Circuit Variables

Assessment Problems

AP 11

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 l1sec 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
1year  31.5576 x 10° ms  31.5576

= $3.17/ms

First, we recognize that 1 ns = 10~ s. The question then asks how far a
signal will travel in 1079 s if it is traveling at 80% of the speed of light.
Remember that the speed of light ¢ = 3 x 108 m/s. Therefore, 80% of c is
(0.8)(3 x 108) = 2.4 x 108 m/s. Now, we use a product of ratios to convert
from meters/second to inches/nanosecond:

24x10°m 1s 100cm 1in (2.4 x10%)(100) 9.45in
Is 10°ns 1m 254cm  (109)(2.54) = 1nos

Thus, a signal traveling at 80% of the speed of light will travel 9.45" in a
nanosecond.
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AP 1.3

AP 14

CHAPTER 1. Circuit Variables

Remember from Eq. (1.2), current is the time rate of change of charge, or
i= ‘—é% 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:

o) = [ iz do

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

oo 20 *° 20
— 20 —5000z dr = —5000z — —oco __ 0
/ 0 ¢ v ——50006 0 —5000 ¢ ¢)

20 20
[ —— —_ 1 = — = . =
—505 (0~ 1) = 5555 = 0-004 C = 4000 uC

Gtotal

Recall from Eq. (1.2) that current is the time rate of change of charge, or
1= %‘tl. 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):

Z'—-—_C_lg-—i[i_(_t_+i)e—at]

T dt dt la2 a o?
()5
~di\a?)  di \a dt \a2©

1 t 1
=0-— (—e“’t — a~e“°‘t) - (——a—z—e""t)
o a o

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
_______t—-at: —at _ ol _ . —at __
e dt( e ) =e " +t(—a)e (1-at)e 0
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

1 1

1= —e = —e
o' a

—a/a



* = 0.03679

Problems 1-3

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

L e 1210 A

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

AP 1.6

—_ —.1
20V
+

)

> aA

Also sketch the four figures from Fig. 1.6:

- i -+ i
+ —1 T
v v
"_._._...__..2 -—._____.___..2
(a) (b}
- i -+ 7
o -—ﬂll _——-—-—-—-—-_..-1
v v
| o2 + | o2

[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 = vi = (—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.

Applying the passive sign convention to the power equation using the voltage
and current polarities shown in Fig. 1.5, p = vi. From Eq. (1.3), we know that
power is the time rate of change of energy, or p = ‘fi—'f. If we know the power,
we can find the energy by integrating Eq. (1.3). To begin, find the expression
for power:

p = vi = (10,000e°%%)(20e~590) = 200,000e 10000 = 9 x 10510000
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Now find the expression for energy by integrating Eq. (1.3):

w(t) = /ip(a:) dx

0

Substitute the expression for power, p, above. Note that to find the total
energy, we let ¢ — oo in the integral. Thus we have

0o 2 % 105 o
_ 5,—10,0002 7. _ ~10,000z
w /0 2 x 10% dx ————_10,000 i
2 x 10° 0 2 x 10° 2 x 10°
0000 )= T10000° " Y = To000 ~ 2

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.

Chapter Problems

(250 x 105)(440)

P11 109

= 110 giga-watt hours

5280 ft 25261b 1kg

P12 (4 cond.)- (845 mi) - : - = 20. 6
(4 cond) - (845 mi) - === 550 221 — 200 X 10" ke
1000 songs T songs
P13 =
2 GyeoED M~ 1 mm
1000)(1
T = —L—(?g)——()— = (.62 3-minute songs, or about 111.6 seconds of music

(32)(24)(2.1)



Problems 1-5

(b] 4 x 107 bytes 1« x 10° MB
(32)(24)(2.1) mm3 ~ (0.1)3 mm?3

(4 x 10°)(0.001)

= = 2480 byt
TTTEEnen) e
(320)(240) pixels 2 bytes 30 frames

1 frame 1 pixel "7 1sec

P14 = 4.608 x 10° bytes/sec

(4.608 x 10° bytes/sec)(x secs) = 30 x 10° bytes

30 x 10°

T = 1608 < 106 = 6510 sec = 108.5 min of video

P 1.5 [a] We can set up a ratio to determine how long it takes the bamboo to grow
10 pm 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

1day 24 hours 60 min 60 sec (24)(60)(60) 3456 mm/s

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

10/3456 x 1073 m _ 10 x 107® m o y e 10 x 10~
ls xs 10/3456 x 103
1cell 3600s (24)(7) hr
3456s 1hr 1 week

P16 Volume = area x thickness

= 3.456 s

[b] = 175,000 cells/week

Convert values to millimeters, noting that 10 m? = 10° mm?

10° = (10 x 10°)(thickness)

1 6
= thickness = —1—(—)—;(9165 = (.10 mm

3 1.6022 x 107 C _ 10% electrons
- 1 electron 1 m3

P17 C/m = 1.6022 x 10'° C/m®

Cross-sectional area of wire = 772 = (1.5 x 1073 m)? = 7.07 x 107% m?
C/m = (1.6022 x 10°C/m®)(7.07 x 10~%m?) = 113.253 x 10* C/m
Therefore, 3 (—9—) = (113.253 x 10%) (—C—) X avg vel (E)

sec m s

i _ 1200
113.253 x 103 113.253 x 10

Thus, average velocity = = = 0.0106 m/s
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P19

P 1.10

P111

P 112

CHAPTER 1. Circuit Variables

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

=2.18 x 10 elec/s

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

d
i= Eg‘ = 24 cos 4000¢

Therefore, dq = 24 cos 4000t 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) t
/ dz = 24 / cos 4000y dy
q(0) 0

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

sin 4000y
4000

4 sin 4000t

¢ 24 4
sin 4000 — sin 4000(0) = 2000

q(t) — q(0) = 24 o 4000 4000

But ¢(0) = 0 by hypothesis, i.e., the current passes through its maximum
value at t = 0, so g(t) = 6 x 1073 sin 4000t C = 6 sin 4000t mC

w = qV = (1.6022 x 10719)(6) = 9.61 x 107'° = 0.961 aJ

3600 s
1 hr

p=(9)(100x107%) =09 W; 5hr = 18,000 s

1 18,000
w(t) = /O pdt  w(18,000) = /O 0.9.d# = 0.9(18,000) = 16.2 kJ

Assume we are standing at box A looking toward box B. Then, using the
passive sign convention p = vi, since the current ¢ is flowing into the +
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=(120)(5) = 600 W 600 W from A to B

[b] p= (250)(—8) = —2000 W 2000 W from B to A
[c] p=(~150)(16) = —2400 W 2400 W from B to A
[d] p=(~480)(~10) =4800 W 4800 W from A to B
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P114

P 115

P 1.16

Problems 1-7

[a] P
—]u

| o2

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

[b] Leaving
[c] Gaining
[a] p = vi = (—60)(—10) = 600 W, so power is being absorbed by the box.
[b] Entering

[c] Losing <104

[a] In Car A, the current ¢ is in the direction of the voltage drop across the 12
V battery(the current ¢ flows into the + terminal of the battery of Car
A). Therefore using the passive sign convention,
p=vi=(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) = /0 pdz; 1 min =60 s
60
60) = 360d.
w(60) /0 x
w = 360(60 — 0) = 360(60) = 21,600 J = 21.6 kJ

¢
P = vi; wz/pdx
Jo

Since the energy is the area under the power vs. time plot, let us plot p vs. .
P
180x10-3

120x1034

f

0 288 ks

Note that in constructing the plot above, we used the fact that 80 hr
= 288,000 s = 288 ks

p(0) = (9)(20 x 1073) = 180 x 103 W
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p(288 ks) = (6)(20 x 107%) = 120 x 107> W
w = (120 x 1073)(288 x 10%) + %(180 x 1073 — 120 x 1073)(288 x 10%) = 43.2 kJ

P 1.17 [a] p=vi = 30e 500 — 30e=1500t _ 4e—1000t | 5()e—2000t __ }()o—3000¢
p(1 ms) = 3.1 mW

[b] w(t) = /0 t(308_500"’ — 30e~15002 _ 4()o—1000z 4
50620005 _ 1()=30007) gy
= 91.67 — 60e~590  90e~1500t | 4()e—1000¢ _
2572000 1 3 333000t ), ]
w(lms) = 1.24u)
[c] Wiora = 21671

P 1.18 [a] v(10 ms) = 400e'sin2 = 133.8 V
i(10 ms) = 5e~'sin2 = 1.67 A
p(10 ms) = vi = 223.79 W

[b] p = wi=2000e"2°%sin?200t
—  9000e~200t E _ %cos 400t]

= 1000e"20% — 1000e=2°% cos 400¢

w = / 1000¢~200¢ dt—/ 1000e~2% cos 400¢ dt
0 JO

— oo
6200t

—200|,
e 00 cos 400t + 400 sin 400¢
—1000 [300)2 + (400)2 [—200 cos + 400sin ]}
900
4% 104+ 16 x 104

= 1000

oo

0

= 5——1000[ ]=5—1

4 J

g
I



Problems 1-9

P119 [a] O0s<t<4s:

v=25tV; i=1puA; p = 2.5t uyW
4s<t<8s:

v=10V; 1=0 A, p=0W
8s<t<16s:

v=-25t+30V; i=—-1pA; p=2.>5t—-30uW
16s<t<20s:

v=-—10V, t=0A; p=0W
20s <t < 36s:

v=1t—30V, 1=04pA; p=04—-12uW
36 s <t<46s:

v=06V, =0 A, p=0W

46 s <t < 50 s:

v=—15t+75V;, i=-0.6pA; p=09t—45pW
t > 50 s:

v=0YV; i=0A; p=0W

pium

t{a]

-

—d

-

-

=14

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

w(d) = 1(4)(10) =20p]
w(12) = w(4)—1(4)(10)=01J
w(36) = w(12)+ 1(4)(10) — 1(10)(4) + 3(6)(24) =72 J

w(50) = w(36)— 1(4)(3.6)=017
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P 1.20

P121

P 1.22
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[a] p = vi= (0.05e1000)(75 — 75¢71000t) — (3,75¢~1000t _ 3 75¢—2000t) W

% = —3750e109% 4 7500e290% — 0 SO Qe 2000t _ ,—1000¢

2 = 000t S0 In2 = 1000t thus p is maximum at ¢t = 693.15 us

.

