Circuit Variables

Assessment Problems

AP 1.1 Use a product of ratios to convert two-thirds the speed of light from meters
per second to miles per second:

(2) 3x10%m 100 cm 1in 1ft I mile  124,274.24 miles
3 1s Im 254cm 12in 5280 feet 1s

Now set up a proportion to determine how long it takes this signal to travel

1100 miles:
124,274.24 miles 1100 miles
1s TS
Therefore,
x = _ 100 = 0.00885 = 8.85 x 107 s = 8.85 ms
124,274.24

AP 1.2 To solve this problem we use a product of ratios to change units from
dollars/year to dollars/millisecond. We begin by expressing $10 billion in
scientific notation:

$100 billion = $100 x 10°

Now we determine the number of milliseconds in one year, again using a
product of ratios:

1 year 1 day 1 hour 1 min Isec 1 year
365.25 days 24 hours 60 mins 60 secs 1000 ms  31.5576 x 10° ms

Now we can convert from dollars/year to dollars/millisecond, again with a
product of ratios:

$100 x 10° 1 year ~ 100
1 year  31.5576 x 10° ms  31.5576

= $3.17/ms

1-1
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1-2 CHAPTER 1. Circuit Variables

AP 1.3 Remember from Eq. (1.2), current is the time rate of change of charge, or
1= fl—‘g In this problem, we are given the current and asked to find the total
charge. To do this, we must integrate Eq. (1.2) to find an expression for
charge in terms of current:

)= [ ite)ds

We are given the expression for current, ¢, which can be substituted into the
above expression. To find the total charge, we let t — oo in the integral. Thus

we have
- 20 © 9
— 20 —5000x dr = —5000x — —oco _ 0
Ttotal / 0 ° T Th000° .~ Tom0'° <)
20 20
- 0—1)= - = 0.004 C = 4000 uC
50000~ Y = 5000 H

AP 1.4 Recall from Eq. (1.2) that current is the time rate of change of charge, or
1= fl—‘g. In this problem we are given an expression for the charge, and asked to
find the maximum current. First we will find an expression for the current
using Eq. (1.2):

(1Y
' At dt La2 a o ¢
i) - o) - ()
=—|(—=|]——|(—e — — | —e
dt \ o? dt \« dt \ o2
1 1
— 0 _ (_6—at _ Oé£€_at> _ (—Oé—2€_at>
« « «

1 N
=(arrg)e
« «

= te~ ™

Now that we have an expression for the current, we can find the maximum
value of the current by setting the first derivative of the current to zero and
solving for ¢:

di d

— = —(te ™) = e + t(—a)e™ = (1 —at)e ™™ =0

o= Sl = e t(—a)e = (1 - at)

Since e~ never equals 0 for a finite value of ¢, the expression equals 0 only
when (1 — at) = 0. Thus, t = 1/a will cause the current to be maximum. For
this value of ¢, the current is

L

1
1= —e —e
o o

—afa _
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Problems 1-3

Remember in the problem statement, o = 0.03679. Using this value for «,

1

= T>10A
" 0.03679°¢ 0

AP 1.5 Start by drawing a picture of the circuit described in the problem statement:

- —.
20V

TR I
~4A"

Also sketch the four figures from Fig. 1.6:

—* ] -+ ]

+ 1 + !
v v
_—_.2 ——_.2
(a) {b)
—= 1 -+ 1
—_ 8 —_ —8q
v v

(c) (d)

[a] Now we have to match the voltage and current shown in the first figure
with the polarities shown in Fig. 1.6. Remember that 4A of current

entering Terminal 2 is the same as 4A of current leaving Terminal 1. We
get

(a) v=—-20V, i=—4A; (b)v=-20V, i=4A
(c)v=20V, i =—4A; (d) v=20V, i=4A

[b] Using the reference system in Fig. 1.6(a) and the passive sign convention,

p =wvi=(—20)(—4) = 80 W. Since the power is greater than 0, the box is
absorbing power.

[c] From the calculation in part (b), the box is absorbing 80 W.

AP 1.6 [a] Applying the passive sign convention to the power equation using the
voltage and current polarities shown in Fig. 1.5, p = vi. To find the time
at which the power is maximum, find the first derivative of the power

with respect to time, set the resulting expression equal to zero, and solve
for time:

p = (80,000te %) (15te>"") = 120 x 10*¢%e %%

d
=5 = 240 x 10%e 1% — 120 x 107 = 0
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1-4 CHAPTER 1. Circuit Variables

Therefore,

240 x 10* — 120 x 10"t =0

Solving,
240 x 10*
= ———— =2x107"=2
120 x 107~ .
[b] The maximum power occurs at 2 ms, so find the value of the power at 2
ms:

p(0.002) = 120 x 10*(0.002)%¢™2 = 649.6 mW

[c] From Eq. (1.3), we know that power is the time rate of change of energy,
or p = dw/dt. If we know the power, we can find the energy by
integrating Eq. (1.3). To find the total energy, the upper limit of the
integral is infinity:

Weotal = / 120 x 10*22e—1000z
0

120 x 10* o
— CT000F e~100021(_1000)222 — 2(—1000)z + 2)
0
120 x 104

—————%(0—-0+2)=24mJ

o007 ¢ 070+ o

AP 1.7 At the Oregon end of the line the current is leaving the upper terminal, and
thus entering the lower terminal where the polarity marking of the voltage is
negative. Thus, using the passive sign convention, p = —wvi. Substituting the
values of voltage and current given in the figure,

p=—(800 x 10%)(1.8 x 10°) = —1440 x 10° = —1440 MW

Thus, because the power associated with the Oregon end of the line is
negative, power is being generated at the Oregon end of the line and
transmitted by the line to be delivered to the California end of the line.
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Problems 1-5

Chapter Problems

(260 x 10°)(540)

P11 109 = 104.4 gigawatt-hours

480)(320) pixels 2 bytes 30 f
ppo (480)(320) pixels 2bytes 30 frames oo o 00 bytes/sec

1 frame 1 pixel 1 sec
(9.216 x 10° bytes/sec)(x secs) = 32 x 2% bytes
32 x 230

x = 9216XW = 3728 sec = 62 min =~ 1 hour of video

P13 [a] 20,000 photos = photos

(11)(15)(1) mm3 1 mm3

(20,000)(1)
r = ————— = 121 photos
(11)(15)(1)
(b] 16 x 230 bytes _ @ bytes
(11)(15)(1) mm3  (0.2)3 mm3
(16 x 239)(0.008)
T = = 832,963 bytes
(11)(15)(1)
5280 ft 2526 1b 1 kg
1mi 1000 ft 2.2 1b

P15 Volume = area X thickness

P14 (4 cond.)- (845 mi) - =20.5 x 10° kg

Convert values to millimeters, noting that 10 m? = 10° mm?
10° = (10 x 10°%)(thickness)

= thick _ 10 0.10
ickness = —o——55 = 0.10 mm

P 1.6 [a] We can set up a ratio to determine how long it takes the bamboo to grow
10 pum First, recall that 1 mm = 103um. Let’s also express the rate of
growth of bamboo using the units mm/s instead of mm/day. Use a
product of ratios to perform this conversion:
250 mm 1day 1hour 1 min 250 10

Iday 20 hours 60 min 60 sec — (24)(60)(60) _ 3456 "™/®

Use a ratio to determine the time it takes for the bamboo to grow 10 pm:

10/3456 x 102 m 10 x 107%m 10 x 1076
= so  x=
ls TS 10/3456 x 10—3

= 3.456 s
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1-6 CHAPTER 1. Circuit Variables

1 cell length 3600 s (24)(7) hr

3.456 s 1 hr 1 week
P 1.7  [a] First we use Eq. (1.2) to relate current and charge:
i =99 _ 19502500
dt

Therefore, dg = 0.125¢725%% dt

[b] = 175,000 cell lengths/week

To find the charge, we can integrate both sides of the last equation. Note
that we substitute = for ¢ on the left side of the integral, and y for ¢ on
the right side of the integral:

at) b 9500
/ dr = 0.125/ =200 g
q(0) 0
We solve the integral and make the substitutions for the limits of the
integral:
—2500y |

g(t) — q(0) = 0.1255——

— 50 10—6 1 _ —2500¢t
~2500 X 107(1 = )

0
But ¢(0) = 0 by hypothesis, so

q(t) = 50(1 — e~ 2% 4 C
[b] Ast — oo, gr = 50 uC.
[c] q(0.5x 1073) = (50 x 1078)(1 — (~2500)(0-0005)) — 35 675 1,C.

P 1.8  First we use Eq. (1.2) to relate current and charge:

1= @ = 20 cos 5000t
dt

Therefore, dq = 20 cos 5000t dt

To find the charge, we can integrate both sides of the last equation. Note that
we substitute x for ¢ on the left side of the integral, and y for ¢ on the right
side of the integral:

q(t) ¢
/ dr = 20/ cos 5000y dy
q(0) 0

We solve the integral and make the substitutions for the limits of the integral,
remembering that sin0 = 0:
b20
o 5000

sin 5000y
5000

sin 5000¢

o) — q(0) = 20 Sin 5000(0) = 520

0 5000¢ — 20
St 5000 000

But ¢(0) = 0 by hypothesis, i.e., the current passes through its maximum
value at t = 0, so ¢(t) = 4 x 1072 sin 5000t C = 4 sin 5000t mC
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Problems 1-7

P 1.9 [a] First we use Eq. (1.2) to relate current and charge:

. dg
= e
Therefore, dg = 40te %% dt

To find the charge, we can integrate both sides of the last equation. Note
that we substitute = for ¢ on the left side of the integral, and y for ¢ on
the right side of the integral:

q(t) ¢
/ dr = 40/ ye 0% dy
q 0

(0)
We solve the integral and make the substitutions for the limits of the
integral:
—500y t
q(t) —q(0) = 4OW(—500y —1) | =160 x 107%*%%(—500t — 1) + 160 x 107°
o 0

=160 x 107°(1 — 500te %" — 7°0%)
But ¢(0) = 0 by hypothesis, so
q(t) = 160(1 — 500te "% — =290 |,C
[b] ¢(0.001) = (160)[1 — 500(0.001)e~590(0-001) _ ¢=500(0.001) — 14 4 4,C.

35 x 1076 C/s
1.6022 x 10~19 C/elec

P1.10 n= = 2.18 x 10™ elec/s

P 111 w=qV = (1.6022 x 107')(6) = 9.61 x 107" = 0.961 aJ

P1.12 [a
1_—10A

—# _

-E0

S

p =vi = (40)(—10) = —400 W
Power is being delivered by the box.

[b] Entering
[c] Gaining

P 1.13 [a] p=wvi=(—60)(—10) = 600 W, so power is being absorbed by the box.
[b] Entering
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1-8 CHAPTER 1. Circuit Variables

[c] Losing

-+ i

=

I

P 1.14 Assume we are standing at box A looking toward box B. Use the passive sign
convention to get p = vi, since the current ¢ is flowing into the 4+ terminal of
the voltage v. Now we just substitute the values for v and ¢ into the equation
for power. Remember that if the power is positive, B is absorbing power, so
the power must be flowing from A to B. If the power is negative, B is
generating power so the power must be flowing from B to A.

[a] p=(30)(6) =180 W 180 W from A to B

[b] p=(—20)(—8) =160 W 160 W from A to B
[c] p=(—60)(4) = —240 W 240 W from B to A
[d] p=(40)(—9) = —360 W 360 W from B to A

P 1.15 [a] In Car A, the current 7 is in the direction of the voltage drop across the 12
V battery(the current i flows into the 4+ terminal of the battery of Car
A). Therefore using the passive sign convention,
p=wvi=(30)(12) = 360 W.
Since the power is positive, the battery in Car A is absorbing power, so
Car A must have the "dead” battery.

t
[b] w(t) = / pdx; 1 min =60 s
0
60
w(60) = 360 dx
0

w = 360(60 — 0) = 360(60) = 21,600 J = 21.6 kJ

t
P 116 p=ws; w:/pdx
0

Since the energy is the area under the power vs. time plot, let us plot p vs. t.
o [W]
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Problems 1-9

Note that in constructing the plot above, we used the fact that 40 hr
= 144,000 s = 144 ks

p(0) = (1.5)(9 x 107?) =13.5 x 1073 W

p(144 ks) = (1)(9x 107%) =9 x 107° W

1
w=(9x107°)(144 x 10°) + 5(13.5 x 1072 — 9 x 107°)(144 x 10*) = 1620 J

3600
PLIT p=(12)(100 x 107) = 12 W; 4 hr- == = 14,400 s
r
t 14,400
w(t) :/ pdt w(14,400) :/ 1.24dt = 1.2(14,400) = 17.28 kJ
0 0

P 1.18 [a] p= Vi = (156_250t)(0.046_250t) — 0.66_500t W

p(0.01) = 0.6e 750000 — (. 6¢7° = 0.00404 = 4.04 mW

o

00 0 0.6
[b] wiotal = / p(z)dr = / 0.679997 Jp = —— 5002
0 0 —500 0

= —0.0012(¢™> — %) = 0.0012 = 1.2 mJ

P 1.19 [a] p = vi= (0.05e"19%)(75 — 75~ 190%) = (3.75e 100" — 3.75¢72000") W

Z_Zt’ 37501000t | 75,2000t _ () . 9p—2000t _ ,—1000¢
2 = 1000t SO In2 = 1000t thus p is maximum at ¢t = 693.15 us

Pmax = P(693.15 us) = 937.5 mW

3.75 3.75
1000t _ o~ 2000t

bl w = /oo 3.75e—10008 _ 3 75,-2000t) gy
[b] w= 1375 e ~1000 ~2000

\
3.75  3.75

_ 20 2y
1000 2000 _ oo md

P 1.20 [a] p=vi=0.25e"3200 _ (562000t 4 ) 95500t
p(625 pus) = 42.2 mW

t
[b] wt) = [ (0.25e7500 05720 4 0,250
0
= 140,625 — 78.125¢9200% 4 9502000 _ 319 5800t ]
w(626pus) = 12.14puJ

[C] Wiotal = 140.625 /.LJ
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1-10 CHAPTER 1. Circuit Variables

P121 [a] p = wi
—  [(1500¢ + 1)e~ 507 (0.04¢750%)

= (60t + 0.04)e~1500¢
dp

prl 60e =199 — 1500e~150%(60¢ + 0.04)

= —90,000te™150%

d
Therefore, d_ztj =0 whent=0
SO Pmax occurs at t = 0.

[b] Pmax = [(60)(0) + 0.04]e® = 0.04
= 40 mW
t
[c] w = /pdx
Ot t
w = /6(1%6‘150093 dx—l—/0.04e_1500”” dx
6006—1500m O —1500z |t
= ——(—=1500x — 1 0.04———
(—1sooyz (19007 — D]+ 0045
When t = oo all the upper limits evaluate to zero, hence
60 0.04

- — 53.33 ],
W= 50E % 10F T 1500 H

P 1.22 [a] p =i
= [(3200¢ + 3.2)e~ 120 [(160¢ + 0.16)e—100%]
e~29001512,000¢% + 1024¢ + 0.512]

d
d_ztg = e 20%%1,024,000¢ + 1024] — 2000e 2% [512,000¢* + 1024t + 0.512)]

— 200047024 % 106¢2 + 1,024,000¢]

d
Therefore, d_zt? =0 whent =0
SO Pmax occurs at t = 0.

[b] Pmax = € °[0+0+0.512]
= 512 mW
t
] w = [pde
0, , .
w = / 512,00022¢ 2000z g 4 / 1024ze~20002 (g 4 / 0.512¢ 2000z gy
0 0 0
512,000 20002 t
= ’ 4 x 10522 + 4000z + 2
“Rx g 10 000w 2]
1024 —2000x t 0512 —92000z |t
S (Lo000x — 1)] 4 222
4 x 100 0 —2000 |,
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Problems 1-11

When t — oo all the upper limits evaluate to zero, hence
(512,000)(2) , 1024 0.512

8 x 109 4 x 105 ° 2000
w =128 x 1075 4 256 x 1075 4 256 x 1075 = 640 uuJ.

P 1.23 [a] We can find the time at which the power is a maximum by writing an
expression for p(t) = v(t)i(t), taking the first derivative of p(t)
and setting it to zero, then solving for . The calculations are shown below:

p = 0 t<0, p=0 t>40s
p = wvi=1t(1-0.025t)(4 —0.2t) = 4t — 0.3t> + 0.005t> W 0<t<40s
d—ZZ = 4 — 0.6t + 0.015¢t% = 0.015(¢* — 40t + 266.67)
d—zt’ — 0 when 2 — 40t + 266.67 = 0
t1 = 8.453s; to = 31.547 s
(using the polynomial solver on your calculator)
p(ty) = 4(8.453) — 0.3(8.453)% + 0.005(8.453)% = 15.396 W
p(ta) = 4(31.547) — 0.3(31.547)2 + 0.005(31.547)3 = —15.396 W

Therefore, maximum power is being delivered at ¢t = 8.453 s.

[b] The maximum power was calculated in part (a) to determine the time at
which the power is maximum: pp.x = 15.396 W (delivered)

[c] As we saw in part (a), the other “maximum” power is actually a
minimum, or the maximum negative power. As we calculated in part (a),
maximum power is being extracted at ¢t = 31.547 s.

[d] This maximum extracted power was calculated in part (a) to determine
the time at which power is maximum: py., = 15.396 W (extracted)

t t
o] w= / pdz = / (42 — 0.322 + 0.0052%)dz = 262 — 0.1¢% + 0.00125¢*
0 0

w0) = 017 w(30) = 112.5]
w(10) = 11257 w(40) = 01J
w(20) = 200 J

To give you a feel for the quantities of voltage, current, power, and energy
and their relationships among one another, they are plotted below:
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1-12 CHAPTER 1. Circuit Variables

viv)

16a)
]

pOAR
=

-10 -

70 -

Hx)
10

P 1.24 [a] v(10 ms) = 400e 'sin2 = 133.8 V
i(10 ms) = 5e~!sin2 = 1.67 A
p(10 ms) = vi = 223.80 W
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Problems 1-13

[b] p = wvi=2000e " sin®200¢
1 1
— 9 —200t [___ 4 ]
000e 5 2cos 00t
= 1000e2%%% — 1000e 2% cos 400t

w o= / 1000e~200 g¢ — / 1000e 299 cos 400¢ dt
0 6—200t oo 0
— 1000
—200 |,
6—200t 6o
~1000 —200 cos 400t + 400 sin 400¢
{(200)2+(400)2[ cos + sin ]}0
- 5 1000[ 200 }—5 1
N 4 x 104 +16 x 104]
w = 4]

P 1.25 [a] p = vi=2000cos(8007t)sin(8007t) = 1000sin(16007t) W
Therefore, ppax = 1000 W

[b] Pmax(extracting) = 1000 W

1 2.5x1073
(] Pave R / 1000 sin (16007t) dt
. 0
— cos 16007t 725%107% 950
= 4x10° [%] = —[1—cosdn] =0
T 0 T
[d]
1 15.625x1073 )
Poe = e 1o /0 ) 2350()13121(16007#) dt
— cos 16007¢715-625x107% 4
= 64 x 10° [L] = —[1 — cos 25m] = 25.46 W
% 16007 o 7 L1 = cos 25m]
P 126 [a] ¢ = areaunderivs. tplot

—  1(8)(12,000) + (16)(12,000) + L(16)(4000)
= 48,000 + 192,000 + 32,000 = 272,000 C

[b] w = /pdt:/m'dt

v o= 250x107%t+8 0<t<16ks
0 <t < 12,000s:
i = 24—666.67 x 105t
p = 192+ 666.67 x 1076 — 166.67 x 10~9¢2
w = /0 P 199 4 666.67 x 1075 — 166.67 x 10-%2) dt

= (2304 + 48 — 96)10% = 2256 kJ

© 2015 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained
from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



1-14 CHAPTER 1. Circuit Variables

12,000 s < ¢ < 16,000 s:

i = 64—4x1073¢
p = bH512—16 x 1073t — 10762
16,000
wy = / (512 — 16 x 1073¢ — 10-5¢2) dt
12,000
— (2048 — 896 — 789.33)10° = 362.667 kJ
wr = wi +wy = 2256 + 362.667 = 2618.667 kJ

P 127 [a] 0s<t<10ms:

v=_8YV; 1= 25t A; p =200t W
10 ms < ¢ < 30 ms:

v=—-8YV; 1=05—-25t A; p=200t—4W
30 ms <t < 40 ms:

v=0V; 1= —250 mA; p=0W
40 ms < t < 60 ms:

v=_8YV; 1=25t —1.25A; p=200t—10 W
t > 60 ms:

v=0V; 1 =250 mA; p=0W
(W)
2

| | |
10 20 30 50 60 70 L (ms)

2

[b] Calculate the area under the curve from zero up to the desired time:

w(0.01) = $(2)(0.01) =10 mJ
w(0.03) = w(0.01) — $(2)(0.01) + $(2)(0.01) = 10 mJ
w(0.08) = w(0.03) — 3(2)(0.01) + $(2)(0.01) = 10 mJ
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Problems 1-15

P 128 |[a]
i(mA)
15
10 -
T
I I
10 20 30 £ (ks)
[b] i(t) = 10+0.5x 1073t mA, 0<t¢<10ks
i(t) = 15 mA, 10 ks <t < 20 ks
i(t) = 25—0.5x1073t mA, 20 ks <t <30 ks
i(t) = 0, t > 30 ks
p =vi = 120t so
p(t) = 1200+ 0.06t mW, 0<¢<10ks
p(t) = 1800 mW, 10 ks <t <20 ks
p(t) = 3000 —0.06t mW, 20 ks <t < 30 ks
pt) = 0, t > 30 ks
p(mA)
1800 o
1200 -
600 =
] ]
10 20 30 £ (ks)
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1-16 CHAPTER 1. Circuit Variables

[c] To find the energy, calculate the area under the plot of the power:
w(10 ks) = %(0.6)(10,000) + (1.2)(10,000) = 15 kJ
w(20 ks) = w(10 ks) + (1.8)(10,000) = 33 kJ
w(10 ks) = w(20 ks) + %(0.6)(10,000) + (1.2)(10,000) = 48 kJ
P 1.29 We use the passive sign convention to determine whether the power equation

is p = vi or p = —vi and substitute into the power equation the values for v
and 7, as shown below:

Pa = —Valy = —(40)(—4 x 1073) = 160 mW

Py = iy = (—24)(—4 x 107%) = 96 mW

Pe = —Ude=—(—16)(4 x 1073) = 64 mW

pi = —vdia = —(—80)(—1.5 x 1073) = —120 mW
Do = e = (40)(2.5 x 1073) = 100 mW

b = wpir = (120)(—2.5 x 1073) = —300 mW

Remember that if the power is positive, the circuit element is absorbing
power, whereas is the power is negative, the circuit element is developing
power. We can add the positive powers together and the negative powers
together — if the power balances, these power sums should be equal:

> Paev = 120 + 300 = 420 mW;

> Paps = 160 + 96 + 64 + 100 = 420 mW
Thus, the power balances and the total power absorbed in the circuit is 420

mW.
P130 p. = —va,=—(—3000)(—250 x 107¢) = —0.75 W

= —upip = —(4000)(—400 x 107%) = 1.6 W
pe = —vcde = —(1000)(400 x 107%) = —0.4 W
pa = wgiq = (1000)(150 x 107%) = 0.15 W
Pe = Velo = (—4000)(200 x 107%) = 0.8 W
pr = wrig = (4000)(50 x 1076) = 0.2 W

Therefore,

> Pus=16+0.154+02=195W

S Pi=0.75404+0.8=1.95W =3 Py,

Thus, the interconnection does satisfy the power check.
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Problems 1-17

P 1.31 [a] From the diagram and the table we have

Do = —vaia = —(46.16)(6) = —276.96 W

Py = wyin = (14.16)(4.72) = 66.8352 W

Pe = Ve = (—32)(—6.4) =204.8 W

P = —vqiq = —(22)(1.28) = —28.16 W

Do = Veie = (—33.6)(—1.68) = 56.448 W

pr = wrir = (66)(0.4) = 26.4 W

Py = vgiy = (2.56)(1.28) = 3.2768 W

pn = —vpin = —(—0.4)(0.4) =0.16 W

ZPdol = 276.96 + 28.16 = 305.12 W

ZPabs = 066.8352 4 204.8 4 56.448 + 26.4 4+ 3.2768 + 0.16 = 357.92 W

Therefore, ZPdd + ZPabs and the subordinate engineer is correct.

[b] The difference between the power delivered to the circuit and the power
absorbed by the circuit is

—305.12 4+ 357.92 = 52.8 W

One-half of this difference is 26.4 W, so it is likely that p¢ is in error.
Either the voltage or the current probably has the wrong sign. (In
Chapter 2, we will discover that using KCL at the node connecting
components f and h, the current ¢t should be —0.4 A, not 0.4 Al) If the
sign of pr is changed from negative to positive, we can recalculate the
power delivered and the power absorbed as follows:

> Pia = 276.96 +28.16 + 26.4 = 331.52 W

ZPabS = 66.8352 4 204.8 4 56.448 + 3.2768 + 0.16 = 331.52 W
Now the power delivered equals the power absorbed and the power
balances for the circuit.

P 1.32 [a] Remember that if the circuit element is absorbing power, the power is
positive, whereas if the circuit element is supplying power, the power is
negative. We can add the positive powers together and the negative
powers together — if the power balances, these power sums should be
equal: » Py = 600 4 50 + 600 4 1250 = 2500 W;
> Paps = 400 + 100 + 2000 = 2500 W
Thus, the power balances.

[b] The current can be calculated using i = p/v or i = —p/v, with proper
application of the passive sign convention:
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1-18 CHAPTER 1. Circuit Variables

in = —pa/va=—(—600)/(400) = 1.5 A
iy = po/op=(—50)/(—100) = 0.5 A

ic = pe/ve = (400)/(200) = 2.0 A

ia = pa/va=(—600)/(300) = —2.0 A
ie = pe/ve=(100)/(—200) = —0.5 A

it = —p/ve = —(2000)/(500) = —4.0 A
ig = pg/vg = (—1250)/(—500) = 2.5 A

P 1.33 [a] If the power balances, the sum of the power values should be zero:
Protal = 0.175 +0.375 4 0.150 — 0.320 4 0.160 + 0.120 — 0.660 = 0

Thus, the power balances.

[b] When the power is positive, the element is absorbing power. Since
elements a, b, ¢, e, and f have positive power, these elements are
absorbing power.

[c] The voltage can be calculated using v = p/i or v = —p/i, with proper
application of the passive sign convention:

Ve = pafia=(0.175)/(0.025) =7V
v = pu/in = (0.375)/(0.075) =5V

Ve = —pefic =—(0.150)/(=0.05) =3V
v = pafia=(—0.320)/(0.04) = -8 V
Ve = —peofic=—(0.160)/(0.02) = —8 V

vr = pe/ic = (0.120)/(—0.03) = —4 V
Vg = pgfig = (—0.66)/(0.055) = —12 V

P134 pa = vaia=(120)(=10) = —1200 W
Py = —upip = —(120)(9) = —1080 W
pe = weic = (10)(10) = 100 W
pa = —vgiq=—(10)(=1) =10 W
Pe = Uele = (—10)(=9) =90 W
o= —uvpip = —(—100)(5) = 500 W
Py = iy = (120)(4) = 480 W
Ph = wnin = (—220)(—5) = 1100 W

ZPdCl = 1200 + 1080 = 2280 W
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Problems 1-19

ZPabS = 100 + 10 + 90 + 500 + 480 + 1100 = 2280 W
Therefore, ZPdOl = ZPabS = 2280 W

Thus, the interconnection now satisfies the power check.

P 1.35 [a] The revised circuit model is shown below:

+ p—
Val g J,la Vil T \l{lf
p— + -
Y| h ’]"ih
+ + +
v, b ’]‘ib Vi 8 \L‘g

[b] The expression for the total power in this circuit is
Vala — Ublh — Vrlf + Vgl + Unin
= (120)(—10) — (120)(10) — (—120)(3) + 120ig + (—240)(—7) =0
Therefore,

1207, = 1200 + 1200 — 360 — 1680 = 360

SO
_ 360
& 120

Thus, if the power in the modified circuit is balanced the current in
component g is 3 A.

=3A

1
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Circuit Elements

Assessment Problems

AP 2.1
1y

¥
: +
iy, +
B WD) D
1

L

[a] Note that the current 4, is in the same circuit branch as the 8 A current
source; however, 7, is defined in the opposite direction of the current
source. Therefore,

ipb = —8A

Next, note that the dependent voltage source and the independent
voltage source are in parallel with the same polarity. Therefore, their
voltages are equal, and

in  —8

—=—==-2V

4 4

[b] To find the power associated with the 8 A source, we need to find the
voltage drop across the source, v;. Note that the two independent sources
are in parallel, and that the voltages v, and v; have the same polarities,
so these voltages are equal:

vV = Vg = —2V

'Ug:

Using the passive sign convention,
ps = (8A)(v;) = (8A)(—2V) = —-16W

Thus the current source generated 16 W of power.

