PROBLEM SOLUTIONSCHAPTER 10

SOLUTION 10.1 Using KCL, we can write

dVC VC
Dividing by C:
dVC 1 _ iin (t)
¢ "RCCTC
We know that i;,(t) = 20sin(400t) mA, which can be represented by a complex exponential,

i (t) = Re[20ej400te' jp/z] mA. For conveniencewewill smply let i (t) = 20614t P2 mA | knowing

that we must take the real part to complete our solution. The output voltage will also be reparesented as a
complex exponential:

Ve (t) = Vel (400+0) =y o400t g0

Subgtituting this expression into the differential equation and canceling gl400t,
: : ~ 107 3o /2
, o . Vim _jo _ 20 10 “e
J400Ve _RCe c
Thus
J(I)ae N 6 2071073 i _ - j4000 _ ] o
Vit g #1400, =——— P Vel = 7200 3.714D- 111.8

where the values for R = 100 Wand C = 5 mF were substituted in. Thus,

V= 3.714

-18e4006

¢=0-1n " g10002

=-111.8°

Taking into account a 90° phase shift we obtain
Ve (t) = 3.714coq 400t - 111.8°) = 3.714sin(400t - 21.8°) V

and
iout(t) = 18.57sin(400t - 21.8°) mA

SOLUTION 10.2 From KCL and component definitions:



. o1di, . _. i
iin (t) - 25 -i =0 b Z—STIEHL:Iin(t) b dtL +250i, = 250i (t)

We represent the input signal by the complex exponential: i, (t) = 0.2¢/ %%t A and the unknown current

can be represented as iy (t)= I, el (2500+0).

Substituting thisinto the differential equation and canceling &2t

j2501, e/® + 2501, el® = 50
Thus

o (. jo__ 90 _ . 450
1, e®(j250+250)=50 b I e 550+ 250 0.14142D - 45

and
I, =0.141, ¢ =-45° b i () =0.141c0s(250t- 45°) A

SOLUTION 10.3. Construct differential equation by KVL and device definitions:

d||_

Vin () - 05k - 200 =0 P di

" +400i, = 2viy(1)

We represent vi,, (1) as the complex exponential function, v, (t) = 20e! 4% /. The current in the inductor
hasthe form: i = ILej(4OOt+¢). Substituting into the differential equation and canceling g 400t

j4001, e!® + 4001 _e'® = 40

Thus
(i _ o-__ 40 _ _ 40
I.e®(jo+400)=40 P I e 200+ 400 = 0.070711D- 45
and
I =0.0707, ¢ =-45°, P i (t) = 70.7cos(400t- 45°) mA
Hence,

Vout (t) = 14.14c0s(400t - 45°) V

SOLUTION 10.4. Construct differential equation using KVL and device definitions:



The output voltage is defined as:
Vout (t) = Vin(D) - vc(t)

This means that finding v is enough to be able to obtain the output voltage. Theinput voltageis

represented by the complex exponential:

Vi (1) = 2061 0 P12y

250t+¢). Substituting into the differential equation, dividing by e 250t , and rearranging:

and v (t) :Vmej(
j250RCVel?® +Vieel® =- j20 b Vel®(j250RC +12) =- j20
C C C
b veel® = 12 214149 - 135°
1+

Now

Vo€ =- j20- \cel® b vy,e!® =10- j10=14.142D - 45°
Thus, in the time-domain,
Vout (t) = 14.142c05(250t - 45°) V
SOLUTION 10.5. Thecircuit isidentical to that of problem 10.1. Thus,

RCdFVtS +ve=Rit) b Rig(t)- RC% —v,

Moreover, the complex exponential solution is given by

Vg(t) = Viel® = 223,66 18348° v/
Hence

R- jRC223.66 1634 = 203,60 18343° = 100. j200

R- jRC(100- j200)= R- 200RC- j100RC=100- j200



Thus RC=2s, R=100 + 200RC = 500 W, and C = 4 mF.

SOLUTION 10.6. First use KVL

di

Vin-VL-Ve-Vout =0 P vip- L ot

1 t
E OiLdt' RiL:0
-¥

Differentiating this equation, rearranging, and dividing by L,

We represent the input signal with o = 10% as vi,, (1) =100e/®e™ P2 v and i (1) = I ¢/ 'e® A.