Pmax = P(693.15 ps) = 937.5 mW

00 , 3.75 3.75
b —_ / 3.75 —-1000t 3.75 —2000¢ dt = [__ —1000t —2000t
[b] w= j [3.75e e ~1000° ~2000°

375  3.75
= 1000 2000 — & ™

[a] p = vi = 900sin(2007t) cos(2007t) = 450 sin(4007t) W
Therefore, pya.x = 450 W
[b] pmax(extracting) = 450 W

5x10~3
[€] Pag = 200 /0 450 sin(400rt) dt
-3
4 [— cos 4007t P10 225
= e = — 1 — =
9 x 10 [ | (1 — cos2n] = 0
1 1
[d] Pavg = ﬂ[1 — cos 2.57| = 180 _ 573 W
T T
[a] ¢ = area under ¢ vs. t plot

[2(5)(4) + (10)(4) + £(8)(4) + (8)(6) + £(3)(6)] x 10°
= [10 + 40+ 16 +48 + 9]103 = 123,000 C

b] w = /pdt=‘/’uidt

v = 02x103+9 0<t<15ks
0 < t < 4000s
i = 15— 1.25x 1073
p = 135—8.25x 10-3% — 0.25 x 10-5¢2
4000
w = / (135 — 8.25 x 10~% — 0.25 x 10~542) dt
0

= (540 — 66 — 5.3333)10% = 468.667 kJ
4000 < t < 12,000

i = 12—-0.5x 1073
p = 108—2.1x 1073 — 0.1 x 10-5¢2
12,000
wy = / (108 — 2.1 x 1073 — 0.1 x 1075¢2) dt
J4000

= (864 — 134.4 — 55.467)10% = 674.133 kJ
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12,000 <t < 15,000

i = 30—2x1073%
p = 270—12 x 1073 — 0.4 x 10~6¢2
15,000
wy = / (270 — 12 x 1073t — 0.4 x 10-5¢2) it
12,000
= (810 — 486 — 219.6)10° = 104.4 kJ
wr = W+ wy+ws = 468.667 + 674.133 + 104.4 = 1247.2 kJ
P 123 |[a]
p = wvi=[16,000t + 20)e8%%][(128¢ + 0.16)e50%]
= 2048 x 10321600t | 5120t~ 1600t 4 3 21600t
= 3.2e71600t[640,000£2 + 1600¢ + 1]
%?;— = 3.2{e"1600![1280 x 10% 4 1600] — 1600e~'°%[640,000¢2 + 1600t + 1]}
= —3.2¢1600¢[128 x 10%(800¢? + t)] = —409.6 x 10%e6%%¢(800¢ + 1)
Therefore, % =0 whent=0
SO Pmax Occurs at t = 0.
[b] Pmax = 3.26—0[0 +0+ 1]

= 32W

] w = /0 tpda:

t t t
= [ 640,0002% 1% do 1 [ 16007e 1% dp 4 [ ¢-19%07 g
. Jo 0 0
640,000 16002 !
= ’ 2 10422 200 2
—4096><106[56x 0*z?% + 3200z + ](4—
16006—1600:1: t e~1600:1: t
o (~1600z — 1
256 < 107 10007~ V| + Tegg)|
When t — oo all the upper limits evaluate to zero, hence
w _ (640,000)(2) 1600 1

392 4096 x 105 ' 256 x 10* ' 1600
w=1034+2x1034+2x 103 =5mJ.

P 1.24 [a] We can find the time at which the power is a maximum by writing an
expression for p(t) = v(¢)i(t), taking the first derivative of p(t) and
setting it to zero, then solving for ¢t. The calculations are shown below:
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ty

p(t1)
p(t2)

0 t<0, p=0 t>3s
vi=1t(3—1)(6—-4t) =18t — 182+ 43 mW 0<¢<3s
18 — 36t + 12t? = 12(¢2 — 3t + 1.5)

0 when 2 — 3t +1.5=0

3+v9-6 3+V3
2 2
3/2 —/3/2=0.634s; ty =3/2+/3/2 =2.366s

18(0.634) — 18(0.634)% + 4(0.634)3 = 5.196 mW
18(2.366) — 18(2.366)% + 4(2.366)% = —5.196 mW

Therefore, maximum power is being delivered at ¢t = 0.634 s.

[b] The maximum power was calculated in part (a) to determine the time at
which the power is maximum: pya, = 5.196 mW (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 = 2.366 s.

[d] This maximum extracted power was calculated in part (a) to determine
the time at which power is maximum: ppax = 5.196 mW (extracted)

t (2
6] w= / pda = / (182 — 1822 + 42%)dz = 912 — 613 + ¢4
J0 0

w(0)
w(l)

0 mJ w(2) = 4ml]
4 mJ w(3) = 0mlJ

To give you a feel for the quantities of voltage, current, power, and energy
and their relationships among one another, they are plotted below:

v(v)

i (mA)

0.0+ + s N —t—t —
1.00 2, 3.00
odl 0 g
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p (i)
m;m'-‘—'wjn

w ()
0O — kW R h 3

100 Y R
t(s)
P125 [a) p = wi
= 400 x 10327800 4 700te 800 4 (.25¢—800¢
= e~800t[400,0002 + 700t + 0.25]
— [ 890[800 x 103 + 700] — 800e~3%[400,000¢2 + 700t + 0.25]}
—  [~3,200,000£2 + 2400¢ + 5]100e80%

dp
dt

Therefore, % = 0 when 3,200,000t> — 2400t — 5 = 0

SO Pmax OcCcurs at t = 1.68 ms.

[b] Pmax = [400,000(.00168)% + 700(.00168) + 0.25]e~800(.00168)
= 666 mW
i
[C] w = /Opdw

t t t
w = / 400,00022—80%% gz / 7005890 dg; + / 0.25¢—800% g
0 0 t 0

400.0 —800x
= *_91_0%__[64 x 10%22 + 1600z + 2| +

—512 x 106 0
7006—8009: t 6*8003: t
——(—800x — 1 .25
64 107 o007 — )| + 02555

When ¢ = oo all the upper limits evaluate to zero, hence
(400,000)(2) 700 0.25
== + = 2.97 mJ.

512 x 106 64 x 10* = 800
P 1.26 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 ¢, as shown below:
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Pa = Upis=(0.150)(0.6) = 90 mW

P = vy = (0.150)(—1.4) = —210 mW
Pe = —vde=—(0.100)(~0.8) = 80 mW
pa = wvata = (0.250)(—0.8) = —200 mW
Po = —vdio = —(0.300)(=2) = 600 mW

pr = vgis = (—0.300)(1.2) = —360 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:
Y " Paev = 210 + 200 + 360 = 770 mW;
> " Paps =90 + 80 + 600 = 770 mW
Thus, the power balances and the total power developed in the circuit is 770

mW.
P 1.27 [a] From the diagram and the table we have
Pa = —vnia = —(5000)(—0.150) = 750 W
py = wpiy = (2000)(0.250) = 500 W
Pe = —vde = —(3000)(0.200) = —600 W
Pa = wvaia = (—5000)(0.400) = —2000 W
Pe = —veio= —(1000)(—0.050) = 50 W
pr = wgis = (4000)(0.350) = 1400 W
Py = —vgig = —(—2000)(0.400) = 800 W
P = —uyin = —(—6000)(—0.350) = —2100 W

ZPdel = 600 + 2000 4 2100 = 4700 W

Z,Pabs = 750 + 500 + 50 + 1400 + 800 = 3500 W
Therefore, ZPdel #* 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

-4700 + 3500 = 1200 W

One-half of this difference is 600 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 top node, the current
v, should be —3.0 kV, not 3.0 kV!) If the sign of p, is changed from
negative to positive, we can recalculate the power delivered and the
power absorbed as follows:



P 1.28

P 1.29

Problems 1-15

ZPdel = 2000 + 2100 = 4100 W

ZPM,s = 750+ 500 + 600 + 50 + 1400 + 800 = 4100 W
Now the power delivered equals the power absorbed and the power
balances for the circuit.