2-1
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2-2 CHAPTER 2. Circuit Elements

AP 2.2
CLv,
P\
< L
+ i

15A @ W, G) 25V

[a] Note from the circuit that v, = —25 V. To find « note that the two
current sources are in the same branch of the circuit but their currents
flow in opposite directions. Therefore
av, = —15A
Solve the above equation for o and substitute for v,,

—15A —15A
= = =06 A/V
T T, T v /

[b] To find the power associated with the voltage source we need to know the
current, i,. Note that this current is in the same branch of the circuit as
the dependent current source and these two currents flow in the same
direction. Therefore, the current 7, is the same as the current of the
dependent source:
iy = av, = (0.6)(—25) = —15A
Using the passive sign convention,
ps = —(i,)(25V) = —(—=15A)(25V) = 375 W.

Thus the voltage source dissipates 375 W.
AP 2.3

NGRS

[a] The resistor and the voltage source are in parallel and the resistor voltage
and the voltage source have the same polarities. Therefore these two
voltages are the same:

VR = vy = 1kV
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Problems 2-3

Note from the circuit that the current through the resistor is i, = 5 mA.
Use Ohm’s law to calculate the value of the resistor:
1kV

R="1 = = = 200kO

ig  OHmA
Using the passive sign convention to calculate the power in the resistor,
pr = (vRr)(ig) = (LkV)(AbmA) =5W
The resistor is dissipating 5 W of power.

[b] Note from part (a) the vg = vy and ig = i,. The power delivered by the
source is thus

Psource _3 W
— " =40V
lg 75 mA

Psource = _Ug'ég S0 Vg = —
Since we now have the value of both the voltage and the current for the
resistor, we can use Ohm'’s law to calculate the resistor value:
Vg 40V
=—==_——=>533.33Q
ig  TO5mA

The power absorbed by the resistor must equal the power generated by
the source. Thus,

PR = —Psource = _(_3 W) =3W

c] Again, note the ig = i,. The power dissipated by the resistor can be
g
determined from the resistor’s current:

pr = R(ir)* = R(iy)”
Solving for 74,
2_Pr_ 480 mW
9 R 300€2
Then, since v = v,

vr = Rigp = Riy = (300Q)(40mA) =12V so v, =12V

= 0.0016 SO ig = v/0.0016 = 0.04 A = 40mA

AP 2.4

la] Note from the circuit that the current through the conductance G is i,
flowing from top to bottom, because the current source and the
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2-4 CHAPTER 2. Circuit Elements

conductance are in the same branch of the circuit so must have the same
current. The voltage drop across the current source is vy, positive at the
top, because the current source and the conductance are also in parallel
so must have the same voltage. From a version of Ohm’s law,

ig  0.5A

_l 290 v
Y= G T 50mS

Now that we know the voltage drop across the current source, we can
find the power delivered by this source:

Psource = —Vglg = —(10)(0.5) = =5W
Thus the current source delivers 5 W to the circuit.
[b] We can find the value of the conductance using the power, and the value

of the current using Ohm’s law and the conductance value:

D 9
pg:Gvg SO G:U—g:1—5220.048240m8
9

ig = Gv, = (40mS)(15V) = 0.6 A

[c] We can find the voltage from the power and the conductance, and then
use the voltage value in Ohm’s law to find the current:

2 2Py 8W
py = G, SO v =o = 20015

Thus vy = 1/40,000 = 200 V

iy = Guy = (200 4S)(200 V) = 0.04 A = 40 mA

= 40,000

AP 2.5 [a] Redraw the circuit with all of the voltages and currents labeled for every
circuit element.

30 iz
+Wh =

Yy — .

2 Li,
+

24V v, 270

[ -

Is A -
200 —>1

Write a KVL equation clockwise around the circuit, starting below the
voltage source:

—24V—|—'Ug—|—’U5—’Ul:0

Next, use Ohm’s law to calculate the three unknown voltages from the
three currents:

Vg = 3’é2; Vs = 7’é5; v = 2’&1
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Problems 2-5

A KCL equation at the upper right node gives is = i5; a KCL equation at
the bottom right node gives i5 = —i;; a KCL equation at the upper left
node gives 1 = —iy. Now replace the currents 7; and 75 in the Ohm’s law
equations with #5:

Vg = 3’&2 = 3’é5; Vs = 7’é5; V1 = 2’&1 = —2’é5

Now substitute these expressions for the three voltages into the first
equation:

924 = vy + v5 — vy = 3i5 + Tis — (—2i5) = 12is
Therefore i5 =24/12 =2 A

[b] v1 =—2i5 = —-2(2) = -4V

[c] v =3is =3(2) =6V

[d] vs =Ti5 =7(2) =14V

[e] A KCL equation at the lower left node gives is = iy. Since i; = —i5,
is = —2A. We can now compute the power associated with the voltage
source:

pas = (24)is = (24)(—2) = —48 W
Therefore 24 V source is delivering 48 W.

AP 2.6 Redraw the circuit labeling all voltages and currents:

i R
_IP .
v - + 240 + g0
200 120 Wy
- iiz - i i3

We can find the value of the unknown resistor if we can find the value of its
voltage and its current. To start, write a KVL equation clockwise around the
right loop, starting below the 24 () resistor:

—120V—|—’U3 =0

Use Ohm’s law to calculate the voltage across the 8 €2 resistor in terms of its
current:

Vg = 8’&3
Substitute the expression for v3 into the first equation:

120
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2-6 CHAPTER 2. Circuit Elements

Also use Ohm'’s law to calculate the value of the current through the 242

resistor:

120V
= — = A
L= =0

Now write a KCL equation at the top middle node, summing the currents
leaving:

—t1+i2+13=0 SO i1 =1ds+i3=5+15=20A

Write a KVL equation clockwise around the left loop, starting below the
voltage source:

=200V 4+ v +120V =0 SO v = 200 — 120 =80V

Now that we know the values of both the voltage and the current for the
unknown resistor, we can use Ohm’s law to calculate the resistance:

11 20

AP 2.7 [a] Plotting a graph of v; versus i; gives

v, V)
25 -

20 W, =25 - 100
194
104
g4

i A)
T T T
01 02 03

Note that when #; = 0, v, = 25 V; therefore the voltage source must be 25
V. Since the plot is a straight line, its slope can be used to calculate the
value of resistance:

Av 25 -0 25
=— = = =100€2
Ai 025—-0 0.25
A circuit model having the same v — i characteristic is a 25 V source in
series with a 10012 resistor, as shown below:

100 @
—e 'y

+

5 ¥,
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Problems 2-7

[b] Draw the circuit model from part (a) and attach a 25 resistor:
100 @

—

28

To find the power delivered to the 252 resistor we must calculate the
current through the 25 resistor. Do this by first using KCL to recognize
that the current in each of the components is i;, flowing in a clockwise
direction. Write a KVL equation in the clockwise direction, starting
below the voltage source, and using Ohm’s law to express the voltage
drop across the resistors in the direction of the current i; flowing through
the resistors:

25

=—=02A
125 0

—25V + 100z + 25¢; = 0 SO 1252 = 25 SO 1t

Thus, the power delivered to the 252 resistor is
pas = (25)i; = (25)(0.2)> = 1 W.

AP 2.8 [a] From the graph in Assessment Problem 2.7(a), we see that when v, = 0,
7t = 0.25 A. Therefore the current source must be 0.25 A. Since the plot
is a straight line, its slope can be used to calculate the value of resistance:

Av_ 25-0 _ 25 _

T Ai 025-0 025
A circuit model having the same v — i characteristic is a 0.25 A current
source in parallel with a 100€2 resistor, as shown below:

— g
e F
025 A v,

[b] Draw the circuit model from part (a) and attach a 25 resistor:

i It-
e T _bsg
0.25 A (‘D ¥,

Note that by writing a KVL equation around the right loop we see that
the voltage drop across both resistors is v;. Write a KCL equation at the
top center node, summing the currents leaving the node. Use Ohm’s law
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2-8 CHAPTER 2. Circuit Elements

to specify the currents through the resistors in terms of the voltage drop
across the resistors and the value of the resistors.

v v
—0.25+ﬁ+%:0, so  Huy, =25 thus =5V
2
Uy
=L =1W.
P25 = o W

AP 2.9 First note that we know the current through all elements in the circuit except
the 6 k2 resistor (the current in the three elements to the left of the 6 k{2
resistor is 71; the current in the three elements to the right of the 6 k{2 resistor
is 30i1). To find the current in the 6 k€2 resistor, write a KCL equation at the
top node:

11 + 3011 = t6x = 314

We can then use Ohm'’s law to find the voltages across each resistor in terms
of i1. The results are shown in the figure below:

+ 54,000i, — Ly— 54,000 +
54k Q) o 1.8k Q2
A .. — i
i, —i, 304, 30i<—
+
sV 186,900i1§ 6k gV

4

13t 30

[a] To find iy, write a KVL equation around the left-hand loop, summing
voltages in a clockwise direction starting below the 5V source:

—5V +54,0004; — 1V + 186,000¢; = 0

Solving for i1

54,000¢; + 186,000, =6V SO 240,0004; =6V
Thus,

= = 25 uA

T 940,000 “OF

[b] Now that we have the value of i1, we can calculate the voltage for each
component except the dependent source. Then we can write a KVL
equation for the right-hand loop to find the voltage v of the dependent
source. Sum the voltages in the clockwise direction, starting to the left of

the dependent source:

+v — 54,000i; 4+ 8V — 186,000i; = 0
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Problems 2-9

Thus,
v = 240,000i; — 8V = 240,000(25 x 107%) =8V =6V —8V = -2V

We now know the values of voltage and current for every circuit element.
Let’s construct a power table:

Element | Current | Voltage | Power Power
(nA) (V) Equation | (uW)

5V 25 5| p=—wi —125

54 k() 25 1.35 | p= Ri* 33.75
1V 25 1| p=-wm —25

6 k2 775 4.65 | p= Ri* | 3603.75
Dep. source 750 -2 p=—vi 1500
1.8k2 750 1.35 | p= Ri* 1012.5
8V 750 8| p=—w —6000

[c] The total power generated in the circuit is the sum of the negative power
values in the power table:

—125 uW + =25 uW + —6000 W = —6150 uW
Thus, the total power generated in the circuit is 6150 pW.

[d] The total power absorbed in the circuit is the sum of the positive power
values in the power table:

33.75 uW + 3603.75 uW + 1500 pW + 1012.5 uW = 6150 uW
Thus, the total power absorbed in the circuit is 6150 pW'.
AP 2.10 Given that iy = 2A, we know the current in the dependent source is

2iy = 4A. We can write a KCL equation at the left node to find the current in
the 10 Q2 resistor. Summing the currents leaving the node,

—5A—|—2A—|—4A—|—21(]Q:0 SO ’ilOQ:5A—2A—4A:—1A

Thus, the current in the 102 resistor is 1 A, flowing right to left, as seen in
the circuit below.
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2-10 CHAPTER 2. Circuit Elements

+ 1A +—
a A Ve i%SDQ i V.

[a] To find vy, write a KVL equation, summing the voltages counter-clockwise
around the lower right loop. Start below the voltage source.

—vs+ (LA)(10Q2) + (2A)(30Q) =0 SO vs=10V+60V =70V

[b] The current in the voltage source can be found by writing a KCL equation
at the right-hand node. Sum the currents leaving the node

—4A+1A+14,=0 SO i, =4A—-1A=3A

The current in the voltage source is 3 A, flowing top to bottom. The
power associated with this source is

p=vi=(70V)(3A) =210 W
Thus, 210 W are absorbed by the voltage source.

[c] The voltage drop across the independent current source can be found by
writing a KVL equation around the left loop in a clockwise direction:

—v54 + (2A)(30Q) =0 SO vs4 =60V

The power associated with this source is
p=—v541=—(60V)(5A) = =300 W

This source thus delivers 300 W of power to the circuit.

[d] The voltage across the controlled current source can be found by writing a
KVL equation around the upper right loop in a clockwise direction:

+vga + (1092)(1A) =0 SO vga = —10V
The power associated with this source is
p=uv4at = (—10V)(4A) = —40W
This source thus delivers 40 W of power to the circuit.
[e] The total power dissipated by the resistors is given by
(1302)%(30 Q) + (i100)*(102) = (2)?(3092) + (1)*(10Q) = 120 + 10 = 130 W
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Problems 2-11

Problems

P 2.1 [a] Yes, independent voltage sources can carry the 5 A current required by the
connection; independent current source can support any voltage required
by the connection, in this case 5 V, positive at the bottom.

[b] 20 V source: absorbing
15 V source: developing (delivering)

5 A source:  developing (delivering)

[c] Pov = (20)(5) =100 W (abs)
Psy = —(15)(5) = =75 W (dev/del)
Py = —(5)(5)=-25W (dev/del)
> Pus =Y Pia =100 W

[d] The interconnection is valid, but in this circuit the voltage drop across the
5 A current source is 35 V, positive at the top; 20 V source is developing
(delivering), the 15 V source is developing (delivering), and the 5 A
source is absorbing:

Pyy = —(20)(5) = =100 W (dev/del)
Psy = —(15)(5) = =75 W (dev/del)
Psa = (35)(5) =175 W (abs)

ZPabs = ZPdol =17W

P 2.2 The interconnect is valid since the voltage sources can all carry 5 A of current
supplied by the current source, and the current source can carry the voltage
drop required by the interconnection. Note that the branch containing the 10
V, 40 V, and 5 A sources must have the same voltage drop as the branch
containing the 50 V source, so the 5 A current source must have a voltage
drop of 20 V, positive at the right. The voltages and currents are summarize
in the circuit below:

10V

D

50V 40V

ta
e

0

© 2015 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained
from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



2-12 CHAPTER 2. Circuit Elements

Pov = (50)(5) =250 W (abs)
Py = (10)(5) =50 W (abs)
Pov = —(40)(5) = —200 W (dev)
Py = —(20)(5) = —100 W (dev)

S Piey = 300 W

P 2.3  The interconnection is valid. The 10 A current source has a voltage drop of
100 V, positive at the top, because the 100 V source supplies its voltage drop
across a pair of terminals shared by the 10 A current source. The right hand
branch of the circuit must also have a voltage drop of 100 V from the left
terminal of the 40 V source to the bottom terminal of the 5 A current source,
because this branch shares the same terminals as the 100 V source. This
means that the voltage drop across the 5 A current source is 140 V, positive at
the top. Also, the two voltage sources can carry the current required of the
interconnection. This is summarized in the figure below:

40V

104 @)1}0\] C—DIOOV 5A C@ IIOV

From the values of voltage and current in the figure, the power supplied by the
current sources is calculated as follows:

Pioa = —(100)(10) = —1000 W (1000 W supplied)

Py = —(140)(5) = =700 W (700 W supplied)
S Piey = 1700 W

P 2.4  The interconnection is not valid. Note that the 3 A and 4 A sources are both
connected in the same branch of the circuit. A valid interconnection would
require these two current sources to supply the same current in the same
direction, which they do not.

P 2.5  The interconnection is valid, since the voltage sources can carry the currents
supplied by the 2 A and 3 A current sources, and the current sources can
carry whatever voltage drop from the top node to the bottom node is required
by the interconnection. In particular, note the the voltage drop between the
top and bottom nodes in the right hand branch must be the same as the
voltage drop between the top and bottom nodes in the left hand branch. In
particular, this means that

—’U1—|—8V:12V—|—’U2
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Problems 2-13

Hence any combination of v; and v, such that v; + v = —4V is a valid
solution.

P 2.6 [a] Because both current sources are in the same branch of the circuit, their

values must be the same. Therefore,
;’—6 —04 — 0 =04050)=20V

[b] p=1v1(0.4) = (20)(0.4) =8 W (absorbed)

P 2.7  [a] The voltage drop from the top node to the bottom node in this circuit
must be the same for every path from the top to the bottom. Therefore,
the voltages of the two voltage sources are equal:

—az’A =6

Also, the current ia is in the same branch as the 15 mA current source,
but in the opposite direction, so

in = —0.015
Substituting,
6
—a(=0.015) =6 — a=——=400
0.015

The interconnection is valid if o = 400 V/A.

[b] The voltage across the current source must equal the voltage across the 6
V source, since both are connected between the top and bottom nodes.
Using the passive sign convention,

p=wvi=(6)(0.015) = 0.09 = 90 mW
[c] Since the power is positive, the current source is absorbing power.
P 2.8 [a] Yes, each of the voltage sources can carry the current required by the

interconnection, and each of the current sources can carry the voltage
drop required by the interconnection. (Note that i; = 50 mA.)

[b] No, because the voltage drop between the top terminal and the bottom
terminal cannot be determined. For example, define v, v, and vs as

shown:
e
+
100 mA v, 0V
- +
V2 3i1 +
20V - Y 50 mA
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2-14 CHAPTER 2. Circuit Elements

The voltage drop across the left branch, the center branch, and the right
branch must be the same, since these branches are connected at the same
two terminals. This requires that

U1—20:U2:U3+30

But this equation has three unknown voltages, so the individual voltages
cannot be determined, and thus the power of the sources cannot be
determined.

P 2.9  The interconnection is invalid. In the middle branch, the value of the current
i must be 50 mA | since the 50 mA current source supplies current in this
branch in the same direction as the current i,. Therefore, the voltage supplied
by the dependent voltage source in the right hand branch is 1800(0.05) = 90
V. This gives a voltage drop from the top terminal to the bottom terminal in
the right hand branch of 90 + 60 = 150 V. But the voltage drop between these
same terminals in the left hand branch is 30 V, due to the voltage source in
that branch. Therefore, the interconnection is invalid.

P 2.10
9A v +
N 5V{ 10w,
20V A 6A

First, 10v, =5 V, so v, = 0.5 V. Then recognize that each of the three
branches is connected between the same two nodes, so each of these branches
must have the same voltage drop. The voltage drop across the middle branch
is 5 V, and since v, = 0.5 V, v, = 0.5 — 5 = —4.5 V. Also, the voltage drop
across the left branch is 5 V, so 20 +vgpa =5 V, and vgy = —15 V, where vga
is positive at the top. Note that the current through the 20 V source must be
9 A, flowing from top to bottom, and the current through the v, is 6 A flowing
from top to bottom. Let’s find the power associated with the left and middle

branches:
poa = (9)(—15) = =135 W
Paov = ( )(2 ) = 180 W

pvg ( )( 4 ) - 27W

pea = (6)(0.5) =3 W

Since there is only one component left, we can find the total power:
Protal = —135 + 180 + 27 + 3 4+ pas = 75 + pas = 0

SO pgs must equal —75 W.

Therefore,

Zpdov - Zpabs =210W
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Problems 2-15

P 2.11 [a] Using the passive sign convention and Ohm’s law,
v = Ri = (3000)(0.015) =45 V

v 457

R~ 3000

[c] Using the passive sign convention with the current direction reversed,

v = —Ri = —(3000)(0.015) = —45 V

[b] Py = — 0.675 = 675 mW

v? =452
P = — =
R™R ™ 3000

= 0.675 = 675 mW

P 2.12 [a] Using the passive sign convention and Ohm’s law,

v 40
——=———=-0.016 = —-16 mA
R~ 2500 "
b] Pr = Ri* = (2500)(—0.016)* = 0.64 = 640 mW
[
[c] Using the passive sign convention with the voltage polarity reversed,

) 40
= —=——=0.016=1 A
7 I 5500 0.016 6 m

Pr = Ri* = (2500)(0.016)* = 0.64 = 640 mW

7 =

P 213 [a]
Rhh
¥bb
[b] Vi = no-load voltage of battery
Ry, = internal resistance of battery
R, = resistance of wire between battery and switch
R, = resistance of wire between switch and lamp A
R, = resistance of lamp A
Ry, = resistance of lamp B
R, = resistance of wire between lamp A and lamp B
R,1 = resistance of frame between battery and lamp A
Ry, = resistance of frame between lamp A and lamp B
S = switch
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2-16 CHAPTER 2. Circuit Elements

P 2.14 Since we know the device is a resistor, we can use Ohm'’s law to calculate the
resistance. From Fig. P2.14(a),

) )
v=Ri SO R=-
7

Using the values in the table of Fig. P2.14(b),

7200 —3600 3600 7200 10,800

= = 1.2kQ2
& —6 -3 3 6 9
Note that this value is found in Appendix H.

P 2.15 Since we know the device is a resistor, we can use the power equation. From
Fig. P2.15(a),

Using the values in the table of Fig. P2.13(b)
(=8 _ (=9 _ (@2 (8)”

T 640 x 103 160 x 10-3 160 x 103 _ 640 x 10-3

12* _ _ (16)°

1440 x 10—3 2560 x 103 00

Note that this value is found in Appendix H.

P 2.16 The resistor value is the ratio of the power to the square of the current:
R= % Using the values for power and current in Fig. P2.16(b),
7

8.25 x 1073 33 x 1073 7425 X 1073 - 132x 1073

(0.5x 1073)2 ~ (1x1073)2  (1.5x 1073)2 (2 x 1073)2

_206.25 x 107 297 x 107% 23 kO
(25 x1073)2 0 (3x1073)2

Note that this is a value from Appendix H.
P 2.17 Label the unknown resistor currents and voltages:

2

TR
_|_
zomAG> Yo 2 5kQ 5V
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Problems 2-17

[a] KCL at the top node: 0.02 = iy + io
KVL around the right loop: —Vo+v3—5=0
Use Ohm’s law to write the resistor voltages in the previous equation in
terms of the resistor currents:

—50007; + 200022 — 5 =10 — —50007; 4+ 200022 = 5

Multiply the KCL equation by —2000 and add it to the KVL equation to
eliminate 75:

—2000(4; + i2) + (—5000i; + 2000i3) = —2000(0.02) +5 —  —7000i; = —35

Solving,

—35
21 7000 0.0060=5m

Therefore,
v, = Ri; = (5000)(0.005) = 25 V
[b] paoma = —(0.02)v, = —(0.02)(25) = —0.5 W
iy = 0.02 —i; = 0.02 — 0.005 = 0.015 A
psv = —(5)iz = —(5)(0.015) = —0.075 W
psk = 5000i? = 5000(0.005)* = 0.125 W
pax = 2000i3 = 2000(0.015)* = 0.45 W
Dtotal = P20mA + Psv + Psk + pox = —0.5 — 0.075 + 0.125 4 0.45 =0

Thus the power in the circuit balances.

P 218 |[a
=
— n
50\/6)9 l ne , =ZE0a
i _
201, = &0, lg = 1 + i, = dip
. = 4y
50 = 4ig + 80ip = 207, + 80z, = 1002
iy, = 0.5 A, therefore, i, =2 A and 1i;,=25A
[b] i, =0.5A

[c] vy =80, =40 V
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2-18 CHAPTER 2. Circuit Elements

[d] pio = i2(4) =6.25(4) =25 W
Dooq = zg(QO) = (4)(20) =80 W
pson = i2(80) = 0.25(80) = 20 W

[e] psov (delivered) = 50i, = 125 W
Check:

ZPdis =25480+20=125W
Z P = 125W
P 2.19
1500
. —
+ + $i1 vy, - +
psal N v =21000 v T2 0500

[a] Write a KCL equation at the top node:
—154+114+1=0 SO i1 +1o=1.5
Write a KVL equation around the right loop:
—vi1+v4+v3=0
From Ohm’s law,
vy = 1004y, vy = 15045, vz = 2500
Substituting,
—100¢; + 150i5 + 250i5 = 0 SO — 10077 4 40022 = 0
Solving the two equations for 7; and iy simultaneously,
i1 =12A and i = 0.3A

[b] Write a KVL equation clockwise around the left loop:
—Vo+v1 =0 but vy = 1007; = 100(1.2) =120V
So v, = v = 120V

[c] Calculate power using p = vi for the source and p = Ri? for the resistors:
Psource = —o(1.5) = —(120)(1.5) = —180 W
prooe = 1.2%(100) = 144 W
pisoe = 0.3%(150) = 13.5 W
Pasoa = 0.3%(250) = 22.5 W
Y Piaey =180W > Py =144+ 135+ 225 = 180 W
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Problems 2-19

P 2.20 Label the unknown resistor voltages and currents:

0.05A mwg h, 2000

AT +’v{\,_+ ¢

e G) V1 <2500 3.5V§ 175 Q

35 ,
[a] in = 17 = 0.02A (Ohm’s law)

iy =i,=002A (KCL)

[b] v, =200¢; = 200(0.02) =4V (Ohm’s law)

—v14+v,+35=0 so wv;=35+v,=35+4=75V (KVL)
[c] va =0.05(50) =2.5V (Ohm’s law)

—Ug+Va+v1 =0 S0 Vg=v,+v;=25+75=10V (KVL)
[d] py = v,(0.05) = 10(0.05) = 0.5 W

P 2.21 [a] Use KVL for the right loop to calculate the voltage drop across the
right-hand branch v,. This is also the voltage drop across the middle
branch, so once v, is known, use Ohm’s law to calculate 7,:

v, = 1000i, + 4000, + 30007, = 8000i, = 8000(0.002) = 16 V
16 = 2000z,
16
lpb, = —— =8mA
2000

[b] KCL at the top node: iy = iy + i, = 0.002 + 0.008 = 0.010 A = 10 mA.

[c] The voltage drop across the source is vy, seen by writing a KVL equation
for the left loop. Thus,
Pg = —Volg = —(16)(0.01) = —0.160 W = —160 mW.
Thus the source delivers 160 mW.

P 222 [a]

vy = 150 — 50(1) = 100V
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2-20 CHAPTER 2. Circuit Elements

=2 _ya
25

G5 +1=1y, i3=4—1=3A

i

01 = 10i5 + 25i5 = 10(3) + 25(4) = 130V

AR O
65 65

Note also that
ig=i+is=2+3=5A

ig=i14io=5+1=06A

b pi = 5°(4) =100 W
psoo = 1%(50) =50 W
pesa = 22(65) =260 W
pon = 32(10) =90 W
psa = 4%(25) =400 W

[c] 3" Pus = 100 + 50 + 260 + 90 + 400 = 900 W
Piey = 150i, = 150(6) = 900 W

P 2.23 Label all unknown resistor voltages and currents:

+ e —
e lfe e
Ty - ¢ + v — Va;
T (Y1lomA +
OV VI25kQ v, < 500 Q

Ohms’ law for 5 k€ resistor: v; = (0.01)(5000) = 50 V

KVL for lower left loop: —80+v3+50=0 — v3=80—-50=30V
Ohm’s law for 1.5 k{2 resistor: i = v2/1500 = 30/1500 = 20 mA

KCL at center node:

19 =13+ 0.01 — i3=1i5—0.01 =0.02—0.01 =0.01 =10 mA

Ohm’s law for 3 k€2 resistor vz = 3000i3 = 3000(0.01) =30 V

KVL for lower right loop:

—vit+uvs+uvy=0 — wy=v;—v3=50—-30=20V
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Problems 2-21

Ohm’s law for 500 2 resistor: iy = v4/500 = 20/500 = 0.04 = 40 mA
KCL for right node:

is+ip = i4 — ig=iq—iz=0.04—0.01 =0.03 =30 mA

KVL for outer loop:

—80+vg+vy=0 — wvg=80—v,=80—-20=60V

Therefore,
VR 60
R=—=—=2000 =2k
g 0.03
P 224 [a]

47

502
T % —

i +
g
Yam ROy, 100

T IRl
240v<j) = AMA—
+ — lu
100
LA lic Vp 1402
A
60

ve = (5+10)(4) =60V
—240 4+ v, + v, =0 SO vp = 240 — v, = 240 — 60 = 180V
e =y/(14 4 6) = 180/20 = 9 A
lg=1.—4=9—4=5A
Ve = diq + vy = 4(5) + 180 = 200V
i = v,/10 = 200/10 = 20 A
vg = 240 — v, = 240 — 200 =40V
la =1q+i.=5+20=25A
R =uvg/i, =40/25 = 1.6

[b] iy =iq+4=25+4=29 A
Py (supplied) = (240)(29) = 6960 W

P 225 [a]

502

125% Cﬁ) i A

C

1502
02 1662 =

id = 80/16 =5 A
Ve =125 -80 =145 50 dn =45/15 =3A
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Tac Fibe = Tcd SO ihe=DH—3=2A
Vab = 19%3¢ — Dipe = 15(3) —5(2) =35V  so iy, = 35/7 =5A
Tod = Tab — Ipe = D — 2 =3 A

Calculate the power dissipated by the resistors using the equation
PR = RZ%

pra=(7)(5)*=175W  pson = (30)(3)> =270 W
pisa = (15)(3)> =135 W pigq = (16)(5)* = 400 W
psa = (5)(2)* = 20 W

[b] Calculate the current through the voltage source:
fad = —lab — fac = —5 — 3= —8A

Now that we have both the voltage and the current for the source, we can
calculate the power supplied by the source:

pg = 125(—8) = —1000 W thus pg (supplied) = 1000 W

[c] > Pais = 175 + 270 + 135 4 400 + 20 = 1000 W
Therefore,

ZPsupp:ZPdis

P 226 [a]

+ + \]/il
+
100v (D) v, VgDis v 240
a7 - -
— My ity
1502 160

vy =100+ 4(15) = 160V: vy =160 — (9 + 11 + 10)(2) = 100V

__w 1w
4416 20

Vg =11 + 30i5 = 100 + 30(3) = 190V

’il :5A, i3:i1—2:5—2:3A

ig = —is—ig=—6—3=—9A
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Problems 2-23

[b] Calculate power using the formula p = Ri?:

poa = (9)(2)* =36 W; pra = (11)(2)* = 44 W

proa = (10)(2)* = 40 W, psa = (5)(6)* = 180 W

Paoe = (30)(3)* = 270 W; pao = (4)(5)* = 100W

pisa = (16)(5)% = 400 W; pisa = (15)(4)% = 240 W
[c] vy =190V

[d] Sum the power dissipated by the resistors:
> Paiss = 36 + 44 + 40 4 180 + 270 + 100 + 400 + 240 = 1310 W
The power associated with the sources is
Pyolt—source = (100)(4) = 400 W
Peurr—source = Vgl = (190)(—9) = —1710 W

Thus the total power dissipated is 1310 + 400 = 1710 W and the total
power developed is 1710 W, so the power balances.

