3

‘Simple Resistive Circuits

Drill Exercises

DE3.1

DE3.2

DE3.3

16//64 = 12.8Q,  12.84+7.2=20Q,  20/30 = 120

(a]

[e]

(a]
[b]
[c]
(d]

(2]
(b]

v=>5(12) =60V

[b]  psa(del) = (5)(60) = 300 W

ig =60/30=2A ic = 3(64)/(80) = 2.4A
ip=5-2=3A Pioa = (2.4)10 = 57.6 W

vo(no load) = 120(50)/80 =75V
50//450 = 45k,  therefore v, = 120(46)/75 =72V
i=120/30 = 4mA,  paox = (4 x 10-%)%(30,000) = 0.48 W

Maximum dissipation at no load since v, is maximum,
2

_ Ve _
P= 5000 = O-1125W

i=0.5/80 = 6.25mA e
imeas = 0.5/85 = 5.88 mA

30



PROBLEMS 31

“ DE34

DE3.5

DE3.6

DE3.7

[a]
(b]

[a]

[b]

[b]

v = 40(75)/80 = 37.5V

R, =150/10"2 = 150kQ,  150kQ//75kQ = 50kQ
Therefore vmeas = 50(40)/55 = 36.36 V

1.5=50 x 10~5(23,000+ R), R =7TkQ

At midscale: vg, = 1.5 —25 x 1075(30,000) = 0.75V
Therefore 4110 =0.75/11 = 68,181.818 A,
Therefore ig, = 68,206.818 uA, R, =0.75/ir, = 11Q

100R, = (1000)(150), R, = 1.5kQ

—5—+ D =0.022A =22mA

The current supplied by the 5-V source is i; = 250 T 2500

Therefore psy(delivered) = 5(22).= 110 mW

Since total power delivered to bridge is less than 250 mW, bridge will not be
damaged. ' ’

Ry BUA0) oo o (4060 0o

Ri="T00 =% 100 2. = 7100
154
NN
1a 10a
[ 2 ~VW\ L 4 A%
* SRy R2
. +
24v<t> V, 40a .,/ vzis.;)‘1
R3§ -
_ Iy S

The resistance seen by the 24-V source is

R=(15+5)//(44+1)+20=20//5+20=4+20=24Q
i=24/24=1A '
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154
VV\-
_>i1
1a 4n S5a
— N\ —— \A—@ AN
f"-& -+
2
+ A
L 4

[b] i =(5/25)i=024, i,=1-02=08A
v1 = 4iz +20i + 3.2+ 20 = 23.2V
vy = Bi1 +20i = 1.0420 =210V .

Problems

P3.1 [a] FromEx. 3-1: i =4A, i;=8A, is=12A
at nodex: —-124+4+48=0, atnodey: 12—-4-8=0

(b]

Q 4a b 3a c
—\W\ — W\~
+ vy - + vy -
+ +
120v Vo 18a V4 L 6a
d -
‘01=4i,=48v v3=3i2=24V
vy = 18i1 = T2V vy = 6i =48V

loop abda: —120+48+472=0,
loop bedb: — 72+ 24448 =0,
loop abeda: —120+48+24+4+48=0

P32 [a] psq=i24=(12)24=576W Pisa = (4)18 = 288 W,
p3a = (8)23 = 192W pen = (8)%6 = 384 W

[b]  Ppizov(delivered) = 120i, = 120(12) = 1440 W
[c]  Pdiss = 576 + 288 + 192 + 384 = 1440 W
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-

P33 [a] 50/200=4Q .. Ryp=10+4+6=20Q

[b] 200Q//50Q =409
200 +40Q = 609
1 _ 1,1, 1 _4_1.
R 30 60 60 60 15
. Rap=15Q

P34 [a] Ruw. =40/120=30
Rab, = [2.5//7.5//5//15//5+ 7)//8+8=4+8 =12Q
Rap, =[6//3+3]//20+7=110Q

2
[b] P15v=}§—=75w

48?2
Py = o= 192 W.
292
= — =44
Paav 11 \i

P3.5 40Q/600Q=24Q

154 V 2. 12

Lo 5 2

=2+ 12) 3(15)=104A;  pa= (10)%(12) = 1200W

P3.6 . _ Me ¢,

.12 12
= TA, v = (21) (—7—) =36V

.36 _6, . 36 18

n=gp =A== TA
.12 6 18_ 36,
1,——11—12—13--7-—;7- - = ,7A_ 5.14A
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P3.7 [a] 5/20=100/25=40Q 5//20+9//18 +10 = 20Q
' , 9//18=162/27=6Q 20//30 = 600/50 = 12Q
Ry =5+12+3=200 |
(b] s5+15=20 30//20 = 600/50 = 120
20//60 = 1200/80 = 15Q 3//6 =18/9 = 2Q
15+10 = 25Q ‘ 3//6+30//20=2+12 =140
- 25//75 = 1875/100 = 18.75 Q2 26//14 = 364/40 = 9.1Q
1875+ 11.25 =300 Rap=25+9.1+34=15Q
[e] 3+5=8Q 60//40 = 2400/100 = 24Q
8//12=96/20 = 4.8Q 244+6=230Q
48+52=100 30//10 = 300/40 = 7.5Q2
45+15=60Q Rub=15+75+10=100Q
P3.8 [a]
7 N 6 .
I + l ' — L; +
%o_n_ U % Q0. Ug' 244 0.0
' M\
15

10/90=9Q, 9+6=15Q, 15+20=235Q
.- 2965 _ %
'T(385+15) 50
vo = (9)(1.68) = 15.12V
[b] i2=24-168=072A )
p20a = 2(20) = (0.72)%(20) = 10.368 W
[c] v, = 35iy = 35(0.72) = 25.20 V
py(dev) = (25.2)(2.4) = 60.48 W

(2.4) = 1.68A

P39 24+16=40Q; 40Q/10Q=80; 8Q+12Q=20Q

.o 80 L. 40 '
S =g = 4A; i, = i120 (%) =0.8(4) =3.2A

i49=88—0=10A; ig =iyn+i2n=10+4=14A

Check:
Paev = (80)i, = 1120 W
D Paies = (10)%(8) + 16(12) +(3.2)*(10) + (0.8)*(40)
=800+ 192+ 102.4+ 25.6 = 1120 W
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P30 20+60//30 =409,
Joden = (15) it = 64A;

16+12+32=60Q

15)-40) v, = (32)(6) = 192V

(100)

The voltage across the three series connected resistors is

va=6(16+ 12+ 32) =360V
.. vy — 8(15) = 360;

vy =360+ 120 =480V,

Check: -
© Pyey = (480)(15) = 7200 W
2 2 (360)2
Pyiss = (15) (8) + (6) (60) + T =T200 W
P3.11 [a] 9oy80=160
- 16+4=20Q
20//30 = 12Q ‘ 15
2ol S
12+48=20Q a iy
20//60 = 15Q
ig = 300/15=20A
[b] :
iy = 20‘(2—3-) =15A
i2=15(§g) =6A JooV
P3on = 62(30) = 1080 W
P3.12 [a]

[b]

v,,=-1-8§x6=13.5V

vy = -1—2-(3) =45V

Vg+ Uz =W

vy = 45— 13.5,: -9V 18y Cfb

Vg = % x 6 = 0.75v,

v = %(3) = 0.25v,

Vg = Vp — Vg = 0.250; - 0-7503 = —0.51)‘
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P3.13

Ly

@

+ S

Since i, =0

. 1.5(1200)

= (1800) =1.0A, . v1=300V

. 1.5(600) —

1 = (1800) —0.5A, ...v2_500V

v — v, — v =0, v, =300 - 500 =-200V

P3.14 [a] Voltage across 9-Q resistor is 1(12+6) = 18 V.

The current in the 9-Q resistor is 18/9 = 2 A. The current in the 2-Q resistor is
2+1 or 3 A. Therefore the voltage across the 24-Q resistor is (2)(3)+18 = 24 V.

The current in the 24-Q resistor is 1A. The current in the 3-Q resistor is
14241 or 4A. Therefore, the voltage across the 72-Q resistor is 24 + 3(4) =
36V.

The current in the 72-Q resistor is 36/72 or 0.5A.
The 20Q//5Q resistors are equivalent to a 4-Q resistor. The current in this

equivalent resistor is 0.5+ 1+ 3 or 4.5A. Therefore the voltage across the
108-Q resistor is 36 + 4.5(4) = 54 V.

The current in the 108-Q resistor is 54/108 or 0.5 A. The current in the 1.2-Q
resistor is 4.5+ 0.5 or 5A. Therefore v, = (1.2)(5)+54=60V.

e current 1n the 20-(2 resistor 1s 1590 = ————— = — = 0.
[b] Th in the 20-Q resi: is i (42())(4) ;3 09A

The power dissipated in the 20-Q resistor is paon = (0.9)%(20) = 16.2W

P3.15 [a] Reona = 845(0.0397) = 33.5465Q
Reotat = 2(1/2)Reond = 33.5465 2
Ploss = (2000)2(33.5465) = 134.186 MW
Peaiic = 800(2) — 134.186 = 1465.814 MW
Efficiency = (1465.814/1600) x 100 = 91.61%
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[b]  Peaiir = 2000 — 134.86 = 1865.814 MW
Efficiency = 93.29% ,

[c]  Pioss = (3000)%-2-(1/3) - 845 - (0.0397) = 201.279 MW
Poregon = 3000MW, - Peaiir = 3000 — 201.279 = 2798.7TMW
Efficiency = (2798.70/3000) x 100 = 93.29%

: 400(5.6)
P3.16 = =
316 [a] v = o gy =0V

[b] wm, =350V
Pr, = (350)%/39,200 = 3.125 W
vRr, =50V
Pr, = (50)?/5600 = 0.4464 W

R, 1 . _ _
[C] m—s, ..7R2—R1, Rz—R1/7
_ (3502 _
Pgr, = R - 1w
R; =122.5kQ
Ry = -1-272—5 =17.50kQ
2500 _,
Pg, = 17500 ~(0.1420W< 1W
Note if R, is selected to be a 1-W resistor,
Ry, = 25009
Ry =TRy =17,500Q
_(350)*
Pg, = 17500 ~ TW>1W
Therefore design must be based on R; dissipating 1 W.
80R,
P317 [a] wo= e =20
(2] (R1 + Ry)
. R, 20 1 . _
CRIRoR-T . 3Ry=Ry
RyRy,
Let = Ry//Ry, =
ot Re=RollFu= 5 Ry
L8R _. R __18_39
" Ri+R. Ri+R. 80 40
_ ) _ _ ) _ (37.8)R;
40R. = 9R; + 9R.; 31R. = 9R; = 2TRy; R. = R, +378
31(37.8)Ry _
R, +318 _ 22
. 31(37.8)

5 =R +378;  R;=5.6kQ  Ri= 3(5.6) = 16.8kQ
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[b] Power dissipated in R; will be maximum when the voltage across R; is maxi-
mum. This will occur under load conditions.

vr, = 80-18=62V

2
Pg, = % x 1073 = 228.81 mW

P3.18 Refer to the solution of Problem 3.17. The divider will reach its dissipation limit when
the power dissipated in R; equals 0.25 W.

Notes: v
T . - 400

The dissipation in Ry will be equal to or less than Pg, < 6= 71.43 mW
C e . 6400

The dissipation in R, can reach a maximumof Pg, = T68 = 380.95 mW

When the dissipation in R, is 250 mW, the voltage across R; is
vh, =0.25(16.8 x 10%) = 4200,  vg, = 64.81V

v, =80-6481=15.19V

.  80R. .
. = 15.19, . = 3.94kQ
R+ R, &
. 56R, _ ..
OBV RL - 3.94, Ry, =13.27kQ (minimum value)
9 _
Ri+R;+Rs
(R1+ Ry)24 =19
(R1+ Rz + R3)
2(R1 + Rz_) =Ri+ R;+ R3
.. Ry + Ry = R3; 2R3 = 9.6; R3 =4.8Q
Ry(24) '
Ri+Ry+Rs ~

48R; =Ry + Ry +48=96
R2=2Q; R1=9.6-R2—R3=2.89

P3.19 60, SR+ R+ R3=96Q ‘

P3.20 [a] When the circuits are connected, the 25-kQ resistor is paralleled by a 100-kQ
resistor, thus the output voltage of the first divider is

1= 380 o0y
V= Gy ag) (20 =80V

Therefore v, = ;6%(60) =48V
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[b] i= i’gg 1073 =3.8mA.

3. 8)(10'3)(25x103) 95V
(100)(60) =57V

[¢] It removes the loading effect on the voltage divider connected to the 380-V
source.

This can be seen by noting the no-load value of v}, is 95V, which is identical
to the voltage applied to the second divider circuit in Fig. P3.20(c).

P3.21 [a] Let v, be the voltage across the parallel branches, posmve at the upper terminal,
then

’g=voGl+voG2+"'+voG}y=vo(G1+Gz+°--+GN)

7]

) It follows that Vo = (G +Gy+ +G )
1 2 oo N

“[Gi+G:+ +Gnl

The current in the k*h branch is i = v,Gy;

[b] Gi+ Gz + Gs + Gy + Gs + Ge = 250

Gsa =0.20
40(0.2
1o = ;5 ) =3.2A
Check: i, = 16+ 6+16+16+16+16

05 5 8 10 20 40
=32+32+2+4+16+08+04=40A

P3.22 i4=§‘510‘3 o i2=2i3_-z-:— x 103
i3=2z4=-§6x10’3 t1-2zg_EGx10'3
f1+i3+iz3+ig=10"3= EGX10—3(8+4+2+1)
g lg%:l or 15G4=)» G
isRy =1

G4 -3 1 —
~ (Sor7) ()=
S Y. G=10"2 |
. 10-3 _1_
S Ga= - Re= - =150000
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Ga x 10-3 204

0-3
Y6 "T6¢”
2x 103 1
.G3—2G4=T, Rs—a;—75009
i = 6210_3 _ 4G4 X 10-3
"6 T T LG

. Gy=4Gs, Rp= %5 x 10% = 3750 Q

;= G1x10% _8G,x 102
'TTY6 T %a

3
Gl = 8G4, Rl = 15 X 10

= 18759

8

P3.23 [a]

S4a

. 2(1)
_ 11(40)
2= =g = 62.5mA
i = 0'12(520) =0.08 =80mA

vy =54, =040V
Pyevice = 2445 + 5if + 1i2 = 3.74W

40//24=15Q
20//5=4Q

_2019)
S5 =194

ic=1i=19A
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P3.24
. O
68ka 6 -3
v 125%x10 " Uss
g
=_ts qv
4|5V +
Ugi X
v in_3 . 45
4.5 = vgs + 1000(1.25 x 10~ °vgs) = 2.25vgs, .. vgs = 225 = 2V
vo = 1000(1.25 x 1073)(2) = 2.5V
vps + v = 9V, vps = 6.5V

P3.25 The current in the shunt resistor at full-scale deflection is {4 = ifulecale — 2 X 10~3.
The voltage across R4 at full-scale deflection is always 50mV, therefore

Ry = - 50x1073  _ .50 ,
ifullscate — 2 X 10=3  1000igy11scale — 2
2] Ra= 10,023 e 9338% >o0ima
- [b] Ra= -1-0—0502:-2- = -§5§0§ =50.10mQ |
[c] Ra= % =1.042Q

[d] Ra=o00 (open)

P3.26
/:'\-'/mf
J
et
10A R
+ omvy
. i .
Original meter: R, = -50%30— =5x10"2=0.005Q
. ) _ (0.005)(0.01) - 005 1
Modified meter: R, = 0015 =15 = 3009
. 1\ _ .. -3
.. (Ifullacale) (‘3:66) =50 x 10

Ifullscale = (300)(50) X 10_3 =15A
Ifullscale =15A
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P3.27

P3.28

P3.29

P3.30

A
2\ I
%;J 1
ety i
T~ A" "In
A
<) 2|
—» Tax ! Rsg |
i Y !
+ g T =

Note the maximum voltage across the parallel-connected ammeters is limited
to 500 £V, otherwise ammeter 1 exceeds its full-scale reading.

