PROBLEM SOLUTIONSCHAPTER 10

SOLUTION 10.50. Theinput voltage phasor is @ = 2000 rad/s and Vg = 20D 0° V. Now, do a source

transformation on the phasor circuit:

Is C) 10 mH e
200, SOpF

where
V. 20D 0° .
=S=———— - =1p- 90°=-j A
L j2000" 10" 10
Now,
Vo= 4 4 i2000” 50° 10" =0.0707D45° S
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and

ls _ 1D- 90°

Ve = Yo 0.0707D45°

=14.14D - 135° V

SOLUTION 10.51. Use superposition. First, find response to current source using circuit below:

N
z 5

3L +
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Vx 1=ls1Zrc = |3133-(—-j133) =2D0° 2.121D- 45°=4.242D- 45°

Now, find the response due to the voltage source using the following circuit:
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The voltage across the inductor is the same as the input source, and this voltage divides between the series
combination of capacitor and resistor:

i3 . _ i3 oo o
Vi= g3 Ve = 5 330907 =2121D - 1357V

Combining the two contributions implies that:

Vy = 4.242D - 45° +2.121D- 135° = 4.74D - 71.6°V

SOLUTION 10.52. (a) Asdtated, V| =aVg; + blg,. Tofind g set |, = 0 and use voltage division:

i30

" J30+;30 Vs1=-05Vg; =-aVg

L =
Tofind b, set V¢, =0 and use paralel impedance and Ohm's law:

Vi =(j30/ /j30)Igp=j15lgp =hlg
Hence

V| =05V +15l,

(b) For thispart, Vs; =10 and |, = 0.5D - 90°. Hence from the formula,
sl s2

V| =- 0.5V + j15l,=-0.5" 10+ j15° 0.5(- j) =- 5+7.5=25V



Thereforev (t) = 2.5 cos(100pt) V.

SOLUTION 10.53. In this problem, we can make use of the linearity property for phasors. Specifically,
from the given information, we can write

Vv, 20D45° V, _ 5D90°
= 2D45°=a and —L =
I, 10D0° aand Y~ 10pa5°

=05D45°=hb

Hence,
Vl = aIin + bVin

Substituting the new values of input current and voltage, we obtain:

V1 =10D0° +10D45°=18.48D22.5° V

SOLUTION 10.54. (a) For V_, to be zero, we want
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(b)  Subdtituting R-C =2 sand R_= 3 Winto the above expression gives. L= R-CR_ =6 H.
(c) The bridge circuit can be represented by an impedance Zy,;;44e(jw). The voltage that appears acrossthe

bridge, say Vyriqge: IS Obtained by voltage division. Hence, by the voltage substitution theorem, the problem

may be solved asin part (a) with this new source voltage Vi qe 3pPearing across Zyygqe(jw).

SOLUTION 10.55 The input phasor is:® = 1000 rad/sand |, =2D45° A, assuming peak value. First
compute

j

500 4 g3 10007 0257 10320255 b Zy(j10%) =4 W

Yi(j10%) = 0.25-

Then,



inwhich case v (t) = 8cos(103t +45°) V. Thefina equivaent isavoltage source (having value V) in
serieswith aresistance of 4 W.

SOLUTION 10.56. (a) First note that the frequency isgiven in Hz, so,® = 1281.77rad/sand |, =10D 0°
A. Then,inMATLAB,

»R=0.25;L =1.17e-3; C=520e-6;
»W = 2% pi* 204;
»Yin=j*w*C +1/(R + j*w*L)
Yin=

1.0815e-01 + 1.7737e-02i
»Zin=1/Yin
Zin =

9.0039e+00 - 1.4766e+00i
»abs(Zin)
ans =

9.1242e+00
»angle(Zin)* 180/pi
ans =

-9.3134e+00

Therefore Zy, = 9.1242D- 9.313° W. Finally, V. = Zilin =91.2D- 9.313° V.
(b) Now, thecircuit looks like the following:
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Simple voltage divison can yield:
Z

=— L v, .=4621990° b v ()= 46.2c05(1281.771) V
Z| + Ity
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SOLUTION 10.57. For this problem we short the V-source and compute Zy,, and use voltage division to

find V.. Specifically

Zin = — =10°- j10 W
JwC + ———
0.1+ jwL
and
1
Voo=—1 JWC " 2=-200j V
= +0.1+jwL
jwC
where
»w=1000;
»L =0.01;
»C =0.1e-3;

»Zth = U(*w*C + /(0.1 + j*w*L))
Zth= 1.0000e+03 - 1.0000e+01i

»Voc = 2* (U(*w* C))/(0.1 + j*w*L + L(j*w*C))
Voc = 0 - 2.0000e+02i

To compute the load voltage, define
Ziood =10% +j107 2w =10+ j10 W
Again using voltage divison and MATLAB we have