P 2.27 [a] Start by calculating the voltage drops due to the currents i; and i5. Then
use KVL to calculate the voltage drop across and 352 resistor, and
Ohm’s law to find the current in the 35 resistor. Finally, KCL at each
of the middle three nodes yields the currents in the two sources and the
current in the middle 22 resistor. These calculations are summarized in
the figure below:

147
245V

147w
Piarop) = —(147)(28) = —4116 W
P147(bottom) = _(147) (21) = —3087 W

Therefore the top source supplies 4116 W of power and the bottom
source supplies 3087 W of power.

[b]
D Fas = (28)2(1) + (7)*(2) + (21)%(1) + (21)*(5) + (14)*(10) + (7)*(35)
= T84+ 98 + 441 + 2205 + 1960 + 1715 = 7203 W
S Pup = 4116 + 3087 = 7203 W

Therefore, ZPdiS = ZPsup = 7203 W
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P 2.28 [a] Plot the v — ¢ characteristic

140 -
120 -
100 -
SR
£ 60 -
40 4
20 4
L(A)
o T T T T 1
0 2 4 6 8 10
From the plot:
Av (130 — 50)
R=—=—""-+-=8(Q
Al (10 = 0)
When i; = 0, v, = 50 V; therefore the ideal voltage source has a voltage
of 50 V.
20 i
-t
+
50V v,
[b]
tafo! i
-t
+
50 Y= 1
—50
When Ve = 0, Z.t = T = —625A

Note that this result can also be obtained by extrapolating the v — ¢
characteristic to v, = 0.

P 2.29 [a] Plot the v—i characteristic:

wiv)

i (A}
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Problems 2-25

From the plot:
:A_z.}: (180 — 100) _:Q
Ai (16 — 0)

When i; = 0, v, = 100 V; therefore the ideal current source must have a
current of 100/5 = 20 A

NORE

[b] We attach a 20 resistor to the device model developed in part (a):

7 t
20!—1(/]*-) 59% %QDQ

Write a KCL equation at the top node:

20+ =10

Write a KVL equation for the right loop, in the direction of the two
currents, using Ohm'’s law:

511 + 201, =0
Combining the two equations and solving,
5(20 4+ 4;) + 20i, =0 SO 251y = —100; thus 1= —4A
Now calculate the power dissipated by the resistor:
pooq = 20i = 20(—4)? = 320 W
P 230 [a]

¥ (V)
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2-26 CHAPTER 2. Circuit Elements

Av

[b] Av=25V; Ai=25mA; R= N 10 k£2
1

r——————“——_———‘l—"is
| T

| o
IQDmAQ> 10ka, v,
| |
b J

[c] 10,000i; = 2500i,, 4, = 0.25i,
0.02 =iy + i, = 1.25i,, i, =16 mA

QDmAéP % Dk %251@

[d] vs(open circuit) = (20 x 107%)(10 x 10%) = 200 V

[e] The open circuit voltage can be found in the table of values (or from the
plot) as the value of the voltage vs when the current i = 0. Thus,
vs(open circuit) = 140 V (from the table)

[f] Linear model cannot predict the nonlinear behavior of the practical
current source.

P 2.31 [a] Begin by constructing a plot of voltage versus current:
30 -

0 8 16 24 32 40 48
[b] Since the plot is linear for 0 < i, < 24 mA amd since R = Av/Ai, we can
calculate R from the plotted values as follows:
Av 24-18 6
AP 0.024—-0  0.024
We can determine the value of the ideal voltage source by considering the
value of vs when i, = 0. When there is no current, there is no voltage
drop across the resistor, so all of the voltage drop at the output is due to

the voltage source. Thus the value of the voltage source must be 24 V.
The model, valid for 0 < i, < 24 mA, is shown below:

= 25012
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Problems 2-27

25002

M4

[c] The circuit is shown below:
25002

Mp—=
24y émum

Write a KVL equation in the clockwise direction, starting below the
voltage source. Use Ohm'’s law to express the voltage drop across the
resistors in terms of the current i:

—24V + 250z + 1000z =0 SO 12507 =24V

Y
12500

Thus, 1 =19.2mA

[d] The circuit is shown below:
28002 l_}

4

Write a KVL equation in the clockwise direction, starting below the
voltage source. Use Ohm'’s law to express the voltage drop across the
resistors in terms of the current i:

—24V 42500 =0 SO 2500 =24V

24V

Th A
B T 9500

=96 mA
[e] The short circuit current can be found in the table of values (or from the
plot) as the value of the current i; when the voltage vs = 0. Thus,

1se = 48 mA (from table)

[f] The plot of voltage versus current constructed in part (a) is not linear (it
is piecewise linear, but not linear for all values of ;). Since the proposed
circuit model is a linear model, it cannot be used to predict the nonlinear
behavior exhibited by the plotted data.
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2-28 CHAPTER 2. Circuit Elements

P 2.32 Label unknown voltage and current:
b, 20
- WA
‘lx + ‘,’0 -
45 A v, § 60 20

L
—Ux + Vo + 2ix =0 (KVL)
vy = Biy (Ohm’s law)
Therefore
—0ix + v, +2i, =0 so v, =4y

Thus

h=— (Ohm’s law)
45 =i+ (KCL)

Substituting for the currents i, and 7;:

Vo Vo  3Ug
45 = — + — =
4 * 2 4

Thus
4
v, = 45 (§> =60V

The only two circuit elements that could supply power are the two sources, so
calculate the power for each source:

vy = 6iy = 6% — 6(60/4) = 90V
Pisy = —450, = —45(90) = —4050 W
Pas. = (2ix)i1 = 2(vo/4)(v,/2) = 2(60/4)(60/2) = 900 W

Only the independent voltage source is supplying power, so the total power
supplied is 4050 W.
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Problems 2-29

P 2.33 Label unknown current:
450 Q)

20V

—20 4 4507 + 150¢ = 0 (KVL and Ohm'’s law)
SO 600i =20 — i=33.33mA

vy = 150¢ = 150(0.0333) =5V (Ohm’s law)

Ux
100

Ve = 300 ( ) =300(5/100) = 15V (Ohm’s law)

Calculate the power for all components:

paov = —200 = —20(0.0333) = —0.667 W

Ux

100

Pds. = —Vo ( ) — _(15)(5/100) = —0.T5 W

paso = 450i* = 450(0.033)* = 0.5 W
p1so = 150i* = 150(0.033)* = 0.1667 W

v 152
300 = 300 — 0.75W

P300 =

Thus the total power absorbed is
Pabs = 0.5 4+ 0.1667 + 0.75 = 1.4167TW

P 2.34 The circuit:

=0

v; = (4000)(0.01) =40V (Ohm’s law)

2kQ
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2-30 CHAPTER 2. Circuit Elements

% — 20007, + 6000i, = 8000i,  (KVL)

Thus,

'U1/2 40/2
o= = 22 0.0025 = 2.5mA
= 3000 8000 o

Calculate the power for all components:
Proma = —(0.01)v; = —(0.01)(40) = —0.4W
Pas. = —(v1/2)io = —(40/2)(2.5 x 1073) = —0.05 W

owpA0?
4000 4000

Dax =04W

par = 200082 = 2000(2.5 x 107%)? = 0.0125 W
pex = 600082 = 6000(2.5 x 107%)* = 0.0375 W

Therefore,
Protal = —0.4 — 0.05 4+ 0.4 4+ 0.0125 + 0.0375 =0

Thus the power in the circuit balances.

P 2.35 [a] i, = 0 because no current can exist in a single conductor connecting two

parts of a circuit.
0 () 100 =s0
J . iy
2 h
] . .

[b]
18 = (12+6)i, i;=1A

18y

UAZGiQZGV ’UA/QZ?)A
104, = 5is, so i1 + 2i; = —3 A; therefore, i, = —1 A

[C] ’ig = 221 =—2A.
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Problems 2-31

P 236 [a] —50 —20i, + 18ia =0
—18ia + 5iy +40i, =0 so  18ia = 45i,
Therefore, — 50 — 20i, +45i, =0, so i, =2A
18in = 45i, = 90; so in =5HA
v, = 40i, =80V

b| 7, = current out of the positive terminal of the 50 V source
g
vq = voltage drop across the 8 source

ig = 1Ia +io + 8ia = Jia + i, =4TA
vg=80—-20=60V
> Pyn = 50ig + 20i,i, = 50(47) + 20(2)(47) = 4230 W
> Piis = 18i% 4 5ig(ig — i) + 40i2 4 8iava + 8ia(20)
= (18)(25) + 10(47 — 5) + 4(40) + 40(60) + 40(20)
= 4230 W; Therefore,

S Pn = 3 P = 4230 W
P 937 40y + -+ > —0; i 15.625 mA
: — 4+ — =0; = —15.625 m
2T T "

v =80t = —1.25 V

(—1.25)
20

25i; + 4 (—0.015625) = 0; i1 = 3.125 mA
vy = 6071 + 2602; = 3207,
Therefore, vy =1 V.
P238 ig—ip—ic=0
ic = Pip therefore ip = (1 + ()ip
g = —ip+ 13
Vo+igRg — (iy —ig)Ra =0

) ) ) ) Voo + i Re
—1 R+ Voo — (11 —ig)Re =0 ==
iWRy + Voo — (in —ig)Ra or 1 R R

© 2015 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained
from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



2-32 CHAPTER 2. Circuit Elements

. . Vee +ipRo
Vo4 ipRg +igRy — ————2—Ry =0
tplip T 1l R, + R 2

Now replace ig by (1 + ()ip and solve for ip. Thus

in = Voo Ry /(Ri + Rp)] =V,
BT 1+ B)Re + RiRs/(Ry + Ry)

P 2.39 Here is Equation 2.25:

(VecRa) /(R + Re) — W
(R1R2)/(R1 + Rs) + (1 + B)Rg

1B =

Vo Ry (10)(60,000)

= =6V
Ry + Ry 100,000

RiRy _ (40,000)(60.000) _,
Ry + R, 100,000

6—0.6 5.4

= = = 0.18 mA
24,000 + 50(120) 30,000 o

B
'ic = ﬁiB = (49)(018) = 8.82 mA
ip=1c+ip =882+0.18 =9 mA
V3q = (0.009)(120) = 1.08V

Upg = Vo, + v34 = 1.68V

_ Ubd 1.68
R, 60,000

19 = 28 ,uA

i1 =iy +ip = 28 + 180 = 208 A

vap = 40,000(208 x 107%) =8.32V

icc =ic + i = 8.82 4+ 0.208 = 9.028 mA
v13 + (8.82 x 1073)(750) + 1.08 = 10 V

V13 = 2.305V
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Problems 2-33

P 240 [a]
2 2
K‘I
3 3
Vg Location 1 Location 2
LiOFF)
[b]
2 1 3 2
y 3 5 4 3
] Location 1 Location 2 Location 3

L(OFF)

P 2.41 Each radiator is modeled as a 48 ) resistor:

Vl #iz VS

aqov( T 48 Q) 48 Q) §48§2

Write a KVL equation for each of the three loops:

240

T —5A
18

—240+48,; =0 — 4=

Therefore, the current through each radiator is 5 A and the power for each
radiator is

Prad = Ri* = 48(5)* = 1200 W
There are three radiators, so the total power for this heating system is

Ptotal = 3prad = 3(1200) = 3600 W
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2-34 CHAPTER 2. Circuit Elements

P 2.42 FEach radiator is modeled as a 48 ) resistor:
48 Q

Tl
240 V C_D 48 ) §48 Q

Write a KVL equation for the left and right loops:

240

—240+48,, =0 — ilzﬂ—SA

CARiy 4 48iy + 48is = 0  — iy = %1 - g —925A

The power for the center radiator is

Peen = 48i7 = 48(5)* = 1200 W

The power for each of the radiators on the right is

Dright = 4815 = 48(2.5)* = 300 W

Thus the total power for this heating system is

Ptotal = Deen + 2Dright = 1200 + 2(300) = 1800 W

The center radiator produces 1200 W, just like the three radiators in Problem
2.41. But the other two radiators produce only 300 W each, which is 1/4th of

the power of the radiators in Problem 2.41. The total power of this
configuration is 1/2 of the total power in Fig. 2.41.

P 2.43 Each radiator is modeled as a 48 ) resistor:

h, 48Q
fz #l's

W
240 V 480 2480

Write a KVL equation for the left and right loops:
—240 + 4841 + 4815 =0
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Problems 2-35

—48i9 + 4813 =0 — 19 =13

Write a KCL equation at the top node:

11 =1y+13 — i1 =12+ iy = 2y

Substituting into the first KVL equation gives
240

—240 + 48(24 489 =0 o= —— = 1.67TA
+ 48(2i2) + 481 — i 3013)

Solve for the currents 7; and is:

i3 =19 = 1.6TA; i1 = 2ip = 2(1.67) = 3.33A

Calculate the power for each radiator using the current for each radiator:
Plets = 487 = 48(3.33)% = 533.33 W

Pmiddle = Pright = 48i5 = 48(1.67)? = 133.33 W

Thus the total power for this heating system is

Drotal = Pleft + Pmiddle + Pright = 033.33 + 133.33 4 133.33 = 800 W

All radiators in this configuration have much less power than their
counterparts in Fig. 2.41. The total power for this configuration is only 22.2%
of the total power for the heating system in Fig. 2.41.

P 2.44 Each radiator is modeled as a 48 ) resistor:

48 Q2 48 Q2
A——AM

l_—b'
240\76) §4SQ

Write a KVL equation for this loop:

240
—240 + 48 + 48+ 48t =0 — 1= m =1.67TA

Calculate the power for each radiator:

Prad = 48i% = 48(1.67)* = 133.33 W

Calculate the total power for this heating system:
Drotal = 3Prad = 3(133.33) = 400 W

Each radiator has much less power than the radiators in Fig. 2.41, and the
total power of this configuration is just 1/9th of the total power in Fig. 2.41.
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Simple Resistive Circuits

Assessment Problems

720 o
4 ¢ MiB _pil:
iA
B Y Mo B4 O 100

Start from the right hand side of the circuit and make series and parallel
combinations of the resistors until one equivalent resistor remains. Begin by
combining the 62 resistor and the 102 resistor in series:

AP 3.1

60241002 =162

Now combine this 16 €2 resistor in parallel with the 64 ) resistor:

(16)(64) 1024

= = 12.8(2
16 + 64 80

169640 =

This equivalent 12.8 Q) resistor is in series with the 7.2 resistor:
128024720 =201

Finally, this equivalent 20 Q) resistor is in parallel with the 302 resistor:

2091300 = (20)(30) _ 600 _ 12Q
20 + 30 50

Thus, the simplified circuit is as shown:

5A 120

3-1
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3-2 CHAPTER 3. Simple Resistive Circuits

[a] With the simplified circuit we can use Ohm’s law to find the voltage across
both the current source and the 122 equivalent resistor:

v=(12Q)(5 A) =60 V

[b] Now that we know the value of the voltage drop across the current source,
we can use the formula p = —vi to find the power associated with the
source:

p=—(60V)(5A)=-300 W
Thus, the source delivers 300 W of power to the circuit.

[c] We now can return to the original circuit, shown in the first figure. In this
circuit, v = 60 V, as calculated in part (a). This is also the voltage drop
across the 30 €2 resistor, so we can use Ohm’s law to calculate the current
through this resistor:

60 V
== 92 A
T80

Now write a KCL equation at the upper left node to find the current ip:
—5A+is+ip=0 SO ip=bA—-is=5A—-2A=3A

Next, write a KVL equation around the outer loop of the circuit, using
Ohm’s law to express the voltage drop across the resistors in terms of the
current through the resistors:

—0 + 7.2 + 6ic + 10ic = 0
So  16ic =v—T.2ip =60V —(7.2)(3) =384V

38.4
Th c=——=24A
us ic 16

Now that we have the current through the 102 resistor we can use the
formula p = Ri? to find the power:

proa = (10)(2.4)> = 57.6 W

ZSkQ;

200v ()

AP 3.2

75k E V5 Ry,
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Problems 3-3

[a] We can use voltage division to calculate the voltage v, across the 75 k(2
resistor:
75,000

»(10 load) = 200 V) = 150 V
vo(no load) = —5r= e 505 (200 V)

[b] When we have a load resistance of 150 k{2 then the voltage v, is across the
parallel combination of the 75 k{2 resistor and the 150 k() resistor. First,
calculate the equivalent resistance of the parallel combination:

(75,000)(150,000)

75,000 + 150,000

Now use voltage division to find v, across this equivalent resistance:

50,000
~ 50,000 + 25,000
[c] If the load terminals are short-circuited, the 75 k€2 resistor is effectively

removed from the circuit, leaving only the voltage source and the 25 k{2
resistor. We can calculate the current in the resistor using Ohm'’s law:

75 kQ||150 kQ =

= 50,0009 = 50 kO

Vo

(200 V) = 133.3 V

Now we can use the formula p = Ri? to find the power dissipated in the
25 k(2 resistor:

pask = (25,000)(0.008)* = 1.6 W

[d] The power dissipated in the 75 k€2 resistor will be maximum at no load
since v, is maximum. In part (a) we determined that the no-load voltage
is 150 V, so be can use the formula p = v?/R to calculate the power:

(150)2
— —03W
prsk(max) 75,000
AP 3.3
600
ity
+ 4002
204 (T v R
800 42

[a] We will write a current division equation for the current throught the 802
resistor and use this equation to solve for R:

B R
C R+40Q+800Q

iso0 (20 A)=4A so  20R =4(R+ 120)

Thus 16R = 480 and R = 411(? =30Q
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34 CHAPTER 3. Simple Resistive Circuits

[b] With R =30 we can calculate the current through R using current
division, and then use this current to find the power dissipated by R,
using the formula p = Ri?:

~ 40+80

40480+ 30

[c] Write a KVL equation around the outer loop to solve for the voltage v,
and then use the formula p = —vi to calculate the power delivered by the
current source:

—0+ (609)(20 A) + (30Q)(16 A) =0  so v = 1200+ 480 = 1680 V
Thus,  Peowree = — (1680 V)(20 A) = —33,600 W

iR (20A)=16 A so  pr=(30)(16)* = 7680 W

Thus, the current source generates 33,600 W of power.

AP 34
400 5002
Aty ity
+ v -
60V () 200z 3002% 1002
700
W r
Req]

[a] First we need to determine the equivalent resistance to the right of the
402 and 702 resistors:

1 1 1 1 1
Req =20Q[30Q][(50Q + 10Q) SO

Ree 200 300 TG00 100

Thus, Req = 1002

Now we can use voltage division to find the voltage v,:

40
o=——"—""""7-(60V)=20V
%= v V)
[b] The current through the 402 resistor can be found using Ohm’s law:
v 20V
0= —=—-=05A
020 T 100

This current flows from left to right through the 40 €2 resistor. To use
current division, we need to find the equivalent resistance of the two
parallel branches containing the 202 resistor and the 50€2 and 102
resistors:

(20)(60)
20 + 60
Now we use current division to find the current in the 30 €2 branch:

15
BHA)=0.1 A = 166.67 mA
5+30 (0.5 A) = 0.16667 m

209Q/(502 + 10Q) = =150

1300 =
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Problems 35

[c] We can find the power dissipated by the 502 resistor if we can find the
current in this resistor. We can use current division to find this current
from the current in the 40 () resistor, but first we need to calculate the
equivalent resistance of the 202 branch and the 302 branch:

(20)(30)
2092|1302 = ———= =12Q
| 20 + 30
Current division gives:
12
500 = ——— (0.5 A) = 0.08333 A
500 = 55010 00 M)

Thus,  psoq = (50)(0.08333)? = 0.34722 W = 347.22 mW

AP 3.5 |[a]
——
1w 10002
We can find the current ¢ using Ohm’s law:
. 1V
[b]
R, =50€|5.5550Q =5
We can use the meter resistance to find the current using Ohm’s law:
1V
meas = ——————— = 0.009524 = 9.524 mA
' 1009 +50 o
AP 3.6 [a]
15k
A
+
60V(E) v 275k0Q
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3-6 CHAPTER 3. Simple Resistive Circuits

Use voltage division to find the voltage v:

75,000 -
U= 75000 + 15,000 00 V) =50V
[b]
15k Q)
ity
N 149 9510
a0v(T) v 275k0

o 50¢2

The meter resistance is a series combination of resistances:
R,, = 149,950 + 50 = 150,000 €2

We can use voltage division to find v, but first we must calculate the
equivalent resistance of the parallel combination of the 75 k{2 resistor and
the voltmeter:

(75,000)(150,000)
75,000 + 150,000

50,000
50,000 + 15,000

75,000 2| 150,000 € = = 50 kQ

(60 V) = 46.15 V

Thus, Vmeas =

AP 3.7 [a] Using the condition for a balanced bridge, the products of the opposite
resistors must be equal. Therefore,

(1000)(150)
100

[b] When the bridge is balanced, there is no current flowing through the
meter, so the meter acts like an open circuit. This places the following
branches in parallel: The branch with the voltage source, the branch with
the series combination R; and R and the branch with the series
combination of Ry and R,. We can find the current in the latter two
branches using Ohm’s law:

100R, = (1000)(150)  so R, = = 15009 = 1.5 kQ

5V 5V
Ry = ————————— = 20 mA; R, = ——————— = 2 mA
MR T 1000 + 1500 e MR =000 + 1500
We can calculate the power dissipated by each resistor using the formula
p = Ri*:

prooe = (1009)(0.02 A)? = 40 mW
pisoe = (1509)(0.02 A)? = 60 mW
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Problems 37

Procon = (10009)(0.002 A)? = 4 mW
p1soon = (15009)(0.002 A)* = 6 mW

Since none of the power dissipation values exceeds 250 mW, the bridge
can be left in the balanced state without exceeding the power-dissipating
capacity of the resistors.

AP 3.8 Convert the three Y-connected resistors, 202, 102, and 52 to three

A-connected resistors R,, Ry, and R.. To assist you the figure below has both

the Y-connected resistors and the A-connected resistors
30

105 @

_ (5)(10) + (5)(20) + (10)(20)

R, = 50 =17.5Q
py = G0+ G20+ (10020 _
. = DU+ OC0) + 0060 _

The circuit with these new A-connected resistors is shown below:
280

M\

17.50
Wi o 390 105
| 28

From this circuit we see that the 70 resistor is parallel to the 282 resistor:

(70)(28)

=20(2
70 + 28

709|280 =

Also, the 17.5Q resistor is parallel to the 105 resistor:

(17.5)(105)

1750|1052 =
7590|105 17.5 4+ 105

= 1502
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3-8 CHAPTER 3. Simple Resistive Circuits

Once the parallel combinations are made, we can see that the equivalent 20 {2
resistor is in series with the equivalent 15 () resistor, giving an equivalent
resistance of 20 + 15 = 35€). Finally, this equivalent 35 {2 resistor is in
parallel with the other 35 () resistor:

(35)(35)
35 + 35

350|350 = = 17.5Q

Thus, the resistance seen by the 2 A source is 17.5€2, and the voltage can be
calculated using Ohm’s law:

v=(175Q)(2A) =35V
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Problems 3-9

Problems

P 3.1 [a] From Ex. 3-1: ;=4 A, 19 =8 A, s =12 A
at node b: —12+4+4+8 =0, at noded: 12—4—-8=0

4 3n
AN A
lsT + v, - + o, =
+ ¥
120 % v, 180w, 9

=

[b] vy = 423 =48V Vg = 322 =24V
Vo = 1821 =72V Vyg = 622 =48 V
loop abda: —120 448 + 72 =0,
loop bedb: =72 424 448 = 0,
loop abecda: —120 448 +24+48 =0
P32 [a] po = i*4=(12)?4=576 W pisa = (4)?18 = 288 W
P = (8)23=192W Pea = (8)%6 = 384 W
[b] pigov(delivered) = 120i, = 120(12) = 1440 W
[c] paiss = D76 + 288 + 192 + 384 = 1440 W

P 3.3 [a] The 5 kQ and 7 kQ resistors are in series. The simplified circuit is shown
below:

Bk
WA

18V <-|> 6k(2 12k£2

[b] The 8002 and 12002 resistors are in series, as are the 300 and 200 (2
resistors. The simplified circuit is shown below:

A
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3-10 CHAPTER 3. Simple Resistive Circuits

AMA-

500 Q

AMA
20000
27V

500€
W

[c] The 350, 15Q, and 252 resistors are in series. as are the 102 and 40 Q2
resistors. The simplified circuit is shown below:

7503 90V 2500

L

[d] The 50 and 902 resistors are in series, as are the 802 and 70
resistors. The simplified circuit is shown below:

1400

30 mA 3000 $100Q $150Q

P 3.4  [a] The 36 and 182 resistors are in parallel. The simplified circuit is shown
below:

A
24 Q

18V 121}

W

[b] The 200 and 120 resistors are in parallel, as are the 2102 and 280 Q2
resistors. The simplified circuit is shown below:

120 &

30mA 7502 18080

[c] The 100 k2, 150 k€2, and 60 kS resistors are in parallel, as are the 75 k{2
and 50 kS resistors. The simplified circuit is shown below:
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Problems 3-11

[d] The 750 and 500 (2 resistors are in parallel, as are the 1.5 k(2 and 3 k{2
resistors. The simplified circuit is shown below:

900 Q2 1kQ

P 3.5  Always work from the side of the circuit furthest from the source. Remember
that the current in all series-connected circuits is the same, and that the
voltage drop across all parallel-connected resistors is the same.

[a] Circuit in Fig. P3.3(a):
Req = [(7000 + 5000)[|6000] + 8000 = 12,000/[6000 + 8000
= 4000 4 8000 = 12 k{2

Circuit in Fig. P3.3(b):

Req = [500]|(800 -+ 1200)] + 300 + 200 = (500(|2000) -+ 300 + 200
= 400 4 300 4 200 = 9002

Circuit in Fig. P3.3(c):

Req = (35 + 15 + 25)[|(10 + 40) = 75[|50 = 30

Circuit in Fig. P3.3(d):

Req = ([(70 + 80)||100] 4 50 + 90)||300 = [(150/100) + 50 + 90]{|300
— (60 + 50 + 90)[|300 = 200|300 = 120

[b] Note that in every case, the power delivered by the source must equal the
power absorbed by the equivalent resistance in the circuit. For the circuit
in Fig. P3.3(a):

‘/;2 182

= = 0.027 = 27 mW
Req 12,000

P =
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3-12 CHAPTER 3. Simple Resistive Circuits

For the circuit in Fig. P3.3(b):

v: 27
=" =_—=0.81 =810 mW
Req 900 o
For the circuit in Fig. P3.3(c):
vz o 90
P=—"=—=2710 W
Req 30

For the circuit in Fig. P3.3(d):
P = I*(Req) = (0.03)2(120) = 0.108 = 108 mW

P 3.6  Always work from the side of the circuit furthest from the source. Remember
that the current in all series-connected circuits is the same, and that the
voltage drop across all parallel-connected resistors is the same.

