Chapter 11: AC Steady State Power

Exercises:
Ex. 11.3-1
First calculatei(t) Z = 13+4( 12) 08+j14
Phasor circuit. — 4-j2
= 160603 Q
01 = Vs Loo = 438+ 603 A
z 160160.3

So i(t) = 4.38 cos (I0t - 60.3 ) A

Now p(t) = v(t)it) = (7cos 10t)(4.38 cos(I0t-60.3")) = %j&@os(eo.sﬁmos(zor -60.3" )H= 7.6 +15.3 cos (20t -60.3) W

NowV, =1(Z, =(438F+ 603 )(3)=13.17] 29.69 V

Ov, (t) = 13.12 cos (10t+29.69 )V

57.47

So P, (1) = v (L) = gls.lz cos (10t+29.69)(4.38cos(10t—60.3" )g = %os (29.69° +60.3")+cos (20t+29.69 —60.3" )D

p(t) = 28.7 cos (20t-30.6") W

Ex. 11.3-2
a)

Soig(t) = ﬂ —os(wt+9)A

The power into theresistoris Py (t) = v(t)@{t)= V,cos (wt+ G)Q/—mcos (at+ 6

2 2
=V cosz(a)t+9)—vm +Vm cos(2at+ 6)
R 2R

(b)  When the dement isan inductor, the current will lag the voltage by o)

. V_ V06V .
Z FjwL =090 sol=—= —M .= —T] 9 90
Z w090 wL

. Y . vV, 2 .
So R (t) =i(t)M(t) = —™ cos(wt+ 8-90 )W,.cos (t+ 6 =—M— cos [P a+2 6-90 H W
L () =i pr ( YW mcos (at+ 6) el %2 H

Pr 1t
Enl 4 s ) . PLft'}
ar | Vor
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Ex. 11.3-3
Z= /+] % l+]

100 2 .
tovg _ o000 _ 20 o 184
1+y21+1 V10

(@ Paree = plllV/cos6 = %(10£ jcos( 184°) = 300W

=VILR, —%( 20) = 20W

Ex. 11.3-4

- € . _ 10000° _ 10000° _ 10000
—_ = = = :
Z,+Z 6—-j8+2+jl16 2045
:w‘%) s RS 8R0S
= 8840+ 45

Now if Z, = R; +jX;, Z, =R, +jX,
then Pz;= Py :% max Rlz%(8.84)2(6) =234 W
Py = Pro = 1) 154 R, = 15(884)°(2) =781 W

Ex. 11.3-5

0<t<1l P)=v(t)@t)=2t(2=4W
0<t<15 P)=(2) () =4W
15<t<2 P)=(1) ()= 2W

B 1 ¢T B 1 1 15 2
= ?JOP(t)dt _ZUOM di+ | 4dt+] 2 dt}

_1 _
= 2[2+2+1]
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Ex. 11.3-6

Phasor circuit T 242 Ve Ve=500
DA 11
Ve, , . Z =2+ —+1+- | =264-j0.48 Q
Vg — e 4 L
T =268 5 103 Q
1=V - &‘,:lS?DlO.B"A
Z 2687 103

0p, = Ynlngosg = G)LED

cost 103)=4.6W
2 2

source
Now Py =Pg, =P, Where P, =1/21 % R;=1/2(1.87)? (2)=35W
Pro= U2 V2e, /R where Vg, =Vg—Vg, =148F 269°
S0Py, = 1(148)2 =11 W
2

Now with P.=P,_ =0
S0 P;=1.1+35=46 W

Ex. 114-1

gt = 1/1/Tj;i2(t) dt = \/:1%[.[02 (10)2dt+_[23(5)2dt} =866

Ex. 11.4-2
(@ i®=2cos3t0 Iy ='7mé£ 2Nz 2

(b) i(t) =cos (3t - ) )+cos (3t+60°)
Ol=F 9901 68 j+U2+ V342 .8 15

S0i(t) = 518 08 (3t-15") [ Iyr = 22 366

2

© | 2:(2)2+(3]2 0 I, =255
eff \/E \/E eff .

Use superposition

297



Ex. 11.4-3

+ L]

now since V1 & V3 have the same frequencies, can add them

V,+V, =500+ & 9¢ 5 B 58 310

V,= 500"V
V,= 25V (DC)
V,= 33 90V

SOVR () =V, +V, +V;=25 +5.83 cos (100t -310°) V

583

2
VR, = (2'5)2+(ﬁ) =2324

Ex. 11.5-1

Acos wt WV G_)

UVg= 482V
Reff

Mathcad analysis
Enter the parameters of the voltage source:

Enter thevaluesof R, L, and C: R:=10

The impedance seen by the voltage sourceis:
A

The mesh current is: Tz

The complex power delivered by the sourceis:

The complex power delivered to the resistor is:

The complex power delivered to the inductor is:

Verify Sy =Sr+ S:

Sr +S = 4.39+3.512i

L
A =12 w.=2
L:=4 C:=0.1
Z:=R+jlML

Sv: = IEGIZM) Sv = 439+ 3512
= Ry Sr = 439
2
Sl = @ S1 = 3512
Sv =4.39 + 3.512i
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Ex. 11.5-2

Acos wit WV

Mathcad analysis

Enter the parameters of the voltage source: A=12 w:=2
Enter thevaluesof R,L,andC: R:=10 L:=4 C=01
The impedance seen by the voltage sourceis: Z=R+j B+ 1
' j DT
The mesh current is: I:= %
. . 101Z) .
The complex power delivered by the sourceis: = > Sv = 6.606 + 1.982i
. o INR)
The complex power delivered to theresistoris:  Sr: = > Sr = 6.606

: . _ 1010 L :
The complex power delivered to the inductor is: SI: = % S1=>5.284i

1% ae)
The complex power delivered to the capacitor is: Sc= ]f Sc=-3.303i
Verify Sy=Sr+ 9 + Sc: Sr+ 9 + Sc = 6.606 + 1.982i Sv = 6.606 + 1.982i
Ex. 11.5-3
R
Acos wt V CD L
Mathcad analysis
Enter the parameters of the voltage source: A:=12 w =2
Enter the average and reactive power delivered to the RL circuit: P.=8 Q:=6

The complex power delivered to the RL circuitis: s =p+j @

2
The impedance seen by the voltage sourceis: Z:= L_
25
: - Im(2)
Calculate the required values of R and L R:=Re(2) L:= P R=576 L =216
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A

Themesh currentis: |: = >

. . 101Z) .
The complex power delivered by the sourceis: = ) Sv=8+6i

. L [[IIR)
The complex power delivered to the resistor is: i= > Sr=8
The complex power delivered to the inductor is: SI: = @ Sl = 6
VerifySy=Sr+ 9 : Sr+ Sl =8+6i Sv=28+6i
Ex. 11.6-1 B a (el \d _ -1 (377) (9)O_

PF=cos (0 Z) = cos Ean (ﬁ)@ =cos Ban 00 B 0.053

Ex.11.6-2 PF = cos(dZ) = cos {tan‘1 (z'ﬂ = CcoS [tan'1 (@)} =053
Zr 50

Assume lagging

(50)° +(80)°
50 tan (cos * 1)-80
0Z,= j111.25Q

0 X,= =-11125Q

Ex.116-3 P, =30+86=116
0 S;=Pr+jQp = 116+j51 = 126.71 23.7°
0 PRyay = C0s23.7 =0915

Ex. 11.6-4 P=VI cos®

I = P _ 4000 =443 A

Vcos  (110)(.82)

z=Y Ocos (.82) = 2480 34.9'= 2.03+] 1.42 = R+jX
I
To correct power factor to 0.95 have

