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Author Note

Author Note

This book is the companion to Circuit Analysis and contains step-by-step solutions to each of the end of
chapter questions. The intent behind this solution manual is for students to check their work in detail, and
to provide help in case a student doesn’t know how to either start or continue working out an example.

I cannot guarantee that this resource is free from typos. I will, however, do my best to implement your
feedback if you find any issues with the text. Feel free to e-mail me at pasqualeal85Qcod.edu with your

notes.

License and Attribution Information

This book is licensed under creative commons as CC-BY-SA-NC. This license allows reusers to distribute,
remix, adapt, and build upon the material in any medium or format for noncommercial purposes only, and
only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must
license the modified material under identical terms. For more information, visit https://creativecommons.
org.

This license (CC-BY-SA-NC) includes the following elements:
® BY - Credit must be given to the creator
® NC — Only noncommercial uses of the work are permitted
©® SA — Adaptations must be shared under the same terms

The suggested attribution for this book is “Circuit Analysis Solutions” by Alyssa J. Pasquale,
Ph.D., College of DuPage, is licensed under CC BY-NC-SA 4.0.

The entirety of this work was created by Alyssa J. Pasquale, Ph.D. The cover photograph is by the author
and is a collection of circuit components (capacitors, trimmer pots, trimmer capacitors, soft potentiometers,
inductors, toggle switches, transistors, resistors, diodes, light-emitting diodes, and incandescent lamps). All

circuit diagrams, equations, and figures in this text were created by the author using IXTEX libraries.
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Changelog

Changelog
Date | Chapter(s) | Description of Change(s)
2021-06-02 | all First edition of this book published online
2021-06-03 | 11 Changed terminology to inverse Laplace transform
2025-03-17 | 1 Corrected typo in question 13 solution
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1 Chapter 1 Solutions

1 Chapter 1 Solutions

1.1 Power

1. How much power is supplied by the unknown element shown in figure 1.17

-5 mW

—L

] [

+3 mW

—

Figure 1.1: Circuit schematic for power question 1.

Use conservation of power to find the unknown quantity.

0=10mW -5 mW + P+ 3 mW

P=-8mW

The unknown element supplies 8 mW of power. (The negative sign on the power means that power is

supplied. A positive sign means that power is absorbed by the circuit element.)
2. A voltage source supplies 12 V and has a power consumption of 5 W. How much current is
the voltage source supplying to the circuit?

Use the instantaneous power equation P = I'V to solve for current.

_5W
T 12V

=0.416 A

= 416.67 mA
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1 Chapter 1 Solutions 1.1 Power

3. Which of the circuit elements shown in figure 1.2 (a) absorb power and (b) deliver power?

Current flows clockwise through the circuit.

Figure 1.2: Circuit schematic for power question 3.

Analyze the direction of current flow relative to the voltage drops. Current flows from high to low
potential in elements A, B, and C. Therefore elements A, B, and C absorb power. Current flows from low

to high potential in element D. Therefore element D supplies power.

4. Calculate the power consumed by a circuit when the voltage is v(t) = 5 cos(2750t) V and the
current is i(t) = 0.1 cos(2750t) A.

Use the instantaneous power equation p(t) = i(t)v(t).

p(t) = (0.1 cos(2750t) A) (5 cos(2w50t) V)

= 0.5 cos?(2m50t) W

5. Calculate the power consumed by a circuit when v(t) = 3t V and i(t) = 406(t — 5) mA.

Use the instantaneous power equation p(t) = i(t)v(t).

p(t) = (406(t — 5) mA)(3t V)
= 120t8(t — 5) mW
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1 Chapter 1 Solutions 1.2 Sinusoidal Waves

1.2 Sinusoidal Waves

6. What are V,,, Vpc, f, and ¢ of the function v(t) = 3.8 cos(2720t 4+ 257/180) + 3 V?

A sinusoidal wave takes the form of V,,, cos(27 ft + ¢7/180) + Ve (given f in units of Hz and ¢ in units of

degrees). Therefore carefully analyze the function to determine the values of each property.

Vin =38V

Vb =3V
f=20Hz
¢ = 25°

7. What are V,,, Vpp, and T of the function v(t) = 2.19 cos(2740t — 207 /180) +6 V?

A sinusoidal wave takes the form of V,, COS(% + ¢7/180) + Vpe (given ¢ in units of degrees). Vpp is equal

to twice the amplitude. Therefore carefully analyze the function to determine the values of each property.

Vip =219V
Vep =4.38 V
T =0.025s

8. What are V,,, Vpc, and f of the function shown in figure 1.37

3
S 2
— 1
T 0
~1

Figure 1.3: Waveform for sinusoidal waves question 8.

The sinusoidal wave voltages oscillate between —1 V and 3 V with an average value of 1 V. The amplitude

is equal to the distance between equilibrium (1 V) and peak displacement (3 V).

Vn=3V-1V
=2V
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1.2 Sinusoidal Waves

1 Chapter 1 Solutions

The DC offset is equal to the average value of the waveform.

Vbe=1V
Use the

The first peak shown on the graph occurs at 0 s with the second peak occurring at 8 ms

relationship between period and frequency f = 1/T to calculate the frequency of the wave.

T 0.008s
— 125 Hz

9. Sketch the function i(t) = 400 cos(2w100t + 457/180) + 200 mA.

Identify the waveform properties.

I, =400 mA

Ipc = 200 mA
f =100 Hz
T =10 ms
¢ = 45°

The minimum and maximum currents can be calculated based on the values of I,,, and Ipc¢.

Iyiax = Ipec + I, = 600 mA

IJMIN = IDC — Im = —200 mA
The first minimum will occur when the argument of the cosine function is equal to . 5 ms later the

maximum will occur.

45
7= 21100t a1y + Kf(;
200ty = 1 — 2D
MIN = "7 180
1— 45
— 180 _ L .
tarin =~ = 0.00375 s = 3.75 ms

The waveform is shown in figure 1.4.

Last updated: 2025/03/17
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1 Chapter 1 Solutions 1.3 Sources

Figure 1.4: Waveform for sinusoidal waves answer 9.

10. What minimum DC offset should be added to i(¢) = 30 cos(27200t — 507/180) mA to prevent

any negative values from occurring on the output?

For i(t) to remain positive, the minimum allowable current will be 0 mA. Use the relationship between

minimum value, DC offset, and amplitude to calculate this value.

Iniv = Ipc — I,
Ipc =Inmin + I
=0 mA + 30 mA
=30 mA

1.3 Sowurces

11. What kind of dependent source is shown in figure 1.57 How do you know?

Vx
.t
L 1 L |

w & e

Figure 1.5: Circuit schematic for sources question 11.

The dependent source is a VCVS. The controlling value is Vy, a voltage drop. The symbol on the source

is a + and — sign indicating that it is a voltage source.
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1 Chapter 1 Solutions

1.3 Sources

12. What kind of dependent source is shown in figure 1.67 How do you know?

3.2Ix

®

| + |

®

Ix

Figure 1.6: Circuit schematic for sources question 12.

The dependent source is a CCVS. The controlling value is Ix, a current flow. The symbol on the source

is a + and — sign indicating that it is a voltage source.

13. Calculate the current supplied by the dependent source as shown in figure 1.7.

0.2Ix T

O

o

Ix

L

Figure 1.7: Circuit schematic for sources question 13.

The ammeter reads a value of 4.8 mA, and the high potential end of the ammeter is depicted with a +

sign. The controlling current (Ix) is therefore in the opposite direction as the measured current and has a

value of -4.8 mA. Use the relationship on the CCCS to determine the value of the source current.

E@®SO Alyssa J. Pasquale, Ph.D. 11

Is = 0.2
=0.2(—4.8 mA)

= —0.96 mA
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1 Chapter 1 Solutions 1.3 Sources

14. Reduce figure 1.8 to a circuit that contains only one independent source.

—L

Yoler

Figure 1.8: Circuit schematic for sources question 14.

The two voltage sources can be added because they are in series with each other. The reduced circuit

diagram is shown in figure 1.9.

—_
O

Figure 1.9: Reduced circuit schematic for sources question 14.

15. Reduce the circuit given in figure 1.10 as much as possible.

0.4Ix

L] S —1

e O

Ix

Figure 1.10: Circuit schematic for sources question 15.

Combine the 10 V independent source with the dependent source. The 8 V source cannot be combined

because it is not in series with the other sources. The reduced circuit diagram is shown in figure 1.11.

0 v-nar (1) (Dsv

Ix

Figure 1.11: Reduced circuit schematic for sources question 15.
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1 Chapter 1 Solutions 1.4 Elementary Signals

1.4 Elementary Signals

16. Find an equation for the signal shown in figure 1.12.

Figure 1.12: Signal for elementary signals question 16.

The left-most delta function occurs at ¢ = —4 s and has an amplitude of 2. The next occurs at t = —2 s
and has an amplitude of —1. The next occurs at ¢ = 0 s and has an amplitude of —1. The right-most delta

function occurs at t = 5 s and has an amplitude of 1.5. Add each of the delta functions together.
f(t) =20(t+4) —6(t+2) —0(t) + 1.55(t — 5)

17. Find an equation for the signal shown in figure 1.13.

= 0 l—
-1
_9 }
—6 -5 —4 -3 -2 -1 0 1 2 3 4 5 6

Figure 1.13: Signal for elementary signals question 17.

Option one is to use step functions to create this signal. The first step function occurs at t = —4 s with
an amplitude of 1. At t = —1 s another step function with amplitude of 1 is added. At t = 1 s another
step function of amplitude —3 is added. At ¢t = 4 s a step function with amplitude of 1 is added. After that

point, the signal remains constant at zero.
f@)=ult+4)+ut+1)—3u(t—1)+ult—4)

Option two is to use the rectangular pulse function to create this signal. The first pulse is centered at
t = —2.5 s, has a width of 3 s, and an amplitude of 1. The second pulse is centered at t = 0 s, has a width
of 2 s, and an amplitude of 2. The third pulse is centered at ¢t = 2.5 s, has a width of 3 s, and an amplitude
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1 Chapter 1 Solutions 1.4 Elementary Signals

of —1.

f(t) = rect (t +32'5> + 2 rect (;) — rect (t _32'5>

18. Sketch the function f(t) =3 tri(t +2) — 2 tri (:32).

The first term in the expression is a triangle function centered at ¢ = —2 s, has a half-width of 1 s, and an
amplitude of 3. The second term in the expression is centered at ¢t = 5 s, has a half-width of 5 s, and an

amplitude of —2. The sketch is shown in figure 1.14.

t(s)

Figure 1.14: Signal function for elementary signals question 18.

19. Sketch the function f(t) = 3u(t 4+ 5) + Su(t).

The signal has a value of zero until ¢ = —5 s when a step function with amplitude 3. The function will have
a constant amplitude of 3 until ¢ = 0, at which time a ramp function with a slope of one-half is added. The

sketch is shown in figure 1.15.

—~
-~

=
S~

6
4
2
0

—6 -5 —4 -3 -2 -1 0 1 2 3 4 5 6
Figure 1.15: Signal function for elementary signals question 19.

20. If the charge in a circuit is measured as ¢(t) = 2 tri (1£%) + 0.5¢tu(t) — 1.5(t — 4)u(t — 4) + 1.5(t —
8)u(t —8) — 0.5(t — 12)u(t — 12) C, sketch the current.

Current is equal to the derivative of charge. Charge is plotted below in figure 1.16 to make it easier to

visualize.
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1 Chapter 1 Solutions 1.4 Elementary Signals

g 1
= -1
-2+ 1
-10 -8 —6 —4 —2

t(s)

Figure 1.16: Signal function (charge) for elementary signals question 20.

Calculate the slope at each interval of time. Current is shown below in figure 1.17.

1+
< 057 D — 1
g 0
= 05|
-1+ i ; ; ; ; 1 1 1
—10 -8 —6 —4 -2 0 2 4 6 8 10 12 14

t(s)

Figure 1.17: Signal function (current) for elementary signals question 20.
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2 Chapter 2 Solutions

2 Chapter 2 Solutions

2.1 Equivalent Resistance

1. Calculate the equivalent resistance of the resistors shown in figure 2.1.

Ry

R, —\N\N—
O—/\/\/\/—0 R3 —O
A

Figure 2.1: Circuit diagram for equivalent resistance question 1.

Combine R; and Rj3 in parallel. Then combine that result in series with R;.

RyR3

Rpg = Ry + —228
EQ "Ry + Ry

2. Minimize the circuit diagram shown in figure 2.2 as much as possible.

130 mA
=
24 Q) 47 Q
— AV AN—
18 O
10 Q§ ;33 Q
2V

Figure 2.2: Circuit diagram for equivalent resistance question 2.

The only things that can be combined in this circuit is the series combination of 10 €2 and 24 Q. The

reduced circuit diagram is shown in figure 2.3.
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2 Chapter 2 Solutions 2.1 Equivalent Resistance

130 mA

)
N

47 Q

NNN—1

34 Q 33 Q
2V

Figure 2.3: Circuit diagram for equivalent resistance answer 2.

3. Use the circuit diagram shown in figure 2.4 to calculate the equivalent resistance between

nodes a and b. Each resistor has a value of 1 k().

a 2

e VAVAVE T

Figure 2.4: Circuit diagram for equivalent resistance questions 3.

Re-draw the circuit.

a

1 kQ

Combine all series resistors.
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2 Chapter 2 Solutions 2.1 Equivalent Resistance

2 k2 1 kQ

1 k2 1 k2 2 kO

Either a wye-delta transform or a delta-wye transform can be performed to solve this circuit. The

following solution utilizes a wye-delta transform.

1 k2 1 k2 2 kO

(@l

Calculate each of the delta resistances.

(2 kQ)(1 kQ) + (1 kQ)(1 k) + (2 kQ)(1 kQ)

Ry — G =5 kO
R, 2KV kD) +(1 k;nk((lz KO+ @KLY, o
R, CEOKY 41 kf12)k(§12 k) + k)P KY) o

Re-draw the circuit.
a b

5 kQ2

1 k2 2 kQ
5 kQ 5 kQ

e
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2 Chapter 2 Solutions 2.1 Equivalent Resistance

The equivalent resistance can be calculated using parallel and series combinations.

Reo = ((2kQ)//(2.5 kQ) + (1 kQ)//(5 kQ))//5 kQ
= (1.11 k2 + 0.83 kQ2)//5 k2
= 1.94 kQ//5 kQ
—1.4kQ

4. Use the circuit diagram shown in figure 2.5 to calculate the equivalent resistance between

nodes b and c. Each resistor has a value of 1 k).

— NV

Figure 2.5: Circuit diagram for equivalent resistance questions 4.

Re-draw the circuit.

1 kQ 1 kQ
b
1 k2
1 kQ 1 k)
1 k2
1 k2
. C

The equivalent resistance can be calculated using parallel and series combinations.

Rpo = ((3kQ//1kQ) +2kQ)//1 kQ
= (0.75 kQ + 2 kQ)//1 kQ
= 2.75 kQ//1 kQ

= 0.73 kQ
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2 Chapter 2 Solutions 2.1 Equivalent Resistance

5. Calculate the equivalent resistance of the resistors shown in figure 2.6.

10 kQ2 4.7 kQ

18 k2

6.8 k2

Figure 2.6: Circuit diagram for equivalent resistance question 5.

Combine all series resistances and re-draw.

10 kQ2
1.8 kQ 22.7 kQ
2 k2
24 kQ 12.4 kQ

Either a wye-delta transform or a delta-wye transform can be done to reduce the circuit. The following

solution utilizes a wye-delta transform.

1.8 kQ2 22.7 k)
2 kQ
a
24 kQ 12.4 kQ

Calculate each of the delta resistances.

(2 k2)(12.4 k) + (12.4 k0)(22.7 kQ) + (2 k) (22.7 kQ)

Ry = 510 = 28.36 k)
g, 2ED(124K0) + (124 k;nk(é?-? k) + KO)E2TEY) o) 10
Ry - (2ED(1241K0) + (124 ;;2)7%-7 Q)+ QEO)27KY) o019

Re-draw the circuit.
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2 Chapter 2 Solutions 2.2 Ohm’s Law

10 k2

o)

1.8 kQ
a 175.84 k2

24 kQ

The equivalent resistance can be calculated using series and parallel combinations.

Rpo = 10 kQ + ((1.8 kQ//28.36 kQ) + (24 kQ//15.49 kQ))//157.84 kQ
=10 kO + (1.69 kQ + 9.41 k€2)//175.84 k{2
=10 kQ + 11.11 kQ//175.84 kQ
=10 kQ + 10.45 kQ

= 20.45 kQ

2.2 Ohm’s Law

6. If the voltage source can supply a maximum current of 2 A, what is the minimum value of

Rx that can be used in the circuit shown in figure 2.7.

1.3Q

10 VCD Rx

Figure 2.7: Circuit diagram for Ohm's law question 6.

Use Ohm’s law.

Vv
R=—
I

10V

=50

Rx =3.70Q
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2 Chapter 2 Solutions 2.2 Ohm’s Law

7. Calculate [x in the circuit shown in figure 2.8.

20 k2

Figure 2.8: Circuit diagram for Ohm's law question 7.

Use Ohm’s law. Pay attention to the direction of current flow, which is defined opposite to the direction

of the voltage.

25V
Ix = Sk - —3.125 mA

8. Calculate the amount of power consumed by the 20  resistor in the circuit shown in

figure 2.9.

MNONES ;

Figure 2.9: Circuit diagram for Ohm’s law question 8.

Calculate the equivalent resistance of the circuit to determine the voltage dropped over each resistor.

_ (20969
Bre=o0015q) —*"

V = (0.008 A)(4 ) = 0.032 V

Use the power equation to determine the power consumed by the 20 2 resistor.

V2
"R
(0.032 V)2
20
~0.001024 V?
200

=512x107° W

P

=51.2 uW
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2 Chapter 2 Solutions 2.2 Ohm’s Law

9. Calculate the amount of power supplied by the load in the circuit shown in figure 2.10.

50 Q

5 AG) 10 Q 100 2

Figure 2.10: Circuit diagram for Ohm's law question 9.

Calculate the equivalent resistance of the circuit.

Rpg = (10 ©)//(50 © + 100 Q)
= (10 ©)//(150 Q)
=9.375 Q

Use the power equation to calculate the power supplied by the load.

P=TI’R
= (5 A)?(9.375 Q)

=234.375 W

10. Calculate the minimum value of R that can be used to keep the power consumed by either

resistor to less than or equal to 250 mW in the circuit shown in figure 2.11.

0v(®) R§

Figure 2.11: Circuit diagram for Ohm's law question 10.
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2 Chapter 2 Solutions 2.3 Voltage and Current Divider

Each resistor will experience a voltage drop of 10 V. Use the power equation to solve for R.

V2
- P
(10 V)2

R

2.3 Voltage and Current Divider

11. Use the voltage divider rule to calculate Vx in the circuit shown in figure 2.12.

3 kQ

72 vC) 6k Ty

Figure 2.12: Circuit diagram for voltage and current divider question 11.

Use the voltage divider rule.

6 k)
VX_7'2V<3kQ+6kQ>

= 7.2 V(0.67)
=48V

12. Use the current divider rule to calculate Ix in the circuit shown in figure 2.13.

500 mA CT) 42 Q) 12 O 24 Q

Ix

Figure 2.13: Circuit diagram for voltage and current divider question 12.
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2 Chapter 2 Solutions

2.3 Voltage and Current Divider

Calculate the equivalent resistance of the circuit.

Use the current divider rule.

Rpg =
() + (
=6.72 Q
IX = 500 mA (
= 140 mA

13. Use the voltage divider rule to calculate Vx in the circuit shown in figure 2.14.

220 Q

8V

()

+
_) 330 Q 470 Q§ Vy

100 ©

Figure 2.14: Circuit diagram for voltage and current divider question 13.

Use a voltage divider to calculate the voltage dropped over the 300 €2 resistor.

(330 ©)//(100 Q + 470 Q)

VA—8V<

209 Q
—sv

220 Q4209 Q

=390V

The circuit can now be re-drawn.

100 2

i

_|_

3.90V 470 Q§ Vx

+

E@®SO Alyssa J. Pasquale, Ph.D. 25

220 Q + (330 2)//(100 Q + 470 Q)
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2 Chapter 2 Solutions 2.3 Voltage and Current Divider

Use a voltage divider to calculate V.

470 Q
VX:3.90V< 70 )

100 © + 470 ©
=321V

14. Use the current divider rule to calculate [x in the circuit shown in figure 2.15.

25 Q
210 mA CT) 400 200 © 150
Ix

Figure 2.15: Circuit diagram for voltage and current divider question 14.

Use the current divider rule to calculate the current flowing through the 25 2 resistor.

400 ©//(200 Q/ /150 Q + 25 Q)
14 =210 mA
A m ( 200 2//150 Q + 25 Q2
400 Q//110.71 Q
=210mA ( 110.71 @ )
86.71 Q
=210mA <110.71 Q>
— 164.48 mA
The circuit can be re-drawn.
164.48 mA
200 Q) 150 O
Ix

Use a current divider to calculate Ix.

T4 = 164.48 mA (2009//1509)

150 ©
85.71
=903.99 mA
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2 Chapter 2 Solutions 2.3 Voltage and Current Divider

15. Use the voltage divider rule to calculate Vx; and Vxs in the circuit shown in figure 2.16.

R2 R 1 R4 R6

R3 VX 1 VS R5 R7 VX 2

Figure 2.16: Circuit diagram for voltage and current divider question 15.

Both “halves” of the circuit are in parallel with each other. From a perspective of voltage, they can be

treated independently. Re-draw the left-half of the circuit to calculate Vx;.

Ry R’

—VVNV—AY

_|_

nS w()

Use a voltage divider to solve for V.

R3
Vi =Vg [ —8
X1 S(R1+R2+R3>

Re-draw the right-half of the circuit to calculate Vys.
Ry Rg
+

Vs C) Rs Ry § Vxo

Use a voltage divider to calculate the voltage dropped over resistor Rs.

Vi =Vs< Rs//(Rs + Rr) )

Ry + Rs//(Re + Rr)

The circuit can be re-drawn.
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2 Chapter 2 Solutions

2.4 Kirchhoff’s Laws

Rg

— A

+ +

Rs//(Re+Rr)
Vs (R4+R5//(6R5+7R7)) R7§ Vxo

Use a voltage divider to calculate Vxs.

‘h:%<m?gﬁéﬁgﬂ<&ﬁm)

2.4 Kirchhoff’s Laws

16. Calculate Vx in the circuit shown in figure 2.17.

sv() D Ve

Figure 2.17: Circuit diagram for Kirchhoff's laws question 16.

Use KVL to solve for V.

5V=2V+4+Vx
3V=Vx
17. Calculate Ix in the circuit shown in figure 2.18.

.
| I

om(D

Figure 2.18: Circuit diagram for Kirchhoff's laws question 17.

4 mA Ix
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2 Chapter 2 Solutions 2.4 Kirchhoff’s Laws

Use KCL to solve for Ix.

10 mA =4 mA + Ix

6mA:IX

18. Calculate Ix in the circuit shown in figure 2.19.

1 k2 1 k2

_|_

@ WS O

Ix

Figure 2.19: Circuit diagram for Kirchhoff's laws question 18.

Re-draw the circuit to define each branch current.

1 kQ 1 kQ

I I

5v@) 100 © 3\/@)

Perform KCL at the node connecting each of the three resistors.
I —Ix—1,=0

Perform KVL around the left loop, and then perform KVL around the right loop. (All units are in V,
mA, and k(.)

5=1, +0.11,

3= —01Ix + I,

Place all three equations into form al; + 815 + vIx = ¢, and then place each coefficient into a matrix.
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2 Chapter 2 Solutions 2.4

Kirchhoff’s Laws

Solve the matrix. Ix = 6.67 mA.

19. Calculate Vx in the circuit shown in figure 2.20.

100 2 2V 200 Q

Figure 2.20: Circuit diagram for Kirchhoff's laws question 19.

Re-draw the circuit to define each branch current

100 I 2V 200 Q2
1

Perform KCL at the node connecting the 100 € resistor, the 50 2 resistor, and the 2 V source.

Il_IQ_IBZO

Perform KVL around the left loop, and then perform KVL around the right loop. (All units are in V,

mA, and kQ.)

10 = 0.11; + 0.0515

—2=-0.051y + 1.213

Place all three equations into form al; + BI5 + vI3 = ¢, and then place each coefficient into a matrix.

1 -1 -1 0
01 005 0 10
0 -005 12 -2
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2 Chapter 2 Solutions 2.4

Kirchhoff’s Laws

Solve the matrix for I3, which is 1.08 mA. Then use Ohm’s law to calculate V.

Vx = (1.08 mA)(1 k)
=108V

20. Calculate Vx in the circuit shown in figure 2.21.

20 k2 100 k2

Figure 2.21: Circuit diagram for Kirchhoff's laws question 20.

Note that the branch current through the 20 k€2 resistor is equal to 0.2Ix. The only branch current that

needs to be defined is the branch current through the 100 k(2 resistor, defined here as Is. Perform KCL at

the node connecting the three resistors.

02Ix —Ix —12=0

The only perfect loop is the right-hand loop. Perform KVL around the loop. (All units are in V, mA,

and k(.)

—481x + 10015 = —320

Place all equations into form alx + 8Is = ¢, and then place each coefficient into a matrix.