[a] Circuit in Fig. P3.4(a):
Req = (36]|18) + 24 = 12 + 24 = 36 Q2
Circuit in Fig. P3.4(b):
Req = 200[|120]|[(210]|280) + 180] = 200]|120](120 + 180) = 200||120]|300 = 602
Circuit in Fig. P3.4(c):
Req = (75 k][50 k) + (100 k|[150 k||60 k) + 90 k = 30 k + 30 k + 90 k = 150 kQ
Circuit in Fig. P3.4(d):
Req = [(600 + 900)(|750(|500] + (1500/[3000) + 2000 = (1500]|750[|500) + 1000 + 2000
= 250 + 1000 + 2000 = 3250 = 3.25 k(2

[b] Note that in every case, the power delivered by the source must equal the

power absorbed by the equivalent resistance in the circuit. For the circuit
in Fig. P3.4(a):

v oo1s?
P=—"=""=9W
Req 36

For the circuit in Fig. P3.4(b):
P = I3(R.,) = (0.03)*(60) = 0.054 = 54 mW
For the circuit in Fig. P3.4(c):

V: 602
== = =0.024 = 24 mW
Req 150,000 o
For the circuit in Fig. P3.4(d):
2 2
P = v = 05 =13 W
Req 3250
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Problems 3-13

P 3.7 [a] Circuit in Fig. P3.7(a):
Req = ([(15]|60) + (30]]45) + 20](|50) + 25 + 10 = [(12 + 18 + 20)[|50] + 25 + 10
— (50][50) + 25 + 10 = 25 + 25 + 10 = 60

Circuit in Fig. P3.7(b) — begin by simplifying the 75 resistor and all
resistors to its right:

[(18 4 12)]|60 + 30]||75 = (30|60 4 30)|75 = (20 + 30)|75 = 50|75 = 302

Now simplify the remainder of the circuit:

Req = ([(30 + 20)|50] + (20]60))||40 = [(50]|50) 4 15]]|40 = (25 + 15)||40
= 40(|40 = 202

Circuit in Fig. P3.7(c) — begin by simplifying the left and right sides of
the circuit:

Riete = [(1800 + 1200)||2000] -+ 300 = (3000(|2000) + 300 = 1200 + 300 = 1500 Q)
Ruigne = [(500 + 2500)/1000] 4 750 = (3000|1000) + 750 = 750 + 750 = 1500 2

Now find the equivalent resistance seen by the source:

Req = (Riets || Rright) + 250 4+ 3000 = (1500(/1500) + 250 4 3000
= 750 + 250 + 3000 = 4000 = 4 k2

Circuit in Fig. P3.7(d):

Req = ([(750 + 250){|1000] 4 100)||([(150 + 600)||500] + 300)
= [(1000(]1000) + 100]||[(750([500) + 300] = (500 + 100)||(300 + 300)
= 600/|600 = 300 2

[b] Note that in every case, the power delivered by the source must equal the
power absorbed by the equivalent resistance in the circuit. For the circuit
in Fig. P3.7(a):

V2o 307
P=—"=""=15 W
Req 60

For the circuit in Fig. P3.7(b):
P = I?(Req) = (0.08)%(20) = 0.128 = 128 mW
For the circuit in Fig. P3.7(c):
V2o 20
== = =0.1 =100 mW
Req 4000 o
For the circuit in Fig. P3.7(d):

P = I}(R.,) = (0.05)*(300) = 0.75 = 750 mW
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3-14 CHAPTER 3. Simple Resistive Circuits

P38 [a] Rap =24+ (90][60) + 12 = 24 + 36 + 12 = 720
[b] Ry =[Ak+6k+2K)|8k +52k=(12k|8k) +52k =48k +5.2k =10 kQ
[c] Rab = 1200]|720][(320 + 480) = 1200]|720||800 = 288

P 3.9  Write an expression for the resistors in series and parallel from the right side
of the circuit to the left. Then simplify the resulting expression from left to
right to find the equivalent resistance.

[a] Rab = [(26 + 10)|/18 + 6]||36 = (36|18 + 6)[|36 = (12 + 6)||36 = 18|36 = 120
[b] Ran = [(12 + 18)]]10]]15]|20 + 16]||30 + 4 + 14 = (30]|10][15]|20 + 16)]|30 + 4 + 14

= (4+16)[|30 + 4+ 14 =20|[30 + 4+ 14 = 12+ 4+ 14 = 30Q
[c] Rap = (500][1500]|750 + 250)|[2000 + 1000 = (250 + 250)||2000 + 1000
= 500/|2000 + 1000 = 400 + 1000 = 1400 2

[d] Note that the wire on the far right of the circuit effectively removes the
602 resistor!

Ra, = [([(30 + 18)||16 + 28]||40 + 20)|24 + 25 + 10]||50

([(48]16 + 28) |40 + 20]]|24 + 25 + 10)]|50

= ([(12 + 28)]]40 + 20]||24 + 25 + 10)|50 = [(40]|40 + 20)]|24 + 25 + 10]||50
= [(20 + 20)[|24 + 25 + 10]||50 = (40]|24 + 25 + 10)[|50 = (15 + 25 + 10)[|50
= 50/[50 = 2502

P3.10 [a] R+R=2R
[b] R+ R+ R+---+R=nR

[c] R+ R=2R=3000 so R =1500=1.5 kQ
This is a resistor from Appendix H.

[d] nR = 4000; soifn=4, R=1kQ
This is a resistor from Appendix H.

R* R
[b] Req = RIR|R|---[[R  (n R’s)
R
= AT

R’/(n—1) _R* R
R+R/(n—1) nR n

R
[c] 5 =5000 so R =10 kQ
This is a resistor from Appendix H.
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Problems 3-15

[d] % = 4000 so R =4000n

Ifn=3 r =4000(3) = 12 kQ
This is a resistor from Appendix H. So put three 12k resistors in parallel

to get 4k().
160(3300)
P 3.12 y= ) gy
2] vo = 7700 + 3300)

[b] i = 160/8000 = 20 mA
Pr, = (400 x 107%)(4.7 x 10*) = 1.88 W
Pr, = (400 x 107°)(3.3 x 10°) = 1.32 W

[c] Since Ry and Rs carry the same current and R; > R» to satisfy the voltage
requirement, first pick R; to meet the 0.5 W specification

160 — 66 94\ 2
iR, = R Therefore, (E> Ry <0.5

942
Thus, Ry > 05 or Ry >17,6720Q

Now use the voltage specification:
Ry
Ry 417,672

Thus, Ry = 12,4082

(160) = 66

P313 4= Riofio 50 Ry =100
- 4(?0+R;-20 o e = %Q
Thus, % = 1;2_R;L so Ry =240
P 3.14 [a] voz%:8 so Ri=4R,
Let R = Ryl|Ry, = %
V, = Rim—fj?o =75 so R;=433R,
Then, 4Ry = 4.33R, = %6203

Thus, R, =300 and R; = 4(300) = 12002
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3-16 CHAPTER 3. Simple Resistive Circuits

[b] The resistor that must dissipate the most power is Ry, as it has the largest
resistance and carries the same current as the parallel combination of R,
and the load resistor. The power dissipated in R; will be maximum when
the voltage across R; is maximum. This will occur when the voltage
divider has a resistive load. Thus,

vr, =40 —7.5=1325 V

325
1200

Thus the minimum power rating for all resistors should be 1 W.

=880.2 m W

PRy

P 3.15 Refer to the solution to Problem 3.16. The voltage divider will reach the
maximum power it can safely dissipate when the power dissipated in R; equals
1 W. Thus,

2
Vg,

=1 =34.64 V
1200 SO Vg, = 34.6

v, =40 —34.64 =5.36 V

40R,

So, ——"* _ _ 536 and R.=185.680
% 7200 + R, an
(300) Ry,
Thus, ~ "' _ 18568 and Ry = 487.26Q
300 + Ry an L

The minimum value for Ry, from Appendix H is 560 Q.
P 3.16 Re.q = 10||[6 + 5]|(8 + 12)] = 10||(6 + 5||20) = 10[|(6 +4) = 52

V10A = V100 — (10 A)(5 Q) =50V

Using voltage division:

5(1(8 + 12) 4
_ 50) = ——(50) = 20 V
v =5 sie 1) Y T 512V
2 202
Thus,pm:%?ﬂz?:%w
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Problems 317

P 3.17 [a]
B2
+ v
Vo 2002 P ile)
h 100 24R a0
Req = (10 4 20)||[12 + (90]|10)] = 30[|15 = 109
Vaun = 10(2.4) =24 V
20
o = V2o = 24) =16 V
Vo = U200 = 75 n 20( )
90|10 9
= (24) = —(24) = 144V
v = g —rgor10) Y = 1524
14.4
.o = — = 016 A
= 90
- 2 (24 —14.4)?
[b] pen = (V2.4 6”"09) _ | - C 1536w

[c] paan = —(2.4)(24) = —=57.6 W
Thus the power developed by the current source is 57.6 W.

P 3.18 Begin by using KCL at the top node to relate the branch currents to the
current supplied by the source. Then use the relationships among the branch
currents to express every term in the KCL equation using just is:

0.05 =iy + ig + i3 + 14 = 0.612 + o + 2i9 + 441 = 0.6ig + 2 + 2iy + 4(0.612) = 6iy
Therefore,

ip = 0.05/6 = 0.00833 = 8.33 mA

Find the remaining currents using the value of s:

i1 = 0.6i5 = 0.6(0.00833) = 0.005 = 5 mA

i3 = 2i5 = 2(0.00833) = 0.01667 = 16.67 mA

iy = 447 = 4(0.005) = 0.02 = 20 mA

Since the resistors are in parallel, the same voltage, 25 V, appears across each
of them. We know the current and the voltage for every resistor so we can use
Ohm’s law to calculate the values of the resistors:

Ry =25/iy = 25/0.005 = 5000 = 5 kQ
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3-18 CHAPTER 3. Simple Resistive Circuits
Ry = 25/i5 = 25/0.00833 = 3000 = 3 k2
R3 =25/i3 = 25/0.01667 = 1500 = 1.5 k<
Ry =25/iy =25/0.02 = 1250 = 1.25 kQ

The resulting circuit is shown below:

+
30mA #)25\/ %Skg %31{9 %1.51{@ %1.251{@

(24)?
P319 — " 80 Therefore, Ry + Ry + Ry = 7.20)
Rt Rot Ry eretore, fi1 + fiz + A3
24
(R + Ry) _ 19

(R1+ Ry + R3)
Therefore, 2( Ry + R2) = Ry + Ry + R3
ThU.S, R1 + R2 = Rg; 2R3 = 72, Rg =364

Ro(24)

ey g
Ry + Ry + R3

48Ry = Ry + Ry +3.6 =72
ThU.S, R2 = 15Q, R1 =72— R2 — Rg =210

P 3.20 [a]
10kQ 20k02

180\/’(5/:::@ %vm 401@%

+

Yo
20 kQ + 40 kQ = 60 kO
30 k|60 kQ = 20 kO
20,000
= ’ 180) = 120 V
Yol = 10,000 + 20,000)( )
40,000
Yo = Go.000 Vo) =8OV
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Problems 3-19

[b]
10kQ 20kQ)
—; +
180V 30kQ A0KO Vo
30,000i )
180
- — 45 mA
1= 0000 ~ A0
30,000 = 135 V
40.000
v 60’000( 35) =90 V

[c] It removes the loading effect of the second voltage divider on the first
voltage divider. Observe that the open circuit voltage of the first divider

1S

30,000
= 2 g0y = 135 V
Yol 40,000( )

Now note this is the input voltage to the second voltage divider when the
current-controlled voltage source is used.

Ry
P 3.21 At no load: o = kvg = ————,.
[a] no loa v v F sz
R, R, R
At full load: v, = av, = mvs, where R, = Fo ;2
R 1—k
Therefore k = RszRg and R1 = ( 2 )Rg
R, (1—a)
« TR and R;= R,
1l -« R2R0 (1 — k‘)
Th —
e ( a )[ROH%Q] PR
k—
Solving for Ry yields Ry = =% p
a(l — k)
1 — —
Also, B =Rp o g oo
k ak
0.05
b = (— | R, =25k
bl (0.68> Ho =25
0.05
fz (0.12> R o7
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3-20 CHAPTER 3. Simple Resistive Circuits

[c ]

Maximum dissipation in Ry occurs at no load, therefore,

[(60)(0.85)]?
P P — 1 .
R (max) 14.167 83.6 mW
Maximum dissipation in R; occurs at full load.

(60 — 0.80(60)]?
PRl(maX) = 2500

[d ]

= 57.60 mW

14.167
éBde short

k2
P (60)° 1.44 W = 1440 mW
e = . — m
i 2500
(0)?
P pr— pr—
fiz 14,167 oW

P 3.22 [a] Let v, be the voltage across the parallel branches, positive at the upper
terminal, then

ig = VsG1 + G2+ + V.G = V(G + Go + -+ + Gy)

7

It follows that v, = g
OO e T G+ Gat -+ Gy
The current in the £ branch is i, = v,Gy; Thus,
. ZgGk
1 =
[Gl—l-Gz—l-"'—l-GN]
40(0.2
[b] is = (0.2) —32 A

2+0.2+0.125 + 0.1 +0.05 + 0.025
P 3.23 [a] The equivalent resistance of the 6 k{2 resistor and the resistors to its right

1S

6k|(5k+7k) =6k[|12k =4 kO
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Problems 3-21

Using voltage division,

4000
:—1 pr—
Vek = 000 + 4000 1) =6 V
5000
bl vs = — 2 () =25 V
[b] sk = =550+ 7000 )

P 3.24 [a] The equivalent resistance of the 1002 resistor and the resistors to its right
1s

100]|(80 + 70) = 100|[150 = 60

Using current division,

~ (50 + 90 + 60)||300 120
— 0.03) = =——(0.03) = 0.018 = 18 mA
150 50190160 03 = 505(003) -
80 + 70)|100 60
[b] w7 = ﬁ(o.ow) = —(0.018) = 0.0072 = 7.2 mA
80 + 70 150

P 3.25 [a] The equivalent resistance of the circuit to the right of, and including, the
502 resistor is

[(60]|15) 4 (45]]30) + 20]||50 = 252
Thus by voltage division,

25
= ————(30) =125V
T T
[b] The current in the 25 resistor can be found from its voltage using Ohm’s
law:
12.5
G5 = —— = 0.5 A

25

[c] The current in the 25 resistor divides between two branches — one
containing 502 and one containing (45(/30) + (15||60) + 20 = 50 2. Using

current division,
50|50 .. 25
=—(0.5)=0.25A
50 (29) = 5(05)

[d] The voltage drop across the 50 €2 resistor can be found using Ohm’s law:

150 =

[e] The voltage vso divides across the equivalent resistance (45(/30) 2, the
equivalent resistance (15/60) 2, and the 20 resistor. Using voltage
division,

15(|60 12
= = 12.5) = ————
Y60 = V13160 = {75160)  (30[45) £ 20> T 12+ 18 1 20

(125) =3 V

© 2015 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained
from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



3-22

P 3.26

P 3.27

CHAPTER 3. Simple Resistive Circuits

[a] The equivalent resistance to the right of the 36 ) resistor is
6 + [18]](26 + 10)] = 18Q

By current division,

36|18

[b] Using Ohm’s law,
Vs = 36iz6 = 36(0.15) = 5.4 V

[c] Before using voltage division, find the equivalent resistance of the 18
resistor and the resistors to its right:

18]/(26 + 10) = 12

Now use voltage division:

12
= —(5.4) = 3.
10
4] w0 = 53630 =1V

[a] Begin by finding the equivalent resistance of the 302 resistor and all
resistors to its right:

([(12 + 18)|10]|15]|20] + 16)[|30 = 12

Now use voltage division to find the voltage across the 4 €2 resistor:
4

T4+ 12+14

[b] Use Ohm’s law to find the current in the 4 resistor:

(6) =08 V

(%

[c] Begin by finding the equivalent resistance of all resistors to the right of the
30 resistor:

[(12 + 18)]]10]|15/20] + 16 = 202

Now use current division:
301/20
ig = L(0.2) =0.12 = 120 mA
20
[d] Note that the current in the 16 resistor divides among four branches —
200,159,109, and (12 + 18)
20(/15/|10([(12 + 18)
o= 10

[e] Use Ohm’s law to find the voltage across the 102 resistor:

(0.12) = 0.048 = 48 mA
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Problems 323

18

£ __°
£l vis = 1575

(0.48) = 0.288 = 288 mV

6
P 3.28 =—(18) =135V
[a] vex 6+2( )

3
=—(18) =45V
Ve = 375 118)
Uy = Vek — U3k = 13.5—45=9V

6
[b] vex = g(Vs) = 0.75V;

3
= (V) = 0.25V]

vs = 75 (Vi) = 0.25V,

ve = (0.75V,) — (0.25V}) = 0.5V,

P 3.29 Use current division to find the current in the branch containing the 10 k and
15 k resistors, from bottom to top

. ~ (10k+15K)[(3k+ 12 k)
110k+15k — 10kt 15k

(18) = 6.75 mA

Use Ohm’s law to find the voltage drop across the 15 k resistor, positive at the
top:

Vis5k — —(675 m)(15 k) =-101.25 V

Find the current in the branch containing the 3 k and 12 k resistors, from
bottom to top

. ~_ (10k+15K)[[(3k+ 12 k)
110k+15k — 3kt 12k

(18) = 11.25 mA

Use Ohm’s law to find the voltage drop across the 12 k resistor, positive at the
top:

vk = —(12 k)(11.25 m) = —135 V
Vo = V1pk — 12k = —101.25 — (—=135) =33.75 V
P 3.30 The equivalent resistance of the circuit to the right of the 902 resistor is

R., = [(150]|75) + 40]|(30 4+ 60) = 90|90 = 452

© 2015 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained
from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



3-24 CHAPTER 3. Simple Resistive Circuits

Use voltage division to find the voltage drop between the top and bottom
nodes:

45

—3) =1
45—|—90(3) v

VUReq =

Use voltage division again to find v; from vgeq:

_150||75 (1) = 50
~ 50|75 +40°7 90

U1

)=V

Use voltage division one more time to find vy from vReq:

30
30 4 60

V2

1
)==V
(1=
P 3.31 Find the equivalent resistance of all the resistors except the 2
5Q200Q =40  4Q+6Q=10Q;  10[(15+12+13) =8Q = R,

Use Ohm’s law to find the current i,:

125 125

K 24+ Req 2+8

Use current division to find the current in the 6 {2 resistor:

8
i = ——(12.5) = 10 A
too = 57— (125)

Use current division again to find i,:

520, 5[[20
= _ 2 ) =24
to = e = —55=(10)

P 3.32 Use current division to find the current in the 82 resistor. Begin by finding
the equivalent resistance of the 82 resistor and all resistors to its right:

Req = ([(20]|80) + 4]]|30) + 8 = 20

. 60]| Req

Z ~60]20
8 Re

(0.25) = =5 (0.25) = 0.1875 = 187.5 mA

Use current division to find 7; from ig:

. 30]|[4 + (80]]20)]
= 30

~30/20

(i) = =55 (0.1875) = 0.075 = 75 mA
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Problems 3-25

Use current division to find 440 from 7s:

Lo B0l0 - (0)20)]
MO T T R0)0)

30/j20
20

2 (0.1875) = 0.1125 = 112.5 mA

Finally, use current division to find s from isq:

80]j20

80/[20
2= 790 -

(ia0) = =5

———(0.1125) = 0.09 = 90 mA
P 3.33 The current in the shunt resistor at full-scale deflection is

iA = dfuliscale — 3 X 1073 A. The voltage across R at full-scale deflection is
always 150 mV; therefore,

150 x 1073 150
Ra = - = :
Lfullscale — 3 % 10_3 10002fullscalo -3
150
Ry = — = 30.018 m
2l = 500 =3 -
[b] Let R,, be the equivalent ammeter resistance:
0.15
R, = = = 0.03 = 30 m{2
150
Ra = = 1.546)
T
0. 15
P 3.34
//—\ 1 md
D
S A R
———Afp
+ s0mv -
1 -3
Original meter: R, = o0 x 1077 =0.010Q

5

(0.02)(0.01)

Modified meter: R, =
odified meter 003

= 0.00667 2

(I1)(0.00667) = 50 x 107

Ity =75 A
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3-26 CHAPTER 3. Simple Resistive Circuits

P 3.35 At full scale the voltage across the shunt resistor will be 200 mV; therefore the
power dissipated will be

(200 x 1073)2

Py —
A Rx

(200 x 1073)?
1.0

Therefore Ry > =40 mQ2

Otherwise the power dissipated in Ry will exceed its power rating of 1 W
When Ra = 40 m(2, the shunt current will be

200 x 10-3
1 = - A
W= Jox108

The measured current will be 7,60 = 5 + 0.002 = 5.002 A
Full-scale reading for practical purposes is 5 A.

P 3.36 [a] The model of the ammeter is an ideal ammeter in parallel with a resistor
whose resistance is given by

100 mV
R, = A 5082
We can calculate the current through the real meter using current
division:
(25/12) . 25 1

im = m(zmoas) - @(Zmoas) - %Zmoas

[b] At full scale, imeas =5 A and i, = 2 mA so 5 — 0.002 = 4998 mA flows
throught the resistor Ra:

100 mV 100

A7 4008 mA 4998
(100/4998) , 1 .
im = (Zmoas) - —(Zmoas)
50 + (100/4998) 2500
[c] Yes

P 3.37 For all full-scale readings the total resistance is

full-scale reading
10-3

RV + Rmovomont =

We can calculate the resistance of the movement as follows:
20 mV
Rmovomon = - i = 2OQ
; 1 mA

Therefore, Ry = 1000 (full-scale reading) — 20
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Problems 327

[a] Ry = 1000(50) — 20 = 49, 980 Q)
[b] Ry = 1000(5) — 20 = 4980

[c] Ry = 1000(0.25) — 20 = 230
[d] Ry = 1000(0.025) — 20 = 5

P 3.38 [a] Umeas = (50 x 1073)[15]|45]|(4980 + 20)] = 0.5612 V
[b] verue = (50 x 1073)(15]|45) = 0.5625 V

0.5612
% error = (0.5625 — 1) x 100 = —0.224%
P 3.39 The measured value is  60[|20.1 = 15.05618 2.
50 60
lg = = 1.995526 A; Imeas = ——(1.996) = 1.494768 A
(15.05618 + 10) 80.1

The true value is  60/|20 = 15.

50 60
= =9 A, e = —(2) = 1.5 A
9= 15 1 10) ’ forue = 552)

1.494768

o 1] « 100 = —0.34878% ~ —0.35%

%error = [

P 3.40 Begin by using current division to find the actual value of the current i,:

15
= — (50 mA) = 12.5 mA
“ 5520 mA) m
. 15
imens = ————2——(50 mA) = 12.4792 mA

15+ 45 + 0.1

(12,4792

% error = |2 1] 100 = —0.166389% ~ —0.17%

P 341 Ja]

J, é 0.82kn

i
3%,
§ 20k v
g 0GY CD?EV
s _

fi, -iB)¢%BD ke v =02k
40

20 x 10%; + 80 x 10%(i; — i) = 7.5

1
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3-28 CHAPTER 3. Simple Resistive Circuits

80 x 10%(i; — ip) = 0.6 + 40ip(0.2 x 10%)

1004; — 80ig = 7.5 x 1073

80i; — 88ig = 0.6 x 1073
Calculator solution yields i = 225 yA

[b] With the insertion of the ammeter the equations become
100i; — 80ig = 7.5 x 107 (no change)
80 x 10%(i; —ig) = 10%ig + 0.6 + 40i(200)
80i1 — 89ip = 0.6 x 107°
Calculator solution yields i = 216 A
216

[c] % error = (% — 1) 100 = —4%

P 3.42 [a] 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.

Ry = (300)(900) = 270 kQ;  Ryup = (150)(1200) = 180 kO

Ry + Ry = 450 kQ

300 150
1 max = —— X 1073 = 1.11 mA: 9 max = — X 1072 = 0.833 mA
“ 270 ma; % 180 ~ m

Imax = 0.833 mA since meters are in series
Umax = (0.833 x 107%)(270 + 180)10° = 375 V
Thus the meters can be used to measure the voltage.

320 711 maA
150 x 10°

Om1 = (0.711)(270) = 192 V;  w,ng = (0.711)(180) = 128 V

[e] im =
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Problems 3-29

P 3.43 The current in the series-connected voltmeters is

205.2 136.8

.m: pr— pr— . A
Im = 370,000 180,000 10w

gy kg = (0.76 X 1077)(50,000) = 38 V
%owor supply — 205.2 +136.8 4+ 38 =380 V

500 V
P 3.44 Rmotor = Rm + Rmovomont = —— = 1000 k2
1 mA

VUmeas = (50 k€2[|250 k€2||1000 k2)(10 mA) = (40 kQ)(10 mA) = 400 V
Virue = (50 k250 kQ)(10 mA) = (41.67 kQ)(10 mA) = 416.67 V

400
416.67

% error = ( — 1) 100 = —4%

P 3.45 [a] Umeter = 180 V

20(|70 = 15.555556 k2

180
meter — Sf rrrrr o 15. = .
Vmet 3 BEEEEG X 15.555556 = 78.75 V
[c] 20]20 = 10 kQ
180

e = —2(10) = 22.5 V
Umeter = —0(10)

[d] VUmeter a — 180 V
Umeter b T Vmeter ¢ — 101.26 V

No, because of the loading effect.

P346 [a] R, = (100/2)10° =50 kQ
Ry = (10/2)10% =5 kQ
Ry = (1/2)10% = 5000
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3-30 CHAPTER 3. Simple Resistive Circuits

[b] Let 4, = actual current in the movement

iq = design current in the movement

Then % error = (Z—a — 1) 100

1d
For the 100 V scale:
B 100 ~ 100 . 100
2T 50000+ 25 50,0250 4T 50,000
7o 50,000
— = = 0.9995 = (0.9995 — 1)100 = —0.05
i 50,025 % error = ( ) %
For the 10 V scale:
1o 5000
—=——=10.995 = (0.995 — 1.0)100 = —0.4975
o 5025 % error = ( ) %
For the 1 V scale:
1o 500
— =_— =0.9524 % error = (0.9524 — 1.0)100 = —4.76%
iq 525
P 3.47 From the problem statement we have
V(10
50 = 10 5_ R)s (1) Viin mV; Ry in MQ
Vi(6)
48.75 = ———=— (2
6+ R, 2)
[a] From Eq (1) 10+ R, = 0.2V}
R, =02V, —10
Substituting into Eq (2) yields
6V
[b] From Eq (1)
520
50 = 50Rs = 20
0+r "
So Ry = 400 k2
P 3.48 [a] Rmovement = 50§2
Ri+R - 300 o Ri=209500
1 movement — 1 % 10_3 - .. 1 — P
150
Ry 4+ Ry 4+ Ruovement = ————— = 150 k2 ", Ry =120 kQ
1x 1073
300
movement — T _ 1 ~_=a k2
Rs+Ro+ R+ R ¢S T 10-3 300

Rs = 150 k2
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Problems 3-31

[b]
v = (0.96 m)(150 k) = 144 V
Z.movo == 144 =0.96 mA
120 + 29.95 + 0.05
144
= —— = 0.192 mA
i
19 = Imove + 91 = 0.96 m + 0.192 m = 1.152 mA
Vmeas = Uy = 144 + 15015 = 316.8 V
[c] v1 =150 V; io=1m+0.20 m = 1.20 mA

iy = 150/750,000 = 0.20 mA
Umeas = Uz = 150 + (150 k)(1.20 m) = 330 V

P 349 [a] Rumeter = 300 k€ 4 600 k€2[[200 k2 = 450 k{2

450(|360 = 200 kS

200
Vmotor - %(600) =500V

[b] What is the percent error in the measured voltage?
360

T lue = ——(600) = 540 V
rue value 400( )
500
={(——1)100 = —-7.41
7o error (540 ) %
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3-32 CHAPTER 3. Simple Resistive Circuits

P 3.50 Since the bridge is balanced, we can remove the detector without disturbing
the voltages and currents in the circuit.

‘Zn 2

It follows that

! Ri+Ry+ R3+ R, ZR
o — 'L.g(Rl + R3) _ 'L.g(Rl + R3)
2 Ri+Ry+ R3+ R, ZR

Vg = Rg’il = Uy = ’Lng

Rsig(Ry + Ry) _ Raig(Ri + Rj)

DR DR

Rs(Ry+ R,) = R,(R1 + Rs)

RyRs

From which R, = R

P 3.51 |a]

I

—

&

_— 10005
24v(7)
?50@{

The condition for a balanced bridge is that the product of the opposite
resistors must be equal:

(1000)(750)

= 1500 Q2
500

(500)(R,) = (1000)(750)  so R, =
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Problems 3-33

[b] The source current is the sum of the two branch currents. Each branch
current can be determined using Ohm’s law, since the resistors in each
branch are in series and the voltage drop across each branch is 24 V:

_ o uv. 24V
T 5000 + 7509 1 10002 + 1500 €

[c] We can use Ohm’s law to find the current in each branch:
24

= 28.8 mA

s

Aeft = F00 + 750 m

24
=~ 96mA
“ight = 7000 + 1500 o

Now we can use the formula p = Ri? to find the power dissipated by each
resistor:

Psoo = (500)(0.0192)> = 184.32 mW  prso = (750)(0.0192)? = 276.18 mW
Prooo = (1000)(0.0096)> = 92.16 mW  prse0 = (1500)(0.0096)? = 138.24 mW

Thus, the 750 €2 resistor absorbs the most power; it absorbs 276.48 mW
of power.

[d] From the analysis in part (c), the 10002 resistor absorbs the least power;
it absorbs 92.16 mW of power.

P 3.52 Note the bridge structure is balanced, that is 15 x 5 = 3 x 25, hence there is
no current in the 5 k{2 resistor. It follows that the equivalent resistance of the
circuit is

R.q = 750 + (15,000 + 3000)||(25,000 4 5000) = 750 4 11,250 = 12 kQ
The source current is 192/12,000 = 16 mA.

The current down through the branch containing the 15 k€2 and 3 k2
resistors is

11,250
18,000

ik (0.016) = 10 mA

pax = 3000(0.01)* = 0.3 W
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3-34 CHAPTER 3. Simple Resistive Circuits

P 3.53 Redraw the circuit, replacing the detector branch with a short circuit.

20ko

6 kQ||30 kQ = 5 kO

12 k|20 kQ = 7.5 kQ

75

= =6 mA
12,500

is
vy = 0.006(5000) = 30 V

vy = 0.006(7500) = 45 V

30
.:—: A
=G0 -0 m

45
= ——2 375 mA
2= o000 oo

iqg = i1 — 12 = 1.25 mA

P 3.54 1In order that all four decades (1, 10, 100, 1000) that are used to set Rj
contribute to the balance of the bridge, the ratio Ry/R; should be set to 0.001.