2 2 2 2
X, = RZ+X @AM g
Rtan (cos pfc)-X  (2.03) tan (18.19°)-142
c=—1 -5 uF
WX,
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Ex. 11.7-1

(> _ 12 6 __ . jo
9 646 6+j6° 2°
M\l i(t)=2cos(3t-90) A
Y ‘
+ Z ' P = (2]26 =12
2 C— 16 2 )" T
b) . L
T Y
I . I :
I = 6121.8 =12¢ 1913 l, = -61?62 =1414e 15
i,(t) = 1.2 cos (4t -5313) i,(t) =14 cos(3t-135)

i(t)=i, (t)+i,(t) = 1.2 cos (4t — 53 )+1.4 cos (3t ~135 )

2
Eﬂ.ZDZ 01.4141

P=P+P, = = 6+~ =1 6=10.32W
172720 0 0 V20

Ex. 11.8-1  For maximum power, transfer Z, = Z; = 10-j14

E’{,— | = 100 e
- E:l— ~ (10+j14)(10-j14)
2
P = (%j Re(10- j14) =125 W

loo LD'(:‘Q o zf_[.[ lo-{ 14
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Ex. 11.8-2 WO s

If the station transmitsasigna in

o
TV 52 MHZ, then @ = 27f = 104 7x10° rad/sec
Ve lt) = 4toswSt my So the received signal is
r v4(t) = 4cos (10411 10°t) mV
Ziry
& If receiver has input impedance Z;, =300 Q
V=2 =30 402 =24mv
R+Z,  200+300
2
-3
p=lyz| 1 || 289071 o5 nw
2 (R, 2(300)
b) If tworeceiversarein parallel
Z,= (300)BO) _ 150
300+300
Vi, = Zin Vg= 150 (4x1073) =171x10° v
R+Z,,  200+150
Vi, 2[ 1| (171x107%)2
total P=—"" | — |=""—""72 =97nW  or 4.85nW to each set
2 |z, 2(150)
c) Need Z;, = R for max. power O need another R, in || with Z;,
0 RaB 5000 R 6000
R, +300
2 -3\2
SO P = Vim :wzlonw or 5nW to each set
27,  2(200)
Ex11.9-1
Coil voltages:
L+ V- V,=j241,+j161, =j40I
—= & () . . .
L O V,=]161,+]401,=]561

J84Q\ . +  Mesh equation:
Jj16 .0 + 24:V1+V2:j40| +j56| :j96|

+ / ‘
24 v () @ ANV, v =241

| 1
| - v0=v2=(156)§—12§:14

Vo =14 cos4t V

| ) 96 4
w .
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Ex 11.9-2

Ex 11.9-3

Coil voltages:
V,=j241,-j161, =8I

O V,=-j161,+)401, =241
+ Mesh equation:

24=V,+V,=|81 +j241 =]32|

v _24_ 3
132 4

- o030

o V0=V2=(124)Er125:18

Vo =18 cos 4t V

0=V, =j161,+j401,
40
Olz- 17251,
V,=V,=j241,+]161,
= j(24(-25) +16) 1 ,

o =-j44l,

O l,=1,-1,=(25-DI,

o]

=-351,

- ok ED: .
=-35 HJ 115 11.909

lo=21.909 cos (4t-90°) A
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Ex 11.9-4

IV, -
—= & (i) .
je4 )
JIER +
7
e4v<ﬁ> @ J40 N=f Vg

Ex. 11.10-1

It

+]3 |
I d +
ot
oI, ¥,
(model of ideal transformer)
KVL left ckt: (1+j3)l, +V,; =10 (1)
; -\
KVL right ckt: I, = %00_175 (2
(2 into(3) O I 2V, o M
100-j75 4-j3
. . . Vl -
Oplugginginto  (1)O0 (1+)3) +V;=10
4-j3
0w 1B 369
05 Vi oong
4-j3

3

0=V, =-j161,+j401,

40
ENES Elg 251,
V,=V,=j241,-]161,

= j (24(25)-16) 1 ,

= j441,
24 . 6
|2=._=_J—
44~ ‘11
c=1,-1,=(25-11,
=151,

= 0 'ED:—'
=15 EJ 115 10.818

iob=0.818cos(4t-90°) A

oy 15
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Ex. 11.10-2
v, =V, 0V LV,

do 1,=2l,

V2
S0z,=" :—é =17, =% 7= oms70

, 2, 4 4
7, = 5-j5+1(2+]0.2)=55-j4.95
4

=220 = 30 gegnaza
743 42
V, = I,[Z, = (5057°)(.68] 423 084 477 V

Soi,(t) = 0.68 cos (10t+42")A & v, (t) = 0.34 cos (10t+47.7°) V

V, (1) = nv,(t) = 068 cos (10t+47.7°) V

i, (1) = 10 ~ 34 cos (10t+42°) A
n

N Y
™ 2, 't 2,

23 iy T

Ex. 11.10-3

Z 1
=< Z,=—(Z+Z
4 3 nz( 2)

1
2= b2 h] - o2d)
Ny N3 4
1

Now Z,, =272,y =Z+Z; :Z+[Z+9(Z+ZD =4.062527
4 4 -
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Problems
Section 11-3: Instantaneous Power and Average Power

P.11.31 v
1= V+\_/ O V=16 43
J:J, 20" j63 -j16
! a2 a“’ 1=V =02 133
j63
=

P(t)=i (HV(H)=0.23(cos (277 [10°t ~133 )) x14.6 cos (2 7110t —43 )
=3.36 cos (2rm0°t-133") cos (2 M0t —43") =1.68 (cos (90 )+cos (4 1Dt <176 )) =1.68 cos (4 Dt 476 )

P.11.3-2

1400
ANV,

T .
600 BlEe o= -0

1800 j 2400

Using current divider =4 5[5/ 81 mA
9 V55 %800—,2400+600[] %

0 Rsoog 12 [I|2608 300(25)(5/25 1.878 10%uw 18.75mW

Pource = YN \0036——(600)(5\/7) 445) cos(-8.1 ) = 2.140%W = 21mW

1k-ﬂ- T x"£‘>‘ I‘: "KCL at 5l alx
- i J2 _J5

=% ka :
e T 1 Tx '"FI;J 01z %@L 266
—
e P '%JB:%/-DGM", IZ Ik 1= 1mA

(@) Prncp source = (411, )00(0") =35(4)(1) = 2mw
(b) I:’dep. source — %(/2 Xmax) 2max )COS(QO ) = Q
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P.11.3-4 o 2T e Vv
1l
oo g @F’wzng“ e lo
I, Ty
-

201y ~100 201y -V _ . _
KOLa20ly : =210 +1y + =2~ =00 Ix (20 j15) V= j50 (1)

V=20l Vo . o
KCLatV: —5 3y *+19 =0 O Ixt 48 j30) V¢ 2 ))=0

Using Cramer'srule
o= US0@-p) _50BO634T _, ;s
(40-j30) —(20-j15)(2 -J) 2501531

0 Pwve Ylix[ (20r 10(2\/3)2: 200w

P.11.3-5

4 V . KCL a V: (V._16)+X—(2+j2):o
L4 ja4 8
i @, ¢ % 2T Ms° 0 V=167 184
A == =t |=(16_V%4=J3_2[+ 1166’

(16\/% )2

2
oy ML _
U PAVE 80" }/2 3 -%—8— 6.4 W absorbed

P = - Yv|(242) cos 6= - % (1@/%)(2&) cos (266°) = 4128 W absorbed

AVE source current
|:)AVE inductor ~ 0
PAVE Voltage source= —1/ 2(16)|I| cos8 = -1/ 2(16)(v/3.2) cos( —116.6°): 6.4 W absorbed
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P11.3-6 -