Subgtituting these two expressions into the differential equation and dividing out el

1 i - j100" jo
2, Qo =Y Jo
||_e L b IL &C ()] J | o

- 2 J¢+&) J¢+
ol e J L I e Te

108 . o
=-0.48- j0.64=0.8D- 126.87

b 1 el = =
- - 75" 108 + j108

Solving for the magnitude and angle (by hand or using MATLAB):

i, (t) = 0.8c0s(10,000t - 126.87°) = 0.8sin(10,000t - 36.87°) A
and
Vout (t) = 80sin(10,000t - 36.87°) V

SOLUTION 10.7. Using standard reference directions, from KCL and component definitions,

t

. S V, . 1. dv,
'in:'R""L""C:LRUt""L(O)"’tO’out(T)dT"’CTO,[Ut
0

Taking a second derivative and dividing by C yields

dzVout L1 o 1 1

L1, —1din
g2 RC dt LC O™ C dt



We now let w = 2500 rad/s and represent i;,, (t) by the real part of the complex exponential 0.02¢lt.

Further we represent v, ,(t) as the real part of the complex exponential V! @) =y e/®tel?.

Subgtituting these expressions into the differential equation and taking the indicated derivativesyields

. iot_io . Ym . _jot_j 1 iot 002.
Vin(jo)2e el t oo joe! el? + L—Cvme“”te“P = joe!®

Observe that e/ cancels out on both sides of this equation producing

jpel 2 jod_ j0.020
Ve e © *reeT T C
Hence

10020 ;584096
el 2,00

— -
eLcC RC@

Vmej(p =
C

Thiswas obtained using MATLAB asfollows:
»w = 2500;

»L =40e-3;

»C = 1e-6;

»R =100;

»Vout = j*0.02*w/(1/L - C*w”2 +j*W/R)
Vout = 1.2800e+00 + 9.6000e-01i

»magV out = abs(V out)
magVout = 1.6000e+00
»angV out = angle(V out)* 180/pi
angVout = 3.6870e+01

Therefore
Vout (t) = 1.6c0s(2500t + 36.87°%) V

SOLUTION 10.8. (a) FromKCL: 3D15°- 5b45°- 1=0 b | =3D15°- 5D45°. InMATLAB,
»lbar = 3*exp(j* 15* pi/180) - 5* exp(j* 45* pi/180)



Ibar =-6.3776e-01 - 2.7591e+00i
»abs(l bar)

ans =2.8318e+00

»angle(lbar)* 180/pi

ans =-1.0302e+02

Therefore,
i(t) =Re{Ibar} = 2.83cos(wt - 103°) A
(b) FromKCL,
»lbar = (1 + 2*)) - (-2 +]*6)
Ibar =
3.0000e+00 - 4.0000e+00i
»abs(lbar)
ans=5
»angle(lbar)* 180/pi
ans =-5.3130e+01

Therefore i(t) = 5cos(50pt - 53°) A.

SOLUTION 10.9. We define a Gaussian surface encompassing the three bottom nodes. Thus, KCL
dictates that the sum of 4 currents be zero:

»lbar = -(-2-j*8) + (3 +j*12) + 10
Ibar =

1.5000e+01 + 2.0000e+01i

»abs(l bar)

ans=

25

»angle(lbar)* 180/pi

ans=

5.3130e+01

Therefore i(t) = 25c0s(1000t +53.13°) A.

SOLUTION 10.10. First represent the time-domain functions as phasors:



V;=2D0° V,=2/2D- 45°

Then, by KVL

»V1=2;V2=2*sgrt(2)* exp(-j* pi/4d);

»WL=V1-V2

VL =

0 + 2.0000e+00i

Therefore, V| =2D90° V and v| (t) = 2cos(wt +90°) = - 2sin(wt) V

SOLUTION 10.11. Apply KVL by simply following the loop defined by the independent voltage sources:
Vy=4j-2j-1-1+1- j)- 1+j)=-2

] V
SOLUTION 10.12. First notethat | ot = —

FE*. Vg =-jl0+(5- j5)-10 b Vg =-5- j15V.