P 3.55 Use the figure below to transform the A to an equivalent Y:

(40)(25)

Ry = 9.756 Q2

T 40+ 25+ 375
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Problems 3-35

(25)(37.5)
Ry = —9.1463Q
27 40+ 25+ 375
(40)(375) _ 14.634 Q)

5T 40+ 251375

Replace the A with its equivalent Y in the circuit to get the figure below:

50
A
100 125 O
+ ——
40V _—
R 0756 O 9.1463 Q2
14.634 Q

Find the equivalent resistance to the right of the 52 resistor:
(100 + 9.756) 1| (125 + 9.1463) + 14.634 = 752

The equivalent resistance seen by the source is thus 5 + 75 = 80€2. Use Ohm’s
law to find the current provided by the source:

40
= =05 A
730

Thus, the power associated with the source is

P, = —(40)(0.5) = —20 W

P 3.56 Use the figure below to transform the Y to an equivalent A:
R,

(25)(100) + (25)(40) + (40)(100) _ 7500

= Q
25 25 500

R, =
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3-36 CHAPTER 3. Simple Resistive Circuits

(25)(100) + (25)(40) + (40)(100) 7500
40 40

(25)(100) + (25)(40) + (40)(100) 7500
100 100

R. = =750

Replace the Y with its equivalent A in the circuit to get the figure below:
502

o &=

125 Q

18750
+ R,

44V —_ R, =300 Q

—_ T Rc
75 €2 &;5 0

Find the equivalent resistance to the right of the 52 resistor:
300]|[(125]|187.5) + (37.5]|75)] = 75

The equivalent resistance seen by the source is thus 5 + 75 = 80€2. Use Ohm’s
law to find the current provided by the source:

40

=—=05A
80

(2
Thus, the power associated with the source is

P, = —(40)(0.5) = —20 W

P 3.57 Use the figure below to transform the Y to an equivalent A:
R,

250 125Q

(25)(125) + (25)(37.5) + (37.5)(125) _ 8750

= = 233.33Q
37.5 37.5

(25)(125) + (25)(37.5) + (37.5)(125) _ 8750

= Q
25 25 390

Ry, =
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P 3.58

Problems 3-37

(25)(125) + (25)(37.5) + (37.5)(125) 8750
125 125

R. = =700

Replace the Y with its equivalent A in the circuit to get the figure below:
5Q

Find the equivalent resistance to the right of the 52 resistor:
350]][(100]|233.33) + (40]|70)] = 7552

The equivalent resistance seen by the source is thus 5 + 75 = 80€2. Use Ohm’s
law to find the current provided by the source:

40
= =05 A
7 Q0

Thus, the power associated with the source is
P, = —(40)(0.5) = —-20 W

[a] Use the figure below to transform the Y to an equivalent A:

(25)(30) + (25)(50) + (30)(50) _ 3500

R, = 0 5 = 116.670
~(25)(30) + (25)(50) + (30)(50) 3500
By = 50 =50 08
o (25)(30) + (25)(50) + (30)(50) _ 3500 _
25 25
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3-38 CHAPTER 3. Simple Resistive Circuits

Replace the Y with its equivalent A in the circuit to get the figure below:
13 Q

Find the equivalent resistance to the right of the 132 and 72 resistors:
70|[(50]]116.67) + (20]|140)] = 302
Thus, the equivalent resistance seen from the terminals a-b is:

Ry, =134+30+7=500Q

[b] Use the figure below to transform the A to an equivalent Y:
50Q

(50)(20)
= T _10Q
i 50 + 20 + 30 0
Rgz—@o)(?’o) — 150
50 + 20 + 30
(20)(30)
Ry= ——2" __§Q
57 50 + 20 + 30
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Problems 3-39

Replace the A with its equivalent Y in the circuit to get the figure below:

13 Q
ae A

50 Q2 75 O

10 O 15 Q

6 Q
7Q
be AAA

Find the equivalent resistance to the right of the 132 and 72 resistors:

(50 4+ 10)||(25 + 15) +6 = 30Q
Thus, the equivalent resistance seen from the terminals a-b is:
Ry, =13430+7=50(

[c] Convert the delta connection R;—Rs—R3 to its equivalent wye.
Convert the wye connection Ry—R3—R, to its equivalent delta.

P 3.59 Begin by transforming the A-connected resistors (10€2,40€,502) to
Y-connected resistors. Both the Y-connected and A-connected resistors are

shown below to assist in using Eqs. 3.44 — 3.46:

150

24y <j +

¥y

Now use Eqgs. 3.44 — 3.46 to calculate the values of the Y-connected resistors:

(40)(10) (10)(50) (40)(50)
' 10440+ 50 © T 10+ 40 + 50 © T 10+ 40 4 50
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3-40 CHAPTER 3. Simple Resistive Circuits

The transformed circuit is shown below:

150
— W

10 40 50
MW

24y v, i 200
_ i 2

The equivalent resistance seen by the 24 V source can be calculated by making
series and parallel combinations of the resistors to the right of the 24 V source:

Req = (154 5)[|(1 +4) + 20 = 20[[5 + 20 = 4 + 20 = 24Q

Therefore, the current 7 in the 24 V source is given by

24V

=g~ 1A

7

Use current division to calculate the currents 7; and 5. Note that the current
11 flows in the branch containing the 15¢2 and 5 (2 series connected resistors,
while the current i, flows in the parallel branch that contains the series
connection of the 1) and 4§ resistors:

4 4

15+5(z):%(1A):0.2A, and lo=1A—-02A=08A

1 =
Now use KVL and Ohm’s law to calculate v;. Note that v; is the sum of the
voltage drop across the 4 resistor, 4is, and the voltage drop across the 20 €2
resistor, 20¢:

vy = 4iy +20i = 4(0.8 A) +20(1 A) =3.24+20 = 232V

Finally, use KVL and Ohm’s law to calculate v,. Note that vy is the sum of
the voltage drop across the 5 resistor, 5¢;, and the voltage drop across the
20 €2 resistor, 20::

vy = 5iy +20i =5(0.2 A) +20(1 A) =1+20=21V

P 3.60 [a] Convert the upper delta to a wye.

R, = BOGO) _ o 2
200
(50)(100)
= T 950
e 200 g
(100)(50)
= T 950
fs 200 g
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Problems 341

Convert the lower delta to a wye.

[ COICU PP
200

Ry = BO0) e
200

Ry = B0 _y
200

Now redraw the circuit using the wye equivalents.

(120)(80)

Rap = 154125+ +18=14+484+18 =801

[b] When vy, =400 V

400
=gy =0A
) 48
131 — %(5) =3 A

paia = (31)(3)> =279 W

P 3.61 [a] After the 20 Q—100Q—50€ wye is replaced by its equivalent delta, the

circuit reduces to
320;1

80 Q
400 0 l 600 G
2400 160G
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3-42 CHAPTER 3. Simple Resistive Circuits

Now the circuit can be reduced to

B4 0
1000mA o l 2400
96
) = ——(1000) = 240 mA
i = 300 1000) o
4
i = 290 940y — 96 mA
1000
&0
bl i1 = —(240) =4 A
[b] i1 = 55(240) =48 m
[c] Now that i, and i; are known return to the original circuit
ma -

600 &

vy = (50)(0.048) + (600)(0.096) = 60 V

. V2 60
=2 Y 600 mA
27700 ~ 100 o

[d] vy = v2 +20(0.6 4+ 0.048) = 60 + 12.96 = 72.96 V
pg = —(vg)(1) = =72.96 W
Thus the current source delivers 72.96 W.

P3.62 8+12=200Q
20/|60 = 159
15 +20 = 350
35(|140 = 28 Q)
28 422 = 500

50(|75 = 3002
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Problems 3-43

30 +10 =400

iy = 240/40 = 6 A

io = (6)(50)/125 = 2.4 A

i1a00 = (6 —2.4)(35)/175 = 0.72 A
praoa = (0.72)%(140) = 72.576 W

P 3.63 [a] Replace the 60—120—2012 delta with a wye equivalent to get
240

i 50
£
750
is = 50 :75—0:10A
5+ (24 +36)[|(144+6) +12+43 75
. (24 +36)||(14 +6) 15
" 36 0= g0

[b] ip=10—25="75A
v = 36i1 — 6i, = 36(2.5) — 6(7.5) =45 V

) ) v 45

[C] () —’lo—l—@ —75—|—@ —825A

[d] Pappiiea = (750)(10) = 7500 W
1 Ry

P 3.64 G, = —=
R, RiRs+ RoRs + R3Ry
B 1/G,

(1/G1)(1/G2) + (1/G2)(1/Gs) + (1/G3)(1/Gh)
(1/G1)(G1GxGs) GyG5

Gi+Ga+Gs  Gi+Ga+Gs
Similar manipulations generate the expressions for Gy, and G..

P 3.65 [a] Subtracting Eq. 3.42 from Eq. 3.43 gives
Ry — Ry = (R.Ry, — R.R,)/(Ra + Ry + R.).
Adding this expression to Eq. 3.41 and solving for Ry gives
Ry = R.Ry/(Ra + Ry + R.).

To find R,, subtract Eq. 3.43 from Eq. 3.41 and add this result to
Eq. 3.42. To find Rj, subtract Eq. 3.41 from Eq. 3.42 and add this result
to Eq. 3.43.
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3-44 CHAPTER 3. Simple Resistive Circuits

[b] Using the hint, Eq. 3.43 becomes

Ryt Ry— Ry[(Ra/R3) Ry + (Ra/ R1) Ry) _ Ry(R; + R3)Rs
(Ra/R1)Ry + Ry + (Ra/R3)Ry,  (RiR2+ RoRs + R3Ry)

Solving for R}, gives Ry, = (R1Ry + RaR3 + R3R;)/Rs. To find R,: First

use Eqgs. 3.44-3.46 to obtain the ratios (R;/R3) = (R./R.) or

R. = (Ry1/R3)R, and (Ry/Ry) = (Ry/R.) or Ry, = (R1/R2)R,. Now use

these relationships to eliminate Ry, and R. from Eq. 3.42. To find R., use

Eqgs. 3.44-3.46 to obtain the ratios R}, = (R3/Rs)R. and

R, = (R3/R;)R.. Now use the relationships to eliminate R}, and R, from

Eq. 3.41.

Ry(2Ry + Ry)

P 3.66 a| R, = 2R, + =R
[a] R "TOR 4+ Ry + R, "
Ry(2R; + Ry)
Theref 2R — R =
eretore 1 L+2R1+R2+RL

Thus R? =4R? + 4R Ry = 4R (Ry + Ry)

When R,, = Ry, the current into terminal a of the attenuator will be
'UZ'/RL .

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

V; R2

Ry, 2Ry + R+ Ry

_ v s
R, 2R, + R, + Ry,
Vo R2

d 2=
a V; 2R1+R2+RL

[b] (300)? = 4(R; + R2) Ry

Therefore v, Ry,

22,500 = R + R, Ry

L 05= i
v; 2Ry + Ry + 300

Ry +0.5Ry + 150 = Ry
0.5Ry = R; + 150
Ry = 2R; + 300
22,500 = R? + R1(2R; + 300) = 3R? + 300R,

R? + 100R; — 7500 = 0
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Problems 3-45

Solving,
R, =509
Ry = 2(50) + 300 = 400 Q2

[c] From Appendix H, choose R; =47 and Ry = 390€2. For these values,
R.p» # Ry, so the equations given in part (a) cannot be used. Instead

Rap = 2Ry + [Ry|(2R: + Ry)] = 2(47) + 390 (2(47) + 300)

= 94 + 390|394 = 290 Q)

290
=|=——1)100 =-3.33
7% error (300 ) %
Now calculate the ratio of the output voltage to the input voltage. Begin

by finding the current through the top left R; resistor, called i,:

: Uy
la =
Rab
Now use current division to find the current through the Ry, resistor,
called i
. Ry
L

= 1a

Ro+ 2R, + Ry,
Therefore, the output voltage, v,, is equal to Ry iy,:
RQRL'UZ'

Vo= Rab(R2 + 2R, + RL)

Thus,

Vo Ry Ry, 390(300)

v;  Rap(Ra+2R;+ Rp)  290(390 + 2(47) + 300)
0.5146

% error = ( 0 1) 100 = 2.92%

P 3.67 [a] After making the Y-to-A transformation, the circuit reduces to
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3-46 CHAPTER 3. Simple Resistive Circuits

Combining the parallel resistors reduces the circuit to
0.75R

3RR;,  2.25R*+3.75RR;
3R+ R, 3R+ Ry,

Now note: 0.75R +

3R 2.25R? + 3.75RRy,
B 3R+ Ry 3R(3R + 5Ry)
ab — =

Therefore

2.25R? . 1
SR+ 5R* + 3.75RRy, 5R + 9Ry,
3R + Ry,
3RL(8R
If R= Ry, we have Ry, = %LL) = Ry,

Therefore R, = Ry

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

| 0.75R, l
— C —

'd

1
_ i o = 0.75Rpi, = ~u;,
A5k, 157 15R. v Llo = 5¥

o

Therefore Yo _ 0.5
(%

P 3.68 [a] 3.5(3R — Ry) = 3R + Ry,
10.5R — 1050 = 3R + 300
7T5R =1350, R =180Q

2(180)(300)2

= 4500
3(180)2 — (300)2

Ry =
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Problems 347

b |
ig »
49 3000
‘i
(] 42
=2 oy
Vo= 357 35
12
1o, = — = 40 mA
300
2-12 30
T U500 4500 o
42
= 22 140 mA
lg 300 0m

iy = 140 — 6.67 = 133.33 mA

iz = 40 — 6.67 = 33.33 mA

ig = 133.33 — 33.33 = 100 mA

P4500 top = (6.67 x 107%)%(4500) = 0.2 W
P1go et = (133.33 x 107*)2(180) = 3.2 W
D180 right = (33.33 x 107%)%(180) = 0.2 W
D180 vertical = (100 x 107%)%(180) = 0.48 W
D300 load = (40 x 107%)2(300) = 0.48 W

The 180 €2 resistor carrying iy
[c] pisoters = 3.2 W

[d] Two resistors dissipate minimum power — the 4500 € resistor and the 180
Q) resistor carrying 3.

[e] They both dissipate 0.2 W.
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3-48 CHAPTER 3. Simple Resistive Circuits

P 3.69 [a]

B Ryvin R v
" R,+R,+AR Ry+R3 "

When the bridge is balanced,

Uy = Vs — Up

M B
R0+R4 m_Rg—l—Rg in
R Ry
R,+ Ry, Rs+ Rs
R4’Uin R4'Uin
Th o= _
u v R.+ Ri+ AR R, + Ry
1 1
= R in -
Wi U RIA AR R, + Ry
. R4'Uin(—AR)
~ (Ro+ Rs+ AR)(R, + Ry)
—(AR)R4’U1H

W, since AR << R4
) 4

[b] AR =0.03R,
_ ReRy _ (1000)(5000)

= = 10,000 Q2
R3 500 ’

R,

AR = (0.03)(10%) = 300

~_ —300(5000)(6)
°7 (15,000)2
—(AR)R4’U1H
(Ro+ Ry + AR)(R, + Ry)
—300(5000)(6)
(15,300)(15,000)

= —39.2157 mV

= —40 mV

[c] v, =
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Problems 3-49

—(AR)R4’U1H
(R, + R4)?
—(AR)R4’U1H
(Ro+ Ry + AR)(R, + Ry)

P 3.70 [a] approx value =

true value =

approx value (R, + Ry + AR)

true value (R, + Ry)
R, + Ry —AR
= -1 100 = ——— x 100
% error R R LAR X R0+R4X

Note that in the above expression, we take the ratio of the true value to
the approximate value because both values are negative.

RyRy
But R, =
u R3
% error — AR
! ~ Ru(Ry + Rs)
—(500)(300)
b = A 100 = —2
[b] % exror = 0007 (1500) < %
AR(R3)(100)
P37l — B 05
(Re + R3)Ry
AR(GO0)(100) _
(1500)(5000)
AR =750
% change = 10,000 x 100 = 0.75%

P 3.72 [a] Using the equation for voltage division,

bR, bR,
V, = Vs = Vs = (Vs
Y ﬁRy‘l'(l_ﬁ)Ry Ry
[b] Since [ represents the touch point with respect to the bottom of the
screen, (1 — [3) represents the location of the touch point with respect to
the top of the screen. Therefore, the y-coordinate of the pixel

corresponding to the touch point is

y=(1 —ﬁ)Py

Remember that the value of y is capped at (p, — 1).
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3-50 CHAPTER 3. Simple Resistive Circuits

P 3.73 [a] Use the equations developed in the Practical Perspective and in Problem

3.72:
Ve 1
Ve = aVk =—=-=02
aVs SO a Vs "5
Vy, 3.7
V;,:ﬁVs SO ﬁ:vZZT:075
[b] Use the equations developed in the Practical Perspective and in Problem
3.72:

r=(1-—a)p, = (1-0.2)(480) = 384
y=(1—-p)p, = (1—-0.75)(800) = 200
Therefore, the touch occurred in the upper right corner of the screen.

P 3.74 Use the equations developed in the Practical Perspective and in Problem 3.72:

x 480
=(1- " =1—-—=1——=0.25
r=(1—a)p SO o . 10
V, = aVs = (0.25)(8) =2 V

y 192
y=(=0p, s F=1- =1 =0812

V, = BVs = (0.8125)(8) = 6.5 V

P 3.75 From the results of Problem 3.74, the voltages corresponding to the touch
point (480, 192) are

%1:2\/; %1:65\/

Now calculate the voltages corresponding to the touch point (240, 384):

T 240
=(1— - =1—-—=1—-——=0.625
r=(1—a)p SO a . 10
Vio = aVs = (0.625)(8) =5 V
Y 384
=(1— =1—-—=1——==0.625
y=( B)py 50 B Dy 1024

Vo = Vs = (0.625)(8) =5V

When the screen is touched at two points simultaneously, only the smaller of the
two voltages in the = direction is sensed. The same is true in the y direction.
Therefore, the voltages actually sensed are

V,=2V; V,=5V
These two voltages identify the touch point as (480, 384), which does not correspond

to either of the points actually touched! Therefore, the resistive touch screen is
appropriate only for single point touches.
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Techniques of Circuit Analysis

Assessment Problems

AP 4.1 [a] Redraw the circuit, labeling the reference node and the two node voltages:
Yioo50y Y

AfR

— i, ‘

158() £F00 2150 220 % 54,

A 4

The two node voltage equations are

1 U1 V1 — V2
—-154+ =4 = = 0
- 60 - 15 - 5
V2 V2 — U1
5+ —= 0
+o
Place these equations in standard form:
1 1 1 1
— 4+ —4 - —— = 15
U1(6O+15+5) " “2( 5)

1 1 1
o (=3) RICE
Solving, v1 = 60 V and vs = 10 V;
Therefore, i; = (v1 —v2)/5 =10 A
[b] pisa = —(15A)v; = —(15A)(60V) = =900 W = 900 W (delivered)
[c] psa = (BA)v2 = (5A)(10V) =50 W= —50 W(delivered)

4-1
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4-2 CHAPTER 4. 'Techniques of Circuit Analysis

AP 4.2 Redraw the circuit, choosing the node voltages and reference node as shown:
ioB0 L 20 vy 40
iy iy A,

+

4 5A(F) 10 v 2120 jﬂwv

v

The two node voltage equations are:
U1 V1 — V2
—4.5+ — = 0
+ 1 + 6+ 2

V2 | V21 vy — 30
12 6+ 2 4

= 0

Place these equations in standard form:

U1 (1 -+ l) ) (—l> = 4.5
8 8
1 1 1 1
af-s) + wlgrsra) = 7
Solving, v1 =6 V vy = 18V
To find the voltage v, first find the current ¢ through the series-connected 6 €2
and 2 () resistors:

,_’Ul—’l}g_6—18

_ _ — _15A
T 612 8

Using a KVL equation, calculate v:
v=204+vy=2(—15)+18 =15V

AP 4.3 [a] Redraw the circuit, choosing the node voltages and reference node as
shown:
3,

60 v, 2Q v,

- iy
—N

The node voltage equations are:
v1 — 50 V1 V1 — U2

= ~3i, = 0
G —|—8—|— 5 11

v Vg — U .
ST 3 = 0
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Problems 4-3

The dependent source requires the following constraint equation:

. 50—’111

1 _=

' 6

Place these equations in standard form:

(1+1+1> N ( 1) +oi(e3) = 50
67872 2\ " -6
(2) o+ ourg) e -
A AV " -

1 . 50
U1 (6) + ’UQ(O) + 21(1) = g

Solving, v, = 32 'V, vy = 16 V; i1 =3A
Using these values to calculate the power associated with each source:

psov = —H0i; = —150 W
psa = —H(vg) = —80W
p3i, = 3i1(ve —vy) = —144 W

[b] All three sources are delivering power to the circuit because the power
computed in (a) for each of the sources is negative.

AP 4.4 Redraw the circuit and label the reference node and the node at which the
node voltage equation will be written:

00
i
100 v 200
Ay Ay
10V Ti.r_\. $400 $20i,
v

The node voltage equation is

Vo Vo — 10 = v, + 201a
- =0
40 * 10 * 20

The constraint equation required by the dependent source is

10 —v, 10 4 2074
_I_

A = 100 + 1300 =

10 30
Place these equations in standard form:
1 1 1 .
Vo (E_I—E_I—%) + ZA(l) = 1
1 . 20 10
UO(E> + m(l—%> — 14

Solving, in=-32A and v,=24V
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4-4 CHAPTER 4. 'Techniques of Circuit Analysis

AP 4.5 Redraw the circuit identifying the three node voltages and the reference node:

vy 250 e v
S L 21«53‘

Iy

asa® [ F750 100 2250 j@uv

v

Note that the dependent voltage source and the node voltages v and vy form a
supernode. The v; node voltage equation is

U1 V1 — U
7.5 + 2.5

—48=0

The supernode equation is

v—v1+1+£+v2—12_
2.5 10 2.5 1

0

The constraint equation due to the dependent source is

The constraint equation due to the supernode is
U+ iy = Vo

Place this set of equations in standard form:

v (%Jr%) + v(—%) +  v(0) + (0) = 438
1 1 1 1

a(-35)  + (gt ol w0 = 2

" (—71—5) + 0(0) + 0s(0) b)) = 0

v1(0) + (1) + we(—1) + (1) = 0

Solving this set of equations gives v;1 = 15 V, vo =10 V, 7, =2 A, and
v=8V.
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Problems 4-5

AP 4.6 Redraw the circuit identifying the reference node and the two unknown node
voltages. Note that the right-most node voltage is the sum of the 60 V source
and the dependent source voltage.

Big
)
v 30
AN B0+61;
qu,F
B0y () 2240 230
v

The node voltage equation at vy is

V1 — 60 U1 V1 — (60 + 6’l¢)

9 24 3 =0

The constraint equation due to the dependent source is

. 60+6'i¢—’l)1
STy

Place these two equations in standard form:

1 1 1
s w(—2) = P
v1(2—|—24—|-3> boig(—2) 30 + 20
1
o (§> boig(1-2) = 20

Solving, i3 =—-4A and wv; =48V

AP 4.7 [a] Redraw the circuit identifying the three mesh currents:
306
Wy

5Qri2> a0
ity iy
i §26® 280

The mesh current equations are:

80Y ()

—80 + 5(iy —ig) + 26(iy —i3) = 0
30iy 4 90(iy — i3) + 5(ia — 1) = 0
8i3 + 26(i3 —i1) + 90(i3 —ig) = 0

Place these equations in standard form:
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4-6 CHAPTER 4. Techniques of Circuit Analysis

314y — 5ig — 26i3 = 80
—bi1 4+ 125ip — 90i3 = 0
—260; — 9012 + 12435 = 0
Solving,

’é1:5A; ’éQZQA; 23:25A
psov = —(80)i; = —(80)(5) = —400 W

Therefore the 80 V source is delivering 400 W to the circuit.
[b] psa = (8)i2 = 8(2.5)? = 50 W, so the 8 resistor dissipates 50 W.

AP 48 [a] b=38, n =6, b—n+1=3
[b] Redraw the circuit identifying the three mesh currents:
-3V¢ 1%&—3

25V () r>§10/f> 210

The three mesh-current equations are

—25 4 2(iy —ig) +5(i1 —i3) +10 = 0
—(—3’U¢) + 14’&2 + 3(22 - 23) + 2(’&2 — 21) = 0
lis — 10 + 5(i5 — i1) + 3(i3 — is) = 0

The dependent source constraint equation is
Vy = 3(’&3 — 22)

Place these four equations in standard form:

Tip — 219 — dig +0vg = 15
—2i1 + 1913 — 3is +3v, = 0
=911 — Jig + i3 +0vy = 10
0y + 319 — 3ig +1vg = 0
Solving

Pas = —(—304)ia = 3(12)(—1) = —36 W

Thus, the dependent source is delivering 36 W, or absorbing —36 W.
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Problems 4-7

AP 4.9 Redraw the circuit identifying the three mesh currents:

20
SQ/D s
Ay Ay

The mesh current equations are:

% + 8(ip — ic) + 6(iy —ia) = 0
Big + 8(ic — ia) + 8(ic —ip) = 0

The dependent source constraint equation is iy = 7,. We can substitute this
simple expression for ¢4 into the third mesh equation and place the equations
in standard form:

144, — 6ip, —8i. = 25
—6i, + 160, —8ic. = 0
—3iy — 8ip + 16i. = 0

Solving,

1o = 4A; i, = 2.5A; e =2A
Thus,
Vo =8(ta —ic) =8(4—2) =16V

AP 4.10 Redraw the circuit identifying the mesh currents:

30 80
A, A,
30v() /D §2Q/D §5® 16
1 2 3
602 403 ‘
A, A,

Since there is a current source on the perimeter of the i3 mesh, we know that

13 = —16 A. The remaining two mesh equations are
=30+ 3i; +2(iy —i2) +6i4 = 0
8ig + H(ig + 16) + 4is + 2(is —41) = 0
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4-8 CHAPTER 4. 'Techniques of Circuit Analysis

Place these equations in standard form:

114y — 21 = 30
—211 419, = =80
Solving: ’il = 2A, ’ég =—4 A, ’é3 =—16A
The current in the 2Q resistor is iy —ia = 6A .. pog = (6)%(2) = 72W

Thus, the 2 resistors dissipates 72 W.

AP 4.11 Redraw the circuit and identify the mesh currents:

10A
o)
vy
i
/_D 0
e 13
+

75v() /v vqﬁSQ/v o

There are current sources on the perimeters of both the 7, mesh and the i,
mesh, so we know that

2
iy = —10A; .= 22

The remaining mesh current equation is

—75 4 2(ia + 10) + 5(ia — 0.4vy) = 0

The dependent source requires the following constraint equation:
Uy = B(la — ic) = D(ia — 0.404)

Place the mesh current equation and the dependent source equation is
standard form:

Tia— 205 = 55

Bia — 30, = 0
Solving: i, = 15 A; i, = —10A; ic = 10 A; vy =25V
Thus, i, = 15 A.
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Problems 4-9

AP 4.12 Redraw the circuit and identify the mesh currents:

A
0

Y

2R 1y,

= "
20
10V /_\,/g /_\/ eV
i, 720 h
i

il
10

The 2 A current source is shared by the meshes i, and 7,,. Thus we combine
these meshes to form a supermesh and write the following equation:

—10 + 24y, + 2(ip, — ic) + 2(1a — i) =0
The other mesh current equation is
—6 + lic 4+ 2(ic — ta) + 2(ic —ip) =0
The supermesh constraint equation is
g — ip = 2

Place these three equations in standard form:

20 + 4ip —4ic. = 10
lyg — 1+ 0t = 2

Solving, i, =TA, i, = HA; ic=6A
Thus,  pio=2(1) = (6)2(1) = 36 W

AP 4.13 Redraw the circuit and identify the reference node and the node voltage v;:
FNRAT

20V 28, (yasy

-

The node voltage equation is

— 20 — 25
L_2+L:

15 10 0
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4-10 CHAPTER 4. Techniques of Circuit Analysis

Rearranging and solving,

1 1 20 25
— 4 — =24+ —=+ — =
U1 (15+10> +15+10 vy =35V

poa = —35(2) = —7T0W

Thus the 2 A current source delivers 70 W.

AP 4.14 Redraw the circuit and identify the mesh currents:

- +
v‘li‘.

4z

40 /D 30
iy iy
1
.4
128v() /_> §EQ/_> +
i, i, 301,
Py

A
20 502

There is a current source on the perimeter of the i3 mesh, so i3 =4 A. The
other two mesh current equations are

—128 +4(iy —4) +6(iy —i2) +2iy, = 0
300, + big 4+ 6(ia —i1) + 3(i2—4) = 0
The constraint equation due to the dependent source is
lp =11 —i3 =1 — 4

Substitute the constraint equation into the second mesh equation and place
the resulting two mesh equations in standard form:

12y — 6ip, = 144
2411 + 141, = 132
Solving,

’i1:9A; ’igZ—GA; ’i3:4A; ’lm:9—4:5A
VgA = 3(’&3 — 22) — 4’lm =10V
paa = —v4a(4) = —(10)(4) = —40W

Thus, the 2 A current source delivers 40 W.
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Problems 4-11

AP 4.15 [a] Redraw the circuit with a helpful voltage and current labeled:

y
1602

2200 (e0v
. + +

Tla 36A(] 6Q§va Blzv

120V £50

Transform the 120 V source in series with the 20 () resistor into a 6 A
source in parallel with the 20 resistor. Also transform the —60 V source
in series with the 5 resistor into a —12 A source in parallel with the 52
resistor. The result is the following circuit:

1601

+ +
Ba(t) 20002 12a(l) 50F  36a(1 6REv_ 8= w

Combine the three current sources into a single current source, using
KCL, and combine the 202, 52, and 62 resistors in parallel. The
resulting circuit is shown on the left. To simplify the circuit further,
transform the resulting 30 A source in parallel with the 2.4 ) resistor into
a 72 V source in series with the 2.4 () resistor. Combine the 2.4 () resistor
in series with the 1.6 €2 resisor to get a very simple circuit that still
maintains the voltage v. The resulting circuit is on the right.

