Chapter 10 — Sinusoidal Steady-State Analysis

Exercises

Ex- 1031y T=2m/w=2m4

(b)  Vvleadsi by 30— (-70) =100

Ex. 10.3-2 _ o
vV = 3cosdt+4sin 4t = (3)2+4)2 cos(4t —tan 1%):3 cos(4t 53)

EX- 1033 1. scosst+12sn5t= 1/(-5)2+(12)2 cos%t (180 ﬂan‘l%ﬁzls cos(5t 412.6)
Ex. 10.4-1
. d
\ ) - KCL:is = v/R+CdV/
LS C= v Q+L = I—mcosmt
- ¢ RC C

Try v¢(t) = Acoswt +Bsinat & plug into above D.E.

O- wAsinut+ oBcos ob+%?C(Acos w+Bsin &) = LYY
C
. . R2CI
equating sinwt & cosut termsyields A = _ Ry and B = WRClpy
1+w?R3C? 1+w?R3C?
RI,, wR%Cl,,
M coswt + s
1+w?R2C? 1+w?R?C?

ve(t) = ~_Rlm cos[wt—tan‘l(uRC)]

V1+w?R?C?

Ove(t) = snot

Ex. 10.4-2 ' i

l0ws 2.0 < e rA

KVL: -=10+j3l +2 =0 joL =j3x1=j3
_ 10 1000° _ 10

2+j3  J13056.3 413
Oi(t) = l—Ocos(St 56.3")

V13

gl & 56.3°

Ex. 10.5-1 10

= 42471 = 3-j3
2.36¢! E—

255



Ex. 10.5-2 . j90
j32 32 _ 32 ol (0-11) _ 375 omj2L

-3+j8 854 854

Ex. 10.6-1
(@ | = 4cos(wt-80°) = Re{4e/*e71%}
01=4" =g g0
(b) i = 10cos(wt +20°) = Re{10e'e/?’}
0 1=10e% =10 20
(c) 1= 8sin(wt-20") = 8cos(ut-110") = 8Re{e!'e 1%}
Ol1=8 " =-g 110
Ex. 10.6-2

(@ V =103 140" = 10e7
0 v(t) = Re{10e 14} = 10cos(wt 140°)

(b) V = 80+j75 = 109.70043.2° = 109.7e/**%
Ov(t) = Re{109.7e"*% e/} = 109.7 cos(wt+43.2")

Ex. 10.6-3
cl
0.01 e
— d
0.0lav+ v =10c0s100t
+ (0.01)(j 100)V+V =10
10cos 100t A G) Q! 001F == v v=10 -0 48
1+j
v =7.071cos100t A
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Ex. 10.6-4 '
) .
[ v, = 40c0s100t = Ref4e!™']

10mH

I t
v KVL : i(t)+10x10‘3@+Lj i)t = ve
5 dt  5x1073J-=

=mF

Assumei(t) = Ae®" wherei is complex number to be determined
Plugging into D.E. yields
AEMOt L [AGIO0 4 (_jDp)al00 — AgO0t [} A = 4 _ 026l
1-j
0P = tan L = 45
1
i(t) = Re24/2e11®0t g% — Re{Z«/Eej(lOOt'Aso)} _ 2x/§COS(100t+45°)

Ex. 10.7-1
(@ v =Ri = 10(5c0s100t) = 50cos100t
® v=r9 - 001[5(-100)sin100t] = -5sin100t = 5cos(100t+90°)
dit -
© v= %Jidt - 103J'5c05100tdt= 50sin100t = 50cos(100t-90')

Ex.10.7-2 i = c% = 1010 °[100(~500)sin(500t+30 )]
= —0.58in(500t+30 ) = 0.58n(500t+210 ) = 0.5c08(500t+120 )
Ex. 10.7-3
From Figure Ex. 10.7 - 3 we get it =l,snwt ;1 =1, 90°'A

v(t) =V, coswt ; V =V,,00 V
i(t) = 1,,sint = I ,,cos(at—90")
The voltage leads the current by 90, O it is an inductor

0 Zgs L ﬁoozhggo"g
I I, 90 I
— — ° — Vm — Vm
adso Zgy =jol =@ 0090 O o= -"o L=—-" (H)
I'm ol
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Ex. 1081 Zg=8Q,Zc=———=—="—""-=-J24 Q,Z,,=j5(2=j10Q,

Z,=j5(4)=j20Qand Vs=50-90° V.

1 4 j4 _
Ex. 108275=8Q,Zc= ——=—=—1 = -

TR B kY

J

12
Z,=j3(@)=j12Qandls=4015° V.

J4 Q,ZL1=j3(2)=jGQ,

Ex 10.9-1

v ()= seiv =3ge
8+ 10

V, (w) =" qu 5¢ /% =568¢/%
Vo) j20-j2.4
V() =V, (w)-V,(«)=39¢ "% -568e 7%

=3.58¢e'"

Ex 10.9-2

(o)

(i6)

8+ j6

| V, (w) == 46 =19.2¢®

i — J12(_]4) j15 — —j75
\AQUS)) @4@J15 Vz(w)—m4e =24e

V(w)=V,(w)+V, () =14.4e7*
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Ex. 10.10-1

Voo V) KCL at V,; 4Vf’j‘2 + Vaj_l\(gb =1
- a o o
|LQ’ ‘1'11. _El:-n- " .5 L’h 0@ j12W « 4 j2V5- 28 j40
it J

Vb—Va , Vb P : _

KCLatVb. ~j10 +2+j4+.5[1L 90 = 0O0-(-2 j4¥, 2 j6)Vy 10 j20

(-20-j40) (442
. . _| (10+j20)  (2-j6) | _—200+j100 _ °

Using Cramer'srule Vg = @-12) (-4+j2)| ~ -80-j60 =/501296.5
(=2-j4)  (2]6)

Ova(t)=+5 cos (100t+296.5 )=+/5 cos (100t-63.5 )

Ex. 10.10-2

& + - 0 (10+j15)H 1017 20 1)

L [ ] ]

mw EIJ e k@ KvLal,: -j5I,+10(l, -1;) = -30F 90
O- 104 (16 j5),= j30 )

From Cramer'srule
20 -10
‘130 10—1'4 _ 200+j200
10+j15 -10 75+j100
-10 10—14
Now V, = (j15)l, = (15090°)(2268 813 242 82°
Ov, (tF  24v2cos(wt+82°)V

= 22637 81

1:

