CHAPTER TWO SOLUTIONS

1 (@ 12 ps (d) 3.5 Ghits (9) 39 pA
(b) 750mJ  (e) 6.5nm (h) 49 kQ
(c) L.13kQ  (f) 13.56 MHz (i) 11.73 pA
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CHAPTER TWO SOLUTIONS

@ 1MW (e) 33 uJ (i) 32 mm
(b) 12.35 mm (f) 5.33 nW

(c)47.kW  (g) 1ns

(d) 546 mA (h) 5.555 MW
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CHAPTER TWO SOLUTIONS

Motor power = 175 Hp

(d) With 100% efficient mechanical to electrical power conversion,
(175 Hp)[1 W/ (1/745.7 Hp)] =130.5 kW]

(b) Running for 3 hours,
Energy = (130.5x10° W)(3 hr)(60 min/hr)(60 S/min) =

(c) A single battery has 430 kW-hr capacity. We require
(130.5 kW)(3 hr) = 391.5 kW-hr therefore one battery is sufficient.|
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The 400-mJ pulse lasts 20 ns.
(@) To compute the peak power, we assume the pulse shape is square:

Energy (mJ)
A

400

»  t(ng

Then P = 400x10°%/20x10°° ={20 MW |

(b) At 20 pulses per second, the average power is

Pavg = (20 pulses)(400 mJ/pulse)/(1s) =8 W
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The 1-mJ pulse lasts 75 fs.
(c) To compute the peak power, we assume the pulse shape is square:

Energy (mJ)
A

>t (f9)

Then P = 1x10%/75x10*° 5 13.33 GW.

(d) At 100 pulses per second, the average power is

Pavg = (100 pulses)(1 mJ/pulse)/(1 s) =[100 mW.
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6. The power drawn from the battery is (not quite drawn to scale):
PW)
10 T
6
| p t(min)
5 7 17 24

(a) Total energy (in J) expended is
[6(5) + 0(2) + 0.5(10)(10) + 0.5(210)(7)]60 =|6.9 kJ.

(b) The average power in Btu/hr is
(6900 J24 min)(60 min/1 hr)(1 Btu/1055 J) =/16.35 Btu/hr.
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Total chargeq = 18t>—2t* C.

(@ q(2s) =40 C.

(b) To find the maximum charge within 0 < t < 3 s, we need to take the first and
second derivitives:

dg/dt = 36t —8t> = 0, leading to roots at 0, + 2.121 s
d?g/dt? = 36 — 24t

substituting t = 2.121 sinto the expression for dg/dt?, we obtain a value of
—14.9, so that this root represents a maximum.
|Thus, we find amaximum chargeq=405Catt=2.121s. |

(c) Therate of charge accumulationatt =8 sis
da/dt]- 05 = 36(0.8) —8(0.8)° = 24.7 C/s.

(d) SeeFig. (a) and (b).
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8. Referring to Fig. 2.6c,

. 02+3™ A, t<0
L) = O 2t
F2+3* A, t>0

Thus,

(@) i1(-0.2) = | 6.155 A

(b) i1 (0.2) =3.466 A

(c) To determine the instants at which i; = 0, we must consider t <0 and t > O separately:
fort<0,-2+3e™=0leadstot =-0.2In (2/3) = +2.027 s (impossible)

fort>0,-2+3e®=0leadstot = (1/3) In (2/3) = -0.135 s (impossible)

Therefore, the current is never negative.

(d) Thetotal charge passed left toright intheinterval 0.08 <t < 0.1sis

o = [ O

[ lr2rae®or + [-2+30%at

—2+3e‘5t| + —2+3e3t|

0 0.1
-0.08 0

=0.1351 + 0.1499

=285mC
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0. Referring to Fig. 2.28,

(a) The average current over one period (10 ) is

g = [-4(2) + 2(2) + 6(2) + 0(4)]/10 = | 800 MA

(b) Thetotal charge transferred over theinterval 1 <t<12sis

Goa = [ 1O =-4(2) +2(2) + 62 +0(4)4(2) = [0C

d) SeeFig. below

(d) g aO4
8 -
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10. (a) Paps = (+3.2V)(-2mA) =-6.4mW| (or +6.4 mW supplied)

(D) Pass = (+6 V)(-20 A) =-120 W

(d) Pabs

(€) Pas = (4 sin 1000t V)(-8 cos 1000t mA)l t=oms =|+12.11W

Engineering Circuit Analysis, 6" Edition

(+6 V)(2ix) = (+6 V)[((B A)] =|+60 W

(or +120 W supplied)
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11. i =3t mA and v =[6-600t] €% mV
() The power absorbed att =5 msis

Pass = |(6-600t)e™™ ™|, = uw

=0.01655 pwW = | 16.55 nW

(b) The energy delivered over theinterval 0<t< o is
f P _dt = L“’ 3t(6-600t)e ™ dt  pd

Making use of the relationship

S _ n! . e
Lx”eaxdx = wherenisapositive integer and a> 0,

n+1
a

we find the energy delivered to be

=18/(200)*> - 1800/(200)*

=0
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12, (8) Pas=(401)(36™™)|\gme = 360[™@ [, . = [7268W

(D) Poabs = @J.Z%Q = -180[e‘1°°t]fzgms =|-36.34W

(€) Pas= %OI; idt +20 g:ge—mj

t=8ms

=|27.63 W

— @Oe—lom J; 371000 ' 4 606—100tﬁ

t=8ms
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13.  (a) Theshort-circuit current is the value of the current at VV = 0.

Reading from the graph, this corresponds to|approximately 3.0 A.

(b) The open-circuit voltage is the value of the voltage at | = 0.

Reading from the graph, this corresponds to|rough|y 0.4875 V|, estimating the curve as
hitting the x-axis 1 mm behind the 0.5 V mark.

(c) We see that the maximum current corresponds to zero voltage, and likewise, the
maximum voltage occurs at zero current. The maximum power point, therefore,
occurs somewhere between these two points. By trial and error,

Pmax isroughly (375 mV)(2.5 A) =938 mW, or just under 1 W.
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14. Note that in the table below, only the -4-A source and the —3-A source are actually

“absorbing” power; the remaining sources are supplying power to the circuit.

Sour ce Absorbed Power | Absorbed Power
2-V source (2V)(-2A) -4W
8-V source (8V)(-2A) -16 W
-4-A source | (10V)[-(-4 A)] 40 W
10-V source | (10V)(-5A) -50 W
-3-A source | (10 V)[-(-3 A)] 30W

The 5 power quantities sum to -4 — 16 + 40 — 50 + 30 = 0,/ as demanded from

conservation of energy.

Engineering Circuit Analysis, 6" Edition
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15. Wearetold that Vx = 1V, and from Fig. 2.33 we see that the current flowing through
the dependent source (and hence through each element of the circuit) is 5Vy = 5 A.
We will compute absorbed power by using the current flowing into the positive
reference termina of the appropriate voltage (passive sign convention), and we will
compute supplied power by using the current flowing out of the positive reference
terminal of the appropriate voltage.

(a) The power absorbed by element “A” = (9 V)(5A) =|45W

(b) The power supplied by the 1-V source= (1 V)(5A) : and
the power supplied by the dependent source= (8 V)(5A) =

(¢) The sum of the supplied power =5+ 40=45W
The sum of the absorbed power is45 W, so

yes, the sum of the power supplied = the sum of the power absorbed, as we
expect from the principle of conservation of energy.
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16.  We are asked to determine the voltage vs, which isidentical to the voltage labeled vi.
The only remaining reference to v, isin the expression for the current flowing through
the dependent source, 5v;.

This current isequal to —i.
Thus,

5V1=-i2:-5mA
Therefore vi=-1mV

and so Vs=Vi=-1mV
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17.  The battery delivers an energy of 460.8 W-hr over aperiod of 8 hrs.

() The power delivered to the headlight is therefore (460.8 W-hr)/(8 hr) 5 57.6 W

(b) The current through the headlight is equal to the power it absorbs from the battery
divided by the voltage at which the power is supplied, or

| =(57.6 W)/(12V) = 48 A
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CHAPTER TWO SOLUTIONS

The supply voltage is 110 V, and the maximum dissipated power is 500 W. The fuses
are specified in terms of current, so we need to determine the maximum current that
can flow through the fuse.

P=VI1 thereforelmx = Pma/V = (500 W)/(110V) =4.545 A
If we choose the 5-A fuse, it will allow up to (110 V)(5 A) = 550 W of power to be

delivered to the application (we must assume here that the fuse absorbs zero power, a
reasonabl e assumption in practice). This exceeds the specified maximum power.

If we choose the 4.5-A fuse instead, we will have a maximum current of 4.5 A. This
leads to a maximum power of (110)(4.5) = 495 W delivered to the application.

Although 495 W is less than the maximum power allowed, this fuse will provide
adequate protection for the application circuitry. If afault occurs and the application
circuitry attempts to draw too much power, 1000 W for example, the fuse will blow,
no current will flow, and the application circuitry will be protected. However, if the
application circuitry tries to draw its maximum rated power (500 W), the fuse will
also blow. In practice, most equipment will not draw its maximum rated power
continuously- although to be safe, we typically assume that it will.
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19.  (a) Paws=i°R =[20e"?]2(1200) pW

=[20e4] 2 (1200) pW

=43.54 mW

(b) Pas = VYR =[40 cos 20t] 2/ 1200 W

=[40 cos2]?/1200 W

=230.9 mW

(C) Paws=vi =8t W

=253.0 mwW

keep in mind we
are using radians

Engineering Circuit Analysis, 6" Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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20. It's probably best to begin this problem by sketching the voltage waveform:

\%
V()A

+10

40 60 p t(m

20
-10

(@) Vmax =[+10V

(b) Vayg = [(+10)(20x10°%) + (-10)(20x10°%)]/(40x10°) = |0

(©) g = Varg /R = [0 |

2
(@) Puslye, = 222 = (10750 f2W
1 [{+10)? (-10)* [
S 20 + 2o =[ 2w
@ Pl = 350 R R O
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We are given that the conductivity o of copper is 5.8x10” S/m.

(a) 50 ft of #18 (18 AWG) copper wire, which has a diameter of 1.024 mm, will have
aresistance of 1/(g A) ohms, where A = the cross-sectional areaand | = 50 ft.

Converting the dimensional quantities to meters,

| = (50 ft)(12 in/ft)(2.54 cm/in)(1 m/100 cm) = 15.24 m
and

r = 0.5(1.024 mm)(1 m/1000 mm) = 5.12x10™* m

so that

A=rmr? = m(5.12x10* m)? = 8.236x10" m?

Thus, R = (15.24 m)/[( 5.8x107)( 8.236x10)] =|319.0 mQ

(b) We assume that the conductivity value specified also holds true at 50°C.
The cross-sectional area of thefoil is
A = (33 um)(500 pm)(1 m/10° pm)( 1 m/10° pm) = 1.65x10° m?

So that

R = (15 cm)(1 m/100 cm)/[( 5.8x107)( 1.65x10®)] =(156.7 mQ

A 3-A current flowing through this copper in the direction specified would
lead to the dissipation of

I°’R = (3)? (156.7) mW = 1.410 W
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Since we are informed that the same current must flow through each component, we
begin by defining a current | flowing out of the positive reference terminal of the

voltage source.

The power supplied by the voltage sourceis Vs .
The power absorbed by resistor R; is I°R;.
The power absorbed by resistor R, is I°R..

Since we know that the total power supplied is equal to the total power absorbed,
we may write:

Vsl = IR, + IR,
or
Ve = IR+ 1R
Vs = |(R1 + Rz)
By Ohm’slaw,
1=V, /R
so that
V,
Vs = Fj:(a +R)
Solving for Vi we find
V. = VSL Q.E.D.
: R +R)
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23. @

currenl {ra)

1.5 -1 -k \] 0.5 1 1.5 # #h
wnltage (V)

(b) We see from our answer to part () that this device has a reasonably linear
characteristic (a not unreasonable degree of experimental error is evident in the data).
Thus, we choose to estimate the resistance using the two extreme points:

Ret = [(25—-(-15)]/[5.23—(-3.19)] kQ =475Q

Using the last two points instead, we find Ry = 469 Q, so that we can state with some
certainty at least that a reasonable estimate of the resistance is|approxi mately 470 Q. |

(©)

currenl {mal

L . .
ERA - RN B RN 1 1.5 B AN
woltage (V)
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24, Top Left Circuit: | =(5/10) mA =0.5mA, and Pk = V410 mW =25mwW
Top Right Circuit: | =-(5/10) mA =-0.5mA, and Py =V%10 mW =25mwW
Bottom Left Circuit: | =(-5/10) mA =-05mA, and Py = VA10 mW =25mwW

Bottom Right Circuit: | =-(-5/10) mA =0.5mA, and Py = V410 mW =25mwW
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25.  Thevoltage Vo iS given by
Vo = -10°vy (1000)
=- Vg

Since vy = Vs = 0.01 cos 1000t V, we find that

Vout = -vp= | -0.001 cos 1000t V
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26. 18 AWG wire has aresistance of 6.39 Q / 1000 ft.

Thus, we require 1000 (53) / 6.39 = 8294 ft of wire.
(Or 1.57 miles. Or, 2.53 km).
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27.  We need to create a 470-Q resistor from 28 AWG wire, knowing that the ambient
temperature is 108°F, or 42.22°C.

Referring to Table 2.3, 28 AWG wire is 65.3 mQ/ft at 20°C, and using the equation
provided we compute

Ro/R; = (234.5+ T,)/(234.5+ T1) = (234.5+ 42.22)/(234.5 + 20) = 1.087
We thus find that 28 AWG wireis (1.087)(65.3) = 71.0 mQ/ft.

Thus, to repair the transmitter we will need

(470 Q)/(71.0 x 10-3 Q/ft) =|6620 ft (1.25 miles, or 2.02 km).

Note: This seemslike alot of wire to be washing up on shore. We may find we don't
have enough. In that case, perhaps we should take our cue from Eq. [6], and try to
squash a piece of the wire flat so that it has avery small cross-sectional area.....

Engineering Circuit Analysis, 6" Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.



28.

current (A}

Engineering Circuit Analysis, 6" Edition

CHAPTER TWO SOLUTIONS

(a) We need to plot the negative and positive voltage ranges separately, as the positive
voltage range is, after all, exponential!

3
10

@

[}
currcnt 4

b

a

s s s s s
-0.4 03 (BN} (BN~} 06

valtage (V)

(b) To determine the resistance of the device at V = 550 mV, we compute the
corresponding current:

L s s s s
-0.32 0.2 -0 o a1 o o1 Loz

os
vallags (V)

| =10°[e*¥®®_1] = 2.068A

Thus, R(0.55 V) = 0.55/2.068 =266 mQ |

(c) R=1Q correspondsto V = 1. Thus, we need to solve the transcendental equation
| =10°[e* - 1]

Using a scientific calculator or the tried-and-true trial and error approach, we find that

| =325.5mA
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CHAPTER TWO SOLUTIONS

We require a 10-Q resistor, and are told it is for a portable application, implying that
size, weight or both would be important to consider when selecting a wire gauge. We
have 10,000 ft of each of the gauges listed in Table 2.3 with which to work. Quick
inspection of the values listed eiminates 2, 4 and 6 AWG wire as their respective
resistances are too low for only 10,000 ft of wire.

Using 12-AWG wire would require (10 Q) / (1.59 mQ/ft) = 6290 ft.
Using 28-AWG wire, the narrowest available, would require

(10 Q) / (65.3 mQ/ft) =|153 ft,

Would the 28-AWG wire weight less? Again referring to Table 2.3, we see that the
cross-sectional area of 28-AWG wire is 0.0804 mm?, and that of 12-AWG wire is
3.31 mm? The volume of 12-AWG wire required is therefore 6345900 mm?, and that
of 28-AWG wire required is only 3750 mm?®.

The best (but not the only) choice for a portable application is clear: 28-AWG wire!
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CHAPTER TWO SOLUTIONS

Our target is a 100-Q resistor. We see from the plot that at Np = 10*° cm™®, p,, ~ 2x10°
cm?/V-s, yielding aresistivity of 3.121 Q-cm.

At Np = 10" cm™®, i, ~ 230 cm?/ V-s, yielding aresistivity of 0.02714 Q-cm.

Thus, we see that the lower doping level clearly provides material with higher
resistivity, requiring less of the available area on the silicon wafer.

Since R = pL/A, where we know R =10 Q and p = 3.121 Q-cm, we need only define
the resistor geometry to complete the design.

We typically form contacts primarily on the surface of a silicon wafer, so that the
wafer thickness would be part of the factor A; L represents the distance between the
contacts. Thus, we may write

R = 3.121 L/(250x10™Y)
where L and Y are dimensions on the surface of the wafer.

If we make Y small (i.e. a narrow width as viewed from the top of the wafer), then L
can also be small. Seeking a value of 0.080103 then for L/Y, and choosing Y = 100
pum (alarge dimension for silicon devices), we find a contact-to-contact length of L =
8 cm! While this easily fits onto a 6” diameter wafer, we could probably do a little
better. We are also assuming that the resistor is to be cut from the wafer, and the ends
made the contacts, as shown below in the figure.

Design summary (one possibility):  Np = 10" cm™®
L=8cm
Y =100 pm
\
100 um
g -
I 250 pm
\ 8cm
\ / contact
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CHAPTER THREE SOLUTIONS

(&) six nodes; (b) nine branches.

Engineering Circuit Analysis, 6" Edition
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3. (a) Four nodes; (b) five branches; (c) path, yes—loop, no.
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4, (a) Five nodes; (b) seven branches; (c) path, yes—Iloop, no.
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5. (@ 3A; (b)-3A; (c)0.
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By KCL, we may write:
S5+iy+i; = 3+ix

@ix=2+iy+i,=2+2+0 =|4A

(0) iy= 3+iy—5-i,

Thus, wefind that | iy, = 0.

(c) |This situation is impossible| since ix and i, are in opposite directions. The only
possible value (zero), is also disallowed, as KCL will not be satisfied ( 5 # 3).

Engineering Circuit Analysis, 6" Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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7. Focusing our attention on the bottom left node, we seethat|iy = 1 A.

Focusing our attention next on the top right node, we see that

Engineering Circuit Analysis, 6" Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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@ v = 18w +iy)

Vx =5V and giventhat i, = -3 A, we find that

v, =3(5) -3 =|12V

() vy, = 13w +i) = =6 = 3y +05

Solving, we find that v = (-6 —0.5)/3 =|-2.167 V|

Engineering Circuit Analysis, 6" Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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@ ix =wi/10 + vi/10 = 5

2V1:50

SO

Vi

= 25V.

By Ohm’slaw, we seethat iy = v»/10

also, using Ohm'’s law in combination with KCL, we may write

Thus,

ly =

25A.

(b) From part (a), ix = 2 vo/ 10. Substituting the new value for v;, we find that

ix = 6/10 =600 mA.

Since we have found that iy = 0.5 iy, |iy =300 mA.

(c) no value —thisisimpossible.

Engineering Circuit Analysis, 6" Edition
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CHAPTER THREE SOLUTIONS

We begin by making use of the information given regarding the power generated by
the 5-A and the 40-V sources. The 5-A source supplies 100 W, so it must therefore
have aterminal voltage of 20 V. The 40-V source supplies 500 W, so it must therefore
provide a current of 12.5 A. These quantities are marked on our schematic below:

(1) ByKVL, -40-110+R(5) = 0

Thus, R = 30Q.

(2) ByKVL, -Vg—(-110)+40 = 0
So  Vg= 150V

Now that we know the voltage across the unknown conductance G, we need only to
find the current flowing through it to find its value by making use of Ohm’slaw.

KCL provides us with the means to find this current: The current flowing into the “+”
termina of the—110-V sourceis12.5+ 6 =185A.

Then, Iy = 185-5 = 135 A

By Ohm'slaw, Ix = G- Vg

So G = 135/150 or | G=90mS

Engineering Circuit Analysis, 6" Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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CHAPTER THREE SOLUTIONS

(@ -1+2+10i—35 + 10i =

Solving, |1 = 125mA

0

() +10+1i -2+2i +2-6+i = 0

Solving, wefind that 4i = -4 or

I =-1A.

Engineering Circuit Analysis, 6" Edition
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12. (@ ByKVL, -2 + w+8 = 0

(b) By KCL at the top right node,

IS +4VX:4 'Vx/4

So Is=29.5A.

(c) By KCL at thetop left node,

lin = 1+Ils+w/4-6

or | iin = 23A

(d) The power provided by the dependent sourceis 8(4vy) =|-192 W.
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13. (&) Working from left to right,
vi =60V

Vo = 60V

i, = 60/20 =3A

i4 = V1/4 = 60/4 =15A

V3 = 5|2 =15V

vi=60V |i1=27A
V=60V |i,= 3A
By KVL, -60+v3+vs=0 V3f15V !3?24A
Vs=60-15=45V vz =45V !4—15A
V4= Vg =45 V5:45V Ig = 9A

is=vs/5 =45/5 =9 A
i3=lig+is =15+9 =24 A
i1=ia+i3 =3+24 =27

(b) It isnow a simple matter to compute the power absorbed by each element:

p1 | =-wii1 | =-(60)(27) | =-1.62 kKW
P2 = V2i2 = (60)(3) = 180W
P3| = Va3 = (15)(24) = 360W
Ps | = Vag | =(45)(15) = 6/5W
Ps | =Vsis | =(45)(9) = 405 W

and it isa simple matter to check that these values indeed sum to zero as they should.

Engineering Circuit Analysis, 6" Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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CHAPTER

+
6V Q

-—

Beginning from the left, we find

P2ov = -(20)(4) = -80W

THREE SOLUTIONS

Refer to the labeled diagram below.

6N 2 2.5

(1) =,

vis = 415 =6V therefore

Prs = (vis)¥ 1.5 =24'W.

Via = 20—V1.5 =20-6 =14V
i2 = V2/2:V1.5/1.5—V14/14:6/1

Thereforev, =2(3) =6V

V4 = Viu—Vo =14—6 =8V therefore | ps=844=16W

therefore pys = 14% 14 =14 W.

5-14/14 =3 A

and |p, = 6%/2 =18 W.

i2.5 :V2.5/ 2.5 :V2/2—V4/4 =3-2=1A

Thereforev,s = (2.5)(1) = 25V andso | pos = (2.5)%/2.5 =2.5W.

los = -l thefore Is =-1A.

KVL alowsustowrite -v4+Vo5+Vvis =0

SOV|S =V4—Vo5 = 8-25 =5

5V and Pis :-V|S|g = 55W.

A quick check assures us that these power quantities sumto zero.

Engineering Circuit Analysis, 6" Edition

Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.



CHAPTER THREE SOLUTIONS

15.  Sketching the circuit as described,

@ +12v -@

(a) Via = 0. V13 = V43 = 8V
Vo3 =-Vip—Vz=-12+8 = -4V
Voq4 =Vo3+ Vay =-4—8 =-12V
(b)V14=6V. Viz= Viu+Vi3=6+8 =14V
V23:V13—V12:l4—12 = 2V
Vog =Vo3+Vayu=2—-8 = -6V
(C)V14:-6V. Viz= Viu+Vs3=-6+8 = 2V
V23:V13—V12:2—12 =-10V
Vg = Vo3 + V3 =-10—8 = -18V
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(a) By KVL, -12 + 5000Ip + Vps + 2000l = 0

Therefore, | Vps=12-7(1.5 =15V.

(b) By KVL, - Vg + Vs + 2000l = 0

Therefore, Vgs=Vg— 2(2) =-1V.
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17.  Applying KVL around this series circuit,

where vy is defined across the unknown element X, with the “+” reference on top.
Simplifying, wefind that 100iy + v = 100

To solve further we require specific information about the element X and its
properties.

(a) if X isa100-Q resistor,

Vy = 100i, so we find that 100 iy + 100 i, = 100.

Thus
ix=500mA and | px=Wix=25W.

(b) If X isa40-V independent voltage source such that v, = 40 V, we find that

iy =(100—40)/100 = 600mMA and | pc=\Vyix =24 W

(c) If X isadependent voltage source such that vy = 25ix,

ix=100/125=800 mA and | px=Vxix= 16 W.

(d) If X isadependent voltage source so that vy, = 0.8vy,
where v; = 40iy, we have
1004 + 0.8(40i,) = 100

oriy= 100/132=757.6mA and | pyx =V ix = 0.8(40)(0.7576)° = 18.37 W.

(e) If X isa2-A independent current source, arrow up,

100(-2) + vy = 100

so that vy =100+ 200 =300V and | px = Vx ix = -600 W
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18. (a) Wefirst apply KVL:

-20+10i; +90+40i;1+2v, = 0

where v, = 10i;. Substituting,

(b) Applying KVL,

where

70+70i, =0

or ii=-1A.

-20 + 10i; + 90 + 40i, + 1.5v3 = O [1]

vz =-90-10i; + 20=-70-101;

aternatively, we could write

Using either expression in Eq. [1], wefind |i; =1A.

(c) Applying KVL,

Solving,

i1:-2A.

vz = 40i; + 1.5v3 = -80i,

-20 + 10i, + 90 + 40i, - 15i; = O
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19.  Applying KVL, we find that
-20+10i; +90+40i;+1.8v3 = 0 [l]

Also, KVL alowsusto write
vz =40i; + 1.8v3

V3 = -50i1
So that we may write EqQ. [1] as

50i; — 1.8(50)i1 = -70
ori; =-70/-40 = 1.75A.
Since vz = -50i; =-87.5V, no further information is required to determine its value.

The 90-V source is absorbing (90)(i;) = 157.5 W of power and the dependent source
is absorbing (1.8vs)(i1) = -275.6 W of power.

Therefore, none of the conditions specified in (a) to (d) can be met by this circuit.
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20. (a) Define the charging current i as flowing clockwise in the circuit provided.
By application of KVL,

-13+0.02i + Ri + 0.035 + 105 = 0

We know that we need a current i =4 A, so we may calculate the necessary resistance

R =[13 —10.5—0.055(4)]/ 4 = 570 mQ

(b) The total power delivered to the battery consists of the power absorbed by the
0.035-Q resistance (0.035i%), and the power absorbed by the 10.5-V ideal battery
(10.51). Thus, we need to solve the quadratic equation

0.035i* + 10.5i = 25
which hasthe solutionsi =-302.4 A and i = 2.362 A.
In order to determine which of these two values should be used, we must recall that
the idea is to charge the battery, implying that it is absorbing power, or that i as

defined is positive. Thus, we choose i = 2.362 A, and, making use of the expression
developed in part (a), we find that

R =[13 - 10.5—0.055(2.362)]/ 2.362 = 1.003 Q

(c) To obtain avoltage of 11 V across the battery, we apply KVL:
0.035 +105=11 sothati=14.29A

From part (a), this means we need

R =[13-10.5-0.055(14.29)]/ 14.29 = 119.9 mW
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21. Drawing the circuit described, we also define a clockwise current i.

0,021 0,50 O-035n

13V

' + 10,5 v
¢ ) y -
hﬂﬂy
- é 0.0s/
s
By KVL, we find that

-13+ (0.02 + 0.5+ 0.035)i + 10.5-0.051 = O

orthat i = (13-10.5)/0.505 =|4.950 A

and Vpatey = 13—-(0.02+0.5)i =|10.43 V.

Engineering Circuit Analysis, 6" Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.



CHAPTER THREE SOLUTIONS

22.  Applying KVL about this simple loop circuit (the dependent sources are still linear
elements, by the way, as they depend only upon a sum of voltages)

40+ (5+25+20)i —(2vs+Vvy) +(4vi—Vvo) = 0 [1]

where we have defined i to be flowing in the clockwise direction, and
Vi = 5I, Vo = 25I, andv3: 20i.

Performing the necessary substition, Eq. [1] becomes
50i - (40i + 25i) + (20i — 25i) = 40
sothati =40/-20 = -2 A

Computing the absorbed power is now a straightforward matter:

Paov = (40)(-i) = 80W
Psw =5i° = 20W
P2sw = 25i* =100 W
P2ow = 20i° = 80W
Poepsrcr | = (2vz + p)(-i) = (40i + 25i) | =-260 W
Pdepsrcz | = (4va - Vo)(-1) = (200 - 25)) | = -20W

and we can easily verify that these quantities indeed sum to zero as expected.
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23. We begin by defining a clockwise current i.

(@) i =12/(40 + R) mA, with R expressed in kQ.
Wewanti’- 25 = 2

or BigE% =2

Rearranging, we find a quadratic expression involving R
R°+80R—200=0

which has the solutions R = -82.43 kQ and R = 2.426 kQ. Only the latter is a
physical solution, so

R=2.426 kQ.

(b) Werequirei - 12 = 3.6 ori =0.3mA
From the circuit, weaso seethat i = 12/(15+ R+ 25) mA.
Substituting the desired value for i, we find that the required value of Ris |R=0.

(©
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CHAPTER THREE SOLUTIONS

By KVL,
_12 + (1 + 2.3 + Rwiresq;mmt) | = 0

The wire segment is a 3000t section of 28-AWG solid copper wire. Using Table
2.3, we compute its resistance as

(16.2 mQ/ft)(3000 ft) = 48.6 Q

which is certainly not negligible compared to the other resistances in the circuit!

Thus,

i = 12/(1+2.3+48.6) = 231.2 mA
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25. We can apply Ohm'’slaw to find an expression for vy

Vo = 1000(—gm Vr)

We do not have a value for v, but KVL will alow us to express that in terms of v,
which we do know:

—10x10° cos5t + (300 +50x10%)i = O
wherei is defined as flowing clockwise.

Thus, Vi =50x10°i = 50x10°(10x10~ cos5t) / (300 + 50x10°%)

=9.940x103 cos 5t V

and we by substitution we find that

Vo = 1000(=25x10"%)( 9.940x10™ cos5t)

=| —248.5cos5t mV,
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By KVL, we find that
—3+1001p +Vp =0
Substituting Ip = 3x10°%(e’>’ 2% _ 1), we find that
—3 + 300x10°%e®'?™ %" _ 1) +Vp =0

This is a transcendental equation. Using a scientific calculator or a numerical
software package such as MATLAB®, wefind

Vp =|2464mV

Let’s assume digital assistance is unavailable. In that case, we need to “guess’ avalue
for Vp, substitute it into the right hand side of our equation, and see how close the
result isto the left hand side (in this case, zero).

GUESS | RESULT

0 -3
1 3.648x1024— OP°
0.5 3.308x10%

0.25 0.4001 < better

0.245 -0.1375

0.248 01732 & 1 — Atthispoint, theerroris

0.246 —0.0377 getting much smaller, and
our confidenceisincreasing
asto the value of Vp.
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Define avoltage vy, “+” reference on the right, across the dependent current source.
Note that in fact vy appears across each of the four elements. We first convert the 10
mS conductance into a 100—Q resistor, and the 40-mS conductance into a 25-Q
resistor.

(&) Applying KCL, we sum the currents flowing into the right—hand node:
5-w/100-w/25 +0.8ix = 0 [1]

This represents one equation in two unknowns. A second equation to introduce at this
pointis

ix =Vx /25 sothat EqQ. [1] becomes
5-w/100-vw/25+08(w/25) =0

Solving for vy, we find v, = 277.8 V. It is a simple matter now to compute the power
absorbed by each element:

Psa = 5w = —1.389 kW
Pioa | = (%)°/100 = T71.7W
Piso | = (w125 = 3.087 kW
Pip | = —W(0.8iy) = 0.8(W)° /25 |= —2.470kW

A quick check assures us that the calculated values sum to zero, as they should.
(b) Again summing the currents into the right—hand node,
5 —v/100-v /25 +08iy = 0 [2]
whereiy = 5-v,/100
Thus, Eqg. [2] becomes
5 —v/100—V, /25 +0.8(5) —0.8(iy) /100 = 0

Solving, we find that vy x = 155.2V and iy = 3.448 A

So that
Psa = 5w = —776.0W
Puooa | = (W) /100 = 2409W
Pro | = (W)7/25 = 9635W
Pap | = -W(0.8iy) |[=-4281W

A quick check assures us that the calculated values sum to 0.3, which is reasonably
close to zero (small roundoff errors accumulate here).
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Define avoltage v with the “+” reference at the top node. Applying KCL and
summing the currents flowing out of the top node,

V5,000 + 4x10°° + 3i; + v/20,000 = O [1]

This, unfortunately, is one equation in two unknowns, necessitating the search for a
second suitable equation. Returning to the circuit diagram, we observe that

i1 = 3ip + v/2,000
or i1 = =v/40,000 [2]
Upon substituting Eq. [2] into Eq. [1], EQ. [1] becomes,
Vv/5,000 + 4x107° — 3v/40,000 + v/20,000 = O
Solving, we find that
v=-2286V

and
iy = 5714 pA

Sinceix =i, wefindthat iy =| 571.4 pA.
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29. Define avoltage vy with its“+” reference at the center node. Applying KCL and
summing the currents into the center node,

8 —w /6 +7 —wl/12 —vw/4 = 0
Solving, vx = 30 V.

It is now a straightforward matter to compute the power absorbed by each element:

Pea | = 8w« = 240 W
Po | = (W)°/6 = 150W
Pea | = 7w = 210W
Poo | = (W)/12 = 75W
P | = (W4 = 225W

and a quick check verifies that the computed quantities sum to zero, as expected.
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(a) Define avoltage v across the 1-kQ resistor with the “+” reference at the top node.
Applying KCL at this top node, we find that

80x107° — 30x10° = /1000 + v/4000
Solving,
v = (50x107)(4x10°/ 5x10%) = 40V

and Pxo =VA/4000 = |400 mwW

(b) Once again, we first define a voltage v across the 1-kQ resistor with the “+”
reference at the top node. Applying KCL at this top node, we find that

80x107° — 30x10° — 20x10° = /1000
Solving,
v = 30V

and Pooma =V- 20x10° 600 mw/

(c) Once again, we first define a voltage v across the 1-kQ resistor with the “+”
reference at the top node. Applying KCL at thistop node, we find that

80x107° — 30x1073 — 2i, = v/1000

where
iy = V1000
5o that
80x10™° — 30x10° = 2v/1000 + /1000
and
v = 50x107°(1000)/3 = 16.67V
Thus, Piw =V- 2ix = 555.8mW

(d) Wenotethat iy = 60/1000 = 60 mA. KCL stipulates that (viewing currents
into and out of the top node)

80-30+is =iy = 60
Thus, is = 10 mA

and Pgv = 60(=10) MW =| —600 mW
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(&) To cancel out the effects of both the 80-mA and 30-mA sources, is must be set to

is: 50 mA.

(b) Define a current is flowing out of the “+” reference termina of the independent
voltage source. Interpret “no power” to mean “zero power.”

Summing the currents flowing into the top node and invoking KCL, we find that
80x10° - 30x10° - vg/1x10° + is = 0
Simplifying slightly, this becomes

50 -vs+ 10%is = O [1]

We are seeking avalue for vs such that vs- is= 0. Clearly, setting vs = 0 will achieve
this. From Eq. [1], we also see that setting vs = 50 V will work as well.
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Define a voltage vy across the 9-Q resistor, with the “+” reference at the top node.
(a) Summing the currents into the right-hand node and applying KCL,

547 =vg/3 +v/9

Solving, wefind that vg = 27 V. Sinceix=Vvg/ 9, | ix = 3A.

(b) Again, we apply KCL, thistime to the top left node:
2—-vg/8+2i,-5=0

Since we know from part (a) that ix = 3 A, we may calculatevg = 24 V.

(© psa = (Vo—Vg)- 5 F 15W,.
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Define a voltage vy across the 5-A source, with the “+” reference on top.
Applying KCL at the top node then yields

5+5v; -/ (1+2)—vw/5 = 0 [1]
wherevy = 2w /(1 +2)] =2 v/ 3.

Thus, Eqg. [1] becomes
5+52w/3)—w/3-w/5 =0

or 75+50vx—5Vv—3Vv= 0, which, upon solving, yields vy, =-1.786 V.

The power absorbed by the 5-Q resistor isthen simply (w)%5 = |638.0 mW.
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34. Despite the way it may appear at first glance, thisis actually a simple node-pair
circuit. Define avoltage v across the elements, with the “+” reference at the top node.

Summing the currents leaving the top node and applying KCL, we find that
2+6+3+Vv/5+Vv/5+Vv/5 =0

or v =-55/3 = -18.33 V. The power supplied by each source is then computed as:

Poa = -V(2) = 36.67W
Pes = -V(6) = 110W
Psa = -V(3) = 55W

We can check our results by first determining the power absorbed by each resistor,
which is simply V?/5 = 67.22 W for a total of 201.67 W, which is the total power
supplied by all sources.
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Defining a voltage V across the 10-A source with the “+” reference at the top node,
KCL tellsusthat 10 =5 + I, where |1 is defined flowing downward through the

1-Q resistor.
Solving, wefind that 1.g =5 A, sothat V4 = (1)(5) =5 V.
So, we need to solve

VX = 5 = 5(0.5 + Rsegment)
With Reggment = 500 mQ.

From Table 2.3, we see that 28-AWG solid copper wire has a resistance of 65.3
mQ/ft. Thus, the total number of miles needed of thewireis

500 mQ
(65.3mQ/ft)(5280 ft/mi)

=| 1.450x10° miles
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36. Sincev =6V, we know the current through the 1-Q resistor is6 A, the current
through the 2-Q resistor is3 A, and the current through the 5-Q resistor is 6/5

=1.2 A, as shown below:

- BV +
el
f .
{éﬂ J 20, @ ?S
3A
ByKCL, 6+3+12+is=0 or is = -10.2 A.

Engineering Circuit Analysis, 6" Edition
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(@ ApplyingKCL,1-i—-3+3 =0 so|i=1A.

(b) The rightmost source should be labeled 3.5 A to satisfy KCL.

Then, looking at the left part of the circuit, we see 1 + 3 = 4 A flowing into the
unknown current source, which, by virtue of KCL, must therefore be a 4-A current
source. Thus, KCL at the node labeled with the “+” reference of the voltage v gives

4-2+7-1 =0 or |i=9A
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(&) We may redraw the circuit as

In # 19
+

Then, we seethatv = (1)(1) =(1V.

(b) The current source at the far right should be labeled 3.5 A, or KCL isviolated.

In that case, we may combine all sources to the right of the 1-Q resistor into asingle
7-A current source. On the left, the two 1-A sources in sereies reduce to asingle 1-A
source.

The new 1-A source and the 3-A source combine to yield a 4-A source in series with
the unknown current source which, by KCL, must be a4-A current source.

At this point we have reduced the circuit to

2@ 1

Further simplification is possible, resulting in

mn 1R

From which we see clearly that v=(9)(1) = |9 V.
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(a) Combine the 12-V and 2-V series connected sourcesto obtainanew 12—-2=10V
source, with the “+” reference terminal at the top. The result is two 10-V sources in
paralel, which is permitted by KVL. Therefore,

i =10/1000 = 10 mA.

(b) No current flows through the 6-V source, so we may neglect it for this calculation.
The 12-V, 10-V and 3-V sources are connected in series as a result, so we replace
them witha 12 + 10 -3 = 19 V source as shown

Thus, |i=19/5=38A.
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40. We first combine the 10-V and 5-V sourcesinto asingle 15-V source, with the “+”
reference on top. The 2-A and 7-A current sources combineintoa7 —2 =5 A current
source (arrow pointing down); athough these two current sources may not appear to
bein parallel at first glance, they actually are.

Redrawing our circuit,

R
9() v ua Zun Do

we see that v =15V (note that we can completely the ignore the 5-A source here,
since we have a voltage source directly across the resistor). Thus,

Psa = V16 = | 14.06 W.
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We can combine the voltage sources such that

20
%- . i = Vsl 14
- - ?
1‘:”";"33-7? T
2
(@vs =10+10-6-6 = 20-12=8
Therefore
i = 8/14=| 571.4mA.
(b)vs=3+25-3-25=0 Thereforel |1 = 0,

(©)vs= -3+15-(-05) -0 = -1V
Therefore

I =-1/14 = -71.43 mA.
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42.  Wefirst simplify as shown, making use of the fact that we aretold ix = 2 A to find the
voltage across the middle and right-most 1-Q resistors as |abel ed.
1 ln A
At
< W l 434
4.5v ke 3v I @/ﬂ

By KVL, then, wefindthat [vi=2+3=5V.
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43.  We seethat to determine the voltage v we will need vy due to the presence of the
dependent current soruce. So, let’ s begin with the right-hand side, where we find that

Vx = 1000(1—3) x 10° = -2V.

Returning to the left-hand side of the circuit, and summing currents into the top node,
we find that

(12—-3.5) x10™ + 0.03 v, = v/10x10?

or |v=-515V.
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44, (a) Wefirst label the circuit with afocus on determining the current flowing through
each voltage source:

-5n -5-¢- 3A
(3 = ‘-'-:)q Vi 3-12:"74
2/ 2/

1-*50‘] l—l-b_ j
2O @ Oa" D Oar

Then the power absorbed by each voltage sourceis

Py =-2(-5) =10W
Pov  =-(-4)(4) =16W
Psv  =-(9(-3) =27TW

For the current sources,

-5A 3A
TN AN
2/ 2/
+ (2447 bv- - (443) =3y *

2@ @ Ow @

12A

So that the absorbed power is

Pss =+(5)(6) =-30W
Pan  =-(-4)(4) =16W
Py =-3)(7)  =-21W
Poa =-(12)(3) =36W

A quick check assures us that these absorbed powers sum to zero as they should.

(b) We need to change the 4-V source such that the voltage across the -5-A source
drops to zero. Define V across the —5-A source such that the “+” reference terminal is
on the left. Then,

-2+ Vyx—Vieeded = 0

Or | Vneeded = -2V.
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45. We begin by noting several things:
(1) The bottom resistor has been shorted out;
(2) the far-right resistor is only connected by one termina and therefore does
not affect the equivalent resistance as seen from the indicated terminals;
(3) All resistors to the right of the top left resistor have been shorted.

Thus, from the indicated terminals, we only see the single 1-kQ resistor, so that
Rey = 1KQ.
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46. (AQQWeseelQ|[(1Q+1Q)11Q+1Q+1Q)

=1Q1]2Q3Q

(b) VRgq=1+1/2+1/3+ ... UN

Thus,

Reg=[1+ 12+ 13+ ... UN]*

Engineering Circuit Analysis, 6" Edition
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47. () 5kQ =10kQ || 10kQ
() 57333 Q = 47KQ + 10kQ + 1KQ || 1kQ || 1kQ
(€) 295kQ = 47kQ [[47KkQ +10kQ [| 10kQ + 1 kQ
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CHAPTER THREE SOLUTIONS

()| no simplification is possible using only source and/or resistor combination
techniques.

(b) Wefirst simplify the circuit to

AW
5Q

OVCD 50 § @DlA §7Q

and then notice that the 0-V source is shorting out one of the 5-Q resistors, so a
further smplification is possible, notingthat 5Q || 7 Q = 2.917 Q:

1A @) § 2917 Q
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49. Req =1kQ+2kQ [|2kQ +3kQ || 3kQ +4kQ || 4kQ
=1kQ+1kQ+15kQ +2kQ

=5.5kQ.
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50. (@) Working from right to left, we first see that we may combine several resistors as
100Q +100Q || 100 Q + 100 Q = 250 Q, yielding the following circuit:

° Yl e
100 Q 100 Q
Rey —
& = 1000 = élOOQ S 2500
100 Q
100 Q 100 Q
o A Ay

Next, wesee100Q +100Q ||250 Q + 100 Q =271.4Q,
and subsequently 100 Q + 100 Q || 271.4 Q + 100 Q = 273.1 Q,
and, finaly,

Req = 100Q(|273.1Q = | 73.20Q.

(b) First, wecombine24 Q ||(50Q +40 Q) |60 Q = 14.4 Q, which leaves uswith

Oty
10Q 50
Reg — 14.4Q

ZOQg

Thus, Rg = 10Q+20Q ||(5+14.4Q) = |19.85Q.

(c) First combine the 10-Q and 40-Q resistors and redraw the circuit:

150 100
iy gy iy
20
§ 50 Q
8Q 200 300
o—p Snny Ay,

We now seewe have (10 Q +15Q) || 50 Q = 16.67 Q. Redrawing once again,

By Ay
20 16.67Q
8Q 50 Q
Yy l Ay

where the equivalent resistanceisseentobe2 Q +50Q || 16.67 Q +8Q =({225Q.
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51. (@)Req = [(40Q+200Q)[30Q + 80Q] || 100Q + 10Q =| 60Q.

(b)) Rg=80Q = [(40Q+20Q)[|30Q + R] || 100Q + 10Q
70Q=[(60Q|30Q) + R] || 100Q

1/70 = /(20 + R) + 0.01

20+ R=233.3Q therefore | R=213.3Q.

(R =[(40Q+20Q)[|30Q + R] || 100Q +10Q
R-10Q = [20+R]| 100
1/(R-10) = /(R +20) + 1/ 100
3000 = R?+ 10R —200

Solving, wefind R=-61.79 Q or R=51.79 Q.
Clearly, thefirst isnot a physical solution, so R=51.79 Q.
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52, (2)25Q =[100Q 100 Q || 100 Q

(b) 60 Q =[[(100Q || 100 Q) + 100 Q] || 100 Q

()40 Q =|(100 Q + 100 Q) || 100 Q || 100 Q
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53. Ryg = [5Q]20Q) +6Q]||30Q + 25Q =10Q
The source therefore provides atotal of 1000 W and a current of 100/10 = 10 A.

P2so=(10)* 25 5 250
V3OQ = 100 - 2510 = 75V
Psoq = 75%/ 30 =[187.5W

|GQ = 10—V309/30 =10-75/30 = 75A
Pso = (7.5 6 £337.5

ng = 75-6(75) = 30V

Psq =30%/5 =

Voo =Vsq = 30V
Psoo = 30720 =|45W

We check our results by verifying that the absorbed powersin fact add to 1000 W.
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20-Q and 5-Q resistors (=4 Q).

Also, the 4-A, 1-A and 6-A current sources are in parallel, so they can be combined

CHAPTER THREE SOLUTIONS

To begin with, the 10-Q and 15-Q resistorsarein parallel (=6 Q), and so are the

intoasingle4 +6—1=9A current source as shown:

Next, wenotethat (14 Q+6Q) ||(4Q +6 Q) = 6.667 Q

so that

and

Engineering Circuit Analysis, 6" Edition

9A
@

- Vy +
14Q 6Q
Ay A
40 6Q
AR, Afh,—

Vx

Ix

= 9(6.667) =60V

-60/10 = -6 A.
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55. (a) Working from right to left, and borrowing x || y notation from resistance
calculations to indicate the operation xy/(x + ),

Gin {[6]I2]13)+05] || 15|25 + 08 [|4||5 mS
{[(1)+05] || L5(25 + 08} |45 mS
{1377} |4 || 5
0.8502 mS =1850.2mS

(b) The 50-mS and 40-mS conductances are in series, equivalent to (50(40)/90 =
22.22 mS. The 30-mS and 25-mS conductances are also in series, equivalent to 13.64
mS. Redrawing for clarity,

22.22mS
o W

; 13.64mS
G — 100 mS §

O

weseethat G, = 10+22.22 +13.64 =|135.9mS.
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56. The bottom four resistors between the 2-Q resistor and the 30-V source are shorted
out. The 10-Q and 40-Q resistors are in parale (= 8 Q), as are the 15-Q and 60-Q
(=12 Q) resistors. These combinations arein series.

Define a clockwise current | through the 1-Q resistor:

(150-30)/(2+8+12+3+1+2) = 4.286A

Po=12- 1 5 1837W

To compute Pioq, consider that since the 10-Q and 40-Q resistors arein parallel, the
same voltage Vi (“+” reference on the left) appears across both resistors. The current |
=4.286 A flows into thiscombination. Thus, V4 =(8)(4.286) = 34.29V and

Puwo = (Vy)?/10 = 117.6 W.

Piso = 0|since no current flows through that resistor.
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One possible solution of many:

The basic concept is as shown

1-Q wire

Seqment¥
X a
external contacts

9-Q wire
segment

If we use 28-AWG soft copper wire, we see from Table 2.3 that 9-Q would require
138 feet, which is somewhat impractical. Referring to p. 4-48 of the Sandard
Handbook for Electrical Engineers (this should be available in most
engineering/science libraries), we see that 44-AWG soft copper wire has a resistance

of 2590 Q per 1000 ft, or 0.08497 Q/cm.

Thus, 1-Q requires 11.8 cm of 44-AWG wire, and 9-Q reguires 105.9 cm.| We decide

to make the wiper arm and leads out of 28-AWG wire, which will add a dlight
resistance to the total value, but a negligible amount.

The radius of the wiper arm should be (105.9 cm)/mr= 33.7 cm.

Engineering Circuit Analysis, 6" Edition
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58. One possible solution of many:

Vs = 2(55) = 11V
R]_ = Rz = 1kQ.

Engineering Circuit Analysis, 6" Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.



CHAPTER THREE SOLUTIONS

59. One possible solution of many:

is = 11 mA
R]_ = Rz = 1kQ.
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CHAPTER THREE SOLUTIONS

Pisa = (V15)2/ 15x10° A

vis = 15x10° (-0.3 vy)

wherev; = [4(5)/ (5+2)] - 2 = 5714V

Therefore vis = -25714V and| pis = 44.08 kKW.

Engineering Circuit Analysis, 6" Edition
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61. Replace the top 10 kQ, 4 kQ and 47 kQ resistors with 10 kQ + 4 kQ || 47 kQ =

13.69 kQ.

Define vy across the 10 kQ resistor with its“+” reference at the top node: then

W =5- (10kQ [|13.69kQ)/(15kQ + 10]/13.69kQ) = 1.391V

ix = W/ 10 mA

vis = 5-1.391

139.1 pA

= 3609V and pis = (v15)% 15x10° =| 868.3 UW.

Engineering Circuit Analysis, 6" Edition
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62.  We may combinethe 12-A and 5-A current sources into asingle 7-A current source
with its arrow oriented upwards. The left three resistors may be replaced by a3 +
6 || 13 = 7.105 Q resistor, and the right three resistors may be replaced by a7 + 20 || 4
=10.33 Q resistor.

By current division, iy = 7 (7.105)/(7.105 + 10.33) =|2.853 A

We must now return to the original circuit. The current into the 6 Q, 13 Q parallel
combination is7 —iy = 4.147 A. By current division,

iy = 4.147 . 13/ (13 + 6) =|2.837A

and p, = (4.147)*- 3 5 5159 W
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63.  The controlling voltage v;, needed to obtain the power into the 47-kQ resistor, can be
found separately as that network does not depend on the left-hand network.
The right-most 2 kQ resistor can be neglected.

By current division, then, in combination with Ohm’s law,

v; = 3000[5x10° (2000)/ (2000 + 3000 + 7000)] = 2.5V

Voltage division gives the voltage across the 47-kQ resistor:

05y, —
47 + 100[|20

So that pana = (0.9928)%/ 47x10° =

Engineering Circuit Analysis, 6" Edition

0.5(2.5)(47)
47 +16.67

0.9228V

18.12 pyWw
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64.  Thetemptation to write an equation such as

must be fought!

Voltage division only applies to resistors connected in series, meaning that the same
current must flow through each resistor. In thiscircuit, i; # 0, so we do not have the
same current flowing through both 20 kQ resistors.
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65. (@ Vv, =V

CHAPTER THREE SOLUTIONS

R,II(R;+R,)
*R,+[R, (R, +R,)]

RZ (RS + R4)/(R2 + RS + R4)
° Rl + RZ (RS + R4)/(R2 + R3 + R4)

R, (R +R,)
> Rl(RZ +R;+ R4)+ R,(R; +R,)

(b) v, = Vs
R, +[R,[[(Rs + R,)]

Rl

R,

V.
° R +R, (R;+ R4)/(R2 +R;+ R4)

R, (R, +R; +R,)
° Rl(RZ + RB + R4)+ RZ(RS + R4)

. :HV1|:H R,
@ HRlEHR2+R3+R4E

Rl (RZ + RS + R4) RZ

V.
*R,[R,(R, +R, +R,) +R,(R, +R,)(R, + R, +R,)|

=V
) R1(R2 +R;+ R4)+ R,(R;+R,)

R,

Engineering Circuit Analysis, 6" Edition
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66. (a) With the current source open-circuited, we find that

500

Vi, = 40 =
500 + 3000|6000

-8V

(b) With the voltage source short-circuited, we find that

i = (3x10) 1/3000 =| 400mA
1/500 +1/3000 +1/6000
s = (Bx10°)°% =| 600mA
500+ 3000|6000
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67. (@) The current through the 5-Q resistor is10/5=2 A. DefineR as 3 || (4 + 5)
=2.25 Q. The current through the 2-Q resistor then is given by

1 ls

|
*1+(2+R) 5.25

The current through the 5-Q resistor is

's BiH = 2A
0

5.25[1B+9

so that Is = 42 A.

(b) Given that Isis now 50 A, the current through the 5-Q resistor becomes

's BiH = 238lA

525[B+9[

Thus, v = 5(2.381) ={11.90V

05l [] 3
o Bostheod _

ls ls

©) 0.2381
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68. First combine the 1 kQ and 3 kQ resistors to obtain 750 Q.
By current division, the current through resistor Ry is

2000
2000+ R, + 750

lr, = 10x107°

andweknow that Ry - Ir, = 9

20R,
2750+ R,

9Ry +24750 = 20Rx  or Ry= 2250 W. Thus,

Pr,= 9% Ry= 36 MW,
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69. DefineR = R3 || (Ra+ Rs)

Then vy

RESE:

R, (R, +R,)/(R, +R, +R,)+R,

V:l R, (R, +R)
SR, (R, +R, +R,) +R,(R, +R,)

Vs:l R, (R, +R)/(R, +R, +R E
:

Rs
R, +R;

v.H

R, R
VsER, (R, *R, +Ry) * Ry(R, +RS)E
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70. Define Ry = 10 +15[130 =20Q andR, = 5+25 = 30 Q.

@ Ix=1;.15/(15+30) =|4mA

(b) 11 = Ix.45/15 =|36mMA

(©l2 = IsRi/(R1 +Rp) andl; =IsR2/(R1 +Ry)
So |1/|2 = Rz/R]_
Therefore
1 = Ralo/Ry =30(15)/20 = 22.5mA

Thus, Iy =11 .15/ 45 = |7.5mA

(d) 11 = IsRs/ (Ry+Ry) = 60(30)/50 = 36 A

Thus, Ix =1115/45 = |12 A.
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71 Vou = -Om Vi (100kQ || 100kQ) = -4.762x10° g Vi

where vy = (3sin10t) - 15/(15+ 0.3) = 2.941 sin 10t

Thus,| Vot = -56.02 sin 10t V
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72 Vout = -1000gm VT[

wherevy= 3sin10t L"?’ = 2.679sn10t V
(15]|3) + 0.3

therefore

Vou = -(2.679)(1000)(38x10°%) sin 10t =|-101.8sin 10t V.
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@ |01 -03 -04]lwn 0
05 01 0 ||lw| = |4
02 -03 04 ||vs 6

Solving this matrix equation using a scientific calculator,|v, = -8.387 V

(b) Using a scientific calculator, the determinant is equal to
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@ [1 1 1 Va 27
-1 2 3 Vs = -16
2 0 4 \'/& -6

Solving this matrix equation using a scientific calculator,

va = 19.57
vg = 18.71
Vc = -11.29

(b) Using ascientific calculator,

1 1 1
-1 2 3 =| 16
2 0 4
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3. The bottom node has the largest number of branch connections, so we choose that as
our reference node. This also makes vp easier to find, as it will be a nodal voltage.
Working from left to right, we name our nodes 1, P, 2, and 3.

NODE 1: 10 = v/ 20 + (vi—Vvp)/ 40 [1]
NODE P: 0 = (vp—Vv1)/ 40 +vp/ 100 + (Vp—V2)/ 50  [2]
NODE 2: -25+2 = (v —Vvp)/ 50 + (v2—Vv3)/ 10 [3]
NODE 3: 5-2 = v/ 200 + (v3—Vp)/ 10 [4]
Simplifying,
60v; - 20vp = 8000 [1]
-50v; + 110 vp - 40v, =0 [2]
- Vp +6v, - 5v3 =-25 [3]

-200v, + 210vz = 6000 [4]
Solving,

vp= 1716V
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Thelogical choice for areference node is the bottom node, as then v, will
automatically become anodal voltage.

NODE 1. 4 = vy/ 100 + (vi—V2)/ 20 + (v1—Vy)/ 50 [1]
NODE x: 10-4-(-2) = (vwx—v1)/ 50 + (vx—Vo)/ 40 [2]
NODE 2: 2 =V2/25 + (Vo—Ww)/ 40 + (vo—Vv1)/ 20 [3]
Simplifying,

4 = 0.0800v; —0.0500v, — 0.0200vy [1]
8 =-0.0200v; — 0.02500v, + 0.04500vx [2]
-2 =-0.0500v; + 0.1150v, —0.02500vy  [3]
Solving,

Vx= 397.4V.
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Designate the node between the 3-Q and 6-Q resistors as node X, and the right-hand
node of the 6-Q resistor as node Y. The bottom node is chosen as the reference node.

(a) Writing the two nodal equations, then
NODE X: -10 = (vx—240)/ 3 + (W —Ww)/ 6 [1]
NODE Y: 0= (w-w/6 + w/30 +(w—60)12 [2]

Simplifying, -180+ 1440=9vx — 3wy [1]
10800 =-360vx +612Vvy [2]

Solving, vx =1815V and w =1244V

Thus, vi =240-vx = |58.50V | and Vo =w—60 = | 6440V

(b) The power absorbed by the 6-Q resistor is

(vx —w)?/6 =|543.4W

Engineering Circuit Analysis, 6" Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.



CHAPTER FOUR SOLUTIONS

Only one nodal equation isrequired: At the

0.02v; = (W—5i5)/45 + (vx—100)/30 + (vx—0.2V3) / 50

node where three resistorsjoin,

[1]

This, however, is one equation in four unknowns, the other three resulting from the
presence of the dependent sources. Thus, we require three additional equations:

i2 = (0.2V3 - Vx)/50

Vi = 0.2V3 - 100
V3 = 50i2
Simplifying,
Vi — O.2V3 =
—v3 +50i, =
—Vy +0.2vz —-50i, =

0.07556vy — 0.02v; —0.004v; — 0.111i>

Solving, we find that|v1 = -103..8V| and

Engineering Circuit Analysis, 6" Edition

[2]
[3]
[4]
100 [3]
0 [4]
0 [2]
3333 [1]
i, = -377.4mA.
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If v1 = 0, the dependent source is ashort circuit and we may redraw the circuit as:

ah BA
() ()
200Q 10Q

+

96Y C 400 \ _: 0 C) Y2

At NODE 1: 4-6=w/40 + (vi—96)/20 + (v1—V)/ 10
Sincev; =0, thissmplifiesto

-2 = -96/20 - V,/ 10

so that V, = -28V.
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CHAPTER FOUR SOLUTIONS

We choose the bottom node as ground to make calculation of i5 easier. The left-most
node is named “1”, the top node is named “2”, the central node is hamed “3” and the
node between the 4-Q and 6-Q resistorsis named “4.”

NODE 1. -3=vi/2+(vi—W)/ 1 [1]
NODE 2 2=(Vo—Vv)/ 1+ (Vo—=V3)/ 3+ (Va—Vy)/ 4 [2]
NODE 3: 3=Vva/ 5+ (V3—Vy)/ 7+ (V3—V2)/ 3 [3]
NODE 4: 0=V 6+ (Va—V3)/ 7T+ (V4—V2) 4 [4]

Rearranging and grouping terms,

3vi— 2v; =-6 [1]
-12v4 + 19v; —4v3— 3wy =24 [2]
-35v, + 7lvz3—15v, =315 [3]

A2V, —24vs+ 94, =0 [4]

Solving, we find that vz = 6.760 V and so

Is =va/ 5=1.352 A.
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We can redraw this circuit and eliminate the 2.2-kQ resistor as no current flows

through it:
3
e A
V2 10 kQ
A, A o\
470 Q +t V- X
ov () ma(D) o2
AtNODE 2: 7x10° — 5x10° = (v, +9)/ 470 + (vo—\y)/ 10x10° [1]
AtNODE x: 5x10° — 0.2v; = (v —Ww)/ 10x10° [2]

The additional equation required by the presence of the dependent source and the fact
that its controlling variable is not one of the nodal voltages:

Vi = Vo =V [3]
Eliminating the variable v1 and grouping terms, we obtain:
10,470 v, — 470 v, = —89,518

and
199 v, — 1999v, = 50

Solving, we find vy = —8.086 V.
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10.  We need concern ourselves with the bottom part of this circuit only. Writing asingle

nodal equation,

Wefind that

v=-100V.

Engineering Circuit Analysis, 6" Edition

4+ 2

= v/ 50
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11.  We choose the center node for our common terminal, since it connects to the largest
number of branches. We name the left node “A”, the top node “B”, the right node
“C”, and the bottom node “D”. We next form a supernode between nodes A and B.

At the supernode: 5= (Va—-Vg)/10+Va/ 20+ (Vg —-V) 125 [1]

At node C: Ve = 150 [2]
At node D: -10 = Vp/ 25+ (Vp—VaA)/ 10 [3]
Our supernode-related equation is Vg —Va = 100 [4]

Simplifiying and grouping terms,

015V, + 0.08VE - 0.08Vc—-0.1Vp =5 [1]

Ve = 150 2]
-25Va + 35Vp =-2500 [3]
VA + Ve =100 [4]

Solving, we find that Vp = -63.06 V. Sincev, =- Vp,

Vs = 63.06 V.
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12.  Choosing the bottom node as the reference terminal and naming the left node “1”, the
center node “2” and the right node “3”, we next form a supernode about nodes 1 and
2, encompassing the dependent voltage source.

At the supernode, 5-8=(W1—w)/2 +v3/ 25 [1]
At node 2, 8 =w,/5+ (Vo—w)/ 2 [2]
Our supernode equationis v; - vz = 0.8Va [3]

Sinceva =V,, wecanrewrite[3] as vi—Vvsz = 0.8v;

Simplifying and collecting terms,

05v; - 0.5V, + 04v; = -3 [1]
-05v; +0.7v> = 8 [2]
vi - 0.8V, - V3 =0 [3]

(a) Solving for v, = va, wefindthat |va = 25.91V

(b) The power absorbed by the 2.5-Q resistor is
(va)% 2.5 = (-0.4546)°/ 2.5 =82.66 mW.
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13.  Selecting the bottom node as the reference terminal, we name the left node “1”, the
middle node “2” and the right node “3.”

NODE1: 5= (i—V)/ 20 + (vi—Vs)/ 50 [1]
NODE 2: Vo =04v; [2]
NODE 3: 0.01v; = (v3—v2)/ 30 + (vz3—Vv1)/ 50 [3]
Simplifying and collecting terms, we obtain

007vi - 005v, — 002vs =5 [1]
0.4v; -2 =0 [2]
-0.03v; —0.03333Vv, +0.05333vs =0 [J]

Since our choice of reference terminal makes the controlling variable of both
dependent sources a nodal voltage, we have no need for an additional equation as we
might have expected.

Solving, wefind that |v; = 148.2V,|v,=59.26 V, andv;=120.4 V.

The power supplied by the dependent current source is therefore

(0.01vy) s vs =| 177.4W.
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14.  Atnodex: w4+ (W—w)/2 + (ww—6)/1 =0 []]
At nodey: (W—kv)/ 3 + (W—w)/ 2 =2 [2

Our additional constraint isthat vy, = 0, so we may simplify Egs. [1] and [2]:

14v, = 48 [1]
'2k VX = 3Vx = 12 [2]

SinceEq. [1] yields v, = 48/14 = 3.429 V, wefind that

k = (12+3w)/(-2w) =|-3.250
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Choosing the bottom node joining the 4-Q resistor, the 2-A current sourcee and the
4-V voltage source as our reference node, we next name the other node of the 4-Q
resistor node “1”, and the node joining the 2-Q resistor and the 2-A current source
node“2.” Finaly, we create a supernode with nodes“1” and “2.”

At the supernode: 2 =wv/4 + (v,—4)2 [1]
Our remaining equations: vi—V, = =3-0.5i; [2]
and i1 = (v2—4)/2 [3]

Equation [1] simplifiesto vi+2v =0 [1]
Combining Egs. [2] and [3, 4vi — 3v, =-8 [4]

Solving these last two equations, we find that v, = 727.3 mV. Making use of Eq. [3],
we therefore find that

i1 = —1.636A.
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CHAPTER FOUR SOLUTIONS

We first number the nodesas 1, 2, 3, 4, and 5 moving left to right. We next select
node 5 as the reference terminal. To simplify the analysis, we form a supernode from
nodes 1, 2, and 3.

At the supernode,
-4—-8+6 = vi/40+ (vi—v3)/ 10+ (V3 —Vv)/ 10+ vo/ 50 + (V3 —V4)/ 20  [1]

Note that since both ends of the 10-Q resistor are connected to the supernode, the
related terms cancel each other out, and so could have been ignored.

At node 4 V4 = 200 [2]
Supernode KVL equation: Vi — V3 =400 + 4vy [3]
Where the controlling voltage Voo = V3 — V4 = V3 —200 [4]

Thus, Eq. [1] becomes -6 =i/ 40 + vo/ 50 + (v3 —200)/ 20 or, more simply,
4 =vi/ 40 +vo/ 50 +vs/ 20 [1']

and Eq. [3] becomes v —5vz = -400 [3']

Egs. [1'], [3'], and [5] are not sufficient, however, as we have four unknowns. At this
point we need to seek an additional equation, possibly in terms of v,. Referring to the
circuit,

vi -V, = 400 [9]
Rewriting as a matrix equation,

O
%o %o %ODE%B B 4%
a 0 '558’25 = 54005
é, 1 0gEE  B4005
Solving, we find that
vi = 1455V, v, = -2545V, and V3 = 109.1V. SiﬂCGVzo = V3—200, we find that

Voo =-90.9V.
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17.  We begin by naming the top left node “1”, the top right node “2”, the bottom node of
the 6-V source “3” and the top node of the 2-Q resistor “4.” The reference node has
aready been selected, and designated using a ground symbol.

By inspection,

Forming a supernode with nodes 1 & 3, wefind

At the supernode: -2 =vs/1+(v1—5)/10 [1]
At node 4: 2=V 2 + (\4—5) 4 [2]
Our supernode KVL equation: Vi—V3 = 6 [3]

Rearranging, ssmplifying and collecting terms,

vi + 10v; = -20+5=-15 [1]
and
Vi-Vs = 6 [2]

Eq. [3] may be directly solved to obtain | v, = 4.333 V.
Solving Egs. [1] and [2], we find that

vi = 4091 V and vz = -1.909V.
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18.  We begin by selecting the bottom node as the reference, naming the nodes as shown
below, and forming a supernode with nodes 5 & 6.

()
2 A
Vi
V2 —8 (") S VY VR HE g RIS 1Y)
4Q 1V 2Q Q/\
4 A p
@ 4V < % 10

3Q
Vi L app

By inspection,  v4 = 4V.
ByKVL, V3—Vy4 = 1 s0 V3:'1+V4: -1+4 or V3:3V.

Atthesupernode, 2 = vg/ 1 + (V5—4)/ 2 [1]

At node 1, 4 =w/3 therefore, v; = 12V.
At node 2, 4-2 = (w-3)/4

Solving, we find that Vo = 21V

Our supernode KVL equation is Vs - Vg = 3 [2]
Solving Egs. [1] and [2], we find that
vs = 4667V and ve = 1.667V.

The power supplied by the 2-A source thereforeis (Ve —V2)(2) = [45.33 W.
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19.

We begin by selecting the bottom node as the reference, naming each node as shown

below, and forming two different supernodes as indicated.

i
N
R2 D=1 RO\ R3 V3~ y(;)llt?g%m
" 4 ] 7y /\é\/\j ! 5 (Ve \ Ve Currentsin
12 v R4 7 DC=3 amperes.
Resistances
@) DC=4 V1 v - § ] in ohms.
DC=4
R1 ]
V; Ay
1 ' i
By inspection, vz = 4V and vi =(3)(4) = 12V.
At node 2: 4-2 = (v2—Va)/ 4 or Vo -v3 = -24 [1]
At the 3-4 supernode:
0= (vs—V)/ 4+ (V4—Vs5) 6 or -6V, +6vz+4vys—4vs = 0 [2]
At node 5:
0=(s5—-V/6 + (V5= 7 + (V5—Veg)/2 or -14vs+68vs—42vs = 48 [3]
At the 6-8 supernode: 2 = (Vs—Vs)/ 2 + vg/ 1 or Vs+Vg+2vg = 4 [4]
3-4 supernode KVL equation: Vi3 - Vg = -1 [5]
6-8 supernode KVL equation: Ve—Vg = 3 [6]
Rewriting Egs. [1] to [6] in matrix form,
a -1 0 0 0 o0gmO 4240
0 ag, o 0 A0
76 6 4 -4 0 0OgpYsp 0 9o
0 0 -14 68 -42 ODSQB _ D480
b 0 0112080 0]
b 1 -1 0 O ODE@D 0-10
[ odtd O .0
B 0 0 0 1 -10@.0 B 3B

Solving, we find that

Vo = -68.9V, V3= 449V, V4 = -439V, Vs = -79V, Vg = 700 mV, Vg = -2.3V.

The power generated by the 2-A sourceistherefore (vs—Ve)(2) =

Engineering Circuit Analysis, 6" Edition

133.2W.
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CHAPTER FOUR SOLUTIONS

With the reference terminal already specified, we name the bottom terminal of the
3-mA source node “1,” the right terminal of the bottom 2.2-kQ resistor node “2,” the
top terminal of the 3-mA source node “3,” the “+” reference termina of the 9-V
source node “4,” and the “-” terminal of the 9-V source node “5.”

Since we know that 1 mA flows through the top 2.2-kQ resistor, vs=-2.2V.
Also, weseethat v4—Vvs = 9,s0thatv, = 9-22 = 6.8V.
Proceeding with nodal analysis,

Atnodel:  -3x10° = vi/ 10x10° + (vy—Wo)/ 2.2x10° [1]
Atnode2: 0 = (vo—wvi)/ 2.2x10° + (vo —va)/ 4.7x10° [2]
Atnode3:  1x10°+3x10° = (vz3—Ww)/ 4.7x10° + v4/3.3x10° [3]
Solving, vi = -8614V,v, = -3909V and v; = 6.143V.

Note that we could also have made use of the supernode approach here.
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21. Moving from left to right, we name the bottom three meshes, mesh “1”, mesh “2,”
and mesh “3.” In each of these three meshes we define a clockwise current. The
remaining mesh current isclearly 8 A. We may then write:

MESH 1: 1201 - 41y = 100
MESH 2: -4ip + 9ip - 3i3 =0
MESH 3: -3ip + 18i3 = -80

Solving this system of three (independent) equations in three unknowns, we find that
ip = | ix = 2791 A.
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CHAPTER FOUR SOLUTIONS

We define four clockwise mesh currents. The top mesh current islabeled i4. The
bottom left mesh current is labeled i4, the bottom right mesh current is labeled i3, and
the remaining mesh current is labeled i,. Define avoltage “vaa” across the 4-A current
source with the “+” reference terminal on the left.

By inspection, iz =5A and iy =Ia

MESH 1: -60 + 2i; —2i4+6i,=0 or 2i; +4iy = 60 [1]
MESH 2: -6i4 + v4p +4i,—4(5) =0 or 4ip- 6y +v4n = 30 [2]
MESH 4: 2i4—2i; +5i4+3i4—3(5) —v4a =0 or -2i; +10is-wp =15 [3]

At this point, we are short an equation. Returning to the circuit diagram, we note that
i2 - i4 =4 [4]
Collecting these equations and writing in matrix form, we have

020 4 o0, O 0600
0 oo O 0
00 4-6 15%2 0 - %OD
Sz 010-15%4 B %5%
001-100gw,0 040

Solving, il =16.83 A, i2 =10.58 A, i4 =6.583 A and vip =17.17 V.
Thus, the power dissipated by the 2-Q resistor is

(i1—is)? (2) =|2100W
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CHAPTER FOUR SOLUTIONS

We begin our analysis by defining three clockwise mesh currents. We will call the top
mesh current i3, the bottom left mesh current i;, and the bottom right mesh current i.

By inspection, i; = 5A [1] and i, =-001v; [2]

MESH3:  50i3+30i3—30i,+20i3—20i; = O
or -20i1—30i+100i3 = 0 [3]

These three equations are insufficient, however, to solve for the unknowns. It would
be nice to be able to express the dependent source controlling variable vy in terms of
the mesh currents. Returning to the diagram, it can be seen that KVL around mesh 1
will yield

-v1+20i;—20i3+04v; = 0
or vi= 20i1/0.6—-20i4/ 0.6 or v; = (20(5)/0.6 - 20i3/ 0.6[4]

Substituting Eq. [4] into Eg. [2] and then the modified Eq. [2] into Eq. [3], we find
-20(5) — 30(-0.01)(20)(5)/0.6 + 30(-0.01)(20) is/ 0.6 + 100i3 = O
Solving, wefind that i; = (100 —50)/ 90 = 555.6 mA

Thus, v; = 148.1 V, i, =-1.481 A, and the power generated by the dependent voltage
sourceis

O.4V1(i2—i1) =|-383.9W.
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CHAPTER FOUR SOLUTIONS

We begin by defining four clockwise mesh currentsiy, i, i3 and i4, in the meshes of
our circuit, starting at the left-most mesh. We aso define a voltage Ve across the
dependent current source, with the “+” on the top.

By inspection, i1 =2A and iy = -5A.
AtMesh2:  10i; -10(2) + 200, +Vgep = 0 [1]
AtMesh3: - Vg +25i3+5i3-5(-5) = 0 [2]
Collecting terms, we rewrite Egs. [1] and [2] as
301, + Vgep = 20 [1]
30i3 — Ve = -25 [2]

This is only two equations but three unknowns, however, so we require an additional
equation. Returning to the circuit diagram, we note that it is possible to express the
current of the dependent source in terms of mesh currents. (We might also choose to
obtain an expression for vgep in terms of mesh currents using KVL around mesh 2 or
3)

ThUS, 15Ix :ig -i2 Whereix = i]_—iz SO -0.5i2 -i3 = -3 [3]

In matrix form,

030 0 1Dg2 B 0200
U U _ o
205 -1 0BN,H B-38

Solving, wefindthati, = -6.333 A sothat |ix=i1—i» = 8.333A.
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25.  Wedefine a clockwise mesh current i; in the bottom left mesh, a clockwise mesh
current i, in the top left mesh, a clockwise mesh current i3 in the top right mesh, and a

clockwise mesh current i4 in the bottom right mesh.

MESH 1. -0.1v,+ 47001, —47001i, + 4700i; —4700i4 = O
MESH 2: 9400i,—-4700i,—-9 = 0
MESH 3: 9+9400i3—4700i4 = O

MESH 4: 9400i4—4700i,—4700i3+0.1ix = O

The presence of the two dependent sources has led to the introduction of two
additional unknowns (ix and v;) besides our four mesh currents. In a perfect world, it
would simplify the solution if we could express these two quantities in terms of the

mesh currents.

[1]
[2]
[3]
[4]

Referring to the circuit diagram, we seethat iy =i, (easy enough) and that

Vo= 470013 (aso straightforward). Thus, substituting these expressions into our

four mesh equations and creating a matrix equation, we arrive at:

0 9400 -4700 -470 -4700000,0 0100
0 000 OO
14700 9400 0 054, _ S9-

U =
0 o0 0 9400 - 47000 %D 4ol
U goro g i

[ 4700 0.1-4700 940007, 000
Solving,

i1 = 239.3pA,i2=1.077mA,iz= -1.197 mA and is = -478.8 pA.
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26. We define a clockwise mesh current i3 in the upper right mesh, a clockwise mesh
current i1 in the lower left mesh, and a clockwise mesh current i, in the lower right

mesh.

MESHL -6+ 6i-2=0 [1]
MESH2  2+15i,-12i3—15=0 [2]
MESH3: i3 = 0.1V [3]

Eq. [1] may be solved directly to obtain i1 = 1.333A.

It would help in the solution of Egs. [2] and [3] if we could express the dependent
source controlling variable v in terms of mesh currents. Referring to the circuit
diagram, we see that v, = (1)(i1) = i1, S0 EQ. [3] reducesto

i3 = 01w= Olll = 133.3mA.

Asaresult, Eq. [1] reducesto i = [-0.5+12(0.1333)]/ 15 = 73.31 mA.
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27. (a) Define amesh current i, in the second mesh. Then KVL allows usto write:
MESH 1: -9 + Riy +47000i,—47000i, = 0  [1]
MESH 2; 67000i,—47000i; -5 = 0 [2]
Giventhat i; = 1.5 mA, we may solve Eq. [2] to find that

_ 5+47115)

, = A = 1.127mA
67

and so

9- 47(1.5) + 47(1.127)

R = =
1.5x10

=|-5687 Q.

(b) | Thisvalue of Risunique; no other value will satisfy both Egs. [1] and [2].
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CHAPTER FOUR SOLUTIONS

Define three clockwise mesh currentsi, i, and is. The bottom 1-kQ resistor can be
ignored, as no current flows through it.

MESH 1. -4 + (2700 + 1000 + 5000) i; —1000i, = O [1]
MESH 2: (1000 + 1000 + 4400 + 3000) i, —1000i; —4400i3+2.2—-3 = 0 [2]
MESH 3: (4400 + 4000 + 3000) i3 - 4400i,—15 =0 [3]
Combining terms,
8700i; — 1000i, = 4 [1]
—1000i; + 9400i, —4400i; = 0.8 [2]
— 44001, +11400i3 = 1.5 [3]

Solving,
i1 = 487.6 MA,i,=2424mA andiz =225.1 mA.
The power absorbed by each resistor may now be cal cul ated:

Psk = 5000 (i) = 1.189 mwW
P = 2700 (iy)° = 641.9 W
Pitop = 1000 (i1 — i2)2 = 60.12 pW
Pikmiddie = 1000 (i2)? = 58.76 uW
Pikbottom = 0 = 0

Piaw = 4400 (ip—i3)® = 1.317 uW
I:)3ktop = 3000 (i3)2 = 152.0 pWw
Pe = 4000 (is)* = 202.7 pW
Pakbottom = 3000 (i2)2 = 176.3 pW

Check: The sources supply atotal of
4(487.6) + (3—2.2)(242.4) + 1.5(225.1) = 2482 uW.
The absorbed powers add to 2482 pWw.
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CHAPTER FOUR SOLUTIONS

(@) We begin by naming four mesh currents as depicted below:

3o¢.n. o. 93 %, -n-...‘I‘t

C—H'nm Q ”"‘"‘ Sﬁlga v

Proceeding with mesh analysis, then, keeping in mind that 1y = -ig,
MESH 1. (4700 + 300) i1 - 47001, =0 [1
MESH 2: (4700 + 1700) i, —4700i; —1700 i3 0 [2

Since we have a current source on the perimeter of mesh 3, we do not require a KVL
equation for that mesh. Instead, we may simply write

i3 = -0.03vy [3a] where V= 4700(i1 —i2) [3b]
MESH 4: 3000i4—3000i3+1 =0 [4]
Simplifying and combining Egs. 3a and 3b,

5000i; — 47001, =0
—4700i; + 6400i, — 170013 =0
—141i; + 14110, —i3 =0

—3000i3+3000is = -1

Solving, wefind that i, = -333.3 mA, s0 Ix = 333.3 YA.

(b) Atnode“tt" :  0.03 vy=vgr/ 300 + v/ 4700 + v /1700

Solving, we find that v = O, therefore no current flows through the dependent source.

Hence] Ix = 333.3 A asfound in part (a).

(©)| V4 Ix has units of resistance, It can be thought of as the resistance “seen” by the
voltage source V.... more on thisin Chap. 5....
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30.  Webegin by naming each mesh and the three undefined voltage sources as shown

bel ow: Vi
i :
250 § E: [
18 ? V}r

Vl’.
MESH 1: -V, +9i1 -2, -7 =0
MESH 2: —2i1 + 7i2 —5i3 =0
MESH 3: Vy —5i,+8i3 -3, =0
MESH 4: Vy—Tip —3i3+10i, = 0

Rearranging and settingi; —i> =0,i2—i3=0,i1—is=0andiz—iz3=0,

9i1 - 2|2 -7i4 = Vz
-2i1 + 7io - 5i3 = 0

-Bio +8i3 —3is =-Vy
-7i7  -3i3+ 10i4 =- Vy

Sinceiy =i, =3 =14, these equations produce:

Vé z 8 Thisis aunique solution. Therefore,
N, =0 the request that nonzero values be
V=0 found cannot be satisfied.

y =
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The “supermesh” concept is not required (or helpful) in solving this problem, as there
are no current sources shared between meshes. Starting with the left-most mesh and
moving right, we define four clockwise mesh currents iy, io, i3 and is. By inspection,
we seethat i; = 2 mA.