1
. 3 I
m%) v lm a

——
-

KCLatv,: —20+-2 Vit (B/2Vy
10 15-j20
0 V, =50J5% 266
0=t . SPh 5B nae
15-j20 250+ 5310

0

2 2
V.
Paveson =2 M 22 B _ o6 v e
2 10 2 10

1 1 o
IDAVE current source — _E |V|(20) cos = _E (50\/5)(20) Cos (_26-6 )

= —-1000 W absorbed

Paveiso = %|'|2(15) = _%(5\/5)2 (15) = 937.5 W absorbed

1,,13 °
Pvetaesare = =l V3 c0s8= ~3(518) (755) cof 531)
= -5625 W absorbed
Pave = 0w
capacitor
P11.3-7
V, =4060°V
-)2k 1K Ve - V1:8D0°V
V’ JZ&K : 6 rad
w = 5x10° rad;

< oK

KVL: -4060- j21 + 181 + 8 & j20l +61=0 Note: | in mA

Solvingyidlds| =0.231 - 67° mA

2

-3

Then Py exq = %|I|2R = [%J (6x10%) = 160uW absorbed
_2TTuW

" delivered

aveV, —

R = %M I cosB = %(4) (0.231><10_3) cos(—67 —60°)
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P11.3-8 200 (200 o
- (j200) _ 200 090" _ 200 e

200(1+]) 2 045 42

1= 2900 g5 a5 = 20} - on0A
@D 45 200+ j200
V2

P=12R=(0.6)*(200)= 72W w=(72) (1) =72

Section 11-4: Effective Vaue of a Periodic Waveform

P11.4-1

a = 2-4cos2t
(Treat as two sources of differing frequency)

. [1,7,_ 2
2A source: g = TI|m ?J- (2) dt=2
— 00 (o]

4 cos 2t source: | 4 :%/E

2
0 lg’toa=  (2)% (%} =12

O 1,5 lq V1Z 2J3A

(b) i :3cos(nt—90°) + /2 cos Tt

| =33 90+ 21 0 = V2 j3= 38 648
0, 3%

ms E‘

235A

(© i = 2cos2t+ 442 cos (2t +45°) +12cos(2 t —90°)

200% 4/20 45 2 90 +# 4+j4 j12=10 531

lims = 1y\/§— 572 A

O
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P11.4-2

@ % O<t<4
-|3/(t-5) 4<t<5
I i
0
3 9<t<10
A(t—g)

;2o %_ J‘oT 21t = % 5’: @ﬁdﬁﬁ %(t—5)2 dt +J'910 %(t—g)zdtéz % é‘%ﬁ

® 0- %@ NEX O<t<6
%—3\/%+\/%t 6<t<12

frms = \/llzé‘g(\/%—\/%t)zdtﬂ%z(%\/% +\/%t)2dt§ =12

(kint0<t<m
() =
f (t) Ep m<t<2m

- g, O_ [1/-
frne = \/%go S|n2tdt+0§— %— %

P11.4-3 period = T= 4

O Vaes QDA @O0 4,

=218V

P11.4-4

a) v(t) =1+ co{%tj

Vg2 = Vpe? + Vo2
1T t|" (T

Vpe? = —Jldt = - = (——0)21
TJo T, \T

2
Vac = % O VgF ,fl% (%j = 1.225V

g f

ms
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PALS 1T,
b) sz d Irms: ?J‘O Iz(t)dt

1V 2 A? 51
s = ?Jo (A sint)“dt= ?J‘O 25(1—c052 o)t

2| pmi2 (T 2
= A [ dt —J./ZCOSZQ)tdt}= A

2T | Jo 0 4
SO s = AZ - é,whereA = 10 mA
4 2
SO I s = 5MA
P11.4-5

90t Osts< 1

V, = 190(0.2-t) .1st< .2
0 2 <t<3

vz = 1

fs .3U;(QOt)zdt+’['12[90(0.2—t)]2dt}

2 1 2
= 90|:J-0t2dt+‘[1(0.2—t)2dt}
3 '

2
_ 90{00&-001}:18
3L 3 3

ov_= Jis 424V

r

Section 11-5. Complex Power

P11.5-1
0 X = ¥ = - 11588 c=— 1 - oo9rF
wC (11.588)(2m)(60)
o——" N\ r—r ot r—o
R L
R= L:Z) = 2702:5_
= (2
cosf = P - 20 3846 0 6=674°
VI (2)(26)
reactive power : Q= VI sinB= (2) (26)sin67.4° = 48 VAR
but Q= 1°X,
_ Q48

- — X a
E T (2)2_19 0 L= %) 125 31.8mH
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P1L52 omproblemP11.5-1:  Sressr = 20+j0 VA
Scoil = 0+j48 VA

Z = R+jwl = 5+j12 = 13067.4°

For 26V source: | = v & = 20+ 674
Z 130674
0Se = VI'= (26)(2 6747) = B2 674" = 20+j48VA
delivered
(5]

Stod = Sresisor T Seoil tSey = 20+j48-20-j48= 0

P11.5-3 (4 ‘}7 B ) D |
AN If Poompiex =294 0531= 11400 0 )
. [z z:—} o\ % iy
From current divider: Il=(2+|)( 20_ J: 75‘_120 1
32+j8L ) 48+jl12L
Also from KVL: 1,(12+j8L) +1(14+j7) -40 =0
170+ 35
o ls — 2
T 72+j48L (2

Equating (1) & (2) (both real & imaginary parts) 0 L =2H

P11.5-4

KCLaV, : —5+V% +(V1_V2%2=om v e i} v= 10 (1)
KCL at Vo: (VZ"V%+ %vﬁv%sﬂ._ )70 OVt 4 B Va(ig) 0 (2)

Using Cramer'srule

80

= N - (16/3) 01269
(4-))-j8(1+))

V1
Ol=- Vs — Svivi@ ) j10= 2.68 126.9°

= TJgV1 Vg - SViVaE ) j10=266) 126,
OComplex power = S= /21 (~(1/8)V4) = 1/2 (2.6?;9 126.9°)£ (2/3p 36.9°)—: i8/9 VA

Now S=P+jQ=j 84 O P=0,Q=8/VAR
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P1155 '
2 JjRoL Zg = 16+]12=20036.87"

500120 .
o = 2= _=2508313 A
Softdo 200136.87
Vims s=VviI” = (500120 )(25 8313 |
= 125036.87° =100+{75 VA
P 11.5-6
~j2 o
< T KVL : (10+j20)l, =500~ j2I, (1)
- . I l .
i I, |[I, or (10+j20)l, +j2l,=500
o o .
o8 S{e” KCL: I,+1,=600 (2)
|0

Powersdelivered by sources — S:%VI[I
Sso =3(500°) 1,7 25641 (180 4478 - 160 1.1

Seop = E[5—1'2|2](6Do")= [5 j2(6.39+).5)]3 = 18.6- |38.3
2

= o+ . =20-i37.
Sggti?l/ered S TSeng =20-187.2VA

From (1) & (2) A=

10+j20 j2 ,
1 = 10+j18

= 0.630232°A =- 39 |5

1 512‘ _ 5-j12
L= -

N ‘6 1~ 10+j18
l,= 6-1, =6 +3.9+[.5=6.39 +].5=6.4104.47

Powers absorbed
Sig = —1o|| 2_— 63)° =20
20
S0 = i =40
1 :
S_JZQ-E —j2)I,* =i (6.42)% = H41.1