P = —Uuis = —(36)(250 x 107%) = -9 mW
P = wpip = (44)(—250 x 107%) = —11 mW
Pe = U= (28)(~250 x 107%) = —7 mW
Pa = wgiq = (—108)(100 x 107%) = —10.8 mW
Pe = Wele = (—32)(150 x 107¢) = —4.8 mW
pr = —uvpig = —(60)(—350 x 107%) = 21 mW
Pe = Uglg = (—48)(—200 x 107%) = 9.6 mW
Pn = Unin = (80)(—150 x 1076) = —12 mW
pi = —vig; = —(80)(—300 x 107¢) =24 mW
Therefore,
Y Paps =21 +9.6 + 24 = 54.6 mW
> Pi=9+1147+108+48+12=54.6 W
Y Pabs =Y Puc
Thus, the interconnection satisfies the power check
Pa = —Uly = —(1.6)(0.080) = —128 mW
m = —uplp = —(2.6)(0.060) = —156 mW
Pe = Ucle=(—4.2)(—0.050) = 210 mW
Pa = —vgta = —(1.2)(0.020) = —24 mW
Pe = Uele = (1.8)(0.030) = 54 mW
pr = —vgig = —(—1.8)(—0.040) = —72 mW
Dg = Ugly = (—3.6)(—0.030) = 108 mW
Ph = Untn = (3.2)(—0.020) = —64 mW
P = —vj; = —(—2.4)(0.030) = 72 mW

Y Pia = 128+ 156 + 24 + 72 + 64 = 444 mW
Y Pubs =210+ 54+ 108 + 72 = 444 mW
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Therefore, » Pga = > P = 444 mW

Thus, the interconnection satisfies the power check

P 1.30 [a] From an examination of reference polarities, elements a, b, e, and f absorb
power, while elements ¢, d, g, and h supply power.

[b] pa = vaia = (0.300)(25 x 107¢) = 7.5 yW

P = —pip = —(~0.100)(10 x 107®) =1 W

Pe = Ve = (—0.200)(15 x 107%) = -3 uW

Pa = —vgiqg= —(—0.200)(—35 x 1076) = —7 uW
Po = —vdo=—(0.350)(—25 x 10~6) = 8.75 uW

pr = vsig = (0.200)(10 x 107%) = 2 uW
Pg = Ugly = (—0.250)(35 x 10—6) — 875 W

P = wpty = (0.050)(—10 x 107%) = —0.5 uW
Y P =T75+1+875+2=19.25uW
> Pig =3+ T7+875+0.5 =19.25 uW

Thus, 19.25 uW of power is delivered and 19.25 uW of power is absorbed,
and the power balances
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Circuit Elements

Assessment Problems

AP 2.1

- +
o, f> A v 8A

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

i = —8A

Next, note that the dependent current source and the independent
current source are in parallel with the same polarity. Therefore, their
voltages are equal, and
i, —8
Vg=—=— =—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:

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

Thus the current source generated 16 W of power.

2-1
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AP 2.2

AP 2.3

CHAPTER 2. Circuit Elements

(I.Vx

I
<

L
154 () w () o

[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

avy; = —15A

Solve the above equation for a and substitute for v,,
—15A —15A

o= T v o 0.6 A/V

[b] To find the power associated with the voltage source we need to know the

current, %,. 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 i, is the same as the current of the
dependent source:

iy = av, = (0.6)(—25) = —15A

Using the passive sign convention,

ps = —(1,)(25V) = —(—-15A)(25V) = 376 W.
Thus the voltage source dissipates 375 W.

[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:

vp = vy = 1kV
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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

UR
R i 5 00k

Using the passive sign convention to calculate the power in the resistor,
The resistor is dissipating 5 W of power.

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

. Dsource —3 W

DPsource = —Ugly SO Vg = — ’iy € = "m =40V
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:

v 40V
R=-2=_——=533.33Q

iy 75mA
The power absorbed by the resistor must equal the power generated by
the source. Thus,

Pr = —Psource = _‘(“‘3W) =3W

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

pr = R(ip)’ = R(iy)2
Solving for i,,

o Dr  480mW ) .
i = E = 300q — 00016 so i = v0.0016 = 0.04 A = 40mA

Then, since vp = v,

vp = Rip = Ri, = (300Q)(40mA) =12V  so v, =12V
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AP 24

[a] Note from the circuit that the current through the conductance G is i,,
flowing from top to bottom, because the current source and the
conductance are in the same branch of the circuit so must have the same
current. The voltage drop across the current source is v,, 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,

g 0.5A

=G soms Y

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

Dsource = — gty = —(10)(0.5) = -5 W

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:

py=Gvl  so Gz%:%:O.MS:éLOmS
g

ig = Gvg = (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:

P 8W

Thus vy = /40,000 = 200 V

ig = Gu, = (200 1S)(200V) = 0.04 A = 40 mA

= 40,000
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AP 2.5 [a] Redraw the circuit with all of the voltages and currents labeled for every
circuit element.

N
+ v - \Lij
+
24v () w570
i s
$ Ay .
20—

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

—24V+’l)2+'05—-’01 =0

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

Vg = 3?:2; Vs — 71:5; v = 2i1 ‘

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 i; = —is. Now replace the currents ¢; and 75 in the Ohm’s law
equations with %5:

vy = 3ig = 3t5; v5 = Ti5; v = 21 = —2;

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

24 = vy + w5 — v = 35 + Tis — (—2i5) = 1245
Therefore i5 = 24/12 =2 A

[b] v = —2i5 = —2(2) = -4V

[e] v2=3i5=3(2)=6V

[d] s = 7i5 = 7(2) = 14V

[e] A KCL equation at the lower left node gives 75 = 4;. Since i; = —is,

is = —2 A. We can now compute the power associated with the voltage
source:

pos = (24)is = (24)(—2) = —48W
Therefore 24 V source is delivering 48 W.
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AP 2.6 Redraw the circuit labeling all voltages and currents:

i R

1

—_—
+v1

i 240 + 80
200V 120 % Vy
" [h T[4

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+4+v3=0

Use Ohm'’s law to calculate the voltage across the 82 resistor in terms of its
current:

Vg = 823

Substitute the expression for v3 into the first equation:

120

—*120V+823=0 SO Z3=—8~—=15A
Also use Ohm’s law to calculate the value of the current through the 242
resistor:
120V
=~ _5A
=g =0

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

—t1+ 49 +1i3=0 so i1 =14 +1i3=50+15=20A

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

—~200V + 21 4+120V =0 S0 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:

1 80
R =-1=_—=40
i1 20
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AP 2.7 [a] Plotting a graph of v; versus i; gives

v, (V)
25

¥, =25 -100j,

(A
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
T AP 025-0 025
A circuit model having the same v — ¢ characteristic is a 25 V source in
series with a 100f2 resistor, as shown below:

100 Q .
e |y

= 1002

+

25V v,

[b] Draw the circuit model from part (a) and attach a 25 resistor:
100 0

—»ly

2BY

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 ¢, flowing through
the resistors:

25

—25V + 1007 + 254, = 0 SO 1252, = 25 SO i = 125

=0.2A
Thus, the power delivered to the 25 () resistor is
p2s = (25)i2 = (25)(0.2)> = 1 W.

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

Av  25-0 25
= Ai " 025-0 o025 loow

A circuit model having the same v — ¢ characteristic is a 0.25 A current
source in parallel with a 100€2 resistor, as shown below:

0.25 A v,

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
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+2—;:0, so bv, =25 thus ©v,=5V

2

to_

P25 = 5 = 1W.

AP 2.9 First note that we know the current through all elements in the circuit except
the 6 kS resistor (the current in the three elements to the left of the 6 k{2
resistor is 4;; the current in the three elements to the right of the 6 k{2 resistor
is 30i1). To find the current in the 6 kS resistor, write a KCL equation at the
top node:

11 + 30i1 = igx = 314y

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

+ 54,000, — 4y — 54,000i +
sak LV AL 180
“——M\A{ @ 4 % ’ ArAlrnv
=i 30 30i—
+
sV ; 186,000i, £ 6kQ2 &8y
1 - "
J/S‘ 11, SDiIT

[a] To find é;, 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 #;

54,000¢; + 186,000¢; =6V S0 240,000z =6V
Thus,

) 6
zl~mﬁ—25pA

[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 — 54,000¢; + 8V — 186,000¢; = 0
Thus,
v = 240,0004; — 8V = 240,000(25 x 107%) =8V =6V -8V = -2V

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

Element | Current | Voltage | Power Power
(uA) (V) Equation | (uW)
5V 25 5| p=—ui —125
54k 25 1.35 | p= Ri? 33.75
1V 25 1| p=—u —25
6k 775 4.65 | p= Ri® | 3603.75
Dep. source 750 -2 p=-—-vi 1500
1.8k 750 1.35| p= Ri? 1012.5
8V 750 8| p=—uvi —-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 oW = —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 pW + 3603.75 uW + 1500 oW + 1012.5 W = 6150 p W
Thus, the total power absorbed in the circuit is 6150 uW.

AP 2.10 Given that i, = 2 A, we know the current in the dependent source is
2ty = 4 A. We can write a KCL equation at the left node to find the current in
the 102 resistor. Summing the currents leaving the node,
—5A+2A+4A+ilog=0 50 2'10Q=5A—~—2A‘*4A=“—1A

Thus, the current in the 102 resistor is 1 A, flowing right to left, as seen in
the circuit below.

+ Vg -
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[a] To find v,, write a KVL equation, summing the voltages counter-clockwise

around the lower right loop. Start below the voltage source.