Ex. 10.10-3 -j50 JN0V b 30Q
730v(D) ) 10
I
Writing mesh equations: =

(10+j50)1,-10I,, =j30
-101, +(10-j20)I, +j20I ; =j50
j201,+(30-j10)I, =0
Solving these equations gives
I, = -087-j009, 1, = -132+j1.27, 1, =05+1.05
Then
V, = 10(1,-1,) = 1433 72" V
V, = V,+j50 = 36.6 083" V
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Ex 10.11-1

1= 8i1'io 5e7% =3.9¢'*
j
== 201 2924 5e71%° =5.68¢7!%
j20-j2

V,=V,-V, =39¢"'*" -5.68¢%
=3.58¢'"

. _8(j10) , -j24(j20)
" 8+j10 -j24+j20

=49+j12

Ex 10.11-2

()= seiw=ggeis
8+ j10

V,(w)=——— j2(_) 5¢ 1% =568 1%
VL) j20-j2.4
V(w)=V,(w)-V,(«) =39¢"* -5.68¢

=3.58e'¥
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00

(i6)

8+j6

* V,(w)= 4e'* =19.2e'%

‘ C2(-i4) s o i
VAQeS) @4@J15 Vz(w)‘wm%' =24¢”’

V(@) Vi 0) V. () 1006

Using superposition: v(t) = 3.58 cos (5t + 47°) + 14.4 cos( 3t - 22°)

Ex. 10.11-3

a) Turn off current source, use phasors with w = 10 rad/sec

~ 10010

]10— j10

KVL a: —10+5l, +j15l, +5(1-j)l, =0
10

10+j10

O iy(t) = 0.707cos(10t 45°) A

Zg = - = 5(1-))

= 07073 45

oI

b) Turn off voltage source, w= 0 rad/sec 10
5. Current divider 1, = ——3 = -2A

A 15
T'L = # é{gg_%}aﬂ

So by superposition i(t) = 0.707cos(10t—45 ) -2 A

Ex. 10121 @ = = = _31 —- =10° O w=1000rad/sec
LC  (1x107%)(1x107%) —_—

Ex. 10.12-2
Diagram drawn with relative magnitudes arbitrarily chosen Te */I s
\ o
o
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Ex.10.12-3  Two possible phasor diagrams for currents

) [Tel=1s = [Tec |
| * 43,
e = ot |65 (5 2=l
(2) el | AN
/ Ry = Etz_zi\_.)
T l=e ital=15

Nowif [l | = [I|=[lc] O |lcF 6 20= - 14 (impossble)
O fromcae (2) |l fF |Icf IO || 206 26

Ex. 10.14-1
7, = RXOGTIRD -y pos kg, x, = L = 1 = 1kQ
R2+X2 wC,  (1000)(107°)
0ze OO 11,4
1+1 2 2
Z, =R, =1kQ
D&: _ 2o -1 -1-j

Y/

s Zl %_]% )

Problems

Section 10-3: Sinusoidal Sour ces

P10.3-1

2 cos(6t +120°) +4 sin(6t —60°)
2 (cosBt cos120 —sinBt sin120")+4 (sin6t cosB0” —cosbt sin60’)
=2.46 cosBt+0.27 sinbt = 2.47 cos(6t—6.26")

@@ i)

(b) V(t) = 5v2 cosBt +10sin(8t +45')

= 52 cos8t +10[sin8t cos45 +cosBt sind5 |
= 10V/2 cosBt+5v/2 singt

v(t) = +/250 cos(8t —2656) = 5,10 sin(8t+634°)V
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P10.3-2

P10.3-4

P10.3-5

a)

27
w = 2nf= 2 = / = 6283rad/sec
T= o3 /
V(t) = Viy sin(wt+¢@) = 100 sin(6283t+ ¢)
v(0)=10=100snp 0 @=sn 0.3 6

So V(t) = 100 sin(6283t+6 )V

_ 12001t
21 21

= 600Hz

i(2x107%) = 300c0s(1200m(2x1073) +55°) = 3 cos(2.4 TE+55 )

but 2.4n><(180 ] = 432"
Tt

Soi(2x107%) = 300 cos(432° +55) = 300 cos(127°) = -1805mA

20
’ \
=
E 4
=
=
-0
D 03 06 08 12
Tima [saconds)
A =10 Y A=10
T = 3.9ms-0.6ms = 3.3ms

W= ZTH = 1900 rad/s

10 cos (6) = 0.870 8 = 30°
v(t) = 10cos (1900t+307) V

T= %(10.9ms—0.9ms) =5ms

W= T 1260 rad/s

10 cos () = 0.8701 6 = 30°
v(t) = 10cos (1260+30°) V
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Section 10-4:  Steady-State Response of an RL Circuit for a Sinusoidal Forcing Function

P10.4-1 i di
L—+R, = —-v.yieds — +120i = -400 cos 300t
dt dt
Tryi; = A cos 300t + B sin 300t
9t _ _300A sin 300t + 3008 cos 300t
dt

yields ~300A+120B =0 | A = —0.46
and  300B+120A =—400[ B~ 415

s0i(t) = —0.46 cos 300t —115 sin 300t = 1.24 cos (300t —68") A

P10.4-2

keL: —ig+Y+c® =00 M 500v =500 cos 1000t

2 dt dt
Try v; = A cos 1000t + B sin 1000t

avy
it

yields ~1000A45008=0] = A =02

and 1000B+500A =500 9 B=04

so v (t)=0.2 cos 1000t +0.4 sin 1000t=0.447 cos (1000t-63") V

= —1000A cos 1000t +1000B cos 1000t

P10.4-3 boos

i4s (4) (.05) = j(0.2)

Tiemy

126l 10045
I(w)

" 6000+j(0.2) 6000 =200 3)el® 0 i)=(2) cos (4t+45 ) mA

Section 10.5:  Complex Exponential Forcing Function
a Complex Numbers

P10.5-1 . . . .
(50369) (1= 531) 506+ 162° _ 10 162 _, o o
(4+]3)(6-8) 10-j5 B3 2656 —
P10.5-2
o |:| ° D o o
s 8187 & 3+ N2E B 0o 5 gigr 4 3 3% 3687
B  s5/23 8138

=53 8187 (448 j3.36) =& 8187 (36 36.87 )=P8 +45 = 14/2 j14/2
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P10.5-3 A'C ~ (3—]7)5€_j2'3
B - 6eild