Stow =20-j37.1VA tonumerical accuracy Syy =Sy
absorbed T

313



P11.5-7 1
+ . @ V _ 100020°

- Z=—=""""_=4030'Q
Y = loo{2e = | 2500 10

—

Dr—

B P=27Ji|V|cosd = 3/(100)(25)c0s30 =1082.5W

© v= }é = 25+ 30= .2165 j.125
So to cancel phase, needtoadd Y, = j.125
= admittance of a capacitor

0 wC=.125
g C=1.25mF
P 11.5-8

V13 3y - °
KCL a top node: A—Avlﬂlo V) /2-]3) =0 O VF @ 369
_ V . o _ o
DIF Y= m3690 1= %/5 36.9
0 0 Al
0O complex power phasor for source = S=l 1rms Vrms:H}{/% 36.9 H# O [ES 369 VA

power factor = pf = cos(—36.9°): .8 leading

P11.5-9
VA(inrush) _ 1362

- = > =105730
1“(inrush)  (1135)

1) Inrush conditions  Z coil =

_ Wattginrush) _ 46.0
T 1 %(inrush)  (1.135)2

=72 -R? = (10573 ~(357)? =99510

L = X'— :ﬂ_OZMH

24 Emit ot 27(60)

=35.7Q

357 £

2) Sedl conditions : Z ., = Sed VA2 - %622 > =549.2Q
(Sedl 1)°  (0.2185)

_ Sedl watts _ 50
(Sedl 1)>  (02185)°

=104.73Q

coil —
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o473 2. X = J(549.2)2 -(104.73)* =53912Q
53012

= =143H
(.43 H 0
P 11.5-10 . .
R, = Sourceresistance = 3Q P_ = Lamp power consumption
R, = Lamp equivalent resistance [ = Power transfer efficiency
pr = Total power consumption
2 2 2
Pr = Vs (RL+Rg) = Ys R= Ys Ry
RL*+Rg R +Rg R *Rs
= - R
2
For incandescent : Py = 120° _ 7385W; P _[120) (192) =72.71 W
192+3 195
z = r2 =0.9

73.85

(120)? (120)?
For compact flourescent: Py = =17.98W; B =——[800=1787 W
800+3 (803)
. 1787 - 099
17.97

Although less power is delivered to the flourescent lamp, it has higher illumination and
power transfer efficiency.

Section 11.6: Power Factor

P11.6-1 For heating : Py, = 30kW

For motor : 8 = cos™(.6) =531, VI s =150 KVA
O Py,& 150c08531= 90kW
Q= 150sin53.1 =120kVAR
O total P;= 38 9& 120 kW

so for the plant: P,,, =120 kW
Q=0+120=120kVAR

0 S=120+j120=170 45
O pE cos45 =707

VI
Then the current in the plant is | = (V1) _ 170kvA

4kvVv 4kV

=425A
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P116-2

Load 1: P, = VI cos = (12kVA)(.7) =84kW
Q, = VI sin(cos™(7)) =12sin(45.6") =857KVAR

Load 2: P, = (10kVA)(8) =8kW
Q, = 10sin(cos™(8)) = 10sin(36.9") = 6.0kVAR

O Totd: S P= jQ~ 84 8 j(857+6.0)
= 16.4+(14.57 = 21.9041.6"

So pf; = 005(4]_60) =75, Pray =84kW, and

Vi, = 219kVA
To - s= Vv o | =25
-1
2(50Dcos 0.8)
Z ==
2000 @5 1 'Li' Ej 2000
=50136.9"
013 5 369 =4-j3A
Now I, = Ve o 2000 _op g31- 12 j1.6
6+j8 1000531
I, =1 —1, =4-j3-12 +j1.6=2.8 —j1.4=3.13F 266
nz=Ye Loozesgmze.e"g
I, 3133 266 —
P11.6-4
<L
-3 f =60 Hz
¥ o
So(o. kY Jen 1= 5000 2, 1g=50+ 369KA

(@  Pampec =S=2V17= 2(50000 |(8] 3695 500 369 MVA

(b)  Power factor = pf 2009(36.9°) = .8 lagging

()  Using Equation 11-25
8% +6°

= =-11588
~8tan(cos-1(.95)) -
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P116-5 Usngal rmsvaues

2
@ p=tr=M/ 0 ME BR= (500(20)
V| = 100w
0 Vs 100 0V

ms”

20~ °A

/_-10000° .=—i5A
j20 20000° )

Ol 5 j5=5/B 45 A

(0) 1g=1+1, =wherel =Y/, =10000
I =V

N (29120
. 20)(j20 .
Er= - Z,=-j20+————==10v2F 45 Q
v, J jie 22 ST N0 o2
i O circuit power factor = co:'{ 45} }/ leading
{ V2

(d) Because no average power gets dissipated in the capacitor or inductor, then

source 20Q
O |Vl cose 500w

500 _ 500 1oy

" i g

P11.6-6

V =10001160" V

| = 20190 A =- 197 j0.348

P, =232W, Q, =50 VARSs

S, =P +jQ, =232 +j50=55.12(165.1" VA
pf, = cos651" =422 lag

S, _ 55120651
s © 10000160°
1, =1-1, =-197 -j.348+.047 -.549=212 3 155 A

S, = V1,7 =(10001160")(212] 1559 212 45 150 j150

Now I,"” = = 0551+ 949, sol= 0550 949

-V

pf, = coy~45') = .707 leading
S=S, +S, =(232 +]50) +(150 ~150) =1732 100 = 200 [+ 30’
So total pf = cos(—30°) = .866 leading
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P11.6-7

S=P+jQ, 1 =1, V =4/2(120),cos0 =6

@ P=1vicosd= 1(120) (1) 2 (6) =509 W
2 2
=9 _ 678vAR sne=8
coso
s00=531
S=50.9+[67.8

(b) Withz=R+j67.8
2
p=tR o r=2 - _1mg0
2 12 12

2 0l 377(12)

P11.6-8

W

L™

v & T2,

L

Q, = V4l,sn6, =4800sin 31.8" = 2529 VAR
Q= Vlsn (cos‘1.75) =8080sin414° =5343 VAR

SoQ, =Q-Q, =5343-2529 =2814 VAR
Now P, = V,l,cosB, , Q, =V,l,sinb,

0 2 wer B o700 6, 31
P 4000
Apparent power load 2 =V, I, = P :@
cosB, 082

Power factor = cosB? = 082

:E £, trz, P, = V4!, cos@, =4800(85) =4080 W
O P= P+ P;s 4088 400G 808kwW

=4878 W
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P 11.6-9
12 etig| = L2V 14100

L g Beetei. VReb: 2, - 11

g = 1412045 = 10+(10Q

)
lao(e 3N IE'i::nmp _ (240)? 480
Tz, 9% 12,000
r

1) Now | g = iéimjgo =850 45 A, |1y~ % = 08300 A

| enge = 24220 =50000" A
From KCL: 1} = l,gig +! ange =56 -6 = 5630- 61 A

I = ~liamp ~ ! range =50831180° A

Iy =-l, -1, =792+ 49" A

2) Prerig = Irefri92 Rietrig = 1229W
Quetrig = lrefrig- = 7225 VAR
Now |3 = |V/|I| =(120)(85) =1020 VA
S=10200045 = 722+ j722 VA
Pamp = 100W, Q5 =0
Pror = 722 +100 +12,000 =12.82kW
Qror = 722+0+0 =722VAR
0 S=12,822 + j722=12.84kVAR 3.2°
pf = 005(3.2°) = 0.998