MESH?2:  -10+ 5000i, + 4 + 1000i = 0 [1]
MESH3:  -1000iz + 6 + 10,000 — 10,000i, =0 2]
MESH 4: i4=-0.5i, [3]

Reorganising, we find

5000 i, + 1000 iz =6 [l
9000i5—10,000i, =-6 [2]
0.5i» + is =0 [3]

We could either subtitute Eq. [3] into EQ. [2] to reduce the number of equations, or
simply go ahead and solve the system of Egs. [1-3]. Either way, we find that

i1=2mA,i>=15mA,iz;=-1.5mA andis =-0.75 mA.

The power generated by each sourceis:

Poma = 5000(|1 — Iz)(ll) = 5mw

P4\/ =4 (-iz) =-6 mwW

Psv =6 (-i3) = 9mw
PdepV = 1000 i3 (|3 - |2) = 45mwW
Paeo = 10,000(i3 —i4)(0.5 i) = 5,625 MW
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This circuit does not require the supermesh technique, as it does not contain any
current sources. Redrawing the circuit so its planar nature and mesh structure are

Clear,
2Q
s i
. 2
D Y.
20v () 250, 230
|
4Q “‘\3)
- A
In —
MESH 1. -20+2i1—-2i,+25ip = 0 [1]
MESH 2: 2i,+3i,—-3i3+2i,—-2i; =0 [2]
MESH3:  -25ia+7i3—3i, = 0 3]

Combining terms and making use of thefact that ia = - i3,

2i1—2i2—2.5i3 = 20 [1]
211+ 7i,—313 = 0 [2]
-3i,+95i3 = 0 [3]

Solving, i; = 1855A,i, = 6.129A,andiz = 1.935A. Sinceia = -3,

ia= -1935A.
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Define four mesh currents _
)| <)
Bl

We form a supermesh with meshes 3 and 4 as defined above.

By inspection, i, = -45A.

MESH 2: 22+3i,+4i,+5-4i3 =0 [1]
SUPERMESH: 3ig+9i4—-9i1+4i3—4i,+6i3+i3—3 =0 [2]
Supermesh KCL equation: ig - i3 = 2 [3]
Simplifying and combining terms, we may rewrite these three equations as:
Tip — 4i3 = -72 [1]
4i+11liz+12i, = -375 [2]
-3 +ig = 2 [3]

Solving, wefind that i, =-2.839 A, i3=-3.168 A, and i, =-1.168 A.

The power supplied by the 2.2-V sourceisthen 2.2 (ip —i) = |-3.654 W.
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34.  Webegin by defining six mesh currents as depicted below:
| <)
/LI ESIED

*  Weform a supermesh with meshes 1 and 2 since they share a current source.
* We form a second supermesh with meshes 3 and 4 since they also share a current

source.
1, 2 Supermesh:
(4700 + 1000 + 10,000) i; — 2200 is + (2200 + 1000 + 4700) i, —1000i3 = O [1]
3, 4 Supermesh:
(4700 + 1000 + 2200) i3 — 1000 i, — 2200 ig + (4700 + 10,000 + 1000) i, =0 [2]
MESH 5: (2200 + 4700) i5s —2200i, +3.2-15 = 0 [3]
MESH 6: 1.5+ (4700 + 4700 + 2200) c—2200i3 = O [4]
1, 2 Supermesh KCL equation: ip—ip = 3x10° [5]
3, 4 Supermesh KCL equation: is—iz = 2x10° [6]
We can simplify these equations prior to solution in several ways. Choosing to retain
SiX equations,
15,700i; + 7900i, - 1000i3 -2200i5 =0 [1]
-1000i, + 7900i3 + 15,7004 -2200ig =0 [2]
-22001; + 6900 is =-17 [3]
- 220013 +11,600i¢ =-1.5 [4]
iy —i, =3x10° [5]
-3 +i4 = 2x10° [6]

Solving, we find that i, = 540.8 mA. Thus, the voltage across the 2-mA sourceis

(4700 + 10,000 + 1000) (540.8x10°) =| 8.491 V
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We define amesh current i, in the left-hand mesh, a mesh current i; in the top right
mesh, and a mesh current i, in the bottom right mesh.

The left-most mesh can be analysed separately to determine the controlling voltage v,
as KCL assures us that no current flows through either the 1-Q or 6-Q resistor.

Thus, -1.8+3i3— 1.5+ 2i,= 0, which may be solved to find i, = 0.66 A. Hence,
Va= 3ia= 1.98 V.

Forming one supermesh from the remaining two meshes, we may write:
-3+25i1+3i+4i, =0

and the supermesh KCL equation: i»—i; = 0.05v, = 0.05(1.98) = 99x103

Thus, we have two equations to solve:

2511 +71, = 3
-ip+i, = 99x10°

Solving, we find that i; = 242.8 mA and the voltage across the 2.5-Q resistor
(arbitrarily assuming the left terminal isthe “+” reference) is 2.5i; = |607 mV.
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36. UNDEFINED RESISTOR VALUE IN FIGURE. Set to 10 mQ.

There are only three meshes in this circuit, as the botton 22-mQ resistor is not
connected connected at its left termina. Thus, we define three mesh currents, iy, i,
and i3, beginning with the left-most mesh.

We next create a supermesh from meshes 1 and 2 (note that mesh 3 is independent,
and can be analysed separately).

Thus, -11.8+ 10x107 iy + 22x107 i, + 10x10° i, + 17x10°%i; = 0

and applying KCL to obtain an equation containing the current source,
ip—i, =100

Combining terms and simplifying, we obtain

27x10-3i; + 32x10°%i, = 11.8
i]_ - iz = 100

Solving, wefind that |i; = 254.2A | and|i, = 154.2 A.
The final mesh current iseasily found: | iz = 13x10% (14 + 11.6 + 15) = 320.2 A.
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MESH1:  -7+ii—i» = 0 [1]
MESH 2: ip—i1+2i2+31,-3i3=0 [2]
MESH 3: iz—3i,+Xizg+2i3—7 = 0 [J]

Grouping terms, we find that

i1—I» =7 [1]
-i1 + 6i> —3i3 =0 [2]
S8i,+(5+Xx)iz =7 [3]

This, unfortunately, is four unknowns but only three equations. However, we have not
yet made use of the fact that we are trying to obtain i, = 2.273 A. Solving these “four”
eguations, we find that

X = (7+3i2—5i3)/i3 =4.498 Q.
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38.  Webegin by redrawing the circuit as instructed, and define three mesh currents:

Wy e
20 300 mQ

;390 ;29
©

:0(=:: C

7A
By inspection, iz =7 A.
MESH 1: T+i1—i, =0 or i1—ip =7 [1]
MESH 2: Q1+2+3)ip—i1-3(7)=0 or -l +6i,=21 [2]

Thereisno need for supermesh techniques for this situation, as the only current
source lies on the outside perimeter of a mesh- it is not shared between meshes.

Solving, wefindthat |i;=12.6A,i,=5.6 A andiz=7A.
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(a) We are asked for a voltage, and have one current source and one voltage source.
Nodal analysis is probably best then- the nodes can be named so that the desired
voltage is anodal voltage, or, at worst, we have one supernode equation to solve.

Name the top left node “1” and the top right node “x”; designate the bottom node as
the reference terminal. Next, form a supernode with nodes“1” and “X.”

At the supernode: 11 =wv/2 + v/9 [1]
and the KVVL Eqgn: Vi—V = 22 [2]
Rearranging, 11(18) = vy + 2 [1]

22 = Vi —Vy [2]
Solving,| v = 0

(b) We are asked for a voltage, and so may suspect that nodal analysisis preferrable;
with two current sources and only one voltage source (easily dealt with using the
supernode technique), nodal analysis does seem to have an edge over mesh analysis
here.

Name the top left node “x,” the top right node “y” and designate the bottom node as
the reference node. Forming a supernode from nodes “x” and “y,”

At the supernode: 6+9 = vw/10 + v/ 20 [1]
andtheKVL Egn: v —v = 12 [2]

Rearranging, 15(20) = 2w +vy [1]
and 12 = -w+vy  [2]

Solving, we find that|vy, = 96 V.

(c) We are asked for a voltage, but would have to subtract two nodal voltages (not
much harder than invoking Ohm'’s law). On the other hand, the dependent current
source depends on the desired unknown, which would lead to the need for another
equation if invoking mesh analysis. Trying nodal analysis,

0.1vw= (\1—50)/2 +w /4 [1]

referring to the circuit we see that v = v; — 100. Rearranging so that we may
eliminate vy in EqQ. [1], we obtain v; = v + 100. Thus, EQ. [1] becomes

0.1vg= (W +100-50)/2 +v /4
and alittle algebrayieldgv, = -38.46 V.
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3
e L (b)

-
-

Ref.
(a) We begin by noting that it is avoltage that is required; no current values are
requested. This is a three-mesh circuit, or a four-node circuit, depending on your
perspective. Either approach requires three equations.... Except that applying the
supernode technique reduces the number of needed equations by one.
At the 1, 3 supernode:
0= (Vl — 80)/ 10 + (V]_ —V3)/ 20 + (V3 —Vl)/ 20+ va/ 40 + v5/ 30

and vz -vi = 30 *A

We simplify these two equations and collect terms, yielding ?;;t Q;T gfe"f the
0.1v;+0.05833v; = 8 connected to the
- = supernode, so we
ViootVs 30 could actually just
Solving, we find that|vs = 69.48 V 'gnoreit...

(b) Mesh analysis would be straightforward, requiring 3 equations and a (trivial)
application of Ohm’s law to obtain the final answer. Nodal analysis, on the other
hand, would require only two equations, and the desired voltage will be a nodal
voltage.

At the b, ¢, d supernode: 0 = (w—80)/ 10 + vy/ 40 + v/ 30
and: vg—wp = 30 Ve—Vg = 9
Simplify and collect terms; 0.1 v, + 0.03333 v, + 0.025vy = 80

-V + vg = 30
Ve - Vg = 9

Solving,|vq (=Vv3) = 67.58V

(c) We are now faced with a dependent current source whose value depends on a
mesh current. Mesh analysis in this situation requires 1 supermesh, 1 KCL equation
and Ohm’s law. Nodal analysis requires 1 supernode, 1 KVVL equation, 1 other nodal
equation, and one equation to express i; in terms of nodal voltages. Thus, mesh
analysis has an edge here. Define the left mesh as “1,” the top mesh as “2”, and the
bottom mesh as“3.”

Mesh 1: -80+10i;,+20i;—20i,+30i;—30i3= 0
2, 3 supermesh: 20i,—20i;—30+40i3+30i3—30i; = 0
and: i -13 = 5iy
Rewriting, 60i1,—20i,—30i3 = 80
-50i1+20i,+70i3 = 30
5i1 —i+ iz=0
Solving, i3 = 4.727 A S0 vz = 40i3 = 189V.
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41.  Thiscircuit consists of 3 meshes, and no dependent sources. Therefore 3 simultaneous
equations and 1 subtraction operation would be required to solve for the two desired
currents. On the other hand, if we use nodal analysis, forming a supernode about the
30-V source would lead to 5 — 1 — 1 = 3 simulataneous equations as well, plus several

subtraction and division operations to find the currents. Thus, mesh analysis has a
dlight edge here.

Define three clockwise mesh currents. i, in the left-most mesh, iy in the top right
mesh, and i¢ in the bottom right mesh. Then our mesh equations will be:

Mesh a: -80+ (10+ 20+ 30) ia—20i,—30ic= 0  [1]
Mesh b: -30+ (12 +20) ip—12ic—20ia= O [2]
Mesh c; (12+40+30) ic—12i,—30ia= O [3]

Simplifying and collecting terms,

60ia—20ip—30ic= 80  [1]
20ia+32ipb—12ic= 30 [2]
30ia—12ip+82ic= 0  [3]

Solving, wefind that i, =3.549 A, i, =3.854 A, and i = 1.863 A. Thus,
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42.  Approaching this problem using nodal analysis would require 3 separate nodal
equations, plus one equation to deal with the dependent source, plus subtraction and
division steps to actually find the current i;0. Mesh anaysis, on the other hand, will
require 2 mesh/supermesh equations, 1 KCL equation, and one subtraction step to find
i10. Thus, mesh analysis has a clear edge. Define three clockwise mesh currents: iy in
the bottom left mesh, i, in the top mesh, and i3 in the bottom right mesh.

MESH 1. i1 =5 mA by inspection [1]

SUPERMESH: i]_—iz = 0.4i10
il—i2:0.4(i3—i2)
i1—0.6i2—0.4i3 =0 [2]

MESH 3: -5000i; —10000i, + 350001z = O [3]

Simplify: 0.6i,+0.4i3 = 5x10° [2]
-10000i, + 35000i3 = 25 [3]

Solving, wefindi, =6.6 mA and iz =2.6 mA. Sinceip = iz—ip, wefind that

i]_o = -4 mA.
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43. For this circuit problem, nodal analysis will require 3 ssmultaneous nodal equations,
then subtraction/ division steps to obtain the desired currents. Mesh analysis requires
1 mesh equation, 1 supermesh equation, 2 simple KCL equations and one subtraction
step to determine the currents. If either technique has an edge in this situation, it's
probably mesh analysis. Thus, define four clockwise mesh equations: i, in the bottom

left mesh, iy, in the top left mesh, i¢ in the top right mesh, and ig4 in the bottom right
mesh.

At the a, b, ¢ supermesh: -100+6ia+20ip+4ic+10ic—10ig= 0 [1]

Mesh d: 100+ 10id—10i. + 24i4= 0 [2]
KCL: —iatip= 2 [3]
and -iptic= 3i3=3l, [4]

Collecting terms & simplifying,

Biat20ip+14ic—10iq = 100  [1]

“10ic+34ig= -100 [2]
“ia *ip = 2 I3
“Bia—ip+ic = 0 [4]

Solving,
ia=01206 A, i, =2121 A,i.=2482A,andig=-2.211 A. Thus,

I3=13=|120.6 MA| and i10 =ic—ig=|4.693 A.
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44.  With 7 nodesin this circuit, nodal analysis will require the solution of three
simultaneous nodal equations (assuming we make use of the supernode technique)
and one KVL equation. Mesh analysis will require the solution of three simultaneous
mesh equations (one mesh current can be found by inspection), plus severa
subtraction and multiplication operations to finally determine the voltage a the
central node. Either will probably require a comparable amount of algebraic
manoeuvres, so we go with nodal analysis, as the desired unknown is a direct result of
solving the simultaneous equations. Define the nodes as:

Ve

V3

Vg
Vg

Vq \

NODE 1: -2x10°3

(v1—1.3)/ 1.8x10° o v = -284V.

2, 4 Supernode:
2.3x10° = (Vo —Vs)/ 1x10® + (v4 — 1.3)/ 7.3x10% + (v4 — v5)/ 1.3x10° + v,/ 1.5x10°

KVL equation: -V, + vy = 5.2
Node 5: 0 = (Vs —V2)/ 1x10% + (Vs — v4)/ 1.3x10% + (vs — 2.6)/ 6.3x10°
Simplifying and collecting terms,

14.235 v, + 22.39 v, — 25.185 vs = 35.275 [1]
-Vo + V4 =52 [2]
819V, —63V,+1579vs = 3.38 [3]

Solving, we find the voltage at the central nodeis v, = 3.460 V.
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Mesh analysis yields current values directly, so use that approach. We therefore
define four clockwise mesh currents, starting with iy in the left-most mesh, then iy, i3
and i, moving towards the right.

Mesh 1: -0.8ix+(2+5)i;—5i, = 0 [1]
Mesh 2: i =1 A by inspection [2]
Mesh 3: (3+4)iz—3(1)—4(is) = 0 [3]
Mesh 4: (4+3)is—4i3—5=0 [4]

Simplify and collect terms, noting that iy =i; —ip=i;—1
-0.8(i1—1) +7i;—5(1) =0 yields i; = 677.4mA

Thus, [3] and [4] become:  7i3—4i4 = 3 [3]
4izg+7i4=5 [4]

Solving, we find that i3 = 1.242 A and is = 1.424 A. A map of individual branch
currents can now be drawn:

0.8i,
.
t 30 404 A
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If we choose to perform mesh analysis, we require 2 simultaneous equations (there are
four meshes, but one mesh current is known, and we can employ the supermesh
technique around the left two meshes). In order to find the voltage across the 2-mA
source we will need to write a KVL equation, however. Using nodal analysis is less
desirable in this case, as there will be a large number of nodal equations needed.
Thus, we define four clockwise mesh currents iy, ip, iz and i starting with the left-
most mesh and moving towards the right of the circuit.

At the 1,2 supermesh: 2000i, + 6000i,—3+5000i, = O [1]
and i1 —ip=2x107 [2]
by inspection, is = -1 mA. However, this as well as any equation for mesh

four are unnecessary: we aready have two equations in two unknowns and i; and i,
are sufficient to enable us to find the voltage across the current source.

Simplifying, we obtain 2000i, + 11000, = 3 [1]
1000i; - 1000i, = 2 [2]

Solving,i; = 1.923mA and i; = -76.92 pA.
Thus, the voltage across the 2-mA source (“+” reference at the top of the source) is

= -2000i; —6000 (i —i2) =|-15.85V.
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47. Nodal analysiswill require 2 nodal equations (one being a*“ supernode” equation), 1
KVL equation, and subtraction/division operations to obtain the desired current. Mesh
anaysis ssimply requires 2 “supermesh” equations and 2 KCL equations, with the
desired current being a mesh current. Thus, we define four clockwise mesh currents
Ia Iy Ic, 19 Starting with the left-most mesh and proceeding to the right of the circuit.

At the a, b supermesh:
At the ¢, d supermesh:

and

5+ 2i,+2ip+3ipb—3ic= 0 [1]
3ic—3ip+1+4ig=0 [2]
ia-ib=3  [3]
ic-ig= 2 [4]

Simplifying and collecting terms, we obtain

-Bip+3ic+4ig

ia - lp

=5 []]
-1 [2]

3 [3
-ig= 2 [4]

Solving, wefindia=3.35A,i,=350mA, ic=1.15A, andig=-850 mA. Asi; =ip,

Engineering Circuit Analysis, 6" Edition
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Define a voltage v at the top node of the current source I, and a clockwise mesh

current i, in the right-most mesh.

Wewant 6 W dissipated in the 6-Q resistor, which leads to the requirement i, = 1 A.

Applying nodal analysis to the circuit,

[+, = (VX—V]_)/6 =1

so our requirement isl; + 1, = 1. Thereisno constraint on the value of v; other than

we are told to select a nonzero vaue.

Thus, we choose 11 =1, =500 mA and v; =3.1415 V.

Engineering Circuit Analysis, 6" Edition
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Inserting the new 2-V source with “+” reference at the bottom, and the new 7-mA
source with the arrow pointing down, we define four clockwise mesh currentsis, iz, i3,
i4 starting with the left-most mesh and proceeding towards the right of the circuit.

Mesh 1. (2000 + 1000 + 5000) i1 —6000i,—2 = 0 [1]
2, 3 Supermesh:
2 + (5000 + 5000 + 1000 + 6000) i — 6000 i, + (3000 + 4000 + 5000) i3 — 5000 is
=0 [Z
and ip -ig = 7x10° [3]
Mesh 4. iz = -1 mA by inspection  [4]
Simplifying and combining terms,
8000i;— 6000i; =2 [1]
1000 i, — 1000 i3 =7 [4
-6000i; + 17000 i, + 12000 i3 = -7 [2]

Solving, we find that
il =2.653A, i2 =324 A, i3 =-3.796 A, i4 =-1mA
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Define node 1 as the top left node, and node 2 as the node joining the three 2-Q
resistors. Place the “+” reference terminal of the 2-V source at the right. The right-
most 2-Q resistor has therefore been shorted out. Applying nodal analysis then,

Node 1. 50 = (i—w)/ 2 [1]
Node 2: 0= (v—v)/2+Vvl2+(v2—-2)2 [2]
and, i1 = (w—-2)/2 [3]

Simplifying and collecting terms,

vi+ Vv, = 10 [1]
-Vi+3Vv=2 [2]

Solving, wefindthat |v;=3.143V and v, = 1.714 V.

Defining clockwise mesh currents iy, ip, ic, ig Starting with the left-most mesh and
proceeding right, we may easily determine that

ila = -5i1 = 7143 mA
ip =-142.9 mA
ic=i1—2 = -2.143A
ig= 3+ic = 857.1mA
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Hand analysis:

Define three clockwise mesh currents: i; in the bottom left mesh, i, in the top mesh,
and i3 in the bottom right mesh.

MESH 1: i1 =5 mA Dby inspection [1]
SUPERMESH: il—iz = 0.4i10
il—i2:0.4(i3—iz)
i1—0.6i2—0.4i3 =0 [2]
MESH 3: -50001i; —100001i, +35000i3 = O [3]
Simplify: 0.6i,+0.4i5 = 5x10° [2]

-10000i, +35000i3 = 25 [3]
Solving, wefindi; = 6.6 mA and iz = 2.6 mA. Sinceiy = iz—iy, wefind that

i]_o = -4 mA.
PSpice smulation results:
BlE == 2l VT 5|
[ |
N
] 5. 600mA,
O .
o l10 x
P -
F1 4.000mA,
pl GAIN=04 H
R2
lé 3

10K
DC=sma (/] R3 §5I—< R4 20K
E ﬁ

o o ol

["262. 074 |Schematic saved |Cmd: Delete

Summary:  The current entering the right-hand node of the 10-kQ resistor R2 is
equal to 4.000 mA. Sincethiscurrent is—ijg, i10 =-4.000 mA as found by hand.

Engineering Circuit Analysis, 6" Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.



CHAPTER FOUR SOLUTIONS

52. Hand analysis:
Define the nodes as:

Ve

V3

Vg
Va

Vi Vo

NODE 1: -2x10°3

2, 4 Supernode:
2.3x10° = (Vo —Vs)/ 1x10® + (v4 — 1.3)/ 7.3x10% + (v4 — v5)/ 1.3x10° + v,/ 1.5x10°

(v1—1.3)/ 1.8x10° - v = -284V.

KVL equation: -V, + vy = 5.2
Node 5: 0 = (Vs —Vo)/ 1x10% + (Vs — v4)/ 1.3x10% + (vs — 2.6)/ 6.3x10°

Simplifying and collecting terms,

14.235 v, + 22.39 v, — 25.185 vs = 35.275 [1]
-Vo + V4 =52 [2]
819V, —63V,+1579vs = 3.38 [3]

Solving, we find the voltage at the central nodeis v, = 3.460 V.

PSpice smulation results:
1 ) e 0V 2 R A

DC=2.8Y

||| R|o|0].
A
Ay
S

¥
1 8k ™ =
RE& § De=s oy Ra 1k

DC=2.39mA .
4 o _>l_I

| 145,115 [ |Cmd: “wiire

Summary: The voltage at the center node is found to be 3.460 V, which is in
agreement with our hand calculation.
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Hand analysis:

At the 1,2 supermesh: 2000i, + 6000i,—3+5000i, = O [1]
and i1 —ip=2x107 [2]
by inspection, iz = -1 mA. However, this as well as any equation for mesh

four are unnecessary: we aready have two equations in two unknowns and i; and i,
are sufficient to enable us to find the voltage across the current source.

Simplifying, we obtain 2000i, + 11000, = 3 [1]
1000i; - 1000i, = 2 [2]

Solving,ip = 1.923mA and i; = -76.92 pA.
Thus, the voltage across the 2-mA source (“+” reference at the top of the source) is

v= -2000i1 —6000 (i1 —iz) =|-15.85V.

PSpice smulation results:

ElE v =] 2l [V i xs ]l
=

; R1 R2

il
O M\/ 3K L
S,B RT §3K
(3365 SEED
i

RE §2k @Dc;:gmg . RE é gk
C DC=3v @‘ DC=1rnA
12

| TR ‘_ o
Summary:  Again arbitrarily selecting the “+” reference as the top node of the
2-mA current source, we find the voltage across it is —5.846 — 10 = -15.846 V, in
agreement with our hand calculation.
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54. Hand analysis.
Define a voltage v at the top node of the current source I,, and a clockwise mesh
current i, in the right-most mesh.

Wewant 6 W dissipated in the 6-Q resistor, which leads to the requirement i, = 1 A.
Applying nodal analysis to the circuit,

L +1, = (VX—V]_)/6 =1

SO our requirement isl; + 1, = 1. Thereisno constraint on the value of v; other than
we are told to select anonzero value.

Thus, we choose l; =1, =500 mA and v, = 3.1415 V.

PSpice smulation results:

; PSpice Schematics - [ P4.48 p.1 [cumrent] ]

[ﬁ File Edit Draw Mavigate “iew Options Analpsis Tools Markers Window Help ;Iilll
D|S(a| 8] 42| o] Seaaa] SISO Fono -] a[#]
Blem e o] 2] ¥ T 5
™ =l
g R2

. 1.000A
= 1.000A [N
Y] 6 | |
P

DC=3.1415

| [ I _>ILI

352, 29 [ [

Summary:  We see from the labeled schematic above that our choice for 14, I, and
V, lead to 1 A through the 6-Q resistor, or 6 W dissipated in that resistor, as desired.
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55. Hand analysis:

Define node 1 as the top left node, and node 2 as the node joining the three 2-Q
resistors. Place the “+” reference terminal of the 2-V source at the right. The right-
most 2-Q resistor has therefore been shorted out. Applying nodal analysis then,

Node 1: Sip = (i—w)/ 2 [1]
Node 2: 0= (w—w)/2+v/2+(-2)2 [2]
and, i = (v,—2)/2 3]

Simplifying and collecting terms,

vi+ v, =10
-V1+3v, =2

[1]
[2]

Solving, we find that

vi=3.143V and v, = 1.714 V.

Defining clockwise mesh currents iy, ip, ic, ig Starting with the left-most mesh and
proceeding right, we may easily determine that

la = -5i1 = 714.3 mA
ip =-142.9 mA
ic=1h—2 = -2143 A
ig= 3+ic = 857.1 mA

PSpice smulation results:

DC=2 DC=3

Summary:  The simulation results agree with the hand calcul ations.
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56. (a) One possible circuit configuration of many that would satisfy the requirements:
100 Q

v - 200 200
s5v (" A (L o2y,

%109

At node 1. -3 = (v1—5)/100+ (vi—Vv2)/50 [1]
At node 2: 2V =(v2—vy)/ 50 + v/ 30 [2]

and, WV« = 5-v; [
Simplifying and collecting terms,
150v; —100 v, = -14750  [1]
2970v; +80v, = 15000  [2]

Solving, we find thet andl, = 1491V

The current through the 100-Q resistor issimply (5 —v;)/100 =/39.64 mA
The current through the 50-Q resistor is (vi —v2)/ 50 = [-2.961 A,

and the current through the 20-Q and 10-Q series combination is vo/ 30 =[4.97 A.
Finally, the dependent source generates a current of 2 v =[7.928 A.

(b) PSpice simulation results

G

DC=5

39.64mA

Summary:  The simulated results agree with the hand calculations.
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57.  One possible solution of many:

+ 5V -

R

+

10V _;__ @) 3A

Choose R so that 3R = 5; then the voltage across the current source will be 5V, and
so will the voltage across the resistor R.

R =5/3 Q. To construct this from 1-Q resistors, note that

53Q = 10 +23Q =10 + 1Q1Q1Q + 1Q[1Q]1Q

* Solution to Problem 4.57

.OP

V110DC10
1104DC3
R1121
R2231
R3231
R4231
R5341
R6341
R7341

.END

*¥*xx SMALL SIGNAL BIASSOLUTION  TEMPERATURE = 27.000 DEG C

KAk hkA kA khhhrhkhkdhhhhkhhkdh kb hkdhkhrhhhhhkdhhhhdhdrhhrkdhdrhkhhdrdrhhhkdrhrrhrkdrhrhhrdx

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE
( 1) 10.0000 ( 2) 7.0000 ( 3) 6.0000 ( 4) 5.0000

VOLTAGE SOURCE CURRENTS
NAME CURRENT

V1 -3.000E+00
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58.  Wefirst name each node, resistor and voltage source:

R4 R7
100 Rg 110 RO

We next write an appropriate input deck for SPICE:

.OP

V110DC20
R1122
R2203
R3234
R42410
R5305
R6346
R73511
R8407
R9458
R10509

.END

* Solution to Problem 4.58

And obtain the following output:

EE P4.58 - 0iCAD PSpice A/D Demo - [P4.58 [active]]

Eile Edit Yiew Simulation Trace Flot Tool: Window Help 5‘; =

B-sEds||rmaoc

Jj| P4.58

>||‘

Y e A e

’ ok o o o o o o o o ol o ol i o o o o o o o o o o ol o e e ol i o i o o o o o o o d
= NODE  VOLTAGE NODE  VOLTAGE TOLTAGE NODE ~ VOLTAGE
= {1y z0.0000 { Z)  9.7940 3) 47646 [ 4)  3.9837

s ¢ 5] 28472

We see from this simulation result that the voltage vs = 2.847 V.
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59. One possible solution of many:

R1

V2

oy —— R3 All resistors are
V3 1Q, except R1,
R4 which represents
51-Q resistors
in series.

Verify: vi=9(4/9) =4V
Vv, =9(3/9) =3V
v3=9(2/9) =2V

SPICE INPUT DECK: * Splution to Problem 4.59
.OP

V110DC9
R1125
R2231
R3341
R4451
R5501

.END

*xkx 07/20/01 21:36:26 ***+****x*++ Evaluation PSpice (NOV 1990) *** ¥+t kkk s

* Solution to Problem 4.59
*x%%  SMALL SIGNAL BIASSOLUTION TEMPERATURE = 27.000 DEGC

KAk hkh kA kdhhkhhhkhhhhhkhhkhrhhhhhkdrhhhkdhdrhhhdhdrhhrkdrdrhhrdrhrrkhrdrhrrhxdx

kkkkkkk

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE
VOLTAGE

( 1) 9.0000 ( 2) 4.0000 ( 3) 3.0000 ( 4) 2.0000

( 5 1.0000 1 2
* O
R1 R2
3
9y — R3
T 4
R4
5
0 R5
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(@) If only two bulbs are not lit (and thinking of each bulb as aresistor), the bulbs

must be in parallel4 otherwise, the burned out bulbs, acting as short circuits, would
prevent current from flowing to the “good” bulbs.

(b) In aparallel connected circuit, each bulb “sees’ 115 VAC. Therefore, the
individual bulb currentis1 W/ 115V = 8.696 mA. The resistance of each “good”
bulb is V/I = 13.22 kQ. A simplified, electrically-equivalent model for this circuit
would be a 115 VAC source connected in parallel to aresistor Ry such that

1/Re = 1/13.22x10° + 1/13.22x10° + ...+ 1/13.22x10° (400 — 2 = 398 terms)
or Reg = 33.22 Q. We expect the source to provide 398 W.

* Solution to Problem 4.60
.OP

V110AC11560
R11033.22

ACLIN 160 60
PRINT AC VM(1)IM(V1)

.END

*kk% (07/29/01 21:09:32 *****xxxk%% Eygluation PSpice (NOv 1999) ****xxxkkkkkxx
* Solution to Problem 4.60

*¥**%*x  SMALL SIGNAL BIASSOLUTION  TEMPERATURE = 27.000 DEGC

kkkkkkkhkhkkhkhkhkkhkkkkkkkhkhhhkhkhkhkhkkkkkhkhhkhkhkhkhkhkkhkkkhkhkhhhkhkhkhkhkkkkhkhkhhkhkhkhkhkhkhkkkkkkkkkkkxkx

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE
( 1) 0.0000

VOLTAGE SOURCE CURRENTS
NAME CURRENT

This calculated power is not the value

Vi 0.000E+00 sought. It is an a_rt|fact of the use of
an ac source, which requires that we
TOTAL POWER DISSIPATION 0.00E+00 WATTS perform an ac analysis. The supplied

power is then separately computed as
(1.15x10%)(3.462) = 398.1 W.

*xx 07/29/01 21:09:32 *****xx*%xx Fyaluation PSpice (Nov 1999)
* Solution to Problem 4.60

*¥*x%  ACANALYSIS TEMPERATURE = 27.000 DEGC

kkkkkkkhkkkhkkhkhkkhkkkhkkkkkhkhhkhkhkhkhkhkkkkhkhkhhhkhkhkhkhkhkkkhkhkhhhkhkhkhkhkhkkkhkhkhhkhkhkhkhhhkkkkkkkhkkkxkx

FREQ VM(1) IM(V1)
6.000E+01 1.150E+02 3.462E+00

E

(c) The inherent series resistance of the wire connections leads to a voltage drop
which increases the further one is from the voltage source. Thus, the furthest bulbs
actually have less than 115 VAC across them, so they draw dightly less current and
glow more dimly.
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Define percent error as 100 [€° — (1 + X)]/ €

X 1+x | €& % error
0.001 |1.001 |1.001 |5x10°
0.005 |1.005 |1.005 |1x10°
0.01 1.01 1.010 |5x10°
0.05 1.05 1.051 | 0.1
0.10 1.10 1.105 | 0.5
0.50 1.50 1649 |9
1.00 2.00 2.718 | 26
5.00 6.00 148.4 | 96
Of course, “reasonable’ is a very subjective term. However, if we choose x < 0.1, we
ensure that the error isless than 1%.

Engineering Circuit Analysis, 6 Edition
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iA, Vg “on”, vc = 0: iXZZOA
ia, vc“on”,vg=0: ix=-5A

iA, Vg, V¢ “on” . ix: 12 A

S0, we can write I Fiy +i"" =12
i +iy’ =20
iX1 + ix111 : - 5

alipod,0o 020
- oo, O _ O
In matrix form, %1 ODEXD = %OD
HO1EHH B5H
(@) withia ononly, theresponseiy =iy’
(b) with vg on only, the response iy = iy” =[17 A

(c) with vc on only, the response iy = iy’
(d) ia and v doubled, vg reversed: 2(3) + 2(-8) + (-1)(17)

Engineering Circuit Analysis, 6 Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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One source at atime:
The contribution from the 24-V source may be found by shorting the 45-V source and
open-circuiting the 2-A source. Applying voltage division,

10+20+45]130 10+20+18

Vx
We find the contribution of the 2-A source by shorting both voltage sources and
applying current division:

W = 20%LD: 8.333V
10+20+ 18%

Finally, the contribution from the 45-V source is found by open-circuiting the 2-A
source and shorting the 24-V source. Defining vig across the 30-Q resistor with the
“+” reference on top:

0 = v/ 20 + vgo/ (10 + 20) + (V3o — 45)/ 45
solving, v =11.25V and hence vy"’ =-11.25(20)/(10 + 20) =-7.5V

Adding the individual contributions, we find that v, = v’ + " + v =[10.83 V.
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The contribution of the 8-A source is found by shorting out the two voltage sources
and employing simple current division:

. 50

3=— = -

50+ 30

The contribution of the voltage sources may be found collectively or individualy. The
contribution of the 100-V source is found by open-circuiting the 8-A source and
shorting the 60-V source. Then,

ig" = 100 = 6.25A
(50+30) [| 60 || 30

The contribution of the 60-V source isfound in asimilar way asis" =-60/30 = -2 A.

Thetotal responseisiz =iz +i3" +i3" = [-750 mA.

Engineering Circuit Analysis, 6 Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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(@) By current division, the contribution of the 1-A sourceiy’ is
i’ =1(200)/ 250 = 800 mA.

The contribution of the 100-V sourceisi,” = 100/ 250 = 400 mA.

The contribution of the 0.5-A source is found by current division once the 1-A source
is open-circuited and the voltage source is shorted. Thus,

i,” = 0.5(50)/ 250 = 100 mA

Thus, i, =1y +i”" +i"" =[1.3A

(b)| Pra = (1) [(200)(1 —1.3)] = 60 W
Paoo = (1 —1.3)% (200) = 18 W

Pioov = -(13)(100) =-130W

Pso = (1.3-0.5)% (50) = 32 W

Posa = (0.5) [(50)(1.3—0.5)] = 20 W

Check: 60+ 18 + 32 + 20 = +130.

Engineering Circuit Analysis, 6 Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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6. We find the contribution of the 4-A source by shorting out the 100-V source and
analysing the resulting circuit:

kgD

Wy

20 41 i V' <">1|._-,|'

(D

Ay

T

il

4= Vi /20 + (Vi'=V') 10 [1]
04i,'=V,/30+(V'-V1)/ 10 [2]
whereiy' = V1720

Simplifying & collecting terms, weobtain 30V, '—20V' =800 [1]
-7.2V{+8V'=0 [2]

Solving, we find that V' = 60 V. Proceeding to the contribution of the 60-V source, we
analyse the following circuit after defining a clockwise mesh current i, flowing in the
left mesh and a clockwise mesh current i, flowing in the right mesh.

Bk 60 v

A
ng: w0 gV <:>ﬁmu

30ia—60+30ia—30i,=0 [1]
ip=-0.4i1" = +0.4i, [2]

Solving, wefind that i; = 1.25A and so V" = 30(i5—ip) =22.5V.

Thus,V=V'+V" =|825V.
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(a) Linearity alows usto consider this by viewing each source as being scaled by
25/ 10. This means that the response (vz) will be scaled by the same factor:

25ip710+ 2510710 =25v3/ 10

0 v = 25v3/ 10 = 25(80)/ 10 =| 200V

(b) ia=10A,ig=25A L v =100V
ia"=10A,ig"=25A - V' =-50V
iA=20A,iB:-1OA - V=7

We can view thisin a somewhat abstract form: the currentsia and ig multiply
the same circuit parameters regardless of their value; the result is v,.

[0 2500@a0 1000

Writing in matrix form, %5 10@@)% = ESOD, we can solve to find

a=-4.286 and b = 5.714, so that 20a— 10b leadstovs = -142.9 V
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With the current source open-circuited and the 7-V source shorted, we are left with
100k || (22k + 4.7k) = 21.07 kQ.

Thus, Vav = 3 (21.07)/ (21.07 + 47) = 0.9286 V.
In asimilar fashion, we find that the contribution of the 7-V sourceis:
Vo =7(3L97)/ (31.97 + 26.7) = 3.814 V

Finally, the contribution of the current source to the voltage V acrossit is:
Vsma = (5x107%) ( 47k || 100k || 26.7k) = 72.75 V.

Adding, wefind that V = 0.9286 + 3.814 + 72.75 =|77.49 V.
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We must find the current through the 500-kQ resistor using superposition, and then
calculate the dissipated power.

The contribution from the current source may be calculated by first noting that
IM || 2.7M ||5M = 636.8 kQ. Then,

. ] 3
isoun= 60x10°° H= 4351.A
O0KA [0.5+3+0.6368 ] H

The contribution from the voltage source is found by first noting that 2.7M || 5M =
1.753 MQ. Thetotal current flowing from the voltage source (with the current source
open-circuited) is 1.5/ (3.5 || 1.753 + 1) pA = -0.6919 pA. The current flowing
through the 500-kQ resistor due to the voltage source acting alone is then

i1sv = 0.6919 (1.753)/ (1.753 + 3.5) mA = 230.9 nA.
Thetotal current through the 500-kQ resistor is then igoua + i1.5v = 43.74 pA and the

dissipated power is (43.74x10°%)? (500x10°) = [956.6 uW.
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10. We first determine the contribution of the voltage source:

&l
| ki) :

- J;_ -

Viamesh analysis, wewrite: 5 = 18000 I,'— 17000 I,
-6 ' =-17000 I,' + 39000 I,

Solving, wefind I = 472.1 mA and I, = 205.8 mA, so V' = 17x10° (I1' - 1)
=4.527 V. We proceed to find the contribution of the current source:

iy V" f:ﬂ\ Vy
N1
g T kil g 17 kil (:'I':) 20
£ ]
Viasupernode: -20x10° = V,"/ 22x10° + \/"/ 0.9444x10° [1]
and V' =V, = 6L or V"=V, =6V, 22x10°  [2]

Solving, wefind that V" =-18.11V. Thus,V =V'+V" = -1358V.

The maximum power isV?% 17x10° = V¥ 17 mW = 250 mW, so
V = ,/(17)(250) = 65.19 = V'-13.58. Solving, wefind V! _ =78.77 V.
The 5-V source may then be increased by afactor of 78.77/ 4.527, so that its

maximum positive value i§ 87 V|; past this value, and the resistor will overheat.
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It is[impossibld to identify the individual contribution of each source to the power
dissipated in the resistor; superposition cannot be used for such a purpose.

Simplifying the circuit, we may at |east determine the total power dissipated in the

resistor: .
A
i
5% i !.’é Ly
|

Viasuperposition in one step, we may write

5 , 21
2+21 "2+21

= 195.1mA

Thus,
Pyo = i2°2 =|76.15 mW
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We will analyse this circuit by first considering the combined effect of both dc
sources (left), and then finding the effect of the single ac source acting alone (right).

1, 3supernode:  V4/ 100 + V4/ 17x10% + (V1 — 15)/ 33x10° + V4/ 10° = 2015 [1]
and: V1-V3 =07 [2]
Node 2; 201 = (V,—15)/ 1000 [3]
We require one additional equation if we wish to have Ig as an unknown:
20 1g +1g = V4/ 1000 [4]
Simplifying and collecting terms,

10.08912 V1 + V3 —20x10° Ig = 0.4545  [1]

Vi - V3 =07 [2]
Vo, + 20x10° 1y = 15 [3]
-V3+21x1031g = 0 [4]

Solving, wefind that Ig = -31.04 pA.

To analyse the right-hand circuit, we first find the Thévenin equivalent to the left of
the wire marked ig', noting that the 33-kQ and 17-kQ resistors are now in parallel. We
find that Vty = 16.85 cos 6t V by voltage division, and Ry = 100 || 17k || 33k =
99.12 Q. We may now proceed:

200’ = v /1000 + (V' — 16.85 cos6t)/ 99.12  [1]
20ig' +ig" = v/ 1000 [2]

Solving, we find that ig' = 798.6 cos 6t mA. Thus, adding our two results, we find the
complete current is

ig = ig' +lg = -31.04 + 798.6 cos6t pA.
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Wefirst consider the effect of the 2-A source separately, using the left circuit:

Vy =

5% 3 0. 1765V
3+14E

Next we consider the effect of the 6-A source on its own using the right circuit:

Thus, Vy = V' + V"

V' = 5% 9 Ezls.ssv

=117.65V,

9+8

(b) PSpice verification (DC Sweep)

The DC
sweep
results
below
confirm
that V' =
1.765V

R1

Engineering Circuit Analysis, 6 Edition
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(a) Beginning with the circuit on the left, we find the contribution of the 2-V sourceto
V.

S04k !{:‘\:k 50 11 : & :
T2 W R %
JINF R

-4V = v, +Vx_2

100 50
which leadsto V' = 9.926 mV.

The circuit on the right yields the contribution of the 6-A sourceto Vx:

n n
" vV, V

-4V = X
100 50
which leadsto V" = 0.
Thus, Vx = V' + V" = 9.926 mV.
(b) PSpice verification.
T As can be seen from the two

_ ¥ separate PSpice simulations,

: n our hand calculations are

' i correct; the pV-scale voltage in
i i the second simulation is aresult
of numerical inaccuracy.
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15. | ik 2 kil

V,-12 V, V,+15
+ X+ =

0

1 3 2

sqV, = 2455V

Vi-6 V! VI +10
X FoX X =0
1 3 2

sV, = 05455V

V"_6 V" V"+5

X T4 X4 X =0
1 3

sgV! = 1.909V

Adding, wefind that V' + V" = 2455V = V, aspromised.

Engineering Circuit Analysis, 6 Edition
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16. (a) [120 cos400t] /60 = 2 cos400t A. 60 || 120 =40 Q.
[2 cos 400t] (40) =80 cos 400t V. 40+ 10=50 Q.
[80 cos400t]/ 50 = 1.6 cos 400t A. 50|50 = 25 Q.

L]
i

1.6 c0S 400t A /1) = 25Q

b
43

(b) 2k |3k +6k=7.2kQ.  7.2k||12k = 45kQ

Py o
3.5kQ
s (1) z
T 1 45kQ
1]
i
(20)(4.5) =90 V.
My ﬂa
8kQ

()

Engineering Circuit Analysis, 6 Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.



CHAPTER FIVE SOLUTIONS

17.  Wecanignorethe 1-kQ resistor, at least when performing a source transformation on
this circuit, as the 1-mA source will pump 1 mA through whatever value resistor we
place there. So, we need only combine the 1 and 2 mA sources (which are in parallel
once we replace the 1-kQ resistor with a 0-Q resistor). The current through the 5.8-
kQ resistor isthen simply given by voltage division:

i = 3x10° %" —1343mA
47+5.8

The power dissipated by the 5.8-kQ resistor isthen i* - 5.8x10° =[10.46 mW.
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18.  Wemay ignore the 10-kQ and 9.7-kQ resistors, as 3-V will appear across them

regardless of their value. Performing a quick source transformation on the 10-kQ
resistor/ 4-mA current source combination, we replace them with a 40-V source in
series with a10-kQ resistor:

-\.1. "-l-'
S8k Q

A AR
L

0k Q

| =43/ 15.8 mA = 2.722 mA. Therefore, Psgo = 1% 5.8x10° =[42.97 mW.
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(100 kQ)(6 MA) = 0.6 V

| M 2000 ket
T i kgl
iy 470 kL) 06V

470k || 300k = 183.1kQ

(-3-0.6)/ 300x10° = -12 pA

(183.1 kQ)(-12 pA) = -2.197 V

| M1 183.1k1
Ay Wy

0y C_D -2.197V

| |

Solving, 9 + 1183.1x10° | —2.197 = 0, 0 | = -5.750 pA. Thus,

Pivo = 17 10° 5 33.06 pW.
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(1)(47) =47 V. (20)(10) = 200 V. Each voltage source “+” corresponds to its
corresponding current source’ s arrow head.

v (7)) y 10k

Using KVL on the simplified circuit above,
47 + 47x10° 1; —4 1, + 13.3x10° I; + 200 = 0O
Solving, wefind that I, = -247/ (60.3x10° —4) =|-4.096 mA.
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21. (2 V]_)(l?) =34V,

Analysing the simplified circuit above,
34V;-06+71+21+171 =0 [1] and Vi=2I [2]
Substituting, wefind that | = 0.6/ (68 + 7 + 2+ 17) = 6.383 mA. Thus,

V1=21312.77 mV
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22, 12/9000=1.333mA. 9K || 7k =3.938kQ. - (1.333mMA)(3.938kQ) = 5.249V.

5.249/ 473.938x10° = 11.08 pA

AN
108 A (#473.9 kQ 10kQ g e

4739k || 10k = 9.793kQ. (11.08 MA)(9.793kQ) = 0.1085V

11.793 kQ T
0.1085V 17 kQ

I, = 0.1085/ 28.793x10° =| 3.768 A.
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23. First, (-7 pHA)(2MQ) =-14 V, “+” referencedown. 2MQ +4MQ =6 MQ.
+14V/ 6 MQ = 2.333 YA, arrow pointingup; 6 M || 10 M =3.75 MQ.

A LE

2.333

7 i
3.75MQ 4.7 Mil

(2.333)(3.75) = 8.749V. Ry = 6.75MQ

0 Iy = 8749/ (6.75+ 4.7) A =|764.1nA.
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24.  Tobegin, notethat (1 MA)(9Q) =9mV,and5|4=2222Q.

1510 41}
A——AW ou

e v 2 (O

2.222Q

The above circuit may not be further simplified using only source transformation
techniques.
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Label the“-” terminal of the 9-V source node x and the other terminal node x'. The
9-V source will force the voltage across these two terminals to be -9 V regardiess of
the value of the current source and resistor to its left. These two components may
therefore be neglected from the perspective of terminalsa & b. Thus, we may draw:

“a(l A G 5 A §|5.I I:> 20

7.25A
]
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Beware of the temptation to employ superposition to compute the dissipated power- it
won'’t work!

Instead, define a current | flowing into the bottom terminal of the 1-MQ resistor.
Using superposition to compute this current,

| = 1.8/1.840+0+0 pA = 978.3nA.
Thus,

P = (978.3x10%)? (10°) = |957.1 nW.
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27. Let’s begin by plotting the experimental results, along with aleast-squaresfit to part

of the data:

|

| L east-squar es fit results:

7 |
i
'4"i Voltage (V) Current (mA)
: 1,567 1.6681

i I| 1.563 6.599

1.558 12.763

We see from the figure that we cannot draw a very good line through all data points
representing currents from 1 mA to 20 mA. We have therefore chosen to perform a
linear fit for the three lower voltages only, as shown. Our model will not be as
accurate at 1 mA; there is no way to know if our model will be accurate at 20 mA,
since that is beyond the range of the experimental data.

Modeling this system as an ideal voltage source in series with a resistance
(representing the internal resistance of the battery) and a varying load resistance, we
may write the following two equations based on the linear fit to the data:

1.567 = Vgc—Rs(1.6681x107)
1.558 = Vgc— Rs (12.763%10%)

Solving,| Vg = 1.568 V| and Rs = 811.2 mQ,. It should be noted that depending on the
line fit to the experimental data, these values can change somewhat, particularly the
series resistance value.
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28. Let’s begin by plotting the experimental results, along with aleast-squaresfit to part

of the data:

|

| L east-squar es fit results:

7 |
i
'4"i Voltage (V) Current (mA)
: 1,567 1.6681

i I| 1.563 6.599

1.558 12.763

We see from the figure that we cannot draw a very good line through all data points
representing currents from 1 mA to 20 mA. We have therefore chosen to perform a
linear fit for the three lower voltages only, as shown. Our model will not be as
accurate at 1 mA; there is no way to know if our model will be accurate at 20 mA,
since that is beyond the range of the experimental data.

Modeling this system as an idea current source in parallel with a resistance R,
(representing the internal resistance of the battery) and a varying load resistance, we
may write the following two equations based on the linear fit to the data:

1.6681x10° = lgc— 1567/ R,

12.763x10° = lg.— 1558/ R,

Solving| l¢c = 1.933 A andl Rs=811.2 mQ. It should be noted that depending on the
line fit to the experimental data, these values can change somewhat, particularly the
series resistance value.
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Reference terminals are required to avoid ambiguity: depending on the sources with
which we begin the transformation process, we will obtain entirely different answers.
Working from left to right in this case,

2 A — 1.8 pA =200 nA, arrow up.
14AMQ+27MQ = 41MQ

An additional transformation back to a voltage source yields (200 nA)(4.1 MQ) =
0.82V inserieswith4.1 MQ + 2 MQ = 6.1 MQ, as shown below:

6. 1m0t
— am -

082V (£) gu.u:

&

Then, 0.82V/ 6.1 MQ = 134.4nA, arrow up. 2.011 0411
6.1MQ||3MQ = 2011 MQ — A
4.1 yA +134.4nA = 4.234 mA, arrow up.

(4.234 pA) (2011 MQ) = 8515V. 8515\ i}
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To begin, we note that the 5-V and 2-V sources are in series:

L¥ ] [}
é’\/v\/ —N A
4 A

Next, notingthat 3V/1Q = 3A,and4A -3 A = +1 A (arrow down), we obtain:

The left-hand resistor and the current
source are easily transformed into a
1-V source in series with a 1-Q
resistor:

By voltage division, the voltage across the i

5-Q resistor in the circuit to theright is:

2|15

——— =-04167 V.
2|5 + 2

-1

Thus, the power dissipated by the 5-Q resistor is (-0.4167)*/5 =

Engineering Circuit Analysis, 6 Edition
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3. (@ Rmy = 25||(10+15) = 25|25 =| 125Q.

VTH = Vab = 5052755'*' 1005&5 =|75V.

M0+15+250 M5+10+ 250

(b) If Ry =500,
Psoq = SBi%BiH: 72W
[b0+125 B0

© If Ru=125Q,

Prso = ESB 125 %Qisg =|1125W

M2.5+125

Engineering Circuit Analysis, 6 Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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32. (@) Removingterminal c, we need write only one nodal equation:

[ 01 = Vb1;2+vb_5,which may be solved to
i2 0 1% 01
] yieldV,=4V. Therefore, Vo =Vt =2-4
-2V.

T Ry = 12 || 15 =|6.667 Q| We may then

'i
|

v li:::}l-m C;IH. =
s

cdculate InasIy = VTH/ RrH

-300 mA (arrow pointing upwards).

(b) Removing terminal a, we again find Ry = 6.667 Q,| and only need write asingle
nodal equation; in fact, it isidentical to that written for the circuit above, and we once

=-150 mA (arrow pointing upwards).|

againfindthat Vp=4V. Inthiscase, ViH =Vpc=4-5=-1V, s0 Iy =-1/ 6.667
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(@) Shorting out the 88-V source and open-circuiting the 1-A source, we see looking
into the terminals x and x' a50-Q resistor in parallel with 10 Q in paralel with
(20Q +40Q), so

Rru =50 | 10| (20 + 40) = 7.317 Q

Using superposition to determine the voltage V« across the 50-Q resistor, we find

50| (20 + 40 [l [ 40 O
Vi = Vi = (88— 0I(20%40) o 4y5090) 5
0 10+[50 || (20+40)] 0 #0+20+ (50 || 10) 0

40 0
0+8.333H

69.27V

[0.27.270 0
- %8—37.2@ * (DB

(b) Shorting out the 88-V source and open-circuiting the 1-A source, we see looking
into theterminalsy and y' a40-Q resistor in parallel with[20 Q + (10 Q || 50 Q)]:

Rry=40]|[20 + (10]|50)] =/ 1659 Q

Using superposition to determine the voltage V. across the 1-A source, we find

27.27 40
Vor = V= (D)(Rpy) + 88
w = Vi = (DRm) % 10+27.27§20+4OD

59.52V
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top of the 200-Q resistor. Then,

V=20 V,=Vo,
40 100 200

15i; = (VTH —V]_)/ 100 [2]
wherei; =V4/ 200, so Eq. [2] becomes 150V1/200 +V; - Vig =0

0 = [1]

Simplifying and collecting terms, these equations may be re-written as:

(0.25+01+0.05V;-01Vy =5 [1]
(1+15/200 V1 —Viy = O [2]

(a) Select terminal b as the reference terminal, and define a nodal voltage V; at the

Solving, we find that| Vo =38.89 V| To find Rry, we short the voltage source and

inject 1 A into the port:
vV,-V, V., V,

i v, 10010 0= &t Yin Y1, Y1
. .\ 100 40 200
15i; + 1 = Vin =Vs
gll*.':.' .5, {'}Vin ' 100
1A ) 11 = V]_/ 200
Ref.
Combining Egs. [2] and [3] yields 1.75V;—-Vi, = -100

[1]

[2]
[3]

[4]

Solving Egs. [1] & [4] then resultsin Vi, = 177.8V, sothat Rty = Vin/ 1 A =|177.8 Q.

(b) Adding a100-Q load to the original circuit or our Thévenin equivaent, the
voltage acrosstheload is

Vigoo = 100 H: 14.00V , and so Pigoo = (V]_OOQ)Z/ 1003 1.96 W.

VTH
100+177.800

Engineering Circuit Analysis, 6 Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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35.  Weinject acurrent of 1 A into the port (arrow pointing up), select the bottom terminal
as our reference terminal, and define the nodal voltage V across the 200-Q resistor.

Then, 1 = V4/ 100+ (V1 —V,)/ 50 [1]
-0.1V; = V,/ 200+ (Vx—=V1)/ 50 [2]

which may be simplified to

3V1i-2V, =100 [1]

16V, +5V,=
Solving, we find that V; =10.64 V, so Ry = Vi/ (1 A) =|10.64 Q.

Since there are no independent sources present in the original network,

Engineering Circuit Analysis, 6 Edition
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36.  With no independent sources present, |V = 0.

We decide to inject a1-A current into the port:

0.0 e, 2001 {1

Ilil*'.!g: - (}'A

Ref.
Node ‘Xx’: 0.01 vy = v/ 200 + (v —V5)/ 50 [1]
Supernode: 1 = vg/ 100 + (v — V) [2]
and: Vap — Vi = 0.2 Vap [3]

Rearranging and collecting terms,

2Vap+5%—4vi = 0 [1]
Vab—2V+2Vvi = 100 [2]
0.8 vy -vi =0 [3]

Solving, we find that vy = 192.3V, sORmy = va/ (L A) =(192.3 Q.
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Wefirst find Ry by shorting out the voltage source and open-circuiting the current
source.

AV Looking into the terminalsa & b, we see
e i Ry = 10]|[47 + (100 || 12)]
=8.523 Q.

Returning to the original circuit, we decide to perform nodal analysisto obtain Vy:
-12x10° = (V1—12)/ 100x10° + V4 12x10° + (V1 —V)/ 47x10°  [1]
12x10% = Vqu/ 10x10% + (V1n — V1)l 47%x10° [2]
Rearranging and collecting terms,

0.1146 V; - 0.02128 V4 = -11.88 [1]
-0.02128V; + 0.02128 Vry =12 [2]

Solving, we find that V1 =| 83.48 V.
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38. (@R =4+2]2+10 =
(b) same as above: |15 Q.

Engineering Circuit Analysis, 6 Edition
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39. For Fig.5.78a, Iy = 12/~0 - | o A inparallel with~0 Q.

For Fig. 5.78b, V1 = (2)(~) - |V in serieswith ~00 Q.

Engineering Circuit Analysis, 6 Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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40. With no independent sources present, V4 = 0.

Connecting a 1-V source to the port and measuring the current that flows as a resullt,

— I 1

I, <> TIRAE

| = 05Vx+025V,=05+0.25 = 0.75A.
RTH =1/1 = 1.333Q.

The Norton equivalent isO A in paralel with 1.333 Q.
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41. Performing nodal analysisto determine Vry,
100x10° = V,/ 250 + Vo 7.5x10° [1]
and Vy—Vq = 5ix
where iy = V,/ 250. Thus, we may write the second equation as

0.98V,—Ve = 0 [2]

Solving, wefindthat Vo =Vt = 23.72 V.

In order to determine Rry, we inject 1 A into the port:

250 £}

[ 7.5 k1l C‘) | &

Val 7.5x10° + V,/ 250 =1 [1
and Vy—Va = 5ix = 5V,/ 250 or
Vg +(1-5/250)Vy, = 0 [2]

Solving, we find that V4 =237.2 V. Since Rty =Va/ (LA),| Ry =237.2 Q.
Flnally, In = VTH/ Rty =[100 mA.
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42.  Wefirst note that V14 = Vy, so performing nodal analysis,

'5 VX = Vx/ 19

Thus,|V4 (and hence ly) = 0.

which has the solution V, =0 V.

(Assuming Rry # 0)

Tofind Rry, weinject 1 A into the port, noting that Rty = V,/ 1 A:

'5Vx+l = Vx/ 19

Solving, we find that Vx = 197.9 mV, so that] Rty = Ry =197.9 mV.

Engineering Circuit Analysis, 6 Edition
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43. Shorting out the voltage source, we redraw the circuit with a 1-A source in place of

the 2-kQ resistor:

30000 Ref.
|: - il

2 Ml 0020, <1 kD (D A

Noting that 300 Q ||2 MQ = 300 Q,

<

0 = (vgs—V)/ 300 [1]
1-0.02Vg = V/ 1000 + (V —Vge)/ 300 [2]
Simplifying & collecting terms,
Vgs -V =0 [1]
0.01667 vy + 0.00433 V

1 [2]
Solving, we find that vgs =V = 47.62 V. Hence, Ry = V/ 1 A =|47.62 Q.
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44.  Wereplace the source vs and the 300-Q resistor with a 1-A source and seek its
voltage:

Vi, 4 Vs,

o

1A () \-/ g 2 1L U2 e, §| kil §J k[

Ref.

By nodal analysis, 1 = Vi/2x10° so Vi=2x10°V.

SinceV =V, wehave R, = V/1A = 2MQ.
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45. Removing the voltage source and the 300-Q resistor, we replace them with a 1-A
source and seek the voltage that devel ops across its terminals:

\ (JD 2 ML) 0.02%, gl kil g: kil
| 1A g
Ref.
We select the bottom node as our reference terminal, and define nodal voltages V1
and V,. Then,
1= Vi/2x10° + (V1=V2)/ Iy [1]

0.02 vy =(V2—V31)/ rp + Vo/ 1000 + V,/ 2000 [2]
wherevy, = V1 -V

Simplifying & collecting terms,

(2x10° + 1) V1 —2x10°V, = 2x10°%ry, [1]
(2000 + 40 1;) V1 + (2000 + 43 1) Vo = 0 [2]

Solving, wefindthat V, = V = 2x10° H 656'7+14'33r”
H2x10° + 666.7 +14.33r,

Thus, Ry = 2x10° || (666.7 + 14.33 1) Q.
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46. Such a scheme probably would lead to maximum or at |east near-maximum power
transfer to our home. Since we pay the utility company based on the power we use,
however, this might not be such ahot idea...
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47.  Weneed to find the Thévenin equivalent resistance of the circuit connected to R, so
we short the 20-V source and open-circuit the 2-A source; by inspection, then

Ry = 12||8 + 5 +6 =|158Q

Analyzing the origina circuit to obtain V; and V, with R. removed:

120 v, Vo o 5]
Wy o —Wh I

+Voy -

8 1] 61l (DEA

Ref.
V1=208/20 = 8V; Vp=-2(6) = -12V.

MW

I RY CD

WedefineViy=V1—-Vy = 8+12 = 20V. Then,

V2 400
PRL |max = ™ =

=| 6.329W
4R,  4(15.8)
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48. (@R = 25]|(10+15) =[125Q

. " 25 15+10
Using superposition, Vgo =V = 50———— + 100——— =|75V.
g sperp L 15+10+ 25 50

(b) Connecting a50-Q resistor,

2 2
Poa = — 2= fgow
R;, +R,, 125+50
(c) Connecting a12.5-Q resistor,
2 2
Pload = Vi =5 05w
4R, 4(125)

Engineering Circuit Analysis, 6 Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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(a) By inspection, we seethati;o=5A, so
Vi = Vab:2(0)+3i10+10i10 = 13019 = 13(5) ={65V.

To find Ry, we connect a 1-A source between terminalsa & b:

Vv, V, 21tV
<>-W'~;

L ik | A&

Ref.
5=VJ/10+(Vo=V)2 [ -  Vi+5V,-5V =50[1]
1= (V-Vy)2 2 - N, +V =2[2
andV,—V1 = 3 3]
whereizo = V4/ 10 L 13V;+10V, =0 [3]

Solving, wefindthat vV =80V, sotha Rry=V /1A ={80Q.

Vi, _ 65

= 313.20W
4(80)

b) Poax =
(b) Prma IR,
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50.
(@ Replacing theresistor R with a 1-A source, we seek the voltage that devel ops across

its terminals with the independent voltage source shorted:

i EEREN

Ok

i

-10i, +20i, +40i, =0 [ O 30 20iz O[1]
andi, —i, =1 210 Kk iz 1 [2]
Solving, i, = 400mA

SoV =40i, =16V and R, -V 316 Q
1A
(b) Removing theresistor R, from the original circuit, we seek the resulting open-circuit
voltage:
RN T+ L ERY
Vi
1 ) Q 500y
0=VTH -10i, +VTH -50 (1]
20 40
wherei, = Viy —50
40
V. 10V, —500 .0V, -5
so0 [1] becomes 0= -1 - = 5™ 1
s 20 2H 40 HH 2 0
= Vﬂ +—VTH —50
20 80
0=4V,, +V4, —50
5V, =50
or V;, =10V

ThUS, |f RL - RTH =16 Q,

Ve =V, R Y Jgy
R +Ry 2
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51.
(@ 1,=25A
L
l
2A
- = 2 —
Ru 200 2017 =80
i =2A
L
By current division,
2=25 Ry
R, +20
Solving, Ry =R, =80Q
Thus, V;, =V, =2.5%80 5200V
2 2
0 P = o200 lony
4R,, 4x80

(© R =R, 3800
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52.

_ = RN

By Voltage +, 14 INR+RN
o 0_2:|NL [

250+ R,

05=1 2]

"80+R,

10W to 250Q corresp to 200mA.
20W to 80Q corresp to S00mA.

Solving, I, =1.7A and R, =33.33Q

@ If vi,_ isamaximum,
R =R, =/33.33Q

L7 2 =es0mAl

33.33+33.33
v, =33.33, 32833V

(b) If v, isamaximum

Ve =14 (Ry|R)

Sov, isamaximumwhen R, |R_ isamaximum, which occurs at|R = co.

Theni, =0Jand v, =1.7xR, 556.66V

(© If i, isamaximum

Ry

: max when

R

=0Q

iL :iNF
soli, =1.7A
v, =0V

Engineering Circuit Analysis, 6 Edition
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53. Thereisno conflict with our derivation concerning maximum power. While a dead
short across the battery terminals will indeed result in maximum current draw from
the battery, and power is indeed proportional to i, the power delivered to the load is
iRioap = i%(0) = 0 watts. This is the minimum, not the maximum, power that the
battery can deliver to aload.
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54. RemoveRe R, =R.|R,

A L3
bottom node: 1-3x107°v,, Sl _V"3 [1] | o zn (LA
300 70x10 i L i
at other node: 0=—'n +V"_V + Vo~V [2] v

10x10° 300 70x10°

Simplifying and collecting terms,

210x10° = 70x10%V + 300V + 63000 vy;— 70x10° v;; - 300 Vi,
or 70.3x10°V —7300v, =210x10° [1]

0=2100v, +70x10%v, —70 x10°V +300v . -300V
or —69.7x10°V +72.4x10°v, =0 [2]
solving, V =331.9V SoR,, =R.|[331.9Q

Next, we determine vy using mesh analysis: o~

~v, +703x10%, ~7040%, =0 [ (5 Zaw oo, 3
80x10%, —70 x10%, +R.i, =0 2 | I i i |
and:  i,—i, =3x10°v_ [3]
or i, —i, =3x10°(10 x10%)i,
or i, —i, =30i,
or
-31i, +i, =0 [3]

703<10° -70x10° 00,0 OV
Solving: [170x10° 80x10° R0

H 0 -31  1HA{H BH

We seek is:
- -21.7x10%,
3 724><106+2179><103RE
—21.7x10°R y
7.24x10° +21.79x10°R. °
0V, Dz 0  —21.7x10°R. DZ 8 vs?
R, +8] 72410 +21.78x1°R 03319R. DZ
31.9+R.
_ 11.35x10°(331.9+R;)* e
(7.24x10° +21.79 x10°R.)?

SO VOC :VTH :REi3 =

Foo =8

Thisis maximized by setting R. = c.
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55. Thévenize the left-hand network, assigning the nodal voltage V at the free end of
right-most 1-kQ resistor.
Vi
A single nodal equation: 40x107° =~
) = 7x10°

So Vy, =V,| =280V
Ry = 1k + 7k = 8kQ

Select Ry = Rty = 8KkQ.
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R K

R, g.l.'_
850 MQ

D=R,+R, +R. =1+850 +0.1 =851.1 10°
R = R,R; _10°x10° |

D D
R = RyR. _10°x850x10°

117.5Q

= Jd9987kQ
D  8511x10
6 6
R, = &R - 80XI0XO" foqq 7
D  8511x10

Engineering Circuit Analysis, 6 Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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N=RR +RR; +R;R
=0.1x0.4 +0.4x0.9 +0.9 x0.1
=0.49Q

R, =N 12050

R,
N
R, =— 3544.4mQ
R;
R. =N J400
R

Engineering Circuit Analysis, 6 Edition
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58.

A, :1+6+3=10Q

1 _46,8%3-15 3 o3 T

10 10 10 oy A \
A,:5+1+4=10Q [ ":.-"‘ii.f ‘-.1."&.-5-.- | (612

X _g5 X4 g4 2%4 5 . T 2020

10 10 10 s

1.8+2+05=43Q
0.3+0.6+0.4=1.30
1.3)4.3=0.9982Q
0.9982+0.6+2 =3.598Q
3.598(6=(2.249Q

Engineering Circuit Analysis, 6 Edition
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59.

6x2+2x3+3x6 =36 (¥
%:6Q,§:18Q, %:129 Rig
6 2 3

12|4=3Q, 6[12Q =4Q
4+3+18=25Q
18 &

3Ix—=216Q 2.
G 54 M
4><2—5 =2.88Q

4x—=0.48Q
25

0.48x2.16 +9.48x2.88 +2.88 x2.16 =54 (¥
4 18750 4 _56060 g 7%
2.88 9.48 -5 £696

E:ZSQ

2.16 100
75|[18.75=15Q >

100[25=20Q
(15+20)|[5.696 = 4.899Q
ORs 5 4.89%|9.89%
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60.  Webegin by converting the A-connected network consisting of the 4-, 6-, and 3-Q
resistors to an equivalent Y -connected network:

D=6+4+3=13Q
R:% _6x4 =1.846 Q

D 13

R, - ReRe _4x3 =923.1mQ
D 13

R =R _3X0 ) 3550
D 13

Then network becomes;

La 1846Q 092310

Ay A AN

1.385Q

fhh

§|‘LI

Then we may write

R, =12|[13.846 +(19.385| 6.9231)]
=7.347Q

Engineering Circuit Analysis, 6 Edition
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61.
| 01 oY 1+1+2=4Q

Rszl%l:o.zm

Next, we convert the Y -connected network on the left to a A-connected network:

1x0.5+05x2 +2x1 =35 ¥

R =2=70
05
RB:3—'25:1.75§2

LIPS

After this procedure, we have a 3.5-Q resistor in paralel with the 2.5-Q resistor. Replacing
them with a 1.458-Q resistor, we may redraw the circuit:

1751t 0.25 11
AN )

- C} g 7()§ 1.458 {)

Thiscircuit may be easily analysed to find:

o 12x1458 [o 0
1.75+1.458
Ry =0.25+1.458|1.75

=1.045Q
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62. We begin by converting the Y -network to a A-connected network:

N=11+1.1+1.1=3¢ 30
3 AN =
R,===3Q
1
3 i § § ?
===30 A | L} 31l 311
- ®
=§=3Q o

Next, we note that 1|3=0.75Q, and hence have asimple A-network. Thisis easily
converted to a Y -connected network:

0.75+3+3=6.75Q .

R = 0.75x3 ~0.33330 R’ R4
6.75 1A R.
3%x3
=——=1.333Q
R 6.75

\ ]
3X0.75 _ 4 33330
6.75

R3:

Analysing thisfinal
circuit,

R, =1.333+0.3333
=1.667Q

» 1/3
1/3+1+1/3

:|$:

Iy
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63. Since 1V appears across the resistor associated with 1, we know that I, =1V/ 10 Q
= 100 mA. From the perspective of the open terminals, the 10-Q resistor in parallel
with the voltage source has no influence if we replace the “dependent” source with a
fixed 0.5-A source: ; S

TS
v(?) (,)o5A
s %

- ————el——

Then, we may write:
-1+(10+10+10)i,—10(05) =0
sothat i; = 200 mA.

We next find that V1 = Va, = 10(-0.5) + 10(ia— 0.5) + 10(-0.5) =|-13 V.

To determine Rry, we first recognise that with the 1-V source shorted, 1, = 0 and
hence the dependent current source is dead. Thus, we may write Ry from inspection:

Rpy = 10 + 10 + 1020 = 26.67 Q.
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64. (d) We begin by splitting the 1-kQ resistor into two 500-Q resistorsin series. We then
have two related Y-connected networks, each with a 500-Q resistor as a leg.
Converting those networks into A-connected networks,

S = (17)(10) + (1)(4) + (4)(17) = 89x106 Q2
89/05=178kQ; 89 17=5236kQ; 894 =22.25kQ

Following this conversion, we find that we have two 5.235 kQ resistorsin parald,
and a 178-kQ resistor in parallel with the 4-kQ resistor. Noting that 5.235 k || 5.235 k
=2618kQ and 178 k || 4 k = 3.912 kQ, we may draw the circuit as:

e O
178kQ z 21-49kQ S 2749kQ T 3912kQ
233.6 kQ
L A, %]

We next attack the Y -connected network in the center:
> = (22.25)(22.25) + (22.25)(2.618) + (2.618)(22.25) = 611.6x106 Q?
611.6/ 22.25=27.49 kQ; 611.6/ 2.618 = 233.6 kQ

Noting that 178 k || 27.49 k = 23.81 kQ and 27.49 || 3.912 = 3.425 kQ, we are |eft
with asimple A-connected network. To convert thisto the requested Y -network,

> = 23.81+233.6 +3.425 = 260.8kQ s
(23.81)(233.6)/ 260.8 = 21.33kQ L oeo
(233.6)(3.425)/ 260.8 = 3.068 kQ = '
(3.425)(23.81)/ 260.8 = 312.6 Q

g e A, 11
21.33kQ 3.068 kQ

(b) 1 ! 1

T T | |
— D . Y B
ik
[ m R ) Rz |
) . [71.36mal
k A NEEK
L
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65. (a) Although this network may be simplified, it is not possible to replace it with a
three-resistor equivalent.

(b) See(a).
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66. First, replace network to left of the 0.7-V source with its Thévenin equivalent:

15
100+15
R, =100k |15k =13.04kQ

=2.609V

Vyy, =20

Redraw:

Analysing the new circuit to find Ig, we note that I1c = 250 Ig:

—2.609 +13.04 x10°1 ; +0.7 +5000(1; +2501,) =0
_ 2.609-0.7
® " 13.04x10° +251x5000
l. = 2501, =3.764x10™*A
376.4pA

=1.505pA
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67. (a) Defineanodal voltage V, at the top of the current source Is, and a nodal voltage
V, at the top of the load resistor R.. Since the load resistor can safely dissipate 1 W,
and we know that

Vs
1000

PRL =

then V2|max = 31.62V . Thiscorresponds to aload resistor (and hence lamp) current
of 32.62 mA, so we may treat the lamp as a 10.6-Q resistor.

Proceeding with nodal analysis, we may write:
Is = Va/ 200 + (V1—5V,)/ 200 [1]
0 = V,/ 1000+ (Vo—5Vy)/ 10.6 [2]
Vy = V1—5V, or Vyx = V46 [3]
Substituting Eq. [3] into Egs. [1] and [2], we find that

7V; = 12001 [1]
-5000V; + 6063.6V, = 0 [2]

Substituting V,| = 31.62V into Eq. [2] then yields V; = 38.35V, so that

ls| . = (7)(38.35)/1200 = 223.7 mA.

(b) PSpice verification.

Prabe Do
Al ==27%. 1188, 1. HIEEE
AF = 250.0ddm, 85 _3k0n

difF=-aik.118m, ®6E.27FR

The lamp current does not exceed 36 mA in the range of operation alowed
(i.e. aload power of <1 W.) The simulation result shows that the load will dissipate
dightly more than 1 W for a source current magnitude of 224 mA, as predicted by
hand analysis.
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68. Short out al but the source operating at 10* rad/s, and define three clockwise mesh
currentsis, ip, and i starting with the left-most mesh. Then

608, —300 i, = 35c0s10*t [1]
-300i; +316i,—8i3 = 0 [2]
-8iy+322i3=0 [3]

Solving, wefind that i;(t) = 10.84 cos10°t mA
io(t) = 10.29 cos 10*t mA
is(t) = 255.7 cos 10*t pA

Next, short out all but the 7 sin 200t V source, and and define three clockwise mesh
currents iy, ip, and i¢ starting with the left-most mesh. Then

608 i,— 300 ip = -7sn 200t [1]
-300i,+316i,—8ic = 7sn200t [2]
-8ip+322i.=0 [3]

Solving, wefind that i5(t) = -1.084 sin 200t mA

ip(t) = 21.14sin 200t mA

ic(t) = 525.1sin 200t pA

Next, short out all but the source operating at 10° rad/s, and define three clockwise
mesh currentsia, ig, and ic starting with the left-most mesh. Then

608 —300ig = 0 [1]
-300ia +316ig—8ic = 0 [2]
-8ig+322ic=-8cos10*t [3]

Solving, wefind that ia(t) = -584.5cos10%t pA
ig(t) = -1.185 cos 10°t mA
ic(t) = -24.87 cos 10°t mA

We may now compute the power delivered to each of the three 8-Q speakers:

pL = 8[i1 +ia+ia]® = 8[10.84x10 cos 10* t -1.084x10™ sin 200t -584.5x10°° cos 10° t]?
P2 = 8[i2 +ip +ig]? = 8[10.29x10° cos 10* t +21.14x10° sin 200t —1.185x107® cos 10° ]2
Ps = 8fiz +ic+ic]? = 8[255.7x10° cos 10* t +525.1x10° sin 200t —24.87x10° cos 10° {]?
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69. Replacing the DMM with a possible Norton equivalent (a1-MQ resistor in parallel
with a 1-A source):

Vin

We begin by notingthat 33 Q |1 MQ =33 Q. Then,
0 = (V1—Vin)/ 33+ Vy/ 275x10° [1]
and
1-0.7Vy = Viy/ 10° + V;y/ 33x10° + (Vin=V2)/33  [2]
Simplifying and collecting terms,
(275x10°% + 33) V; - 275x10° Vi, = O [1]
22.1V; +1.001V;, = 33 [2]
Solving, we find that Vi, = 1.429 V; in other words, the DMM sees 1.429 V across its

terminals in response to the known current of 1 A it's supplying. It therefore thinks
that it is connected to aresistance of|1.429 Q.
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70. We know that the resistor R is absorbing maximum power. We might be tempted to

say that the resistance of the cylinder is therefore 10 Q, but thisis wrong: The larger
we make the cylinder resistance, the small the power delivery to R:

120 O

O
Pr = 10i° = 10 5@7
. inder +10|é

Thus, if we arein fact delivering the maximum possible power to the resistor from the
120-V source, the resistance of the cylinder must be zero.

This corresponds to atemperature of absolute zero using the equation given.
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71.  We note that the buzzer draws 15 mA at 6 V, so that it may be modeled as a

400-Q
resistor. One possible solution of many, then, is:

.
lirmatime  resiseor

A

200 {1

LT RCT

T Aiwill
il wire on window
I8 Y —— hailery é 100}

Dalanos NeSESTO

ETEAEN

Note: construct the 18-V source from 12 1.5-V batteriesin series, and the two 400-Q
resistors can be fabricated by soldering 400 1-Q resistors in series, although there's
probably a much better alternative...
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72.  To solve this problem, we need to assume that “45 W” is a designation that
applies

when 120 Vac is applied directly to a particular lamp. This corresponds to a current

draw of 375 mA, or alight bulb resistance of 120/ 0.375 = 320 Q.

lamp1 lamp2 lamp—‘j

320 | 320 W
320
% w2
DC=120v g o L farmpa é De=120v 320 g'ampﬂ ;Iamp_?
J J J 320

Original wiring scheme New wiring scheme

1

In the origina wiring scheme, Lamps 1 & 2 draw (40)2 / 320 = 5 W of power each,
and Lamp 3 draws (80)2 / 320 = 20 W of power. Therefore, none of the lamps is
running at its maximum rating of 45 W. We require a circuit which will deliver the
same intensity after the lamps are reconnected in a A configuration. Thus, we need a
total of 30 W from the new network of lamps.

There are several ways to accomplish this, but the ssmplest may be to just use one
120-Vac source connected to the left port in series with a resistor whose value is
chosen to obtain 30 W delivered to the three lamps.

Fs lamp_3

Ay Ay
320
DC=120v V3 390 é'ampj lamp_2
320

| :

In other words,

2133 2133
%20 %o
Rs+ 213.3H +o O Rs+ 213.3H
320 320

= 30

Solving, we find that we require Rs = 106.65 Q| as confirmed by the PSpice
simulation below, which shows that both wiring configurations lead to one lamp with
80-V acrossit, and two lamps with 40 V across each.
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Maximum current rating for the LED is 35 mA.
Its resistance can vary between 47 and 117 Q.
A 9-V battery must be used as a power source.
Only standard resistance values may be used.

One possible current-limiting scheme is to connect a 9-V battery in serieswith a
resistor Riimiting @nd in series with the LED.
From KVL,

9

lLep =
+ RLED

limiting

The maximum value of this current will occur at the minimum LED resistance, 47 Q.

Thus, we solve

35x10° = 9
+47

limiting

to obtain Riimiting = 210.1 Q to ensure an LED current of lessthan 35 mA. Thisisnot a
standard resistor value, however, so we select

Riimiting = 220 Q.
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Thefirst step isto perform a simple source transformation, so that a0.15-V sourcein
serieswith a150-Q resistor is connected to the inverting pin of the ideal op amp.

2200
Then, Vou = - =——(0.15) =| -2.2V
out 155 (015)
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In order to deliver 150 mW to the 10-kQ resistor, we need Voyt =

\/ (0.15)(10x10°%) = 38.73V. Writing anodal equation at the inverting input,
we find

5 5-v
= 4 —__ou

out

R 1000

uUsing Vo = 38.73, wefind that | R=148.2 Q.
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Since the 670-Q switch requires 100 mA to activate, the voltage delivered to it by our
op amp circuit must be (670)(0.1) = 67 V. The microphone acts as the input to the
circuit, and provides 0.5 V. Thus, an amplifier circuit havingagain = 67/0.5 = 134 is
required.