-08 -1 0
—48 100 —-320

Solve the matrix for Ix, which is 2.5 mA. Then use Ohm’s law to calculate Vy.

Vy = (2.5 mA)(48 kQ)

=120V
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2 Chapter 2 Solutions 2.5 Mesh Analysis

2.5 Mesh Analysis

21. Calculate mesh currents 4 and Ig in the circuit shown in figure 2.22.

em® ) [] ) ]

2 mA

Figure 2.22: Circuit diagram for mesh analysis question 21.

Because mesh I 4 contains a current source, T4 = 10 mA. Use the relationship between branch and mesh

currents to calculate Ip.

IA—IBZQHIA
10 mA — Ig =2 mA
—IB:—8H1A

IB:8H1A

22. A branch is shared by two clockwise meshes. The left mesh current is 3 A and the right

mesh current is —6 A. Calculate the branch current.

Draw the circuit to define the meshes and branch.

IRNEL

Use the relationship between branch and mesh currents to calculate Ix.

Ix =3 A—(—6A)
—9A
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2 Chapter 2 Solutions 2.5 Mesh Analysis

23. Calculate mesh current I/x in the circuit shown in figure 2.23. Assume that each mesh

contains at least one linear circuit element.

X

NN

Figure 2.23: Circuit diagram for mesh analysis question 23.

Note that all of the numbered mesh currents are also branch currents. The only mesh current that isn’t

a branch current is in the center (Ix). Use the relationship between branch and mesh currents to calculate

Ix.
Ix=-IL-Ii—I,— I

24. Use mesh analysis to calculate Vx in the circuit shown in figure 2.20 (in the Kirchhoff’s

laws section).

Draw the circuit to define the mesh currents.

100 Q2 2V 200 Q

Derive the mesh equations. (All units are in V, mA, and k2.)

10 = 0.174 + 0.05(14 — Ip)

—2=0.05(Ig — I4) + 1.2Ip
Place all equations into form ol 4 + SIg = ¢, and then place each coefficient into a matrix.

0.15 -0.05 10
—-0.06 125 =2
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2 Chapter 2 Solutions 2.5 Mesh Analysis

Solve the matrix for Ig, which is 1.08 mA. Then use Ohm’s law to calculate Vx.

Vx = (1.08 mA)(1 k)
=108V

Note that this should be the same answer as question 19, and it is.

25. Use mesh analysis to calculate Vx in the circuit shown in figure 2.24.

10 Q

60 Q
+
20 VCD 20 Q2 Vx 8 mA 10 ©

Figure 2.24: Circuit diagram for mesh analysis question 25.

Redraw the circuit to define the mesh currents. (Note that some parameter values have been removed to

make it easier to read the mesh current labels.)

10

O BT B

Derive equations for the left mesh and the supermesh. (All units are in V, A, and Q.)

20 = 1014 + 2014 — Ip)

0=20(Ip —I4)+60Ip+ 10I¢
Derive a KCL equation at the intersecting node of the supermesh.

Ip+0.008—1c=0
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2 Chapter 2 Solutions

2.5 Mesh Analysis

Place all three equations into form ala + 815 + vIc = ¢, and then place each coefficient into a matrix.

Solve the matrix for I, and Ig.

I, =0.782 A

Ip=0173 A

Use Ohm’s law to calculate Vx.

Vx = (0.782 A — 0.173 A)(20 Q)

=12.18V
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3 Chapter 3 Solutions

3 Chapter 3 Solutions

3.1 Superposition

1. Use superposition to calculate Vx in the circuit shown in figure 3.1.

390 O
NNN—

+

560 Q0 > Vi Q) 22 mA

13 VC_

Figure 3.1: Circuit diagram for superposition question 1.

N\,

Draw the circuit with only the voltage source activated.
390 ©

+

13 VCD 560 0 > Vy,

Use the voltage divider rule to calculate Vx;.

560 Q
:1 _—
Vx1 3V(3909+560 Q)

=766V

Draw the circuit with only the current source activated.

390
—\AMV—

+

560 Q > Vyo Q) 22 mA
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3 Chapter 3 Solutions

3.1 Superposition

Combine the resistors in parallel and use Ohm’s law to calculate Vyo.

Vs = (560 ©//390 2)(0.022 A)
= (229.89 2)(0.022 mA)
=5.06 V

Add the two values to find the voltage Vx.

Vx =Vx1 +Vxo
=7.66 V+5.06V

=12.72V

2. Use superposition to calculate Vx in the circuit shown in figure 3.2.

400 Q

—AM\V—

24 mA

100 © : 200 ©

20V C—D 600 Q§
700 Q
" AVAVAV;

Vx

Figure 3.2: Circuit diagram for superposition question 2.

Draw the circuit with only the voltage source activated.

100 © 400 200 ©
20V CD 600 Q
700
A
Vxi1

Combine resistors in series and re-draw.
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3 Chapter 3 Solutions

3.1 Superposition

1300 Q2

NVN—

20 VCD Vi §7oo Q

+

Use the voltage divider rule to calculate Vx;.

20 ()

1300 Q + 700 ©
=7V

Draw the circuit with only the current source activated.

400 Q2

— A

100 24 mA

: 200 Q

600 Q2

700 Q
Y

Vxa

Combine resistors in series and re-draw.

400 Q

— AWV

24 mA
0—@—0

900 2

700 Q2

Vxa
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3 Chapter 3 Solutions 3.1 Superposition

Use the current divider rule to calculate the current flowing through the 700 €2 resistor.

o4 mA (400 Q//1600 Q)

1600 €2
320 Q2 >

—o4mA [ 2200
o (16009

= 4.8 mA
Use Ohm’s law to calculate Vys.

Vxo = (4.8 mA)(0.7 kQ)

=336V

Add the two values to find the voltage Vx.

Vx = Vx1 4+ Vxa
=-TV+33V

=-364V

3. Use superposition to calculate Iy in the circuit shown in figure 3.3.

5V
1 kQ
D
’ —{1 +

() AVAVAY,

12 kQ2
6 mA Q) 18 k2 10 kQ2
24 V
Ix

Figure 3.3: Circuit diagram for superposition question 3.

Draw the circuit with only the current source activated.

1 kQ

: A

6 mA CT) 18 k2 12 kQ2 10 kQ2

Ixy
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3 Chapter 3 Solutions

3.1 Superposition

Use the current divider rule to calculate Ix1.

B 18 kQ//12 kQ//11 k.
IXl—GmA( 11 kQ

4.35 kQ
_GmA< 11 kO )

=237 mA

Draw the circuit with only the 24 V source activated.

1 k)
12 kQ2
18 kQ2 10 kQ2
24V
Ixo

Use the voltage divider rule to calculate the voltage dropped over the 18 k2 resistor.

V:24V( 18 k2//11 kQ )

12 kQ + 18 kQ//11 kQ

6.83 kQ
=V <12 kQ + 6.83 kQ)

=870V
Use Ohm’s law to calculate Ixs.
Teo — 8.70 V
X271 k0
=0.79 mA

Draw the circuit with only the 5 V source activated.

5V
©

18 k2 12 kQ2 10 kQ2

1 k2

Ix3

Combine resistors in series and parallel, and re-draw.
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3 Chapter 3 Solutions

3.1 Superposition

5V
7.2 kQ

Ixs

Use the Ohm’s law to calculate Ix3.

_ 5V
T 11 kQ+ 7.2 kO

= 0.27 mA

Ixs

Add the three values to find the current Ix.

Ix =Ix1+Ixo+Ix3
= 2.37 mA + 0.79 mA + 0.27 mA

= 3.43 mA

4. Use superposition to calculate Vx in the circuit shown in figure 3.4.

10 Q 10 Q

40 VCD 0.3Vy 10 100> Vy 2 AQ)

Figure 3.4: Circuit diagram for superposition question 4.

Draw the circuit with only the voltage source activated.

10 10 ©

Use mesh analysis. Define the left mesh as I 4, the center mesh as Iz, and the right mesh as Io. Calculate
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3 Chapter 3 Solutions

3.1 Superposition

the supermesh and mesh equations. (All units are in V, A, and .)

40 = 1014 +10(Ip — I¢)

0=10(I¢c — Ip) 4+ 20I¢

Perform KCL at the node between the supermesh.

0=I4+03Vx:s —1Ip

Derive a dependent source equation.

Vx1 =10I¢

Place all four equations into form als + BIg + vIc + dVx1 = ¢, and then place each coefficient into a

matrix.

Solve the matrix for Vx;.
Vx1 =20V

Draw the circuit with only the current source activated.

10 ©2 10 ©

0.3Vy 10 O 100> Vy 2 ACD

Combine resistors in parallel.

0.3Vx2 T 50 100> Vi 2A<T>
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3 Chapter 3 Solutions 3.1 Superposition

Use mesh analysis. Define the center mesh as 4. Both other meshes contain a current source. Calculate

the mesh equation for the center mesh. (All units are in V, A, and €2.)
0=5(I4—0.3Vxse) 4+ 1014 + 10(14 + 2)
Derive a dependent source equation.
Vxo =10(14 +2)
Place both equations into form al4 + 8Vxo = ¢, and then place each coefficient into a matrix.

25 —1.5 =20
—10 1 20

Solve the matrix for Vxo.
Vx2 =30V
Add the two values to find the current V.

Vx =Vx1+Vxa
=20V+30V

=50V

5. Use superposition to calculate Vx in the circuit shown in figure 3.5.

1kQ 1kQ
. - —
1kQ Vx
12 mA CD 1kQ 1 kQ 0.41x
18V
Ix

Figure 3.5: Circuit diagram for superposition question 5.

Draw the circuit with only the current source activated.
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3 Chapter 3 Solutions 3.1 Superposition

1 kQ 1 kQ

Vi1

12 mA CD 1 kQ 1kQ 1 kQ 047y, T

Ix1

Use mesh analysis. Each mesh is defined below. (Note that some component values have been hidden so

that the mesh labels can be read.)

1 k2 1 k2

oD iy § ) £ ) 4

Derive the mesh equations. (All units are in V, mA, and k.)

OZ(IA—12)—|—IA+(IA—IB)

0= (IB —IA)-l-IB +(IB +0.4IX1)
Derive a dependent source equation.
Ix1=12—14

Place all three equations into form ala + I + vIx1 = ¢, and then place each coefficient into a matrix.

Solve the matrix for Ig and use Ohm’s law to calculate V.

Vi1 = (1 kQ)(I5)
= (1kQ)(0.32 mA)

=032V

Draw the circuit with only the voltage source activated.
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3 Chapter 3 Solutions

3.1 Superposition

1 kQ 0.4Tx5 T

Use mesh analysis. Each mesh is defined below. (Note that some component values have been hidden so

that the mesh labels can be read.)

1 k2 1 k2

1 k2

Derive the mesh equations. (All units are in V, mA, and k2.)

—18=IA—|—IA+(IA—IB)

18=({Ip—1a)+Ip+ (Ip+04Ix2)

Derive a dependent source equation.

Ixo = —1I4

Place all three equations into form ala + BIg + vIx2 = ¢, and then place each coefficient into a matrix.

Solve the matrix for Ig and use Ohm’s law to calculate Vxs.

Ve = (1 kQ)(I5)
= (1 kQ)(3.79 mA)

=379V
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3 Chapter 3 Solutions 3.2 Source Transformation

Add the two values to find the current V.

Vx =Vx1+Vxo
=032V+379V

=411V

3.2 Source Transformation

6. Use source transformation to calculate Vx in the circuit shown in figure 3.1 (in the super-

position section).

390 O
NNVN—

+

13 VCD 560 0 > Vy Q) 22 mA

Convert the 13 V source to a current source.

13V
S 7039 kQ

=33.33 mA

Re-draw the circuit.

33.33 mA Q) 390 Q 560 Q2 Vx CD 22 mA

Combine current sources and parallel resistors and re-draw.

+
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3 Chapter 3 Solutions 3.2 Source Transformation

Use Ohm’s law to calculate V.

Vx = (55.33 mA)(0.22989 kQ2)

=12.72V
This answer should be and is identical to question 1 in the superposition section.

7. Use source transformation to calculate Vx in the circuit shown in figure 3.2 (in the super-

position section).

400 Q2

— A

24 mA

100 2 : 200 Q

20 V C—D 600 Q§
700 ©
n AVAVAY,

Vx

Convert the 24 mA source to a voltage source.

Vs = (24 mA)(0.4 k)
=96V

100 © 9/6-< 400 Q2 200 2
AN AN AN

0v(®) §
700
- AN

Vx

Combine voltage sources and series resistors and re-draw.
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3 Chapter 3 Solutions

3.2 Source Transformation

1300 Q

104 v@)

A

700 Q

AN

Vx

Use the voltage divider rule to solve for Vx.

Vx =-104V <

=-3.64V

700 Q
1300 © + 700 Q

This answer should be and is identical to question 2 in the superposition section.

8. Use source transformation to calculate Ix in the circuit shown in figure 3.3 (in the super-

position section).

6 mACT)

6mA<

% 1 kQ
(W
12 k2
18 kQ 10 kQ
24V
Ix
Convert the 24 V source into a current source.
Y
12 kQ
=2 mA
Re-draw the circuit.
% 1 kO
! I
T) 18 kQ 2 mA 12 kQ 10 kQ
Ix
48 Last updated: 2025/03/17
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3 Chapter 3 Solutions 3.2 Source Transformation

Combine current sources and parallel resistors.

5V 1 k2

8 mA CT) 7.2 kQ 10 k2

Convert the 8 mA source into a voltage source.

Vs = (8 mA)(7.2 kQ)

=576V

Re-draw the circuit.

7.2 kQ2 1 k2

5V
AN A\

57.6 VC) 10 k2

Ix
Combine voltage sources and series resistors.
62.6 VC_) 18.2 kQ2
Ix
Use Ohm’s law to calculate Ix.
Iy = 62.6 V
X182 k0
= 3.44 mA

This answer should be and is identical to question 3 in the superposition section.
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3 Chapter 3 Solutions 3.2 Source Transformation

9. Use source transformation to calculate Vx in the circuit shown in figure 3.4 (in the super-

position section).

10 10 ©

+

40 VCD 0.3Vx 10 Q 10 © Vx 2 AC

N

Convert the 40 V source to a current source.

40 V
Ig = —~
ST 100
—4A
10 Q

4 AG) 10 Q 0.3Vx 10 2 10 Vx 2A CT)

Combine sources and resistors.

4A+0.3VX<T> 5Q 10 Q Vx 2A<D

Convert the 4 A + 0.3Vx source into a voltage source.

Vs =(4A+0.3Vx)(5 Q)

=20 V+15Vx

Re-draw the circuit.
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3 Chapter 3 Solutions

3.2 Source Transformation

5Q 10 Q

2ov+1.5VXC_L> 10 Q> Vy 2A<T>

Combine resistors in series.

15 0

20V + 1.5Vx CD 10 Vx 2 ACT)

Convert the 20 V 4+ 1.5Vx source to a current source.

;o 20V 4+ L5Vy
5 15 Q

=133 A+01Vx

Re-draw the circuit.

133 A+ 0.1Vyx CT) 15 Q 10 Q Vx 2 ACD

Combine sources and resistors and re-draw the circuit.

+

333 A+ 0.1Vx Q) 6 Q§ Vx
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3 Chapter 3 Solutions 3.2 Source Transformation

Calculate V.

Vx = (3.33 A+0.1Vx)(6 Q)

=20V +0.6Vy
0.4Vy =20 V
20V
Vx =02
—50V

This answer should be and is identical to question 4 in the superposition section.

10. Use source transformation to calculate Vx and Vy in the circuit shown in figure 3.6.

3V

Figure 3.6: Circuit diagram for source transformation question 10.

Convert the 2Vx source into a current source.

Wy
Jg = ——
57200
=0.1Vx
Re-draw the circuit.
3Vy
40 Q
‘ - DA
Vy +
0.1V T 20 10 Q 0.5 A 50 Q§ Vy

Combine sources and resistors and re-draw the circuit.
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3 Chapter 3 Solutions 3.2 Source Transformation

40 Q

05A+0.1Vx CT) 6.67 Q 50 Q2 Vx

Convert the 0.5 A 4+ 0.1Vx source into a voltage source.

Vs = (0.5 A 4 0.1Vx)(6.67 Q)

=333 V+0.67Vx

Re-draw the circuit.

3Vy
6.67 Q 40 Q

AN DA

333V + 0.67Vy C—D 50 Q§ Vy

Combine the voltage sources and re-draw.

6.67 O 40 Q
—NVWW——VVN—
Vy +

3.33V 4 0.67Vx + 3Vy @) 50 Q§ Vx

Use the voltage divider rule to find equations for Vx and Vy. (All units are in V, A, and Q.)

4
Vx = (3.33+ 0.67Vx + 3Vy) <96%7)

50
Vy = (3.33 4+ 0.67Vx + 3V4) (9667)

Place both equations into form aVx + fVy = ¢, and then place each coefficient into a matrix.

—-0.28 —0.24 1.38
0.66 —1.55 1.72
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3 Chapter 3 Solutions 3.3 Thévenin and Norton’s Theorems

Solve the matrix for Vx and Vy .

Vx =-294V

Vy =-235V

3.3 Thévenin and Norton’s Theorems

11. Derive the Thévenin equivalent circuit between nodes a and b in the circuit shown in

figure 3.7.

60 Q2

Figure 3.7: Circuit diagram for Thévenin and Norton's theorems question 11.

Use the voltage divider rule to calculate the Thévenin equivalent voltage.

30 Q

=-3V
Deactivate the voltage source and calculate the equivalent resistance as seen between nodes a and b.

Ryy =30 Q//(10 Q + 60 Q)
=30 Q//70 Q

=210Q

Draw the Thévenin equivalent circuit.

21 Q

Yo
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3 Chapter 3 Solutions 3.3 Thévenin and Norton’s Theorems

12. Derive the Norton equivalent circuit between nodes a and b in the circuit shown in

figure 3.8.

1.5 kQ

3 VC_) 2.2 kQ 26 mA

° —ob

Figure 3.8: Circuit diagram for Thévenin and Norton's theorems question 12.

Use Source transformation to convert the 3 V source into a current source.

3V
Is = {510
=2 mA
Re-draw the circuit.
o - o2
2 mA CT) 1.5 k) 2.2 kQ) 26 mA
* - +——ob

Combine both resistors and both current sources and re-draw the circuit, which is the Norton equivalent

circuit.

28 mA CD 891.89 Q
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3 Chapter 3 Solutions 3.3 Thévenin and Norton’s Theorems

13. Derive the Thévenin equivalent circuit between nodes a and b in the circuit shown in

figure 3.9.

3 kO

Ix

6 v@) 5 kQ 1 kQ aly i

Figure 3.9: Circuit diagram for Thévenin and Norton's theorems question 13.

Use Ohm’s law to calculate Ix.

6V
T 8kQ

=0.75 mA

Use the voltage divider rule to calculate V.

5 kQ
Va—6V<8 kQ)

=37V
Use Ohm’s law to calculate V.

Vi = (1 kQ)(—4Ix)
= (1 kQ)(—4(0.75 mA))
— (1 KQ)(~3 mA))
=-3V

The Thévenin equivalent voltage is equal to V, — V.

Vig =375V — (=3V)
=6.75 V

Short nodes a and b together and use mesh analysis to solve for Isc. (Note: some of the component

labels have been hidden so that the mesh current labels can be read.)
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3 Chapter 3 Solutions 3.3 Thévenin and Norton’s Theorems

Use the left and middle meshes to derive mesh equations. (All units are in V, mA, and k{2.)

6=3Ix+5(Ix —Isc)

0=>5(sc —Ix)+ (Isc —4Ix)

Place both equations into form alsc + 8Ix = ¢, and then place each coefficient into a matrix.

-5 8 6
6 -9 0

Solve the matrix for Igc.
ISC =18 mA

Use Ohm’s law to calculate the Thévenin equivalent resistance.

675V
18 mA

=375 Q

TH

Draw the Thévenin equivalent circuit.

375 Q
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3 Chapter 3 Solutions 3.3 Thévenin and Norton’s Theorems

14. Derive the Thévenin equivalent circuit between nodes a and b in the circuit shown in

figure 3.10.

200 400 Q

LO—4¢

Figure 3.10: Circuit diagram for Thévenin and Norton's theorems question 14.

Use mesh analysis to calculate the Thévenin equivalent voltage. (Note: some of the component labels

have been hidden so that the mesh current labels can be read.)

200 © 400 Q

Derive mesh equations. (All units are in V, mA, and k{2.)

2=0.2I4+0.1(I4 — Ip)

0=0.1(Ip — I4) +0.6I5 + 0.8I¢

Perform KCL at the node connecting the supermesh.

0=1Ip+4Ix — Ic

Derive a dependent source equation.

Ix =14—1p

Place all four equations into form als + BIg + vIc + 6Ix = ¢, and then place each coefficient into a
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matrix.
03 —-01 0 0 2
-0.1 07 08 0 O
0 1 -1 4 0
-1 1 0 1 0
Solve the matrix for Ip.
IB =31 mA

Use Ohm’s law to calculate Vrg.

VTH = (31 mA)(O.2 kQ)

=62V

Short nodes a and b together and use mesh analysis to calculate Igc. (Note: some of the component

labels have been hidden so that the mesh current labels can be read.)

IXl ;

Derive mesh equations. (All units are in V, mA, and k2.)

2 =0.2I4 4+ 0.1(14 — Isc)

0= O.I(ISC — IA) + 0.41gc + 0.8Ip

Perform KCL at the node connecting the supermesh.

0=1Isc+4Ix — Ip

Derive a dependent source equation.

Ix =15 —Isc

Place all four equations into form als + Blsc + vIp + dIx = ¢, and then place each coefficient into a
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matrix.
03 —-01 0 0 2
-01 05 08 0 O
0 1 -1 4 0
-1 1 0 1 0

Solve the matrix for Igc.

ISC = 23.851 mA

Use Ohm’s law to calculate Rry.

62V
~23.85 mA

= 260 2

Rry

Draw the Thévenin equivalent circuit.

260 Q2

15. Derive the Norton equivalent circuit between nodes a and b in the circuit shown in

figure 3.11.
50 200 Q
. 02
IX +
20V CD 10Vx 0.5Ix 100 © Vx
. 3 e—ob

Figure 3.11: Circuit diagram for Thévenin and Norton's theorems question 15.

Combine resistors and voltage sources in series and re-draw.
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250 2
eAVAVAVE $——~a
Ix +
20V -10Vx C) 0.5Ix 100 2 Vx
° e—oOb

Use Ohm’s law to calculate Ix.

;o _ 20V —10Vx
X7 9500

=0.08 A —0.04Vx

Use Ohm’s law to calculate Vx, which is the open-circuit voltage.

Ve = (100 9)(0.5Ix)
= (100 ©)(0.5)(0.08 A — 0.04Vx)

=4V -2Vx
3Vx =4V
Vx =133V

Short the nodes between a and b and re-draw the circuit. Because Vx is zero, the VCVS contributes no

voltage to the circuit.

250 Q
ANN —»— oa
Ix
20 VCD 0.5y vin
* ob
Use Ohm’s law to calculate Ix.
20V
Iy = ——
X250 Q
=0.08 A
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Use KCL to calculate Iy.

Iy =051y
=0.5(0.08 A)
=0.04 A

Use Ohm’s law to calculate Ry .

133V
©0.04 A

=33.33 Q

Draw the Norton equivalent circuit.

° oa

0.04 AQ) 3333 Q

3.4 Maximum Power Transfer

16. Calculate the resistance for maximum power transfer, and the maximum amount of power
transferred to the load under that condition, for the circuit shown in figure 3.7 (in the Thévenin

and Norton’s theorem section).

Yo

Rroap will be equal to the Thévenin equivalent resistance of 21 2. Calculate the maximum power
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transferred to the load.

Vim
4Ry
_(=3Vv)?

4(21 Q)
=0.107 W

Prrax =

17. Calculate the resistance for maximum power transfer, and the maximum amount of power

transferred to the load under that condition, for the circuit shown in figure 3.8 (in the Thévenin

and Norton’s theorem section).

28 mA CD 891.89 Q

. o b

Rroap will be equal to the Norton equivalent resistance of 891.89 . Calculate the maximum power

transferred to the load.
2R
Pyax = N4 al
(0.028 A)?(891.89 )
4

=0175W

18. Calculate the resistance for maximum power transfer, and the maximum amount of power
transferred to the load under that condition, for the circuit shown in figure 3.9 (in the Thévenin

and Norton’s theorem section).

375 Q

6.75 V

Rroap will be equal to the Thévenin equivalent resistance of 375 ). Calculate the maximum power
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transferred to the load.

Vin
4R7H
(6.75 V)2

©4(375 Q)

Pryax =

=003 W

19. Calculate the resistance for maximum power transfer, and the maximum amount of power
transferred to the load under that condition, for the circuit shown in figure 3.10 (in the

Thévenin and Norton’s theorem section).

260 Q

— AN

6.2 v@)

—ob

Rroap will be equal to the Thévenin equivalent resistance of 260 2. Calculate the maximum power
transferred to the load.
Vig
4R

_(6.2V)?
—4(260 Q)

=03TW

Pyrax =

Calculate the resistance for maximum power transfer, and the maximum amount of power
transferred to the load under that condition, for the circuit shown in figure 3.11 (in the

Thévenin and Norton’s theorem section).