. Continued
30+j10 -20 -10-j10 | o 120010
3) Mesh equations: | —20 164 -144 lg | =|12000°
-10-j10 -144 158.8+j10|I.| |O

yieldsl, =543F 17'A
lg =513 02'A
lc =50000 A

THUS [Viao| = Riampll s = 1| =1441270- 86'F 1832V

Lamp will not last very long!
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P 11.6-10

a VI=220(7.6)=1672 VA

8=cos 'pf =380° 0 Q=VIsind=1030VAR

b) To restore the pf to 1.0, a capacitor is required to eliminate Q by introducing —Q, then

V2 (220)°
XC XC

0C= Yx = Xarrar = 565F

1030 = 0 X, = 47Q

© P=VlicosH whered =0
then 1317 = 220l
O | = 6.0A for corrected pf

“Notel = 7.6A for uncorrected pf

P11.6-11
First load: S, =P+Q=P(1+] tan (cos () =500(L+] tan 53.1 )=500+j677kVA
Second load: Sp=400+j600kVA
0 S=5,+S,=900+j1277kVA

Sgesred = P+ jP tan (cos™(.90))

P Sdesired

P - Joo

From vector diagram Sy, = S+Q
0908 j436=900+j1277+Q1 Q= j841VAR
V[ _ (1000)°
-j841  —jsal
0 Z= j1189= j/(377)C
So C=1/(1189)(377) = 2.20uF

Y . .
50?2_1841 O Z= 211189
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P11.6-12

(@

(b)

S=P+{Q=P+jP tan (cos * pf)=1000+j1000 tan (cos  .8)=1000+]750

Let V| =100000  rms
Then 1" =svy =200 7040475
100010

s 1=10-j7.5
Vi 10000 _ g 364" 64 jas
I 1253 369

0 V=[6.4+(200)(.024)+Z, )(1) = (12.8+9.6)(10~ j7.5)=20000  V

UZg

Need ZT_ = ZL”Znew :ﬁ
1 =y,
(6.4-j4.8)

T 1
64-j4.8 64+j48
S0Z,, = —j6.67Q

+Yoew

0 Yoo j.15

. 1 1
O need capacitor —= 6670 C=———= 0075uF
P wC (6.67)(200) —5“

P11.6-13

P 100

S=P+jQand |§=— g T125kVA

pf

SoQ=|g sin(cos™8) =125sin(369°) = 75k VAR

(@ pfof .95lagging

P=100kW, Q=P tan (36.9')=32.9 kVAR
0|9 (PP+Q%)™2 [(100% (329)%]"2 1053kVA
O released capacity=125 1053 19.7 kVA

(b) pfofl1.0

Need Q=0 O |§ # 100kVA
O _released =125 108 25kVA

(c) Rdative capacity required

Part (a): 75-32.9 = 421kVAR
Part (b): 75-0 = 75kVAR

(d) Corrected pf

.95 1.0
released | 19.7 kVA 25 kVA
capacity
required | 42.1kVAR | 75kVAR
reactive
capacity
ratio 012 U3
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P11.6-14 | = 02A I

f = 400 Hz t
of = 8leading 4V |

Y| = 1292 _g33ms
| vV 24
c M + cos'(8F 369

0 Y=8.33 36.9'=6.67+j5mS

11
G 667x107°

-3
510 7 _ 1 gguF
om(400) — —

sOR= =150Q O checks

B=wC or C=

P11.6-15

This example demonstrates that |oads can be specified either by kW or kVA. The procedureis as follows:

1) Combine loads and determine the overall P, +jQ,
2) Giventhat P;=P,_, determine the required Qg

3) Determine Q¢ =Q, —Qs (Note: assume f=60H,)
4) Determine C given Q. and V,
Foty B P +JQL = (45+45) +(21.8+20.5)
L% LY .
P 4 “f-ij Qc  Jioad Locedd. =90+)42.3 K\gg\
Tate T (4 = DR S0kWandQs - sn (cos™097)

=226 KVAR
S0 Q. =423-226 =19.7 KVAR

o Vo* _ (72x10%?

. —=2626Q 0O C=— L o 101pF
Q.  197x10 377 (2626) ——
P11.6-16
pf P QKVAR | OSOKVA) | OO
6lag 48 kW 64 80 160  load 1
96load | 24kw -7 25 50 load?2
72 kW 57 918 184  Total
Load 1:[S)| = 48‘2’\’ =80KVA, Q, =+/(80)2—(48)2 =64 kVAR
|I1|280 KVA _ e
500V

Load 2{5,|= 24‘;\éA =25KVA, Q, = —/(25)2 ~(24)? =7 since lead pf

9=y #IS,|” = V802 +252 =918 kVA
|||:w =184 total pf = 10T = 72 = 784

500 [Shor 918
Need correction Q. =-57 kVA

_ 3
c= R o PO g0
WV} 377(5007 ——
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Section 11-7: The Power Superposition Principle

P11.7-1
Use superposition since we have two different frequency sources.
First consider dc sources (w = 0)

el _aa 12 )
I, | s _14(12+2) S12A
z

0P avE 1TR=(12)*(2 288 W

Mally
e R
Consider w= 20 rad/s source
2 a4
{Tz
::;} JZ-E * -
=. . - -5
(za !_Jg jq_ “"E.E_I—"r J"'
-j60
Current divider 0 15 — 9168 — 2719 | = 25 gy56¢°
160 oiia| B
(12-j5)
OPuE 12 ||2|2 (2)=1/2(125)(2)=125 W
SO Pave = Piave t Prave =288+125=413W
P11.7-2
Use superposition since we have two different frequency sources
First consider w = 2000 rad/s source
I, = Using current divider
a 8
5(o _ﬁ% JE# 2 % 1
I, = = 9 0634
! i+8 /\/g
2 -j2
U P ave % ||1| & 20w
Next consider w = 8000 rad/s source
I
== -
. 8
- ;L_ =) = _[-_ . . ; -
d i - q ) = T-J 3% 3'5' =3 = -] i7
II E.}.S
i7

Current divider yields

2
U Pyave= %|'2| 8= 2W
S0 Pave = Piav *Poay = 22W
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P11.7-3

Use superpostion

w=0 1
T 2t I1=10(10)=1A i) = 0
e, P & 30 ;‘EL OV Opy e 13RE 12105 10W
Pr,av =OW
w=5
_jm
= 120/
' 148
4
> s 43 OOV
53T

KCL at top node (V, =101,)

—6l,+l,+l, -4 F 30+

KVL -10l,+(5-j2)l, =0

(101,-100140") _
j10

Solving (1) and (2) yields 1, =-056 [+ 64.3 A
|,=-104F 425 A

1 1
S0 Prav = *lmel =*(
2 2

1

56)°(10) =157 W

1 2
Pr,Av :? ngz 25(104) ®=27W

DPR = 10W 157 W= 1157 W

1
TOT

Pr, =0+27W=27W

TOT

P11.7-4
Use superpostion
w=10
-T
y I, Ft‘
I 4@? +
_ Ve
w=5
T
+
Vra
Vv
2 t
wiE Ve

0 D
@)

|1:ﬁ = 4D9 =028+j0.7A
Z 2-i5

V. =2l;=2(28+].7)=56+]14=151 (1682
1

V. =-j5l; =377 - 218 V
1
=220 9 _ 57 012
Z ~ 2-j10

Vg, =21,=2(577-j0.12)=1.15-j0.24
=1.173 118" V
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V. =-j10l,=59002583 V
2

S0 Vg (t) = 1.51 cos (10t+68.2")+1.17 cos (5t-118") V
V(t)=3.77 cos (10t-21.8") +5.9 cos (5t —2583") V

2 2
sovge”:[lm] +[117J =182 0 Vpg 135V

V2 V2
377 ? 59 ’

Véeff:[] _{J =2452 U Vg 495V
2 ) V2 -

Section 11-8: Maximum Power Transfer Theorem

P11.8-1

4000]|-j2000 = 800 — j1600
Z, =800+j1600

Z,
Zy

R=800Q

R+ j1000L =800+ j1600 [
L=16H

P11.8-2
Z, = 25,000-j50,000 = 20,000 - j10,000
Z, =Z,=20,000+10,000
R =20kQ

R+ jowlL =20,000+ j10,0000 4 100L=10,000
L=100H

The choicesyield |I| = 14mA and

2

-2

- [01410} (20K)=195mW
V2

Since the maximum power is >12 mW, then yes, we can deliver 12mW to the load.