= 065-6.31

PIOS4  (60120') ¢ 4 j3+2¢™5)% - 121 j21.3

0 a=-121and b=-213

P10.5-5 't _1( 3—b)
. jtan 7| —
a Ae®=-4+j@3-b)=44*+3-b)?e ~

120 = tan‘1(3_b

j O b= 3+4+tan(120°) = 393

A =42 +(3-b)% = 42 +(3-(-393)? =800
b) -4+8coB+j(b+8snB) = 3e1P = -15-j2.6
-4+8co = -15 O & cos'l% = 72
b+8sn(72") = -26 0 b - 102

c) -10+j2a = Ae'® = Acos60 —jAsn60°

A= 10 - pp a= T209N€0 _ g6

cos 60’ 2 -

b) Response of acircuit

P10.5-6 o . - _
Zg = 100, Z, = j(10")1x107%) =j10,000,Z, = ————— = - 10,000
(107)(10x10712)
I(w) = Vs = 010090 = 00010]90°
Zg+Z, +Zc  100+] 10000~ 10000
i(t) = 1cos(wt+90°) mA, w= 10" rad/sec.
P10.5-7 .
Z, = j(25x10°)(160 x10°®) = 4000 s B
—J - m Ljalq’ﬁ
Z, = = -j 0.004 el
LT (25x10%)(10x100) & I

Z,11Z.=-}0.004

(w) = Voo o 2008 s
Zn+Z.  200-j0.004

i(t) = 0.1 cos(wt+45 ) A
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Section 10-6:  The Phasor Concept

P10.6-1 phasor ckt: Z, = R=300, Z, = jw_ =j(1x10°)Lx10 ") = j100
L= —jio
(1x105)(0.1x10~6)

Z —_— _j
Cc T){
KCL- V+V+V -

+ ZL ZR ZC
3&@'“ :ﬂj‘ S Y % yidlds V(c) = 1.50160°
mh + 1 0 v(t) = 1.5 cos (wt+60") V, w= 10° rad/sec

jooL = j(1000)(500 %10 %) = j500
-j303, I (w) = 25x1073F 120°'A = 25+ 120'mA

P10&-2 7 =R =6800, 7, =

_ i i _

Zo =+ =
wC  (1000)(3.3x10°°)
b _ l,(w) = (;CJIS
Z; = Z,+Z, = (680 +j500) + (—j303)

i EXA

IL(w) = 71308 (25E+ 120°)=
680+j197
s0 i(t) = 10.7 cos (1000t +134") mA

M = 1070+ 226'= 107) 134°
708016

P10.6-3 _ _
- - = - 16000

Convert to phasor circuit:  Zp = R; Zg = =
wC  (500)(0.125x107°)

wWOOCD

+ Vg = 203+ 90°
V()  voltage divider

(16000[-)— 90")(15L 90°) ]
. = 1250+ 141
256120F 39

—j16000 (2|} 900):
20000~ j 16000
s0 v(t) = 1.25 cos (500t—141) V

V(w) = [
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Section 10-7: Phasor Relationshipsfor R, L, and C Elements

P107-1 (a) Rotate45 0 | = 6+j8 = 10 53.1
subtract 45
I'=1008.1 = 7W/2 jW2

(b) Rotate90’ O | = 10 53.1
add 90°
I' =1001431 = 8 6

P10.7-2 (@ v, = 3060 = 15 j2598

V, = 83 225'= 7.39% j3.061
OW V7 889t j0.463 =890 298
0 w v, =890cos(2t 2.98)

(b) v, = 2J2cos(4t-90") O V= 24 90= - 242
V, =10030= 5/3 j5
OV V& 5/3 j(5 2J2)= 898 141
0w vy 893cog4t+14.1)

P10.7-3 = 2A +5B is pureimaginary and on the '+' imaginary axis
0 2A|sin6= 5B sin(75- 6)
2(5v2)sin6 = 5B sin(75 ~6)

- 2A
I5-o &

= 20[sin75 cosB—cos75 sin)
0 tne 9" -3 pe=s5
+C0S75
i

OA =5/2045 and B= 90 +(75 453 @ 120

P10.7-4
@ v=15 cos(400t+30°)
i =3sin(400t+30 ) = 3 cos (400t—60 )
Ov leadsi by QODD element is an inductor
Vpesk _ 15

- — =5=wL=400L O = 0.0125H=125mH

Now |Z| | =
|peak 3

(b)  ileadsvby90 O capacitor

|Z|:Vped(:§:4:i: 1
ek 2 wC 900C

0 C=277.77uF
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() v=20cos(250t +60)
i =5sin(250t+150")=5 cos (250t +60°)
Sincev & i arein phase 0 element isaresistor

OR=_pec 20

4Q
lpek O

P10.7-5
For algebraic addition, the rectangular form is convenient,
V, = 150 cos(-30") +j150sin(-30°) = 130 —j75V
V, = 200c0s60 +j200sin60” = 100+j173 V
By the rules for equality and addition
V = V,+V, = 230+j98 = 2500123.1 V
Thus v(t) = v, (t)+V,(t) = 250 cos (377t+23.1°) V

Section 10-8: Impedance and Admittance

P10.8-1 w=271 = 27(10x10%) = 62830 rad/sec
Zs =R =36Q Y -1 —oomss
36
Z, =jwlL =j(62830)(160x107°%) =j10Q Y, = zi =-01j S
L
Ze= L= - _jie0 Yo =1 =00625S
wC  (62830)(1x10°%) Zc

Yo = Yp =Yg +Y_ +Y; = 00278-j0.00375 S =0027 [®'

Ze = 1 -36509= 36~ j5860
qu
P10.8-2 v 10 Dag
Z=_=——5 = -50000- 155Q = 4532+ 2113j= R + jol
-l 2407 195
2113_ 2113

S0 R=4532Q and L= =106 mH

w  2x0°
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P10.8-3

i L R
- (RHwL IR
et e
0

' : .y 1
—i +(RHwl) R4 ETUL _Rﬁ

Z(w)=

o R 1ipo RL_RO 1o OR? 1o 100
_EE_JE%?_EOOL_EH_ C a)CBwL aCEFﬁ(AC?Ed ﬂ?
- - 2

R2+§w|_—wlcﬁ2 Rzﬁod_—@lm

So Z(w) will be purely resistive when

2 2

R, L[Q,L_ljz 00 w2 L [R]
wC C wC CL L

when R=6Q , C=22uF, and L=27 mH, then w=1278rad/s.

P10.84  w=27f =6283 rad/sec

R

z=7, + 2R ojg v 19C
R+Zc R+i
jC

becomes (after manipulation)

- R+j(wL-uR*C+ w’R2LC?)

1+(wRC)?

Set real part equal to 100Q to get C
_ R
1+(wRC)?