0.04 ACT) 33.33 Q

? S ob

Rroap will be equal to the Norton equivalent resistance of 33.33 Q. Calculate the maximum power
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3.4 Maximum Power Transfer

transferred to the load.

E@®®O Alyssa J. Pasquale, Ph.D.

2 Ry
4
(0.04 A)%(33.33 Q)

Pryax =

4
=0.013W
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1. Calculate the output voltage and gain of the circuit shown in figure 4.1. (Assume that the

supply voltage is sufficient to generate any output value.)

6 kQ

— AW

1 k2

05V — Vour

Figure 4.1: Circuit diagram for op-amps question 1.

This circuit is an inverting op-amp. Calculate the gain.

6k
T 1kQ

=6

Calculate Voyr.

Vour = AVin
— (=6)(0.5 V)
~ 3V
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2. Calculate the output voltage of the circuit shown in figure 4.2. (Assume that the supply

voltage is sufficient to generate any output value.)

2 k2

— M

1 kQ

3V 5 k) — Vour

5V
= 10 kQ2

Figure 4.2: Circuit diagram for op-amps question 2.

Use the voltage divider rule to calculate the voltage at the non-inverting input.

10 kQ
Ve =5V (i)

15 kQ
=333V

Use KCL, Ohm’s law, and the virtual node property to calculate Voyr.

3V-Vp  Vp—Vour

1kQ  2kQ
3V—-333V 333V-—Vour
1 k0 o 2 kQ

—0.67 V=333V —Vour
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3. Calculate the output voltage and gain of the circuit shown in figure 4.3. (Assume that the

supply voltage is sufficient to generate any output value.)

2 kQ

—

1 kQ

AVAVAY;
1 5 k02
+
= 2kQ§E

Vour

Figure 4.3: Circuit diagram for op-amps question 3.

Use KCL at both the inverting and non-inverting nodes to find two equations for two unknowns. The

virtual node voltage is labeled Vx in the equations below.

0-Vx Vx—Vour

1kQ  2kQ
05V—-Vx Vyx +VX—VOUT
5 kO T 2KkQ 4 kQ

Place both equations into form aVx + 8Vour = ¢, and then place each coefficient into a matrix. (All

units are in V, mA, and kQ.)
1.5 —-0.5 0

095 —-0.25 0.1

Solve the matrix for Voyr.

Vour =15V
Calculate the gain.
Vour
A=

Vin
15V
05V
=3
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4. Calculate the gain of the circuit shown in figure 4.4.

2 kQ

—"\\NN— 6 kQ2
—"\N\NN—

1 kO

2 k2

Vour

6 k2 =

B A
3k9%

Figure 4.4: Circuit diagram for op-amps question 4.

Perform KCL at the non-inverting node of the left op-amp. The virtual node voltage will be labeled Vx

in the equations below, and solve for V.

0-Vx Vx—Vour

3kQ ~ 6kQ
—Vx = 0.5Vx — 0.5Vour

—1.5Vx = =0.5Vour

1
Vx = gVOUT

Perform KCL at the inverting node of the right op-amp. The output voltage of the left op-amp will be

labeled Vi in the equations below. Solve for Vy .

Vy  0—Vour

2kQ 6kQ
1
W = _§VOUT

Perform KCL at the inverting node of the left op-amp. Then, plug in the values of Vx and Vy defined
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above, and solve for Voyr/Vs.

Ve —Vx Vx —Vy

1kQ  2kQ
VS - VX = 0.5VX — 0.5Vy

1 1 1

1 1 1
Vs = §VOUT + EVOUT + -Vour

6
4
Vs = EVOUT
Vour
=1.5
Vs

5. Calculate the output voltage of the circuit shown in figure 4.5. (Assume that the supply

voltage is sufficient to generate any output value.)

2 kQ

AVAVAY,
4 kO
+—"\N\— 3k

2 kO

05V ’—/\/\/\/ - v
ourT
(9 +

Figure 4.5: Circuit diagram for op-amps question 5.

Perform KCL at the inverting input of the left op-amp. The virtual node voltage will be labeled as V.
The op-amp output voltage will be labeled as Vy.

05V-Vx Vx-Ww Vx—Vour

5k0 . 4k0 T 2k

Perform KCL at the non-inverting input of the left op-amp.

0-Vx Vx —Vour
2kQ  3kQ
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Perform KCL at the inverting input of the right op-amp.

Vv =1V 1V —Vour
2k 3 kO

Place all three equations into form alx + 8Vy +vVour = ¢, and then place each coefficient into a matrix.

1.25 -0.25 —-0.5 0.25
0.83 0 -033 0
0 0.5 0.33 0.83

Solve the matrix for Voyr.

Vour =4V
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5 Chapter 5 Solutions

5.1 Capacitance and Equivalent Capacitance

1. The current flowing through a 25 nF capacitor is i(t) = e *°’y(t) mA. Derive equations
for the voltage dropped over the capacitor and the instantaneous power consumed by the

capacitor.

Calculate the voltage drop. Convert the current to amps before inserting into the integral.

o(t) :%/_ i(t) dt
1

t
1 —5007
T 25 x 109 /OO To00°

1 ‘ 500
T 25 % 10-6 /0 e

1 —500 ¢
_ T t
0.0125° o)

— 80 [efsoo(t) _ 67500(0)] u(t)

=80 [1—e "] u(t)

Calculate the instantaneous power. The units will be mW, as the current is in terms of mA and the

voltage is in terms of V.

p(t) = i(t)v(t)
= (e7"%u(t)) (80 [L — e %] u(2))

=80 [6750015 o eflooot] u(t) mW

2. The voltage dropped over a 330 uF capacitor is v(t) = 100t u(t) V. Derive equations for the

current flowing through the capacitor and the instantaneous power consumed by the capacitor.

Calculate the current flow.

_ d
i(t) = C£v(t)

= (330 x 107°) %(
= (330 x 107%) (100 u(t))

100t u(t))

=0.033 u(t) A
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Calculate the instantaneous power.

p(t) = i(t)v(t)
= (0.033 u(t) A) (100t u(t) V)
=33u(t) W

3. Calculate the equivalent capacitance of the circuit shown in figure 5.1.

240 pF 120 pF

100 pF —— 320 pF ——

O

Figure 5.1: Circuit diagram for capacitance and equivalent capacitance question 3.

Calculate the equivalent capacitance.

Crq = 240 pF//120 pF//(100 pF + 320 pF)
= 240 pF//120 pF//420 pF
= 80 pF//420 pF

=67.2 pF

4. Calculate the equivalent capacitance of the circuit shown in figure 5.2.

10 nF 10 nF
| | |
’ | | |
4TnF— 33nF T 33nF
|
O
|
22 nF

Figure 5.2: Circuit diagram for capacitance and equivalent capacitance question 4.
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5.1 Capacitance and Equivalent Capacitance

Calculate the equivalent capacitance.

Cgg = ((10 nF//33 nF) + 33 nF + 47 nF)//10 nF//22 nF

= (7.67 nF + 33 nF + 47 nF)//10 nF//22 nF

= 87.67 nF//10 nF//22 nF

= 8.98 nF//22 nF

= 6.38 nF

5. Determine the value of the capacitor Cx given that the circuit shown in figure 5.3 has an

equivalent capacitance of 10 uF.

2 uF ——

Cx
|
|

O uF ——

O

Figure 5.3: Circuit diagram for capacitance and equivalent capacitance question 5.

Use parallel and series combinations of capacitors. All capacitor units are in uF.

E@®®O Alyssa J. Pasquale, Ph.D.

10=9+(Cx//2)

2Cx
_9+CX+2
20y
70x—|—2
Cx +2=2Cx
2=Cx
CX:2MF
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5.2 Resistor-Capacitor Circuits

6. Calculate an expression for v(¢) and i(t) given the circuit shown in figure 5.4. The switch

moves from position a to b at time of zero seconds.

10 k2 10 kQ2

* /\N\/—aé b *
10 mA CD 20 k2 50 kQ 75 kQ
+

B
o
o
=]
.M
<
—~
~
~—

Figure 5.4: Circuit diagram for resistor-capacitor circuits question 6.

Draw the circuit in the initial steady-state condition. The capacitor can be replaced as an open.

10 k2

10 mA CD 20 k2 v(0)

Use Ohm’s law to calculate v(0).

v(0) = (10 mA)(20 kQ)

=200V

Draw the circuit in the final conditions.

10 kQ

400 nfF —— w(t) 50 k2 75 kQ§

Calculate the equivalent resistance as seen by the capacitor.

Rpo = 75 kQ//50 kQ + 10 kO
=30 kQ + 10 kQ

=40 kQ
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Calculate the RC time constant.

T=RC
= (40000 9)(400 x 1077 F)
=0.016 s

Plug these values into the equation for the voltage of a discharging RC circuit.
v(t) = 200 e 625 y(t) V

Calculate the current through a discharging RC circuit.
i(t) = =5 e %2 y(t) mA

7. Calculate an expression for v(t) and i(¢) given the circuit shown in figure 5.5. The switch

opens at a time of zero seconds.
10 kQ2 15 kQ2

NV
+

18 VC_D 36 kQ 9 uF —— w(t) 30 k§2§

i(t)y—

Figure 5.5: Circuit diagram for resistor-capacitor circuits question 7.

Draw the circuit in the initial steady-state condition. The capacitor can be replaced as an open.

10 k2 15 k2

+

18 VCD 36 kO v(0) 30 kQ§
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Use the voltage divider rule to calculate v(0).

36 kQ//(15 kO + 30 kQ) 30 kQ
v(0) =18 V
10 kQ + 36 kQ//(15 kQ + 30 kQ) ) \ 45 kQ

18V 36 k€//45 kQ 2
B 10 kQ + 36 kQ//45 kQ ) \ 3

20 k9 2
B 18V<10 kQ + 20 kQ> (3>

=8V

Draw the circuit in the final conditions.

15 kQ2

36 kO 9 uF —— w(t) 30k

Calculate the equivalent resistance as seen by the capacitor.

Rpg = 30 kQ//(15 kQ + 36 kQ)
=30 kQ//51 kO

= 18.89 k2
Calculate the RC time constant.

7= RC
= (18888.89 Q)(9 uF)

=0.17s

Plus these values into the equation for the voltage of a discharging RC circuit.

Calculate the current through a discharging RC circuit.

i(t) = —0.42 e 7588 (1) mA

E@®SO Alyssa J. Pasquale, Ph.D. 77 Last updated: 2025/03/17



5 Chapter 5 Solutions 5.2 Resistor-Capacitor Circuits

8. Calculate an expression for v(t) and i(¢) given the circuit shown in

closes at a time of zero seconds.

2 kQ

4 kQ
4

20 v(j) 2 k0 5 uF—— (1) 4 kQ§

i(t)y—

Figure 5.6: Circuit diagram for resistor-capacitor circuits question 8.

figure 5.6. The switch

In the initial steady-state, the capacitor will be fully discharged and have an initial voltage of zero. Draw

the circuit in the final steady-state. The capacitor can be replaced as an open.

2 kO 4 k2

20 VCD 2 kQ v(00) 4 kO

Use the voltage divider rule to calculate v(oc0).

v(oo):m\/( 2 kQ/ /(4 kQ + 4 kQ) )(41@)

2kQ+2KkQ//(4kQ+4kQ) ) \8kQ
B 2 kQ//8 kN 1
=20V (2 kQ + 2 kQ//8 kQ> <2)

1.6 kQY\ (1
=20V (3.6 kQ) (2)

=444V

Draw the circuit at ¢ = 07 and deactivate the source.

2 k2 4 kQ
+
2 k2 5uF —— o(t) 4 kQ§
i(t)y—
E@®SO Alyssa J. Pasquale, Ph.D. 78
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Calculate the equivalent resistance as seen by the capacitor.

Rpg = (2kQ//2 kQ + 4 kQ)//4 kQ
= (1kQ+4 kQ)//4 kQ
= 5kQ//4 kQ
=2.22kQ

Calculate the RC time constant.

T=RC
=(2222 Q) (5x107° F)

=0.011s
Plug these values into the equation for the voltage of a charging RC circuit.
v(t) = [4.44 — 4.44e7%"] w(t) V
Calculate the current through a charging RC circuit.
i(t) = 272 u(t) mA

9. Calculate an expression for v(t) and i(¢) given the circuit shown in figure 5.7. The switch

closes at a time of zero seconds.

6 k2

24 VC_F 9 kQ2 3.5 mA G)

Figure 5.7: Circuit diagram for resistor-capacitor circuits question 9.

Draw the circuit in the initial steady-state condition. The capacitor can be replaced as an open.
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6 kQ
AA%A
1.4 kQ§
24 VCD . 6 kQ2
v(0)

Use the voltage divider rule to calculate v(0).

6 kO
v(0) 24V<6 kQ—i—GkQ)

=12V

Draw the circuit in the final steady-state condition. The capacitor can be replaced as an open.

6 kQ

AN :
1.4 k2
24 VCD . 6 kQ% 9 k2 3.5 mA CT)

v(00)

Combine parallel resistors, and source transform the 24 V source and re-draw the circuit.

S g )

(o0)

4 mACT) 6 kQ2

1.4 kQ
v

Combine remaining resistors and both current sources.

1.4 k2

7.5 mA Q) 2.25 kQ 4
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Use Ohm’s law to calculate v(00).

v(oo) = (7.5 mA)(2.25 k)
=16.875 V

Draw the circuit at ¢ = 07 and deactivate the sources.

6 k2

1.4 k2

6 k2 9 kQ)
+
40 uF ——

Calculate the equivalent resistance as seen by the capacitor.

Rpg =9 kQ//6 kQ//6 kQ + 1.4 kQ
=9k0//3kQ+ 1.4 kQ
=225 kQ + 1.4 kQ

= 3.65 kQ

Calculate the RC time constant.

T=RC
= (3650 Q)(40 x 107° F)
=0.146 s

Plug these values into the equation for a general RC circuit.

v(t) = [16.875 — 4.875e %] w(t) V

Calculate the current.

i(t) = 1.34e7 685 y(t) mA
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10. Calculate an expression for v(t) and i(t) given the circuit shown in figure 5.8. The switch

opens at a time of zero seconds.

10 kS2 25 k2 50 k2

AYAVAY >

18 VCD 50 kQ2

Figure 5.8: Circuit diagram for resistor-capacitor circuits question 10.

Draw the circuit in the initial steady-state condition. The capacitor can be replaced as an open.

10 k2 25 k2 50 k2

18 VCD 50 kQ2 (0) 50 kQ 16 v@)

Convert both sources to current sources.

25 kQ)

Q) 1.8 mA 10 k2 50 kQ v(0) 50 kQ 50 k2 0.32 mA CD

Combine parallel resistors.

25 kQ

. /\/\/\/ .

+

1.8 mA CT) 8.33 kQ v(0) 25 kQ2 0.32 mA Q)

Convert the 0.32 mA source to a voltage source.
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1.8 mA Q) 8.33 kﬁ% v(0) 8 VC)

Combine series resistors.

1.8 mA CT) 8.33 m% v(0) 8 v@)

Convert the voltage source to a current source.

+

1.8 mA Q) 8.33 kﬁ% v(0) 50 kQ2 CT) 0.16 mA

Combine sources and resistors.

n
1.96 mA<> 7.14 kQ > 0(0)

Use Ohm’s law to calculate v(0).

—>

v(0) = (1.96 mA)(7.14 kQ)

=14V

Draw the circuit in the final steady-state condition. The capacitor can be replaced as an open.
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25 kQ 50 k2

% § woo)  50KQ 6v(®)

Use the voltage divider law to calculate v(o0).

50 kQ/ /75 k) 50 kQ
=1
v(e0) =16 V (50 Kk + 50 k/ /75 kQ) (75 kQ)

30 kQ 2
:1 _— —
6V (50 kQ + 30 kQ) <3>

=4V

Draw the circuit at ¢ = 07 and deactivate the source.

25 kQ2 50 k2

50 kQ§ 40 nF —— u(t) 50 ke
i(t)y—

Calculate the equivalent resistance as seen by the capacitor.

Rpg = (50 kQ//50 kQ + 25 kQ)//50 kS
= (25 kQ + 25 kQ)//50 k€
= 50 kQ//50 kQ
= 25 kQ

Calculate the RC time constant.

7= RC
= (25000 Q)(40 x 107°F)

=0.001 s
Plug these values into the equation for a general RC circuit.
v(t) = [44 10719 u(t) V
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Calculate the current.

i(t) = —0.4e7 109 4 (t) mA
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6.1 Inductance and Equivalent Inductance

1. The current flowing through a 20 mH inductor is i(¢t) = 50¢ u(¢) mA. Derive equations for the

voltage dropped over the inductor and the instantaneous power consumed by the inductor.

Calculate the voltage drop. Use units of H and A.

o(t) = L%i(t)

d
= 0.02(0.05 u(t))

=0.001 u(t) V

= u(t) mV
Calculate the instantaneous power.

p(t) = i(t)v(t)
= (0.05¢t u(t) A)(0.001 u(t) V)
=5x107° u(t) W

= 0.05 u(t) mW

2. The voltage dropped over a 15 pH inductor is v(t) = cos(5000t)u(t) V. Derive equations for the

current flowing through the inductor and the instantaneous power consumed by the inductor.

Calculate the current flow. Use units of H and V.

z‘(t)L/t o(r)dr

1 t
= m/ COS(50007') ’LL(’T) dr
1 7t
= ——— [ cos(50007) dr
15 x 10-6 /0

t
0075 sm(BOOOT)‘O
= 13.335in(5000¢) u(t) A
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Calculate the instantaneous power. Use the double angle formula.

p(t) = i(t)v(t)
= (13.33sin(5000t) u(t) A)(cos(5000t) u(t) V)
= 6.67sin(10000¢) u(t) W

i(t) = 13.333 sin(5000t) u(t) A, p(t) = 6.667 sin(10000t) u(t) W — To calculate the current, use

equation. Use equation to calculate the instantaneous power.

3. Calculate the equivalent inductance of the circuit shown in figure 6.1.

Figure 6.1: Circuit diagram for inductance and equivalent inductance question 3.
Calculate the equivalent inductance.

Lgg = (50 mH + 20 mH + 60 mH)//30 mH + 10 mH + 40 mH
=130 mH//30 mH + 50 mH
= 24.375 mH + 50 mH

= 74.375 mH

4. Calculate the equivalent inductance of the circuit shown in figure 6.2.

Figure 6.2: Circuit diagram for inductance and equivalent inductance question 4.
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Calculate the equivalent inductance.

Lpg = (40 puF//50 pF + 30 uF + 20 pF)//90 pF//50 uF + 80 uF
= (22.22 pF + 50 pF)//32.14 uF + 80 uF
= 72.22 uF//32.14 uF + 80 uF
= 22.24 uF + 80 uF

= 102.24 uF

5. Determine the value of the inductor Lx given that the circuit shown in figure 6.3 has an

equivalent inductance of 250 pH.

100 pH Ly

200 pH 300 pH

O @

Figure 6.3: Circuit diagram for inductance and equivalent inductance question 5.

Use the equivalent inductance relationships to calculate Lx. All units are in uH below.

250 = (300 + Lx)//200 + 100

150 — 200(300 4 Lx)
200 + 300 + Lx

60000 + 200L

5004 Ly

75000 4 150L x = 60000 + 200L x

15000 = 50L x
300 = Ly
Ly =300 pH
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6.2 Resistor-Inductor Circuits

6. Calculate an expression for i(t) and v(¢) given the circuit shown in figure 6.4. The switch

moves from position a to b at time of zero seconds.

300 ©
a 900 Q2

b AVAVAV

ev( "
C‘) 700 Q 320 mHgx o(t)

Figure 6.4: Circuit diagram for resistor-inductor circuits question 6.

Draw the circuit in the initial steady-state condition. The inductor can be replaced by a short.

300 © 900 2

— A AN

6 VC_D i(0)y v(0)

Use Ohm’s law to calculate i(0).

6V
o) —
10 = 35001900 0

=5mA

Draw the circuit at t = 0.

900 Q

Calculate the equivalent resistance as seen by the inductor.

Rpg = 700 Q + 900 Q

= 1600 Q
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Calculate the RL time constant.

~ 1600 Q
=92%x107%*s

Plug these values into the equation for a discharging RL circuit.
i(t) = 5e 77090 4 () mA

Calculate the voltage drop.

7. Calculate an expression for i(t) and v(t) given the circuit shown in figure 6.5. The switch

opens at a time of zero seconds.

200 500 30

Q
"
5 VC’) 750 Q 20 MHE} v(t) 600 O 150 O
i(t)y—

Figure 6.5: Circuit diagram for resistor-inductor circuits question 7.

Draw the circuit in the initial steady-state condition. The inductor can be replaced by a short.

200 500 Q2 30 Q2

_|_

5 V@) 750 Q2 i(0)y v(0) 600 Q2 150 Q§

The 30 2, 600 €2, and 150 €2 resistors are shorted by the inductor in the steady-state.
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6.2 Resistor-Inductor Circuits

200 © 500 2

Convert the voltage source to a current source.

500 Q2

25 mA CD 200 Q2 750 Q i1(0)y v(0)

Use the current divider rule to calculate i(0).

i(0) = 25 mA < £000

120 ©

=6 mA

200 ©//750 £/ /500 Q>

Draw the circuit at t = 0.

30 Q

20 MHE v(t) 600 Q 150 0

Calculate the equivalent resistance as seen by the inductor.

Rpg = 600 ©//150 Q + 30 Q
=120 Q+30 Q

=150 Q
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6.2 Resistor-Inductor Circuits

Calculate the RL time constant.

Plug these values into the equation for a discharging RL circuit.

Calculate the voltage drop.

150 ©

=133x10"%*s

i(t) = 6e~ 9% () mA

v(t) = —0.9e” 0% y(t) V

8. Calculate an expression for i(t) and v(¢) given the circuit shown in figure 6.6. The switch

closes at a time of zero seconds.

BVCD 5 kQ2

6 k2

20 k§2§
_|_

100 mH
i(t)g—

v(t)

Figure 6.6: Circuit diagram for resistor-inductor circuits question 8.

Draw the circuit in the final steady-state condition. The inductor can be replaced by a short.

4 kQ

— AAN—

8V<+> 5 kQ2

Convert the voltage source to a current source.
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6.2 Resistor-Inductor Circuits

6 k2
5 k2

2mA<

NG
~
x
2

+
S
x
o)
AVAVAY,

Use the current divider rule to calculate i(c0).

{o0) = 2 mA (4 kQ//5 kQﬁ/@kQ/m kQ)
o <165k1;29)

= 0.5 mA

Draw the circuit at ¢ = 0T and deactivate the source.

4 kQ
6 kQ2
5 kQ 20 kQ§
+
100 MHE v(t)
i(t) 3~

Calculate the equivalent resistance as seen by the inductor.

Rpg =4 kQ//5 kQ/ /20 kQ + 6 k)
— 2 kQ + 6 kO
— 8k

Calculate the RL time constant.

~ 8000 ©
=125%x10"%s

Plug these values into the equation for a charging RL circuit.
i(t) = 0.5 [1 — e8] y(t) mA
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Calculate the voltage drop over the inductor.
v(t) = 4e7 80000 4y (1) V

9. Calculate an expression for i(t) and v(¢) given the circuit shown in figure 6.7. The switch

closes at a time of zero seconds.

4 kO 4 kQ

15 mA CD 2 k2

Figure 6.7: Circuit diagram for resistor-inductor circuits question 9.

Draw the circuit in the initial steady-state condition. The inductor can be replaced by a short.

4 k2

6 kQ2

Use the current divider rule to calculate i(0).

10 kQ

1.67 k2
=15 mA <10 0 >

i(0) = 15 mA (“Q//lokﬂ>

= 2.5 mA

Draw the circuit in the final steady-state condition. The inductor can be replaced by a short.
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4 kQ 4 kQ

15 mA CD 2 k2

Perform source transformation on both sources.

2 k02 4k
AVAVAY; NN— t
6 k02

30 VCD | ) 4 kQ 6mA<T)

Combine the series resistors.

6 k2

6 k2

30 V(D | . 4 kQ 6 mA (D

Convert the voltage source to a current source.

6 k2

5mA<D 6 ko T, e 6mA<D

Combine resistors and sources.
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6.2 Resistor-Inductor Circuits

11 mA CD 2.4 kQ
+

Use the current divider rule to calculate i(c0).

6 kQ

1.71 kO
6 kO

i{00) = 11 mA (2.4 kQ//6 kQ>

—11mA(

= 3.14 mA

Draw the circuit at ¢ = 0T and deactivate the sources.

4 kQ 4 kQ

Calculate the equivalent resistance as seen by the inductor.

Rpg = (2kQ + 4 kQ)//4 kQ + 6 kO
= 6 kQ//4 kQ + 6 kQ
= 2.4k + 6 kQ

= 8.4 k2

Calculate the RL time constant.

T=—=

R
24 H

~ 8400 Q
=286 x107°s
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Plug these values into the equation for a general RL circuit.
i(t) = [3.14 — 0.64e %] w(t) mA
Calculate the voltage drop.
v(t) = 5.4e7 3000 (1) V

10. Calculate an expression for i(¢t) and v(t) given the circuit shown in figure 6.7. Switch S1

opens at a time of zero seconds, and switch S2 closes at a time of zero seconds.