P11.8-3
Z, =800+ {1600

R(u_x]:) R-jwR?C
=TI 7t g00-j1600
rR-J  1+(wRC)
wC

Equating the real parts gives

_ R _ 4000
" 1+(wRC)2  1+{(5000)(4000)C)2
0 C=0.1uF
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P11.8-4
Z, =400+ j800
Z, =2000 || -j1000=400-j800
Since Z, = Z, the average power delivered to the load is maximum and cannot be increased by
adjusting the value of the capacitance.
The voltage across the 2000Q resistor is

Vg 5 2L o5 j5 = 559¢716%4
Z,+Z,

2
So P= 559 1 7.8 mW isthe average power delivered to the 2000Q resistor.
J2 ) 2000 — —

P11.8-5

Notice that Z;,not Z,, is being adjusted .When Z, is fixed, then the average power delivered to the load is maximized
by choosing Z, = Z*. In contrast, when Z, isfixed, then the average power delivered to the load is maximized by
minimizing the real part of Z,. In this case, choose R = 0. Since no average power is dissipated by capacitors or
inductors, al of the average power provided by source is delivered to the load.

P11.8-6
Find Z (open current source)

2 KL {
i -JI‘? ji’/;;% T'ja/z = E;? ; il

(1-i2)(2+]6)

=223 449°kQ
T 1—12+2+J6 \/_—
Find V.
I L
Current divider O | = 5{} = 1+ 531 mA
£ - L) -+ N
st 1 I e (21 L+2+j4
- 0Ve= (2 j9)(1F <40 7161 53F) 2§10 185 v
Ohave
For maximum power transfer Z, = Z;
L
4oias L 3, OR jx 10°L=2 j2ko
mY R OR 2kQandL = 1mH
2
V 2
> (1/10)
Now P, =1/2 =12 =25 mw
Lmax ]/ Re(Z,_) ]/ ZkQ
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Here w = 4x10°s™, V, =10000°
ZT:(R)(jooL):(R—jooL)(R)(j(d_)
R+jal R2+(wlL)?
_ (@)°R , wlR?
RZ+(wL)? RZ+(cwL)?

9
& 7, =5000 - j20X10

So equating Z, = Z; yields:

2
w)’R 9 2
5000:L2 (1) & 20x10° _ wlR i 2)
R?+(cl) ®  R*+(wl)
Dividing (2) by (1) yields: %:4 x 10°
[(RIL)? +e?| 20x10°

From (2) we canwriteL = 5
w?*(R/L)

) [16><1o12 +16 xlolz] 20 x10°
) (16x1012)(16x1012)

OR & 10°l= 10kQ

= 25x10°H = 25mH

Thévenin Equivalent

tok

el
- -
v :{ j10kQ

1000= 7.070 45V
10kQ+j10kQ

, L _(10Q)(j10kR) __
WOk & T ke

_ " = 5000 + j5000Q
I

So we have

— — | SO0

A el

Toe0
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| = _rordas =0.7045 mA

(5+5-j5+5) kQ

P=12R =(0.7)?(5000) =2.5mW

P11.8-8 loar g 2AsmH - ~ — - Load.

For maximum power transfer, set R = zero, thenset X, = XfrH

! 1 = 40pF

OVwE ol orC=—= 5
w’L (103) (025) —

P =12 17000 =12 1 20V 100) = ar 3w
P11.8-9
L efthand circuit
' 1= —3ma
Lbld <k T 2kQ
T 501=15mA, V7 =150 V

Right-side equivalent circuit

a+
; 2000(150
v ok =10k Ve Vv _ 2000150)  _ 1950308y
] K< b 12,000~ 10,000
- . -
TogetZ; =0setV,=0thenl =0
_ 2(10- {10 :
7. = 2KQ(KQ-{10kQ) _2107J40) 1, _ g g1 55" ko
2kQ+10kQ-j10kQ  (12-10)
V. =19.2103 140V So
2(1805) V T
02 (53x107) (1805) 3
andP, = R= = 256 mW

2
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P11.8-10

a8 FindV,
w = 100 rad/sec
KVL: —10+5l +j10l -05V,, =0 (1)
dso: | = lo_TVOC (2)

Solving (1) & (2) yields V. = 80369'= 64 j48 V
Find I o,

l. = 1000 _ 2000°A

SC

5
I:b E VOC

I-‘.u:.- O0Z.r

32 +[24Q

ISC

So the Thévenin Equivalent circuit is

- k.
5% d.a412-4 .
(3 ] 'TJ Z, = Z3, = 32-j24Q for maximum power transfer
1%
b) ? R L L ¢
—F}>» = —wWere 0 —wW—{f—
» . 1
0 tiveloadwithR = 32Q & C = ———=  417mF
capacitive load wi 3 & (100) 24 m
_ vmf 84
P, = = = 25W
9 Pune 8R, 832 —
Section 11-9: Mutual Inductance
P11-9-1
a T'_b, M - KVL : Vg+ljal, +1joM +ljob, —1j M = 0
Ly La , \
LA 0 jo(lyg Ly 2M) :TS
b 4 | OLg =Lt Ly 2M
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P11.9-2

M
+ . - KCLattop: I+, = Ig
T VoL L adso: V = | jwl +l,juM
s ! ¢ V = Djol, +1juM
_ ,LL Iz 2JWby *14q)
Solving for 1, in (1) and plugging into (2) and (3)
— V_j(d-lls
I e 4
z jo(M-Ly) “

V = lhjwl, +Hlg-l;)jaM ®
Plugging (4) into (5)
v o Vit [je(l,-M)]

. +jwMl
jw(M-L,) °
Solving for theratio V/I ¢
A j L,L,-M?
A2
L, = LiL,—M
L,+L,—2M
P11.9-3
5= L ygeoy
; b1,
! .
T Jeo 00
loopl: -141400+ 2l# j40l~ j60l,= O 1

loop2: 2001,+j601,-j60l, =0 O I= (0.23 51)I, (2)
Plugging thisinto (1) yields |, = 4.17F 68°A

Plugging thisinto (2) yields 1, = 0.96(F 17°A

So iy(t) = 4.2 cos(100t-68") A

and i,(t) = 1.0cos(100t-17") A

P11.9-4 .
00 50y T
. +
O lold J Se0L  4p0nS v 2
Using Cramer'srule, I, = (10+5)(0)«~i50)10) , = 0.062029.7

(10+5) (400+j500) —(-j50)

oYz A0 4o 20(0.062) 2973 25 297
Vi 1000

w = 100 rad/sec

KVL 1,:(10+j5)I, —j501, = 10
KVL I, —j50l, +(400+j500)l, =1
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P11.9-5 s

w = 30 rad/sec lﬂ[le/

loopl: -10010- jSi# j9I+ j3,= 0 ()

loop2: 281,+j6l,+j3l,+j9l, —j3, =0 (2

Solving (1)+(2) yields I, = 0250161 and | ,= 255 86
butV =j 9(I,-1,) where I,-1, = 26 F 81,50V = 231 9
or v(t) = 23cos(30t + 9) V