»Zload = 1€3 + j* 10;
»Vload = Voc* Zload/(Zload + Zth)
Vioad =

1.0000e+00 - 1.0000e+02i
»magVload = abs(Vload)
magVload =

1.0000e+02 (volts)



SOLUTION 10.58. Here, m = 3.33" 10° rad/s and V;, = 50D0° V. Herewe note that we already found
V. in Problem 10.43. Thus, V. = 3985932.1° V. In order to find Z,,, weintroduce afictitious 1 A
current source at the A and B terminals:

I
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Now, we note that the V ; voltage phasor is zero. Thus, the dependent source has zero volts acrossit. This
way, the temporary current source seesthe parallel combination of aresistor and a capacitor:

. -
100 3.33 10% 025 10°°
Vag = 23 100, =99.65D - 4.77° V
AB 100- j1200 99.6

Thus, Zi, = 99.65D- 4.77° W. The Thevenin equivalent consistsof V . in serieswith
Zih = 99.65D- 4.77°=99.3- 8.2865 W. Thusthe Norton equivalent isthe parallel combination of Zy,

and the current source with value

Voo 3985D32.1°

— 0
=22 = o - a7 - 09PN A

SOLUTION 10.59. o =10,000 rad/s and V;, =10D0° V. Again, we have already found V . in Problem
10.44: Vo =99D0° V. Now, to compute the impedance, we introduce the temporary current source of 1
A:

+
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Again, the inductor has no voltage acrossit. So, the dependent source generates no current. Hence, the
independent source sees the parallel combination of aresistor and a capacitor:

100" (- j1000)

AB — ]DO-—leOO =995b- 5.71° V

Thus Zth(j104) =99.5D - 5.71° W. So, the Thevenin equivaent is the series combination of theV
source and the aboveZth(j104) =99.5D - 5.71° W.

SOLUTION 10.60. Inject acurrent source at terminals A and B. Then, write aKCL equation at node A:
IRZIS' |1 b VRZIS' |1 b VC:VAB:VR+I1:|S' |1+|1:|S

Since the voltage across the current source is equal to its current, the equivalent impedance across this

current sourceis1 W.

SOLUTION 10.61. Inject acurrent source as usual. Then, write Ohm'’s law for phasors for the equivalent
series RLC circuit. Note that the controlling current for the dependent source isthe input current:

%'sr 20s=(2+])ls

VAB:j0.0]., 200, IS_ 200,

Therefore, Zy, = VIAB =2+ W
S

SOLUTION 10.62. Inject acurrent source l:
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Apply KCL: 5 =ls-1 P I_j_zls' Now, V ,; isthe voltage across the inductor:

6" j2
VAsz—ZJIS=6IS b Zy=6W

Solution 10.63. ® = 2000 rad/sand Vg =25D0° V. Now, inject acurrent source, and expressV ,, asa
function of this current sourceand V .

| {

%
1 kLo |:|_5]_lF +
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Now, write two nodal equations at A and the top of the dependent current source:

V-V .

1103 2 +gmVag + JoC(Vy - Vag)=0
. Vv
joC(Vag - V1) + j—AB =ls

oL

Subsgtituting values, these can be cast into the following matrix equation:



38+j 3-jieVy u_elo3v5
107 e . ng €
ée-| 'J ABU e IS g

Thiscan be solved in MATLARB to obtain:

éVi U , e25- j2.5 -5+110L@L03VS
é\/ (=100" &r5+j25 5 £
&/aB 0 825+ ] w8 s Q

Thus
Vap =(0.25 + j0.25)V4 + 5001 ¢ =500 5 + 6.25+ j6.25

Therefore Zy, = 500 Wand V. = 6.25 + }6.25 =8.839945° V. For the Norton equivalent we need

_ Vo _ 8839

——Db45" =0.01768D 45" A.
Ze 500 5° =0.01768D 45°

SOLUTION 10.64. Inject an upward current source, lg,, & V 5. Then, write the following two nodal
equationsat V, andV,: let R; = R, =R, then

V . .
EX + J(DC/_I_VX + J(DCZ(VX - VAB) = IS

. \YJ
JoCo(Vag - Vy )+ gmVx + QB =ls

which after grouping terms becomes

a . . 0 .
o T10C * 0 Vi - J0CVap =1s

, & 16
(- j@C2 + gm)Vx + Sj0C; *RepVAB T s

In MATLAB

»R =100e3; C1=1e-9; C2 = 1e-10;
»gm =0.1e-3; w = 1e3;
»Nodal = [L/R+j*wW*C1l+j*w*C2 -j*w*C2;-j*w*C2+gm j*w*C2+1/R]
Nodal =
1.0000e-05 + 1.1000e-06i 0 - 1.0000e-07i