When v, = 500 4V, A; reads 10 uA and ammeter 2 reads (1/2)(5) or 2.5 uA.
Therefore Imax = 12.5 pA

. _ tmeas(50/49) _ 50imeas _ 1. _ . .
[a] im= 50 + (50/49) — 2500 50""““ = one fiftieth of tmeas
50
[b]- R =550 |
i = imeas(50/999) _ 50imeas _ meas
™7 504 (50/999) ~ 50(999) + 50 ~ 1000
". tm = one-thousandth of ineas
[c] Yes
Measured value:

. 400 . 80
lg—m-—f)A, zmeu—-(5)-l—66—4A
True value:

400 oats__ . . 80
iy = Eormiks H504A;  iorue = (5.04) (ﬁ) > 407A
99 ’ ‘

4
% error = [m - 1] x 100 = —1.8%

. 300)(25
ltrue = ‘('—s—gg——)' =13.39 /JA
'500 x 10~°

Rmeter 1 = Tox 10=5 = 50Q
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P3.31

P3.32

P3.33

1x10-3

Rmeter 2= W = 2009 |
.. The resistance of the paralleled meters is Ry, = -(5%;—?—0)-: 40Q
_ (300)(25) _
Imeas = - 600 =125 }lA
12.5
% error = [-l-m - 1] 100 = —-6.67%

At full scale the vbltage across the shunt resistor will be 20 mV; therefore the power
dissipated will be

_ (20 x 1073)?

Py = R _

‘ (20 x 10-3)?

>
g 2 160040

Therefore R4 must be equal to or greater than R4 >

Otherwise the power dissipated in R4 will exceed its power rating of 0.25 W
_20x 1073
~ 1600 x 10-6
The measured current will be ipeas = 12.54 0.001 = 12.501 A

When R4 = 1600 4 2, the shunt current will be i4 =12.5A

. Full-scale reading is for practical purposes 12.5A

full-scale reading
10-3

For all full-scale readings the total resistance is Ry + Rmovement =
.". Ry =1000 (full-scale breading) -20

[a] Ry =1000(100) — 20 = 99,980Q

[b] Ry =1000(1)—20 =9809

[¢c] Rv=200-20=1809

[d] Rvy=20-20=09

[a]  Umeter = 320V

48//240 = 40kQ -
Umeter = @ x 40 = 228.57V
56 .
[¢c] 16//240=15kQ

320
Umeter = §(15) =76.19V
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[d]

P3.34 [a]

[b].

[e]

P3.35 [a]

Umeter a = 320V

Vmeter b + Umeter ¢ = 304.76, no
‘Because of the loading effect.

Rmovement =50Q
: 30 .
Rl + Rmovemént = — =30k

1x10-3
.o Ry =29,950Q
150
R2 + Rl + Rmovement = 10__3 = 150 kQ
.. Ry =120kQ
300
R3 + RZ + Rl + anovement = 10__3 = 300kQ
.. R3=150kQ
e L:z
_ —e 2oV

é IDlen ”i0

L - Imove = m(l),: 0.8mA

élﬂol&m + “q vy = (0.8)(150) =120V

' . 120 '
‘ U‘, 1 = m =0.2mA
s Sa9¢5kn L Jecoka
Lmove ’ _ .

2 = imove + i1 =084+0.2=1mA
Umeas = Uz = ¥; + 150i; = 270V
v =1128V ib=1+025=125mA
i1 = 800 =0.25mA Umeas = Uz = 150 + 150(1.25) = 337.50 V

Since the unknown voltage is greater than either voltmeter’s maximum reading,
the only possible way to use the voltmeters would be to connect them in series.

—Cm
+ y Ry = (300)(900) = 270 kQ
" Rpma = (150)(1200) = 180kQ
VF9 : -+ Rm1+ Rmz = 450kQ
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i 400 8
™ T 450x 103 T 9
Vin1 = 2(270) =240V

mA

Vina = —g—(lBO) =160V

Therefore the meters cannot be used since the reading of Vina exceeds 150 V.

[b] The maximum current allowed in V;,; is 4;(max) = % = %mA.
The maximum current allowed in Vj2 is  i3(max) = % = %m

.. The 150-V meter limits the maximum \}oltage that can be measured. Thus
t)max = 2(270) + 2(180) =225+150=375V

, 320
[e]  im= zpyqes =0-71lmA

Vi1 = (0.711)(270) = 192V
vm2 = (0.711)(180) = 128V

P 3.36 The current in the series-connected voltmeters is

. 2052 1368

vsokn = (0.76)(50) = 38V
‘/power supply = 205.2 + 1368 +38=380V

P3.37 [a] Rmeter = 400k + 200k2//200kQ = 500 k2
500//125 = 100k

750
Vineter = ﬁ(lOO) =600V

[b] What is the percent error in the measured voltage?

750
True value = m(l%) = 625
% error = (g—gg - l) 100 = —4%

P3.38 Rmeter = Rm + Rmovement = 500kQ2
Umeas = 30 x 1073R, :
R. = 25kQ//125kQ//500kQ = 20kQ
Umeas = 30(20) = 600V

Verue = (30 X 10-"’)(35—)(—1—221 x 10% = 625V

150
600

% error = (55 - 1) 100 — 4%
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P3.39 [a]

é 0.8zkn

3Ls (D)rsv

(big)} Stk ¥

l ~ 4oLg O'Zhn.

20 x 10%; + 80 x 10%(i; — ip) = 7.5
80 x 10(i; — i) = 0.6 + 40i5(0.2) x 10°
. 100i; — 80ip = 7.5 x 10~3

80i; — 88ip = 0.6 x 10~3

. 100 80| _
o A-l " _88,--2400
_[100 75x10-3] _ s
Ne = , 80 0.6x10-3| = ~540x 10
1800 1
ip= B CHOX 0 1073 = 225 x 10-° < 225 A

A T T 22400

[b]  With the insertion of the ammeter the equations become
100i; — 80ip = 7.5 x 10~ (no change)
80 x 10%(i; — ip) = 10%5 + 0.6 + 40i5(200)
804, — 89ip = 0.6 x 10~3

100 -80
80 -89
100 7.5x 10-3
80 0.6x10-3

- -3
ip= 28 o THMOXI0 s 1079 = 216 44

A= ! I = —8900 + 6400 = —-2500

= —540 x 10~3

[c‘]. % error = (g—;g - l) 100 = -4%

-3 _ Vi(12x 10%)
4 . 302 ”
P3.40 [a] 67.2x10 R 1 X 10° ‘

. 67.2 x 1073R, 4 806,400 = 12 x 10°V,
AMQ//12MQ = 3MQ
3 x 108V,
. -3 _ [
.. 60x10 -‘_-R,+3x106 . ~
.. 60 x 10™3R, + 180,000 = 3 x 10°V,
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Therefore the two simultaneous equations are
12 x 10°V, — 67.2 x 1073R, = 806,400
3 x 10%V, — 60 x 1073R, = 180,000

12 x 105 —67.2x 10~3
3x10° —-60x10-3

806,400 —67.2 x 10~3
180,000 —60x 10~3

V, = -A;l =0.07=70x%x 103 =70mV
12 x 106 806,400

3x 10° 180,000
_ Np _ —2592x10% _
R,=—F= 518400 - 500,000 2

R, =500k

A=

= —720,000 + 201,600 = —518,400

Ny = | = —48,384 + 12,096 = —36,288

[b] Ngr= I = 216 x 10'° — 24,192 x 10® = —2592 x 108

P3.41 [a] R, =(100/2)10° = 50kQ
Ry = (10/2)10% = 5kQ
R3 =(1/2)10° = 500Q

[b] Let i, = actual current in the movement
14 = design current in the movement

Then % error = (:—a - 1) 100
d

' 100 100 . _ 100
’ For the 100-V scale: i, = 50,000 + 25 _ 50,025’ = 50,000

iy 50,000 _ _ _ '
50025 0.9995 % error = (0.9995 — 1)100 = —0.05%
For the 10-V scale:

ta _ 5000 ~ _ _

E = 5025 = 0.995 % error = (0.995 — 1.0)100 = —0.4975%
For the 1-V scale:

B _ 50009524 9% error = (0.9524 — 1.0)100 = —4.76%
4 525 :

P3.42 [a] 52‘6 % 10° = 36 kQ

.. 124+ R =36, R =24kQ

[b] @ 80% full scale: i =0.8(250) = 200 A

'R,=2—§3x106=45kn=36+12, . R, = 9kQ
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P3.43

P3.44

av (@

50% full scale: i = 0.5(250) = 125 uA

Re= % x108=72kQ=36+R, .. R,=36kQ
20% full scale: i = 0.2(250) = 50 uA

Ry = 5—96 x 10°=180kQ =36+ R, .. R,=144kQ
0% full scale

Ry =0

00a + ?;" l&ﬂi:z

—Pén

~ When short circuited, 12 = 1900, + v,,
When the short circuit is replaced with a 2000-Q resistor, the current is 0.5i,y,;

therefore 12 = 1900(0.5im) + 0.5vm + 2000(0.54m) = 19504 + 0.50,,
or 24 = 3900:,, + v,,

S0 12 = 20006,  im = 6mA

" Um = 0.6V = 600mV

10

°=F=10k9

. 10
[b] tmeter = mml\

R, (k) 0 10 20 30 40 50
imeter (MA) 1.000 0.500 0.333 0.250 0.200 0.167

L;!kv
(mA)
[o_o ~
ag r N
a6 1 \
o.¢ | ~

&2 + . —

[a] R
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[¢] Because the meter current varies nonlinearly with respect to R, but the deflec-
tion of the meter is proportional to imeter -’

P3.45 [a] R0+R,—120X103—900 .. R, =900—-1=12899Q
[b]‘ R,+ Ry = 80X1000 .800Q .. R, =800—-1=799Q
[c]
—'%éﬁ
8v qu.tz
. 8 8
Imeter =

8004900 _ 1700

. . . . 9
The meter was calibrated using the relationship imeter = m
.. when fpeter = T700 A, the calibrated value of R is
8 9
1700 ~ 900 + R,
R, = &1;_0&) - 900 =1912.5—- 900 = 1012.5Q

Therefore the ohmmeter would read 1012.59Q.

Note that R, can be used to compensate for changes in R, but not v,.

P3.46 [a] At midscale the microammeter carries 250 uA. With the switch in position 1,
the circuit is

—» 250 vA

5004 v

. T1 ng
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v = 1000(250) x 10~° = 0.25V, i1 = 0.25/10 = 25,000 A,
o = 11 + 250 = 25,250 A, 1.5/i, = 59.4Q,
Rr =20+ 1000//10+ R, = 59.4Q, R, =29.50Q
Similar analysis of the other positions yields |
position #2: '
i, =2272.73pA  Rp =594.59Q
1, =2522.73 uA R, =295.50Q
position #3:
i1 = 4629.63 uA Ry =6148.01Q
A 1, = 4879.63 uA R, = 3146.77Q
ﬁosition #4:
i = 252.53 uA Ry = 59,698.49Q
1o = 502.53 pA R; =29,701.01Q

[b]  Yes, the largest error is position #3, where the indicated value is 4.66% low.

100 x 103
P3.47 Rmovement = Tox10-5 = 10kQ

Rmovement + Ro = % x 10° = 900kQ

R, =900 — 10 = 890k
20% deflection imovement = 2 uA
". vsoon = (2 x 107%)(900 x 10®) = 1.8V
is00n = 18 = 36
500 1000
iz = i500 = 3600 A
v;=9-18=72V

= 3.6 mA = 3600 yA

12 o ~
Re = 2n x 10° = 20000 = 2kQ
'P3.48 [a] .
—"‘5
w0
7
R, = 1000(750) _ 2000 = 15k

500
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P3.49

P 3.50

. 24 24 '
[b] 1,-I§E+I§—19.2+9.6—28.80mA

[¢] 750-Q resistor, P = (19.2 x 1073)%(750) = 276.48 mW
[d] 1000-Q resistor, P = (9.6 x 1073)?(1000) = 92.16 mW

Redraw the circuit, replacing the detector branch with a short circuit.

— &
| 3k %Bo@t
4 —'4d J
sv(E)
. A Sizka %-?aén
b

6kQ//30kQ = 5k
12kQ//20kQ = 7.5kQ

.15
ig= 5775 = 6mA
=30
36 =5mA
;=620 _
i==6 9 3.75mAI
i =g + i3

ig=1 —i3=5-3.75=125mA
Check: 64, +12i,=304+45=75V

Since the bndge is balanced, we can remove the detector without disturbing the voltages
and currents in the circuit.

R | < L

lz
% R3 : %2&

=+

'

. Y
L9 ,3 | +
Ua
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It follows that , :
ig(Re+Rs) _ ig(Ra+ Rys)

"TR+RtR:s+R, . LR
> Ri+R;+Ra+R. YR

v3 = R3i3 =V = isz-‘
. Rsig(Rz + R,) _ Rzig(R1 + Ra) .
o >R - >R '

From which R; = R;Ra
1

R3(R2 + R,,-) = Rg(Rl + Ra)

(18)(9) _ .
The lower left and right deltas can be replaced by wyes. Each resistance in the wye
equals 3 Q. Thus our circuit can be reduced to

P 3.51 The top of the pyramid can be replaced by a resistor equal to R; =

3r
I
Now the 120 in parallel with 6 Q reduces to Rp = (—1%@ =4Q
. Rp=3+443=100
' 10)(50) . (40)(50) (10)(40)
P3. = g—-——-— = ; =—" = : =0 7 -
3.52 [a] Rx 100 5Q; Ry 100 20Q; z 100 4Q
Replacing the Ry—R3—R4 delta with its equivalent Y gives
132
a AN/
f2
7.
b Ll ’ ]w—

-
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[b]

el

Ryp=13+5+12//24+7=18+8+7=33Q

Ry = (10)(40) + (40)(8) +(8)(10) _ §g.9 = 1000
800

Ry = o= 80Q
800

Rz = 0" 20Q

Replacing the Ry, R4, Rs wye with its equivalent A gives

43
“ — 3
£l
7
b —— M
5000 _ 100 320 80
Now note that 100//50 = —1—5-6- = TQ, 80//4 = 8_4 = .5]-,9
. 100 80 _ 780
7. 100//50+80//4= ==+ o7 = 2= Q
780 (20)(780) _ _ .. ¢

- 2= 310+ (780/31)]
" Rap=13+1347=133Q

Convert the delta connection R4—Rs—Rg to its equivalent wye.
Convert the wye connection R3—R4—Rs to its equivalent delta.

P3.53 In order that all four decades (1, 10, 100, 1000) that are used to set Rs contribute to

the balance of the bridge, the ratio R;/R; should be set to 0.001.

P3.54 Subtracting Eq. 3.44 from Eq. 3.45 gives
Ry — Ry = (R.Ry, — RcR.)/(Ra+ Ry + R.).

Adding this expression to Eq. 3.43 and solving for R; gives
Ry = R.Rp/(Ra+ Ry + R.).