Set imaginary part of numerator equal to 0 to get L
L-R?’C+w?R?LC?*=0 O L=0.1587H

=100 O C=0.158uF

P10.8-5
w=27f = 6.28x10° rad/sec
Z, =jwlL=] (6.28x10°)(47x107°) =j 300

1](300+ 300)
jwC

Zgy=Z:N(Zg +ZL)=L = 590.7

——+300+j300
joC
300+300j
1+300jwC-300uC
or 590.7 - (590.7)(300wC) +(590.7)(300C) = 300+j300
equating imaginary terms
(590.7)(300wC) =300 O C=0.27nF

Rearranging 590.7 =
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Section 10-9: Kirchhoff’s Laws Using Phasors

P10.9-1
— 32— 22—,
LA'aY,

‘ 3 T4 -3 4 ,
— T Jg’_“x J _

L‘Jlm&p

(8 Z,=3+j4=50531  Z7 8 j8=8J23 45

(b) Total impedance=2, +Z, = 3+j4+8 -j8=11-j4 =11.73 20.0°

(©) ’ .
_10000° _ 100  _100 .o

Z,+Z, 1173 200 117
O i(t) = 8.55 cos (1250t+20.0°) A

P10.9-2 .
I Using voltage divider

N

1
) . . Mo gler oy 10 =2omo°(loJ
Vg = Zofe é@ﬂﬁuﬂ- e 77 10-j10 10723 45

o = 0v2045
Ovyo(t) = 10v/2 cos (100t+45') V
P10.9-3 I - 160 00
7 ~  (~1326) (300+j37.7)
@ L Vet (
. . J— & -j1326 + 300+ 37.7
lLite 5" ﬂ_ Y .
2313 43 _ 16000 - 0s3089°
303[# 59
0 i(t) = 0.53 cos (120t +5.97) A
(b) | = 16000°
_J_ fo'a ) ~ (-}199)(300+j251)
e cd R ] ~{199+300+]251
-4 149 I Jesi 160000’
- — - =06250599
2563 59.9
[ i(t)=0.625 cos (800mt+59.9°) A
P10.9-4 _
- | #1 V,=2030
. 2030 o
s 42 | = ——— = 185[F 263
\fg, -1 S 6+j12+3/j
T O i(t) = 0.185cos (4 263) A
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P10.9-5

il

I$ KO S

]'J,LD _.{25 20+j15

j15= j(2m [796)(3 M0 %)

= 048 +

37

i(t) = 0.48 cos (21796t — 37")

P10.9-6 7
current divider | = Ly zZ,=R=82, =jwL =j3L
| =B 5187, I,= 23 15
SOL_BE-5187° _z _ 8 _ 800
. 2315 247, 8L gig)? Dtan—l[?’l-]
8
Set angles and magnitude equal
(3L
angles. +36.87 = +tan""| — |0 L=2H
8
. 8 B
magnitudee ——— = — 0O B 16
V64+9L 2 2
P10.9-7
3.05/ -77° 1.72 / —69°
— —
(000 I
j2L -j4 +
24 a2 6 v j6
3.05/ -77° 1.72 / —69°
— —
(000 I
j2L -j4 4
24 a2 v | | 424/ 450

The voltage V can be calculated using Ohm's Law.
V = (1.72 0-69) (4.24 455 7.29 -24
The current | can be calculated using KCL.
| =(3.050-77)-(1.72 -68) 1.84 -87
Using KVL to calculate the voltage across the inductor and then Ohm's Law gives:
| = 24-4(1.340-87)

o E 4
3.050-77
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Section 10-10: Node Voltage and Mesh Current Analysis Using Phasors
(a) Node Voltage Analysis

P10.10-1  Draw phasor circuit and use noda analysis V (Va-Ve)
KCLaV, : -2+ Va/ +(Va CAS -0

O @ )V 2vg j20 (@)
KCL at V. : MVeVa) . Ve _(14j)=0
i5 -j4
O 4V V= 20 j20 2
Using Cramer'srule
(2+)) j200‘
4  20-j2 —j } .
V, = ' J _ 60 1190 _ 11660 5% - 1163 647 V
2+j)) -2 10+]j 4101 057
4 1
P10.10-2 -
keLay: V1O, V.V, V
150 -j125 j80 250

0 V =576 229

100V _ e67- 384 0220°= 3473 255

0ls =,
S 150
-'T' V °
le = —— = 046101129
1253 90
I, = Vo705 671
800190
V o
lg = — = 023001229
250

P10.10-3

KCL atV, : s+ V1 V17V
10 -j5 5+j2

O @ j2vv 3® j2Vve 10V, (D

KCLa Vv, Y2 Vige Y2 g
2 B5+j2 8+j3

0@ j3VE (18 [5)V4 (34 j31) )
dsoV, = 4 = 43045) = 120 45 62 j6v2  (3)

Plugging | and (3) into (2) yields
(8+j3)V, = 7424+ 290.62

= SO0 asipssa= 203 j288
85401206
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Now plugging V; and V, into (1) yields
(5+j2)V, = —209.4+]j 4731
517.401139°

~ =0610921 V
53801218

§

P10.10-4

KCLav, Ya+Ya™Vb _ g 1)

L2.L0° 200  j100
) V-V, Vv,  V-12
KCL at V,;: &+ + =0
j100 -j50  j80

(2) into (1) yieldsV, =221+ 144’ 0Vvz (1/4) Vg 3/2 @)
andfrom(2)  V, = 0553 144- 15= 197+ 171
O v, (t) = 1.97 cos (5000t 171°)V

v, (t) = 2.21 cos (4000t—-144")V

P10.10-5
t.n_. Vs KCL at V,:
V, .V,  V,-j20 .
+—0 4 = 6000
34 6 Lo° 4+j3 3-ja 1
‘ 3k - T OVs 1631 715 V
V,(t) = 16.31 cos (10°t+715) V
P10.10-6 .
J_ A ! w=10* rad/s
] . |, = 20053
KCL at & (1 M ija +(—1ij =2005313 (1)
20 40 60 40

(1 1 . j
KCLath: | —— [V, ———L+ |V V. =0 2
( 40) a (40 40 80) b 40 @)

j 1. ] _
KCLatc -V + —+2|v.=0 3
Csob(zloso)c @

Solving (1) - (3) simultaneously for V,
V,=+/2[2400045 ; thus v, (t) = 339.4 cos (wt+45 )
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P10.10-7

C
R R Vy =sin(2m[400t), w=2 1400
v + a A R=100Q
X L =40mH
LE Ls L s=40mH, door opened
= 60mH, door closed

with the door open - \VA —VB\ = 0 since bridge circuit is balanced

with the door closed — Z =j(80077)(0.04)=j100.5Q
Z, _=}(8007)(0.06)=j150.8Q
using nodal analysis