P11.9-6

(@ Open-circuit

l,=00 I, =10 a i,(0)=10A

OW=12L,i,?(0) = % (:3) (10)? = 15J

(b) Short - circuit
KVLright loop:j6l, —j3I;, =00 I,= 21,

I, =1000° O 1,15 0O

DW= 2 Li2O+ L (© Miy(0)i(0)
W= 2 (04 (126 ~(6) (10O =0

(c) Connectedto 7Q
KVL right loop : (7 + j6)1, —j31, = 00 I, = 326 494
s0i, () = 3.25cos(5t + 49.4)
O i,(0) = 212A

Ow = %(.3) (10)2+% (1.2) (2.12)% (6) (10) (212) = 5.0J
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P11.9-7 v -
% lafﬂ
'L‘L‘L"-j . ( I
TSP TR 2

V(%) . 3
T QI J{’ T,

1

=V +j8l + j5(1; = 1,) —j6l; +j6(I; =1,) +j8l; = 0 (1)

3l +6(l;=11)=j51; = 0 )
FromEq. (2): 1, = (1.64027°) 1, (3)
FromEq. (1) : 1,(j18) +1,(-j1) = V; 4

Plugging Eq. (3) into (4) and solving yields

Vo

Z= =82+ = 84014°Q

Iy

P11.9-8

lo¢8

Vy = 6l —j2(1, = 1,) —j4l, = jal, —j2l,
3coils: |V, = j4(l,—1,)—j2l, +j2l, = j2I, —j2l,
Vy = 8l —jdl +j2(l -1,) = —j2l; +j6l,

meshl,:51, +V, +6(l, —1,) +V, = 1000
Substituting V,,V,, V5 into mesh equations

‘11+j6 10‘
-6-j4 0 ' .
I, = A O - 800 50008
11+j6 —6-—] 50 + j33
-6-j4 8+j3
NowV = -j5I, = 6.03 89.72°

O v(t) = 6sin(2= 89.7)V
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Section 11-10: The ldea Transformer

P11.10-1
275 .1 e— L2
* ¥
[afe nLY/ v ,
‘ k
- "i m‘JTS .‘d'rz
‘ z=7_+%2 = (2+j3+2%1P) _4q
S s 2 ) 25 B
o R00_ 10,
z 6
DZZD . o
OVE NO5E (9@ j3=18 369V
On“0
Now Vo= nV4=5 (103 36.9 ) =503 369 V
I1 2
d =21 =27
e
P11.10-2
(@ V, = (5x1073A)(10,000Q) = 50V

oMoV 0 o5
N, V, 50 5

1 1
b) Ry = SR, = —(10kQ) = 400Q
( ) ab n2 2 25( ) Al
© Iy = 0 _ 1. 0.025A =25mA
Ry, 400
P11.10-3

Z, = n—lzz2 =97, = 9(5-j8) =45-j72

From voltage division, voltage across Z, is:

V; = 807 50 %%%: 7448 733
[¥45-j72+30+) 20
0 the voltage across the secondary coil is:
V, =nV, = % 3 733= 2483 733
Then from voltage division again

 o-jso_ . (83 90°) .
Ve =Volp o = (2483 73.3) o 2A® 1053V
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P11.10-4 n=>5 27, = 200 =8 [ V1= 1—80(50)2 40V= 40 O

now V, =nV; = 200000V

P11.10-5
: - Jfﬁnﬁ?(.
® = 10 [ T~ P = ¥
Ve 2 2
) joL .
Ve Cﬂ For maximum power transfer, need 17 = J160kQ
n
ands—zz0 =800 2
If n =2, thenwL = 640kQ "
L= KR _eap
10°
P11.10-6 2
(:2
Voo = 32V
1 1 e Zon = (272 = 8Q
- 6 —_
Vo, = —(32) =12V
16
Zw, = 6)10 = 3.75Q

334



P11.10-7 1
V., =2V
2 21 20 Iz
T P 4 ]
3 2 4 L T
d_—-
I :| _V—zz\i _|2|. II ]
2 3 6 6
| =2 Y g é'“ Vz -
1 22 12
V.
l.=1_-1, =%
T '3 17 ¢
V.
Z:_1:6
T

P 11.10-8

V, = 4V,
KCL ata: Ya~ 200, Va~Vo -4l, = 0 (1)
25 75
ab oy Vo Va =g )
100 75
dsoV, = 4v, ©)
Solving (1) - (3) yieldsV, = év, V, = 4V, = 50V
2
P11.10-9
Maximum Power requires X, = X,
1 1 2 1
X —— | =X,4, — =—==0 ng& 5
Cl(nzzl L1 n22 10 5 z \/_
Now RL iz +1Q iz = 100Q O %: @Or ng ﬁ
n, N n, 3 10
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P11.10-10
r -

: + L= w = 81023 Q
2 J3 20+10+j7.54
Vs e Ve .
— ZL1: % - 81']23 — 03+1013§2
n 25
2 2 2
V \Y; 230
P = V™ Vel (230) = 88kW for Lhome  [529kW for six homes
2R, 2R, 2(0.3)
P11.10-11
Phasor circuit finding Vo first
I, loosL d { 2. KVL: 100, +0.1V,, = 2000 ()
4
T =19 _ Vo _
\ %, oI, Ve, KCLi 1013+ = 2)
o b, - )
- ,',5’ 1p 12 aboveyields V. = —2.860]456 V
Now find I o,
s 5 o
) I, = Zigg = 0200°A
E 1 Ibc. © = (orj)-jos 0
= -1.5701013'A
0 7, = Voo —2.86D45.6° - 103-i150
| -15701018° ——

So have Thévenin Equivalent circuit

= =]

+ 3

Vi % _ 1
by l:too'i Za = n2<R+Z)

Zab = L (r+ix)
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whenZ,, = Z, O max. power transfer

So i(R+jX) =1.03+j1.15 So R 1.03 or n=9.85turns
n? n,
X

n2

S0Z = jX =j145.6Q « aninductor

=15 or X = 145.6Q

So havejwL =j145.6 Q yields L = 145.6H

NowV, = — 2 v = 1'03+Jl'5(—2.86|]456°>: ~ 258 1011°
Zp+Zy, 1.03+1.03
Vi =nV, = 24901011V

2
SOP,. = Ve _ 1(24_9)2( 1 ] = 300 W
1.03

2 R 2

PSpice Problems

SP 11-1

m

k = = 0.25
Ve w = 10* rad/sec
Vg = 2005in(wt+45°)v
| nput File:
Vs 1 0 ac 200 45
R1 1 2 60
R2 3 0 80
R3 4 0 100
L1 2 3 4m
L2 2 3 9m
K1l L1 L2 0.25

.ac lin 1 1591.5 1591.5
.print ac Vm(4) Vp(4)
.end

CQut put :

FREQ VM 4) VP(4)
| . 592E+03 7. 001E+01 7. 177E+00

Sov(t) = 70sin(wt+7.2°)V
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SP 11-2