One possible solution of many: a non-inverting op amp circuit with the microphone
connected to the non-inverting input terminal, the switch connected between the op
amp output pin and ground, a feedback resistor R = 133 Q, and aresistor R; =1 Q.
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We begin by labeling the nodal voltagesv. and v, at the inverting and non-inverting
input terminals, respectively. Since no current can flow into the non-inverting input,

no current flows through the 40-kQ resistor; hence, v, = 0. Therefore, we know that
v.=0aswell.

Writing asingle nodal equation at the non-inverting input then leads to

0= (V. -vg) N (V. -v,)

100 22000
or
= "Vs | "V
100 22000
Solving,

Vour = -220 vs
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5. Wefirst label the nodal voltage at the output pin V.. Then, writing a single nodal
equation at the inverting input terminal of the op amp,

4-3  4-V,
0=— -4+ "o
1000 17000

Solving, we find that Vo = 21 V. Since no current can flow through the 300-kQ
resistor,|V; = 21 aswell.
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A source transformation and some series combinations are well worthwhile prior to
launching into the analysis. With 5 kQ || 3 kQ = 1.875 kQ and (1 mA)(1.875 kQ) =
1.875V, we may redraw the circuit as

A I :_‘_.- V2

Thisis now asimple inverting amplifier with gain — Ry/ Ry =-75.33/ 1.975 = -38.14.
Thus, V, =-38.14(3.975) =[-151.6 V
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Thisisasimpleinverting amplifier, so we may write

Vou = ﬂ(zusinst) = -4(1+sin3)V
1000

Vout(t = 3 S) = '5.648 V.
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Wefirst combine the 2 MQ and 700 kQ resistorsinto a518.5 kQ resistor.

We are left with a simple non-inverting amplifier having a gain of
1+ 518.5/ 250 = 3.074. Thus,

Vour = (3.074)vip =18 SO |Vin = 5.856 V.
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Thisisasimple non-inverting amplifier circuit, and so it hasagain of 1 + R/ Rs.

We want vy = 23.7 cos 500t V when the input is 0.1 cos 500t V, so again of 23.7/0.1
= 237 isrequired.
One possible solution of many: | R; = 236 kQ and R; = 1 kQ.
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Define anodal voltage V. at the inverting input, and anodal voltage V. at the non-
inverting input. Then,

At the non-inverting input: -3x10° = Vs - (1
1.5x10

Thus, V, =-4.5V, and we therefore also know that V. =-4.5V.

At the inverting input: 0= AA + V. -Vou

R R

Solving and making use of thefact that V.=-4.5V,

Vour = —&(4.5) - 45 = -4.5E&+1E Y%
R6 RG
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CHAPTER SIX SOLUTIONS

(a) B must be the non-inverting input: that yieldsagain of 1 + 70/10 = 8 and an
output of 8V for al-V input.

(b) Ry =, Ry =0. Weneed again of 20/10 = 2, so choose R, = Rg =1 Q.

(c) A istheinverting input since it has the feedback connection to the output pin.
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It is probably best to first perform a simple source transformation:

12.
(1MA)(2kQ) = 2V.
13kQ
1kQ V.
AN
P 2kQ Vi -.....:::'_'_' + Vout
3V I: . _'."\.".'r'-..- .
= () 2v

Since no current can flow into the non-inverting input pin, we know that V., =2V,
and therefore also that V. =2 V. A single nodal equation at the inverting input yields:

_2-3 2-v,
1000 13000

whichyields | voyy = -11V.
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13.  We begin by find the Thévenin equivalent to the | eft of the op amp:

1000V,
1100

Vin =-3.3(3) Vr = -9.9V; = —9.9 = -9vs

Rin = 3.3 kQ, so we can redraw the circuit as:

AR A
LAY

100 kQ

*

3.3kQ

P — VOUt

which issimply aclassic inverting op amp circuit with gain of -100/3.3 = -30.3.
Thus, Vout = (-30.3)( -9 vs) = 272.7 vs
Forvs=59n3tmV, Vo =1.364 sin 3t V, and | Vo(0.25 s) = 0.9298 V.
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14.  Wefirst combinethe 4.7 MQ and 1.3 kQ resistors: 4.7 MQ || 1.3 kQ = 1.30 kQ.
Next, a source transformation yields (3x10°)(1300) = 3.899 mV which appears in

series with the 20 mV source and the 500-Q resistor. Thus, we may redraw the circuit
as

37.7kQ

AR
R rLY

1 500 O _ ~ Vout
1.8 kQ _::- 370 Q

23899mvV [

Since no current flows through the 1.8 kQ resistor, V. = 23.899 mV and hence
V.=23.899 mV aswell. A single nodal equation at the inverting input terminal yields

23899x10°  23.899x10° - v,
500 37.7x10°

0 =
Solving,

Vout = 1.826V
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15.  Wefirst combinethe 4.7 MQ and 1.3 kQ resistors: 4.7 MQ || 1.3 kQ = 1.30 kQ.
Next, a source transformation yields (27x10°)(1300) = 35.1 mV which appears in
series with the 20 mV source and the 500-Q resistor. Thus, we may redraw the circuit
as

37.7kQ

1 500 O _  Vout
1.8 kQ _::- 370 Q

551mv [ |

Since no current flows through the 1.8 kQ resistor, V. = 55.1 mV and hence
V.=55.1mV aswell. A single nodal equation at the inverting input terminal yields

55.1x10° N 55.1x10° - v,
500 37.7x10°

0 =
Solving,

Vout = 4.21V
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16. The3 mA source, 1 kQ resistor and 20 kQ resistor may be replaced witha-3 V
source (“+” reference up) in series with a 21 kQ resistor. No current flows through

either 1 MQ resistor, so that the voltage at each of the four input terminals is
identically zero. Considering each op amp circuit separately,

- 90 _ 1400y
21

_ 100 _
V0U1|R|GH0PAMP - _(S)E =-50V

Vout | LEFTOPAMP

Vx = Vout

|LEI——I'OPAMP ) VOUt|RIGH OPAMP = 1429+ 30=|64.29 V.
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17. A genera summing amplifier with N input sources:

"1"'|.""1'
R1 ‘ v Ry
a T
Wi - '“'m,_h_a
R> | T V.
out
e Fi g
. A ! Vp :
Vl I: ._/l]l E [ 4#'
— i -
oot i
Vo | ,.-: : —
o
Ry
et
Wi o)
1Lva=w=0

2. A single nodal equation at the inverting input leads to:

Va_vout + Va_vl + Va_Vz + +
IQf Rl RZ IQN

0 =

Simplifying and making use of the fact that v, = 0, we may write this as

0 N 0 N N
El'i RitVow = A R + 2 R, + T R
0 Re i [l R, - R, - Ry -
or simply
— Vou = i+i+__+v_’\‘
Ry 1 R, Ry
Thus,
N
V.
Vout = 'Rf IZlEIi
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18. A genera difference amplifier: Ra
i
Ri
.-'.1.'|‘-'-__ & - .ﬂ"'-\.__
1 R2 .ﬂ_."-“-‘ o Vout
V]_ :"-. ! \] .'\-_-Ir.t,'\.t__ . +_
L
L V2 o = R3

Writing anodal equation at the inverting input,
0= Va~ M + Va = Vou
Rl Rf
Writing anodal equation at the non-inverting input,
0= ﬁ + —Vb “Ve
RS RZ
Simplifying and collecting terms, we may write

(Rf + R1) Va— Ry Vo = Re V1 (1]
(R2+R3) \w=R3 Vv, (2]
—_ RS
From Egn. [2], we have v, = v,
R, +R;

Since va = vb, we can now rewrite Eqn. [1] as
R,+R, °

Rf R3 Rf + Rl %
Vou = "= V4 + _E 2
R1 R1 RZ + R3

-R v, = RV,

and hence
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CHAPTER SIX SOLUTIONS

In total darkness, the CdS cell has aresistance of 100 kQ, and at alight intensity L of
6 candelait has aresistance of 6 kQ. Thus, we may compute the light-dependent
resistance (assuming alinear response in the range between 0 and 6 candela) as Regs =

-15L + 100 Q.

Our design requirement (using the standard inverting op amp circuit shown) is that the
voltage acrosstheload is 1.5V at 2 candela, and lessthan 1.5 V for intensities greater
than 2 candela.

Thus, Vou(2 candela) = -Rcgs Vel R1 =-70 Vg Ry = 1.5 (R1inkQ).

Pick Ry =10kQ. Thenvs=-0.2143V.
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20. We want Ri/ Ringrument = 2K, and Ry/ Ryoca = 1K, where K is a constant not specified.
Assuming K =1, one possible solution of many is.

R=2Q
W
Rioca =1Q
l i ".-'L-'u__
VQC8|S e Rinstruments = 2 Q 2 Vout
microphone |, | iy
e il o
J P r
—~ i
ot
instruments
microphone
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21. One possible solution of many:

99 kQ
'I".I'I".lr'-r
1kQ
AL HH
L hﬂ_"*—'—ﬂ- Vout
I"-:- I - =
.\“—\_-.. i) -::-F'_,.F‘-
2V
%
VS {
L ___.-'I
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22. vV Of stagelis(1)(-20/ 2) =-10 V.

Vout OF Stage 2 is (-10)(-1000/ 10) 5 1000 V

Note: in reality, the output voltage will be limited to avalue less than that used to
power the op amps.
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CHAPTER SIX SOLUTIONS

We have adifference amplifier asthe first amplifier stage, and a smple voltage
follower as the second stage. We therefore need only to find the output voltage of the
first stage: vour Will track this voltage. Using voltage division, then, we vind that the
voltage at the non-inverting input pin of the first op amp is

VZ%RS E
2t Ry

and thisis the voltage at the inverting input terminal also. Thus, we may write a
single nodal equation at the inverting input of the first op amp:

10 R o 14 R .
0= —pnV, = E' vio + —DV, : E' Vout|3agel|:]
RlE R, +R, g RfD 2 TR, B

which may be solved to obtain:

_ - R H R R
Vout - Vout|gage1 - HRl +1H?2+R3 V2 - _Vl

1
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CHAPTER SIX SOLUTIONS

The output of the first op amp stage may be found by realising that the voltage at the
non-inverting input (and hence the voltage at the inverting input) is O, and writing a
ingle nodal equation at the inverting input:

O'Vou - -
t|stagel + 0-2 + 0-3 which leadsto V

0 =
47 1 7 o e

= -l141v
This voltage appears at the input of the second op amp stage, which has a gain of
=3/ 0.3=10. Thus, the output of the second op amp stage is—10(-114.1) = 1141 V.

This voltage appears at the input of the final op amp stage, which has a gain of
—47/ 0.3 =-156.7.

Thus, the output of the circuit is —156.7(1141) = -178.8 k\|, which is completely and
utterly ridiculous.
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25.  Theoutput of thetop left stageis—1(10/2) =-5V.
The output of the middle left stageis—2(10/ 2) =-10 V.
The output of the bottom right stageis—3(10/ 2) =-15V.

These three voltages are the input to a summing amplifier such that

Vou = — %(—5—10—15) = 10

Solving, wefind that | R = 33.33 Q.
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26. Stage 1 is configured as a voltage follower: the output voltage will be equal to the
input voltage. Using voltage division, the voltage at the non-inverting input (and
hence at the inverting input, aswell), is

50
100+50

= 1667V

The second stage is wired as a voltage follower also, so Vout = 1.667 V.
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i
“a
L.
M vd
Y,

@Va=v%=1nV Ovg=0 and Vo =0. Thus, | Pga=0W.

B)Vva=0,vp,=1nV 0O vyg=-1nV

2
Vout

46.46 pW.

Vout = (2x105)(-1x10'9)i = -19.28 uV. Thus, Pgg =
75+8

o

©Va=2pV, =11V O vy=1.999 pV

2
Vout

185.6 awW

oo

Vout = (2><105)(:l--999><10_12)i = 38.53nV. Thus, Pgq =
75+8

©Va=50puV,v,=-4puV O vyg=54 v

2
Vout

135.5 mW

8
Vour = (2x10%)(54x10°%)——— = 1.041V. Thus, Pgo =
out ( )( )75+8 8Q

(oe]
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28.

Writing anodal equation at the “-vy” node,

-V -v, -V -V, -V
d+ d S+ d

0= o 1]
R R, R,

or (R1Rf + RinRf + RinR1) Vo + RinBRiVour = -RinRiVs  [1]

Writing a nodal equation at the “ Vo, node,

“Vout = Avd + Vout ~ (_Vd)
R R,

0o

0 = [2]

Eqgn. [2] can be rewritten as: ( )
-(R; +R
v, = ——2*V, 2
d Ro -ARf out [ ]
so that Egn. [1] becomes:
IQin('A‘Rf - RO)VS

ARian + Rf Rl + Rian + Rian + RoRl + RoRin

Vout = -

where for this circuit, A = 10°, R, =10 TQ, R, = 15 Q, R; = 1000 kQ, R; = 270 kQ.

(@ 3.704 mv; (b) 27.78 mV; (c) 3.704 V.
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R. .
29. =Avy = A L (80%10™)sin2t V
Vout Vd 16+R, ( )

(@ A =10° R =100 MQ, R, vaueirrelevant.| Vo = 8sin2t nV

(b) A =10° R =1TQ, R, vaueirrelevant. |vox = 80sin 2t nV

Engineering Circuit Analysis, 6 Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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F_E__. BAr
4
. % v
| £
=) LTV

=11 o
Yin (2
(@) Find Vout/ Vin if Ri =0, R, =0, and A isfinite.
The nodal equation at the inverting input is

- Vi - Vi + - Vi - Vou [1]
1 100

0 =

At the output, with R, = 0 we may write Vot = AVg SO V4 = Vou/ A. Thus, Eqgn. [1]
becomes

O - Vout +v  + Vout + Vout

A "  100A 100
from which we find

Vo _ -100A
Y 101+ A

in

[2]

(b) We want the value of A such that vy Vin =-99 (the “ideal” value would be —100
if A wereinfinite). Substituting into Eqgn. [2], we find

A =9999
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@ o0=0V O vy=0,andPgo =0W.

(b) d=1nV,so0vg=5-(5+10°%=-10°V

Thus,

Vout = (2%10°)vg

-19.28 UV and Psq = (Vou)?/ 8 =|46.46 pW.

-48.19 mV and Psg = (Vou)?/ 8 =/290.3 pW

8+75
(c) =25V, s0vg=5—(5+2.5x10°) = -2.5x10°V
Thus,
Vout = (2%10°)vg 8 _
8+75

Engineering Circuit Analysis, 6 Edition
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32. .
Ic.
V. o— LA———s

AD549 -

Writing asingle nodal equation at the output, we find that
0 = _ou - Vin + Vour ~ Avd
R, R

I (o]

[1]

AlS0, Vin — Vout = Vg, SO EQn. [1] becomes

0= (Vout—Vin) Ro + (Vout —Avih + AVout) Ri
and
R, +AR)
R,+(A+)R, "

Vot =

To within 4 significant figures (and more, actualy), when vi, =-16 mV,
(thisis, after al, avoltage follower circuit).

Vot

Vout = '16 mV
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33.  Theidea op amp model predicts a gain Vo Vin = -1000/ 10 = -100, regardless of the
value of vi,. In other words, it predicts an input-output characteristic such as:
”,. Avout (V)
]
I »  Vin(V)
-100 4=

From the PSpice simulation result shown below, we see that the ideal op amp model
isreasonably accurate for |vi;| x 100 < 15V (the supply voltage, assuming both have
the same magnitude), but the onset of saturationisat +14.5V, or |vip| ~ 145 mV.
Increasing |vin| past this value does not lead to an increase in [Voul.

'_'_ PEED - DiCAD Phpbce 800 Demmn - [PE 33 dol | sckeia]]
y T
n
1]
E
|
u
o T4 4
1
£
&
| ]
[111]
A1 =-14% _ Finm, 16.50
A2 = 16 ER, =14 .50
—qmd diF=-292.37n, 0.0 |
] t
=2 tml) =1 Iy 18] 1Ramy TRy
e Unet}
U win
Fot P, et Fl W= 2 e EEEEEEEEED BE
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34. Positive voltage supply, negative voltage supply, inverting input, ground, output pin.
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35.  Thisop amp circuit is an open-loop circuit; there is no external feedback path from
the output terminal to either input. Thus, the output should be the open-loop gain
times the differential input voltage, minus any resistive losses.

From the simulation results below, we see that all three op amps saturate at a voltage
magnitude of approximately 14 V, corresponding to a differential input voltage of 50
to 100 pV, except in the interest case of the LM 324, which may be showing some
unexpected input offset behavior.

Engineering Circuit Analysis, 6 Edition

opamp | onset of negative onset of positive
negative saturation positive saturation
saturation voltage saturation voltage
A 741 | -92 uV -14.32V 54.4 mV 14.34V
LM 324 | 41.3pv -14.71V 337.2mV 13.87V
LF411 -3L.77 pwv -13.81V 39.78 mV 13.86 V
R et b P ________________________ RPN e b PR _________________N
S 58 e e e e ol adlin I B e o e e e o alin
- - b ]
- 7 - C mmeme i , - st =
[R5 S Pl AR e SRS ]
-.llllr-n.-'al-u'u.'-.'r-.- sl
1 I'_'I.-I
i - o mmmm B
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Thisisanon-inverting op amp circuit, so we expect again of 1 + 1000/4.7 = 213.8.
With £15 V DC supplies, we need to sweep the input just above and just below this
value divided by the gain to ensure that we see the saturation regions. Performing the
indicated simulation and a DC sweep from —0.1 V to +0.1 V with 0.001 V steps, we
obtain the following input-output characteristic:

¥ PG 3 - IWCAD Phpieas AMD Dems - [PE 6 dai [sciiva||
Wb Ed fow Dok Dince Pt Tisk Wiise B |glf alm x|
y W 1
.
I
] |
| ]
s W7 Prsbes oz |
1 | i ] I¥ LT
k | i
7|
| posi B1ve saluralion reglan
"I- e -
[ et b ve saburabion regilor
- lirEar redior
- g =
a6l A L - T =S
sl L] ~Ginll [ L) Siml TREw)
U Uaul j
u_Uin
T e s pEmENEEEEE N
Using the cursor tool, we see that the linear region isin the range of
—68.2mV <V;,<685mV.
The ssimulation predictsagain of 7.103 V/ 32.87 mV = 216.1, which is reasonably
close to the value predicted using the ideal op amp model.
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37. Referring to the detailed model of an op amp, shorting the input terminals together
shorts the dependent source to ground. Therefore, any 1-V source connected to the
output through a 1-Q resistor should “see” 1 Q + R,. For the pA 741, we expect 1 +
75=76 Q. For the LF 411, weexpect ~1+ 1 Q or ~ 2 Q.

Simulating the pA741 circuit, we find:
Supply voltages | Current intooutput | Total resistance | Output resistance
+15V -42.5 mA -23.53Q -22.53 Q
5V -40.55 mA -24.66 Q -24.66 Q
2V -40.55 mA -24.66 Q -24.66 Q
oV 579.2 mA 1.727 Q 727 mQ
Conclusion: as we might expect from previous experience in determining Thévenin
equivalent resistances, we must short out the voltage supplies to the op amp when
performing such an experiment (hence the negative resistance values obtained above).
However, we obtained 0.727 Q instead of the expected 75 Q, which leads to two
possible conclusions: (1) The PSpice model is not designed to represent the op amp
behavior accurately in such a circuit configuration or (2) such an experimenta
connection is not adequate for measuring the output resistance.
Simulating the LF411 circuit, we find:
Supply voltages | Current intooutput | Total resistance | Output resistance
+15V 25.46 mA 39.28 Q 38.28 Q
5V 25.43 mA 39.32Q 38.32Q
2V 25.48 mA 39.24 Q 28.24 Q
oV 1000 mA 10 0Q

Engineering Circuit Analysis, 6 Edition

Conclusion: as we might expect from previous experience in determining Thévenin
equivalent resistances, we must short out the voltage supplies to the op amp when
performing such an experiment. However, we obtained ~0 Q instead of the expected 1
Q, which leads to two possible conclusions. (1) The PSpice model is not designed to
represent the op amp behavior accurately in such a circuit configuration or (2) such an
experimental connection is not adequate for measuring the output resistance.
However, it is interesting that PSpice did predict a much lower output resistance for
the LF 411 than the pA 741, as we would expect.
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Based on the detailed model of the LF 411 op amp, we can write the following nodal
equation at the inverting input:

Voo, Ve Av, -V,
R, 10* 10° +R,

n

0 =

Substituting values for the LF 411 and simplifying, we make appropriate
approximations and then solve for vy in terms of vy, finding that
-10° oV

- X

v, =
199.9x10° * 199.9

Va

With a gain of —1000/10 = -100 and supply voltage magnitudes of 15V, we are
effectively limited to values of |v| <150 mV.

For v = -10 mV, PSpice predicts vq = 6 1V, where the hand calculations based on the
detailed model predict 50 pV, which is about one order of magnitude larger. For the
same input voltage, PSpice predicts an input current of -1 pA, whereas the hand
calculations predict 99.5v, mA =-995 nA (which is reasonably close).

Engineering Circuit Analysis, 6 Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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() The gain of the inverting amplifier is —1000. At a sensor voltage of —30 mV, the
predicted output voltage (assuming an ideal op amp) is +30 V. At a sensor voltage of +75
mV, the predicted output voltage (again assuming an ideal op amp) is —75 V. Since the op
amp is being powered by dc sources with voltage magnitude equa to 15 V, the output
voltage range will realistically be limited to the range
-15< Vo <15V.

(b) The peak input voltage is 75 mV. Therefore, 15/ 75x10° = 200, and we should set
the resistance ratio| Ry/ R; < 199|to ensure the op amp does not saturate.

Engineering Circuit Analysis, 6 Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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We see from the simulation result that negative saturation begins at Vi, = 4.72 V,
and positive saturation beginsat Vi, = +4.67 V.

(b) Using a1 pQ resistor between the output pin and ground, we obtain an output

current of [40.61 mA, dlightly larger than the expected 35 mA, but not too far off.
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We assume that the strength of the separately-broadcast chaotic “noise” signal is
received at the appropriate intensity such that it may precisely cancel out the chaotic
component of the total received signal; otherwise, a variable-gain stage would need to
be added so that this could be adjusted by the user. We also assume that the signal
frequency is separate from the “carrier” or broadcast frequency, and has already been
separated out by an appropriate circuit (in a similar fashion, a radio station
transmitting at 92 MHz is sending an audio signal of between 20 and 20 kHz, which
must be separated from the 92 MHz frequency.)

One possible solution of many (al resistances in ohms):

L | msgeater
chaos R4 =300 B

R [

Engineering Circuit Analysis, 6 Edition Copyright ©2002 M cGraw-Hill, Inc. All Rights Reserved.
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41.  One possible solution of many:

!} PFlipice Schamatics - [ PE &F sch p | [joumenl]
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This circuit produces an output equal to the average of Vi, Vo, and V3, as shown in the
simulation result: Vaeage = (1.45+3.95+ 7.82)/ 3 =4.407 V.
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_eA_8.854x107™(7854x10°°)
1. @C=—= ~
d 100x10

= 6.954pF

-3
(b) Energy, E :lcv2 av = 1/2—E = 21#0_12 +16.959kV
2 C 6.954 x10

1 2E _2(25x10°)

cE==Ccv?’0OC= =500pF
© 2 V? 1007 P

Ay, Cd_[500x102 )(100_>< 10°)_ 636.62pF.m™
A (78.54x107°)

-12
0 Relative_ permittivity,i = 036.62x10 ~ =719

g, 8854x107
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2K o€ 2(11.8)ig. 854x10‘12)
ForVa=-1V, W = S0 (/. -V, )= 0.57+1
or Va \/ qN (Vbl A) Jb6xlo_lgkx1024) + )

=45.281x10°m

11.8(8.854x 1072 J1 x 10742

42307 fF
45.281x107°

Cj:

2K € 2(11.8)(8.854x10‘12)
For Va=-5V, W= [—>0(; -V,)=_|7 v 0.57+5
or Va \/ N (Vb| A) \/@6)(10_19*[)(1024)( + )

=85.280%10"°m

11.8(8.854x 102 J1x 10722
85.289x107°

C = F1.225fF

J

For VA =-10V,

2K <& 2'(11.8)(8.85‘4, x10‘12)
o Vo —Va)= \/ fi6x10 ™ fix10%) (057 +10)

=117.491x10%m

-12 -12
o _1188854x102 fix107%2)
117.491x107°

J 889.239%aF
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3. We require a capacitor that may be manually varied between 100 and 1000 pF by rotation
of aknob. Let's choose an air dielectric for smplicity of construction, and a series of 11

half-plates:
fixed
< .

Top view Side view with no Side view with a small
overlap between plates

overlap between plates.

Constructed as shown, the half-plates are in parallel, so that each of the 10 pairs must
have a capacitance of 1000/ 10 = 100 pF when rotated such that they overlap completely.
If we arbitrarily select an area of 1 cm? for each half-plate, then the gap spacing between
each plateis d = eA/C = (8.854x10™ F/cm)(1 cm?)/ (100x10™"2 F) = 0.8854 mm. Thisis
tight, but not impossible to achieve. The final step is to determine the amount of overlap
which corresponds to 100 pF for the total capacitor structure. A capacitance of 100 pF is
egual to 10% of the capacitance when all of the plate areas are aligned, so we need a pie-
shaped wedge having an area of 0.1 cm?® If the middle figure above corresponds to an
angle of 0° and the case of perfect alignment (maximum capacitance) corresponds to an
angle of 180°, we need to set out minimum angle to be 18°.
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t
—ge 5@1t
U

4. @ Energy stored = J’tt v.C % = CJ'OMO 3

gl
[T

~1.08044]

o0

(b) Vi =3V
Max. energy at t=0, :%cv2 =1.35mJ 0 37%E 1 = 499.51]

V at 37% Emnax = 1.825V
t

v(t)=1.825=3¢ 51t=2486sE |25

1

© i :c%:ezoouo—6 L

1.2
e 5 @—141.593%
O

aglw

OO

()  P=vi=2011(-120.658x107 )= ~242.6,W
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5 @ V=%.g(lx10"3)2 = xllo—ﬁ . (?"1‘;159)(1L><10‘3)2 =33.421mV
O v==. D2(mo 3f +0f 47x110_6.(3'1‘;159)(1x10-3)2=33.4sz
(© v=%D2@x10 3f . 7 @xlo )2 per D4(1 x10° )ZB=50.132mv
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1 200 100 7x107° oo 0.426
X
6. V:—I msidt:— cosrt =
cJo C T C
-9 -9
E= ECV 2 _ 3x10_6 _ 181.086 x10 0c= 181.’086 X}S —l30181,F
2 2C 2[3x1079)
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(8  c=0.2uF, v, =5+3cos? 200tV; Oi= 0.X 10°(3)¢ 2)200sin 200t cos200t

Oi= = 0.12sin400tmA

1
b W, = =cv?
(b) L =50

= 10% 64 (6.4

max

:% x2x107' (5 +3cos’ 200t)* Ow,

© v =O—12x1o6 86" x10° ot =10° x40(0.01) (™ -1) 440001 €*)

(d) |v, =500-400e" Vv
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8. v,(0)=250V, c=2mF (a) v,(0.1) =250 +500 Ioo'lsdt
Ov.(0.5 500V;v,(0.2F 500 ijlom: 1000V
Ov.(0.6F 1750V,v,(0.9F 2000V

00s & 1:v= 2006 500-[';910d1= 200G~ 5000(t 0.9)
Ov= 2106 2008 5000(t> 090 % 082 ©.%<t 0.92s
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C

(@ W, = %CVZ :% x107°v? =2 x1072e™ [\= + 200e°°V

i =CV =107°(+200) (-500)e™™ =n0.1e™™
-v. 200
i 01

UR 2K

(b) PR =i?R =0.01x2000e 1%t =g 100t/
Wz J-°° 206 g — 0,026 |2 [0.02J
0
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10. (&) Leftcircuit:

By Voltage division, V¢ = 1k (5)=0.877v

4.7k + 1k
Right circuit:
Vv, =1(1//2)= %v
L 1 1
By Voltage Division, V, = §V OVe = —§V
(b)
anl
WA | : 4
= o R Jm :
._.J:-\..:II = - 1en Bt A I:-' n.:-\.l I | s
£ 3 ' L Jr
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11.

(@

g = 02 o0 Kiv)
fﬂiﬁ fl ] \
hf_‘fm.F..-'

-;mjaﬂ 3o [ 55 4,

(b) PR =v, OR,= { 100{ 5F 500Wa t 40" ms

(© R

Lmin

=100(-5) = -500W aft =20" and 40" ms

(d) WL:%LiLZDWL(4Oms): % 0.2¢ 5)%= [2.5]
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L =50x10°,t<0: i =0; t >0 i =80te™™mA =0.08te ™A

0i'=0.08e™% 8™ 068 8tf, 0.0lgfil= 088 0.0l

0

i
max

0.2943mA

v 0055 e'™(0.004 0.4t)
0.8

O '™ 04y 100e™(0.004 040F 04 04 40t t=- =002

v=¢7?(0.004-0.008) = -0.5413mV thisisminimum|v| = [0.004V at t=0

Engineering Circuit Analysis, 6™ Edition
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13.

(8  t>0: i, =04t°A0v= 10i+ 5i= |4t% 4tV

() i, =01v, +?1> J'Ot40tdt +5 2 4L +4t2 +5A

il £
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14. v, =20co0s1000tV, L =25mH, i (0) =0

@ i :401;20 cos 1000tdt = 0.8sin 1000tA [ = 8sin2000t W

(b) w:%><25><10‘3 x0.64sin°1000t 38sin®1000t mJ

p(w) w{mJ)
Hi i t
v (ms) M 27T (mS)
-31} fﬂ,}\/ ré/
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@
(b)

(©
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p i (V)
=da.2 i

- F_\ !—-] s tims)

0<t<10ms: i, =2 +5J'0t100dt = -2 4500t i, (10msE 3A,i, (8ms)= [2A

i (0)=00i, (10msF 508 0.0% 5A1 i (20ms) 45 5J'0°§104(0.ez t)dt
Oi (20msF § & 10°(0.02 05()2% 5 & 10°(0.0002- 0.00015)= 7.5A

Uws —% 0.2 7.5%= |5.625]

If the circuit has been connected for along time, L appears like short circuit.

8
V8Q = 2T8 (100\/) =80V

_ 2V
|, =——=10A
20 =50

ofi, =3 —1a
80Q
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16. L =5H,V, =10(e" -e*)V,i (0) =0.08A

@ v ()=10(e™"-€e?) 52325V

(b) i, =0.08 +O.2-[0t10(e’t —e?)dt =0.08 +2( €™ +0.56%)!
i, =0.08+2(—€" +0.5¢™ +1-0.5) =1.08 +¢™* —2e" [ ()= |0.4796A

© i (0)=1.08A
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17.
@ v = 120x— 20 L agx5x— 12
12+20+40 12 +20 +40
= @ +@ =100V
3 3
(b)
v = 120 15 o+40x5£
12+15|60 15+60 1512 +60
_ 120 10000 8667
12+12 5 66.667
=40 +20 =60V
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18.
(@ W, :%xs x1.6° 56.4J

(b) . :%xzo x10"® x100% 50.1]

(c) Left to right (magnitudes): 100, 0, 100, 116, 16, 16, 0 (V)

(d) | Left to right (magnitudes): 0, 0, 2, 2, 0.4, 1.6, 0 (A) |
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19,
@ v, =400t?V,t >0; i (0) =0.5A; t =0.4s

v, =400x0.16 =64V, Wc% x10™° x64° $20.48mJ

() iL=05+0.1f 400t °ct =0.5+40 x% x0.4° =1.3533A

0wz % 18 1.3533%= |9.1581)

©  i.=4t? P, =100x16t' Ows= [ 1600t'dE 326 0.4% [3.277J
R R R 0
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(@ Pro =OW; Pog =—

(b) PSpice verification

We see from the PSpice
simulation that the
voltage across the 10-Q
resistor is—2 'V, so that
it isdissipating 4/10
=400 mW.

The 7-Q resistor has
zero volts across its
terminals, and hence
dissipates zero power.

Both results agree with
the hand calculations.

2 2
VE_@F Joaw
10
=3
i'— m—t— ) —
10
| L
200 cona | ;..
L"_._-_';.J . _l' 4H .. f
(200 00mA
i
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21.
Cequlv—10H+D—1 ) 1 anseneswnh 10u in serieswith 10;1+D 1 . 0
hn . Ton O O+
(A0u  10u oy 10u
=(4.286UF
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22, Lequy =(7p(77p+77p))+ 77p+ (77p/i(77p + 77p)) =(179.6pH
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23. (9 Assuming all resistors have value R, all inductors have value L, and all capacitors
have value C,

- 04C

(b) At dc, 20uF is open circuit; 500uH is short circuit.

10k (9)=3.6v

Using voltage division, V, =——
YOI X 10k +15k
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24. (@) Assuming all resistors have value R, all inductors value L, and all capacitors value C,

| R
FWTE T ASA s

1
i
+
M
Gl —
ja
A

e
Py
"-\_-'.
<
x
LT
L
|
[
(5]
L
_h
~

(b) | V4 =0V| asL isshort circuit at dc.
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25.  Cequv={ [(100N+40n) [[12n] +75n} || {7p+ 2 u | 12w}

C =85.211nF

equiv
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26.  Leqiv = {[(17p[l4n)+77p][[12n} + {1n]|(72p+ 14 p)}

L =172.388pH

equiv
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27.  Cy —-C, =(7+47+1+16+100)=171uF

1 1
Be,c, =5 (C; -c, V%= 5 (171)(2.5)? =534.37513

Ec =Ec -Ec -c, =(634.8-534.375)uJ = 425n]

425n(2)
(2.5)

OEc, :425n:%CXV2 0C,=

136nF
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28.

1, 88, 8

v =1.5+U [=2.75H

equiv 1
% 15@ % 15 15

(b) For a general network of thistype, having N stages (and al L values equiv),

(8 ForallL=15H, L

n LN
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29.

(a) I—equiv

U 3H

(b) For anetwork of thistype having 3 stages,

1 1 (¢ , B’
Loy =1+ + =1+ A+
equiv 2+2 3+3 N 1 2(2) 3(3)2

@F @ 3

Extending for the general case of N stages,

1

=
[EEN
=

—+

+ Wik
HZ
=z

+ + + =
212)  31/3) N(L/N)

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVEN SOLUTIONS

2. .. =30)025p)

iv = =3 0.231pF
equiv 3p+0.25p Y
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= (2'%—)(0'&‘) =|0.2916nH

3L Lequiv =
equiv > &
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32. @ Use 2 x 1pH in serieswith 4 x 1puH in parallel.

(b) |Use2x 1uH in parallel, in serieswith 4 x 1uH in paralld. |

(© |Use 5x 1uH in paralé, in serieswith 4 x 1uH in paraIIeI.|
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@

(b)

(©

CHAPTER SEVEN SOLUTIONS

R =10Q:10|10|10 =10 19,19 +10[10 =>
3'3 3

OR& 5—5”3@ 11.379

L =10HU Lz [11.379H

C=10F 1 =5.4545

"1/30+1/10+1/20

UCs 54545 1—:3: 8.788F
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34.

(@ oc:L, =6[1+3=3.857H
ciLlg =(3|2+D|4 =2.2| |4 51.4194H

0 e+t =T =1 Jyaoer
1U4+1/2 3@ 3/7+1/2
1 -3¢ =4+ das3F
1/5+1 6 6
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35.
| ,El Fg
225 > !
hF (i
I nF €ach
b
(b) ;
O.75 =>
nE - T
1 AF &ack
©
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@

(b)

(©

Engineering Circuit Analysis, 6™ Edition

CHAPTER SEVEN SOLUTIONS

i, =60e”™mA, i,(0) = 20mA

6[4=24H0w L= 2.4 0.06¢ 200)e™

or|v = —-28.8e7V/

I, = 1 J’ '-28.86 't +0.02 =
6Je 200

4.8 (€™ 1) +0.02

247 —4mA(t >0)

i, =i, —i, =60e —24e™™ +4 3366 +4mA(t >0)
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37.  v,=100e*V,v,(0) =20V

(@ i=Cgv, =0.8x10°(-80)100e™" = -6.4 x10°e™"A
(b) , =10°(-6.4x107°) f ‘et +20 = 6:80( e™ -1) +20

Ove |80e®% 60V

10 1600

6
C ~6.4x10°) [ e®dt +80 = e® 1) +80
() ( ) j %0 —(e )

20" +60V/

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVEN SOLUTIONS

38.

@ |v,-v +5x10%y, +% " =g
10

Ve Ve 1
10 8x10°

J'Otdet +2=0

. 1 t, .
(b) 20|20 +WI0 (IZO —|L)dt +12 =V

Wlo-ﬁ _[ot(iL —i,,)dt —12 +10i, +8x10°%i =0
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39.

v, (t): 30mA: 0.03x20=0.6V,v, =0.6V
9V: v, =9V, 20mA: v, = -0.02x20 =0.4V
0.04cos10°t:v. =0

Ov.(ty 9.2V
v, (t): 30mA,20mA,

9V: v, =0; 0.04cos10%: v, = -0.06 x0.04(-1000)sin10’t 32.4sin10°tV
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40.  We begin by selecting the bottom node as the reference and assigning four nodal

voltages:
\Y 50 mH
02w,
S0EY Vo o Ll
Vi Al -| Ay Vs
Iy B mik C‘) IJII_# (lj Ak | %
|
Ref.
. 3 o0 _ Vi-V 3 20t 44!
1, 4 Supernode: 20x10°% e = +0.02x10° (v, - 40e"2 it [1]
and: V1-V4=0.2V, or 08vV:+02V,-V, =0 [2]
—20t
Node 2: 0= YorVi Vord0ET g dVy [3
50 100 dt
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41.  (a) R, =, R,=0,A =v= @=i Cy,
aso 0+Ri +v, =00v=—- RCv,
-V, +Ri —Av, =0, v, :EIidt +V,
C
-1 . 1+A
b v, =-Av Uv= —V[ =i \V/
(0)  V%=-AyOv =i ==y
Ovz EIid=t— iv0=— iv0+ 1+A Yo g
c A A RC A
OAVE - V- %vo or [+ 1+Av0+ Av,= 0

Engineering Circuit Analysis, 6™ Edition
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CHAPTER SEVEN SOLUTIONS

Place a current source in parallel with a1-MQ resistor on the positive input of a buffer
with output voltage, v. Thisfeedsinto an integrator stage with input resistor, R, of
1-MQ and feedback capacitor, C;, of 1 pF.

dv

i=C, — =1602x1079 xONS
Tt

Sec
V, -V dve v, -V o
0=-2 _— +C; — =22~ +1602x1079 120
1x10° dt 1x10° sec
_ av _ ;
0="V4c, o= V6 +1.602x10729 19
R, d 1x10 Sec

Integrating current with respect to't, Ri I;vdt':Cf 6/Cf -V, (O))
2

_19 .
1.602 %10 ><IOI’IS:CfVC
R, '

V., =Vy =V O Vg = — R 4160210710 xions ] Vot = 1 41602x107° xions
f RyC oF

Ri=1MQ, G = 1uF
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@

(b)

CHAPTER SEVEN SOLUTIONS

R=05MQ, C=2uF, R, =, R, =0, v, =cos10t -1V

0,10 1 .0 .v0,
Eq. (16) |S.E1+ ATV =Rl v
10 v, 0, . 1 U
% - el Xﬁ] El 4 ( 10sin108 %vs Aoosiet
Vs

l

AH
1 1

% El n10F = — coslOt LetA= 2000
A A

10.0

U
U

05sin10t 0.0005 0.0005c0s10t

Ve

Let A =c[]vz |10sin10tV
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44, Create a op-amp based differentiator using an ideal op amp with input capacitor C; and
feedback resistor R; followed by inverter stage with unity gain.

Vout = +B Rf C1% =60x mv
R dt rpm

R{C,=60 so choose Ri=6 MQ and C; = 10 pyF.

/min
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Va _Vout

1
45, a O==—(vdt+
(@ il f

1 \Y/ -R¢ ¢
V,=V=00= (v dt="2L 0V, =—— t
a 0, LIde R, out C Iovsd

(b) In practice, capacitors are usually used as capacitor values are more readily
available than inductor values.
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46.
@
F‘:
b /o 5'
:m:-}-;z A, Veiale 2 F
1 .
(b) Oz +WII(V20 —V,)dt +12 =i
5x10_6 I(v —v,,)dt —12 +10v, +8x10°°v, =0
(C) I s +5X10_6 U Q :0
20 10
i, 1
10 8><10‘3J'IOIt r2=0

Engineering Circuit Analysis, 6™ Edition
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: f""*": g,n:#'
2o A ] Fi_'n" -d:-,n.h; f&i" 'Fﬂ' mF

47.
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48.

Engineering Circuit Analysis, 6™ Edition
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49.

@ | deHf

i, =

n
\® i

I—-—-—-.——

ﬁ*””

(b) | “Letis= 100e® A andi; (0) = 20 A in the circuit of (new) Fig. 7.62.

(a) Determine v(t) for all t.
(b) Findi(t) fort=0.
() Find v,(t) fort=0."

© (@ Lg=14=08uHOV(tF Li= 0.8 10% 100¢ 80)r *V
Ov(y 4 6.43°mv

b)  i(1)=10° I:—6.4x10-3e'8°tdt +20 Diy(tF @( %L 11 [80e = 60A

© i) =i, —i,@t) Di,(tF |20e™% 60A
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50.
Re
Gk e
. | _

~
L i s
5 WS F. g - t Avy I

[ & T

In creating the dual of the original circuit, we have lost both vs and v,,.. However, we
may write the dual of the original transfer function: g/ is. Performing nodal analysis,

1 . ,
L_l-[;)Vldt + Gin (Vl'Vz) [1]

Is

Aig = GV + Gjp (V2—V1) [2]

lout

Dividing, we find that

Gin (Vz 'V1) + Gf V2
[ 11,
s I:J(.)Vldt + Gin (Vl 'Vz)

Iout —
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51. PSpice verification

w=%CV = 0.5 (33x10°)[5 cos (75x10?)]* = 220.8 pJ. Thisisin agreement with the
PSpice simulation results shown below.

c1
TR
i, R,

TIuF - |
VOFF=0 Ve
VAMPL=5 .
FREGQ=11.94
PHASE=80

|- L] |.-|-.-|||I
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52. PSpice verification

w="1%Li? = 0.5(100x10™9)[5 cos (75x10%)]* = 669.2 pJ. Thisisin agreement with
the PSpice simulation results shown below.

100pH

OFF=0
ETTETRET
FRED=11 54
PHAZE =@

.r'EI-b—II
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V, -V
53. 0=-2 S+lvaolt
R, LJ'H
-V
V,=V, =0, 0=—S3+
Rl

VLf =Va ~Vout =0—-Vout

Li dvs_ Lid

Vo =—— ——=—
MR dt R dt

PSpice Verification: clearly, something rather odd is occuring in the simulation of this

%Iva dt

L dvs

R, dt

(Acos2m0®t)0 L, =2R{Let R=1Q andL =1H.

particular circuit, since the output is not a pure sinusoid, but a combination of several

sinusoids.

Engineering Circuit Analysis, 6™ Edition
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4. PSpice verification

w=%CV = 0.5(33x10°)[5 cos (75%10) - 7] = 184.2 pJ. Thisisin reasonable
agreement with the PSpice simulation results shown below.

=1 =
33uF
WOFF=0 . L
WAMPL=S o &
FREQ=11.94 * .
FHASE=B] =
1 W
DC__F [ . .
. B oy ™
L] Lne
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55. PSpice verification

w="%Li% = 0.5(100x10*%)[5 cos (75%10?) - 7]*> = 558.3 pJ. Thisisin agreement with
the PSpice simulation results shown below.

i y

10pH | Ll i, WA IETE
|.ana, SR ARy

IDFF:E | |: T NEbE, ThH_ I

LBMFL=E

FHEC=11,04

FHasEzgn 0 L= 1.1

L3 £
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(b)
(©

100

CHAPTER EIGHT SOLUTIONS

i (0)====2A0i (tp 2™
L(0) = L(tF

=2eA t>0

i, (0.0]) =2e" =

36.63mA

2e% =1, " =2, t, 5§1.7329ms

Engineering Circuit Analysis, 6™ Edition
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@ i.(0) :%XGO =30mA, i (0) =§ x30 420mA

(b)  i(0°)=30mA,i(0") =[-30mA

(© i (t)=30e*°%® =30e”™"mA, i, (0.3ms)
=30e*® 56.694mA| = -,
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3.
1010

4x10° 4
Diz 45" mAl i (5us) 4.5e™%

@ i, (0)=4.5mA, RIL =

=1.289 mA.

(b) isw(5Hs) = 9—1.289=|7.711 mA.
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@ Since the inductor current can’t change instantaneously, we ssimply need to find i, while
the switch isclosed. The inductor is shorting out both of the resistors, soli_ (0" = 2 A.

(b) The instant after the switch is thrown, we know that 2 A flows through the inductor. By
KCL, the simple circuit must have 2 A flowing through the 20-Q resistor aswell. Thus,

v=4(20)=80V.
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5. (a) Prior to the switch being thrown, the 12-Q resistor isisolated and we have asimple
two-resistor current divider (the inductor is acting like a short circuit in the DC circuit,
since it has been connected in this fashion long enough for any transients to have
decayed). Thus, the current i, through the inductor is ssimply 5(8)/ (8 + 2) :

The voltage v must be{ oV.

(b) Theinstant just after the switch is thrown, the inductor current must remain the same,

KCL requiresthat the same current must now be flowing through the 12-Q
resistor, sov =12(-4) =|-48 V.
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6. For t <0, we have acurrent divider with i (0) =ix(0) =0.5[ 10 (/ (1 + 1.5)] mA
=2 mA. For t > 0, the resistor through which i flows is shorted, so that ix(t > 0) = 0.
The remaining 1-kQ resistor and 1-mH inductor network exhibits a decaying current such
that i, (t) = 2¢""mA where T=L/R=1pS.

(@ ;
,E-Il-
2l
g |
|
& na
.I.lr.!
I'l!
||:!
(b) ix (MA)

A

> t(us)
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7.
@ ogvrtople o 190k e 2303
I, T I T
S P e B
L —100,L = 4605, 22 =1000, L J6.908
| T | T
(b) i

e A1) _

’ —_et/T,att/T :l'@:_e_l
L d(t/7) d()
Now, y =m(x-1) +b = €™(x -1 +e_1%t— :x,ll_ :y%
o [

Aty=0e*(x-)=e'Ox 21 tA

Engineering Circuit Analysis, 6™ Edition
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8. Reading from the graph current isat 0.37 at 2 ms

Or=2ms

I, =10A
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9. w =12 Li?% soaninitia energy of 15 mJin a10-mH inductor corresponds to an initial
inductor current of 1.732 A. For R=1kQ, T=L/R=10ps, s0i (t) = 1.732 e 1 A.
For R=10kQ, T=1pssoi (t) = 1.732 €'. For R = 100 kQ, =100 nsor 0.1 us so
i (t) =1.732 €™ A. For each current expression above, it is assumed that timeis
expressed in microseconds.

To create a sketch, we first realise that the maximum current for any of the three cases
will be 1.732 A, and after one time constant (10, 1, or 0.1 ps), the current will drop to
36.79% of this value (637.2 mA); after approximately 5 time constants, the current will
be closeto zero.

FEROD e S
= o= -
h o = b

| . i 1 - - i i
0 WD EO0 a0 SR BN T, G S0 wd
iwEa i1

Sketch based on hand analysis Circuit used for PSpice
verification

L ™5 86 Thil&li Fipsew S0 Demn 175 % dab erires]

W B e Sy [ B Tl et e B =3
7.

As can be seen by
comparing the two plots,
which probably should
have the same x-axis scale
labels for easier
comparison, the PSpice
simulation results obtained
using a parametric sweep
do in fact agree with our
hand calculations.

=nEgo3-—

TE@ T2
-
=

- HAZm

i i ' - I |
fan Aan L1 L} LLE] Ay

[y e T D cr pEREEEdAEE SEE
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10.
3.3x10° _
T="2"— 233x107%
@ 1x10°
(b)
-
=—.L.I
2 0
-6
|0 = % =51A
V 3.3x10
i (5 ps) - 5.:I_(:’.-1><106><5><10‘12 /3.3x107°
(©)

31.12A

From the PSpice

simulation, we see that
the inductor current is
1121 Aatt=5ps, in
| agreement with the hand
T 4 calculation.
! A 0o 1 Bpi LN LB
Ty i
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11. Assume the source Thévenin resistance is zero, and assume the transient is measured to
51. Then,

T=£ O6= Sk 108 107 secs
R R

so R must be greater than 6.285 kQ.

(5)(125.7)10°°

OR -
10

6.285

(If 1t assumed then R > =125.7Q)
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The film acts as an intensity integrator. Assuming that we may model the intensity as asimple
decaying exponential,

o) = @e’"

where the time constant T represents the effect of the Thévenin equivalent resistance of
the equipment as it drains the energy stored in the two capacitors, then the intensity of the
image on the film ® is actually proportional to the integrated exposure:

exposure time

® = K[ @etdt

where K is some constant. Solving the integral, we find that
CD - _ K qoo.[l-e—(a(powretime)/r _ 1J

The maximum value of thisintensity function is—-K@,T.

With 150 ms yielding an image intensity of approximately 14% of the maximum
observed and the knowledge that at 2 s no further increase is seen leads us to estimate
that 1 - €B50% 1 = g 14 assuming that we are observing single-exponential decay
behavior and that the response speed of the film is not affecting the measurement. Thus,
we may extract an estimate of the circuit time constant as 7 = 994.5 ms.

This estimate is consistent with the additional observation that at t = 2 s, the image
appears to be saturated.

With two 50-mF capacitors connected in parallel for a total capacitance of 100 mF, we
| may estimate t|he Thévenin equivaent resistancefrom7 =RCasRy=1/C
=0.945 Q.
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13.

@  v.(0)=8(50[200) x% =192V

v, (t) =192 %> 2192¢7V

() 0l1=e™'[t 18.421ms

Engineering Circuit Analysis, 6™ Edition
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14.

(8 v, =80 =goe™y t>0;05 =" [t 69.31us

0 w, :% C80%e 200 :% C802[Jt 34.66us

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHT SOLUTIONS

15.
t<07i,(t) =0,10 =5000i_ +10* i, Oi= %mA
O, (tF %0= 6.667V
t>0: i, =00V, (tF 6.667/2W0 20"
Ov,(tF 6.667€ V] i &) _6'6673 =1 10.3333e'mA
2010
T
E I'l__
ve(t)
& '.III
b
4
\
3
2 ic(t) k
1 \
e |
-IEII Lp 006 O08 O 00 0O 00 006 OA Qn
15
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16.

V(l. 5ms) — 206—1.5x10‘3/50x20><10‘8 =45/
i(1.5ms) = 0A

v(3ms) — 20e—3><10‘3/50><20x10‘6 =1V
i(3ms) = 0A
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17.

@ i (0=4A00 (tF 4e™A (& &£ 1ms)

i, (0.8ms) =44 =|2.681A

(b) i (lms) =4e™° =2.426A
Oi, (tF 242620000

Oi, (2msy 2.426e°%=

1.8895 A
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18.

€) i =40e™'mA 016 40e™°°'[0 «, |27.73us

(b) i, (10us) =40e°° =24.26mA i,
= 24.26e 10ROt 510 3)
016 24.26e RS OF |12 426  0.8863
= 0.25(1000 + R)107°,1000 +R =0.8863 x4 x10° OR= |25450
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19.

@  i,(0)=20mA, i,(0) =15mA
Ov(tyF 40e™% 457 |v(®) 85V

(b)  v(15us) =40e°™ +45e™° +28.94V

(C) f_g - 4Oe—50000t + 45e—100000t. L at e—SOOOOt =X

045x% 40x 85 0

—40++/1600 +1530

Ux = 017718 O
90

Oe™% 017718/t 34.61us

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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20.
t<oiv, =282 ()= 2R
1T Rl + R2
t>0:i,(t) :ﬂ g S0Rt Ovg 2RR, o Rt
R +R, R,*R,

Ove(0'F 16 2RiRy; R,|R, ©5 . Also, v (1ms)
R1+R2

=5=10e**" 10.05R>= 0.6930 |R, 13.863

1, L bR 7au
13863 R, 5
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21.
; 24 ; ~750t
@ |L(0):%=O.4AD|L(t)= 04e ™A+ 0

0 v :gx24:20v, t<0

v, (0") =50x0.4 "g =75V {

Ov (ty 7.5V, 0

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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22 3
v, =L x20 +10i, =25i,
4

v 0V 290 % 1062 10e™Azt 0

I
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23.
IL(O) :Lx@ =5A
4+40||8 48
D |: 5e—24t/ 8__ Se—3t A
L
Oi,(ty 25e%A,* 0] if 0.)=25A
i,(0.03) =2.285 A, i,(0.1) =1.652 A

|

-

[ =]

-II!II 0 1 B D3 04 05 -O5 OF QOB 03
Lin|
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CHAPTER EIGHT SOLUTIONS

(@ i (0=4A0i= 4™ A,@ & 15ms

Oi, (15msy 46

0.8925"A

(b)  t>15ms: i, =0.8925 e 0MIA
Oi, (30msF 0.8925'€°% |0.6612A

Engineering Circuit Analysis, 6™ Edition
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25.

@

(b)

(©)

(d)
(€)

(f)

i,(0") =i,(07) =10A, i,(0%) =i,(07) =20A 0i(0") |30A

i,(07)=10A, i,(07) = 20A ;

CHAPTER EIGHT SOLUTIONS

= :§ ms 31.6667ms|

i(t) =306 A

v=-48i =

-1440e v

i, =10(~440) Iot e ™t +10 =246 |! 410 =246 -14A

i, = 2.5(~1440) Iot et +20

=6 [, +20 =66 " +14A

1

W, (0) ==x0.1x10? +1 %0.4 x20? =5 +80 =85
- 2 2

1

W, () =2 x0.1x14% +2 x0.4 X147 =9.8 +39.2 =49
L 2 2

W, = J’O‘” 248t = _[: 900 x 486 2 dit =

U049 36

85 checks

Engineering Circuit Analysis, 6™ Edition

 900% 48
~1200

(1) =36
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26.

@ v, (0) =100x 2 ><Z =33.33V; i,(07) = 100 ><Z =16.667mA
2+2 3 2+2 3

v (9:5% 33.33V,i,(9:59 16.667mA

(b)  V,()=3333¢"*°,t >10:001v,(10: 05F 33.33e7/4

=15.745"V | i,(10: 05) = 575 5 936ma
4000

() T=400s,s501.2r=480s. vc(1.21) =33.33e%=10.04 V.
Using Ohm'’ s law, we find that i1(1.27) = vc(1.217)/ 4000 = 2.51 mA.

(d) PSpice Verification:

| A EEED
3 il L i
- - m -

- . eae, I GalE
= BEQ.59T, 2.5685m
= ~WEW,%97F, 1, T8,

We see from the DC analysis of the circuit that our initial value is correct; the Probe
output confirms our hand cal culations, especially for part (c).
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27.

50" 251,
2

o =125, 034 100(L25i- 08+ i» 251 % 02A

@  i.(07)=(1.25-0.8+1)0.2 =0.290A

() i.(0)=0.2A

5

() v.(t) =25x0.2e" =5¢'V i (0"F —=|0.05A
100
@) 08 (0)=004A0I(0F —= 004 0= 332 In5767A
120 120 120

©  i.(04)=—— x5¢°4 20,03352A
100

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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28.
@ v,(0) =10V O v, (tF 10g 10°1/(10+50]200). |4 44-20000t

10

(b) i, (-100us) =i, (07) = 00 =50mA

i, (100us) =10e? B 020 [5413ma
Hio+40H250

(c) PSpice Verification.

1 D=0
L |
W2
ALl - H2
JRT | '| Jy
R1i 7 10
pc=1n
|
S vl - el T
W |
|
- * 1
LUmEA
T 0,000, B9, SHHRm
% A2 = TED,@EDu, 5 WLGHm
LA e = : k i dif=-100, B0, §45, 5008
T e
m
"-\...ﬁ R
iy, | < S
~ i i i | - 1 10 - —— N T S
s Sis TS 15 s Flims 5 s aniiis
~HELaY
T 1w
———

From the DC simulation, we see that PSpice verifies our hand calculation of i = 50 mA.
The transient response plotted using Probe indicates that at 100 us, the current is approximately
5.46 mA, which is within acceptable round-off error compared to the hand calculated value.
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CHAPTER EIGHT SOLUTIONS

12

@ i) =8(-1)—=— = 6mA (t<0

12+4

(b)  4|12|6=2kQ, v,(0) =48V
0 v, (’[?3 486—1oﬁt/5x2xm3= 48e—100tv, t 0

Oi(t

12e™mA, > 0

Engineering Circuit Analysis, 6™ Edition
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30.

@

(b)

CHAPTER EIGHT SOLUTIONS

VoL (0) = 20V, Vigeur (0) =80V

—10° _106
EI VCL= 20e 10 t/8,VCR: 806 10°t/0.8

OV, Veg Vo= |80e™-20%%L 20e7%Y p 0

v, (0") =60V,

v, (5 s) =80e°* —20e%® = -10.551V

;v (L S) =80e™* —20e°** 55.270V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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V

Yoy
10

t>0: Applyv, =1V Dl—_g.25+

31. @ (<0 v, —0.25v, N

5

1

0.25

UR

o

v, —40

=00vz 20V (& 0)

0.+ i= 0.25A

Ov,(tF 20eV%

20e°V ¢ 0)

(b) vc(3 us) =/9.447V

(©)

perform this simulation.

PSpice verification. Note that the switch parameters had to be changed in order to

Ropan=10kag
=ODERO=|
ara=1{ it
[ -
B B i
o L]
5 4
|
1 i L
1l
- - - -
|
e
¥. o
100 . Bbis
i 180, Akl
Vi
tm
2 1 = ot L] S | T
[ [11] Bikj 158 s L 1] Bikj
SR}
i =
e

As can be seen from the simulation results, our hand cal cul ations are accurate.

Engineering Circuit Analysis, 6™ Edition
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32, t<0: v (0) =60V

O<t<lms: v. = 6Oe’1ost’(F%+lOOO) 0 S0 @ ~B00/(R, +1000)
. c
60

500 R

00— = |nl2 0182327 —& =2 54848 R (174X
R, +1000 500

Ov,(Imsy 60e™*?™L 41,67V
t>1ms: v, =41.67e 77 /(1742.4 +R, [1000)

025 41.67¢'™ 105108 1000 1742.4 R, |1000
1742.4+R [[1000
=1957.6, R,||L000 = 21521 +10° =—~_ORz= [274.2
R, 215.2

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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33.

(@  With the switch closed, define anodal voltage V; at the top of the 5-kQ resistor.
Then,
0=(V1—-100)/2+ (V1—-Vc)/3+Vi5 [1]
0 =VdJ10+(Vc—-V1)/ 3+ (Vc—100) [2]

Solving, we find that V¢ = vc(0) =(99.76 V.

(b)  t>0: R, =10H6.5:3.939kQDvc: 87,500V [ g7 50e B0y (1 ()

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHT SOLUTIONS

34. t<0:
12=4i, +20i, Oir 0.5mAJ v, (8) 6i, 26y 26i,
v,(0) =13V

t>0: Apply <« ImA% 0.6i= iiJ 3 25mA; w«
Ov ('@: 1se—t/75><103x2><10‘9= 13e—108t/150: 13e—6667t

0y (t

36, 7% R, @bk

VO —

o 0.4333¢ "' mA ¢ 0)

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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35.

@  w(0)5100V.|v,(07) =0, v,(07) 0|

(b)  v(07) =100V |v,(0") =0, v4(0*) S100V

= ZOXZ x107° x210* 98 x107%s

(©

(d)  vg(t)=100e™*V, t>0

(e i(t) = VR—(t) 5 2% mA

2x10*
6
() vy (t) —£I -5x10%e™**'dt +100 —% g2 = 20e 2% 480V
2(t) — 1OOOJ— 5 —12. 5tdt +0 _808 12.5t '|'O = _808—12.5t +80V

(9) W, (o) = —><20 x107° x80% =64mJ, wz(oo)— x5 x107° x80° #16mJ

W, (0) = —x20 x107° x100* 5100mJ, w,(0) =0

)

= f 25x107°e™® x2 x10%dt = o x2 x10*( 4)10° F20mJ

| 64+16+20 =100 checks

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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36.

(8  t<0:i,=ImAE v (OF 10V, i (OF— ImAl v (8) [10%t O

(b)  t>0: v (t) =10ePW° —1gg TNy
i (1) =-10°e-10"°" = 107%™ ™A [* v, (tF €™™V,t 0
Ovz v v (tF [10e™™- eV + 0

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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37.

(8 t<0:v,=20VOv= 20V,i= 20mAl |i,¢) 20mAst O

(b)  t>0: v, =00i (tF 0.02e7A; v (tF 20e"/29010= 20e 0y
1i(t) = 2x107®x 20(-5000) € = 26 mA
i (t) =i, (t) +i_(t) =0.0267°® -0,002e™ ™A =202 —2e " mA

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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By

t>0: i (t) = e*™ A
i, (0.15)=1.1e72%*%1 = 0,8685 A

'] since the current hasdropped to lessthan 1A prior tot =100 ms, the fuse does not bl ovx{.

PSpice verification: Note that the switch properties were changed.

= open=i
i o
qu T '
0909
tran=1u
Frlosed=1n .
Fopen=10keg Ry < 1%

R3 =, 3m

12 mnnA -

HifilaR +

5 108, 00%m, S48, 0008
G §. 0, o, aon §
dif= 100.008m, SB0H.000

We see from the simulation result that the current through the fuse (R3) is869 mA, in
agreement with our hand calculation.

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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39. (@ v, =300u(t-1)V, v, =-120u(t +1)V; i, =3u(+t)A

. 100
t=-15: i, (-1.5) =3 x— =z1A
(1.9 300 .

-120
300

t=05:1i - 120 =-04A;t =15: i _300 120
300 300 300

t=05: i,(-0.5) =

+1 30.6A;

=0.6A

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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40.

v, = 600tu (t +1)v, v, =600(t +Lu(t)V, i, =6(t -Lu(t DA

@  t=-15:i, =0;t =-0.5:i, =600(-0.5)/300 = <A
_600(05) , 600(L5) |

t=05:1, AA
300 300
t=15:1 = 600(L.5) + 600(2.5) +1 X6 x0.5 =3 +5 1 9A
300 300 3
(b) :
1
2|
i -
=1
'-‘"3-. -2 18 I ] I|| 08 1 18 rd 74

Engineering Circuit Analysis, 6™ Edition
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41.
@  2u(-1)-3u()) +4u(3d) = 3 +4

()  [5~uI[2+u(D] [1-u(-D]
=4x3x1 312

(©  4e®u(1) =4et 51.4715"

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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42.

100 20

(@  t<0:i, === +0+10x= 36A
50 50

t>0: i, =0+ +0 J2a
30

()  t<O0: Thevoltage source is shorting out the 30-Q resistor, so

t>0: ix=60/30=|2A,

Engineering Circuit Analysis, 6™ Edition
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43.  t=-05: 50(25=16.667, i, = 20 _, 1/50 =3-L 1250
66.67 1/50+1/25+1/50 2
. _ 200
t=0.5: I, =—=33A
" 66.67 )
t=15: i, =3~ 100 .1 d25A
66.67 3
t=25: = 200100 fon
50
t=35: iX:—@ T -2A
50

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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44,  |v(t) = 4-16u(t) +20u(t —4) —6u(t —6)V
v (v)
8
4 2
|
0 4] 6 £
-12

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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45, (@ 7u(t)-0.2u(t)+8(t-2) +3
v(1) =9.8 volts

(b) | Resistor of value 2Q

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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46.

@ i (t)=(2-2e™)u(t) mA

(b) v (t)=Li/ =15x10° x10°(-2)
(~200000 ™) u(t) =66 u(t)V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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47.

@ i (t)=2+2(1-e>*)u(t)A Oif 0.5k [2A

(b) i (05)=2+2(1-e"%) 53.427A

© i (LB)=2+2(1-€%") 23.953A

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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48.

3 3
R, = 10><1O3 ><4.7><103 —39%x10°0
10x10° +4.7x10
-6
=L 50007 g5gns
R 3.2x10 -
H 3 3
?1.4.-7><10 —|L._§O><10 @ )
I, +i, =10x10™A
Oi, =3.2x107°A
(b) :
(©

Engineering Circuit Analysis, 6™ Edition
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49. 4 —
@ i, (t)=(4 _4e—20t/0.02)u(t) I.:
Oi (5 4@ e )uA -
=
5 r g

o o3 B 15 | e | E | s L | & is . 1

i o
b | w(t) = (100-80e ™ )u(t)v i g
Ll o
L] ¥
™
= oy
Z
i I
L |
m _-'I
mﬂl L] | kR 2 3% 1 3 4 45 5§
1 (%l st
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50. @ow

(b) The total inductanceis 30 || 10 = 7.5 mH. The Thévenin equivalent resistanceis

12 || 11 =5.739 kQ. Thus, the circuit time constant is L/R = 1.307 us. The final value of
the total current flowing into the parallel inductor combination is 50/12 mA = 4.167 mA.
Thiswill be divided between the two inductors, so that i(e) = (4.167)(30)/ (30 + 10) =
3.125 mA.

We may therefore writei(t) = 3.125[1 — e °V 137 A Solvingatt = 3 s,
wefind 2.810 A.

(c) PSpice verification

R 3
L -
12K 10m
L1 Lz
' . RZ y
Wt TE=irs "k 30enH -, ifimi
T TR=1ns '
TO=0
1= Fu=]
V2=50 | pER=DS
L - -

We see from the Probe output that our hand calcul ations are correct by verifying using
the cursor tool at t = 3 us.
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Sl

@ [i, (t)=10A t<0

(b) i (t)=8+2e™
i (tF 8 22A% 0

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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52.

@ |i (t)=2A,t>0

(b) i (t)=5-e*"*
Oi, (& 5 3€“A,* 0

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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= %+Pi =Q,i =e™ [Qe"dt +Ae™, R =125Q L =5H

DL%LP{E LQ =P 5P R 1%B=P 25

(@ Q(t) 10 _on¢ e‘ZS‘ItZeZStd& AeT g 2 Y Ae™
L ° 25
OF 2 Ae i 2= 40 A =i == [0.08A
25 125 25 25
(b) Q)= 10:(0 =2ut)O0F e* Iot 2e”dr Ae = 2—25+ Ae™®

i(0) =00 A - 5259 @) 008 e®)Art 0

(© Q)= =2+2u(t) dF 0.16 0.08e ™A, 0

10+10u(t)
5

(d) o) = 10u(t) 5COSSOt

=2u(t) cos50t OF e J’ot 2c0s50k e*'dir Ae™

25t

D NS
OF 2e ZSt%%(ZSCoswt 50sin50t) g+ Ae™
0° +25 0,

2!

0e .
€ (25c0s50t +508in50t) ——~
125 3125

= 2 e—25t

XZ% +Ae—25t
U

= icosSOt +isin50t _ 2 e +Ae™®
125 125 125
i0=008 2= 24+ A1 A 0
125 125

Oli(te  0.016cos50t 0.032sin50¢ 0.0166*A,+ 0|
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4.
@ 0,0
(b) |0, 200V

© |1A, 100v

-3
(d) :50501;’ :%msDiL: 1(x e ™™)u(t)A, i, (0.2msf |0.5507A

v, (t) = (100 +100e ) u(t)V, v,(0.2ms) 3144.93V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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@

(b)

(©)

(d)

i(t)= 12

iL.(07) =i (07) =

100 100

0 5

CHAPTER EIGHT SOLUTIONS

-15A,t<0

—15A

0) =—— 55A

5-20e ™A, t>0

Engineering Circuit Analysis, 6™ Edition
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CHAPTER EIGHT SOLUTIONS

. 18 1 .
i (0)= x==0.JA0i, (0¥ 0.1A
(0= % (O'F
i (0)=0.1+0.1=0.2A

i (tr 0.2 0.1 ™A% 0

Oi (tF 0.1uf ty (0.2 0.1 ™)u(H)A

or,|i, (t) =0.1+(0.1-0.1e™)u(t)A
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57.
@ 0)=20x0 =3A,i,(0) 4]

(b)  i,(0) =i (0") 4A]

© () =i () =3A
Oi (ty 3 1&7°% 3 ™A1 i (0.04)
=3+e"° 33.449A

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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58.
e .30
a .(0)=1,(0)=—=3A
@ «(0)=i.(07) 0
(b) Ix(0+) = 30 X& +3x 15 =2 4A
30+75 40 10+15
30 30 61/05

(©) ix(oo)=75><4—o =3A0i (tF 3 0.6e

=3-0.6e™ 0i (0.04F 3 0.6e%*= |2.629A

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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59.  OC:v,=0,v, =4u(t)V

MmO L Y 1ot =0.6v, +2v,
0 60

Ove 12u(t £ Vo 12u(t) u(t)
2.6 60 2.6x60 13

ORs 4 13 520 # 4:—5[){1 e y@) %)ﬂ e ™) u(t)

SC: 0.1u(t) =

Ove 60i= |4.615'@&F e?)u(t)V
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60.

@ OC: —-100+30i, +20i, =0, i; =2A
Ov,z 80u(t)V

20x10 _ 20A

SC:i, =10A, { i_ =10+

ORF @0 i @) (261 e™)u(t)A

(b) v, =0.1x20x40e*"u(t) =80e™"u(t)
_ —40t
i (5 100u(t) 1éi)Oe u(t)

16 8e ™ u(t)A
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61. Unfortunately, PSpice will not allow us to use negative time values. Thus, we must
perform the simulation starting from t = 0, and manually shift the resultsif needed to
account for sources that change value prior tot = 0.

- . Voltage source
vg(t) from
Exercise 39.

Current source
ic(t) from
Exercise 39.
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62. (a) v,(07) =gx3 =2V =v,(0")
v, (00) =2 —6(2||7)g =6V

Dvc(t;t -8 8e—109t/2><103: - & Se—SOOOOOtV’ b0
v.(-2us) =v,(07) =2V, v_(2us) = 6 +8e™ 3 -3.057V

(b) PSpice verification.

= ol
~ .

N T
a,808,
A,

As can be seen from the plot above, the PSpice simulation results confirm our hand
calculations of vc(t<0) =2V and vc(t =2 ps) =-3.06 V
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63. i,(0) 2% =2.5mA, i,() =10mA

v,(0) =7.5V 0i,(0*F 1—10+ 7—15: 17.5mA

i, =10+7.56"1% =10 +7.5¢'mA, t >0, i, =2.5mA t <0
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64. i (0) :? =10mA, i, () =2.5mA, v, (0) =0

i,(0") :11—;)5><:11 1.4286mA [Jiz 10mA, £ 0|

i, = 2.5+ (14286 —2.5) V1™ 42 5 -1 0714 mA, t >0
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65. .
@ v, =-12u(-t) +24u(t)V
t<0: v,(0)=-8V OV, (0'F - 8V =
=
t>0: vc(oo)=§><24 =16V 7
RC= %xlo3 x3x107" =2 x107 |
Ov.(tF 16 24e™V,* 0 - |;'|'iii' i i S O i G
Ov.(tF - 8uf ty (16 24e™™)u(t)
(b) i,(07) 12 -0.4mA, i, (0") = 24+8 =3.2mA R
30 10 ,
Iy (0) :% =0.8mA T
30 !
i (t) = -0.4u(t) +(0.8 +2.46" ) u(t)mA ; "
l"i'l.l il 0L 65 4ED |:-\I.'\. HING (s WO DOk B
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66. Vc(o_) =10V :Vc(0+)7 iin(o_) =0
i, (0")=00i _(tr Oforalt

@ [iin(-15=0

(b) |in(1.5=0
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Engineering Circuit Analysis, 6™ Edition

CHAPTER EIGHT SOLUTIONS

0<t<0.5s: v, =10(1-e>*)V

v.(0.4) =6.321V] v,(0.5) = 7.135V

010 Spove 5 10 8 = Vv 4 D
6 6 3 3

t>0.5:

v,(t) =2 + 7 135 - 200gr0sman-09 _16 667 ~g 53267509y
AT RaEYs

Ov,(0.8F 16.667 9.532¢ %% [15,662V
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68. M 3TV oy Lvs 3 E 2V
100 100 100
SC:v, =3VOiz 2+ Y= 0.06A
100 100

ORF Vv, /iz 2/0.06 33.32
Dvc: Voc('l e—t/RhC): 2(1_ e—lOGt/33.33)
=2(1-e %Yy, t>0
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69.

(8  t<0: 8(10+20) =240V v, (t) =80V, t <0

(b)  t<0: v (t) =8x30 =240V Ov,(0'F 240V
t = (c0): v, (o0) :% x8(10 +10) =80V

Ov,(t; 88 160e°= 83 160e ™™V
Ovs(tF (88 16067V % 0

(© t<0: vg(t) 80V

@ v (0)=80v, v,() =240V Ov,(tF 240 1606 240 1606 ™™V

20 410+80 410 =30 +16 =48V
30+20 50

Ve (00) =80V O vy (tF |88 32e°™V,+ 0

Vo(07) =80V, v4(0") =8
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70.

@ For t < 0, there are no active sources, and sg vc = 0.

For 0 <t <1, only the 40-V sourceisactive. Ry, =5k || 20 k = 4 kQ and hence

T=Ryu C = 04s The“final” value (assuming no other source is ever added) is found
by voltage division to be vc(0) = 40(20)/(20 + 5) = 32 V. Thus, we may write

ve(t) = 32+[0-321 €% v =| 32(1-e**) V|

For t > 1, we now have two sources operating, although the circuit time constant remains
unchanged. We define a new time axis temporarily: t'= t—1. Thenvc(t'=0") =

Ve(t =1) =29.37 V. Thisisthe voltage across the capacitor when the second source
kickson. The new final voltage is found to be vc(e) = 40(20)/ (20+5) +

100(5)/ (20 +5) =52 V.

Thus, ve(t) = 52 + [29.37 - 52] €2* =|52-22.63e%%~D V.

(b) @

Fort<O,
i f vec =0.

(©)

We see from the simulation results that
our hand cal culations and sketch are
indeed correct.
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71 v, =200e"V
V. =100(1-e"*")V
Vx :VX,L _Vx,c :O

002006 108 100e™*™
0100e™™% 200(e™™)% 106 O,
e (L E: /10,000 +80,000

400

Oe™™L 05 & |0.6931ms

=-0.25+0.75
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72, t<0:v, =0
0<t <1Ims: Vc =9(1 _e—106t/(R1+100))

s 9& 6_1000/(R1+100)) _1= 6_1000/(R1+100)
'9

1000 _
R, +100
t>1ms: v, =8 0410 ¢ =t _10° O 8e°(R#+ 100)
1000 _

R, +100

2.197, Rg |355Q

2.079, Ry 480.9 106G (380.Q
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@
(b)

(©)

CHAPTER EIGHT SOLUTIONS

For t <0, the voltage across all three capacitorsissimply 9 (4.7)/ 5.7=7.421V. The
circuit time constant is T = RC = 4700 (0.5455x10°%) = 2.564 ms.

When the circuit was first constructed, we assume no energy was stored in any of the
capacitors, and hence the voltage across each was zero. When the switch was closed, the
capacitors began to charge according to %2 CV. The capacitors charge with the same
current flowing through each, so that by KCL we may write

Cl% = C2 % = C3 %

dt dt dt

With no initial energy stored, integration yields the relationship Civ; = Cov, = Cavs
throughout the charging (i.e. until the switch is eventually opened). Thus, just prior to
the switch being thrown at what we now call t = 0, the total voltage across the capacitor
stringis 7.421 V, and the individual voltages may be found by solving:

Vq + \» +v3; =7421
10° v; — 2x10° v, =0
2x10° v, —3x10%v3=0
sothatv, =2.024 V.
With the initial voltage across the 2-uF capacitor now known, we may write

v(t) = 2.024 e‘t/ 2.564x10°3 Vv

v(t =5.45ms) ={241.6 mV.

. . . . . <103
The voltage across the entire capacitor string can be written as 7.421 e 2564197y

Thus, the voltage across the 4.7-kQ resistor at t = 1.7 ms = 3.824 V and the dissipated
power istherefore 3.111 mW.

Energy stored at t = 0is % Cv? = 0.5(0.5455x10°°)(7.421)? =(15.02 pJ.
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74,
P(t <0)=12R=0.001* x10° = 0.001W

=1.R=7x10"°x900=6.3V

2
P, :V—=O.08W
R

V,

init

V,., = 7%10°x900Q//1000Q = 3.3V
2
P, =Y =002W
R

Power (W)
A
8

\

Time (ms)
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75.  voltagefollower O v, (tF Vv, (t)
v,(0") =5(0.25||1) =1u(t)V
V,(0) =0, 7 =1.25%8 =10s
Ov,(tF (e u(t)V

PSpice verification:

11
b . J OE=15,
W2 |
SER=0.58 : sl [T s
=TT L] —_—— e . waul
il U G O o L
=0 [ ) 250 e 2 2 Y : |
|:"':;rn= I l - = il a0 -
4 5 aT4 _l
+ Ly
CiC=-15Y '.__ __.' J_
| =
I

From the simulation results, we see that modeling the operation of this circuit using an

ideal op amp model does not provide an accurate accounting for the operation of the
actual circuit.
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76. voltage follower O v, (tF Vv, (t)
Vv, (t) =1.25u(t)V =v,(t)
VX (t) - 1l256—106/0.5x200u(t)

=1.25e 0% y(t)V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHT SOLUTIONS

7. (@ % e—zo,oootu(t) A

v, =0 (virtual gnd) OF

t
(0]

Ovs 107 f 4 g 000G 0, 2g 20000

t
010*

Ov.(tF 0.2@ e ™)u(t)
Ove(ty 10%i(tF 0.4e°%u(t)V
Ov,(tF - v,(ty Vi(tF € 0.2 0.2e7°%%- 0.4 ™) u(t)

And we may writelvo(t) = -0.2[1 + €2 u(t) V.

(b) PSpice verification:

We can see from the simulation result that our ideal op amp approximation is not
providing a great deal of accuracy in modeling the transient response of an op amp in this
particular circuit; the output was predicted to be negative for t > 0.
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78. For t < 0, the current sourceis an open circuit and soi; =40/ 50 = 0.8 A.
The current through the 5-Q resistor is[40 — 10(0.8)]/ 5= 7.2 A, so the inductor current
isequal to] — 7.2 A

PSpice Simulation

2 -

i1, mean,

N, e,
L h. b,

i - - 1 -

L Filirs C1IEH Eils § ks 1 Wil

From the PSpice ssimulation, we see that our t < O calculation isindeed correct, and find
that the inductor current at t =50 msig7.82 A.
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79. Assumeat least 1 pA required otherwise alarm triggers.

Add capacitor C.

v, (D =1 volt
1000

v.(0) =
-0 1002.37

.1.5=1.496 volts

1

O Wehavet 1.496e 1°c or G

1
10°1 n(1.496)

2.48)F
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80.  One possible solution of many: implement a capacitor to retain charge; assuming the
light is left on long enough to fully charge the capacitor, the stored charge will run the
lightbulb after the wall switch is turned off. Taking a 40-W light bulb connected to 115
V, we estimate the resistance of the light bulb (which changes with its temperature) as
330.6 Q. We define “on” for the light bulb somewhat arbitrarily as 50% intensity, taking
intensity as proportional to the dissipated power. Thus, we need at least 20 W (246 mA
or 81.33 V) to the light bulb for 5 seconds after the light switch is turned off.

#
fgh_piiin

e

The circuit above contains a 1-MQ resistor in parallel with the capacitor to allow current
to flow through the light bulb when the light switch is on. In order to determine the
required capacitor size, we first recognise that it will see a Thevenin equivalent resistance
of 1 MQ || 330.6 Q = 330.5 Q. We want vc(t = 5s) = 81.33 = 115", s0 we need a
circuit time constant of t = 14.43 s and a capacitor value of 7/ Ry, 5 43.67 mF.
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L wL=1005 = -6s

CHAPTER NINE SOLUTIONS

l’ % - _85_1

3 & o Ja* w’r &- o o™ w? adding,

-14=-2a Uo= 7s

1

G 6- # 49 ol & 48L—1C, @ 6.928

rad/sC]1 6.9281= 10,
1

C=—314434mF — =70UR= |4.949
48L 2RC

= 1.4434H,

1

Engineering Circuit Analysis, 6™ Edition
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2. i, =40e™™ -30e*™mA, C =1mF, v(0) =-0.25V

@  v(t)= é Ioticdt -0.25 = It (407 -30e) dt -0.25

Ov(ty - 0.4 Iy 0.15(e™*- 1y 0.25
Ov(ty 4 0.4e™% 0.15e°™'V

(b) 5 =-100= -0+’ —af, s, =200 =-0a~/ f -3
3 306- 8 a= 150s 1
1 500

1156 R = 3333 Als,
2R10 150
~200 = -150 —/22500 - ¢ [ 2= 20000
1_ 100

020006 —= —, 1= 0O.5H
LC L

i (65 —l‘;= (0.126™% 0.0456 A

(©) (i)t =-i(t) —i (t) =(0.12 -0.04)e™ +( -0.045 +0.03)e™™
Oi(ty [80e™* 15e™mA,* 0
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Parallel RLC with wy, = 70.71 x 10% rad/s. L =2 pH.
1

a wf =—— =(70.71x10%)?