-5- 15

Thus, |yt = =-1- j3=3.16D- 1084 b gy (t) = 3.16cos(500rt- 108.4°) A.

SOLUTION 10.13. Using a Gaussian surface,
ly =-(2+]3)- (1+j2) +(1- j5) =-2- j10=10.2D- 101.3° A,
Therefore, i(t) =10.2cos(2000rt - 101.3°) A. Now applying KVL,

Vy =(2+j2) +(2+)3)- (1- 4j)=3+9j
»VX=2+2% [+2+]* 3-1+4*|
VX =
3.0000e+00 + 9.0000e+00i
»abs(VX)
ans=
9.4868e+00
»angle(Vx)* 180/pi



ans=
7.1565e+01

Thus, vy (t) =9.487cos(2000rt + 71.6°) V.

SOLUTION 10.14. (a) At ® =1000r rad/s,

Ye(jo)= joC=j47 10°° b C=1.496 uF
So, & =50, Yo (jo) = joC=j2.3499° 104S b Z-(jo)=- j4255W.
(b) At ®=1000r rad/s, Z| = joL =j18.85 P L =6 mH. Sinceimpedanceis proportiona to
frequency, multiplying the frequency by 20 means the impedance is multiplied by 20. Thus, at
w=20" (103p) rad/s,

7 ={1885 20=j377 b Y =-j2652 mS

SOLUTION 10.15. Theinput voltagephasor as 2D0°. By inspection:
[1=joC Vc=j10" 0.1" 2=j2
From the definition of a dependent V-source and an inductor:

Sy _ g0,
27 joL "~ j2
Finally,
Vout =5° 2(|1+|2):10(5+j2):50+j202 53.85D21.8°

Vout (t) = 53.85c0s(10t +21.5°) V

SOLUTION 10.16. Using KCL and the definition of aresistor:

Viow = 10(6D0° - 3990°) =10(6- 3j) =60- j30V
Thus,
60- j30 _

Z(jowg) = 5= -10- j20 W




And, the combination of this Z(jmg) with the 10 Wresistance, at this frequency, is 10 —j5.
»Z=-10-j*20; R =10;

»ZZ = R*ZI(R+Z)

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

»C = 1/(-5*j*j* 2000* pi)

C =3.1831e-05

Thisisequivalent to a10 Wresistor in series with a 31.83 nf- capacitor.

SOLUTION 10.17.

»W = 2*pi*60;

»VL = 3 +12*exp(-j*30* pi/180) + 6 -12* exp(j* 30* pi/180)
VL =9.0000e+00 - 1.2000e+01i
»ZL =j*w/60

ZL =0 + 6.2832e+00i

»IL =VL/ZL

IL =-1.9099e+00 - 1.4324e+00i
»abs(IL)

ans =2.3873e+00
»angle(lL)*180/pi

ans =-1.4313e+02

Therefore, i) (t) = 2.387c0s(120pt- 143.1°) A.

Solution 10.18 (a)
First represent the inputs with their phasors: 15 =10D30° = 8.66+ |5 and Vg =100D0°.

The admittance of the RC combinationis. Y; = ER + joC = 0.1+ j0.1. Using superposition and noting that

a0-volt V-source isashort circuit and a 0-amp current source is an open circuit,

Iy =YV - | =1.3397 + j5=5.1764D 75° A
Therefore,
iy (t) =5.176c0s(100t + 75°)
(b) Letiy, bethe contributionto i, generated by the current source and i, the contribution generated by

the voltage source. Then iy (t) =- 10cos(50t + 30°) A, and i (t) = - 14.142cos(100t + 45°) A since



»Vs2 = 100;

»w = 100;

»R=10; C=1e3;
»Y1=1UR+j*w*C

Y 1 =1.0000e-01 + 1.0000e-01i
»Ix2=Y1*Vs2

Ix2 =1.0000e+01 + 1.0000e+01i
»abs(1x2)

ans =1.4142e+01
»angle(1x2)* 180/pi

ans =45

Therefore i, (t) =- 10cos(50t + 30°) - 14.142c0s(100t + 45°) A.