—vs+ (1A)109Q) + (2A)(30Q) =0  so v,=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+4,=0 S0 y=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=(T0V)(3A) =210W
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:
—vsa + (2A)(30Q) =0 so  vs4 =60V

The power associated with this source is

p=—vsai = —(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:
+uga + (102)(1A) =0 SO v4a = —10V

The power associated with this source is

p=1v44t = (—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

(i300)%(30 Q) + (3100)%(10 Q) = (2)%(300) + (1)2(10Q) = 120+ 10 = 130 W
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Problems

P21

P22

[a] Yes, independent voltage sources can carry the 8 A current required by the
connection; independent current source can support any voltage required
by the connection, in this case 20 V, positive at the top.

[b] 30V source: absorbing
10 V source: delivering

8 A source:  delivering

[c] Psov = (30)(8) =240 W (abs)
Pgv = —(10)(8) = —80 W (del)
Psa = —(20)(8)=—160 W (del)
> Pus =) Pia =240 W
[d] The interconnection is valid, but in this circuit the voltage drop across the

8 A current source is 40 V, positive at the top; 30 V source is absorbing,
the 10 V source is absorbing, and the 8 A source is delivering

Piov = (30)(8) =240 W (abs)
PlOV = (10)(8):80W (abs)
Paa = —(40)(8) = —320W  (del)

Zpa.bs = Zpdel =320 W

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:



P23

P24

Problems 2-13

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

Poa = —(100)(10) = —1000 W (dev)
Psa = —(140)(5)=—T00 W (dev)
ZPdev = 1700 W

The interconnection is not valid. Note that both current sources in the right
hand branch supply current through the 100 V source. If the interconnection
was valid, these two current sources would supply the same current in the
same direction, which they do not.

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:

o
<

®

50V (ﬁ) 40V

0

th
g

@

(e
<

-+

Psov = (50)(5) =250 W (abs)
Pov = (10)(5) =50 W (abs)
Py = —(40)(5) = —200 W (dev)
Psa = —(20)(5) =—100 W (dev)
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P25

P26

P27

CHAPTER 2. Circuit Elements

Zpdev = 300 W

The interconnection is valid, since the voltage sources can carry the 10 A
current supplied by the current source, and the current sources can carry
whatever voltage drop is required by the interconnection. In particular, note
the the voltage drop across the three sources in the right hand branch must be
the same as the voltage drop across the 20 A current source in the middle
branch, since the middle and right hand branch are connected between the
same two terminals. In particular, this means that

vy (the voltage drop across the middle branch)

= 100V — 50V — vy(the voltage drop across the right hand branch)

Hence any combination of v; and v, such that vy + ve = 50V is a valid
solution.

6V AL
D o
N4 N4
5mA
SmA 12mA
() D
o/ N
3V 10V 12V

The interconnection is invalid. The voltage drop between the top terminal and
the bottom terminal on the left hand side is due to the 6 V and 8 V sources,
giving a total voltage drop between these terminals of 14 V. But the voltage
drop between the top terminal and the bottom terminal on the right hand side
is due to the 4 V and 12 V sources, giving a total voltage drop between these
two terminals of 16 V. The voltage drop between any two terminals in a valid
circuit must be the same, so the interconnection is invalid.

[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 =5 A.)

[b] No, because the voltage drop between the top terminal and the bottom
terminal cannot be determined. For example, define vy, vy, and vs as
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P29
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shown:
R iﬁ. N
20V : 204
2 +
_ 3i
+ a()%
5A v 100V

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

20 4+ v1 = v9 + 100 = v3

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

The interconnection is invalid. In the middle branch, the value of the current
ia must be —25 A, since the 25 A current source supplies current in this
branch in the direction opposite the direction of the current i5o. Therefore, the
voltage supplied by the dependent voltage source in the left hand branch is
6(—25) = —150 V. This gives a voltage drop from the top terminal to the
bottom terminal in the left hand branch of 50 — (—150) = 200 V. But the
voltage drop between these same terminals in the right hand branch is 250 V,
due to the voltage source in that branch. Therefore, the interconnection is
invalid.

The middle branch has a 4 A current source, so the current i in that branch
must also be 4 A, since the two currents are in the same direction. This means
that the current supplied by the dependent source is 2(4) = 8 A. Next,

v, = 100 V, and this must be the voltage drop across all three branches in the
circuit, since all three branches connect at the same two terminals. Therefore,
the voltage drop across the current source in the left hand branch must be 160
V, positive at the top and the voltage drop across the current source in the
middle branch must be 180 V, positive at the top. The voltages and currents
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for all sources are summarized in the figure below:

N .
160v( | J12A 80V,

N 100v¢{ 1) 8A
60V 180v( 1 )4A ~

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

Poa = (160)(12) =1920 W (abs)
Poov = —(60)(12) =—-720 W (dev)
Pyov = (80)(4) =320W (abs)
Pia = —(180)(4) = —720 W  (dev)
Paepsource = —(100)(8) = —800 W (dev)

> Paey = 720 + 720 + 800 = 2240 W

P 2.10 Since we know the device is a resistor, we can use Ohm’s law to calculate the
resistance. From Fig. P2.10(a),

v

v=Ri S0 R = -
7

Using the values in the table of Fig. P2.10(b),

~160 _ —80 80 160 240
k= —0.02  —00l 00l 002 003 8l

P 2.11 Since we know the device is a resistor, we can use the power equation. From
Fig. P2.11(a),

pP=vi=— SO R =—

Using the values in the table of Fig. P2.11(b)

(=10  (=5)* (5)2 _ (10)?
25 x 1073~ 6.25 x 103~ 6.25 x 10-3 = 25 x 103

R=

N (15)2 _ (20)?
T 56.25 x 10-3 ~ 100 x 10-3

= 4 k()
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P 2.12 The resistor value is the ratio of the power to the square of the current:
R= 22 Using the values for power and current in Fig. P2.12(Db),
i

100 400 900 1600 2500 _ 3600

Z- g - @ & 1 12 2
P 2.13
Ry, Ry
Yib
Vs = 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, = resistance of frame between battery and lamp A
R, = resistance of frame between lamp A and lamp B
S = switch

P 2.14 [a] Plot the v—i characteristic:

500
400
< 300
= 200
100
% 4 8 12 16
it (A)
From the plot:
R_ é—2= (420 — 100) — 9200

Ai (16 — 0)

When i = 0, vy = 100 V; therefore the ideal current source must have a
current of 100/20 =5 A
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e
+
SA 0 W,

[b] We attach a 5 resistor to the device model developed in part (a):

-t
¥

NORCEEL

Write a KCL equation at the top node:

5+i=1
Write a KVL equation for the right loop, in the direction of the two
currents, using Ohm’s law:

20¢; + 55, =0
Combining the two equations and solving,
20(5+14;) + 55, =0 S0 253, = —100; thus iy = —4A
Now calculate the power dissipated by the resistor:
psq = 5is = 5(—4) = 80W
P 2.15 [a] Plot the v — i characteristic

100

80
80
Ve (V) g

20

0

o 2 s 8 g 10
ig (B)

From the plot:

Av (90 — 50)
k= Ai~ (10-0) =44

When ¢; = 0, v, = 50 V; therefore the ideal voltage source has a voltage
of 50 V.
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40 ‘
M=
+
s50v( v,
[b] 40

-50
4

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

When v; = 0, iy = = —12.5A

[a]
40
z B
£ 20
R 10
I T T
vs (V)
A
[b] Av =20V; Ai=10 mA; Rzz\—:j=2kﬂ
Fomm——m ===
| ]
: Pt
}mmAQD 2ka, v,
: L -
| > |
RS, J

[C] 27,1 = 31.3, 7:1 = 1.5i3

40 = iy + i, = 2.5i,, i, = 16 mA

40 mAG) l %2 kQ %

w

kQ
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[d] vs(open circuit) = (40 x 107%)(2 x 103) =80 V

[e] The open circuit voltage can be found in the table of values (or from the
plot) as the value of the voltage v, when the current iy = 0. Thus,
vs(open circuit) = 55 V (from the table)

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

P 2.17 [a] Begin J=fV

80 ‘\\

50 \

40 ‘\L

30 R"'-

20 T

10 \\‘"‘"’—

o :
1] 75 150 . 225 300 400 500
1{mA)

[b] Since the plot is linear for 0 < 4, < 225 mA amd since R = Av/Ai, we can
calculate R from the plotted values as follows:
Av  75-30 45
Ai  0225-0  0.225
We can determine the value of the ideal voltage source by considering the
value of v, when 7, = 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 75 V.
The model, valid for 0 < i, < 225 mA, is shown below:

2000

R= =200

2o

[c] The circuit is shown below:
200Q

Ah—=
75y éﬂiﬂﬂﬁ

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:

—75V + 200¢ 4 400: = 0 so 600z =75V
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BV
Th = —— =12
us, ? 600 Q2 125 mA
[d] The circuit is shown below:
200Q 3
1
15

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:

—75V+200:=0 S0 200¢ = 75V

.18V
Thus, i= 5000 = 375 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,

isc = 00 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 i5). Since the proposed
circuit model is a linear model, it cannot be used to predict the nonlinear
behavior exhibited by the plotted data.