VB_VC+ VB :0 D VE 11005

node B: _—
Z, j100.5+100

C

for VegVx|=L  Vg=0.7090144.86
Va=Vc,Va
LS

OVx Vg= .833 3355 .70D 44.86 = (.694+.460)—(.503+j0.500) = .191-j0.040

nodeA : =0 OVg 0833 3355 for ¥ |V 1

V, —Vg =0.195(3 11.83

P10.10-8

Vi —(-1+]) V1 ViV,

node V; : 0 @
2 2 -2
node V, : u+ L—IC =0 (2
-j2 -j2
dso:1o=2, = 2 T g ©)
-2]
Solving (1) through (3) yidlds V, =1 =2 & 135
1+j2

O v(t) = v,(t) =+/2 cos (40t 135) V

274



P10.10-9
V, =0.7571066.7°
V,; = 0606403 698

R Gl ¥ T s
é _FIL: A + FUsing: 1,=1,+l, 1,=03032 020.2°

FN -.?_l—l, - _
L ‘U - |2=@ yields | 1,=012673 184’
110 1,=0195036"
- V3
|3— -
_12

s0i,()=0.195 cos (2t+36°) A

(b): Mesh Current Analysis

P10.10-10
4 %01
+ . . .
Z24{60 y.  KVLloopl (4+j6)l,~j6l, = 12 +j1243 Q)
= 124] 1243 T" KVL loop2 - j6l, +(8+j2)l, = 0 ©
Using Cramer'sruleto solve |
= (12+)1203)(8412)  _pero5t 53 12 A
(4+]6)(8+j2)=(-6)(~6)
_ 16 o 6090 . .
from(2) 1,=——— (25029 F ——— (25029 F 182 105
@ 1, 8+J2( F @514( F
Now V, =j6(l,-1,)=(6090")(2.5] 29" 182 105)
=(6090) (2.7 113)
V, =1630787 V

andV,_ =-jdl, =(40- 90 )(1820105) = 7.28015 V

P10.10-11
N 3 _;-:T-*f Using voltage divider
» ¢ -:{I:f 4 V = lODOo[li;j:,Lfo}
[o}i=] v 4 J ooV W 3 leon J
_§ef - = 950+ 44

Now V, =-100(100V) = -959 x10* - 44= 95% 1010 1756
0 v, (t) =958 10* cos (10°t+175.6") V
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P10.10-12

Three mesh equations:  (1-j) 1, + ()1, + 0I5

2,

=10
iy =l #jl3 =0

Oy + jly+(1-j)13=j10

(1-j) 10 0
] 0 j
0 j10 (1-j) _10-j10

So I, =1~ : =— —~—=10
27lap ) o 1-]
[
0 i@
O i(t)=10cos10% A
P10.10-13

Using Cramer'srule

P10.10-14

2+j8
12+) 22.5
V=21,

0 v(t) = 6.45 cos (10°t + 44°) V

100030°

(2+4) -1
-1 (2+1j4)
-j4 -1
3.22500 44°

J'I
l

oIy w = 400 rad/sec
I,y gl "3 loa = Kok,

KVL: |75

I, -j100l, =375

KVL : —j 100l,+(100+j100)I, = O

)
@

Solving for |, yields |, =4.5+j1.5 O i,(t) = 4.74 18.4°A

-j4 1,1 |10030
(3+j4) | |1, 0
V, = 37500
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Section 10-11: Superposition, Thevenin and Norton Equivalents and Source
Transformations
(a) Superposition Principle

P10.11-1 Use superposition

Sar
. 2000
V, =12045 —  =3000 rad/sec
Y ® = 4000 rad/sec e Z, =j1500
=L (&)
3 1 Z,=j2000 ( 13 Slo.
J 500
=i 12095 aanpigma 1,2 V2= 990 _q5mis3ma

~Z;  3000+j2000 Z,  3000+j1500
i(t) = 3.3cos (4000 t+11.3")+1.5 cog(3000t +153") mA

P10.11-2  Usesuperposition

oo (o OO0
bee‘_,.
£oMES . .
o1
el AL SG o
s )
T* T(w)
I (w) = 1085 5166 x10° (45 "= 3 - o5mA
6000+j0.2 6000

i(t) =i(t) +i = (-0.166 cos (4t+45 ) + 0.5) mA
= [(0.166 cos (4t-135) +0.5)] mA

P10 yee superposition .
v, =5sn3t=5coq 3t -90'
Tolsd _ Lo
. [ ]
24 7't T =5 /-9
Note direction choice
JLD' 2) Jlo8)
: 1200 45 . : & 90 .

i) =i () —i (t)=2cos(4t+45 ) —0.833 cos (3t —90 ) mA
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Section 10-11 (b): Thévenin and Norton Equivalent Circuits

P10.11-4
Find V,
]J i e \ Using voltage divider c
e - 2p jfm v 5@ 3y 8080 )_cn 4y 8023 219
s34 oo Voo 80 + 80-j20 100036.90°
T = 423 219’V
Find Z (Kill volatage source) . I 40
B -j20)(80+ j80 o
) — T 0BT gog
-j20+80+80 B
.. have the equivalent circuit -
=l
P10.11-5
Find V,,
22 ‘ KCL attop: Yoe 2Voe _104 Ve =
2 Ve o . E'—l_— £ 10 -J5
e " 0 Vg - jl00% 1006 o0’V
Find | o
1, W00 foom 0 A
3 90
ZT—V#'C: 3 —103|:+ 90°0Q
I 10000
So have the equivaent circuit
Using voltage divider
V= voc[ 30 Jz —j@=33.13[+ 8366 V

{Eri— 30+7¢ 9-j
"fm% V&> gy = 3a13cos(200-8366') v
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P10.11-6

Find V, zv KVL loop I,: 600l, - j300(I, —I,) =9
boo 0 (600 j300)K j300l5 9 (1)
T: Irn V KVL loop 1,: =2V +300l,—-j300(l, -1;) =0
e’ é‘i 1 TJ?’C‘:’ 1% ® & adsov=-j300(,-I,)
034 @ j3)l7 0 @)