To find Ry, subtract Eq. 3.45 from Eq. 3.43 and add this result to Eq. 3.44. To find
Rs, subtract Eq. 3.43 from Eq. 3.44 and add this result to Eq. 3.45. Using the hint,

Eq. 3.45 becomes
Ri+4 Rs = Rb[(Rz/Rs)Rb + (Rz/Rl)Rb] - Rb(Rl + R3)R2
(R2/R1)Ry + Ry + (R2/R3)R, ~ (RiR2+ R2Rs + R3R)
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Solving for Ry, gives R, = (R1R2+R2R3+R3R1)/R2. Tofind R,: First use Eqs. 3.37- .
3.39 to obtain the ratios (R;/R3) = (R./Ra) or Rc = (Ri/R3)Ra and (R1/R3) =
(Ro/Ra) or R, = (Ri/R;)Ra. Now use these relationships to eliminate R}, and R.
from Eq. 3.44. To find R., use Egs. 3.37-3.39 to obtain the ratios Ry, = (R3/R3)R. and
Ra = (Ra/R1)R.. Now use the relationships to eliminate Rp and R, from Eq. 3.43.

PR

R, - RiR, + R2R3 + R3Ry

_ 1/Gy

" (1/G1)(1/G2) + (1/G2)(1/G3) + (1/G3)(1/Gh)
_ (1/G1)(G1G2G3) _ G2G3

T Gi1+G2+Gs ~ G1+G2+Gs

P3.55 G.=

Similar manipulations generate the expressions for G and G..

P3.56 [a] Replace the 60-120-20- delta with a wye equivalent to get

12V

N\r Tﬂn.
/4

24+36=60Q; 14+6=20Q
609//20Q = 15Q
750 750

=TTy izras - 7 - 104
o 20\ _
. 1 = (10) (so) =25A
60
b] i,=10(=)=1.
[b] i 10(80) 75A
24iy +v—14i, = 0; .. v=14(7.5) - 24(2.5) =45V

.. 4 C
. g0 = gg =0.754; 9 =1, + 100 =7.0+0.75=8.25A
[c] v=45V [See calculation in part (b).]

[d]  Puuppliea = (750)(i,) = 7500 W = 7.5 kW
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P 3.57 Replace the lower delta with an equivalent wye.

_ (100)(400) . _ (400)(300) - . _ (100)(300) ...
Ry = = 502 Ry= g = 1509; Ry =-—p = =3750
12,502
Q- ~\\/
2a 1800
loq. §2.5a
b, AA

502+40Q2=90Q, 150Q+30Q=180Q
90Q//180Q=60Q
Rab =125+ 60+ 37.5+ 10 = 120Q

P3.58 [a] After the 5Q-10Q-50Q wye is replaced by its equivalent delta, the circuit
reduces to ‘

/2.

o

A
7

/N o Go.n

Now the circuit can be reduced to |

DA 4, %-%JL

yg.fL

A 40% éo B 32 g
72495 " “

|

| &S+
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(b]

[c]

(d]

P3.59 [a]

Now 40Q//80Q//40Q = 16.
Therefore v, = (50)(16) = 800V

. 800

1 = E =20A

va = (32)(20) = 640V

It follows that i, = %46(2 =16A

The voltage across the 16-Q resistor is v;g = 8i;, = 160 V

. 160

Therefore i; = T6 |

It follows that l:,he current in the 10- resistor is
=1, —4=16—10=6A

Therefore the voltage across the 50-) resistor is
vs00 = Va + 107100 = 640460 =700V

i2='§—%“=14A

Paer = (50)(800) = 40,000 W = 40 kW

=10A

Convert the upper delta to a wye.

_ (509)(50) _
Ry = p— = 1250

0

NG

_ (50)(100) _
Ry = =250 50, o R.
Ry = B500100) _ o0 l;_f‘ " E &

200

Convert the lower delta to a wye.

_ (60)(80) _
Ry = W =240

200

loo.

O

,\ R4 mﬁa

_ (60)(60) _ .
Rs = 200 - 18 O @MJ
Rs = (60)(80) — 240 oL

Now redraw the circuit using the wye equivélents.
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[b]

P3.60 [a]

L5
ber—— M/
— Lq
7/ .2
b o—
Rab=1.5+12.5+£-1-2213@+18;14+48+18=809
When v, =400V
i,:is%q=5A
. _ (5)(120) _
=300 -4

psin = (9)(31) = 279 W

At no load: v, = kv, = Rlisz Vs
At full load: v, = av, = mv,, where R =
Therefore &k = &_R-:}i; ‘and R, = @ ; k) Ry

a= R+ R and R; = (I;a)Re

1-o\[ BB, |_(1-F)
Therefore ( = )[ R Rz] = R,

(k- )
a(l-k)

Solving for R; yields R; = R,

Ro Rﬁ

R0+R2
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0.15 2
[b] Ri= (6_75) o = 5(36) = 8k
0

Ra= (63175—5) Ro = 2(36) = 72kQ
[c] _
¥ e
120V
Rz

. Maximum dissipation in R; occurs at no load, .".
[(120)(0.9))?
PBg(max) = W = 162mW
Maximum dissipation in R; occurs at full load,

_ [120 - 0.75(120))?

Pry(max) = g0 = 112.50 mW

[d]
D %5!&

120V — |
%fiz& %h StaeT

2
= (207 _ ) e w = 1800mW

R = 78000
_ (0> _
B2~ 79000 ow
 R2(2R, + Rp)
P3.61 = Jalem+ L)
(2] Ra=2Rit o v R~
' R2(2R; + Ry) .

h - Aem T AL _

Therefore 2R; — Ry + 3R + Rat Ry 0

Therefore R} = 4R} +4R1R; = 4R1(R1 + R,)

When R.p, = Ry, the current into terminal a of the attenuator will be

Using current division, the current in the Ry, branch will be

s R
RL 2R+ R:+ Ry

Theref = e o Tp T L and — =
erefore v, IRt Ryt R and 2R1 + Ry + Ry,
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[b] (600)* = 4(R: + R3)R,
9x10*= R2+ R\R,
a0 Y =0.6= _R"’.__.
; 2R + Rp + 600
. 1.2R; +0.6R; + 360 = R,
0.4R; = 1.2R; + 360
Ry =3R; + 900
. 9% 10* = R? 4 R, (3R, + 900) = 4R2 + 900R;
. R?+225R; — 22,500 =0 ‘
Ry = —112.5+ \/(112.5)2 + 22,500 = —112.5 & 187.5
SR =T5Q '
. Ry =3(75) +900 = 1125 Q

P3.62 [a] After making the Y-to-A transformation, the circuit in Fig. P3.62 reduces to

R

3R
° 'vv»lc

y O—@ T

1]

Combining the parallel resistors reduces the circuit to

0.75R

e ANA— *
3R+RL
. . . ,

3RR;, _ 2.25R?} +3.75RR.
N te: . =
ow note 075R+3R+RL 3R+ Ry
- (2.25R§ +3.75RRy, _
3R+ Ry _ 3R(BR+5RL)
2.25RZ + 3.75RRL) T 15R+9RL
SR+ ( 3R+ Ry

When Rap = Ry, we have 15RRy+ 9R} = 9R? + 15RRy,
Therefore RZ=R? or RL=R

(2]

Therefore Rap, =
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[b] When R = Ry, the circuit reduces to

i 0.75RL c i
—p i —P 0
° o— W\ ®
+ +
vi 3RL vo 0.75R |
b O ®
d

LR 1, 1w
° T 45R, ~ 15  1.5Ry’
Therefore %o — 0.5

Vg

P3.63 [a] 35(3R—Ry)=3R+Rs
10.5R — 1050 = 3R + 300

7.5R=1350, R=180Q
2(180)(300)?

v, = 0.75RLi, = -1-v,',

R = 31802 — @ooy? ~ 4500
(b] , .
-—-’L; ?_ﬂ
—¢3 | leon 180.a
[4
qzv Uz
. - °
vi _ 42
Vo= 3535~ 12V
12
1o = 366 =40mA
. 42 - 12 30
2 -- W = m =6.67TmA
. 42
lg = m = 140 mA

iy = 140 - 6.67 = 133.33 mA

i3 = 40 — 6.67 = 33.33 mA

iy = 133.33 — 33.33 = 100mA

Pasoon = (6.67 x 1073)2(4500) = 0.20 W
P1soq tett = (133.33 x 1073)%(180) = 3.20 W
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P1son right = (33.33 x 1073)2(180) = 0.20 W
P1804 vertical = (100 X 1073)%(180) = 1.8 W
P3oon = (40 x 107%)(300) = 0.48 W
- The 180-Q resistor carrying iy
[c]  Pisoq tett =320W | |
[d] Two resistors dissipate minimum power, the 4500-Q and the 180-Q carrying i3.

[e] Both resistors dissipate 0.20 W or 200 mW

4500 L
NS/
=
12 |fos :
- M—T— M/
=D l
4z2v Cjé 5.88wW I&n " 200

Check:
D Puies =02+32+1.8+0.2+048=588W

) Paev = 42(0.14) = 5.88 W



Technlques
of Circuit Analysis

Drill Exercises
- DE4.1 [a] 11,8 resistors, 2 indepehdent sources, 1 dependent source
[b] 9

[¢] 9, Ry— Rs forms an essential branch as does Rg - 10V. The remaining seven
branches contain a single element.

[d] 7 [e] 6 [f] 4 [g] 6

DE4.2 Solution given in text.
DE4.3 ~ Solution given in text.

DE 4.4 Solution given in text.

DE4.5 [a] The two-node volta,ge equations are

= =4
5+16+ 2 0 v1 =48V
’02 _ ' _ ,
5 +20+80 12=0 vy =64V

62
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DE 4.6

DE 4.7

DE 4.8

DE 4.9

DE4.10

[b]  pi2,(del) = (12)(64) = 768 W ‘
[c] psa= 5(48) = 240 W, therefore 5-A source delivers —~240 W to the circuit.

Use the lower node as the reference node Let v, = . node voltage across 1-Q resistor
and v; = node voltage across 12 Q resistor. Then

vy - o 'vl—GV »
T+ 3 * =45 | w=18V -

V2 V2 — V1 02—30 =0 z_(v1~v2)/8——15A
12 8 + 4 v=v+2i=15V

Use the lower node as the reference node. Let v; = node voltage across the 4-Q resistor,
let v2 = node voltage across the 20-Q resistor. Then

';‘+ 12v2+6i2=1.5 v =10V

vy Uy —1; ) vz —80 _

20+ 2 — 6iy + 5 =0 v =60V

. 80—‘!)2 i _4A
— 2_

P15sa = —1.5v; = —15W  (delivering)
Psov = —4(80) = —320W  (delivering)
Pei, = —6iz(v2 —v;) = —1200W (delivering)

Use the lower node as the reference node. Let v; = node voltage across the 7.5-Q
resistor and v; = node voltage across the 2.5-Q resistor. Place the dependent voltage
source inside a supernode between the node voltages v and v,. The node voltage
equations are

1 v —v

node 1: ﬁ-l- 2—5- =48
L V=1 ve — 12 _
supernode: 25 + 1 0 + 2 2 4 = 0

We also have: v +i; = v, and i; = v, /7.5. Solving this set of equations for v gives
v=_8V.

v =150 v vy — (150 — 15i)  150-1
% ‘gt 40 =0, =%

Therefore v, = 120V

Vo | Uo—10 v, +20ia _ . 10—v, 10+ 20is
20710 T =0 =t

Therefore v, =24V
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- DE4.11

DE4.12

DE 4.13

DE4.14

DE 4.15

Define three clockwise mesh currents i1, iz, and i3 in the lower left, upper, and lower
right windows. The three mesh-current equations are

100 = 457, — 5iy — 4013
0 = —54; + 351 — 1043
0 = —40i; — 10i5 + 6543

[a] Solve for i; and get iy = 6 A, therefore 100-V source is delivering 600 W to the
circuit.

[b]  Solve for i3 and get i3 =4 A, therefore pisq = (16)(15) = 240 W.

[a] b=38, n =6, b-n+1=3

N

[b] b =6, ne = 4, be—n.+1=3

[c] Define three clockwise mesh currents iy, i, and i3 in the upper, lower left, and
lower right windows. The three mesh-current equations are

— (=3vg) + 194; — 26y — 3i3 = 0

25 - 10 = ~2iy + Tip — big

10 = —34; — biy + 9i3
We also have vy = 3(i3 — 1)
Solving for ¢, and i3 gives 1 = —1A, iz3=3A
Therefore vy =12V and p3y,, = —(—3v4)i; = =36 W

Let i, = lower left mesh current cw, let #, = upper mesh cw current, and i, = lower
right cw mesh current. Then

15 = 10(iq — i) + 40(iq — ic)

0 = 504y + 20(p — ic) + 10(ip — ia)

0 = 40(i — ia) + 20(ic — ip) — 40iy

iy =ia, ig=-1A, i.=-15A
vo = 40(iq — ic) = 20V

Define two mesh currents i; and i; (clockwise) in the left and center windows of the
circuit. Then 30 = 11¢; — 245 and 0 = —2¢; + 1945 — 5(—16). Solving for i; and i,
gives iy = 2 A and i = —4 A. The current in the 2-Q resistor is i; — i, = 6 A, therefore
p2a = (6)%(2) = 72W.

2o=(ia—30)1+2(ia+%1), v¢=2(ia+2f)

Therefore vy = 4i4, ia=10A
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DE4.16

- DE4.17

DE4.18

. Let vy denote the voltage across the 2-A source. Let v; be a volt.ige. rise in thé direction

of the 2-A current.

vy — 20 vy —25 _ S
15 —2+_10 "'—0) 1}1—35V

p2a =—35(2) = =T0W,  pya(del) = T0W

Define two clockwise mesh currents i; and iz in the lower left and lower right windows.
The two mesh equations are 128 = 12i; —6i2—4(4) and 0 = —6i; +14i5—3(4)+30(i, —4).
The solutions for 4, and i3 are i; = 9 A and i = —6 A. The voltage drop across the 4-A
source in the dir¢ction of the source current is v4s = 4(i; — 4) + 3(i2—4) =20-30 =
—10V, therefore psa = 4(—10) = —40 W, therefore psa(del) = 40W.

164
& L 2 L NN

2a ? ‘ G)eov ’

lia . .
36A CT 6.9. § VO 8.0.§ v
2<> S5 o

@ L 4 \ 4
- 4 ® ®
6A <T> 20 124 5a 36a
@ @ ®
1.6 o 4a

o (4

\ 72v 8a> V

_ 120576

[a] v= %(8):48V, iq =3.12A

20
[b] va=6(9.6)=57.6V,  pizov(del) = 120i, = 374.40 W
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DE4.19 To find the Thévenin resistance, deactivate the independent voltage source and note
. that Ry, = 12//[8 4+ 20//5]) = 12//12 = 6 Q. With the terminals a, b open, the current
delivered by the 72-V source is 72/24 or 3A. The current (left-to-right) in the 5-Q
resistor is (20/25)(3) = 2.4 A, and the current (left-to-right) in the 12-Q resistor is
(5/25)3 or 0.6 A. The Thévenin voltage vrh = v is the drop across the 8-Q resistor

plus the drop across the 20-Q resistor. Thus v, = (8)(0.6) + (20)(3) = 64.8 V.

DE4.20 After one source transformation, the circuit becomes

124 24 ] a
VWV VWV —O L 4 *—O
108VC$> 94 6A (D 18 4 9.
. 4a :
A *—O b &- O—Cb

Therefore Iy =6A, Ry =18//9=6Q

DE4.21 Find the Thévenin equivalent with respect to A, B.