1600 400
Ay, W
— =i
L + + +
30A0F v 2240 8Q§v T2V’ Sng

Use voltage division in the circuit on the right to calculate v as follows:

8
= —(72) =48V
v=15(72)
[b] Calculate i in the circuit on the right using Ohm’s law:
v 48
"TRT8

Now use ¢ to calculate v, in the circuit on the left:
UV, =6(1.6 +8) =576V

Returning back to the original circuit, note that the voltage v, is also the
voltage drop across the series combination of the 120 V source and 20 (2
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4-12 CHAPTER 4. Techniques of Circuit Analysis

resistor. Use this fact to calculate the current in the 120 V source, i,:
. 120 —wv, 120 —-57.6

. _ —3.12A
! 20 20 3

p12ov = —(120)i, = —(120)(3.12) = —374.40 W

Thus, the 120 V source delivers 374.4 W.

AP 4.16 To find Ry, replace the 72 V source with a short circuit:
1202
Ay

2200 <R,

Note that the 5€2 and 20 resistors are in parallel, with an equivalent
resistance of 5[|20 = 4. The equivalent 4 (2 resistance is in series with the 82
resistor for an equivalent resistance of 4 4 8 = 12€). Finally, the 122
equivalent resistance is in parallel with the 12 resistor, so

Ry, = 12|12 = 6 9.

Use node voltage analysis to find vr,. Begin by redrawing the circuit and
labeling the node voltages:

32
50 Ki %? T
72v () 2200
v

The node voltage equations are
vy —T72 v U] — Uy

5 20 8 =0
VUTh — U1 UTh — 72 — 0
8 12
Place these equations in standard form:
1 1 1 1 72
w(5tx+s) + om(s) -3
1 1 1
(1 <—§> +  UTnh (g + E) = 6

Solving, v;1 = 60 V and vy, = 64.8 V. Therefore, the Thévenin equivalent
circuit is a 64.8 V source in series with a 6 (2 resistor.
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Problems 4-13

AP 4.17 We begin by performing a source transformation, turning the parallel
combination of the 15 A source and 82 resistor into a series combination of a
120 V source and an 8¢ resistor, as shown in the figure on the left. Next,
combine the 22, 82 and 102 resistors in series to give an equivalent 20 €2
resistance. Then transform the series combination of the 120 V source and the
202 equivalent resistance into a parallel combination of a 6 A source and a
20 €2 resistor, as shown in the figure on the right.
=1

o,

iy Ay
860 20

120v( 320 631 2300 310

[ o

&

hids
106l

Finally, combine the 20€2 and 122 parallel resistors to give
Rx = 20[[12 = 7.5€Q. Thus, the Norton equivalent circuit is the parallel
combination of a 6 A source and a 7.5() resistor.

AP 4.18 Find the Thévenin equivalent with respect to A, B using source
transformations. To begin, convert the series combination of the —36 V source
and 12 k€ resistor into a parallel combination of a —3 mA source and 12 k)
resistor. The resulting circuit is shown below:

1%52

D3ma 12k D18mA 260kO

Now combine the two parallel current sources and the two parallel resistors to
give a —3 4+ 18 = 15 mA source in parallel with a 12 k||60 k= 10 k{2 resistor.
Then transform the 15 mA source in parallel with the 10 k€2 resistor into a
150 V source in series with a 10 k2 resistor, and combine this 10 k) resistor
in series with the 15 k) resistor. The Thévenin equivalent is thus a 150 V
source in series with a 25 k) resistor, as seen to the left of the terminals A,B
in the circuit below.

25Kk A

-

+

Onsov YaB 2100k0

B

Now attach the voltmeter, modeled as a 100 k2 resistor, to the Thévenin
equivalent and use voltage division to calculate the meter reading vag:

100,000
125,000

VAB (150) = 120V
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4-14 CHAPTER 4. Techniques of Circuit Analysis

AP 4.19 Begin by calculating the open circuit voltage, which is also vy, from the
circuit below:

:Bi
-

Summing the currents away from the node labeled v, We have

_ 24
%+4+3im+Lh2 —0

Also, using Ohm’s law for the 8 resistor,

UTh

8

Iy =
Substituting the second equation into the first and solving for vy yields

VUTh = 8V.

Now calculate Rty,. To do this, we use the test source method. Replace the
voltage source with a short circuit, the current source with an open circuit,
and apply the test voltage v, as shown in the circuit below:

i

i’fix
ot .

b
x

v
Write a KCL equation at the middle node:

i = iy + iy + v7/2 = diy + vp/2
Use Ohm’s law to determine %, as a function of vr:
'im = U7 / 8
Substitute the second equation into the first equation:
T = 4(’UT/8) —+ 'UT/2 = U7
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Problems 4-15

Thus,
RTh = UT/’iT =10

The Thévenin equivalent is an 8 V source in series with a 12 resistor.

AP 4.20 Begin by calculating the open circuit voltage, which is also vy, using the
node voltage method in the circuit below:

1601,
Y i > YT
2000
601 (T)agp 8001E 400 J/la

¥

The node voltage equations are

v v — (vrn + 160ia)
— -4 =0
60 + 20 ’
UTh  UTh . Urh + 1607p — v
ZTh  7Th - 0
40 + 80 + 20
The dependent source constraint equation is
i Um
5740

Substitute the constraint equation into the node voltage equations and put the
two equations in standard form:

1 1 5!
(w+m) + o) =
1 1 1 5
v(—%> + UTh(E‘l‘%‘F%) = 0
Solving, v = 172.5 V and v, = 30 V.

Now use the test source method to calculate the test current and thus Rry,.
Replace the current source with a short circuit and apply the test source to
get the following circuit:
1601,
I
R

+ — *
200) é
60¢) 800 400 ~liﬁ s
v

Write a KCL equation at the rightmost node:

v L vp | UT + 160z
80 40 80

i =
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4-16 CHAPTER 4. Techniques of Circuit Analysis

The dependent source constraint equation is

. vt
in=—
5740

Substitute the constraint equation into the KCL equation and simplify the
right-hand side:

P
T 10
Therefore,

Ron = X =100
T

Thus, the Thévenin equivalent is a 30 V source in series with a 10 € resistor.

AP 4.21 First find the Thévenin equivalent circuit. To find vy, create an open circuit
between nodes a and b and use the node voltage method with the circuit
below:

The node voltage equations are:
UTh — (100 + ’U¢) i VUTh — U1
4 4
vy —100  v1 —20 v — v
4 4 4
The dependent source constraint equation is

= 0

vy = v1 — 20

Place these three equations in standard form:

(i+1) + wln)  +ow(y) =
YT \y Ty “\7y Yo\71)

( 1) + (1+1+1) o0 = 30
vt \ Ty \1T1T g Y -
'UTh(O) + 'Ul(l) + 'U¢(—1) = 20

Solving, vy, = 120 V, v1 =80 V, and vy = 60 V.
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Problems 4-17

Now create a short circuit between nodes a and b and use the mesh current

method with the circuit below:
Y
41

o g
100\;&) /D o gz )

Lsc

The mesh current equations are

—100 + 4(iy —iz) +v5+20 = 0
—vg + din + 4(ig — ise) + 4(ia —i1) = 0
—20 — vy +4(ise —i2) = O

The dependent source constraint equation is
'U¢ = 4(’i1 — 'éSC)

Place these four equations in standard form:

iy — 4iy + Oige + vy = 80

—diy + 120y — dige —vy = O
Oiy — dig + dige —vy = 20
iy + Oiy — dige —vy = O

Solving, iy =45 A, i = 30 A, isc = 40 A, and vy = 20 V. Thus,

UTh 120
Rp=—=—=30
e 40

[a] For maximum power transfer, R = Ry, = 32

[b] The Thévenin voltage, vy, = 120 V, splits equally between the Thévenin
resistance and the load resistance, so

120
Voad = —(5— = 60V
2
Therefore,
’Ulzoad 602

max — = — =1200W
b Rload 3
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4-18 CHAPTER 4. Techniques of Circuit Analysis

AP 4.22 Sustituting the value R = 32 into the circuit and identifying three mesh

currents we have the circuit below:
W
[
41

qﬂ%
mové”ﬁmi”‘* Yy 230

13

The mesh current equations are:

—100 +4(i1 —i2) + v +20 = 0
—vg + diz + 4(is — i3) + 4(is — 1) = 0
—20 — Vg + 4('i3 - ’iz) + 3'é3 = 0

The dependent source constraint equation is
Vy = 4(’i1 — 'ig)

Place these four equations in standard form:

iy — 4iy + Oig + vy = 80
—diy + 120y —dig—vy = O
Oiy — diy + Tig — vy = 20
iy + Oiy — dis —vy = 0

Solving, i1 =30 A, i =20 A, i3 =20 A, and vy =40 V.

[a] pioov = —(100)i; = —(100)(30) = —3000 W. Thus, the 100 V source is
delivering 3000 W.

[b] Pdepsource = —Vglz = —(40)(20) = —800 W. Thus, the dependent source is
delivering 800 W.

[c] From Assessment Problem 4.21(b), the power delivered to the load resistor
is 1200 W, so the load power is (1200/3800)100 = 31.58% of the
combined power generated by the 100 V source and the dependent source.
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Problems 4-19

Problems
P41
5§
N
\\v//
¢ A AN Y
R, R,
+ Pa —
AAN AMY A9
Ry R, Rs

25 mA f R fa.¢ R, Y2 \%
]_81/‘5 ’ —
Rg
‘e . o— W\

[a] 12 branches, 8 branches with resistors, 2 branches with independent
sources, 2 branches with dependent sources.

[b] The current is unknown in every branch except the one containing the 25
mA current source, so the current is unknown in 11 branches.

[c] 10 essential branches — Ry — Ry forms an essential branch as does Rg — 2
V. The remaining eight branches are essential branches that contain a
single element.

[d] The current is known only in the essential branch containing the current
source, and is unknown in the remaining 9 essential branches

[e] From the figure there are 7 nodes — three identified by rectangular boxes,
two identified by triangles, and two identified by diamonds.

[f] There are 5 essential nodes, three identified with rectangular boxes and
two identified with triangles.

[g] A mesh is like a window pane, and as can be seen from the figure there are
6 window panes or meshes.

P 4.2 [a] From Problem 4.1(d) there are 9 essential branches where the current is
unknown, so we need 9 simultaneous equations to describe the circuit.

[b] From Problem 4.1(f), there are 5 essential nodes, so we can apply KCL at
(5 — 1) =4 of these essential nodes. There would also be a dependent
source constraint equation.

[c] The remaining 4 equations needed to describe the circuit will be derived
from KVL equations.
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4-20 CHAPTER 4. Techniques of Circuit Analysis

[d] We must avoid using the bottom left-most mesh, since it contains a
current source, and we have no way of determining the voltage drop
across a current source. The two meshes on the bottom that share the
dependent source must be handled in a special way.

P 4.3 [a] There are eight circuit components, seven resistors and the voltage source.
Therefore there are eight unknown currents. However, the voltage source
and the R; resistor are in series, so have the same current. The R, and
Ry resistors are also in series, so have the same current. The R5 and R;
resistors are in series, so have the same current. Therefore, we only need
5 equations to find the 5 distinct currents in this circuit.

[b]

There are three essential nodes in this circuit, identified by the boxes. At
two of these nodes you can write KCL equations that will be independent
of one another. A KCL equation at the third node would be dependent
on the first two. Therefore there are two independent KCL equations.

[c] Sum the currents at any two of the three essential nodes a, b, and c¢. Using
nodes a and ¢ we get

—t1+i2+1 =0
’il—’i3+’i5:0

[d] There are three meshes in this circuit: one on the left with the
components vg, Ry, Ry and Rs; one on the top right with components R,
R4, and Rg; and one on the bottom right with components Rs3, R5, and
R7;. We can write KVL equations for all three meshes, giving a total of
three independent KVL equations.
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Problems 4-21

[e] —vs + Rq11 + Rato + R3iz =0
Rytq + Rety — Raoio =0

Rg’ig + R5’i5 + R7’i5 =0

P44
R, a R,
AW oW\
1 43—
3
RZ 42 R6
—+ b
LA ® ®
R3 g*zj R7
K
-*] AN ®
C 15 —_—
[a] At node a: — 11 +i9+i4=0
Atnodeb: —’i2+’i3—’i4—’i5:0

At node c: i1 —i3+15=0

[b] There are many possible solutions. For example, adding the equations at
nodes a and c gives the equation at node b:

(—’i1+’i2+’i4)+(i1—’i3—|—’i5):0 SO 19—13+ 1 +15=0
This is the equation at node b with both sides multiplied by —1.
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4-22 CHAPTER 4. Techniques of Circuit Analysis

i (D “ir 3R
—

t ﬁib §R4 §R5

[a] As can be seen from the figure, the circuit has 2 separate parts.

[b] There are 5 nodes — the four black dots and the node betweem the voltage
source and the resistor Rs.

[c] There are 7 branches, each containing one of the seven circuit components.

[d] When a conductor joins the lower nodes of the two separate parts, there is
now only a single part in the circuit. There would now be 4 nodes,
because the two lower nodes are now joined as a single node. The
number of branches remains at 7, where each branch contains one of the
seven individual circuit components.

P 4.6 Use the lower terminal of the 25 €2 resistor as the reference node.

v, — 24 v,
— +0.04=0
20+8O+25+

Solving, v, =4V
P 4.7 [a] From the solution to Problem 4.6 we know v, = 4 V, therefore
Paoma = 0.04v, = 0.16 W

Paoma (developed) = —160 mW

[b] The current into the negative terminal of the 24 V source is
24 -4

= —0.2A
97 50+ 80

paay = —24(0.2) = —4.8 W

pasav (developed) = 4800 mW
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Problems 4-23

[c] paoa = (0.2)%(20) = 800 mW
pson = (0.2)%(80) = 3200 mW
pasa = (4)?/25 = 640 mW
> Paev = 4800 mW

> pais = 160 4 800 + 3200 + 640 = 4800 mW

U0—24 Vo
Yo L004=0: wv,=4V
20180 25 " Y

[b] Let v, = voltage drop across 40 mA source

v, = v, — (50)(0.04) =2V

P 4.8 [a]

Paoma = (2)(0.04) =80 mW S0  pyoma (developed) = —80 mW
[c] Let iy = be the current into the positive terminal of the 24 V source
ig = (4—24)/100 = —0.2A
paav = (—0.2)(24) = —4800 mW so  pogv (developed) = 4800 mW
[d] > pais = (0.2)%(20) + (0.2)*(80) + (4)?/25 + (0.04)*(50) + 0.08
= 4800 mW

[e] v, is independent of any finite resistance connected in series with the 40
mA current source

P49

2T . §5UQ (5v

vV, U, — 45

0
50 1+4

v, =50V
poa = —(50)(2) = —100W  (delivering)

The 2 A source extracts —100 W from the circuit, because it delivers 100 W
to the circuit.
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4-24 CHAPTER 4. Techniques of Circuit Analysis

Vo — V1 Vp— Vo  Uy— U3 Vo — Un,

P 4.10 =0
[a] 7 + 7 + 7 ot 7
n’UOZ’Ul—l-’UQ—l-’Ug—I-"'—l-'Un

1 R
UO—E[Ul—I-Ug—I-Ug—I-"'—I-Un]—Ezkzlvk
1
[b] v, = 5(100 480 — 60) =40V
P 4.11 [a]
A A A AN
501 407 1002
+ +
128v v1§ 500 v2§ 800) O320v
w
v; — 128 V1 U1 — Uy 0
5 60 4 N
Vg —U1 | U2 vy — 320 _ 0
4 80 10 N
In standard form,
(1+1+1>+ (1) 128
v+ =+~ Vg | —— = —
"\5 760 4 *\ 4 5
(1>+ (1+1+1> 320
U\T1)T\1 T T 10) T 10

Solving, v1 = 162V; vy, =200V

128 — 162
g 18162 o
5
162
= 2 _27A
= %60
L Le2-200 oo
1
200
=2 _25A
4T
200 — 32
22003820 o
10

P320v = (320)(—12) = —3840 W (dev)
Therefore, the total power developed is 3840 W.
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Problems 4-25

P 4.12
il e
aq 8000,
144v(” £ L 3A
o v 3100 v, (D 250
w
’U1—144 U1 V1 — VU2
_ 4+ — =0 2911 — vy = 2880
o0 R0 wosn T
-3+ 280 1+€2:0 so —uv1 + 1Tvy = 240

Solving, v; = 100V, vy =20V

1 V1 — V2
P 413 -6+ — =
+40 + 8

Solving, v; = 120 V;, vy =96V

CHECK:

Pao = (1j(()))2 = 360 W
DPso = M =T72W
Psoa = (95))2 —115.2W
D120 = % =T76.8W

pea = —(6)(120) = —720 W
pia = (1)(96) = 96 W
> Pabs = 360 + 72 4+ 115.2 + 76.8 + 96 = 720 W

> Paev = 720W  (CHECKS)
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4-26 CHAPTER 4. Techniques of Circuit Analysis

P 4.14 [a]
i iy
30 + 200+ _é\)
v, vFa00 v Zan D202
o 1 z a
- v, _
A Wiy
mn ¥ 200
— 40 _
Z—6+U14 +v12v2:0 so  3lv; — 20vy + Ovg = 400
”2;’1 ”2:’3 ~28=0  so —2u;+ 3y — vy = 112
% U31U2+28:0 so  Ov; — vy + 3v3 = —112
Solving, v1 =60V; vy, =73V; wv3=—13V,
40 — 60
[b] iy = ——=—-5A
4
pg = (40)(—5) = —200 W
Thus the 40 V source delivers 200 W of power.
P 4.15 [a]
il Ul
oy ' 3
10
125V J,gsﬂ \|/
12 i-‘} lE
4 e %V,  Zup
125V | J}m
_'I_3 l
5
oy '
0 v,
V1 — 125 V1 — V2 V1 — Us
= 0
1 6 * 24
Vg — U1 Vg V2 — U3
22 - 0
6 + 2 + 12
V3 + 125 V3 — Vg V3 — U1
= 0
1 12 + 24
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Problems 4-27

In standard form:

(1+1+1)+ (1)+ ( 1) 125
nlz+=+=)Fv2(—=)+v3|—= =
"\176 "4 U6 P\ 4

( )+ (1+1+1)+ 1) _ 0
U\TE) T\ T2 T 12) T U -

( 1)+ ( 1)+ (1+1+1) _ 195
U \Tog) T UT) T T T2 T or) T
Solving, v = 101.24V; v, =10.66V; w3 = —106.57V

125 — _

Thus, ilz%:%.%A ¢4:U16U2:15.10A
. v . Vo9 — U
22252:5.33/& is = 212 5 —0.77A
. vs 4+ 125 , U] — U3

=2 7" — 1843 A = = 8.66 A
s : BABA g =~ = 8.60

[b] > Piev = 125i; + 12515 = 5273.09 W

> Pais = i7(1) +i5(2) +45(1) + i3(6) + 42(12) + ig(24) = 5273.09 W

P 4.16
52
2
Lagwy
! " 2
120 200 4@
40v(,) 758

V1 + 40 V1 V1 — VU2

2 Tt TPV

[”22_0”1] 54 ”25’1 +75=0

Z—é ”‘1;)”%7.5:0

Solving, v1 = —10V; v, =132V; w3 = —84V; uovz#;_m:ZSA

psa = B(vy —vg) =5(—10 —132) = =7T10W  (del)
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4-28 CHAPTER 4. Techniques of Circuit Analysis

prsa = (—84 — 132)(7.5) = —1620 W  (del)
paov = —(40)(2.5) = —100W  (del)
proa = (2.5)%(12) = 75 W

2 2
vi 10
P20 =55 = o5

(’U1 — ’Ug)2 _ 1422

= — 1008.2
D200 20 50 008.2W
2 842
paoa(lower) = (230) =0 = 176.4 W
— 2 2162
paon(right) = (02 —v)” _ = 1166.4 W

40 40

> paiss = 75 + 4 4+ 1008.2 4 176.4 4 1166.4 = 2430 W

> Paev = 710 + 1620 + 100 = 2430W  (CHECKS)

The total power dissipated in the circuit is 2430 W.

Uy Uy + Dia v, — 80 . v, — 80
200 T 10 T 20 » AT T

[a] Solving, v, =50 V
. Vo + 5'iA

b| igs = ————

[b] ia 10

in = (50 — 80)/20 = —1.5A

P 417 -3+

igs = 425A;  5ia =75V : pas = (=5ia)(ias) = 31.8T5W
[c] psa = —3v, = —3(50) = —150 W  (del)
psov = 80ia = 80(—1.5) = —120W  (del)
> pac = 150 + 120 = 270 W
CHECK:
Paooa = 2500/200 = 12.5W

P20 = (80 — 50)%/20 = 900/20 = 45 W
pioa = (4.25)%(10) = 180.625 W
> Paiss = 31.875 + 180.625 + 12.5 4+ 45 = 270 W
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Problems 4-29

P 4.18
A, QU"‘ AN =
1002 300
160V , /]\§ i
9 i | 71000 V1501,
AN
v 200)
v0—160+v0+v0—1502'0_0. ; _ Y
10 100 50 7 7100

Solving, v, = 100V, o =—1A

100 — (150)(—1)
fo = 50

P150i, = 150i52, = —7H0W

=5A

The dependent voltage source delivers 750 W to the circuit.

P 4.19

v 12500 v, 2002
AW

-,

20 mA(l) 1kQ 4k0) 2k0 2500i,

U1 V1 — V2

.02 —
[a] 0.02+ 75650 + 350~ °

Vo — U1 V2 V2 Vo — 25002A

=0
1250 + 4000 + 2000 * 200

. V2 — U1

VA g

27 1250

Solving,

v = 60V; vy = 160V ia = 80 mA

Pyoma = (0.02)v; = (0.02)(60) = 1.2 W (absorbed)

_ w2 = 2500ia _ 160 — (2500)(0.08) _
500 200 '

Pys = (250004 )igs = 2500(0.08)(—0.2) = —40W (40 W developed)

1ds

Pdovolopod =40W
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4-30 CHAPTER 4. Techniques of Circuit Analysis

v2 602

bl P, = — —
[b] P 1000 1000
Praso = 125003 = 1250(0.08)* = 8 W

=3.6W

v 1602
Py =—2 = =6.4W
74000 4000
v 1602
Py = —2 = =12.8W
25779000 2000

Pogo = 200i3, = 200(—0.2)*> = 8W
Pibsorbed = Pooma + Prx + Pr2so + Pax + P + Paoo
=12+36+84+64+12.8+8 =40W (check)

P 4.20

50000 vy, 2kQ v,
A A

e _1_

+ 2 (2
50V<_> PAZ1k0 =55 Yo £2000)

va — 50 VA VA — Vo

2] =550~ * 1000 t 2000 ="
Vo — VA VA Vo
5000 750 T300 0
Solving,
va =30V, v, = 10V
—50 30 —50
[b] isoy = 2 = — —0.04A

500 500
Psgy = 50i50v = 50(—0.04) = —2W (2 W supplied)
Pa = —v, (;’S—A()) — _(10)(30/750) = —0.4W (0.4 W supplied)
Piota = 2+ 0.4 = 2.4 W supplied
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Problems 4-31

P 4.21 [a]
iy i Ay
500 . 1010 47) 1y
+ + J/lD \I/
250
5:i<T0 MiEn  T:Eaon | o6y
[u] A 13
- - 11,51
v
V2
Iy = —
40
—5¢0+;—8+U1;’2:0 so 10vy — 13vg + Ovg = 0
Vo — V1 V2 V2 — U3
—= — 1 — 4oy =
3 10 10 SO 8vy + 13v9 v3 =0
V3 — Vg Vg — 11520 V3 — 96
— — 29 —
10 + 5 1 0 so  Ovy — 63vy + 220v3 = 9600
Solving, v1 = 156 V; v, =120V; w03 =78V
, vy 120
bl i,= —==—=3A
bl W0 =76 = 70
—11.54, —11.
. U3 Sip _ T8 5(3) _g7A
5 5
78 — 96
g = = —45A

Dsi, = —Diov1 = —5(3)(156) = —2340 W (dev)
Pi11.5i, = 1152023 = 115(3)(87) = 30015 W(abs)
posv = 96(—4.5) = —432 W (dev)
> Paev = 2340 + 432 = 2772 W
CHECK
Z o 1562 L (156 — 120)2 L 12072 L (120 — 78)2
Pdis = 20 5 10 50
H(8.7)2(5) + (4.5)2(4) + 300.15 = 2772 W

Zpdov = Zpdis =27T72W
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4-32 CHAPTER 4. Techniques of Circuit Analysis

P 4.22 [a]
v 29V 4 200)
1 2
S
28, WIS 21500 £550
v
This circuit has a supernode includes the nodes vy, v and the 25 V
source. The supernode equation is
U1 V2 V2
24+ 4 2 4 2

+ 50 + 150 + 75
The supernode constraint equation is
V1 — Vg = 25
Place these two equations in standard form:

1 1 1
il 4 = 9

. (50) o (150 * 75)

'Ul(l) + ’Ug(—l) = 25
Solving, v; = —37.5 V and v, = —62.5 V, so v, =v; = —=37.5 V.
poa = (2)v, = (2)(=37.5) = =75 W
The 2 A source delivers 75 W.

[b]
& 25V
-25y 2000
S

28, WIS 21500 £550

¥y

This circuit now has only one non-reference essential node where the
voltage is not known — note that it is not a supernode. The KCL
equation at vy is
U1 V1 + 25 V1 + 25
I S _
* 50 + 150 + 75
Solving, v1 = 37.5 V so vg = —v; = —=37.5 V.

poa = (2)v, = (2)(=37.5) = —T5W
The 2 A source delivers 75 W.

[c] The choice of a reference node in part (b) resulted in one simple KCL
equation, while the choice of a reference node in part (a) resulted in a
supernode KCL equation and a second supernode constraint equation.
Both methods give the same result but the choice of reference node in
part (b) yielded fewer equations to solve, so is the preferred method.

0
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Problems 4-33

P 4.23
8000
A
- v, *
800}
s 'v1 40101 . v
50V 2500 (F)750ma 22000
v

The two node voltage equations are:
v1 — 50 V1 V1 — VU2

R T
Al B RN Tk
40 200 800
Place these equations in standard form:
111 1 50
o(wrsmm) =) - %
1 1 1 1 50
(%] (_E> + U (E‘Fm‘l‘%) = 0754'%

Solving, v = 34'V; ve = 53.2V.
Thus, v, = v9 — 50 = 53.2 — 50 = 3.2 V.
POWER CHECK:

iy, = (50 —34)/80 + (50 — 53.2)/800 = 196 mA
psov = —(50)(0.196) = —9.8 W

psoa = (50 —34)2/80 =3.2W

psos = (50 — 53.2)2/800 = 12.8 mW

pioa = (53.2—34)%/40 = 9.216 W

psoa = 34%/50 = 23.12W

P20 = 53.22/200 = 14.1512W

porsa = —(53.2)(0.75) = —39.9W

> Pabs = 3.2+ .0128 + 9.216 + 23.12 + 14.1512 = 49.7W

> paet = 9.8 +39.9 = 49.7 (check)
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4-34 CHAPTER 4. Techniques of Circuit Analysis

P 4.24

V1 V1 — V2 V1 — 20
— 0 9201 — 6y = 300
30,000 5000 2000 0 ST on
V2 V2 — U1 Vo — 20 .

vy Tvg = 20
1000 T 5000 T 5000 0 —ULt (v

Solving, v; = 15V; vy =5V

Thus, i, = U2 _omA
5000
P 4.25 [a]

Vi
Wi
16

50
e E=
V

7 iy v

n !