Solution 10.19 First of &l, write out the given values: o = 200 rad/s, | ; =0.5D90° = 0.5j A, and

. | .
Vo =4D0°. FromKVL Vg =3l; + joll, + j(D_1C + Vg Which leadsto:

»w =200; I11=0.5j; V2=4;

»Vsl =3*11 +j*w*0.04*11 + 11/(j*w* 1e-3) +Vs2
Vsl =2.5000e+00 + 1.5000e+00i

»abs(Vsl)

ans=

2.9155e+00

»angle(Vsl)* 180/pi

ans=

3.0964e+01

Therefore v (t) = 2.9155c0s(200t + 30.964°) V.

Solution 10.20 The phasor for the input can be written as o = 1000 rad/s and Vj, =10D60° = 5+ |8.66
V. The currents can be obtained easily by applying Ohm’s law for phasors:

10



10D60 10D60
= =0. ° , = —_— =0.04b- 30° A, d
'R ="50p ~Q02D60° A 1L = 5550025 a

c=10960" (j1000" 2" 10° )= 0.020150° A. Thus

lin =0.02D 60° + 0.04D - 30° +0.02D150° = 0.0283D15° A

and
iin (t) = 0.0283cos(1000t +15°) A

using the following MATLAB code:
»Vin = 10* exp(j* 60* pi/180)
Vin =5.0000e+00 + 8.6603e+00i
»R=500; L =0.25; C=2e-6;
»w = 1€e3;
»IR =Vin/500
IR =1.0000e-02 + 1.7321e-02i
»IL = Vin/(j*w*L)
IL =3.4641e-02 - 2.0000e-02i
»IC =j*w*C*Vin
IC =-1.7321e-02 + 1.0000e-02i
»lin=IR+IL+IC
lin =2.7321e-02 + 7.3205e-03i
»abs(lin)
ans =2.8284e-02
»angle(lin)* 180/pi
ans =1.5000e+01

Solution 10.21 INnMATLAB

»lin =-100*j*1e-3; R = 100;
»L =0.04; C = 2e-6; w = 2500;
»WR =R*lin

VR =0 - 1.0000e+01i

»VL =j*w*L*lin

VL =10

»VC =1lin/(j*w*C)

VC=-20

»Vin=VR+VL +VC



Vin =-1.0000e+01 - 1.0000e+01i
»abs(Vin)

ans =1.4142e+01

»angle(Vin)* 180/pi

ans=-135

Therefore, vij, (t) =14.14cos(2500t - 135°) V.

Solution 10.22 (a) Here, i1 (t) =0.6cos(200t) A and v, (t) = 20sin(200t) = 20cos(200t- 90°) V.
For o = 200 rad/s, the phasors are by inspection: 1, =0.6D0° A, Vg, =20D - 90° V .

(b) Write down the resistor, inductor, and capacitor current phasors, givenV;:

R :M:O_GD- 90°=- j0.6
1/0.03
_20D- 90 _ .
L= 500" 01 180°=-1

lc=200- 90" (j200" 0.4” 10°%)=160°
Now, by KCL
lo=lg +I +lIc- |1:-j0.6

where we have substituted the above values of branch currents. The time-domain functioniis:;

i»(t) = 0.6c0s(200t - 90°) = 0.6sin(200t) A

Solution 10.23 (a) ® =400 rad/sand V;j, = 20D0° V. We can easily use the voltage divider formulafor
phasors and substitute values to obtain:
200 20 .
Vout = m Vip = 1TJ =14.14b - 45
inwhich casevy,; (t) = 14.14cos(400t - 45°) V
(b) ®=250rad/sand Vi, =20D- 90°=- j20 V. Again, we can easly use voltage division:

400 20D - 90°
VOUt = —1Vin = T =14.14Db- 45° V

Thus, in the time-domain,
Vout (t) = 14.142c05(250t - 45°) V
12



Solution 10.24 (a) o =10,000 rad/sand Vj, =100D- 90° = - j100 V. Apply the voltage divider
formula

Vo= 100 v = 100 v
out 100+ joL+ ¥ " 100+]100- j0.25 "