1.0000e-04 - 1.0000e-07i 1.0000e-05 + 1.0000e-07i
»Nodainv = inv(Nodal)
Nodainv =

9.5680e+04 - 2.0070e+04i 2.1024e+02 + 9.5470e+02i
-9.5449e+05 + 2.1120e+05i 9.7783e+04 - 1.0523e+04i

Thus

U 4, é 9568-j20  0.21+j0.955(£40" 106U
g 0=107" ¢ _ _ @ U
&AB 0 & 9945+ 2112 97.78- j1052(g 1,
Therefore

Vg =- 38.18+ j8.448 +(97.8- j10.5)" 10°I,
from which we identify
Vg =- 38.18+ }8.448 = 39.19167.5° V

and Zy, = (97.8- j105)" 10°=98.35" 10°D- 6.14° W,

SOLUTION 10.65. We solve this problem by the method illustrated in example 6.3 where afictitious
sourceis applied and the repsonse is calculated. One can either apply avoltage source or a current source
(seefigure 6.10 aand b). Generaly speaking, neither choice can be claimed as superior to the other. But
for a specific circuit, one choice can lead to amuch simpler solution than the other. To illustrate this point,
we solve the problem with both choices below. Note that athough the first method is much simpler than
the second, it lacks the generality. 1f one more resistor wereinserted into the circuit, the simplicity of
solution of solution may disappear totally, whereas the second method will proceed with very few changes.

Method 1. For this solution we apply an arbitrary voltage source, labeled in phasor formasVg as
indicated in the circuit below.
0.251q I

+ - o
He

+ |
SAOLE SN SNOR

—
1 mF

0

For this circuit we will compute an equation of the form ofequation 6.11:
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|A:Z_thvs'|sc (1)

By inspection of the circuit,

IA:|C+|L'1:jWCVs+jVTLL'1:j2VS' v -1 )

But
Vi =0.25I¢ +Vg =0.25jWCV, + Vg =(0.5] + 1)V (3)

Substituting (3) into (2) produces
A =(05+j)vs-1 (4)

By comparing (4) with (1), we obtain the answers for the Norton equivlent circuit: I, =1 A and Zy, =1/(0.5 +
0.4-j0.8W.

Method 2: For this method we apply an arbitrary current source, labeled in phasor form as | asindicated
inthe circuit below.

0251
+ - —rs o
* . [{lc *
0.5 mH v
108 CD v — AB CDIS
1 mF i

Fon
L=

Notice that we have added a current label |, aswe plan to use modified nodal analysis method to obtain the

desired answer. For thiswe will compute an equation of the form
VaB = 4hlstVoc

Because of the addition of |, , we can write the modified nodal equations more or |ess by inspection:

a/ jwL 0 1V u é&j 0 10V U élu
é : Gé u_é : J U
é 0 jwC -1ge AB(J:eO 2] 1ueVABu- é'su
g 1 - (1+ j0.25wC) OHSI H €1 -1-05j OHEI H §OH

wherefrom MATLAB,
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»w=2000;

»L =0.5e-3;

»C =1e-3;

»Y 11l =1/(*w*L)

Y1l= 0 - 1.0000e+00i
»Y22 =j*w*C

Y22 = 0 + 2.0000e+00i

»Y 32 = -(1+j*0.25*w* C)
Y 32 = -1.0000e+00 - 5.0000e-01i

Solving the equationsin MATLAB produces,

»A =[] 0 1,0 2*j -1;1 -1-0.5%] O;

»Ainv =inv(A)

Ainv =
8.0000e-01 - 6.0000e-01i 8.0000e-01 - 6.0000e-01i 1.6000e+00 + 8.0000e-01i
4.0000e-01 - 8.0000e-01i 4.0000e-01 - 8.0000e-01i 8.0000e-01 + 4.0000e-01i
1.6000e+00 + 8.0000e-01i 6.0000e-01 + 8.0000e-01i -8.0000e-01 + 1.6000e+00i

Multiplying the second row of Ainv times the right-most vector of our equations produces

Vap =(0.4- j0.8)I4+(0.4- 0.8j)

Thisimpliesthat Zy, = 0.4 —-j0.8 Wand V. = 0.4-0.8 V. For the Norton equivaent we need

SOLUTION 10.66. (a) o =1000 rad/sand Vg = 20D45° V. By voltage division:

Vout :1T]'j20D45°=14.14DO° V b I =1414D0° A

(b) Atdc,V,, =V,,. Wewant the frequency a whichV , = 0.1V, . Thus, wewant:

