20009 and R, = 509,
determgine the value of R, to provide a gain of — 1200.

Ry R,

Figure 4.9

4.10: Figure 4.10 illustrates the use of an ideal operational amplifier as a negative impedance
converter. Determine the input resistance.

35
Ry
— A ——
Ry
+ +
+ "
v R
- AMA- {7
Figure 4.10

4.11: An ideal operational amplifier in the inverting configuraton is to have a gain of — 125
and an input resistance as high as possible. If no resistance in the op-amp circuit is to have a
value higher that 5 MSQ, how is this design achieved by using just two resistors.

4.12: In the cascade of ideal operational amplifiers shown in Fig 4.11, if v, = 2V and v, =
30V, determine the value of R.

100k0)
50KQ 100k$2
‘ 100k02

25kQ

v

%

Figure 4.11

GENERAL SUMMING AMPLIFIER PROBLEMS
(THE IDEAL OP-AMP MODEL)

4.13: Determine v, in the ideal operational amplifier circuit shown in Fig 4.12.
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100kQ S00 k)
+2V ——AM— AAA

250kQ)

-4V —AW\

S00kQ
+8V —aA—]

400k -
“RY —w— V

+
I

Figure 4.12
4.14: In the ideal operational amplifier circuit shown in Fig 4.13, determine the value of v3 to
make v, = 18.5V.
100 k0 IMQ
+1V ——AN— M-
200k
o+ =4V —w >
400kQ) +
3 W v, = 185V
500kQ -
-8V —A—
Figure 4.13

4.15: Determine v, in the ideal operational amplifier circuit of Fig 4.14.

200 kQ M0
+2V ——MW——
500 k2 1MQ
+ >
4v 1M0
250kQ

+3V ¥ S0KA ’\
SV —AW— l/

Figure 4.14
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4.16: In the summing operational amplifier in Fig 4.15, R;,; = 5k§. Determine the values of
Ry, Ri2 and Ry 3 that will yield an output voltage of v, = — (4viy + 8viz + 10vs3).

Ry

Ry
vi2 ~AAA -
Rya 1
Ui e AAA e + N
Yo

Figure 4.15

4.17: Determine the current, %,, and the power drawn by R, in the ideal operational amplifier
circuit of Fig 4.16. 20k 16k

18V ———AAN——,

AN
40k +
A% ANA et [
4V | +
Vo §Ra = ZOkQ

Figure 4.16 %

4.18: Determine the output voltage, v,, in the ideal operational amplifier circuit shown in Fig

4.17.

100 k02

AAA
M A

25k}

+ Avnﬁ ind
20k +
+12V —AM >

YYv- v,

50k0 -
6V A ——

Figure 4.17
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NON IDEAL OP-AMPS: FINITE OPEN LOOP GAIN

4.19: If the operational amplifier in Fig 4.18 has a finite gain of A = 500, determine the output
voltage, v,, if v; = 4 V.

4.20: In problem 4.19, to determine the value of the gain, A to make v, = — 18.5 V.

4.21: Determine the value of Ry required in Fig 4.19 to make the outout voltage, v, = 16V
when R; = 50kQ,V; = —4V and the amplifier has an actual gain of A = 400.

100 kQ Ry
——AAA
— Ay
20kQ
50kQ

s s
+ +
v = . -
K + + Vi +

Yo = 17

Figure 4.18 Figure 4.19

4.22: If the operational amplifier in Fig 4.20 has an actual gain of A = 200, determine the
valye of R; required to make v, = 18V with v; = -2V,

100k

Ry
+
Vi

Figure 4.20
SATURATION EFFECTS

4.23: The input to an ideal operational amplifier in the inverting configuration is shown in Fig
4.21,If Ry = 200k, Ry = 50kQ2 and Vear = 12V, determine and plot the output characteristic.
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Figure 4.21
4.24: The operational amplifier of Problem 4.23 is subjected to a sinusoidal input of

v;(t) = 3v/2sin 100t V

Determine the time intervals for operation in both the positive and negative saturation regions.

4.25: Determine the extremes of operation of an operational amplifier with a saturation voltage
of 8V and a gain of 400. Then determine the output voltage when vy = v; —v_ = —6mV.

4.26: An ideal operational amplifier has a saturation voltage of Vs,s = 8V and operates in the
inverting configuration with feedback and input resistances of Ry = 100k2 and R; = 25k,
Determine v, and vy = vy — v if (a) v; = 0.625V, (b) v; = -3V and (¢) v; = +4V

SELECTION OF OPERATIONAL AMPLIFIER COMPONENTS

4.27: Design an ideal operational amplifier circuit to have the general input-output relationship
Vo = — (8Va1 + 4042 + 20a3) + (30p; + 6vp2 + Gvag)

4.28: Use the ideal operational amplifier circuit developed in Problem 4.27 to determine the
output voltage if all input voltages are taken at a nominal 1V.

4.29: Design an ideal operational amplifier circuit to have the general input-output relationship
Uo = ~ (4Va1 + 20a2 + Va3 + 8Vas) + (5upy + 2vp2)

4.30: Use the ideal operational amplifier circuit developed in Problem 4.27 to determine the
output voltage if all input voltages are taken at a nominal 1V.



CHAPTER FIVE
SUPERPOSITION AND
SOURCE TRANSFORMATIONS

LINEARITY

5.1: Suppose that-a system has its output, r (r for response), related to its input, e (e for

excitation) by
a

a+b
Determine if the system is linear if (a) ¢ = b and (b) b = ae.

(4

5.2: A system has its output, r (r for response), related to its input, ¢ (e for excitation) by
r=ae
Determine if the system is linear.
5.3: Consider the voltage-current relationship for a particular circuit component
di
v=L—
dt
Is this component a linear component?
5.4: Consider a device whose voltage-current relationship is given by
i=av+ bv?

Is the device linear?
5.5: Consider a diode whose voltage-current velationship is given by
i=I(e* -2)

[s the diode linear?
PROPORTIONALITY

5.6: In the network of Fig 5.1, the resistance designators correspond to the resistance values.
By assuming that Iy = 1 A, determine I3, I, Vi and Vi4. (This is a repeat of Problem 2.28).
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10 20 40 100
YWy Wy AN A
~
+ +
sxv(_) 3n§1 60 uné}_‘; TREIN%
{3 - -
Figure 5.1

5.7: In tbe network of Fig 5.2, the resistance designators correspond to the resistance values.
By assuming that /3 = 1 A, determine Js and V3. (This is a repeat of Problem 2.24).

50 1 4Q
AV W\ AN
. 63V C’) 59§ m? m?
Figure 5.2

5.8: In the network of Fig 5.3, the resistance designators correspond to the resistance values.
By assuming that Vi = 1V, determine Iy, 5 and V.

2Q 40
AN —AA—
-V + ]4 e
1Q l%ﬁo‘ %129 6A
Is
Figure 5.3
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5.9: In the network of Fig 5.4, the resistance designators correspond to the resistance values.
By assuming that I1jg = 1 A, determine I3, s and V3.

+Vi- + V-
P, ——.
30 40 20
A vy —AM
Iy I
+
42VC+> Vs gsn %60 §1on
Figure 5.4

5.10: In the network of Fig 5.5, the resistance designators correspond to the resistance values.
By assuming that I3 = 1 A, determine Iy, Iso and V4. (This is a repeat of Problem 2.30).

90 60 120 70
A AA- A AM
c— N——
% + Vi -
nsav(") mng zon§ 4on§l %m
Iy
Figure 5.5

SOURCE TRANSFORMATION PROBLEMS
5.11: Transform the ideal voltage sources shown in Fig 5.6 to ideal current sources.

6Q 6Q 20
——— AN AN\
—p T
41, e
24V 12V
(a) (b) (©)
Figure 5.6
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5.12: Transform the ideal current sources shown in Fig 5.7 to ideal voltage sources.
L

B

_ 51,
44 2 8A G 40 40

(a) (b) (©
Figure 5.7

5.13: Transform the network of ideal voltage and current sources in Fig 5.8 to a single ideal

voltage source.
uv

60
. )
) bt s

94 ?39 s (p 3A

Figure 5.8

5.14: Transform the network of ideal voltage sources, ideal current sources and resistors in Fig
5.9 to a single ideal voltage source.

45

Figure 5.9

5.15: Transform the network of ideal voltage sources, ideal current sources and resistors in Fig
5.10 to a single ideal voltage source. :

12v’
6Q :
8V
40 30
+ - AAA% 0
()
_/
2A 30 4A

3A

Figure 5.10



tk

46

SUPERPOSITION PROBLEMS

5.16: Use superposition to determine the value of the current, /, in the network of Fig 5.11.

30 20
—AMA—

24V 69§‘ 4ﬂ§ 6A
I

—_—

Figure 5.11

5.17: Use superposition to determine the valye of the current, /, in the network of Fig 5.12.

16V
120 40 20
| h o u ‘
I

Figure 5.12

5.18: Use superposition to determine the valye of the current, /, in the network of Fig 5.13.

8A

PFigure 5.13

5.19: Use superposition to determine the value of the current, /, in the network of Fig 5.14.

47

5.20: Use superposition to determine the value of the voltage, V, in the network of Fig 5.15.

2000

10 49 —AM——

: 600 Q 24 400
——

+
o 180V 3oon§}v 12000? 2000
z4v A é -

Figure 5.14 Figure 5.15

5.21: Use superposition to determine the value of the current, I, in the network of Fig 5.16.

00 80 80
AN
>
0V 1003 160%1 16V
i
Figure 5.16

5.22: Use superposition to determine the value of the voltage, V, in the network of Fig 5.17.

20V

Figure 5.17
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5.23: Use superposition to determine the value of the current, /, in the network of Fig 5.18.

6V
120
80 60
—yyy A
A
30
8A (D 20 § 40 §l
4l, I
Figure 5.18

5.24: Use superposition to determine the value of source voltage, V; to make the current, I, =
3 A in the network of Fig 5.19.

121,

20 80

30

Figure 5:19
5.25: Use superposition to determine the power dissipated in the 8 resistor in the network
of Fig 5.20. ~AAN AAA
19 8Q

68

AN
no
ES)
(=N
S

’o

42V

Figure 5.20
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SUPERPOSITION AND OPERATIONAL AMPLIFIERS

5.26: Figure 5.21 shows an operational amplifier circuit with the op-amp connected as a dif-
ferential amplifier. Use superposition to evaluate v4 and v_ in terms of v;; and v;3 and find an
expression for v, = f(vi1,v:2).

5.27: For the operational amplifier arrangement shown in Fig 5.22, if v;p = 6 V, select the value
of R to make v, = 24V.

30kQ
Ry VVv
Wy 40kQ
R 2V —AW >
V'l ———l\AA, -
! 40kQ
Rl +—' %) +
Vi2 ——AN + N
0
- 80 kQ AA
Ry 50k
R
Figure 5.21 Figure 5.22

5.28: For the operational amplifier arrangement shown in Fig 5.22, if R = 40k, determine
the value of vy required to make v, = 11.25V.

5.29: For the operational amplifier arrangement shown in Fig 5.23, use superposition to find
Vo = f(vi1,via).

R,
R
4V —AW -
R -
8V ——AM + v
Ry
Figure 5.23
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5.30: In the arrangement of Fig 5.23, vy = 4V, vip = 8V, Ry = 80k and R4y = 40kQ. Find
the values of Ry and Rj3 needed to make v, = 4V suject to the constraint that Ry = 1.25R;.
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CHAPTER SIX

THEVENIN, NORTON AND
MAXIMUM POWER TRANSFER THEOREMS

THEVENIN AND NORTON THEOREMS FOR
NETWORKS WITHOUT CONTROLLED SOURCES

6.1: Use Thevenin’s theorem to find the resistance that must be connected across terminals
a-b in Fig 6.1 in order for the resistor current to be 3 A.

8N 12Q
a

120v 240

0 b
Figure 6.1

6.2: Determine the Thevenin equivalent network between terminals a-b in Fig 6.2.