@ b =1C ( )

1
= =100.0aF
(70.71x10%)2(2x1072)

B  a=— =5x10° 5
2RC

_ 1
" (10") (100%x107'8)

=1M Q

(c) o istheneper frequency]5 Gs*

d g=-a+Jo®-uf 5-5x10° +j70.71 402 s*
S, =-a-a’-uf §5x10° -j70.71 402 s

a 5x10° "
e =—=———=7.071x10
© ¢ w, 70.71x10°
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4, Given: L =4R°C, a:i
2RC

Show that v(t) =e *(At+A,)) isasolutionto

2
Cd_;’+£ﬂ+1\,=o [1]
dt° Rdt L

% =e*(A)-ae " (At+A)
=(A-aAt-aA)e” [2]
=(A-0At-0A)(-ae™)-aAe ™

=-a(A-aA+A-aADe™
=-a(2A -0 A —aAt)e’™ [3]

dv
dt?

Substituting Egs. [2] and [3] into Eg. [1], and using the information initially provided,

-1 _(2A)e™ +§2%§2 (At+A)e +(A)e™

2RC

_ L (At+A)eT At (At+A)E
2RC 4R*C?

=0

Thus, v(t) =e “ (At +A) isin fact asolution to the differential equation.

Next, with v(0) 5 A, =16
and % =(A-aA)=(A-160) =4

we find that| A =4 +16a
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Replace the resistor with 5 meters of 18 AWG copper wire. From Table 2.3, 18 AWG soft solid
copper wire has a resistance of 6.39 Q/1000ft. Thus, the wire has aresistance of

@

(b)
(©

Engineering Circuit Analysis, 6™ Edition

CHAPTER NINE SOLUTIONS

Parallel RLC with oy, = 800 rad/s, and a = 1000 s* when R= 100 Q.

a= 1 so C=5uF
2RC
ol =1 o L=3125mH
LC

(oocm 1in 0 2t

OM G W2 540l 121k 1000H

=0.1048Q or 104.8mQ

The resonant frequency is unchanged, so w, =800rad/s

a= 1 - 954.0x10%s™
2RC

aold

0,
a
¢ new — e

w

(0]

Qo =

Coew — €

Define the percent change as dd %100

old

- anew_aold xloo

a old
95300%
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6. L =5H, R =8Q, C =12.5mF, v(0") =40V
. 1 1000 1
a i(0")=8A:a= = =5, = =16,
@ @) 2RC 2x8x125 0J§ LC
W, =45, =5+/25 16 =2, 8 [M(t)= Ae?+ A,e™

100000 . .., 400
—71, (0 —=F 80€¢ 8 5F-1040
12.59 L(O07) 3 B: y )

v/is=-2A,-8A,F 526: - A~ 4A[F 3A;,— 480,A; 160,A5 - 120
Ov(ty 4 1206 +160eV, t>0

048 A+ A,V(O'F

(b) i (0")=8A Leti(t) =A,e® +A,e™;i (0" =V(%+) :4?? =5A
Oi(0'F A+ AF- iy(0')y i, (0F- & 5 - 13A;

i(0") = —2A, -8A, :4—;) =8 A/sO4& - Af 4A,

3 3A7- 13 4, AF 3 AF- 161 i®-| 16e¥ 3e*Apt O
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7. i(0) =40A, v(0) =40V, L :8—1OH, R =0.1Q C =0.2F
(@ o= 1 =25 :ﬂ =400,
2x0.1x0.2 0.2

W, =20, 5, = 25 +/625 400 =10, 40
Ov(ity Ae™ A,e™I 40 A, A,

v(0)O _ .
?B =-2200

3 Ar 4AF- 220+ 3A,—- 180 A, 60,77 20
Ov(ty + 20e™% 60e™V,® 0

V(0") = —10A, —40A,V(0%) :%ﬁ(m -

©) i) = - R—c% = 2006 - 600 - 0.2(-20)(-10)e™ - (0.2)(60)(-40)e™*

= 160e™ - 120e™ A @

0 TE 07T . 0M 0F E&S 031 03 04 048 Al
1imi
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& 0= % =2A, v, (0) =100V

a=— 29 000, g = 210"
2x50%2.5 100%2.5
V16-12 x10° =200, s, = -4000 +2000
Oi (tF Ae™% Ae™ > @ A A, 2
-10° x3
100
OA5- 025 A 228 i @) 225 0.25¢°™A>t 0

t>0: i (t) =2A 0, (tF [2uf tF (2.256°°- 0.25e™)u(t)A

=12 x10°

i (07) = x100 = -3000 = -2000A, —6000A, 3 1.5= - A~ 3A,0 05— 2A,

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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> i (0)=—2 =2A, v (0) =2V
: 5+1 e
1000 =250, W’ _1000x45 =22500
2x1x2

S, = —250 ++/250% -22500 = 50, -450 s
Oiz Ae™% Ae™0 A, A, 2i/(05 45 2- 50A; 450A,
OA+ 9AF 18 8A, @R #; 0.0257A, 2.025(A)
Oi, (tF |2.025e™ -0.025e™"A, t>0

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



10.

@

(b)

(©

2RC 72 °7 10

CHAPTER NINE SOLUTIONS

1440 ., . 1440

144

S, =-20%/400-144 =4, -36: v =A™ +A >

o _ 180 _
v(0)=18=A +A, V(0) —144055 3GH 0

0&- 4A; 36A7-- A 9A~0 18- 8A, A5— 225 A5 2025

O v(tF

20.25¢- 225V .+ 0

i(t) =L +—1_ v =0,5625¢™ ~0,0625¢™ —0,05625¢™ +0,05625¢
36 1440

Oi(t

0.50625¢ - 0.00625¢ *'A,* 0

v, at=00v, = 18V] 0.48 20.25e% 2.25¢™%%

Solving using a scientific calculator, we find that|ts = 1.181 s.

Engineering Circuit Analysis, 6™ Edition
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11. L =1250 mH

o 7 /Jc =Arad/s Since o > wy, this circuit is over damped.
a =ﬁ:5 st
The capacitor stores390 Jatt =0:
W, =2CV

2
Sov, (0" = /2\2/ =125V =v_(0")

The inductor initially stores zero energy,

o i (0)=i(0")=0
S,=-at\a*-w} =-5+3=-8 -2

Thus, v(t) = Ae® +Be™

Using theinitial conditions, v(0) =125=A+B  []]
v(0")

iL(07) +ig(0") +i,(0") =0 + +i,(0") =0
S0i (0%) = MO) - 15 g5y
2 2

i = c% =50x103[ -8Ae™® —2Be™]

i_(0") = -62.5 = -50 x103(8A +2B) [2]

Solving Egs. [1] and [2], A=150V
B=-25V

Thus, |v(t) =166.7€™® -41.67¢™,t >0
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12. (@  Wewantaresponse v=Ae™ +Be™®

a= 1. 5s™
2RC

S=-a+o’ - =4 =5 +[25 -
S =-a-Ja?-of =6==5~/25 -

Solving either equation, we obtain w, = 4.899 rad/s

1

=—— =833.3mH
WC

Since «f :i, L
LC

(b) 1fi.(0')=10A and i_(0") =15 A, find A and B.

with i(0") =10 A, v4(0*) =v(0") =v,(0*) =20V
v(0) = A+B =20 [1
i, = C% =50x107°(-4Ae™ -6Be™)
i_(0') =50x10°(-4A-6B) =15  [2]
Solving, A=210V, B=-190V |
Thus, v=210e™ -190e™,t >0
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50

13.  Initial conditions: i,(07)=i (0") =0 ir(0") :2—5 =2A
@ v.(0") =v,(07) =2(25) 350 V
(b) i.(0")=-i (0") -i(0")=0-232A
(c) t > 0: parallel (source-free) RLC circuit
G=§I4OOOS_1 - :_aim
W, =% =3464 radls = —2000, -6000

Since a > , this system is overdamped. Thus,
v (t) = Ae—ZOOOt + Be—GOOOt

i =C % = (5x10°°) (~2000 Ae™ ™ —6000 Be ™)

i.(0") =-0.01A-0.03B =2 [1]
andv,(0") = A+B =50 [2]
Solving, wefind A=-25 andB=75
so that v, (t) = -25e** +75¢™°%  t >0

(d) .

(e 257 + 75 =0 Ol 274.7us
using a scientific calculator

@ ||, =-25+75=50V

So, solving | -25e2% +75e™ | = 0.5in view of the graph in part (d),
wefind|ts = 1.955 msjusing a scientific calculator’ s equation solver routine.
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14. Due to the presence of the inductor, v.(0") =0. Performing mesh analysis,

—>| 2 & | _>.
O T < ~9+2i, ~2i, =0 [
= -:.% M 34.444H 2i2—2i1+3iA +7i2 =0 [2]
It | and i, -i, =i,

Rearranging, weobtain 2i;—2i,=0 and —4i;+6i,=0. Solving, i1=135A andi;=9A.

@  i,(0)=i,~i, 345A] andi (0) =i, =9 A

(b) t>0:

L_ <> v around left mesh:
0 o % 44241 -V (0")+7i,(0%) =3i,(0%) +2i,(0") =0
i | 50,i,(07)=0
(c) V,(0") = 0| due to the presence of the inductor.
(d) o 70}
. ATATAY
b L v +7-3(0) +2 =0
s 1A | V=6V O |R,= -i: ®
1 1
1 Thus,
O :ﬁ =3 radls iA(t) — Ae—l.881t + Be—4.785t
S,=-a+,o’-u’ =-1.881 -4.785 i,(0")=0=A+B (4
To find the second equation required to determine the coefficients, we write:
i = —lg
dv, . _ _
=-C o —i, = —25x107 5—1.881(6A)e Lest —4.785(68)e*"785‘5

_ Ae—l.88lt _ Be—4.785t

i, (07) =9 = 25 x107[ -1.881(6A) —4.785(6B)] -A B
or 9 =-07178A—0.2822B 2]

Solving Egs. [1] and [2], A = —20.66 and B = +20.66
So that|i,(t) = 20_66[6—4.785t _e—1.881t]
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15.  Diameter of adime: approximately 8 mm. Area= 1ir® =0.5027cm?
_g.e,A _(88)(8.854x10™F/cm) (0.5027cm?)

Capacitance

d 0.1cm
=39.17pF
L = 4uH
W -t =79.89Mrad/s
> Jc
For an over damped response, werequire d > .

Thus, —_ >79.89x10°
2RC

R< 1
2(39.17x107%) (79.89 x10°%)

or [R<159.8Q

*Note: Thefinal answer depends quite strongly on the choice of ;.
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3

: o

CHAPTER NINE SOLUTIONS

5

crit. damp.  (a) L =4R°’C :%xm* =4R? x10° [JR= 57.7@

Q)O:a:

(b)
O, (tF

103/ /ixz.s =3464s™
30

¥ (At A,)V,(OF 100V

100

i, (0)=—— =1.7321A 0106 A,
57.74

6
v, (0*)2£§L7321—ﬂm:0 =A, -3464A, DAF 3.46& 10°
25 57.740]

Ov,(t

e ¥ (3.464 10°+ 100)V,% O
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17.

T ES—y
T 1L‘ )

crit. damp.  (a) L =4R’C =4x1x2x10"° 8mH

a=w, 1 _ 1000 =2500i= e®™ (A A))
(b) 2RC ~ 2x1x2

i, (0)=2A,v,(0)=2V0i= e®™ At 2)

Then 8x107%i (0") = 2 =8 x107° (A, -500), =™ (1.25 +2) #0.9311A

i oo (250t +2) =0,1=250t +2,t <O No!
Ot= 0,i,,.= 2A1 082 e>%(256t, 2); SOLVE:%, |23.96ms

Lmax_

(©
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18. L =5mH, C=10"°F, crit. damp. v(0) = <400V, i(0) =0.1A

(@ L=4R’C=5x10"°=4R*10® OR= [353.6

0 a=—2
2x353.6

OA7 0E e™™ (At 0.)x5 107

(A, —141,420%0.1) = <400 A= - 65,860

OF e 65860t 0.1).i= 0

O e 65860F 141,420 ¢ 65,860t+ 0.1 O

0 tm: 8590 IJ@ I(t_m) e—141,420><8.590><10’6

(—65,860%8.590x10° +0.1) = -0.13821A

Oli| = [i(t,)F [0.13821A

=141,4200F e (Af A))

© Oi_= i(OF [0.1A
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19. Diameter of adimeis approximately 8 mm. The area, therefore, is Tr? = 0.5027 cm?.

£,€,A _ (88)(8.854x10™)(0.5027)
The capacitanceis d 0.1
=39.17 pF

with L =4pH, w, -1 =79.89 Mrad/s

JLC

For critical damping, we require —— = w,
ping €q SRC

1

159.8Q

or R=

(o}
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20.  Critically damped parallel RLC with a =107 s™, R=1MQ.

1 3 10°
Weknow ——=10", so C =—— =500uF
2RC 2x10

. 1 ~
Sincea = w,, ), =——— =10°
JLC
or L =10°
LC
oL =2GH ()

UNZA

L= =2x10°

(4T1x10°7 H/m) M@L;‘:r‘sﬁsﬁz (0.5cm)’. ,ﬁmlo rz g
S
=2x10°
(412 x10°) (50)° (0.5)° s =2 X10°
Sa s=8.106x10"cm

IfS0

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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21 6 6+3
g=—1 =0 =4000, w? -1 .10
2RC 100x2.5 LC 50

w, =~/20x10° 16 x10° =2000
Oi=z e™(B,cos2000+ B, sin2000t)

i,(0) =2A, v,(0) =00, (0°F - 2A; i, (0% - i/’ (0) i (0")

=2 X10’

. + 1 1 ] + 1 H + 2)(106
Oi (0% - —v, =V, (0F & —i.(0
2x10°
0B, =-2A, =16,000 =2000B, +(-2)(4000) B~ 4

Oi (tr €4 2c0s2000¢ 4sin2000t)A,* O
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22.

1 4 , 1 _4x13
a=——= =1l w: =—=——"=26, w, =26 -1 =5
2RC 2x2 =L, d

Ov,(tF e'(Bcos5t B,sin5t)

@ i (07) =i (0) 54A

) v(0)=v(0) 0]
© i(0)=7v(0)H0)

v(O )0

@ v (O )——[—'L(O ) —ig(07)] = 4E|'4 1 0 =4(+4 +0) i

(e O0(e 1B B, 0 vf#) B,e'sinst, v (05) B,(5)-
OB7 - 3.2, V.(tF+ 3.2e'sin5tV,» 0

) '
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23.

9-3 9
@ a 1 __10 =5000, uf -1 _10
2RC 2x20x5 LC 1.6x5
W, =y 6§ —cF =125 x0° 25 ®0° =10,000
Ov.(tF e (B,cosl0'+ B,sin10%)

v.(0) =200V, i (0) =10mA Ov,(tF € (200cos10*+ B,sin10%)

=1.25 x10°

1 10° [ v.(0) O
Vv (07) =20 (07) === & (0) ——%&)_
. (07) Cc( ) = HL() 20,0001
9
=10 Hg2 200 54 _10*B, -200(5000)
5 20,0001

OBz 100V v, @) e (200cos1Gft 100sin10%t) Vst O

b i, =107-i,i, =%vc oV,

v, =€ [10*(-200sin +100cos] —5000(200cos +100sin)]
= e ™ [10°(-2sin—0.5co0s)] = 2.5 x10° e sin10't v/s

Diz e 0 O](-)OO(ZOOCO‘I’ 100siny % 10% 2.5 1068—5000tsin104tﬁ

= e (0.01cos10't —0.0075sin10*t) A
Oiz= [16 e (10cos10* 7.5sin10*t)mA, % 0
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24,

Q=—— =" =8 f=—="0 § 36 =0 64
@ 2RC 125 of LC L o ?

@?10@:%131 1H

® <0 i (t) =4A; t>0: i (t) =e™ (B, cos6t +B, sinét)
i (0)=4A0Bg 4A,i= €*(4cos6t B,sin6t) v.(OF O
i (0')=t v, (0")=006B5 8(4F 0, Bf 16/3
Oi, (tF |4uf ty e®(4cos6t 5.333sin6t) u(t) A

(© *
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2RC  2x5
o = +10% 10% 10°= 100;i (OF %): 6mA

V,(0) =00 v (tF €™ (A,cos1000t A,sin1000t),* O
OAs O v (tF A,e™™ sin1000t

1. . 1
v (0") ==i_(0") =10°[H,(0") ———V.(0")] =10°
. (0) Cc( ) [-,(07) 5000 (07)]
(-6x107%) = 6000 =1000A, DA~ - 6
Ov,(tF - 6™ sin1000tV,» @ @) %
v, (t) = -107(-6) e sin1000tA

Oli,(tF 0.6e™ sin1000tmA,+ 0

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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26.

6 6
@ =1 Y -0 6f == _1 L0 —40,400
2RC ~ 2000%25 25

W, =+ of - =Jm =200
Ow € (A, cos200¢ A,sin200t)

v(0) =10V, i, (0) =9mA OA= 10V

Ow €2 (10cos200¢ A,sin200t) V,* O

V(0") = 200A, —20x10 =200(A, -1) :%io(0+)

10°
= (10 %) =400Af + 0.2 08

Olv(ty € (10cos200t 0.8sin200t) V,+ 0

(b)  v=10.0326 ™ cos (200t —4.574°)V

T—E—342ms Bl
200

T

L
(=]

0O obl DD am ook Q06 e 007 008 0O0F o8
(L]
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v(0) =0 i(0) =10A
=" (Acosw,t +Bsin yt) OA= 0
v=Be *sinwt
V=g [—aBsinwdt+o,3,Bcos wt] =0

Wy 10y
Utamn & , t —tan

= gt Wy o

1 T
toy =t += Ty =ty +—;
m2 ml 2 d ml (.l.)d

V,, =Bemsinwyt v, = -Bem e

sinw, tmlDV’“Z—— e |et Vi - 1
V4 V.| 100
w, 121
Oe™“ 100p = —dlnlo = —= —,
X X 2RC R
-1 6 6 441/R'D 2 |n100\/71

LC

U
UR \/1/6[443: %ﬁ@ 10.3780 Tokeep

Vm 2

<OOL chosg R =10.3780Q v'(0") = w,

21 Ei U e 1.380363
37 10, 37soH
21 Dz
a=—° =20235% &, =.|6 - —~1.380363
10378 Lo E

Ow 304.268e 2% sin 1.380363t vt = 0.434s,
V,, = 71.2926v Computed values show

t, = 2.145sec; v, =0.7126 <0.01v, ,
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We replace the 25-Q resistor to obtain an underdamped response:

1 1 .
= — and w, = —— werequire a < wy.
2R °JLC =
Thus, ———— < 3464 or |R>34.64mQ.
10x10° R

For R = 34.64 Q (1000% the minimum required value), the responseiis:

v(t) = €™ (A cos wit + B sin wit) where o = 2887 s* and wy = 1914 rad/s.
i|_(0+) =i (0)=0and Vc(0+) =ve(0) =(2)(25) =50V =A.

: dv, dv,
i()=L—+=L—-=
=55 dt
= L|e (- Awstsinw,t +Baw,t cosayt )-ae™(Acosw,t + Bsinw,t )
-3
iL(0h =0 = M[Ba)d-orA],sothatB:75.42v.

Thus, v(t) = 2% (50 cos 1914t + 75.42 sin 1914t) V.

1]
=~ Sketch of v(t). PSpice schematic for t > O circuit.
-3 b ] o
E . B @
1= @ =
}: d A I - i I e
i | ] e b
T
1]
L] —_— — - — 1 4
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CHAPTER NINE SOLUTIONS

29. (ab) Fort<0s, weseefrom the circuit below that the capacitor and the resistor are
shorted by the presence of the inductor. Hence, i, (0) =4 A and v¢(0) =0 V.

|

When the 4-A sourceturnsoff at t = 0 s, we are left with aparallel RLC circuit such that
a=12RC=1s"and a, = 5.099 rad/s. Since a < wy, the response will be underdamped
with ay = 5 rad/s. Assume the form i, (t) = €™ (C cos ct + D sin wyt) for the response.

Withi (0 =i (0) = 4A,wefind C=4A. Tofind D, wefirst note that
di
ve(t) =wvi(t) =L d_tL

and so ve(t) = (2/13) [€™ (-Cay Sin aat + Dy cos wyt) - ae€™ (C cos awyt + D sin wyt)]

Withvc(0") = 0 = (2/13) (5D —4), weobtain D = 0.8 A.
Thus, i (t) = €' (4 cos5t + 0.8sin5t) A

+

We see that the simulation
result confirms our hand
analysis, thereisonly a
slight difference due to
numerical error between
B B the simulation result and

' : our exact expression.

4

()  Using the cursor tool, the settling

timeis approximately 4.65 5 a1 = h_ 6493, -4B_658m

A2 1.88088m, J.9999
dif L.6483, -4 . 8486
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(a) For t <0 s, we see from the circuit that the capacitor and the resistor are shorted by
the presence of the inductor. Hence, i, (0) =4 A and v¢(0) =0 V.

When the 4-A sourceturns off at t = 0 s, we are left with aparalel RLC circuit such that
a = 12RC = 04 s' and wp = 5.099 rad/s. Since a < , the response will be
underdamped with «y = 5.083 rad/s. Assumethe form i (t) = €™ (C cos ayt + D sin ait)
for the response.

Withi (0") =i (0) = 4A,wefind C=4A. Tofind D, wefirst note that
di
Vc(t) = V|_(t) =L _d;

and so ve(t) = (2/13) [€™ (-Cay Sin aat + Dy cos wt) - ae™ (C cos awyt + D sin wyt)]
With ve(0%) = 0 = (2/13) (5.083D — 0.4C), we obtain D = 0.3148 A.

Thus, i (t) = €% (4 c0s5.083 + 0.3148sin5.083) A and|i_(2.5) = 1.473 A.

(b) a = /2RC =4 st and a = 5.099 rad/s. Since a < w», the new response will still be
underdamped, but with «y = 3.162 rad/s. We still may write

ve(t) = (2/13) [€™ (-Cay Sin it + Dy €os ) - ae™ (C cos at + D sin )]
and so with vc(0") = 0 = (2/13) (3.162D —4C), we obtain D = 5.06 A.

Thus, i (t) = € (4 c0s3.162 + 5.06 sin 3.162) A and|i  (.25) = 2.358 A.

(©

We see from the simulation

1 result below that our hand
calculations are correct; the
slight disagreement is due to

. numerical inaccuracy.
& b b b Changing the step ceiling

from the 10-msvalue
employed to asmaller value
will improve the accuracy.
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3. Seies  g=R =2 -4 :L_lc :oiz =20, @, =20 16 =2

Oiz e (A,cos2t A,sin2t);i (0x 10A, v (OF 20V
OAz: 100 (0¥ %VL(O+): 4(26- 20F O

i/ (0'F 2A; 4 10 A, 20

i (tF e™(10cos2+ 20sin2t)A,* 0

=
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32.

v,(0) =50+80x2 =210V, i, (0) =0, a =—- =8_f =20

oL
»_100 __ . = _ 7 _
@ =12 =500: i =500 -20° =10
Ov,(ty e (A coslOr A,sinloty A, 210V
Ov(ty €2 (210cos10r A,sin10t): v/ (0°F %ic(o*): 0

0& 10A; 20(210), Ax 4200 v,&) € (210cosl®t 420sin10t)
Ov, (40msy €°°(210cos0.4 420sin0.4F [160.40V
Also, i, =€ (B, cosl0t +B,sin10t),

L(0) =1, (0) =5 [0-v,(0")] =, x210

Oi/ (0¥ - 105 10Bj B, 10.5

Oi, (& - 1056 sinl0tA,* 0

Ov.(ty 80i= 8406 sin10tV

0 vg (40msy — 840e°%sn0.4 + 146.98V
V() = =V (1) —v(t) —ve(t) Ov,

(40ms) = —160.40 +146.98 = -13.420V
[check: v, = e (—210cos—420sin+840sin)

= e (-210c0s10t +420sin10t) V, t >0

Ov, (40msy e°% 210cos 420sin 840sin) =™

(—210cos10t +420sin10t)V, t>0

OV, (40msy e°°

(420sin0.4-210co0s0.4) = -13.420V Checks]
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33.  “Obtain an expression for v(t) in the circuit of Fig. 9.8 (dua) that isvalid for all t".

R o
25 UF
150 Q 10043 mF:_ C/]\ 100u(-t) A
6 6
a=R 20020 _ 4500, 02 =29°%3 1 5 407
2L 2%x25 2.5x10

Os5- 400& 18 10% 1% 10°= - 2000; 6000

Ov.(tF Ae™™% Ae™™; v (OF glg 10G= 2V
i (0)=100A02 A+ A,V (0'F %

. 3
—i (0)) = —— x10° x100 = -3000v/ s
(-1.(0)) 100

[ 3008 - 200A,-600A,,-15=-A, -3A,
005- 2A5- 025 A= 2.25
Ov.(tF (225e™% 0.25e™) u(ty 2uf t)V (checks)
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2
4. @ crit. damp; a? :R—2 =w? -1 Ol= ERZC
4L LC 4

Ul= —]>'< & 10"% 0.01H, o= 200_ 10*= w,
4 0.02

Ov.(tF e (Ax A,); v.(OF - 10V, i (OF - 0.15A
OA5- 10, v.(tF €™ (At O): v (07 - %

i, (0) = -10°(-0.15) =150,000

Now, v, (0") =A, +10° =150,000 A= 50,000
Ov,(tF €™ (50,0006 10) V¢ O |

(b) V' (t) =e™*™[50,000-10,000(50,000t ~10)] =01

5=50,000t, —100t= L _ oams
50,000
Ov.(t.¥ €°(15 10F 5e: 0.2489V

v.(0)=-10v Olv,| = [10vV

(© |V, =0.2489V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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6
35. (@) a = E :@ =25, a)g :i = 10 =400
1 LC 2500

S, =0 0’ -w; =-25+15 =10, 40
Oi=z Ae™® A,e™, i (0F 0.5A, v, (0F 100V

005 At A, i (0% évL(O+)= %
(100-25-100) = -5 A /s = -10A, —40A,
05 10A+ 40(05 A 10A- 40
A,+203 30A,=-15 A, =05 A, =0
Oi, (tF [0.5e™A,* 0

0) v =A™ +A 0108 AF A,

6
v =3i" (022 (-0.5) = -1000
(o 500

3 10A; 40A7- 1000¢ 34, O A, 0 A, 100
Ov,(t [100e™V* 0
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36. (a) G:E:g: w? :i =5 w, = - =2
AL 2t T T “
Oi= e'(B,cos2+ B,sin2t),i (0r 0, v (0F 10V

OBz 0,i= B,e'sin2t

L(0) =1V, (0) =% (0°) -V (0") =010 =28,

OBs 8 #- 5e'sn2tA3t 0

(b) i =-5[e"(2cos2t —sin2t)] =0
[J2cos2t sin2t,tan2t 2
Ot 0.5536s, i, (t,F — 2.571A
2t, =2x0.5536 +71, t, =2.124,
i, (t,)=0.53450]i_ | = 2571A
0.5345A

and i,
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37.  Weare presented with a series RLC circuit having

a=R/2L = 4700s" and an, =1/ VLC =447.2 rad/s; therefore we expect an
overdamped response with s, = -21.32 s* and s, = -9379 s™.

Fromthecircuit asit existsfor t <0, it isevident that i (0") = 0 and vc(0) = 4.7 kV
Thus, v (t) = A 23 + B g™ [1]

Withi (0") =i (0) =0 andir(0") = 0 we conclude that vr(0") = 0; thisleads to v, (0") =
-vc(0) =-4.7kV and hence A + B =-4700 [2]

Sincev, = L% , We may integrate Eq. [1] to find an expression for the inductor current:
1 D A e—21.32t _ B e—9379t D
L H21.32 9379

1 O A B
500x10° H 21.32 9379H

i(t) =

Att=0", i =0 sowehave

0 [3]

Simultaneous solution of Egs. [2] and [3] yields A =10.71 and B =-4711. Thus,

vi(t) = 10.71€?3 - 4711 %™V, t>0

and|the peak inductor voltage magnitudeis 4700 V.
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Considering the circuit asit existsfor t < 0, we conclude that vc(0) =0and i (0) =9/4 =
2.25A. Fort> 0, weareleft with aparallel RLC circuit having o = 1/2RC = 0.25 s* and

w, = U+LC = 0.3333 rad/s. Thus, we expect an underdamped response with «wy =
0.2205 rad/s:
iL(t) = €™ (A cos it + B sin awit)

iL(0" =i (0)=225=A
soi (t) = %% (2.25 cos 0.2205t + B sin 0.2205t)

In order to determine B, we must invoke the remaining boundary condition. Noting that
di

ve(t) =v () =L+
c(t) = vi(t) ot

= (9)(-0.25)e*" (2.25 cos 0.2205t + B sin 0.2205t)
+ (9) €%%'[-2.25(0.2205) sin 0.2205t + 0.2205B cos 0.2205t]

ve(0) = ve(0)) = 0 = (9)(-0.25)(2.25) + (9)(0.2205B)
so B =2.551 and

i (t) = €%%'[2.25 cos 0.2205t + 2.551 sin 0.2205t] A
Thus, iL(2) = 1.895 A

This answer is borne out by PSpice simulation:

tDpan=0
1 o)
L%

1 ¥
Oc=8
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39. Consideringthecircuitatt <0, wenotethat i (0) =9/4=225A and vc(0) =0.

For acritically damped circuit, we require o = @, OF —— ! , Which, with

ZRC JLC

L =9 H and C=1F, leadsto the requirement that|R = 1.5 Q (so a = 0.3333sY).

Theinductor energy is given by w, = %2 L [i,(t)]% so we seek an expression for i (t):
iL() = € (At +B)
Noting that i, (07) =i.(0") = 2.25, we see that B = 2.25 and hence
iL(t) = €93 (At +2.25)

Invoking the remaining initial condition requires consideration of the voltage across the
capacitor, which isequal in this case to the inductor voltage, given by:

di,

ve(® = i) = Lt = 9(-0.3333) €75 (At +2.25) + 9A &5

ve(0) = ve(0) = 0= 9(-0.333)(2.25) + 9A s0 A = 0.7499 amperes and
iL(t) = €9 (0,7499t + 2.25) A
Thus, i (100 ms) = 2.249 A and sow, (100 ms) =[22.76 J
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40.  With the 144 mJ originally stored viaa 12-V battery, we know that the capacitor has a
value of 2 mF. The initial inductor current is zero, and the initial capacitor voltageis 12
V. We begin by seeking a (painful) current response of the form

Ibear = A+ Be*

Using our first initial condition, ipes(0") =i (0) =i (0)=0=A +B

di/dt = As; €' + Bs, €*
v, = Ldi/dt = ALs; €' + BLs; €%
V(0" =ALs; + BLs; = ve(0) = v(0) = 12
What elseis known? We know that the bear stops reacting at t = 18 pus, meaning that the
current flowing through its fur coat has dropped just below 100 mA by then (not along
shock).

Thus, A exp[(18x10°)s,] + B exp[(18x10°)s,] = 100x103

Iterating, we find that Rpesr =|119.9775 Q.

This correspondsto A = 100 mA, B =-100 mA, s, = -4.167 s* and s, = -24x10° s*
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41.
V.(0)=0,i (0)=0,a =X =2 =4 o =L =45 =20
2L 05 LC

Dwr 26 16 20 i @) e™(A,cos2t A,sin2) i,
i =10A0i (tF 18 e*(A,cos2t A,sin2t)
0& 18 A, Az- 10,i (tF 16- e™(A,sin2+ 10cos2t)

i, (0") =%vL (0")=4x0 =00 (0")=0=2A, +40, A, =20

i(t) = 10 -e*(20sin2t+10cos2t) A, t>0
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42. a
@ Series, driven: a :i :@ =500,
2L 0.2

, 1 _10x10°

° LC 40

O Crit. dampi, (f¥ 3@ 2F- 3,

i, (0) =3, v,(0) =300V

Oiz- 3 e™ (Af AN=3- 8 A, A 6A

=250,000

i, (01)=A, -300 :%[VC(O) ~V,(0%)] =0

OAz 3000€™% i @) +3 e
(3000t +6), t >0
Oi, (t Bt tF § 3 (30008 6)]u(t)A

(b) €™ (3000t, +6) =3; by SOLVE, t, 53.357ms
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43
6 6+3
4" 2Flec - 1032 25 4000, ¢ =L_1C :1?30
[ 7 @5 Z o %= 2000, i, (0F 2A, Vv, (0F O
ic; =0 (v, =0)0i= €™ (A,c0s2000t A,sin2000t)
work with v_: v_(t) = " (B, cos2000t + B, sin2000t) 1Bz 0
10°

Ov= B,e™™ sin2000t, v, (0) = %ic(0+) = (2x) =8 x10°

08 10= 2000B,, B 400, v= 400e ™ sin 2000t

=20 x10°

Oi (t Cv= 25 10% 400e™™ { 4000sin200% 2000c0s200t)
=107%"*3e™™" (—45n 2000t +2c0s2000t)
e (2c0s2000t —4sin2000t) A, t>0
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a=—=22225 (f =
10 %

CHAPTER NINE SOLUTIONS

1 _10°

LC 2500 _
s, = —25+/625-400 = -10, 40
i, (0)=05A, v,(0) =100V, i, ; =-0.5A
Oi, (tF - 05 Ae™™ A,e“A

t=0": v, (0") =100 -50 x1 —200 x0.5 = 50V [ 50= 5i, (0%)

Oi, (0¥ - 10¢

$0- 10A, 40A, 05— 05+A, +A,

OA+ AfF B 20~ 10A, 40( 1+AD- 50A, 40, A5 LA5 O

O iL(t;: ]

0.5 1A,

& 0 (tF

Engineering Circuit Analysis, 6™ Edition
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v,(0) = g x12 =10V, i, (0) =2A, v, ; =12V

w12 € (Ar U OF SiOF X i 1

0% A+ 2A7- O

V&) B et 2Vt 0
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46. (a) o= 1 8x10°
2RC 2x4x10°

=1000, of =

6
8x10° x13 _. o

[ F 26 ¥ 10%= 5000, v.(0F 8V

i (0)=8mA, v, =0

Ov= e (A, cos1000t A, sin5000t)

8

1.
OA= 8V (0’ =i (0'F 8 10°(0.0t —— 0.008= O

[J5000A5; 1008 & O,Ar= 1.6

¢

S0 v(t) = €% (8 cos 1000t + 1.6 sin 1000t) V, t >

O)

=it =]

Engineering Circuit Analysis, 6™ Edition
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47. a 6
@ vs(t):lou(—t)V:azi: 10
2RC 1000

6
o =L_1C =104><3 Os = - 100& [10- % 10°= - 500,~ 1500

V., =00vz Ae™+ A,e™™ v (0F 10V,i (OF O
100
5008
3 2 10%- 500A- 150041 40 A,+3A,038 2A,, Az 15 Az-5

=1000

016 A+ A,,v= 10°i (0'F 10° - X% 10°

Ov=—- 5% 15e™P'Vv,» I %, % Cv
Oiz 107°(2500e™* 22,5006 ™)
=25 -22.5e*"mA, t>0

(b)  v()=10u(t)VOv, 7 10V, v, (0r O,i (OF O
Ov= 186 Ae™ Ae™0 A, A- 10

. 10 O
V' (0") =10°% (0° :1oﬁﬁj+— =2 x10° = 500A., -1500A
c( ) c( ) SOOH 3 4

3 A; 3AF 40, add- 2Az= 30, A=- 15 A= 5,
v, =10+5e™ -15e™°V,i_ =i_ =
10°° (-25006 " +22,5006%") =256 % +22.56™* mA, t >0
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6
8. @ v, =10u(-t) V:a= 1 W =1000
2RC 2000x0.5
6
of =L_1C =% =0.75>10° Os,= - 500,~ 1500

Ove Ae™% Ae™™ v (0F 10V,i (O 10mA
OA As 10V (0'F & 10°[i (OF i.(0")F X 10°
ﬁ).m—l—OD:m} 500A- 1500A% O,

1000
A,-3A, =0, add: —2A, =10, A, =5, A, =15

Ov (tF 15e™% 5™ Ve 0
Oi(tF (156 5e™mA,* 0

() v, =10u(t)V, v, =10, v, =10 +A e +A g™,

v,(0)=0,i (0)=00AF AF- 10V,Vv,(0"F X 10°
[i, (0) —i,(0")] =2x10°(0 -0) =0 = -500A, -1500A,
3 Ay 3AF 0,add- 2AF=-10,A= 5] A4- 15
Ov.(tF 18 15e% 5™V, » 0
Oig(t) 510-15e™*" +56™mA, t >0
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(@ vs(0) = ve(0) = 2(15) 30 V]

(b)iL(0") =i (0)=15A
Thus, ic(0%) = 22— 15 = 7 A and vs(0") = 3(7) + vc(0")

(c) Ast - oo, the current through the inductor approaches 22 A, so vs(t - «,) = [44A.

(d) We are presented with a series RLC circuit having a = 5/2 = 2.5 s* and «, = 3.536
rad/s. The natural response will therefore be underdamped with wy = 2.501 rad/s.

iL(t) = 22+ €% (A cos wit + B sin wit)
iL(0N =i (0)=15=22+A s0A =-7 amperes

Thus, i (t) = 22 + € (-7 cos 2.501t + B sin 2.501t)
Vs(t) = 2iL(t) + L (i'{—tL = 2i_ + c:;_tL = 44+ 265 (-7c0s 2.501t + Bsin 2.501t)

— 256> (-7cos 2.501t + Bsin 2.501t) + €2 [7(2.501) sin 2.501t + 2.501B cos 2.501t)]
vs(t) =51 =44+ 2(-7) — 2.5(-7) + 2.501B so B = 1.399 amperes and hence

vs(t) = 44 + 2% (-7cos 2.501t + 1.399sin 2.501t)
-2.5e>% (-7c0s 2.501t + 1.399sin 2.501t) + %' [17.51sin 2.501t + 3.499c0s 2.501t)]

andvs(t) att=3.4s=|44.002 V. Thisisborneout by PSpice simulation:
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Considering the circuit at t <0, we seethat i (0) =15 A and v¢(0) = 0.

The circuit is a series RLC with o = R/2L = 0.375 s* and wy = 1.768 rad/s. We therefore
expect an underdamped response with wy = 1.728 rad/s. The general form of the
response will be

ve(t) = € (A cos it + B sin wit) + 0 (Ve(e0) = 0)
ve(0) = ve(0)) = 0 = A and we may therefore write ve(t) = Be®*"™ sin (1.728t) V
dv,
dt
Att=0"ic=15+7—i.(0") = 7 = (80x10°)(1.728B) so that B = 50.64 V.

ic(t) = -i () = C—=< = (80x10%)(-0.375B €% sin 1.728t

Thus, vc(t) = 50.64 € %™ sin 1.807t V and v(t = 200 ms) = 16.61 V.

The energy stored in the capacitor at that instant is %2 Cvc? =|11.04 J
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It's probably easiest to begin by sketching the waveform vy:

W (V) a

75
| > t (9
4

1 2 3

(@) Thesourcecurrent (=i (t))=| 0| at=0.

(b) iL(t) :E at=0"

(c) We are faced with aseries RLC circuit having o = R/2L = 2000 rad/s and ayn = 2828
rad/s. Thus, an underdamped response is expected with wy = 1999 rad/s.

The general form of the expected responseisi, (t) = €™ (A cos wit + B sin wyt)
il (0" =i (0)=0=Aso A = 0.Thisleavesi,(t) = B €2 sin 1999t

a _

vi(t) =L " B[(5x107°)(-2000 €2 sin 1999t + 1999 & cos 19991)]

V(0% = w(0") —ve(0%) =20, (0") = B (5%10°%)(1999) so B = 7.504 A.

Thus, i (t) = 7.504 2™ sin 1999t and i, (1 ms) = 0.9239 A.

(d) Definet'=t—1 msfor notational convenience. With no source present, we expect a
new response but with the same general form:

i (t) = € (A" cos 1999t + B' sin 1999t")
vi(t) =L % , and this enables usto calculate that v (t =1 ms) =-13.54 V. Prior to the
pulse returning to zero volts, -75+ v, +vc+ 201, = 0 sovc(t'=0) =69.97 V.

iLt'=0)=A"=0.9239 and - + v, +vc +20i_ = 0sothat B' =-7.925.
Thus, i (t') = e-2000 t' (0.9239 cos 1999t' — 7.925 sin 1999t") and
hencei (t=2ms) =i_(t'=1ms) =-1.028 A.
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52, Fort <0, wehave 15 A dcflowing, sothatip =15A,vc =30V, vzo=0and vs = 30
V. Thisisaseries RLC circuit with a = R/2L = 2.5 s and « = 3.536 rad/s. We
therefore expect an underdamped response with wy = 2.501 rad/s.

0<t<1 ve(t) = €™ (A cos wit + B sin wit)
vc(0) = ve(0)) = 30 = A so we may write v(t) = €% (30 cos 2.501t + B sin 2.501t)

dditc = -2.56>°(30 cos 2.501t + B sin 2.501t)
+ 2% [-30(2.501)sin 2.501t + 2.501B cos 2.501]
ic(0") =c% = 80x10°3[-2.5(30) + 2.501B] = -i(0%) = -i (0) = -15 50 B = -44.98 V

t=0"

Thus, ve(t) = €% (30 cos 2.501t —44.98 sin 2.501t) and
ic(t) = €% (-15 cos 2.501t + 2.994 sin 2.501t).
Hence, vg(t) = 3ic(t) + ve(t) = €% (-15 cos 2.501t — 36 sin 2.501t)

Prior to switching, ve(t=1) =-4.181V andi (t=1) =-ic(t=1) =-1.134 A.

t>2: Definet'=t— 1 for notational 'si mplicity. Then, with the fact that vc(e) =6V,
our response will now be ve(t) = €™ (A’ cos wit' + B' sin wit') + 6.
Withve(0") = A"+ 6 = -4.181, wefind that A' = -10.18 V.

ic(0h) :C% = (80x107)[(-2.5)(-10.18) + 2.501B")] = 3—i (0") so B' = 10.48 V
t' =0
Thus, Ve(t) = €2°(-10.18 cos 2.501t" + 10.48 sin 2.501t") and
ic(t") = €% (4.133 cos 2.501t' — 0.05919 sin 2.501t").
Hence, vs(t') = 3ic(t) + ve(t) = €% (2.219 cos 2.501t' + 10.36 sin 2.501t")

bror s e : _ 1]
i W
1 _II =
We see that our hand
calculations are supported by
the PSpice ssmulation.
R ——————————————————————————————————|
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53.  Thecircuit described is a series RLC circuit, and the fact that oscillations are detected
tellsusthat it is an underdamped response that we are modeling. Thus,

iL(t) = € (A cos wit + B sin wyt) where we were given that cwy = 1.825x10° rad/s.

Wy = 1. 1.914x10° rad/s, and so wy? = wn? — a? leads to a? = 332.8x10°

JLC

Thus, a = R/2L = 576863 s, and hence R =/1003 Q.

Theoretically, this value must include the “radiation resistance” that accounts for the
power lost from the circuit and received by the radio; there is no way to separate this
effect from the resistance of the rag with the information provided.
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54.  Thekey will be to coordinate the decay dictated by a, and the oscillation period
determined by wy (and hence partialy by a). One possible solution of many:

Arbitrarily set wy = 21trad/s.
We want a capacitor voltage vc(t) = €™ (A cos 2t + B sin 2rt). |f we go ahead and
decide to set v(0) = 0, then we can force A = 0 and simplify some of our algebra.

Thus, ve(t) = B € sin 2rtt. Thisfunction hasmax/minatt=0.25s,0.75s, 1.25 S, €tc.
Designing so that there is no strong damping for several seconds, we pick a =0.5s™.
Choosing a series RLC circuit, this now establishes the following:

R/2L=05s0 R =L and

E 1
((t = (”2 - = al’ = RS
A\ EQ@ D13 reds LC

Arbitrarily selectingR=1 Q, wefindthat L =1 H and C = 25.17 mF. We need the first
peak to be at least 5 V. Designing for B = 10 V, we [] need i (0") = 2m(25.17x10°%)(10) =
1.58 A. Our final circuit, thenis:

And the operation is verified by a simple PSpice simulation:
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55. Fort<0,i (0)=3Aandvc(0)=253)=75V. ThisisaseriesRLC circuit witha =
R/2L = 5000 s* and a, = 4000 rad/s. We therefore expect an overdamped response with
s, =-2000 s and s, = -8000 s*. Thefinal value of vc =-50 V.

Fort>0, ve(t) = A €2+ B ¥ _ 50
ve(0h) = ve(0) =75=A + B—50

so A+B=125 [1]

% = -2000 A2 _ 8000 Be 8™

ic(0") = Nel  _5 g5 i (0) = -5 =-25x10"° (2000A + 8000B)
t=0*

Thus, 2000A + 8000B = 5/25x10° [2]

Solving Egs. [1] and [2], we find that A = 133.3V and B =-8.333 V. Thus,

ve(t) = 133.3 @2 8,333 2% _ 50
and vc(1 ms) 5 -31.96 V.[Thisis confirmed by the PSpice simulation shown below.

------
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56. a=0/(thisisaseriesRLCwithR =0, or aparallel RLC with R = )

wy’ = 0.05 therefore wy = 0.223 rad/s. We anticipate a response of the form:
v(t) = A cos0.2236t + B sin 0.2236t

v(0") =v(0) =0=A therefore v(t) = B sin 0.2236t

dv/dt = 0.2236B cos 0.2236t; ic(t) = Cdv/dt = 0.4472B cos 0.2236t

ic(0") = 0.4472B = -i (0") = -i (0) =-1x10° s0 B = -2.236x10° and thus
V(t) = -2.236 sin 0.2236t mV

In designing the op amp stage, we first write the differential equation:

1 ! ] -3 dv . .
— + + 2— = + =
10I0th 10 2dt 0 (ic +i,. =0)
and then take the derivative of both sides:
dv _ 1
dt? 20
With % = (0.2236)(-2.236x107%) = -5x10™*, one possible solution is:
t=0*
7 il by
\ .
I Tmd l l: ' T I|-'I 1
T e >
iy _
,f’] Ay

PSpice simulations are very sensitive to parameter values; better results were obtained
using LF411 instead of 741s (both were compared to the smple LC circuit smulation.)

Simulation using 741 op amps Simulation using LF411 op amps
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57.
V_433x100d -
1000 dt
@ or
dv _ 1
dt 33
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o =0 (thisisaseriesRLC with R =0, or aparallel RLC with R = )
@y’ =50 therefore wy = 7.071 rad/s. We anticipate a response of the form:
v(t) = A cos7.071t + B sin 7.071t, knowing that i (0) =2 A and v(0') = 0.

v(0") =v(0) =0=A thereforev(t) = B sin 7.071t

dv/dt = 7.071B cos 7.071t;  ic(t) = Cdv/dt = 0.007071B cos 7.071t
ic(0") =0.007071B = -i (0") =-i (0) =-2 so B = -282.8 and thus
v(t) = -282.8sin7.071t V

In designing the op amp stage, we first write the differential equation:

1 ¢ , 3 dv _ : F—
ELth +2+1OE =0 (ic +i, =0)
and then take the derivative of both sides:
2
d_;/ = -BQv
dt
With % =(7.071)(—282.8) = —2178, one possible solution is:
t=0"
=0y e
<7 Il - g
P=0 1-—III—| | {'I |
:l b _L'**’J:__ -
B 50 kL1 =
AL W
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59. (a) VR =WVL

) di
20(-i) = 5—L% or
(-iL) ot

di,
dt

= -4,

(b) We expect aresponse of theformi (t) = A e where T = L/R = 0.25.

We know that i, (0") = 2 amperes, s0 A =2 and i () = 2 €™

di,

— =-4(2) =-8Als.
dt |, o @)

One possible solution, then, is

1 i
'\..___l
8V
I E
1uF
.F-"} ! T
|
1
10 =
4kQ
AN -
1kQ
.___.-"" | Al

Engineering Circuit Analysis, 6™ Edition
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We see either aseriesRLC with R = 0 or aparallel RLC with R = o; either way, a = 0.
w’ = 0.3 s0 wy = 0.5477 rad/s  (combining the two inductors in parallel for the
calculation). We expect aresponse of the form i(t) = A cos wit + B sin it.

i(0" =i(0) = A = 1x10°

di/dt = -Awy Sin at + Bay COS it

v, = 10di/dt = -10A ay Sin @t + 10Bwy COS it

vL(0") = ve(0") = vc(0) = 0= 10B(0.5477) sothat B=0
and henceii(t) = 10° cos 0.5477t A

The differentia equation for thiscircuit is

ad —o
dt] o
1'.__:. =1
o A
-
1 =k
1! =10 e .
R . £l * |'.
10,([Vd1 r”f _L"I:.Illlll I:"‘-\-\. i Widd .
2 .
or J_ . J__'.-"'-'-:- %l
- ol |
2 - -
dt - bk
- AN
TN
Onepo "
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20’

(@ T=4(75-2110°=216x%10"°, w= =290.9t rad/s

O f(ty 85sin(290.9td )1 =0 85sn(29x9 X1 10Fd )
[P =- 0.6109%% 2= 5.672%0r 325.0
O f(ty [8.5sin(290.9¢ 325.0)

(b)  85sin(290.9t +325.0°) =8.5
c0s(290.9t + 235°) =(8.5c0s(290.9t —125°)

(© 8.5c0s(-125°) cosut +8.5sin125°
sinwt 5 4.875" c0s290.9t +6.963sin 290.9t
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(b)

(©

(d)

CHAPTER TEN (Phasor Analysis) SOLUTIONS

—10coswt +4sin ui +ACos(wt + @), A >0, 480 °<® 480 °

A =4/116 =10.770, Acos® = -10, Asin ® = +4 Otardd = 0.4, 3" quad
(= 21.80= 201.8 ,toolargelb = 20T.8 366 —| 158.20

200cos(5t +130°) = Fcos5t +Gsin5t [FE  200cos130=— 128.56
G =-200sin130° = -153.21°

SN0 5 10 10304
cosl0t 3

t =0.10304s; also, 10t =1.0304 + 17|t =0.4172s;|2 11 0.7314s

i(t) =5c0s10t —3sin10t =0, 0 <t <1s[]

0<t <10ms, 10cos1001t >12sin100 1t; let 10cos100 m=12sin100 ft

U tan10a t=g, 106 t= 0.694700+ 2.211m$<|0<t 2.211Ims
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3.

€) f(t) = -50cosut —30sin ui =58.31cos( b 449.04 ¥
g(t) =55coswt —15sin i =57.01cos( b H5.255

O ampl. of f (tF

(b)  f(t) leadsg(t) by 149.04° —15.255° 5133.78°

58.31,

Engineering Circuit Analysis, 6" Edition

ampl. of g(ty [57.01
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4.

i(t) =Acos(wt —9, L(di/dt) +Ri =V cos ub
Ulfw Asin@ 0 )F RAcos( t—0)=V, coswt
[+w LASw tco® +w LA cogotsind
+RA coswt cos 6 +RA sin uisin 6=

V,, coswt [6 LAco® = RAsSIB andw LASinB+ RAcosB =V,

D= P a4 RA__R -y
R :?RZ + fL2 JR? + (512

Ow’l> R*0O v
Og—+ =0~ VI vRw LA VA —"
ov Vo JR? + P12
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5. f=13.56 MHz so w= 27 =/85.20 Mrad/s.

2

Delivering 300 W (peak) to a5-Q load implies that V_5m =300 soV;,=38.73 V.

Finally, (85.2x10°)(21.15x10%) + ¢ = ntn=1,3,5, ...
Since (85.2x10°(21.15x10) = 1801980, which is 573588" 17 we find that

F = 5735877 (85.2x10%)(21.15x10°%) = -3.295 rad = -188.8°.
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(8 -33sin(8t—9°) - -330(-9-90)° = 33081°
12 cos (8t —1°) - 120-1°

0
33081 .33 sin(8t — 9°) leads 12 cos (8t — 1°) by
81— (-1) = 82°.

120-1°

(b) 15cos(1000t+66° - 150 66°
-2.cos (1000t + 450°) - -2 [0450°=-2090°=2 [ 270°

15 cos (1000t + 66°) leads -2 cos (1000t + 450°)
by 66 —-90 = 156°.

150166°

\ 4
20270°

(© sn@t-13) -  10-103°
cos (t —90°) = 10 -90°

cos (t—90°) leadssin (t—13°)
by 66 —-90 = 156°.

(d) sint L 10-90°
cos (t —90°) = 10 -90°

These two waveforms are in phase. Neither |eads the other.

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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7. (@ 6cos (260t —9°)

-6 cos (2760t + 9°)

601189° 60-9°

() cos(t-100°) -
-cos(t-100°) -

1080°

10-100° /

(¢ -sint -
sint —

10 -90°

1090° |

v10-90°

(d) 7000 cos (t—m) -
9 cos (t —3.14° -

7000 O -180°
«

90-3.14°

Engineering Circuit Analysis, 6" Edition

Ed 6|:|'90
~ 60189°

-6 cos (2r60t + 9°) lags 6 cos (260t — 9°)
by 360 —9 — 189 = 162°.

10-100°
-10-100° =1 080°

-cos (t - 100°) lags cos (t - 100°) by 180°.

-10-90° = 1090°

-sint lags sint by 180°.

70000 -t = 7000 [0 -180°
90-3.14°

7000 cos(t—7) lags 9cos(t—3.14°
by 180 —3.14 = 176.9°
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8. v(t) =Vicosat - Vo sSin at [1]
We assume this can be written as a single cosine such that
V() =Vpcos(wt+ @ = Vpcosawtcos - Vipsinatsin @ [2]
Equating terms on the right hand sides of Egs. [1] and [2],

Vicosat—Vosinat = (Vmcos @) cos at —(Vmsin @) sin at

yields
Vi=Vpcospand Vo=V,She
Dividing, we find that 2 = Y0 S"® _ o0 6 and o= tan(Va/ V1)
V, V,_cosg
V{ + V]
V,
Vi

Next, we see from the above sketch that we may write Vi, = V4/ cos gor

vV, Vl/ ,—Vlz N sz VI +V,

Thus, we can writev(t) =V cos(at + @) = V2 +V7 cos[ at +tan™ (Vo V1)].
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9. (@ Intherange0<t<0.5, v(t) =t/0.5V.
Thus, v(0.4) = 0.4/05 =|0.8V.

(b) Remembering to set the calculator to radians,| 0.7709 V.
(c)0.8141V.

()[0.8046 V.
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1

10. (@ Vms = [-,—J' coszaxdtg
Y Bf]/z

DT I cos” — th

EI El+cos—Edth

_HI
5

JE

+ —cosu|

J’ cos4—nt dtD
0

Mic

D

(b) |Vm = 110/2=1556V, 115+/2 = 162.6V , 120~/2 = 169.7V

Engineering Circuit Analysis, 6" Edition
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11.
3
At X=XV, :sz =15c0s500t V
Ry, =5+20(60 =20Q
OVs 15V,R 20 w L= 1@

15
V207 +10°7

cos%o& tan’li—g% 0.6708c0s(500t 26.57)A

Uiz
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12.
Atx-x: R, =80[20 =16Q

Vo, = —O.4(15||85)%cosSOOt
Ov,z 4.8cos500tV

oc

. 4.8 _, 100
a I, =——=—=—co0sb00t —tan"™—
@ L J16% +107 15

0.2544cos (500t —32.01°) A

(b) v =Li' =0.02x0.02544(-500)
sin (500t —32.01°) = -2.544sin (500t —32.019) V
Ovz 2.544cos(500t 57.99 )V, i,
31.80cos(500t +57.99°) mA
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13
@ j=— 0 cosﬁLOSt _8000)_ 1, 10600c0s(10°t ~57.999 A
5002 + 8002 5005

p. =0wheni =0010°% %ﬂz g,t= 25831 s

(b) vy =Li' =8x10" x0.10600(-10°) sin(10°t -57.99 9
Ovz - 84.80sin(10°t 57.99)
O pz VvE- 8989sin(10° 57.99)
cos(10°t —57.99°) = —4.494 sin (2 x16°t —115.9899
O p= Owhen2 10° 115.989= 0,180,
O+ [10.121 or 25.83us

(© p, =V, i, =10.600cos10°t cos(10°t —57.99°)

0 p= Owhen10°t g t (15.708ug and also t ={25.83us

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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14. v, =3cosl0’t V, i, =0.1cos10°t A
v, in serieswith 30Q — 0.1cos10°t A [30Q
Add, getting 0.2cos10°t A|30Q

changeto 6 cos 10°t V in series with 30Q; 30Q +20Q =50Q

., 1000

Oi= t tan'=F 0.11767cos(10°+ 11.310 )A
501

6 EL 5
———————cosr10
© 502 +107
Att =10ps, 105t=1DiL= 0.1167cos(1ra"— 11.310 ¥ [81.76mA
Ovz 0.1176% 10cos(1'a"— 11.30+ 90 F + 0.8462V|
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Engineering Circuit Analysis, 6" Edition

CHAPTER TEN (Phasor Analysis) SOLUTIONS

v,z cos500tV
[J cos500t 100(0.8i,)

Oig 8—10c05500t/m R, = &0

sC

Oi= ;cos%mt e

\/80° +150°

i, =5.882c0s(500t —61.93°) mA |

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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16. v, =V, =120cos120 it V
120 _on, 0 _1a, 24123, 60[120 =40Q
60 12
3x40=120V, L =121 =37.70 Q
Oi= __ 10 cosfl2t + tan™ 37.700
V40 +37.70°
= 2.183cos (120t —43.309 A
@ =3

= X 0% 2.183% cos? (120x t- 43.30 )

0.2383cos? (120t —43.309J

b . =% x0.2383 20.11916J

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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17. 1 v =120c0s400t V, v,, = 180c0s200t V

Engineering Circuit Analysis, 6" Edition

120 _on, B9 g5, 60[120 =40Q

60 120

2x40=80V, 1.5x40 =60V

. 80 60

i, =——————c0s(400t - 45°) +————C0s(200t —26.579) A
" 407 407 J40? +20°

o i, =1.4142cos(400t —45°) +1.3416cos(200t —26.57 ) A

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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18. . L
R =%, R, =0, A = idedl, RC, =
. _ Vjcoswt .V,
Iupper - ower — 5
R R,
i et o (Vo Vi COSGAE = CY,
1

out

OV, coswt v, RCV,= Vi %\/0ut

For RL circuit, V,, coswt =v, +L 9 D[]
dt IR H

OV, coswt vz %v’R

By comparison, v =V,

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER TEN (Phasor Analysis) SOLUTIONS

19.
(@ V,, coswt = Ri +é I idt (ignorel.C)

& wVv_snwt Ri+ éi

(b)  Assumei = A cos(wt + ®)

& wV,SnwE- RuAsSN(wr P ) %cos(a%d))

+ wV,snwE- RaAco® sin akR cAsiib cos - %cos dcosp — %sin dusind

Equating terms on the left and right side,
[ RwASN®=2cospOtad= —— sob= tan™ (1/ wCR), and
C wCR
wCR A 1
J1+w’C?R?  C 1+ C°R?

[2] -wV, =-RwA

D 2,22 D
OwVz AEIME 1/1 CRE A ¢
C 1+ w’C*R?0 V1+afC?R?

wCV, 1

. 0
S —COSW tan —_—
J1+w’C?R? wCRE
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20, (@70-90°= -7

(D) 3+j+70-17°=3+] +6.604 -] 2.047 = 9.694 — | 1.047

(c) 146™

140 15° = 14 cos15°+j 14sin 15° =[13.52 +j 3.263

(e —2(1+j9) = -2—j 18=[18.11 0 - 96.34°

(d)100°

)3 =(300°
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21, (8)3+150-23° = 3+13.81-j5.861 = 16.81—] 5.861
(b) ( 12)(17 0 180°%) = (12 0 90°(17 0 180°%) = 204 0 270° = -j 204

(C) 5—16(9—j 5)/ (330 -9° = 5— (164 O -29.05°)/ (33 O -9°)

= 5-4.992 1 -20.05° = 5-4.689—j 1.712 =|0.3109 +j 1.712

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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22. (@509°-90-17° = 4938+ 0.7822—-8.607 +j 2.631 = -3.669—) 1.849

=|4.108 00 -153.3°

(b) (8—j 15)(4+] 16)—] = 272+]68—] = 272+ 67 =|280.1 0 13.84°

(© (14-j9)/ (2—)8) +50-30° = (16.64 0-32.74°/ (8.246 0 - 75.96°) + 4.330—j 2.5

=1.471+j1.382+4.330—j 25 = 5.801—j 1.118 ={5.908 (] -10.91°

(d)170-3°+60-21°+] 3 = 14.26—j 9.259 + 5601 — 2.150 + 3

=19.86—j 8.409 =| 21.57 ] -22.95°

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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23, @d¥™+903—(8-j6)/j2=1014+903°—(8—]6)/ (-1)

=0.9703+j 0.2419+8.988 +j 0.4710+8—j 6 = 17.96—j 5.287 =|18.72 0 -16.40°

(b) (50 30%/ (20 -15°9) + 2e®7(2-j2)
=250 45° + (20 5%/ (2.828 0 -45°) = 1.768 +] 1.768 + 0.7072 0 50°

= 1.768 + ] 1.768 + 0.4546 + | 0.5418

=2.224+j 2.310 =|3.207 [ 46.09°
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24,

(@ 53 110=1 1710t j4.698

(b)  6e™™ =[-5.638+ )2.052

(©  (3+]6)(2050 1 5336 j12.310

(d  —100-j40 =107.7003 158.20

(e 20150+ & 126 |1.08¥8 101°37

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



25.

@

(b)

(©
(d)

CHAPTER TEN (Phasor Analysis) SOLUTIONS

4003 50— 18 25 [39.89 7620
3+2+2715 050 = 69.78
j 1+j2

(21025 )t 9.260 75 |[2.397

0.7€'°® =0.700.3%%

j8.945"

0.668% 0.2069

Engineering Circuit Analysis, 6" Edition
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26.
I, =206 AD vz 100[20e/“ "t

v, = —j5Oej(4Ot+30°), i = _jloej(40t+30°) A

OiF (26 jlo)ej(4°t+3°°),vl_: 48 0.08(26- le)ej(40t+3°°)
Ove (32 j64)e™™\] v (32 je4 j50)e/+)
[Jv= |34.930i(40t-536%) \/

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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27.
iL = Zoej(lOt+25°) A

V. = 021 [Zoej (lOt+25°)] — j40e(10t:250)
T
Vi, =808/ (11°2)
v, = (80+ j40)e/™*) j =0.08(80 + j40) j10e! ">
Diz { 32 j64)e5)) 5 —( 12 j64)elt>
Oi= |65.12ei10t+12562°) A

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



28.

@
(b)

(©

(d)

CHAPTER TEN (Phasor Analysis) SOLUTIONS

80cos(500t —20°) V - 5cos(500t +12°) A

v, =40cos(500t +10°) Ui, =

out

2.5cos(500t 42 )A

v, = 40sin (500t +10°) =40cos(500t ~80°)

OiF

2.5cos(500t 48 )A

v, = 40e'®*1%) = 40cos (500t +10°)
+j40sin (500t +10°) i, =

2 Ggi(500t+42°) o

v, = (50 + j20) @™ =53.85 e/

Oi,F

out”

3.36661 (500t +53.80°) A

Engineering Circuit Analysis, 6" Edition
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29.

(@  12sin(400t +110°) A - |120120 A

(b) —7sin800t —3cos800t — j7 -3
=-3+)737.616[113.20 A

(©)  4cos(200t —30°) —5cos(200t +20°)
40 30- § 26 [39ID 10840 A

(d  ®w=600,t=5ms: 70130 V
~ 70c0s(600x5x107%™* +30°) = -64.95"V

(6  w=600,t=5ms: 60 +j40V =72.11[146.3
~ 72.11cos(3™ +146.31°) =[53.75" V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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30. w =4000, t =1Ims

@ 1,=53 80 A
Oiz 4cos(4™ 80 ¥ + 4.294A

(b) 1, =-4+]15=4272[1159.44 A
Oiz 4.272cos(4™ 159.4% ¥ (3.750° A

©  V,(t) =50sin(250t —40°)
= 50c0s(250t —130°) — V,

50+ 108 V

(d) v, =20c0s108t —30sin108t
~ 20+ j30={36.06156.31 V

(e v, =33c0s(80t —50°) +41cos(80t —75°)!
- 33+ 50+ 4+ 75 |72.2F 6387 V
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31. V,=10090 mVm= 500; V,= & 90 mV,

w=1200, M by -5,t =0.5ms

V,,, = (-5) [10cos(500 0.5 x10™** +90 9

+8cos(1.2x0.5 +90)]

=50sin0.25™ +40sin0.6™ =

34.96mV

Engineering Circuit Analysis, 6" Edition
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32. Begin with the inductor:
(2.5 040° (j500) (20x103%) = 2500130° V across the inductor and the 25-Q resistor.

The current through the 25-Q resistor isthen (2500130°%) / 25 = 10130° A.

The current through the unknown element is therefore 2501130° + 11130° = 2601130
thisis the same current through the 10-Q resistor aswell. Thus, KVL provides that

Vo= 10(2601130%) + (25 [ -30%) + (2501130°) = 261.6 (1128.1°

and sg v(t) = 261.6 cos (500t + 128.1°) V.

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



33.

@

(b)

(©

CHAPTER TEN (Phasor Analysis) SOLUTIONS

w = 5000 rad/s.

The inductor voltage = 480 30° = jel I, = j(5000)(1.2x10°3) I,
So I = 80-60° and the total current flowing through the capacitor is
100 0° - 1. = 9.1650149.11° A and the voltage V', across the capacitor is

V1 = (1/jwC)(9.1650149.11°%) = -j2 (9.165149.11°) = 18.33[1-40.89° V.
Thus,|v4(t) = 18.33 cos (5000t —40.89°) V.

V, = V; + 5(9.1650149.11°) + 6001120° = 75.88179.48° V
Ov,(ty 75.88cos(5000t 79.48 )V

V3=V, —48030° = 75.88 [179.48° — 480130° = 57.7001118.7° V
Ov,(ty 57.70cos(5000t 118.70 )V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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34, Vg=100°V, Veies = (1 + j—/c)(100°)
Vr=1 and Veies= 1+ (w-Vw)

We desire the frequency w at Which V gies = 2VR OF Vggries = 2
Thus, we need to solve the equation 1+ (w-Vw) = 4
o w-yJ3w-1=0

Solving, we find that|cw=2.189 rad/s.
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35.  With an operating frequency of w = 400 rad/s, the impedance of the 10-mH inductor is
jal =4 Q, and the impedance of the 1-mF capacitor is—/wC =-j2.5 Q.
OVvs A0-( j25) B °50 A

Ol 3 D %6 1958 41211 A

OVz 4 19513 99 421 7.808° 4879 V
OVz Vo V= 7.8050 4879 B °50

OVz 9.892 7876 V% 9.892cos(408t 78.76 )V

X

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER TEN (Phasor Analysis) SOLUTIONS

36.

If 1,=2020 A, | = 8 30 A Vs &°10 V
=1, =4040 A~ V= 90- j30V

Isl s2
Now let1_ =2.50- 60 Aand|_= 2.5 60 A
LetV,, =Al_+BI_, 080 16 A[R°20) B3 ° 30)

90-j30

and 90- j30=(A +B)(4040 )0 A B 1245 j20.21

o810 8% 305 A @ c10 B@Es - 50)
20120 20

012415 j20.2% B 40- 16 B(I5 °50)

(12415 j202% 40- 18 B I5 °50)

=B(1.1496F 88.21)

30.063 153.82

10.806- j23.81
1.1496+ 88.21
=26.15+ 65.61
0A =12.415" - j20.21-10.800 +j23.81
=3.952" [J65.87

OV.= (3.952 6587 )(25 °60)

out

+(26.15 3 65.61) (25 609 (7508 4.106 V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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37.

(8  w=800:2uF - —j625, 0.6H — j480
300(-(625)  600( j480)

" 300-j625 600+ j480

478.0+ j175.65Q

() ®=1600:Z, =

, 600(j960) _

600+ 960

300(- j312.5)
300- j312.5

587.6 +j119.79Q

Engineering Circuit Analysis, 6" Edition
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38.
) ) 50-i50 10-iy102-11
@ @10+ j10)(-j5) =12 == )

10+j5 2+j1 2-j1
=2-j6Q0Z+F 22 j®

(b)  SCab:20[10=6.667, (6.667 - j5)| j10
_50+ (66,67 _150+j200 _30+j40 4-j3
6.667 + j5 20+ j15 4+j3 4-j3
=7,0Z,02 jL6)(4 j3F |96 j2.8
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39.
0 =800: 2uF - —j625, 0.6H — j480

300(- }625) 600 j480)
" 300-j625 600+ j480
= 478.0+ j175.65Q

120 _  -j625
478.0+ j175.65 300- 625

or | =0.21240F 4582 A

Thus,|i(t) = 212.4 cos (800t —45.82°) mA.
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40,
(8 3Q2mH:V=(33 20) (3 j4F 15000 33.13 V

(b)  3QI25uF:V =(3F 20) (3 j4F 15000+ 733 V

(©  3Q2mH 125uF:V =(3F+ 20) 3 (9,000 20 V

(d same w=40000\= (B 20)6B 8 j2)
OV @ 20)43 j6) [20.I2 4343 V
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41.

(@  C=20uF, =100

1 1
Zn =77 1 ~0.005- |0.01+ j0.002
= 4+~ +j1000x20x10° JOOLT 0.
200  j1000
= L 196.1% 11.31Q

™ 0.005+ j0.001

: 1 - = 125F 1
0.005-j0.001+ j1000C 0.008U

00.005% (100G 0.001)= 0.008%1 106C 0.0e1
+6.245-x1072, C 372.45 R

() w=1000Zz

© c=200F02z T T e
0.0005- |0.1/ w+j2 x10° @ 0010

5 0n’

0 0.005% Ez 106 - 0—'15: 0.0001@2 10 = 75¢ 107
w

0 102 %011866.8 10 Ox2 1@ 2¥8660 103- 04 O

5 4+ -5 -6
use — sign: w:866.0><10 —:1/:;:10 +8x10 =4443and <0

-866.0x107° +1/7.5x10™° +8 x10°°
4x10°

use+sign: w = =11.254 and <0

[do

11.254 and|444.3rad/s
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42.
(€Y
L loos=1 ot L o006
1,1 004 900 x
X 30
OX 4528 = 0.002Ww= [2261rad/s
0  gy=-o28=0 of 21 j_l;_j tant —0
" o x} X

Ox 6434 0.0d w=|3217rad/s

(© 5 _30(10026)  30-j0.09200_0012¢3 +{18 &
" 30+ j0.0200 30-j0.02c0) 900 +0.0004 3
[00.01® = 25(906 0.0004 2)

00.01®@ = 0.00 % 22,500,w = |3354rad/s

(d) 18w =10(900 +0.0004 65),0.004 63 18 w-H000 B,
o’ —45000+2.25 ®0° =0

524500 J20.25x10° —9x10° _ 4500 +3354 |
2 2

572.9, 3927rad/s
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43.  With an operating frequency of w = 400 rad/s, the impedance of the 10-mH inductor is
jal =4 Q, and the impedance of the 1-mF capacitor is—/wC =-j2.5 Q.

OVs 2 296-( j25) b °50 A
Olz 3 D %8 19518 41211 A

| 2040 Ry j25)

- R, +j4

20040 (Ry j2.5)
1.9513F 41.21
=1.0250081.21 (Ry j2.5)

=R, (1.02500081.21 ¥ 2,567+ 8.789
=0.15662R, + j1.0130R, +2.532 - j0.3915
ORs 2532 0.15662R,, 4=1.0130R, -~0.395
[Ry 433%) ,R= 3210

ORt &
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44. w= 1200 rad/s.

_ =] x(200+j80) _ (80 —j200x)[200 +j(x ~80)]
"7 200+ j(80-x) 40,000 +6400 —160X +X’

X, =03 40,000% 80x% 6400% O

[046,40& 80x, x 580 = —19 € 14.368uF
1200c

@

_ 80X — j200X | |
" 200+ j(80-X)" "
2 2
6400X 2 + 40,000X = 10,000
40,000+ 6400 —160X +X
00.64X% 4XE X% 160X 46,400
[13.64X% 160% 46,406 O,
_ —160++/25,600+675,600 _ —160 +837.4
7.28 7.28

1
Ux 93.05% 0 —L1|1€ 8936 F
O 1200C *

=100

(b)

X
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45. At w=4radls, the 1/8-F capacitor has an impedance of -/wC = -j2 Q, and the 4-H
inductor has an impedance of jwlL =16 Q.

@  aboc:z =8+i0)(2-j2) 166+
- 10+ 14 10+ j14
2.378-j1.7297 Q

s g o016 32
() abSC: 7, =(8]-12)+(2]j16) =g =7+~ ¢

0Z= (2446 j1.636R
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46. f=1MHz, w=2rf = 6.283 Mrad/s

2 uF ~ -j0.07958 Q =7,
3.2 uH . j2011Q =7,
1pF - -5j0.1592 Q =75
1 pH _ j6.283Q =Z,
20 uH L j1257Q =Zs
200 pF - -j795.8 Q =Zs

The three impedances at the upper right, Z3, 700 kQ, and Z3 reduce to -0.01592 Q
Thenweform Z, in serieswith Zeq: Z> + Ze; =j20.09 Q.

Next we see 10° || (Z2 + Zey) = j20.09 Q.

Finally, Zin = Z1+Z4+j20.09 5)26.29 Q.
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47.
2H - j2,1F ~ —jlLetl, =100 A
OVz j2v %, +, 05% +1 jl
OVE j2 @ D¢ jIF + j1
qve o 1 ox L
VvV, 1+jl1-j1

Now 0.5s —[2Q] - jo.5s:j—12 ~J2H

05 j0.55
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@

(b)

(©

Engineering Circuit Analysis, 6" Edition

CHAPTER TEN (Phasor Analysis) SOLUTIONS

W =500, Z, o =5+j10 —j1 =5 +j9
1_5-j9 9

UYme - ¥. —= 500C
5+]9 106 106
9
= (169.81uF
53,000 u
Rinab :@:21.29
’ 5
9 1

®=10000Y, ;= j—4 —————
@ 153 5+j20-j05

0.012338+ j0.12169S|or| 0.12232[184.21 S
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49.

@ R, =550Q:7, =500+ 101

100+ j0.001w

7~ 90,000+j0.6¢ 100 -j0.0010)
" 100+ j0.00lw 100 -j0.001w

5x10° +0.0006¢F +j(60 w-50 o

10* +107° o
IR= 5><1(26 +o._206of_
10* +10°
+55x10™wf =5 x10° X10™ 3
005 10t = 0.5x10°, «f =10, w F0°rad/s

UzZz=

550 %5 10°

10w
10° +10° 07
=0, of -2x10° wH0° =0

5 0 _ 0
2x10 ¢J4><2101 4x10°_ | o0

(b) X,=50Q= =0.5x10° +0.5x10™* § 40 w

[Go = 10°rad/s

_ 100+ j0.00100 50,000 - 0.6 w
50,000+ j0.6w 50,000 —j0.6w
_5x10°+6x10*uf +j(50 w6 P
- 25x10° +0.3605
0= 5x10° +6x10™ of
25x10° +0.3605
08 10+ 8 10 = 4.5 10%* 64% 10Ww?

005 10% 48 100G fo= [102.06Krad/s

(0 G,=18x10°:Y,

uls8 1

-10w
25%x10° +0.3607
O01®= 37.% 10% 54« 10 2
054 106 % 1+ 37.5 10°= O,

_yg 4 100-81 _

*08x10° | 52.23 and 133.95krad/s

(d B, =15x10"=
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@

(b)
(©

(d)

CHAPTER TEN (Phasor Analysis) SOLUTIONS

v <o 01030
Yy, (3+j410°

V,=V,0V# |20V

=————— =203 23130 |\ |20V

1,=Y, V,=(5+(2)10° x20> 23.13= 0.10770+ 1.3286 A
Ol I |5 O 30 010770 1.3286 0.2 13740 A

[, 0.20013.740 _

Y, (2-]4107

44720 7748 W V| |44.72V

V, =V, +V, +2003 23.13+ 44.72]1 77.28& 4560 51°62

0|V, |45.60V
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(b)

Engineering Circuit Analysis, 6" Edition

CHAPTER TEN (Phasor Analysis) SOLUTIONS

50uF — —j20Q0Y= 0.& j0.05
1 1000 1

Y =— = [0OR: =
" _j@ ' C  01+j005

R
! C

OR= 8 andCg

1_

250 F

w=2000: 50uF - -j10Q OY,= 0.3 jO.E

. 500
DRT J C_

1

5 j5l R, b ,€ |100uF

g j4
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52.

@ oz, =140 10%10
jw jw
jwo 10-jw

"10+ jw 10-jw

2 .
Ov= w 2+ J110w
w” +100

CL)Z

10w

G = , Bin =
" w? +100 « +100

W Gin Bin

0 0 0

1 0.0099 0.0099
2 0.0385 0.1923
5 0.2 0.4

10 0.5 0.5

20 0.8 0.4

co 1 0
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53.

—j5:%+vl__j;/2 + 1'3\/2 —j75 =5V, +j3V, —j3V, —j5V, +j5V,
0G j22W j2vs- j7i5 (D)
u-V V-V LV

: —L+-2=10
13 ) 6
-j10V, + j10V, + j6V, — 6V, +5V, =300 O0j4V+ (5 j4)V,= 300 2
‘5—]2 _j75L
j4 300 = - —j
Vs J. 00| 1500 J§OO 300 1200 _1600234.36D23.63V
5-j2 )2 17-j30+8 25-j30
j4 5-j4
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54.

j3lg—j5(lg —1,) =0 2I4 j5I= 0
3(lp +j9) —j5(lp ~1g) +6(I, +10) =0
Ojslg (¢ j9IzF- 66 j15

0 i5
| =‘—60—j15 9—j5‘=—75+j300
® -j2 j5 15— j18
j5 9-j5

13.198[1154.23 A
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55.
v, = 20c0s1000t V,v,, =20sin1000t V

OVgE 20°0 V, \5,—  j20V
0.01H - j10Q, 0.1mF - —-j10Q
v,-20 v, Vv, +j20
X4 X X - =
j10 25 -j10
V,=25(2-j2)=70.71% 48 V
Ov, (ty 70.71cos(1000t 45 )V

0,0.04v+ j2 2 0,
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56.

(8 AssumeV,=1VOVy t jO5V, 15 t jO.5mMA
OVE & j05 (2 jO5){ jOBE 075 j15V

Ol 075 jL5mAl £ 075 j#5 2 jo5 27 j2mA

OV= 075 jL5 j15 (275 j2)¢ j05)

=-0.25-j2.875V OV — 100, = |34.6511 94.97°V
-j0.25-j2.875
(b)  -j0.5 ~ —jxAssumeV, =1V Ol 1A,

V,=1-jX, 1, =1-jX, » 1, =2 —jX

OVE 2 % (2 jX)€ jXFE E X*= j3X, 1= F X*= j3X, |, = 3- X*- j4X
OV £ X% 3% 4X% X+ j3X= T 5X* j(X* 6X)J X* 6% 0
OXE 6% 6,Z=1 j2449KQ
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CHAPTER TEN (Phasor Analysis) SOLUTIONS

57. Define three clockwise mesh currentsiy, i, i3 with i; in the left mesh, i, in the top right
mesh, and i3 in the bottom right mesh.