4 kQ 4 kQ

A

Yo

Figure 6.8: Circuit diagram for resistor-inductor circuits question 10.

Draw the circuit in the initial steady-state condition. The inductor can be replaced by a short.

+
8 v@) 5 kQ i(0)y wv(0) 20 kQ§

8 v@) i(0)y (0)

Use Ohm’s law to calculate #(0).
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Resistor-Inductor Circuits

Draw the circuit in the final steady-state condition. The inductor can be replaced by a short.

4 kQ

W

§ oorh o) 0 K6 0v(?)

The 5 k€2 and 20 k{2 resistors are shorted by the inductor in the steady-state.

4 kQ)

i(00)y v(00)20V CD

Use Ohm’s law to calculate i(00).

. 20 V
i0) = 1@
=5 mA

Draw the circuit at t = 07 and deactivate the source.

4 kQ

- e

_|_
5 k§2§ 100 mHE} v(t) 20 kQ
i(t)y—

Calculate the equivalent resistance as seen by the inductor.

Rpg =5 kQ//20 kQ/ /4 kQ

=2k
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Calculate the RL time constant.

=

_1H
~ 2000

=5x10"%s

Plug these values into the equation for a general RL circuit.

i(t) = [6—3e72°%] w(t) mA

Calculate the voltage drop.

v(t) = 620000 (1) vV
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7 Chapter 7 Solutions

7.1 Homogeneous Second Order Circuits

1. Calculate an expression for v(t) given the circuit shown in figure 7.1. The switch opens at

a time of zero seconds.

4 kQ 200

AYAVAY

10V 500 mH 50 uF —— o(t)

i(t)

Figure 7.1: Circuit diagram for homogeneous second order circuits question 1.

Draw the circuit in the initial steady-state condition. The capacitor can be replaced by an open and the

inductor can be replaced by a short.

4 kQ 200 ©

Because the initial voltage drop is measured over the inductor (short), it will be zero. Use Ohm’s law to

calculate the initial current flow.

Draw the circuit for ¢t = 0%.

200 Q

500 mH 50 uF —— w(¢)

i(t)
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This is a series RLC circuit. Calculate the damping parameter.

_ R
2L
200 ©

2(0.5 H)
=200 Np/s

(07

Calculate the resonant frequency.

Wo =

5
Q

1
/(0.5 H)(50 x 106 F)

= 0.005
= 200 rad/s

Calculate the initial first derivative of the voltage drop.

i(0)
C

v'(0)
—0.0025 A
50 x 100 F

—50 V/s

The circuit is critically damped. Calculate the coefficients.

A1 = U(O)
=0
Ay ='(0) + av(0)

=—-50V/s
Plug these values into the equation for a critically damped homogeneous circuit.

v(t) = —50te™20% y(t) V
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2. Calculate an expression for i(t) given the circuit shown in figure 7.2. The switch opens at

a time of zero seconds.

200

AN -

20 VCD 150 © 20 mH 100 nF —— w(t)
i(t)

Figure 7.2: Circuit diagram for homogeneous second order circuits question 2.

Draw the circuit in the initial steady-state condition. The capacitor can be replaced by an open and the

inductor can be replaced by a short.

200 Q

20 VCD 150 © i(0)y v(0)

Because the initial voltage drop is measured over the inductor (short), it will be zero. Use Ohm’s law to

calculate the initial current flow.

(0 - 20V
W02 k0

=100 mA

Draw the circuit at t = 0.

150 Q§ 20 mH 100 nfF —— w(t)
i(t)
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This is a parallel RLC circuit. Calculate the damping parameter.

1
“ = 2RC
B 1
~2(150 )(100 x 10-9 F)
1
- 3x10°5

= 33333.33 Np/s

Calculate the resonant frequency.

1/(0.02 H)(100 x 10-2 F)
_ 1
T 4.47 x 1075

= 22360.68 rad/s

This circuit is overdamped. Calculate the roots.

_ / 2
s1=—a+/a?—wj

= —33333.33 + 1/33333.332 — 22360.682

= —33333.33 + 24720.66

= —8612.67

sp=—a—/a? —w?

— —33333.33 — 1/33333.332 — 22360.682
= —33333.33 — 24720.66

= —58056.99

The first derivative of the initial current flow through the inductor will be zero due to the initial voltage
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7.1 Homogeneous Second Order Circuits

drop of zero. Calculate the coefficients of the equation.

4, — 1032 = (0)
S9 — 81
~ (100)(—58056.99)
~ —58056.99 — (—8612.67)
=117.42 mA
4, — 1O = i(O)s:
S92 — 81
~ —(100)(—8612.67)
~ —58056.99 — (—8612.67)

= —17.42 mA

Plug into the equation for an overdamped homogeneous circuit.
i(t) = [117.42e_8612'67f’ — 17.4e_58056'99t] u(t) mA

3. Calculate an expression for v(t) given the circuit shown in figure 7.3. The switch opens at
a time of zero seconds.

I

+ 0.1 H
40 mA CD 20 smF—— o) ‘(®) 35 Q§

Figure 7.3: Circuit diagram for homogeneous second order circuits question 3.

Draw the circuit in the initial steady-state condition. The capacitor can be replaced by an open and the
inductor can be replaced by a short.

i(0)
wm(P) a0 o0) 0 §

10 ©
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Use Ohm'’s law to calculate v(0).

v(0) = (0.04 A)(20 ©//10 Q//35 Q)
= (0.04 A)(5.6 Q)

=0.224V

Use the current divider rule to calculate #(0).

oy 20 ©2//10 2//35 Q
i(0) = 40 mA < e
5.6 Q
=224 mA
Draw the circuit at t = 0.
+ 0.1H
5mF—— o) i) 35 Q§
— 10

This is a parallel RLC circuit with parasitic resistance. Calculate the damping parameter. (All units are

in Q, H, and F.)

we L Re
~ 2RC ' 2L
B 1 L 10
~2(35)(0.005) © 2(0.1)
= 2.86 + 50
= 52.86 Np/s

Calculate the resonant frequency.

wp = L-&- fir
°=\IZc T RLC

B 1 10

=\ (0.19(0.005) " (35)(0.1)(0.005)
= /2000 4 571.43

=50.71 rad/s
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This circuit is overdamped. Calculate the roots.

s1=—a+y/a® —w
= —52.86 + V/52.862 — 50.712

= —52.86 4+ 14.91
= —-37.94
Sp=—a—y/a? —w}

= —52.86 — v/ 52.862 — 50.712

= —52.86 — 14.91

= —67.77

Calculate v'(0).
—v(0) — Ri(0)
N
v'(0) 7O

~—0.224 V — (35 2)(0.0224 A)
(35 €)(0.005 F)
—0.224 V —0.784 V

0.175 s
—1.008 V

0.175 s
= —5.76 V/s

Calculate the coefficients of the equation.

v(0)sg — v'(0)

Ay =
S92 — 81
~(0.224)(—67.77) + 5.76
- —67.77 — (—37.94)
=032V
Ay = v’ (0) — v(0)sy
S9 — 81

 —5.76 — (0.224)(—37.94)
—67.77 — (—37.94)

=-009V

Plug into the equation for an overdamped homogeneous circuit.

v(t) = [315.83e 7379 — 91.83¢7%"7"] w(t) mV
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7.1 Homogeneous Second Order Circuits

4. Calculate an expression for v(t) given the circuit shown in figure 7.4. The switch moves
from position a to position b at a time of zero seconds.

100 Q

2 uF —— o(t)

Figure 7.4: Circuit diagram for homogeneous second order circuits question 4

Draw the circuit in the initial steady-state condition. The capacitor can be replaced by an open and the
inductor can be replaced by a short.

+
5v<+> 60 0

Use Ohm’s law to calculate i(0).

5V
0= 51610

=31.25 mA

Use the voltage divider rule to calculate v(0).

60 ©
”(0)_5V<1009+60 Q)

=1875V
Draw the circuit at t = 0.

Z(t) 5 mH 40 Q2

60 Q 2 uF —— o(t)

Solve for the second order differential equation using symbolic form. L = 5 mH, Ry = 60 2, Ry = 40 €2,
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C =2 uF.
Perform KCL.

L d. d
Perform KVL around the right loop.
d d
LEi(t) = Ry S
7 (t) Rngtv(t) +v(t)
Solve the KVL equation for i(t).
d d
LLi(t) = RO S
o (1) RgC'dtv(t) + v(t)
d . R:C d 1
%z(t) ==z %v(t) + Ev(t)
Ly RO 1
i(t) = 7 v(t) + L/v(t)

Plug the equation for i(t) into the KCL equation, and put into standard form.

0="u(t) + 7 /v(t) + R%% [chv(t) + % /v(t)} + C%v(t)
- chv(t) + %/v(t) + R];C%v(t) + Rilv(t) + C%v(t)

- [sz + O} %v(t) + [ch + Rll] o(t) + % /v(t)

= [R};C +C} j—;v(t) + [RZO + 1;1} %
=0+ | eir 5 7 a0+ | o ) 0

olt) + (1)

Plug in component values.
2

d d
50(1) + 9800 v(t) + 60000000v 1)

O:
dt

Calculate the damping parameter and resonant frequency.

a = 4900 Np/s

wo = 7745.97 rad/s
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The circuit is underdamped. Calculate the oscillation frequency.

= \/7745.972 — 49002

= 5999.17 rad/s

The KCL equation can be restated to calculate the initial first derivative of the voltage, where ig;(0) is

the initial current flow through the 60 €2 resistor.

0 =1i(0) +ir1(0) + Cv'(0)
= —31.25 mA + 31.25 mA + (2 x 107¢ F)2'(0)

v'(0) =0V/s
Calculate the coefficients of the underdamped equation.

Bl = U(O)
=187V
v'(0) + aw(0)

B
_ 4900(1.875)

5999.17
=1.531V

By =

Plug into the equation for an underdamped homogeneous circuit.

o(t) = e 9% [1 875 c0s(5999.17¢) + 1.531sin(5999.17t)] u(t) V

5. Derive a second order differential equation in terms of i(¢f) given the circuit shown in

figure 7.5. The switch opens at a time of zero seconds.

Ly Ly

I

Is CD R R Ry Ry

i(t)

Figure 7.5: Circuit diagram for homogeneous second order circuits question 5.
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Draw the circuit at ¢ = 07. It is useful at this time to define i, (¢) and v, (t).

Ly Ly

R1 RQ RS

i (1) i(t)

Perform KVL around the outer loop.

) d . d . .
0= 7R12I(t) — Ll %’LI (t) + L2 %Z(t) + RgZ(t)
d] . d . .
= [—Rl — L1 dt:l Zw(t) + LQ%Z(t) + Rgl(t)

Perform KCL and solve for i,(¢).

Ly Li(t) + Rai(t)

0 =i, (t) +i(t) +

Ry
. . Ly d . Rs .
i (t) = —i(t) — E%Z(t) - El(t)
_ [1 + f;j i(t) %%i(t)

Plug the expression for i,(t) into the KVL equation. Then normalize the second order equation.

0= |-m -1 d] (- {1 + Rfs] i(t) - de'(t)) + Lo i) + Ryit)

! tdt Ry Ry dt' at

— [ d R3 . L2 d . d ) )

- _RlJrleJ ({1+ RJ i(t) + 7 dtz(zﬁ)) +L2dtz(t)+R31(t)
- RiR3| . LiR3| d . RiLy d . LiLoy d? | d. .
Ry + o8 }z()+[ 1 ] i i i) s oi(0) + Lai(t) + Rsit)

LyLy d% . LiRs RiLs| d. R1R5 .
—1(t L L —(t t
o dtQZ( ) + [ 1+ Lo+ 7 o :| dtl( )+ |:R1 + o + Rg] Z( )
d? Ry Ry Rz Ri|d. RiRy RiR3 RyR3| .
= @Z(t) + |:Ll + L72 + fg + E %Z(t) L1L2 L1L2 L1L2 l(t)
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7.2 Non-Homogeneous Second Order Circuits

6. Calculate an expression for v(t) given the circuit shown in figure 7.6. The switch moves

from position a to b at a time of zero seconds.

960 Q2

b 480 O 500 pH
+ 125 nF —— () 0v( T
28V( T _ _

Figure 7.6: Circuit diagram for non-homogeneous second order circuits question 6.

Draw the circuit in the initial steady-state condition. The capacitor can be replaced by an open and the

inductor can be replaced by a short.

160 2 480 Q

NNN— NV

_|_

28 v@) o) 20 vC)

Use superposition and the voltage divider rule to calculate v(0).

480 Q 160 Q
0)=28V(— ) 420V |-
v(0) (4809+160 Q) * (48()Q+160 Q)
=21 V45V

=26V

Use Ohm’s law to calculate the initial current flow through the inductor (from right to left to be consistent

with the direction of the defined capacitor voltage).

8V
oy 8V
0= ot 1600

= —12.5 mA

Draw the circuit in the final steady-state condition. The capacitor can be replaced by an open and the

inductor can be replaced by a short.
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960 2

NV

480 2

AV

+

soo) 20 v@)

The value of v(o0) is 20 V.

Draw the circuit at t = 0.

960 (2
480 Q 500 uH
AN

12.5 nfF —— o(t) 20 VC’)

Combine resistors in parallel.

320 Q 500 pH

— AAN———— T

12.5 nF —— o(t) 20 v@)

This is a series RLC circuit. Calculate the damping parameter.

7 320 Q
~ 2(500 x 106 H)

= 320000 Np/s
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Calculate the resonant frequency.

1
VvVLC

wo =

1
/(500 x 10-6 H)(12.5 x 10-9 F)

= 400000 rad/s

The circuit is underdamped. Calculate the oscillation frequency.

§=\fu a2

= /4000002 — 3200002

= 240000 rad/s

Calculate the initial first derivative of the voltage drop.
i(0)
/ 0) = 2
v(0) =5
_ —0.0125 A
C125x 1079 F

= —1000000 V /s
Calculate the coefficients of the underdamped equation.

B; = v(0) — v(c0)
=26V-20V

6V

_ V'(0) + afo(0) — v(c0)]
B

~ —1000000 + 320000[26 — 20]
240000

=383V
Plug these values into the equation for an underdamped non-homogeneous circuit.

v(t) = [20 + 7?2909 (6 cos(240000) + 3.83 sin(240000¢))] u(t) V
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7. Calculate an expression for i(t) given the circuit shown in figure 7.7. The switch closes at

a time of zero seconds.

125 Q

AYAVAY

25 VCD 6.25 uF —— 250 mH

Figure 7.7: Circuit diagram for non-homogeneous second order circuits question 7.

i(t)

The initial voltage drops and current flows are zero.
Draw the circuit in the final steady-state condition. The capacitor can be replaced by an open and the

inductor can be replaced by a short.

125 Q

NV

25 v@) yileo)

Use Ohm’s law to calculate i(00).

o) — 25 V
125 Q

=02A

Draw the circuit at t = 0%.

125 Q

NV

25 VCD 6.25 uF — — 250 mH
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This is a non-homogeneous parallel RLC circuit. Calculate the damping parameter.

1

“=3RC
1

~ 2(125 Q)(6.25 x 106 F)

= 640 Np/s

Calculate the resonant frequency.

1
wyp = ——

vLC
1

v/(0.25 H)(6.25 x 10-6 F)

= 800 rad/s

The circuit is underdamped. Calculate the oscillation frequency.

5= fuh —a?
= /8002 — 6402

= 480 rad/s

The initial first derivative of the current will be zero. Calculate the coefficients of the underdamped

equation.

By = i(0) — i(0)
=0A-02A
= 02A

= —200 mA

i'(0) + [i(0) —i(c0)]
B

~ 640[0 — 0.2]

B 480

=—-0.267 A

By =

= —266.67 mA
Plug these values into the equation for an underdamped non-homogeneous circuit.

i(t) = [200 — e~ 19" (200 cos(480¢) + 266.67 sin(480¢))] u(t) mA
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7.2 Non-Homogeneous Second Order Circuits

8. Calculate an expression for v(t) given the circuit shown in figure 7.8. The switch moves

from position a to b at a time of zero seconds.

200 mA CT) 100 ©

20 Q2 40 Q
Jr
500 nF 200 nF —— w(¢)

Figure 7.8: Circuit diagram for non-homogeneous second order circuits question 8.

The initial voltage drops and current flows are zero.

Draw the circuit in the final steady-state condition. The capacitor can be replaced by an open and the

inductor can be replaced by a short.

20 Q

200 mA CT) 100 ©

40 ©

Use Ohm’s law to calculate v(c0).

Draw the circuit at t = 0.

v(oo) = (0.2 A)(100 )

20

200 mA CT) 100 ©

500 nF —

NN——"ANVN—

=20V

40 Q

200 nF —— w(t)

Convert the current source to a voltage source. Then combine the series resistors.

E@®®O Alyssa J. Pasquale, Ph.D.
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Non-Homogeneous Second Order Circuits

120 Q 40 Q2

+
20 VCD 500 nNF—— 200 nF —— ()

Define symbolic values for each component, and define the voltage drop over Cj.

Ry Ry

n +
Ve @) Cr T walt) C2 ”— w(t)

Perform KCL and collect like terms.

Vs — vm(t) . d d
T = Ola’vm(t) + CQ@’U(t)
Vs 1 d d
E = |:Rl + Cldt:| Ua:(t> + CQ%U@)

Perform KVL around the right loop.

Ve (t) = RQCQ%U({;) + ’U(t)

Plug the KVL equation into the KCL equation and find the normalized second order differential equation

L [; ' c;ﬂ [ch2jtv<t> " u(tﬂ + 0o
= R;(j? %v(t) + Rilv(t) + C1Cy Ry %v(t} + Cl%v(t) + 02%1}(75)
= 0102326%22“@) + [R;%?Q +Ci + 02] %U(t) + Rilv(t)
% _ %v(t) + [ 31101 4 32102 4 R;CJ Do)+ mv(t)

Plug in component values.

2 d
4.167 x 101 = Eu(t) + 191666.667£v(t) +2.083 x 10%(t)

E@®SO Alyssa J. Pasquale, Ph.D. 117 Last updated: 2025/03/17



7 Chapter 7 Solutions 7.2  Non-Homogeneous Second Order Circuits

Calculate the damping parameter and resonant frequency.

a = 95833.33 Np/s

wo = 45643.55 rad/s

The circuit is overdamped. Calculate the roots

_ / 2
s1=—a+/a?—uwj

= —95833.33 + 1/95833.332 — 45643.552

= —95833.33 + 84265.61

= —11567.72

so=—a—/a? —w}

— —95833.33 — /95833.332 — 45643.552
= —95833.33 — 84265.61

= —180098.94

The initial first derivative of the voltage will be zero. Calculate the coefficients of the equation.

[v(0) = v(o0)]s2 — v'(0)

Ay =
S92 — 81
_ (0—20)(—180098.94)
—180098.94 — (—11567.72)
=-21373V
4 V(0 = [o(0) = v(o0)]sy
9 =
S9 — 81

—(0 — 20)(—11567.72)
—180098.94 — (—11567.72)

=1373V

Plug these values into the equation for an overdamped non-homogeneous circuit.

u(t) = [20 — 21.373e 11967728 1 1 373 180098:941) 4 (4) v
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7.2 Non-Homogeneous Second Order Circuits

9. Calculate an expression for i(t) given the circuit shown in figure 7.9. Switch S1 opens at a

time of zero seconds and switch S2 closes at a time of zero seconds.

50 10 © 20

6VC_) 50 mH

20 pF ——

’—/\/\/\/—X

S2

15V

Figure 7.9: Circuit diagram for non-homogeneous second order circuits question 9.

Draw the circuit in the initial steady-state condition. The capacitor can be replaced by an open and the

inductor can be replaced by a short.

6V @) 1i(0)

Use Ohm’s law to calculate i(0).

Draw the circuit in the final steady-state condition. The capacitor can be replaced by an open and the

inductor can be replaced by a short.

10 20 Q

Y e AVAV

yi(oo) 15 v<+>

Use Ohm’s law to calculate i(00).

15V
i) = 3579
—05A
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Draw the circuit at t = 0.

7.2 Non-Homogeneous Second Order Circuits

10 Q 20
50 mH W0uF—— 15 v@)
i(t)

Define symbolic values for each component, and define the voltage drop over the capacitor

Ry
_|_

— 0 ()

Perform KCL and collect like terms.

Vs — va(2) _ d .

Perform KVL around the left loop.

E 1 d
Ry

it cdt} v (t) +i(t)

0a(t) = Rai(t) + Li(1)

dt

Plug the KVL equation into the KCL equation, and normalize the second order differential equation

%‘ _ {1 i Cd] |:R2’i(t) + Lji(t)} v, (t) +i(t)
g"’ ()+R£% ()+chjt ()+Lcdt22 (t) +1i(t)
:Lc@z() {chju L] jt'(t)+ [glﬂ} i(t)
R%O _ j—;z’(t) + Ty

Plug in component values.

d d .

E@®®O Alyssa J. Pasquale, Ph.D.
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2

(t) + 1500000i(t)
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Calculate the damping parameter and resonant frequency.

a = 1350 Np/s

wo = 1224.74 rad/s

The circuit is overdamped. Calculate the roots.

_ / 2
s1=—a+4y/a?—uws

— 1350 + /13502 — 1224.742

= —1350 + 567.89
= —782.10

so=—a—y/a? —w}

= —1350 — /13502 — 1224.742
= —1350 — 567.89

= —1917.90
Use the KVL equation to calculate i'(0). The initial voltage drop over the capacitor (v,(0)) is zero.

2(0) = Roi(0) + Li'(0)

0= (10 2)(1.2 A) + (0.05 H)i'(0)
1) =2
=—240 A/s

Al/s

Calculate the coefficients of the equation.

[1(0) — i(o0)]s2 —#'(0)

A=
S9 — 81
(1.2 -0.5)(—1917.90) — (—240)
- —1917.90 — (—782.10)
=097 A
4, = 1(0) = [i(0) —i(c0)]s1
9 =
S9 — 81

—240 — (1.5 — 0.5)(—782.10)
—1917.90 — (—782.10)

=—-0.27A
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Plug these values into the equation for an overdamped non-homogeneous circuit.
i(t) = [0.54 0.97e” 810 — 0.27e191790] y(t) A

i(t) = [0.5 + 0.971 ¢ 782:099t _ 271 ¢ 1917-901t] y3(t) A — This is an overdamped general second

order circuit.

10. Calculate an expression for v(t) given the circuit shown in figure 7.10. The switch closes

at a time of zero seconds.

10 ©2 05H

— A

10 sin(2740t) V@ 10 ©2 2mF—— w(t)

Figure 7.10: Circuit diagram for non-homogeneous second order circuits question 10.

The initial values of the RLC circuit will be zero.

Draw the circuit at t = 0.

10 © 05H

10 sin(2740t) V@ 10 © 2mF_—— (1)

Define symbolic values for each component, and define the voltage drop over the resistor.

Perform KCL and combine like terms.

Vs — vy (t)

1
7 = va(t) + C’av(t)
Vs 2 d
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Perform KVL around the right loop.

v (t) = LC%v(t) +v(t)

Plug the KVL equation into the KVL equation, and normalize the second order differential equation.

Vs o[ . d? d
2LC d? 2 d
Vs _ d? R d 1

Plug in component values.

2

d d
. _a a 1
5000 sin(2740t) = tzv(t) +10 tv(t) + 1000v(t)

Find the form of the particular solution.
vp(t) = K sin(2w40t) + Ko cos(2m40t)

Plug the particular solution into the differential equation.

2

d
5000 sin(2740t) = —= | K7 sin(2740t) 4+ K5 cos(2740t
dt?

d
+ 10— [Ky sin(2m406) + Kz cos(2m401)

+ 1000 [K7 sin(2740t) + Ko cos(2740t)]
= 640072 K sin(2740t) + Ko cos(2740t)]
+ 8007 [K; cos(2m40t) — K sin(2740¢)]

+ 1000 [K7 sin(2740t) + K5 cos(2m40t)]
One equation will relate all of the sine terms. Divide the sin(2740t) term out of each term.
5000 = —64007? K1 — 8007 K5 + 1000K,
The other equation will relate all of the cosine terms. Divide the cos(2740t) term out of each term.

0 = —640072 Ko + 8007 K + 1000 K5
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Place both equations into form aK; + SK5 = ¢, and then place each coeflicient into a matrix.

—640072 + 1000 —8007 5000
8007 —64007% +1000 0

Solve the matrix for K; and Ks.

K, =-0.08V
K, =0.00V

The particular form of the equation is now known.
vp(t) = —0.080sin(2740t) V

To find the solution to the homogeneous equation, first calculate the damping parameter and resonant

frequency.

a =5 Np/s

wo = 31.62 rad/s

The circuit is underdamped. Calculate the oscillation frequency.

f= o - a?
= 1/31.622 — 52

= 31.22 rad/s
Find the form of the homogeneous equation.
ve(t) = e 5" [By cos(31.22t) + By sin(31.221)]
Find the form of v(t).

v(t) = up(t) + ve(t)

= —0.080sin(2740t) + e~ *" [By cos(31.22t) + By sin(31.22¢)]
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Use the initial conditions to calculate By and Bs. Start with v(0).