12



Vout

Vi

1 1 1

SOLUTION 10.67. Z=25- j20 W. By KCL:

Vz-14D0° V7 V7 +8D90° _
j15 25- j20 -j20

This equation simply needs to be manipulated in order to obtain:

V7 =41.35 - 73.46°

SOLUTION 10.68. In this problem, we note that the impedance, j X, isin serieswith the paralel RLC
circuit to theright. Thus, al we need to do isto find an expression for the equivaent impedance of the
parale RLC circuit:
1 5 . .
YriC = % - Z) +]0.025 P Zg =192+ j144
Now, the total impedance seen by the sourceis 19.2 +j14.4 +jX. Therefore, for thisto beredl, the

unknown reactance has to be —14.4 W. Also, the input current now isl = 96/19.2=5A. Hence

i(t) =5cos(10t) A.

SOLUTION 10.69. First, compute the current through the series RC section: | ¢ = % A.

Now, by KCL, we can write

1- 2 1
0=lc- bt === - v

b 1,=03+)0.1=0.316018.44° A

SOLUTION 10.70. @ =20 rad/sand ¥, =0.05 + j0.0866 S.

(& Since¥, = lR m_JI_ + joC, equating the real parts of the above two expressionsimpliesthat R =

1/0.05=20 W.
(b) Smilarly, equating the imaginary parts and substituting, we obtain:

13



@)C- m—ng: j0.0866 b L=373H

(©
_lin o 20030° o000 a0 ) o
Ve =% =505+ jooses - 2P 307V P ve(Y = 200cos{20t - 30°) V
(d)
_ 200030° ] o )
'L =907 3 73- 2080 - 120°A P 'L(t)—2-68cos(20t 120 )A

(e) V. isjust thevoltage V ., which was obtained in (c), and Zy, = Yi =10D- 60° W.
n

(f) Z,, =5-)8.66 W. Thisisequivalent to a series combination of a5 Wresistance and a5.77 mF

capacitance at the given frequency w = 20 rad/s.

SOLUTION 10.71. (a) Vg=2+ jOV, ® =1000 rad/s. By KCL
Va_ . VA ,Va- Vs
-j1.33  2+j2 4

The time-domain expression is:

=0 P Vp=05-j05=0.707D - 45° V

Ve (t) = va (t) =0.707cos(1000t - 45°) v

(b) 1, = % = 0.25D- 90° A impliesthat iy (f)= 0.25cos(1000t - 900) = 0.25sin(1000t) A.

(c) Wedready determined V _ in part (8). Now, turn off the source to compute the equivalent impedance:

Yy = 0.75) +

2+j2+0.25:0.5+j0.5 P Zy =1- ] W. Thisisthe series connection of a1 Wresistor

with acapacitor of value C = é =103 F. This completes the definition of the Thevenin equivalent.

SOLUTION 10.72. INnMATLAB,

»R=5; L =1e3; C=20e-6;Vsl =5; 12 = 0.5*j;
»G = 1/R; w = 10€3;
»YL = 1(*w*L)
YL=
0 - 1.0000e-01i
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»YC=j*w*C
YC=
0 + 2.0000e-01i

Hence
G(Ve- Va) +YXeVe + YL (Ve - V- 2VR) =l o
Substituting for Vg,
G(Ve- Va) +YXcVe +YL(Ve - Vg - 2(Vg- Vo)) =le
Therefore
(G+Ye +3Y Vo= (G+3Y Vg +1 o

Again, using MATLAB,

»a= G+YC+3*YL
a=

2.0000e-01 - 1.0000e-01i
»b = (G+3*YL)*Vsl + Is2
b=

1.0000e+00 - 1.0000e+00i
»VC =Db/a
VC=

6.0000e+00 - 2.0000e+00i
»abs(V C)
ans =

6.3246e+00
»angle(V C)* 180/pi
ans =

-1.8435e+01

Hence, V¢ (t) = 6.325c05(10%t - 18.44%) V.