=80b - 126.87°

The steady-state response is thus,

Vout (t) = 80sin(10,000t - 36.87°) V
The phasor method provides for amuch easier way of obtaining the steady-state response.
(b) Here, @ = 2500 rad/sand I, =0.02D0° A. Now, apply current division:

o= 0.01 | = 0.01
R7001+joC+ Yo " 00L+ 00025~ j00L

li, = 0.016D36.86°

By Ohm'’slaw:
Vout =100 g =1.6D36.87° V
Therefore

Vot (t) = 1.6c08(2500t + 36.87°) V

Solution 10.25 (a) It iseasier to find the admittance first:
Yin(j100) = JTlL +joC=-j0.2+j125=j12.3

b Z,,(j100)= - j0.0813

1

(0) ¥n(1100) = 2 = <1507 0.05

»C = (U(25%]) - L/(j*w*L) )/(j* 100)
C= 1.6000e-03

+ j100C. Hence, in MATLAB,

Solution 10.26 (a)
. 1 R™ joL -] JoRL
- = + =+
Zn(10) =50 Y R ol - oC TR+ joL
»R=10;L =0.1; C=1e-3; w = 2€3;
»Zin = -j/[(w*C) + j*W*R*L/(R + j*w*L)
Zin= 9.9751e+00 - 1.2469e-03i

=9.975b- 0.0072°
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»abs(Zin)

ans= 9.9751e+00
»angle(Zin)*180/pi
ans= -7.1620e-03

(b) Asthe frequency increases, the capacitor becomes a short circuit and the inductor becomes an open
circuit. Thus, the impedance approachesR. Analyticaly,

1 R
limyey Z4n(jo)= |'%®¥—+“mm®¥ R —-R
—+1
joL
© Zin(jo) =L + JORLR- Jab) _ ® R 10 ROLT o wsthatw must s
] RZ+olZ SR+l 0Ch RE+ollZ Y
2 1
0’LRC=R? +0°? or equivaently w? = 5 = . For the given component
LR?C - L
LC 2
CR b
values g = 0; hence there is no finite value of frequency for which theimpedance isreal.

SOLUTION 10.27. We note that the input admittanceis given by:

Yo (jo) = ——— +jo" 10°6= —100 J00.1 0" 1076
100 + jw0.1 10* +0.0102
100 s . 001l
= +jo 0% |
10% +0.010 10% +0.010

Thus,w must satisfy 10° =10% +0.01n? or equivalently, o = /107 - 10° = 3000 rad/s.

SOLUTION 10.28. (a) Asusua wewill use MATLAB.

»R1=20; R2 =10:;
»L =0.04; C=0.6e-3;
»w = 250;

14



»Yin = UR1 + L/(R2 + j*w*L) + j*w*C
Yin= 1.0000e-01 + 1.0000e-01i

Hence
Y, (j250) = 0.1+ j0.1 S

(b) For this part we observe that

Y (j250) = ﬁ +jwC=0.1- 0.05j + j250C

1,
R R+jw
For thisto bereal, the imaginary part must be zero, i.e.,

_005_ 1

=== =-_——_=02mF
250 ~ 5000

Solution 10.29 (a) We can derive an expression for the input impedance by noting that it is the series
combination of the resistance and the inductor/capacitor pair connected in parallel. Thus,

% j(DL L
Zin(jo) = R+45 =R- ]—C5

— +jolL oL- —

JoC oC

Equating the real and imaginary parts of the given impedance, R=4 Wand

L -L
olLC-1w 2L- 0.25

=2 b L=01H

(b) At zero inductance, the above reactanceis zero. Also, at L = 0.125, the denominator of the above
reactance is zero, which meansthat the reactance isinfinite.

Solution 10.30 (a) First derive an expression for the input impedance as a function of frequency:

. . 1 e 106
f =5+ L+—=5+|.0L- —
Zm(j(D) 5+ jm foC S+ 0 oC2
We want the imaginary part to be equal to zero. Thus,
1 _ 2_ 1 _
coL-(DC—O P o =1c P ® =2500 rad/s

15



where we have substituted the values of L and C.
The magnitude of the impedance is minimum when theimaginary part is zero, and Z;,,(j2500) = 5.
(b) Derive an expression for the admittance:

¥ ) _1('5

1 . 1 1
Yn(©) =g+ 10C+ir = 5+ 160C- G

Again, theimaginary part is equal to zero when o = VE_C or o = 2500, a which point the admittance is

0.2.