P 218 [a]
AN——
__.}'.. +
5WC> s l 0o, e
- ] -
20i, = 801, 1g = 1y + tp = Dip
., = 4ip
50 = 4ig+ 806, = 20iy + 804, = 1004,
i, = 0.5 A, therefore, i, =2 A and {,=25A
[b] @ = 0.5 A

[¢] v, = 80ip, =40 V

[dl pio = 2(4)=625(4)=25W
P = 12(20) = (4)(20) =80 W
peon = 1£(80) = 0.25(80) = 20 W
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le] psov (delivered) = 505, = 125 W
Check:

> Pyis = 25+ 80 + 20 = 125W
> Pag = 125W

P 219
300

+

Y
+ + ¢i -
1+ vy

4 C/]\D o eo>000 ‘a0 700

[a] Write a KCL equation at the top node:
—4+i+1=0 S0 1+ip=4
Write a KVL equation around the right loop:
—vgp + V30 + vgo = 0

From Ohm’s law,

Vgg == 80’i1, V3g = 30’i2, Vgp = 90’&2
Substituting,
—8041 + 30¢2 +90i, = 0 SO — 8021 + 12029 =0

Solving the two equations for #; and 23 simultaneously,
i1 =24A and io=16A
[b] Write a KVL equation clockwise around the left loop:
—Vo +vgo = 0 but vgp = 80i, = 80(2.4) = 192 A
So Vo = vgp = 192V
[c] Calculate power using p = vi for the source and p = Ri? for the resistors:
Psource = —Vo(4) = —(192)(4) = —T68 W
pgon = 2.4%(80) = 460.8 W
p3on = 1.6%(30) = 76.8 W
poon = 1.6%(90) = 230.4 W
Y Piv =T68W " Paps = 460.8 4 76.8 + 230.4 = 768 W
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P 2.20 [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 4,:

v, = 1000¢, + 4000z, + 30007, = 8000i, = 8000(0.002) = 16 V

16 = 2000z,
: 16
1o = 2—()% = 8 mA

[b] KCL at the top node: iy =4, + 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,
Py = —Uoly = —(16)(0.01) = —0.160 W = —160 mW.
Thus the source delivers 160 mW.

P 221 [a]

180 v

i3+ 4 = i, i3=10—4 =6A

vy = 1043 + 82 = 10(6) + 8(10) = 140V
v _ 140 _
70 70
Note also that
ig=11+1i3=2+6=8A

11 = 2A

ig=1s+1,=84+4=12A
[b] pso = 8%5)=320W
psa = (4)2(25) =400 W
proa = 22(70) =280 W
poa = 62(10) =360 W
psa = 10%(8) =800 W
[c] 3 Py = 320 + 400 + 280 + 360 + 800 = 2160W
Piey = 180i, = 180(12) = 2160W
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P 222 [a]

68

10@

va=(9+6)(3) =45V

—1254+ v, +v, =0 S0 v =125 —v, =125 —-45=80V

te = vp/(10 4+ 6) = 80/16 =5 A
ig=1e—3=50—3=2A
Ve = Hig+vp = 5(2) +80 =90V
i = v6/30 = 90/30 = 3 A
vg =125 — v, = 125 — 90 = 35V
jo=igti,=2+3=5A
R = vafi, = 35/5 =T

[b] i, =6 +3=5+3=8A
Py (supplied) = (125)(8) = 1000 W

P 2.23

au

240V Cj

iq = 60/12=5A; therefore, v,g = 60+ 18(5) = 150V
—240 + Voo + Vg = 0;  therefore, vy, = 240 — 150 =90V

ib = Vae/45 =90/45=2A;  therefore, i =g —ip, =5 —2=3A

vba = 10 + veq = 10(3) 4 150 = 180'V;
therefore, i, = vpq/180 = 180/180 = 1A
G =iy t+io=14+3=4A
—240 4+ v, + vpg = 0 therefore, vy, = 240 — 180 =60V
R =v,/ie =60/4 =150
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CHECK: iy =ip+i.=2+4=6A
Paev = (240)(6) = 1440 W
> Puis = 12(180) + 4%(15) + 3%(10) + 52(12) + 52(18) + 22(45)
= 1440 W (CHECKS)

P 224 |[a]

ieq = 500/15,000 = 33.33 mA

ibd +%ea =01 0 dpg=0.1—0.033 = 66.67mA

4000%pe + 500 — 7500ibg =0 0 dpe = (500 — 500) /4000 = 0
fac = feqd — Gpe = 33.33 — 0 = 33.33mA

0.1 = tgp +tac SO  ipp = 0.1 — 33.33 = 66.67mA

Calculate the power dissipated by the resistors using the equation
2
Pr = Rig:

Pk = (5000)(0.0667)% = 22.22 W Py skq = (7500)(0.0667)* = 33.33 W
Piokq = (10,000)(0.03333)> = 11.11W  p 4, = (15,000)(0.0333)* = 16.67 W
Pakq = (4000)(0)* =0W

[b] Calculate the voltage drop across the current source:

Vaq = 50003p + 7500iq = 5000(0.0667) + 7500(0.0667) = 833.33 V

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

p, = —833.33(0.1) = —83.33W  thus  p, (supplied) = 83.33 W

[c] ) Pys=22.22+33.33+11.11 + 16.67 + 0 = 83.33 W
Therefore,

ZPsupp:ZPdis
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P 225 [a] 120 Ay

:To) ;4@

40 Jds sy 240

ANN
vy

+ + \Lii
+
80V ¥y gy C)lg W §6Q

41'1’,.5 - -
AAA A
A4 Yy

12Q 10Q

vy =80 +4(12) =128V; v =128 — (8 +12+4)(2) =80V

_ ”m _80_ . . _r__o_
__6+10—16—5A, 3 =11 2—5 2—3A

vy = vy + 2i5 = 80 + 24(3) = 152V

11

Gy = —ig—ig=—6—3=—9A

[b] Calculate power using the formula p = Ri2:

psa = (8)(2)* = 32W; prza = (12)(2)* = 48 W
Paa = (4)(2)* = 16 W; pag = (4)(6)% = 144W
pasq = (24)(3)% = 216 W; pen = (6)(5)% = 150 W
proq = (10)(5)% = 250 W; pr2a = (12)(4)? = 192W

[c] vy =152V

[d] Sum the power dissipated by the resistors:
> Ddiss = 32+ 48 + 16 + 144 + 216 + 150 + 250 + 192 = 1048 W
The power associated with the sources is |

Pyolt—source = (80) (4) = 320W
DPcurr—source = _’Ug’l:g = —'(152) (9) = —1368 W

Thus the total power dissipated is 1048 + 320 = 1368 W and the total
power developed is 1368 W, so the power balances.

P 2.26 [a] Start by calculating the voltage drops due to the currents 7; and i5. Then
use KVL to calculate the voltage drop across and 100 {2 resistor, and
Ohm’s law to find the current in the 1002 resistor. Finally, KCL at each
of the middle three nodes yields the currents in the two sources and the
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current in the middle 102 resistor. These calculations are summarized in
the figure below:

20 5 A

. 2Dy
Ton WV

—

- '1009% 500V

460V

piso = —(130)(15) = —1950 W
pso = —(460)(30) = —13,800 W

[b]
S P = (15)2(2) + (15)2(10) + (30)2(2) + (10)2(25) + (25)2(10) + (5)2(100)

= 450 + 2250 + 1800 4 2500 + 6250 + 2500 = 15,750 W

ZPsup = 1950+ 13,800 = 15,750 W
Therefore, }:Pdis = ZPsup = 15,750 W

P227 ig—ig—1c=0
ic = Bip therefore ip = (1 + B)ip
ig = —igp +1

Vo+igRg — (’il — iB)Rg =0

Ve ip R
——’ilRl + VCC — (il - iB)Rz =0 or 7;1 = -——C—RSI——Z_—Z%;—%
. ) Voo + iR
Vs R +igRy— ———F—Ry =0
+tplig + 1pity R+ R, D)

Now replace ig by (1 + B)ip and solve for 5. Thus

i [VeoRa/(Bi+ Rp) — Vo
BT 1+ B)Re + RiRy/(Ry + Ry)
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CHAPTER 2. Circuit Elements

First note that we know the current through all elements in the circuit except
the 200 (2 resistor (the current in the three elements to the left of the 2002
resistor is ig; the current in the three elements to the right of the 200
resistor is 29ig). To find the current in the 200 resistor, write a KCL
equation at the top node:

18 + 29’123 = 19000 = 30ig

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

+10,000i5— 204 ~ 14,5001, +
10k 98Y AN 'L
S N 29
18 1g " - vy +
15.2V @i 6000ig £ 2000 d)zsv
8 - .
~|/301-3 ZgiﬁT

[a] To find ig, write a KVL equation around the left-hand loop, summing
voltages in a clockwise direction starting below the 15.2V source:

—15.2V +10,000¢; — 0.8V 4 6000 = 0
Solving for ig
10,000ig + 60003 = 16 V S0 16,000ig = 16 V

Thus,
16

— =1

= 16,000

Now that we have the value of 75, 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:

—vy — 14,5004 + 25V — 6000:5 = 0
Thus,
vy = 25V — 20,500ig = 25V — 20,500(107%) =25V — 205V =45V
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[b] We now know the values of voltage and current for every circuit element.

Let’s construct a power table:

Problems

Element | Current | Voltage | Power | Power
(mA) (V) | Equation | (mW)

152V 1 152 | p=—wvi —15.2
10k 1 10 | p= Ri? 10
0.8V 1 08| p=—ui —-0.8
2002 30 6| p= Ri? 180
Dep. source 29 4.5 p =i 130.5
5002 29 14.5 | p= Ri® 420.5
25V 29 25| p=—vi —725

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

—-15.2mW + —0.8 mW + —725mW = —741 mW

Thus, the total power generated in the circuit is 741 mW. The total
power absorbed in the circuit is the sum of the positive power values in
the power table:

10mW + 180 mW + 130.5 mW + 420.5 mW = 741 mW

Thus, the total power absorbed in the circuit is 741 mW and the power in
the circuit balances.