SOLUTION 10.73. Denote by v, the node voltage of the 2.5 mF capacitor . Note that at w = 800 rad/s,

Vg = 20D0° V. From thiswe write a set of nodal equations by inspection after observing the following
from MATLAB:

15



»w = 800;

»Cl=2.5e-3;

»L = 1.25e-3;

»Y 1= 0.5+*w*C1-j/(L*w)

Y1 = 5.0000e-01 + 1.0000e+00i

»Y off=j/(L*w)
Y off = 0 + 1.0000e+00i

»Y 2 = 0.25+j*w*3.75e-3 - j*w*1.25e-3
Y2 = 2.5000e-01 + 2.0000e+00i

Thisinformation leads to the following matrix nodal equation:

D5+] i wéVeid e05Vsy
& J 025+ j2H&Voull &0.25vsl

To solve these equations we again use MATLAB:

»A =[Y1, Yoff:Yoff, Y2]

A =
5.0000e-01 + 1.0000e+00i 0 + 1.0000e+00i
0 + 1.0000e+00i 2.5000e-01 + 2.0000e+00i

»b = [0.5*20;0.25* 20]
b=

10

5

»Vnodes=inv(A)*b
Vnodes =

7.1141e+00 - 6.9799e+00i
-3.6242e+00 + 5.3691e-01i

»magV nodes = abs(Vnodes)
magVnodes =
9.9664e+00

16



3.6637e+00
»angV nodes = angle(V nodes)* 180/pi
angVnodes =
-4.4454e+01
1.7157e+02

Therefore
Vot (t) = 3.664c0s(800t +171.57°) V

SOLUTION 10.74. For this problem we use loop analysis with loops indicated in the figure below.

12009

12021207

Since there are no controlled sources, we can write down the loop equations by inspection:

do+9j 6+5] géAu_g 120 - 120D - 120°
&6+5] 12+9jH8cH ™ §120p120° - 120D - 120

ey g

6180+103.92
& j207.85 |

<

The solution of thisequationisdonein MATLAB asfollows:
»b1=120-120* exp(-j* 2* pi/3)
bl = 1.8000e+02 + 1.0392e+02i

»h2=120% exp(j* 2* pi/3)-120* exp(-j* 2* pi/3)
b2 = 0 + 2.0785e+02i

17



»A = [10+]*9, 6+j*5:6+]*5,12+j*9]

A =
1.0000e+01 + 9.0000e+00i 6.0000e+00 + 5.0000e+00i
6.0000e+00 + 5.0000e+00i 1.2000e+01 + 9.0000e+00i

»1=inv(A)*[b1;b2]

| =
1.4472e+01 - 1.3469e+01]
4.29266-01 + 1.7703e+01i

»% Please note that using the commands I=inv(A)*[b1,b2]'
»% will lead to the wrong answer because aconjugate is
»% inserted along with the transpose.

»mag| = abs(l)

magl =
1.9770e+01
1.7708e+01

»anglel = angle(l)* 180/pi
anglel =
-4.2944e+01
8.8611e+01

»B = -1(1)-1(2)
IB = 1.8288e+00 + 1.7234e+01i

»mag|B = abs(IB)
maglB = 1.7331e+01

»anglelB = angle(1B)*180/pi
anglelB = 8.3943e+01

Changing the sign on each source amounts to multiplying its value by "—1". This meansthat all
magnitudes remain the same, but thereisa 180° phase shift for each current, i.e., add 180° to each current

angle.
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SOLUTION P10.75. For this problem we have both atransient component to the response and a steady
state component. The steady state component is computed in the usual way because the circuit is stable,
i.e., thetime constant is positive. Once the steady state part is computed, we useinitial conditions to obtain
the coefficient B in the response.

Part 1. Compute steady state response. For thiswe use MATLAB,

»R =0.5; L =0.866;

»Vs=10;

»W =1,

»Zin=R+ j*w*L

Zin = 5.0000e-01 + 8.6600e-01i
»IL =VdZin

IL = 5.0002e+00 - 8.6604e+00i
»maglL = abs(IL)

maglL = 1.0000e+01

»anglL = angle(IL)*180/pi
anglL = -5.9999e+01

Hence

i, (t) =10cos(t - 60°) +Be %> A

Part 2: From theinitia conditionswe have
i, (0)=1=[10cos(t - 60°) + Be 07"t _, = 10cos(- 60°) + B=5+B
Hence B = —4. It follows that
i, (t) = 10cos(t - 60°)- 4e 037"t Ao

SOLUTION 10.76. KCL dictates that:
I+l +l=lg P I =lg—ly—I

We can perform this sum graphically as follows:
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SOLUTION 10.77. (a) Notethat V=V, + V ,butthatV, leadsV . by 90 degrees. Smilarly, I=1; +
I, but I leadsV ¢ by 90 degrees. Also note that the inductor current is also |, and the capacitor voltage is
Ve

(b) Using graph paper to construct the phasor diagram to scale, we find the difference between the phase

anglesof I and V¢ is zero.