4A
310
> >
an3 503
120 8Q 6Q
VWAV AN AM—0 a
603 20
¥
16V C_)
4V 18V
o b
Figure 6.2
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6.3: Use Thevenin’s theorem to find the current, [, in the network of Fig 6.3.

6.4: Use Thevenin’s theorem to find the current, I, flowing through the 600 Q resistor in the
network of Fig 6.4.

16Q
WA
—
40 2Q
AW AM— 000 1000 28:0‘, 1200 Q
60
8A<D sn§ a3 00 mﬂél 360V
443V 7
Flgure 6.3 Figure 6.4

6'5: Determine the Norton equivalent circuit for terminals -b in the network of Fig 6.5.

220V

12000

ob

Figure 6.5

6.6: Use Thevenin’s theorem to find the vol
6.6.

6.7: Use the Thevenin’s theorem or the Norton’s theorem to determine the value of R that will
allow a current of 1 A to flow through the 29 resistor in Fig 6.7.

tage across the 320() resistor in the network of Fig

+
204 800 3zon§}v zoov(*)

Figure 6.6

6.8: Use Norton'’s theorem to determine the current through the 10 resistor in the network

of Fig 6.8.

A4V

Figure 6.8

THEVENIN AND NORTON THEOREMS FOR
NETWORKS WITH CONTROLLED SOURCES

6.9: Use Thevenin's theorem to determine the power dissipated by the 12 resistor in Fig 6.9.

8Q
AAA

24A°

+ Vs/16
Vs €60 i

%0 60
e AAA
56V<D ROS 20
Figure 6.7

129

Figure 6.9
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6.10: Determine the Norton equivalent for terminals a-b in the network of Fig 6.10.

18y
120092 120092 80092
A == A 00
12001,
24009 12000 L
l Iz
o b
Figure 6.10

6.11: Use Thevenin's theorem to determine the current flowing through the 1.6 resistor in
Fig 6.11.

6Q 41,

uv 1 80 160

Figure 6.11

6.12: Use Norton's theorem to determine the current flowing through the right-hand 4 ) resistor
in Fig 6.12.

Figure 6.12

6.13: Use Thevenin’s theorem to determine the current flowing through the 16 Q resistor in
Fig 6.13.
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20 TG 80

>
a0V 4n§}$—n mné' 20

I

Figure 6.13

6.14: Use Thevenin’s theorem to determine the power dissipated by a 300 2 resistor connected
across terminals a-b in Fig 6.14.
12009

—_—d

241,

\
12 l 6009

Figure 6.14

— b

6.15: Use Thevenin’s theorem to determine the current through the 6 2 resistor in the network
of Fig 6.15.

Figure 6.15

6.16: Determine the current through the 3§ resistor in Fig 6.16 by using superposition to find
the Thevenin equivalent circuit.
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60
w—< >
an(]) 03
Figure 6.16
MAXIMUM POWER TRANSFER

6.1'.7: In the network of Fig 6.17, determine the value of the load to be placed across terminals
a-b in order for the load to draw maximum power. Then, determine the value of this power.

# 60 20

AA A
Yyvy VAVAV

+ ao
() e
T b

Figure 6.17

6.1?: In the network of Fig 6.18, determine the value of the load to be placed across terminals
a-b in order for the load to draw maximum power. Then, determine the value of this power.

80 121
—Qa

120V 120

Figure 6.18
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6.19: In the network of Fig 6.19, determine the value of the load to be placed across terminals
a-b in order for the load to draw maximum power. Then, determine the value of this power.

20

AAA
VVv

24A

Figure 6.19

6.20: In thé network of Fig 6.20, determine the value of the load to be placed across terminals
a-b in order for the load to draw maximum power. Then, determine the value of this power.

100 Q) 2000 800Q

500 0

Figure 6.20

6.21: In the network of Fig 6.21, determine the value of the load to be placed across terminals
a-b in order for the load to draw maximum power. Then, determine the value of this power.

160 Q 430

AAA

<3 La ;
204 t 003 200V
Tb

Figure 6.21
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6.2?: In the network of Fig 6.2, determine the value of the load to be placed across terminals
a-b in order for the load to draw maximum power. Then, determine the value of this power.

40 W, :

2Q 68
e A2 T AN\ - @
80 v,
100V C.) -
0V
1 Y
Figure 6.22
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CHAPTER SEVEN
INDUCTORS, CAPACITORS AND DUALITY

INDUCTORS

7.1: Determine the voltage induced in a 250 mH inductor when the current changes at the rate
of 50A/s.

7.2: Two inductors of 300 mH and 600 mH are connected in parallel. Determine the equivalent
inductance.

7.3: If the current through an 80 mH inductor is
i = 20v/25in 400t A

determine the power drawn by the inductor.

7.4: The current through a 400 mH inductor is given by
i=det—de %A

Determine
(a) the energy stored in the inductor at ¢ = 0,
(b) the energy stored in the inductor between ¢ = 0s and ¢t = 0.5s,
(c) the voltage at t = 0.5s and
(d) the instantaneous power at ¢t = 0.5s
7.5: A parallel combination of two inductors (L; = 1.2H and Ly = 0.60H) is placed in series
with two more inductors (L3 = 1.0H and Ly = 0.80H). Determine the equivalent inductance.
7.6: The simple network shown in Fig 7.1 is connected to a current source at ¢ = 0. The current
provided by the source is 1 = 4¢ A.
At t = 5s, find
(a) the instantaneous power drawn by the resistor,
(b) the instantaneous power drawn by the inductor,
(c) the instantaneous power delivered by the source,
and between 0 <t <ds,
(d) the energy dissipated by the resistor
(e) the energy stored by the inductor
(f) the energy delivered by the current source.
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R=20Q

i,=4qu>

Figure 7.1

7.7: The current through a 240 mH inductor is given by i = 4sin400¢ A. Determine
(a) the instantaneous power a ¢ = 7/200s and
(b) the energy stored during the period 0 < t < 7/200s.

'7-8: If the current through a 135 mH inductor is given by i = 82 + 4t + 2 A, how much energy
is stored or removed in the inductor during the period, 0 < ¢t < 1.2s?

7.9: In Fig 7.2, the current source is supplying 288 W at ¢t = 2s. Determine the value of R

i,=12+4A<D

Figure 7.2

710 TW(? inductors of 0.080H and 0.120H are connected in parallel. If the current at a
particular instant of time is 19.5 A, determine the currents in each inductor.

7.11: A pair of i.nductors, Ly and Ly, are connected in parallel and the parallel combination is
Fonnected %0 an inductor with L = 0.80H. Determine the value of L; and Ly if the equivalent
inductance for the combination is Leq = 1.60H and L, = 4L,.

7.12: The current through a 400 mH inductor, over a period of 8s, is described by the waveform

22 A; 0<t<2s
i= 8 A; 2s<t<4s
40 - 8tA; 4s<t<8s

Determine the voltage across the inductor and sketch the waveform.
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CAPACITORS
7.13: Determine the current through and the charge on a 50 uF capacitor subjected to a voltage
of

v = 120sin 250t V

7.14: An 80 uF capacitor is charged so that it stores 0.40 J. If an uncharged 120 uF capacitor is
hooked up across the terminals of the 80 uF capacitor, determine the final energy in the system.
7.15: If an 80 uF capacitor is charged to 600 »C and then connected across the terminals of an
uncharged 160 4 F capacitor, determine the charge transferred from the 80 uF capacitor to the
160 uF capacitor.

7.16: Two capacitors of 100'uF and 400 uF are connected in series. Determine the equivalent
capacitance.

7.17: If the voltage across a 200 uF capacitor is
v = 120sin 400t V

determine the power provided to the capacitor.

7.18: A parallel combination of two capacitors (C; = 80 uF and Cy = 120 uF) is placed in
parallel with a series combination of two more capacitors (C3 = 40uF and Cy = 160uF).
Determine the equivalent capacitance.

7.19: The simple network shown in Fig 7.3 is connected to a voltage source at t = 0. The
voltage provided by the source is v = 2t + 8 V. At ¢t = 45, find

(a) the instantaneous power drawn by the resistor,

(b) the instantaneous power drawn by the capacitor,

(c) the instantaneous power delivered by the source,

and between 0 <t < 4s,
(d) the energy dissipated by the resistor

(e) the energy stored by the capacitor
(f) the energy delivered by the current source.

-~ C=0250F 7
ve=2t + BVC_D

Figure 7.3
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7.20: The voltage across a 40 uF capacitor is given by v = 4e™* — 2=%V. Determine how
much energy will be stored or removed during the period 0 < ¢ < 2s.

7.21: How much energy is stored in an initially uncharged 125 uF capacitor between 0 and 8s
when a voltage of 18¢~4/10V is placed across its terminals.

7.22: Each pair of two pairs of capacitors are connected in parallel. The first pair has C; =
60 uF and Cy = 30 uF and the second pair has C3 = 120 uF with Cy unknown. The two pairs
of capacitors are connected in series and if the equivalent capacitance of the entire arrangement
is Ceq = 60 uF, determine the value of the unknown capacitor, C.

7.23: A 100 4F capacitor is connected in series to a 300 uF capacitor. At a certain instant

of time, the total voltage across the two capacitors is 20 V. Determine the voltage distribution
across the two capacitors.

7.24: The voltage across a 1 F capacitor during a period of 10s is described by the waveform

tVv, 0<t<2s
3-0.5tV; 2s<t<ds
o= 1.5t -5V, 4s<t < 6s
4 22 -3tV; 6s<t<Ts
0.5t - 2.5V; Ts<t<9s
t—T7V; 9s <t < 10s

Determine the current through the capacitor and sketch the waveform.
DUAL NETWORKS

7.25: Construct the dual network for the network in Fig 7.4 and then verify that the node

equations for the dual network are in the same form as the mesh equations for the network in
Fig 7.4. -

10 ® 20

A A @ M

IOVC‘é D A S O SH D 3 &S
@

Figure 7.4
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7.26: Construct the dual network for the network in Fig 7.5 and then verify that the node
equations for the dual network are in the same form as the mesh equations for the network in
Fig 7.5

Figure 7.5

7.27: Construct the dual network for the network in Fig 7.6 and then verify that the node

equations for the dual network are in the same form as the mesh equations for the network in
Fig 7.6.

20 4Q 60 80
4A 1Q 30 50 70 2v
Figure 7.6

7.28: Construct the dual network for the network in Fig 7.7 and then verify that the node
equations for the dual network are in the same form as the mesh equations for the network in
Fig 7.7.
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7.98: Construct the dual network for the network in Fig 7.7 and thefl verify that the nocrle
equations for the dual network are in the same form as the mesh equations for the network in

Fig 7.7.

Yoo
16V Yo

g W :_V;
\_/

10A
na YFx 2H a 123k

4 Figure 7.7

“®a YF= YH

It
=}
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CHAPTER EIGHT

FIRST ORDER RL AND RC CIRCUITS

THE EXPONENTIAL FUNCTION
8.1: Measurements of the exponentially decaying charge on a sphere provide the following data:

Time,ms Charge, uC

0.40 170.429
0.425 168.733
Determine the initial value of the charge, the time constant and the charge at t = 0.625 ms.

8.2 Measurements of an exponentially decaying voltage provide the following data:

Time,s Voltage, V

0.12 658.574
0.15 566.840
Determine the initial value of the voltage, the time constant and the voltage at ¢ = 32.5ms.

8.3: If an exponentially decaying current has a time constant of 100 ms and if the current has
a value of 12.42 A at ¢t = 165 ms, determine the value of the current at ¢ = 0 and the time at
which the current has a value of 4.571 A.

8.4: An exponentially decaying voltage has a time constant of 400 ms and an initial value of
1.2kV. What is the value of the voltage at t = 125 ms and what is the value of the voltage five
time constants later.