Mesh 1; 1000° + (1 + 1—j0.25)I; — (-j0.25)I, =0
Mesh2:—1;+(1+1+j4)l,—13 =0
Mesh 3: (5j0.25+ 1+ 1)I3—1,—(-j0.25!5) = O

2-j025 -1 10

-1 2+j4 0
jo2s -1 0
*"12-j0.25 -1 j0.25
-1 2+j4 -
jo25 -1 2-j0.25

10(1+1-j0.5)
j0.25(2-j0.5)+(-2+j0.25+j0.25) +(2 —j0.25)(4 +1 —j0.5 +j8 )
_20-j5
8+ j15

Ol 1213 7596 A,li, ) 1.2127cos(106t 75.96 )A
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58.
V,-10-j0.25V, +j0.25V, +V, -V, =0
0(2 j025Ve Vi j0.25V= 10
V, =V, +V, =V, +j4V, =0
-V, +(2+j4)V, -V, =0
~j0.25V, +j0.25V, +V, +V, -V,
0025\ V4 (2 j0.25)V= 0

2-j0.25 -1 10

-1 2+j4 0
| jo2s -1 0
x7|-jo2s -1 j0.25
-1 2+j4 -1
jo25 -1 2-j0.25
~ 10(1+1-j0.5)
~ j0.25(2- j0.5) +(-2 +j0.25 +]0.25) +(2 —j0.25)(4 +1 —j0.5 +j8 )

_20-j5
8+ j15
Ovz 1.2127cos(100t 75.96 )V

=1.2127%+ 7596 V
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59.
@ R,=w,R,=0,A=-V,/V, >>0

_V1+AVi —
Rf
Oov@ A jJwCR;¥ JwCR,V,

| jwC, (V, -V))

V, =-AV, F %(} A+ jwCR,F jwCR,V,

jwCRA
Vo _JOR, ASA- 0 Yo - jwCR,

V, 1+A+jwCR, V,

O

S

1 R

b Rc = T TrocR
jwC, +— JWL Ry

Rf

I=W(1+jwcfm =(V, -V,) jwC,, V, =-AV,
f

OvVi@ A)E jwCRiF VjwCRr jwCRV,
Vil@+A) @+ jwCR) +JwCR, ] = &CRV,

V . . .
F -2[@ A)E JwCR} JWwCRF JWCR,V,

-jJwCR;A \Y/ -jwCR;
- - ASA - 0, 2% , ————
(L+A)(1+ jwCR() + jwCR; Ve 1+ aCiR;

VO—

\Y,

S
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60. Define the nodal voltage v;(t) at the junction between the two dependent sources.
The voltage source may be replaced by a 30-3° V source, the 600-pF capacitor by a
—/ 0.6 Q impedance, the 500-uF capacitor by a—2 Q impedance, and the inductor by a

]2 Q impedance.
sV, +av, = oy MiVa) gy
100-j/0.6 -j2
_5\/2 - (Vl_vz) + ﬁ [2]

-2 i2
Simplifying and collecting terms,

2V, + (960.10 -90.95%) VV, = 6 [1 87° [1]
-j2V1 + 20V, =0 [2]

Solving, wefind that V; = 62.50 86.76° mV and V,=6.251 176.8°mV.
Converting back to the time domain,

Vo(t) = 6.25 cos (10° + 176.8°) mV
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CHAPTER TEN (Phasor Analysis) SOLUTIONS

Define three clockwise mesh currents: i1(t) in the left-most mesh, i»(t) in the bottom right
mesh, and i3(t) in the top right mesh. The 15-uF capacitor is replaced with a—j/ 0.15 Q
impedance, the inductor is replaced by aj20 Q impedance, the 74 uF capacitor is
replaced by a—j1.351 Q impedance, the current source is replaced by a 2010° mA source,
and the voltage source is replaced with a 500° V source.

Around the 1, 2 supermesh: (100 +j20) I; + (13000 —j1.351) 1,—500013=0
and
A+ 1, = 2x10°

Mesh 3: 500° + (5000 —j6.667) 1,—500013 = O
Solving, we find that 1; = 1.22[1179.9° mA. Converting to the time domain,
i1(t) =1.22 cos (10% + 179.9°) mA

ThUS, Pigoo = [I]_(l ms)]2 1000
= (1.025x10°)(1000) W = [1.025W.
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62. Wedefine an additional clockwise mesh current i4(t) flowing in the upper right-hand
mesh. Theinductor is replaced by aj0.004 Q impedance, the 750 UF capacitor is
replaced by a—j/ 0.0015 Q impedance, and the 1000 uF capacitor isreplaced by a—j/ 2
Q impedance. We replace the | eft voltage source with aa6 O -13° V source, and the
right voltage source with a6 [J 0° V source.

(1-j/ 0.0015) I Sy =60-13° [1]
(0.005 + j/ 0.0015) 11 +j0.004 1, - j0.00414 = 0 [2]
1y +(1-j/2)ls +  jO5l,=-600° [3

;j0.004 1, +j0.5 15+ (j0.004—j0.5) 14 = O [4]

Solving, we find that
l; =0.001440 -51.5° A, 1,=233.6 0 39.65° A, and I3 = 6.64 [J 173.5° A.

Converting to the time domain,

i1(t) = 1.44 cos (2t —51.5°) mA
i»(t) = 233.6 cos (2t + 39.65°) A
is(t) = 6.64 cos (2t + 173.5°) A
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63.  Wereplace the voltage source with a 11512 00° V source, the capacitor with a
—/ 2nC, Q impedance, and the inductor with aj0.03142 Q impedance.

Define Z such that Z™* = 27C; - j/0.03142 + 1/20

V4

By voltage division, we can write that 6.014 (185.76° = 1152 e

Thus, Z = 0.7411 0 87.88° Q. Thisalows usto solvefor C;:

2nC; —1/0.03142 = -1.348 sothat|C, =4.85F.
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64. Defining a clockwise mesh current i4(t), we replace the voltage source with a
1152 00° V source, the inductor with aj2r Q impedance, and the capacitor with a
—1.592 Q impedance.

= 8.13200°

Ohm'’slaw thenyields 1, = _115\/5
20+ j(2ri -1.592)

Thus, 20 = /20° + (27 -1.592f and we find that | = 253.4 mH.
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CHAPTER TEN (Phasor Analysis) SOLUTIONS

(@) By noda analysis:
-OnVr = Vouw—Vn) jacp +Vou/ Rc+ Vou / R [2]

Simplify and collect terms:

U
Lo ime, +c ), - jac, vy = = (1]
Rs Rg T g Rg
(-Om+jawCy) Vi - (aCu+ URc+ UR ) Vo = 0 [2]
Define = = —+ 241 ad R = Re|IR
Rg Rs Rg 1y
- ,*+C
Then A = — + w2(2C2+Cnd)-jw% c,+utln, A
Rs R, R,_ Rs H
R.—jaC, /R
And Vo = 9nRs — jaC, /Rs
22 . C, +C,T C. H
i +a)(2Cy+CuCn)-Ja) mCu t—rg
Rs Ry Rs O
H % C, + ,C + C“, EH
jaC Rs I
Therefore/ang(Vou) = tan™ “y - tan-lﬂ
InS Dﬁ + (2(:2 +C,C.)0
w pn)
HRS RL H
(b) 'FiUEND'-l Tools  Wind Hel SEES

DsEs xA 2, PPO

200

QOutput Phase Angle (Degrees)

. .
10’ 1’

L
o’ 10° "
frequency (Hz)

(c) [ The output is ~180° out of phase with the input for f < 10° Hz; only for f = 0 isit
exactly 180° out of phase with the inpit.
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66.
oc: -Yx ,10°V, ~0.02Vv, =0
20 —j10
L . _j10
j10=(0.05+j0.1+0.02) V,V, =———
0.07+j0.1

OVz 67.1% j46.98

OV, 106 V= 3289 [46.98 |57.35+ 5501 V

oc

100

SC:v, =100 Ig& 0.08 108 >0 7A

57.3503- 55.01_
7

OZg

4698 6.710
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67.
V, = j210005VE jw

OVe @ jo)—+ j2w
JOJ

:1+_i+j2w
[
Uzz ﬁf‘: - i+ ] 2w
1 (%)
Atw=1 27, =1-j1+j2 =1+]
1+)1

R =500 mQ, L =500 mH.
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68.
@ v oLt 3-fg, A5 L o6 jo2
2-j11 2+j1 5 j2+0.6 —)0.2

OVe B 90 |w(t) 5cos(1060t ° 90 )V

ONRE
j2p=—2 1712 g5 j0any,
1+j21-j2
- jo5_ 08+104 _“10+J20 4, a5 mag v
1-j1+0.8+j04 1.8-j0.6

va(t) = 11.79 cos (1000t + 135°) V.

SO
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69.
OC:V, =00V, = M°0 V

sC:u1,0Vs j2Ip0l=6

0% (05 # j2)I= (05 DI,

j0.25(j2ty) #\] j2ly

Ol —1 = 04 jo& ¥ — 04 jo8
05+ 1 100

ORz 2=[28 |-t = 1o jog Lz t=[125H
0. JwL L 0.8

I, =0.4-j0.850.8944+ 63.43 A
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70.

o N - A o N
V =2(j) +(-j2)—— =j2+ =——- =1+j1
L =209 (J)1+j1 et Tim

OV, 5 1.4142cos(200t 45 )V

w=100:V, = j%, V100 =0.500s(100t +909)V

so|v, (t) = 1.414 cos (200t + 45°) + 0.5 cos (100t + 90°) V
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71.
j100
j100- j300

-j300
300+ j100
V=- 58 j15¢ 15811 108.43 V
30,000
~j200 |

Use superposition. Left: V,, =100

=-5000 V Right: V= j100 j150V

O
Z,, = j100[-j300 =

150 Q
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72.  Thisproblemiseasily solved if we first perform two source transformations to yield a
circuit containing only voltage sources and impedances:

O 2‘-{0 d"‘?on V

Zf20/45",

= 4

50017° + 0.24000 - 90° + 2.92007 - 45°
73+10+ j13- j4
= (6.8980] -7.019°)/ (83.49 0 6.189°) = 82.62 [0 -13.21 mA

Then | =

Converting back to the time domain, we find that

i(t) = 82.62 cos (10°t — 13.21°) mA
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73. "J/s_;\_

C'.
JZJ"—'

(& There are anumber of possible approaches. Thévenizing everything to the | eft of the
capacitor is one of them.

Vi = 6(2)/ (5+j2) = 22281 68.2°V
Zw=5]j2 = j10/ (5+j2) = 1.857168.2°Q
Then, by ssimple voltage division, we find that

Ve = (2228 0 68.29) il L .
1.8570168.2°- /3 + |7

= 88.21 J-107.1° mV

Converting back to the time domain| ve(t) = 88.21 cos (t —107.1°) mV.

(b) PSpice verification.

TEL D 58 o Yo o s Tk it it Sler Running an ac sweep at the
g frequency f = 1/27r= 0.1592 Hz,
= - | we obtain a phasor magnitude of
o rasE=y g 88.23 mV, and a phasor angle of
N W —107.1°, in agreement with our
= calculated result (the slight
T e L. . disagreement is a combination
i T "o w2 of round-off error in the hand
| |' calculations and the rounding
| | due to expressing 1 rad/sin Hz.
R ——

AC ANALYSIS

* C:yMy Documents\HED-6th Edition%30LUTIONS MANUALYChapter 10%P10.73h.sch

TEMPERATURE =

27.000 DEG C

1. 592E-01 8.5823E-02 -1.07LE+02

JO0E CONCLUDED

TOTAL JOE TIME .0

o
KN

FREQ VI ($N_0002,$H_0003) VP ($H_0002,$H0_0003)

F10.73b (ac... [E]P10.730 (act...
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74. (@) Performing nodal analysis on the circuit,

Node 1:
Node 2;

Simplifying and collecting terms,

(02+j0.2) Vi—j0.1V, = 1 [1]

- Vi+(1+])V2 =5

Solving, wefind that Vo, =V =
Zra= 10[[G1O-j5) + (5] -j10)] = 10| (-j10+4-j2) =

(b)

[2]

CHAPTER TEN (Phasor Analysis) SOLUTIONS

1= Vi 5+Vy(510) + (V1—=V2)/ (j5) + (V1—V2)/j10
j0.5 = Vo[ 10+ (V2 =V (+5) + (V2 —V1)/j10

5.423 (1 40.60° V

cz

I
[
2mF

ACPHASE=O 11

[1]
[2]

5.882 -)3.529 Q.

1z

ACPHASE=-20
) ACMAG=058

L1
L e FHASE=yes
— Al=yaz
100mH
R ;5 1mF-L ¢t L=
ACMAG=1 s SOmH Rz gm
Rz CE
My I}
Al=yaz
5882 2.834mF
ACFHASE=40 60 W MAG=yes

S0mH

—T
[} PHASE=wes

FREQ

FREQ

1. 592E+01

1. 592E+01

VM $N_0002, 0)

4. 474E+00

VM $N_0005, 0)

4. 473E+00

VP( $N_0002, 0)

1. 165E+02

VP( $N_0005, 0)

1. 165E+02
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CHAPTER TEN (Phasor Analysis) SOLUTIONS

Consider the circuit below:

R
- O
[ Vau
Vin @ 1 T
jaC
Using voltage division, we may write:
Vou = Vin ]./]—Ol.ﬁ, or Vo = .1
R+1/ jaC Vi, 1+ jwRC

The magnitude of thisratio (consider, for example, an input with unity magnitude and
zero phase) is
V

out

\Y,

__r
1+ (wRC)
As w - 0, thismagnitude - 1, its maximum value.

in

As w - oo, thismagnitude — O; the capacitor is acting as a short circuit to the ac signal.

Thus, low frequency signals are transferred from the input to the output relatively
unaffected by this circuit, but high frequency signals are attenuated, or “filtered out.”
Thisisreadily apparent if we plot the magnitude as a function of frequency (assuming R
=1Q and C=1F for convenience):

1

0ar

08

0.7 r

[WoutAdin|
o}
i

)
I
T

03r

02r

01r

a =
100 10 10 10 10
frequency (rad/s)
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76. Consider the circuit below:

| O
ljaC Vout
VinCF\D R
Using voltage division, we may write:
Vot = Vin L., or Vou = JOTRC
R+1/ jaC V., 1+ jwRC

The magnitude of thisratio (consider, for example, an input with unity magnitude and
zero phase) is

Vo, wRC

Vi | 1+ (wRCY
As w - oo, thismagnitude - 1, its maximum value.

As w - 0, thismagnitude — 0; the capacitor is acting as an open circuit to the ac signal.

Thus, high frequency signals are transferred from the input to the output relatively
unaffected by this circuit, but low frequency signals are attenuated, or “filtered out.”
Thisisreadily apparent if we plot the magnitude as a function of frequency (assuming R
=1Q and C =1 Ffor convenience):

1

08r

08 r

07 r

[soutfing
=
[s]

o
=
T

10 10 10’ 10 10
frequency (rad/s)
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77. (8 Removing the capacitor temporarily, we easily find the Thevenin equivalent:

Vin = (405/505) Vs and Ry = 100(|(330+ 75) = 80.2Q

80.2 Q

405 + -
EgEiE; \/S _ :3]"537 fF: - \/OUt

0 Vo = 2By, _HC o Voo O 1
505 ~80.2+1/ jaC Ve,  [BO5[L+ j2.532x10 " w
and hence Vou| — 0.802
Vo|  V1+6.411x10%w?
(©
0o : . : : ; Both the MATLAB plot of the
o frequency response and the PSpice
- simulation show essentialy the
s same behavior; at afrequency of
- approximately 20 MHz, thereisa
o sharp roll-off in the transfer
& 0s2 function magnitude.
1° 10° 10 frequewntfy o 10° 107 1°

881.9805my

801.9800my

801.9795mU

861.9796mU
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out j—
_— = _gm

CHAPTER TEN (Phasor Analysis) SOLUTIONS

From the derivation, we see that

Vo — “In(RclR) + jw(Rc IR)C,

Vv 1+ jw(Rc [[R)C,

n

Eng RCRL + wz RCRL Cu2
- U Rc + RL Rc + RL
- O

D 1+w2 RCRL C 2

E Rc + RL 8

This function has a maximum value of gn (Rc|| R.) at w= 0. Thus, the capacitors reduce
the gain at high frequencies; thisis the frequency regime at which they begin to act as
short circuits. Therefore, the maximum gain is obtained at frequencies at which the
capacitors may be treated as open circuits. If we do this, we may anayze the circuit

of Fig. 10.25b without the capacitors, which leads to

l:l RCRL l:l (rr[ ” RB) - _ l:l RCRL H r]‘[RB
ERC-'-RL ERS+rn " RB mERC-'-RL HRS(rn+RB)+rnRB

50 that

I:I]:H:ll:ll:lI:II:NL,<

\Y,

S llow frequency

Theresistor network comprised of rr, Rs, and Rg acts as avoltage divider, leading to a
reduction in the gain of the amplifier. In the situation wherery || Rs >> Rs, then it has
minimal effect and the gain will equal its “maximum” value of g (Rc || RL).

(b) If weset Rs=100Q, R. =8 Q, Rc | max = 10 kQ and rgn = 300, then we find that

V
out — _ gm (7994) rn " RB
VA 100+r_ ||Rg

We seek to maximize this term within the stated constraints. Thisrequires alarge value
of gm, but also alarge value of r || Rg. This parallel combination will be less than the
smaller of the two terms, so even if weallow Rg — oo, we are left with

\Y% -
W~ . (7.994) Onlr _ -2398
Vs 100+r, 100+,

Considering this ssmpler expression, it is clear that if we select r;to be small, (i.e.
<< 100), then g, will be large and the gain will have a maximum value of
approximately —23.98.

(c) Referring to our original expression in which the gain Vou/ Vi, was computed, we
see that the critical frequency ax = [(Rc || RL) Cu]'l. Our selection of maximum Rc,
Rg — o, and r;<< 100 has not affected this frequency.
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Considering the cw = 2x10" rad/ s source first, we make the following replacements:

100 cos (2x10% + 3°) V - 100 03°V
33UF - -j1515Q 112 uH - j2.24Q 92 UF - -j0.5435Q

Then
(V1 —100 0 3%/ 47x10° + V1'/ (51.515) + (V1" — V) (56x10° +j4.48) = 0 [1]
(V2 —V1)/ (56x10° +j4.48) + V,'/ (-j0.5435) = 0O [2]
Solving, we find that

V" =32230-87°mV andVy =31.280-177°nV
Thus, v2"(t) = 3.223 cos (2x10% — 87°) mV and v»'(t) = 31.28 cos(2x10% — 177°) nV
Considering the effects of the w= 2x10° rad/ s source next,

100 cos (2x10°t - 3% V — 100 0-3°V
33pF - -j0.15150 112 pH - j22.4Q 92 uF - -j0.05435Q

Then
V1"/-j0.1515 + (V" =V2")/ (56><103+j44.8) =0 [3]

(V2" =V1")/ (56x10° +j44.8) + (V4" — 100 O 3%/ 47x10° + V,"/ (-j0.05435) = 0 [4]
Solving, we find that

V1" =312.80 177° pV and V" = 115.7 0 -93° pv
Thus,
vi"(t) = 312.8 cos (2x10° + 177°) pV and v,"(t) = 115.7 cos(2x10°t — 93°) uV

Adding, wefind

vi(t) = 3.223x10°° cos (2x10% — 87°) + 312.8x10** cos (2x10° + 177°) V and

Vo(t) = 31.28x10° cos(2x10% — 177°) + 115.7x10™*2 cos(2x10°t — 93%) V
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80. For the source operating at w= 4 rad/s,
7cos4t - 700°V,1H - j4Q,500mF - -j0.5Q,3H - j12Q,and2F - -j/ 8 Q.

Then by mesh analysis, (define 4 clockwise mesh currents 14, I, 13, 14 in the top left, top
right, bottom left and bottom right meshes, respectively):

(95+j4) 11—j4l,-T7I3 -4, =0 [1]
§411+(3+j35) 1, ~31, =7 [2
T+ 12—/ 8) 15+ 814 =0 [3

B1,+j/8ls+(4+]11875) 1, =0 [4]

Solving, we find that | 3 = 365.3 (1 -166.1° mA and |, = 330.97 (I 72.66° mA.

For the source operating at w = 2 rad/s,
55cos2t - 5500°V,1H - j2Q,500mF - -j Q,3H - j6Q,and2F - -j/ 4 Q.

Then by mesh analysis, (define 4 clockwise mesh currents|a, g, Ic, Ip in the top left, top
right, bottom left and bottom right meshes, respectively):

(95+j2)la—j21g=TI¢ —-4lp =0 [1]
0214+ (3+])) s ~31p =7 [2
Tla+ (12—j/ 4) 1c+jl 410 =0 [3

Bl +jl4lc+(4+[575) 1 =0 [4]

Solving, we find that | c = 783.8 00 -4.427° mA and | p = 134 [J -25.93° mA.

Vi =-j0.25 (13— 14) = 0.15170131.7° V and V1" = -j0.25(I ¢ — | p) = 0.16521-90.17° VV
Vy =(1+6) 1,=2.0130155.2° V and V" = (1 +6) Ip = 0.81510054.61° V
Converting back to the time domain,

vi(t) = 0.1517 cos (4t + 131.7°) + 0.1652 cos (2t - 90.17°) V
Vo(t) = 2.013 cos (4t + 155.2°) + 0.8151 cos (2t + 54.61°) V
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81.
@ I = 100_2 ~100@=1D) 57061 76.76 (2.20n)
j25+ = 25+ 3
2-]1
|, = (57.260+ 76.76)% 25.61 140.19 (1.02in)
-]
|, =(57.26F 76.76 )2—2_1: 51.21- 50.19 (2.05in)
-]

V| =2.5x57.26[190—- 76.76=

143.15] 13.24 (2.86in

V, =2x25.61+ 140.19= |51.

27+ 140.19 (1.02in)

V., 551.21+ 140.19 (1.02in)

c
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82.
@ 1,=-22 kg 3 A
400130
,=—20 _ 150580030.96 A
50- j30
,=—2 _ a5 5313 A
30+ j40
b o
) =
/// ' \“‘\\ H_;_, = f?-a.:':ad %
K— S BN - =" =
R e i
N, R T o
_\\ -‘;J’\“’/{\H\\_ - 4§ =
g.’i;! :i-—-_.__‘_ " ‘H\*\‘_‘ \\\
_ -__.____‘____‘______-‘-_h-_x_\ \_!_5
© 1 =1+, +

6.265[+ 22.14 A
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83.
1| =5A, |I,| =7A

l,+1,=1000, I, lags V,1, leadsV
[, lagsl,. Use2.5A/in
[Anaytically: 50+ 71 £ 10
=5cosa + j5sina +7cosB +j7sin B
Osing - 1.4sinf

05y 14°sin’B 7% 1sin* = 10
By SOLVE,|a = —-40.54°3 =27.66°
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84. V1=10000°V, Vo= 140V, V1 + V4| =120 V.
Let 50 V = 1 inch. From the sketch, for [V, positive,
V2 = 1400122.5°.| We may also have V, = 14000-122.5° V

[Anaytically: |100 + 14000 a| = 120
so |100+ 140cosa +jl40sina| = 120

Using the “Solve’ routine of a scientific calculator,
a=+122.88°]
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1.

z = 10° - _800, 50(-/80)
j500x% 25 50 - ;80

OWw 8480 3201 V,kK 169 3201 A

|, =1.06000157.99 A

p, (rt/2ms) = 84.80cos(45° —32.01°) 2cos45° $116.85W

P =50x%1.696° cos’ (45° —32.01°) $136.55W

p. =84.80cos(45° —32.01°) =1.060cos(45° +57.99°) 5 -19.69W

=42.40% 32.02Q
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(@  4H:i=2-10% L= 4(4F 16t,w= %Lié %x 44t~ 4%+ 1)

Owz 8% &% 2 w,@) w@) x8 38 ¥ 28484 2 |576J

R — Dza_d — 23 Z
(B)  02Fiv = f(2 -1 di+2 =5 tH+2—%3t ﬁﬁg% 2

Ov, (2 539 8 16 % 5 2= %1\,1] P(2 933 7 (142.33W
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R 1

3. (0)=-2V,i(0)=4A, 0 =— =2, 0w0° =—— =3,5,, =2 1 =4, 3
v.(0) i(0) oL ° TLC $12 1

(@  i=Ae"+Be¥OA B 4 i(0F :-lLvL(o+)= £ & K+2)=-14
O A 38- 14 B 5A- 15- o 5 YA
F = 31’{ et 5e¥)dr 2 3(e= Be¥)- 2= e'~ 3 Be I+ 52
Ov= 3% 511 P(0%) 3 5)(+1 5)-| 8W

(b)  P(0.2) =(3¢®2 -5¢ %) (=" +5¢°°) 5 -0.5542W

(©  P(0.4)=(3" -5e™?)(5e™* —e*) 30.4220W
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We assume the circuit has already reached sinusoidal steady state by t = 0.
25kQ - 25kQ,1H - ;1000 Q, 4 uF - -250 Q, 10kQ — 10kQ
Zey =;1000 || -7250 || 10000 = 11.10 —;333.0 Q

_ (20030)(11.10 - ;j333.0)

- . = 2.6310050.54° V.
2500+11.10— /3330
v v

o = B =026310-5054°MA |y = — 2 =26310-1405° mA

10000 /1000

v

layr = 8 =1052(130.46° MA Vg = —20D3N200) __ 1971137 550y

~ /250 2500+11.10- /3330

o2
hus, Pre = ho74cos3755° " _ oo
2500

P11 = [2.631cos(-50.54) |[2.631x10° cos(~140.5°)| = [ -3.395 mw

Psyr = [2.631cos(~50.54° )|[10.52 x10°c0s(39.46°) |= | 13.58 mwW

_ [2.631005(- 5052

2
Posk = =| 279.6 [JW
10000

FREQ  IM(V_PRINT1) IP(V_PRINT1) FREQ  VM(L,0) VP(L,0)
1592E+02 7.896E-03  3.755E+01 1.592E+02 2.629E+00  -5.054E+01
FREQ  VM(R2_5k$N_0002)VP(R2 5k $N_0002) FREQ  IM(V_PRINT11) IP(V_PRINT11)
1592E+02 1.974E+01  3.755E+01 1592E+02 1.052E-02  3.946E+01
FREQ  IM(V_PRINT2) IP(V_PRINT2) FREQ  IM(V_PRINT12) IP(V_PRINT12)
1592E+02 2.628E-03  -1.405E+02 1592E+02 2.629E-04  -5.054E+01
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400+ 53.13

- 510 A/C - jA ,Z = 8|(3 jaF
ls J in ||( J )_ 11_]4
=3417+ 33180 ¥ 17.08f 3315,

v, =17.087cos(25t —33.15°9) V [
P ., (0.1) = =17.087 cos(2.5™ -33.147°) x5c0s2.5™ = -23.51 W

, = 17087 cos(25¢ —33.15°) O

Ig
iy (0.1) = 2.136c0s(2.5™ -33.15°) = -0.7338 A
OR,= 07338% & (4307 W
= 17.08703- 33.15
3-j4
0i,(0.3F 3.417cos(25% 19.98 F - 3.272A0
P =3.272° x3532.12W

V, =-;4(3.417119.983 F 13.67+ 70.02,
v (0.1) =13.670c0s(2.5™ - 70.02°) = 3.946V

OP.,= 3946 3272F + 12911 W| X= 0)

=3.4171119.98 A
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6.
zZ, =4+w =4+25+,5=65+5 Q
1= —0 - 12198 37857 A
65+ /5
0P =~ % 108 12.194c0837.57 = — 483.3W
P =%(12.194)24 207.4W,
cabs @
|, =0 /5609705243 0
6.5+ ;5 10

Pro.us =%(6.O97)2 x10 =[185.87 W

P=0 (Z=0
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7.
V = (10 + j10) 20030 =52.44060.18 V
5050+ & 20
Po g = % x10 x52.44¢0s69.18° 593.20 W
1 o
Pis =7 *10x5244005(90° ~69.18°) 5245.08 W

105H2.44
PBE- 20abs = 5 %E 8COS(_200) (den = zabs)
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8.
1 . .
Z,=3+— = =3+1+;3=4+;3Q
0.1-,03
Ignore30°oan,|R:52+]5,||R|:_5"29
| 6+ 8 10
f
@ Py _105v2 x 3=310.875 W
2810 F
) Vv =500 LT 15 em 5104 v
6+,8

uprP = —]25( 13.468 5cos51.94= |20.75 W

s,gen
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leo = P—j5 =0,
Vip =50, Vg, Vip =50 _
10 10  -j5

OV, jO.: 0% jO2F ;5 10 O
OV 79.08 1657 V

1 79.06°
P == 43125 W:
e "o 10
I, = 79'0651(_31'57_ 0 _ 15 750178.69 A
710
OPR,= % 58 12.748c0s78.69= [62.50 W

=15.811+ 7.57 :

_ 79.0601161.57 — ;50
_]5
P = % x50 x15.811cos(90° +71.57°) 5 375.0 W

| /50

J
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10.
V, -2 -
X O + VX VL’ = 2VL ,
2 3
3V, -60+2V, -2V, =12V
O5v- 14v= 60, vV Yoo
: 3 -2

O2V- 2V+ j3V= Or 2V+ (2 j3V.= 0

60 -14

v _‘o 2+j3‘_ 120+ /180

. = =0.233[+ 83.88 V
5 -14| 10+ ,;15-28
-2 2+
5 60
-2 0
. =— = =5122[%+ 1409 \J
-18+ /15

P. = % x9.233 x2 x5.122 cos(—83.88° +140.19°) 526.23 W,

gen
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11.

(@ X,=00Zz7| Rz /d

(b) R,,X, independentl|Z= Z= R~ jX,

2

. 1 A

C R, fixedd P= = x RO|&Z R jX
() ‘ - 2 (Rth+RL)2+(Xth +XL)2 p = - ] 2

2P, RL

v, (R, +R,)+d°

df _R,+Rj+a’-2R, (R, +R,) ~0

dR, HR, +R,)? +aza2

R?2 +2R R, +R? +a* -2R, R, =2R? =0
ORE R% a= |JR%* (X X,)

(e X, =00RjF |{R% X2= Z,,|

(d) X, fixed, Let X, +X, =a0 f=
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12.
-10
Vv, =120 =107.33%+ 116.57 V
10+ /5
= -j10(10 + j15) -8- 140
10+ /5

@ O0zz[8 A8

(b) | = 107.33+ 116.57

0
16

e = 107330 o 1w
™20 16
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13.

R, =|Z,|OR7 8% 14%= [16.128
1 107.332
b2 (8+16.125)? +14°

x16.125 5119.38W
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14,
~j9.6=-481_ —j1921 -+8I
= 96 4
1.92

O\ (0.8 5)& 24V

OP= —]2>'< 24 1& 5|96 W (gen)
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15.
@ 7, =-80]j60- j480 80— j60
80+ /60 80— /60

=288+,384Q07, = [288 j38.0

(b) Vv, =5(28.8+;38.4) =144 + j192V,

144 + j192
o1z =2t J22
2%x28.8
2 2
andP, :lwx28_8:250w
’ 2 4x28.8
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16.  Ze=(6—78) || (12+,9) = 8.321 [ -19.44° W
Ve = (5 0-30% (8.321 [ -19.44% = 41.61 [ -49.44°
P = ¥2 (41.61)(5) cos (-19.44°) = 98.09 W

lojs = Veg/ (6—78) = 41610 3.69° A
|l 4j2= lgyj7= Vgl 12+j9 = 2.774 (1 -86.31° A

Ps.s = %2 (41.61)(4.161) cos (-49.44° —3.69°) = |51.94 W

Puj= Y2 (2.774)2 (4) =|15.39 W
Pay7= %2 (2.774)2 (8) = | 30.78 W

Check: ¥ =98.11 W (okay)
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17,
v, 210022 _ =20+ 40,2, =02 _, g
20+ j10 20+ ;10
OR= 2,0 R
2 2
op 1 20+40 8.044 33.63W

Lme > (4+8.944)° +64
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18.  Wemay write asingle mesh equation: 170 J0° = (30 +;10) |1 — (10 —750)(-Al 1)

Solving,
| = 170000°
Y7 30+ j10+10A - j50A
170000° o . .
@ A=0,s0I;= — =5.37600 -18.43° A and, with the same current flowing
30+ /10

through both resistors in this case,

Py = % (5.376) (20) =|289.0 W
Pro = % (5.376) (10) =|144.5W
MA=1500;= 090 _306050045° A
40- j40

P2 = % (3.005)% (20) =|90.30 W

The current through the 10-Q resistor is 11+ Al; =21, =6.01 0 45° s0

aall=n

Py = ¥2(6.01)% (10) =|180.6 W
(©)
IPRINT
Al=yes
WA Gy
From. a1 [
m 150, 2mH
10 % R3
i
R Woes L.
PHASE=yaE
53.050F = =

L] [
@
FREQ  IM(V_PRINT3) IP(V_PRINT3)
6.000E+01 5.375E+00 -1.846E+01
FREQ  IM(V_PRINT4) IP(V_PRINT4)
6.000E+01 5.375E+00 -1.846E+01
(b)
FREQ  IM(V_PRINT3) IP(V_PRINT3)
6.000E+01 6.011E+00 4.499E+01
FREQ  IM(V_PRINT4) IP(V_PRINT4)
6.000E+01 3.006E+00 4.499E+01

Engineering Circuit Analysis, 6™ Edition
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19. (8 Waveform (a): lag = (10 +(_35)(1) +0d) =1.667 A
L 200 +oq)
Waveform (b): lag = 2 5 =5A
Waveform (c):
1073
1 107 .2 #x10° s
lag= —— [ 8sn—""_g = -(8x10° os™
0~ 1x10°)c 4x10°° B10°) 2 E: 2x10°° QO
= —1_6(0—1): 1_6A
T T
(b) Waveform (a): 12, = 00D+ (25)(1) *OQ) _ 416742
Waveform (b): i(s) = -20x10°¢ + 20
i“(7) = 4x10° #* — 8x10° ¢ + 400
2 _ 1 10° 8,2 5
0= 52157 ), (4x10°2 - 8x10° + 400)ar
1 [4x10° [ ..\ 8%x10° [ .\ s\W_ 0.1333 2
= 02 - 07°) +400(1072 )5 = =466.67 A
Waveform (c):
. . 3 1073
e (pax10?) . - Sn7Tx107
1x1072Jo 4%10 2mx10° 0,
_3 .
= (6ax10°) 32 - SN -z
02  2mx10°[
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20.  Atw=1201 1H - j377Q, and 4 uF - -663.1 Q
Define Zgs = /377 || -7663.1 || 10000 = 870.5 [ 85.01° Q

(a00v/20 - 9° ) 2500

25k = =52040-27.61°V

2500+ 870.5185.01°
_ (400v20-9°)(6705085.00°) o e uoy
2500+ 870.5185.01°
Thus, Posc= % (520.4)2/2500  =[54.16W
P =%(181.2)2/10000 = 1.642W
P14 =0
Paur =0 (A total absorbed power of 55.80 W.)

To check, the average power delivered by the source:

| source = 400\/§D ~9 = 0.20810-27.61° A
2500 + 870.50185.01°

and Psuce = ¥5 (40042 )(0.2081) cos (-9° + 27.61°) = 55.78 W (checks out).

FREQ  IM(V_PRINTY) IP(V_PRINT1) FREQ  VM(L,0)
6.000E+01 2.081E-01 -2.760E+01 6.000E+01 1.812E+02
FREQ  VM(R2_5k$N_0002) VP(R2 5k $N_0002) FREQ  IM(V_PRINT11)
6.000E+01 5.204E+02 -2.760E+01 6.000E+01 2.732E-01
FREQ  IM(V_PRINT2) IP(V_PRINT2) FREQ  IM(V_PRINT12)
6.000E+01 4.805E-01 -3.260E+01 6.000E+01 1.812E-02

VP(L,0)
5.740E+01

IP(V_PRINT11)
1.474E+02

IP(V_PRINT12)
5.740E+01
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21.

@ v =10 +9c0s100¢ +6sin100¢

UVv,= \/109 —% 8t -;x 36= +158.5= (12.590V

(b) FW = \/%, (102 +20° +102) =/150 12.247

_ (10)(1) + (20 + (10)D) _ 40 _

C F
© avg 4 )

10
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22.

(@  g() = 2+ 3cos100z + 4cos(100z — 120°)

3.606°
+

300+ 40-120° = 3.606 (-73.90° so Ggi = , |4 =13.240

(b) h(t) = 2+3c0s100¢ +4cos(101r —120°)

1, 1
OH7 (& 23 ~4= V165 4062

1

0.1
C 62
(©  f(r)=1001, 0<¢ <0.10F _0.3-[0 10°%%dt

\/— x10° x= ><1O‘3 =233.33
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23.  f(¢) =(2-3c0s100¢)*

(@ 7 (t) = 4-12c0s100¢ +9cos?100¢
O f(F 4 12cosl00+ 4.5 4.5c0s2000 E, 4 45 (85

(b) F, = \/8,52 +%><122 +% x4.5% £12.43
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2

2. (@) i = %(102+(_5)2)+0E =| 6.455A

(b) igr = %%’[—20t+20]dtﬁ+ OE =5 =|2236A
© i = %%’:&in%t%{’t%% =\/58D3Eposm% = 2257A
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25.

(@ A=B=10V,C=D =0010°8 [® °45 1848 22.50°

O % ?1{ 18.48= [42.68 W,

() A=C=10V,B =D =0, v, =10cos10s +10cos40x,

2 2
P:E£+££::25W
2 4 2 4

() v, =10cos10r —10sin (10 +45°) - 10 -100F 48 = 7.654]1 67.50°

2
g 17654

2 4

7.322 W

(d) v =10c0s10¢ +10sin (10¢ +45°) +10cos40z;
1000+ 10+ 4% 184B  22.50°

Ue —]5( 18.48% —]-'l- —1>< 10% L 55.18 W
2 4 2 4

10°
(e //+10dcO0P= 5518 —=

80.18 W
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CHAPTER 11 SOLUTIONS

Zeg=R||j0.3w= _JO3R® By voltage division, then, we write:
R+ jO.3Rw
j _ 2, .
Vigoms = 12000 — 020 — 1ppp 7205 * /01K
70 + JO3Rw. -0.08w? + jO.4Rw
"7 R+ j0.3w
03Rw.
Vzoomn = 120010 R +]Qb3(§)R = 120010 ]326RC()
040+ L2RW -0.030° + jO4Rw
R+ j0.3w

(a) We'reinterested in the value of R that would lead to equal voltage magnitudes, or

| j36Rw| = | (120) (-0.0807 + jO.1uR))|

Thus, 36Rw = V12.960" +144w’R® or| R =0.1061 w

(b) Substituting into the expression for V 100mu, We find that V 100mn = 73.47 V,
independent of frequency.

To verify with PSpice, smulate the circuit at 60 Hz, or = 1201trad/s, so R =40 Q.
We adso include aminiscule (1 pQ) resistor to avoid inductor loop warnings. We see
from the simulation results that the two voltage magnitudes are indeed the same.

FREQ  VM($N_0002,$N_0003)VP($N_0002,$N_0003)
6.000E+01 7.349E+01 -3.525E+01

FREQ  VM($N_000L,$N_0002)VP($N_0001,$N_0002)
6.000E+01 7.347E+01 3.527E+01

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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27.

@ V . =30V

av,1

V,,= % (10 +30 +50) =30V

® V= \/% J 03 (200)*dt = \/é x400 x% x27 =/1200 334.64V

1

Vv, ,= \/1(102 +302 +50%) =, |= x3500 334.16V
72743 3

(c) PSpice verification for Sawtooth waveform of Fig. 11.40a:

R

14

1
TH=] 4y

=]

Ta=3%

v2=60v
Ta=3 OOD0000

W=

A1 - 3.008,
‘nz - 3.@00,
ldif=  0.98,

Probe Cursor

38.084
34.64
-4 .642

TR T ]
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CHAPTER 11 SOLUTIONS

10° - jR10°
Zgt = R| o Ez /

H 3w 30R — j10°
. 120000 _ 1200(30R - 10°)
YET 10 Ro — j10°(30R — j10°) - jwR10P

w ! 30k - j10°
Loy = | R
auF = Isre 10

R-j——

3w

(a) For the two current magnitudes to be equal, we must have Lﬁ = 1. Thisis
R-j =
30
only true when R = oo;|otherwise, current is shunted through the resistor and the two
capacitor currents will be unequal.
(b) Inthis case, the capacitor current is

12000 1061 L5 = /90w A or | 90w cos(er +90°) A

]a) ]3(;)

(c) PSpice verification: set /= 60 Hz, simulate a single 0.75-uF capacitor, and include a
100-MQ resistor in parallel with the capacitor to prevent a floating node. This should
resit in arms current amplitude of 33.93 mA, which it does.

FREQ  IM(V_PRINT3) IP(V_PRINT3)
6.000E+01 3.393E-02 9.000E+01
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29.
v(t) =10t [u(r) —u(t —2)] +16e % [u(t =3) —u(t 5)] V
Find eff. value separately

Vi \/ IlOOtzdt—\/—XB =7.303

Voo = \/ I 256e " dt —\/22663(—e_t)§ =6.654

OV,7 7.303% 6.654= |9.879

_ 12 2 5 3 1 5.[]
Vy ‘\/g g, 100¢%d1 + [ 256¢% ™ di

8
= \/3 000, 5 4 2566 (2

_e—S)D
553 A

1800 S
+256(L—¢?)- =9.879V OK
\/5H 3 e )H
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30.  The peak instantaneous power is 250 mW. The combination of elements yields

Z = 1000 +;1000 Q = 1414 045° Q.
Vo0 _V,0-45

Arbitrarily designate V =V, 00, sothat | =
Z 1414

We may writep(f) = 2V Incos@ + %V, Iy cos (2wt + @) where @ = the angle of the
current (-45°). This function has amaximum value of %2V ylm cos @+ %2 V.

Thus, 0.250 =%Vl (1+cos@) = Y2 (1414) |2 (1.707)
and | =14.39 mA.

In terms of rms current, the largest rms current permitted is 14.39 / V2 =10.18 mA rms.
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@
(b)
(©)
(d)
(€)
(f)

(9)

CHAPTER 11 SOLUTIONS

| =403% Arms

V =20l +8003% Vmms, P._ = 8% 10cos38=|655.3 W

s,gen

P, :|||2 R =16x20 =320 W

P =6553-

320 ¥335.3W

AP, =80x10

AP, =P, =320VA

|, =1000- &4 35 7.10%

OAP= 88 7.

PF, =cosf, =

sincel, lagsV,

1884 Arms

104 |568.3 VA

P, 3353 _

0.599

AP, 5683

PF, islagging

Engineering Circuit Analysis, 6™ Edition
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@

(b)
(©

(d)

CHAPTER 11 SOLUTIONS

I, :L,O =9.214[+ 26.28 Arms
4+ j192

12+ /16
OPR= c0s26.25 |0.89691ag

P =120x9.214 x0.8969 5991.7W

j48
3+j4

Z, =4+ =4 +% (192 +j144)

11.68- j5.76
11.68% +5.762

G |90.09 4F

0Zz 1168 ;578 , Yz

j5.76
11.682 +5.76%°

PSpice verification

0 j120mG

FRINT

. =y
[t ]
FHASEsyes
i1
B0 W 2T b g
A7 4&mi x =
A Epld S =]
By
Pl
PHASE>yEs

FREQ  VM($N_0003,0) VP($N_0003,0)
6.000E+01 1.200E+02 0.000E+00

FREQ  IM(V_PRINT1) IP(V_PRINT1)
6.000E+01 9.215E+00 -2.625E+01 ; () and (b) are correct

Next, add a 90.09-UF capacitor in parallel with the source:
FREQ IM(V_PRINT1) IP(V_PRINT1)

6.000E+01 8.264E+00 -9.774E-05 :(c) is correct (-9.8x10” degrees
isessentially zero, for unity PF).
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33.
Z,=5+,2Q0,7,=20-;10Q, 72, =10[830 Q = 8.660+ ;5Q

Z, =10+ 60= 5 ;8.660Q

‘200 -20+ j10 ‘

0 3366~ ,13.660
= : RSP 120502209 450113008 Arms
25-/8  —20+,10 | 4809F 26.00
20+ /10 33.66 - /13.660

25— j8 200
_|-20+j10 0| _200(20- j10)

, = =9.300f 0.5681 Arms
4809+ 26.00  480.90]20.00

AP, =|I.]°|z | =15.1082\/29 51229 VA
AP, =|I, -1,*|2,| =5.8812 x10J5 37735VA
AP. =|1,]|2|Z.| =9.3* x10 +86.49VA
AP, =|1,[|z,| =9.3° x10 5864.9VA
AP, = 200|1,| =200 x15.108 33022VA
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34. Perhaps the easiest approach is to consider the load and the compensation capacitor
separately. The load draws a complex power S = P + Q. The capacitor draws a
purely reactive complex power Sc = -jQc.

Bi0aa = tan }(Q/P), or Q = P tan Bjou

A = |(UCV2

. rms = a)CV ’
(=j1aC)

rms

Qc = Sc = Vims

Sota = Soad+Sc = P+,/(Q—-Qc)

Brew = aNY(Sotal) = tan™ é‘%ﬁl sothat Q —Qc = P tan Bnew

Substituting, we find that Qc = P tan 6)0xq — P tan Brey
or

wCV? = P (tan 60 — tan Bpew)

rms

Thus, noting that 644 = 604,

P (tan 6,4 - tan 6,,,)
wV?2

rms

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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@

(b)

Engineering Circuit Analysis, 6™ Edition

CHAPTER 11 SOLUTIONS

Z,=30011%Q , Z~ 40 2O

z,, =30015+ 40 46 68.87 2981
0PE c0s293= |0.8719 lag

z, =6837029.31= 50.62 ;3348
PF, =09 lag

new

06 = cos'0.& 25.8%

new

tan 25.84° = 0.4843 = Ko ux,= 28.88
59.62

new

0] 33.48 1 _ 28.88,
100rC

C =[691.8uF
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36. 01=c0s(0.92) = 23.07°, 6,=cos™ (0.8) =36.87°,05=0

s, = 100207 _ 4064 ja259vA
0.92

5= 20U _ o554 1875vA
0.8

o= 50000 _ oo ya

Soa=S1+ S+ S = 500+,;230.1 VA = 550.4 (024.71° VA

@ lgf= "2 = —— =|4.786 Arms

(b) PF of composite load = cos (24.71°) =| 0.9084 lagging

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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37.

AP, =10,000 VA, PF, =0.8lag, |I,| =40Arms
Let|, =40000 Arms, P= 10,006 0.8= 8000 W
8000
407
cosf, =0.8lagll 6= cos' 0.8 36.87

OX~ 5tan36.87= 3.78 ,Z= 5 j3.75Z,= 52 j3.7R

OV= 40(5.2 j3.75F 256.4035.80 V;Y, = ;

‘ 5.2+ j3.75

=0.12651- j0.09124S, Y, =0.12651 + j(12071C —0.09124),

LetZ, =R, +jX, OR= 50

PE_=09lag,6, =2584°0tan25.84= 0.4843
009124 -12071C
© 0.12651

C = [79.48uF

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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38.  Zg1=;100 + ;300|200 = 237 054.25°. PF = cos54.25° = 0.5843 lagging.

() Raise PFt00.92 lagging with series capacitance

Znew = j100 + jX¢ +j300 || 200 =

- 92'3+X°E = cos'0.92
0 1385 [

tan

Solving, we find that X¢ =-133.3 Q =-1/wC, sothat C= | 7.501 pF

1385 + j(192.3 + X¢) Q
= 23.07°

(b) Raise PF to 0.92 lagging with parallel capacitance

Znew = j100||jXc + 300200 =

= 1385+ j%z.em

231+ 2% H

100+ X

a0 100+ X. O _ 1
tan 0 1385 o= cos
H H
O O

Solving, we find that Xc =-25Q =

FRIMT

AC=yea
MAG=yas
PHASE =yas

ACMAG=113 W
ACPHASE=.

M2

p

100X

he

~100X .

=P 2c 41385 492.31 Q
j(100+X )

092 = 23.07°

-1/aC, sothat C= | 40 pF

Lt

1o0mH

A1
320mH 200

General circuit for ssimulations. Results agree with hand cal cul ations

FREQ
With no compensation: 1.592E+02
With series compensation: 1.592E+02
With parallel compensation: 1.592E+02

IM(V_PRINT1) IP(V_PRINT1) 6 PF
4.853E-01 -5.825E+01  54.25° 0.5843 lag
7.641E-01 -2.707E+01  23.07° 0.9200 lag
7.641E-01 -2707E+01  23.07° 0.9200 lag

Engineering Circuit Analysis, 6™ Edition
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39.

@ P ., =20+25x0.8 +30 x0.75 =70 kW

s, tot

|, = 20,000
250
|l ,| = 25,000/ 250 =100 A rms
Ol - cos™0.8- 3687 K 100 36.87°Arms
40,000

(b) ~8000 Arms

AP, = 30.990 _ 49,000 v, ] = =160A rms
250
Olg- cos'0.75-4142 0 kK 160 441 Arms

Ul= 80°6 1086 368/ @60 41.41°=32540 30.64 Arms
UAP= 258 325.4 |81,360 VA

_ 70,000 |

- 0.8604|
81,360 4

© PR
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40. 200 kW average power and 280 kV AR reactive result in a power factor of
PF = cos (tan™ (280/200) = 0.5813 lagging, which is pretty low.

(a) 0.65 peak = 0.65(200) = 130 kVAR
Excess =280 — 130 = 150 kVAR, for a cost of (12)(0.22)(150) = | $396 / year.

(b) Target=S=P+;0.65P
0 = tan(0.65P/P) = 33.02°, so target PF = cos 6 =|0.8385

(c) A single 100-kVAR increment costs $200 to install. The excess kVAR would then be
280 — 100 — 130 = 50 kVAR, for an annual penalty of $332. Thiswould resultin a
first-year savings of $64.

A single 200-kV AR increment costs $395 to install, and would remove the entire excess
kVAR. The savings would be $1 (wow) in the first year, but $396 each year thereafter.

The single 200-kV AR increment is the most economical choice.

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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41.
Z, =-j10 +%+£2) =10.769 —;3.846 =11.435" [3- 19.65 Q
J
gl= 100 = 8.745 19.65

* 11.4350F 19.652
O0S=- VI=- 106 8745 19.65 —| 82356 ,;294.1VA

10+ ;20
+j20
0S,= 28 5432%= (5882 ;OVA

| 20x5.4230149.40

10 10+ ;20
S, =10x4.851* 5235.3 +j0 VA

S, = j20x4.851* = j470.6 VA

S, =10 x8.745° = | —j764.7VA, =0

| ,, =8.7450119.65% 5.428] 49.40

=4.851+ 14.04

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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42,
V. —100+ V., +Vx - j100 -0
6+;4 —j10 5

OV= 53350 4266 V

100-53.35 [142.66 _
6+ j4

Uls

1

0S,.= % 108 9806 6434

9.806-

64.24 A

21145 j4423VA

S % x6x9.806° 5288.5 + j0VA

Sj4,abs = %(]4) 98062 = O + ]1923VA

| J100-53.35 142,66
=
5

=14.9901121.6 ,

S, = % x5x14.99? =561.5 + jOVA

1

Sy =5 (/10014995 121.57=

2,gen

638.4- j392.3VA

_ 1[B3.35]

S, == —j10) =0 - j142.3VA =
—j10,abs 2 WH( .] ) ]

Engineering Circuit Analysis, 6™ Edition

14230 VA 2=0
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43.

(@ 500VA, PF=0.75 lead[
S=500+ cos*0.75 |375 ;330.7 VA

500W, PF =0.75 lead

SOOSSin (cos™0.75) = | 500 — j441.0 VA

(b)

S=500-

J-

() -500 VAR, PF=0.75(lead) 06 — cos™0.75 — 41.41
0 P500/tan41.41= 566.9W,
| S=566.9- 500 VA

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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44, S, =1600 + 7500V A (gen)

€) |D:M:4+jl.25m|sz & j1.25

' 400
_ 400 _ . _ . .
| == =;333BArmsOl= |- | = 4 j1.25 ;3.333
- 120 ‘

Ol 4 j4583AmME
S, =400(4 + j4.583) 21600 + j1833 VA
,1833.30

b PF =cosfian ™ ———/=0.6575" |
(®) t ﬁ 1600 H X

(© S, =1600 + ;7500 =1676[117.35 VAD PE co0s17.35 |0.9545 lag

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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@

(b)
(©)

CHAPTER 11 SOLUTIONS

(cos™0.8=236.87°, cos 0.9 = 25.84°)

S,, =12000J36.87+ 1600 25.84 900
=960 + ;720 +1440 + j697.4 +900
=3300 + j1417.4 =3592[123.28 VA

s

PF =c0s23.245° 3 0.9188

35915
230

15.62 Arms

S=[3300 + /1417 VA

Engineering Circuit Analysis, 6™ Edition

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER 11 SOLUTIONS

46. V =3390-66°V, w=100mrad/ s, connected to Z = 1000 Q.

339
(@ Vegr=—= =

2

(b) Pmax = 339%/ 1000 =

=1239.7V rms

1149W

(©) Pmin = |OW

(d) Apparent power = Vi ler =

(e) Sincetheload is purely resistive, it draws|zero reactive power.

(f) S=57.46 VA

Engineering Circuit Analysis, 6™ Edition

?39%8 H Var _ 57.46 VA
W2 Dﬂlooo 1000
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47. V =339 0-66° V, w= 100mrad/sto a purely inductive load of 150 mH (j47.12 Q)

CHAPTER 11 SOLUTIONS

-156° A

@1 = v = 3390-66° =7.1940
Z j47.12
SO lgf = 7194 =15.087 A rms
V2

(b) p(5) = Y2Vmlmcos @+ Y2V lm cos(2ax + @)
where @ = angle of current — angle of voltage

Pmax = ¥2Vmlmcos @+ %2 Vlym = (1 + cos(-90°) (339)(7.194)/ 2 =|1219 W

(C) pmin = 1/2Vm|m Cos(p'l/Zlem = ‘1219W

(d) apparent power = Vil =

(6) reactivepower =Q = Vi lgr SN (8 —0)

(f) complex power =

339

NG

/1219 VA

Engineering Circuit Analysis, 6™ Edition

(5.087)

1219VA
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48. 1H - jQ, 4pF - -j250kQ

Zgt = j||-j250x10%||10° Q = 10189.99°Q

Vi = (5L10) (1089.99) _ 0.002[189.97° V

2500 + (10189.99°)
(@) pmax = (0.002)?/ 10x10° = 400 pW

(b)] OW | (purely resistive elements draw no reactive power)

(c) apparent power = Vgilet = ¥%Vimlm = ¥ (0.002)?/ 10000 = | 200 pW
500

d) | = = 0.0020-0.02292° A

(@ towee = S0+ 1r189.99°

S = % Vplm 0(89.99° + 0.02292°) = [0.005 [190.01° VA
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CHAPTER 11 SOLUTIONS

49. () Atw=400rad/s, 1pF - 2500 Q, 100 mH — j40 Q
Define Zgs = -j2500 || (250 + j40) = 256 [ 3.287° Q

s = 12000000 = 43480-3.049° A rms

20 + 256[13.287°
Ssource = (12000)(43.48) [0 3.049° =|521.8 [13.049° kVA

S0 = (43.48)? (20) D0 =|37.8100 kVA

Vo = $200000)(256003.287°) _ 11135 10.2381° v rms
20+ 25613.287"
—_ Veff — o
lyr = — = 4.4521190.24° A rms
- j2500
0 Syr = (11130)(4.452) 0-90° =| 49.55 0-90° KVA
Vi = A13000.2381)(j40) - _ 1208 g1 150 v/ rms
250+ j40

I 100mH = Vioms 43.96 0 -8.852° Arms

j40
SO Sioopn = (1758)(4.43.96) 190° =|77.28 190° kVA

(11130010.2381°)(250)
250+ j40
SO Spoa = (10990)%/ 250 =|483.1 J0° kVA

= 109900 -8.852° V rms

Vosog =

(b) 37.81 0J0 + 49.55 [1-90° +77.28 (190° + 483.1 J0° =[521.6 [13.014° kVA,

which iswithin rounding error of the complex power delivered by the source.

(c) The apparent power of the sourceis 521.8 kVA. The apparent pow

s of the passive

elements sum to 37.81 + 49.55 + 77.28 + 483.1 = 647.7 kVA, so|NO! | Phase angle is

important!

(d) P = Vi lgr cos(ang Vs—ang Is) = (12000)(43.48) cos (3.049°) =

521 kW

(€) Q = Vgt lgrsin(angVs—angls) = (12000)(43.48) sin (3.049°) =

27.75 kVAR
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50. (@) Peak current = 2842 = [ 396 A

(b) Bioaq = C0S(0.812) = +35.71° (sincelagging PF). Assume ang (V) = 0°.

p() = (2300v2)(39.601/2)cos(120m) cos (120m - 3571)

at t =2.5ms, then, p(f) =|147.9 kW

(©) P = Vi lgrCos0 = (2300)(28) cos (35.71°) =|52.29 kKW

(d) S = Vatler ® ={64.4035.71° KVA

(e) apparent power = [S| =|64.4 kVA

() Ziadl = M/1| = 2300/28 = 82.14 Q. Thus, Zjoe =82.14 0 35.71°Q

(@ Q = Vg lgsSiNO = 37.59 kVAR

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER TWELVE SOLUTIONS

Ver=Vee+ Ve, =10-0.7=[ 9.3V |

Engineering Circuit Analysis, 6™ Edition

-9.3V

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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2. (@Vg=Ve+Vg=-1-5 =[-6V]

(b) Vgg=Ve + Vg = -4-25 =|-65V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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3. () positive phase sequence
Vcn = |Vp| D '1200 an = |Vp| EI '3000
(b) negative phase sequence

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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-110 020° + 1600 -50°
-103.4-j37.62 + 102.8-j122.6 = -0.6—)160.2

4. (@ Vy; =V + Vy,

160.2 0 -90.21° V

80 0130° + 160.2 0 -90.21°
-51.42 +j61.28-0.6—j160.2 = -52.02—j98.92

(b) Vz=Va +Vy,

111.8 0 -117.7°V

V _ _ (o] (o]
() e = 16001 -50" _ 16000130° _ 1 45501110°
Vv 1100020° 110020°

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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5. (a) Vo = Vou +Vys = -80 0 120° + 60 O 75°
= 40-(69.28 + 1553 + j57.96 = 55,53 —11.32
=|56.67 O -11.52° V
(b) Viz = Vio+ Vo + Vs 100 + 55.53 —11132 + 1120

155.53 + j108.7

189.8 1 34.95° V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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6.

230/460V rms Z,,: S=10040 kVA; Z,,: 8 10 kVA;

Z,s 4F 80 KVA  LetV,= 230°0 7 S, Vil Ew %@— 4348 40 A

OlF 4348 940 A, Sg VIl 3. %@0— 8696 ° 805l,, 8B961 80 1% |, |l
Oz 4348040+ 8.696 8¢ 39.85F 29.107 =l |39.85 A

[ =%=34.7851@ , L= 3478 120 A

I 9

Ol,z- 3478 10 8605°80 3585 175.96,= I, |35.85 A
T, =—43.480 40+ 3478+ 16 21.93 8752, k, |21.93A
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7. (@) I'nn = 0 since the circuit is balanced.
240000
Ian = 1200 lag = = 120-36.9°
AN "7 16+ 12
laa=lan+lag = 12+ 9596—j7.205 =|22.77 0 -18.45° A
(b)
. = 5o . |AN:24DOOA
e 45 | |BN=-12DOOA
2 lw=-1200°A

The voltage across the 16-Q resistor and j12-Q impedance has not changed, so | ag
has not changed from above.

IaAZIAN+|AB:24DOO+12D'36-90
|bB:|BN-|AB:-12DOO-12D-36.90
lon=lgn—lan=-12-24

34.36 0 -12.10° A
7.595 (] -108.5° A
36 0180° A
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21+j3  -10 -10-j
@ A=| -10 19+j2 -8-j2|=(21+j3)(674 +j167 60 —j32)
~10-j3 -8-j2 36+j5

+10(-360 - j50 =74 —j44) —(10 +j3)(80 +j20 184 +j77)
[A= 5808 j1995 61271 18.805
720 -10 -10-j

720 19+j2 -8-j2|=720(614 +j135 +434 +j94) =720x1072.7(112.326
0 -8-j2 36+j5

720x1072.70112.326 _
61270118.80%

Oz 126.06- 6.479 A

(b) |21+j3 720 -10-j
-10 720 -8-j2|=720(1084 +)247) Ol =
-10-j3 0 36+j5

720(1084+ j247)_
61270118.805

130.65T+ 5.968 A

Oly 13069+ 5968 12606 647 |41B0 7.760 A

=126.06" x1+130.65" x1 +4.730° x10 =15.891 +17.069 +0.224 z33.18kW,

(© F

w,tot

(d) Pntor = 720%126.06 cos 6.479° +720 x130.65 €0s5.968° =90.18 +93.56 5183.74kW
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9. Vw =220Vrms, 60Hz

220000 _

a PF=101,=
@ " T2

40.85+ 2180 A; I j37FC 440

OT,= 40.85c0s21.80+ [(377C446 40.85sin21.80 )

40.85sin21.80°
377%x440

UG 91.47 uF

(b) 1,5 =377x91.47x107° x440 =15.172A OVA= 44k 15.172= |6.676kVA

Engineering Circuit Analysis, 6™ Edition
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Engineering Circuit Analysis, 6™ Edition

CHAPTER TWELVE SOLUTIONS

20009, 400 _ 15693022+ 20
12+]3 Ry R

Since we know that |l ;4| =30 A rms=42.43 A,

4243 = \/ %5.69 + 400 é +3.922°
IQAB

200000 | 40000 _ 4569 3,920+ 1490
12+ 13 - JXAB XAB
400

@l = lan+lag =

(0) laa = lan+1ag =

In order for the angle of 1,4 to be zero, =3.922, so that Xag =

AB

102 Q capacitive.
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11.  +seq. Vg =120060 Vrms, R= 0.& PR~ 5kVA, 0.6lag

@ \7AN=@5150\,D Sx, %92 018 j%?oo.es

NE]

0S¢ %% 1%0 [} =I,, 24B6 11313 A

OLz 24068 11328 PR, x 3 24R6° 6.6 [1041L.7W

(b)  V,=06x24.0601113.13= 14.434] 113.13 V
O Vi V& 14434 11313 % 158 |8129 143.88 V

Vv

an

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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12, 1V,=230000 V,_,

Rz D + seq, S~ 106 j30kVA

15138 16.699 A

(a) %(100, 000+ 30,000) =23001%, OT,=

22711 0.2194 V

(b) V, =2300-2x15.131F 16.699 =

= 227110.2194

143.60 + [43.67 Q

C Z =V, /l,=
(© ANT#A 15131 16.699

p

(d) trans. eff. = 14360 _ 0.9863, 0r/98.63%
145.60

Engineering Circuit Analysis, 6™ Edition
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13. 1 Z,=12+ j5Q, I, =2000 A rms, +seq., PE 0.935

@ 0 =cos0.935=20.77°0] > - tan 20.77 , RF= |1.1820
12+R

w

b G, =142, =20(12+ j5) =240 +]100V [W,= 20(13.182% 5 (281971 20.77 V

(© Vi =3[V |/ OVt 150= |450.8 172.62 V

(d  S,,.=3V, o =3%x281.97F 20.77 (20)
15.819 - j6.000kVA
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14.  125mH - j(2m)(60)(0.125) = j47.12 Q 75Q - 75Q
55 UF — -/(2m)(60)(55%10°) = -j48.23 Q

The per-phase current magnitude |l | isthen | = 125 =

(752 +(47.12 - 48.23)?

1.667 A.

The power in each phase = (1.667)? (75) = 208.4 W, so that the total power taken by the

|oad is 3(208.4) =[625.2 W]

The power factor of the load is cos 7'127_548'23 E = 1.000

Thisisn’t surprising, as the impedance of the inductor and the impedance of the
capacitor essentially cancel each other out as they have approximately the same

magnitude but opposite sign and are connected in series.
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15.

t Bal.+seq. Z,, =8+ j6Q, Z,, =12-j16 Q, Z, =5+j0, V,, =120000 Vrms

_ P0
R, =05Q (a) -1, :12059 +12CH— 1_20 +1 120 =6.803[(B3.86 A
85+)6 125-j16 55

Ol,F (6803 96314 Arms

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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16.  Working on a per-phase basis, the line current magnitude is simply

40
TR, +5F +10°

3.578A

, and the power delivered to each phase of the load is

(3.578)%(5) = 64.01 W. The total power of the load is therefore 3(64.01) ={192.0 W.

@Rw=0 4o
Then |I| = —m=
(b)) Rw=30Q o
Then|l| = —W:

3.123A

, and the power delivered to each phase of the load is

(3.123)%(5) = 48.77 W. The total power of the load is therefore 3(48.77) =(146.3 W.

Engineering Circuit Analysis, 6™ Edition
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17. 1 Z,=75025Q |25uF, V7 240°0 Vrms, 60Hz, R;, (2

6 :
@  Zo=-i— _ =-j10610Q DZ= 7025 ¢ j106.10) 254 (2361
377%x25 75025- j106.10
0Z,.7 7734 j2363] E, 24(_) = (2968 16989 A

77.34-(23.63

(b) P, =3(2.968)>x2552.84W

(©) P, =3(2968)°75.34 =[1990.6 W

=€0s16.989° =|0.9564 lead

(d) PF,

source

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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CHAPTER TWELVE SOLUTIONS

Working on a per-phase basis and noting that the capacitor corresponds to a—6366-Q
impedance,

-j6366 || 100 00 28° = 89.59 + j46.04 Q so that the current flowing through the combined
load is

240
I =

=|2.362 A rms
\/90.592 + 46.042

The power in each phaseis (2.362)? (90.59) = 505.4 W, so that the power deliverd to the

total load is 3(505.4) = 1.516 kW
The power lost in the wiring is (3)(2.362)% (1) =/ 16.74 W.

IPRINT
Hwire
MaGS=yes T
SgEoee
m3
B3 29
W = o v et e il
ACMAG=MD T Pl i b P
i i St b :.—— Lt sooee — 1
F i [T S 4 .l
5 = TR |L‘. 145 mes
= || e
4 : E EJ nil| :! |
Simulation Result:
FREQ  IM(V_PRINT1) IP(V_PRINT1)
5.000E+01 1.181E+00 -2.694E+01

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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@
(b)

(©

Engineering Circuit Analysis, 6™ Edition

CHAPTER TWELVE SOLUTIONS

t Ba.,R,=0,Z,=10+ j5Q, f =60 Hz

10+ j5=11.1800J26.570 PF co0s26.5% |0.8944

PF=0.93lag, 6 =21.57°, Y, = ! =0.08 —j0.04S
11.180026.57
Yp' =0.08+ j(377C -0.04) D% - tan21.57=- 0.3952

377G 0.04 0.08 0.3952 0.00838 € |22.23uF

— 1 6
V. =a0vims 7. =—10°__ 119300 =H01V3 _) 1094
' 1207122.23 119.30
440
VAR 2128~ [5409 VAR (cap)

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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20.  Working from the single-phase equivalent,

Vo ms e L E115D0°
: v3g V2

1.5H - j565Q, 100 uyF - -j26.5Q and 1 kQ - 1kQ.
These three impedances appear in parallel, with a combined value of 27.8 0 -88.4° Q.

Thus, |Ims = 46.9/27.8 =[1.69 A rms

Z10ea = 27.8 (088.4° = 0.776 —] 27.8 Q, S0 Pow = (3)(1.69)% (0.776) =|2.22 W.

E = 46.900°V rms

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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21.
R,=0,V, =2000060 Vrms Sz 2 j1kVA+ seq.

(8 V., =220/33 30=[3464 30V

(b) S, =2000-j1000 =V, I =346.403 30 T
Olys 6.455] 3435, 1z 6455 3435

_ 2004303 30 _
P 6455 [+ 3.435

0z 53.6&F 265% |48 |22

(©  l,=1lg—lc, =6.455 [1120- 3.43- 6.455F+ 120- 3.43- [11.180 86%7 Arms

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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@

(b)

CHAPTER TWELVE SOLUTIONS

t 15kVA, 0.8lag, +seq., Vo =180030 V rms, R= 0.78

sc =1800300 Vg, 180 150 VS, 5000 cos20.8 5000 °36.87 0 T80 30 Iy

v

Olgs 2778 687 and Iz 27.78 113.13[A =1, —lxc g

OlF 27.78®F 687 (1 11313) 4841 368TA =V, 075(l, Ic)
0 0.78 48.11(F 36.87°-13F 156.87 } 1801 3¢ |233D 2074 V

P, =3x48.11? x0.75 =5208 W
S, =5208+15,000 136.87 = [17.208 j9.000kVA

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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@

(b)

(©

Engineering Circuit Analysis, 6™ Edition

CHAPTER TWELVE SOLUTIONS

t Bd., § =3+ jL8kVA, S, =345+ jL8KVA, R, =5Q

PW:450WD4;< 456 1%¢ 51 I3, [5.477Arms

= i x5.477 43.162A rms

I
=3

Assume T, =3.162000 and +seq] %(30@0 j1808) V.15 V(3162 0)

OV, 3688 3096 ¥ ¥, ¥V, V. Y. V.

V, =5, =5x547703 30= 27.39+ 30,Vz 27.3% 150

OVz 2733 30 2789 150 3688 3096 V& (1 120°)

y. 27300 30- 2738 150 368B 3096 ,oop  on y
1-1G 120

236.8V rms

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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CHAPTER TWELVE SOLUTIONS

If atotal of 240 W islost in the three wires marked Ry, then 80 W islost in each 2.3-Q

segment. Thus, the line current is / % =5.898 A rms. Since thisis a D-connected load,

the phase current is 1/ \J/3timesthe line current, or{3.405 A rms.

In order to determine the phase voltage of the source, we note that
2
Pota = V3Vje| [ 1| PF - = V3 |V,,,.| (5.898) Eg% 1800

(1800)2) _,
J23(5.898)

Thisisthe voltage at the load, so we need to add the voltage lost across the wire, which

L]
(taking the load voltage as the reference phase) is 5.89801 —cos™ % %(RW )
O il

=13.57 [1-45° V. Thus, the line voltage magnitude of the sourceis
|249.2 0 0° + 13.57 0 -45°| =|259.0V rms

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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25. Bal., +seq.
(@ v, _=120000 V& 12043 °30 etc., ¥, 1208300 08 39 A
[ :120\/5_—2'9@ = —-4157A T, :120\/—% =20.78F 120 A
j =]

|, =g —lca =20.78(1030- [+ 1209 |40.1I5 °45 Arms

(b) lz = —41.57 -20.78130 = |60.47+ 170.20 Arms

(© . =20.78[+ 120+ 415~ |36.00+ 30 Arms

(d 5, =Vels+V I +V,, T, =120/3[1B0x 20.78+ 30- 1203 90 ( 4157)
120/30150x 20.78 126 4320 j0 © 8640 © 4328 (4320 j4320VA

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER TWELVE SOLUTIONS

26, 1,y = 20000 _ 20000

= = = =21.10-184° A
10(|j30  9.490118.4°

llal = ¥31,, = 365A
The power supplied by the source = (3) |Iaf* (0.2) + (3) (200)%/ 10 =[12.8 kW

Define transmission efficiency asn = 100 X Pigag/ Psource. Then n 593.8%
| leads | ag by 30°, so that 14 = 36.5 0 11.6°.

Vi, =(0.2)(36.5011.6°) =7.30116° V

With Van = 20 [0030°, and noting that Van = Van + Vg, =122 [0 28.9°, we may now

3

compute the power factor of the source as

PF = cos (ang(Va) —ang(l ) = cos (28.9° — 11.6°) 5 0.955.

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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27.  tBd.,V,=14000 V & seq, Rz 0,S= 15 j9kVA

@ V=V, =+/3140030= |24250 30 V

(b) V.l =5000+j3000=2425 030 1,1 Ig [24.08- 0.9638 Arms

(© |y =g — oy =24.05 3+ 0.9638- 24.0511 119.03= |41.65F 30°96 Arms

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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CHAPTER TWELVE SOLUTIONS

15mH - j5.65Q, 0.25mF - -j10.6 Q
Vag = 1204/3030° V A
Ve = 120030 -90° V
Vea = 120430 -210° V

|
L= .
vy &) J‘\’; (2] Va
- . | M H
Defining three clockwise mesh currents | 4, Aok o Jl\_‘
|2 and | 3 corresponding to sources V ag, - 1 (fo——* B
Ve and Vca, respectively, we may write: ;ﬁ'"
Vag =(10+)5.65) 1, —101, +j5.6513 [1]
Vgc=-1011+(10-j10.6) I, +j10.6 I3 [2]
Vea=-j5651; +j10.6 1, + (j5.65—j10.6) I3 [3]

Solving using MATLAB or ascientific calculator, we find that
|, =53.230-5.873° A, 1,=40.550 20.31°A, and 13=0

(8) Van =5.65(11—13) = 300.7 0 84.13° V, 0 Van = 300.7 V
(b) Van = 10(12 —11) = 245.7 [ 127.4°V, S0 Vg = 245.7 V
(C) Ven = -j 10.6 (-| 2) =429.8 0 110.3° V, S0 Veny =429.8V

PSpice Simulation Results
(agreewith hand calculations)
FREQ VM(AN)  VP(AN)
6.000E+01 3.007E+02 8.410E+01

FREQ VM(BN) VPBN)
6.000E+01 2.456E+02 1.274E+02

FREQ VM(CN) VP(CN)
6.000E+01 4.297E+02 1.103E+02
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@

(b)
(©

(d)

CHAPTER TWELVE SOLUTIONS

1 I:iine::l'g2
2078030 -1 - j10 m3 - 1 - 10
20783 99 2 j5 - j5 2078/- j1 2 j5 - j5
_ 0 -j5 10-j5 0 -j5 10-j5
1204/3=207.81, = SdnE : E o
2 -1 -j10 12(70+ j40) +(-10 — j45) -10(20 +55)

-1 2+j5 -j5
-10 -j5 10-j5

207.81030 (76 j40y jK 16~ j45)] 216900 34.86_ [o00r 4o og

|

Ok : _
630- j115 630 - j115
12 1030 - 10
-1 -j1  -j5(207.8
Q7 70 0 10-j5§ _ 207.8-1030¢ 16 j45- j1(20- j60)]
‘ 630- j115 630 - j115
_16136LH6201 _ o0 557036 A
630- j115

Ols [25.20- 7.641 A

OLz—- Lo l.=- 3380 45206 2528 7.641 |53B3 157.05 Arms

S=12043030 (33.8% 45.204) 1203 °90 (2520 7.641)
= 6793 - j1846.1-696.3 + j5190.4 56096 +j3344VA
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30, Nind = 240 V. Set Vg = 24000° V. Then Vi = 22011300
V3
Zj_om _30° |

o= Y3 -2380-61.0° A et L~

5+ 3 L | %

) - e T o
| == —=20.00-4.76" mA
Al1B1 (12+ J)X103 1
1

|phase|eadsl||ne by 300, SO I - | :

lar = 204/30-34.8° mA = 34.600 —34.8° mA

la=la1+1a2=115-j20.8 + 28.4—j19.7 mA =|56.901-45.4° mA

The power factor at the source = cos (45.4° — 30°) =|0.964 lagging.

The power taken by the load = (3)(20x10°3)? (12x10%) + (3)(23.8x1073)? (5000) =22.9 W.
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31 Define | flowing from the *+’ terminal of the source. Then,

20000 20000
10+(j10][20) 16.120129.74°

=12.4100 - 29.74°

(8) Vyy =101 = 124.1 0-29.74° V. Thus, Py = (12.41)(124.1) = [1.54 kW
(b) P, = (200)(12.41) cos (29.74°) = | 2.155 kW

(C) Vy, = 200 00 — 124.1 0-29.74° = 110.9 0 33.72° V
Thus, P, = (110.9)(12.41) cos (33.72° + 29.74°) =|6149W

No reversal of meter leadsis required for any of the above measurements.
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CHAPTER TWELVE SOLUTIONS

32, 1H - j377Q, 25F - -j106 Q

1= - 44000 _ =1.860121° A
50 + [ 377])(100-]106)|
le=| 1377 =2.43041.3° A

377 +100- j106
V, = (1060-90°)(2.430-41.3°) = 25700-48.7° V

Preasured = (257)(1.86) cos (21° + 48.7°) =166 W.
No reversal of meter leadsis needed. PSpice verification:

FREQ  VM($N_0002,0) VP($N_0002,0)
6.000E+01 2.581E+02 -4.871E+01
FREQ  IM(V_PRINT1) IP(V_PRINT1)
6.000E+01 1.863E+00 2.103E+01
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CHAPTER TWELVE SOLUTIONS

33. 25A peak =1.77 A rms. 200 V peak =141V rms. 100 pF - -j20 Q.

Define the clockwise mesh current 11 in the bottom mesh, and the clockwise mesh current
I, inthetop mesh. Ic =11 —1o.

Since |, = -1770-90°, we need write only one mesh equation:
14100° = (20 - j40°) |1 + (-20 +j20) I,

sothat |, = 200+ (-20+ J20)(A.770-90°) _ ) 1531174 780 A
20- j40

andle=11—1,=23610 634CA. | e = -11 = 4.0230-105.2°

Vi = 20 | = 47.23 [163.43° V

Thus, Pmeter = (47.23)(4.023)cos(63.43° + 105.2°) =[-186.3 W.
Since this would result in pegging the meter, we would need to swap the potential |eads.
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CHAPTER TWELVE SOLUTIONS

hand meshes, respectively. Then we may write:

100 00 = (10-j10) I, - (10-j10) I5
50 090° = (8+j6) 1, —(8+j6)ls
= -(10-j10) I —(B8+j6) 1, +(48+j6) I3

Solving, wefind that 11 = 10.1200 32.91° A, I, = 7.906 [ 34.7° and |3 = 3.536 (] 8.13° A.
Thus, Pa = (100)(10.12) cos (-32.91%) =|849.6 W

and Pg = (5)(7.906) cos (90° — 34.7° =|225.0W

(a) Define three clockwise mesh currents |4, 1, and 13 in the top left, bottom left and right-

wattmeter readings.

(b) Yes, the total power absorbed by the combined load (1.075 kW) is the sum of the

PSpice verification:

AL Vo T | Moy Py

wemrs i [
Indk T D
o iy | [EsE

Pl S

L
EELE
[ 1E)

FREQ  IM(V_PRINT1)
6.280E+00 1.014E+01

FREQ IM(V_PRINT2)
6.280E+00 4.268E-01

FREQ  VM($N_0002,$N_0006)
6.280E+00 1.000E+02

FREQ  VM($N_0004,$N_0006)
6.280E+00 5.000E+01 -

IP(V_PRINT1)
6.144E-02

IP(V_PRINT2)
1.465E+02

VP($N_0002,$N_0006)
0.000E+00

VP($N_0004,$N_0006)
9.000E+01

Engineering Circuit Analysis, 6™ Edition
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CHAPTER TWELVE SOLUTIONS

35. Thiscircuit isequivalent to a'Y -connected load in parallel with a A-connected load.
2}'0 0-30°
For the Y -connected load, Ijne= Y5 = 4.6200 - 60° A
25030°

Py = (3)@@4.62)c0330° = 1.386 kW
0v3

For the A-connected load, |jine = 20000 =4060° A

5001 - 60°
Pa = (3)(200)(4 cos 60°) = 1.2 kW

Piota = Py + P = 2.586 kW

Puwattmeter = Protal / 3 =862 W
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CHAPTER TWELVE SOLUTIONS

36. Weassume that the wire resistance cannot be separated from the load, so we measure
from the source connection:
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CHAPTER TWELVE SOLUTIONS

37.  Weassume that the wire resistance cannot be separated from the load, so we measure
from the source connection:

Ky
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CHAPTER THIRTEEN SOLUTIONS

1. land3,2and4
land4,2and 3

3and 1, 2and 4

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER THIRTEEN SOLUTIONS

2. ig=4Aig, =10t A

(8 V. =20x4+4x10 3120V

() Voo =—4x63-24V

(© Vg =3x10+4 x4 —6 x4 =30 +16 24 322V
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3.
(8  100=(50+ j200)1, + j3001,,(2000 + j500)1, +j3001, =
075 13 108 %@ j2os 2% El_l
20+ j5 0 20+ j5[]
n10s 20 1480H 5 o478 601 A
20+ j5

0P 05— —% 10& 0.4745c0s64.01= 1 10.399 W

S

2

I3
20+ |5

F4.769 W

(b) P, = % x50x04745* =5.630 W, Py, =% x2000 x0.4745° {

(© 0 each

@ o]
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CHAPTER THIRTEEN SOLUTIONS

4,

KVL Loop 1 100 00=2(11 1) +jaB (I1—13) +jaR (I2—13)

KVL Loop 2 2(,—=17)+ 101, +jaA (Io—13) +jaw2 (11 —13) =0

KVL Loop 3 Sl3+jaB(Izs—17) +ja2 (Is—12) +jawa (Is—12) +ja2 (I3—11) =0

UOLINEAR EQUATIONS

02+ jw3 -2+jw2 -jws0d,0 (200000
F2+jw2 12+jw4 -jwbgd,0= g 0 ¢

H-jwh jow2 5+ j119H.H Q 0 Q
Since w= 21t = 21(50) = 314.2 rad/s, the matrix becomes

02+ j9426 -2+ j6284 - j1571 (0,0 DOODOD

0., . 0
S2+j6284 12+1257 - j1885 D%ZD 20 g
g -j1571 j6284 5+j34s6Ed,§ H 0 §

Solving using a scientific calculator or MATLAB, we find that
|, =278.50-89.65°mA, |,=39.78 0 -89.43° mA, |3 = 119.4 [0 -89.58° mA.