Solution 10.78. First notethat V ., the capacitor voltage, will lag | by 90 degrees. Now, V. plusthe
unknown element voltage should result in avector that runs diagonally between the two vectors. From the
following illustration, it follows that the unknown voltage should have the same phase as the input current:

20



This means that the unknown element isaresistor. The 450 phase differenceimpliesthat [Vc|=|V,| or

I 1 1
s - | R. Therefore R=— = ———_ =1000 W
oC s e R= e =103 106

SOLUTION 10.79. The student can construct the phasor diagram using graph paper. The diagram is going
to look like that in the problem statement, except that the proper lengths and angles will be used.

SOLUTION 10.80. Asthefrequency approaches infinity, the capacitor shorts and the inductor opens. So,
the output voltage is zero. Asthe frequency approaches zero, the capacitor opens, but the inductor shorts,
so the output is also zero. A plot of the complete response is shown below. (Note that the magnitude
response at 10rad/sisinfinite):

»L =0.04; C=0.25;

»w = 0: 30/300:30;

»% Vout =Zin* lin

»Zin=j*w*L J(j*w*L*j.*w*C + 1);

»plot(w, abs(Zin))

»grid

»ylabel (‘Magnitude Zin')

»xlabel (‘"Frequency in rad/s)

»plot(w,angle(Zin)* 180/pi)

»grid

»xlabel ('"Phase in degrees)

»ylabel (‘Phase in degrees)

»xlabel (‘"Frequency in rad/s)
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SOLUTION 10.81. At infinite frequency, the resistor current is zero (because the inductor opens). So, the
output voltage is zero. At DC, the inductor is short, and the output voltage is equal to the input voltage. The

plot of the frequency response is shown below (alogarithmic x-axis is used):

Magnitude
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SOLUTION 10.82. The circuit insgdethe black box is

a

=20

-30

-0

=50

50

-ra

=0

40

Frequepoy
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At DC, the capacitor is an open circuit. Thus, the voltage across the resistor is ImA” R. But we know that

thisvoltageis 1 from the graph. Thismeansthat R = 1 kW. Now, in general for the above diagram:

Vo_R

| 1+ joRC
The magnitude of this function is R/sgrt(2) when o =1/ RC. Substituting the frequency from the graph
(1000 rad/s), we get C =1 nF.

Solution 10.83. The admittance of the parallel RLC circuit is:

1 1

(== 4+—— 4|
in =R oL T1OC
_1_VS

Zln_Yi _IS

The function we want to find the frequency response for is nothing but the input admittance of the circuit.

Using MATLAB, the following plot can be obtained:

»R=100; L =0.1; C=1e-3;

»w = 0:0.5:300;

»w = 0.01:0.5:300;

»Yin=1UR+ 1. /(j*w*L) + j*w*C;
»Zin=1./Yin,

»plot(w,abs(Zin))

»grid

»xlabel ('Frequency in rad/s)
»ylabel(‘(Magnitude Zin')
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»plot(w,angle(Zin)* 180/pi)
»grid

»Xxlabel ('"Frequency in rad/s)
»ylabel (‘Phase Zin in degrees)
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SOLUTION 10.84. Thecircuit inside the box isaseriesRLC circuit. It cannot be aparalel RLC, because
as per problem 83, the admittance of a parallel RLC does not approach zero as w approaches infinity. Thus,

1
:Yin:

|
v R+ —— + jol
joC

The resonance frequency is 50 rad/s and is determined by 1/sgrt(LC). GivenL =04 H, C=1mF.
To obtain R, we make use of the fact that, from the given graph at w = 57 rad/s, the current

magnitude is approximately 0.2 times the peak magnitude. Therefore

1 0.2 0.2

@
1 g2 1 82
R2+%B7L- — R? +%BoL- —
& 57Co & 50Co

Hence

.2 2
RE+ &7 04- ——2 =

2
=~ = =25R
57° 10039 0.04

R2+(57x0.4- 1 L@ R =25R?
57%0.001) — 0.04

From which R= 5722%?—1 =1.0728 W.

SOLUTION 10.85. Cresate three mesh currentsin the three planar loops. All currents are clockwise: |, in
the voltage source loop, I, in the top bridge loop, and I, in the bottom one. The three mesh equations are:

V- 4R - Ro(lg- 12)- Re(l1- 13)=0

Rollo- 19) + 12+ Rgter (12 13) =0

joCy

1
R3(|3- |1)+ Rmeter(IS' |2)+ ij2I3:O

The plots of the magnitude and phase of Vg - V¢ = Rygter (I 3- | 2) are shown in the text.
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SOLUTION 10.86. We can see all ranges by plotting on alogarithmic scale:

oat

08|

or L

OE |

05t

o3
|
10 10 10 10

Note that the output will decay when we start to reach the bandwidth of the op-amp. In other words, the
inverting amplifier saysthat the output is—1 times the input (provided the op amp works properly). Once
the op amp’ s gain starts dropping, the output voltage also decays withit.