Use the initial first derivative of the voltage to calculate Bs.

v'(t) = —20.11 cos(2m40t) + e~ [31.22 B, cos(31.22t) — 5B sin(31.22t)]
v'(0) = —20.11 4 31.22B;

0= -20.11 4 31.225,

~20.11
T 31.22

=0.64V

2

Now v(¢) is known.
v(t) = [—0.080sin(2740t) + 0.64e ™' sin(31.22t)] u(t) V

A graph of v(t) is shown below.

0.5 .
S
= 0 2
>
| | | | | | | | |
0 100 200 300 400 500 600 700 800 900 1,000

t (ms)
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8 Chapter 8 Solutions

8.1 Phasor Arithmetic
1. Convert —200 — j100 to polar form.

Use the Pythagorean theorem to calculate the magnitude.

r = 1/2002 + 1002

= 223.61
Use the atan2 function to calculate the angle.

0 = atan2(—100, —200)

= —153.43°

2. Convert 5/ — 120° to Cartesian form.

Use sine and cosine to calculate the real and imaginary parts.

Z = 5cos(—120°) + j5sin(—120°)

= —2.5—j4.33

3. Calculate the value of (10 + j20)(—30 + 550) + (—15 — j40) and express the answer in both

Cartesian and polar forms.

Complete the addition in Cartesian form.

Z = (10 + 520)(—30 + j50) + (—15 — j40)
= —1300 — 5100 — 15 — 540

= —1315 — 5140
Convert to polar form.

Z = \/13152 4 1402/ atan2(—140, —1315)

= 1322.43/ — 173.92°

E@®SO Alyssa J. Pasquale, Ph.D. 126 Last updated: 2025/03/17



8 Chapter 8 Solutions

8.1 Phasor Arithmetic

4. Calculate the value of (10£60° — 4/ — 140°)(20/20°) and express the answer in both Cartesian

and polar forms.

Convert the phasors to Cartesian form.

10£60° = 5 + j8.66
4/ —140° = —3.06 — j2.57

20/20° = 18.79 + j6.84

Perform the arithmetic.

Z = [(5+ j8.66) — (—3.06 — j2.57)] (18.79 + j6.84)
= (8.06 + j11.23)(18.79 + j6.84)

= 74.73 + j266.24

Convert to polar form.

Z = \/T4.73% + 266.242 / atan2(266.24, 74.73)

= 276.53/74.32°

5. Calculate the value of (10 + j14)(60Z — 140°) + (38£20°)/(—5 — j18) and express the answer in

both Cartesian and polar forms.

Convert polar phasors to Cartesian form.

60/ — 140° = —45.96 — j38.57

38/20° = 35.71 + 513.00

Perform the arithmetic.

Z = (10 + j14)(—45.96 — j38.57
(10 4 j14)( J385T) + —— — s
= (80.31 — j1029.15) + (—1.18 4 j1.66)

=79.13 — j1027.49
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Convert to polar form.

Z = \/79.132 + 1027.492/ atan2(—1027.49, 79.13)

= 1030.54/ — 85.60°

8.2 Impedance and Equivalent Impedance

6. Calculate the impedance of a 25 mH inductor at a frequency of 60 Hz.

ZL = ]wL
= j(2760)(0.025)

=79.42 Q
7. Calculate the impedance of a 470 nF capacitor at a frequency of 2 kHz.

—Jj
Zc = —%
C~ oC
—J
(272000) (470 x 109

= —j169.34 O

8. Calculate the equivalent impedance of the circuit shown in figure 8.1. The frequency of

operation is 200 Hz.

65 Q2

85 mH 45 Q

O L 4

Figure 8.1: Circuit diagram for impedance and equivalent impedance question 8.
Calculate the impedance of the inductor

ZL = ij
= j(27200)(0.085)

= j106.81
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Calculate the equivalent impedance.

Zpq = 45 Q//j106.81 Q + 65 Q
=38.22 + j16.10 Q + 65 Q

=103.22 4 516.10 ©

9. Calculate the equivalent impedance of the circuit shown in figure 8.2. The frequency of

operation is 450 Hz.

100 mH 460 mH
o O
330nF —_—  24Q 86 Q)

O L 4

Figure 8.2: Circuit diagram for impedance and equivalent impedance question 9.

Calculate the impedance of the capacitor and inductors.

Zy100 = j(2m450)(0.1)
= j282.74 Q
ZL460 = ](27‘(’450) (046)

= 4j1300.62 Q2
—Jj
(27450)(330 x 10-9)

Zc =

= —j1071.75 Q

Calculate the equivalent impedance.

Zgq = (86 Q + j1300.62 Q)//24 Q// — j1071.75 Q + j282.74 Q
=86 + 1300.62 Q//24 Q// — F1071.75 Q + j282.74 Q
=23.97 — j0.10 Q + j282.74 Q

= 23.97 4 j282.65
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10. Calculate the equivalent impedance of the circuit shown in figure 8.3. The frequency of

operation is 6 kHz.

20 50
o—
6 Q
50 uF — 33 uH%
68 puF —
O

Figure 8.3: Circuit diagram for impedance and equivalent impedance question 10.

Calculate the impedances of the inductor and both capacitors.

—Jj
276000) (50 x 10-6)

Zcso = 0

= —j0.53 Q
—Jj
276000)(68 x 10-6)

Zces = (
= —350.39 Q
Zy, = j(276000)(33 x 107°)

=371.24 Q
Calculate the equivalent impedance.

Zpo = ((5Q4 124 Q)//(6 Q2 —j0.39 Q) +2 Q)// — j0.53 Q
= (2.79+j0.28 Q+2 Q)// — j0.53 Q

= 58.56 — j527.51 mf2
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8.3 Delta-Wye and Wye-Delta Transforms

11. Convert the circuit shown in figure 8.4 to a delta circuit.

8 Q

—-j10 © 30 Q

e

b C

Figure 8.4: Circuit diagram for delta-wye and wye-delta transforms question 11.

Calculate each of the delta impedances.

 ZoZy + ZZe + ZoZe
- 5
(78 Q2)(—510 Q) + (=510 Q)(30 Q) + (48 2)(30 Q)
30 Q

Z,

~ 80 —360 0?2
300
=2.67—-720Q

_ ZyZy + ZpZe + 222
= 2

~ 80 —360 02

- 80Q
=-75—-7510Q

o ZaZb + Zch + Zazc
= 7

~ 80 —360 0?

- —j10Q

Zs

Z3

= 64480

Draw the delta circuit diagram.
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12. Convert the circuit shown in figure 8.5 to a wye circuit.

6.2 Q2 i13.4 Q

206 3.9 Q

Figure 8.5: Circuit diagram for delta-wye and wye-delta transforms question 12.

Calculate each of the wye impedances.

- Z1Z3
C Zy+ 7o+ Zs3
(—j6.2 Q)(j13.4 Q)
(—j6.2 Q) + (20 — j3.9 Q) + (j13.4 Q)
83.08 2

T 20+330Q
= 4.04 — j0.67 Q
_ VAYA
2+ Zo + 73

(—j6.2 )(20 — j3.9 Q)

20+ j3.3 Q

=—2.17—j5.84 Q

7 _ 2373
¢ 71+ 75+ 753
(20 — j3.9 Q)(j13.4 Q)
20 + j3.3 Q

=4.70 + j12.63 Q

Z,

Zy

Draw the wye circuit diagram.

a

4.04-j0.67 2
—2.17-j5.84 Q 4.70+j12.63 2
b C
E@®SO Alyssa J. Pasquale, Ph.D. 132

Last updated: 2025/03/17



8 Chapter 8 Solutions 8.3 Delta-Wye and Wye-Delta Transforms

13. Calculate the equivalent impedance of the circuit shown in figure 8.6.

6 Q

— AW

4Q i5Q

0—0—/\/\/\/—0—[6666\—0
30— — 9 Q§

Figure 8.6: Circuit diagram for delta-wye and wye-delta transforms question 13.

O

6 Q2

-2.67+j5 Q

Calculate the equivalent impedance.

Zeo = (9 Q//(3.75 +j2 Q) + 6 Q//(—2.67 + j5 Q))//(1.6 — j3 Q)
= ((2.80 4+ 0.97 Q) + (2.68 + j4.98 Q))//(1.6 — j3 Q)
= (5.48 + j5.96 Q)//(1.6 — 73 Q)

=2.86 — j2.17 Q

Draw the equivalent circuit.

2.86 Q)

A

217 QT —
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14. Calculate the equivalent impedance of the circuit shown in figure 8.7. The frequency of

operation is 10 kHz.

o .
220 Q 100 nfF — —
5 mH
]
470 Q 150
O L 4

Figure 8.7: Circuit diagram for delta-wye and wye-delta transforms question 14.

Convert to impedances.

~j159.15 Q ——

j314.16 Q

470 Q 150 Q§
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Calculate the equivalent impedance.

Zeq = [(220 Q)//(333.33 + j155 Q) + (470 Q)//(—146.09 + j314.16 Q)] //(74.01 — j159.15 Q)
= [(138.89 + j22.72 Q) + (118.59 + j340.83 )] //(74.01 — j159.15 Q)
— (257.49 + j363.55 Q)//(74.01 — j159.15 Q)
=149.15 — j134.42

15. Calculate the equivalent impedance of the circuit shown in figure 8.8. The frequency of

operation is 50 Hz.

10
50 uF ——
60 puF ——
60 mH
D000 ——
20 Q 80 mH%
40 Q

Figure 8.8: Circuit diagram for delta-wye and wye-delta transforms question 15.

Convert to impedances.

o ®

10-j53.05 Q2 —-j63.66 2 —

j18.85

Do a wye-delta transform.
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8.3 Delta-Wye and Wye-Delta Transforms

10-j53.05 O

Calculate the equivalent impedance.

Zeqg = [(10 — j53.05 )/ /(—j92.56 Q) + (20 Q)//(j36.54 Q)] //(—j123.41 Q) + 40 Q
= [(4.02 — j34.00 Q) + (15.39 4 58.42 Q)] //(—j123.41 Q) + 40 Q

= (19.41 — j25.58 ) //(—j123.41 Q) + 40 Q

=13.10 — 522.89 Q2 + 40 Q

= 53.10 — j22.89 Q
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9 Chapter 9 Solutions

9.1 Complex Voltage and Current Divider

1. Calculate v(t) given the circuit diagram shown in figure 9.1.

50

A

50 cos(2760t + 607,/180) V@ 35 uF —— w(t)

Figure 9.1: Circuit diagram for complex voltage and current divider circuits question 1.

Convert the source to phasor form.

Vs = 50co0s(60°) + j50sin(60°) V

=25+ 354330 V
Convert the capacitor to an impedance.
—J
Z =
© ™ (2760)(35 x 106
= —3j75.79 Q

Apply the complex voltage divider rule.

—j75.79 Q
Vour = (25 + j43.30 V) ( J >

50 Q — 575.79 Q
=37.32 +j18.68 V

=41.74 V/26.59°
Convert to time-varying form.

Vout (1) = 41.74 cos(2m60t + 26.597/180) V
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9 Chapter 9 Solutions 9.1 Complex Voltage and Current Divider

2. Calculate v(t) given the circuit diagram shown in figure 9.2. The frequency of operation is

80 Hz.

j26.4
3000
+
120
160 V / 150° @ v(t)
~j75.8 Q

Figure 9.2: Circuit diagram for complex voltage and current divider circuits question 2.

Apply the complex voltage divider rule.

120 — j75.8 Q
Vour = (—138.56 + 580 V) ( J )

120 — j75.8 Q + j26.4 Q
= —134.25 4 j112.26 V

=175.00 V/140.10°
Convert to time-varying form.
Vout (t) = 175.00 cos (2780t + 140.107/180) V

3. Calculate i(t) given the circuit diagram shown in figure 9.3. The frequency of operation is

150 Hz.

6

20 A / -120° @ ST T——

i(t)

Figure 9.3: Circuit diagram for complex voltage and current divider circuits question 3.
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9 Chapter 9 Solutions 9.1 Complex Voltage and Current Divider

Apply the complex current divider rule.

Iour = (10— j17.32 A) <<_j7 f;)i/]§§$j5 Q))

—21.69 + j4.44 A

=22.14 A/168.43°
Convert to time-varying form.
iout(t) = 22.14 cos(2m150t + 168.437/180) A

4. Calculate v(t) given the circuit diagram shown in figure 9.4.

28 Q 52 mH

NN\

7 cos(27100t) V@ 48 uF — 30 Q§ v(t)

Figure 9.4: Circuit diagram for complex voltage and current divider circuits question 4.

Calculate equivalent impedances.

28+j32.67 Q

7 V@ 16.50-j14.93 Q2

Apply the complex voltage divider rule.

16.50 — j14.93 Q
VOUT:7V( 6.50 — j14.93 )

16.50 — j14.93 Q 4 28 + j32.67 Q
=143 4292V

=3.23 V/ —63.88°

Convert to time-varying form.

Vout (t) = 3.23 cos(2m100t — 63.887/180) V
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9 Chapter 9 Solutions 9.1 Complex Voltage and Current Divider

5. Calculate i(t) given the circuit diagram shown in figure 9.5.

4.5 cos(2r6000t+307/180) A @ 40 O 330 nfF —— 1 mH§

it)

Figure 9.5: Circuit diagram for complex voltage and current divider circuits question 5.

Convert to phasors and impedances.

3.90+2.25 A@ 400> —j8038Q — —  j37.70 Q

0000/

i(t)

Apply the complex current divider rule.

IouT = (3.90 + j2.25 A) <(40 Q)//(_j804%899)//(j37~70 Q))

30.36 + j17.11 Q
40 O

= (3.90 + j2.25 A) (

= (3.90 + j2.25 A)(0.76 + j0.43)
=2.00 + 53.37 A

= 3.92 A/59.40°
Convert to time-varying form.

iout(t) = 3.92 cos(276000¢ 4 59.407 /180) A
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9 Chapter 9 Solutions 9.2 Complex Kirchhoff’s Laws

9.2 Complex Kirchhoff’s Laws

6. Calculate i(t) given the circuit diagram shown in figure 9.6.

40 Q 10 mH
24 cos(2760t) V @ 330 uF —— 80 Q2
i(t)

Figure 9.6: Circuit diagram for complex Kirchhoff's laws question 6.

Convert to impedances and define branch currents.

40 Q I,

A

24 v@ —j8.04 QT —

Y

3.77 Q

IouT

Perform KCL.
0=1I - I, - IouT
Perform KVL.

24 = 4011 — 58.041I2

0 = j8.04I5 + (80 + 53.7")IouT
Place the equations into form aly 4+ 513 + vIouT = ¢, and then place each coefficient into a matrix.

1 -1 -1 0
40 —j8.04 0 24
0 j8.04 80+33.77 0

Solve the matrix for Ioyt.

Iour = 14.15 — 556.16 mA
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9 Chapter 9 Solutions 9.2 Complex Kirchhoff’s Laws

Convert to time-varying form.
iout(t) = 57.91 cos (2760t — 75.867/180) mA

7. Calculate v(t) given the circuit diagram shown in figure 9.7. The frequency of operation is

20 Hz.

8 Q 50

80 V / 120° @ 10 -6 Q—— i5 Q% o(t)

Figure 9.7: Circuit diagram for complex Kirchhoff's laws question 7.

Define branch currents.

8Q

—40+j69.28 V @

Perform KCL.

0=I -I—-1I3

0=1I3—-14—1I5
Perform KVL.

—40 + j69.28 = 8I; + 101,
0= —10I, + 5I5 — j6I4

0 = —10I + 5I5 + 5515

Place the equations into form al; + I + I3 + 014 + €l5 = ¢, and then place each coefficient into a
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9 Chapter 9 Solutions 9.2 Complex Kirchhoff’s Laws

matrix. _ -
1 -1 -1 0 0 0
0 0 1 -1 -1 0
8§ 10 0 0 0 —404 769.28
0 -10 5 —j56 0 0
_O —-10 5 0 35 0 |

Solve the matrix for Is.

Is = 5.73 4 j6.25 A

Use Ohm’s law to calculate Vour.

Vour = (5.73 + j6.25 A)(j5 Q)
= —31.24 4 j28.65 V

=42.39 V/137.47°

Convert to time-varying form.

Vout (t) = 42.39 cos(2m20t + 137.477/180) V

8. Calculate v(t) given the circuit diagram shown in figure 9.8. The frequency of operation is

20 kHz.

9 Q 80
—j3QI+
15A40°® 6Q o(t) j5 Q%
40

Figure 9.8: Circuit diagram for complex Kirchhoff's laws question 8.

Define branch currents.
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9 Chapter 9 Solutions

9.2

Complex Kirchhoff’s Laws

15A@ 60

Perform KCL.

15:Il+12

0212—13—14

Perform KVL.

0= —6Iy + j9I5 + (4 — j3)Is

0= —6Iy + j9I, + (8 4 j5)Ia

Place the equations into form al; + I + vIs 4+ 014 = ¢, and then place each coefficient into a matrix.

Solve the matrix for Iz.

Is = 5.28 — j1.61 A

Use Ohm’s law to calculate Vour.

Vour = (5.28 — j1.61 A)(4 — j3 Q)
=16.29 — j22.28 V

=27.60 V/ — 53.82°

Convert to time-varying form.

Vout () = 27.60 cos(2m20000t — 53.827/180)
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9.2 Complex Kirchhoff’s Laws

9. Calculate v(t) given the circuit diagram shown in figure 9.9. The frequency of operation is

30 Hz.

Figure 9.9: Circuit diagram for complex Kirchhoff's laws question 9.

Define branch currents.

-5 Q
—H_Ig
50

I, 10 I,
1»—/\/\/\/—>—<>—/\/\/\/—>—0
+
100 V@ —-j10Q — — j10 © Vour
VI3 15 —

Perform KCL.

0=TI, I — I,

0=T, +1, — I

Perform KVL.

100 = 5I, — 51015
0 = j10I5 + 1014 + j10I5

0= —j5I; — 101, — 51

Place the equations into form aly + I + I3 + 014 + €l5 = ¢, and then place each coefficient into a
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9 Chapter 9 Solutions 9.2 Complex Kirchhoff’s Laws

matrix. _ -
0 1 -1 -1 0 0
1 0 0 1 -1 0

0 5 —j710 O 0 100
0 0 3510 10 410 O

_7]5 -5 0 —-10 O 0 |

Solve the matrix for Is.

Is =353 —-514.12 A

Use Ohm’s law to calculate Vour.

Vour = (3.53 — j14.12 A)(510 Q)
=141.18 + j35.29 V

= 145.52 V/14.04°

Convert to time-varying form.

Vout (t) = 145.52 cos(2r30t + 14.047/180) V

10. Calculate v(t) given the circuit diagram shown in figure 9.10.

40 uF
20 04

l

5 cos(27200t) V@ 5Q v(t) 0.50(¢) 7Q 100 uF ——

Figure 9.10: Circuit diagram for complex Kirchhoff's laws question 10.

Define branch currents.

40 uF

20
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9 Chapter 9 Solutions 9.2

Complex Kirchhoff’s Laws

Perform KCL.

0=I,-1I-1I3

0213—0.5V—I4—I5

Perform KVL.

5 =2I; + 51
0= —5I3 — 519.8915 + 714

0= —7ILy — j7.96I5

Derive a dependent source equation.

V =51,

Place the equations into form aly + fIa +vI3 + 014 + €l5 + (V = ¢, and then place each coefficient into

a matrix. - _
1 -1 -1 0 0 0 0
0 0 1 -1 -1 -05 0
2 5 0 0 0 0 5
0 -5 —j19.89 7 0 0 0
0 0 0 -7 —=3796 0 O
_O 5 0 0 0 -1 0_

Solve the matrix for V.

V =3.09— 5043V

=3.12 V/ —-8.00°

Convert to time-varying form.

v(t) = 3.12 cos(27200t — 8.007/180) V
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9.3 Complex Mesh Analysis

11. Calculate v(t) given the circuit diagram shown in figure 9.11. The frequency of operation

is 50 Hz.

12 0 90

Figure 9.11: Circuit diagram for complex mesh analysis question 11.

Define mesh currents. Component values may be hidden so that mesh current labels can be read.

12 Q 9Q

Derive the mesh equations.

105 = 1214 + 24(15 — Ip)

0=24(Ig —Ia)+ (9+j12)Ip
Place the equations into form ala + SIg = ¢, and then place each coefficient into a matrix.

36 —24 105
—24 334512 0

Solve the matrix for Io and Ig.

In =4.75—-4129 A

I =275—-351.94 A
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9 Chapter 9 Solutions 9.3 Complex Mesh Analysis

Calculate the voltage.

V= (24 Q)(I5 —1Ip)
= (24 Q) ((4.75 — j1.29 A) — (2.75 — j1.94 A))
= 48.01 +j15.52 V

= 50.46 V/17.91°

Convert to time-varying form.

v(t) = 50.46 cos(250t + 17.917/180) V

12. Calculate i(t) given the circuit diagram shown in figure 9.12.

30 Q 25|0 |’“‘F
AVAVAY B
15 Q 8 mH
0—/\/\/\/—»—[6666\—0

30 cos(27100t + 457 /180) v@ 160 uF — — 20 Q§

vi(t)

Figure 9.12: Circuit diagram for complex mesh analysis question 12.

Define mesh currents. Component values may be hidden so that mesh current labels can be read.

30 O 25|0 |“F
— NV |
)
15 Q) 8 mH
1»—/\/\/\/—0—[6666\—0
21.21+4j21.21 V@ @ - @ 20 Q
vl
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9 Chapter 9 Solutions 9.3 Complex Mesh Analysis

Derive the mesh equations.

0 = (30 — j6.37)Ia + 5.03(Ia — Ic) + 15(Ia — Ip)
21.21 + j21.21 = 15(Ig — Ix) — j9.95(Ig — I¢)

0= —j9.95(Ic — Ip) + j5.03(Ic — Ia) + 20I¢

Place the equations into form ala + SIg 4+ 7Ic = ¢, and then place each coefficient into a matrix.

45— 4134  —15 —j5.03 0
~15  15—59.95  j9.95  21.21+ j21.21
—j5.03 79.95 20— j4.92 0

Solve the matrix for Ig and I¢.

I = 0.31 4 j1.83 A

Ic =0.73+0.05 A

Calculate the branch current.

I=(Ig-1Ic)
= (0.31 + j1.83 A) — (0.73 + 0.05 A)
= 042+ j1.79 A

=1.83 A/103.18°

Convert to time-varying form.

i(t) = 1.83 cos(2r100t 4 103.187/180) A
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13. Calculate v(t) given the circuit diagram shown in figure 9.13.

130
5 uF —— 56 O
210 ©
12 cos(27200t) V @ !
+
80 Q 95 mMHE v(t)

Figure 9.13: Circuit diagram for complex mesh analysis question 13.

Define mesh currents. Component values may be hidden so that mesh current labels can be read.

130 Q

NV

SuF::@ 56 Q
210 Q
+

Derive the mesh equations.

12 = 13014 — 5159.15(Ia — Ig) + 80(Ia — Ic)
0= —4159.15(Ig — Ia) + 56Ig + 210(Ig — Ic)

0= SO(IC - IA) + 210(10 — IB) + 7119.381¢

Place the equations into form ala + SIg + 7Ic = ¢, and then place each coefficient into a matrix.

210 — 7159.15 7159.15 —-80 12
7159.15 266 — 7159.15 —210 0
—80 —210 290 4 7119.38 O
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Solve the matrix for Ic.

Ic =22.68 — 535.74 mA

Use Ohm’s law to calculate V.

V = (4119.38 Q)(I¢)
= (j0.11938 k2)(22.68 — j35.74 mA)
=427+ 271V

= 5.05 V/32.40°

Convert to time-varying form.

v(t) = 5.05 cos (2200 4 32.407/180) V

14. Calculate v(t) given the circuit diagram shown in figure 9.14. The frequency of operation

is 5 kHz.

20 9 1.4 |uF
+ 20 0
10V £ -50° @ 50 Q> w(t) 60 Q§
2u(t)

Figure 9.14: Circuit diagram for complex mesh analysis question 14.

Define mesh currents. Component values may be hidden so that mesh current labels can be read.
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9 Chapter 9 Solutions 9.3

Complex Mesh Analysis

20 O 1.4/|LF
+ 20 O
A

Derive the mesh equations.

10 = 2015 + 50(I5 — I)
0=50(Ig — Ia) — j22.751g + 20(Ig — Ic) + 2V

0=—2V +20(Ic — Ip) + 60I¢

Derive an equation for the dependent source.

V =50(I5 — Ip)

Place the equations into form ala + SIg + vIc + 6V = ¢, and then place each coefficient into a matrix.

70 —50 0 0 10
-50 70-3522.74 -20 2 O
0 —20 80 -2 0
—50 50 0 1 0

Solve the matrix for V.

V =7.84+j2.00 V

=8.09 V/14.35°

Convert to time-varying form.

v(t) = 8.09 cos(2r5000¢ + 14.357/180) V
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15. Calculate v(t) given the circuit diagram shown in figure 9.15.

Figure 9.15: Circuit diagram for complex mesh analysis question 15.

Define mesh currents. Component values may be hidden so that mesh current labels can be read.

20 Q) 5"|°’T‘F
)
30 Q 60 Q

13.59+j6.34 v@ /1;3) @ 6.6 uF

Derive the mesh equations.

0 = (20 — 550.05)Ia + 60(Ta —Ic) + 30(Is — Ip)

13.59 4 ji6.34 = 30(Ig — Ia) + 60(Ic — 1) — j40.191¢

Perform KCL at the supermesh.