8.5 Measurements of an exponentially decaying current yield the following data:

Time,s Current, A

0.250 294.30
0.275 266.30

Determine the initial value of the current and the time constant.
8.6 Measurements of an exponentially decaying voltage yield the following data:

Time,ms Voltage, A

10 53.375
25 25.214
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Determine the initial value of the voltage and the time constant.
EVALUATION OF INITIAL CONDITIONS

.8.7: In Fig 8.1 the switch has been in position-a for a long period of time. At t = 0,* it moves
instantaneously to position-b. Determine

8.9: In Fig 8.3, the switch has been open for a long period of time and the voltage across the
capacitor is 40 V. At ¢ = 0,7, the switch closes instantaneously. Consider ¢ = 0~ and ¢ = 0% as
the instants just before and just after the switch opens and determine:

C C( « (

(

ir(07) ir(07) ic(0- 0~ ir1(0%) ir(0%) ic(0™) ir2(07)
S R S % w@) om0 w@) 407
ve(0%) v (0%) i7,(0%) R =40
70 202 0\6% l:/_vl_
1=0 iRy
fe + +T‘ 4+
C=V20F==]}Vc R2=6Q§J l}vL
’ L Figure 8.3

8.10: In Fig 8.4, the switch has been open for a long period of time and the voltage across the
1/100F capacitor is 80 V. At ¢ = 0,*, the switch closes instantaneously. Consider ¢+ = 0~ and
t = 0T as the instants just before and just after the switch closes and determine:

Figure 8.1

'8.8: In Fig 8.2, the switch has been closed for a long period of time, At t = 0,* it opens
instantaneously. Consider ¢ = 0~ and ¢ = 0% as the instants just before and just after the

f

switch opens and de?ermife: o o ‘ ig1(0F) vp1 (07) vp(0)
im(07) i,(07) ic(07) ira(07) ir3(0%) ira(0%) ic(0%)
.UL(O ) vR1(07) ve(07) vR2(07) vm(0+) vpe(0F) ’Uc(0+)
1}21(0+) ’iL(0+) ic(0+) iRz(0+)
vr(0%) vr1(0%) ve(0%) v (0%) Ri=120  R,=38Q
YH o .:_‘Aﬁ. :ﬁ.
20 R‘J\;,:tn J) iRl ip2 +
— —_ —_— =2 Ry=40 J}vm
iL i Ry=2Q l t=0 topg - + vpy — e -
+ v - _ + vgy — + "
IZVCD =0 l . g2 Cy = YimF }ch(0)=80\’ C=VYoF ==1}Vc
20 C=%F:=J}vf { o
ic
Figure 8.4
Figure 8.2
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THE UNDRIVEN FIRST ORDER NETWORK

8.11: In the network of Fig 8.5, the switch opens instantaneously at ¢ = 0. Determine the
current response for all ¢ > 0.

8.12: In the network of Fig 8.6, the switch opens instantaneously at t = 0. Determine the
voltage response for all ¢ > (.

25Q

Figure 8.5 Figure 8.6

8.13: In the network of Fig 8.7, the switch opens instantaneously at ¢ = 0. Determine the
voltage across the 16{) resistor for all ¢t > 0.

60 EFO
4A<I> 80 ? V&F:F}v;)

20

28V

Figure 8.7

8.14: In the network of Fig 8.8, the switch opens instantaneously at ¢t = 0. Determine the
voltage across the 162 resistor for all ¢ > 0.

69

16A

Figure 8.8

8.15: In the network of Fig 8.9, the switch moves from position-1 to position-2 instantaneously
at ¢ = 0. Determine the voltage response for all ¢ > 0.

axa @

®o t=0
200V<5

+
2kQ mﬂx}m

1kQ

Figure 8.9

8.16: In the network of Fig 8.10, capacitor, C; is charged to 28V and C5 is uncharged. The
switch closes instantaneously at ¢ = 0. Determine the current i(t) leaving C) for all £ > 0.

t=0
20002 }
o .
C T—[ 60 uF 120 pF —L Ca

Figure 8.10
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8.17: In the network of Fig 8.11, the switch closes instantaneously at ¢ = 0. Determine the
voltage across the capacitor for all ¢ > 0.

40 120

1ov

! J
)?7=0 Y F

Figure 8.11

8.18: In the network of Fig 8.12, the switch closes instantaneously at + = 0. Determine the
current through the inductor and the voltage across the 12 resistor for all t > 0

50
—AW
1H
; |
6A CD 40 § _ + 40 § l
m 0 120 } v(r) .
- i)

Figure 8.12
THE DRIVEN FIRST ORDER NETWORK Yoo F
8.19: In the network of Fig 8.13, the switch - i
closes instantaneously at ¢t = 0. If the capacitors 200
are initially uncharged, determine 7;(t) and 49(t) Voo F
for allt > 0. s it

)$\t=0 +‘::_

6003 l é 300
a0V C‘) 0 i

Figure 8.13
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8.20: In the network of Fig 8.14, the switch closes instantaneously at t = 0. Determine v; ()
and ve(t) for all £ > 0.

Figure 8.14

8.21: Figure 8.15 shows a network that can be used to control the current through the inductor
to values between 1.10 and 1.30 A. Switch-1 (Si) closes at + = 0 and Switch-2 (S3) opens at
t = t; when i(t) = 1.3 A. Switch-2 then remains open until £ = t5 when i(t) = 1.1 A at which
time it closes and remains closed until ¢ = #3 when, once again, i(t) = 1.3 A. Determine the
times, t1,12 and f3 and the steady-operation ratio of switch-2 open time to closed time.

S 600

Sy 1200

120V 4H

Figure 8.15
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8.22: The purpose of t}.xe network in Fig 8.16 is to use switch-1 and R; to permit the capacitor
to charge during a specified time interval and to use switch-2 and R3 to hold the charge at the

specified level. Select a value for Ry to make the capacitor charge to 16V in 20ms and then
select the value of Ry to hold the capacitor voltage to 16 V.

S Ry
{)_WVT Sz
1V 20 uF
Ry

Figure 8.16

8¢23: In the network of Fig 8.17, both switches close instantaneously at ¢ = 0. Determine the
voltage across the capacitor for all ¢ > (.

40 20
—v— o-
t=0
MV
40 20 12A <>
o 403 s 1a(}
120 6
\ A\~
80 KF
v 1t
—
+ v(r) -
Figure 8.17

8.24: Inthe nemfork of Fig 8.18, the switch moves instantaneously from position-1 to position-2
at t = 0. Determine the voltage across the inductor for all ¢ >0

73

Figure 8.18

8.25: In the network of Fig 8.19, the switch closes instantaneously at + = 0. Determine the
current through the inductor for all t > 0.

Figure 8.19

THE DRIVEN FIRST ORDER NETWORK - ALTERNATE SOLUTIONS
8.26: Provide an alternate solution to Problem 8.19 that is based on initial and final values of
the response and the time constant.

8.27: Provide an alternate solution to Problem 8.20 that is based on initial and final values of
the response and the time constant.

8.28: Provide an alternate solution to Problem 8.23 that is based on initial and final values of
the response and the time constant.

8.29: Provide an alternate solution to Problem 8.24 that is based on initial and final values of
the response and the time constant.

8.30: Provide an alternate solution to Problem 8.25 that 1s based on initial and final values of
the response and the time constant.
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OPERATIONAL AMPLIFIERS

8.31: In the ideal operational amplifier configuration shown in Fig 8.20, determine the value
of the capacitor if the input voltage is — 12u(t), the initial charge on the capacitor is 0V and
the output voltage is required to be 48r(t).

I
LY

50k

Figure 8.20

A

8.32: In the ideal operational amplifier configuration shown in Fig 8.21, the initial voltage
across each capacitor is zero. If the input voltage, vy, is a 4V step. determine the output
voltage .

10 pF
it 5 wF
100kQ h

+ ' 50 kQ

v AAAYG -

- . N
Yo

Figure 8.21

8.33: In the ideal operational amplifier configuration shpwn in Fig 8.22, the initial voltage
across each capacitor is zero. If the input voltage, vs1 = 12sin400¢V and vy = 125in 400t V,
determine the output voltage v,.

75
100 k2
5"”/‘1’ 100 uF
[~ 50kQ il
—— AN — I\
£
125in 400t V + 50k
Vo1 v e
- e
; +
120sin 400t V v,
Figure 8.22
8.34: The set of simultaneous differential equations
d
2+ 5u -2y =18

and

dug
- 22 oy, =
2n +2dt +2vy =0

is to be programmed for an analog computer. Draw a circuit diagram using ideal operational
amplifiers and specifying values for all R’s and C’s and considering no initial voltages on any
of the capacitors to accomplish this program.

8.35: The differential equation

d% di

e 4 10— + 161 = 40¢

dt? + dt +

is to be programmed for an analog computer. Draw a circuit diagram using ideal operational
amplifiers and specifying values for all R’s and C’s, a separate function generator for the 40t
input and considering no initial voltages on any of the capacitors to accomplish this program.



CHAPTER NINE
SECOND ORDER RL AND RC CIRCUITS

THE SINUSOID

9.1: A sinusoidal voltage that has a frequency of 80 Hz and an amplitude of 120V passes
through 0V with a positive slope at ¢ = 0.80ms. Find V,w and ¢ in

v(t) =V cos(wt + @)

9.2 A sinusoidal current has a period of 40us and passes through a maximum of 40ma at
t =4us. Find [,w and ¢ in
i(t) = I cos(wt + @)

9.3: A sinusoidally varying charge reaches a maximum of 20uC at + = 8ms and the next
negative maximum of at # = 16 ms. Find Q,w and ¢ in

a(t) = Qeos(ut + 9)

9.4: A sinusoidally varying voltage has a positive maximum of 208 V at ¢ = 0 and decreases to
a value of 120V at ¢ = 0.125ms. Find V,w and ¢ in

v(t) = V cos(wt + ¢) V

9.5 Determine the frequency and the period of a sinusoidally varying voltage that has a value
of 60V at ¢+ = 0 and reaches its first maximum of 120V at ¢ = 2.5ms.

9.6 A sinusoidally varying current passes through a negative maximum of 20mA at t = 2ms
and then passes through the next positive maximum at ¢ = 12ms. Find I,w and ¢ in

i(t) = I cos(wt + @) V

FORMS OF RESPONSE
9.7: The current in an RLC series network is governed by the differential equation

d%i di 1,
LW + RE + 61 =0
If R=4Q and C = 1/40F, determine the value of L to make the response critically damped?
9.8: The current in an RLC series network is governed by the differential equation
d% | di 1
LW + RE + 51 =0

7



« CCCccccc¢

 C(

¢ €«

(

78 79

If R =8Q and C = 1/100F, determine the value of L to make the response underdamped —]
with a damped natural frequency of 6rad/s. Then, determine the natural frequency and the

damping factor. 1l C=
9.9: The voltage in an RLC parallel network is governed by the differential equation 2304
dv ldv 1
“@EtrRa " Voo
If R=4Q and L = 1/8H, determine the value of C to make the response overdamped with a
damping factor of 2.0. 40
9.10: The voltage in an RLC parallel network is governed by the differential equation
dv ldv 1 Figure 9.2
‘@rrat1 =0
If R=4Q and L = 70.82mH, determine the value of C required to yield a damped natural UNDRIVEN SECOND ORDER NETWORKS

frequency of 36rad/s. What is the damping factor? 9.13: In the network of Fig 9.3, the switch closes instantaneously at t = 0. Find the current

9.11: The voltage in the network shown in Fig 9.1 is governed by the differential equation response for ¢ > 0.
o & 1d 1 9.14: In the network of Fig 9.4, the switch opens instantaneously at ¢ = 0. Find the voltage
v v
—+=—+=v=0 response for ¢ > 0.
‘ErRa I respon
Determine the value of R to make the response overdamped with a damping factor of { = 2.50. (=0
20 =0 2
100
R 4320 VaH YoF = 1
%V 60% uF 16A $80% 200
2H
i(r)
Figure 9.1
. . . . . Figure 9.3 Figure 9.4
9.12: The current in the network shown in Fig 9.2 is governed by the differential equation
2; ; 9.15: In the network of Fig 9.5, the switch moves instantaneously from position-1 to position-2
d“ di 1, .
Lﬁi + RE + o= 0 at t = 0. Find the voltage response for ¢ > 0.