Returning to the time domain, we thus find that

i1(t) = 278.5 cos (1007t — 89.65%) MA, i(t) = 39.78 cos (1001t — 89.43% mA, and
i5(t) = 119.4 cos (1007t — 89.58°) mA.
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CHAPTER THIRTEEN SOLUTIONS

100

@ \_/ab © " EML oA
*~ 50+ j 200

(—]300) =145.52[F 165.98 V

100 = (50 + j200) I, + j3001,., j5001,. +j3001, =0

5_

O~ 2l 108 ase jZOO)E g% jsooﬁ L0 Tz 11142 158199 A

145.52[+ 165.96

=130.60135.82= |105.88 [76.402

UZgz \_/ab,bc /I_zsc:

(b)  Z, =10588-j76.47Q O[iF

O = % 0.6872% 105.8&

Lmax_

Engineering Circuit Analysis, 6 Edition

1.1142(1158.199°

14552 _

0.6872 A
2x105.88

25.00 W
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CHAPTER THIRTEEN SOLUTIONS

@ |V, (t) =L, ~Mi, vy (t) =L, =Mi, +L,1, M,

()  |Vi(w) = jolila+jaM(lg +1a)

Vz(JC()) = jaL2(|B+|A)+jOlM|A
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CHAPTER THIRTEEN SOLUTIONS

7.
_ 10t%u(t)
V, =5
t©+0.01

=001, Oi'z

2
v, =0.015i',= t215t

. ] ,d0O
Oiz 108 10°v= 109

1000t2
————Uu
t°+0.01

—=>__y(t), 100v, =
+0.01

15t2

()

1500t
t2 +0.01

2
uE 15 108
0

u(t)

+0.01)2t —t* x2t

u(t)

dat 7 +0.01 (t? +0.01)?
. L 002 | 30t
Diz 18 10°—292 i @ — X A,
€ c+oonz W @roopz M 10
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8.
(@

(b)

(©)

CHAPTER THIRTEEN SOLUTIONS

-V, = jw0.4 1[0
V, = -j100mx0.4 1. [0 =126 0] 90° V

Thus,|v(t) = 126 cos (1001t + 90°) V

Define V, across the 2-H inductor with + reference at the dot, and a clockwise
currents 1, and |5, respectively, in each mesh. Then,

V = -V, andwemay alsowrite
V2=j6d_2|2+jCLM|1 or -V = le_z::/—OﬂwM
Solving for V,

_ (j190n)(0.4) _ 125.715—90" _ 12570-90° _ 0000 170.0°
1+ (jaoorm)(2) 1+ 62.83 62.84[189.09°

Thus,

v(t) = 2 cos (100t —179.1°) V.

Define V; across the left inductor, and V, across the right inductor, with the “ +”
reference at the respective dot; also define two clockwise mesh currents |1 and I 5.

Then, . )
Vi=jah I +jaM
V,=jwl,l, +joM |

Nowllzlme Vi and V,, =-V,
andlzzh

10
. ade V. . V
O \W L M—L EON 1
T OPHET @ 10 Q
. V . a6 V,.O
- = jolL, 2L +j oM 1— EON 2
on =070+ T4 F Q
Er_jcoL1 —juM 0O Ojol, 1000
UV, O O

o 4 10 g '0=0 4 9

ojoM -, JabOYed gloM 1000

B 4 10 B B 4 O

1-j39 -j126 OOV,0 [89.3j0

Hjzra -1+je2e V. H Br4ajH

Solving, we find that Vo (= V) = 1.20 0 -2.108° V and hence

v(t) = 1.2 cos (100mt — 2.108°) V.
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CHAPTER THIRTEEN SOLUTIONS

9.

(@  100=j5w(l1—12) +j3cwl2+6(11—15) [1]
4 +j4)s +j3w (1 —12) +j20(5s—12) + 60 (I —13) —j2e 5+ 5w (12 —11)
_j3wl>=0 2]
6(z—11)+j6w(lz—12)+j2wl,+513=0 [3]

Collecting terms,

(6+(50) 11—j2wl,—613 = 100 1]
2wl +(4+j5w) l,—j4wlsz = 0 [2]
611 -j4wl,+(11+j6w) I3 = 0 [3]

(b) For w= 2 rad/s, wefind
(6+j10)1,—j41,—-613 = 100
-j41,+(4+j10)1,—-j813 =0

611—j8l,+(11+j12) 13 = O

Solving, | 13 = 4.32 0 -54.30° A

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER THIRTEEN SOLUTIONS

10.

@
Va:j('d-ila-'-j(*MIb la =|1
Ve =jwb, I, +juaM |1, l, =4,
V1=|1 I:‘)1"'\/a

=1, R+jwl 1, +jaMl,
=|1R1+ij1|1_j(*M |2

Vo =1,R -V,
=L R -jwLl, —juM I,
FLRtjoL I, —jaM 1,

(b) Assuming that the systems connecting the transformer are fully isolated.

Va:j(d_l|a+j(d\/||b l, =4,
V, = jall, oMl l, =+,
V,=1,R-V,

=L R-ja 1, —juM 1,
LR+ ja 1, +joM 1,

V=V, +I| R,
:_|2R2+ij2|b +j(*M Ia
=_|2R2_j00|—2|2 _j(*M I1
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11.
@
2 2
7 =2+ jan.1+ 202"
5+ jw0.5
2 H 2
24 w01+ ?wz(O.Z) 2 Ju?.5 cS(o.zz)
5% + (u0.5) 5° +(uf.5)
_ 0.247 +jw%) | 002& O
25+02507 0 25+0.25031
(b) ] L] ~ E—
. :
11} i:
fe £
i ?'ﬂ
2 A
i L1}
:uumrnm-gﬂmwnmm nlm:nmm_gmnrmmmm

©  Zin(jw) a w="50isequa to 2+ 0.769 + j(50)(0.023) = 2.77 + j1.15 Q.
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12.
2 2
Zin = le +ﬂ
ZZZ
2 2
- jup0x10° +— M
8+ jl0 x10°
w’M 28

0 Z= ¢ 58 10%

_ w’M?8
8 + (a0 x107%)?

jd0 X107 65M

+ jw%o x107°
U

& + (w10 x10°°)?
10x10°2fM? O

8 +(010 M0°)’

& +(10 10°)20

In this circuit the real power delivered by the sourceis all consumed at the speaker, so

VG 020 f

PR Y32 OAE ga0x107)

w’M %8

1

w’M?8

20?

& + (0 x10°%)?

2x3.2

=625W

Engineering Circuit Analysis, 6 Edition
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@

(b)

(©)

CHAPTER THIRTEEN SOLUTIONS

Is; =2c0s10t A, ig, =1.2cos10t A

v, = 0.6(~20sin10t) —0.2(~12sin10t) +0.5( -32sin10t) +9.6cos10t

Ovw 9.6cosl0t 25.6sin10t&

27.34cos(10¢ 69.44 ) V

v, = 0.8(~12sin10t) —0.2(~20sin10t) ~16sin10t +9.6cos10t

Ovs 9.6coslOt 21.6sin10t&

23.64cos(10t+ 66.04 ) V

P, = % x 27.34x2¢0569.44° 29.601 W, P,, :% x23.64 X1.2¢0566.04 ° =5.760 W

Engineering Circuit Analysis, 6 Edition
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Engineering Circuit Analysis, 6 Edition

CHAPTER THIRTEEN SOLUTIONS

V, = jaBl, +jull,
* V= jedOl, +jetl, =j @0l, + @I,
V, = jubl, +josl,

Also | =-I_=-l, =I_
Now examine equation *.
—judol —juHl = @0l + &I,

[ the only solution to thiscircuit is| = and hence

| v(t) =120cosut V|
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15.
100 = j101, — j151,

0= j200l, - ja5I, - j15I,
0=(5+j10) I, - j15l,

— 5+j10 - 1+j2- o A+j2 L L -
= I= [ O0=0 200 = 15 151
7 j15 C j3 L J ETJ—3 J El'll JLol
0. 400 . 200 ., - — j118.33+66.67 —
06 — 1 —pnl— 1510 4 |
HJ 3 J 3 HL JLoh 1 15 L

0108 %(66.6% /11833 5 leéTL: (30.44+ [68.89) T,

U 12594 6021 A

|
il
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16. ig=2cosl0t A, t =0

2-|-}5<4<22=10+-8=18J

2

@ a-bOC. Ow(Ok % 5 2

() a-bSC. w=10, I, =20 A, M= %JE= V3 H

(j30+5)T, - j1043x2, OTz ;io_‘g— 113900 9.462 Al =i, 1.1390cos@0t 9.462 ) A
j

Oi,(0F 112350 w®) 20-8 +3x2 1.1235 x%xs 1.1235° (16.001J
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17.
V,=1200 V rmsw = 100 rad/s

12=(6+ j20) I, + j100(0.4K) 1, (24 +j80) 1, +j40K1, =0

- 3+ le le . -
Uk I £ M6 j20 40K |
T Jj E j ) ~i5K J H 2
_ . . 2 _ _ _:
012 18 200+J6Q+j60 +200K Lo 3, 160}2 |
—]5K —182 +200K*“ + 120
60°K>24 _ 86,400 K? _ 2.16K?

o

(200K2 -182)% +120°  40,000K* —72,800K? +47,524 |K* -1.82K? +1.1881
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18. M
A 4
. . 2Q E';': . M
Zin - # _c \/E
Li=2uH ._.:l LI=E0H )
p p 100 w=250krad/s

M =/LL, =+/2x80 x10°®
=12.6pH
WwM’R, , —iM* WX,

Zin, =Z, +
TUTRAX, RrXE
Z,, = j x250x10° x2 x10™° R, =2Q
=j0.5 X,, =(250%10%) (80 x10°™°)
=20

Thus, Zijn = j0.5+ 19.8/404 — 198/ 404

= 0.049 +j0.010 Q
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19. w =100 rad/s

@ Kk, - j50Q, K, » j20Q,1H - j100Q
100 = j200 T, - j501, — j 201,
0=(10+ j100) 1, — j501,
0=(20+ j100) I, — 201,

12 1= 15 1030 20 js

- 5 . j2 O-
¥ 2+j10" 7 1+j10" H “1+j10

2 l
I v j0H"

016 sze 2?’ + 4, BTlD 34, 05888 8892 Arl, 0.2902F 83.20 A,
0 1+j10 2+ )10

1,=0.114403 77.61 A 0 Pz 0.290%2> 1 |0.8422 W

(b) P, =0.1144% x20 20.2617 W

(© Pyen =100%0.5833c0s88.92° 51.1039 W
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@

(b)

(©)

Engineering Circuit Analysis, 6 Edition

CHAPTER THIRTEEN SOLUTIONS

(M
N

0 M 045 18
=[1.2H
Il+|2:|3
Ol 15 |

-t -t

5x105 -4 x101

Thetotal energy stored at t = 0.

|, =4A 1,
1,21
Wiotdl =21 I +2L,1 7 + Myl

:%X5X16 +% x1.8x1 1.2 x4 A

=40+0.9-4.8
36.1J
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21.
K - j1000K./L,L,, L, - j1000L,, L, — j1000L,

OVs (2 j1000L,) k- j1000K ./L,L, 1,
0=—-j1000K /L,L, T, +(40 +j1000L,) T,

©=1000radls 0T —0+J1000L, ¢
j1000K /L L,
Ov= (2+ j1000L,)(40+ j1000L,) +10°K°L,L, T
: j1000K \/L,L, ?
. j1000K /L L,
7 80+ j40,000L, + j2000L, —10°L,L, (1 -K?)
A j40,000K /L, L,
V., 80-10°L,L,(1-K?)+j(40,000L, +2000L,)
@ L, =10° L,=25x107, K =1 Oz J40%5 1200 _ 11 6608 41.63
V, 80-0+j(40+50) 80+j90
() L =11,=25K=099 0% _190,09>0.99x
V, 80-25x10°(1—-0.99%) + j (40,000 +50,000)
0Ya 198000 _ foaqim  79.7a
V. 80-497,500+ j90,000
V,  j40,000x5 _  j200,000 _

© L,=1L,=25K=10

2.227] 0.05093

S

V, 80-0+j90,000 80+ j90,000
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CHAPTER THIRTEEN SOLUTIONS

I-AB,CDOC :10 mH’ I-CD,ABOC :5 mH
LAB,CDSC = 8 mH
OLf 10mH,Lf¥ 5mH, & 16 M+ M|[(5 M) (mH)

08 16 M @D 5M (30 85 5M M3 =M 3.162 mH ( +/10)
3.16

Ok K 0.4472
/50

Dotsat Aand D, i, =5 A, w,, =100 mJ

0108 10 % 18 10% 25 % 5 1071 +/10x 5i,x 10

2@1\/40—40_ \/_0
2

100=125+2.5i -5/10i, 0i% 2410i# 1G= 0, iz 1

Diz [3.162 A
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Engineering Circuit Analysis, 6 Edition

CHAPTER THIRTEEN SOLUTIONS

Define coil voltages v; and v, with the “+” reference at the respective dot.
Also define two clockwise mesh currentsi; and io. We may then write:

d, . dl

V, = _+|\/|_2

! L1dt dt M =k /LL,
I PR

Vv, = +ME w=27160rad/s

? dt
or, using phasor notation,
Vi=jul+juM i,
V,=jwl, 1, +juM |,

10006 5013+ ¢o LI+ poMI,
=251, = jod,l, +juM I,

Rearrange: [50+ jowl, ]I, +juMl, =100 [O
joMI, [25+jab,]l, =0

or 50+ jwl, joM DI 100000

Hjom  25+ju,Hid Ho

We can solve for |, and V, = =25l 5:

j1.658

27 WJLL, +1

Prakkirm 1223 Bolebion

e T e e e e

i)
H H&s 9 83 3

0 Dl @0 03 04 45 0OF OF DE O3 |
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CHAPTER THIRTEEN SOLUTIONS

24,

i, =2c0s500t A W, at=0

1 1

Ow, = X & 2% X & 2% x 5 2% 3 2°
2 2 2

=8+12+10 +12 =

42 J

Engineering Circuit Analysis, 6 Edition
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25.
(8 AIDC: L,_,=2-1=1H

() ABSCiL,,=-1+2|8=06H

(0 BCSCiL,,=2+(-1)|9=2-9/830.875H

(d ACSC:L,,=(2-1)|@+2) =13 50.750 H

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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(@

(b)

CHAPTER THIRTEEN SOLUTIONS

I 1 Ezjzw E
Vs 15+ jap+ 12020 0) [20+ j3w
20+ j3w

j2w
300 -11w® + j145w

_ 2 _
v.(t) =100u(t), i.(0) =0, i, (0) =0, 5, = 145”1‘2 13200 _ 5 570, 10612

i, =i+, iy =0, Oi= Ae®™ Be™™, 00 A B
100 =15i_+5i" —2i',, 0 =20i, +3, =2 _ Att =0": 100 =0 45l (0") -2i (0") and
0=0+3i (0") -2 (0") Oi'(0'F¥ 1.5/ (0")0 160 7.5 (0%) 2 (0% 5.5, (0%
Oi' (0¥ 18.182A/s 18.182- 257A 10.61B- 257A 10.61A 8.042A
OA 2261 B - 2261)i (tF 2261(e>*- ™) A, 0
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27.

@ Open-Circuit

Z A= joAMQ
Z22=jaMQ

(b) Short-Circuit

Z3h=2L% =-jAM Q+j 8|j @OM Q

(© If the secondary is connected in parallel with the primary

Zih = —jod] —j 10 +j BM Q
Z7® = ju26|jui2 —j BM Q
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28. Define three clockwise mesh currents |4, 12, and |3 beginning with the left-most mesh.

Vg = j80)|1—j4a)|2
0 = 4wl +(5+j6w) l,—j2wls
0= - 2wl +(3+jw) I3

Solving, 13 = jw/ (15+)17w). SinceVo=313,

Vo o J3W
Ve 15+ j17w
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29. Leg = 2/3+1+2+6/5 = 4867H

Z(jow) = 10jw(4.867) (10 +jwA.867)

=j4.867a (1 +j0.4867w) Q.
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30.
w =100 rad/s

V,=10000 V rms

1400(10'— j200) ~20 +]600 +80. 000+. 14,000
10+ j200 10+ j200

210.70073.48°V and V4 = 0.

@  z,.,=20+j600+

() g —100(j400) _

oc,cd — ; 39.99(11.148 V rms
20+ j1000

Z . V,=0=—j200+1400(20+]600) _ ;4  ~240,000+8,000

-40.19 [85.44 Q

20+ j1000 20+ j1,000
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3. L,=1H,L,=4H, K =1, «=1000 rad/s

- - 10° x1x4 :
@  Z,=1000Q OZ= jl1008 —— =" = 12498 j0.624&
j4000+100
6
b) 7, =j1000x01 0Z= j1008 — 1 - 12430
j4000+ j100
6
© Z =-j100 0Z= ji00s — 220 _[Tio5
/4000 100
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L,=6H,L,=12H,M

#1’ LinAB,CDOC = 6 H

#2’ I‘inCD,ABOC =12 H

CHAPTER THIRTEEN SOLUTIONS

=5H

#3, LinAB,CDsc :1+7”5 3

3917 H

#4, LinCD,ABsc =7 +5||1 3

7.833H

#5’ LinAC,BDSC = 7 +1 :8

H

#6, Linas acsc sosc = 7”1"'5 =5.875H

H1, Lo ose =11+17 5

28H

#8, L e posc = —5 +11/17 51,6786 H

Engineering Circuit Analysis, 6 Edition
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33.
V.
Zin = le +&
R, + X,

2. 3183w = _1 . 314rad/s
wC 31

83xC
ie. a50Hz system
Z,. =20+ jul00 X107 +%
2-j31.83

w’k’LL,2  jofk®LL,31.83
22+31.8%  2°+31.83%
0493 . 78400 ,
Ho20 ’ 10208

=20+ j31.4+[0.483- j 7.69]k>
@ Zn(k=0)=20+j314 Q|
(b) Z,(k=05)520.2+)27.6 Q|
(© z,(k=0.9)=204+j245 Q|
@ 7z, (k=1.0=205+j23.7 Q|

Z, =20+ jul00 x10° +

=20+ (314 +
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34. tL, - 125H,L, - 20H, K=, 0M /2506 50H,p M= j500@

(@ 7 =204+(7500+ j5000(10 - j3000)
nad 10+ j 2000

15x10° + j50,000
10+ 2000
=82.498+ j0.3125 Q V. 50|
o o 100(j5000) _
®) Voo ==
’ 20+ j12,500

=82.499110.2170Q

=20+ j 7500 +

39.999950]0.09167 V rms

j5000(20+ j7500)
20+ 12,500

Z.s» Vo =0=—}3000 + 3.19999 +j0.00512 Q
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35.

Ol 1.56A
Ol § 156 7.8A
Ol 18 7.8& 11L7A

0PI IR
=0.438° x1x10°
4192w
OP@E F IR (156 30
OPQ ¥ IJR= 7.8& 1
OP@ 3 I2R= 11.% 4
= 548W

Engineering Circuit Analysis, 6 Edition
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36.

(8 R, sees10x4?=160Q DuseR= 16@

_moof .
P e = %E x10 5250 W

(b) R, =100Q

V,-V_ 3V
=114V, =4V, Ol Y2t 0
0108 10@1%E v, e My AV
40 4 40 100
100
Ol 046V 160 10(046%, 0075W) ¥, 485\ =V, .
2
ove ave 2% ga7vio B 824L fegoow
485 100

Engineering Circuit Analysis, 6 Edition
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37,
V, _— V, -
L= O 42 VF 5,
010& 300(G 0.025)Vy 5V,
ys 100
12.5+300C
_ fs2
@ C=00Vr 8VO R = |8w
b c=00a0v: “Lp g 0100(f 1 2.082 W (neg. fdbk)
' 7 245 ' thasHs & :
2
(0 C=-0040V5 100 s00vo B 200 5000 W (pos. fdbk)

Engineering Circuit Analysis, 6 Edition
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38.
ApplyV, =1V Ol= 0.05A,Vz 4V

41 ho5A

04 6013 28 0.05] %,

OF 02A0 % 025A ®,Q4 ,%, O
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39.

P, =1000 W, Py, =500 W

1= 2% J5 A, V= 10045 V

T \100
1000

=755 ~10A DVF 106 46= 60V

100

100_

Now, P,, =1000 -500 —10° x4 =100W [l = > 2 A; aso

2
Ix=bJ5=2,b=—" =
J5

0.8944

Around center mesh; 60a=2x25 +100\/_

Engineering Circuit Analysis, 6 Edition

Oa 300 _
8944 60
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@

(b)

(©)

(d)
(€)
(f)

A

100

66+25= 91(2a =1.0989010 A= |,

CHAPTER THIRTEEN SOLUTIONS

§§2 -9 % 2_— Q,—(s)2 =66 Q

—
I
w
S
1}

3297010 A

4

1, = 3 x3.297 34.396 1180 A

P, = 25x1.0989?

=530.19 W

P, =3.297° x2 =21.74 W

P, =4.396° x3 357.96 W
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41,
V,=25V,,1,=041,1,=1,+0.1V,
068 40(0.4 1,y 25V,0 3, %:VZ

Also, 60=50(1, +0.1V,) +V, =501, +6V,

e0+25V _ _
0e& 50 2 6V= 1875 (7.8125 06)V
e ﬁ = ( )V,

__ 60-1875 |
13.8125

- 9.231V

|
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42.

% =16 Q, 16|| 48=12Q,12+4 =16 Q

B 4000z 2o saog aw
02 4+1

§=1A OPF 4W,16 2 ¥ 8V

8x2=16V,16-4x1=12V,12?/48 =3W =P, 12 x5 =60 V

607
P, =—
%200

=9W
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43,
=21, 21, =1_+l, Ol 1= 2l= 0
100=3I, +%(4I2 +201, —201,)

010l- 3z 1215 - 100
100=31,-5I, +20l, —20I,
D25|X— 3'5_ 20|§— 100

0 1 -2
-100 -3 -12
e R -t i
10 -3 -12
25 -3 -20
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(b)

Engineering Circuit Analysis, 6 Edition

CHAPTER THIRTEEN SOLUTIONS

50||1o=§§2 OV.s & & 2 190
3 3 3

qp - C0OCf 1 1000
10AB 3 E 10 9 =
25 252

VCD :1X3X? =25 V, H.OCD :B 362.5W

111.11W

Specify 3 A and 4 A in secondaries
lpg=1; +4

25 25
lep =1y, =3 D?(lf-'- 4F ?(’ I~ 3
O2l7= 7,17/- 35A

25 25
OVis Ve 138 4 2V

UPoss Pocs BEHIO— 1.7361W
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45.  Correctionsrequired to the problem text: both speakers that comprise the load
are 4-Q devices. We desire a circuit that will connect the signal generator (whose
Thévenin resistance is 4 Q) to the individual speakers such that one speaker receives
twice the power delivered to the other. One possible solution of many:

We can see from analysing the above circuit that the voltage across the right-most

speaker will be % or /2 times that across the left speaker. Since power is

proportional to voltage squared, twice as much power is delivered to the right
Speaker.

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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Engineering Circuit Analysis, 6 Edition

CHAPTER THIRTEEN SOLUTIONS

(8) We assume V secondary = 2300010° V as a phasor reference. Then,

8000 _ )
iy prioas = - ~[10° = 34.810° A and

|08 PE load = %D(— cos™0.8) = 65.20-36.9° A

Thus, | prirery = %(PABDO" + 6520-369°)

=0.1(86.9-j39.1) ={ 9.50-24.3° A

(b) The magnitude of the secondary current is limited to 25x10%230 = 109 A.
If we include anew load operating at 0.95 PF lagging, whose current is

lo95Prioad = | l0.95 PElced | O (-COS™  0.95) = |loosprioa | O -18.2°A,
then the new total secondary current is
86.9 — j391 + | | 0.95 PF l0ad | COos 18.20 —j | | 0.95 PF 10ad | sin 1820A

Thus, we may equate this to the maximum rated current of the secondary:

109 = /(86.9+ | 1 yosprin 100518.2°F  + (391 |1 5 pp1 |SIN18.2°f

Solving, we find

-189+ /189” + (4)(2800)

| 1005 pe1ced |2 =
' 2

S0, logsPricad | = 13.8 A (or =203 A, which is nonsense).

Thistransformer, then, can deliver to the additional load a power of

13.8x0.95%230 5 3 kW.
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47.  After careful examination of the circuit diagram, we (fortunately or unfortunately)
determine that the meter determines individual 1Q based on age alone. A ssmplified
version of the circuit then, is simply a 120 V ac source, a 28.8-kQ resistor and a
(24°)Ra resistor al connected in series. The 1Q result is equal to the power (W)
dissipated in resistor Ra divided by 1000.

- 4 132 0 x576R ,
H28.8x10° +576R,,
Thus,|1Q = ! EZ 3120 §x576><Age
1000 128.8x10° + 576 x Age

(a) Implementation of the above equation with a given age will yield the “measured”

1Q.

(b) The maximum IQ is achieved when maximum power is delivered to resistor Ra,
which will occur when 576R, = 28.8x10° or the person’s age i

(c) Wdl, now, this arguably depends on your answer to part (a), and your own sense
of ethics. Hopefully you’ll do the right thing, and simply write to the Better Business
Bureau. And watch lesstelevision.
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CHAPTER THIRTEEN SOLUTIONS

We require atransformer that converts 240 V ac to 120V ac, so that aturnsratio of
2:1 isneeded. We attach a male european plug to the primary coil, and a female US
plug to the secondary coil. Unfortunately, we are not given the current requirements
of the CD writer, so that we will have to over-rate the transformer to ensure that it
doesn’'t overheat. Checking specifications on the web for an example CD writer, we
find that the power supply providesadual DC output: 1.2 A at5V,and 0.8 A at 12 V.
This corresponds to a total DC power delivery of 15.6 W. Assuming a moderately
efficient ac to DC converter is being used (e.g. 80% efficient), the unit will draw
approximately 15.6/0.8 or 20 W from the wall socket. Thus, the secondary cail
should be rated for at least that (let’s go for 40 W, corresponding to a peak current
draw of about 333 mA). Thus, we include a 300-mA fuse in series with the
secondary coil and the US plug for safety.
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49. | You need to purchase (and wire in) athree-phase transformer rated at
(\/5)(208)(10) = 3.6kVA. Theturnsratio for each phase needs to be 400:208 or
1.923.
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50. (8 Theinput to the left of the unit will have the shape:

We need to reduce the magnitude from 115-V (rms) to a peak voltage of 5 V. The

corresponding peak voltage at the input will be 1152 = 162.6 V, so we require a
transformer with aturnsratio of 162.6:5 or about 32.5:1, connected as shown:

' —ii 4
115V ;L %
rmsac ij ‘ E
fitess iy i

a=1325

(b) If we wish to reduce the “ripple” in the output voltage, we can connect a capacitor |
| in parallel with the output terminals.| The necessary size will depend on the maximum
alowable ripple voltage and the minimum anticipated load resistance. When the input
voltage swings negative and the output voltage tries to reduce to follow, current will
flow out of the capacitor to reduce the amount of voltage drop that would otherwise

OcCcur,

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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s=0;

(b)s=%j9s™;]

(c

s=-8sh

(d)

s=-1000 + j1000s™;

(e) v(t) =8+ 2 cos 2t mV cannot be attributed a single complex frequency. In acircuit
analysis problem, superposition will need to be invoked, where the original function v(t)
is expressed as V(t) = vi(t) + vo(t), with vi(t) = 8 mV and v,(t) = 2 cos 2t mV. The

complex frequency of vi(t) iss=0,

Engineering Circuit Analysis, 6™ Edition

and the complex freguency of vy(t) isls = +j2s™,]
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2. @@®-j)*=[6+j]
(b) (9)* =[ 9]
(©) (30)* = | +30

(d) 5e®* = | 5¢1°

(e (240 -45°)* = | 240 45°

- j18 4+ 180 _ 18407747 _ o onaiioner
33+ ] 33— ] 3.4770-16.72°
@ B2t g = 4 500l = (0.6202 D60.36°)* = 0.6202 0 - 60.36°
4- 7 HB.06200 - 60.26°

(h) (4—22 0 925%* = (4+0.9596—j21.98)* = (4.9596 —j21.98)* =4.9596 +j21.98

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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(b)

(©)

(d)

CHAPTER FOURTEEN SOLUTIONS

Rei (t) =i(t). No units provided.

() =(4-j7)e7"1P" =(8.0623 60.26 )e = 8.062e e/ %)
Oi, (tF Rei (tF |8.062¢™ cos(15t 60.26 )

i,(t) =(4+j7)e™*(cosl5t — jsin15t) =8.062e e 1" 192"
Oi,(tF |8.062e™ cos(15t 60.26 )

E\(t) = (5_ j8)e(—l.5t+j12)t :9.434e—j57.99°e—1.5tej12t :9.434e—l.5tej (125-57.999)
ORe i,(0.4F 9.434e°°cos(4.8°- 57.99 ¥ 4 4.134

E(t) = (5+ jg)e(—1.5+112)t =0.434e!57%®° g5t g 12t =g 43415 g i (12 57999
OReig(0.45 1 4.134
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4, (@) w= 279 Mrad/s, and w= 2 rf. Thus, f = w/2rr=|44.4 MHz

(b) If the current i(t) = 2.33 cos (279x10° t) fA flows through a precision 1-TQ resistor,
the voltage across the resistor will be 10 i(t) = 2.33 cos (279x10° t) mV. We may write
this as 0.5(2.33) cos (279x10° t) + j (0.5)2.33 sin (279x10° t) + 0.5(2.33) cos (279%10° t)
-j (0.5)2.33 sin (279x10°t) mV

= 1.165 ej279><106t+ 1.165 e-j279><106t mv

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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S, () v(0.1) = (20 —j30) 2130 = (36,06 O -56.31°) e 02+1%

= 36.066%2 0 [-56.31° + j5(180)/ 7 =|29.52 [0230.2° V|(or 29.52 [0-129.8° V).

(b) Re{ vs} = 36.06 € cos (50t — 56.31%) V.

() Re{ v4(0.1) } = 2952 cos (230.2°) =|-18.89 V|

(d) The complex frequency of thiswaveformis s=-2 +j50 s*

(e) st =(-2+j50)* =

-2-j50s*

Engineering Circuit Analysis, 6™ Edition
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CHAPTER FOURTEEN SOLUTIONS

(@ s=0+j120mr=+ 12071

(b) We first construct an s-domain voltage V(s) = 179 O 0° with s given above.
The equation for the circuit is

v(t) = 100i(t) +L % = 100i(t) + 500x10'6%

and we assume aresponse of the form | ™.
Substituting, we write (179 0 0°) €* = 1001e* +sL Ie¥

Supressing the exponentia factor, we may write

179000° _ 179000° _179000°

= _ = : = _ =1790-0.108° A
100+s500x10 100+ j120m(500x10°) ~ 100010.108

Converting back to the time domain, we find that

i(t) = 1.79 cos (1207t — 0.108°%) A.
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(@ v,=10e™ cos(10t+30°)V Os - 2 10, V= 101 30 V

z - 10 - 5 _1_j5=_5_j25 z ||5= (_25 _J125)/26
¢ -2+j10 -1+j5 26 26 (-5 —j25 +130)/ 26
0Z.|5 T2 TS iz 45 o5(2 j10) B 4 j@

125-j25 5-j1
10030, {5 j25)/26 _10030 -5 j25 _& 30- 5 j25 [1°30 -1 j5
“ 4+j4 5+(5-j25)/26 4+j4 130-5-j25 2+j2125-j25 2+j2 5-jl
1030

Ol= ——f j1¥ (0.3536+ 105 A
* 22045 1

(b) i (t)=0.3536e cos(10t —105°) A

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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8.  (a)s=0+j1007=|+ 1007

(b) Wefirst construct an s-domain voltage V(s) = 339 00 0° with s given above.
The equation for the circuit is

v(t) = 2000i(t) +ve(t) = 2000 + ety = 028

ot a Ve
and we assume aresponse of the form Vce™.

Substituting, we write (339 0 0°) € = 0.2sVce™ + Vet

Supressing the exponentia factor, we may write

_339000° _ 33900° _ 339000°
©  1+02s  1+j100m(0.2)  62.840189.09°

=5.395 [1-89.09° A

Converting back to the time domain, we find that

ve(t) = 5.395 cos (1007t — 89.09%) V.

and so the current isi(t) = C% = -0.1695 sin(1007t) A = | 169.5 sin (1007t) mA.
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Q. i, =20e™ cos4t A, ig, =30e™ sin4tA

@ 1,=2000,157- j30,=-3 j4

10 -3-j4
—3+j4 -3-j4
1V o372+ 64) 6+j8 . (-6+i8)38-jL6)

-22+)64 -72+)64 2.2 +]6.4

_ —600+ j800 — j30(—22.8 +12.8 +j30.4 +j9.6) _ 600 +j800— j30(-10 + j40)
- —22+6.4 B —22+6.4
_ -600+1200+ j1000 _ 600 +j1000 |
© 22+j64 = 22+j64 |

0Z= 0.4 3 jdr- 12 jl6,Z=-6+ j8

185.15 [+ 47.58 V

(b) v (t)=[185.15 ™ cos(4t —47.58°) V
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10.  (a) If V(t) = 240~/2 €% cos 1207t V, then V = 240+/2 0I0° V where s = -2 + j 1207z
24072 00°

3Ix10° =113.1 00° kKA. Thus,
X

SinceR=3mQ, thecurrentissimply | =

i(t) =| 113.1€® cos 1201t kA

(b) Working in the time domain, we may directly compute
i(t) =v(t) / 3x10° = (240+/2 €% cos 1201t ) / 3x10°% =|113.16? cos 1207t kA

(c) A 1000-mF capacitor added to this circuit corresponds to an impedance
1 1 Q in parallel with the 3-mQ

sC  (-2+ j120m)(1000%10°) -2+ j120mT
resistor. However, since the capacitor has been added in parallé (it would have been
more interesting if the connection were in series), the same voltage still appears across its
terminals, and so

i(t) = 113.1€? cos 1207t KA | as before.
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00

-t

S 0

L{Ku@t} = L"f’Ke‘S‘u(t)dt = Kﬁe‘gu(t)dt = KJ':e'S‘dt - “Ke

= Ilm B_—e H+ lim B—e‘S‘H

”°°|:|S tODS

If the integral is going to converge, then tIim(e‘S‘) = 0 (i.e.smust befinite). This leads
to the first term dropping out (I’ Hospital’ s rule assures us of this), and so
L{K ut} = K

S
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00

00 - _ 00 g _ _3 —st
3,[0—6 ut)dt = 3Le d = ?e 0

12. (a3 L{3u@t} = L°f’3e-stu(t)dt

= I|m B_—e H+ I|m EEe
°[s

— 00 DS

If the integral is going to converge, then tIim(e‘S‘) = 0 (i.e.smust befinite). This leads
to the first term dropping out (I’ Hospital’ s rule assures us of this), and so

J 3
L{Bu} 5 ¢
() L{BuE-3} = [3eut-3cdt = 3f edt = ‘?3e
= I|m B_—e H+ Bge‘g’s
— 00 DS

If the integral is going to converge, then tIim(e‘g) = 0 (i.e.smust befinite). This leads

to the first term dropping out (I’ Hospital’ s rule assures us of this), and so

L{3u(t-3} = ge’“
(©
L{3ut-3)-3 = J’O"f’[3u(t—3)—3]e-5‘dt = 3'[:e‘s‘dt-3ﬁe‘s‘dt
P -
= —e - —
S 3 S 0

Based on our answersto parts (a) and (b), we may write

L{3ut-3-3 = § o —g = g(e-ss 1)
(d)
L{3u@-t} = 3 e u@E-d = 3ﬁ_e’5‘dt = ?e‘ﬁ
I VIO B =P
3] - [3ee)
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(@ L{2+3ut} = J’O,e‘s‘[2+3u(t)]dt = [ sedt = —e

= I|m B_—e H+ I|m EEe H

- EIS

If the integral is going to converge, then tIim(e‘S‘) = 0 (i.e.smust befinite). This leads
to the first term dropping out (I’ Hospital’ s rule assures us of this), and so

L{2+3u(t} = 2
(b) L{3e‘8t} = (C3e%etdt = (3G = S g .
fo Jo s+8 .
= lim B—e(s*s)tH+ lim mB3 ez gr 3 =] 3
- [B+8 0 [B+8 O s+8 |s+8

© Hu-th = [[eu-ndt = Lo_e'gu(—t)dt = ﬁ(O)e‘S‘dt =0

00

) L{k} = ﬁKe‘Stdt = K I:e‘s‘dt = KLwe‘S‘dt = %e‘ﬂ
0

= I|m B_—e H+I| Bﬁe H

aooDS DS

If the integral is going to converge, then tIim(e‘S‘) = 0 (i.e.smust befinite). This leads
to the first term dropping out (I’ Hospital’ s rule assures us of this), and so

L{k} = %

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER FOURTEEN SOLUTIONS

14.  (a) The frequency-domain representation of the voltage across the resistor is (1)I(s)

4 ) 4
wherel(s) = Lide' u(ty = —— A. Thus, thevoltageis | — V.
© = L' uep = ageis |
(b) .
4 |
» |
i |
g '
B f |
=x
H |

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



15.

CHAPTER FOURTEEN SOLUTIONS

@
L{5u(t) -5ut-2} = J':[Su(t)—Su(t—Z)]e‘gdt
= SLme‘s‘dt-5Lwe’s‘dt = _?56_300 + ge’“w

= lim B_—e E+I|m E§e§E+ lim H2e+H+ Eée H

t-= ]S -0 0O t-=0Os U

If the integral is going to converge, then tIim(e‘g) = 0 (i.e.smust befinite). This leads

to the first and third terms dropping out (I’ Hospital’ s rule assures us of this), and so

L{5u(t)-5u(t-2} = §(1+ &™)

(b) The frequency domain current is simply one ohm times the frequency domain voltage,

or
g (1+ e’zs)
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16.
(@  f(t) =t+10F(sF I;(H- 1) e 9 gy

V
o

V
o

()  f(0)=(t+1) u@t) OF(sF J’:(H- 1) e 19 gy

©  f(t)=€"ut) 0 F(sk I;es‘“ e 9G5> 50

d  f(t)=€"u(t-5) 0F(sk I;esmu(t— 5) e “H9gfp> 50

\Y/
o

(e  f(t)=e"u(t-5) 0 F(sF I;’ e u(t 5) eV dfy
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17.
@  f(t)=8e2[u(t+3) -u(t —3)] 0 F(j F I‘” () et

D F(Op ): I_Z8G(Z+jw)tdl: [ 6+13w —jSu]

(2)(5) J' f(t)e—stdt J' 8e” (2+s)tdt _Z%S[eﬁﬁs _e—G—SS]

F9) = [) (O "t = [ 89 =2 [1-e%*]

(b) f(t) =8e* [u(t +3) —u(t —=3)] F(j &) _f 8el? ity

8 W _ + -
e G LGB B
— 2[e—6+33 —86_33], F(S) :J'OT 8e(2—s)tdt

S_

8 6 3s 6 32

=2 [F* -1 =5—[1-
2_S[ ] 5 - 2[ ]

©  f@)=8e[u(t-3) -u(t -3)] OF(G F I ® geHlgriang

OF@ ¥ I_gSe‘z"‘*’)‘d& .[O 8el 2 i9gE —— 2—1 [t € 6+l3°]+ w[ e®13q

Fo(S) = I 8e 2 dt =I_Z 8e'* gt

_|_J' 88(_2 S)tdt 0 F((ZS))_- 2%5{ e—6+35}_ Zi-i_s [1_ e—6—35]

3 8
F - 8 (—Z—S)tdt — 1_ —6-3s
(9= [} 8™ dk = [1-e**)
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18. (a) LH;@% =
O s |[s

(b) Lfi+u) +uwi} =

0 lw

© Ltuw-3 = | 1-

S

d) L{t-a@) +o(t-1)-o(t-2} = §—1+e‘s—e‘23

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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19. (@) f(t) =| € u()

(b) f(t) =|&t)
() f(t) =t u()

(d) f(t) =| 275 u(t)

(€) f(t) =[ u(t)
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20.

L{t® + R} = [Iho + Loletd = [Tfhed + [ f)e"d

L{f,t} + 1 £,

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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00

= Ze‘zs;g ¥ j2
, S

21.
(a f(t)=2u(t-2) OF(sF 2J'2°o e Sdt _—SzeSt

2

OF& j2
& 1% 1+j2

e? e |0.04655% j0.11174

(b)  f(t)=25(t-2) OFSE 26, F(t j2F 2e2e7*=1 017692 j0.2048

(=)

1
, S+l

2s-2

() f(t)=e'u(t-2) OF(sF J’z_m o e 1 - .

—s+1

OF@ j2r _1 grgreit (04724 j6.458)10°
2+ )2
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22. (3 f 8sin5tS(t-1)dt = 8sin5x1=|-7.671

(b) J’_wm(t—5)25(t—2)dt = (2-5)* 99

(© f 5e 5(t -3.333x10)dt = 5g X0RII o1 840

(d) med(t—Z)dt =

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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23.
@ ) =[uG-1][ut-2)] ut), OFs) f: [uG )] [u(t 2)] u(t)edt

5 1 ° 11
O F(sF .[2 e Sdt - ge‘“ = g(e‘zs— e™)

2

(b) f(t)=4u(t-2) OF(sF 4J’:e‘5‘d1: ge‘zs
o -4 ®
C = -3t _ —(s+3)t —(s+3)t
(©) f(t)=4e>u(t-2) OF(sF 4-[2 e *¥dt —S+3e 2
4 —25—6
U F —e
(sr 513

@ =452 OFsF 4[5 ( 2 e de 4Ije-2% (t= 2)dt=2e?

(€  f(t)=55(t)sin(10t +0.21) LF(sE= 515}3 (t) [sin0.21] X 1dt = 5sin36°
O F(sF |2.939
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24. (9 f cosb00t o(t)dt = cosSOOXO:

2.5g70001(1000) — |4 9197

®) [ (Fot-2a = (2

© f 2 567°%1 5 (t —1000)dt

(d) fw—sz(t—c)dt = |-K?
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25.
@  f(t) = 2u(t—1) u(3—1) u(t®)
_3—st __E —st3: g S _ —3s
F(s)—!e da = Se ‘1 S(e e )
® s -2 —4s 2 —4s
(b) f(t) =2u(t-4) O F(sF 2{ edde —(6 ™k [Ze
4 S S

_ © _ 3
= 2t _ (s+2)t -4s-8
(© f(t)=3e“u(t-4) 0OF(sF BI4 e dt= S+2e

d  f(t)=35(t -5) OF(sF 3{0?3 (+ 5)edt=|3e™

(e f(t)=40(t -1 [cosTt —sin T
0 F(sr 4J'0“5 (t 1) [com t simtt] €3dt0 F(s) -| 4e

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER FOURTEEN SOLUTIONS

26. (@ f(t) =|5u(t)—16 &t) +e** u(t)

(b) f(t) = |Xt) +u(t) +tu(t)

f(t) =|5e™ u(t) +

88 u(t) =3.4 €® u(t) + 3.4 €' u(t)

Check with MATLAB:

EDU» T1 = '5/(s+7)";

EDU» T2 ='88/s';

EDU» T3 = '17/(s"2 + 7*s + 6)";
EDU» T = symadd(T1,T2);
EDU» P = symadd(T,T3);
EDU» p = ilaplace(P)

p:

5*exp(-7*t)+88-17/5*exp(-6*t)+17/5*exp(-t)

EDU» pretty(p)

5exp(-7t) + 88 -17/5 exp(-6 t) + 17/5 exp(-t)

Engineering Circuit Analysis, 6™ Edition
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27. If V(s) = § thenv(t) =5u(t) V. Thevoltageat t = 1 msisthen simply 5V, and the
S

current through the 2-kQ resistor at that instant intimeis | 2.5 mA.
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28.  I(s) = %10 PA, soi(t) = 5@ u(t) pA. The voltage across the 100-MQ resistor is
s
therefore 500 €% u(t) pVv.

(a) The voltage as specified has zero value for t < 0, and a peak value of 500 puV.

" ‘Wullagn waey tie 1D recaakm e

d . :
b D# gi b¥ o o¥E oY 0¥ o4 o« 0f
LI

(b) i(0.1s) = 1.839 pA, so the power absorbed by the resistor at that instant = i°R

=|338.2aW.| (A pretty small number).

(c) 500 €% =5
Taking the natural log of both sides, we find  tjo, = 460.5 ms

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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29.

s+1 2 1 2 -
a F(s)==—+_ < =1+= +—Z_ | &t) +u(t) +2eu(t
@  FQ==_mr =1 w8 ) 2eu(

(b) F(s)=(e°+1)% = +2e° +1 | &t —2) +2 &t 1) +&)

(© F(s) =2e " =2ete™® +2e™ 3(t -1)

(d  F(s) = 26%¥cosh2s = €¥(e®+e®)=e+e™>® o [Jt—1)+ dt—5)

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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30. N(s) = 5s.

(@ D(s) = £-9 o NS _ 58 oS a b

= = +

D -9 (s+3)(s-3) (s+3) (s-3)

wherea = -5 B o5 ad b S 1
(5_3)52—3 -6 (S+3)s=3 6

f(t) = [25€e¥ + 2.5 u(t)

(b) D(s) = (s+3)(* +19s+ 90) = (s + 3)(s+ 10)(s+ 9) sO

N(S) = 56 = a + b + c

D(s)  (s+3)(s+10)(s+9) (s+3) (s+10) (s+9)
- s | B ___ 5% | __-5%0 _.
B0 30 GG R T o) R T R
=m = (-T4(51) =75. O f(t) =[-0.3571e™ - 7.143e™ + 7.5 u(t)

(c) D(s) = (4s+ 12)(85° + 6s+ 1) = 32(s+ 3)(s+ 0.5)(s + 0.25) so

N© 5 : _a , b o
D(s) [B20s+3)(s+05)(s+0.25) (s+3) (s+05) (s+0.25)

a=H> > | —_oossb=H2E S | _qus
[B2({s+0.5)s+0.25) . _ , B2 s+3)s+0.25)|__ .

M5 s
¢ ‘@;5[(5+3)(s+o.5)

O f(t) $[-0.06818 €™ + 0.125 &> —0.05682¢°**] u(t)|

=-0.05682

s = --0.25

(d) Part (a): Part (b): Part (c):
EDU» N =[5 0]; EDU» N =[5 0]; EDU» N =[5 0];
EDU» D =[1 0 -9]; EDU» D = [1 22 147 270]; EDU» D =[32 120 76 12];
EDU» [r p y] = residue(N,D) EDU» [r p y] = residue(N,D) EDU» [r p y] = residue(N,D)
r= r= r=
-7.1429 -0.0682
2.5000
55000 7.5000 0.1250
' -0.3571 -0.0568
pP= p= p=
3 -10.0000 -3.0000
-3 -9.0000 -0.5000
-3.0000 -0.2500
Y :[] y= y=
I n
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(@

(b)

(©

(d)

(€)

F(s) =

F(s)

F(s)

F(s)

F(s)

CHAPTER FOURTEEN SOLUTIONS

S
S

- [5e”'u(t)

+
[EEN

S
+

2
s+4

)]
[EEY

(56t - 26y u(t)

18

6

6 6(e" —e™)u(t)

18s

- (s+1(s+4) TS+l s+4

)

24 _l6(ae —eY)u(t)

18s?

= = + “—
(s+)(s+4) s+l s+4

6 96
+

= =18
(s+D(s+4)

Engineering Circuit Analysis, 6™ Edition

~|183(t) +6(e™ 166 )u(t)

s+1_s+4
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32.  N(9) = 25~

@ D@ = s'-1 % EEZ? - 53.21: (s+i)szs-1) - (sil) ' (5?1)+2
where a = (52%2)“.1 = % =-1 and b= (§i21)5:1 = % = 1. Thus,
fit) = [2&(1) + €' + €] u(t)
(b) D(s) = (s+3)(*+19s+ 90) = (s + 3)(s+ 10)(s+ 9) sO

N(s) _ 25° a ., b ¢

DE  (s+3(+10)(s+9  (+3)  (5+10)  (5+9)

& | 1B b, S| = 20 g
(s+10)s+9) .., (6 (5+3)s+9)._,, (DD
2s? 162

= =- = -3t 10t _ -0t
W‘ CmZ "o f(t) =[0.4286 €™ + 28.57 ™™ - 27 %] u(t)

(c) D(s) = (8s+ 12)(165° + 125+ 2) = 128(s + 1.5)(s + 0.5)(s + 0.25) so

N(s) _ BZ s __a . b C
D(s)  [128s+15)(s+05)(s+0.25) (s+15) (s+05) (s+0.25)

02 5 | _ 02 & I
4= Enzs E(s +05)s+0.25) _ . 0.02813 b = EJLZS E s+15)s+0.25) =-0.01563

_A2 s
128 (s+1.5)(s+0.5) .

s=-05

c =0.003125

=-0.25

O f(t) =0.02813€™*" — 0.01563 %" + 0.003125¢ %% u(t)

(d) Part (a): Part (b): Part (c):
EDU» N =[2 0 O]; EDU» N =[2 0 0]; EDU» N=[200];
EDU» D =[10-1J; EDU» D = [1 22 147 270]; EDU» D = [128 288 160 24];
EDU» [r p y] = residue(N,D) EDU» [r p y] = residue(N,D) EDU» [r p y] = residue(N,D)
[ = r= r=
] 28.5714 0.0281
i'gggg -27.0000 -0.0156
' 0.4286 0.0031
= p= p=
-1.0000 -10.0000 -1.5000
1.0000 -9.0000 -0.5000
-3.0000 -0.2500
y =
2 y= y=
I I
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33.
@ F(s== i so f(t) =|2u(t) —3 €t u(t)
s+1
2s+10 4 .
b F(s) = =2+ - |23(t) +4eu(t
(b) () o3 o+3 Xt) (t)
©  F(s)=30" . |35(t-0.8)
12 3 3
d F(s) = = - 2 —e ) u(t
(d) () (5+2)(s+6) s+2 5+6 3(e™ —e™)u(t)
© - 122 _ 3 2 A 075
(s+2)°(s+6) (s+2)° s+2 s+6
Lets=0 [ 12_ 3 A ED A- 0.75
4%x6 4 2 6
3 0.75 0.75 _ _
OF ~ + o [(3te™ 0.75e % 0.75e*)u(t
(s (5+2) s+ $+6 ( yu(t)

Engineering Circuit Analysis, 6™ Edition
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m
34. Fs) =2--+
() s S+4s°+55+2
= -+ 7T
S (s+2)(s+1-j7.954)(s+1+ j7.954)
a b b*
=2-=-+ + _ + -
S (s+2) (s+1-j7.954) (s+1+)7.954)
where a = " I y—

(s+1- j7.954)(s+1+ 7.954)
b = " |
(s+2)(s+1+ j7.954)|

s=-2

= -0.02444 + j0.003073

s =-1+]7.954
and hence b* = -0.02444 —j0.003073

Thus, we may write

f(t) = 2 &t) —u(t) + 0.04888 &2 u(t) + [(-0.02444 + j0.003073) gt * 17954
+ (-0.02444 + j0.003073) ™ IS y(t)

This may be further simplified by expressing (-0.02444 + j0.003073) gt +17-9541

a5 0.02463 /1728 1+1794 Thisterm, plus its complex conjugate above, add to the
purely rea expression 0.02463 €' cos (7.954t + 172.8°).

Thus, f(t) =| 2 &t) — u(t) + 0.04888 €% u(t) + 0.02463 €' cos (7.954t + 172.8°).

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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% (9 Fg= Dt 2, b
' s(s+3) s  (s+3
_ (s+D(s+2) 2 4 (5¥D6+2) (2D _ 2
(s+3) |, 3 S <=3 -3 3
SO
_ 200 2gm = 2 e
) = Ju - Ze™ u) 3(1 e*u(t)
OFe = 2 = 84Dy Oy &
(s +4) g S (s+j2) (s—-j2)
a = (S+2) = E =05
(" +4)|,_, 4

b :iD(S+2) U _ E(32 +4)-25(s+2) =12025
dsgsz +4)Els:0 E (s* +4)° 5:0 a2

j(_ .Jj) = 0.125+ j0125 =0.1768045° (c* = 0.17680-45°)
~J

(s+2)
s (s—j2)

s=-j2

f(t) = 0.5t u(t) + 0.25 u(t) + 0.1768 &°5° &2 u(t) + 0.1768 %5 d2 u(t)

The last two terms may be combined so that
f(t) = 0.5t u(t) + 0.25 u(t) + 0.3536 cos (2t - 45°)

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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@

N

(b)

(©

CHAPTER FOURTEEN SOLUTIONS

5[sl(9) —i(0)] = 7[sl () —Si(0) —i'(0)] +9I(9) =

nlh

m[sP(s) —sp(0) —p'(0)] + p¢ [sP(s) —p(0)] + kP(s) = 0

ANp(s)+i

[sANp(s) —Any(0)] = - . S

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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37.
15u(t) - 48(t) =8f (t) +6f'(t), f(0) =3

D 4 sre sy 18 270 Fo) 6s 8 1 2%
S S

f@&) (1.87% 5.542e)u(t)

—22s+15 _ 15/8

F
(57 6s(s+4/30) s+4/3
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@
(b)

(©

CHAPTER FOURTEEN SOLUTIONS

LR N

g A
. i
SSut-2)+10i (t)+5 —=+ =
dt Fu.n.--:-'n.'(*) 5 H

-5 —2s : - _ .
—e = +101,(s) + 5[l (9-i (0)] = O 07y
S

542 451 (0

st L©0) o= 4 5x10%s
lL(s) = =
5s+10 s(s+2)

s, b O, 5x10°
() = e* 1+ +
u s+2H = s+2
where a = 1 :E, and b = 1 :-1, so that we may write

s+2/.., 2 Sl 2

1 ., 1 O 5x10°
() == - +
(S =58 T E Tse28" se2
Thus, iL(t) = %[u(t—Z)—e‘z(t‘z)u(t—z)] + 5x10°e? u(t)

- %[1—e‘2("2)]u(t—2) + 5x10%2 u(t)

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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39.

@  v,(07)=50V, v,(0") 450 V

(0) | 0.1V, +0.2v, +0.1(v, —20) =0

(© DO0L# 03ve 2 01sV= 5 03V= 2
S
Ov. (018 03 § = %2
S S
V(g 552 _ 20/3 1303, 20 1_:;()6_3@“(0\/

5(0.1s+0.3) s s+3 Vof®) B?
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40.

@ | 5u)-5ut-2)+20i@+5 T = 0 =AW

(b) 2— ge +101,(9) + 5[sl, (9 -, (0)] = O

5 5 5

C S8 o O0) Tem g4 5x10%s
lL(s) = =
5s+10 s(s+2)
(© 1(s = e Py b O, ¢, d where
s+2E S sS+2
3
a_i :l’b_} :-l’czM :-§:—2_5, and
s+2|., 2 Slg=p 2 s+2 |, 2
—So _ _ -3 _
q = 5x107°s-5 _ 10x10 5=2.505’
S —p -2
so that we may write
(s _l0_ 10 25 2505
2 s+2E s+2 S
Thus,  il(t) = % lut-2) -e 22 ui-2)] - 2567 u(t) +2.505u(t)

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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4].
12u(t) = 20F, (1) +3,(0) =2 0 1% 2085+ 20(2F 3F,
s

012 4 (os 3 22X g 2106

S S s(s+0.15)
4 2 -

OF - o (4 2™ u(t

5 (SF T ( yu(t)

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER FOURTEEN SOLUTIONS

42. (@ f(t) = 2u(t) - 4801

(b) f(t) =| cos(Vo9t)

1 a b

0 F§= ———-5 = " +_—_ -5
© F $?+55+6 s-3 s-2
where a:i =1 and b:i =-1

5_2 s=3 5_3 s=2
Thus,

f(t) =|e® u(t) —e? u(t) — 5t

(d) f(t) =50'(1) (a“doublet”)

(e) f(t) 59"(t
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43.
X +y=2u(t), y —2x +3y =8u(t), x(0") =5, y(0") =8
SX—5+Y =2, sy -8 -2X +3Y _§ 0 X= EEQH}YB:% 5. Y
S s s
DS\#B\L—A'Z—EZ—Y:S-DY%{% ﬁ;ﬁs
s s s S
0s? +3s+200 4 +18s+8s? 8° +18s+4 2 6 0
YO 0= T Y@ = 2
0 S 0 S s(s+1)(s+2) s s+l s+2

Oyt (2 6e”) u(t)| x(tr %[ybr 3y- 8u()F §Y+ 1.5y- 4u(t)

O X(t %{ e Ul 15[ 6] u(ty: 4u(t)

Ox(ty 6e’u(ty u(ty |(6e™ Du(t)
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44, (@ F(s) = 8s+8+ 8 , with f(0)) = 0. Thus, we may write:
S

f(t) = 8 Xt) + 8 u(t) + 85 (1)

SZ

(s+2)

(b) F(s) = -Ss+2.

f(t) = ') - 2X(t) +4e u(t) - 5" (t) + 24(t) = [4e® u(t)

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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@

(b)

(©

CHAPTER FOURTEEN SOLUTIONS

i_(0)=0, v,(0) =100V, Oi (0"F

40 =100i, +50J'; i_dt +100

50 =100 I.(s) +5—0 [.(s)
S S

10s+5

_6_

40-100 |
100

- 0.6 A

0.6

ng . 1(sF
S S

Engineering Circuit Analysis, 6™ Edition

10s+5 s+05

i_(tF [0.6e%u(t)
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4s

46. a) 4cos100t o | ———
@ s” +100

2x10° 3

b) 2sin 10% —3cos 100t o -
(b) s> +10° s +100°

(c) 14cos8t - 2sin8 o 2145 _ 2sin8
s°+64 s
i 6
d) Xt)+ [sin6t]ult) o |1+ ——
@0 e s* +36

4 1

(e) cosSt sin3t = Y2sin8t+%sn(-2t) = %2(sn8t-sn2t) o | - =
sT+64 s +4
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@

(b)

Engineering Circuit Analysis, 6™ Edition

CHAPTER FOURTEEN SOLUTIONS

i, =100eu(t) A; i, =V +4v +3I; vt

i =Y icv +1fvdt; o carL=tn
R Lo 4 3

%st(s)+4V(s) +§ V(s)
0 30_ s*+4s+3 _ 100 _ 100s
V(S)?+4+ZH_V(S) s s+5 'O " (s+1]) (s +3)(s+5)

-125 75 625
s+1 s+3 s+5

OV(s V(ty (75e7°C 1256 62.5e)u(t) V
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48.

@ V() =|—+ SV
S S

0 V(9 =| - v
s+1

() V(s) =|48e° V
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49,
Au(t) +i, +10 I:icdt +4[i, —~0.53(t)] =0

04 1 Xy oaz 2 |c§a E% 2 4 2574

S S S S S
. 2s-4_ 0.4 1.6
5s+10 S+2

it 08 (tr 1.6e%u(t) A
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50.
v +6v+9IOt_ V(2) dz =24(t -2) u(t -2), V(0) =0

DSV(S)‘ (<3 6V(S)- %V(S): 24e—23§1= V(S) SZ+2S+9_ V(S) (523)2

2

s 1 S L [1/9 1/9 1/3 O
av 247 — = 4e” 7= —=
(s s* (s+3)? Bs s+3 (s+3)ZH
L, [B8/3 8 8 U 8 3t
av e —= - —[u® 2 e yit-2
(sF ES or3 (s+3)29 3[ t 2 (t-2)]

-8(t-2)e" 2 u(t-2) O|v(tF % ge’3“

2 g 2)ed 'Zﬁu(t— 2)
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Sl

5(s* +1) .. M Bg(s? +1)
a F(s) = O f(0 ——= 15
@ FO=To o 0fOF (e
lim
f(oo)_ %ﬂl) but 1 polein RHP I indeterminate
S

5(s* +1) . im 5s(s” +1).

(b) F(s) = O f(O

) s’ +16 OF o §'+16 @
f (o) isindeterminate since polesonjwaX|s

(s+)(1+e™) Him S(S+1)(1+e ")
C F(s)=—=——~-0 f(0' 1
© (5)= §+2 ( ): s +2
f (o) isindeterminate since poleson jwaxis
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N L 2°+6 [
52. (8 f(0") = l'f[][SF(S)] = l'ID +5S+2E_
o L 2°+6 [ 6 _
f(oo) = Islm[sF(s)] = lim 2+5S+2E_ > =[3]

(b) f(0) = lim[sF(s)] = liﬂlgse_s%:@

s+3

— h = |i QP_S =
f(c0) = Islm[sF(s)] = L'Eg—s+3 E—@

+ . s’ +1)0
©(0) = lim[sF(9)] = y;ggg%)g

f(e0) : Thisfunction has poles on the jw axis, so we may not apply the final value
theorem to determine ().
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53.

(@ ()—5((51)) f(o°

O F9=2 001
.

© K= asﬁ)mfmy
f(w)_'"nl—e%S_'m11

Engineering Circuit Analysis, 6™ Edition

5 (pole OK)

.0 s s-02

lim 5g(s? +1) I
—= 1|5

s (s+1)°

lim 5(s* +1)
o oo O

lim 1—g3s
<= lof

1

]
-1+3s —= x98> +... no poles
5 HJ@( poles)
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54.
1 ot
f(t) = f( e™)u(t)

1 o _ 1 - 1
a Now,—ft o [ F(s)dsO e*u(t)s —~ e u(t) —
@ ® - [[FO O o7 -
1 “at bt s al” s+al” s+b
—(e* e u(t =11
t( (®)- I %+a s+bH s+b S+b|, s+a
b [im lim 11— —
(b) }(e‘at—e‘bt)u(t): 1-at +... 1+bt:b_a
t-0" t t-0* t
lim gnSth_ lim | n(s+b) -In(s +a)
S s+a S 1/5
. lim 1/(s+b)-1/(s+a) imO (a-b) O
Usel’ Hopital. O sF g——
P S—co (57 -1/¢° s—.ooE (s+b)(s+a)g

b a
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55.
8s-2
F(s)=———— 0O (0"
@ FO=g,gig D fOF
lim
flo)= 38572 _ees 5=
$-0 s* +6s+10 EO
2
) F=2S-S3575 4
s*+6s” +10s

lim 2s°-s? -3s5-5

f () =

s-0 s°+6s5+10

s(8s-2) _

S-® g° +65+10

-6 ++/36 -40
2

LHP DOK%

lim 2¢° -s* -3s _S_GD
s- g +65+10

= —0.5 (poles OK)

©) F(S)ZZSS——Z 0 f(0'} lim ﬁ:

-6s+10
_lim 5(8s-2)

_ 6++/36-40

6s +10

s-0s?-6s+10"

8s”> -2

@d@ FKo=

(s+2)*(s+1) (s* +6s +10)
lim s(8s° -2)

s-0 (s+2)?(s+1)(s* +6s +10)

Engineering Circuit Analysis, 6™ Edition

RHP O indeterminate

0 f(0'¥ S”::oF(s; o]

(pole OK)

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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1. Note that i (0") = 12 mA. We have two choices for inductor model:

lisi

Fisr=5L =0.032sQ 3
-_zm-ﬂg v 12
:_?r.l;.ilg % ~-E0.0325§2 G “mA
LI =384 uv S

&
L

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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2. iL(0) = 0, Ve(0") = 7.2V (“+ reference on left). There are two possible circuits, since
the inductor is modeled simply as an impedance:

1 Q
0.002s
730 1 Q 1 ?
0.002s 72 \Y% 73 Q
S + 14.4 mA +
0.03sQ V(9

003sq V(9

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



(a)

(b)

(©)

(d)

(e)

®

Engineering Circuit Analysis, 6™ Edition

Z,(9=

Z:n(-80) = |- 10.95Q

CHAPTER FIFTEEN SOLUTIONS

2s + 2000/s _  20s + 1000
20+0.1s 2+1000/s s+200 s+500

_ 20s” +10,000s +1000s +200,000 _ 20s” +11,000s +200,000

s’ +700s+100,000 s* +700s +100,000

_ —128,000 + j880,000 +200,000

Z. (j80) | 8.0950054.43 Q
26400 + 56,000 +100,000
+
v =L 10 [s+200
20 s 20s
+
Y =1 +0.001s435%
2 1000
s+200
Yo +Yeo | p0s TOF000IS o500 +10s+0.028

Yo Yo | (S+200)

(0.001s+0.5) 0-0015 +0.75+100

20s
20s’ +11,000s + 200,000
s’ +700s +100,000

=Z(9)
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e 1
1 1

T2x10‘3s T2x10‘3s

1 O, 0 1 O -1 -1
z. = Do+ a0+ — (20 +500SY) || (40 + 5008
% ax107s0 B * 2xiood ~ ¢ )1 )

_ 80s” +3000s+25000
6s° +100s
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(b)

(c)

(d)

(e)

CHAPTER FIFTEEN SOLUTIONS

50 . 16(0.25) _ 50
=+~ =Ty

" s 16+02s S

—-1024 +4000 + j400 _

16s =1652 +50s+4000
s+80 s’ +80s

Z,.(j8) =
n (%) —64 + j640

Z, (<24 j6) =120

0.15842 - j4.666 Q

j24) =100 + 300 +4000 |

6.8504 114.3Q

-32 - j24 -160 + 480

Z

_50, 02sR _0.2RS +10s+50R

T s R+02s

-50 +
7 (-5 =R SS_OSRSOR

R F1Q

Engineering Circuit Analysis, 6™ Edition

5

0.28* +Rs

US55R= 50, R=(0.9091Q
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6. 2mF - ;Q, I mH - 0.001sQ,

2x107s

Zin = (55+500/9) | (100 + 1000) =

%ﬁﬂsoomlom s g
s oA 10001 _ |55 +5.5005%10°s + 5x10’
5 5
155420, S S +5x10°s+ 1.55%10
s 1000
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CHAPTER FIFTEEN SOLUTIONS

7. We convert the circuit to the s-domain:

1/sC, Q
|| . .

O

A R¢ § R,

- |1/sCrQ &mV 1t

Defining Zn=Rp || rr|| (1/SCr) =

rITI{B
rn + RB + rI'II{BC ns

and

Zy =Rc¢ || RL =RcRy/ (Re + Ry), we next connect a 1-A source to the input and write two

nodal equations:

-EnVr =V/ZL+ (VL -VpCyus [2]

Solving,

LR, (1+2,Cs)

- ZLrnRBCnC usz + (ngerRBC p+ I‘r]‘{BC rr+ r BBC ,u+ ZLr g /,1+ZLRBC )IS+ r r#_ RB

Since we used a 1-A ‘test’ source, this is the input impedance. Setting both capacitors to
zero results in 1 || Rp as expected.

Engineering Circuit Analysis, 6™ Edition
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8.
0.115sQ 460 HV
2 4460107
V(s) = 47005 _ 2.162 N 9400
4700+0.115s 0.115s+4700 S (0.115s+4700)
_ 183 N 81740 _ 183 LA b
S+40870 s (s +40870) S+40870 S s+40870
where a=ﬂ =2 and b = 81740 =2
s+40870|,_, S ls= 0870
18.8 2 2 ) :
Thus, V(S) = ———— + — - —————. Taking the inverse transform of each term,
S+40870 s s+40870

v(t) = [16.8 e + 2] u(t) V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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CHAPTER FIFTEEN SOLUTIONS

v(0) = 4V
4
-V
303030 s
S 11
1 e
= (s
2‘-.' 1.1 MLL
S
9_4
S - s s _ 5 _ 4.545x10°
6
303030, 4 »q0¢ 1.1x10° +303030 $+0.2755
S

Taking the inverse transform, we find that i(t) = [4.545 ¢ %> u(t) pA

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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10. From the information provided, we assume no initial energy stored in the inductor.

(a) Replace the 100 mH inductor with a 0.1s-Q impedance, and the current source with a

-6
& A source.
) s el 11
* 0.1sQ
2 pA CD 2 '.;th
S
'
» - -

B +0.1sd  0.s+2  s+20
Taking the inverse transform,

v(t) = 50 ¢ mV

The power absorbed in the resistor R is then p(t) = 0.5 VAt) = (125" nW

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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11.  v(t)=10e* cos (10t + 30°) V

Sc0s30°-10sin30° 0.866S -5
$+100 & +100

A {f(H)e™} = FE(s+a), so

0.866(s+2) -5 _ 8.66s-16.34

cos (10t +30°% -

V(s) = 10 5
(s+2) +100 s+ 100
The voltage across the 5-Q resistor may be found by simple voltage division. We first
note that Z= (10/9) || 5 = 50 Q. Thus,
55+10
g 50 Qg
Y/
Hss+10H 50V, 50V,
Vsa = 050 0 (0.55+5) (55+10) +50 258 +30s+100
0.5s+5+ ’ :
Hss+10H
@], = \ 40 0.866s - 3.268 _ 34.64s - 130.7
X B 2 N 2 2
5 Hs+2)" +100HE$" +12s+405  |[H(s+2) +10¢H (s +6) + 100

(b) Taking the inverse transform using MATLAB, we find that

i(t) = ¢®[0.0915c0s 2t - 1.5245 sin 2t] - 21 [0.0915 cos10t - 0.3415 sin 10t] A

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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12.
2
5 (¥ Vi EQ V, (KL
31 ' Ve == g 5
2 =20 2y
S (} Cl S 8sQ S
Node 1: 0=02NV;-3/s) +02V;s+05(V,-Vys

Node2: 0= 0.5(V2-V))s+ 0.125V,s + 0.1 (Vo+5/5)

Rewriting, (3.5s*+s)V, + 2.58*V, = 3 [1]
4s*V, + (4s*+08s+ 1)V, = -4 [2]

Solving using MATLAB or substitution, we find that

208" + 165+ 20
40s' + 688 + 435’ + 10s
a1 0 —-20s” + 165+ 20
a0 s(s+0.5457-j0.3361)(s + 0.5457 + ]0.3361) (s + 0.6086)

Vi(s) =

which can be expanded:
V() = a, b _ + b _ + ¢
S s+0.5457-j0.3361 s+0.5457 +)0.3361 s+ 0.6086

Using the method of residues, we find that
a=2,b=2.5110101.5° b*=2.5110-101.5° and ¢ = -1.003.

Thus,taking the inverse transform,

vi(t) = [2—1.003 e 1+ 5,022 ¢ %™ cos (03361t — 101.5%)] u(t) V]

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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CHAPTER FIFTEEN SOLUTIONS

With zero initial energy, we may draw the following circuit:
2s'Q

A1 tii
I

J_ I
3 5
-V %839 P

s 5s5'Q
:

Define three clockwise mesh currents |, |, and |5 in the left, centre and right meshes,
respectively.

Mesh 1: -3/s+ 51+ (5/9)l1 — (5/9)l, = 0
Mesh 2: -(5/9)l; + (8s+ 7/9)l, —8sl3 = 0
Mesh 3: -8sl, + (8s+ 10)I5-5/s = 0

Rewriting,

(5s+5)1, =51, =3 1]

5 + (88 +7) 1, — 85 |5 =0 [2]

-85 1, + (8 +10s) 135 =5 [3]
Solving, we find that
Ix(s) = 208 +32s+15 _0O10 208’ +32s+ 15
408’ + 685’ +43s+ 10 %H(S +0.6086) (s +0.5457 - j0.3361) (s + 0.5457 +0.3361)
_ a N b . b’

(s+0.6086) (s+0.5457-j0.3361) (s+0.5457 +j0.3361)

where a=0.6269, b= 0.39531-99.25°, and b’ = 0.3955[1+99.25°

Taking the inverse tranform, we find that
i(t) = [0.6271¢ 6056t 1 0.395319925° o(0.5457 +]03361)t |_ () 305319925 o(-0.5457 -[0.3361)t Juct)

=[0.6271e%% + 0.7906 ¢ "™ cos(0.3361t + 99.25°)] u(t)
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14.  We choose to represent the initial energy stored in the capacitor with a current source:

2
56V

1 s
|
1.8 A % év
8sQ S

i

V, 100
AN l
§V<1> %Q
_L

3
Vi- s, S S
Node 1: 1.8 = 5 + EVI + E(Vl -V,)
V, + Bl
s 1 27 g
Node 2: 0= —(V,-V)+ =V, +
2 8s 10
Rewriting, (58 +4s)V,—55V, = 185+ 6 [1]
A4SV, + (45 +0.8s+ 1)V, = -4 [2]

360S° + 925 + 114s+ 30

(408’ + 68S* +43s+ 10)

a b c c

— + + _ + _

s S+0.6086 s+0.5457-j0.3361 s+0.5457 +j0.3361
where a=3,b=230.37, c=16.84 1136.3° and ¢ = 16.84 [1-136.3°

Solving, we find that V() =

Taking the inverse transform, we find that
Vi(t) = [3 +30.37¢%6% 1 16 84 (13630 05457 j0.3361t
+16.84 ¢11363° 05457t -j0.3361t Jut v

= [[3 +30.37¢ 995" + 33 68e > cos (0.3361t + 136.3°Ju(t) V
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We begin by assuming no initial energy in the circuit and transforming to the s-domain:

Vi |
Ay :
[}
i S
205—23A ijilg 2SQ§ Vi (:1':] 30+A
(s+3) +16 (s+3)" +16
(a) via nodal analysis, we write:
+
A (VARVA T [1] and
(s+3) +16 10 5
120 _ v LS (Vx : Vl) 2]

(s+37+16 2s 10

Collecting terms and solving for V(S), we find that
Vi(S) = 2005(52 +9s+ 12)
28" +17s’ +90s’ + 1855 +250
200s(s” +9s+ 12)
(s+3-j4)(s+3+j4)(s+1.25-]1.854)(s+ 1.25 +1.854)
(b) Using the method of residues, this function may be rewritten as
a a b b’
- + - + - + -
(s+3-j4) (s+3+j4) (s+1.25-j1.854) (s+1.25+]1.854)

*

with a=92.57 0 -47.58°, 2" = 92.57 1 47.58°, b =43.14 0106.8°, b" = 43.14 [-106.8°
Taking the inverse transform, then, yields

[92.57 e-j47.58° e-3t ej4tJr 92.57 ej47.58° e-3t e-j4t
+43 14ele6.80 e-1.25t ej1.854t+ 43 14e-j106.8° e-1.25t e-j1.854t] u(t)

Vx(t)

=[185.1¢™" cos (4t - 47.58°%) + 86.28 €% cos (1.854t + 106.8°)] u(t)
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16.  We model the initial energy in the capacitor as a 75-JA independent current source:
201}
VW
J_ ! 0.005sQ
162.65 + g .
——— "V *'-._. 6 My LE
s+ar N 1L T
75 A

First, define Zep= 10%s]/ 0.0055 /20 = — Q
10°s” + 0.005s + 200

.. . ) ) V(s) 1 162.6s O
Then, writing a single KCL equation, 75x10° = —= + —ﬁx/ S)- ———
8458 a z.. 2009 g iarh

which may be solved for V(s):

7ss(s2 +1.084x10°s + 39.48)

s' +5.5%10%S + 2x10°s> + 2.171x10°s + 7.896 x10°
753(32 +1.084%10°s + 12.57)

" (s+51085)(s+3915)(s-6.283) (s +6.283)

(NOTE: factored with higher-precision denominator coefficients using MATLAB to

obtain accurate complex poles: otherwise, numerical error led to an exponentially

growing pole i.e. real part of the pole was positive)
a b Cc Cc

- (s+51085) (s+3915) +(s-j27T) +(S+J'2 )

V(s =

*

where a=-91.13, b= 166.1, ¢ =0.12770089.91° and ¢ = 0.12770-89.91°.
Thus, consolidating the complex exponential terms (the imaginary components cancel),

V(1) = [-91.13¢”1% + 166.1¢""" + 0.2554 cos (21t + 89.91°)] u(t) V

(b) The steady-state voltage across the capacitor is V =[255.4 cos(2Tt + 89.91°)] mV
This can be written in phasor notation as 0.2554 [189.91° V. The impedance across
which this appears is Z¢ = [jowC + 1/jol + 1/20]" = 0.03142 1089.91° Q, so
I'source = V/ Zegr = 8.12900-89.91° A.

Thus, Isource = 8.129 cos 2Tt A.

(c) By phasor analysis, we can use simple voltage division to find the voltage division to
find the capacitor voltage:

(162.600)(0.031420 89.91°)
20 +0.03142089.91°

our answer to (a), assuming steady state. Dividing by 0.03142 [189.91° Q, we find
Isource = 8.129 cos 27t A.

Ve(jw) = = (.25540189.92° V  which agrees with
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17.  Only the inductor appears to have initial energy, so we model that with a voltage source:

N} :l-'-'.ll

5.846s +2.699 ™y _6s

i1 VC) I ' s, C:}sz+4
Mosh 1. 5.8465+2.699 _ %+ 13330, 1333,

s +4 s O s
Mesh 2: 0=0.0051, — 0.001 + (0.001s+ 1333/s) 1, — (1333/S)l; — 0.001sl 4
Mesh 3: 0 = (2+1000/9)15— 21, — (1000/s)l 4 + 526f4
Mesh 4: 0 = (0.001s+ 1000/s) 14 - 0.001sl, — (1000/s)l 5 + 0.001
Solving, we find that |, = —0.2M and
s’ +4

154s' - 7.378x10’S’ - 1.912%10'°s* - 4.07 x10"s + 7.196 x10"*
2333s' + 6.665%10°S’ + 1.333x10°S” + 5.332 x10°
_ 043280+ 166.6" 04328 166.6°
S+142.8+j742  s+142.8-j742
13593 96.51° 13508 96.51°
S -j2 S +j2
Taking the inverse transform of each,

I, =0.001

+6.6%107

ii(ty = 271.7 cos (2t —96.51°) A and
i»(t) = 0.8656 ¢ 4> cos (742.3t + 166.6°) + 271.8 cos (2t — 96.51°) + 6.6x10™ Xt) A

Verifying via phasor analysis, we again write four mesh equations:
600-13° =(2-j666.7)l; +j6671,—2l5

0 =(0.005 +j666.7)l | + (j2x107 — j666.7)l, — j2x1071 4
600  =-21; +(2-j500)l5 +j500l,
0 =-j2%1071, + 50015 + (j2x107 — j500)l 4

Solving, we find |, =271.70J-96.5° A and |, = 27200-96.5° A. From the Laplace analysis,
we see that this agrees with our expression for i;(t), and as t — oo, our expression for i(t)
— 272 cos (2t — 96.5°) in agreement with the phasor analysis.
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With no initial energy storage, we simply convert the circuit to the s-domain:

100 Q)

1l Va
1667/s Q 2000/sQ
?0.00259
VALER
2
Writing a supermesh equation,

1 1 2000 2000
— = 1001, + I, + [, +0.0028l, - ——1
s o0l 6x10%s ' s ° 00028, s

we next note that |, = -5V, =-5(0.002s)l3 =-0.01sl;
and 13— 1, =3V, =0.0068l3, or I} = (1 —0.0065)l 5, we may write

1
| —
S 20.5988 + 110S + 3666S

1
-0.0012s" +0.228’ + 7.332¢
7.645%107 N 4.167x10°° 4.091x107° , 01364

s—-2128 s +2882 s s
Taking the inverse transform,
Vo(t) = -7.645%107 28 4 167x107 e 4.091x10° + 0.1364 t] u(t) vV

Vy(s) = 15/0.002s =

(a) v»(1 ms) = -5.58x107 V
(b) V»(100 ms) = -1.334x10° V
(c) v2(10s) = -1.154x10°*° V.| This is pretty big- best to start running.
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We need to write three mesh equations:

Mesh 1- 5.8422515699 _ %+ %ﬁll 1,
Mesh 3: 0 = (2+1000/s)l5 -2l —(1000/s)l 4 + 52654
Mesh 4: 0 = (0.001s+ 1000/s) I, —(1000/s)l5 + 10°°
Solving,

(15453 -2.925%10°8* + 1.527 x10%s - 2.699 x109)
723335 +6.665%10°S + 1.333 x1098> + 2.666 x10°s + 5.332 x10°

[ = —0.001

__0.6507012.54°  0.650F 12.54°
S+142.8 — j7423 s+ 142.8+]742.3
. 0.00101C 6.538" , 0.00100 6.538°
s —j2 S +j2
which corresponds to
i1(t) = 1.301 e"*** cos (742.3t + 12.54°) + 0.00202 cos (2t — 6.538°) — 6.601x107 3(t) A

- 6.601x10”

and
(15484 +3.997%x10°S’ + 1.547 x10°s* +3.996 x10'*s - 2.667 ><106)

l; = —0.001 (s +4) (23338 +6.665x10°s + 1.333x10°)

__07821C 33.56"  0.7820 33.56°
S+142.8 — j7423 s+ 142.8+j742.3
L 149900179.9° 1498 179.9°
s —j2 S+ ]2
which corresponds to
i3(t) = 1.564 ¢ **¥ cos (742.3t — 33.56°) + 2.998 cos (2t + 179.9°) A

The power absorbed by the 2-Q resistor, then, is 2 H} (t) —i; (t)a2 or

p(t) =|2[1.301 e'**™ cos (742.3t + 12.54°) + 0.00202 cos (2t — 6.538°) — 6.601x 107 &(t)
- 1.564 ¢ ¥ cos (742.3t — 33.56°) - 2.998 cos (2t + 179.99)]* W
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rrrR B

20. a) We first define Z.s=Rgp || 1 1/sCp) =
(@) w=Ra| | (11sCn) = e

. Writing two nodal

equations, then, we obtain:

0 = (VT[_VS)/ RS + V'r[ (rr[+ RB +rT[RBCT[S)/rT[RB + (VT[_VO)CHS
and
'ngT[ = VO(RC + RL)/RcRL + (Vo — Vp) Cl-l S

Solving using MATLAB, we find that

\Y/

VO = ,RzRR, (-g, + C,9) [R,RR.R, C,C ;52 +(Rr RygRC R RgR.C
+RLRER, C +Rr RR C +1r R,R.R,C +RrR.R C
+RSRBRCRLC/J + ngsrnRBRCRLCy)S

TLRERARIGRARRGRE AT RR, +R 1Ry +RSRBRL]_1

(b) Since we have only two energy storage elements in the circuit, the maximum number
of poles would be[two] The capacitors cannot be combined (either series or in parallel),
so we expect a second-order denominator polynomial, which is what we found in part (a).
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21.
(a)
I 4 sa |4lc
3/s A C’:) g | (3 = 500/sQ
0.001sQ
2500s+ 0.5

(b) Ztu = (5+0.001s) || (500/ ) =

0.001s* + 55+ 500

7.5%x10° + 1500
s(s2 +5000s + 5x105)

VTH = (3/ S)ZTH =

5%10%s +
© Vig— VoL 7.5%10°s + 1500

TH
1+7 25005+ 05 [
os(s 505000)@ T 0.001 + 55+ 500

2.988 N 10.530J-89.92° N 10.58] +89.92°

- s+2.505%10° s+j710.6 s —j710.6
2.956 N 2.967%107
S+ 0.1998 S

Thus, i10= Viq(t) =[[-2.988 e 2505X10% 5 956 o 01998t 4 5 9671073
+21.06 cos(710.6t + 89.92%)] u(t)

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER FIFTEEN SOLUTIONS

22.