Vrn +36  Vpy _ . _
SRS o180, V=150V
Rrh=15+ (6—0,-;%11)- = 25kQ, * therefore Vmeas = —i—g—g—(lOO) =120V

DE4.22 Summing the currents away from node a, where vry, = Vap, We have

T -8-2i, +

vth — 40 . 40 — vy
5

=0, iy =

5

Solving for vy, yields vy, = 20V.
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DE 4.23

DE 4.24

DE 4.25

vr = 3iz + i7, iz = —vr/5

Therefore ir = 1.6(vr) and Rrh = vr /it = 0.625Q

Use the bottom node as the reference. Let v; be the nodé voltage across the 60-Q
resistor. Then

v + vy — (vTh + 160ia).
60 20 '
A= %, therefore vy, =30V

Let ip be the test current into terminal a:

ot v v +160(er/40) i _ 1
T=% T 40 80 Y ur 100

_ vTh |, UTh , vTh + 160ia — v;
—4=0 ptat 20

=0‘

therefore Ry =10Q

First find the Thévenin equivalent circuit. To find vrh, use the bottom node as the
reference. Let vrn = vqp and vy = node voltage across the 20-V — 4-Q branch. The
two node-voltage equations are ' '
UTh — 1400— vy vTh4— v _ 0, (v4 = v1 = 20)
v1—100 v;—20 vy —ovrh _
1 i T 7

Solving for vy, gives v = 120 V. To find Ry, deactivate the two independent sources
and apply a test voltage source across a, b. Let vy be positive at a and ir directed

into a. Then the two node-voltage equations are

Ur — V¢ , YTh— V¢ _ . Yo Vs Ve VT _
i tT g - gty tog =0

Therefore vg =vr/3 and 12ip =4vr

Therefore Rtp = vr/ir =3Q

[a] For maximum power transfer, Ry, = Rrp = 3Q

[b]  Pmax = (120/6)%(3) = 1200 W

When Ry, = 3Q, the voltage across Ry, is 60 V. As before, let vy be the node voltage
across the 20 — V = 4 — Q branch, then v4 = vy, — 20 and
60 60—v; 60—100—vy °©
3t 1 4 =0

Therefore v; = 60V and vy = 40 V. The current out of the plus terminal of the 100-V
source is ‘

. 100—60 100 +40 — 60
hETtT

[a] Therefore 100 V is delivering 3000 W to the circuit.

=10420=30A

[b]  The current out of the plus terminal of the dependent source is 20 A. Therefore
the dependent source is delivering 800 W to the circuit.
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[c] The load power is (1200/3800)100 or 31.58% of this generated power.

DE4.26 100-V source acting alone:
v v =100 v o 100

20a 10a i
“VVV A%
+
1oov<t> v 40a : é 25a
‘ - : .
|
L 4
6-A source acting alone:
20//40+ 10 = -732 Q
. 2.5(6) _ 18(2.5)
Therefore i1; = 35470/3 = 775
5= 20, _ 15
37805
. 600
v” = 40?3 = ,-7—7—5 =774V -
6A
)
_/
20a° 10a
 — &l —
+ ' 03
V'S 40a 254
-1 i
[a] v=0v =v"=32264+7.74=40V
_ (40 _
[b] p4un-— 40 —40W
DE4.27 170-V source acting alone:
vV =70 vj-T70 o] . _ 10— ' e ot
ottt 20 3‘—0, = v +2=v
_ ,_ 805
Therefore v = — =34.26V

23.5
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50-V source acting alone:

Problems

P41 [a‘]

[b]
[e]

[d]

vy o) v v + 50 Wy e o =
sttt Tt =0 vEuwtd, 4=—
Therefore v = :2% =—-46V and v=v+1v"=3426—-426=30V
‘4-‘1
__’ b A ,/\/7
20
204 )
—— M—e—- + >
+ ' /
vi ZA/V" <:> 50v
— M\
* 10a

Five.

Three.
Sum the currents at any three of the four essential nodes a, b, ¢, and d. Using
nodes a, b, and ¢ we get
—ig+ 1 + i=0
-1 —'i4+i3=0
i5 - i2 - i3 =0

Two.



70 ~CHAPTER 4. Techniques of Circuit Analysis

[e] Sum the voltages around two independent closed paths, avoiding a path that
contains the independent. current source since the voltage across the current
source is not known. Using the upper and lower meshes formed by the five
resistors gives

Ry%1 + R3iz — Raip =0
Raiz + Rsis + R4is =0

P4.2 Use the lower terminal of the 25-Q2 resistor as the reference node.

v, v, + 25

50, +5+v,+25=0
6v, = —30 ’

vo=-5V

)1 1)1‘_1.)2_
P4.3‘40+ 5 =6

6vy — 5vy = 240
V2 — N V2 L) _
8 + 30 + 120 +1=0
—30v; + 35v, = —240

6 —5|_ _
A= '_30 25 I =210 — 150 = 60
: 240 -5
N, = |_2 0 3% l = 240(35 — 5) = (240)(30)
_| 6 240 . a
Ny = l_30 2 40| = 240(—6 + 30) = 240(24)
N N.
01=K‘=120v; 02=X2=96v
P44
/.
v N7,
24 § >2a 4sv
. g2 :
—— + . "
Vo  Up—45
0T 5 =2

11v, = 100 + 450 = 550
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v, =50V ,
iy = vo-;4§ =1A
pasv = (45)(1) =45W (absorbing)
v v — 144 v — V2 _
Vg2 — Vg V2 _

R Sl
.. 29v; — vy = 2880; —v; + 17Tvy = 240

29 -1 _
A—l_l 17'..492

_|2880 -1 _
Ny = ' 240 17 l = 49,200

|29 2880| _
Ny = |_1 240 |_9840
vi=(Ni/A)=100V; vy =(No/A)=20V

P4.6 [a] .
‘ 2 20 .
AN/~ = M—F +
doV U 40 40 U, (V)4
B Au; + -
Y
‘.2 2
v ‘Ui — 40 V] — Vg _
0t t—7 0.

vy + 10v; + 20v; — 20ve = 400

31‘01 - 2002 + 003 =400
Vg — Vg Vg — VU3 _
) + 1 28=10

—2v; + 3vg —v3 =112

v3 v3 — V2 _
2 + 1 +28=0

Ovy — vy + 3vz = —112 |

31 =20 0
-2 3 -1
o -1 3

A= =31(9 — 1) + 2(—60) = 128
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(b]

P4.7 [a]

400 -20 0| | o
Ny=| 112 3 —1|=1(—400 — 2240) + 3(1200 + 2240) = 7680
-112 -1 3 ,
31 400 0
Np=|-2 112 —1|=31(336 - 112) + 2(1200) = 9344
: 0 -112 3
31 —20 400 ,
Na=|-2 3 112 | =31(-336 + 112) + 2(2640) = —1664
0 -1 -112
_ Ny 7680 _ |
v = —A— = —1—2'5' = 60V ‘ /
N, 9344
2= 7 =g =3V
N3 —1664
Vs == oy = 1BV

V2 = Vg + v3 :
Va=vy—v3=T3—(~13) =86V
P2sA = va(28) = (86)(28)

D28A = 2408W

- 128 -
_t_)l + v1 n v2 _

60 5 7 -0

stl-- 1505 = 1536

V2 vy — v v — 320 _

I S T I

| —20v; + 290, = 2560 |
|28 -15|_

A‘I—zo 29 I“‘r’l_2
_|1536 -15| _

M= |2560 29 '“82’944

N2=’ 28 ‘1536| = 102,400

—-20 2560
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v = N2 _ 102,400
2TA T Th12
. 128162 - 63A

a —

=200V

. 162
i = W = 2.7A
. o162 - 200 _ o

id#%=2.5A

i = 200 — 320
T 10

[b] The only source developing power is the 320-V independent voltage source.
Hence the total power developed is  Pyey = (320)(12) = 3840 W.

=-12A

P4.8
54
)
N\
12a 4 Ao.n. 2
. N |
400 5

vy + 40 vl' V1 — V2 _
12 Tt t8=0

25v; + 1000 + 12v; + 15v; — 15v; + 1500 = 0
| 5201 — 1505 + Ovs = -2500J

V2 — V1 Vg — V3 _
20 + 20 ~-5-75=0

| =201 + 3u; — v = 500 |

vs | U3—2 _
40+ 20 +75=0

LOv1 — vq + 203 = —300

52 —15 0
-2 3 -1
0 -1 2

A= = 52(6 - 1) + 2(—30) = 200
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2500 —15 0 :
Ni=| 50 3 —1|=1(2500 - 4500) + 2(~7500 + 7500) = —2000
-300 -1 2
52 —2500 0 ' :
Ny=|-2 500 —1]|=52(1000— 300)+ 2(~5000) = 26,400
0 —300 2
52 —15 —2500
Ns=|-2 3 500 |=52(—900+ 500)+ 2(4500 — 2500)
0 -1 —300 ,
= 52(—400) + 4000 = —20,800 + 4000 = —16, 800
_ Ny —2000 _
=3 =55 =10V
_N; 26,400 _
Vg = X = 200 = 132V
_ N3 _ —16800 _
V=X =50 = 34V

Now observe all three independent sources are developing power.
The current into the negative terminal of the voltage source is

., —10+40
g = —ﬁ—-—' =25A
paov = —(2.5)(40) = —100W (dev)
The voltage rise across the 5-A source is
vsa = 132 - (-10) = 142V
psa = —5(142) = —=7T10W  (dev)

The voltage rise across the 7.5-A source is
v7sA = 132 (—84) =216V
pr.sa = —7.5(216) = —1620 W (dev)

Y Piev =Y Piiss = 100+ 710 + 1620 = 2430 W

Check:

p12a = (2.5)%(12) = 5 W
_ (102 _

P = 2% = 4W
_ (42y?

P20 = 0= 1008.2 W

2
Paoq = (2‘13) =11664W

_(89* _
Paon = 0 - 176.4 W
Z Pdiss = 2430 W
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P49 [a]

L.

Y25 AT 3492

.54
vy —120 vy —vy vy —v3 . _
5 + 5 + 36 +11.5=0
18v; — 2160 + 6v; — 6vya + vy —v3+414=0
25v, = 6vy — v3 = 1746
Vg —v; VU Uz — U3 _
s tzt— O
2y — 201 +4va+ vy —v3=0
— 21+ Tvg—v3=0 _
v3+120 vz — v, vz — " _
2 12 36 119=0
18v3 + 2160 + 3vs — 3vg + v3 —v; — 414 =0
-V — 302 + 2203 = —1746
25 -6 -1
A=|[-2 7 -1|=25(151)+ 2(—135) - 1(13) = 3492
-1 -3 22
1746 -6 -1 ’
"N = 0 7T —1|=1746(151) — 1746(13) = 240,948
’ -1746 -3 22
25 1746 -1 ’
Ny =|-2 0 —1| = —1746(—45) + 1746(—27) = 31,428
-1 -1746 22 ,
25 —6 1746 ,
Nys=|-2 7 0 = 1746(13) — 1746(163) = —261,900
-1 -3 -1746
_ N _ 240,948 _ Ns  —261,900
n=F = gige =60V v3=-A3=———-——’ =-75V
_’& - 31,428 —9vV :
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; : :

 120-v, 12069 .~ . vi—vy _ 69-9
= = = 25.50A ig= === ——=10A
=29 . _va—vs _ 9475 _
=g =3=34 : == =g A
_v34+120 . =754120 _ . vi—v3 _ 69475 _
i3 = 5 =— =225A = —3c— = —3¢ =4A

[b]  Piaov upper = —120(25.5) = —3060 W (dev)
Pi2oV tower = —120(22.5) = —2700 W (dev)
p11.5A = (36)(4)(11.5) = 1656 W (diss)
pan(upper) = (25.5)%(2) = 1300.5W  (diss)
paa=(3)}(3)=2TW  (diss)
pan(lower) = (22.5)%(2) = 1012.50 W (diss)
peq = (10)%(6) = 600 W
praa = (7)%(12) = 588 W
pasa = (4)%(36) = 576 W
3" Piey = 5760 W

> Puiss = 5760 W

P4.10 Let v; be the node voltage across the 150-§ resistor, positive at the upper terminal.

Then 2+ A + st + Y2 _ 0 Note we have created a super node invwriting this

expression.

50 150 " 75

300+ 3v; +va4+2v,=0
31)1 + 31)2 = ‘—300

v + va = —100

vy =vy+ 25

CL 2uy = —125
v = —-625V
vy = -375V

p2a =2v; = -T5W
.. paa(del) = T5W

P4.11 [a]

2V
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(b]

P412 [a]

[b]

[e]

v v1—20 v +10 _
ot 5 T o5 t1=0

100v; + vy — 20 + 50v; + 500 + 275 =0
‘ 151‘01 =-755 -

n=-5bV

. _20—‘01

2045
(31 = =

25 25

505 oo 0™
., V2 v2— U1 _
i3+ - 1142 =0

V1 — V2
0.5

1mA

i3=11—-v +

p2ov = —20i; = —20mW  (del)
prov = —10i3 = =310mW  (del)

v = v + Vg, vs=v—v2=-5+10=5V

P1ima = 11v, =55mW  (abs)
Pk = 102/1000 = 100 mW

paska = (1073)%(25 x 10%) = 25 mW
p2soa = (20 x 1073)2(0.25 x 10®) = 100 mW

2
_ v _ 2 _
Psooq = 500 — 050 — 50 mW

> Piey = 330mW

Y Puiss = 55+ 25+ 200 + 50 = 330mW

From the solution to Problem 4.2 we know v, = —5V, therefore

Paoma = 40 x 1073y, = —=200mW
.". Paoma(developed) = 200 mW

The current into the negative terminal of the 25-V source is

. _ve+25 20

g = 125 —m=160mA

| pasv = —25iy = —4000 mW

.". pa2sv(developed) = 4000mW

—5)2 )
p2sq = ( 22) =1W = 1000 mW

Pi200 = 1201’3 =3072mW
psa = 5i2 = 128mW
Y Paiss = 4200mW = ) Paey
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P4.13 [a] _
‘ 20 lco
- -/
50 t e
A “n 4omA
AV _ ‘
Vo  Vo+25 _
%5 + 125 + 004 =0

5o+ v, +2564+5=0
6v, = —30; v,=—-5V

[b]
100 -

A
— M/
*o4v
5V dom
+

>.
+ &1

v, =+4+5+4=9V
Psoma = —40 x 1073y, = =360 mW
.". psoma(developed) = 360 mW
[c] Since v, is identical to its value in Problem 4.2, the 25-V voltage source develops

the same power as calculated in Problem 4.12[b]:
Py5_vy/(developed) = 4000 mW

[d] The power dissipated in the 5-Q, 120-Q, and 25-Q is the same as in Problem
4.12[c]; thus '

psa = 128mW ' Y Piiss = 4360 mW
P120a = 3072 mW Y Piey = 4360 mW
P2sa = 1000 mW , o Y Pdiss = 3 Piev

P1ooa = (40 x 10~3)2100 = 160 mW

[e] None, since the node-voltage equation is not affected by such a resistance.