Using Cramer’srule for equations (1) and (2) O I3 0122 16
OVe 30017 3.7# 16"V

Find I rhvs
000 L - /. KVLloop I =2V -V =0 0 V=0
+ 1 T _ 900 _ .
@ :l_'*f TﬁT'bCD T 01 s 01500
- =)
)
So Z; =#=L£’1 516 =2473 16 Q
© .
P10.11-7
+
e (D). — 16 40 V = 100-j100=100 2 3+ 45
Zoto JLWCT J
. i—ﬁ -
E‘H-J
2000 . .
= (W2045= 2 1
%'N W 10N_B 450°
Also Y,y = 1100c+—+—_ j(100C +
ek oot
Equating the imaginary terms
1woc-Yy =1 0O c=YF
P10.11-8 3,1
V,. Nodeequation:
« T o a Yoo
[ % + Voo , Vor=(6+i8) _ 3( Vor=(6+i8) | _
_5“ J 'j 4 Y -j4 j2 2 j2
5 oc yields V. =3+j4=50531
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b | 4\% Ty Node equation:
_s _ . _ .
\V4 V,V.,V (§+18)_§{v (§+18>}=0
I vV 2 -4 j2 2 ]2
"-’-i"" , yiddsy = >14
v ® g2 o
.5 b
4 Toe
Vs = )
Thusl =V =St gzo Vee g 427125 45
2-j2 le 3+j4) ——
P10.11-9 Jwi )
Y, == +jwC
/i R p
r-) JI'-I-"I:-—"—' Z :i: 1 = R
"Y1 o+jac L+jwRC
%uu o e ——— R
— 2 1
Yl Now Z,y, = jool + R _RA-0LO+jul
1+jwRC 1+jwRC
with L=97.5nH, C=39pF, w=10° rad/sec
, _R(1-088)+]9.75_.962R+[9.75
IN— -
1+j0.0039R  1+j0.0039R
for R=25Q Z,, =2580165= 24.# j7.33Q
for R=50Q Z,, =4820043= 482 j0.36Q
P10.11-10
) 1 !
Y=GwhenY, +Y.=00or —+jwC=0
Zoka— InF g 39.LpH toc oL
o~ 1o~ -
JLC  2m/LC 2my39.6x1071°

Y

= .07998x10" Hz=800 KHz
(80 on the dial of the radio)
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P10.11-11 7, =50; |I] Ml 25 50
|z,| 50
asoz, = = = -j200
jwC  j(2000)(2.5x107°)
Il =M =100 _ o5
|z,| 200
and Z; = jwlL = j(2000)(50 x10%) =j100

Vel 50 _

o= 5= 1 =0

Since|l| isthe same for all three cases, Z,,, and Z,, must also be equal.
S0 |Z,+2Z,|7]Z, +2Z,|=Z, +Z4|

or (R+50)2+X2=R2 +(X -200)2=R? +X +100)?

which requires that (X —200) = (X +100)2 O X =50Q

Using thisin (R+50)2+(50)2 =R? +(-150)% 0 R=175Q

o Z,=175+j50Q and if V, =V, |00

we get V| =|l4]|Z, +Ry|=(0.5)[(175+50)* +(50)2]% =115.25V

Section 10-11: (c) Source Transformation

P10.11-12

34 - :
. _J_ uu_,_L LT zlz(_}z)ﬁ):ma 531
2 jaT 4 .jo 2 =1.44-j1.92
[S——
4y =
4 _
. 'Efr 'I..i-Lr _}_ LL— Ll
-7
gl ~j1’{" = =}T.1- T2 2

Z,=2, +j4=144+j208= 2530553

N2
. _L L I
2.€5ﬂ.‘l¢) _F:‘:Z 2
e

Z,=351+ 379= 277 j2.16
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O1=28% 784 73519_ 379
277-j2.16+2

(351B- 37.9")
(5.24[-1- 24.4")

| = 2.85[+ 784

=193 92" A
P10.11-13

0

\ r
u = . oy A
o1 2.!@@ o == ¥ v

J
| 1
-
] -H3 &
1oy &y
ﬂ |
G LOAE (D) o J ¢
(X011 Y @
T J/
_‘:"{..--—"
I:M:4D— 44’ mA; i(t)=4 cos (25000t 44°) mA
-4j+100+j4

Section 10-12: Phasor Diagrams

P10-12-1 T 2
,;:ﬂdj /\M} V=44 j3
Vi = 343 =5(1180" tan_l(gj
~V, =-4-j2 Vs Ve 4
Vs =-3+j3 T \ e N
P10.12-2

1o 10000°

s
T I = _
d—”‘f‘“ ! 10+j1-j10
L
{oll

0.74042°

Yk
Vg = Rl = 7.4042° Ve /
R~ - Vs
V, =2z, =(1090)0.78 42°) =014 132 : >
Ve = Zol = (103 90')(0.78 42°) = 74 48 i
Vg = 1000
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P10.12-3 | = 723 +36y/30(140- 90} 1441 216" 25 ¢
= 40.08-j24.23+250¢

= 46.83F 3115 +250¢

Clearly for |I| to be maxima, the above 2 terms must add in same direction (in phase) O ¢= 3115

Section 10-14: Phasor Circuits and the Operational Amplifier

P10.14-1
H(w)ZVO(w):—EH-m ||_j104gz_ -] zﬁe—jzzs
V,(w) g 1000 [ 1-j 2
010 _ ;.0 i
V. (w)=v2 O vV, e '2255& 10e ™12
(@) (4 B3
v, (t) =10 cos(1000t -225°) V
P10.14-2 ?3
A Ve—V
r —
R, Z5 |, l W= SRt @
Vi b hiZc =Vq 2
Teeal —(V. -
E, “ -+ (Vi-0) _ 1, 3)
l""rs P f:q ljﬂ RZ
+i I - Vi=Vo _ I, (4
Vo 1+R%Q2
Using equations (1) through (4) yields st = m
P10.14-3
K= The equations are:
ha,
Vi \> VC
Vi 1t 1 _
— =1 2
foall + R]_ 1 ( )
K, oo 0., g
2
‘_1:,._ — V]_F\:VO — |2 (4)
3
| oy, IR )
Solving these four equatlonsylelds\TS = jWCR, +1
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P10.14-4 1k — Y. ok
Equations:
VS_Vl - |1 (1) _(Vl_o) -
175 1000
Vit0 ) Vi=Vo _,
-j1.6 10K
Using equations (1) through (4) yields V, = 05F 89
or  Vo(t) = 0.5c08(wt—-89") mV
PSpice Problems
Circuit: —_
LH
. Vs
[ Y2 F T by iS
[ nput file:
Vs 1 0 ac
L2 1 2
R3 2 3
A 3 0
I's 3 0 ac
.ac lin 1 0.9549 0.9549 ; w =6
.print ac Im(L2) Ip(L2)
. END
Qut put ;.
FREQ | M L2) | P(L2)
9. 549E- 01 2. 339E+00 -2. 743E+01

Soi(t) = 2.34 cos(6t-27") A

w = 62832 rad/sec
= 2nf

Vg = 500 mV

Zc= -jl6

PR C)