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

parts of a circuit.
5kQ 2k 500 Q
Ex10-% . i,
h
i - -
o

[b]
ig = 10 mA

60 v

60 = 60004,
va = 50005, =50V 6 x 107%vs = 300 mA
20007, = 500iq, so 71 + 4i; = —300 mA; therefore, i, = —60 mA

[c] 300 — 60 + iy = 0, 50 i3 = —240 mA.
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P 2.32

CHAPTER 2. Circuit Elements
. 0.250 0.250 .
50’&24‘—‘5‘(‘)*'4‘3375——0, ’Lg——“O.5IIlA

v1 = 10022 = —50 mV

(—0.050)

920
071 + o8

+ (—0.0005) = 0; 41 = 125 pA
Vg = 10’&1 + 4021 = 5011
Therefore, v, = 6.25 mV.
[a] —50 — 203, + 18ip =0
—18ip + 5ty +40i, =0 so 18 = 45,
Therefore, — 50 — 20¢, + 45i, =0, so
18ia = 45i, = 90; soia =HA
v, = 404, = 80V

i =2A

[b] 44 = current out of the positive terminal of the 50 V source

vq = voltage drop across the 8ia source
ig = Ia + i + 8ia = %ia + i, =4TA
13 =80—-20=60V

> Peon = 50iy+ 20i,4, = 50(47) + 20(2)(47) = 4230 W
> Puis = 1882 + 5ig(ig — ia) + 40i2 + 8iavg + 8ia(20)
= (18)(25) + 10(47 — 5) + 4(40) + 40(60) + 40(20)

= 4230 W; Therefore,
Y Pen = Y Puis=4230 W
Here is Equation 2.25:

g = (VCCRQ)/(Rl + Rg) -V
B (R1R3)/(R1+ Ry) + (1 + B)Rg

VooRy — (15)(80)

Ri+ R, 100 =12V

RiR, _ (20)(80)

= =1
R+ Ry 100 6 kiz
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P 234

Problems

12-02 118
16 +40(0.1) _ 20 o

iB
ic = Bip = (39)(0.59) = 23.01 mA
tg =1ic+ip =23 +0.59 = 23.6 mA
vsg = (23.6)(0.1) = 2.36V

VUpd = ‘/o + V3g = 2.56V

_ Vbd . 256

=22 T w103 = A
iz = 5 o <107 =32p

i1 =19 +1ip = 32+ 590 = 622 uA
vab = 20(0.622) = 12.44V
tec = to + 11 = 23.01 + 0.622 = 23.632 mA

v13 + 23.01(0.5) + 2.36 = 15

v13 = 1.135V
(a]

EG 52

eﬂﬂ ‘1/3——
L 3@ 6y
g <~> Location 1 Location 2
L{OFF)

[b]

2 1 3 2

RPN
v 3 P 4 3
g Location 1 Location 2 Location 3

L{OFF)

From the simplified circuit model, using Ohm’s law and KVL:

4007 + 50z + 200z — 250 = 0 so i = 250/650 = 385 mA

2-31

This current is nearly enough to stop the heart, according to Table 2.1, so a

warning sign should be posted at the 250 V source.
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P 2.35 Ra
MW
RA
—\WA—r1
Y g:) Rt
R R,

P 236 [a] p=1i’R

250\ 2
Darm = (555) (400) = 59.17W

2
Prog = (—Z%g) (200) = 29.50 W

250

2
= | === =74
Derunk <650) (50) 7.40 W

—4
[b] (dT) = 23910 Pam _ 3536 x 1074° O/

dt 4

, 5
T 35.36

dr\ _ 2.39x10™*
dt )@ 10

x 10* = 1414.23 s or 23.57 min

Piog = 7.07 x 107* C/s

5 x 10%
7.07

—4
(dT) _ 239x107%(74) _ 0.71 x 10~4° Cs
trunk

= 7,071.13 s or 117.85 min

tleg =

dt 25

5 x 10*
0.71

= 70,422.54 s or 1,173.71 min

tirunk =

[c] They are all much greater than a few minutes.
P 2.37 [a] Rams = 400+ 400 = 8002
fletgo = D0 MA (minimum)

Vmin = (800)(50) x 107° =40V
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[b] No, 12/800 = 15 mA. Note this current is sufficient to give a perceptible
shock.

P 2.38 Rypsee = 1 MQ
lspace = 3 MA

¥ = fpace Rspace = 3000 V.



Simple Resistive Circuits

Assessment Problems

AP 3.1

10Q

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 6 §2 resistor and the 102 resistor in series:

6Q24+102=160Q

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

(16)(64) 1024

Q = =
1642]|6462 16 + 64 80

=12.812

This equivalent 12.8 () resistor is in series with the 7.2 (2 resistor:
1280+720 =200

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

(20)(30) _ 600

50130 ~ 50 _ 2Y

209|300 =

Thus, the simplified circuit is as shown:
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[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=(122)(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=—(60 V)(b A)=—-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:
0OV

30Q
Now write a KCL equation at the upper left node to find the current ip:

—5A'|"’iA+iB=O SO ’iB=5A—’l:A=5A—2A$3A

=2A

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:

—v 4+ 7.2ig + 6tc + 10ic =0
So 16ic =v—T7.2ig =60V — (7.2)(3) =384V

38.4
h o = —— = 2.
Thus ic 16 24 A

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

proqa = (10)(2.4)> =576 W

AP 3.2

25kQ

200v(®

+ @

T5k02 Vg Ry,
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[a] We can use voltage division to calculate the voltage v, across the 75 k()
resistor:

75,000
75,000 + 25,000
[b] When we have a load resistance of 150 kS) then the voltage v, is across the

parallel combination of the 75 k2 resistor and the 150 k{2 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) 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:

. 200V
z—————-25k9—-8mA

Now we can use the formula p = Ri? to find the power dissipated in the
25 k2 resistor:
pask = (25,000)(0.008)® = 1.6 W

[d] The power dissipated in the 75 k() 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 = v2/R to calculate the power:

vo(no load) = (200 V) = 150 V

75 kQJ|150 kQ =

= 50,000 Q2 = 50 k2

Yo (200 V) = 133.3 V

_ (1502
Prs(max) = 75,000 0.3 W
AP 3.3 600
+ 4002
208 v I R:
8003z 4A

[a] We will write a current division equation for the current throught the 80Q
resistor and use this equation to solve for R:

_ R
T R4+40Q+80Q

Thus 16 R = 480 and R= fli%q =300
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[b] With R = 302 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

~ 40+80+30

[c] Write a KVL equation around the outer loop to solve for the voltage v,

and then use the formula p = —v7 to calculate the power delivered by the
current source:

—v+ (609)(20 A) + (309)(16 A) =0  so v =1200+ 480 = 1680 V
Thus,  Peource = — (1680 V)(20 A) = —33,600 W

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

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

AP 34 40Q 500

AAN

A QA
RAk)

+ ow -

60V &) 200 300 100

w0

[a] First we need to determine the equivalent resistance to the right of the
40 Q2 and 702 resistors:

Reg = 200300500+ 100)  s0 =gty 1 1

R 200 7300 T 600 100

Thus,  Req =109

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

40
= =9
Vo= mriogTol V=20V
[b] The current through the 40 resistor can be found using Ohm’s law:
) v, 20V _
L4QQ—E— 4OQ =05A

This current flows from left to right through the 402 resistor. To use
current division, we need to find the equivalent resistance of the two
parallel branches containing the 202 resistor and the 502 and 10Q2
resistors:

(20)(60)
20460
Now we use current division to find the current in the 302 branch:

. 15
is00 = 75~ 35(0-5 A) = 0.16667 A = 166.67 mA

209|(502 + 10Q) = =150
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[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 402 resistor, but first we need to calculate the
equivalent resistance of the 202 branch and the 30§2 branch:

_ (20)(30) _
2092|302 = 50 +30 12Q
Current division gives:

) 12

Thus,  pson = (50)(0.08333)? = 0.34722 W = 347.22 mW
AP 3.5 [a]

1w 1000

We can find the current ¢ using Ohm'’s law:

. 1V
[b]
50Q2
5.555Q ||,
i
v 100€Q2

R = 509|5.555Q = 50

We can use the meter resistance to find the current using Ohm’s law:
1V

Tmeas = m = 0.009524 = 9.524 mA

AP 3.6 [a] 15k0

ARX
Vil

60V v £75kQ2
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Use voltage division to find the voltage v:
75,000

- 60 V) =50 V
Y= 75,000 + 15,000( )
[b] 15k0
N 149,95k
60v(H v £75kQ

- 50Q2

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 2 = = 50 k0

(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,

1
100R, = (1000)(150) so R, = (_0_(?())(01_502

[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 R3 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:

i =2 Y 90 mA: P L

fufle = 1000+ 150Q ’ ol = 1000 + 1500
We can calculate the power dissipated by each resistor using the formula
p = Ri%:

Prooe = (100 €2)(0.02 A)2 = 40 mW

= 15002 = 1.5 k2

= 2 mA

p1son = (15092)(0.02 A)? = 60 mW
P1oooq = (10009)(0.002 A)? = 4 mW
p1soo = (15009)(0.002 A)? = 6 mW
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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, 20€2, 102, and 5€2 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