SOLUTION 10.87. Correction: Change the 0.01 nf capacitor to 1 nF. (a) For this part consider the

diagram below,

200 ko
a0 kL2 1k

+

+
100 € ~
Lin CD \{3 v - Vg
0.1H

1pF

From the problem statement, w = 320p rad/s, and |;,, = 0.0190° A. Observethat the 50 KWresistor input

to the inverting op amp terminal isin paralel with the 100 Wresistor because of the virtual ground at the op
amp terminals. However, for al practical purposes, this has no effect on the 100 Wresistor, hence from
Ohm'slaw
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100" j0.1w

L= , l;n = (50.265+ j50) ~ 0.01=0.50265+ j0.5
100 + jO.2w

From the inverting op amp configuration,

V =-10V, =-5.0265- j5
From voltage division,
103 ~ N . o
c=—3———V =(0.49735- j0.5)" (- 5.0265- j5) =5D179.7° V
10°° +jwi0
Therefore

Ve (t) = 5c08(320pt +179.7°)V

Parts (b) and (c). For the SPICE simulation we have the following circuit in B-SPICE:

R1
500K
—
R L
T et R2 C‘ TS
A I
| L ) — —]
05 100m c—— C 15 7=
| 100 | 1 —— Wi
—_I— -
- +|I*.fm
=

which |eads to the response below



Prb10-87-Small Signal AC-2 Frequency (Hz)

V) +1.000 +10.000 +100.000 +1.000k +10.000k

+500.000M  me e -memmemsaonao- R L P TR EE - A
+400.000m =

+300.000m

+200.000M  b-me-memmeme o !

+100.000M k- = smemmnme e

+0.000e+000 ¥

MAG(V(IVM))‘

The magnitude at 160 Hz is 0.499 for a1 mA current input. Thusa 10 mA input current should lead to
4.99V by linearity which approximatesthe 5V computed analyticaly in part (8). Hencewitha15V
saturation limit, the input magnitude may increase by afactor of 3 to 30 mA.

SOLUTION 10.88. (a) ® =400 rad/sand V;, =10 35 - 90° V. By thevirtual short property:

__Vin _. .
||n—1/ij—J(’)CV|n

All this current flows through the 1 MWresistor: Vi, = - j(;)ClO6 Vin = 04D - 180°. Thus,

v,,(t) = —0.4cos(400t) V
(b) ® = 200 rad/s, Vi, =10 °P0° V, and Vg, =10 °P- 90° V. Again,
Vout =- 1107 3=+ joC" 4" 10°V;, =- 80" 10°C b C=125nF
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SOLUTION 10.89. (a) w =800rad/s and Vj,=1D- 90°V b I[;, :%. No current flows into Op-

Amp terminals;

R SR I G ) B
Vour = lin o5 = gog - = 125 107V

Thus, v, ,(t) = 1.25cos(800t) mV.

(b) Again, 1 = —A0_ A and Vo= -1 y—= b 10=—_1 b coo5ne.

200" 103 joC ~ ©C2° 10°
. 1
Solution 10.90 (a) @ = 2t 700rad /s and Vi, =1D0°V P lj = ———= A. Further,
150" 10
s an3 - s an3 -
150" 10" == -1 150" 10°—==
out =~ 3 o)Cj in = — 3 mC} =0.0015D 90° V
150”107 - == 150" 10° 150" 10°- %

Thus, v,,,(t) = 1.5cos(2p700t + 90°) mV.
(b)

hagnitude

10 10 10 ' 10t
Fraquescy (r@diec)

() Theoutput lagsthe DC response by 45 degrees (note that at DC, the amplifier isinverting, or hasa
phase of —180 degrees). Now, the frequency response isreally determined by the RC circuit in the
feedback path of the op-amp. Thefirst resistance at the input smply converts the input into a current that
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drivesthis RC circuit. It can be shown that a 45 degree phase shift occursin an RC circuit when the
frequency is YR,C (directly from the results of an analysis on an RC circuit). So,

R,C=1/2000p b C=0.016 nF (We know R; = 10 MW)
Also, at thisfrequency, the responseis 0.707" DC response. The DC response is—10"/R. So, theDC gain

is14.14. Thus, R =7.07 kW.

. . Vi
Solution 10.91 (a) Usethe virtual short property: |, = ﬁ . All of current flows through the
+—
joC

4 .
feedback path: Vo = - 10715, = 20 Vin Yot _797p . 135°.

3_ 1L Vi
10° - oC in

(b)

hagnitude

] 1000 2000 3000 4000 5000 000 7000 S000 9000 10000
Fraquenoy

(c) The spice result looks the same at low frequencies. However, at high frequencies, the response falls
back to zero as the op-amp non-ideal frequency response startsto affect the behavior of the circuit.