P4.14 Use d as the reference node

v vy —33 Vp— Ve _
0wt 20 t—§ O
V=% _ 4954 e ;Y33 _

8 26.4 198
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4vp + 2vp — 66 4+ Svy — Hv. =0

. 24.75v. — 24.75vy + 7.5v, + v, — 33 = 980.10
11vy = 5v, = 66 .
— 24.75v, + 33.25v, = 980.10+ 33 = 1013.10

11 -5
A= | ~2475 33.25 l»” 242
| u 66 | _
Ne = |-24.75 1013.10| = 12’777'69
N. _ 12,777.60 _
o= = o = 5280V
33 + v, = 52.80
vo = 19.80V
P4.15
Ra.
= AAY,
KOz . En l
r » I M//
Ry 10.a

/Nec

R, = @O +8UO+1020) _ 0. g M _550 g = _ng
10 8 20
198 2
- B+
AR
, . S5 .
33v (X)) T $)4.955 4
PR L
— [/~
Jarz

+
S5
33V <z %)4.454 2.
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Ve ! ve—33
D 4.95 + 36 =0

3vc + v = 33 + 178.20
4v, = 211.20
0. =52.80V
. v, =5280-33=19.8V

P4.16 [a]

2V (=

v —230 vy — vy 02"”3__0

1 1 1
u;-;vz v4—(-s23f)+v4;-p5=0

3vy — v3 — vg + Ovg = 230
—v2+3v3+0vg—v5=0

— 6vg + Ovs + 10v4 — v = 230
Ovg — 6vz — 3vg + 10‘05\: 0

3 -1 -1 0
-1 3 0o -1
A=16 0 10 -3
0 -6 3 10
3 0 -1 -1 -1 0 -1 -1 0
=3/0 10 -3|+1{0 10 -3|—-6/3 o -1
-6 =3 10 -6 -3 10 -6 -3 10

= 3[(3)(91) — (6)(10)] + 1[(—=1)(91) — (6)(3)] — 6 [(1)(=3) + (10)(3)]
= (3)(213) — 109 — (6)(27) = 368
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230 -1 -1 0

0 3 0 -1
M=lo30 0 10 -3
0 -6 -3 10
= 230(213) + 230(27) = (230)(240) = 55,200
_:_”1 230 '01 _01 -1 0 -1 3 -1 0
N3 = ~|=-230|-6 10 -3|-230(-1 0 -1
-6 230 10 -3 0 -3 10 0 -3 10
0 0 -3 10
= —230 [(—1)(91) + (6)(—3)] — 230[(3)(-3) + 1(-10)]
= —230(-109) — 230(—19) = 230(128) = 29,440
31 ‘31 '230 _°1 -1 3 -1 3 -1 0
Ny = : =230|-6 0 -3|+230|-1 3 -1
-6 0 230 -3 0 .—6 10 0 -6 10
0 -6 0 10 '
= 230 [(—1)(—18) + (6)(24)] + 230 [(3)(24) + (1)(—10)]
= 230(162) + 230(62) = 230(224) = 51,520
31 '31 '01 230 -1 3 0 3 -1 -1
Ns=|" ' -230|-6 0 10|-230|-1 3 0O
-6 0 10 230 0 -6 -3 0 —6 —3
0 -6 =3 0 .
= —230[(—1)(60) + (6)(—9)] — 230 [(3)(=9) + (1)(-3)]
= —230(—114) — 230(—30) = 230(144) = 33,120
Therefore
_ Ny _ 55,200 _
vsz_ 268 =150V
_ N3 29440 _
3=3 =368 — 0V
_ Ny 51520
N =140V
_ Ns 33120 _
vs—A = 368 =90V
- 1140 — 90
12:’;—04205 2 =25A
p2a = (25)%(2) = 1250 W
[b] i230v= V1 — V2 + Vi1 — V4 — 230 — 150 + 230 - 140 — 80+ 15 = 95

1 6 1 5
p23ov = 21,850 W
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Check:

<2

3 Paiss = (80)2(1) + (70)%(1) + (80)*(1) + (15)(6) + (10)*(1) + (25)?(2)
+(10)*(1) +(15)(6)
= 6400 + 4900 -+ 6400 + 1350 -+ 100 + 1250 + 100 + 1350 = 21,850 W

o — 186 | v+ 1.6ia , v, +43 _
P4.17 55 + 11 + 5 =

in= 2 ;’ 3 16ia = 080, + 34.40
14, — 2604 + 220, + 17.6v, + 756.80 + 154v, + 6622 = 0
207.60v, = 47748

0

vo=—23V
P4.18 .
S i bR —c¢,
, ~A . 1 NV ]
v | ; +%$4 T
| o | 5 | .
v

v, — 80 21_ v + 751, _
5 50 25

-;%, 75, = 150,

L te =
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10v; — 8004+ vy +5v; =0

16v; = 800
v =50V
50
10—56—-»1A v
. v +T5i, 125 _
g = % =35 =5A

P1si, = —T8igia = —(75)(5) = =375 W
.". The dependent voltage source delivers 375 W to the circuit.

P.4°19 S 4 /o 2
| ! { % 4n
2oV 00 l:A Lo . D .
. H‘ 8“
pa ,
01—5004..&_'.”1—”2‘_—_0

5 100 10
31v; — 10v; = 10,000 |
vy — V1 + v + 188(—-1}1/100) + v2

10 4 t5p =0
—14.7v; + 37v, =0
N S U 11 B
A_|—14-7 37 l_1147 147 = 1000
N1=|10’g°° "3170|=37><104
N2=I_i’i7 10};’00.:14“103
Ny 3Tx10%
1=x 1000 370V
3
Ny _ MTX10°

ia = 2L _
A= 100— 3.7TA

18.8ip = —69.56V_
iont is..szA _ —469.56 1036
P18sia = —(18.8ia)(ia) = —(~69.56)(19.36) = 1346.6816 W

Therefore the dependent voltage source dissipates 1346.6818 W, or delivers
—~1346.6816 W.
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P4.20 Place 5v, inside a supernode and use the lower node as a reference. Then

P4.21 [a]

[b]

va va—15 v, wn
—+

2 o Tt~
20vs +4va — 604+ 20, 4+ v, =0
va = Hva + vg, Jovp = —4up

U 24vp + 3(—4UA) = 60
12va = 60; va=5V

v2 v U1 —V2
"5(40)"'20+ 5 =0
—5vy+ 2v; +8v; —8vy =0

| 10v; — 13v, +0v3 =0

(] Vg — N Vg — V3 _
ot 5 tT1 0

ve + 8vy — 8v; +4vy —4u3 =0

—8v; +13v2 —4v3 =0

V3 — V2 v3 — 11.5(02/40) v3 — 96
TR 5 +t73
20v3 — 20v3 + 40v3 — 11.5v2 + 50v3 = 4800

| 0v; — 630, + 22005 = 9600 |

10 -13 0
A=|-8 13 —4|=10(2860— 252)+ 8(—2860) = 3200

0 —-63 220|

0 -13 0

Ni=| 0 13 —4|=9600(52)

9600 —63 220

10 0 0 }
No=|-8 0 —4|==-9600(—40) = 9600(40)

0 9600 220 :

10 =13 0
N3=|-8 13 0 |=9600(130— 104) = 9600(26)

0 —63 9600

N N. "N

v1=Kl=156V; vz;fzmov; v3=—Ai=78v

_From the numerical values of v;, vz, and vz we note the independent voltage
source and the dependent current source will generate power. All other elements
dissipate power. Thus

3 Pen = (96 - 78) (96) +5 (%) (156) = (4.5)(96) + 15(156)
=432+ 2340 = 2772 W
deiss = ZPsen = 2772W




PROBLEMS

85

P4.22 For the given values of v3 and v4 we have
va =120 —v3 = 120 - 108 = 12V
1.75va =21 A
V4 — V3 _ 81.60 — 108

16 = = =-3.3A
14, ) 3 3.3

()= v

vy = vg + (%) iy =81.60-44=37.60V

Let i, be the current in the dependent voltage source. The reference direction
for 1, is from right to left. Then
_v , vi—vy _37.60 37.60—120
=TT Tt 1 ,
Let 7 be the current supplied by the 120-V source, then
P = 120 —37.60 + 120 — 108
b= 4 2
The power developed by the independent voltage source is
p12ov = (120)(26.60) = 3192 W

iq

=1.88 - 20.60 = —18.72A

=20.60+ 6 = 26.60 A

The power developed by the dependent voltage source is
P(ao/3)i, = (44)(18.72) = 823.68 W

The power dissipated by the dependent current source is
P1.75v, = (81.60)(21) = 1713.60 W

The total power dissipated in the resistors is
_(37.6)? , (82.40)2  (12)? , (108)2
=0 tT1 T2 tTa

(81.60)?

+(3.3)%(8) + 30

Pr
Therefore

) Puev = 3192 + 823.68 = 4015.68 W \

Y Paiss = 2302.08 + 1713.60 = 4015.68

Her solution checks; yes, I agree.

P4.23 From Eq. 4.16, ip =v./(1+ B)RE
From Eq. 4.17, ip = (v —V,)/1+ B8)RE
From Eq. 4.19,

ip= — [ Vec(1+B)ReRy + VoR1Ry V]
(14 B)Re [RiR2+(1+B)Re(Ri+Ry) °

_ VecRy=Vo(Ri+R3))  [VecRa/(Ri+ Ra)] -V,

" RiRy+ (1+ B)Re(Ri+ Ry) ~ [RiRy/(Ry + Ry)] + (1+ B)Re

= 2302.08 W
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P4.24

24250,

0 —2 vy
§6+ > +80+ 4 Y3 4312504 =0

V3 vz — 20 VU3 — V4

ot 1Tt 70

03
va = 20 — v3; =

“= 30

v = 35ig +vg = %va + v

401 + 4001 - 800 + v4 + 20‘!)4 — 20vs + 250(20 - 1)3) =
44v;, — 270v3 + 21vg = —4200

44 (%203 + 04) - 270v3 + 21v4 = —4200

| —231.50v3 + 65v, = —4200
v3 + 40v3 — 800 + 10v3 — 10vs = 0
51vz — 10v4 = 800

Ao ‘_231.50 _6150| — —1000
N3 = l’gggo ffol = -10,000
M= | 150 0] _ 0000
vz = % = —_1—;)%%0- =10V

.= %‘- = %% =-29V
v = %—29_-2025v

Let i, be the current delivered by the 20-V source, then

ig - 20;01 + 20-1-03 - 40225+10=30125A

py(delivered) = 20(30.125) = 602.50 W
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Check:

iy = }g- =025A, 35is=8.75V

va =10V,  3.12505 = 31.25A
D3.125v4 = ‘04(31.25) = —906.25W
". Dependent current source develops 906.25 W.

Let i, represent the current left to right in the dependent voltage source. Then

iy = 80 + 4 3 +3.12505 = 21.1375A

p3si, = (8.75)(21.1375) = 184.953125 W
". Dependent voltage source absorbs power.

o (20.25)? 200y 4 10% 102
D Puim = 184.953125 + =20 + (20.125) @)+ 1 “ 4 o
39 (29
+( ) 9+ &
=1508.75 W
Y Puev = 906.25 + 602.50 = 1508.75 W
Vo — N1 Vo — V2 Vo — VU3 v,,—v,,_
y4.25 [a] g+t s 20
Lnv,=vi+vatvz++v,
=“[01+02+vs+ 4 v,) = “Evk
R=1
[b] vo=%(100+80—60)=40V
P4.26 [a] | |
40 1O
. 0 .
Loy ¢ . ) %R < . ), v
Ll 2

40 = 2541 — 207 -
64 = ~207; + 324,

25 -20

' A=,—20 32

‘ = 800 — 400 = 400
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(b]

P4.27 [a]

. 40 -20| _ 3
-N1_|64 39 |-1280+1280—2560
|25 40| _ B
Nz..l_._mv 64|_1600+800-2400
. Ny _ 2560 _
h="71 =70 ~ 044
. Ny 2400 -
12 = A ———400 =6.0A

ia =i = 6.4A, iy =i — i3 = 0.4A, ic = —ip = —6.0A

If the polarity of the 64-V source is reversed, we have

AN S
w® ) L h) Qu

40 = 251; — 201,

— 64 = —20:¢, + 32¢,

A =400, N; =0, Ny = —800

i1=0 and i2=—2A '

ia =1 =0A, i =1 — i =24, ic=—ig =2A

(¥ (A

A
REm—

1 6D sn

%Y, — M\
42 - ox=

115 = Tiy — 26y — i3
— 345 = —2i; + 10i3 — 3i3
0= —i; — 3iy + 10i3

A=

Nl.—_"

Ny =

7 -2 -1 -

—2 10 —3|=7(100 - 9) +2(~20 — 3) — 1(6 + 10) = 575
-1 =3 10 :

115 -2 -1

—345 10 —3|=115(91)+ 345(—23) = 2530
0 -3 10

7115 -1
—2 —345 —3|=—115(-23) — 345(69) = —21,160
-1 0 10
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7 -2 115
Ny=|-2 10 -345|=115(16) + 345(~23) = —6095
-1 -3 0 ,
Ny 2530 _
= A = 575.—4.40{\
. Ny —21,160 _
19 = A = 575 = 3680A
_ N3 —6095 _
3= 3 = = = —1060A

The branch currents corresponding to these mesh currents are shown on the
following diagram. '

é.ri

BRI PP
/12 312
GL———-— -4 7
' + + 4
2oV (2 4124 &) %
-—a44 U5V, 2004
-\ .
dn 5

The 230-V and 460-V sources are developing power. Therefore
Z»Pde,, = (230)(4.4) + 460(36.8) = 17,940 W
[b]  Paiss = (15)%(1) + (26.2)%(3) + (10.6)%(6) + (41.2)%(2) + (4.4)*(4)

+ (36.8)%(5) +41.2(115)
= 17,940 W

P4.28 [a] sa

Q2

m—t

. 4n |
‘ —M/-
ov(® ¢ D %20_,,_/472) aﬁ)a:v
- (2
| A

S

& - e
—
<A
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120 = 32i; — 20i; — 7(—4)
0 = —204; + 2513 + 80 — 1(—4)
,v Therefore
92 = 32¢; — 204,
— 84 = —20i; + 251,
_ 132 -2

a=|2 2 |=soo-4oo-_—4oo
902 —20]|_
N1‘|—84 2 |‘62°
32 92
N"|—2o —84|“"848 ‘
M0 _
= b= i =155A 7
N, _ 848 _
= 2= =-2124

vo = T(is — 11) + 1(43 — i2) = 7(—5.55) + 1(—1.88) = —40.73 V
paa = (—40.73)(4) = —162.92W
v Therefore the 4-A source is delivering 162.92 W to the circuit.