Determine the value of C to make the response critically damped.



:} v(t)

Figure 9.5

9.16; In the network of Fig 9.6, the switch opens instantaneously at £ = . Find the current
response for £ > 0.

=0, 12500

ol 1250 Q
450V 25H
2 uF 7

i(t)

r

Figure 9.6

9.17: In the network of Fig 9.7 the switch goes from position-1 to position-2 instantaneously
at t = 0. Determine the voltage across the capacitor for ¢+ > 0 if the capacitor is initially
uncharged.

Figure 9.7
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9.18: In the network of Fig 9.8 the switch goes from position-1 to position-2 instantaneously
at ¢ = 0. Determine the voltage across the capacitor for + > 0 if the capacitor is initially
uncharged.

Figure 9.8

DRIVEN SECOND ORDER NETWORKS

9.19: In Fig 9.9, the current is applied to the network instantaneously at ¢ = 0 when the voltage
across the capacitor is 16 V and no current is flowing in the network. With R = 4/5Q, L=1/3H,
C =1/8F and i; = 6 A, determine v(t) for all £ > 0.

"sCD R§ LE c::}\En

v(0) =V,

Figure 9.9

9.20: In Fig 9.10, the voltage is applied to the network instantaneously at t = 0 when there is
no current flowing in the network. With the voltage across the capacitor at 2V, R = 2Q, L=
1H, C =1/5F and v; = 20V, determine i(t) for all ¢ > 0.
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v(0) =Y,
Figure 9.10

9.21: In Fig 9.9, the current is applied to the network instantaneously at ¢ = 0 when the voltage
across the capacitor is 12V and no current is flowing in the network. With R = 5/8Q,L =
1/5H,C = 1/5F and 4, = 20 A, determine u(#) for all £ > 0.

9.22: In Fig 9.10, the voltage is applied to the network instantaneously at ¢ = 0 when there is
no current flowing in the network. With the voltage across the capacitor at 8V, R = 2Q, L=
1/2H, G = 1/2F and v, = 12V, determine i(t) for all ¢ > 0.

9.23: In Fig 9.9, the current is applied to the network instantaneously at ¢ = 0 when the
voltage across the capacitor is 8 V and no current is flowing in the network. With R=1Q, L
=1H, C = 1/4F and i, = 36 A, determine v(t) for all ¢ > 0.

9.24: In Fig 9.10, the voltage is applied to the network instantaneously at # = 0 when there is
no current flowing in the network. With the voltage across the capacitor at 48V, R=7Q, L=
1H, C = 1/12F and v, = 24V, determine i(t) for all £ > 0.

CHAPTER TEN
SINUSOIDAL STEADY STATE
ANALYSIS BY PHASOR METHODS
COMPLEX NUMBER ALGEBRA
10.1: If Ny = 4 — 3, Ny = 24/2/45° and N3 = 5¢°®°, determine
N=N+No+ N3
10.2: f Ny =4-33,Ny = 24/2/45° and N3 = Segoo, determine

_ NNy
=5

N

10.3: If Ny = 4 — 33, No = 2v/2/45° and N3 = 5¢°°°, determine
N = (N — Np)*Ns
10.4: If Ny =4 — 33, Ny = 2v/2/45° and N3 = 5¢%0° | determine
N = 3N NyoN3

10.5: If Ny = 4 — 73, Np = 24/2/45° and N3 = 5¢°%°, determine

MM
N_N2+N3

10.6: If Ny = 4 — 53, Ny = 2v/2/45° and N3 = 5¢°”°, determine
N = (/N Nz — N3)(N1)

10.7: If Ny = 4 — 3, No = 24/2/45° and N3 = 5e%%° | determine

Ny + Ny
N_Nl—Nz

10.8: If Ny = 4 — 33, Ny = 2v/2/45° and N3 = 5¢°°°, determine

N = (N1 + Np + N3)(N{NoN3)?

83
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10.9: If Ny = 4 — 73, Ny = 2¢/2/45° and N3 = 5¢°%°, determine
N =N} +NZ+Ns
10.10: If Ny =4 - 33, Ny = 2\/5&@“ and N3 = 5eg9°, determine
N = NyNg + NoN3 + Ny N3

IMPEDANCE AND ADMITTANCE
10.11: If w = 400rad/s, find the driving point impedance at terminal-a and -b in the network

of Fig 10.1. 100 25 mH
a
125 pF =
50 mH 200
£
bo—
Figure 10.1

10.12: If w = 200rad/s, find the driving point impedance at terminal-a and -b in the network
of Fig 10.2.

22mH
ao g
125 uF 7
200
b O-
Figure 10.2
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10.13: If w = 100rad/s, find the driving point admittance at terminal-a and -b in the network
of Fig 10.3. 100 pF
ao- i

800 mH 800

S00mHE 200pF = 400

boO
Figure 10.3
10.14: If w = 500rad/s, find the driving point admittance at terminal-a and -b in the network
of Fig 10.4. 26670 200mH
a
300
50 wF ==
80 mH
bo
Figure 10.4

10.15: If w = 1000 rad/s, find the driving point admittance at terminal-a and -b in the network
of Fig 10.5. 125pF 23250
ao ¢ AN

500 50

5070

8.33 uF T 120mH

b O~
Figwre 10.5
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PHASORS
10.16: If, in the form

determine F and ¢ in

10.17: If, in the form

determine F and ¢ in

10.18: If, in the form

determine F and ¢ in

10.19: If, in the form

determine F and ¢ in

10.20: If, in the form

determine F and ¢ in

f(t) = Acoswt + Bsinwt
A=-4 and B=¢

F(t) = Feos(wt + ¢)

f(t) = Acoswt + Bsinwt
A=-64 and B=120

f(t) = Fcos{wt + ¢)

f{t) = Acoswt + Bsinwt
A=-60 ad B=-45

f1t)= Feos(ut + )

f(t) = Acoswt + Bsinwt
A=-7 and B=-168

f(t) = Feos(wt + ¢)

f(t) = Acoswt + Bsinwt
A=8 ad B=-96

f(t) = Feos(wt + ¢)

10.21: If F = 275 and ¢ = ~ 143.13° in the instantaneous form

f{t) = Feos(wt + ¢)

determine A and B in
f(t) = Acoswt + Bsinwt

10.22: If F = 390 and ¢ = 112.62° in the instantaneous form
f(t) = Fcos(wt + ¢)

determine A and B in
f(t) = Acoswt + Bsinwt <=

10.23: If F = 800 and ¢ = — 196.26° in the instantaneous form
f(t) = Fcos(wt + )

determine A and B in
f(t)= Acoswt + Bsinwt <=

10.24: If F = 120 and ¢ = — 150° in the instantaneous form
ft) = Fcos(wt + ¢)

determine A and B in
f(t) = Acoswt + Bsinwt <=

10.25: If F = 1000 and ¢ = — 135° in the instantaneous form
f(t) = Fcos(wt + ¢)

determine A and B in
f(t) = Acoswt + Bsinwt <=

10.26: If a voltage is given by
v(t) = 208 cos(377¢ + 60°)

determine the voltage phasor in rectangular, polar and exponential form.
10.27: If a current is given by

i(t) = 4v/2 cos(400t — 135°)

determine the current phasor in rectangular, polar and exponential form.
10.28: If a current is given by

i(t) = 120v/3 cos(600t + 15°)

determine the current phasor in rectangular, polar and exponential form.
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10.29: If a voltage is given by
v(t) = 1750 cos(200t — 163.74°)

determine the voltage phasor in rectangular, polar and exponential form.
10.30: If a voltage is given by

v(t) = 400 cos(1200t + 90°)

determine the voltage phasor in rectangular, polar and exponential form.

10.31: Two elements are connected in parallel as indicated in Fig 10.6. The line current is
i(t) = 10v2cos(377¢ 4 135)° A and 41 () = 6 cos(377t +30)° Express iz(t) instantaneous form.
10.32: Three elements are connected in series as indicated in Fig 10.7. The line voltage is
o(t) = 120cos(377t+90)° V, vy (t) = 40+/2 cos(377t+45)° V and v3(t) = 60cos(377t—53.13)° V.
Express vy(t) instantaneous form.

Z1 |1 =40VZcos 377t + 459 V

v, ({D Zy
1
Z3\}v; = 60 cos (3771 - 53.139) V

vs = 120 cos (3771 + 90°) V

Figure 10.6 Figure 10.7

10.33: In Fig 108, I; = 2v/2/45° and V3 = 120/53.13° V. If the line current is i = 4 cos(wt +
90°) A and the frequency is f = 250/2n Hz, Determine the four components that comprise the

parallel combination.
g ]
‘ Z, Zy
=] L
—t
. + Vi -
. +Vy—
,——Aﬁ
N p—
I
Figure 10.8
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10.34: In Fig 10.9, 7,(t) = 8cos(400t + 90°) A, v,1(t) = 200 cos(400t + 36.87°) V and vs(t) =
200v/2 cos(400t +135°) A. Combine the three sources to a single voltage source connected across
terminals a-b.

25mH

SOuF = i Q)

Vs2

Figure 10.9

LADDER NETWORKS AND PHASOR DIAGRAMS

10.35: Determine all branch currents and branch voltages in the network of Fig 10.10 and then
draw a phasor diagram.

10.36: Determine all branch currents and branch voltages in the network of Fig 10.11 and then
draw a phasor diagram.

33 Y3 uF
25 mH 100 mH

it
L)
is(0) 960 mH 160Q
vy() 62.5 uF == 400

is(#) = 400 cos (250 — 36.87°) mA
vs(r) = 400 cos (4001 + 90°) V

Figure 10.10 Figure 10.11

10.37: Determine all branch currents and branch voltages in the network of Fig 10.12 and then
draw a phasor diagram.
10.38: Determine all branch currents and branch voltages in the network of Fig 10.13 and then
draw a phasor diagram.
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20.67Q 58 mH 120 o0 M 0a
vs(t) 62.5 uF T 16mH vi(t) 80mHE 400mH[E 40pF =
vs(r) = 336 V2 cos (1000t + 135V ) = 00V T cos (2501 + 459V
Figure 10.12 Figure 10.13

NETWORK ANALYSIS

10.39: Rework Problem 10.35 (Fig 10.10) using a nodal analysis to determine the current
through the 25 mH inductor and the voltage across the 62.54F capacitor.

10.40: Rework Problem 10.36 (Fig 10.11) using a nodal analysis to determine the current
through the 960 mH inductor and the voltage across the 1604) resistor.

10.41: Rework Problem 10.38 (Fig 10.13) using a nodal analysis to determine the current
through the 800 mH inductor and the voltage across the 40uF capacitor.

# 10.42: Use nodal analysis to find the current through the 50mH inductor and the voltage
across the 40 Q resistor in Fig 10.14.

10.43: Use nodal analysis to find the current through the 100 resistor in Fig 10.15.

40
200 50 mH 100 pF

ura
Ly

Y

10921

ix(f) 30 + 9
8mH } v, i

/5

vs(1) = 400 cos (400t + 90°) V

ign) = 4 cos 2000t A

Figure 10.14 Figure 10.15

10.44: Rework Problem 10.35 (Fig 10.10) using a mesh analysis to determine the current
through the 25 mH inductor and the voltage across the 6254 F capacitor.
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10.45: Rework Problem 10.36 (Fig 10.11) using a mesh analysis to determine the current
through the 960 mH inductor and the voltage across the 160§ resistor.

10.46: Rework Problem 10.42 (Fig 10.14) using a mesh analysis to find the current through
the 50 mH inductor and the voltage across the 40 Q2 resistor.

10.47: Rework Problem 10.43 (Fig 10.15) using mesh analysis to find the current through the
102 resistor in Fig 10.15.

10.48: Use mesh analysis to determine the current through the 20 mH inductor in Fig 10.16.