2 (4

= 10cos(6t +45 ) V
= 2cos(6t +60°) A
10 45
1
3
83.3m
2 60
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SP 10-2
Circuit:

Vg
vg = 5cog(5t -30)V

I nput file:

Vs 1 0 ac 5 -30
L2 1 2 4

R3 2 3 12

A4 3 0 55.6m

.ac linl1 0.7958 0.7958 ; w=5
.print ac Vvm(2) VP (2)

. END

Qut put :
FREQ VM 2) VP (2)
7. 958E- 01 3.082E+00 - 1. 005E+02

S0 v, (t) = 3.08 cos(5t-100") V

SP 10-3 0]
Circuit:

Vg = 200cosut ug
is = 8cos(at+90")

® = 1000 rad/sec

(oM S

Note: The 100mQ resistor was added to provide the dc path to ground required by Spice. Since the resistanceis so
large, it has little effect on the solution cal cul ated.

I nput File:
Vi 1 0 ac 200
R2 1 2 20
R3 2 3 20
L4 3 0 40m
R5 2 4 40
C6 4 5 50u
|7 0 5 ac 8 90
R8 5 6 20
9 6 0 50u
RO 6 0 100VEG

.ac lin 1 159.15 159.15

.print ac Im(R5) |p(R5)

. END

CQut put :

FREQ I M R5) | P(R5)

1. 592E+02 1. 335E+00 -7.018E+01

Soi(t) = 1.34 cos(1000t-70) A
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SP 10-4

Vg = 4cosut
w =27t
21(1000) rad/sec

I nput file:
Vi

Cc2

R3

R4

R5

R6
Vdunmy
F7

R8

9

R10

ORARDRMROWWNNELE

.ac lin 1 1000 1000
.print ac Vm(5) VP (5)

Qut put :
VM 5) VP (5)
4. 245E+01 -8.472E+01

SP 10-5

Circuit: is = 2cos(3t+10 ) A

Vg = 3cos(2t+30°) V

[ nput file:

I's
Cc2
R3
L4
Vs

ONPFPEFLO
WWNOPR

.ac lin 1 0.4776 0.4776
.print ac Im(C2) |p(C2)

. END

Qut put :
FREQ I M C2)
4.776E-01  1.999E+00

0 ac 4 0
2 10n
0 20K
6 1000
0 100
4 100K
3 0
3 Vdumy 100
0 10K
5 20n
0 5K
So v(t) = 42.5 cos(wt -85 ) V
D 20@ v @
l Yz F Uy
Tl i)
ac 2 10
500m
2
4
ac 3 30
I P(C2) .
1. 706E+01 Soi(t) = 2cos(2t+17 ) A
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SP 10-6 —
Circuit: Yz Q @ @
Vg = bcos2t Yz H
ig = Scos2t ve == 12F  $VaH 12 (Pis
}i
T
= @
[ nput file:
Vs 1 0 ac 5 0
R2 1 2 500m
c3 2 0 500m
4 2 3 1
L5 2 3 500m
L6 3 0 250m
R7 3 0 1
I's 0 3 ac 5 0
.ac lin 1 0.3183 0.3183 ; w =2
.print ac vm(2) VP (2)
.print ac 1M R7) |p(R7)
. END
Out put :
FREQ VM 2) VP (2)
3.183E-01 2. 236E+00 -2.657E+01
FREQ | M R7) | P(R7) _ e
3.183E-01 4. 472E+00 6. 344E+01 SO Va(f) = 224 cos(2t-27 ) V
and i(t) = 4.47 cos(2t+63°) A
- 3000
SP 10-7 @ 500 @ t

i
Circuit:

Vg = 4c0s500t V ”sd 2 kQ

Loom S

?

See note on problem SP 10-3 for explanation.

287



I nput file:

Vs 1 0 ac 4 0
R2 5 2 500
R3 2 0 2K
07} 2 0 200n
vVdumy 1 5 0
H5 3 2 Vdunmy 300
R6 3 4 2K
cr 4 0 200n
R7 4 0 100MEG

.ac lin 1 795.8 ; w = 5000 rad/sec
.print ac Im(R2) | p(R2)

. END

Qut put :
FREQ I M R2) | P(R2)
7. 958E+02 4. 180E-03 3. 103E+01

S0 i(t) = 4.18 cos(500t+31) mA

SP 10-8 ')
Circuit: o + >

15 mH 6Q f = 60Hz
o
‘l( | @ 5Q @ Use 100" A test source

8 Q 400 uF Then z = ¥
T 100°

I nput file:

I's 0 ac
L2 1
R3 2
R4 1
R5 1
C6 3 400u
.ac lin 1 60 60 f = 60Hz

.print ac vm(1l) VP (1)

oo Ul

1
2
0
0
3
0

. END
Qut put :
FREQ VM 1) VP (1)
6. 000E+01 2. 784E+00 - 3. 831E+00
Z = L = 2783 4°Q
110 -
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SP 109 O 1@ 0iH @

Circuit: — .
it Vg = 120sin(wt+30)
1 uf f = 10kHz

velt)

-y

I nput file:
Vs

1 0 ac 120 - 60
R2 1 2 1000
L3 2 3 100m
(07) 3 0 1000n
.ac lin 1 10e3 10e3
.print ac ImMR2) |p(R2)
. END
Qut put :
FREQ | M R2) | P(R2)
1. 000E+04 1.891E-02 1. 409E+02

Soi(t) 18.9 cos(wt-141)YmMA

Verification Problems

VP 10-1 Generally, it is more convenient to divide complex numbersin polar form. Sometimes, asin this
case, it ismore convenient to do the division in rectangular form.

ExpressV;and V,as. V,; =—]20 and V, =20- ] 40

V, V,-V _i20 -j20-(20-j40
coLatnoder: 2-a-YaTVe _, =j20 Zj20-(20-j40) _, o, iy
10 j10 10 ]10
KCL at node 2:
V.-V, V, _V,0 -j20-(20-j40) 20-i i | o
1 V2 Vo oV "i207(207140) 20~ 140 5[5 200 (5 4 5) {5 ~ja) ~j6 =0
i10 10 fioA i10 10 H1o H

The currents calculated from V3 and V, satisfy KCL at both nodes, so it isvery likely that the V, and V, are
correct.
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VP 10-2
1,=0.390 039 and |, =0.284 1180

Generally, it is more convenient to multiply complex numbersin polar form.
Sometimes, asin this case, it is more convenient to do the multiplication in
rectangular form.