VS AN V5
10!
fo 0z
10
s
— 230 — -
Y2 : U21U4+U21U3:0 so  3vy — lvg — lvg + Ovs = 230
Ys—b U3 BB7U _ so —lvy+ 3v3+0vy — 1lus =0
1 1 1
— — 230 —
v41?f2 V4 . “42“520 so  —12v3 + Ovs + 200, — 6vs = 460

Vs — Us Vs Vs — Uy

1 +6+ 2

=0 so Ovg —12v3 — 6v4 + 20v5 =0

Solving, v, = 150V; w3 =80V; v, =140V; 0v5=90V
V4 — Us . 140 — 90

= =25A
2 2

Lo =
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Problems 4-35

o = (25)%(2) = 1250 W

V1 — V2 V1 — Vg

[b]  daz0v 7 5
230 — 1 230 — 14
- 2 50+ 20 0:80%—15:95A
1 6
pasov = (230)(95) = 21,850 W
Check:
—>958 e —> 158
J/ 10
560
= =
80n § 100
—>10R
i
10
230V J/gm zﬂg\l/
T0A &—10n 25A
Ay
10
Lo 502,
807 0 158
Ay
> Pas = (80)%(1) + (70)*(1) + (80)*(1) + (15)*(6) + (10)*(1)

+(10)%(1) + (25)%(2) + (15)*(6) = 21,850 W
P 4.26 Place 5va inside a supernode and use the lower node as a reference. Then

VA — 15 VA VA — 5’UA VA — 5’UA
= =0
10 * 2 * 20 * 40

12’UA = 60; VA = 5V

Vo = va — Hva = —4(5) = =20V

P 4.27 [a]
iqe '1&9
%jw A Ya FiiN)
5k (3 10ma

30V, 3

J/§4L<Q J/ Jsov

4 3

Peg
-

v

There is only one node voltage equation:
v, + 30 Vs v, — 80
+0.01=0

5000 * 500 * 1000
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4-36 CHAPTER 4. Techniques of Circuit Analysis

Solving,
va + 30 + 1021a + 5v, — 400 +50 =0 SO 16v, = 320
) =20V
Calculate the currents:
i1 = (—30—20)/5000 = —10 mA
is = 20/500 =40 mA
iy, = 80/4000 = 20 mA
is = (80 —20)/1000 = 60 mA

is+is+is—10mA =0 so i5=0.01—0.02—0.06 = —0.07 = —70 mA
30)(—0.01) = —0.3 W
20 — 80)(0.01) = —0.6 W
80)(—0.07) = —5.6 W
0.01)2(5000) = 0.5 W
0.04)2(500) = 0.8 W
80 — 20)2/(1000) = 3.6 W
pac = (80)2/(4000) = 1.6 W

> Pabs = 0.5+ 0.8 +3.6 + 1.6 = 6.5W
> Pt = 0.3+ 0.6 + 5.6 = 6.5 W (checks!)

[b] P3ov =
PiomA =

Psov =

Psoo =

Pik =

(
(
(
Psk = (=
(
(
(

P 4.28
- v+
Wiy
20
162 ) C
+ ZVX
LN(:' v 30 /]\

The two node voltage equations are:

74 B T
v ?%1 v L 4
c— Ub c
—2v, = 0
Uy + 1 + 7
The constraint equation for the dependent source is:
Vy = U, — 4
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Problems 4-37

Place these equations in standard form:

Up (% + 1) +  ve(—1) + v (0) = -7
up(—1) + v (1 + %) + v(—2) = g
vp(0) +  ve(1) + u(-1) = 4

Solving, v. =9V,v, =5V, and v, = v, = 1.5V

P 4.29
1250i
s
L -
kQ 1 500Q 2 500Q
i AM —AM AN
3 Lp — T U -
12x10 vy ;
2.5k0Q 4.25k0 ¢ 5V

[a] The left-most node voltage is 75 — 1250¢,. The right-most node voltage is
75 V. Write KCL equations at the essential nodes labeled 1 and 2.
[b] From the values given,
_ 105 —
TP S G Rk Y VY
500 500

VA =02 — 75 =8—-75=10V

v, = 75— (1250)(0.04) =25 V
UL, — U1 e 25 — 105 25

= = —0.07TA

1000 * 2500 1000 * 2500 0.07

 wu-T5 85-7T5
- =222 0,07 = 0.09A
YT Th0 T "m0 T

Calculate the total power:

Pastop = 1250i4(ix) = 1250(0.04)(—0.07) = —3.5W

1x =

Pashor = —01(12 x 107%0a) = —(105)(12 x 1072)(10) = —12.6 W

Prsy = T5iy = 75(0.09) = 6.75 W
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4-38 CHAPTER 4. Techniques of Circuit Analysis

(vp —v1)* (25 —105)?

Py = — — 6.4W
L 1000 1000
2 2
vy 25
Pysp = —1 — —0.25W
25K 79500 2500

Psoomia = 50003 = 500(0.04)* = 0.8 W

V3 102

Psoorignt = ﬁ = 500 =02W
V2 852

P =2 = =1.7TW
125K T 4950 4250

[c] Paupplica = 3.5+ 12.6 = 16.1W
Piabsorbed = 6.75 + 6.4+ 0.25 + 0.8+ 0.2+ 1.7 = 16.1 W = Paypplica

Therefore the analyst is correct.

P 4.30

'
1 supernode
'

3.125\!‘3

Node equations:

vy v —20  vz—wvy w3

— — 4+ 3.125vA =0
0" T2 T4 Tyt

Vg Vo —v3 Uy — 20

2 -0

40 + 4 1

Constraint equations:
va = 20 — vy
V1 — 35’L¢ = VU3
’i(z) = V2 / 40
Solving, v; = —20.25V; wv, =10V; wv3=-29V
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Problems 4-39

Let ¢4 be the current delivered by the 20 V source, then

. 20—(20.25) 20— 10
= +

- — 30.125 A
Y 2 1

pg (delivered) = 20(30.125) = 602.5 W
P 4.31 From Eq. 4.16, i =v./(1+ 3)Rg
From Eq. 4.17, ig = (v, —V,)/(1 + B)REg

From Eq. 4.19,

1 l Voc(1+ B)ReRy + VoRiRy v]

"= WY 9)Re |Riko+ (14 A)Re(Ri + Ro)
_ VecRa — Vo(R1 + R») _ VecR2 /(R + R2)]| =V,
Ri{Ry + (1 + ﬁ)RE(Rl + Rz) [Rle/(Rl + Rg)] + (1 + ﬁ)RE
P 4.32 [a]
%i%\,\v icem

75D 15002 ‘

8v () /X/ §2DDQ/\/ 140V
JI'1 J/ iz
AL ih Wy
1250 2500

80 = 4007, — 20022
—140 = —2007; + 6002
Solving, 11 = 0.1 A; iy =—0.2A
ta=11=01A; 4, =143 —ia=03A; i.=—ip=02A
[b] If the polarity of the 140 V source is reversed, we have
80 = 4007, — 20022
140 = —200¢; + 60072
11 =0.38A and i, =0.36A
ta =11 =0.38A; 4, =143 —12=0.02A; i.=—is=-0.36A
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4-40 CHAPTER 4. Techniques of Circuit Analysis

P 4.33 [a]

A A AN
507 400 1001

128v () Q 2e00 o %m@ 320V

v

The three mesh current equations are:

—128 + Biy +60(iy —ic) = 0
die + 80(ic — ic) + 60(ic —is) = 0
320 + 80(ie — ic) + 10ic = 0

Place these equations in standard form:

ia(5 4 60) 4 i.(—60) + i0(0) = 128
ia(—60) + ic(4 + 80 4+ 60) +i.(—80) = 0
ia(0) 4 c(—80) + ic(80 + 10) = —320

Solving, 4, = —6.8 A;  i.=—-95A: i, =—12 A
Now calculate the remaining branch currents:

b = fa—tc=2TA
lg = iy —1le=2D0A

P320v = (320)(—12) = —3840 W (dev)
Therefore, the total power developed is 3840 W.
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Problems 4-41

P 4.34 [a]
—'
100
1259 :‘1 J/gm J/
lze l‘1 ’_D, l6

The three mesh current equations are:

—125 + Liy + 6(iy — ig) +2(i1 —i3) = 0
Uig + 12(ig — i3) + 6(ig — i1) = 0
—125 4+ 2(i5 — i1) + 12(i5 — ig) + li3 = 0

Place these equations in standard form:

(146 4 2) + i3(—2) + ig(—6) = 125
i1(—6) +i3(—12) +ig(24 +124+6) = 0
i(—2) +is(2+ 124 1) +ig(—12) = 125

Solving, 71 = 23.76 A; 13 = 18.43 A; ig = 8.66 A
Now calculate the remaining branch currents:

i = 141 —1i3=>5.33A
iy = 11— 16 =15.10A
i5 = i3—1g=9.TTA

[b] Prources = Drop + Phottom = —(125)(23.76) — (125)(18.43)
— —2969.58 — 2303.51 = —5273 W

Thus, the power developed in the circuit is 5273 W.
Now calculate the power absorbed by the resistors:

Piiop = (23.76)%(1) = 564.39 W
p2 = (5.33)%(2) = 56.79W
Pibos = (18.43)%(1) = 339.59 W
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4-42 CHAPTER 4. Techniques of Circuit Analysis

ps = (15.10)%(6) = 1367.64 W
pi2 = (9.77)%(12) = 1145.22 W
pos = (8.66)%(24) = 1799.47W

The power absorbed by the resistors is
564.39 4 56.79 + 339.59 4 1367.64 + 1145.22 + 1799.47 = 5273 W so the
power balances.

P 4.35

The three mesh current equations are:

—20 + 2000(i; — i3) + 30,000(i; —i3) = 0
500065 + 5000(iy — i3) 4+ 2000(iy — iy) = 0
10005 + 30,000(i5 — i1) + 5000(is — iy) = O

Place these equations in standard form:

i1(32,000) + i5(—2000) + i5(—30,000) = 20
i1(—2000) + i5(12,000) + i5(—5000) = 0
i1(—30,000) + i3 (—5000) + i5(36,000) = 0

Solving, i1 = 5.5 mA; 19 = 3 mA,; i3 = 5 mA
ThU.S, 'io = ’ig — ’ig =2 mA.
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Problems 4-43

P 4.36 [a]
=
A, 4 i? A
100 e €2
40v(3) /X/ /\/ (2)198v

40 + 10(iy — 42) 4 5(iy — 43) + 90 + 30i; = 0
20ig + 4(iy — i3) 4+ 10(ig —iy) =0
196 + 2i5 — 90 + 5(i5 — i) 4+ 4(i5 — i3) = 0
Solving, iy = —5A; iy =—3A; i3=—13A
pao = 40i; = —200 W (del)
poo = 90(i1 — i3) = 720 W (abs)
Pros = 196i3 = —2548 W (del)
> Paev = 2748 W
[b] paoa = (—=3)%(20) = 180 W
Piog = (2)2(10) =40W
pao = (10)%(4) = 400 W
s = (8)%(5) = 320W
P3oq = (—5)2(30) =750 W
ma = (—13)%(2) = 338 W

Zpabs = 720 + 180 + 40 + 400 + 320 + 750 + 338 = 2748 W
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P 4.37 [a]

10

The four mesh current equations are:

—230 + 1(iy — is) + 1(iy —i3) + 1(i1 —ig) = 0
Giy + 1(iy — i3) + 1(is — i) = 0
i+ 1(i5 — i4) + 1(is — i1) + 1(i5 —ia) = 0
Gig+ 1(iq — iy) + 1(ig —i5) = 0

Place these equations in standard form:

i1(3) +ia(—1) +i3(—1) +is(—=1) = 230
i1(—1) +i2(8) +i3(—1) +14(0) = 0
i1(—1) +ia(—1) +i3(5) +ia(—1) = 0
i1(—1) +i2(0) +i3(—1) +4(8) = 0

Solving, i, = 95 A; iy =15A;  i3=25A;  is=15A
The power absorbed by the 52 resistor is

ps = i3(2) = (25)%(2) = 1250 W
[b] paso = —(230)i1 = —(230)(95) = —21,850 W

© 2015 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained
from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



Problems 4-45

P 4.38 .
11% :
A0, L A =
100 3000
180V /‘\ £ !
i, 1008} V1501,
A,
v 2081
—160 4 104y + 100(¢; —i,) =0
30i, + 150i, + 20i, + 100, = 0
lg = 1o — 11
Solving,
11 =6 A; 1o = HA; o =—1A
Pys = (150i, )i, = 150(—1)(5) = =750 W
Thus, 750 W is delivered by the dependent source.
P 4.39
40 802
VW ® A 'AA%
T VA
+ : : +
65V<> Flﬂ/ §5£1 Fl% <ﬁ 3wy
602 150
MW o A 'AA%

—65 + 4iy + 5(iy — iz) + 611 = 0
8iy + 3va + 150y + 5(ig — 1) = 0
VA = 421
Solving, 11 = 4 A o =—1A va = 16V
pisa = (—1)%(15) = 15W
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P 4.40
Ay
500

BE0V(: /_\/ 250

i 250
Ny ;

201
¢'+ isl
R 2500

660 = 3027 — 1079 — 1513
20i, = —10i1 + 60iy — 503
0 = —15%; — 5029 + 9013
iy = iy — i3
Solving, i1 =42 A; iy =27 A; i3 =22A;  iz=5A
20i, = 100V
pai, = —100iy = —100(27) = —2700 W
P20i, (developed) = 2700 W
CHECK:

Pesoy = —660(42) = —27, 720 W (dev)

S0 S Piw = 27,720 + 2700 = 30,420 W
S Puc = (42)2(5) + (22)%(25) + (20)2(15) + (5)%(50)+
(15)*(10)
= 30,420 W
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Problems 4-47

P 441 [a]
1250 75Q2 50Q2
—WW\ YW —WAV
L—P L—W

n i .
<>40V 3000 93250 500y Yo% 2000

40 = 1251 + 300(iy — ia)
0 = 75ia + 25ia + 300(ia — i1)
0 = 5065 + 20073 — 500i
Solving, iy = 0.2 A;  in=0.3A;  ix=0.15A
vy = 200iy = 200(0.3) = 60V
[b] pas = —(500ia )iz = —500(0.15)(0.3) = —22.5 W

pas (delivered) = 22.5 W

P 4.42
531,
+ —_
J.'1
Wiy - Ay
an \Lla 501
30v () /_\/ §20Q/_\/ (30v
JI'2 i3
Wi, A
700 20

Mesh equations:

93ia + 811 — 31 — i3 =0
0ia — 321 + 30i2 — 2073 = 30
0ia — D11 — 2009 + 2713 = 30
Constraint equations:

A =1y — 13
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4-48 CHAPTER 4. Techniques of Circuit Analysis

Solving, i1 = 110 A; 19 =52 A; is = 60 A; in=—-8A

Therefore, the dependent source is developing 46,640 W.
CHECK:

psov = —30i2 = —1560 W (left source)
psov = —30i3 = —1800 W (right source)
> Paev = 46,640 + 1560 + 1800 = 50 kW
p3a = (110 — 52)%(3) = 10,092 W

psa = (110 — 60)%(5) = 12,500 W

pooa = (—8)%(20) = 1280 W

pra = (52)%(7) = 18,928 W

poq = (60)%(2) = 7200 W

Zpdiss = 10,092 + 12,500 + 1280 + 18,928 + 7200 = 50 kW

P 4.43 [a]
Ay Ay
L 1kQ 1kQ
1504
- A
smadv, |\ §5_4k® +
sma L i
- A
2.7k0
Ay

The mesh current equation for the right mesh is:
5400(i; — 0.005) + 3700¢; — 150(0.005 — 41) =0
Solving, 9250i, = 27.75 Sooip =3 mA
Then, in=5b—3=2mA

[b] v, = (0.005)(10,000) 4 (5400)(0.002) = 60.8V
Psma = —(60.8)(0.005) = —304mW
Thus, the 5 mA source delivers 304 mW

[c] Pdep source = —150ia7; = (—150)(0.002)(0.003) = —0.9mW
The dependent source delivers 0.9 mW.
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Problems 4-49

P 4.44
iy
. 80) . ‘
TN U v, £ 400 1 600 Ufzguoﬂ 14
Sl 3 A 1A

Mesh equations:

12841 — 8019 = 240
—8071 + 20072 = 120
Solving,

11 = 3A; 1o = 1.8 A
Therefore,

01 =40(6 —3) =120V; vy =120(1.8 —1) =96V

P 4.45 [a]

e e e
50 100 L 40

i i + —. 501% \

D> %9y 200\ 40zv, Q (H9sv
51 1 =z Y3 T
: - +
B ", 115i0/

Mesh equations:

6511 — 4072 + 0iz5 — 1007, = 0

—40¢1 + bt — big + 11.54, = 0

0i1 — 59 + 913 — 11.5¢, =0

—141 + lig 4+ 0i3 + 12, = 0

Solving,

11 ="T72A; 19 = 4.2A; 13 = —4.5 A; 1o, =3A
Therefore,

v; = 20[5(3) — 7.2 = 156 V; vy =40(7.2 —4.2) =120V
vy =5(4.2+4.5) +11.5(3) =78V
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4-50 CHAPTER 4. Techniques of Circuit Analysis

[b] psi, = —bi,v1 = —5(3)(156) = —2340 W
Prisi, = 1150, (1o — i3) = 11.5(3)(4.2 + 4.5) = 300.15 W
posv = 9613 = 96(—4.5) = —432W

Thus, the total power dissipated in the circuit, which equals the total
power developed in the circuit is 2340 + 432 = 2772 W.

P 4.46
i.&
W\I %
8
iﬂ
50 40
* 651,
20A Dy, /}/A §209/\./ :
1

Mesh equations:

10ia —4i; =0

—4in + 2441 + 6.5ia = 400

Solving, i1 = 15 A; in=16 A

vooa = lia + 6.5i4 = 7.5(16) = 120V

P20 = —20v04 = —(20)(120) = —2400 W (del)

Pe.sin = 6.5ia71 = (6.5)(16)(15) = 1560 W (abs)

Therefore, the independent source is developing 2400 W, all other elements are

absorbing power, and the total power developed is thus 2400 W.
CHECK:

pro = (16)*(1) = 256 W

psa = (20 — 16)*(5) = 80 W
mo = (1)*(4) =4W

P20 = (20 — 15)%(20) = 500 W

> Pabs = 1560 + 256 + 80 + 4 4 500 = 2400 W (CHECKS)

© 2015 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained
from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



Problems 4-51

P 4.47

67V

120 40Q

5+ 38(iy — 5) + 30(i1 — i) + 1201 = 0
67 + 405 + 30(iy — i1) + 6(iy — 5) = 0

Solving, i1 = 2.5A; i, =0.5A
[a] vsa = 38(2.5—5)+6(0.5—5)
= —122V
psa = Husa = 5(—122) = —610 W

Therefore, the 5 A source delivers 610 W.
[b] psv = 5(2.5) = 12.5W

perv = 67(0.5) = 33.5W

Therefore, only the current source delivers power and the total power
delivered is 610 W.

[e] D Presistors = (2.5)*(38) + (4.5)*(6) + (2)*(30) + (2.5)*(12) + (0.5)*(40)
=564 W

Y Pabs = 564 +12.5 +33.5 = 610 W = > _pya (CHECKS)
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P 4.48 [a]

Mesh equations:

—50 + 63 — 4is + 9ia =0

—9ia — 4iy + 29i5 — 20i5 =0

Constraint equations:

IA = i i3 = —1.Tva; va = 20y

Solving, i1 = =5 A; i, =16 A; i3=17TA; wva=-10V

9 =9(16) = 144V

la =19 —i1 =21 A

ip =1y —i3=—1A

v, = 200, = =20V

psov = —H0i; = 250 W (absorbing)

Poin = —1a(9ia) = —(21)(144) = —3024 W (delivering)

prov = —L.Tvav, = i3v, = (17)(—20) = =340 W (delivering)
[b] > Piev = 3024 + 340 = 3364 W

> Fais = 250 + (=5)*(2) + (21)*(4) + (16)*(5) + (~1)*(20)

= 3364 W
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Problems 4-53

P 4.49
6 Q) 200
A ’ A
+
100VC:> EREY W(;Dzsv
90 300
AA% VWA

—100 + 621 + 2012 — 25 + 30i2 + 911 =0; 43 —iy =4
Solving, 11 = 5A; i, =1A

proov = —100i; = —500 W (delivered)

pea = (5)%(6) = 150 W

poa = (5)*(9) =225 W

poa = (1)%(20) = 20 W

psoa = (1)*(30) =30 W

Vo = 20(1) — 25 4+ 30(1) = 25V

pan = 4v, = 100 W

pasv = —25ip = —25'W (delivered)

S Paev = 150 + 225 + 20 + 30 + 100 = 525 W

3 paiss = —500 — 25 = —525 W

Thus the total power dissipated is 525 W.
P 4.50 [a] Summing around the supermesh used in the solution to Problem 4.49 gives
—67.5 + 6i1 + 20ip — 25 + 30ip + 941 = 0; ih—ip =4
i1 = 4.5A; i =05A
persv = —67.5(4.5) = —303.75W (del)
v, = 20(0.5) — 25+ 30(0.5) =0V
paa = 4v, = 0W
pasy = —2bip = —12.5W (del)
> paiss = (4.5)%(6 +9) + (0.5)*(20 + 30) = 316.25 W

> Pdev = 303.75 + 0+ 12.5 = 316.25W = > pais
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4-54 CHAPTER 4. Techniques of Circuit Analysis

[b] With 4 A current source replaced with a short circuit
15¢; = 67.5; 901y = 25
Solving,
i =457,  ip=05A
S Paources = —(67.5)(4.5) — (25)(0.5) = —316.25 W

[c] A 4 A source with zero terminal voltage is equivalent to a short circuit
carrying 4 A.

[d] With the new value of the right-hand source, we want v, = 0 but the
current in the middle branch must still equal 4 A.
KVL left:

—100 +6i; +0+9i; =0 so i =6.66TA

i —is=4  so  dp=1i;—4=2.66TA

KVL right:

20iy — Vo+30i24+0=0 so Vi =50i; =133.333V

To check these results, sum around the supermesh with the value of the
source on the right as 133.333 V,

—100 + 671 + 20i5 — 133.333 + 30is + 9i; = 0; 11—l =4
Solving,

i1 = 6.667 A; 1o = 2.667 A

Therefore,

v, = 2015 — 133.333 4+ 30i2 = 0

Thus,

Pya = 4v, = 0 (checks)
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Problems 4-55

P 4.51 [a]
lg ’Lﬁﬂ
iy
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Supermesh equations:

10004, + 4000(ie — i4) + 500(i, — i,) = 0

1. —1p = 0.01

Two remaining mesh equations:

5500z, — 5007, = —30

400074 — 40007, = —80

In standard form,

—500z, + 10007, + 4500z, — 4000¢4 = 0

02 — 13y + 17, 4+ 024 = 0.01

9500z, + 07y — 5007, + 074 = —30

024 + 07, — 40007, + 400074 = —80

Solving:

1o = —10mA; i, = —60mA; 1. = —H0mA; 1qg = —7T0mA

Then,

11 =1, = —10mA; 19 = ig — 1. = 40mA; 13 = ig = —70mA
[b] Psources = 30(—0.01) + [1000(—0.06)](0.01) + 80(—0.07) = —6.5 W

Presistors = 1000(0.06)? + 5000(0.01)? 4 500(0.04)?

+4000(—0.05 + 0.07)* = 6.5 W
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P 4.52 [a]

200 = 8521 — 2519 — 5013
0 = —75t; + 35i9 + 15013 (supermesh)
is — in = 4.3(i1 — in)
Solving, iy = 4.6 A; s =57 A;  i3=097 A
G =iy =5.7A: iy =i, =46A
ic =13 = 0.97A; lq=11 — iy = —1.1A
io = iy — i3 = 3.63A
[b] 10is + vy + 25(is — i) = 0
Vo = —07 —27.5 = —=84.5V
Pasi, = —Uo(4.3iq) = —(—84.5)(4.3)(—1.1) = —399.685 W (dev)

DP2oov = —200(4.6) = —-920W (dev)

Y Piev = 1319.685W
S Pys = (5.7)%10+ (1.1)%(25) + (0.97)%100 + (4.6)(10)+
(3.63)%(50)
= 1319.685 W

o0 S Paey = > P = 1319.685 W
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Problems 4-57

P 4.53 [a]

19;3@/1_@}%;40@ v, P ) Ty, Qv

—4ig 4 10(ie — ig) + 5(ic — iz) =0

5(ip — ie) + 10(ig — ic) — 240 4+ 40(i, — 19) =0

iq — e = 2ip = 2(ic — i)

Solving, ig = 10 A; i, =18 A; i, =26 A

la =19 —ip = —=TA; iy =1ic—iy = —8A; ic=1i,—iq=8A;
[b] v, = 40i, = —280V; vy, = 5ip + 40i, = =320V

Proa = —19v, = 5320 W

Paiy = —Aigic = —T20 W

Pai, = —2iyvp = —5120 W

Pasov = —240i4 = —2400 W

paoo = (7)°(40) = 1960 W =

psa = (8)*(5) = 320W

proa = (8)%(10) = 640 W

> " Pien = 720 + 5120 + 2400 = 8240 W

ZPdiSS = 5320 + 1960 + 320 + 640 = 8240 W

P 4.54 [a] There are three unknown node voltages and only two unknown mesh
currents. Use the mesh current method to minimize the number of
simultaneous equations.
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4-58 CHAPTER 4. Techniques of Circuit Analysis

[b]
+ 2.5kl
1Dm?—'«.@> ¥y D
10m7A
Sk

The mesh current equations:
2500(i; — 0.01) + 2000¢; + 1000(iy —i2) = 0
5000(i2 — 0.01) + 1000(ig — 1) + 1000i, = 0

Place the equations in standard form:
1(2500 + 2000 + 1000) + i2(—1000) = 25

i1(—1000) + i2(5000 + 1000 + 1000) = 50
Solving, 71 = 6 mA,; 19 = 8 mA
Find the power in the 1k{2 resistor:
'ilk == ’il — ’ig = —2HIA
pix = (—0.002)%(1000) = 4 mW

[c] No, the voltage across the 10 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.

[d] v, =2000¢; 4+ 1000i; =12 +8 =20V
Thus the 10 mA source develops 200 mW.

P 4.55 [a] There are three unknown node voltages and three unknown mesh currents,
so the number of simultaneous equations required is the same for both
methods. The node voltage method has the advantage of having to solve
the three simultaneous equations for one unknown voltage provided the
connection at either the top or bottom of the circuit is used as the
reference node. Therefore recommend the node voltage method.
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Problems 4-59

[b]

10ma @) 4key 1

5kl

The node voltage equations are:
il U1 —U2 U1 —Ug

- 0
5000 2500 1000
() Vg — U1 Vg — U3
—0.01 - 0
2000 T 2500 T 2000

V3 — U1 V3 — Vg V3 .

1000 2000 +1000 =0
Put the equations in standard form:

(5005 + 350+ 1o05) + (“3s) o (~1a05) = ©
“1\5000 " 2500 " 1000/ " >\ 2500/ T *\ 1000/

( 1>+ (1+1+1>+ ( 1)—001
U\ 79500/ T2 \1000 T 2500 T 2000/ T\ 2000/ T 7

(~3a05) *+* (~505) + *» (006 * 005 * 1a05) = °
'\ 77000/ T2\ 2000/ T \2000 " 1000 T 1000/

Solving, v =6.67V; vy =13.33V; wv3=5.33V
Prom = —(13.33)(0.01) = —133.33mW
Therefore, the 10 mA source is developing 133.33 mW

P 4.56 [a] 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 dependent sources are node voltages.
This makes it easy to formulate the constraint equations. The current in
the 20 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 manipulation. The current in the 20 V
source is found by subtracting two mesh currents.

Because the constraint equations are easier to formulate in the node
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4-60 CHAPTER 4. Techniques of Circuit Analysis

voltage method, it is the preferred approach.

[b]
0,003,
20% > 200ma,
10— 3
et
21000 v, 225000
Node voltage equations:
U1 V2
— 4+ 0.003 — —02=0
100 At o5
V3 V4
0.2+ — + — —0.003va =0
700 " 200 va
Constraints:
Vg = Ug; V3 = VA; vy — v3 = 0.4v,; vy — v = 20

Solving, vy =24V; vy =44V; wv3=—-72V; wvy=—-54V.

o =02— 2 —24mA
250

DP2ov = 20(0.024) = 480mW
Thus, the 20 V source absorbs 480 mW.

P 4.57 [a] The mesh-current method does not directly involve the voltage drop across
the 40 mA source. Instead, use the node-voltage method and choose the
reference node so that a node voltage is identical to the voltage across
the 40 mA source.

[b]
40md
&
1 p. |
——" 1, ——i A,
5000 7500
0V £ 2500 21k /C{‘idc
12500
2 # Ay # 3
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Problems 4-61

Since the 40 mA source is developing 0 W, v; must be 0 V.

Since vy is known, we can sum the currents away from node 1 to find wo;

thus:
0—(704+1v2) 0— vy 0
— —0.04 =
500 * 250 +750 0-0 0
’112:—30\/

Now that we know v, we sum the currents away from node 2 to find vs;
thus:
Vo +70—0 wo—0 vy — s

50 T os0 e

Vg = —80V
Now that we know vs we sum the currents away from node 3 to find 2q4c;
thus:
U3 Vg — V2 .
c = 0
1000 1250 T

tgc = 0.12 = 120 mA

P 4.58 [a] If the mesh-current method is used, then the value of the lower left mesh
current is i, = 0. This shortcut will simplify the set of KVL equations.
The node-voltage method has no equivalent simplifying shortcut, so the
mesh-current method is preferred.

[b]
A
300
i2
* oy o L

200 i, 250}
iy e

Write the mesh current equations. Note that if 7, = 0, then i; = 0:

—23 + 5(—i2) + 10(—i3) + 46 = 0
30y + 15(iy — 43) + iy = 0
Ve + 2563 — 46 + 10i3 + 15(i3 —i2) = 0
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4-62 CHAPTER 4. Techniques of Circuit Analysis

Place the equations in standard form:

i2(=5) 4 i3(—10) + Vac(0) = —23
i2(30 + 15 + 5) +i3(—15) + Vi@ (0) = 0
i2(—15) 4+13(25 + 10 + 15) + Vae(1) = 46

Solving, s = 0.6 A; i3 = 2A,; Viae = —45V
Thus, the value of Vg, required to make i, =0 is —45 V.