[b]  pizov = —(120)(1.55) = =186 W (dev)
psov = 80(—2.12) = —169.60 W (dev)

5 Y ) Paey =162.92 + 186 + 169.60 = 518.52 W )

[e] D Paiss = i3(5) +3(4) + (i1 — i2)*(20) + (i1 — i3)*(7) + (2 — i3)*(1) -
= (1.55)%(5) + (2.12)%(4) + (3.67)%(20) + (5.55)%(7) + (1.88)%(1)
=518.52W

Therefore Y Paey = 9 Paiss = 518.52W

P4.29

32
7‘\M
18V 34 . 5V
L2
Summing around the supermesh gives

18 = 5iy + 3iy — 15 33 =5i; +3i; +9

33 = 5i; + 3iy o8 =24

i1 — 1y = -3 i1 =3A

Lila=14 43 i, =6A
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pisv = —18(3) = =54 W  (dev)

pisv = —15(6) = —90W  (dev)

vo=18—5i; =18—-15=3V

psa =—3(+3) = —9W  (dev)
D Paey =54+ 9049 =153W

5o Puiss = 153 W

Check: 3 Puiss = 5(9) +36(3) = 45 + 108 = 153W
P4.30 Summing around the supermesh used in the solution to Problem 4.29 gives

6 = 5i; + 3iy — 15
21 = 54 + 3(i1 + 3)

.8t =12
i1 =15A
is =4.5A

pov = —6(1.5) = ~9W  (dev)

pisv = —15(4.5) = —67.5W (dev)

p3a = —3v, '

v,=6-5i; =6-75=-15V

p3a = —3(—1.5) =4.5W (diss)

psa = (1.5)%(5) = 11.25 W

psa = (4.5)%(3) = 60.75 W

Y Puiss = 4.5+ 11.25 4 60.75 = 6.5 W

Check: Y Piey =9+675=T65W

P4.31 [a] Summing around the supermesh used in the solution to Problem 4.29 gives
10 = 5i + 3iy — 15 '
25 = 54y + 3(i1 + 3)
.. 16 = 84, i1 = 24, i3 =5A
v, =10-5(2)=0V -
S Y Paev = ) Puiss = (10)(2) + 15(5) = 95 W

Check: ) Puiss = 4(5) +25(3) = 95 W

[b]. With 3-A current source replaced with a short circuit
i1 =10/5=2A4; ip=15/3=5A

C Y Paiss = (4)6) + (25)(3) = 95 W
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[¢] A 3-Asource with zero terminal voltage is equivalent to a short circuit carrying
3A. '

P4.32 [a] . ~

.
V—

SN

loov

2n

100 = 2iy + 2043 + 2i;
100 = 5(i2 - il) + IO(iz - 2'3) + 21y
100 = 2i; + 2iz + 20i3
100 = —5i; + 17i — 1043
1.2iy = i3 — 4
i3 =121 +1; .
2043 = 20i; + 24i,
10i3 = 104, + 12i,
", 100 = 2i + 245 + 204; + 24i,
100 = —5i; + 17i3 — 10i; — 124,
.. 100 = 22i; + 26i;
100 = —154; + 5i,
22 26

NIERT
=] %]
o] 2, 18-
i = ivA—l = _,4.20A

iy = % =T740A

is = 1.2iy + i; = 4.68A

la =1 =—420A

ipb =i =T.40A

ic = i3 =4.68A

ig=i3—i; =74+42=11.6A
fe=iy—i3=T4—-4.68=272A
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[b] w1 +vs = 20is = 93.60V
vy = 10, = 27.20V
. g = 93.60 — 27.20 = 66.40V

D" Paev = 100i, + 1.2ipv; = 740 + 589.632 = 1329.632 W
D Puiss = 22 + 5i3 + 2i + 10i2 + 2042

= 2(4.2)% + 5(11.6)% + 2(7.4)% + 10(2.72)? + 20(4.68)? = 1329.632 W
50 Y Paev = 3 Puies = 1320.632W

P4.33

FEV

660 = 30i; — 10i, — 15i3

132 = 6iy — 2iy — 3i |

0 = —20(iz — i3) — 104; + 60i — 50i3
0 = —10i; + 40i; — 30i3

0=—1; +4iy — 3i3
0 = —15i; — 50i3 + 90i5 -
| 0 = —3i; — 104y + 18i3 |

6 -2 -3
A=|-1 4 -3|=6(72-30)+1(—36—30) —3(6 +12) = 132
-3 -10 18]
132 -2 -3
N=[0 4 -3|=132(42)
0 -10 18
6 132 -3 ,
No=|-1 0 -3|=132(27)
-3 0 18
16 -2 132
N3=|-1 4 0 | =132(22)
-3 —-10 0
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-

. _ N, . _N . _ N
11=21=42A,. 12=—&"1=27A, 13=X3=22A
P20i, = —27(20)(27 - 22) = =2700 W
p20i,(developed) = 2700 W
21 .
P4.34 [a] isn= =154, Gia=9V
104 ada
A~ " , AN —
sV K/) Vo ,5204 s/ S
25 = 30i; — 20i;
— 9= -201; +44i,
|30 -2]|_.;
A“|—20 a4 | =920
|25 =20] _ o000
30 25| _
: Nz—l_20 -9 =230
. Ny . N
g1=K‘=1A, zz=-[—§‘1=0.25A '
" v, =20(4; — 43) =20(1.0-0.25) =15V
[b] pev =9i3=225W  (abs)
.'. pev(delivered) = —2.25 W
P4.35 [a]
1ha
i
, ’
énl] .42!24. ) rDLp
: 2
—M/—
2.24n

i = 5mA,

ia = (i1 — iz)

5400(iz — i1) + 3700i3 — 150(i; — i) = 0
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925015 — 5550i; = 0
_ (5550)(5 x 1073)
- 9250
Lia=5-3=2mA

=3mA

[b]  Psma = —voiy
v, = 1011+54(11—12)—50+108 60.8V
Psma = —60.8(5) = —304mW
Psma(del) = 304 mW

[e]  Pusoia = —150iaiz = =150(2) x 1073(3 x 107%) = —900 x 10~ = 900 4W
P150i, (del) = 900 uW

P4.36 |
2a 5
—AA/ —N-
T8 v

av () m éﬂo/‘) iy ) ik

50 = 2i; + 4(i1 — i) + i
0=-9; + 4(i2 - 11) + 5ip + 20(12 + 1.71)A)
50 = 6iy + 5is
0 = —5iy — 4i + 5is + 20i3 + 34(2i))
0 = 641¢; + 204,

A:I}g‘ 250|=120—320-= —~9200
N1=|500 250|=1ooo
|664 50°l—-3200
'1=1—Z—=—5A iy = %—lﬁAv ia= i1 = ~5A

Psov = —50¢, = 250 W (abs)

=1 —lg=-5-16=-21A

Poia = Qiaip = 9(16)(=21) = —3024 W (del)

V170, = 20(i2 —13) ‘

i3 = —1.7(2)(i1) = —3.4(=5) = 17TA

V1708 = 20(16 — 17) = =20V |

Prrva = —(L.70a)01.70, = —(~17)(—20) = 20(~17) = —=340 W (del)
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P4.37

1
‘Za L3 )
W] —M\/-
Up LT R

5
I
N

\B

125 — 75 = 5iy — 3(—0.5)(2)(i3 — i1) — 2ia

0=—-2i; —iy + 103

50 = 2¢; + 13

0=—311+1113
2 1

A_‘_3 11|_22+3_25
50 1

Nl-lo 11‘_5504
2 50| _

Ns—l 3 0|—150‘
Ns _

la—K-—GA

vA = 2(i3 - il) = 2(—16) =-=32V

iz = —0.5vA =16A

i1—is=16A; i —ip=6A; iy—iz3=10A

___é"ﬁ . 7.2

M/~
Za »ih i
— VW 1 oA

a Sin +
sV (G o | o
' A24 A 5Y

S

—lLA
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v, =75+18-10=83V
Therefore the only source developing power is the 125-V source.
Pyev = (125)(22) = 2750 W

Check: )
Po.sva = (83)(16) = 1328 W  (absorbed)
prsv = 6(75) = 450 W  (absorbed)
pra = 36(7) = 252 W (absorbed)
Pan = 256(2) = 512W (absorbed)
pia = 100(1) = 100W (absorbed)
p3q = 36(3) = 108 W (absorbed)
D Pabe = 2T50W

P4.38

Dot

135 = 25i; — 203 — 3i3

0 = —204; + 2543 — 4i3 + 10(ia — i1)
0 = —3i; — 4iy + 12i3

135 = 25i; — 20i; — 3i3

0 = —30i; + 253 + 6i3

0 = —3i; — 4iz + 12i3

25. —20 -3
A=|-30 25 6 |=25(300+ 24)+ 30(—240 — 12) — 3(—120 + 75) = 675
-3 -4 12
135 —20 -3 » '
Ni=|0 25 6 |=(324)(135)=43740"
0 -4 12
25 135 -3 | |
Ny=[-30 0 6 |=—135(~360+ 18) = (342)(135) = 46,170
-3 0 12| .

=Sl 6480A = E=6840A;  ip—i=36A

p20a = (3.6)%(20) = 259.20 W
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© P4.39 [a]

ov

15 = 30i1 - 25i2 - 2(1.2)(25)(51 - iz)
15 = 30¢; — 25i; — 60i; + 601,

15 = —30i; + 35i;
0 = —25i; + 30i3 + 10 — 1.2(25)(é; — iz)
— 10 = 2541 + 30i; — 30i; + 30i;
-10= —551'1' + 601,

A= I:gg 23! = —1800 + 1925 = 125
Ny = |_1150 '2gl=900+350= 1250
Ny = lzgg —lir)ol =300;i-825= 1125
1= %=112%=10A

iy = %=}il—22?5=9.01\

f1—i3=10—-9=1A
pasa = (1)%(25) = 25 W
[b] 1.205 =(1.2)(25)=30A =3
ia=iz—i; =20A
Bh=i3—i3=30-9=21A
Vo = 2ig + liy = 40+ 21 = 61V
Pr2vs = (1.20a)v, = izv, = 30(61) = 1830 W
Pisv = 154; = 15(10) = 150 W
3 paev = 1830 + 150 = 1980 W

. 25 »
%delivered = 1980 ¥ 100 = 1.26%
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P4.40

7)) 30V

30 = 30%; — 20¢; — 3i3

30 = —20i + 27iz — 5i
0= —-3i1 - 5i2 + 8i3 + 53(11 - 12)
| 0=150i) — 58, + 8i3

30 -20 -3
-20 27 -5
50 -58 8

= 30(—74) — 20(334) + 50(181) = 150

30 -20 -3

Ny =30 27 —5|=30(-74)— 30(—334) = 7800
lo -58 8

30 30 -3
N, =|-20 30 -5|=—30(—160+ 250)+ 30(240 + 150)
50 0 8 ‘

30 -20 30
N3=|-20 27 30
50 -58 0

A= = 30(216 — 290) -+ 20(—160 — 174) + 50(100 + 81)

= 30(1160 — 1350) — 30(—1740 + 1000)

ia=1—i2=52—-60=-8A .
Ps3in = (83ia)(i3) = (53(—8)(110) = —46,640 W
Therefore the d_ependent‘voltage source develops '46,640W or 46.64kW.
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P4.41 [a]

[b]

[e]
(d]

P4.42 [a]

There are three unknown node voltages and only two unknown mesh currents.
Use the mesh current method to minimize the number of simultaneous equa-
tions.

See following figure for mesh currents
20(iq — 6.6) + 10i, + 5(iq — 15) = 0
30(ip — 6.6) + 5(ip — ia) + 603, =0

+

bt

Our equations simplify to
Tig —ip =264
— i, + 197, = 39.6

'.A:I_71 ;;|=132

N,:Iig:‘é Is}|=5‘“'2°

M=|_71 gg:§|=303.6q

i,,:—li—“=4.lA; i,,:%—_-z:m; ip =iy —ig = —1.8A

psa = (—1.8)%(5) = 16.20 W

No, the voltage across the 6.6-A current source is readily available from the mesh
currents, and solving two simultaneous mesh-current equations is less work than
solving three node voltage equations.

vy = 10ig +60i, =41+ 138 =179V
Pe.6a(developed) = (179)(6.6) = 1181.40 W

There are three unknown node voltages and three unknown mesh currents, so
the number of simultaneous equations required are the same for both meth-
ods. The node-voltage method has the advantage of having to solve the three
simultaneous equations for one unknown voltage provided the connection at ei-
ther the top or bottom of the circuit is used as the reference node. Therefore
recommend the node-voltage method.



PROBLEMS 101

(b]

P4.43 [a]

Ala
U

oA leOn
A

24

V1 — V2 v1 — V3

v _ . _ _ —
—6.6+1—66+ 20 + 10 =0 or 25v; — 8vy — 16v3 = 1056
UVg—V , V3—V3 VU3 _ _ _ _

st 5 tgg=0 or | —3v; + 170, — 1203 =0
Vg —V2 V3  U3—V1 _ _ _ =
5 + @ + 0 - 0 or 6vy — 1203 4+ 19v3 =0
25 -8 -16
A=]-3 17 -12{=1235
-6 -12 19
1056 -8 -—16
Ni=| 0 17 -12|=189,024
0 -12 19

Ny ,
n=x= 153.06 V

Paev = (6.6)(153.06) = 1010.17 W

The node-voltage method requires summing the currents at two supernodes in
terms of four node voltages and using two constraint equations to reduce the
system of equations to two unknowns. If the connection at the bottom of the
circuit is used as the reference node, then the voltages controlling the depen-
dent sources are node voltages. This makes it easy to formulate the constraint
equations. The current in the 5-V source is obtained by summing the currents
at either terminal of the source.

The mesh-current method requires summing the voltages around the two meshes
not containing current sources in terms of four mesh currents. In addition the
voltages controlling the dependent sources must be expressed in terms of the
mesh currents. Thus the constraint equations are more complicated, and the
reduction to two equations and two unknowns involves more algebraic manipu-
lation. The current in the 5-V source is found by subtracting two mesh currents.

Because the constraint equations are easier to formulate in the node-voltage
method, it is the preferred approach.
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(b]

maa.%’

“T sv lcomA
U\
(44 1)
1 >

va = Ug; Vg = V2
U1 U2

MY 01+410%s=0 or 5v;+2v; —50+ 0503 =0

100 © 250

v1=vg-—5, 51)1 =5’U2—25

Tva +0.5v3 =75

23 4 0-3ys =
zog 01+ 505~ 10 s =0

. 2v3+ 1004+ 5v4 —v3=0

vy = vz + 0.8v9; .. vy = bvs + 4v,

. 4vy + 6v3 = —100 or 2v9 + 3vz = =50

7 05
2 3

% 05
-50 3

'.A:l |=21-—1=20

N2=|

v = %%: 125V

12.5

|=225+25=250

=2 _0l= 2 —0.1=-005A=-50mA

250 250

psv = —5iy = —5(—50) = 250mW

.". psv(absorbed) = 250 mW

P4.44 [a]

+
14A nu“ .
g 74 L

41

240V
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[b]

40(i3 — 19) — 4i, — 240 =0

4043 — 4i4 = 1000

10’3 - i4 = 250

45i3 — 1543 + 1044 = 1000

i =iz — i3

2y =14 — i3 5

2i5 — 2i3 = 14 — 13; i3 = 0.514 + 0.5i3
1515 = 7.5i4 4 7.5i3

4Bi3 — 7.5iq — T.5i3 + 10ig = 1000

37.5i3 + 2.514 = 1000

15i3 + 14 = 400

G
o[ 7o
=]lg 28] o
.i3=%=26A; i, = 18A

i4=%=10A; - i1 =19A

i,=19-26=-TA
i, =18—26=—8A

i.=18-10=8A

ig=10A
fe=ic+id=8+10=18A

va = 40iy = —280V; v, = —10i — 240 = =320V
" proa = —19v, = —19(—280) = 5320 W (diss)

Paia = —4igie = —4(10)(18) = =720 W (gen)

Paiy = —2ipvp = —2(—8)(—320) = —5120W (gen)
‘paaov = —240iq = —240(10) = —2400 W (gen)

paoa = (—7)%(40) = 1960 W (diss)

psa = (—8)%(5) = 320 W(diss)

Pioa = (8)%(10) = 640 W  (diss)

D Pgen = 720 + 5120 + 2400 = 8240 W

Z Pyiss = 5320 + 1960 + 320 + 640 = 82_40'W

S0 Y Peen =), Puins = 8240W

40(i3 — 19) + 5(i3 — 42) + 10(ig — iz) — 240 = 0
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P4.45 [a]-

92

0.5 ; )

—\N/ ‘e Slléa
Ké? - SHh.2n

0.3 1

125V

125 = 10i, — 0.5ip — 9.2ic
125 = —0.5i5 + 204, — 19.2ic
= —9.2i, — 19.2i,, + 40i.
10 -05 -—9.2

A=]-05 20 -—19.2|=2434.16
-9.2 -19.2 40

125 —05 =92
N.=|125 20 -—19.2|=(125)(628)
0 -19.2 40
10 125 -9.2
N, =|-05 125 —19.2| = (125)(512)
-92 0 40 ‘
10 -05 125
N.=|-05 20 125|=125(390.2)
—92 -19.2 0
Na .