0=1Ip —-0.3V -1I¢

Derive an equation for the dependent source.

V =201
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Place the equations into form ala + SIg + vIc + 6V = ¢, and then place each coefficient into a matrix.

110 — 550.05 —30 —60 0 0
-90 30 60— 540.19 0 13.59 + 76.34

0 1 -1 -0.3 0

—20 0 0 1 0

Solve the matrix for V.

V = —8.43 41342V

=15.84 V/122.13°

Convert to time-varying form.

v(t) = 15.84 cos(27600t 4+ 122.137/180) V

9.4 Complex Superposition

16. Calculate v(t) given the circuit diagram shown in figure 9.16. The frequency of operation

is 10 kHz.

20

5V415°® j15 Q ®3OV40°

Figure 9.16: Circuit diagram for complex superposition question 16.

Calculate the voltage drop contributed by the 5 V source.

20

5vz15°® i15 Q
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Use the complex voltage divider rule to calculate Vj.

15 Q// — j40 Q
V1:(4.83+j1.29V)( J15 /) = j40 )

715 Q// — j40 Q + 20 Q
j24 Q >

=221+4314V

Calculate the voltage drop contributed by the 30 V source.

—-j40 Q

F

20

Use the complex voltage divider rule to calculate V.

V= (30 V) ( 715 .Q//20 Q )

715 Q//20 Q — j40 Q
7.24 9.6 Q )

=(B0V) (—32.8 +9.6 Q

=—-7.38+ 35885V
Calculate V.

V=V;+Vy
=(2.21473.14 V) + (-7.38 4 j8.85 V)
=516+ 411.99 V

= 13.06 V/113.30°
Convert to time-varying form.

v(t) = 13.06 cos(2710000¢ 4 113.307/180) V
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9 Chapter 9 Solutions 9.4 Complex Superposition

17. Calculate v(t) given the circuit diagram shown in figure 9.17. The frequency of operation

is 40 Hz.

20

: A

+

10A Z0° @ 50> u(t)  -20/9 QT 5 Q @ 100 V Z —90°

Figure 9.17: Circuit diagram for complex superposition question 17.

Calculate the voltage drop contributed by the 10 A source.

20
+

10A / O°® 50 Vi —-j20/9 Q 50

Calculate the equivalent impedance.

Zpo=5Q//—320/9 Q//55 Q//20 Q
=220
Use Ohm’s law to calculate V.
Vi=(10A)(2-529Q)
=20—-4j20V
Calculate the voltage drop contributed by the 100 V source.
20
+

50Q Vo -j20/9 Q j5 Q @ 100 V / -90°

Calculate the equivalent impedance of the parallel impedances.
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9 Chapter 9 Solutions 9.4 Complex Superposition

20 Q2

NV

+

1.95-j2.44 QD Vs @ 100 V Z —90°

Use the complex voltage divider rule to calculate Va.

1.95 — j2.44 Q
V= (—100 V)< %= )

21.95 — j2.44 Q
=-10—410V

Calculate V.

V=V;+V;,
= (20 — 20 V) + (=10 — j10 V)
=10—j30 V

=31.62 V/ —T71.57°
Convert to time-varying form.
v(t) = 31.62 cos(27100t — 71.577/180) V

18. Calculate v(t) given the circuit diagram shown in figure 9.18. The frequency of operation

is 100 Hz.

20 12 Q j16 Q

100-j50 v@ 50 Sl —— @ 30+j20 A

Figure 9.18: Circuit diagram for complex superposition question 18.

Calculate the voltage drop contributed by the voltage source.
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9 Chapter 9 Solutions 9.4 Complex Superposition

20 12 Q 16 Q

100-j50 v@ i5Q —jl0Q——

Use the complex voltage divider rule to calculate Vj.

, 5 Q//(12 + j6 Q) 12 4 j16 O
V, = (100 — j50 V
1= ( J )<j59//(12+j6§2)+209 12+ 56 Q

1.13 4 53.96 Q
21.13 + j3.96 Q

= (100 — 550 V) ( > (1.33 4+ j0.67)

= (100 — 50 V)(0.09 + 50.17) (1.33 + j0.67)

= 14.29 + j28.57 V

Calculate the voltage drop contributed by the current source.

20 O 12 Q 16 Q

/5000
+ Va2 -

5 Q 10 Q—— @ 30-j20 A

Combine parallel impedances.

12 Q j16 ©
00
AN —— T
1.184j4.71 Q S0 Q —— @ 30420 A

Use the complex current divider rule to calculate the current through the branch with many elements.

710 ©//13.18 + j20.71 ©
I(30+j20A)( J10 ©2//13.18 + j20.7 >

13.18 + j20.71 Q
=-2_j21.14 A
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Use Ohm’s law to calculate V5.

Vo = (12 + 16 Q)(—2 — j21.14 A)

= 314.29 — j285.71 V

Calculate V.

V=V;+V,
= (14.29 + j28.57 V) + (314.29 — j285.71 V)
= 328.57 — j257.14 V

=417.23 V/ — 38.05°

Convert to time-varying form.

v(t) = 417.23 cos(2r100t — 38.057/180) V

19. Calculate i(t) given the circuit diagram shown in figure 9.19. The frequency of operation

is 2 kHz.

10 uF

12 Q
‘
SAZO"@ 310 pH ®2OVZ90°

it)

Figure 9.19: Circuit diagram for complex superposition question 19.

Calculate the current contributed by the voltage source.
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9.4 Complex Superposition

10 pF

12 Q
% ,
310 pH @20 V £ 90°

I,

Calculate the equivalent impedance.

5.97-j6.00 Q

j3.90 @20 V / 90°

I

Use the Ohm’s law to calculate I;.

2
I 720V

= 5.97 — j6.00 Q + 73.90
= —1.05+2.98 A

Calculate the voltage drop contributed by the current source.

20 uF
| |
N

10 uF

12 Q
‘
SAAO"@ 310 pH

1>

Convert to impedances.
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9 Chapter 9 Solutions 9.4 Complex Superposition

-j3.98 Q2

| |
-7.96 Q
0—{ J
5 A@ j3.90

I

Use the complex current divider rule to calculate I.

o = (5 A) <(j7.96 0+12Q//43.90 Q)// — 73.98 Q) (j3.90 Q//12 Q)

—47.96 Q+ 12 ©//73.90 Q 73.90 Q

(1.14 — j4.43 Q)// — j3.98 O .
(5 4) ( 114 j443 Q (0.90 - j0.29)

= (5 A) (0.46 — j0.06) (0.90 — 50.29)

=2.01—30.97 A

Calculate I.

I=1, +1,
= (—1.05 + j2.98 A) + (2.01 — j0.97 A)
—0.96 + j2.01 A

=2.23 A/64.57°

Convert to time-varying form.

i(t) = 2.23 cos(2m2000¢ + 64.577/180) A
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20. Calculate i(t) given the circuit diagram shown in figure 9.20. The frequency of operation

is 20 Hz.

200 O 150 Q j60 ©

5VZO°® j80 Q2 120 © @600 mA /£ 45°

10 V £ 60°

Figure 9.20: Circuit diagram for complex superposition question 20.

Calculate the current contributed by the 5 V source.

200 Q 150 O j60 ©

Calculate the equivalent impedance.

200

— AAN—

5V /0° @ j80 Q2 |::| 207.69+j11.54 Q

I

Use the complex voltage divider rule to calculate the voltage drop over the inductor.

Vi =5V < (780 ©)//(207.69 + j11.54 Q) )

200 Q + (780 ©)//(207.69 + jj.54 Q)
=095+ 123V

Use Ohm’s law to calculate I;.

095+ 1.23V
N 780 Q

=15.40 — j11.82 mA

I,
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9 Chapter 9 Solutions 9.4 Complex Superposition

Calculate the current contributed by the 10 V source.

200 150 2 j60 Q2

120 Q§

10V Z 60°

Convert to a simpler circuit to take a voltage divider. Find the equivalent impedance of all but the 100 €2

resistor. All units are ohms.

Zeq = ((200//580) + 150)//(120 + j60)
= (177.79 + j68.97)//(120 + j60)

= 71.79 + j32.50 Q

100 ©

NV

10VZ60°@ Vv

+

[ 1

:|71.79+j32.50 Q

Use the complex voltage divider rule to calculate V.

7179 + j32.50 O
V:(5+j8.66V)< tJ )

171.79 4 j32.50 Q
= 1.27+j4.32V

Re-draw the reduced circuit.

200 150 ©2 j60 Q2

1.27+j4.32V ;120 Q

The 120+4j60 Q branch, bering in parallel with the circuitry containing the inductor of interest, can be
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removed from the circuit in the interest of calculating voltage.

200 Q 150 Q2

j80 Q @ 1.274j4.32 V

I

Use the complex voltage divider rule to calculate the voltage drop over the inductor. Units are volts and

ohms.

V = (1.27 + j4.32) (200//380>

150 + 200/ /580
=—-090+ 5151V
Use Ohm’s law to calculate I5.
—0.90+ 7151V
= —— I T
380 Q

=18.90 4 j11.19 mA

Calculate the current contributed by the current source.

200 Q 150 © 60 Q

j80 Q2 100 © 120 Q2 @600 mA / 45°

Is

Reduce to a circuit with two impedances.

66.07-+j68.43 Q|::| 120 © @600 mA £/ 45°

Use the complex current divider rule to calculate the current flowing through the 66.074j68.43 2 branch.
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9.4 Complex Superposition

Units are mA and ohms.

120//(66.07 + j68.43
Ix:(424.26+j424.26)( //(66.07 + ))

66.07 + j68.43
= 329.66 + j152.38 mA

Re-draw the circuit.

200 150 Q2

80 Q 100 © @ 329.66-+j152.38 mA

I3

Reduce to a circuit with two impedances.

177.594-j68.97 Q|::| 100 © @ 329.66+j152.38 mA

Use the complex current divider rule to calculate the current flowing through the 177.59+j68.97 2 branch.

Units are mA and ohms.

Iy = (329.66 + j152.38) ( 17750 1 J68.97

=124.70 4+ j23.91 mA

Re-draw the circuit.

200 Q

80 Q @ 124.70+j23.91 mA
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9 Chapter 9 Solutions 9.5 Complex Source Transformation

Use the complex current divider rule to calculate Is. Units are mA and ohms.

200/ /580
I = (124.70 + j23.91) (/8/0]>
J

= 115.75 — j22.38 mA
Calculate 1.

I=1;+1, +13
= (15.40 — j11.82 mA) + (18.90 4 5j11.19 mA) + (115.75 — j22.38 mA)
= 150.05 — 523.02 mA

=151.81 mA/ — 8.72°
Convert to time-varying form.

i(t) = 151.81 cos(2720t — 8.727/180) mA

9.5 Complex Source Transformation

21. Use source transformation to calculate v(¢) in the circuit shown in figure 9.16 (in the

complex superposition section).

-j40 Q

%

20

5V115°@

Convert both sources to current sources.

5c0s(15°) + j5sin(15°) V

Isi = 20 Q
= 0.24 + j0.06 A
Iy, = 2OV
—740 Q
= j0.75 A

Re-draw the circuit.
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+

0.24-+j0.06 A@ 20 Q iBOS v 400 —— @jO.?S A

Combine sources and impedances.

0.24+j0.81 A@

11.84j9.84 O

Use Ohm’s law to calculate V.

V = (0.24 4 j0.81 A)(11.80 + j9.84 Q)
= —5.16+j11.99 V

= 13.06 V/113.30°

Convert to time-varying form.

v(t) = 13.06 cos(2710000¢ + 113.307/180) V

This answer should be and is identical to question 16 in the complex superposition section.

22. Use source transformation to calculate v(¢) in the circuit shown in figure 9.17 (in the

complex superposition section).

20

10A Z0° 50> u(t)  -20/9 QT — 50 100 V £ -90°

Convert the voltage source to a current source.

[ _ 4100V
ST 00

= —j5 A
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Py Py ° Py
A 4

+

10 A@ 50>V —20/90 " 5 Q 20 O -5 A@

Combine sources and impedances.

O QD v

Use Ohm’s law to calculate V.

V= (10— j5 A)(2—j2 Q)
=10—430 V

=31.62 V/ - 71.57°
Convert to time-varying form.
v(t) = 31.62 cos(2m40t — 71.577/180) V
This answer should be and is identical to question 17 in the complex superposition section.

23. Use source transformation to calculate i(¢) for the circuit shown in figure 9.21. The

frequency of operation is 10 Hz.

-7 Q

6 Q j4Q }7

2ovz0°@ X S 11 Q 3ovz00@

i(t)

Figure 9.21: Circuit diagram for complex source transformation question 23.
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9.5 Complex Source Transformation

6 Q2

A

2ovz00@ X0 —

4 Q

7 Q

11 Q 3OVZO°@

i(t)

Convert both voltage sources into current sources.

I — 20V
T 60
=333 A
L _ 30V
2T 70
= j4.28 A
Re-draw the circuit.
jaQ
' o
3.33 A@ 6 5 Q—— 110 S7TQT—— ja28 A@
I
Combine impedances in parallel.
jaQ
- T
3.33 A@ 2.46-j2.95 O 110 TQT—— ja28 A@
I

Convert the 3.33 A source to a voltage source.

Vs = (3.33 A)(2.46 — j2.95 Q)

=820—j9.84V

Re-draw the circuit. Combine series impedances.
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2.46+j1.05 Q

—

8.20-j9.84 v@ 11 Q S7TQ T j428A @

Convert the voltage source back to a current source.

 820-—;9.84V
246+ j1.05 Q

=1.38— j4.59 A

S

Re-draw the circuit.

1.38-j4.59 A @ 2.46+j1.05 11 Q 7Q T j428A @

Combine current sources. Combine all impedances but the 11 € resistor.

1.38-j0.30 A @ 2.914j0.03 Q 11 Q

Use the complex current divider rule to calculate I.

I=(1.38 —j0.30 A) <(2'91 +j0~10138)//(11 Q)>

=0.29 —50.06 A
= 288.18 — j60.40 mA

=294.44 mA/ —11.84°
Convert to time-varying form.

i(t) = 294.44 cos(2r10t — 11.847/180) mA
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24. Use source transformation to calculate v(t) for the circuit shown in figure 9.22.

50|O nF 90

v(t)
3 cos(2750000t) A @ 25 pH 12 Q 6 15 cos(2750000t) V

Figure 9.22: Circuit diagram for complex source transformation question 24.

Convert both sources.

15V
9Q
=1.67T A

Is =

Vs = (3 A)(52750000)(25 x 107°%) Q

= j23.56 V

j23.56 V@ 12 Q 9Q 1.67 A@

Combine parallel resistors.

i7.85Q 500 nF
: | |

15000

+ 11 -

J23.56 V@ 5.14 Q 1.67 A @

Convert the current source to a voltage source.

Vs = (1.67 A)(5.14 Q)

=857V
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Re-draw the circuit.

j7.85 Q | 5.14 Q

/5000

j23.56 V 857V

Combine the voltage sources and the inductor and resistor impedances.

5.14+j7.85 Q

—

~8.57+j23.56 v@ 637 Q" — VvV

Use the complex voltage divider rule to calculate V.

—j6.37 Q
V = (=8.57 + j23.56 V) ( J6.37 )

(—j6.37 Q) + (5.14 + j7.85 Q)
=29.75 4 j2.00 V

=29.81 V/3.86°
Convert to time-varying form.
v(t) = 29.81 cos(2750000t 4 3.867/180) V

25. Use source transformation to calculate v(t) for the circuit shown in figure 9.23.

20 0.3 r|’nF
VYV |
+
3 cos(27100t) V@ 1.6 mF—— () 2 v(t) 5Q

Figure 9.23: Circuit diagram for complex source transformation question 25.
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Convert both sources.

15 A®

3V
Is = —
ST 20
=15A
Vs = (-2V)(5)
=—-10V
0.3 mF
| r|“ 50
_l’_
20 1.6 mF— -
mrFr__ 'V 4
Combine impedances.
5-j5.31 Q
. 1
| I
1.5 A@ 0.4-j08Q| |V ; 0V
Convert the dependent source to a VCCS.
10V
Is= —©p1—
5—75.31
= (0.94 + j1.00)V
15 A@ 0408 0| | v 5-5.31 0 l (0.94+j1)V

Combine sources and impedances.
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1.5 - (0.94+j1)V 038070 Q| |V

Use Ohm’s law to calculate V.

V = (0.38 — j0.70)(1.5 — (0.94 + j1)V)

)
= (0.57 — j1.05) — (1.06 — j0.28)V.
= ( )

(2.06 — j0.28)V = (0.57 — j1.05
v _ (057 j1.05)
(2.06 — j0.28)
=0.34—j0.47 V

= 339.57 — j465.34 mV

= 576.06 mV/ — 53.88°
Convert to time-varying from.

v(t) = 576.06 cos(27100t — 53.887/180) mV

9.6 Complex Thévenin and Norton’s Theorems

26. Derive the Thévenin equivalent circuit between nodes a and b in the circuit shown in

figure 9.24. The frequency of operation is 50 Hz.

750 uF

o

50

10VZ30°® 25 mH

. o b

Figure 9.24: Circuit diagram for complex Thévenin and Norton theorems question 26.

Phasor transform the circuit.
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—j4.24 Q

—

50

8.66+j5 v@ j7.85 Q

° ob

Use the complex voltage divider rule to calculate V.

. i7.85

=390+ 5748V
= 8.44 V/62.48°

Deactivate the source and calculate the equivalent impedance of the circuit.

Zorn = (—j4.24 Q) + (5 Q)//(57.85 Q)
= (—j4.24 Q) + (3.56 + j2.27 Q)
= 3.56 — j1.98

Calculate the capacitance from the reactance.

_ 1
2 fX
_ 1
~ 2750(—1.98)
=1.61 mF
Draw the Thévenin equivalent circuit.
1.61 mF
3.56 6| |m
AVAVAY | | oa
8.44V / 62.48° @
ob
E@®SO Alyssa J. Pasquale, Ph.D. 176
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27. Derive the Thévenin equivalent circuit between nodes a and b in the circuit shown in

figure 9.25.

50 Q2 2uF ——

60 cos(271500t) mA @ [ Y

10 mH 100

* - ob

Figure 9.25: Circuit diagram for complex Thévenin and Norton theorems question 27.

Phasor transform the circuit.

50 Q > —j53.056 Q

60 mA@ e——oa

j94.25 O 100 Q

° ° ob

Use the complex current divider rule to calculate the current flow through the 100 Q resistor.

Ix = 60 mA ((50 +594.25)//(100 — j53.05))

100 — 553.05
= 28.22 + j29.95 mA

Use Ohm’s law to calculate the Thévenin equivalent voltage.

Vorm = (28.22 4 529.95 mA) (0.1 kQ)
—2.824 299 V

=4.12 V/46.70°
Deactivate the source and calculate the equivalent impedance.

Zerr = (100 2)//(50 Q + j94.25 Q — 53.05 Q)

= 38.01 + 517.03 Q
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Calculate the inductance from the reactance.

X
L=—

2 f

17.03

2750
=1.81 mH

Draw the Thévenin equivalent circuit.

38.01 1.81 mH

AN

412V / 46.70° @

ob

28. Derive the Thévenin equivalent circuit between nodes a and b in the circuit shown in

figure 9.26. The frequency of operation is 2 kHz.

10 © 600 pH

6 Q
5ovzoo® 10 yF ——

400 pH

3 o b

Figure 9.26: Circuit diagram for complex Thévenin and Norton theorems question 28.

Phasor transform the circuit.
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10 O i7.54 Q
AVAVAY, 15000 ——

50 V @ ~j7.96 Q0

ob

Combine impedances.

10+j7.54 Q

50 V@ 8.52-j3.80

* oh

Use the complex voltage divider rule to calculate V.

8.52 — j3.80 0
Voru =50 V ( J )

(10 + j7.54 Q) + (8.52 — j3.80 Q)
=20.11 — j14.31 V

=24.68 V/ — 35.44°
Deactivate the source and calculate the equivalent impedance.

Zru = (10 + j7.54 Q)//(8.52 — j3.80 Q)

=6.18 4 50.17 Q

Calculate the inductance from the reactance.

X

o f
0.17

22000

=13.54 uH

Draw the Thévenin equivalent circuit.
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9.6 Complex Thévenin and Norton’s Theorems

6.18 Q2

13.54 uH

— A

24.68 V £ -35.44° @

/5000

ob

29. Derive the Norton equivalent circuit between nodes a and b in the circuit shown in

figure 9.27. The frequency of operation is 60 Hz.

200 ;F
50Q 00 1

3V /0° @ 500 uF —— o(t) 0.3 v(t)

8

° 3 ob

Figure 9.27: Circuit diagram for complex Thévenin and Norton theorems question 29.

Phasor transform the circuit.

50 ~j13.26
R R
+
3v® 5310 " — v 03V 8 Q
. 3 ob

Perform complex mesh analysis. The circuit drawn below may have component values hidden so that

the mesh current labels can be read.
—j13.26 Q2

50 »—{

W) ) ==
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Derive the mesh equations.

3 =5Ia + —j5.31(Ia — Ip)

0=—75.31(Ig — Ia) — j13.26Ip + 8Ic

Perform KCL at the supermesh.

0=1Ig —-0.3V —-1I¢

Derive a dependent source equation.

Z = —j5.31(Ia — Ip)

Place the equations into form ala + SIg + vIc + 6V = ¢, and then place each coefficient into a matrix.

5-j531 4531 0 0 3
j5.31  —j1857 8 0 0

0 1 -1 —03 0
j531 —j531 0 1 0

Solve the matrix for Ic.
Ig =0.03+4j0.32 A
Calculate the open-circuit voltage.

Voc = (8 Q)(0.03 + 70.32 A)

=0.25+j2.58 V

Short terminals a and b to calculate the Norton equivalent current.

—j13.26 Q

50
—’\/\/\,—»—{ I L3 oa
3 V@ -531Q—— Vv 03V vin

. ob

Perform complex mesh analysis. The circuit drawn below may have component values hidden so that
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the mesh current labels can be read.

~j13.26 Q

50
P—{ p————oa4a

Derive the mesh equations.

3=5Ia + —j5.31(Ia — Ip)

0=—45.31(Ig — Ia) — j13.26Ig

Perform KCL at the supermesh.

0=1Ig —-03V —1In

Derive a dependent source equation.

7 = —j5.31(Ia — Ip)

Place the equations into form aIa + fIg + vIn + dV = ¢, and then place each coefficient into a matrix.

5-j531 4531 0 0 3
j5.31  —41857 0 0 0

0 1 ~1 —03 0
j5.31 —j531 0 1 0

Solve the matrix for I.

In = —0.22 + j0.52 A

= 560.52 mA /113.05°

Calculate the norton equivalent impedance.

0.25 4 j2.58 V
Zn= — I
—0.22 + j0.52 A

=4.07 - j2.21 Q
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Calculate the capacitance from the reactance.

_ 1
2 fX
_ 1
~27m(60)(—2.21)
=12 mF
Draw the Norton equivalent circuit.
. o2
4.07 Q
560.52 mA / 113.05° @
1.2mF—_—
ob

30. Derive the Norton equivalent circuit between nodes a and b in the circuit shown in

figure 9.28. The frequency of operation is 300 Hz.

20 uF

6 Q2
— AAA HH a
+ 10 ©
10V £ 0° @ 100 uF —— (1)
— 0.8v(%)
. ob

Figure 9.28: Circuit diagram for complex Thévenin and Norton theorems question 30.

Phasor transform the circuit.
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-j26.53 Q

6 Q2 ’—{ .

10 v@ 5310 " VvV

Transform the voltage source to a current source.

1.67 A@ 6 Q 5310 VvV

Combine parallel impedances.

~j26.53 Q)

|

_|_

1.67 /—\@ 2.63-j2.98 Q Vv
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Convert the current source to a voltage source.

Vs = (1.67 A)(2.63 — j2.98 Q)

= 4.39 — j4.96 V
263-pog o 2033¢
a
+
10 Q
4.39-j4.96 V/ @ v
08V
. ob

Perform KVL around the entire loop. Then perform KVL around the left side to calculate V. Obtain

two equations with two unknowns. All units are V, A, and 2.

(4.39 — j4.96) = (2.63 — j2.98 — j26.53 + 10)I + 0.8V

=(2.63 —j2.98)I+V

Place the equations into form oV + I = ¢, and then place each coefficient into a matrix.

0.8 12.63 —529.50 4.39 — j4.96
1 2.63—52.98 4.39 — j4.96

Solve the matrix for V and I.

V =423-7488V

I=0.04+;0.016 A

Calculate the open-circuit voltage.

Voc = 0.8V + 101
= 0.8(4.23 — j4.88 V) + 10(0.04 + j0.016 A)

=381—-33.714V

Short nodes a and b to calculate the Norton equivalent current.
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2.63-j2.98 "j26|'5|3 &
—L_ 1 B
+
10 Q
4.39-4.96 V @ v
0.8V

In

Perform KVL three times: around the left half of the left loop, around the right half of the left loop, and

around the right loop. All units are V, A, and €.

(4.39 — j4.96) = (2.63 — j2.98)[ + V

0.8V = 10(In — I)

V = —j26.531

Place the equations into form ol 4+ BIn + vV = ¢, and then place each coefficient into a matrix.