SOLUTION 10.92. (a) The negativetermina of theop-ampisat V. Thisimplies|g = LRS By KVL,
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The MATLAB plot for the given valuesis:

i

hagnitude

10° 10 10 10 10
Frequenoy

(c) The spice result looks pretty much the same, especially since the cut-off frequency of thiscircuitis
much lower than the frequency at which the op-amp ceasesto operate as an ideal op-amp.

SOLUTION 10.93. To compute the gain as afunction of w we observe that by the properties of an ideal op
amp,

Vout _ 27 10°°+j05" 10 ®w _ 20+ j05w

Gain = —T————¢ = :
Vin 10 “+j0.1" 10°w 100 +j0.1w

InMATLAB

»G1 = 1/50€e3;

»G2 = 1/10€e3;

»C1 = 0.5e-6;

»C2 =0.1e-6;

»wW = logspace(-1,5,1500);
»Y1=Gl+*w*C1;
»Y2=G2+j*w*C2;
»H=Y1./Y2
»semilogx(w,abs(H))
»grid
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(Yain Magnitude

1w in radsdsec

SOLUTION 10.94. (a) Theequations are:

Vi-Vin Vi- Vo Vi- Vo _
1000 1000 1/ jwCs

Vo-Va,_ V2 _,
1000 1 joC,
V2= Vout

Substituting values and solving for V; and V5,

V; = 0.853%0 - 82°V;,
V,=0.7230- 114.7°V;,

The second one isthe relation that we are looking for.
(b) At100Hz,

V7 =1.00D - 3.68°V;,
V,=1.00D - 7.3%V;,
At 3000 Hz,
Vi =0.159 - 102°V;,,
V5 = 0.0728D - 164°V;,

Dl Goiiionl ogopogiinlooggid g
10 10° ik 107 107

i
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(c) Theresponseisthat of alow-passfilter, as predicted from the results of part (b) above.

SOLUTION 10.95. (a) Thetwo noda equations:

V, - V; ) .
W + ]GV + JU)CZ(VX - Vout): 0

. v
j0C(0- Vx)- 28’Oulto3 )

In MATLAB,

»W = 2*pi*1.34e3; C = 0.05e-6; R1 = 200; R2 = 28¢3;
»A = [LUR1+*W* C+*W*C -j*w*C;-j*w*C -1/R2]

A=
5.0000e-03 + 8.4195e-04i 0- 4.2097e-04i
0 - 4.2097e-04i -3.5714e-05
»b =[1/R1; 0];
»V =A\b
V =

2.6664e-01 - 5.9266e+00i
-6.9859e+01 - 3.1429e+00i
»Vout =V(2)
Vout =
-6.9859e+01 - 3.1429e+00i
»abs(Vout)
ans=

6.9929e+01
»angle(Vout)* 180/pi
ans=

-1.7742e+02

Hence, Vout 69.939- 177.4°.
Vin

When the capacitors are shorts, the output is shorted to the virtual ground input, at 0 V. Similarly, when
they are opens, the virtual ground makes surethat v_ . is zero, since there is no drop across the feedback
resistor.

out
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(b) The band-pass response can be computed using any SPICE program.

SOLUTION 10.96. First, note the input-output relationship:

where Z; is the impedance of the parallel RLC circuit. We have studied this circuit extensively earlier, and
we have shown that at “resonance’, the impedance of this circuit isgoing to be real and equal to the value

: - : : : \Y Z
of resistance, inthiscase R,. That’s exactly the requirement of this problem, since we want Jout - —f

Vin R
to smply beequal to R,/R;. It remains to note that this resonance occurs at a frequency w = 1/sqrt(LC).

SOLUTION 10.97. (a) Firdt, analyze the feedback amplifier circuit. The output of this op-amp circuitis:

_ VjoC
op2 _2, 106 out

Also, by voltage division, the voltage at the resistive voltage divider (+ termina of first op-amp):

_2°10°, 1 _ -o001
2°10°  joCy,2” 10° ™' jwc,2” 10° "

RR

Now, thefirst op-amp circuit is an inverting amplifier, but it's + terminal isat VRR now. Thus,
Vout =- 10(Vin - VRR) +VRR

Substituting the above V ., means that:

-10
Vout =—171 Vin
1+ ==

jo
Since the input voltage has unity magnitude and zero phase, the above expression gives the required
magnitude and phase of the output voltage.

(b)
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(c) Ascan be seen, the response to zero frequency (i.e. DC) is zero. Also, the circuit goes back very quickly
(lessthan 2 Hz) to provide the required operation, which isto achieve again of 10.
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