(a) .

'||C

— 500/sQ

S
()}
L
"M\
I

0.001sQ

®)Zm =0V = 20/s V so

(200

_ Hshb

| —
©le = o000

dsH

ic(t) = 403(t) mA.

=0.04 A. Taking the inverse transform, we obtain a delta function:

This “unphysical” solution arises from the circuit above
attempting to force the voltage across the capacitor to change in zero time.

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER FIFTEEN SOLUTIONS

23.  Beginning with the source on the left (10/S V) we write two nodal equations:
ﬁ\/ll _ ED 1 + S V1’ + Vl _VZ _ _
S H47000 30303 56 +336%107s

I

Vi LS g VvV, -V,
47000 10870 * 56+ 336x10°s
Solving,
V' - 303030(0.3197x10" + 0.1645%10"'s + 98700s”)
' 5(0.4639%10"°S +0.7732x10°s* +0.5691 x10'*s + 0.1936 x10'%)
, 0.9676x10'
V, = 10 15 13 18
5(0.4639x10"S’ + 0.7732%10"°S* + 0.5691 x10'%s + 0.1936 x10'*)

Shorting out the left source and activating the right-hand source (5 — 3/s) V:

\Y,
47000 ' 30303 ' 56 +336x10°s

Loy, S g (VARAVA

' 3
A VI A
+ V2 + p
47000 10870 56 +336%10°s
Solving,
' 0.9676x10" (5s-3)
Vl = 10 15 18 18
5(0.4639x10'"°S’ +0.7732%x10"°s* +0.5691 x10'*s + 0.1936 x10'*)
r _7609(705000s’ +0.1175%x10"s* +0.6359 x10'*s - 0.3819 x10")
> 5(0.4639x10"°S +0.7732%10"s” + 0.5691 x10"*s + 0.1936 x10'*)
Adding, we find that

v - 30303(0.2239%10" +0.1613x10" s + 98700s")
' 5(0.4639x10"°S +0.7732%10"S* +0.5691 x10"*s + 0.1936 x10'*)
~7609(7050008 + 0.1175%10"*s* + 0.6359 x10'*s + 0.8897 x10'*)
2 5(0.4639%10"S +0.7732x10°°S> + 0.5691x10'%s + 0.1936 x10'*)

(b) Using the ilaplace() routine in MATLAB, we take the inverse transform of each:

vi(t) = [3.504 + 0.3805x1072 ¢ "% _ 0.8618 ¢ "'~ 2.646 ¢ u(t) V

Vo(t) = [3.496 — 0.1365x107% 1% + 0.309 " - 2.647 ¢ " u(t) V
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24, (10/9)(1/47000) = 2.128x10™%/ s A
(5 — 3/9)/ 47000 = (1.064 — 0.6383/ 9)x10™* A

1.424%10°
47000s + 30303

5.109x10®
47000s + 10870

Z, = 47000 || 30303/ s) =

Zr = 47000 || (10870/S) =

Convert these back to voltage sources, one on the left (V) and one on the right (V):
O 1.424x10° O . ’
Vi=(2.128x10Y's) [ 0 5o 3030310
[#7000s + 303035  s(47000s +30303)
0 5. 0
Vi = (1.064 — 0.6383/ 9)x10* 5 100X10 -
[#7000s + 108707
_ 54360 32611
47000s+ 10870  s(47000s + 10870)

Then, |56Q= VL _VR "3
Z, +Z, +336x10°s+56
9 10 9
— 6250 2.555x10°S” - 1.413x10"s - 4.282 x10

s(4.639x109§ +7.732x10s* + 5.691 x10'7s + 1.936 xlo”)

_ 0208 00210 1.533x10"

TS+ 1.659x10°  s+739 s+ 0.6447
,2.658x10°  2.755x10™  1.382x10™

S+0.3404 s+ 02313 s

Thus,
issa(t) = [0.208 exp(-1.659x10°t) — 0.0210 exp(-739t) — 1.533x10™"® exp(-.06447t)
+2.658%107 exp(-0.3404t) + 2.755x107"® exp(-0.2313t) + 1.382x10™] u(t) A.

The power absorbed in the 56-Q resistor is simply 56 [i sea(t)]* or

56 [0.208 exp(-1.659x10°t) — 0.0210 exp(-739t) — 1.533x10™"* exp(-.06447t)
+2.658%107 exp(-0.3404t) + 2.755x107"® exp(-0.2313t) + 1.382x10™*]* W
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(a) Begin by finding Zty = Z:

Zy = 47000 + (30303/ ) || [336x10 s+ 56 + (10870/ S) || 47000]

4.639x109s + 7.732 x10"s* + 5.691x10""s + 1.936 x10"’
98700S’ + 1.645%10'°s* + 1.21x10"s + 2.059 x10"*

To find the Norton source value, define three clockwise mesh currents |, I, and |5 in the
left, centre and right hand meshes, such that In(S) = -1,(S) and the 10/S source is replaced
by a short circuit.

(47000 +30303/s) 1} - (30303/9) 1, =0
(10870/ s+ 56 + 336x10° s+ 30303/ 9) I, - (30303/9) 1, —(10870/8)l; =0
(47000 + 10870/ s) 13 - (10870/9)l, = -5+3/s

Solving,

2.059x10%(5s-3)
5(4.639x10°S’ +7.732x10"s* +5.691x10""s + 1.936 x10'7)

|N='|1 =

(b) lsource = (10/'8) (1/ Z1n) - IN(S)

=0.001(0.4579x10"s" + 0.1526 x10”s’ + 0.1283 x10*'s* + 0.1792 x10”’s’
+0.6306x10%S* + 0.3667 x10%s + 0.5183 x10°*)[5(4639s’ + 0.7732 x10°S’
+0.5691x1012s + 0.1936x10'%)(0.4639 x10'°s’ +0.7732%10"s* + 0.5691x10"s

+0.1936x10")]"
Taking the inverse transform using the MATLAB ilaplace() routine, we find that
isource(t) = 0.1382x107 + 0.8607x10® exp(-165930t) + 0.8723x10  exp(-739t)
+0.1063x107 exp(-0.3403t) — 0.8096x 107 exp(-165930t)
+0.1820x10™ exp(-739t) — 0.5x10™ exp(-0.3404t)

isource(1.5 ms) = 2.0055x10™* A =(200.6 pA
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5s

s’ +4
(a) Define four clockwise mesh currents |1, |, I3 and | in the top left, top right, bottom
left and bottom right meshes, respectively. Then,

We begin by shorting the 7 cos 4t source, and replacing the 5 cos 2t source with

5s

o= (125129171 -(1/29) s [1]
0 =-41,+0O.5+91,-sl,—71l; 2]
0 =@+s+2/9l,-sl;-31, [3]
0 = (4+3s+1/29 13 1,— (129 I5 [4]
Vi = (-1 29 [5]

Solving all five equations simultaneously using MATLAB, we find that

V' — 20s’(758’ + 1995’ + 187s + 152)
'12128° + 33118’ +7875s" + 157808’ + 12408’ + 10148+ 1200

7s

S+16
Define four clockwise mesh currents I, |5, I3 and I in the bottom left, top left, top right
and bottom right meshes, respectively (note order changed from above). Then,

Next we short the 5 cos 2t source, and replace the 7 cos 4t source with

0=(2+1291,-71,—(1/29) I [1]
0=-41,+095+9)1,—-sl;-71I, [2]
_321816 — (3+s+2/9l5-sl,-31, 3]
0 =(@4+3s+129)1,-315—(1/29) I, [4]
V' = (-1 (29 [5]

Solving all five equations simultaneously using MATLAB, we find that

. -56s'(218* -8s- 111)
(121256 +3311S +22420" + 555138 + 487308 + 40590s + 4800)

1

The next step is to form the sum V(s) = V| + Vl' , which is accomplished in MATLAB
using the function symadd(): V1 = symadd(V 1prime, V1doubleprime);

48 (818 + 1107s' + 73138 + 17130s> + 21180s + 12160)
(52 + 4)(121256 +3311S +22420" + 555135 + 487308 + 405905 + 4800)
(b) Using the ilaplace() routine from MATLAB, we find that

Vi(s) =

vi(D) = [0.2673 &(1) + 6.903x10° cos 2t - 2.403 sin 2t— 0.1167 ¢ ™
—0.1948 €' ¢0s 0.903t + 0.1611 ”*'"*" 5in 0.903t — 0.823x107 &*!¥7*
+ 3.229 cos 4t + 3.626 sin 4t] u(t) V
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(a) We can combine the two sinusoidal sources in the time domain as they have the same
frequency. Thus, there is really no need to invoke source transformation as such to find
the current.

%35 _ and 13 mH — 0.013s0Q

65cos 10°t & ——>
s +10

We may therefore write

oo DL6s m 1 o 50005
0+ 10°H83 + 0.0138 (5 + 10°) (s + 6385)

07643 038690+ 8.907°  0.3869) 8.907°
(s+6385) (s-j10°) (s+j10%)

(b) Taking the inverse transform,

i(t) =|[-0.7643 '+ 0.7738 cos (10°t — 8.907°)] u(t) A

(c) The steady-state value of i(t) is simply 0.7738 cos (10°t — 8.907°) A.
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28.

50
(a) 7 = %+SH(2 +39) _ (5s+5)(2+5s) _ 255 +35s+10

in —

5s+7+5/s 58 +7s+5 58 +7s +5

58 +7s+5
aly.
n(SF 255 +35s5+10
— + / —
(b) Poles: 8" +1.45+0.2 =0, S = 14+ 12'96 0.8 =-0.1615, -1.239s™"
-1.4+-/1.96 -4 : .
Zeros: S +1.4s+1=0,s = > %64 0.7 £j0.7141s™

(c)  Poles: same; S=|-0.1615, -1.239 5™ |

(d) Zeros: same; S=|-0.7 +j0.7141 s™'
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(a) Regarding the circuit of Fig. 15.45, we replace each 2-mF capacitor with a 500/ s Q
impedance. Then,

%0 . 50000 5007

29940 +
s M sH _ 1333(8725)(s+ 12.5)

60+ 100 ' s(s +1.667)

S
Reading from the transfer function, we have

Zin(s) =

zeros at S=-25 and -12.5 s'l, and
poles at =0 and s=-1.667 s

(b) Regarding the circuit of Fig. 15.47, we replace the 2-mF capacitor with a 500/ s Q
impedance and the 1-mH inductor with a 0.001s-Q impedance. Then,

500
ﬁss + ﬁ(loo +0.001s) s+ 3%+ 109
(g = s _ 55
Zin(S) = 500 = 55 -
155+ 2% + 00015 (s+1.55x10°)(s +3.226)

Reading from the transfer function, we have

zeros at S=-9.091 and -10° s'l, and
poles at s=-1.55%10° and s=-3.226 5",
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30.  Y(S):zeros ats=0; —10; polesats=-5, —-20s';Y(S) -12SassS - o

@  y(g=_—35+10

(s+5)(s+20)
125(s+10) _ 128 +120s
(S+5)(S+20) S +255+100
~1200 + j1200 _
=100 + j250 +100

K=120

Y(9) =

OY(jl05

4806 j4.800- |6.788 45 S

(b)  Y(=jl0)=[6.7883 43 S

_12(=15)(=5) _

©  Y(-15 -18 S
© Y19 ==
~245 + /245> —68(500
@) sev(ess 125 1205 178 424554500 J (500)
S +255+100  (S+5)(s+20) 34

Zeros: S={—2.461 and —11.951 st Poles: s 3 -5, =20 s
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(a)

(b)

1

1

CHAPTER FIFTEEN SOLUTIONS

_0.2(65+9)

_ 5(s+I)(s+4)

Y = = )
" 4+4s 5+5s5 (4+s)(1+9) " 6(s +1.5)

Poles: s=

—1.5, 00

Zeros: S =

Engineering Circuit Analysis, 6™ Edition

-1, 4 s

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



32.

Engineering Circuit Analysis, 6™ Edition

CHAPTER FIFTEEN SOLUTIONS

s+2
(S+5)(S +6s+25)

H() =

+
(a) d(t) = 1, so the output is St2

(S+5)(S’ +6S+25)

S+2

(b) €™ u(t) = 1/(s+4), so the output is

(S+4)(s+5)(S" +6S+25)

2s

c)2cos 15tu(t) & ———
© © s +225

, so the output is

2s(s+2)

(S* +225)(s+ 5)(S" + 65+ 25)

(d)tetu(t) = 1/(s+ 1), so the output is

s+2

(s+ 1)(s+ 5)(S* + 65+ 25)

(e) poles and zeros of each:

(a): zeroats=-2,polesats=-5,-3 = |4
(b): zero at s=-2, poles at s=-4, -5, -3

(d): zero at s=-2, poles ats=-1, -5, -3

+
(c): zerosats=0, -2, poles at S==*j15, -5,
+

14
3+ 4
4

]
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33, ht)=5[ut)—ut—D]sinTt  xt) = 2[u(t) - ut—2)]
y(t) = J’(:h(}\)x(t—/\)d}\

t<0: yt) 0]

‘ 10 t 10
O0<t<l1l:yit) = [10sinTAdA = -—cosTT. =| —(l—cos 7t
yo = |, A )L 2 )
1 <t<2: y(t) = I‘10sinm\d;\ _| 2
0 T
v 10 : 10
2<t<3: yt) = J' 10sinTAdA = -—cosTT. = -—[—l—cos(nt—2 rb]
2 n t-2 n
=((10/ 1 (1 + cos 1tt)
>3y =0
T
18
&l J
4 I !
z (
1
J
O s | 15 2 25 3
114]
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34, fi(t) = etut), B(t) = (1—e)ut)

(a) fi*f, = J': f,(A)f,(t-2) dA

t<0: f; *f, 0

t>0: f1 * fz = J';_e—5/\ (1 - eZ/\-Zt) d) = Iot- (e—S/\ _ e—zte—3/\ ) dA

t t

—3A

—5A e

g 2t

1
— +

|
—e
3

5 . |

0

(b) Fi(s) = 1/(s+5),Fx(s) = I/s—1/(s+2)

1 1 _a, 5
Fi®) Fa(s) = s(s+5) (s+5)(s+2) s ' s+2 ' $*3

Wherea=0.2,b=-1/3,and c=-1/5 + 1/3 =2/15.

a b c

Taking the inverse transform, we find that f; * f, =

Engineering Circuit Analysis, 6™ Edition
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35. The impulse response is Vo(t) = 4u(t) —4u(t-2) V,
so we know that h(t) = 4u(t) — 4u(t — 2). vi(t) =2u(t - 1), and vo(t) = h(t) * v(t).

Thus, Ve(t) = J'; h(Av, (t-2) dA Av,(V)
I 16

t<0: v, =

o]
I<t<3:v, = [ 8dA =[8t — 8
2
t>3: Vo=Io8dA =|16 { L (»)
t(s
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36.  h(t) = 2¢” u(t), x(t) = u(t) — &(t)

() Y1) = ﬁ)"f h(A)x(t —A)dA

t<0:y()=0

L 3a 0 34 t 3t 0
t>O:y(t):2J'0_e [1-5(t-A)]dA = 2§§e ut)l -e u(t)g

0

2 ety —| 28 sl
—3(1 e Hu(t) 2eu(t) 55 3e Hu(t)

(®) H(s) = é X(s) = é-l

2(1-s) 200 80 10

thus, Y(s) = +3 = EEEH —H—E

Taking the inverse transform, we find that y(t) = —u(t) - e_3tu(t)
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CHAPTER FIFTEEN SOLUTIONS

h(t) = 5u(t) - 5u(t—2), so H(S)

(@) Vin(t) = 38(t), so Vin(s) = 3

Vou(®) = Vin(8) H(S) = f 1567,
(b) Vin(t) = 3u(t), so Vix(s) = %
[(BODS

Vout(s) = Vin(s) H(S) = gHEHg -5

Vour() = A {Vou(9)} = 15tu(t)— 15 At-2)=[I5tu®)— [5u(t-2)

o0 |15 15

= 2 - Se'zs
S

Vou(t) = A {Vou(9)} = [I5 ut)— 15 u(t-2)

DD

s s

(©) Vin(t) = 3u(t) — 3u(t—2), s0 Vin(S) = Z 3¢

Voul(S) = Vin(9) H(s) = %E -3e'23%§ -Se'zﬁ —112 30 sy ses,

15 30 .

—4s

s s

Vour(t) = A {Vou(9)} = 15tut) =30 U’(t-2)+ 15 v’ (t—4)

IS T = 30ut=2) 1S U |

3s
d) Viu(t) = 3 cos 3t, so Viu(S) =
(@ V) O
15 15s
Vou(S) = Vin(S) H(s) = - e”s.
Voutt) = A {Vou(S)} =[5 sin 3t u(t) — 15 cos [3(t—2)] u(t - 2)
L] '? - d
0 ,.-‘f |
_._,-"- i
= S |
é_:l _.-"'i i i- m| = 3
S P
F ¥ o ,
7 | i
rd | ‘
"'|-IJ oL i 1 FT N TR ¥ S BT | s T T T T s T S R 1
] i i
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38.
— Vin - Vin
in = 10 . 20(20+10/s
10, 202050+ 198 1942002041079
S sH s 40+10/s
_ V., B V., —v 408" +s
10  40s+20 408’ +60s+10 " 40s’ +60s +10
S 4s+1 48’ +s
Dltopz Iin 2010_ Iin 25_ Vin Sz 252 ;
40+ 10 4s+1 408" +60s+10
S
0 + Il
Vout ZE Iin +2O|top :Vin 4S 1 + 452 D
S #S” +6s+1 4S° +6s+1[]
Vv +4s+ +S +0. +0.5)
H(S) = w45 +4s+1 _ S +s+025 (s +0.5)

= = = O
V, 48 +6s+1 S +1.55+0.25 (s+0.19098)(s+1.3090)

zeros: S= —0.5,s = -0.5; poles: s = -1.3090, —0.19098
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39,
(a) H(s) = V,(5)/V,(s), H(0) =1

K(s+2) _ K(s+2)

UH(sF

1=2E, so K=8.5
17
8.5(s+2)
s +2s+17
8.5(0+2)
o’ +20+17

Thus, H(s) =

Letw=0 OHG k=

(s+1+jd)(s+1-jd) & +2s+17

W +4

o el

] i 1 ] i 1 & 1 [ 5
e g i

e e e

() By trial & error: |H (jw)

max

=4.729 at w =4.07 rad/s

Engineering Circuit Analysis, 6™ Edition
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40. (a) pole-zero constellation (b) elastic-sheet model
jw
A
x
2
2 zeros)
. | o
1 >
-1
x
2
(s+1) _(s+1)
O il S+ stl
B @+05+ji§mﬁ+05-}£%
(C) H(S) - O 2 [ 2D
_ S +2s+1 _ N S
s+ s+l s+ s+1

We can implement this with a 1-Q resistor in series with a network having the impedance
given by the second term. There are two energy storage elements in that network (the
denominator is order 2). That network impedance can be rewritten as

S . S
= , which can be seen to be equal to the parallel combination of a 1-Q

s+ s+1 1
S+l+-—
S

resistor, a 1-H inductor, and a 1-F capacitor.

1Q
10 TH 1F
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41. H(s) = (10S’ +555+75) /(S +16)

(s+3)(s+2)5)

(s+j4)(s - j4)

ja)

(a) H(s) =10 Critical frequencies: zeros at —3, -2.5; poles at + j4.

N

K 4

w &5
@)
N —_
|
[

b HO)=2 -4 [4.688] H (<) F10]

(¢)  H(0)=4.679 K =3, s0 K =0.64

O H(j3¥ 0.64|_90+7j+”6sj|f 0'764J[ 15 j165k [15.15 cm
@ — —
P |
(1] TN

i
g

.-
ks
e
Br
=
B
a
-
=

Fepmey Gef
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58 +5s+2  (s+0.5+j0.3873)(s+0.5-j0.3873)

42. a) Y(s) = =
@YE = o issr2 (s+2.86)(s+0.1399)
Zeros: s =-0.5+£]0.3873 jw
Poles: s=-2.86,s=-0.1399 A
T +1
| | ©
" >
302 -1

(b) elastic sheet model

(c) lattitude 5°5°2”, longitude 5°15°2” puts it a little off the coast of Timbuktu.
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43, H(s)=|'—°;H(—2)=6

(s—1)(s+I)(s+3)

(s+3+j2)(s+3-]2)

H(-2) =6 =— DK 3K e
1+j2)A-j2) 5 ’

(s' —1)(s+3) _|108' +308” ~10s ~30

@  H=K

Thus, H(s)=10

S +6s+13 S’ +6s+13
——3_:— 00
(b)  H(0)= -5 2.308] H( ) 3 ol
() 1:(s—1) =(j2-1) =2.2360116.57

—1: (s+1) =(j2 +1) $2.236163.43

=3:(s+3) = j2 +3 33.606 [B3.69

—3-j2: j2+3 +j2 95.000 (53.13

—3+2:j2+3-j2 B3O
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CHAPTER FIFTEEN SOLUTIONS

44.
Z,: zeroatS=-10+j0;Z, +20: zeroats =-3.6 +j0
+ +
nzz R/sC _ 5 R _ 5 1/C _ 5s+5/RC+1/C
R +1/SC SCR +1 s+1/RC s+1/RC
0zz 5(s+1/RC +1/5C)
s+1/RC
Thus, using the fact that Z, = 0 at s=-10, we may write L+% =10
25 1 0, 1 1 O
255+ + 250t +
Also.z, =25+ M€ T RCTC 5" Rre 2scH
s+1/RC s+1/RC o+ L
RC
DL- —1= 3.6 or 4 6.4,
RC 25C 25C
C=L225 mF,
40
ﬂ+ﬂ:10,ﬂ:2, so R =20 Q
R 5 R
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45.

(a)

(b)

(c)

(d)

(e)

Engineering Circuit Analysis, 6™ Edition

CHAPTER FIFTEEN SOLUTIONS

H(S) = 100(S+2) /(S +2S +5)

—2+/4-20

zero at S= -2, poles at S:f =-1%j2

N -

100(2 + jw)
G-w)+j2w

. W +4
H(jo)| 3100, 2%
[Hief F100 w' —643 +25

H(jw) =

o 3 % 4 @ B T @ & W
Sy Y

HGo _ o +4  dHGO[ (¢ 6 9252 0t b #H)¢4 b B W

10000 ' -64 +25°  dw etc

o+ @™ 25 (’+ )W’ -6),w' -6 +25 =20 2D 24, & 8 & 49 8
-8 ++/

= 5% 624”96— 406280 5 [2016radis] [H(j2.016) [68.61
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4. 7. (9= o
S+2
@ v (0)=25V;Z, (5= 5(5:24),

OH(sF %, single pole ats — 20 v, @) [25¢*'V3t 0

(b) i 0)=3A Ol 2 ZLD HE)
0

Oi,(tF [3e™A, b

Engineering Circuit Analysis, 6™ Edition

=Z,|

ab —

intin

s+2 .
= single poleats— 4
Z_  5(s+4)
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47.  Z,(5)=5(S +4s+20)/(s +1)

(@ v, =160e"V OV,;z= 160V, s - 6
_Vu _ 160(s+1) _  32(-5)

®Z. 5 +4s+20) 3b-24+20

n

=-5A Oi (tF + 5 A (allt)

. ) . | 1 S+1
®) v =160eu(t), i (0)=0,i’ (0) =32A/s OH(SF —2= —=
» (1).1,(0) =0.i; (0) F 7 2 Se s
—A4 + 4/ -
52#2—2ij4 Oi_(tF - 56 e™(Acos4tr Bsind)D 9- 6 A, A 5

i/ (0)=32=30-10+4B OB= 30 i,® <[ 5e¥ €™ (5cos4t 3sindt)ju(t)A

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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48.

@  HE=II.= 0.5 _ 250s
0.5+0.0025+500/s |S* +250s+25 000

(b) :%(—250 +/62 500 =10°) = -125 +j484.1s™
R 05 -1 6 -1 4 -1
(© a=o == [125 s , 0, =10°/4={500 5|, o,=/25x10*-15,625 =[484.1 s

(d 1,=1,s=0 OI= 00 & @

(e) i =|e7"" (Acos 484t +Bsin 484t)

c,n

® i, (0)=0 Oi (0¥ 0,v, (0§ 0OxI % x2 107105 @ i(8") [250A/s

(9 OA 0,484B 250, B= 0.51640 i @) |(0.5164e > sin484.1t) u(t) A
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49.

1 1 10s+20
(@  H(=Il,/V, =—= =
&=l Y Zi, 504 08(45+20) 248" +620s+1000
10s+20

Us 4L8-( 62 \/6202— 96,000x < 1.729 and— 24.10 s

(b) Note that the element labeled 6 H should be an inductor, as is suggested by the context of
the text (i.e. initial condition provided). Convert to s-domain and define a clockwise mesh

current |, in the right-hand mesh.

lin 510} 20 0}

—AMA—— WA
%v C‘) g 6sQ g 4sQ
Y 30v C') 8V

Mesh 1: 0 = -500/s + (50 +6S) I;n—30 - 6s I [1]
Mesh2: 0 =30 + (20 +108) |, — 65 l;, — 8 2]
Solving, we find that =~ _ 428’ + 14005+ 2500 _ 75’ +233.35+416.7
" s(6s +1555+250)  s(s+24.10)(s+ 1.729)
a b Cc

"5 (s+24.10)  (s+1.729)

where a=10,b =-2.115 and ¢ =-0.8855. Thus, we may write

in(t) = [10—2.115¢>*1%"—~0.885 ¢ u(t) A

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



50.
(a)

(b)

(©)

(d)

CHAPTER FIFTEEN SOLUTIONS

V. _ 50(1000/s) | 1000

H(s) =—
I, 50+(1000/s) |s+20
O
lszg w© V(S)_EQD 1000 2000 _a, b
s s+2o§ s(s+20) s s+20
a= 2901 —y00; b= a=22% =0
(s+20)], )=
100 100
Thus, V(s and |v(t) = 100 H -e*Bu(t) V
== (® H-e"H5u®

This function as written is technically valid for all time (although that can’t be possible
physically). Therefore, we can’t use the one-sided Laplace technique we’ve been
studying. We can, however, use simple s-domain/ complex frequency analysis:

i,=4e"" A Olz 4A,s 100 ¥ 4H( 16) x4 1—(1)32 400V

S

v(t) =400e'" V (all t)

sovie- 4 [ 100000 a . b
&+10%s+2(ﬂ Ss+10  s+20

a =400 and b = -400, so V(t) =|400 [e""— e u(t) V

4 u(t) <

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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51.
(a)
100 10025
e 0+——
_Vo_ s % sHs (20s+100)250
HO=Y"="100 © o5 ROt
Vo g+t 50122 S(20s+125)
S S
H(sr 2500 S(20s+125)
S(20s+125) 1000S” +6250s +500s +2500
2.5
OH
& S +6.755+2.5

(b) No initial energy stored in either capacitor. With vi = u(t), V(S) = l, SO
S

2.5 a b (o
= + +

Ver = a
“ 5(s+6357)(s+03933) s s+6357 s$+03933
Wherea=1,b=0.06594 and ¢ = -1.066. Thus,

Veo(t) =[[1+0.06594 ¢~ 1.066 ¢ Jut) v

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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52.
! 1
Zin (S) = =
0.1+ 0,0253+; 0.1+0.0255s +0.055
20+ (80/s) S+4
s+4 _ 40(S+4) _ 40(5 +4)

0.0255 +0.255+0.4 S +10s+16 (S+2)(S+8)

20 (rogU 40(s+4) U a b c
20u(t) = —,s0Vi(s) = =24+ - 4+ =
& S ® BSHES+2)(S+8)E S S+2 s+8

a =200, b=-133.3 and ¢ = -66.67, so|Vin(t) = [200 — 133.3 '~ 66.67 ¢ u(t) V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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53.
H=-2!
) =-——_
Zl
8
@ 7,210+, 7, =500 OHgp - 00 o 5000s
s 1000 +(10°/s)  1000s+10
-5s
H
(s s+10°
34108 +108 10
()  Z, =5000,Z, =10° +10°/s OH(sp - L0 *10°/s _ 1000s+10°_| R +10
5000 5000s 55

10° +10°/s_  10°s+10° _| 10s+10°

() Z,=10"+10°/s,Z, =10" +10° /s OH(sF - -

1000+10%/s  1000s+10® s+10°
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54.
v 0 0
R, =20 kQ, H(s) =—% = R, C, [5 + ! 0
Vin 0 RCQ
O 10
OH(sF - X 10°C, ® 0
ID RGO
B — 2x10°_ B
(a) H(9=-50CC= 0, 50, R= [40@
1
0 0
(®)  H(s)=-10"(s+10") = 2 x10° C, [5 +——1 OX 10°C,= 10°
0o RCQO
[0Cz 50nF; —1_9= 0*,s0|R= 218
50x107R,
(©) _ i _ 4 U 1 O b
H(s) = -10™*(s +1000) = 2 x10 ClEs+ 0 0% 10°C,=10™, C,= 5nF

R.CO

Ov, (tx 206 Ae™ Be™,v (0O 000 2060 A B
i,(07) =20 =0.025v;, (0*) =0.025(2A -8B) - A= 4B= 4003 3B 200

Engineering Circuit Analysis, 6™ Edition

400 _,, 200 O
\VAN = N —e= —e " rut)Vv
L ® % : S e g
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(a)

(b)

(©)

(d)

CHAPTER FIFTEEN SOLUTIONS

Y
H(s) = —2L = =50,

Vin
-1/R,C,
(§=—— ' R, =20 kQ
s+1/R,C,
R 3
selC, =0|3 s6- —0 r 22T [400
R, 50
1/R,C
H(s) = - 1000 _ L 010 0062 — 1
s+10 000 s+1/20 000C, 20 000C;
C, = ! < 35 nF | We may then find R,: 1000 =;_9 UR= 200 kQ
2x10 5x107R,
1/R,C
H(s) = - 10999 _ L 01006 ;Cf: 50 nF
s+1000 s+1/20 000C, 20 000C,
;_9 =1000, R, 5200 kQ
5x107R,
V 100
H(s) ==& =
© V, s+10°
D / DD / g O y U
RiACia RisCis U_[l_ R,Cn O URpO
S+/ S+ D DS"‘% DERlB%
RfACfA m RfBCfB E E RfACfAE
R
We may therefore set ——2—— =100
1B lACfA

and %{fACfA =10°. Arbitrarily choosing|R, =1 kQ|, we find that/C,, =10 nF.

Arbitrarily selecting|R ; = 100 Q) we may complete the design by choosing

R, =R, =10kQ
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56.

~10™*(s+100) _ [-K ,SI[-K 4 (S +100)]
S+1000 0 K, O
H s+1000H

Let H ,(s) = -K,s. Choose inverting op amp with parallel RC network at inverting input.

-V, V.
0= R—1(1+sclA) R

1A fa

R fA

H(s) =

OHAGF -

R
(¥ R,,C,,) = R—f’*— R ,C,, =-K,s SefR,, =oo| Then

A A

-R ,,C,,s=-10"C,,s

R
Same configuration for H;(S) U Hg(sF — K;($ 100) =— leB (}I- SRIBCIB)

B
For the last stage, choose an inverting op amp circuit with a parallel RC circuit in the feedback loop.

1 _ Re 1
€ s+1000 Re (1+SR Crc)
Cascading these three tranfer functions, we find that

Let H.(s) = -K

R,O0OR,. 0 1 O

dag
HaHg He = BsR,C CipS+ J
ATIB TIC E_ fA IAEEI-%RHB " RlB%g&lcﬁRﬁcfcs_’_l%

Choosing all remaining resistors to be 10 kQ | we compare this to our desired transfer function.

(R Cre)" = 1000 80| Cy. = 100 nF

R
Next, ——®—— = 100 so|Cip = | pF.
1B RfB ClB

Finally, RfAClARﬂgClBRfC (R1chCCfC) = 10-4, SO CIA =1nF

Rfa be Rfc

Rla R]b C
fc

Rlc -
Cia Cip
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57.  Design a Wien-bridge oscillator for operation at 1 kHz, using only standard resistor
values. One possible solution:

w=21f = 1/RC, so set 2TRC)™" = 1000

If we use a 1-pF capacitor, then R = 159 Q. To construct this using standard resistor
values, connect a 100-Q, 56-Q and 3-Q in series.

To complete the design, select Rg=2 kQ and R; =1 kQ.

PSpice verification:

The feedback resistor was set to
2.05 kQ to initiate oscillations
in the simulation. The output
_ waveform shown below exhibits
Y TR e, S . a frequency of 1 kHz as desired.
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58.  Design a Wien-bridge oscillator for operation at 60 Hz. One possible solution:

w=21f = 1/RC, so set 2TRC) ™ = 60

If we use 10-nF capacitors, then R = 265.3 kQ.

To complete the design, select Rg= 200 kQ and R; = 100 kQ.
PSpice verification:

The simulated output of the circuit
shows a sinusoidal waveform
having period 54.3 ms —37.67 ms =
T : 0.01663 ms, which corresponds to a
m T :'_ oy frequency of 60.13 Hz, as desired.

-----
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59.  Design a Wien-bridge oscillator for operation at 440 Hz, using only standard resistor
values. One possible solution:

w= 21t = 1/RC, so set 2TRC) "' =440

If we use 100-nF capacitors, then R = 3.167 kQ. To construct this using standard resistor
values, connect a 3.6-kQ, 16-Q and 1-Q in series. (May not need the 1-Q, as we’re using
5% tolerance resistors!). This circuit will produce the musical note, ‘A.’

To complete the design, select Rg=2 kQ and R; = 1 kQ.

PSpice verification:

Simulation results show a sinusoidal
output having a period of approximately
5.128 — 2.864 = 2.264 ms, or a frequency
i _ of approximately 442 Hz. The error is
' Sy likely to uncertainty in cursor placement;
a higher-resolution time simulation
would enable greater precision.
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CHAPTER FIFTEEN SOLUTIONS

Design a Wien-bridge oscillator for 440 Hz: w= 21 = 1/RC, so set (2TRC)" = 440

If we use 100-nF capacitors, then R = 3.167 kQ.

Design a Wien-bridge oscillator for 220 Hz:cw= 21t = 1/RC, so set (2TRC)™" = 220

If we use 100-nF capacitors, then R = 7.234 kQ.

Using a summing stage to add the two waveforms together:

| 1-.-
(7 npetm
. T
—r g —
ik
HIl . i
Ay . - . Lras o
. L] o I m-l
- L LFa11 _Il i .
L] R LS
S ik
e K .
- | T S
Pl A 1| W Rl M s
E -
| Iﬂhrl E )
+ i
* isF — el
4
- + e ES T
Rz : Fql; . =
g -
LN }-
i i —
i J._ T r £
Lla)
RiF 4
Wy " —_— ¥ -
o
* 1k LFEl T I A
e B bl
e - ik
]
I - b J- T 2
2 L rpy| W LT L
| ||'l|..-.F| I_
1 10gar | L
| I DCslzy
[ Mgt T
. |. -
[WE1TT] - e LT T T L7 oal SR ST EBFY Sl AN B PN . SO N
——
Kl
n. remad
[APTTE
Siliild
i i - L e S i — S O | 4
s mal
=
L] T
|
L} TR
| e
¥ ouE — BV A A Y AT T D Y S W N I A A I | I TR K T |
[ ] in 1 B o in im Fay LT by
T Ty |

Engineering Circuit Analysis, 6™ Edition

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

1 Wehaveaparald RLCwithR=1kQ, C=47 pFand L =11 mH.
(@) Qo= R(C/L)” = | 65.37

(b) fo = w/ 2rT = (LC)™/2m = |221.3Hz

(c) Thecircuit is excited by a steady-state 1-mA sinusoidal source:

& .
I..-..h ! I . ! Ie
10°00° A (‘) R g L E V= C
Jad il &C
L L

The admittance Y (s) facing the sourceis Y(s) = VR + 1/sL + sC

=C(+9RC+1LC)s s0Z(s)=(JC)/ (s*+ JRC + V/LC) and
Z(jw) = (UC) (jw) / (ULC — o + jalRC).

SinceV =10°Z, wenotethat [V|>0asw - Oand also as w — o.

1
nar -
naf -
o7 | -
__ns} -
=
E 0s | | 1
)
D2 | | 4
oaf ! I. -
0z |
o1t ., 1
u Pl - - — i N e
1] a0 L] 150 ) 250 0
fiHz
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2. (8 R=1000Q and C =1 pF.
Q,=R(C/L)*® =200 so L = C(R/ Q))® = | 25puH

(b) L=12fHand C=2.4nF
R = Q(L/C)”* = |4472mQ

(c) R=121.7kQ and L = 100 pH
C = (Q/R?L =|270aF

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS
3. We take the approximate expression for Q of avaractor to be
Q=wCRyY (1+ f C*RyRy)

(8 C=3.77pF,R,=15MQ, R;=280Q

an
k|
0 b
i 1
I. l
_c i ) | h
|I i
o X |
£
i1
i y
.'I L
£
i - A . PP : =
I il i i 0] in i
{{Hz

(b) dQ/dw = [(1+ «f CZ Ry RY(Ci Rp) - wCiRy(2wC* Ry R/ (1 + & G RyRy)

Setting this equal to zero, we may subsequently write
CiRp (1 + & G Ry Ry - wCRy(2WC*RyRy) = 0

Or 1-w CG?RyRs=0. Thus, w, = (C°RyR)™ = 129.4Mradis = [21.00 MHz

Qo=Q(w=awy) =|366.0

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

4, Determine Q for (dropping onto a smooth concrete floor):

() A ping pong ball: Dropped twice from 121.1 cm (arbitrarily chosen).
Both times, it bounced to a height of 61.65 cm.

Q=2my/ (hy—hy) =[12.82

(b) A quarter (25 ¢). Dropped three timesfrom 121.1 cm.

Tria 1. bouncedto 13.18 cm

Trial 2: bounced to 32.70 cm

Trial 3: bouncedto 16.03 cm. Quite a bit of variation, depending on how it struck.

Average bounce height = 20.64 cm, so

Qavg = 27'lh1/ (hl - hz) =|7.574

(c) Textbook. Dropped once from 121.1 cm. Didn’t bounce much at all- only 2.223 cm.
Since the book bounced differently depending on angle of incidence, only one trial was
performed.

Q=2rhy/ (hi—hy) =64

All three items were dropped from the same height for comparison purposes. An
interesting experiment would be to repeat the above, but from several different heights,
preferrably ranging several orders of magnitude (e.g. 1 cm, 10 cm, 100 cm, 1000 cm).

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS
5.
a =80Np/s, w, =1200 rad/s, |Z(-2a + je,)| =400 Q
0, =+/1200 +807 =1202.66 radis Q= 2%: 7,517

Now, ¥ (s) = c (89 1@ )(S+a +]w,)

_20+jwd
0Y¢ 168 jizooy c_oo(-80+j2400), ¥( 160 j1208) — = o
-160+ j1200 400 -2+ j15
e —+ 2L 15775 pFl= 1= [4388mH;|R= —1 = [306.12
32,000\ 901 w’C 2aC

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

6.
Vv =— 1 o2+ L - 22)010 hoy O
2+ j0.1w 1+1000/jw 4+0.01¢F 1000 + j10
_2-j0lw +w2+j1000w 01w . 1000 w_
44010 10° + o’ 4+0.01«f 3 +10°

00.1w% 10°%= 4000 10ad] 9.9 96,000 = w |98.47rad/s

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

7. Paralld: R=10° L =1, C=10"°, I, =10000 pA

—_ 1 - . — — 3+6—6
@ Tc 1000 rad/s;|Q, = w,RC =10 1000
b G qes e Ooe 10 _T _ o _3% . w 100000
b  Y=10 +j§0 5V =5 =10°/10° 20 +Blooo =
2 -2
% 10 ‘\—/% 10
0001+ j & 10000 107 +0 @ _1000Cf
000 w O Hooo  w H
(,0 ‘V‘ 1.|E. . . - . -
995 0.993 o
996 1.238 d
997 1.642 5t
008 2.423 = &l
999 4.47 o
1000 10.0 o
1001 4.47 |
1002 2.428
1003 1.646 T
1004 1.243 B o e me e 0y WD OE woe s
1005 0.997 S
999.5 7.070
1000.5 7.072

Engineering Circuit Analysis, 6™ Edition
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CHAPTER SIXTEEN SOLUTIONS

7 - 5(100/19)) io4 jq,lw
5+(100/ jw) 10+ j0.01w
50 ,,, 10w _ 100 . 0w _100(20-jqd) ,, ,j1041000- )

@

100+ j5w 1000+ jw 20+jw ~ 1000+jw & +400 & +10°

_ 4
wzlfifgg a;oi(’)s— @ @’ 16° 10047 40,000,99&F 960,000

Ows /960,000/9% (98.47 rad/s

- 2000 100’
b Z.(w,)= +2+ 2
( ) |n( o) wg +4OO }0? +106

2.294 Q

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

(@  a=50s"w,=1000s" Ow= o% «f 1,002,5000 & 1001.249
1 10° 1 _10°

L= 5= = =20.9975'H;|R =—— =—— =310k Q
w.;C 1,002,500 2aC 100
Y =10 +j w — L W= 7= = .
() Y=10"+H0° 0 =1000 0Z = [9997] 1.4320
0.997501] Y

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

10.

f., =535kHz, f_, =1605kHz, Q, =45 at one end and
Q,<45for 535 < f <1605 kHz

f =1/2JLC 0538 10% 1 e 102 1
2 JL..C 2m/L. C
0 1 f

OyLia /L= 3 LuG 7 8.8498 10"
Hprx535x10°H

w,RC < 45,535x10° < 2 <1605x10°. Use o, .,

2
O2% 1605 10% 28 10°G: 451 [€ 223.1pF
14
L, = 284980 _ ragr6 uh]L,= tmes [a2.08uH
223.1x10 9

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

11.

(@  Applyx1v.O1z- 10*A

T o

4.4x1073%s
1000
-4

4.4s

avY=

OvY=

10% 1% 10°%s

10% (+ [10°¢ 107)])10°%s

48.4x107°s” +4.4x10™s +1000

4.4s

O vm(]ag:

1000-48.4x10°w’* + j4.4 X107 w

j4.400

(b) Atw=w,1000=48.4x10"°of, g ={45.45 krad/s

Z (jw)=
in(j@w,) (440,

Engineering Circuit Analysis, 6™ Edition

0j4.4x10%w, 0 _

10kQ
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CHAPTER SIXTEEN SOLUTIONS

12. w, =1000 rad/s, Q, =80, C =0.2 uF

1 10°

S5H

@

L= =
w.C 0.2x10°

80
10°x0.2x10°®

400K

Q, =w,RC UR=

(b)  B=w,/Q,=1000/80=12.5

O %E# 6.25 rad/s

= LW, 3 Ow— ogD2
0% R/‘i jB—/2+: 408 10°/ /1 T625 0

o=
-

IZ] fahme)
s &8 = a &
B o B F # =

=
]

024}
022

"t oea

998 998 1000 fDO2 1004 1006 1008 1040
fraquancy (raddis)

Engineering Circuit Analysis, 6™ Edition
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CHAPTER SIXTEEN SOLUTIONS

13.

w, =103rad/s, w, =118,

|Z(j105) =100

W’ = w @ =103x118

w, 110.245"

o= = 7.350
B 15

1350, g667 107 L€ —l—z L
110.245; w? 12,154
12,154

105

Ow= 110.245", B 118 10% 15radls, Q=

07.358¢ wRCO RC

¥ (j105)| = 0.1:‘% +] %osc —ﬁa :‘150 +] @osc—

01 _ 5.418mkF) R i@ 12.304) |L= 1

18.456 15 12,154C

Ca =18.456C

15.185 mH

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



14.

@

(b)

(©
(d)

(€)

CHAPTER SIXTEEN SOLUTIONS

w, =30 krad/s, Q, =10, R =600 Q,

B:&:B krad/s
Q,

NP 2! _28-30 _
B/2 15

-1.3333

Zin(j28 000) = 600 / (1 —j1.333) =360 0 53.13° Q

1

1 O c=Q 10
28,000LH '~ w,R _ 30,000x600

- o1 . .
Z.(j28,000) = B0 j28,000C -
00

R _ 600 1 30,000x10 - 01 .28 10 30 10
L= = = UzZz j —
w,Q, 30,000x10° L 600 H500 H30 600 28 600
Z = 6;;% 3OD:351.906D54.0903§2
1+ j10 —=—
0 ™ 284
magnitude: 1009 ZPPIOX U _ 46000300 =351.908 T 33505
true 351.906
angle: 100% 531301 ~54.0903° =) 27520,
54.0903°

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

15.  f,=400Hz, Q, =8, R =500Q, Iy =2x10°A 0B= 50Hz

(@ \\7\:2x10‘3 x500/+/1+N2 =05 0% N= 4, N=+ /3=

f —400
50/2

0 £ 408 25V3 (443.3and 356.7Hz

(b) \TR\zM—;xi =05x10° Oy N’= 4, N= 15 N==+ /15

R J1+NZ2 500

OfE 408 2515

496.8 and 303.2 Hz

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



16.

@

(b)

(©

CHAPTER SIXTEEN SOLUTIONS

w, =10°, Q, =10, R =5x10°, pur.

3
Q=R i S0 e
w,L 10x10
_ 6
Approx: 2=5/+1+N? 0Nt 2.29% (1‘2)6 /1205 2 [1.1146 Mrad/S
_ 10 O il .
Exact: ¥ =—[+jQ, 52 -%7 005 02/t 1004 id (win Mrad/S)
RO W, W =

1 1
—= 0.0525, 3+ —= 2.0525
W’ o

w' —2.0525w" +1=0, f :%(2.0525+\/ 2.0525 —4) =1.2569,w 51.1211 Mrad/s

0625 £ 100(w* 2 1/?), o 2

Approx: O¥= 30 0 tanN 30 ,N 0577 ‘I’/—;;,w 1.0289 Mrad/s

— 1 N A 10
Exact: Y =——— A+ j10fw —— inMrad/s) Otan30= 0.5774& 107w
5000% 1o - € ) Cﬁ &

0.05774++/0.05774° +4

Ow Zl): 0.05774, o 0.05774@ E O, @ 5 = [1.0293 Mrad/s

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

17.
a C=3+7=10nF Ow= . 10° rad/s
(@ 5

71008

()  Q,=w,CR=10"10"55x10° =50
B=w,/Q, =20 krad/s

Parallel current sourceis 1Dz€) = jw3x107° At w,, |, = j10°° x3

0! 's
3

OV,7 j8 10% & 10% |18 90 V

15x10° g 1509
10x10° '1+j15

(0 w-w =15x10° ON=

8.3 33.69 V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

18.
_ . (5+0.01s)(5+10°/s) _(5+0.01s)(5s +10°)
(a) Zin (S) - 6 - 2 6
10+001s+10°/s _ 0.01s +10s +10
= , . _ 0055 +255+10"s +5x10°
Zin (S) - 2 6
0.015% +10s +10
_ . . 5x10°-0.050" + 10,0250
0z '
n(J0F 10° - 0.01w” + j10w
Atws= g, 0020 10 __ 16005510° 1002502 =5x107 0547
5x10° —0.0507  10° 0.0
[099.75w% 9.978 10°, cg= |10,000 rad/s
()  Z.(jw,) = (5+ j100)|(5 - j100) :%8'000 110025 G

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

19.  f,=1000Hz, Q, =40,Z,(jw,)

2090 N= f
1+ N
Zin = 2000/ (1+j0.8) =

@  Zin(ow)=

—-1000
125

=2kQ 0B 25Hz

, £=1010, ON- 0.8

1562 [ -38.66° Q

(b)  09f, <f <L1f, |090&

f< 1100 Hz

Engineering Circuit Analysis, 6™ Edition
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CHAPTER SIXTEEN SOLUTIONS

20. Taking2™ =0.7, weread from

Fig. 16.48a: 1.7kHz-0.6kHz =|1.1kHz

Fig. 16.48b:  2x10" Hz — 900 Hz

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

21.

(@  20A[6Q, 3|6=2, 40V in serieswith 2+1=3Q

0, = =10 radis, Q, =%E =% —50 ¢
JLC R 3

10 1

B=—=05=>-B=0.25|V_,(jw,)
20 2

Vo (jw) 800/ \/ﬂ%

=40Q, =800V

g

g

1} - 4 B n 10 L r. 2] L] 1A a0
Srospuanny (radfa)

(b) w=9 rad/s

Vo (j9)] = 890 _104.03v

7

Exact: V., =— 40 >(6.00
3+ j(6w-600/w) jw

OV, (j% _24’ 00 _ osse 13325 v
93+ j(54-66.67)]

(Approx:

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



22.

@

(b)

(©)

(d)

(€)

(f)

(9)

(h)

CHAPTER SIXTEEN SOLUTIONS

Series; R=50Q, L =4mH, C =10/

w, =1//4x10°" =50 krad/s

f =50x10°/ 21T +7.958kHz

Wl 50x10° x4x10°
Q=" = 50

B=w,/Q, =50x10°/4 %125 krad/s

W= DD [1+(1/2Q,)% -1/ 2QOE =50 B/l +1/64 -1/8] $44.14 krad/s

w, =50 B/GS/ 64 +1/8a =56.64 krad/s

Z,,(j45,000) =50 + j (180 —10" / 45) =50 —42.22 365.44 - 40.18 Q

Z,1Zg| oy =[107/ ]45,000x50] 3

4.444

Engineering Circuit Analysis, 6™ Edition
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CHAPTER SIXTEEN SOLUTIONS

23.  ApplylA,inattop. OVz 10V

1.2x10°
4
S
Z,(jw)=10+j(10°w-1.2x10°/ ) 010° gF 1.% 10°/ @
Owz 1.2 10", w= (346.4 krad/s

8
@ V,=Z,=10%s+10 +? (0.5x10 +1) =107%s +10
S

_wl _346.4x10°3
R 10

34.64

b))  Q

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

24. Find the Thévenin equivalent seen by the inductor-capacitor combination:

SC:15=V, +10L -

0]
0 1= —= 04A
< 125

OC:V,=00V,= 15V0 R; 1

Ows= 1/4/4 0.25 10™= 1000,Q=

o
N

Bz, /Q, = 1000 1
066.7
Vo], =Q,V,, =1066.7 x1.5 =1600V

Therefore, keep your hands off!

To generate aplot of |V | vs. frequency, notethat V(jw) = 1.5

62

I

L —0.105V,[ OV= 50V
o5 1H T

3.%

1000 4

1066.7

=0.9375, > B =0.4688 rad/s

?— &=
%\—-

3.75+ ]

Pl foodis)

%Z‘EH-*FE‘EIEIIIW1I¢IE[E

hE oo
gy (radt)

Engineering Circuit Analysis, 6™ Edition
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25.

@

(b)

CHAPTER SIXTEEN SOLUTIONS

Series, f, =500Hz, Q, =10, X, , =500 Q

1 21T

500 =, L = 27m(500)L [

l= 0.15915"H| G 0.6366 uF

w’L  (2mx500)®

X o _500

O

R R

1=T550+j27‘[f Xi—j
0 2

OF 1/58 j(f 250,000/ f), V=

g -__ 250,000/ f

€ 50+ j(f —250,000/ f)

V, (21rx500)| 510,000V

Engineering Circuit Analysis, 6™ Edition

R 5@
10°x0.5m0 _— .. 250,0000
— 0= %0 +jf -] 0
2t O 0
106><o.5nT
j2rrf
0|V.(2% 450 |4.757V

V, (27x550)| 54.218V
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CHAPTER SIXTEEN SOLUTIONS
26.

X:s=0,0,0: s=-20,000 + j80,000s™, Z, (-10*) =20 +j0 Q SERIES

a =20,000, w, =80,000 Dw= /(64 4)10= 82,462 rad/S,L—]é= o= 6% 10°

3
R o =200000F 40,000tx L= B0 476 000 o F R oLt L
2L L, LC R 40,000 aC
3 26 R 10,000 — = =R-1R-000p 1o 12308
10,000C 4 10,000
- 12308 o 27uH]e ! = [4.779uF
40,000 170,000x1.2308

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

27.
5-3
W, B1/+/1073%7 10° rad/s, Q, =10 =100, R, =10,000 Q
_ 1 enn B
Q= 1F7xgs ~ 200 Rec =500° x0.2 =50,000 O

50[10=8.333kQ 0Qr w ,CR= 10°% 8333-|83.33

B= 122’ 220 11200 radis)Z, (joa) 48333 0

(99-100)10°_
600

8.333
1- j1.667
=|4.287 0 59.04° kQ

©0=99,000 ON: ~ 1.6667,Z, (j99,000) =

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

28. Rg=QJ @, C = 50/10°" = 5000 Q.
Thus, we may write 1/5000 = 1/8333 + 1/Ry so that

Ry =[12.5kQ

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

29.
3mH|1.5mH =1mH, 2uF +8pF =10 F, [ = %: 10 krad/s
107%

-3 4

Q= % =100, R, =100% x0.3 =3k Q
-3 4

Q:M =60, R, =60x0.25 =900 Q

0.25
9003000 = 692.3Q 0 Q= %3: 69.23
OR.F %2: 0.14449

69.23
Q=L =125, R, =125° x0.1=1562.5 Q|10 uF

10* x0.1x8 Lo ' '
O0Qs 10% 10% 15625 156.25] Rz ﬂz.s__z
(156.25)

ORg, & 0.14444 0.064 |0.208M = \Zn @ = |10 krad/s

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

30.

@  w B1/4/2x0.2x10° =50 rad/s
Q. =50%2.5/2 =625 2x62.5° =7812.5Q

Quigne. = 501—210 =50, 10x50° =25k Q

Q. = 100 _100, 100% x1 =10k R, =7.8125( 25|10 =3731 Q
50%0.2x1

Q, =50x%3731x0.2x10° =37.3%; B -0 =1.3400, 1B =0.6700
37.31 2

O|V|= 107°x373153.731V

V| (volts
3.731V + M )

.
2.638V /
1.34r ad'/-,s

50 w (rad/s)

(b) v =107[(2+ j125)|(10 + j500) (1 - j100)]
10°°
1 1 1
+ +
2+j125 10+j500 1-j100

3.7321+ 0.3950° V

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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@

(b)

Engineering Circuit Analysis, 6™ Edition

CHAPTER SIXTEEN SOLUTIONS

w, B@ =2000 rad/s, Q, =2000 x2 X10™° 25 x10> =100

v0.25

A
OR.& 25000/100% 28 ;Qz = 2210 _ 4

w,L 2000 x0.25

Rz 2 pep R, 125 25 &
S 71600

nQs 200%025 4345 |&[x1 3383 = [16667V
15 2

20,000] j500 = 222001500 _ 15 4955 + j499.688 0

20,000+ j500
25,000]- j250 = 2> 000(=1250) _ 4908 — 249.975
25,000 j 250

O0Z= 124922 24998 j499.688 j250- j249.975 14.9920- j0.287M

=

O 1/[14.9926 j0.2870F 66.6902mAC]

250 66.6902x107° =[16.6726V

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

32.
3
(@ Km:5_0=0'5 K, =% =0.02
100 10
09.82uH - 0.5%9.82x% 1
0.02
2.57nF - i =257 nF
0.5x0.02

(b) same ordinate; divide numbers on abscissa by| 50

Engineering Circuit Analysis, 6™ Edition

=24.55pH, 31.8pH -
H H 0.02

05 31.8=795uH
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CHAPTER SIXTEEN SOLUTIONS

33.

(& ApplylV Ok 10A0 05, 5A ;5A[@2 canbereplaced by 1V in serieswith @2

DTin_): 16 1—(—1)_ 16 2s _ 4S+20_ ZO(S+5)!:| zin(s) s +10
0.2+2/s 02s+2 02s+2 s+10 20(s +5)

2(s/5+10) |0.1(s+50)

b K =2 K, =502Z (s
(b) " ! n(S 20(s/5+5) | s+25

© 01Q - 0.2Q,0.2Q - 0.4Q, 0.5F - 0.05F, 0.5, - 0.5],

0.05F
I o
o T i\
1 |
T
Z. () —> gu_:u 040 <L>u.51,
I &*

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

@ &, B1/4/(2+810°10° 310° rad/s

4
Q s =10'/8x10°10* =125 OR, & 112052: 0.64

4 -3
2+8=10mH 0Q= % 156.25

OR, 7 064 156.25= 15.625R ; Q= ]_OT:LJ_O"G: 100, R; &= 100% F 10k

ORz 20[15.62516 46730 0 @, 18" 1x° 4.673x10° 546.73

(b) K, =10°/10° =100, K =1 (JR'sstay thesame; 2mH- 2Q H, 8mH- 8@ H,1 F» 10nF

10°
46.73

21.40 krad/s

() w, 310° rad/s,|Q, staysthe same, (1B=

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SIXTEEN SOLUTIONS

35,
(@ K,=250,K, =400 00IF. — >t = o F
" o ' 250x 400
5Q - 12500, 2H - 2X20 _1 251 4T L 10°T
1.25H
ao * A11M
|
1 UF 108 [
H 1250 Q |
fr 8 &
§ 1
(b))  w=10° ApplylV OI= 10°s) |~ —
pply 5 1250 1500
103
010001z 10%sd. # L 108
1.25s
Ul= 10°s i+ %(1_ 10-35): 10°%« %;s: j103
250 s S
-3
OlF j10# m: jo.2 10°0 =z Ié 1__(2)0:2— jxx V= O
in J .

Engineering Circuit Analysis, 6™ Edition
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CHAPTER SIXTEEN SOLUTIONS

36.

(@ 1,=200 Aw= 500 Vs |[6D°25 V

out

(b) 1,=2040 Aw= 500 V= |6D°65 V

(0 1.=2040 Aw= 200,00 |OTSK

(d) K,=30,1g=2040 A= 500 Vg5 [180D °65 V

(e) K, =30, K, =4,1 =2040 Aw= 2000 V= (1800 °65 V

out
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37.

(@ H/(s)=0.2 OH,= 20log 0.2 + 13.979dB

()  H(s)=50 OH,= 20log5@ (33.98dB

© @ 12 26 | 6

H(j10)=——<_+— > OH, 20log |-+ 13_L20I09 292+ 13801 1545108
2+j10 20+ j10 11+j5 10+j5| 60 +j220

(d) HdB =37.6dB [ ‘I:l(s):*: 10792 [75.86

(€  Hg=-8dB D|H(sF 10™°% |0.3981

(f) H, =0.01dB O|H(sF 10°°*% |1.0012
dB
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CHAPTER SIXTEEN SOLUTIONS

38. (d) MATLAB verification- shown adjacent to Bode plots below.
20(s+1) _0.2(1+s) 0.2

(@ H(s) = , -14dB
s+100 1+s/100
Fum = S
4 F B E
Frelled SERRE I Rl gty ERSR
1 .-.__.-"'. 10 100 . ! at .. :f:;;:-r:-:;:Iul.#:"::,::::-:-iH.-||| B |t
YR} S — ; " i
'?u' : uf w' i Y
LISt ot T
(b) Fi(s) = ZOOO(S+138 _ O.2$(1+s)2 02 - -14dB
(s+100)>  (1+s/100
: ,"fi R AR R A — Y K S Y kR e
il |.v"‘ ke
|'-. E &
4 f
%
e i i =, 7 v
pp e

2
© A = s+45+200 _S +45s+200 _(s+5)(s +40) _200(1 +s/5)(L +s/40)’ 200 - 46dB
S

S S S
) Boda. Tt &
8 T
-, =
P S e e [ o PR
L
ﬁ"‘*\..\_h - i
o il
| 1
it a
B
n
: .y * oo
Fl ¥ oo Creds P o L}
Sy
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39.
A(s) _ V¢ _(20+2s)(182+200/s) « 200/s
I 202+2s+200/s 182 +200/s
_400(s+10) _ 200(10+s)
2(s* +101s+100)  (1+5s)(100 +S)
F(g) = 20U+s/10 55 o64m
(1+s)(d+5s/100)
s L}
A 2
Y
B0 S N || BRI R 4 ! .
) I n L I-":-!::':
e i :
il " Poas. e
At
R F ” W o
Fenamry jrebii
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40.
3
@ F(s) = 5x10 s(s+100)3 _ 2.5s(1+5s/100) .25 _.8dB
(s+20)(s+1000)° (1+s/20)(1+s/1000)
e
e L ,-?,"_':.'
et e s 18
(b) Corners: w =20, 34dB;
w =100, 34dB;
w =1000, 54dB
Intercepts: 0dB, 2.5w =1, w 0.4
9
w =1, 8dB; 0dB, 2.56(w/100) 3 :2'503(20)10 =1 [ = 22,360 rad/s
(w/ 20)( ¥ 1000) 100 W
(c) Corners. w=20,/31.13dB
/ 2
w =100,(36.69dB| H, =20log 2.5w 1+(w/100
J[1+ (w/ 20)?][1 +( «/ 1000)?]
w =1000,{44.99dB
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CHAPTER SIXTEEN SOLUTIONS

41.
@ A(s) = 5><108s(s+100)3 _  25s(1+s/100) N
(s+20)(s+1000)° (1+s/20)(1+s/1000)

(b) w=2:[F (90

d 100
w=10:F 90- 48+ 48 log —F |58.8
i) 9 200

0 1000] O 1007
w=100: = 90— HAB+ 48 log —= 248+ 45 o - [58.3
B g 20%5 97001

0 2000] 2007
w=200: (= 90— 90+ U8B+ 48 log 2O Has+ 43 |0 -h7g
Ey 9 00 ﬁ 9 1o

[
w=1000: F 90— 90°+90°-3r45°+45°log —— = 45°
Ey 9 ToooH

w=10,000: [+ 90— 90+ 90— & 90 =180

(0 w=2:0F 99+ tan™0.02 tan™ 0.} 3tan™ 0.002= 85.09

w=10:F 90+ tan0.F tan™0.5- 3tan 0.0k (67.43

w=100: ¥ 90+ tan't tan™5 3tan™0.E |39.18

w=200:E 90+ tan'2 tan10- 3tant0.2= [35.22

@=1000: (= 90+ tan™'1G- tan'50-3tan'1=-49.56°

w=10,000: (= 90+ tan™10G- tan™506- 3tan™10= - 163.33
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CHAPTE

42.

20 400 _s®+20s+400

R SIXTEEN SOLUTIONS

2

S 2

(@ HE=1+=+
S S

=400

1+2x0.5(s/ 20) +(s/ 20)2 = *\

SZ

Dws 20, & 05
20 log 400 = 52dB

Correctionat w, is20log2 { =0dB

5 s lap Qim Ermdy

(b)  w=5:H, =52-2x201log 5 3

24.0dB|(plot)

Hgs =20 log [1-16+j4] 523.8

dB| (exact)

w=100: H, =0dB|(plot)

Hg =20 log [1-0.04 +j0.2 5 -0.170 dB| (exact)

(©
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43
@  Fig=Ve- 25 _ 255 | 0.0255
V, 10s+25+1000/s 10" +255+1000 | OIS &
e b
© Ows 10, & 180 correction- 20|og§z %ﬁ 12dB
0.025 - —32 dB
#Hgg _ ang(H)
I.I\I 'i“ —
PN
= ___.-"' oy 3 e,
L | 4
i : _
o _ - j05 _ |
0  w=20,A(j20)=—1>>_ OH =] 1568dB[0 H(j28)-| 80.54
© (120 =102 oHg (i29)
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44,

— — — -1/(50x10° x107°) -20
1st two stages, H,(s) = H,(s) = -10; H.(s) = =
ages, H,(9) = H.(s) () s+1/(200x10° x10°) s+5

o5 ¢ 028 [0

-400 - 52 dB

s,
fln': ol

i |

o
ol

JLL
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(@

CHAPTER SIXTEEN SOLUTIONS

1st stege: C,, =1 uF, R, =, R, =10° 0OH,(SF- R,,C,,s - 0.1s

(b)

Engineering Circuit Analysis, 6™ Edition

_ -1/R,.C
2nd stage: R,. =10°, R.. =10°, C.. =1 uF [OH.(sp —— B"®
ag 1B B B H s (SF S+1/RCy

_ 1/(10° x107® 10

OR(sr o 307)
s+1/(10°x10°)  s+10
3rd stage: same as 2nd
-10 M@ -100 0.1s
OH 0.1s -
(57 + )Bs+1o%s+1cﬂ T (L+s/10)°
20l0g10(0.1) =-20dB
(c
T:"'ﬂ- I8 L“"Id
] he .t
| It b SR
[ i =Y, "'.'."“'"I'I y
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46.

CHAPTER SIXTEEN SOLUTIONS

An amplifier that rejects high-frequency signalsisrequired. There is some ambiguity in
the requirements, as socia conversations may include frequencies up to 50 kHz, and
echolocation sounds, which we are asked to filter out, may begin below this vaue.
Without further information, we decide to set the filter cutoff frequency at 50 kHz to
ensure we do not lose information. However, we note that this decision is not necessarily
the only correct one.

Our input source is a microphone modeled as a sinusoidal voltage source having a peak
amplitude of 15 mV in series with a 1-Q resistor. Our output device is an earphone
modeled as a 1-kQ resistor. A voltage of 15 mV from the microphone should correspond
to about 1 V at the earphone according to the specifications, requiring a gain of 1000/15
= 66.7.

R
If we select ajnon-inverting op amp topology,|we then need Ef = 66.7-1=65.7

Arbitrarily choosing|R; = 1 kQ,| we then need| R = 65.7 kQ.| This completes the
amplification part. Next, we need to filter out frequencies greater than 50 kHz.

Placing a capacitor across the microphone terminals will “short out” high frequencies.
We design for . = 21t = 2m(50%10%) = . . Since Ryic =1 Q, werequire

ic ~ filter

Crilter = 3.183 pF.
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CHAPTER SIXTEEN SOLUTIONS

We choose a simple series RLC circuit. It was shown in the text that the “gain” of the
wRC

[(1 ouzLC)2 +w?*R*C?

circuit with the output taken across the resistor is |A, | =

i
This resultsin a bandpass filter with corner frequencies at

_ -RC++/R’C?+4LC and _ RC++/R’C?+4LC

wC C
- 2LC " 2LC

If we take our output across the inductor-capacitor combination instead, we obtain the
opposite curve- i.e. a bandstop filter with the same cutoff frequencies. Thus, we want

RC+JRCZ+aLC JRC? +4LC
onogy= FCHVRCIHALC o oixagy) = RCHVRICT +4LC
2LC 2LC

Notingthat w, —w, =R/L=1255kradls, we arbitrarily select R=1kQ, sothat L =
7.966 mH. Returning to either cutoff frequency expression, we then find C = 7.950 pF

sl PSpice verification. The circuit

7 i T performs as required, with a
lower corner frequency of about
20 Hz and an upper corner
frequency of about 20 kHz.

1. HLF L1 T 1-Imar 1= b (L1 L
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CHAPTER SIXTEEN SOLUTIONS

48.  Wechoose asimple RC filter topology:

- E i

Vou 1 out | — 1 . We desire a cutoff

Vi, 1+ jeRC Vi | 1+ (@RC)?
frequency of 1 kHz, and note that this circuit does indeed act as a low-pass filter (higher
frequency signals lead to the capacitor appearing more and more as a short circuit).
Thus,

Where and hence

11
Ji+(RCE V2

A small amount of algebrayields 1 + [2m{1000)RC]?> = 2 or 2000rRC = 1. Arbitrarily
setting R = 1 kQ, we then find that C = 159.2 nF. The operation of the filter is verified in
the PSpice simulation below:

where w. = 211 = 2000711 rad/s.

=il
1 1
|
! w1 18 2eF — C1 A1 = 1.HHBBK, 7O7.887m
A2 = 18.4888, 1.84848
dif= 990.808, -292.943m
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49.  Weare not provided with the actual spectral shape of the noise signal, although the
reduction to 1% of its peak value (a drop of 40 dB) by 1 kHz is useful to know. If we
place a simple high-pass RC filter at the input of an op amp stage, designing for apole at
2.5 kHz should ensure an essentially flat response above 25 kHz, and a 3 dB reduction at
2.5 kHz. If greater tolerance is required, the 40 dB reduction at 1 kHz allows the pole to
be moved to a frequency even closer to 1 kHz. The PSpice simulation below shows a

filter with R =1 kQ (arbitrarily chosen) and C = L =63.66 nF.

2r1(2.5%10°)(1000)

At a frequency of 25 kHz, the filter shows minimal gain reduction, but at 1 kHz any
signal isreduced by more than 8 dB.

Probe Cursor

A1 = 24.96K, -43.59n
A2 = 1.886K, -8.604
dif= 23.96K,  8.560

We therefore design a simple non-inverting op amp circuit such as the one below, which
with Ry = 100 kQ and R; = 1 kQ, hasa gain of 100 V/V. In simulating the circuit, again
of approximately 40 dB at 25 kHz was noted, although the gain dropped at higher
frequencies, reaching 37 dB around 80 kHz. Thus, to completely assess the suitability of
design, more information regarding the frequency spectrum of the “failure” signals would
be required.

D=1 By

Cfiter L v

3. &8 : &

1 W fh - RAksi ik 1

e GLF
R T
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50. Weselect asimple series RLC circuit with the output taken across the resistor to serve as
a bandpass filter with 500 Hz and 5000 Hz cutoff frequencies. From Example 16.12, we

know that
W, = -—+— R?C*+4LC = 2m(500)
- 2L 2LC
and
W, = —+—=+VRC +4LC = 2m(5000)
H 2L 2LC

With 0, - w, = 2p(5000-500) = RIL, we (arbitrarily) select R = 1 kQ, so that L
= 35.37 mH. Substituting these two values into the equation for the high-frequency
cutoff, we find that C = 286.3 nF. We complete the design by selecting R; = 1 kQ and Ry
=1kQ for again of 2 (no value of gain was specified). As seen in the PSpice smulation
results shown below, the circuit performs as specified at maximum gain (6 dB or 2 V/V),
with cutoff frequencies of approximately 500 and 5000 KHz and a peak gain of 6 dB.

A1 - SE2.22, 3.801
e = 5_IYK, 298¢
dif= -N.520K, 4. EIm
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51. For this circuit, we simply need to connect alow-pass filter to the input of a non-

inverting op amp having Ri/R; = 9 (for a gain of 10). If we use a simple RC filter, the
cutoff frequency is

w. =

c

L~ 2n(3000)
RC

Selecting (arbitrarily) R = 1 kQ, we find C = 53.05 nF. The PSpice simulation below
shows that our design does indeed have a bandwidth of 3 kHz and a peak gain of 10 V/V
(20 dB).

A1 = Z.996K, 17 .
R = 18,08, ]
dif= 2.086K, -2.00y
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52. We require four filter stages, and choose to implement the circuit using op amps to isolate each filter sub-

circuit. Selecting a bandwidth of 1 rad/s (no specification was given) and a simple RLC filter as suggested
in the problem statement, a resistance value of 1 Q leads to an inductor value of 1 H (bandwidth for this
type of filter = wy — . = R/L). The capacitance is found by designing each filter's respective resonant

frequency (]/ v/ LC) at the desired “notch” frequency. Thus, we require Cg; = 10.13 pF, Cg, = 2.533 pF,
Ce=1.126 uF and Cr,=633.3nF.

The Student Version of PSpice® will not permit more than 64 nodes, so that the total solution must be
simulated in two parts. The half with the filters for notching out 50 and 100 Hz components is shown
below; an additional two op amp stages are required to compl ete the design.

r
5] 1
"Il " e
J_—' ] I r
Ik ;
S LFE | - - DCmgy
+ — —_ -_—
; 1 | ) |
Likwr]
L |
PR
| |
[
[ 1= | 5
lmr T T 1 - v
| ol o
=] .
-J- et 1,
l I LFan 1|
-
HF
|
LLH s
Hl _.'I 1k
[T
1k
Exilard L m -
BT T -
1 | g !
Lilss T -l-
i =y
| s
I |
T 1T i Tawii 1

A1 = 49.93, 453.08n

A2 = 99.86, 504.58n
dif= -49.93, -51.51n
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CHAPTER SIXTEEN SOLUTIONS

53. Using the series RLC circuit suggested, we decide to design for abandwidth of 1 rad/ s
(as no specification was provided). With wy —w. =R/ L, we arbitrarily select R=1Q so
that L = 1 H. The capacitance required is obtained by setting the resonant frequency of

the circuit (1/+/LC ) equal to 60 Hz (120mtrad/s). Thisyields C = 7.04 pF.

Vin 10 Vout

1H

7.04 uF
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17 -8 -

A, =|-8 17 -4 =17(273) +8(-148) -3(83) =3208 (¥

-3 -4 17

3208

@ 2z,=22=38_117510 0p:
A, 273

b z,=22-38_11470 op-
A, 280

©  Zp=pr=C
A33

Engineering Circuit Analysis, 6" Edition

2
100" 851.0 W
11.751
2
100" _ 872.8 W
11.457
2
100" _ 701.42
14.258

=== =14.258Q OP5
225
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CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

035 -01 -02
A, =|-01 05 -0.15 =0.35(0.3525) +0.1( -0.105) -0.2(0.115) =0.089875 S’
-02 -015 075

2
@ v, =2 =0085 o005 o — - 300w
A, 03525 0.254965
2
b v, =2 200880 0e03s opr 2= [a76wW
A, 02225 0.403933
© v, =288 _sueers opr 0 - [18350 W
0.165 0.544697
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3.
3 -1 -2
5_141% 4 1 3 |-1 20 |1 20
[R]=U (=32 5 2+1l2 5 2-2(4 1 3
32 2 5 20
0 0 -3 26 |3 26 |38 26

=34(34) -2(12) -3(-13)] +{ A(34) -2(12) 3(4)] =4 412) 4( 12) 3I( 6)]

=3(73) +(—22) -2(18) =161 Q@' OR,= Be_ 161 2.205'Q
A, T3
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4, Define a counter-clockwise current I, in the left-most mesh, and a counter-clockwise
current |1 flowing in the right-most mesh. Then,

V, =41, 00.2vz 08I,

V,, = s+5(1, +081, —1,) =(s +5)1, -1,

Also, 1,(2s+4) —-5(1, +0.81, —1,) =0

or 0= 51, +(5+29)1,

@A 5 (3 53 2sr 5 2s% 153 20A = 5 2s

2% +15s+20
2s+5

OZz
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5. Define a clockwise mesh current |1 flowing in the bottom left mesh, a clockwise mesh

current I, flowing in the top mesh, and a clockwise mesh current I 3 flowing in the
bottom right mesh. Then,

(@ V,=10(I, -1,) -0.6x8l, =101, -14.81,
0=501, -101, 121, = -10l, +501, 121,
0=4.8I, +171, =121, = -7.21, +171,
10 -148 0 120
A 5+ 10 50 - 12 10(763.6y 10¢ 251.6F 51200 Z %—E 6.70%)
0 -72 17 '
® 7 =MaVe MOV 435717 -0.03571V, ~0.06V,
28 10
0=Y2— Vi Vom0V, |V, _ 003571V, +0.31905V, —0.05V,
28 12 5
0= —% YoV TV -0.05V, +0.05V, —0.175V,

0.13571 -0.03571 -0.06

[A 7+ 003571 031905 - 0.05|=0.13571(-0.05583 +0.0025) +0.03571(0.00625 +0.003)
—0.05 0.05 -0.17

~0.05(0.00179+0.01914) = -0.00724
A —
- 0.007954

= 0.007954A ,=- 0.05333] ¥, = 0.14926 S
y . "™ A, -0.05333
Z= L _ [67050

0.14926
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20| 0.z F 4 220 _L “
3 i T 4

Vin ‘]3.1‘ F' YoVour -

2
OV, (0.5 03sF 0% 0.2s
—  02s+0.1
¥ 0.3s+0.5

Vs e 0143w, -1) =0
10 5

0E @ V) % 025+01D P 0.280.1s+0.4
5 035405 03s+05

7 S(01s+04) 5 _ 15s+25 _|155+25

= F —= o
ot 1.55+2.5 " 5(0.1s+0.4) | s(s+4)

ol

g
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V., =1V,V =0 OV} V= 0,V=-1V
=0

2x10%1,, +2 X101,

_Ve__ 1.

Vin / m R<

U Re-
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CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

8.
@ Assume 1V atinput. SinceV; =0 at each op-amp input, 1V is present between R, and
Rs, and aso C and R.
1 1
OVzE
g ERZL chg JwCR,
- 1 1 U 1
Ul — - =F - -
R, O JwCR,g JwCR;R,
Ol IF- ;D \5, +1 R, -1 R,
JwCR;R, JwCR,R,
T]_:l_vlz R2 :Tin Dzm: _1: wCRR R
R, jwCRR.,R I, R,
(b)  R,=4x10°, R, =10x10°, R, =10 X10%, R, =10°, C =2 X0
0Z= jo2 100219 10e fo08 100 (L= 08mH)

Engineering Circuit Analysis, 6" Edition
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CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

9. Define a clockwise mesh current | ; in the left-most mesh, a clockwise mesh current I in
the center mesh, and a counter-clockwise mesh current I, in the right-most mesh. Then,

V, =131, -10I,
V, -10 0
0 35 20
|V, 20 22
0=-101, +351 _+20l, Ol=
13 -10 O
-10 35 20
0 20 22

V, =201 _+221,
V,(370) +V,(-200) 37 e 2Oy

T 13(370)+10(-220) 261 ' 261 °
37 -20
0Vs —= (14176 mS| V,f —=+ 76.63mS
YT 261 Vi 261
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10.
10

[y] = 0 ;g% (mS) O 0.01V- 0.005Y,,
1, =0.05V, +0.02V,, 100 =251, +V,, V, =-100l,
0106 0.25V; 0.125VF VE 1.25V; 0.125V,

T, = -0.01V, =0.05V, +0.02V, 3 0.03VF 0.05V, %- 2\71

0.625 5_ 4.375 5

0106 1.25Vf 3 Ve > Vv, OVf 300_

4.375

68.57 V,|Vz — g =1 11429V
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Oyz [0.04S|y,= - 0.04S, v,z [0.04S, [y,= + 0.03S
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12.
OVe 100(k 0.5LF 5010 4, 0.02V,
V, = 3001, +200(T, +0.51,) =1001, +5001,
OVy 2w 5001, 1= - 0.004V# 0.002V,
[]0.02 0
[y
Y Hoooa 0.00

e
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13.