@ w =500 rad/sec
V,=100010°
V,=100F 90°
Uz
k=04
I nput File:
V1 1 0 ac 100 O
V2 5 0 ac 100 -90
RL 1 2 10
R2 4 5 10
L1 2 3 20m
L2 3 4 20m
KL L1 L2 0.4
c1 3 0 100u
.ac lin179.6 79 .6
.print ac In(Cl) |[Ip(Cl)
.end
Qut put :
FREQ | M CL) | P(CL)
7. 960E+01 3. 992E+00 2. 860E+01
So i(t) = 4.0 cos(500t +28.6') A
SP 11-3
O, x@ k=l &
ANA— —
+=
Vy =100 /0 V G.1 H Q4H V.23 qQ
Vv, =10000° n= Lo 04,
L 01

w =1000 rad / sec
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I nput File:
Vs

R1
R2
L1
L2
K1

c 100 O

FWNWR R
FNGEN

roOooNO
FPOOWNY

1 L2
.ac lin 1 159.15 159. 15
.print ac Vm(3) Vp(3)
.end

Qut put :
FREQ VM 3) VP( 3) So
1. 592E+02 5. 454E+01 3. 125E-01

SP11-4
| nput :
R1 1 0 10
R2 2 0 5
R3 3 2 5
L1 3 4 0.2
L2 4 1 0.6
L3 4 5 0.4
Kl L2 L3 -1
I's 2 1 ac 6 45
Vs 5 0 ac 12 -90
.ac lin1 1.59 1.59
.print ac ImL3) Ip(L3) ImL2) Ip(L2)
.end
CQut put :
FREQ | M L3) | P(3) I M L2)

1. 590E+00 1. 814E+00 -6.498E+01 3. 729E+00

V, _545

]
o
(61
|
o

v, 100 —

-0.5

s Jor J(0:6)(0.4) i

f =159

(1)
v(t)

6 cos (10t +45°)
12 sin(10t)
12 cos (10t —9o°)

| P(L2)
-1. 677E+02
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SP11-5 1 mF 10 iz mF

5

=0.72
\(8)(6)
44 V,=200s 500t
R, =30

iy

Vs 1 0 ac 2 0
R1 2 3 1

R2 4 5 4

RL 5 9 3

c1 1 2 le-3

c2 3 4 0.5e-3

c3 7 6 2e-3

L1 3 6 2e-3

L2 0 8 8e-3

L3 8 9 6e-3

K1 L2 L3 0.72

Vdummy 8 7 0

H1 5 6 Vdummy 0.5
.ac lin 1 80 80

.print ac I M RL) I p(RL)
. end

Qut put :

FREQ | M RL) I P(RL)

8. 000E+01 5. 463E-01 -1.262e+02

S0 i = 0.546c08(500t+126' | A
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Verification Problems

VP 11-1 Phasor circuit

-\jw.!’aj‘ 2 J

Vg =16300°V

Circuit reducesto —

_ (7)(4.5) _ 315090 _ 38057 2.4 32
L 7-j45 832033

_ V. _ 16300 _16300°
Z; 3-j133+21+j32 5-j10
- 1680 _ 145068 A
11.2+ 63

S=P+j0=VI  =(16300°)(14.5 633 2312 63 VA
S=2372+ 63= 1077 j2114& P+ jQ

0P =1077W and S= 2114 VAR Not as reported

VP 11-2
oz 2 — I

I + _
JME‘ = ‘Eﬂf" T

Simplify circuit to J

_ (15+]6)20+j4) _ (162022)208 11) _ g1 g5 joes

Z

15+(6+20+j4 36.4016°
v o Ze Vo= (9.06017 )(22001 ) _ o000
Z5+0.02 9.080117

2
Y, 2 Not as reported
P = M _ 20 =5595W

R, 865
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VP 11-3

5 0<t<5
v(t) =4 -10 5<t<20
5 20<t<25

5 20 25
Ve =\/i[J25dt+J100dt+ 25dt}:,/1750 837V as stated
25| Jo 5 20 25 —
VP11-4

120
Apply test voltage fr mmi
J'e A -j40

Lf.;@

|

loop equation : j20I; +j10l +j30I +j10I+ —j40l+ =V

S0 \I/—T: =j 30 Q asreported
. 1"

Design Problems

DP 11-1
ez L
D—_M_—“QU'—_I_ L DesireZ,, = 7.21033.7"
[_) T g fm:.,- -4 4-
o
2

Now Z, =6+jX =7.21033.7°

|Z|N|2 =(721)?> =62 +X% O X% 1600rX 4
0Zy 6 & 6 jol- j4

Thus4=wL -4o0rL =8/4=20H

DP 11-2

50 . 240
Q'iﬂfp_' —— Il = 2desre|Z|———1200Qorless

Now Z=750-jX whereX =1/wC
|2 = (1200)2 = (750)2 +X2 O % 937Q

1 1
WX (219(400)(937) A2HF
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DP 11-3

L= ;’I
1o’ ' L 1 _L Apply test source V;,, =
8 j8f T a2 v I
Ve Lp,
|
Yeoo

=V, (2+]) =100 (2 j= 2+ |
KCL at topnode: -2 + | + V, (=jB) =1, WhereB:%oL
O lig—+ jB- (2 jy jB=-2 j(* B)
Now Y ;, =1;, =Y OO whereY= /2% (i B)
Noteif B=1, thenY =+/8 =2.83
andY,, =2.833 135

1 1
Ol —= =20uH
(J.B 5)(104 _u
DP 11-4
2
ol —
sn bl 5,31 ©° 190 rad/sec
Z, = —jX where X :%)c
[‘> JJ‘J'L ‘Ef- T‘ Jr5_ﬂ_
&ul»..'i‘:"L
Zin :2+i
Y
1 1 1

= . + . + .
5+j4 6-jX 52+)3

TryX=3Q0 Y=.196 38# .149 266 +@#67 30 =416 16
02z, =2+24 16 436 872
0 |Z# 4.36isinsidedesigned range

ThusC=—=———=333mF

100°
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DP 11-5

Equivaent circuit

B g‘ F | = v
3 4 /:1 R). (3
3+72 +j 7+4
. n n
3
v,
* N
= 2 2
SRS
r]2 n2
If R=4Q
2p\ /2 4 2 _n2 3
_ 4n RV2 thus f: 0=RV?2 2n(25n +48n4+25) 2n (1(20n +96n)
25n" +48n° +25 dn (25n™ +48n“ +25)

- 50n* 508 00 #* loen 1
If R = 8Q similar anadysisyieldsn = 1.31

DP 11-6
J_ w = 100 rad/sec
=319 -y eg- a9
8-j10

Soneedjol = j3.9 O thenL =3.9uH
For maximum power t0 4.88Q of Z, weneed R=0
Then all power goesto 4.88Q.

_ (045/4/2)?

S0 Finax 4.88

= 208uW
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DP 11-7
152 fagH

Y .
M; = o f = 100KHz
” fOu H

Jdea |
Z; = Z, for maximum power transfer

R;=1Q, R, =10Q, 301:1—(2) On% 100 =n 3.6

n
rnl,]r {ﬂzjﬁ.-f;-l{]
P 10
n¥s ,
-I-F-F.l_ {pflIJ

PE s = ™s -0 32°)nv,
(10+6.28))2 17032° ———

DP 11-8
lo L {mH (ji0)
M . Wy = 10’ rad/%c
V5 s -ﬁ, ——5 Vs=Vosinwgt
B Z,=100+j10
i
Zy
. 1 .
Yp=JjaC+— =G +juC
R
_ 1 _ G-juC
p G+J(AC G2+((LC)2
eod— O =100 1) and —“C =10 @)
GZ+(U£)2 G2+(m)2

Taking theratio of (1) & (2) leadsto i 10 or G2 =100(«C)
(AE _—
©)
Now plugging (3) into (2) yields C = 99pf

andthusG=99x10 or R = é =101Q

Oneed Z5 108 j10
for maximum power to R
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