—j26.53
10
(2.63 — j2.98)

Solve the matrix for In.

—10 0.8

0
0
(4.39 — 54.96)

In = 461.54 — 5249.39 mA

= 524.61 mA/ — 28.38°

Calculate the Norton equivalent impedance.

VAN,

_ 381—33.74V
©0.46 —50.25 A

=978 —5223 Q
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Calculate the capacitance from the reactance.

_ 1
o 2rfX
_ 1
~ 27(300)(—2.23)
= 187.74 uF
Draw the Norton equivalent circuit.
. o2
9.78 Q
524.61 mA / —28.38° @
187.74 uF —
ob

9.7 Filters

31. Given the circuit shown in figure 9.29, determine the filter type, calculate the center

frequency, bandwidth, and quality factor.

R L

ANN———000

vin () @ C ™= voulw)

Figure 9.29: Circuit diagram for filters question 31.

Draw the circuit at w = 0.

R

AYAYAY

0in (0) @ Vout (0)

Draw the circuit at w = 0.
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R

—AM—

Vin(00) @ Vout (00)

This is an LPF. This is a series RLC circuit with a homogeneous differential equation shown below.

0= d*v(t) Rdo(t) 1

t
az T a T1e'®

The center frequency is equal to the resonant frequency.

Wo =

1
VLC

The bandwidth equals a;.

I =

Calculate the quality factor.

wo

g |
i
Q

- b=y

" RVLIC
VL
- RVCO

32. Given the circuit shown in figure 9.30, determine the filter type, calculate the center

frequency, bandwidth, and quality factor.

C

| +

|
vin() @ R L§ Voua ()

Figure 9.30: Circuit diagram for filters question 32.
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Draw the circuit at w = 0.

0in (0) R Vout (0)

Draw the circuit at w — oo.

0in(00) @ R Vout ()

This is an HPF. This is a parallel RLC circuit with a homogeneous differential equation shown below.

0:d2i(t) 1 di(t) 1 .

az tre ar Toc'®

The center frequency is equal to the resonant frequency.

The bandwidth equals a;.

Calculate the quality factor.
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33. Given the circuit shown in figure 9.31, determine the filter type, calculate the center

frequency, bandwidth, and quality factor.

1 kO
.
10 mH
vin() @ Doua ()
0.01 uF ——

Figure 9.31: Circuit diagram for filters question 33.

Draw the circuit at w = 0.

1 kQ

in (0) @ Vout (0)

Draw the circuit at w — oo.

1 kQ

—AW\—

0in(00) @ Dot (00)

This is a a BSF. This is a series RLC circuit with a homogeneous differential equation shown below.

_d?u(t)  Rdo(t) 1
0=—e t1 @ T’
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Plug in component values.

d*v(t) dv(t)

0= 100000——2 + 1 x 10"%(¢
az g T1x107()

The center frequency is equal to the resonant frequency.
wp = 100000 rad/s
The bandwidth equals a;.

B = 100000 rad/s

Calculate the quality factor.

wo
ai

100000 rad/s
100000 rad/s

=1

34. Given the circuit shown in figure 9.32, determine the filter type and calculate the cutoff

frequency.

Ry

Vin (W) = Vout (W)

o |

Figure 9.32: Circuit diagram for filters question 34.

Draw the circuit at w = 0.
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Ry
Ry
p———O
+
Vin 0
( ) = Vout (0)
O
Draw the circuit at w — oo.
R
Ry
p———O
+ +
Vin (00)
= Uout(oo)

o |

This is a an HPF. Perform KVL in the loop including the source, R, and the capacitor. The voltage

between the resistor and capacitor is labeled v(t).

Vin(t) = RlC%v(t) + v(¢)

Perform KCL at the inverting node and solve for v(t).

d 1
Ca’l}(t) = —Fvout (t)

o(t) = _ﬁ / Vour ()

Plug v(t) into the KVL equation and normalize the first order differential equation.

Vin(t) = R@% {RiC’ / vout(t)} + {RiC / Uout(t):|

Ry 1
= _Evout(t> — @/’Uout(t)
d Ry d 1
—Vin(t) = ——= —=Vout(t) — ==
PR Oy e

Ry d d 1
_Riigvin(t) = %Uout (t) + mvout (t)
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The cutoff frequency is equal to ag.

35. Given the circuit shown in figure 9.33, determine the filter type and calculate the cutoff

frequency.

20 kQ2
5 uF
0—{ }—4'
30 k2
———O
+

Vin (W) @ L Vout (W)

O

Figure 9.33: Circuit diagram for filters question 35.

Draw the circuit at w = 0.

20 k2

AYAAY

30 k2

— A

i (0) @ L Vout (0)

o |

Draw the circuit at w — oo.

30 kQ2

A

o) (V) L out(50)

o |

This is a an LPF. Replace component values with symbols.
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1
1

R,

— AWV

) (N) L Doue ()

o

Perform KCL at the inverting node and normalize the first order differential equation.

1 d 1
Evi7t(t) = _O%Uout(t) - Evout(t)

1 d d 1
_R%Uin(t) = %Uout(t) + R270Uout (t)

The cutoff frequency is equal to ag. Plug in component values.

1
T RO
B 1
~ (20000 Q)(5 x 1076 F)
=10 rad/s

9.8 Transfer Functions

36. Derive a transfer function for the circuit shown in figure 9.34. Then, determine the filter

type.

"

NN

vin(@) @ R, C T Vo)

Figure 9.34: Circuit diagram for transfer functions question 36.
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9.8 Transfer Functions

Calculate the equivalent impedance of Ry in parallel with C.

Zpg =R2//C

1
—Rz//m

Ry
_ JwC
- 1
Ry + el

-~ jwCRy +1

Use the complex voltage divider rule to calculate H(w) and normalize.

Analyze the circuit at w = 0.

Ry

Ry
_ JwCR2+1
H(w) = TR T -
17T 50CR+1
Ry

= jwCRoRy + Ry + R,
C}%l

=7 Ri1+Ry
JWt CRiR,

NN

01n(0) @ Ry

Vout (0)

Analyze the circuit at w — oo.

Ry

— AN\ —

Vin (00) @ Ry

Vout (OO)

This circuit is an LPF.
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37. Derive a transfer function for the circuit shown in figure 9.35. Then, determine the filter

type.

Vin(w) @ R out(w)

Figure 9.35: Circuit diagram for transfer functions question 37.

Use the complex voltage divider rule to calculate H(w).

B R

="

B jwCR

"~ jwCR —w2LC +1
jwi

= R, 1
—w Wi+ 1o

H(w)

Analyze the circuit at w = 0.

0in(0) @ RS 10ui(0)

Analyze the circuit at w — oo.
_|_

Vin (00) R§ Vout (00)

This circuit is a BPF.
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9.8 Transfer Functions

38. Derive a transfer function for the circuit shown in figure 9.36. Then, determine the filter

type.

R

AVAVAV
C

.

vin() @ L% Vons ()

Figure 9.36: Circuit diagram for transfer functions question 38.

Calculate the equivalent impedance of the resistor and capacitor in parallel.

Zgg=R//C

1
= R _—
//ij’
R
o JwC
- 1
R+ JoC

_ R
- jwCR+1

Use the complex voltage divider rule to calculate H(w).

jwL
H(w) = I—R
JwWh + soer
_ —w?LCR + jwL
- —w?LOR+ jwL+ R
__Pjud
C s +
Analyze the circuit at w = 0.
R
+
Uzn(o) @ Vout (O)
Analyze the circuit at w — oc.
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’Uin(OO) Vout (OO)

This circuit is an HPF.

39. Derive a transfer function for the circuit shown in figure 9.37. Then, determine the filter

type.

o 5
4{ )
Vin (@) @ R L% Vout ()

Figure 9.37: Circuit diagram for transfer functions question 39.

Use the complex voltage divider rule to calculate H(w).

- Ri//(jwL + R») jwL
= <j£c+R1//<ij+Rz>> <P°2”“’L)

(JwL+R2)Ry .
_ jwL+tRi+R> JwL
- (jwL+R2)Ry R2 + ij

1
7oC T joL iR+ R,

Ry
JoL+Ri+Rs .
- wlL
1 GwLtRa)R, (JwL)
jwC T jwLT R+ Ra

jwLRy
jwL+Ri+Ro

Lo (JwL+R2)Ry
ij JjwL+R1+Ra

ijRl
jwLRy + R Ry + & + f2fh
—szRlC
—w2LR,C + jwCR1Rs + jwL + Ry + Ro
2
—w

(2 ; Ry 1 Ri1+ Ry
w +JW(L + Rlc) T iR,

Analyze the circuit at w = 0.
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Ry
+
Vin(0) Ry Vout (O)

Analyze the circuit at w — oc.

Vin (00) @ Ry Vout (00)

This circuit is an HPF.

40. Derive a transfer function for the circuit shown in figure 9.38. Then, determine the filter

type.

Rs

—AM

Cs

Ry
——W\ :
Rl —O
+ +

Vin (W) Ci — Vour ()

L 2 O

Figure 9.38: Circuit diagram for transfer functions question 40.

Use the complex voltage divider rule to calculate the voltage at the non-inverting node, denoted as v, (w).

1

Vg (w) __ jeCr
Uin(w) Rl + jwlcl
B 1
© jwCRy +1
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Perform KCL at the inverting node. Everything will be expressed as generic phasor for now.

_LV _Vx-Vo

R, ¢ R3//Zco
Rs3//Z
_MVX:VX_VO

Rz

Reduce the impedance defined in the KCL equation.

R3//Zco
Ry
R3
RajwCs
1
R3 + 70Cs

R3
Ra

jwCoR3 + 1
_ jwCoRs + 1+ %‘;
jwCyR3 + 1

Z=1+

Plug the value of v, /v, into the KCL equation. Then normalize the transfer function.

1 B jwCoR3s + 1+ % 1
(W) = jwCaRs + 1 JwCRy +1

B jwCaRa + 1+ 1

o —W2C2R301R1 4+ jwC1 Ry + jwCyR3 + 1

: 1 Ry+R3
IV R, T CiC, Ry R s

w24 1 1 1
w? W (0233 + ClRl) T oG RES

Analyze the circuit at w = 0.

R

Ry

R

Vin (0) Uout(o)
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9.8 Transfer Functions

Analyze the circuit at w — oc.

R,

—_

Vin (OO)

Ry

Vout (00)

This circuit is an LPF.
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10 Chapter 10 Solutions

10 Chapter 10 Solutions

10.1 Phase and Root Mean Square

1. Calculate the RMS value of the voltage and current signals, as well as the phase difference.

v(t) = 120 cos(2w60t + 1207/180) V, i(t) = 5 cos(2w60t + 607/180) A

Calculate the RMS value of the voltage and current.

120 V
\% ==
| RMSl \/i

= 84.85 VRMS
Irms| = A
V2
= 3.54 ARMS

Calculate the phase difference.

0= ¢v - ¢z
= 120° — 60°

= 60°

2. Calculate the RMS value of the voltage and current signals, as well as the phase difference.

v(t) = 150 cos(2r60t + 607 /180) 'V, i(t) = 3 cos(2m60t + 357/180) A

Calculate the RMS value of the voltage and current.

[Vems| = %
= 106.07 VRMS
Irms| = 24
V2
2.12 ARMS

Calculate the phase difference.

oz(bv_d)i
= 60° — 35°

= 25°
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10 Chapter 10 Solutions 10.1 Phase and Root Mean Square

3. Calculate the RMS value of the voltage and current signals, as well as the phase difference.

v(t) = 220 cos(2750¢ + 1207 /180) V, i(t) = 6 cos(2750t — 407/180) A

Calculate the RMS value of the voltage and current.

220 V
\Y% ==
‘ RMS| \/§

= 155.56 VRMS

6 A

I =2
‘ RMS| ﬁ

= 4.24 ARMS

Calculate the phase difference.

0= ¢U - (bz
= 120° + 40°

= 160°

4. Calculate the RMS value of the voltage and current signals, as well as the phase difference,

given the circuit shown in figure 10.1.

80

NV

60V120°® 50— —

vi(t)

Figure 10.1: Circuit diagram for phase and root mean square question 4.

Calculate the RMS value of the voltage.

60 V
Vv = —
|VRrms| N5

=42.43 VRMS
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10.1 Phase and Root Mean Square

Use Ohm'’s law to calculate the current.

[ 398741451 VRMS
B 8 —j5Q
= 2.77 + j3.54 ARMS

= 4.50 ARMS/52.01°

Calculate the phase difference.

0=¢v—¢i
= 20° — 52.01°

= —32.01°

5. Calculate the RMS value of the voltage and current signals, as well as the phase difference,

given the circuit shown in figure 10.2.

6

1oovz0°® 8 Q

i(t)

Figure 10.2: Circuit diagram for phase and root mean square question 5.

Calculate the RMS value of the voltage.

100 V
\% ="
| RMSl \/i

=70.71 VRMS

Use Ohm'’s law to calculate the current.

_70.71 VRMS
6448 Q

= 4.24 — j5.66 ARMS

=7.07 ARMS/ — 53.13°
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10 Chapter 10 Solutions 10.2 Complex Power

Calculate the phase difference.

0= bo — G
=0°+53.13°

= 53.13°

10.2 Complex Power

6. Calculate the power consumed by the load (indicated with dashed lines), as well as the

power factor, for the circuit given in figure 10.3. The frequency of operation is 50 Hz.

1 90 Q 1

: 10 Q |

7 ARMS / 0° | 1
@ | 155 mH% |

L8 uF |

! 3BbuF |

Figure 10.3: Circuit diagram for complex power question 6.

Phasor transform the circuit.

| 20 O |

: 10 Q |

7 ARMS 1 |
@ | 48.69 Q§ |
-j397.89 @ — — |

| —j90.95 0 T —
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Calculate the equivalent impedance of the load.

Zroap = (10 — 5397.89 Q)//(90 — j42.25 )

=70.47 — j52.16 Q
Calculate the power consumed by the load.

Sroap = ILoap rvs|*ZrLoap
= (7 ARMS)?(70.47 — j52.16 Q)

= 3453.00 — j2555.89 VA

Calculate the power factor.

_r

S|
~3453.00
T 4296.02

= 0.804

f

7. Calculate the power consumed by the load (indicated with dashed lines), as well as the

power factor, for the circuit given in figure 10.4. The frequency of operation is 60 Hz.

40 ©
50 Q > |
250 VRMS / 0° @ =200 Q ——
| j0 08

,,,,,,,,,

Figure 10.4: Circuit diagram for complex power question 7.

Calculate the equivalent impedance of the load.

Zyroap = (50 + 740 ©)//(—4200 Q)

= T71.17 + 527.76 Q
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Use Ohm’s law to calculate the current flowing through the load.

250 VRMS
111.17 + j27.76 Q

=2.12 — j0.53 ARMS

Iioap =

= 2.18 ARMS/ — 14.02°
Calculate the power consumed by the load.

Sroap = [ILoap rms|*ZLoaD
= (2.18 ARMS)?(71.17 + j27.76 Q)

= 338.79 + j132.13 VA

Calculate the power factor.

P
S|
33879
" 363.64

=0.932

pf

8. Calculate the power consumed by the load (indicated with dashed lines), as well as the

power factor, for the circuit given in figure 10.5. The frequency of operation is 60 Hz.

20 0 60
600> |
60VRI\/ISAOO@ | |
80 08

Figure 10.5: Circuit diagram for complex power question 8.

Use Ohm’s law to calculate the current flowing through the load.

60 VRMS
80 + 140 Q

=0.18 — j0.32 ARMS

Iioap =

= 0.37 ARMSZ — 60.26°
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Calculate the power consumed by the load.

Sroap = [ILoap rms|*ZLoap
= (0.37 ARMS)?(60 + 780 Q)

=8.31+4j11.08 VA

Calculate the power factor.

_r
S|
831
"~ 13.85

= 0.600

f

9. Calculate the power consumed by the load (indicated with dashed lines), as well as the

power factor, for the circuit given in figure 10.6. The frequency of operation is 60 Hz.

50 10 mH

120 VRMS / 60° @ 20 mH L 10 Q

Figure 10.6: Circuit diagram for complex power question 9.

Phasor transform the circuit.

60+j103.92 VRMS @ j7.54 Q | 10
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Calculate the impedance of the load.

Zroap = (10 ©)//(2 - j26.53 Q)

—8.58+j3.13 Q

Transform the voltage source to a current source.

60+ 5103.92 VRMS
n 50

=12+ j20.78 ARMS

Is

Combine the 5 Q and 20 mH impedances in parallel.

Z = (50Q)//(j7.54 Q)

=3.47+ 52.30 Q
Re-draw the circuit.
j3.77 Q
00—
12+j20.78 ARMS @ 3.47+j2.30 © 1 8.58+4j3.13 Q|::| 1

Use the complex current divider rule to calculate the current flowing through the load.

AT+ §2.30 Q)//(8.58 + 6.90
ILOAD:(12+j20.78ARMS)((3 745230 Q)//(8:58 + j6.90 ))

8.58 + j6.90 Q)
= 1.42 + j7.93 ARMS

= 8.06 ARMS/79.83°
Calculate the power consumed by the load.

Stoap = |ILoap,rMms|*ZroaD
= (8.06 ARMS)?(8.58 4+ 53.13 Q)

= 557.38 — j203.20 VA
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Calculate the power factor.
P
pf=1a
S|
~ 557.38
~ 593.26
=0.940

10. Calculate the power consumed by the load (indicated with dashed lines), as well as the

power factor, for the circuit given in figure 10.7. The frequency of operation is 50 Hz.

25 Q) 190 mH

AVAVAY; s A — -

650> |

660 VRMS Z 30° @ ' 140 mH :

| 40 yF ——

Figure 10.7: Circuit diagram for complex power question 10.
Phasor transform the circuit.
25 Q) j59.69 Q2

—VVV L So— -
65 0> |
571.58+j330 VRMS @ . j43.98 Q !
: —~j79.58 Q

Calculate the impedance of the load.

Zroap = (j43.98 Q)//(65 — j79.58 Q)

= 22.89 + j56.52 Q)

Re-draw the circuit.

E@®SO Alyssa J. Pasquale, Ph.D. 210 Last updated: 2025/03/17



10 Chapter 10 Solutions 10.2 Complex Power

25+i59.69 Q)

Use Ohm’s law to calculate the current flowing through the load.

571.58 + 330 VRMS
22.89 + j56.52 ) + (25 + j59.69 Q)

Iioap = (

=4.16 — 53.20 ARMS
= 5.25 ARMS/ — 37.60°

Calculate the power consumed by the load.

Sroap = [ILoap rms|*ZLoap
= (5.25 ARMS)?(22.89 + j56.52 Q)

= 631.25 4 j1558.36 VA

Calculate the power factor.

_r

IS|
~ 631.25
"~ 1681.36

=0.375

pf
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10.3 Maximum Power Transfer

11. Determine the circuit elements that must be placed on the load (shown as a generic
circuit element) for maximum power transfer given the circuit in figure 10.8. Then, calculate

the power consumed by that load. The frequency of operation is 60 Hz.

120 mH
/5000

25 uF

190 Q2 100 2 }_{
250 VRMS /Z 0° @ |::|

Figure 10.8: Circuit diagram for maximum power transfer question 11.

Phasor transform the circuit.

45.24 Q)
3000
190 Q 100 Q ~j106.10 ©2

Deactivate the source and calculate the Thévenin equivalent impedance.

Zra = 190 Q + (100 — 5106.10 ©)//(j45.24 ©)

=204.93 + j54.33 Q
For maximum power transfer, the load must be equal to Zrg*.

Zioap = 204.93 — j54.33 Q
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Calculate the capacitance from the reactance.

_ 1
2 fX

1
= T 27(60)(—54.33)

= 48.83 puF

Calculate the power transferred to the load.

|Vra rms|?
4R7TH

250 VRMS|?

~4(204.93 Q)

Proap,max =

=176.24 W

12. Determine the circuit elements that must be placed on the load (shown as a generic
circuit element) for maximum power transfer given the circuit in figure 10.9. Then, calculate

the power consumed by that load. The frequency of operation is 60 Hz.

10 © 15 Q

50 VRMS / 60° @ 20— — D

Figure 10.9: Circuit diagram for maximum power transfer question 12.

Deactivate the source and calculate the Thévenin equivalent impedance.

Zorm = j15 Q+ (—j12 Q)//(10 Q)

=5.90 4 710.08 Q
Use the complex voltage divider rule to calculate V.

12 Q
Vorm = (25 + j43.30 VRMS) (M)

= 36.05 + j13.26 VRMS

= 38.41 VRMS/20.19°
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10.3 Maximum Power Transfer

For maximum power transfer, the load must be equal to Zrg™.
Z10AD = 5.90 — 510.08

Calculate the capacitance from the reactance.

_ 1
2 fX

1
= " 27(60)(—10.08)

= 263.10 uF

Calculate the power transferred to the load.

|V rms|?
4RTH

_ |38.41 VRMS|?

 4(5.90 Q)

=62.50 W

Proap,max =

13. Determine the circuit elements that must be placed on the load (shown as a generic circuit

element) for maximum power transfer given the circuit in figure 10.10. Then, calculate the

power consumed by that load. The frequency of operation is 50 Hz.

2 uF
|
|

40 VRMS Z 50° @ 80 |::|

50 mH
5000

Figure 10.10: Circuit diagram for maximum power transfer question 13.

Phasor transform the circuit.

{1571 0 —j1591.55
|
25.71+j30.64 VRMS @ 80
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Maximum Power Transfer

Deactivate the source and calculate the Thévenin equivalent impedance.

Zou = (—51575.84 ) //(80 Q)

=179.79 — j4.05 Q
Use the complex voltage divider rule to calculate V.

80 Q
Vorn = (25.71 + 530.64 VRMS) (80—]’157584(2)

= —1.49 + j1.38 VRMS

= 20.3 VRMS/137.09°
For maximum power transfer, the load must be equal to Zoy™.
Z10AD = 79.79 + j4.05 Q

Calculate the inductance from the reactance.

X
o f

4.05
2750

=12.89 mH

Calculate the power transferred to the load.

|Vru rMms|?
4RTH

_ [20.3 VRMS|?

4(79.79 Q)

Proap,max =

=12.89 mW
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14. Determine the circuit elements that must be placed on the load (shown as a generic circuit

element) for maximum power transfer given the circuit in figure 10.11. Then, calculate the

power consumed by that load. The frequency of operation is 50 Hz.

40 mH 8 N

.- T AAA,—o

20 ARMS / 45° @ 5Q 0.5mF—— D

Figure 10.11: Circuit diagram for maximum power transfer question 14.

Phasor transform the circuit.

j12.57 Q 8 Q
.- T

14.14-+j14.14 ARMS 5Q 637 Q — —

Deactivate the source and calculate the Thévenin equivalent impedance.

Zon =8 Q+ (—j6.37 Q)//(5 + j12.57 Q)
=11.19 — j10.33 Q

Convert the source to a voltage source.
Vg = (14.14 + j14.14 ARMS)(5 Q)

=70.71 + 570.71 VRMS

5Q j12.57 Q 8 Q

— AT AN ———

70.714j70.71 VRMS @ —j6.37 Q D
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Use the complex voltage divider rule to calculate V.

j6.37 Q)
Vern = (70.71 + j70.71 VRMS) ( J )

5+ j12.57 — j6.37 Q
= —8.52 — j79.47 VRMS

=79.93 VRMS/ — 96.12°
For maximum power transfer, the load must be equal to Zrg™.
Zyioap = 11.19 4+ 510.33 ©

Calculate the inductance from the reactance.

orf
10.33
2750

32.87 mH

Calculate the power transferred to the load.

|V rms|?
4Rry

~|79.93 VRMS|?

o 4(11.19 Q)

Proap,max =

= 142.67 W

15. Determine the circuit elements that must be placed on the load (shown as a generic circuit
element) for maximum power transfer given the circuit in figure 10.12. Then, calculate the

power consumed by that load. The frequency of operation is 60 Hz.

10 © 16 mH

28 ARMS Z 0° @ 04mF —— 18 Q D

Figure 10.12: Circuit diagram for maximum power transfer question 15.

Phasor transform the circuit.
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Maximum Power Transfer

10 Q j6.03 Q

28 ARMS @ -j6.63 Q — 18 Q |::|

Deactivate the source and calculate the Thévenin equivalent impedance.

Zru = (18 ©)//(10 + j6.03 — j6.63 Q)

=6.43 —;j0.25 Q
Convert the source to a voltage source.

Vg = (28 ARMS)(—46.63 Q)
— —j185.68 VRMS

| 10 O j6.03 2

—j185.68 VRMS@ 18 Q |::|

Use the complex voltage divider rule to calculate V.

. 18 Q
Vru = (—;185.68 VRMS) <28 1 6.03 — j6.63 Q)

= 2.55 — j119.31 VRMS

=119.34 VRMS/ — 88.77°
For maximum power transfer, the load must be equal to Zoy™.

Z1oap = 6.43 + 70.25 Q
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Calculate the inductance from the reactance.

X
L=—

2 f
0.25
2750

= 656.99 1H

Calculate the power transferred to the load.

|Vra rvs |
~[119.34 VRMS)?
 4(6.43 Q)

=553.39 W

Proap,max =

10.4 Power Factor Correction

16. Calculate the initial power factor consumed by the load (indicated with dashed lines) in
the circuit shown in figure 10.13. Then, determine the circuit element that must be placed
in parallel with the load to increase the power factor to 0.800. The frequency of operation is

60 Hz.

Figure 10.13: Circuit diagram for power factor correction question 16.