Expressl;andl,as: |, =0.305+)0.244 and | , = —0.284

KVL for mesh 1:

8(0.305+ j0.244) + j10(0.305 +j 0.244) —(=j 5) =j 10
Since KVL isnot satisfied for mesh 1, the mesh currents are not correct.

TJSAL @ j20

HereisaMATLAB filefor this problem:

% | npedance and phasors for Figure VP 10-2

Vs = -j*5;
Z1 = 8§;
Z2 = j*10;
Z3 = -j*2. 4,
Z4 = j*20;
% Mesh equations in matrix form
Z =1 Z1+Z2 0;
0 Z3+74 1;

V =] Vs;

-Vs ]
| = 2\V
abs(1)

angl e(1)*180/ 3. 14159

% Verify solution by obtaining the al gebraic sum of voltages for
% each mesh. KVL requires that both ML and M2 be zero.

ML = -Vs + Z1*1 (1) +Z2*1(1)
M = Vs + Z3*I(2) + Z4*1(2)
VP 10-3
V,=192068 and V,=24010% V
KCL at nodel:
192068 192 88 _ ..o
2 |6
@4 J15 KCL at node 2:
e
24D.105 +24]. 105 A5 O
-4 j12
The currents calculated from V; and V,, satisfy KCL
at both nodes, so it isvery likely that the V; and V,

are correct.
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HereisaMATLAB filefor this problem:

%

l's
Z1
Z2
Z3
Z4

%
Y

\Y

| npedance and phasors for Figure VP 10-3
4*exp(j *15*3. 14159/ 180) ;

1*1*6;
_j *4,
j*12;

Mesh equations in matrix form
= 1/z21 + 1/ 22 0;
0 1/23 + 1/ 24 ];

[ Is;
-ls 1;
= I

abs(V)
angl e(V) *180/ 3. 14159

% Verify solution by obtaining the algebraic sumof currents for

%

each node. KCL requires that both ML and M2 be zero.

ML = -Is + V(1)/Z21 + V(1)/Z2
M =1s + V(2)/Z3 + V(2)]Z4
VP 10-4

SoU R = T j 500
= _oyees

0 - Vo ()
+ T, T‘?IL =7 ’

=949 [+ 72= 306- j900Q

[00@1.1'

_ (3000)(~1000)
P~ 3000-j1000
Vg 100 0O

= - = - : = 020153 A
j500+Zp j500+300-j900 —

Now using current divider:

| = 1000 (020533 633+ 185mA
3000—}1000

=] 3000 (02058F 190 714" mA
3000~ 1000
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Design Problems

DP 10-1
[
i
. 1 R
o 2l jwC ~ 1+ jwCR,
W%,
R R
Rl Rg -z 2
Vo(w) __1+jwCR, _ R
Vi(w 1+ jwCR
@ V. o . (@) R j ,
| R
+ hc]
10 k() vo< 90 V, (w) — R, : ej (180—tan'1wCR2)
Vi(@) fi+(wCR,)

Vo () is specified to be 104° so CR, = M
V, (w) 1000
R
R
Vo (w) is specified to be 8 so R 8 0 —% 132.0nesetof vaues
V, (w) 25

J1+16 25 R,

that satisfies these two equationsis C = 0.2 uF, R, =1515 Q, R, =20k Q.

In this case the angle of =0.004 and the

magnitude of

DP 10-2
Ql R 1 = R2
. ?l jwC 1+ jwCR,
V) J‘iTc Ry &V () V,(w)  1+jwCR, K
T V, (w) R+ R, 1+ jwCR,
+ 1+ jwCR,
) R
where K = — 2 andR, = R R,
I?l + R2 R1 + RZ
V, (w) _ K ol oCR,
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V, (w) R R, _tan(76)

=0.004

In this case the angle of isspecified tobe-76°s0 CR, =C

V, (w) R,+R, 1000
. () 25
and the magnitude of is specified to be — so
V, (w) 12
K _25 R, o o
=— [0 0858 kK . One set of values that satisfies these two equationsis
Ji+1l6 12 R +R,

C=0.2uF, R =23.3kQ, R, =142kQ.

DP 10-3 JWLR, w L
R, Vo(w) . Rtjwl )
t Vi (w) R + JWLR, 1+ij
" "R t+jwlL R,
\VAQUS) Juw L R VoCoo)d R
| g ° where R, = R R
_ R +R,
i w L
— — o ., LO
Vv, (a)) _ R, eJ ?O—tan wFTpﬁ
V; (w)

V (w L +R tan(90-14
In this case the angle of °( ) is specified to be 14° so L. (Rl 2) = ( ) =0.1
V, (w) R, R R, 40
40L

. Vo(w) 25 R _25 L

and the magnitude of —— is specified to be — so =— [0 — 0.0322.0Oneset
V, (w) 8 Ji1+16 8 R,

of values that satisfies these two equationsis L =1H, R, =31 Q, R, =14.76 Q.
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DP 10-4 JWLR, . L

wi
1 i Vo(w): R, +jwlL _ J )
. V(@) g, JWLR L
V(b Al R, 2V (Lo R, +jwl Rp
| c @) R R
_ where R, = 2
. R +R,
- L
w— -1
V(@) R e
Vi (w) 1+D L o
= Re
| Vo(w) o
In this case the angle of is specified to be -14°. Thisrequires
v, (w)
L _L(R*R,) _tan(o0+14) _ .
R, R, R, 40 '
This condition cannot be satisfied with positive
DP 10-5 L
: el Rg &7 Y1=1/10 Use the fact that
lg o l L ZZ:%(»C Y,=juC admittances in parallel
_ addand V(3Y) =1
Z;=R+jul YS:%HJ.Q)L

SoV(Y;+Y,+Y3)=1g withv(t)= 80cos(1000t—-6) O ¥+ B 6
ig(t) =10cos100t Ok 10 O

Sohave 803 0 | & — 1 4 joc |=1000°
10 R+jwlL

0 R+10 100°LC+] (uwl+10uRC)=1.25R+j1.25 ch
Equate real part: 40-40w? LC=R (1)
Equateimaginary part: 40RC=L  (2)
Plugging (2) into (1) yidds R=40(1-4x10’RC?) «=1000 rad/sec
Nowtry R=20Q O 4 2d % 107(20)C?)
which yields C=2.5x10"°F=25 uF
0L=40 RC=0.02H=20mH
Now check8:Y; = 1/10 = 0.1
Y, = j0.25
Y, = 1/(20+j20) = .025-j.025
OY=Y,+Y,+Y, =125, s0V=YI,=(.125 0')@0 0)=025 0
06 =0" meetsthe design spec
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