Solution 10.31 Theinput admittanceis ¥, (w) = —é + joC =0.008+0.004. Equating thisto the given

admittance at ® = 500yields R = 125W, wC = 0.004 or C = 8 nF.

Solution 10.32 Derive an expression for the admittance at ® = 1000:

1 025 joC . j0.125 .
+ =-j05+——""—=02- jO.
ol "0 jec - 0% oo vjo5 - 027 104 S

Yin(jo) =
Note that thisis equivalent to a0.2 S conductance (i.e. 5 Wresistance) in paralel with a2.5 mH inductance

(at the given frequency!). Now, the impedanceis.

1 .
4n=02-j0a 12w

Thisis equivalent to aresistance of 1 Win serieswith a2 mH inductance (at the given frequency).

Solution 10.33 The current is zero when the input impedance of the parallel combination of inductor and
capacitor isinfinite. The latter is given by:

1, .
j(l)_C joL L
Zic(jo) =7 =-j—C4
— +joL oL- —
joC oC
The magnitude of thisisinfinite whenw, L - &: =0 P 0)r2:|_—1c P, =15,811 rad/s. Observe that
VS

== =00
> R+Zic(jor)

16



Hence ig(t) = 0 ato, = 15,811 rad/s. At thisfrequency, the voltage acrossthe LC tank is equal to the input

voltage (since there is no drop across the resistor).

Solution 10.34 (a) By inspection:
2" jw04  jo0.8

4= 5 004 2+ 004
1 1 2.
Yo =2 +——=05- |2
R JoL
(b) Usethe current divider formula, and substitute the given frequency, to obtain:
R a2 .
L= R+j0)L‘/_2_ 2rjo D
and i) (t)= cos(5t - 45°) A.
. . o R joRC .
Solution 10.35 (a) Using voltage division, Vgt = = %)C Vi = mvm which

) oRGViy|
b BVgy =90°- ¢jp - tan H(©RC) and |V t|=7—
Oou n ou 1+w2R2C2

(b) For this part, we need to make sure that tan” {wRC) =45° b @RC=1 b ® =1/RC.
(c) At thisfrequency,

1
—RC
Vout | _ RC _ 71_
Vin 1 2.2 V2
\/“Rz—cz RC
1
. V joC 1 1
Solution 10.36 Here, ® =1/ RC and —C - 110) = - = - . Therefore

joC
1 (e}
Ve =157 Vin 0707y - 45

The time-domain function is

L )
ve () = 0.70MVp, cosZeR—C t- 45°V

17



Solution 10.37 (a) The magnitude of the capacitor voltage is 10/14.14 = 0.707 times the magnitude of the
input signal. We just showed in the above problem that

Ve 1 Vel _ 1

= [5) =
Vin 1+j10RC "~ |Vin| /1 +100R%C2

And we a so showed that theratio is 0.707 when the frequency is I/RC. So, C =1/(10R) = 0.01 F.
(b) Again, from the results of the previous problem, the angle is —45 degrees.

Solution 10.38 ® =1000 rad/sand |;, =2D45° A. Theequivaent admittanceis

Yeg(j®) = —; + jgﬁ)c ; w—ng= 0.25+ j(0.25- 0.25)=0.25 S

INnMATLAB
»Yeq=0.25
»lin = 2*exp(j* pi/4)
lin=

1.4142e+00 + 1.4142e+00i
»Vout =linfYeq
Vout =

5.6569e+00 + 5.6569e+00i
»abs(V out)
ans= 8
»angle(Vout)* 180/pi
ans= 4.5000e+01

»% Using Current Division
»IL = (1/(j* 1000* 4e-3)/Y eq)*lin
IL =
1.4142e+00 - 1.4142e+00i
»abs(IL)
ans= 2
»angle(IL)* 180/pi
ans= -45

18



Therefore, vt (t) = 8cos(1000t + 45%) V and i (t) = 2c0s(1000t - 45°) A.
(b) If w=618 rad/s, then

Yeq(®) = 711 - j0.405+ j0.1545=0.25- j0.25 =0.3536D - 45°

and
»Vout =linfYeq
Vout =
-3.4779e-04 + 5.6565e+00i
»abs(V out)
ans=

5.6565e+00
»angle(Vout)* 180/pi
ans=

9.0004e+01
»IL = lin* (1/(j*618* 4e-3))/Y eq
IL =

2.2882e+00 + 1.4069e-04i
»abs(IL)
ans=

2.2882e+00
»angle(IL)*180/pi
ans=

3.5228e-03

Therefore, Vgt (t) = 5.657c0s(1000t + 90°) = - 5.657sin(1000t) V and i (t) = 2.288cos(1000t) A.