1000 1eF 000
AM J——AM

i\ CD 1000 ? 20mH vy(0) (ﬁ)

vs(t) = 400 V2 cos (10,0001 + 45°) V
ig(t) = 8 cos (10,0007 + 0°) A

i(t)

Figure 10.16
10.49: Rework Problem 10.48 (Fig 10.16) using superposition to determine the current through
the 20 mH inductor.

10.50: Use superposition to determine the voltage across the 58 mH inductor in Fig 10.17.
10.51: Use superposition to determine the voltage across the 50 uF capacitor in Fig 10.18.

2067Q 58 mH 120

v (1)

ve1(6) = 336 V2 cos (1000¢ + 135%) V
vs2(f) = 260 cos (1000¢ + 67.38°) V

Figure 10.17
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- 740Q
2090 [/
AN aly
I = 18/90° A 700 209 Iz = 12/90°A
Figure 10.18

10.52: Use superposition to determine the current through the 20 mH inductor in Fig 10.19.

vs())

300 60 mH
O

20 mH

il

£
if(0) CD 14.29 uF =

160 Q

Ia2111)!

Vs(ey = 210 cos (2000¢ + 90°) V
ig(yy = 16 cos (2000¢ + 0°) mA

Figure 10.19

10.53: Rework Problem 10.35 (Fig 10.10) using Thevenin’s theorem to determine the current

through the 408 resistor.

10.54: Rework Problem 10.51 (Fig 10.18) using Thevenin’s theorem to determine the current

through the 50 uF capacitor.

10.55: Rework Problem 10.43 (Fig 10.15) using Thevenin’s theorem to determine the current

through the 10 resistor.

10.56: Rework Problem 10.37 (Fig 10.12) using Thevenin’s theorem to determine the current

through the 16 mH inductor.

10.57: Rework Problem 10.38 (Fig 10.13) using Thevenin’s theorem to determine the current

through the 40 uF capacitor.

CHAPTER ELEVEN

SINUSOIDAL STEADY STATE
POWER CALCULATIONS

AVERAGE AND EFFECTIVE VALUES

11.1: If the period, T = 10s, determine the average and effective values for the voltage wave
shown in Fig 11.1.

v(r) (V)
4_
3_
2..
l -

i 1 1 L AL
L1234 67 ] 900 (s)
-2F

Figwe 11.1

11.2: If the period, T = 10s, determine the average and effective values for the current wave
shown in Fig 11.2.

Hn(A)
a4t
3+
2
1k
—_——de I L i T
12
N s s 780
_.2_
_3_

Figure 11.2
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11.3: If the period, T = 105, determine the average and effective values for the voltage wave
shown in Fig 11.3.

11.4: If the period, T = 10s, determine the average and effective values for the current wave
shown in Fig 11.4.

v(n (V) i(t) (A)
4 4e=114 4
3% \ 3}
1.8895-2 2k
1+ L —_I/
_._‘\;i 1 i i L ] I i 1 1 It 1 1
REEEEEREEE ) LUl esesr o
_2 - _2 L
Figure 11.3 Figure 11.4

11.5: Ig the period, T' = 40 ms, determine the average and effective values for the voltage wave
shown in Fig 11.5.

11.6: If the period, T = 6s, determine the average and effective values for the voltage wave
shown in Fig 11.6.

v() asin SOt v (V)

41 RJ 2k

3F 1k

i r o U T I

2
U S S W | ) L1 -1 [ : ¢ ! )
ik 510152025 35 45 50 Hms) L
-2 T ~3 L_.
Figure 11.5 Figure 11.6

SINUSOIDAL STEADY STATE

11.7: Determine the average power and the power factor for an RLC series network operating
at 400Hz with R = 10090, L = 39.79mH and C = 15.92uF if the network is subjected to a
sinusoidal voltage with a maximum amplitude of 180 V.
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11.8: Determine the average power and the power factor for an RLC parallel network operating
at 250Hz with R = 50Q,L = 50.93mH and C = 21.22uF if the network is subjected to a
sinusoidal current with a maximum amplitude of 16 A.

11.9 Two impedances, Z; = 40v/2/45° Q and Z; = 80 — 760 Q) are connected in parallel and the
combination is then connected in series with a 24§} resistor. If the combination is connected
across a source having an rms value of 120V, how much power is drawn and what is the power
factor?

11.10: Two impedances, Z; = 25/53.13°Q and Zs = 39/67.38° ) are connected in parallel
and the combination is then connected in series with an impedance of 17/28.07°. If the
combination is connected across a source having an rms value of 20 A, how much power is
drawn and what is the power factor?

11.11: An RLC series network is subjected to an rms voltage of
v(t) = 200 cos 400t V

An impedance meter has measured the impedance angle as 36.87°. If, R =400, L = 387.5mH
and the power dissipated is 640 W, determine the value of C.

11.12: A series RC circuit absorbs 22.15 W at a power factor of 0.9231 when it is connected
to an rms voltage source of

v(t) = 120 cos 400t V
Determine the values of R and C.

11.13: Determine the total power dissipated by all of the resistors in the phasor domain network
of Fig 11.7.

-300
100 i
M 300
-——IW\/__.

180/30° V /100 = jBOQE lon§ s@’ACD

Figure 11.7

11.14: Determine the complex power delivered to the phasor domain network in Fig 11.8.
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303

—j4 Q) T j3Q

Figure 11.8
11.15: Determine the complex power delivered to the network in Fig 11.9.
11.16: Determine the complex power delivered to the network in Fig 11.10.

1750 25mH 100 mH 448mH  SOpF

it

., LAY
vslt) 35mH 62.5 pF T 40 Q is(1) d} 76.8 Q 120 mH 300

v5(t) = 400 cos (400r + 90°) V if(r) = 384 cos (500¢ + 45°) mA

Figure 11.9 Figure 11.10

11.17: Determine the complex power delivered to the network in Fig 11.11.

11.18: For the phasor domain network shown in Fig 11.12, Determine the real power, the
apparent power, the magnitude of the apparent power and the power factor.

-j30Q
2067Q S8 mH oy
120 ANV {¢
j500Q
V(1) 625uF=  16mH I51111)0
V, = 150/0°V

vs(8) = 336 V2 cos (1000¢ + 135°) V

Figure 11.11 Figure 11.12
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POWER FACTOR CORRECTION
11.19: In the power distribution system shown in Fig 11.13, the frequency is 60 Hz. Determine:

(2) The real power
)

(b The reactive power +
(c) The magnitude of the apparent power 250 V,60Hz
(d)  The power factor = _
(e) The correction necessary to make
the power factor 0.950 "
() the component necessary to achieve
the correction in part (e)
120 — 7135 Q*}—
Figure 11.13
11.20: In the power distribution system shown in Fig 11.14, the frequency is 60 Hz. Determine:
(a) The real power
(b) The reactive power +
(c) The magnitude of the apparent power 100 V,60Hz
(d) The power factor - l 15+ 5200 L—-
(e) The correction necessary to make J
the power factor 0.935
(f) the component necessary to achieve
the correction in part (e)

Figure 11.14
11.21: In the power distribution system shown in Fig 11.15, the frequency is 60 Hz. Determine:

(a) The real power

(b) The reactive power +

(c) The magnitude of the apparent power 260 V,60Hz

(d) The power factor = 65/0°Q |—
(e) The correction necessary to make

the power factor 0.920
() the component necessary to achieve
the correction in part (e)

10+ 724

30/-22.62° 2

Figure 11.15
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11.22: In the power distribution system shown in Fig 11.16, the frequency is 100 Hz. Determine:

(a) The real power

(b) The reactive power *

(c) The magnitude of the apparent power 40V, 100 bz

(d) The power factor - 1 40v3/a5° Q2

(e) The correction necessary to make
the power factor 0.945 ___.

(f) the component necessary to achieve
the correction in part (e)

190 - 7240

Figure 11.16
MAXIMUM POWER TRANSFER

11.23: In the network of Fig 11.17, determine what elements shouid be placed across the
terminals a-b to make the power factor unity.

1400 ZOfF 000

I A
v 3 VYV a

vs(1) 800mHE 400mHE d0pF T

vs(t) = 520 cos (2501 + 22.62°)V
Figure 11.17

11.24: In the phasor domain network of Fig 11.18, determine the load to be placed across

terminals a-b to make the power drawn by the load a maximum and then determine the value
of this maximum power.

400 - 00 - 7240
it ———oroO0 &

o 40Q
200/60° V 7y 209

0 b
Figure 11.18
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11.25: In the phasor domain network of Fig 11.19, determine the load to be placed across
terminals a-b to make the power drawn by the load a maximum and then determine the value

of this maximum power.

8092 ~ J40Q -~ 7150
(——@————u————o a
T 400/90° v
400v/2/45° V (__ > 75800 400
-
—0 b

Figure 11.19

11.26: In the phasor domain network of Fig 11.20, determine the load to be placed across
terminals a-b to make the power drawn by the load a maximum and then determine the value

of this maximum power.

o100 o,
l — 72000
4/2(45° A 10002 g 73000
500/36.87° V
] -0}
Figure 11.20
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CHAPTER TWELVE

THREE PHASE POWER SYSTEMS

BALANCED SYSTEMS

12.1: In Fig 12.1, V oy = Vg = 120/0° V.
If Z), = Zy = Z3 = 40, determine the total
power delivered to the system of loads.

12.2: In Fig 12.1, V 4y = Viyg = 120/0° V.
If 7y = Zo = Z3 = 30/16.26° 2, determine the
total power delivered to the system of loads.
12.3: For the balanced three phase generator
connected as shown in Fig 12.2, the phase
voltages have an rms amplitude of 440 V and
are connected in the positive sequence. De-

termine the currents, I,,I and I, if the load
is balanced with all Z = 44/0° Q.

I
@]
1 [

Izzl
B

Figure 12.1

12.4: The line voltages in the wye connected generator that supplies the loads shown in Fig
12.3 have a magnititude of 208 V and are in the positive sequence at 60 Hz. Determine all phase

and line voltages in instantaneous form.

I,

>

;

Figure 12.2

2y

Zs.

B
Figure 12.3



100

12.5: The line voltages in the wye connected generator that supplies the loads shown in Problem
12.4 (Fig 12.3) have a magnititude of 208 V and are in the negative sequence at 60 Hz. Determine
all phase and line voltages in instantaneous form.

c

Zs Zg

lZy B

Figure 12.4

12.6: The line voltages in the delta connected generator that supplies the loads shown in Fig
12.4 have a magnititude of 208 V and are in the positive sequence at 60 Hz. Determine all phase
and line voltages in instantaneous form.

12.7: The line voltages in the delta connected generator that supplies the loads shown in
Problem 12.6 (Fig 12.4) have a magnititude of 208 V and are in the negatie sequence at 60 Hz.
Determine all phase and line voltages in instantaneous form.

12.8: The line-to-line voltages in Fig 12.5 have a magnititude of 440V and are in the positive
sequence at 60 Hz. The loads are balanced with Z = Z; = Z, = 7; = 25/36.87° Q. Determine
all phase and line and phase voltages and load currents in instantaneous form.

c

Figure 12.5
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12.9 In Problem 12.8, determine the power drawn by the load.

12.10: In Fig 12.5, the rms amplitude of the line-to-line voltages in the three phase source is
240'V. The source is connected in the positive sequence and operates at 60 Hz. If the balanced
load consists of Z = Z; = Zy = Z3 = 30/36.87° 2, determine the phase voltages and currents
and the power delivered to the load.

12.11: In Fig 12.5, the rms amplitude of the line-to-line voltages in the three phase source is
240V. The source is connected in the positive sequence and operates at 60 Hz. If the balanced
load consists of Z = Zy = Z9 = 23 = 40/53.13° ), determine the phase voltages and currents
and the power delivered to the load.

12.12: In Fig 12.6, the rms amplitude of the line-to-line voltages in the three phase source is
240V. The source is connected in the positive sequence and operates at 60 Hz. If the balanced
load consists of Z = Z; = Zy = Z3 = 30/36.87° ), determine the line and phase voltages, the
line currents and the power delivered to the load.

c

C a 3
s -/

Figure 12.6

12.13: In Problem 12.12 (Fig 12.6), determine the phase currents and the power delivered to
the balanced load if Z = Z; = Z, = Z3 = 50/16.26° Q V.