[c] Calculate the power:

pasv = —(23)(0) =0W

Py = —(46)(2) = —92W
pvae = (—45)(2) = —90W
paa = (30)(0.6)2 =10.8W
o = (5)(0.6)2 =1.8W

pisa = (15)(2—-0.6)2 =29.4W
poa = (10)(2)2 =40W

poa = (20)(0)2=0W

psa = (25)(2)% = 100W

> Pdev = 92+ 90 = 182 W

> pais = 10.8 + 1.8 4 29.4 + 40 + 0 + 100 = 182 W (checks)

P 4.59 [a]
sy Thes 35 sk
m@ 10k é 15kQ
_I_
40\](4_-) 30k 2 25kQz Ya {:}1111.51
15k €2
Ay
_|_

SmA () 15kQz 30kQ 2 25k v, O 1mA
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Problems 4-63

10kEY 15Kk
Ay Wi

50V{E) 25kQz v, @1mA

+ +
2mA (D 25kQs 25kQz vy, @ 1mA —= ImA 125Kz v,

v, = (12,500)(0.001) = 12.5V

[b]
o 35V g
10’&%@ & 1_,\1’:“@
A +
Q. gma® 30kQ2 = 25kQx v, @ 1mA
m n TSB limA
500071 + 40,0002 — 30,000i5 = 35
19 — i1 = 0.008
—30,000¢9 + 70,0003 = 25
Solving,
11 = —5.33mA; 19 = 2.667 mA; i3 = 1.5mA
v, = (25,000) (73 — 0.001) = (25,000)(0.0005) = 12.5V
P 4.60 [a]
Wi e Wiy
10kf! 3k Skid

50v (3) 2150 (Quma  F 200 \\/ 15k (3

Bl iD
e

e s

3kl skl
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4-64 CHAPTER 4. Techniques of Circuit Analysis

Ay LULY
15k} Skl
sov( DOima T 20k0 \L 15k}
iD
A
Skl
ZmA,TD §15kﬂ @DlmA § 20kl \\/ 15k}
iD
A0 &
20k!)
| 0.75ma |
15V (2 2 200} J/ 1560 DI STy \L 15k ()
iD i
-
10kt
— 7.5V \L 150
iD
7.5
o = = 0.3mA
‘= 95 000 o
[b]
i ,{ i
s}
7 r i i *—
10k £ 3k0 . S5kl
S50V () :§151~:D (D1 :gznkﬂ \L§15kﬂ
c a
— 1
- | &—1i, - J/a 0.3m&
A, »—
Bk}
va = (15,000)(0.0003) = 4.5V
Va,
)y = = 225 uA
! 20,000 K
i = 1-+0.2254+0.3=1.525mA
v = 5000(0.525 x 1073) + 4.5 = 7.125V
ve = 3000(1.525 x 1073) + 7.125 + 6000(1.525 x 10~3) = 20.85V
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Problems 4-65

20.85 —
i, = A0 og15mA
10,000
psov = (50)(—2.915 x 1073) = —145.75 mW
Check:
pma = (7.125)(1073) = 7.125 mW
Y Piev = 145.75mW
S Py = (10,000)(2.915 x 1073)2 + (20.85)2/15,000 + (9000)(1.525 x 10~3)2

+ (5000)(0.525 x 1073)2 + (20,000)(0.225 x 1073)?
+ (15,000)(0.3 x 107%)? 4+ 7.125 x 107°
= 145.75mW

P 4.61 [a] Apply source transformations to both current sources to get
i ® A ® Ay
3300 150¢2 2700

8.25v() f— ()675v

i (6.75 + 8.25) — 90mA
330 + 150 + 270
[b]
k! i
4 A 4
150402
25md (1) 23300 22700 (1) 25ma
v
The node voltage equations:
0.025 + — 4+ L2
‘ 330 150
V2 V2 — U1
— —-0.025 = 0
270 + 150
Place these equations in standard form:
1 1 1
— 4+ — ——) = -0.025
. (330 * 150) e ( 150>
1 1 1
—— —+—] = 0.025
. ( 150) e (270 * 150)

© 2015 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained
from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



4-66 CHAPTER 4. Techniques of Circuit Analysis

Solving, v; = —1.65 V, vy =1.35V

i = 2L — 20mA
150
P 4.62 [a] Applying a source transformation to each current source yields

A A Ay - : ,

6L 500 500 &y —> i,
1701

12v( 2150
341?%)

Now combine the 12 V and 5 V sources into a single voltage source and
the 6 €2, 6 €2 and 5  resistors into a single resistor to get

W —
170 1

17V 2150

34V

J

Now use a source transformation on each voltage source, thus

=1,

1;."'—‘16-\:) §1Tﬂ @’23}1 §1?Q §1.5Q

which can be reduced to
% iD
2@ 2850 2150
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Problems 4-67
[b]

@
12
0 | 5
%in
§ 17¢C2
2R BOE £150Q
Coaav
ia il:-
341, — 17, = 124+ 5+ 34 =51
—171, + 18.57, = —34
Solving, i, = —0.85 A =1,
P 4.63 [a] First remove the 16 and 2602 resistors:
60 60 50 &y —>1i,
1710)
12920 g,l_m
34*@(?

Next use a source transformation to convert the 1 A current source and
40 2 resistor:

iy

170 —i

17v() £150

which simplifies to

=T,
IAG\ = 1700 C‘“—L’ZA 1700 =1.50

250

= 2220480) = 400V
Vo = 350 (480)
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4-68 CHAPTER 4. Techniques of Circuit Analysis

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

| —>1,
14 =350 =150
520
= — +16=36A
iy 260+ 6=236

Ps2ov = —(520)(3.6) = —1872W

Therefore, the 520 V source is developing 1872 W.
[c] v1 =—520+1.6(4+250+6) = —104V

vy =1 — 1(16) = —104 — 16 = —120V
pia = (1)(=120) = —120 W

Therefore the 1 A source is developing 120 W.
[d] Y paey = 1872 4+ 120 = 1992 W

o (104)2  (520)? ) B
> paiss = (1)%(16) + 0 T o T (16)%(200) = 1992W

Zpdiss = Zpdov

30
P 4.64 vm, = 5(80) =60V

= 1012

P 4.65 Find the open-circuit voltage:

v, 2k()
AW ®a
+
75 mA 4 kQ 31(0 voc
eb
U1 U1 .
—0-075+ T500 5000 —

© 2015 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained
from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



Problems 4-69

3000
v1 = 166.67V; SO Voo = ——v1 = 100V
5000
Find the short-circuit %lﬁrrent:
L 'A% % a
75 mA(D 4kQ 3kQ li“
b
400012000
e — Y B = A
7 5000 (0.075) = 50m
Thus,
Voe 100
IN = i = A = — = —— =2k
N 1 50m RN i 0.05
@ d
50mA 2k
eob
P 4.66
4R
)
W
o Ay
100 8(2
g0 VC_ W §40Q Ise isc

5071 — 4075 = 60 + 40
—4011 4 48155 = 32
Solving, Ise = TA
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4-70 CHAPTER 4. Techniques of Circuit Analysis

10M0) .

R, =8+ 50
92
TA 21600
ol

P 4.67 After making a source transformation the circuit becomes

300V
- '\,I\,l\v
U/_\/son
i2
W A , =
g0 5.201 +
500V /—\/ 21200
VTh
i —
ob

500 = 20i; — 8io
300 = —8i1 + 43.2i5

11 = 30A and i3 = 12.5A
v = 1247 4+ 5.2i0 = 425V

Ry, = (8|12 + 5.2)[|30 = 7.5Q

P 4.68 First we make the observation that the 10 mA current source and the 10 k{2
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
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Problems 4-71

A & a
15k 02
30v @3nr  Zs5x0
3
or
®a
Zmalf Zlepn W3mA £5k0
o5

Therefore the Norton equivalent is
® 2

(IMmn 2 3.75k0

L Js]
P 4.69
1:}lTh _—
M@ J/
+ i1
Vi & 100V z 20102
L

iy =100/20 = 5A

100 = vrp — 5R7n, vrn = 100 + 5Ry

Vi, (O 200V §5oﬂ

iy = 200/50 = 4 A
200 = vn — 4R, vrn = 200 + 4Ry
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4-72 CHAPTER 4. Techniques of Circuit Analysis

100 + 5R1, = 200 + 4Ry, SO Ry, = 10092

vrp = 100 + 500 = 600 V

Ay ® 2
1000
600V(?
&b
P 4.70
R, 2%
Ay ———
+
Vo () 12.5V  £6.250
#
12.5 = UTh — QRTh
Ry 18R
A, ———
+
Vo, ) 117V 20.65Q
&

11.7 = UTh — 18RTh
Solving the above equations for Vp, and Ry, yields

VUTh = 12.6 V, RTh = 50mQ
Iy =252, Ry = 50m{2

P 4.71 First, find the Thévenin equivalent with respect to R,.

Ay A L ", iy &
1200 | 40Q 80C 1200 | 400
Jma (5 21000 Zaoo0 (D18ma 22400 "XR, 2.4V (Pritma £2400 "SR
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Problems 4-73

i * Ay *
408 2000y 4002
12mA (4 s2000 (Piema £2400 "SR 6V $2400 "SR
¢ 1200
‘
25ma (4 $240Q 22400 "SR : v ﬁ 5 "SR,

Ro(Q) | io(mA) | v, (V)
100 13.64 | 1.364
120 12.5 1.5

150 11.11 | 1.667
180 10 1.8

P 4.72 [a] First, find the Thévenin equivalent with respect to a,b using a succession
of source transformations.

A L L=
Tk
0ma @) 4k0QF  25mAlD 45K 0%
eb
5k 0
L J=
60V (E) 45K 2
L 3¢
4.5k0
Ay L=
542}
3¢

VUTh — 54V RTh = 4.5k
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4-74 CHAPTER 4. Techniques of Circuit Analysis

4.5K0
Ay *
+
s4v(*) . 85 5k 0
meas

54
es = —(85.5) = 51.3V
! 90 (85-5)

51.3 — 54
[b] %error = (7) x 100 = —5%
54
P 4.73
25000 £ 300302
18V % &2
+ov, -
+ +
v, 22000 v, £1200Q
w
200
= 18) =5.143V
o= 75018
1200
= 18) = 5.1
Vo 4203( 8) =5.139V

VTR = U1 — Vg = 5.143 — 5.139 = 3.67TmV

(500)(200)  (3003)(1200)

Ry, = — 1000.24 Q
Th 700 4203
1000 24 2 .
" .
3.67mv() 50€2
b
3.67 x 1073
q=o2 2 a5 A
‘el = 7105024 H
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Problems 4-75

P 4.74
2.5&(2 4}\1::&2 o
=1
iﬁ 50001, +
1w (®) a2z LT * v, 26k}
10 v, _
b
OPEN CIRCUIT
100 = 25001 + 625(i1 + 10~ %vy)
6000 :
Vg = m(500021)
Solving,

i1 = 0.02A; Vg = Vpe = 60V

SHORT CIRCUIT

vy = 0; Tee = 50002’

2 — Y, sc — 4000 1
100

"= o500 1625 V3

Thus,

lse = %1 =0.04 A

60
— 2 _15KD
Forn =557 = 19

—h————
1.5k
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4-76 CHAPTER 4. Techniques of Circuit Analysis

P 4.75
0.2i,
A\
2kl 1 2kl )
i ——— i ——— @ &
—
1
280V (%) TZ]{O £ 5.6k()
= ob
The node voltage equations and dependant source equation are:
111—280+ V1 +v1—v2+02. 0
2ip =
2000 ' 2000 2000 .
V2 — U1 V2 .
—0.2 = 0
2000 ' 5600 A
. 280 — U1
i i
2 2000

In standard form:
280

1 1 1 1
) 4ia(0.2) = =2
u (2000 2000 " 2000) v ( 2000) +a(0-2) = 5505

(LY w2 ) riacon =
—_ —— 4+ —— ) +ia(—0.2) =
"\ 72000/ T \2000 " 5600/ A

1 280

- (1) = =2
u (2000) +02(0) +ia(l) = 5505

Solving, v =120V; wy =112V; ian =0.08A
VTh = Vg = 112V

0.21,

%

D.ziQ

2k 1) 2k 0
i L i L
T — |
lsc

The mesh current equations are:
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Problems 4-77

—280 + 2000ip 4 2000(in —isc) =
2000(ise — 0.2ia) + 2000(ige — in) =

Put these equations in standard form:

ia(4000) + 75(—2000) = 280
ia(—2400) + 45(4000) = 0
Solving, i = 0.1 A; 1sc = 0.06 A
112
= —— = 1866.67 2
Ry, 0.06 866.67
& a
6 0ma (" £1866.670)
b

P 4.76 [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 2 resistor.
Thévenin voltage: note iy is zero.

a
iyl . 4 iyl
QQM
24 160
1000 Ytn o 250
b

UTh | UTh  UTh  UTh — 16
w0 s w2 Y
Solving, v, = 20 V.

Short-circuit current:
351,

12 .
> o 2
22 /NN 42 g5
-y (% 0a sc
245y 2160
10062 \l/ 250
iSC:
b
Ise = 12 + 20y, Coodee = —12A
20
Rmy=——=-(5/3)Q
Th B (5/3)
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4-78 CHAPTER 4. Techniques of Circuit Analysis

(53)0 5 480
iy L Ay L 4
20v() m
1: -
3130 4
A .
— (3
200 To
20
Rtotal - — = 333Q
6
Roeter = 3.33 —3.13=0.21Q)
[b] Actual current:
3130 5
s .
20%} 0
‘ lact
20
.ac ual — — = 638A
factual = 3793
6 — 6.38
% error = T x 100 = —6%

P 4.77 [a] Replace the voltage source with a short circuit and find the equivalent
resistance from the terminals a,b:

R, = 10”30 +25=10Q

[b] Replace the current source with an open circuit and the voltage source
with a short circuit. Find the equivalent resistance from the terminals

a,b:
R, = 10”40 +8=160Q
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Problems 4-79

P 4.78 [a] Open circuit:

A
2000
vy 1.8% W
A, . =) 'Y *
507 n
ov i £ 25() T6000 v,
10f) -
iy *
v
V2 -9 V2
—+—=-18=0
20 70
Vo = 35V
60
VUTh = %'Ug =30V
Short circuit:
2000 T i,
501
QVC 25Q §EDQ \L
iSC
iSC
v 100 b
V2 -9 V2
- 4+ = —-18=
20 + 10 8=0
Vo = 15V
9-—-15
s = — =—0.3A
! 20
e =18 —-03=15A
30
= — =200
B = 75 =20
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4-80 CHAPTER 4. Techniques of Circuit Analysis

[b]

10t}

Ron = (20 +10/|60 = 20Q (CHECKS)

P 4.79 Vi, = 0, since circuit contains no independent sources.

: 1500
1/
A M
2000 5082 a
le h'A'A% AN\ O '
+
y 1A
1000 3 2507, t
O
b

— 250 -
v u I Sl IR

100 * 200 150
vy — v v — 2501
—-1=0
150 * 50
. Vy — U1
VA g
27 150

In standard form:
(1+1+1>+(1>+,(250>_0
“1\700 " 200 " 150/ T\ 150/ T2 T 200) T
(1)+ (1+1>+,<250>1
V(= )+ (—+ =] +ial——) =
'\ 150 *\150 ' 50 A\ 50

o () () =0
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Problems 4-81

Solving,

v = 75 V; vy = 150 V; in=05A

Ut
R, = — =15002
Th A
150(]
A, & g

L ]

P 4.80 Since there is no independent source, Vi, = 0. Now apply a test source at the
terminals a,b to find the Thévenin equivalent resistance:

i 280 9 240 g
AN, ——8— AN, ——@

e .
§1OOQ $§500 v G LA
13i, _
@ O

U1 V1 + 13’% i V1 — V2

- =0
100 10 20
V2 — U1 V2
= 1y 2_1=0

20 + 50
. V2
Iy = —

50

Solving,

vy = 2.4V; vy = 16 V; i, = 0.32A

vy — 24(1) = wvy; SO v =16 +24 =40V

Ut
_ %00
Ry A 0

The Thévenin equivalent is simply a 40 resistor.
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4-82 CHAPTER 4. Techniques of Circuit Analysis

P 4.81 Vi, = 0 since there are no independent sources in the circuit. Thus we need

only find Rry,.

50000 v a
AM- P
+
250i,{ 15, 437500 v, Oa
i B
P
v b
v — 2501, . v
S 1 5iy+——1=0
500 =+ 750
. v
by = ——
750
Solving,
v=1500V; i, =2A
Ry = —— = 1500 = 1.5kQ
mTIA T
1.5k}
Ay ®:
oh
P 4.82 [a]
L Ny &
2.4k (] 1.6k}

Z4.8k() 2kl £ g

1.8kl]
i

Ry, = 5000]|(1600 + 2400(|4800 + 1800) = 2.5k
R, = Ry = 2.5kQ
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Problems 4-83

[b]
i p————
2.4k0) 1.6k} +

s0v (D) _ Z4.8k0) (W1oma 3 2 5k0) VI
ED) ) E _

1.8k0
A ®

7200¢; — 4800i2 = 60

—4800i; + 4800i5 + 8400i3 = 0

19 — i3 = 0.015

Solving,

i =19.4mA; iy =16.6mA; i3 =1.6mA
Uoe = 5000i3 = 8V

® —5 1., Gmk

2.5k0)

BV 2. 5x(IE

Pmax = (1.6 x 107%)%(2500) = 6.4 mW

[c] The resistor closest to 2.5k2 from Appendix H has a value of 2.7kQ). Use
voltage division to find the voltage drop across this load resistor, and use
the voltage to find the power delivered to it:

2700
= 2 (8) =4.154V
Y27 5700 +—2500( )
(4.154)?
= 0% 6391 mW
P2.7x 2700 m

The percent error between the maximum power and the power delivered
to the best resistor from Appendix H is

6.391
% error = (6—4 — 1) (100) = —0.1%
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4-84 CHAPTER 4. Techniques of Circuit Analysis

P 4.83 Write KVL equations for the left mesh and the supermesh, place them in
standard form, and solve:

e Ml
2.4k} 1.6k0)
60V (2 = 4.0k (P)15md = sk(] = 2.5k0
1.8k}
A
At iy — 60 + 24007, + 4800(2'1 — 2'2) =0

Supermesh: 4800(i2 — 11) + 160073 + (50001/2500)i5 + 1800i3 = 0
Constraint: i —13=0.015=0

Standard form:

11(7200) + i9(—4800) + i3(0) = 60

i1(—4800) + i2(4800) + i3(5066.67) = 0

i1(0) +ia(1) +i3(—1) = 0.015

Calculator solution:

11 = 19.933 mA; 19 = 17.4mA; 13 = 2.4mA
Calculate voltage across the current source:

V1sma = 4800(i1 — iz) = 12.16 V

Calculate power delivered by the sources:

Prsma = (0.015)(12.16) = 182.4 mW (abs)

peov = —60i; = —60(0.019933) = —1.196 W (del)

Pdelivered = 1.196 W

Calculate power absorbed by the 2.5k(2 resistor and the percentage power:

5000”2500.
= —— 43 =1.6mA
125k 9500 13 m

P25 = (0.0016)%(2500) = 6.4 mW

0.0064
1.196

% delivered to R,: (100) = 0.535%
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Problems 4-85

P 4.84 [a] From the solution to Problem 4.71 we have

Ro(Q2) | po(mW)
100 | 18.595
120 | 18.75
150 | 18.52
180 18

The 1202 resistor dissipates the most power, because its value is equal to
the Thévenin equivalent resistance of the circuit.
[b]
B (mW)
20.00

18.595 18.7%
18.52 18

18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00

2.00

R, Q)

0.00 T T T T T T T T T T T T T T T T T T T T
¢ 10 20 30 40 50 60 70 B8O 90 100 110 120 130 140 150 160 170 180 190 200

[c] R, =120Q, Po = 18.75 mW, which is the maximum power that can be
delivered to a load resistor.

P 4.85 [a] Since 0 < R, < oo maximum power will be delivered to the 6 ) resistor

when R, = 0.
302

P 4.86 [a] From the solution of Problem 4.75 we have Ry, = 1866.67 Q2 and
Virn = 112 V. Therefore

R, = Ry, = 1866.67 (2

(56)*

bl p= 7
b P = T566.67

=1.68W

© 2015 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained
from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying,
recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



4-86 CHAPTER 4. Techniques of Circuit Analysis

[c]

0.2i,
-\
2’\}*\{;\«(2 ‘1 2%\’0 ’2 a
—
L
s Ny
280V () Tzkn Z5.6k() Z1866.67
v b
The node voltage equations are:
v — 280 1 V1 — V2 .
0.2 = 0
2000 2000 2000 A
V2 — U1 V2 V2

2000 * 5600 * 1866.67

The dependent source constraint equation is:
280 — U1

021 = 0

in =
Place these equations in standard form:
280

1 1 1 1
) +ia(0.2) = =
1 (2000 9000 " 2000) i ( 2000) +ia(0-2) = 5505

1 1 1 1
- A (—0.2) = 0

v ( 2000) + 2 (2000 5600 1866.67> +ia(=0.2)

1 (1) + v2(0) 4 4 (2000) = 280

Solving, wv; = 100V; vy = 56 V; ia =90 mA
Calculate the power:

pasov = —(280)(0.09) = —25.2 W

Pdep source = (’Ul - 'U2)(022A) =0.792 W

S Paev = 25.2W
1.68
% delivered = 353 % 100 = 6.67%
[d] The 1.8 k€2 resistor in Appendix H is closest to the Thévenin equivalent
resistance.

[e] Substitute the 1.8 k{2 resistor into the original circuit and calculate the
power developed by the sources in this circuit:
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Problems 4-87

0.21,

The node voltage equations are:
v, — 280 U1 V1 — Vg )
02ixn = 0
2000 2000 2000 T -4
Vg — U1 V2 V2 .
—02 - 0
2000 5600 T 1800 ‘A

The dependent source constraint equation is:

. 280 — U1
In= —
Place these equations in standard form:
(1+1+1>+( 1>+,(02) 280
- ia(0.2) = —
“\2000 " 2000 " 2000/ " "\ 2000/ "4 2000

(1>+(1+1+1>+'(02)—0
I\ 72000/ T \2000 T 5600 T 1800/ T AV T
(1) + 12(0) + 4 (2000) = 280

Solving, v, =99.64V, v9 = 54.98 V; ian = 90.18 mA
Calculate the power:

pasov = —(280)(0.09018) = —25.25 W

> Paev = 25.25mW

1.68
pr = (54.98)?/1800 = 1.68 W % delivered = 2598 X 100 = 6.65%
P 4.87 [a] Open circuit voltage
15(! Yy 501 Yz
J\\‘I\'I\I’ i
+ v, - &— i,
31,
110 VC 0.1y
+ e
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4-88 CHAPTER 4. Techniques of Circuit Analysis

Node voltage equations:

v, — 110 V1 — V2
— —0.1 —=0
15 vat T
Vo — U1 U2+3’iA_0
5 8
Constraint equations:
z'A:%; va =110 — vy

Solving, vo = 55 V = vy
Thévenin resistance using a test source:

15{! Vi 500 Wy
t v, - & i&
i,
D.lvl,f_\. vt@ 1A
80} -
+ -~
U1 U1 Vg
— —0.1 =0
5 Aty
vy — U1 U+ 3 1—9¢
5 8
. Vy — U1
VA = - = —
A 5 ) VA U1
Solving, vy =4 V.
Ron = 2 = 40
1
R,= R, =4Q
[b]
AR .
47] n
55 (7 27.5V £4()
(27.5)*

Pmax = —4 = 189.0625 W
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Problems 4-89

[c]

150 ¥y 50) Ve o
+ v, - «— i,
IV
110 v(; 0.1 27.5V 240
801 -
°

V1 — 110 V1 — 27.5
— 0.1 - =
5 0.1va + 5

va = 110 —

0

Solving, v; = 65 V,

65 — 110
1 P e A
1110V 5 3
priov = 110(—3) = —330 W

27.5 —
= 200205 e
5

27.5 4+ 31

locvs = 7;— ‘A _0.625A

peevs = —[3(—7.5)](0.625) = 14.0625 W
pvees = —[0.1(45)](65) = —292.5 W
> Paev = 330 + 292.5 = 622.5 W

189.0625
% delivered = ~%5 * 100 = 30.37%
P 4.88 We begin by finding the Thévenin equivalent with respect to R,. After making
a couple of source transformations the circuit simplifies to

1x
300 *
o0 T
160w (2 :
C 301y Vo
160 — 307
A 50 A
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4-90 CHAPTER 4. Techniques of Circuit Analysis

Vrn = 20ia 4 30ia = 50ia = 100V

Using the test-source method to find the Thévenin resistance gives

i i

& T
LRI !
o0 7
é'lOUQ 301& vT

_vr vr— 30(—vr/30)
30 20

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

7.50

100v(*) 5

100 \2
—(—= ) R =250
p (7.5+R0)

10*
R2 4 15R, + 56.25

R, =250

10*R,

= R’ + 15R, + 56.25
250 ot *

40R, = R2 + 15R, + 56.25

R% — 25R, + 56.25 = 0

R, = 12.5 £ /156.25 — 56.25 = 12.5 + 10
R, =12250Q
R, =250
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Problems 4-91

P 4.89 [a] First find the Thévenin equivalent with respect to R,.
Open circuit voltage: iy = 0; 184¢ = 0

E 42 i
: L oo :
E U1 i - V& + a E Uzi
DA Al * Ay : :
200 210 g1l
2160 D1sov £100 0. 1w,
o
e v
U1 V1 — 180 V1 — 180 U1
- L _01va=0
6 20 T 10 Tt va
vy — 180
vp = 1T(2) = 0.20; — 36
v = 80V; oA = —20V
Vin = 180 + va = 180 — 20 = 160V
Short circuit current
o a,
ivl T Wyt vzi
e Ay i —— ;
P I 200 200 80 R
2160 1180V i, 2100 0. 1v,
b w

U1 v — 180 V2 (%]
— L+ 24+ 2 0.1(—180) =0
16 - 20 - 8 - 10 ( )

Vo + 184’L¢ = U1

180
s =+ % — 90 + 0.1250,

ve = —640V; v = 1200V

iy =i =10A

Ry = Vi /ise = 160/10 = 16 Q2
R, =160
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4-92 CHAPTER 4. Techniques of Circuit Analysis

[b]
A &
160 4
160V(* Y £160
.-

Pmax = (80)2/16 =400 W

0.1v

1 V1 — 180 Vo — 80 V2
— — —0.1(80 — 180) =0
16 + 20 + 8 + 10 ( )

vy + 18414 = vy; i =80/16 =5A

Therefore, v;1 = 640V and vy = —280 V; thus,
. 180 — 80 N 180 — 640
VA e

g 2 20
pisov (dev) = (180)(27) = 4860 W

=27A

P 4.90 [a] Find the Thévenin equivalent with respect to the terminals of Ry..

Open circuit voltage:

Ay
_ 300

& i
AW I S

4517 E007
36KV ’f_\/ £ 30003 ’f_\/ \
4 i +

300 15{1
iy, P—’W\«i

The mesh current equations are:

1501

© 2015 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be obtained
from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying
recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department, Pearson Education, Inc., Upper Saddle River, NJ 07458.



—3600 + 45(i1 — i3) +300(i, — i) +30iy = 0
30iy 4 60(iy — i) + 45(iy — i1) = 0
—150ig + 15i3 + 300(i5 — i1) + 60(i5 — i) = 0

The dependent source constraint equation is:

ig =11 — 12

Place these equations in standard form:
i1(45 + 300 + 30) + ia(—45) + i3(—300) + i5(0)
i1(—45) + i2(30 + 60 4 45) + i5(—60) + i5(0)
1(—300) + i2(—60) + i3(15 + 300 4 60) + ig(—150)

i1(1) +ia(—1) +43(0) +ig(—1)
Solving, i3 =99.6A; iy ="T8A,;
Vin = 300(; — i3) = =360V
Short-circuit current:

i5 = 100.8 A;

Sy
300}

5 1
% i z

]
Suuﬂé\i/
1

S

3.6kV{?

3060
i,

The mesh current equations are:
—3600 + 45(iy — i2) + 30iy = 0
30io 4 60(ip —i3) +45(ix —i1) = 0
—150i5 + 1515 4 60(i3 — i2) = 0

The dependent source constraint equation is:

ig =11 — 12

Place these equations in standard form:
i1(45 + 30) + i2(—45) +43(0) + i5(0) =
i1(—45) +i2(30 + 60 + 45) + i5(—60) +ig(0) =
i1(0) + i2(—60) + i3(60 + 15) + ig(—150) =
i1(1) 4+ d2(—1) +i5(0) +ig(—1) =

Solving, i1 =92A; 113,="73.33A; i3=96A;

Problems

— 3600
- 0
- 0
- 0
ig=21.6A

1501

3600
0
0
0

ig=18.6TA

4-93
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4-94 CHAPTER 4. Techniques of Circuit Analysis

% —360
Qo =11 —i3 = —4A;  Rpy= -0 = — =900
lsc -
A &
904} +
360v () -180v  Z90()
&
Ry, = R, = 90 Q
1807
b] pmax = —— =