Solution 10.39 Write the input phasor: ® =1000 rad/sand |, = 0.01,/2D 60°A.
»w =1000;
»lin = 0.01* sgrt(2)* exp(j* 60* pi/180)
lin=
7.0711e-03 + 1.2247e-02i
»Yeq = 1/500 +1/(j*w*0.25) +j*w*2e-6
Yeg=
2.0000e-03 - 2.0000e-03i
»Vin=lin/Yeq
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Vin=
-1.2941e+00 + 4.8296e+00i
»abs(Vin)
ans=
5
»angle(Vin)* 180/pi
ans=
1.0500e+02
» R =1lin*(1/500)/Y eq
IR =
-2.5882e-03 + 9.6593e-03i
»abs(IR)
ans=
1.0000e-02
»angle(IR)* 180/pi
ans=
1.0500e+02
»IL =1lin*(1/(j*w*0.25))/Y eq
IL =
1.9319e-02 + 5.1764e-03i
»abs(IL)
ans=
2.0000e-02
»angle(IL)*180/pi
ans=
1.5000e+01
»|C = lin*j*w* 2e-6/Y eq
IC=
-9.6593e-03 - 2.5882e-03i
»abs(1C)
ans=
1.0000e-02
»angle(1C)* 180/pi
ans=
-1.6500e+02

20



Therefore, vip, (t) =5cos(1000t- 105°) V, ic(t) = 0.01cos(1000t - 165°) A, iy (t) = 0.02cos(1000t +15°)

A, and ir(t) = 0.01cos(1000t +105°) A.

SOLUTION 10.40. w=4.Using voltagedivison

R 2
R+ —— + joL 2-4]+2]
joC

Converting back to time:

(-8j)=5.657D- 45°

Vout () = 5.657cos(4t - 45°) V

SOLUTION 10.41. w=25rad/s, V4=10D0° V. By voltagedivision,

Ve = Voo 25 10D0° = -2j =2B - 90°
10 + j0.08" 25- 1002, -
Thus, V¢ (t) = 2cos(25t- 90°) V.
|Vout| | 1 1 02
SOLUTION 10.42. =— =02 b 25=|3+j%B- —g‘ .
[Vin |3+18+%4C € 4c

.2
106 _ _ 1 _
ThusZ%- 2co =25-9P C=:=00625F.

SOLUTION 10.43. Here, » = 3.33" 10° rad/sand V;,, = 50D0° V. Using phasors,

4
Vg = 0 J * 50= 40D 36.807° VV
333 103" 10°©
and

100Vg/joC _ 100Vg

Vout = =- =3985D32.1° V
100+ L J1000C+1

joC
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Hence, Vg, (t) = 3985c05(3.33” 105t +32.1%) V.

SOLUTION 10.44. Here, = 10* rads, I, =0.01D0° A.

100" jw0.1

17100 + j00.1
Now, in MATLAB
»w=1e4; R=100;L =0.1;, C=0.1e-6;
»Z1 = R*j*w*L/(R+j*w*L)
Z1 = 9.9010e+01 + 9.9010e+00i
»lin=0.01;
»VL =Z1*lin
VL =9.9010e-01 + 9.9010e-02i
»Z2 =1U(1UR + j*w*C)
Z2 = 9.9010e+01 - 9.9010e+00i
»WC=2Z2*VL
VC = 9.9010e+01 + 1.7764e-15i
»abs(V C)
ans= 9.9010e+01
»angle(V C)* 180/pi
ans= 1.0280e-15

=1+j1000 b V| =Z1;,=001" Z, =0.01+ j10

Thus, v¢ (t) = 99cos(10000t) V.