Ga= =2 =3225A; b= %‘i =2629A; ic= J-Z— =20.04A
vy = 9.2(6a — ic) = 112.35V
vy = 19.2(dp — i) = 120.09V
ve = 11.6ic = 232.44V
[b] pr1=(ia— ic)%(9.2) = 1371.93W
p2 = (i — ic)?(19.2) = 751.13W
ps = i2(11.6) = 4657.52 W

[c] 3 Piev = 125(32.25) + 125(26.29) = 4031.16 + 3286.55 = 7317.12W

: p1+p2+p3 6780.58
d — e = e P .
% delivered ( S Pos ) 100 B2 x 100 = 92.66%



PROBLEMS 105

+ .
sy e 92
U; - S?//.é_(z_
wv () 9.2
032 _ ‘
1A/
v, — 250 Vo Vo _
06 TmaTT16""
. vo = 233.02V
v = 233 22(9 2) = 75.49V
933.02

——(19.2) = 157. 54V

vy =

, 28.4
Voltage across load R is excessive and could cause damage to the appliance.

P4.46 .
03 _n.

vy .
&5y m %2
0.5 .

) . lll G
-M— Ly
125 m - ;l?z
125 = (R1 + 0.8)i3 — 0.5% — Ryic
125 = —0.51, + (R2 + O.S)ib — Rsi..
0 = —Rjta — Ratp + (R1 + Ra + 11.6)ic
(R1+0.8) 0.5 -R;
A= -05 (R2+0.8) —R,
-R; _ -R; (R1 + Ry + 116)
When Ry = Ry, Areducesto A= 12.2R§ + 19.34R; + 4.524.
125 -0.5 -R; !
N, = 125 (R2 + 0. 8) -R,
—R, (R1+ Ry + 11.6)

=125 [(Rz + 1.3)(Ry + Rz + 11.6) + R R, — R2]
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P4.47

(Ri+0.8) 125 -R,
No=| =05 125 —R,
-R, 0 (R1 + Ry + 11.6)
= 125 [(Ry + 13)(Ry + Ry + 11.6) + Ry R, — R]

S
&—AJ b"A

. . _ . _ Na—Ny _ 125[(Ry + Ry +11.6)(R; — Ry) + R? — R3]
theutral = %a — Ip = A = A -

Now note that when R; = Ry, ineutral reduces to
. 0
fneutral = 19 9R7 + 19.34R, + 4524 ~ °

The power developed by the 5-A source is zero when the voltage across the source is
zero. Only two mesh-current equations are needed to find the voltage across the 5-A
source, whereas the node-voltage approach requires three equations.

154

Vae = 37iy — 25i; |
0 = —254; + 1254, — 100 + 300
— 200 = —25i; + 1254,

_ |37 -25]_
A= |—25 125 ' = 4000
87 wve |
Ny=| e Ve | = 25V; - 7400
o _ Ny _ 25Va = 7400
2T A T T 4000 :
vsA = (5 — i2)20 = 100 — 20i; = 100 — (_%07_40_0)

_ 20,000 — 25V, + 7400 _ 27,400 — 25V;,
- 200 - 200
vsAa =0 when 25V5.=27400 or V. =109V
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P4.48 Us;ing the mesh-current method we have.

AéIL"
(e (g i’m
b &, 7)) e 0 ) 230V
“J é sy T
A/ W/
de. Sa

Vie — 115 = Tiy — 2ip — i3
— 115 = ~2i; + 104, — 3i3
0 = —i; — 3iy + 10i3
By hypothesis i, = 0, therefore we find Vie such that Ny = 0.
7 Vie—115 -1
-2 115 -3
-1 0 10
= 23(Vze — 115) — 69(115)
" 23(Vae — 115) — 69(115) = 0
Vie—115-345=0
Viae =460V

Ny = = —(Vae — 115)(—20 — 3) — 115(70 — 1)

P4.49 We begin by finding the Thévenin equivalent with respect to R,. After making a couple
of source transformations the circuit simplifies to :

/¥ 2
AA/— - —e
oV _ I
b
— e
o 160-30i L

50
vTh = 20ia + 30ia = 50ia = 100V
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Using the test-source method to find the Thévenin resistance gives

a5 —>tp -l
F_N\/ —AA— +
(0Qa 2 vr
300
. vp | vr —30(=vr/30)
=t 20

ir. 1 1 4 2

vr 30710 30 15

v _B_q50

ir 2 _

Thus our problem is reduced to analyzing the circuit shown below.

Ry =

15

| -
looV o -~ Ro

2
P=( 100 )Ro=250

7.5+ R,

104
R2 + 15R, +.56.25R" =250
1—0—2"‘1—-122 15R, + 56.25
950 Tt T 19Ko+96.%¢

40R, = R? + 15R, + 56.25
R? - 25R,+56.25=0
R, =12.5+/156.25 - 56.25 = 12.5 £ 10
R, =225Q -
R, =250
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P4.50 [a] Apply source transformations to both. current sources to get

ake  23hka thn

[b]

2.3k
TV + |
amh UA” 27ka g 2 0.bmA
4

_ ;3 L VA — VB -

2x107° + 2700 +\—---—-—2300 0
YVB—YA YB . -3 _

2300 + 1000 +06x107°=0

or 2.3va +2.Tvga — 2.Tvp = (2)(2.7)(2.3)
5v4 — 2.Tvg = 12.42
vp—va+2.3vg =-1.38

~v4 +3.3vp = —-1.38

_|5 —27]_
A._l_l 3.3|_13.8

1242 -2.7
Nq= '/_1.38 Iy |_37.26

5 1242
NB‘I-l --1.3:3'"5'52

Ny

" vA=T=2.7V
_Np _5.52 _
B="A T 13804V
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P4.51 [a] Applying a source transformation to each current source yields _

12 sv W

O —»lo
' LU
12v .".’) /.5
34v

Now combine the 12-V and 5-V sources into a single voltage source and the
12-Q and 5-S2 resistors into a single resistor, to get

e (72
v i 215 3¢y
bo

Now use a source transformation on each voltage source; thus

bk e Fe b

which can be reduced to

i 55 3 ¢ %1'5.}7.
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[b] 1A

6(iy — 2) + 6iy +5(iy — 1)+ 17(i1 — i,) — 34 =0

34i, — 17i, = 51 or

or 344 17(i, —iy) + 1.'53'., =0 or [ —17i; +185i,= —34 |

A= ‘_2’17 1;.15‘ =37-17=20

N, = l_“;_{ _3:;’4' = —68451=-17

io=%=——§:)—7-=—0.85A |
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P4.52 [a] ahn
T 1™
3mA %«wkrz Stoka
| 1
ke 4kn 2R - 3oka
W E —
A\ ' ‘
2k
| | - |
24 0, 84mA %Iolen
mA .
25R
[
omé ¢ 5‘ 225k 2 §‘5bn
25ka )
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25ka

A

4.5nd

" va = (7.5)(4.5) = 33.75 V
. Va _
fa= g5 =0375mA

ib = 8.4—0.375— 4.5 = 3.525 mA
ic = ip = 3.525mA

vp = 4ip, = 4(3.525) = 14.10V

ve = 2ic = 2(3.525) = 7.05V

vd +14.10 — 33.75+ 7.05 = 0

vq = 33.75—-21.15=12.60V

. ;l_)i _

iq = 60 = 0.21mA

ig = ip —ig = 3.525 — 0.21 = 3.315mA
P120v(developed) = (120)(3.315) = 397.80 mW

Check: ,
Ps.amA (developed) = (33.75)(8.4) = 283.50 mW

Y Paey = 397.80 + 283.50 = 681.30 mW
3 Piiss = (3.315)2(40) + (0.21)%(60) + (3.525)%(6)
+ (0.375)%(90) + (4.5)%(7.5)
= 681.30 mW

P4.53 [a] First remove the 16-Q and 260-Q resistors.

s20V 4
~CH——Mr

A don
oLl

—’W

X502

Wlﬁ.’-
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Next use a source transformation to convert the 1-A current source and 40-Q
resistor

son BV 4.

dov

which sifnpliﬁes to

480V

480

It follows that v, = 300

(250) = 400V

[b] Return to the original circuit with v, =400V

. _ 520
ig= geg +1.6=364

* pszov(developed) = (520)(3.6) = 1872 W
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[c]  va+520—1.6(250+4+6) =0

va = —104V
16(1) + vy = —104
v, =—120V _

. P1a(developed) = (120)(1) = 120 W.

[d] 3 paev = 1872+ 120 = 1992 W
Pien=16W

Paon = (10 )2 =27040W
40

Pp2son = (2)%(260) = 1040 W
pan = (1.6)%(4) = 10.24 W

(400)*
P2soq = 250 =640W
pen = (1.6)%(6) = 15.36 W
D Paiss = 1992W

E Zpdev = Zpdiss =1992W -

P4.54 vTh=§-(—)X40=48V

" (40)(10
40)(10
Rty =8+ 0 =16Q
b
W - 4.
¥y
— b
P 4.55 % |
O —
‘—:D
‘N o
o %»
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60 = 10(i; — 4) + 404,

100 = 50%;

i1 =2A

vpp = 8i3 +40i; =32+ 80 =112V

. R’I‘h=8+‘(‘19'g'(6€92'=169

(65T

A P
I

nav

L)

P4.56 After replacing the 40Q-10Q2-8Q wye with an equivalent delta the circuit becomes

. b

~ Now the circuit can be further simplified to

%% tamD 20




PROBLEMS 117

300 = 60(iy — 3) + 20i;
300 = 80:; — 180

4
i = -8§09 =6A
vmw = (6)(20) = 120V;  Rmn= L‘i%)%@_) 150
‘/5‘_(2_ s
[
DV
b
P4.57 [a]
: Rbse
A
. o.r4
—W— T U+
: — ;ﬂ _l‘\l\[’
qda
vy — 17.4 v2 _
2% + - 0.1=0

14v5 — 243.6 + 26v, = 36.4

40v, = 280; v =TV
_ b2 -

1)'.[‘h = 14(10) 5V
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vy — 174 V2 _
2o - 014+ 2 =0
4v9 — 69.6 4+ 26v,—104=0
30v, = 80

v2=§V

wWin
>

. V2
1s¢c = ~Z-=
5

RTh = m =75Q

N’

(b]

%’53" ‘TIOJL ~— K¢

Rth=30//10=75Q

. P4.58 First we make the observation that the 10-mA current source and the 10-k§ resistor
will have no influence on the behavior of the circuit with respect to the terminals a,b.
This follows because they are in parallel with an ideal voltage source. Hence our circuit

can be simplified to

/5K

M T——%
2V é}amf %57@—
] | b
anh (8) 1K C%)ﬂ/l %‘1‘2 |
1 b

or
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Therefore the Norton equivalent is

| - a
mA (4 375ka
| B

P4.59 First, find the Thévenin equivalent with respect to R,.

15//10 = 6Q
252
N/ —
b
1%V
t .
b.lS:('L
—\\
34‘ 0.2, A4 b
1252
—A
244 375
5:[2_ -l
1W |

+
GV ' Uz _5E3
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Ro io vo Ro io vo
0 18 0 25 |3 75
1 15 | 15.00 || 40 | 2 80

3 11.25 | 33.75 || 55 | 1.5 | 82.50
5 9.00 | 45.00 || 70 | 1.2 | 84.00
10 '6.00 | 60.00 ||- 85 | 1.0 | 85.00
15 | 450 | 67.50 || 95 | 0.9 | 85.50

P4.60 [a] First, find the Thévenin equivalent with respect to a,b using a succession of
source transformations.

ke
M\, ' -4
| I -
tom4 | ?4!&2 mA W
[ ] _ b
- ———AA, ~a
éo\/(%) askn
_ - b
U= %(60) =54V, Ry = (5)5(—:5) =4.5kQ
4.5k 4
N/ ~
54V Uneas Rm = 85:5%a
o

54
Umess = 55(85.5) = 51.30V

51.30 — 54

[b] %error:( 77

) x 100 = —5.00%
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P4.61

P4.62

. 03

v % 200 1200 .
18 36
v = m(?OO) = 7 A%
18
v2 = T3 1200V .
36 21,600 108 _
vTh—vl—vz_?—m—m—&WmV
_ (500)(200) . (3003)(1200) _ 29,428,200 _
Rmn="=00—+ 2003 = 9941 - 1000.24Q
locazda & —=lgal
QVAVa *
3.67 | 80
m\V/ : |

3.67 x 10~3

ol = Tosoaax 105 o O0MA

vrh = —804,(50 x 10%) = —40 x 10%;, ‘
(500 x 107°)(100) = 14105 + (4 x 1075)(—40 x 10%)
0.05 = (1410 — 160)i, = 12504,

i = 40 [JA
. vrn = (=40 x 10°)(40 x 10%) = —160V
ise = —801s '
. (500)(100) _ 5000
=0 - 14 MA
—80(5000 -
z,c=—-———1(41_ ) x 10¢ |
Ron = ——280040) ___ 56 4010

—80(5000) x 10-°
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se.akba N
—\W—"
2%
» b
P4.63
| 304y
2he 1 ke |, l0ka |3
u‘\/\/" ¢ —A "‘i\r
oV

——

1v1—40 vy vy —vs
7 tat 3

15v; — 4vs + Ovz = 400

=0

(2 vy — v Vo — V3 . U1\ _
Bt +30(20)_0
130v; + 32v9 — 10v3 =0
V3 V3 — VU2 V1 _
1t~ (5) =0
| —60v; —4vy +5v3 =0

15 -4 0 '
A=]130 32 -10|=10(-60— 240) + 5(480 + 520) = 2000
-60 -4 5 .
15 -4 400 )
N3 =130 32 0 | =400(-520 + 1920) = 560,000
—-60 —4 0
N3
vz = A 280V

Joovp, =280V
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. 2oty
zka s%a wka | _o ¢
A AN 2
4oV J%:Joﬁa - 2mke wbe
LA !
‘vl 1)1—-40 vl-vg_
%-i- ) + 5 =0
| 1501 — 4v, = 400 |
Vg , 2=V U2 1\ _
507 5 +10‘*30(20)‘0
130v; + 32v, = 0 ‘
Coa_ |15 —4]_
"A“llao 32|_1000
_|400 -4] _
NI—I 0 32|—12,800
_|15 400|_
Na= |0 o |- 52,000
. N N.
.v1=Xl=12.8V; v2=-£—f-=—52V
. . vz‘_ 12.8 _5_2-_
1,¢—302A+10—30(20) 75 = l4mA
R,Thz".“‘z(?@) 10% = 20kQ
isc 14 o
2k a
220V




124 CHAPTER 4. Techniques of Circuit Analysis

Alternate calculation of Ryy, :

304,

. Zka i 5k12 2 ‘Okﬂ. -a—(,.-,-
M/ +—A\N\/- M/ | e
t La0ba ﬁ’m f“‘,’é”- V-

ééx | “

ir = 40+ 1o "30(2)

v2 — Vg —_
5 +50+ 10 +3°( )‘0
130v1+32v2=10v7v |

' %’-I- Ly 2 5 2=0
15v; — 4vg = 0
_|130 32 _

A_|15 _4|-—1ooo
_|10vr 32

N]_—l 0 __4| -401)'1’

130 10wy
Ny = 07| = —1500r

. vy = 0.04vp and ve = 0.15vp
vr vy —0.15vp

W = Z(i <+ —T- - 1.5(0.04)0’1‘

L =005m8; Rm= ‘1’_" =20kQ
T

P4.64 [a] Use source transformations to simplify the left side of the circuit.