0.1 —0.00257
= S
vl Hs 005 E( )

@  1,=01V,-0.0025V,, 1, = -8V, +0.05V,
1=21,+V,V, = 5I,
0T - 02VE- 8V# 0.05V,0 0.25% 8V, V,/¥ 32
1,=-8V, +0.05x32V,, 1, =0.1V, -0.0025 x32V, [l=-6.4V,, 1= 0.02V,

- -64 _
I 0'02—— 320, V,/ Iz |5Q

O

-21,, 1, =0.1V, -0.0025V,, I, = -8V, +0.05V,
- 0.5Vz= 0.1V- 0.0025\] 0.6%, 0.0025V,
1 1<

V,/240, - 8 V,/2460 — V= —V
2 2 2 20 2 6 2

<l

AT )

(b)

1

o d

O
S

6
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CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

10 -
14.  [y]= ErZO ;ﬁ (mS)

@ T =001V, -0.005V,, T, = -0.02V, +0.002V,

V, =1001, +V,

OVE Vi 1000 4, 0.01v1 4, 0.005V,] =1, 0.005V1 0.0025V,

1, =-0.02V1+2l, +0.002V, =-0.02V1 +0.01V1 -0.005V, +0.002V, =-0.01V1 -0.003V,
[0.005 —-0.0025]

O Yl ©)
Hoo1 -0.003H

(b)  V2=1001,+V,, OVF V2 1001,
073 - 0.02V+ 0.002V2 0.21,

01.2T - 0,02V 0002V %- 6—10 v H%o

T, = 0.01V, -0.005(V2 ~1001,) =0.01V, ~0.005V2 +o.5§—% V, s \72@

600
g Ol 10y R R
OF == V-—V
T Hoo 1204V Hzoo 20@ 600 1 240 '?
div1. [1/600 —1/24011()
Yot O1/60 1/600H
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15.

CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

\_/Sl \_/82 TjI_ TZ
Exp #1 100V S0V S5A -325A
Exp #2 50 110 -20 -5
Exp #3 20 0 4 -8
Exp #4 -8.333 -22.22 5 0
Exp #5 -58.33 -55.56 5 15

1= y11\71 + 712\72
l, =V Vi +Y,V,

Use 1st 2 rowsto find y's

05 100y+ 50y, 325 100y,+ 50Y,,

—-20 =50y, +100y,, -5 =50y,, +100y,, — 3 10= 100y,+ 200y,
[+ 46 100y,+ 200y,, Substracting, 150y, — 457 |y5,—- 0.3S
05 100y, -150y,s 0.2 S Subtracting 22.5 150Y,,

0y, 015SF 325 100y, 75 55 O0.4S=[y]

Completingrow 3: 1, =0.2x20=4A, I, =-0.4x20 =8 A
Completing row 4: 5=0.2V, -0.3V,, 0 = 0.4V +0.15V,, OV 5 g Vg,

05 02Vg 0.8V - 0.6V Vg - %9— 8.333V,Vg- 2222V

Completing row 5: 5=0.2V, —0.3V,,, 15 = 0.4V, +0.15V,

5 —0.3‘ 0.2 55‘
_ 15 015 0.75+45 525 _ |-04 1
OVs= = = =-5833V,V., =" "1 -_5556V
St 102 -03 003-012 -0.09 2 -0.09
-0.4 0.15

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved




CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

16.

A:1+6+3=100 - &L o06 83 18 31 43
10 10 10

A, 5+1+4=100Q - 2L g5 X4 g4 X4 _
10 10 10

1.8+2+05=43Q, 03+0.6 +0.4 =1.3Q
1.34.3=0.99821Q, 0.9982+0.6 +2 =3.598 Q
3.598(6=[2.249Q

2

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

17.

6x2+2x3+3x6 =36 O
36/6=6,36/2=18, 36/3=12
12[4=3, 6|12=4
4+3+18=25Q

3x18/25=2.16, 4x18/25 =2.88,42453 =0.48

9.48x2.16+9.48x2.88 +2.88 x2.16 =54 (¥
2 175, > =25 2 56062 75[18.75 =15, 100||25 =20
2.88 2.16 9.48

(15+20)|5.696 =4.899 DRz 5§ 4.89% |9.89@

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

18,
A:i-j6+j4+j3=j1

242472 10, B8 - 18 j18 -j18 =0(S.0)
11 11 11

J':)-
o

— P b _“Jé

dignorejl% |6
-j24+ )12 =-j12

‘ i '['
12 j2=oizze | - ]

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



19.

@

(b)

(©)

(d)

(€)

CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

4 -0.00
=02 oo 0O

1, =04V, -0.002V,, T, = -5V, +0.04V,,V, =201, V, =V, +21,

1,=-0.05V, =5V, 0.4V, & 0.09V=-5V,0 G5 V,/ ¥ 5—8-

o

55.56

~0.05V, _
0.0052V,

T 9.615

1, =0.4(0.018)V, —0.002V, =0.0052V, OG= 1,/1=

G, =-G,G, =55.56x9.615" $534.2

_ 1

1, =0.0052V, =0.0052x55.56V, 0Z= V,/1= 0OUEaXEEEe 3.467)

V,=-2T, V., =0 0T - 05V= 04V~ 0.002V,0 % % v,

— _ 00020 - - s -
= S5 V. *004V, =0.02889V, DZ,7 V, /T [3462)

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



20.

@

(b)

(©
(d)
()

(f)
(9)

CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

00.1 -0.097
[V]= HOS OZH()

1, =0.1V, —0.05V,
1, =-05V, +0.2V,, 1 =101, +V,, I, =-0.2V,
3 02VF- 05V# 02V,0 Gy V,/¥ [1.25

(-0.5+0.2x1.25)V,

G =L/1= = -6.667
(0.1-0.005x1.25)V,

G, =1.25x6.667 58.333

T =(0.1-0.05x1.25)V, O0Z= V,/T= [26.6T

V. =0, V, =-10], Ol - 0.1VE 0.1V 0.05V,
OV 025V,0 4,- 0.050.25\%) 0.2¥, 0.075v) 2, V,#1, 13883

0]

=V,/V,=50.25

V,rev

With 2 port: 1=101, +26.67I,

0% 36.671, k£ 1/36.670 3, 0667 15180 =PL><1 £5 2.5(0.15182)°
36.67 2
Without 2 port: P, _—szx5 =0.011111W 0OG, = 0.08264_ 15 28
250 0.011111

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

21.
@ e e
11—’ % B%‘E I'.'fas *Ear] g . V‘L
fb';: _'fu JV,_ -SV“"’} =
b  2in|: -8m$

=i\ ¢ \'; 5
- |im§ =
“IOVL% 4 mj
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CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

22.

@ T=v"Yeq

() L=V,/R, ,=V

_\72
Rz
\_/2 _Vl
3 Rz

© T=

+ 1

Engineering Circuit Analysis, 6" E

V,-V,| . _OUR, -1/R,O
= V. = 0
R, T1/R, 1/R,[]
/R, 00O
V,/R, O[Yyl=
2/ R3 [Yls E 0o 1 Rg%
. O/R,+1/R -1/R, [
D[yi: D 1 2 2 D
0 -1UR, 1/R, +1/R,[]
_ _ /R, +1/R, -1/ R,
+ =
 [Y1a [V 1 -uR,

dition

L
. o a——ig_
(ai + T
Vr _‘vi
o 2
thi i i
Tf,j ;% ]R3 _‘h
(c)-i.l-» Ra = n
Hntiy +
Yi " R' R3 Vy
[l

1/R, +1/R

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved




CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS
23,
V, =81, +0.1V, OVF 10V: 801,

1,=V,/12+0.05V, O 1; 1

12

5 10— 20- 53 _ 20-
D'z—B‘g%HVT?f—O 1‘3'1
_ 600~ -] 400- 60— — 4000 - 600~ _ —
OV= — e — =10 ¢ —4 X221 80l
T533%2@5 1534j 2 53 ' B3 °? !

_ 7547 1132
2~ 20% ®yng p (@)
Has28 11.32H
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CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

24,
@ T,=-0.02V,+0.2V, +0.5V, ~0.5V,

Ok 07V 052V, I 0.1V# 0.125V4# 0.5Vy 0.5V,
Oz - 04V¢ 0.625V,

1, —0.52‘ ‘0.7 Tl‘
_ 1, 0.625| 0.6251. +0.521. _ — — |-04 1.
0 V= 2 = L = 27231+ 22661, V= 2
T 107 -052 0.2295 ! 27202295
-0.4 0.625
0.41,+0.71, [2.723 2.266]]

Ve —L —2=17429| +3.0501, O[Z
7 02295 L . HlzF H.7429 3.05059)

) T=T=1a Ve L7429+3050 oo
V, 2723+2.266

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



25.

@

(b)

(©)

(d)

(€)

Engineering Circuit Analysis, 6" Edition

CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

_ 4 15] ~ _
[z]-Bro 35(9), R, =5Q, R, =2Q

~ o .o _101,-6l
G,=V,/V, == 134
R TIESTH 4
G,=-G,G,

V,=41 -3, =1, 0Z= _Tl: 10

=101 43I, OG= L/1=

1.3333

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

26 [z- 21000 1000
' H-2000 40

(& Vv, =10001, +1001,, V, = 20001, +4001,, 10 =2001, +V,,V, =-5001L,

3 5001 - 2000+ 4001, Tx % T0 10 2007 1000 2907

20 -

Ok 7.031mA0 4, Edl 15625 mA0 8, 7.081° 200 1©° |9.888 mW

(b) Py, =15.625° x500x107° 5122.07 mW

(© P =10, =70.31mW(gen) OP,,= Psr Poy Po= 703t 9.89- 122.0701
1P, =-61.65 mW

2 port

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

27.
w=10°% 1, =10V, +j5x107V, +j107*(V, -V,)
Ok (10% j& 107) Vq j10™V,

1, =10V, +0.01V, + j10™ (V, -V,)

Ol (0.0 j10*) V+ (10% j107)V,

L -jwo*

[, 10+ j10™
10°+j6x10*  —j10™

(10 + j10™)T, + j10*T,0ZF 133.153 47.5@
1.0621x10°092.640 (7, =94.15'G 2.642Q

O

102-j10* 10™*+10*
10° + j6x10™
102-j10* T,||0Zz 94168 8678
27 1.0621x10°092.64 | Z,, =565.00- 3.60Q

l

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

28.

@20 20,
[z]:%10 10%(9), V. =10000 V,R= 5, R= 250

100=51,+V,, V, =201, +21, 010G 25+ 2I,

o108 2V Yo ¥ 160 2
8 4 5

OVF 160V,R= 6.8

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

_ 0 -2
29 [h]zﬁo 0.25

@ ¥ =9,-2V,, T, =20, +0.2V,, V, =II, +V, EliminateV,

— —r  — —r  — — — = — — — D-OQ _2|:|
Ove V0 10 W 4, H 2V, 1 2V |[hi,, HZO 02%

®) G, =0T, -2V, T, =201, +0.2V,, V, =IT, +V,
EliminaeV, OVz V; 1,
V, =91, -2V, +21,, T, =201, +0.2V, -0.21, 01.21= 201+ 0.2V,
0Tz 16.667F 0.16667V, V= 9= 2V,+ 2(16.6671+ 0.1667 V,)
_[#2.330 -16667 0
"~ H6.667 0.16667 I

OVE 4238 F 1.6667V, O |[h]

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

30.

_ [00Q 0010
R, =100Q, R, =500Q [h] =[]
H2o 1md]
Z.: V. =100T, +0.01V,, T, =201, +0.001V, =201, -0.5, O15T= 20T,
0

VE 100k 0.0 500)% 1= 33.33,0 |Z, 33.88

zout: \_/1 = _1OOT1 :100T1 +001\_/2 DTE OO](;) \_/2

- 0001 - O - =
L, =20 V,+0.001 1, =0 OZ_ =o0
2 B 200 ZE 2 ouf

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



31
@

(b)

(©)

Engineering Circuit Analysis, 6" Edition

CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

h, =V,/V,] ., LetV,=1V

Oly= 01A FE 0 lp= 021,

00.£ Iy 02l 08l, I= 0125A

OVE 03 4(0.2)(0.125 £ 1.2V0O |k, 12

9.6Q

Z i From above, Z, =12
l, 0.125

Vi :T1/\_/2

, SCinput LetV, =1V

V=
1, = o.1+1%43 =0.425 A, 1, =0.2(0.425) —173

OkF- 024A0 |y, 0245

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

_[@o00Q -1 0
2. =0 4 so0ud]

(&  100=200 1, +10001, -V, =12001, -V,
1, =41,+5x10™ V, =107V, 04l=- 1.5 107V

OVs - Mﬂm 160 12064, 4000
15 1.5

OP, 25.86% 10% 20G (133.77 mW

2

M =1 2586mA

_ 4000

2
5 x25.86x10"° =68.97 V OP,= e8.97"_

b V
(b) z 1000

4.756 W

() P,=100x25.86x10"° =2.586 W (gen)
0P+ 2586 0.1338 4.7567 2.304W

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

33.

(@ v, =1000(T, +10°°V, ) =10001, +0.01V,
V, =10*1, -100V, O1F 107*(100V# V,)
Ol 10721000k 0.01V,F 107V,

(1000Q  0.01 O

Ol 10 2 10*V.0 |[k
7 0% S B0 2xaod
(b) Vv, =-2001, =10001, +0.01V,
— -1 - - — 4= -1 - 1 5 v
OE Vi 4, 161 x2 10“%¢ v ¥ 11667 10°V
T 12,000 H 3 ! > 12,000 * 5000 2 2

0Z,z V,/1x 10°/116.6%

out

Engineering Circuit Analysis, 6" Edition

8.571R
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(b)

<

CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

- —0OE \__/L i
=lR+V, T R R [V]_DllR -1/RO
=L o _ %9, H1/rR 1/RH
’ R R
[Z] parameters are all
V,=1R+V, | [R 10
l_ 1 _ ZD[hi: |:| (H
L,=-1, g!!
[Y] parameters are oo
_ (R RO
V.=V, V, =Rl +RIl, 0[zZF H?
R
E:%_Tz \72:R|1+R|2
V.=V,
Y — 00 10O
l,=-1 += Ofh
i A

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

04 €

35. [V]=% 4H [b]_B 5’ [C]

ol 2 -1

03 24 €4 _ 93 0 52
[d] D U
H235f" 3 10
E4 -4 20

O 2104 &1

@ [7][5]:% aHH-1 @ﬁ: %

6ml -2 p22 1
(b) [b][V]l= Dl 5%3 %-%14

o

04 603 2 4 -U MO0 26 46 4

@ ®lel=g; B, 35 AWz 13 21 &

Dl 2
03 2 4 —JDD3 0
O
T2 3 5 ODD-Z -3

g4 -4

(d [cld]=

(e [7][b][5][d]=% 3;% 3 -19

Engineering Circuit Analysis, 6" Edition

08 2 9

10H-3 9 22
0
2

1 6 64 34

25 H-138 738 -odd
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CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

36.
(a) 1 zﬁlvz _Ez 21 I1 zglvz _t_zzlz
\_/1 :]_OI1 +\_/2 -1 5\_/1’ , :ﬁ +V2 -1.5v, 402 15V, -V,
20 25 10
T v - — 019 - 1 -
0l 0.19vy 031V, V& 031 5 031

OVE 0.6129V5; 3.226 1,

Then, 101, =V, —(V, -1.5V,) =2.5(0.6129V, -3.2261,) -V,

Ok 0.05323V,-0.8065 1, [

. 006129 3.22600
[tF _
H0.053235 0.8065°H

0 |eRs=150

OVe 0.06129V5 3.2261,, Iz 0.05323Vy 0.8065l,, V= - 15|,

3 15k - 15(0.05323Vy 0.8065
01.4114VF 15.3241,0 Zz, V,/3, |10.887

Engineering Circuit Analysis, 6" Edition

LF 0.6129V; 3.2261,

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

37.

V, =51, -0.3V, +V, OL3VE 5k V,

1,=01V, +V,/4-1, Ol 0.35Vs 1,

013V¢ 50.35V5; Ly VE 2.75Vs- 51,

[2.115° 3.846Q0
35S 1 o

OVe 2115'V5 3.8461, 0 |[£]

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

38.

@ V,=2+V, O 02Vs 1,

1,=02V,-1, OVE 14Vy 21,

_ o - — 1_ —_|_ [OL4 200

V,=3+V, UIF gvz_ 1,0 [ti:A B).ZS 1H
1 L5 3Q0

=5 Vo=l OVE 15V 31,0 [T %s 1%

6 B

1o M1/7 4Q0

V,=41+V, Ok = Vs L |[T]l&

1 1 2 1‘72 2[—.|c H-/7S 1%

- 15 - - 11 -

|R=7V2_l V1=7V2_42

b) 11 e e 4 20015 8011/7 @ O 2433 6B 11/704
O =T, 2 1Hve tHu7 B Hodeer 18 w7 Ha

04710 15.933Q0

T
¥ Rosios 3467 F

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

(a) _1 = 2_1 +\_/2 = _2T2 +V2 :\_/2 _2T2 [[t_]A: % %

b O 2Dl 0Ol @01 1040 108
® 1o § Ho HH oM oHig oj:

0 801 21 01 10Q _al 2‘55

[
= ] Also, 10
o 1o HHo 15 "o 1y H

1
1

o

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

40.

@ V.=V, 0= a/lR q

o /
=V,/a [tz 00 %
Ho af
1, =—al,
@ (-3 201 QU025 1 2 1 o0
o 1Ho1 tH o B o H ooehs
e D2 20025 50 1 00 03 M) 1 00Q| 058 140
1 1HH o #Hoo2 HH oo 4H 002HiH| 01155 45

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



(b)

Engineering Circuit Analysis, 6" Edition

CHAPTER SEVENTEEN (TWO-PORT) SOLUTIONS

00.32V= 022V 0.2V,0 ¥, u v, §\72
16 ' 8
_ 1l 1o - Mmi_ 5o _ _
OF — = =V, Also, Tz 0285=- V= >V, 02V~ 02V
T 160 * 16 2 P B]B I g 2% 2 1
_ _ 1_  _ 10- 03333 133330
DIE_i TiVZD vl E»‘2 @ Z[t]:D B
400 © 40 3 3 H.16667s 917 H
11700 400-0 1 —_ 1o 55— _|_ [O333 1333300
= v 22T = Vs 2V 21 0|E
T o3 2 3 BT 67 6 PP Riesers o167 H
01 00 _Ol0/3 400/80 1 00 10 133330
os 1§ "™ Hue ss/6Ho0s  H 06255 9.16H
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

1.

v(t) =3-3cos(100rt —40°) +4sin(2007t -10°9 +2.5c0s300 1t V

(@ V,=3-0+0+0=3.000V

b V., =\/32 +%(32 +42 +25%) 42962V

(c) T=—=—=0.02s

(d)  v(18ms) =3-3cos(-33.529) +4sin(2.9609) +2.5c0s(19.4409 = 2.459 V/

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

2.(a
t v t v
0 2 0.55 -0.844
0.05 2.96 0.6 0.094
01 3.33 0.65 0.536
0.15 2.89 0.7 0.440
0.2 1.676 0.75 0
0.25 0 0.8 -0.440
0.3 -1.676 0.85 -0.536
0.35 -2.89 0.9 -0.094
04 -3.33 0.95 0.844
0.45 -2.96 1 2
0.5 -2

01

02 03 04 05 0B 07 08 08 ]
t

(b) V' =-4msin271t +7.2 rcos4 «1=0
O4sin2mt  7.2(cos’ 27 sin®2 1t)

O4sin2mt 7.2 2sin® 27t)] =x
U# 0.09881,0.83539] vz,

©  |Vua 53330

Engineering Circuit Analysis, 6" Edition

-4+16+414.72

28.8

0.581#, 0.8585 sn2rm

3.330/(0.5593 for smaller max)

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

(8 T=10s F, =a, =0.1(2x4 +2 x2) 1.200

1 Tav

() F, = \/%} (4-t)%dt = \/0.2} (16 -8t +t?) dt

\/o 2%32 16 +_H 41,0322
OE

et

0

O - P21
= o.2g,6t\o—4t
B

2 2 2
© a :EXZI(4 -t)cos3 2T :0.4I 4.¢0s0.67t dt —O.4J’tcoso.6nt dt
10 ) 10 | !

2

:1.6isin0.6nt
0.err

0o 1 t . f
-04 cos0.67t + sin0.6
H0.3677 0.6 H
8

=—sginl.2m —ﬂ(coslz -1 —isin 1.2 m= -0.04581
3 9717 3m

0

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



@

(b)

(©

(d)

(€)

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

T=8-2=6s

w, = 271f, :g rad/s

a, =%(10x1+5x1) =25

4
b, ——glosmz—mdt +J’ 53|n2—mdtD

O
1030 o2m]® 15 2n|0
== [F+—cos— —cos— O

39 2 31|, 2m 3 8
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

5.
4 |:| 3 4|:|
ag——glOcos6—dt +J'5 osﬂdtg—lqosnm —Esmnt 0
6 3@7‘[ , TT Sa|
:1—5I§n3n—sin2n+£sin4n—£sin37@:0
2
1010 °5 ‘0
bs——g].OSII’IHTdt+I5SIn ntdtD——[l——cosrt ——ocos i O
o3 , T 3

00 1 1 O
——0S 31T —C0S2 1T +— c0s47T —— cos31= — (1) 31.0610
3n B: 2 2 HE 3n ( )

Jaz+b? 51.0610
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

@ 3.8cos’80rt =1.9 +1.9c0s160 1t, T =12_n 42.5ms, avevalue #.9

60Tt

(b)  3.8cos*80mt =(3.8cos801t)(0.5 +0.5c0s 160 1)
=1.9c0s801t +0.95c05240 1t 40.95c0s80 1t 2.85c0s80 t1 ©.95c0s240 trt

211
T=——=25ms, ave value
80Tt @

(© 3.8cos70mt -3.8sin80T1t; ot =17 ¢ =71 ar 2s, avevaue @
s
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

7. T = 2s
Lt it
@ b :EJ'sinélxznt dt = -~ cosart
24 4n 0

0 by i(& cos# t;)

4n
T
max when 4rtt; ZE’tl =
1
b b, =—
©) | b=

Engineering Circuit Analysis, 6" Edition

0.125s
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8.

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

g(t) =5+8cos10t —5c0s15t +3cos20t —8sin10t —4sin15t +2sin 20t

@

(b)

(©

(d)

(€)

w, =5 O 2T [1.25669

i =2 p=af =20 D183 H7
21

G, =-5

av

G =\/(—5)2 +%(82 +52 +32 +82 +4% +2?) =/116 710.770

i3

& e AR
0 ] il o : ! Lare e
e & . 4 J’ ’w .j 95"
b g SRS RS ) - /80 - 1413°

Engineering Circuit Analysis, 6" Edition
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

0.
T=02 f(t) =V, cos5mt, 0.1 <t <0.1

0.1

a, —i ‘0[ V,_cos5rtcoslOnTttdt =5V J [cos(5 40N )t eos(10n T5 )}t

o 1 1 g
=5v sn(1Onmt+571jt +————sn(10n t5
™ Honm +5 1T ( n 10nTt5 T ( )TEL
v,Od 2 2
=-m sin(10nt+5130.1 +—sm10nn -510.
Tt T ( 0 2n = ( n 1%
~Vnl 2 sm(nT[+05T) + sin(n mo.5
i @ ' )%
:—’“ cosnT[+
1L @n +1 n+4 2n
. 2n-1-2n-1 _ 4V, cosnmt
= nTt 5 = 5
Tt 4n° -1 T 4" 4
0.1
iIV cosbSrtdt =5V, —Em— —Si D n@ 2V
2
O v(tF —"‘T AV cos
3 TT
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

10.

(@ |even,

—wave

(b) b,=0foraln; a,,, =0; a, =0

(C) bl:bZ:b3:Oa2:O

nt 10 6 _ nitf 200, nm . no
I Se0s = S " e L T s 6
200, T ™ _ 200, . M 20_[
Uar —BSln SmGE 2.330, aF E_Esm snﬂ 3n 2.122
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

11.
(a) ao = an =0
Oly(tr 0.2sin1008 & 0.6sin 2000 t+ 0.4sin3000Tt

() Yy =05(0.22 +0.6* +0.4?) =,/0.5(0.56) 30.5292

(© y(2ms) =0.2sin 0.211+0.6sin 0.4 1t #0.4sin 0.6 11 2.0686
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@

(©

(€)

Engineering Circuit Analysis, 6" Edition

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

(b)
T=6 | e
- 5
ol i
-3 3
I
T= |1 'Lma Awm (d) Odd < 'T:—J'.'L,.Vz.wo-‘“‘
I T 02| E
T e i
3 3
[alb, = 0a5——-[8 cosZhdt =2 - an 2 =22 gn T {08821
6 10mn 3|, mQ 3 34
43 215t 320-6m 15n 10@ 3.2
b 0, b =-(8s —dt = -2 (-0.5) #0.5093
[bla; =0, b, = j %% _H n( )
[c]b, =0, aS—E 8cos@dt _H 12 0, n15]T sin10 =3.801
12) 12 12 10n5 6 6
3 10Trt _640 12 5n 10
d 0, b = 8si - cos —C0S =1.0186
[d]a; =0, = 2I 12H 10mH 61
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

13.
T=4ms

1000°%% 250x8
a =——— [ 8sinl2571t dt =
@ %= -[ -1251

16 0 T 16

£5.093
R
0.004 2T[t
(b) 3 =4000 [ sin1251tcos dt
O 0.004

0.004

= 2000

[0 cos625tt N cos375Tt DO'O04

62511

0.004

01 )
= 2000 sinl.5
%7511( m

(© -4 <t <0 8sin125tt

( d) 4000 0.004

35T 0

0s125 1t

0.004

0

0.004

Uas 4000 J' sin12f tcos50@x t di= 2000 J' (sin625tt— sin 375rtt) dt
0

—2(1 —€0s2.51) —

0.004

b, = 4000 I sin1251t sin5007t dt =2000 J’ (cos375T1t —c0s625 1) dt
0 0

bh=0a=—— I 8sin12571t cos250 1t dt

0.004

Oa 2000 I [sin376 t sin12%t t]dt= 2000

_ 5333 ———(1-coslL.5m)

Tt

Engineering Circuit Analysis, 6" Edition

s

1 0 oo™t 10
25715 =200 S R
el ﬁ% 153751 625 I

2333 (1 -€0s1.5 i

0 cos375tt + cosl25Tt D

H  375m

- -3.395"

1257 5,

Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

14.
odd and %—Wave Oaz 0,az 0,b, =

even

T =10ms =0.01s
g O™ O 0O -1 0 o
b, =—— 10sin 200nTt dt] =8000 cos200n 1t
"~ 0.015) 277 Heoonmd] i

Obs - :11_101 (cos0.2n- 1F f]'—(T)[ (+ cos0.2mm)

Olbe 2432, bs 5556, b= 5.093 b= 2.381, b= 0.2702
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

15.

T/4

oddand——waveT 8ms Ob= §I f(t)sno tdt

2T[ 0.001
w, —? =2501t [hb,= 1000 IlOOOtSInZSOTnt dt

Now, [ xsinax dx:é(sinaX —axcosax), a =250nT

f(t)=10% O bn:

2]_[2gl
16 0. 3m

"o "2
=0)

b

even

Engineering Circuit Analysis, 6" Edition

106

e ————(sin250m t 250m t cos 250t

)0 .001

nTL O——cos—+OH Obe :L—eiﬁsm—]T —cosg

31 16D 5 [ 5 Tt 5[t

— COS—H =0.4275"; b, —H — cos—AE

4

0.2460

0.13421
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

16.

(@ odd T=4
w{/’ i

(b) even, T =4:

/0

(© odd, %— wave: T =8

(d  even,

L

&

2—wave,T:8: h ,\/
4
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@

Engineering Circuit Analysis, 6" Edition

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

v, _54+ 20§ 1g,2mt Ovz= 20 insnt, V = —(— i)
m4un 04m nrt
Z =4+j5n2=4+j10n, T, =vm = 120 5
Z, nr4+ len) 1+ j2.5n
(7. i51-j25n_  125+j5
™ nm1+6.25n°  nT(l 46.25n%)
Dig- 22 1 2 Gnsnt
T 1+6.25n nml 46.25n
OiF 1.25 Z ! ZD 125 cossnt ism5ntD
4. 1+625° H m H
=A™ =i, 4,10 =0,1,(0) =125 + 5 1 01250
2, 14625020 m
Oi, (0 125 2 2—1: 125 2T tanho.zr= 055388
T 4y n° +0.16 4 0.4
()47 - 0553385 - 0553887 125 5 L D125 smne isn5ntD
1+6.25n° H m -
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

18.

(@ 0<t<0.2mi =251 ) 0i(0.2t)= 2.5(1- €°4™)=[1.78848 A

(b)  0.2m<t <0.471r i =1.78848e"%?™ [}(0.41)=|0.50902 A

(©)  04m<t <0.6Ti =5 2.5 -0.50902)e 2" (0.6 Ju 1.9335
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

19.
(€Y VS:5+§ Lsinsnt
T[l,od n
Vg, :QsinSnt
nrt
V=2
nmt
zn:2+'1 :2+.1 V.= —jZO(nny .1 _ —129/n13< 1—1.20n
]5n2 J10n 2+1/j10n j10n 1+j20n 1-j20n
V= M Q,vm: @%{ 20ncos5nt- sin5nt)
1+400n° nmt nrtl +400n
OviFe 5 QZ ;zmlsinSnt—ZOco%ntD
Tt 45 1+400n% On H
() |v,=Ae"*
(© 20 ¢ -20 _ 5_1 - 1

v.(0)=A+5+— Z

T 4 1+400n°

n;d n® +1/20)

Z . 1 = tanh— " =5mtanh—L =1.23117
L P+ (11207 4L/20)  20x2 40
OA& 6 5 X 123117 - 460811
Tt
0e 1

.

v, (tF - 4.60811e'% 5

— Ela nSnt 20 cosSntﬁ
T 45 1+400n° On

Engineering Circuit Analysis, 6" Edition
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

20.

3 B s 0.005 ' N
C3 — £ DJ‘ 1ooe j3x21t/640" 1ooe—j100 MD
U

0.003

c D 0.001 0.005
10 G _1 e_jlo()om —j1000 Tt D
E 110001t 0 j1000 1t 0003
- 100 (e +1+e7 e = 100 oL+ 4) 7410610
- jem j6
Ocs j10.610; [cy 10.610
3 B 0.005 |:|
_ 2 10 0 J’ 100cos1007t dt - I 100c0s1000 1t dt[]
0003 0
2x10° 1 . . i
= sint-0 -sin51m+sin3
6 100011( ¥ @

c3=%(a3—jb3)=—j%b3 Oor 21.22|and \JaZ k2= [21.22
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

21.
1 |j001 0.002
@ T=5msc, = o5 [ 10°te™ 140 it + J 100e" "mmtdtg
0.005 o 01 O
.001 0.002
Oc= 20, oooDI 1000t & 4%°™ i 4’0 l“°°"“dtg
O
De j 400t 1 ‘ 0.002
Ocs 20, 00097(14013 n# 9% — ™ [
Q- -j400m o=

b Ocz a= (58 10% 10& 10‘3)—1: 0.1% 200= |30
(b) 5 & 0.005

01 . 1 1 0an0
=20,000 e %1+ 041 — - g 08T _g 04
“ H60re A+ 1041 = oot j400 n( H)H

= %(19 72 )(1.60597) 51.488-) 12.665¥5 15.91548 °90K1 °H4+ 1° 72)

—12.665(1E+ 72°)(1+ j1.2566) —12.665 + [15.915(1F 144—- T+ 72)
=20.3393 20.513- 12.665 18.70%- 108 [24.93 88%1
c,=3.166250 144 (¥ j2.5133) 3.16625 j7.9575(1 288 & P44)
=856453F 75.607- 3.16625 15.1360 144 [13.309 177.43°
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

22.

Fig. 17-8ac V,=8V, 1 =0.2us, f, =6000pps

@ T:L,fo =6000,Tr =0.2us 0O f= L 5MHz
6000 T

(b) | f, =6000 Hz

8x0.2x10°° |sin(1/2x3x12,00077 x0.2 X10°|
1/6000 | 0.003677 |

(0  6000x3=18,000 (closest) [DcF

O e |9.5998 mV

2x10° 8x0.2x10°° |sin(1/ 2 x333 x12,0007 x0.2 X10°°|

(d) 7.270 mV

=333.3 Ocyet

6x10° 1/6000 | 1/2x333x12,0007T x0.2x10° |

(e B =1/t 35MHz

() 2<w<22Mradls O 2000, f< 2200 kHz or 318.3< f< 350.1kHz

21T 21
f,=6kHz O fF 8 53 318 324,330,336,342,348kHz 0 n 5

o] = 8202 x10°° |sin(1/ 2x227 12,0007 x0.2 X10°°| |
@ %17 6000 | ") |
f =227x6 51362 kHz

8.470 mV
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS
23,
T=5ms,C,=1C =02-j0.2,C, =05+j0.25,C, =1 -j2,C, =0, |n| >4

(@ a=-jb,=2c, Uaz CF La jb= 04 jb= 04 jO4,a- jb=1+ j05 - jb=-2
Ov(ty E 0.4cos400r cos8007¢ 2co0s1200 7#+ 0.4sin400 # 0.5sin800 # 4sin1200 tr

(b)  v(lms)=1+0.4cos72° +c0s144° -2c0s216°+0.4sin72°-0.5sin144 ° +4sin 216 °

Olv(lmsE - 0.332V
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24,

@

(b)

(©)

(d)

(€)

(f)

Engineering Circuit Analysis, 6" Edition

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

5 0.6x107°

T=5pus00c: —x 2 1cos2mn ¢ —dt
0.4X10°° 5x10
-6
Do= 4 100222 (§n432 m sin288 n)
2
Ocs i(gn43.2 r sin28.38 n)
nrt

c, :4i(sin172.8° ~sin115.2°) 5 -0.06203
7T

_0.2x10°+0.2x10°° |
5x10°

0.08

c, =4

alittle testing shows |c,| ismax O [c,+ |0.08

0.01x0.08=0.8x10° [ i(s‘n43.2 r sin28.8 n)% 0.8 107

nrt

O @(gn@z R sin28.38 n)Jf 1

nrt

ok for n> 740

740x10° |

148 MHz

B =740f, =
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

25.
T=1/16, w, =321
@ =16 [ 406" ok _16%40 joon
) - 96 0
Oc jﬁ(e'i’l IF - ji0=-- j4.244v
3 3m

(b)  Near harmonics are 2f, = 32 Hz, 3f, =48 Hz
Only 32 and 48 Hz passfilter a, — jb, =2C,
a,— jb,=2c, =-j8.488 Das 0,bs 8.483V
- _ 8.488 _ 1 _
l; = . =1.4536 (& 31.10 A; P= —x 1.4536% 5= 5283 W
5+ J0.01x96mr 2

1/9%
62 :i J' 4(:)3_1‘64”T dt :ﬂ

! - )64
2

16 (€71%7% _1) =2.7566 — j4.7746 V

~b, =2¢, =5.5132 - j9.5492 =11.026 - 60
T 110265 60_
7 5+ j0.01x641T

0P5 % 2046% 5 10465W O B, [15.748 W

2.046- 6539 A
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

26.  f(t) =5u(t +3) +u(t +2) —u(t -2) -u(t -3)]

f(t
@ N

>t
-3 -2 -1 0 1 2 3

0  Fjw :} f(t)e ' dt

-2 2

OF@ ¥ ISe“"“ dtr IlOe‘i‘*‘dtr }Se‘i“’dt
-3 -2 2

OF® F —§(ej2w— ey —1_0 (e7122 @29 5 (e 129
—lw -] w -5 w

- 5 (_ej3m+e—j3w + 5 (ejz‘*’_e_jz‘*) +£(_ej2w+e‘}2(j

= O (Lj2sn3w+—(j2)sin 20+ (-j2)sin2w
—Jw -] W -jw

Or@ ¥ Psna- Vsnzo+ Lenzo= 2 (snaw+sin20)
w W w W
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

27.

(a) f (t) gd u(t), a>0 0 F(Ja)): j‘ f(t)e—jwt de j‘ e—ate—jax dt

00

OF(jwy ——e =
at Ja) o

1
atjw

)  ft)=e"e®ut-t,),a>0 OF(jwF € Ie—(aﬂw)t ot

1 I 1
OF(i e — — @ -(a+jw)t| — e e —(a+jw)t, e jat,
©  f@=te*u®, a>0 DR(joF [te@d
0
e(aﬂw)t . . 1 1
UF W)t =60 ——  F 1
(¥ gpt @ 10F 45 6 =t s
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

28,
—4<t <0: f(t) =2.5(t +4): 0 <t <4: f(t) =2.5(4 )

0 4
OFYp ¥ 12.5(& 4)e 1 dir 12.5(4r 5)e“ dt
=4 0

0

In1*, lett=1 Ol 12.5(4r el d )
4

Ol J4'2.5(AH evdd k§j=) 2.5}(4 t)(e¥ e’“)dt

4 4 4
OF@ ¥ 5[ (4 ooss t d= 20 Lsnat -5 cos ot dt
)
0 0 0
OF@ F ﬁsinéb— i(co:m t+wt sinwt);
W of
20 . 5 5 . 5
=—3sn4w—— (cos4w-1) — 4 wnd w=—(1 <€0s4
o 3 ( ) 3 (5( %
2x5 [sin 260

or, F(jw) = 7 sin%coﬂOBTE

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

29.
f(t)=5sint—-Tr<t <T EF(joo):ISSint e/ dt

. 57" Cin
OF = (et eYel?qdt
(OIS j2:[[( )

— % } [ejt(l—(o) _ e—jt(1+u)] dt

. 50 1 — S -
F(iw) = eJﬂ(lu)_ethles T +w eJ(ﬂI*)
(19 =3 B ) - _J(1+®( ‘75
_12_5( eJT“*) Jm)_ ( eJle+eJnu)

-25,._ . 5, ... S [ 1

=——(j29iNnTt6) —— (29N TU 5sn _

ol @ +(J P® I ﬁ1m1+
Osin 1T

- sy QLoD _ jI0Sn no j10sn. 1»
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

30.

f (t) =8cost[u(t +0.5m) -u(t 0.5 1]
/2 w2
OF@ ¥ [ 8costedE 4 [ (e e)e’
T2 -2
/2
_4I Eajt(l 9+ Nlm)%dt

-T2

E /2 E
:45_1 it g iu w1 eltel|
gll-w ja+9 e

u 1 —_ o\ 1 o i g
=4|] e]r{(.dZ_(_J)ejn(.dz —— B_Je]noﬂ_]ejn 0
J - jA+w MED

nid-w

:4D L ><2cosn—w+ L e D

><2cos—|j 8cos—
-W 2 1+w H -W 1+

mw 2 COS TtGH 2
= 8005— =16
1-«f 1-of

@ w=0 OF(jOF

b) =08 F(j0.8) ==29572" L1373

0.36

16c05(3.1x90°) |

(© w=31 F(j3.1 = 310

=-0.2907
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

31

@ R =4u(w+d) ~ 0B)] THO= " [ Fje)dw

2 2
D f(t;: ij- joot d) 2 1 ejm — .i(eth_ e—th)
2mJ, T jt L, I

O f(t %stinZt %sinZﬂ F(08) sin16= [15909
Tt

b)  F(jw) =4e™ Of(tF i[je'”’*‘“’m

0 oo
O f(tF EJ’e(Z””‘“dﬁ Eje““i“’t ()
LA Tt

20 1 g 1 0 2 4
-2 St D e
-7 ™ +#
O0f (i LD £ (08) 8 - (05488
4 1) e~

©  F(jo) =4cosmofu( w95 +( w8.5)
O f(tF i T COHWX &' do = 2 Olsl(eimu, g m) el g
2m _J;S Tt I 2

-05

1 05 o _ _
. — ‘!’ Ha(mﬂt)(.o_'_e( -j0.5 115§ 0.5t) ﬁdw
T[—.S
10 1 - , _ - 1 - - - e \UJ
=== e]0.5n+JO.5t —-e 0.5 0.5t + . e—|0.5 1140.5t _ejO.5 140.5t
n%(nﬂ)( ) 1(—n+)( )E
1E| 1 + j0.5t + —j0.5t 0.5t 0.5t D
= (1 e ) s -je™ e
nm(nﬁ)( ) J(—ﬂ’f)( )E
101 1 0 _2cos0.5t0 1 10
== 2c0505t— ZcosOSt = -
~ B 7 n e oy
0O -2 0O 4
= 2co0s0.5t = cos0.5t O f (0.8F |0.3992
ol 7 2 (08F
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@

(b)

(©)
(d)
(€)

Engineering Circuit Analysis, 6" Edition

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

v(t) = 206" u(-t-2) v

® -2
RGw = 20" u(~t —2)e ' dt = [ 20€+* 71 dt

20

15—

OF(i2F
OA, (2 0.08494

-2

(15-jo)t
()]

20
15-j2

BV(2) =

-0.3891

IF,(j2)|=0.3983

 15-jw 1.5

F(iw) =A, (&) +B,(9)

— 20 e—3+j2w|:| FV(JO): @ <

0.6638

_ 20
15-jw

e—Seij

e® et 0398300 2823% 0.08494 j0.38913

@(2) = 282.3° or -77.69°
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

33 [I(jw)| =3cosl0w[u(w+0.05 ) +( .05 )

() 1 o0 ) 2 0.051t
a —aAx.t - _2
W 4X2T[:[0||(j(,0)| dw = I 9cos’10 wd

-0.05m

12 /20
=38 L os206fd =2 01+ L sin20 £.9J
- p OO = 20

m -1/ 20

-1/ 20

(b) 0

g “ 9 1 .
- 1+ c0s20w) d w =0.45 =— +— X2sin20
L ) 29 @

00.06= @& + 0.1sin2@ W, = 0.04159 rad/s|
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@

(b)

(©

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

f (t) =10te™ u(t)

—If (t)dt = IlOOt e dt =100 x

100
512

0.3906 J

8t i
e

(-512)

(64t* +16t +2)

0

_10e “Hion . )
F(jw) =F{10te*u(t)} 10It eWiatgt =——= [ {4 +j ot
(4+ jw)? o
10
=——
(4+ jw)? F@ ) (S +16
. 100
Flw) =7+
(6 +16]
IF(jw)_, = 390.6mJHz, [F(jw)_, = 97.66 mIHz

Engineering Circuit Analysis, 6" Edition
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35.

@

(b)

(©

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

v(t) =8 v

W, :Ivz(t) dt :2><64Ie““ dt 532J
—00 0

R(jw) :Ie"“ v(t) dt =8 Ie—zm o4 gt

O (o]
OR@ ¥ 8 [ e dr 8f e ot
—co 0

O (o]
2-jw 2+jw s 2w 24 w4+
2 2
32 20 w1 an'lﬁg

1 &)
09x32=— dw=
ZH_L(Qf +4)? 21

Dos K o @, 1@ ZD—+§)°?*4 tan

T (G +4) 16 28

Bo# 16 2

2]

[00.46 = f—"il; tan’l%lﬂo = 27174 rad/§ (by SOLVE)
o

Engineering Circuit Analysis, 6" Edition
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

36.

(@  Prove F{f(t-t)} =e ' F{f(t)} :} f(t-t)e'dt Lett —t, =1
OF{f@E t)F J’ f( )e e g e F(f (1)}

? g df

(b)  Prove: F{f (t)} = joF{f (t)} :J'e o dt Letu = du = e,

—0co

dv=df, v="f OF(f OF f)e’™ |+ [ (e d

We assumef (+0) =0 OF{f () & F{f (1)}

©  Prove T{f(kt)}—ﬁ DB—J‘*’D [ e gt Let =k, k >0
- 1 1 DJooD
0 FEf (kt ek Ly 1
If k <O, limits are interchanged and we get: ——Fﬁﬁﬁ
1 Oje]
O F{f (kt
HOOF L FECH

(d)  Prove F{f(-t)} =F(-jw) Letk =lin(c) above
(e Prove: F{tf(t)} =j i F(jw) Now, F(jw :j‘ f(t)e ' dt
dw J

dF(JwL }f(t)( e de - j F{HF)} 0 F{tf (13 wf Ff(t)}

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



37.

@
(b)
(©

Engineering Circuit Analysis, 6" Edition

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

f(t) =4son())3(t -] OF{4son(® (= DE F{4sgn()3 (- D}= F{4 (t- D} =|4e”

f(t) =4sgn(t-1) &t)] OF{4sgnt B ()}= FE & ()=

4

f (t) = 4sin(10t -30°) OF{4sin(10t 30 ¥ F %,4—2 FplCosoL e‘i<1°t‘3°°’%
ml

F{-j2e 13l + [2el%e 110 = —j2e7 e 21§ W40) 42e'"°2 T W)

=—j4mne"*§ w40) €™ § w10)]
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38.

@

(b)

(©

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

f(t)=Acos(wt +@) OF@ ¥ F{A cospcosw,t ~Asingsinw,t} =
Acosq( A w+@) +8 @-gl) AsngTi(Hw-w) ~Rwrol -

TA{cosq § w+@) +0 w-@ #sin [@d w5 0 wsHip
F@ FrA[eD -w,)+e’*d(w+w)]

.

(1) = 3sgn(t —2) —28(1) —u(t 1) OF(jo)= & 12% 3x 2 — 2 e""*’%té(m) NES
jw 0 o]

. 6 _. .0 10
OF - j—el 2 e°RdW)- | =
@ ¥ Jw Q()Jbg

f(t)=sinh ki u(t) OF@ ¥ Tgr;[e“— e"‘t]u(t)%

. 1 1 1 1 K+jw+k —j w <
O|F = - = = )
@ F 2 -k+jw 2k+jw 2(k® -4) o K°

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



39.

@

(b)

(©)

Engineering Circuit Analysis, 6" Edition

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

F(jw) =3u(w+3) Bu( w1) Of (t)= %T} [Bu@+3)-3u(w-1)] € dw

1 1
O f(tF ij’ el dt i_iejmt - 3 —(e"t e
PALEA 2mijt |, j2n

O f(5F - j%@] 52 152') 0.10380  106.48
TU

F(jw) =3u(8-w #3u( w4) -
OF@ ¥ 3 R(p)
f(t) = 35(t) —jzim(ejt -e¥) Of(5F G- 0.103903 106.48

so| f(5) = 0.1039073.52° |

F(jo) =24 &) +3u( 3 - Bu( w3 Now, F{2 @ ;2;[

o =

1D3
T[HZT(

1

O f(tF (el e '?“)S] f(§ = 010390- 10648 |0.361B

15985
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40.

@

(b)

(©)

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

3 43438 w4)

F(jw) =
(o) l+jow jw

O/ f(tx 3eu® 15sgnty 8 (tr Ljen

F(jw) :éssinmo :8—5‘2;’%2 25

Of @ 25[u@ 4 uE 4)

6(3+jw) _ 6(3+jW

Of (tF 3 cos2tu(t)

Fjw) =—————S— =
B+jw)" +4 (B+jw” +2

Engineering Circuit Analysis, 6" Edition
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

4]1.
T =4, periodic; find exp'l form

1
Ocs E f 10te™"™'? dit
4—1

P 1 @1

U
Ocs 25 0
0 H-jn2 ﬁ/4[n11
U
i3
U

JﬂTl/ZD 1 + 1 O e]nﬂZD 1 N 1 DE
D—jnTIZ an/4E EJI‘ITIZ n’ ﬁ/lH

_ : 4 o0
=25 - jnt/ 2 _ejnﬁz + e jnTv 2 _e]nn{Z
Bjnnlz( ) nzrf( )H

—1—5 X 2cosn—n+ 10 —JZSm—
nm 2 nertH 2H

Ocs 25

0 (5 ZDJ:LO S%T_[_ : 3(1)-E nn_TEe,nmlz

DJ 10 nrt 20

120 onr0, O
0 Fp )=z 7 jnzﬁsnzgﬂégp

nm

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

42.

T =4 ms, f,(t) =10u(t) —6u(t —0.001) —4u(t —0.003)

T/2 3
C, -1 f(t)e™¥dt, w, = 210 =500 Tt
T2
0.002
=250 I f (t)e > dt
-0:002
0.001 0.001 0.002 0
=250 I 4150 i + I 10715 gt + I 4 3500 Tt
o002 0001 0
_ 1250 %e—jsoom 0.001 +10e-is00n1t 0.001 + 4 5000 10002
~ 500nTT - 0 0001
:L El( jnT[/Z _e—jnn) +1O(e—jn 2 _1) +4(e in n_e n /rﬂ)%

2nm
- L gl(ejnn/z _e—jnn{2) _4(ejnn_e —jnw) +10(e in fe _1)5

adJZsm——4123|n Nt +10(e™ "2 DE

2nT[
_ni s 4sm7 +j5(e "2 _1)E —niTEjSe T4 (gIn e _gin ) 4sn—1§
m
5(9““""1D j2sinMH_45n 175 = %Oe Mg ——4SI nm
HI H 20 nm 2H
OF@ F & z ﬁLOe Inm'4 g 4smﬂﬁ6(w—500mj

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

43.
, = 1

01 1 1 1
=20 0 + wH20) +— d w20) +— w40
H+1 (®) 1+1& ) 1+1 o ) 2 +1 © )

W

(0 wt0)
1 1 O
+76(w+60) +7 q w-60) tH
20 20
=108 W) +—[1d wR0) +1O w20)] +[ {10 4B H1d 4Dy +
211 31

Q[né(w%iO) + 110 w60) +2£[ (0 +80) + 11§ w80)] +.
m 25T

O f(tF ﬂ §00520& Qcos40tr §c0560& ECOSSOH
2 21 3m 7T 25 1

_ @ @,25+£00820t +ECOS40'[ +l cos60t +i cos80t +...

0 f (0.05F QEJ.ZS Loost Loosa Leoss Lcosa .3 [1.3858
m 2 3 7 25 al
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CHAPTER EIGHTEEN (Fourier Analysis)

SOLUTIONS

t
44, Input = x(t) =5u(t) —u(t -1)] y(t) = I X(2) h(t —2)dz
@ h(t) = 2u(t) (b) h(t)=2u(t-1) (© h(t)=2u(t-2)
X(t-2) X(t-2) X(t-2)
A A A
5
t1 |t >z 1 ¢ >z t1 |t >z
h(2) h(2) h( 2)
A A A
2 2 2
» z 1 > z > > z
y(t) y(t) y(®)
10 T 10 T 10 T
> t >t L
| |1 2 | 2 3
t<O:
yit) =0 t<1l: y()=0 t<2: y(t)=0
O<t<1: 1<t<2: 2<t<3:

y(t) =j'10dz =10t y(t) = j’lOdz = 10(t-1)

t> 1: t>2:

10

t
y(t) = (10dz
|

t
y(t) = IlOdz 10
t-1

Engineering Circuit Analysis, 6" Edition

y(t) = j’lOdz = 10(t-2)

t>3:

10

t
y(t) = (10dz
|
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

45 x(t) =5[u(t) —u(t -2)]; h(t) =Zu(t -1 -u(t -2)]
y(t) = j x(2) h(t -2) dz
t<1:y(t) =0
1<t<2: y(t) :f 10dz =10(t ~1)
2<t<3: y(t) =10
3<t<4: y(t) = ilodz =10(2 -t +2) =10(4 )

t>4: yt)=0

Oy 048 O, y(0.4F O, y(1.4F 4
y(2.4) =10; y(3.4) =6, y(4.4) =0

or.... y(t) :I X(t-2) h(z) dz
0

t<l: y()=0
t

1<t<2: y(t) :IIOdz =10(t -1
1

2<t<3: y(t) =10
2

3<t<4: y(t) =J' 10dz =10(2 -t +2) =10(4 )
t=2

t>4: y()=0

same answers as above

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS
46.
h(t) =3[e™" —e™], x(t) =u(t)

y(t) = j x(z)h(t —2)dz
= j e -e??Ndz

- 3e—t[e2]g _3e—2t %6225)

=37 (e -1) -1.5e™ (e 1)
Oyty 3@ €'y 151 e?F (L5 3e™+ 15e™,t 0

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

47.

y(t) :} x(t —2)h(z)dz

h(t) :g (5-1),2<t <5

(a y(t) :J'loxg(S—z) dz :%I (5-2)dz

Note: h(z)isinwindow for 4<t <6

O =T 55

:—%(0—9)=30att=5

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

48.  x(t) =52 u(t -2), h(t) =(4t -16) [u(t —4) -u(t -7)], y(t) :} X(t —z) h(z)dz

@ t<6: y(t)=0 Oy(BF O

6
(b) t=8: y(8) = .f 5e ¢ (47 -16) dz
7\
6 6
0 y(8F 20e‘6J' z € dz 80e*J' e’ dz
! 4

6
3 W
=20e™® é‘%(z—l)%4 -80e°(e° —-¢e*)

= 20e(5¢° —3e") —80 +80e? =20 +80e? —60e”
=20(1+e?) 522.71

7
(0 t=10: y(10)= f 5e 172 (47 -16) dz
4
,
0 y(10F J’ 20e%e’(z 4)dz
4

7 7
O y(10F 20e® J’ ze’ dz 80e™® I e’dz 20e*[e’(z 1)L 80e*(e- €)
4 4

=20e®(6e’ —3e) -80(e™ -e™) =40e™ +20e™ =15.081

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

49.
h(t) =sint, 0<t <11 0 elsewhere, Let x(t) =e 'u(t)

y(t) :} X(t—2) h(z)dz

t<0: y()=0
t t

o<t<m y(t) :Isin zxe " dz :e‘t_[ezsinz dz
0 0

Oyty e %ez(sin z cosz)a

:%e‘t[e‘(sin t—cost) +1]

:%(sint—cost+e’t)

@  y@)=0.3345"

(b)  y(2.5)=0.7409

(c) y> T y(t) =e I e’sinzdz
0

L, 0 1 _
> y(t) =e' —e’(sinz —cosz)m =—e'(e™ H) =12.070e™
y y(t) 5 ( )H) > ( )

0 y(4¥ [0.2211

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



50.

@

(b)

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

x(t) = 0.8t ~D[u(t -1) —u(t -3)],
h(t) = 0.2 (t -2)[u(t -2) -u(t -3)]

V)= X(t-2) h(2)dz.

t<3: y(t)=0
t-1

3<t<4: y(t) :I 0.8(t -z -1)0.2(z -2)dz

t-1

O y(tF 0.16J' (tz 2+ z% 27 # 2)dz
2

t-1 _1

:O.16I[—zz +(t +1)Z +2 —2t] dz :O.16§ %z =t D)2 +(2- 2t)zEL

=016§ %(t —1)° +2 +2(t +) (t 1) ——(t A4 2 20t 4 _Z)E
0 y(ts 016—5 % RN CI §+ % %(tz— (- 1) 2= 2+ 2t— 6- A%+ 6@
1 1 9. 90
=016 18 +t2 Hl —= —25 +H -1 — +67 43 0.16E ¢ —t “t-
FOR A e PG S

0 y(3.8r 13.658 107

4<t<5: y(t) :} 0.16(t -z -1)(z -2)dz :O.16§— z %(t H)z> 2 —2t)zg2

1
3
0 y(ts 0.16—5 %(2? 8y %(& N5 (2 Z)]E

19 ZD

0 0 1
=016 -2 425t +2.5 +2 -28 =0.16 0.5t =
H3 g =016rP

Oly(4.8F 90.6% 107 |

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

51.
x(t) =10eu(t), h(t) =10e™u(t)

y(t) :I X(t-2) h(z) dz
0
t
O y(tF .[ 10e 22 10e# dz
0

t
=100e™® I dz =100e™* x t
0

,_|

y(tF 100teu(t)

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

251
tan

2
1 W
4 4|,

0.9224
i v

10080 |29.52%

52.  h(t) =5e™"u(t)
@ —25(1 e® dt—— % —e©4) =1,3990 J
0% 1.3990/ %100% 44.77%
Hs
2
U jo+d n.! } 46
OW,& Dt 0922430 %
41 2

Engineering Circuit Analysis, 6" Edition
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

53.
. 2 2 2 _ ~
F(jo) = = - Of(tE (2= 2e™)u(t
(jw) L9240 14w 24w (tF (2e e )u(t)
* _ _ 4 8 4 |1
a W, = (4e® -8e™ +4e™) dt =— — +— == J
(@ 1o _C[( ) > 31 T3

(b)  f(t)=-2e" +4e* =0, -2 +4e™ =0, € =2, t =0.69315
D fmax: 2(e—0.69315_ e—2><0.69315): 05

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

54,
L 1 _16 12 13
@ F“w)‘jux2+jo)(3+jco'jw 2403 4o
1 —2t —3t
O f (t¥ Esgn(t} e “u(ty e u(t)
J'w(2+iu)(3+1'0) JwZﬂw3ﬂw
1 —2t -3t
Ol f (tF Esgn(t} e “u(ty e u(t)
©  Fjoy=— i _V6_12  4I3
Jw(2+10)(3+10) Jw2ﬂw3ﬂw
1 —2t -3t
Ol f (tF Esgn(t} e “u(ty e u(t)
@  Fw=—oro o, 16, 12 _8/3
103(2+10)(3+10) JwZﬂw3ﬂw
O/f (t3 6 (t¥ —sgn(t)k e‘Ztu(t} e‘3tu(t)

Engineering Circuit Analysis, 6" Edition
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55.

@

(b)

(©)

CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

h(t) = 2e™'u(t)

H(jo) =2x—— =2

1+ jw [1+]w
1., 1 1V, | ljw
= H(jo) =—— == e 2=
2 1+jw 2V, |[1+l/jw
Gain=2

Engineering Circuit Analysis, 6" Edition
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

56.
}Jw+i
2 jo _ (jw)?®+2
2 &)
. j0)? +2(j &) +2 —2(] 2(]
OV.@ ¥ (J )_ Z(Jw)_ a4 _ (J})J
(Jo)" +2(j ) +2 (Jo” 2(j 9 2
Letjoo=x OV, (XF & L; w —2tVA-8_ i1
X+2X+2 2
OV, (& % A_+ B_-LLetFOJ—A+——B.=
Xx+1+j1 x+1-)1 1+)1 1-)1
Lax=-10% B- a8 j2a 8 jm BH2 B
1 -1 1+j1 1-)1
OB jB j2 2 B jB=008- 41 jO0 =A +1 j1
B e S A ) R e

X+1+j1 x+1-] (jg A +j1 (jo 4 1
Ov,(tF 8 (B & jDe™ Puty @ jne™u)

= 3(t) /271y (t) —/2e/5 Y (t)
=13(t) —2v/2 €™ cos(t +459 u(t)

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS

57.
V.(jw) =10 5/jw _ 10/jw
c 5/jw +35+30(j &) 1] w+ (]
. 10 10/6
OV.® ¥ — ——=
6(jw)” +7(jo) (jo)? +Z(j0) o1
6 6
l U
D= g7/a |2 2455 1 vy 196 2 2
E 36 36% 6 (jw+l/6)(jw+) jwHd/6 |jwt

Ov.(tF 2(e% e"u(t)
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CHAPTER EIGHTEEN (Fourier Analysis) SOLUTIONS
58.  f(t)=5e*u(t),g(t) =4eu(t)
€) f Og= I f(t- 29(2)dz
0
t t
= I 5e ™ €%4e™ dz = 20e™ I e’dz
0 0

=-20e?(e -V

Oflg (€2 e¥)u(®)

(b) LN __ O .y _ 4 . CN_ 20
F(jw) —jmz.G(Ju) (03 OF($0)G(w) (02 o9
OFW )G(p F 20 2 O g 20 2%)u(t

jw+2 jw+3
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CHAPTER NINETEEN (WEB CHAPTER) SOLUTIONS

1
Order i, i,,i;: —2i; —6i; =5 +2cos10t -3, +2i, @
4i, = 0.05i, —0.15i, +0.25i,  (2)

t
i, = ~2i, =5, +04[ (i, ~i,)ct +8 (3
0

(1) - -2 -6i, = -3, +2i, +5 +2cos10t =A

(2) - 0.05i —0.15i, +0.25(, =4i, =B

(3) - 2! +i, +5i, =0.4i, —0.4i,=C

= 30 20i3 56 20cosiOr 240i+ 3.6i~ 3.6i,]

A 0 -6
B -015 0.25
g 1€ 1 5] ACD-BO)+C(09) A -6B-09C o\ con o
20 6] -2-1)-6(035) 0.1
005 -0.15 0.25
2 1 5
2 A -6
005 B 025
, |2 c 5
2 = o1 - 10-A(-0.25) +B(2) -C(-0.2)] = -2.5A ~20B -2C

iL =7.5i, ~5i, ~12.5 ~5c0s10t —80i, —0.8i, +0.8i,

Oix 6.7~ 85 0.8ir 12.5 5cos10t

2 0 A
005 -015 B
L2 1 cC
2 = o1 = -10{A(0.35) -B(-2) +C(0.3)] =-3.5A -20B -3C

il =10.5i, — 7i, —17.5 ~7cos10t ~80i, —1.2i, +1.2i,

Di= 937 87if 1.2i; 17.5 7coslOth

Engineering Circuit Analysis, 6 Edition Copyright 02002 M cGraw-Hill, Inc. All Rights Reserved



CHAPTER NINETEEN (WEB CHAPTER) SOLUTIONS

2. X+y =x+y+] X -2y =2x -y -1
Order x,y M by 2: 2x +2y :2x+2y +2; add: 3X =4x +y +1

@

4 1 1
Ox 2% Ly Hadye- e 2 4
3% Y YT Y 3
101 2 20 4 2 2 4
B x=delBlo2, 200y 1,02, 2 0,
3H 3" 3173 9 9V 9 3

—lx+—(3x' —4x -1) +2
9 9 9

OxE 2¢ x, oX- 2% = 0

_ _ e 2oy 1 18514

@  Letx(O)=2andy(0)=-5 OX(OF (2 St 5F = = 2 ==
(0) = -L(2) +2 E:_E 10 E:_E
Als0,Y(0) = -2(2) + (Js)+3 SRR

OX'(OF 2X(0) x(0)= g >

10

ool4> wilnN

X" (0) = 2¥ (0) =X (0) = 2%@
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3.
X —=2y—-3Z =f,(t), 2X +5z2 =3, Z -2y —x =0 Order x,y, z
Ox- 252 15 ()

~252+15-2y =37 =1, [z=- %r gzr 0.5- %fl €)
2 5. 11 1 1 S 1
02y Z x- -y -2 = —f-xO|¢¥- =x =y —% = =f 2
V= sy' 67 2 31 ¥ 5 3*5/ 52 3 6n (2)
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4. X =-2x-3y +4, y =5x -6y +7, x(0) =2, y(0) :%

@  x'=-2X -3y, x(0) =22 —BEE% +4 =1, y(0) =5(2) J‘ﬁ% 7 45
OX"(OF — 2¢ 1 3(15F 2 45

43

() y'=5X -6y Oy (O 5¢ I+ 6151 95

(© y"=5¢ -6y O (OF 5¢ 43 6¢ 95= — 215 570=(355
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6o .n; _9.2;;!

'f',v-x" j“

_»i +
Jopces m_ﬁtv _s'ﬂ",—_.]\_‘é |

002F w 60i- v,

Oiz=- 300i— 5vz#+ 500cos120mt (1)
5x10°V, =i, +2.4i, =34i, [OV= 6.& 10°i, (2
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6.

@ i
{(a} “+ W "

(b)

(©) Order:i , v, Vv, O5%F - v+ 8u(t)d #—- 0.2vy 1.6u(t) @

1 1 19 1 10
3V, =—=(v,. +v, -8u(t)) +2v, +=(8u(t) ~v,) =—v, —v,. +—u(t
X 4( 2F X ()) X 6( () x) 12 X 42F 3 ()
19 1 10
Ov: —v- —v,+ —u(t 2
X 36 X 12 2F 9 () ( )
, A 1. 1 1
A _Z(VZF TV _8U(t)) OV,= EIL_ gvx_ §V2F+ ut) (3
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.
f—>
g P
4

" :;,

le —» o+ i50—
S ey 4

[N -

{ i 1 t
fi f\‘l%
is ~ = A

@ Order: i,V
0.002i" =V, —3i, -15i , i, =0.02v,

00.002'= - 15i+ 0.94v.,|i'=— 7500i+ 470v. (1)

2x107 V. = -, —i, +, =+, -0.02v,

Ovs - 5000i— 100v+ 5000,  (2)

(b) Order: v,,v,,V,
0.1v; = -0.2v; +0.2v, -0.1v, +0.1v,
OvE- 3w v+ 2, ()
0.2v, =0.1v, —0.1v, —0.04v, +0.04v,
Ovz 05« 0.7vy 02v, (2

0.5V, = 0.04v, -0.04v,, V, =0.08v, -0.08v,  (3)
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1250674

i, =0.02(12.51, 12,5, ~12.5i, +V,)

01.25iF - 0.25i+ 0.02vz+ 0.25i,

Diz - 0.2i+ 0.016vs+ 0.2,

0.002i' = 15, -3i, +v, +12.5i, -12.5i, -12.5i,

00.002'=- 27.5i+ v= 155¢ 0.2i+ 0.016vst 0.2i ) 12.5i
00.002i'%= - 24.4i+ 0.752v, +9.4i,
Oi'=- 12,200+ 376v+ 4700, (1)
Order: i, V. Also, 0.0002V, =i, —i, —i, =i, +0.2i, -0.016v, -0.2i_ i,
00.0002v= - 0.8i— 0.016v#+ 0.8 0 ¥— 4000 804 4000, (2)
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- bi - -
2liz-le) - - =N T

-+ - _),
= AT @:7%“ \m!ﬂz
)
+‘VS RA//‘:Z TEn \/

0., =i, —i, Ovf 10 10i, ()
0.2v,=-, OVF- 5, (2
05" =~y +v,, |[Oi't— 2v+ 2v, (3
0.05',=v, +2i, -2i, +v, Oi's 20v 40i;+ 40iF+ 20v, (4)
Order: v,,V,, i, i,

0.1, =i, —i, Ovy 10ir 10i, (1
0.2v,=-i, OVF-5, (2
05" =~ +v, OiF- 2vt+ 2v, 3
0.05', =v, +v, =2 —2i,, 3y = 2i; -2, v, [Lig=— 04i,+ 0.2v,
00.05% w w 085 04v- 2i,0|(# 20v, 24, 12y, (4
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10.

(@  Orderi v, 002i'=- vg

Ofi'= - 100i~ 5vz+ 100i,

0.V, =i, OvVg 10i,

(b) 05 =v, -5, Oi'=- 10

0.2v, =0.5v, —0.5v; -i,

OvVes - 5i- 25us+ 2.5y,

20i+ 20i
@

(2

A
(2
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11.
o.1
| F.
+ :,5_— ; i
b a0 it

n H

O5iz - v 20i- 20- 20i,

Oiz - 0.04v 0.8+ 0.8i

00N # iz — 0.04¢ 0.2 0.8i

Order:v,i Ov=- 04w 2 8, (1) |

0.2i" = -v +20i, +20i —20(-0.04v +0.2i +0.8i,)
002 - 0.2v 4k 4i,0fH- v 2860 20, (2
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12.

| Wy = £5in 2t U(t) V
U~ 02,
0

0.V, =i, —0.05V, +0.05V_ —0.2/
00.15Vs i- 0.2i'+ 0.05V,

5, =V, +v,, i, =02y, +0.2v,, i’ = 0.2V, 0.2V,

0015V - 0.2+ 0.2v+ 0.04V~ 0.04/+ 0.05V,

001z - 0.2v+ 0.2v+ 0.0V O 0.10k- 0.2y, +sin2tu(t) +0.1cos2tu(t)
20 . 100 . 0

1
OVv=—- —v+ —sin2tu(ty —cos2tu(t 1
&- ¢ 11 (tr 1 © @
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13.
q= LZB’ 5254 = 6%’ f % 3% e - i 2 3t 2t ()
%5 B7 -8 § Q14
|’L2 = 4iLl 5iL2 +6VC +3t° (2)
Ve =7i, =8, 9, +1+t 3
(b) q: DLD _ ﬂ) —G] - D:D

H TR of T
OiF- 6vr LVs 4i
0025z i0 € 025F

1 1 1

Zi'=-v.+= 0Ol= = H
6" ° 6 6
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14.

;(fu‘* iu"fﬁ) "’F(“lt;fl]) Iff'; 3
+ B SPo

S X e
¥ At B i v 2 g,
\\\:t'!f“, e’y

2

0.3 ==5i,; =5i,, =55 +V,
Oi's— 50i+ 50i > 50i + 10v, (D)
0.2i" ,=-5i,, -15i , —15i ; +v,
Oi'z— 257 75,5 75 3+ 5v (2) 0.5 7 — 5, 15~ 40i 5+ v,
Oi's - 10i,; 30i > 80i + 2v, 3

(+50 -50 -500 (MOv]
a=g25 75 <757 T =n5v

710 -30 -803  HB2vH
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15.
v,, 0 a1 2 00 000
Ve, 0 0-3 3 0O 010 B/OID D o ED 0 g
a= 0 50 _ s U .5 _eg i S
q—é{czga_éi 41 gé,fgg,w_umm,bﬂm T
i - 0O 0.0
: d.0 o 3 of Hoo
w=bg+d Ot ag f,w bgr d, W= bg= bag+ bf
1 2 00 01 1 00O 01 2 OO 010
B %) 0 _1[13-3 3 00O O, 4 o0 _ DO 0 _%Dl(mgg
3= EDz -1 OD O Opfdd D(H Bl L
0 -1 2%1 A _25 0o 9 -4V 00 - 2:15035
1 3 o 30 o0y P13 @7 °Rp
o 1 ODD/ . (107 D Vo, Ve, +10 O
O OY%ad 0O ] Il
I ZDS’ Qo dgt Ve, —dve, +2i,
oo e aD(D 0 9v,-4i, O
B o0 of B HE A B, +10 a
DV(')i: Vet VeF 10, \/OT = Vet 4Vc2+ 2||_’ R 9V02_ 4i|_’ i’Rzz 3Vc1+ 10
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16.
MmO 0-3 1 2 Dcoszrm é{% 01 2 0B
a=fo a2 2 .73 smzrg E 20 4 14d
BEH H1 3 @ E 55 H2 -1 -1(B
4
o0
B9 o= S0
= a/ =ag+f.a=byVy Vv =
d E ,q/ =agq+f,g=by +d, y(0) 050
kR 0.0
050
0
a 2 3 [MD [0 O Yy, +2y,+3y,+20 0o
0§ -1 1 1%25%55% B 15 0d0R #
2 -1 -1 3@5/35 B8 B2y, y3+3y4+f§1 B 58
4

D—3 1 2D07m 00

TO=52 2 Ipthpf
Erl 3 05 HE
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0 —-21+11+106 +17 |[[P71]
0 ., 0_0
=g 14 -22 453 —Dlg

nU -7+33 % [HRGH
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17. |
4 7%
3!+Hk O
Vs
q_@/CD z',;\ N
HLD ™

4\/C:—"§¢—iL —ip, 2 =V, B B, e, 180, =2, D= 2,

Ye = —i, —i, OV - 6ig- 6~ 6i =—§i1— 6i,— 6i,, O 4vs — V—g -

Also, 2i', = —%i'L ~6i, —6i, —%i’L 3i, +v, +v, 03 ,= V- 9+ V- 6i

L1 1 . 1 . 1 1. 1 2.
Oi= =v.=-3, +=v.-2i. (2) 4V. =—=v. -, —Vv. +=i, —Vv. +—i
C 3C L 35 s() C 9C L 27C 3L 275 95
4 2. 1 2. 1 1. 1 1.
04— —Vvs- =i —v+ =i - —wv =& —v —i. (1
¢ 27‘33L2739ch 27“6L1085185()
O V+1iD
. mv2r -1/e3 . Uipg™ 18°U
dlax g olff O 0
ovs  -3( 01, 5 O
8 3° ° ©
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@
(b)

(©
(d)
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30=10i +2i" Oli=— 5+ 15 ]

‘I

t
i(00=05A,a=-5 OF €05 e‘5tI15e52dz
0

—
L ¥4 ]
o
<

LA
x

OF 05e% e™3(e* 1 |3 25e™ Al 0

=3L-€™) A, i pyoma 5056 A

zero dtate

i, =30, =Ae™ OF 3 Ae™,i(0F 050=i 3 25e™ A
Oizt 25e™ Aiz 3A
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19.
fen i ! i
v fOUF Zamn
=Huary T
08 10°Vi= 0.04t u(ty 0.025v,
OVis - 500v+ 800tu(t) 0 = 500
r ——
Ove & [ €%2800Z dz J t
0 retug L Sty 7~ Ve
t LB -
=800 [ Z6™* iz -
0
f gttt Ve
soot sz 0 Z_ 1 ul __ 40

vz 800e
i ¥ B0 500t KT,
Ov= 800e™ Rt 1 % 10 e\ Ve

< ¥ Hsoo s00°H 5002H

Ovs 16t 16 gy ey Diz ivcz & 103t 16 10°(k e™) A, t> 0
500 200
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20. l /5 n o + /50 -
loo¥Y S5n £i"— A; + ,/'
) 03 ' H ‘¥l
Sute) oa | B
A o Cxog +Spult)
(@ 03 =-15, +100 +50u(t), i, = -50i, +@ 29 uw, i, 0) _1%’ _% A
t
Oiz e°% 2 g [ & Bo0dz — D e 5006 L (69 1)
3 O 3 50
Oi= 2?? % 10 €®) b 0
diz 22 u( iy %@ 10 ‘SOtDu(t)A

(b) iL’ZGTOinPUt - i? _50t A IL zero state _10(1 e—50t) A

. 10 _
L =10A, i, :—Ees‘“ A
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21.

v, =10qu(t) —u(t —0.5)] cosmt V
0.0V, = 4—10(0.8vS -V.) OVE— 25vs+

t<0 v, =0

t
0<t<0.5 v, =e*¥ x 200 [ e** cosmZ dz =200
0

200

Ov= ——~
¢ 6.25+7

(2.5cosm+ msinmt) -

6.25+ 11°

EN (WEB CHAPTER) SOLUTIONS

200[u(ty u(t 0.5)]cosmt
0 e252 _ D‘
© 5> (2.5¢c0sTiZ + 18IN 1Z)]
+ 7T Eb

200 2.5e72%

Ovs

31.02cosr# 38.98sin 7+ 31.02¢ %

|:| eZ.SZ

t>05 Ve =2006™% [ —;

(2.5cos

L O €
o725t

1
Via
25+ 11 6.25+

X

T

Ovs 200
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0.5

. [
nZ + msin 7Z)[
Lb

105.03¢** V

25%
[
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22. |
1% 4o )
3 0035 F . 1.%,1:,
fou (31 T 20 T 4R\ S #0
A a7 *’ e
0.3 (20 r gokit/~ )y
D4iovs— %v 5 10u(t)

(8 0w+ 10¢ 208 400u(t)

(b) t<0 0w 20V
z
t>0 v=20e"" +600e™" I €%“dz =20e™™ +60e™” (€ 1)

0

Ow 20e™* 66 60e™°0=v |60 40e™*V

(© Vi =60V v, =[-40e™ V
=60(L-e™™)V v =20e™™* V

zero input

\'

zero state
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23. 450 300 v i

fon 3% s w\ T

m”'fuw-uft-o-xa;:[/ [ o] - AW

i

, .2
15, =-30i, +§vs
OiE- 2+ 4e'[u(ty u(t 0.5)]

t
Oi= 4™ I e”e“[u(zy u(Z 0.5)]dz
0

t
0<t<05i =4e™ I e°dZ =4e™ (¢ -1) 54e™ -4e™ A
0

0.5
t>05 i =4e™® f e°dZ+0=4e*(e”° -1) 52595 ¢™ A
0
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24,

8 5
[a]=2 S t=001

Ho -10d

.~ (008 0057 10-0.08 0.0511 -0.08 0.05

@ em=T- + -
Hoi -0oH 2Ho1 -oitH o1 -oH

@1 00 0-0.08 0.0%1 11 0.0114 -0.0090 m 0.0114 -0.00%1 -0.08 0.050

" 1HF o1 -0l "H 00180 00156] B 0018 001 o1 -01d

.08 -0.05] (00057 -0.0045] [1-0.00181 0.001471 [ 10860 -0.0547
“Ho1 11H'Ho0009 o00075] 4] 0.00204 -0.0024d F 01095 1.107H

0-0.08 0.05] [J0.0057 -0.0045 [ -0.0003 0.0002 (1| 0.9254 0.0457
o1 -0 B-0000 00078 B 00005 -0.006h ] 0.0015 091

.4 00
0 e =
"o

_[01.0860 —0.05471110.9254 0.0457] [11.0000

- 00
C e—taeta
© Ho1095 1.1079HH0.0015 0907H H o  1.000d

—
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@

(b)

(©
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XU O u(t)d o1 2

e Huttg H2 3 4
O % 2y # u(t), y=- y 3z cost, Z=-2x 3y- z— u(t)

020 01 2 -m2000 B4
qO)=g3 0gi0r §0 -1 FHE4 B 5 7 A o0l
H1H B2 3 -BEHEHEB HHEH B
020 0-041 [ 1.6]
6(0.0) =5(0) +0.15(0) = 134147 0.7 § 2
H1E H03d H 1.3
20 0O-4 0 180
At=005 OG(0.5F 734 0057 7 - 268
H1H B3 H 11H
0l 2 -Im 1800 1 0O O -365
(005 =0 -1 3[-265 £ cos0.08 o 7.0988
§2 -3 -H1158 8 48 5 24

0180  0O-365] [ 16175
6(0.1) = §(0.05) +0.057/(0.05) = 1-2.657+0.0577.0988, = 2.2051
1156 B 228 B 1268
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26.

1 2 30 0-
=_0 _ O = =71
a—DO 1 ZDNow,a sI—D

=

B 1 -F

det[ = (-1-9)(s* +2s +1 -2) +3(4 +3 +3s) ==° 35" Bs 2 B

By trial and error, Solve, or high school algebra (Hormer’s method) we find[s = -3.48361, Now
divide polynomial by s+ 3.48361. Get quadratic, s* — 0.48361s— 6.31592 = 0.

The remaining two roots are: s =-2.28282 and s = + 2.76641.
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27.

a= El?’ _ZAE det(a - sT) :detﬁ_sl_s _42_5 =% +7s +12 -2 =0

Rootsares = -2, s, =5 Now, € =u, +us, €* =u, s,

Oe* uy 2u,e™= uy 5u0 e e 3u,m fl:,e__Zt %e{’t
Ous e Zgu 2 e, orus S 2 g
3 3 3 3
b _x_ 2 5 O
e ——e 0
o O 3 2
ogigaed 3 e L 20
U 0 2 e — 2 e—stD Bl —4H
B 3 3 B
(b g2 _2 g%t _g? 4o 2 e _2 edt B
g = % 3 3 3 3
U Ee—Zt _Ee—St §e—2t _Ee—St _4 o2 +ﬂ e5t0
B 3 3 3 3 3 3 B

2oy lox 2gn_2oad
a % 3 3

Ue H
D} g2t — E et } e + E st []
B 3 3 30 B
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@

(b)

(©)

(d)

(€)
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r_ for
q 0i'=-36-v v PN
9TRAL -1y . fuhit
) 9 24724ty fn wf TV
Ol - 0.1v 3.6,V= 90F 10v 2

00 -010 — 0O-3.6

"% Bo 2o T off

010 det(@-sl) =s* +10s +9 [s=- 1s=-
10-4] - ¥ ls

a-sl =
Hoo -

e'=u,-u,e” =u, -9, Oe* e”= 8y

Our le‘t— Ee‘gt,uoz 1e‘t— le*3t+ e= ge*— le@t
8 8 8 8 8 8
_ — 00 -0.0
e®=ul+ua==(9%" -e* oL e’ —-e™
ol +y ( )B) 1H (e” )H90 _1¢!
- -t _ Ot 00 0. —t+. -QD
. Ege e 0 0 0.1e™ +0.1e

o o %e™ —e*t% E9Oe‘t -90e™ -10e™ +1OeJ9‘E
. 09%'-e” -01e"+0.1e™0

ta
8= %Oe‘t -90e™ e +9e™ DD
B ge—t _Ee—gt _ie—t +ie—9tg
ez 58 8 80 80 =
|§_Oe—t _@e—gt _Ee—t +ge—9t U
B8 8 8 8 O
- _7a 000 04
=¢e%G(0) +¢€' J’e f(2)dz g(0) = B’(O)H —53@
_ 109 "'-e* -0.1e" +0.1e*000
73 %Oe‘t -90e™ e +9%™ D@H
g 00— 01 +01e92DEl-36DdZ
8 J ot -90e? -e2+9e” gHo H
(e -e™ -0.9¢" +0.9¢™ [ tatD 9e” D
2 %o — 906 —9et +81e%0 O >']g } 500e? -90¢ %
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O e Lo g,10

EA ] 9 -9+=
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