SOLUTION 10.45. Here o = 40 rad/sand V;j, =120D0°. Thisproblem isbest donein MATLAB using
paralel impedance computation, voltage division, and Ohm'slaw for phasors:

»R1 = 500; R2 = 80;
»C=0.1e3,L = 2
»w =40; Vin = 120;
»Z1 = R1/(j*w*C)/(R1 + 1/(j*w*C))
Z1 = 1.0000e+02 - 2.0000e+02i
»Z2 = R2*|*w*L/(R2 + j*w*L)
Z2 = 4.0000e+01 + 4.0000e+01i
» Usevoltage division
»VC =Z1*Vin/(Z1+Z2)
VC = 1.2212e+02 - 3.1858e+01i
»abs(VC)
ans= 1.2621e+02
»angle(VV C)*180/pi
ans= -1.4621e+01
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» Use voltage division and Ohm's law for inductors
»WL = Z2*Vin/(Z1+Z2)

VL =-2.1239e+00 + 3.1858e+01i

»IL = VL/(*w*L)

IL =3.9823e-01 + 2.6549e-02i

»abs(IL)

ans= 3.9911e-01

»angle(IL)*180/pi

ans= 3.8141e+00

Therefore, v (t) = 126.21cos(40t - 14.621°) V and i (f) = 0.399c0s(40t + 3.814) A.

SOLUTION 10.46. Here o =40 rad/sand |, =0.120D0° A. Thisproblem is best solved using
MATLAB.

»w =40; lin=0.12,R=5;
»C=0.004; L =0.1;
»Y1=1UR+j*w*C

Y1 = 2.0000e-01 + 1.6000e-01i

»Y2 = IR + U(j*w*L)
Y2 = 2.0000e-01 - 2.5000e-01i

»% USING CURRENT DIVISION
»IL=1in*Y2/(Y1+Y2)

IL = 7.3171e-02 - 5.8537e-02i
»abs(IL)

ans= 9.3704e-02

»angle(IL)* 180/pi

ans= -3.8660e+01

»% AGAIN USING CURRENT DIVISION
SIC=liFYL(Y1+Y2)
IC = 4.6829e-02 + 5.8537¢-02i

»% USING OHM'S LAW FOR CAPACITORS
»VC =IC/(j*w*C)

VC = 3.6585e-01 - 2.9268e-01i

»abs(V C)

ans= 4.6852e-01

»angle(V C)* 180/pi

ans= -3.8660e+01

SOLUTION 10.47 Here, ® = 25 rad/sand | g =2D0° A. Now perform a source transformation. The
combination of current source in parallel with resistor is changed into a voltage source in series with the
sameresistor. Thevoltage sourcevaueis. Vg=1" Ig=2D0° V. Apply Ohm'slaw to obtain:

1= 250 =0.5+)0.5=0.707D45°

.=
2*}/1'25’ 0.02
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Hence, iy (t) = 0.707cos(25t + 45°) A.

SOLUTION 10.48 Apply asource transformation to obtain:

|+ 1.0625 F
h

0.5H ll':’

6. 0° (:*D

ED‘ 2 0

The impedance of the inductor branchisZ (j4) =2+ j4" 0.5=2+ j2 Wand

YL(i4) =

> (1j ) =0.25- j0.25 S. Now, the total admittance seen by the source:
L

. (. .
Yeq(i4) =5 +j0.25+Y (j4) =075 S

6D0°
0.75

ic(t) = 2cos(4t + 90°) = - 2sin(4t) A.

Thus, by inspection, V¢ = =8D0° Vand I =0.25D90°" 8D0°=2D90° A. Therefore

SOLUTION 10.49. Apply asource transformation to obtain:

2550”?@) =
- 10N j20 o -j2n

J
-3

Sl
~

|~

— =15 S. Thus,

Then, by inspection, Yeq(j500) = % + _1 +
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Ve = 2.?20 =1667/D0°V =V b I =1.667/j2=0.833D- 90° A

In the time-domain:
Ve (t) = 1.667cos(500t) Vandip (t) = O.833cos(500t- 90°) =0.833s n(500t) A.
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