-12.14: In Fig 12.7, the rms amplitude of the line-to-line voltages in the three phase source is

240 V. The source is connected in the positive sequence and operates at 60 Hz. If the balanced
load consists of Z = Z; = Zy = Z3 = 30/36.87° §, determine the line voltages and currents and
the power delivered to the load.

12.15: Rework Problem 12.14 (Fig 12.7) to determine the power delivered to the load with the
balanced load consisting of Z = Zy = Z = Z3 = 40/53.13° Q.
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Figure 12.7

12.16: In Fig 12.8, the rms amplitude of the line-to-line voltages in the three phase source is
240 V. The source is connected in the positive sequence and operates at 60 Hz. If the balanced
load consists of Z = Z; = Zy = Z3 = 30/36.87° 2, determine the phase voltages and currents

4 and the power delivered to the load.

Figure 12.8

12.17: Rework Problem 12.16 (Fig 12.8) to determine the power delivered to the load with the
balanced load consisting of Z = Z1 = Z; = Z3 = 50/16.26° Q).

UNBALANCED SYSTEMS
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12.18: In Fig 12.1, Vay = Vyp = 120/0° V. Z; = 8460, Z5 = 8—36Q and Z3 = 4— j200,
determine the total power delivered to the system of loads.

12.19: In Fig 12.1, Vay = Vyp = 120/0° V. If Z; = 20/30°, 2, = 30/36.87° and Z3 =
30/45° 2, determine the total power delivered to the system of loads.

12.20: In the system of Fig 12.9, the line voltages are 240V and are in the positve sequence.

Determine I.

Id
b -]
o a |
L_L__J
Iy
I

ol a |

Figure 12.9

12.21: In Fig 12.10, determine the line currents. I;,I, and I3 if the line-to-line voltages all
have a magnitude of 300 V and are connected in the positive sequence.

Iy

~———20/36.87°Q
h
30/53.13° Q)
I
——140/-45° 0
I,
Figure 12.10
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12.22: In Fig 12.10, determine the line currents. I, Iy and Iy if the line-to-line voltages all
have a magnitude of 300 V and are connected in the negative sequence.

12.23: In Fig 12.11, the rms amplitude of the line-to-line voltages in the three phase source is
440 V. The source is connected in the positive sequence and operates at 60 Hz. If the unbalanced

load consists of Z; = 83/0°0), 7y = 4y2[45°Q and Zy = 44/36.87° (1, determine the power
delivered to the load.

[+

C

,

B

Figure 12.11

12.24: Determine the overall power factor for the system treated in Problem 12.23.

12.25: In Fig 12.12, the rms amplitude of the line-to-line voltages in the three phase source is
300 V. The source is connected in the positive sequence and operates at 60 Hz. If the unbalanced

load consists of Z = 60/0°Q), Zy = T5v2/=45°0, and Z3 = 50/36.87° ?, determine the power
delivered to the load.

Figure 12.12
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12.26: Determine the overall power factor for the system treated in Problem 12.25.
12.27: Figure 12.13 shows a wye-connected generator delivering power to a wye-connected load
in a four wire system. The rms amplitude of the line-to-line voltages in the three phase source is
240V. The source is connected in the positive sequence and operates at 60 Hz. If the unbalanced
load consists of three impedances, 2; = 48/0°0), Zo = 24v/2/—135°Q and Z3 = 60/36.87° 2,
determine the power delivered to the load.

c

Figure 12.13



PROBLEM ANSWERS



CHAPTER ONE
INTRODUCTION AND BASIC CONCEPTS

CHARGE AND CURRENT

1.1: 1.248 x 102 electrons
1.2: I=20A
1.3: I =32.04A
1.4: Q =164C
ENERGY, POWER, VOLTAGE, CURRENT AND CHARGE
1.5: W =544x10"3%]J
1.6: V=2V
1.7: W =400J
1.8: Q = 1.914C~
1.9: W = 17.904MJ
1.10: 4500 C, 28.09 x 102! electrons
1.11: $7.26
1.12: I=14A
1.13: W =44J
1.14: W =0J
RESISTANCE
1.15: V =259V
1.16: R=348Q
1.17: R=8.105x10"%Q
1.18: L =0.2031m
1.19: L =123.48m
1.20: T =81.99°C, T = - 31.42°C
1.21: a = 0.00360°C~!
1.22: R(T) = 250Q-°C~1, T = 1895°C
1.23: I=15A,R=8Q
1.24: R=50

109
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APPLICATIONS OF OHM'S LAW

1.25:
1.26:
1.27:
1.28:
1.29:
1.30:
1.31:
1.32:

Ii/Iy = 0.711, P/P, = 0.506

Vi/Va = 0.711, P,/P, = 0.380

I'=12A, Pp=T12W, Pogee = 2W

L =39.35m

R =489, Pouce = 60W

R=4Q

Vao = 150V, V3 = 75V, I = 1875, Iy = 6.25A
Vs =15V, V1 =3V, =24 s =1A

CONTROLLED SOURCES

1.33:
1.34:
1.35:
1.36:
1.37:
1.38:

=4

Ivout/Vinl = 8, lPout/Pinl =3
R, =8Q

\2/h] =35

lVout/Vinl = 16! lPom./Pinl =128
|3/ L] = 12

CHAPTER TWO
KIRCHHOFF’S CURRENT AND VOLTAGE LAWS
AND SERIES-PARALLEL RESISTIVE CIRCUITS

KCL PROBLEMS

2.1: i1=—TA,ip=6A,i3=-3A

2.2: 11=05A,19=8A,i3=3A,i4=1A,i5s =3A

2.3: i1=2A,iy =0A,i3=2A,i4=-5A
KVL PROBLEMS

2.4: v =6V,vg=—-4V,v3 =12V, 94 =2V, v5 = 13V
2.5: v =10V, v =20V, v3 =20V, vy =18V,
Us = 18V, Vg = 26V, U7 = 12V
2.6: v =—30V,ve=—-20V,v3=-36V,v4 =32V,

v5 =36V, vg =—12V
EQUIVALENT RESITANCE PROBLEMS

2.7: (a) Req =109, (b) Req =160, (c) Req =209
(d) Req =09, (€) Req = 14.29Q

2.8: R=219Q

2.9: Req =480

2.10: Ry =190

2.11: Reyq =250

2.12: Ry =1100
OHM’S LAW PROBLEMS

2.13: (a) Iy =L =3/2A, (b) V4 =6V, Vi3 =18V
2.14: Py =9W, P =2TW

2.15: Vi=6V, Vs =18V

2.16: (a) V=36V, (b) s =9A, [ =3A

2.17: Py = 324W, Py = 108 W

2.18: I, =9A, 13 =3A

2.19: I3=I3=2A,1; =6A, I = 4A,

2.20: P3=12W, Py = 144A, Ps =96 W, Py = 36 W

2.21: Ri=30,Ry=6Q,R3=10

111
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OHM’S LAW PROBLEMS (Cont’d)

2.22:

2.23:

2.24:
2.25:
2.26:
2.27:
2.28:
2.29:

2.30:
2.31:
2.32:

L =4A, I3 =4/3A, Lb=1, =2/3A

Vi1=4V, Vo =4/3V, V3 =4V, V; =8/3V
Ih=3A,Is=4A, [=8A,Is =4A, ;5 =1A
Va=12V, Vs =20V, Vg =48V, Vg = 32V, V15 =12V
L =6A,1,=2A, V=18V

L =6A1=2AVs=18V

Is =9/2A, Iy = 124, V; = 21/2V

Iy =9/2A, Iy = 12A, V7 = 21/2V

I3 =18A, I4 =3A, Vi2 =24V, Vi = 14V
Is=2A, 1y =2A,V, =8/3V

Ig=9A, I =9/20A, V7 = 63/5V
L3=1A14=1A,Ve=6V, V7 =21V

Is = 5/4A, Vg = 100V, Py = 9.375 W

MRS =

CHAPTER THREE
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NODAL AND LOOP ANALYSES

SINGLE NODE PROBLEMS

—6
-2

14

-11

Vi = 76.952V, Vo = 102.095V, V3 = 42.667V, V4 = 106.667V

3.1: V=24V
3.2: Vi = 64/3V
3.3: Vi = 400V
3.4: IL=-5/2A
3.5 Is=-20/TA
3.6: Vi=3V,Va=6V
3.7: I; =0.590A
14 -4 -2 0 O
-4 16 -6 0 -5
3.8: -2 -6 12 -4 0
0 0 -4 2 -16
0 -5 0 -1 33
3.9: I, =—5T6A
3.10: Iig=-081A
3.11: Vi = 224/13V, Vo = 96/13V
3.12: Iijg = 18.49A
3.13: Vi, = —19.733V, Vo = — 10.667V, V3 = —21.867V
SUPERNODE PROBLEMS
3.14: Vi = 2958V, Vo = — 17.917V, V3 = 10.083V
3.15:
3.16: Vi = 5.551V, Vo = —21.279V,
3.17: V=12V, =2V, V3=-8V
A LINK TO CHAPTER TWO
3.18: I = 4A, I; = 4/3A, L=I,=2/3A
Vi =4V, Vo =4/3V, V3 =4V, V; =83V
3.19: L =6A, I =2A, V=18V
i 3.20: I;=18A 1 = 3A, Vo =24V, Vig = 14V
: 3.21: Is = 5/4A, Voo = 100V, Py = 9.375W
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SINGLE LOOP ANALYSIS

3.22:
3.23:
3.24:
3.25:;
3.26:
3.27:

I = 400mA

I =40mA

I =375mA
T'=1504, Ry, =680
Is = —20/7A

I = 50mA

MULTIPLE LOOP ANALYSIS

3.28:

3.29:

3.30:
3.31:
3.32:
3.33:
3.34:
3.35:

3.36:
3.37:
3.38:

Iy = 0.590 A
32 -10 -8 -2 0
~10 42 0 -6 -9
-8 0 24 -4 0
-2 -6 -4 2 -1
0 -2 0 -10 14
V=56V
Iig = 1.808 A, Vg = — 1496V
Is = 1.819A, I, = 5.455A, Vg = 327UV, Py =40L7W
Is = 2.208A, Vs = 13.248V, P; = 29.95W
P = 49.96W
L =4A 3= 4/3 A, L=, =12/3A
V=4V, Vp = 4/3V, V3 = 4V, V, =8/3v
I, =6A, I, =2A, Vg =18V
I3 =18A, I, = 3A, Vip = 24V, Viy = 4y
Is = 5/4A, Vao = 100V, Py =9315W

S S
]
[=r)
=

(=]

CHAPTER FOUR
THE OPERATIONAL AMPLIFIER

ANALYSIS USING THE IDEAL OP-AMP MODEL

4.1:

4.2:

4.3:

4.4:

4.5:
4.6:

4.7:

4.8:

4.9:

4.10:

4.11:
4.12:

Vg =

Ry = -~
Ry = 5MQ, Ry =40,000Q

(a) G = - 5, Rin = 20k, (b) G = — 2, Rin = 50k,
(c) G = —0.25, Riy = 40kQ

(a) G = — 1, Rip = 50k, (b) G = — 3, R = 25kQ2,
(¢) G = —8,Ri, = 11k§

Vo/v; = 50

___  RoRs(R4+Rs)
Ri(R3R4 + R3Rs5 + RaRy)

(a) G=10, (b) G=18, (c) G =12
Vo =24V

R R: R,
vo=(1+ 2)( 2 )'Ui2""—2")ilv'vo=vi2_'uil

E R+ Ry Ry

AR = —(Rﬁ&)%‘?