Phasor transform the circuit.

33 Q

80 VRMS@
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Calculate the load impedance.
Zioap = 47+ j49.01 Q

Calculate the current through the load.

80 VRMS
80 + j49.01 O

= 0.73 — j0.45 ARMS

Iioap =

= 0.85 ARMS/ — 31.49°
Calculate the voltage dropped over the load.

Vioap = (0.73 — j0.45 ARMS) (47 + j49.01 Q)
= 56.01 + j14.70 VRMS

= 57.90 VRMS/14.71°

Calculate the power consumed by the load.

Sroap = [ILoap rms|*ZLoap
= (0.85 ARMS)?(47 + j49.01 Q)

=34.17+ 535.64 VA

Calculate the initial power factor.

_P
S|
3417
T 49.37

= 0.692

pf

Calculate the final reactive power required to increase the power factor to the desired level.

pff
/1
=34.17/ — —1
0.8002
= 25.63 VAR
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Power Factor Correction

Calculate Q¢.

Qo=0Qr—Q
=25.63 VAR — 35.64 VAR
= —10.00 VAR

Calculate the compensating capacitance.

B —Qc

~ |[Vioap,rwms|?w
B 10.00

~ |57.90/2(2760)

=7.92 uF

c

17. Calculate the initial power factor consumed by the load (indicated with dashed lines) in

the circuit shown in figure 10.14. Then, determine the circuit element that must be placed

in parallel with the load to increase the power factor to 0.860. The frequency of operation is

60 Hz.

4 Q

160 VRMS £/ 0° @

,,,,,,,,,,,

Figure 10.14: Circuit diagram for power factor correction question 17.

Phasor transform the circuit.

160 VRMS @ 1
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Calculate the load impedance.

Zroap = 6 — j26.53 Q

Calculate the current through the load.

. 160 VRMS
LOAD ™= 10 =726.53

=1.99 + j5.28 ARMS

= 5.64 ARMS/69.34°

Calculate the voltage dropped over the load.

Vioap = (1.99 + j5.28 ARMS)(6 — j26.53 Q)
= 152.04 — 5j21.13 VRMS

= 153.50 VRMSZ — 7.91°
Calculate the power consumed by the load.

Sroap = [ILoap rms|*ZLoap
= (5.64 ARMS)?(6 — 526.53 Q)
= 191.14 — j845.00 VA

Calculate the initial power factor.

P
pf= -
S|
19114
"~ 866.35

=0.221

Calculate the final reactive power required to increase the power factor to the desired level.

1
Qr=-P|——1
! pf}
1
= 19114y / —— — 1
0.8602
— —113.41 VAR
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Power Factor Correction

Calculate Q.

Qr=0Q;—@Q
= —113.41 VAR + 845.00 VAR
= 731.59 VAR

Calculate the compensating inductance.

_ |Vwooap rums/|?
wQr,

~ [153.50?

~ 27(60)(731.59)

= 85.43 mH

18. Calculate the initial power factor consumed by the load (indicated with dashed lines) in

the circuit shown in figure 10.15. Then, determine the circuit element that must be placed

in parallel with the load to increase the power factor to 0.990. The frequency of operation is

60 Hz.
35 Q 45 mH
750>
170VRMSLO°@ |
65 mHE)

Figure 10.15: Circuit diagram for power factor correction question 18.

Phasor transform the circuit.

35 0 j16.96 0
50>
170 VRMS @ |
' j24.50 Q
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Calculate the load impedance.

Zioap = 75+ j24.50 Q

Calculate the current through the load.

; B 170 VRMS
LOAD ™ 170 + j16.96 + j24.50 Q2

= 1.35 — j0.51 ARMS

= 1.45 ARMS/ — 20.66°

Calculate the voltage dropped over the load.

Vioap = (1.35 — j0.51 ARMS)(75 + 524.50 Q)
= 113.99 — j5.10 VRMS

= 114.10 VRMS/ — 2.56°
Calculate the power consumed by the load.

Sroap = [ILoap rms|*ZLoap
= (1.45 ARMS)?(75 + j24.50 Q)

= 156.84 4 j51.24 VA

Calculate the initial power factor.

_r

S|
_ 156.84
©165.00

= 0.951

pf

Calculate the final reactive power required to increase the power factor to the desired level.

1
Q;r=P,|— —1
! pf}
=156 84,/# 1
e 0.9902
= 22.35 VAR
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Power Factor Correction

Calculate Q¢.

Qo=0Qr—Q
=22.35 VAR — 51.24 VAR
= —28.90 VAR

Calculate the compensating capacitance.

B —Qc

"~ |Vwioap,rwms|?w
2890

~ [114.102(2760)

c

=5.89 uF

19. Calculate the initial power factor consumed by the load (indicated with dashed lines) in

the circuit shown in figure 10.16. Then, determine the circuit element that must be placed

in parallel with the load to increase the power factor to 0.980. The frequency of operation is

60 Hz.
30 0 33 mH
00>
160VRMSLOO® |
'70 uF

Figure 10.16: Circuit diagram for power factor correction question 19.

Phasor transform the circuit.

30 j12.44 Q
90 Q> |
160 VRMS @ | |
| j37.89 O
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Calculate the load impedance.

Zroap =90 — 537.89 Q

Calculate the current through the load.

; B 160 VRMS
LOAD ™ 190 + j12.44 — ;j37.89 Q

= 1.28 + j0.27 ARMS

= 1.30 ARMS/11.98°

Calculate the voltage dropped over the load.

Vioap = (1.28 + j0.27 ARMS)(90 — j37.89 Q)
= 125.09 — j23.99 VRMS

= 127.37 VRMSZ — 10.86°
Calculate the power consumed by the load.

Sroap = [ILoap rms|*ZLoap
= (1.30 ARMS)?(90 — j37.89 Q)

= 153.11 — j64.47 VA

Calculate the initial power factor.

_r

S|
~153.11
"~ 166.13

= 0.922

pf

Calculate the final reactive power required to increase the power factor to the desired level.

1
Qr=-P,|— —1
! »f?
= —153 11,/# 1
- ' 0.9802
= —31.09 VAR
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Calculate Q.

Qr=0Q;—@
= —31.09 VAR + 64.47 VAR
=33.38 VAR

Calculate the compensating inductance.

_ |Vwooap rums/|?
wQr

127372

~ 27(60)(33.38)

=129H

20. Calculate the initial power factor consumed by the load (indicated with dashed lines) in
the circuit shown in figure 10.17. Then, determine the circuit element that must be placed
in parallel with the load to increase the power factor to 0.960. The frequency of operation is

60 Hz.

23 Q 29 mH
AVAVAY; g A — -
650 302> |
190 VRMS £ 0° @ | |
72 mH 83 mHE

Figure 10.17: Circuit diagram for power factor correction question 20.

Phasor transform the circuit.

23 Q

NV

190 VRMS @
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Calculate the load impedance.

Zroap = (654 j27.14 Q)//(73 + j31.29 Q)

= 34.38 + j14.54 Q

Calculate the current through the load.

; B 190 VRMS
LOAD = 53+ j10.93 + 34.38 + j14.54 Q

=2.77 — j1.23 ARMS

= 3.03 ARMSZ — 23.93°

Calculate the voltage dropped over the load.

Vioap = (2.77 — j1.23 ARMS)(34.38 + j14.54 Q)
= 112.96 — 52.00 VRMS

=112.98 VRMS/ —1.02°

Calculate the power consumed by the load.

Sroap = [ILoap rms|*ZLoap
= (3.03 ARMS)?(34.38 + j14.54 Q)

= 314.91 4 j133.13 VA

Calculate the initial power factor.

P
pf =g
S|
~314.91
T 341.90

=0.921

Calculate the final reactive power required to increase the power factor to the desired level.

1
Qf=P,|—F -1
pff

[ 1
=314914/ — —1
0.9602

=91.85 VAR
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Calculate Q¢.

Qc=Qr - Q
=91.85 VAR — 133.13 VAR
= —41.29 VAR

Calculate the compensating capacitance.

B —Qc

"~ |Vwioap,rwms|?w
4129

- [112.98]2(2760)

C

= 8.58 uF
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11 Chapter 11 Solutions

11 Chapter 11 Solutions

11.1 Laplace Transforms
1. Derive the Laplace transform of f(t) =2 e™® u(t).

Use the Laplace transform describing the exponential function as well as the multiplication property.

2. Derive the Laplace transform of f(t) = [6 t e % +2 e™% + 5] u(t).

Use the Laplace transforms describing the exponential function, exponential function times time, and con-

stant.

6 . 2 5
(s+4)2 (s+4) s

F(s)=

Multiply all terms so they share a common denominator, and simplify to obtain F(s).

65+ 2s(s+4)+5(s +4)?
N s(s+4)?

_ 7s? + 545480
 s(s2+8s+16)

3. Derive the Laplace transform of f(t) = e [2cos(10t) + 4sin(10t)] wu(t).

Use the Laplace transforms describing exponential functions multiplied by sine and cosine. Simplify to obtain

F(s).

2(s+1) 40
F =
)= GF 2100 T 512+ 100
B 25 + 42
52425+ 101

4. Derive the Laplace transform of v(t). The differential equation describing v(t) is given in

equation 11.1. Note that v(0) =3 V.

du(t)
dt

+0.250(t) = 0 (11.1)

Use the differentiation property of the Laplace transform, then solve for V(s). All units are V, Q, A F,
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and H.

0=sV(s) —v(0) +0.25V(s)

=sV(s) —3+0.25V (s)
3
V) = 5o

5. Derive the Laplace transform of i(¢t). The differential equation describing i(¢) is given in

equation 11.2. Note that i(0) =10 A and ¢(0) = -5 A/s.

d?i(t) N 6di(t)

109:(t) = 11.2
FTE TR 09i(t) =0 (11.2)

Use the differentiation property of the Laplace transform, then solve for I(s). All units are V, Q, A, F,
and H.

0= s?I(s) — si(0) —i'(0) + 6 (sI(s) —i(0)) + 1091 (s)
= s%I(s) — 10s + 5+ 6sI(s) — 60 + 1091 (s)
10s + 55 = s21(s) + 6sI(s) + 1091 (s)

10s 4+ 55
I(s):27
s% 4+ 6s 4+ 109

11.2 Inverse Laplace Transforms

6. Derive f(t) by calculating the Laplace transform of F(s), given in equation 11.3. Identify
the terms that contribute to the transient response, then identify the terms that contribute

to the steady-state response.

10

11.
s+ 10 (11.3)

F(s)=

Use the Laplace transform describing the exponential function as well as the multiplication property.
Because the term is a decaying exponential, it contributes to the transient response. There are no steady-

state terms.

f(t) =10 e 1 u(t)
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7. Derive f(t) by calculating the Laplace transform of F(s), given in equation 11.4. Identify
the terms that contribute to the transient response, then identify the terms that contribute

to the steady-state response.

10s% + 10

F(s)= ——2 70
()= S5+ 10s 1 25)

(11.4)

Perform partial fraction expansion on F'(s), solve for the coeflicients, and then use the Laplace transforms

describing constants, exponential functions, and exponential times time.

K K Ky
F(s) = =L
() s +(5+5)2+(s+5)
0.4 —52 9.6

S T GH52 T 515)
f(t)=1[04-52te ™ +9.6e ] u(t)

The steady-state solution is described by terms without decaying exponentials:
fss =04 u(t)
The transient solution is described by terms with decaying exponentials:
fir=[-52te " +9.6 ] u(t)

8. Derive f(t) by calculating the Laplace transform of F(s), given in equation 11.5. Identify
the terms that contribute to the transient response, then identify the terms that contribute
to the steady-state response.

52+ 4

Fls) = (s2416)(s? +5s +4) (11.5)

Perform partial fraction expansion on F'(s), solve for the coefficients, and then use the Laplace transforms

describing exponential functions and decaying sinusoidal functions.

K, K, K3 Ky
F(s) = — + — + +
(5) (s+44) (s—j4) (s+1) (s+4)
_ 0.055 4 70.033 ~ 0.055 — 50.033 0.098 —0.208

(5 + j4) (5 —j4) G0 (514
F(£) = [0.11 cos(4t) + 0.066 sin(4¢) + 0.098 et — 0.208 e~ 4] u(t)
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The steady-state solution is described by terms without decaying exponentials:
fss = [0.11 cos(4t) 4 0.066 sin(4t)] wu(t)
The transient solution is described by terms with decaying exponentials:
fir = [0.098 7" —0.208 e "] w(?)

9. Derive f(t) by calculating the Laplace transform of F(s), given in equation 11.6. Identify
the terms that contribute to the transient response, then identify the terms that contribute

to the steady-state response.

552 +10s + 3
(s+2)%(s? + 55+ 64)

F(s) = (11.6)

Perform partial fraction expansion on F'(s), solve for the coeflicients, and then use the Laplace transforms

describing exponential functions and decaying sinusoidal functions.

K, K, K3 Ky
F =
=2 Va0 T 65725-770) T 51 254770)
0.052  —0.173  0.087 —j0.331  0.087 + 50.331

T G122 PG ) T Gr25—476) T 5+2547.6)
f(t)=[0.052 ¢t e —0.173 e > + e > (0.173 cos(7.6t) + 0.663 sin(7.6t))] wu(t)

There are no steady-state terms in the output response, as all terms are multiplied by a decaying expo-

nential.

10. Derive f(t) by calculating the Laplace transform of F(s), given in equation 11.7. Identify
the terms that contribute to the transient response, then identify the terms that contribute

to the steady-state response.

—45% +10
s(s? + 25)(s? + 20s + 100)

F(s) = (11.7)

Perform partial fraction expansion on F'(s), solve for the coefficients, and then use the Laplace transforms
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describing constant terms, sinusoidal functions, and exponential functions.

Ky Ks Ks Ky Ks
Fs) = 2L
P N - Bl P T Al P )
0.004 —0.011 —50.014 —0.011+ 50.014 0.312 0.017
= + . ‘ S+
s (s+75) (s —75) (s +10) (s +10)

f(t) = [0.004 — 0.021 cos(5t) +0.028 sin(5t) +0.312 t e % +0.017 e 1% w(t)
The steady-state solution is described by terms without decaying exponentials:
fss =[0.004 — 0.021 cos(5t) 4+ 0.028 sin(5¢t)] w(¢)
The transient solution is described by terms with decaying exponentials:

fir =[0.312 ¢ e +0.017 7] w(t)

11.3 s-Domain Analysis

11. Use s-domain analysis to calculate V(s) and v(¢) of the circuit shown in figure 11.1. The
switch moves from position a to b at a time of zero seconds. The component values are:

Vo1 =3V, Veo =2V, R =50 Q, Ry = 100 Q, C = 250 uF.

Ry

—AMV—

,_{CP

O
Vs

Figure 11.1: Circuit diagram for s-domain analysis question 11.

Calculate the initial conditions of the circuit. At ¢t > 0 the switch is in position a and the capacitor can
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be treated as an open.

Ry

Vsa/s +

Use KCL at the inverting node of the op-amp to derive an equation in terms of V' (s), then solve for V (s)

and normalize.

Vs2  —V(s)  —V(s)+2@

SR1 - R2 + %
_ V) sCV (s) + Cv(0)
2
Vs + Cv(0) = Vis) + sCV (s)
sRy 2
VSQ - V(S)
sCR; +v(0) = CRy + sV (s)
sv(0) — (‘7/?%21
s(s+ C}%z)

Plug in component values, then perform a partial fraction expansion. Inverse Laplace transform to obtain
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an equation for v(t).

—6s — 160
 s(s+40).
Kl K2
s (s+40)
—4 -2

i (s + 40)
[—4V—2Ve " u(t)

v(t)

12. Use s-domain analysis to calculate V(s) of the circuit shown in figure 11.2. The switch

closes at a time of zero seconds.

Ry ¢
NV 4 ‘%—{ }—‘%
+
Vbe @) L Ry &~ w(t)

Figure 11.2: Circuit diagram for s-domain analysis question 12.

The initial current flow through the inductor and initial voltage drop over the capacitor are both zero,

as no source is connected before the switch closes. Transform the circuit into the s-domain.

1/(sC)

Ry
—.
Voo/s CD ST Ré V(s)

Perform KCL and KVL to obtain an equation in terms of V (s), then solve for V() and normalize. (Note:
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Vx is the voltage drop over the inductor.)

%_VX_VX_’_V(S)

R,  sL Ry
e = )
Vx = 5‘2’(;)2 + V(s)
o= o e v+

V(s) V(s) V(s) Vis) V(s)
sCRiRy ' R, | SLCR,  sL | R

sVpc i i 9 1 l 1
2= |t | VO [ a1 YO+ | zag Ve
sRaVpe _ oy [L+CRiRy B
R+ Ro =7 V(S) * { Ri+ Ry ] SV(S) * {LC(RI + R2)} V(S)
[;chz}
V(S) _ 1+ Ra

L+CR1 R R
%+ [LC(RliRi)] s+ [LC(RerRz)]

No component values have been provided, therefore, this is as far as the solution can go.

13. Use s-domain analysis to calculate V(s) and v(¢) of the circuit shown in figure 11.3. The
switch moves from position a to b at a time of zero seconds. The component values are:

Vsi=6V,Vega=20V, Ry =4 Q, Ry =2Q, C =50 uF, L =1 mH.

a

o +
1% c——
S1 C_ Vs Ry ()

Figure 11.3: Circuit diagram for s-domain analysis question 13.

Calculate the initial conditions of the circuit.
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11.3 s-Domain Analysis

Vs1 @) Ry v(0)

) Vs1
0)= ———
i(0) R+ Ry
=1A
Ry
0 \% —_—
v( ) s1 (Rl + Rz)
=2V
Transform the circuit into the s-domain.
i(0)/s
&,
_|_
Ry sL 1/(sC) —_—
— AN T
V(s)

vars () B oys(t
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Perform KCL to find an equation in terms of V(s). Then, solve for V(s) and normalize.

Vsa LVsy —V(S) V(S) V(S)— Vsi1Ro

s Ri+R3 _ + s(R1+R2)
Ry +sL Rs %
ng LVSl V(S) CVSlRQ
ys2 , _HVs1 ) | 222 Vi(s) — =512
. R RS V(s)+ (R1+s )[RQ + sCV(s) O
L
=V(s)+ %V(s) + %QV(S) +sCR,V (s) + s*LCV ()

_ CVSlRlRQ 5LCVSlR2

Ri+ Ry Ri+ Ry

Voo  LVsi  CVsiRiRs sLOVsiRy , L R, + R,
Vs2 — (LO)s*V L oor|sv By,
s TRiR T Rk | RiR,  EOSVE) |\t CRy V(s + | (5)

[RVSiR]; } s+ [LVSl kA CV81R1R2] [VSQ} L. s*V (s) { . Rl} sV (s) + [Rl kA RQ] V(s)
1 2

LC(R; + Ry) LC|s CRy, L LCR,
VsiRy | 5 LVs1 +CVsiR1Rs Vea | 2 1 Ry Ri+ Ry
{R1—|—RJS +[ LO(Rr + By) s+ 76 =s|sV(s)+ C’R2+ 7 sV(s)+ ICR, V(s)
v [Fad | s+ | aseladia) s + (Y2
S) =

(T 4] )

Plug in component values, then perform a partial fraction expansion. Inverse Laplace transform to obtain

an equation for v(t).

25% + 28000s + 4E8

Vi(s) =
(%) = S (57 = 140005 1 6E7)
Kl K2 K3
S : + :
s ' (s+ 7000 j3166.6) (s + 7000 + j3166.6)

667  —2.333+j4.925 —2.333 — j4.925
" s " (s+7000—j3166.6)  (s+ 7000+ j3166.6)

v(t) = [6.67 V+e 70 (—4.67 V cos(3316.63t) + 9.85 V sin(3316.63t))] u(t)

14. Use s-domain analysis to calculate I(s) and i(t) of the circuit shown in figure 11.4. The
switch moves from position b to a at a time of zero seconds. The component values are:

Vs1 =40 V, a =4 rad/s, Vg =10 V, R=150 Q, C = 10 xF, L = 400 mH.

a R L
+
Vsi te @) C—— o)
Vs

Figure 11.4: Circuit diagram for s-domain analysis question 14.

Calculate the initial conditions of the circuit. The inductor acts like a short and the capacitor acts like
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an open. For this reason, i(0) is zero, and v(0) is equal to Vgo. Transform the circuit into the s-domain.

R sL
NN 15500
1/(sC) _—_—

Vor/(s + a)? C) 1

VSQ/S

Perform KVL around the loop to obtain an equation in terms of I(s). Then, solve for I(s) and normalize.

Vsi  Vs2 — s Ls)
Grap s A FsLIs)
(z?—VS;Z — CVsy = sCRI(s) + s>LCI(s) + I(s)

SVS1 VSQ ) R
Irag 1 1O +slls)+ LCI( 2

sVs1 — VSQ(S + Oz)z 9 R
I(s+af =5 I(s)+LsI()+LCI()
sVg1 — Vgas? — s2aVgy — Vool 9 R 1
=351 —sl(s —1I(s
L(s + )2 L)+ psl(s) + 75 1(s)
—Vso 82+ Vsi1— 204V52 Vsa
N o L e e R e

(s +a)? (52 +[%}8+[%])

Plug in component values, then perform a partial fraction expansion. Inverse Laplace transform to obtain

an equation for i(¢). (Note: the equation for I(s) is in terms of A, V, etc., but the coefficients are mA once

the partial fraction expansion is derived.)

—255% — 100s — 400

I =
() = ¥ D2 (2 7 1255 7 2.555)
K n Ky n K3 n Ky
T (5442 " (5+4) " (s+0625+7496.08) (s +62.5— j496.08)

_ 1603 04 —0201- 25220 —0.201 + 525.220
T (s+4)2 " (s+4) " (s+62.5+j496.08) ' (s+ 62.5 — j496.08)

i(t) =[-1.6 mA/s t e™* +0.4 mA e

+e792% (0.4 mA cos(496.08t) + 50.44 mA sin(496.08t))] u(t)
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>, .

I cos(wt) @ R

Ry Rs

yi!)

Figure 11.5: Circuit diagram for s-domain analysis question 15.

15. Use s-domain analysis to calculate I(s) and i(t) of the circuit shown in figure 11.5. The
switch closes at a time of zero seconds. The component values are: I,,, = 500 mA, w = 60 rad/s,

Ri=200Q, Ro=2Q, R3=1Q, C =20 uF, L =50 mH.

The initial current flow through the inductor and initial voltage drop over the capacitor are both zero, as no

source is connected before the switch closes. Transform the circuit into the s-domain.

sL 1/(sC) ——

I/ (57 +?) @ Ry

Ro R3

1(s)

Perform KCL and KVL to obtain an equation in terms of I(s). Then, solve for I(s) and normalize.
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(Note: V(s) is defined as the voltage drop over resistor R;.)

I,s V(s)
_— I
s2 4 w? Ry +1(s) +

V(s)
Rs + %

V(s) = sLI(s) + RoI(s)
Lns  sLI(s) n RoI(s) sLI(s)+ R21(s)

= I
52 + w? R1 R1 + (S) + RB + %

Is 1 sLI(s) 1 Ro1I(s) 1 1
_me — )= — il I —
<s2 + w2) (R3 * SC) Ry <R3 * sC> * Ry Ha+ )" (s { Bs + sC
+ sLI(s) + RoI(s)
Ings Im - SLRgI(S) + L s) + RQRgI(S) + R2

I
52 4+ w? * C(s?+w?) Ry R, C (5) Ry sCRy

I(s)

+ R3I(s) + %I(s) + sLI(s) + RoI(s)

CI, R3s* + I,,s LR3 9 L RoRs3 Ry 1
= L I I — | I
Ol +w?) |:R1 + L| s*I(s)+ RO + 7 + Rs + Ry | sI(s)+ CR, +ta (s)

CImR1R382 + lemS 2 |: 1 R2R3 + R1R3 + R1R2:| |: R1 + RQ :|

=s"I(s) + I — T
IO+ Bt w?) O GE T R’y L(R, + R3) O+ Tem rry ) T

CR1R3]7” Rll'm
I(s) = [LC(R1+R3)} s*+ {LC(R1+R3)} 5
- 2R, 1 1R Ri1+Ro
(82 +w2) (52 + |:C(R11+R3) + = Ritglfis{:)lz = ] s+ |:LC(R+1+R3)})

Plug in component values, then perform a partial fraction expansion. Inverse Laplace transform to obtain

an equation for i(t).

1(s) 9.9552 + 497512.44s
S =
(52 4+ 3600) (52 + 308.66s + 1004975.12)
K1 K2 K3 K4

= (53460) T (s—j60) " (5+ 15433 + j990.53) | (s + 154.33 — j990.53)
_ 0248+70.004 02480004 ~ —0.248 — j0.034 —0.248 + j0.034
(s +460) (s — j60) (s +154.33 4 j990.53) ' (s + 154.33 — j990.53)

i(t) = [0.5 A cos(60t) — 0.01 A sin(60¢)

+e 14338 (0.5 A c0s(990.5t) +0.07 A sin(990.5¢))] u(t)
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