105 Q

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

Ry = 50 =17.5Q
py = QLI+ O+ 1020 _ g5
. = B0+ G+ 00D _ o,

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

From this circuit we see that the 70 resistor is parallel to the 28 () resistor:
(70)(28)
Q = S
709|128 Q 0+ 98 2092
Also, the 17.52 resistor is parallel to the 105 € resistor:

(17.5)(105)

17.5Q||105Q2 = =
54105 17.5+ 105

150
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Once the parallel combinations are made, we can see that the equivalent 202
resistor is in series with the equivalent 15 (2 resistor, giving an equivalent
resistance of 202 + 15Q = 35Q. Finally, this equivalent 352 resistor is in
parallel with the other 352 resistor:

(35)(35)

=17.5Q
35+ 35 75

350|350 =

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

v= (17502 A) =35V
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Problems

P 3.1 [a] The 3 k2 and 8 k{2 resistors are in series, as are the 5 k{2 and 7 kQ2
resistors. The simplified circuit is shown below:

11k£2

AMA
WY

ZmA@ ka% 6kQz  12kQ

[b] The 1802 and 3002 resistors are in series, as are the 140 and 2002
resistors. The simplified circuit is shown below:

AAh
Wy

2400

48002

1o0v e

3400

[c] The 40€, 50€2, and 60 €2 resistors are in series, as are the 45 and 30
resistors. The simplified circuit is shown below:

150Q 50V 750

P 3.2 [a] The 12Q and 202 resistors are in parallel, as are the 282 and 21
resistors. The simplified circuit is shown below:

1262

AJ A
¥

200mA(D  7.5Q 18Q2%
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[b] The 302 and 52 resistors are in parallel, as are the 92 and 182 resistors.
The simplified circuit is shown below:

ARA
iy

o W
400 g8V 4Q

2002 4.2857Q) 60

[c] The 100 k2 and 300 kS resistors are in parallel, as are the 75 k2, 50 k2,
and 150 kS2 resistors. The simplified circuit is shown below:

75kL2

AN
LA Ad

0.5V(® 25k02

25kE

EY.Y
Wy

P33 [a] po = 24=(1224=576W  pgo= (4218 =288 W
psa = (8)23=192 W pea = (8)%6 = 384 W
[b] pioov(delivered) = 120i, = 120(12) = 1440 W
[c] Paiss = 576 + 288 + 192 + 384 = 1440 W

P34 |[a] From Ex. 3-1: i3 =4 A, 9 =8 A, ig =12 A
at node b: —-12+4+8=0, atnoded: 12—4—-8=0

[b] v1 = 4,=48V v3=23ip =24V

Vg = 18’I,1=72V U4=6i2=48V
loop abda: —120+48+ 72 =0,

loop bedb:  —72 424 + 48 = 0,

loop abcda: —120+48+24 448 =0

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



P 3.6

P 3.7

P 3.8

Problems 3-11

voltage drop across all parallel-connected resistors is the same.
[a] Req={[(6Bk+7k)||6 k] +3 k+8k}|10 k = [(12 k||6 k) + 11 k]||10 k
= (4 k+ 11 k)||10 k = 15 k||10 k = 6 kQ
[b] Req = [240]|(180 + 300)] + 140 + 200 = (240||480) + 340 = 160 + 340 = 500 2
[e] Req = (40 + 50 + 60)]|(30 + 45) = 150]|75 = 502

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] Req = 12]|20||[18 + (28]|21)] = 12||20]|(18 + 12) = 12||20(|30 = 62

[b] Req =4+ (9]]118) + [5]|130]|(20 + 40)] = 4 + 6 + (5]|30]|60) =4+ 6 + 4 = 14Q

[c] Req = (100 k||300 k) + (75 k||50 k||150 k) + 25 k = 75 k + 25 k + 25 k = 125 kQ

[a] 129|242 =8 Therefore, Ry, =8+2+46 =16

B Lot o, L 1 15 1
Rq 24kQ 30kQ  20kQ 120kQ 8 kO
Reg =8 K Req+7=15 kQ
1 _ 1,1 .15 1
Ry, 15kQ ' 30kQ ' 15kQ 30kQ 6 kQ
Rap, = 6 kO
[a] 60|20 = 1200/80 = 159 12)|24 = 288/36 = 8
15+ 847 =309 30/|120 = 3600/150 = 240
Rap =15+ 24+ 25 = 640
[b] 35+40 =750 75/|50 = 3750/125 = 30 Q2
30 + 20 = 50 50|75 = 3750/125 = 30 Q2
30+ 10 = 40 40|60 + 9{|18 = 24 + 6 = 30Q
30([30 = 150 Ry =10+15+5 =300
[c] 50+ 30 =800 80||20 = 16 Q2
16 + 14 = 30Q 30+ 24 =540
54||27 = 18Q 18 +12 = 30Q

30|30 = 15 R, =3+15+2 =200
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P 3.9 |[a] For circuit (a)
Ry, = 15|(18 + 48]|16) = 100
For circuit (b)
5/|10||15]|10||(12 + 18) =2

16]|(144+-2) =8Q

Ry =4+4+84+12=240Q
For circuit (c)

144]|(4 + 12) = 14.4Q

14.4+5.6 =202

20[|12 =7.5Q

75+25=10Q

10]15 = 6 Q2

1446+ 10 =300

Rap = 30(60 = 20Q

2
[b] Paz%-:mvv
1442

P, = 5%(20) = 500 W

P 3.10 Re = 6]/30[20 = 40
V3pA = V4 = (30 A)(4 Q) =120 V

Therefore, since the three original resistors are in parallel with the current
source:

V300 = V3p0A = 120 V

2 1902
Thus, psog = %‘gﬁ = g =480 W



P 311 [a]

Problems

Req = (10 + 40 + 20)||[12 + (20]|180)] = 70]|30 = 210
VigA = 12(2]_) = 252 V
40

Vo = V400 = m(252) = ].44 \%
20||180 18
= ——————(252) = —(252) = 151.
U0 = T3 (20180) 202 T 39(292) = 1512V

, 151.2
1o = ——'2—6*" =17.56 A

[b] pi2a = (252/30)%(12) = 846.72 W
[c] pioa = —(252)(12) = —3024 W

[b]

Thus the power developed by the current source is 3024 W.

R> R
Rq = R|R|R|---|R  (n Rs)
R

= Rl—
R?/(n—1) R* R
R+R/(n—1) nR n

[c] One solution:

70002 = 2009+ 500€

= 1000/5 + 1000/2
= 1k k1 k|1 kQ1 kQ + 1 kQfJ1 kO

1 kQ

3-13



3-14 CHAPTER 3. Simple Resistive Circuits

[d] One solution:
55k = 5k2+0.5k0

= 2KkQ+2kQ+1kQ+0.5k0
kQ
= 2kQ+2kQ+g—l2{—Q-+gZ—

= 2kQ+2kQ+ 2 kQ|2 kQ + 2 kQJ||2 kQ||2 k2|2 kO

160(3300)

—— =66V
(4700 + 3300)

[b] ¢ = 160/8000 = 20 mA

P 313 [a] v,=

Pg, = (400 x 107%)(4.7 x 10%) = 1.88 W
Pr, = (400 x 107%)(3.3 x 10®) = 1.32 W

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

160 — 6 42
ir, = —6—R—l~—6, Therefore, (%—1) R <05
942
ThIIS, R1 Z —O—g or R1 Z 17,6729
Now use the voltage specification:
Ry
——(160) = 6
Ry + 17,672( ) 0
Thus, Ry = 12,408
20R,
P 3. = =
3.14 4 R 140 so Ry=100Q
20R. 120
S=dorr © Fempl
Thus, 120 108, so Ry =240

17 ~ 10+ Ry



P 3.15

P 3.16

Problems 3-15

100R,
[a] v, Rt R 0 so R o

Ry Ry,

Let Re = Rg”RL = RQ——FR;

100R,
R, + R,

=16 so R;=0525R,

Vo =

5.25(48 Ry)
48 + R,

Thus, R, =15 kQ and Ry =4(15 k) = 60 k2

Then, 4Ry, = 5.25R, =

[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 Rs
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,

v, =100 — 16 =84 V

42
PR, = ES(TIE =1176 m W

Thus the minimum power rating for all resistors should be 1/8 W.

Refer to the solution to Problem 3.15. The voltage divider will reach the
maximum power it can safely dissipate when the power dissipated in Ry equals
0.15 W. Thus,

22
(%{ =015 so wg =94.87 V

Vo =100 — 94.87=5.13 V

100R,
—_— ,1 = 9.
So, 60k T 513 and R.=3.25 k)
(15 k)Ry,
Th - 7 = = =4,
us, 155+ R, 3250 and R =4.14 kQ

The minimum value for Ry, is thus 4.14 kQ.
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P 317 |[a
[ ] 20kQ 60k
W -
+
430V ¥
'“'ol °
80 ka — 180kqQ _

180 k2 + 60 kQ = 240 k2

80 k€2[|240 kO = 60 kQ
60,000

o = 480) = 360 V
Yol = (50,000 4 60,000) 0
180,000
o0 = T~ \Vo 270V
Yo = (240, 000)( vat) =
[b ] 20kQ 60kQ
—.—.. i
480V
80 ko
480
= To0,000 ~ 8 mA
80,000 = 384 V
180,000
% = 315,000 3% =288 V

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

, 80,000 B
Vo1 = ‘(‘m(zlgo) = 384 V

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

(24)?