2zka 43Lb Lzl
AN
Jr\/\f
_,Yp\lé'b +l*441-bv

v 55VS K, A
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iy — % =0.10mA

Let R, = Rmeter//1.3kQ

R, = 2—5- = 1.25kQ

4.4
. (Rmeter)(1.3) _ . . _(1.3)(1.25) _
R 413 1.25; Rmeter- 0.05 = 32.50kQ

[b] Actual value of v,:

, 7

v, = 44iy(1.3) 2 5.56 V

% error = (M

556 ) 100 = -1.10%

P4.65 [a] Find the Thévenin equivalent with respect to the terminals of the ammeter. This
is most easily done by first finding the Thévenin with respect to the terminals
of the 4.8 resistor. :

Thévenin voltage: note i4 is zero.

2
M/
[0 oYX

24y ([~ W e X

UTh | YTh  UTh  bTh—24

100 25 20 2

vTh + 4vTh + SvTh + 50vTH — 1200 =0
60vTH = 1200; vrh =20V

Short-circuit current:

25Lss
AN
v N 22
) e
— A —
0A \O .
2y (F) @t | g osi) & o
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i‘c = 12 + 2i,c, -.. i‘c = "'12A
20 5.
=" ="3"

4.6

(*-‘53).&-~ @

LY
AAN__
v — 6A
ol Am
, 9
20 10
Riotal = T=3 Q
10 94 0.6
Rmeter _3' - T ? 0.20Q

[b] Actual current:

(A43)
M/ .

A0V ‘ Lot

20 L 808005y

tactual = '9_"1'(3) 94 94

% error =

30/4.7 30

(6-30/47) 100 (M) x 100 = —6%
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P4.66 Vi, since there are no independent sources in ﬂle circuit. To find Ry we first find -

Ra'b"
o -4-—(.:]' t
— My —= 4 +
' 5-_(L : ;
0n \/,_ . t B2 ‘VT
] o5y lo
. - - bl —_—

Vp Vp—-vww Vp Vp 1
=24 1Ty

=%t 10 T T10 10
/N vy + 6.5(Vp/25) LU -Vr =0

50 5 10
v + 10'01 + ggVT + 51)1 - 5VT =0
16v; = 5Vp — -1-5-?1VT
5 13
v = EVT - %VT
L. Vp 5 13
=95+ 10 " 1607 T 5007
ir _32+80-2+13 100 _ 1.
Vr 800 T 800 8
Ray = %@. =8Q; Ray = Rayr +12=20Q; R, =20Q
: T
o wlc X
A —e &
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P4.67 Vi, =0, since circuit contains no independent sources.

7, . oy
| V] +
2l Q 00n % %lo_n. Uz
b
. \% .
’T=Tg+‘a
iq = ia — 21ia = —20ia
 up — 300§ .
zAzw, 10004 = vp
in= VT _go( Ty _tT_ T
“TET0 20(1000)“10 50
i _ 1 1 _ 4
Ve 10 50 50
RTh=:./—:=§‘19=12.5Q
P4.68
— 54
pe
looy 0.0

100 = vph — 5R1h and 200 = vrp, — 4RThH
.. 100 = 1Ry, Rr, =100Q
.. vrp =100+ 5(100) =600V or

vrh = 200 + 4(100) = 600V
vrh =600V, Ry =100Q

leon

—W\/ ’-4_

éov
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P4.69 ' ‘
Re — 125/ A
A ry i
U; 12,5 \\ ez
12.5 11.8 11.8 125
12,5 = UTh — TRTh, 11.8 = UTh — mRTh, 0.7= (-0—7—5* - —6—-) RTh
RTh = 51.28 mQ
12.5 _3
vrn = 12,5+ —=(51.28) x 107%) = 1261V
. _ 1261

Ry = Ry = 51.28 mQ

P470 [a] [ R,Q) | P(W) || R.(®) IPOV(W)

0 0 25 | 225.00
1 225.00 40 160.00
3 379.69 55 123.75
5 405.00 70 100.80

10 360.00 85 85.00
15 303.75 95 76.95
[b]
4o 1A

P
-~

T
8

3 }
O et | e —
/”
/
,
/
P
/
¢
]
[]
‘.
J

25 2 75 o ~75T R (a)
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Magnify lower range of R, scale.

' PO ' PX R
(w) 4 | o -~ < _
n ’, — N\
4 ~
7 \‘
\ ’ ~ _
Jeo / -
,’
, )
OO |
.
|
100 !
/
|1
2l
o . T F 70 7=

B (chms)

[¢c] R,=5%, P,(max) = 4056 W

P4.71 [a] First find the Thévenin equivalent with respect to the terminals of R,.

After a series of source transformations we have

2.5k
] - A/ et

ImA %l 2kn 05 2002
~ l mA '

25ka +loV

Ry 1.5k ko <Ko

mé
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Continuing with source transformations leads to

lov
&
' ~
125 ‘ 5Ra A
mA % “J
Finally we get
- Sba
. _’A‘A/
2.375 | 2
, % | 2
. Ro=Rpp =5kQ

4.375

2
[b] P= (_164_) (5000) = 957.03 uW

P4.72 First find the Thévenin equivalent with respect to the terminals of R,.

o

150 = 20i; — 10i, — 40
190 = 20i; — 104,

19 = 2i; — i ]
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125 = -107; + 2513 — 60
185 = —104; + 254,

'A=l—210 ;51|=4°

O

N’?I}m 11895l=560

NN R
N; _ 560

vrh = 8(i1 — 5) + 12(i3 — 5) = 8(11.5) + 12(9) = 200V

Thévenin resistance:

2a a
F'___—Mr? /' v
. : Ry = l(-).- =0.8Q
&N'\'lrks s LT R
,J\ ' R, = 20 =1.0Q
80
R3 = 2—-0' = 409
2.
S
a
I L
O8a
| 4.n RTh=0.8+£%0(4)=0.8+3.2
7z Rrh =4Q ‘
122

e

"y

[4

T <
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Thévenin equivalent:

%@,:4.:1.

4
o2
,1'\{\, —
acol/ looV"
._b J
Prax = (1(10)2 = 2500-W

Now we return to the original circuit and set R, = 42. We also use the fact that when
R, =4Q, vap = 100V. Therefore we get the circuit shown below. After studying this -
circuit we note the current source is absorbing power. Hence we must find i; and i,
to see if both voltage sources are developing power.

22,

— 304

15V ) %8_0.
/O_rz_

&5V /7 Tlm

Zon

5h ‘

+
(@Vé’ 4.0

02

150 = 20i; — 1085 — 240
390 = 20i; — 104,

39 = 2, — i

125 = —10i, + 25iz — 360
485 = —10i; + 25i,
As before A =40

39 —1]_
N = l485 25 | = 1460
N2=l 2 39]:1360

-10 485
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M
A _ ‘
Thus both voltage sources are developing power.
Y paev = 150(36.5) + 125(34) = 9725 W

2500
9725

i1==-1=365A; iy=

% delivered to R, = x 100 = 25.71%

P4.73 [a] Find the Thévenin equivalent with respect to the terminals of Ry

20
— A/~

2 L -
Zoy y @e T@_{z Lé V > * lOL.€
4

240 = 25i; — 20iy — 3ia
0 = —20i; + 254z + 10(is — 1) — 4is
0 = —3i; — 4iy + 9is ‘
240 = 25i1 - 20i2 - 3i3
0 = —30¢; + 25¢2 + 613
0 = —3i; — 4iy + 9i3

25 =20 -3
A=|-30 25 6 |=25(249)+30(~192) — 3(—45) = 600
-3 -4 9
240 -20 -3
M=|0 25 6|=240(249) = 59,760
0 -4 9
25 240 -3 ' :
Ny=|-30 0 6 |=—240(252) = 60,480
' -3 0 9
. _ N _ . . & _
4 = A =99.60A; i= Y 100.80 A

UTh = Vap = 20(11 - 12) =-=24V
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Short-circuit current:

240 = 51'1 - 01.2 - 3i3 .
0 = 04 + 5ip — 4i3 + 10(i53 — i;)
0= —3i; —4is 4+ 9i3

240 = 5i; — 0i; — 3i3
0 = —10i; + 5ig + 6i3
0 = —3i; — 4iy + 943

5 0 -3 : |
A=[-10 5 6 |=5(45—09)+4(30 - 30) =180
-3 -4 9 |
240 0 -3
NMi=|0 5 6]|=240(69)= 16,560
0 -4 9
5 240 -3
No=|-10 0 6 |=-240(-72) = 17,280
-3 0 9
. _ Ny _ 16560 _ ., . _Np_ 17,280 _
=3 =g - A BT Ty -4
fomii—iy=—4A; Rp='Th=T%_sq
. z,c —4
6 a
7‘A{ o
b

RL=RTh=GQ
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[b]  Prax= (f—;) 2.(16) =UW

P4.74 [a] We begin by finding the Thévenin equivalent with respect to the terminals of

R,.
© l4ep
<>
e LD, 2=
A — -—
mv@@)/_i 200 ) @ueov
——M —A\A/ '
da b e

)

200 + 25i; — 20i3 — i3 = 0
— 204 + 25i3 — 2i3 — 100 = 0
— iy — 24y + 3i3 + 14(i; — i) = 0
.. 25i; — 20, — i3 = —200
— 204 + 25iy — 2i3 = 100
13i; — 16i3+ 3i3 = 0

25 -20 -1
A=1-20 25 ~2|=25(75 - 32) + 20(—60 — 16) + 13(40 + 25) = 400

13 -16 3 '

-200 -20 -1 -
Ny=|100 25 -2[=-200(75— 32)— 100(~60 — 16) = —1000

0 -16 3|

25 -200 -1 : :
Nz=|-20 100 ~—2|=200(—60+ 26)+ 100(75 + 13) = 2000

13 0 3 o

Ny _ —1000 _ _ _ Ny 2000
'TA T T T THA R= T =g =5A

" iA = il - ig = —7.5A; VUTh = 20iA =-150V
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Now find the short—circuit cunjent.

L A— A~
- .’/T-:, ‘ . —
200V (%) ‘ta . S0 | C 6 7 ) loov
| : A
\_
M — o\~
4.0 a -3

Note with the short circuit from a to b that ia is zero, hence 14i4 is also zero.
— 200 = 5ig + 08 — i
100 = 07, + 5ip — 24,
0= —iy — 24 + 3i,

5 0 -1
A=|0 5 -2|=5(15-4)-1(5)=55-5=50
-1 -2 3 ’
A =50
=200 0 -1 .
N, =1{ 100 5 —2|=-200(15—4)—100(—2) = —2200 + 200 = —2000
, 0 -2 3
5 =200 -1
Np=|0 100 —2|=200(—2)+ 100(15 — 1) = —400 + 1400 = 1000
-1 0 3 ‘
. _ Na _ —2000 _ . . No _ 1000 _
la—'—A———s—O——- 40A, 1b—-A———50 —20A
L _ Von _ =150 _
Isc =1a — ip = —60A; Rrh = . = 60 =25Q
2.5_r2. a
M ——
1oV
- b

For maximum power transfer R, = Rtnp = 2.5

2 .
[b]  Prax = (1_2_0) (2.5) = 2,250 W
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P4.75 From the solution of Problem 4.74 we know that when R, is 2.5 Q, the voltage across R,
is 75V, positive at the lower terminal. Therefore our problem reduces to the analysis
of the following circuit. In constructing the circuit we have used the fact that i, is

—175/20, or —3.75 A, and hence 14i4 is —=52.50 V.
52,5V

>
—~Z P

l..n.. ts a ) 2—‘7-
2cov(5 qsvn Z) 1oV

B.ﬂ.

200+5il-0i2—i3—75=0
07 + 513 — 2i3— 1004+ 75=0
— 11 —2i3+3i3—-525=0

" 5iy — 0ip — iz = —125
0%y + 515 — 2i3 =25
— 141 — 2iy + 3i3 = 52.5

5 0 -1
A=|0 5 -2|=50
-1 -2 3
-125 0 -1
M=| 2 5 -2|=-1062.50
5256 -2 3
5 -125 -1
Ny=|0 25 -2[=625
-1 525 3
5 0 -125
Ns=1|0 5 25 | =937.50
-1 -2 525
_ My _ —1062.50 _
== 21.25A
_ Ny _ 625 _
2= 3 == = 1254
N,
o= 53 = BTN _ 15754

A 50
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Note that all three sources are developing power. Therefore
Epdev = 200(21.25) + 100(12.5) + 52.5(18.75) = 6484.375 W

% delivered =

P4.76 [a]

Z.

4 5

2250 :
6484.375

x 100 = 34.70%

Find the Thévenin resistance

M

%

M T+

4

.

6la

ir = —0.85va + V—Tg'ﬂ

ir = 0.85v1 + 0.2Vp — 0.2v; = 0.65v; + 0.2V7
v, , v1—6ia vi-Vp

2 + 1 + = 0

10v; + 5v; — 30ia + 4v, —4Vr =0

199 — 30 (”‘—"ﬁ> —4Vp =0

5
, —r
13v; + 2Vr = 0; =

. ip =0.65 (-—EYSI-) +0.2Vr

vA = —U

" v =

ir 1

=—=—==40.1

Vr  Rmn

.. Rhn=10Q=R,
[b]

Find the Thévenin voltage.

1 T

24V

b |
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=24 vi—6ia vi—vrh .
st~ t—F—=0

1001 — 240 + 5v; — 30i + 4v; — dopy = 0
19v; — 30 ("L"gm) — dvpy, = 240

| 13v; + 2vTh = 240

@‘%’—‘ —0.8505 =0

va = 24 — vy; 0.85v5 = 20.4 — 0.85v;

@‘5;"1 —20.4+0.85v; = 0

3.25vy + v, = 102

13 2]
A“ls.zs 1"6'5
_| 13 240]_ _
NTh—|3‘25 102'—1326—78.0_546
_,NTh__546__
UTh = 4 = g5 =84V

Therefore the Thévenin equivalent is

102

+
aav q2v K, =0

The maximum power delivered to R, is
(42)®
10

= 176.40 W,

Pmax=

When R, = 10Q the original circuit becomes

za. S
+ Aé\—/ -1 J—I-—-J\FCA *
() 4
A R - 42V;
24 f) } Lo 0,350, ?
VT L, bla |

10
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v1,—24 v1—6iA 01—42\_

T + =0
10v; — 240 + 5v; — 30is + 4v; — 168 = 0
19v; — 30 (”‘ ;42) = 408
130, = 156, ~ v =12V

in = 12-5-42= —6A

i = 12 - 6(—6)
4
i = 24-2- 12 —6A
va=24-12=12V, 0.85v4 = 10.20A
Paav = —24i, = —144 W (dev)
Peia = (6ia)(ib) = —36(12) = —432 W (dev)
Po.ssu, = —42(10.20) = —428.4W (dev)
". All three sources are developing power.
Zpdev = 144+ 432 + 428.40 = 1004.40 W

*. Percent delivered to R, is

176.40 o
To04dg X 100 17.56%

=12A

% delivered =

P4.77 Find the Thévenin equivalent with i'espect to the terminals of R,.
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