Ro R, + Ry
—E[H-( Ry
R

B

)] v;, Ry = 10,9000

==80kQ

GENERAL SUMMING AMPLIFIER PROBLEMS
(THE IDEAL OP-AMP MODEL)

4.13:
4.14:
4.15:

4.16:
4.17:
4.18:

v, =5V

U3 = 3V

v, =20V

Ry =20k, Ry2 = 2.5k, Ry 3 = 2kQ
io, = — 1.06mA P = 2.592mW

v, = 34.29V
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NON IDEAL OP-AMPS: FINITE OPEN LOOP GAIN

4.19: v, =-19.76V
4.20: A =T74.00
4.21: Ry =~ 202,5000
4.22: R; ~ 10,5609
SATURATION EFFECTS
4.23: see sketch in example,
4.24: for negative saturation, 7.85 ms to 23.56 ms
for positive saturation region, 39.27ms to 54.98ms
4.25: —20mV <y < 0mVo, =-24V
4.26: (a) v, =—2.5V,1Jd=0V,(b) v=8V,05=-0.80V

(c) vo=~8V,04=-16V
SELECTION OF OPERATIONAL AMPLIFIER COMPONENTS
4.27: Ry = 100k, AR = 16,67k, Ry = 100kQ2
Ra1 = 12.5kQ, Ryy = 25k0), Ryg = 50k0
Ry = 33.33k00, Ryp = 16.6740, Ry = 11.11k0
4.28: Yo =5V
4.29: Ry = 100k€2, Ry = 12.5k0, R,y = 25kQ
Raz =50k, Ry = 100k, Ry = 12.5k0)
Ry = 20kQ, Ryp = 50k
4.30: Vo= -8V

CHAPTER FIVE
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SUPERPOSITION AND SOURCE TRANSFORMATIONS

LINEARITY

5.1: (a) linear, (b) nonlinear

5.2: linear

5.3: linear

5.4: nonlinear

5.5: nonlinear
PROPORTIONALITY

5.6: 13 =18 A,I4 =3A V]g = 24VV14 =14V

5.7 Is =3A,V3 =12V

5.8: Iy =4A, I = 4/3AV, = 16/3V

5.9: L=1AI; =3AV3 =24V

5.10: Ig =9A, Iy =9/20AV; =63/5V
SOURCE TRANSFORMATION PROBLEMS

5.11: (a) T=4A,R=6Q,(b)  =2A,R=6Q

() I=2[,AR=2Q
5.12: (a) V=28V,R=7Q,(b) V=32V,R=4Q
(c)V=2ILVR=40

5.13: V=18V,R=18(

5.14: V=24V,R=80Q

5.15: V=33V,R=220Q
SUPERPOSITION PROBLEMS

5.16: I=3A

5.17: I=3/4A

5.18: I =3420A

5.19: I=-0.323A

5.20: V=-55V

5.21: I=5/14A

5.22: V=-8/11V

5.23: I=-0.261A

5.24: Vs =22V

5.25: P =1814mW
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SUPERPOSITION AND OPERATIONAL AMPLIFIERS

5.26:

5.27:
5.28:;

5.29:

5.30:

_ B
'Uo - Rl (/012 - Uﬂ)

R =25k}
Vo =6.5V
R
L+ o R
Vo = ‘Fi‘ Viz = 5
L+ 5 By

4
Ry =50k, Ry = 40kQ

119

CHAPTER SIX
THEVENIN, NORTON AND
MAXIMUM POWER TRANSFER THEOREMS

THEVENIN AND NORTON THEOREMS FOR
NETWORKS WITHOUT CONTROLLED SOURCES

6.1: R=12Q

6.2: Vi = 19.51V Ry = 7.63Q)
6.3: I1=0.718A

6.4: I =0.352A

6.5: Iy 0.0965A Ry = 60082
6.6: Vag0 = 755.53V

6.7: R=238Q

6.8: Iy =3/4A

THEVENIN AND NORTON THEOREMS FOR
NETWORKS WITH CONTROLLED SOURCES

6.9: P]2 =117.6W

6.10: Iy =5.00mA, Ry =1800Q

6.11: Lg=3A

6.12: Iy =22/7TA

6.13: Lg =371A

6.14: Pypp = 7.68W

6.15: I =5.76 A

6.16: I3=-96A
MAXIMUM POWER TRANSFER

6.17: R=3Q, P=12W

6.18: R=169Q, P=324W

6.19: R=30/7Q, P=336W

6.20: R=11009Q, P=16.5TW

6.21: R=1601, P~ 2007W

6.22: R=3619Q, P = 2763W
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CHAPTER SEVEN
INDUCTORS, CAPACITORS AND DUALITY
INDUCTORS
7.1: v =125V
7.2: Leq = = 0.200H
7.3: p = 12,800 sin 800t W
7.4: (a) wr(t = 0s) = 0J, (b) wr(t=0.5s) =0.1823J
(c) vr(t = 0.55) = 0.2068V, (d) p(t = 055) = 0.1974]
7.5: Leg == 2.20H
7.6: (a) pr(t = 5s) = 8000W (b) wy{t =5s) = 0W
() ps(t = 55s) = 80B0W (d) Wr(0 — 4s) = 6826.67)
(e) Wr(0 — 4s) = 1287 (£} Wi{0 — 4s) = 6954.67)
7.7: (a) p(t = 7/200s) = OW (b) p(0 — 7/20s) =
7.8: W(0 —1.25) = 22.38J
7.9: R=4Q
7.10: i1 =T7T5A,ip=5A
7.11: Ly = 40H,L, = 1.0H
7.12: see sketch
CAPACITORS
7.13: 1 = 1.50c0s 250t A, ¢ = 6sin 250t mC
7.14: W =0.160J
7.15: Q1 =2004uC, Qs = 400 uC
7.16: Coq = 80uF
7.17: p = 576sin 800t W
7.18: Ceq = 232uF
7.19: (a) pr{t = 45) = 12.80W (b) p(t = 45) =8W
() ps(t = 4s) = 20.80 W, (d) Wa(0 —»48) =287]
(e) We(0 — 4s) = 24J, (£) W(0— 45) = 53.87J
7.20: We = —74.91 pJ removed.
7.21: We = 4.088 mJ
7.22: C =60 uF
7.23: v1 =15V,09 =5V
7.24: see sketch
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8.1:
8.2:
8.3:
8.4:
8.5:
8.6:

CHAPTER EIGHT
FIRST ORDER RL AND RC CIRCUITS

THE EXPONENTIAL FUNCTION
q(t =0) =200xC,T = 2.50ms, ¢(t = 0.625ms) = 155.76 uC
o(t = 0) = 1200V, T = 0.20s, v(t = 32.5ms) = 1020V

i(t=0) = 64.67A, ¢ = 265ms

v(t = 125ms) = 877.9V,v(t = 2.1255) = 5.92V

i(t=0) = 800A,T = 0.25s
v(t=0) =88V, T = 20ms

EVALUATION OF INITIAL CONDITIONS

8.7:

8.8:

8.9:

in(07) = 4/3A  ig(0-)=4/3 A
v (07) =0V ig(0%) = 4/3A
vo(0t) =8/3V  wr(0T)=-32V
iRl(O_) = 4/3A iL(O-) =2A

v(07) =0V vri1{07) =8V
ig1(07) = 2A ir(0Y) =2A

v (0Y) = -8/3V wg(0%) =8V
ig1(07) =4A i(0Y) =0A

v (0F) =24V vg1(0F) = 16V
iR1(0+) =4A vm(0+) =48V
ipa(0) = 4A ic(0t) =4 A
ve(0t) =0V

ic(07) =
lL(0+) = 4/3A
zL(O+) = —32A/s
( ") =0A
0-) =8/3V

1,0(0+) =2/3A
ve(0%) = 8/3V
ic(0T) =4A
ve(0F) =40V
vp(0%) = 200V /s
vp3(0t) =0V

THE UNDRIVEN FIRST ORDER NETWORK

8.11:
8.12:
8.13:
8.14:

8.15:
8.16:
8.17:

8.18:

i(t) = ge'm A
v(t) = — 240e~ 12V
v(t) = 18e~ 2V

g = 2= 1000t/3

v(t) = 200~ 10101
i(t) = 0.014e~ 125t A
v(t) = 30e~ %V

1

i = -e” 128¢/9 A, 'Ul2(t) = Ge~ 128t/9

2

ve(07) =8/3V
ic(0t) =0A

iRz(O_) = 4/3A
vpe(07) = 8/3V
ira(0) = 4/3A
vL(0%) = 16/3V /s

ipa(0%) = 4A
i (0%) = 12A/s
in3(0+) = 0A
vpa(0%) = 32V
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CHAPTER EIGHT
FIRST ORDER RL AND RC CIRCUITS

THE EXPONENTIAL FUNCTION

8.1:
8.2:
8.3:
8.4:
8.5:
8.6:

q(t = 0) = 2004C,T = 2.50ms, gt =0.625 ms) = 155.76 uC

u(t =0) = 1200V,T = 0.20s,o(t = 325ms) = 1020V
i(t = 0) = 64.67A,¢ = 65ms
v(t = 125ms) = §77.9V,v(t = 2.1255) = 592V

i(t = 0) = 800A,T = 0.25s
v(t =0) = 8V, = Mus

EVALUATION OF INITIAL CONDITIONS

8.7:

8.8:

8.9:

8.10:

ir(07) =434  y(0) =434 ic07)=0A  vg(07) =8/3V
v(07) =0V ir(0T) =4/34 i(0*) = 4/3A ic(0t) =0A
vo(0*) =83V (1) =-22v ,(0%)

ir1(07) =434 i(07)=24  ig(0n)

v(07) =0V (0 =
im(0) =24 0Y)=24  i(0f)=2/3A  imy(0*) = 4/3A
vp(07) ==8/3V wm(0%) =8V  ue(0) =8/3V v, (0F) = 16/3V/s
ip1(0%) = 4A ir(0t) =04 io(0t) = 4A ir2(0%) = 4A

v (0) = UV oot =40V i (0F) = 12A/s
iRl(0+) =4A Um( ) = 200V/S 1}13(0+) = OA
ir2(0%) =44 (0" =44 ug0h) =0V wg(0*) = 32V
ve(0F) =0V

.(;A 1'32(0—) = 4/3A
8/3V ’URz(O_) = 8/3V

THE UNDRIVEN FIRST ORDER NETWORK

8.11:
8.12:
8.13:
8.14:

8.15:
8.16:
8.17:

8.18:

ity = 5™
o(t) =~ 202
o(t) = 18~ 2V

V16
v(t) = 200~ 100ty
i(t) = 0.014e~ 129 4
v(t) = 30e~*V

12
_ 73 ¢~ 1003y

1
iL = 3 ¢~ 12849 A, ugt) =6~ By

THE DRIVEN FIRST ORDER NETWORK

8.19:

8.20:
8.21:
8.22:
8.23:
8.24:
8.25:

i) = %e—lSt/IG A, ig(t) = %e—l5t/16A

vi(t) = 9%V, vo(t) = 27e~3V

t; = 56.8 ms, iy = 36.6 ms, t3 = 11.1ms, ratio = 3.29
R; =910.2Q, Ry = 182040

v(t) = 31.272(e= 9%t — 1)V

i(t) = 3.061 — 0.642¢~ 5765t A

i(t) = 2.600 + 5.178¢~ 14,285 A

THE DRIVEN FIRST ORDER NETWORK - ALTERNATE SOLUTIONS

8.26:

8.27:
8.28:
8.29:
8.30:

in(t) = %e— 1916 5 (1) = %e— 15/16
i(t) = 3(1 — e ¥) A

v(t) = 31.272(e 3%t — 1)V

i(t) = 3.061 — 0.642¢~5765 A

i(t) = 2.600 + 5.178¢~ 14285 A

OPERATIONAL AMPLIFIERS

8.31:
8.32:
8.33:
8.34:
8.35:

C=5uF

v, =82V

vo = 125in400¢ — 6(cos400t—1) V
see circuit diagram

see circuit diagram
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CHAPTER NINE
SECOND ORDER RL AND RC CIRCUITS
THE SINUSOID
9.1: V =120V,w = 160r 1ad/s, ¢ = - 1.973rad
9.2: I = 40ma,w = 50,0007 rad/s, ¢ = - 0.20rad
9.3: Q=2uCuw= 125mradfs, ¢ = 7 rad
9.4: V = 208V,w="7646.Trrad/s, ¢ = Orad
9.5: f =66.67Hz,T = 15ms
9.6: I = 20mA,w = 1007 rad/s, ¢ = ~ 1.2901ad
FORMS OF RESPONSE
9.7: L =0.10H
9.8: L = 0.171H,( = 0967,y = 4181ad/s
L = 2.067H,( = 0.248,w, = 6.19rad/s
9.9: C =488.3F
9.10: C = 0.00125F, ¢ = 0.941
C = 0.009645F, ¢ = 0.339
9.11: R=03190
9.12: C = 0.00651F
UNDRIVEN SECOND ORDER NETWORKS
9.13: it) = % (e*ﬁi - 4
9.14: vL(t) = 96~ %(35in 8t ~ 2cosBt) V
9.15: v(t) = 131 (86"8‘ —Se"at),V
9.16: iz (t) = e~ 2%(0.180sin 400t +0.360 cos 400) A
9.17: vo(t) = —96te=8ty
9.18: v (t) = 160(e= % — ¢~y
DRIVEN SECOND ORDER NETWORKS
9.19: v(t) = Ue B _ge-dt y
9.20: i(t) =9 tsin2A
9.21: v(t) =e~ ¥ 12cm3t+5—;sin3t)v
9.22: i(t) =8te=2 A
9.23: v(t) = 8e~% 4128t 2 vV
9.24: i(t) = 24(e~% -~ A

CHAPTER TEN

SINUSOIDAL STEADY STATE
ANALYSIS BY PHASOR METHODS

COMPLEX NUMBER ALGEBRA

10.1:
10.2:
10.3:
10.4:
10.5:
10.6:

10.7:
10.8:
10.9:
10.10:

6 + 74,7.211/33.69°, 7.211¢%36%°
2.828/—81.87°,0.40 — 2.80, 2.828¢~8147°
145.00/—46.40°,100 — 7105, 145¢~ 46-40°
1001/2/98.13°, — 20 + 7140, 100/2¢%1%°

~0.35 — j2.55,2.574/—97.82°, 2.574¢~ 9782°
30.198/—88.47°,0.804 — ;30.187,30.198¢~ 8847
32.330/=162.33°, — 30.804 — 9.813,32.330¢~ 162.33°
1.130/58.74°,0.586 + 70.966, 1.130e%8.74°
36,055/=130.05°, — 23,200 — 727, 600, 36, 055¢ 130-05°
— 44 — 7104,112.93/-112.93°,112.93¢~ 1229%°

19 + 532,37.22/59.30°, 37.22¢%%50°

IMPEDANCE AND ADMITTANCE

10.11:
10.12:
10.13:
10.14:
10.15:

PHASORS
10.16:
10.17:
10.18:
10.19:
10.20:
10.21:
10.22:
10.23:
10.24:
10.25:

Z(w = 400rad/s) = 20Q

Z(3200rad/s) = 29.2Q

Y(w = 7100rad/s) = 0.01/36.87° U = 0.008 + 0.006 U
Y (s = 55001ad/s) = 0.01/=36.87° U = 0.008 — 70.006 U
Z(w = 1000rad/s) = 150 — 580 = 170/=28.07°Q

f(t) = 4v/2cos(wt — 135°)
f(t) = 136 cos(wt — 118.07°)
F(t) = 75 cos(wt + 143.13°)

~—

f(t) = 182 cos(wt + 112.62°)
f(#) = 100 cos(wt + 73.74°)
f(t) = —220coswt + 165 sinwt

f(t) = — 150 coswt — 360 sin wt

F(t) = 768 coswt — 224 sinwt

f(t) = —103.92coswt — 60sinwt
f(t) = = 5004/2 coswt + 500v/2 sin wt

125
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10.26: V = 208/60° V, 104 + 7180.13V, 208¢"° V

10.27: i=4v2/-135°A, —4— J4A, 4215 A

10.28: i = 120v/3/15° A, 200.76 + 553.79 A, 120y/3¢! &

10.29: V = 1750/=163.74° V, 1680 — 490V, 1750e~ 187y

10.30: V = 400/90° V, 0 + 7400 V, 400¢*® V

10.31: ig(t) = 16.731cos(377¢ + 155.27°) A

10.32: va(t) = 148.86 cos(377t 4 120.70°) V

10.33: R, =42Q,Ly = 0.024H,R, = 60,Cy = B.U4uF

10.34: V = 415.93/117.18°, Zeq = 20+ 71250
LADDER NETWORKS AND PHASOR DIAGRAMS

10.35: See solution for phasor diagram.

10.36: See solution for phasor diagram.

10.37: See solution for phasor diagram.

10.38: See solution for phasor diagram.

10.39: See solution for phasor diagram.
NETWORK ANALYSIS

10.39: i, = 8/126.87° A, V¢ = 320v/3/8187°V

10.40: Vg = 76.80/16.26° V, I = 400/-110.61°mA

10.41: i, = 2v/2/-45° A, Vo = 400/90° A

10.42: Vg = 160/53.13° A, iy = 4/53.13°V

10.43: ip = 0.973/46.85° A

10.44: i = 8/126.87° A, V¢ = 452.54/81.87°V

10.45: i, = 400/—110.61° mA, Vg = 76.80/16.26° V

10.46: ip = 4/53.13°mA, Vy =T6. SOMW

10.47: ip =0.973/46.85° A

10.48: 2v/2/—45° A

10.49: 2v/2/—45° A

10.50: Vi = 118.89/=117.16°V

10.51: Ve = 480v/2/45° V

10.52: ip =8.34/=98.13° A

10.53: ip = 8/36.87° A

10.54: Ve = 480/2/45° V

10.55: ir = 0.973/46.84° A

10.56: ir = 10.67/0°A

10.57: ic = 4/180° A
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CHAPTER ELEVEN

SINUSOIDAL STEADY STATE
POWER CALCULATIONS

AVERAGE AND EFFECTIVE VALUES

11.1:
11.2:
11.3:
11.4:
11.5:
11.6:

Vavg = 0.850V, Veg = 2.345V
Iavg =0.800V, Veg = 2.450A
avg = 0.611V, Vog = 2271V
Tvg = —0.600A, Lg = 1.915V
Vavg = 1.637V, Vig = 2.828V
Vavg = 2/3V, Vog = 1.856 V

AVERAGE POWER IN THE
SINUSOIDAL STEADY STATE

11.7:
11.8:
11.9:

11.10:
11.11:
11.12:
11.13:
11.14:
11.15:
11.16:
11.17:
11.18:

Payg = 103.68W, PF = 0.800
Payg = 3075 W, PF = 0.6932
Pavg = 230.6W, PF = 0.9027
Py = 9192W, PF = 0.7365
C=20uF

R=600Q,C = 10uF

Pioq = 1141.7TW, Poq = = 933.9W, Pyq = 306.8 W
S = 1556.9/~1.61° VA

S = 5971.4/35.84° VA

S =12.21/8.42° VA

S = 2688+/2/45° VA

P =360W, S = 402.49/26.57° VA
|S] = 402.49 VA, PF = 0.8944

POWER FACTOR CORRECTION

11.19:

11.20:

11.21:

11.22:

P =1479.85W, Q = 741.41 VAR, |S| = 1655.19 VA
PF =0.8%41, Qcorr = — 255 VAR, C = 10.82 uF

P =536W, Q = 292VAR, |S| = 610.38 VA

PF =0.8781,Qcorr = —88.7TVAR, C = 23.53 uF

P =2520W, Q = 2200 VAR, |S| = 3345.2VA

PF =0.7533, Qcorr = — 1126.5 VAR , C' = 44.20 uF
P =3120W, Q = 1760 VAR, |S] = 3582.2VA

PF =0.8710, Qcorr = — 680.1 VAR, C = 6.77 uF
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MAXIMUM POWER TRANSFER
11.23: 7, =50+ 7108.2202
11.24: o =10+ 524Q, P, = 125W

11.25: Z,=20+315Q, P, = 2000W
11.26: Z,=150- j2009, P, = 341.6 W

CHAPTER TWELVE

THREE PHASE POWER SYSTEMS

BALANCED SYSTEMS

12.1:
12.2:
12.3:
12.4:

12.5:

12.6:

12.7:

12.8:

12.9:

12.10:

12.11:

12.12:

P =2160W

P =2764.8W

i = 30/0° A, i, = 30/=120° A, i. = 30/120° A

Van(t) = 120.00 cos(377t + 0°) V, vpn(t) = 120.09 cos(377¢ — 120°) V
Ven(t) = 120.09 cos(377t + 120°) V, va(t) = 208 cos(377¢ + 30°) V
Vpe(t) = 208 cos(3TTt — 90°) V, V oy = 208 cos(377t + 150°) V

Van(t) = 120.09 cos(377¢ + 0°) V, vpn(£) = 120.09 cos(377¢ + 120°) V
Ven(t) = 12000 cos(377¢ — 120°) V, vas(t) = 208 cos(377t — 30°) V
Use(t) = 208os(377t + 90°) V, vea(t) = 208 cos(377¢ — 150°) V
Vap(t) = 208¢os(377¢ + 0°) V, vpe(£) = 208 cos(377¢ + 120°) V

Vo = 208 cos(377¢ — 120°)V

vas(t) = 208 cos(377¢ + 0°) V,

Vge(t) = 208 cos(377t + 120°) V

Veq(t) = 208 cos(377t — 120°) V

Van(t) = 254cos(377t + 0°) V, vpn () = 254 cos(377t — 120°) V
Ven(t) = 254 cos(3TTt + 120°) V, ugs(t) = 440 cos(377¢ + 30°) V
Vse(t) = 440 cos(3TTt — 90°) V, veq(t) = 440 cos(377¢ + 150°) V

ian(t) = 10.16 cos(377t ~ 36.87°) A, ipn (t) = 10.16 cos(377t ~ 156.87°) A,

icn(t) = 10.16 cos(377¢ 4 83.13°) A

P =6193.5W

Van = Var = 138.6/0°V, Vgy = Vi, = 138.6/=120°V
Ven = Ve = 138.6/120°V, iay = 4.62/—36.87° A

ipy = 4.62/—156.87° A, icy = 4.62/~83.13° A

P = 1536.8W

Van = Van = 138.6/0°V, Vgy = Vi, = 138.6/-120°V
Ven = Ven = 138.6/120°V, ign = 3.47/=53.13° A

iy = 3.47/=172.13° A, icy = 4.47/66.87° A

P =865.7W

Van =138.6/0°V, Vpy = 138.6/~120° V

Ven = 138.6/120°V, V 45 = 240/30°V

Ve = 240/=90°V, Vap = 240/30°V, V4 = 240/160°V
iap = 8/=6.87° A, ipc = 8/—126.87° A,

ica =8/113.13° A, P = 4608 W
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12.13:  igp = 4.80/13.74° A, ipc = 4.80/=106.26° A
ica = 4.80/133.74° A, P = 3317.8W
12.14:  V,, = 138.6/0°V, V},, = 138.6/=120° V
Van = 138.6/120° V, V 45 = 240/30° V,
Ve = 240/=90° V, Voa = 240/150° V
P 2660.4W
12.15: P = 1496.5W
12.16:  V4p =240/0°V, Vo = 240/=120°V
Vea = 240/120°V, iap = 8/—36.87° A,
Vpe = 8/-156.87° A, Vou = 8/153.13° A
P = 4608 W
12.17: P =3317.8W
UNBALANCED SYSTEMS
12.18: P =92857.2W
12.19: P =1346.9W
12.20: ip = 24.25/=150° A
12.21: i) = 15/=36.87° A, iy = 10/=173.13° A,
’ i3 = 7.5/165° A, i, = 9.74/57.96° A
12.22: i) = 15/—36.87° A. iy = 10/66.87° A,
i3 = 7.5/=T5° A, i, = 19.21/158.47° A,
12.23: P =2604.3W
12.24: PF =0.8861
12.25: P = 3540W
12.26: PF = 0.9909
12.27: P =1055.9W