P318 —m—-———
Ri+ Ry + R3

= 80, Therefore, Ry + Ry + R3 =7.29)

(Ry + Ry)24
(Ri + Ry + Ry)

=12

ThGI‘EfOI‘e, 2(R1 + Rg) = R1 + Rz + R3



P 3.19

Problems

ThU.S, R1 + R2 = R3; 2R3 = 72, R3 =3.6Q

Ry(24) 5
Ri+Ry+ R3

48Ry =R+ Ry +3.6=7.2
Thus, Ry = 1.5€; R =72—Ry— R3=2.1%)

R
[a] At no load: v, = kv, = 7 +2 7 V.
e _ R0R2
At full load: v, = av, = mvs, where R, = R 1 E,
_ Ry _(1-#k
Therefore k& = RT R, and R;= k R,
R, (1-a)
= d R = Re
* T R+m MM
l—«o RgRo (1 - k)
= R
Ths ( o )[R0+R2] PR
Solving for Ry yields Ry = MRO
a(l - k)
—k E—
Ao, Bi="—®p . p_E=dp
k ak
0.05
b] R = (07)_5) Ry = 2.5 kO
0.05
Ry = (m) R, = 14.167 k8

Maximum dissipation in R, occurs at no load, therefore,

_ [(60)(0.85)]? _
PRy(max) = W = 183.6 mW

Maximum dissipation in Ry occurs at full load.

60 — 0.80(60)]?
Pr.(max) = [ 2500( ) = 57.60 mW

3-17
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[d ] 25 k0
B0 vV *
14.167
ki éajﬂ ka short
Pp = @)3—144W—1440mw
B ™ 9500 ~ -
_ (0 _
Pry = 14,167 0 W

P 3.20 [a] Let v, be the voltage across the parallel branches, positive at the upper
terminal, then

’ig=’UOG1+UOG2+"'+UOGN=’UO(G1+G2+"'+GN)

1

It follows that v, = ‘ ?
ollows that v G TGt TG
The current in the &*® branch is i3 = v,Gg; Thus,
. i,Gr
TG+ Ga+ -+ Gal
1142(0.16
[b] i6.25 = (0.16) =32 mA

[A+04+1+0.16+0.1+ 0.05]

P 3.21 Begin by using the relationships among the branch currents to express all
branch currents in terms of i4:

31 = 4ig = 4(8i3) = 5(32i4)
’1:2 = 823 = 5(87,4)
'i3 = 5’1,4

Now use KCL at the top node to relate the branch currents to the current
supplied by the source.

i1+i2+i3+z’4-——5mA

Express the branch currents in terms of 74 and solve for i4:

5 mA = 160i4 + 4074 + 5i4 + 74 = 20644 . iy = 02([))(()35 A



P 3.22

Problems 3-19

Since the resistors are in parallel, the same voltage, 1 V appears across each of
them. We know the current and the voltage for R, so we can use Ohm’s law
to calculate Ry:

Vg 1V

=f = = 412kQ
Ra=7 (5/206) mA

Calculate i3 from 24 and use Ohm’s law as above to find Rj:

25 vy 1V
= = — . = - = - = 0
is = 5is = 556 2 Ry = = G5/206) mA ~ o240

Calculate 75 from 74 and use Ohm’s law as above to find Rj:

. .02 v, 1V
= = — o = = = =1
tp = 40is = 556 A B2 =, = @00/206) ma — 1030¢

Calculate 7; from 74 and use Ohm’s law as above to find R;:

_ .08 LU 1V 3

The resulting circuit is shown below:

+
5ma T)J.v
T - 257.50 10300 |ez400) | 41,2000

[a] The equivalent resistance to the right of the 10 k2 resistor is
3k+8k+[6k||(5k+7k)] =15 kQ. Therefore,

15 k|10 k _ 6k B

[b] The voltage drop across the 10 k2 resistor can be found using Ohm’s law:
viok = (10, 000)%10¢ = (10,000)(0.0012) = 12 V

[c] The voltage vigx drops across the 3 k(2 resistor, the 8 k{2 resistor and the
equivalent resistance of the 6 k{2 and the parallel branch containing the
5 k2 and 7 k2 resistors. Thus, using voltage division,

. 6 k||(5k+T7k)

3k+8k+[6k|(5k+T7k)

[d] The voltage v, drops across the branch containing the 5 kQ and 7 kQ
resistors. Thus, using voltage division,

_ 5k (

~ 5k+7k

210k =

4
Vek (12) = Ig(12) =32V

Usk 32) =133V
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P 3.23 [a] The voltage drop across the 240 (2 resistor is the same as the voltage drop
across the parallel combination of the branch containing the 240 Q2
resistor and the branch containing the 1802 and 300, 2 resistors. Thus
by voltage division,

o 240(|(180 + 300) (10) = 160 (
240 ™ 1240]](180 + 300)] + 140 +200"  ~ 500

[b] The current in the 2402 resistor can be found from its voltage using
Ohm’s law:

w32 _
1240 = 50 = 505 = 13.33 mA

[c] The current in the 1402 resistor divides between two branches — one
containing the 1802 and 300 {2 resistors and the other containing the

24012 resistor. Using current division,

10)=32V

_240(0.01333)

_ 240||(180+ 300) . _ . .
10 = 240 (’1,140) = 001333 SO 2140 160 =20 mA
1
P 3.24 =— =
3.24 [a] vy T 5(30) 5V
15
Uisk = T o 00 =6V

vm:v15k——1)1k=6—5:1\/
[b] vue= (1) = v./6

Us

V1isk = —7‘5‘(15) =v,/5
vy = (V5/5) — (vs/6) = vs/30

P 3.25 60]30 =20Q

_ (25)(75) _

125 15 A

130Q
ve = (15)(20) = 300 V
vg + 30ig0 = 750 V
vy — 12(25) = 750

v = 1050 V



P 3.26

P 3.27

P 3.28

P 3.29

Problems 321

(18)(15 k)
40 k

s = —(6.75 m)(15 k) = —101.25 V

110k = = 6.75 mA

iz = 18 m — 6.75 m = 11.25 mA
V192 = —(12 k)(1125 ]Il) =—-135V
v, = —101.25 — (—135) = 33.75 V

540270 =18€Q;  18Q+20=20€;  20]|(10+ 15+ 35) = 150
675

Therefore, i, = 30115 15 A
27|54
i = 20;1)60(15) =1125 A; o= 7”5 2 (11.25) =75 A
120
75
8+2=10Q 149—————(16)*—12A
1510 = 6 129_268(12)_72A
644 =100 7;0=21%(7.2)_—_1.44A
30|10 =750

[b] d150 =40 — oo =12—-72=48 A
Pisq = (4.8)%(15) = 345.6 W

[a] The voltage across the 92 resistor is 1(12 +6) = 18 V.
The current in the 92 resistor is 18/9 = 2 A. The current in the 2Q
resistor is 1 + 2 = 3 A. Therefore, the voltage across the 24 () resistor is
(2)3)+18=24 V.
The current in the 24 Q resistor is 1 A. The current in the 3§ resistor is
142+ 1 =4 A. Therefore, the voltage across the 72 ) resistor is
24+ 3(4) =36 V.
The current in the 72 Q resistor is 36/72 = 0.5 A.
The 20|52 resistors are equivalent to a 42 resistor. The current in
this equivalent resistor is 0.5 + 1 + 3 = 4.5 A. Therefore the voltage
across the 108 Q2 resistor is 36 + 4.5(4) = 54 V.
The current in the 108 €2 resistor is 54/108 = 0.5 A. The current in the
1.2Q resistor is 4.5 + 0.5 = 5 A. Therefore,

vy = (1.2)(5) + 54 =60 V



3-22 CHAPTER 3. Simple Resistive Circuits

[b] The current in the 202 resistor is

_@n@ 18 _
190 = 20 = 20—09A

Thus, the power dissipated by the 202 resistor is
P20 = (0.9)%(20) = 16.2 W

P 3.30 [a] The model of the ammeter is an ideal ammeter in parallel with a resistor
whose resistance is given by

_100mV

R, = = 50€).

2mA
We can calculate the current through the real meter using current
division:

. (25/12) . . 2%, . 1.
Im = 501 (25/12) meas) = g (lmeas) = 55 mens
[b] At full scale, ipeas = 5 A and 4, = 2 mA so 5 — 0.002 = 4998 mA flows
throught the resistor Rj:

o _ 100mV__ 100
A7 4998 m A T 4998
(100/4998) . . 1 .
Im = 50+ (100/4998) \"me2) = 5500 (meas)
[c] Yes
P 3.31 The measured value is  60][30.5 = 20.22 2.
) 180 . 60
= o a1e) = 5% A imess = 5p=(5.96) = 3.95 A
The true value is  60]|30 = 20 2.
) 180 . 60
Zg—m—6A, ’Ltrue-—§6(6)———4A

3.95
Y%error = [T — 1] x 100 = —-1.28%

P 3.32 Begin by using current division to find the actual value of the current 4,:

24
true = 2 A) = 16.
iy 515520 mA) =16.27 mA
. 24
s = 3055 05 00 mA) =16 mA

16
% error = [ﬁ — 1} 100 = —1.66%



Problems

P 3.33 For all full-scale readings the total resistance is

P 3.34

P 3.35

P 3.36

full-scale reading
10-3

RV + Rmovement =

Ry = 1000 (full-scale reading) — 50

[a] Ry = 1000(100) — 50 = 99, 950 2
[b] Ry = 1000(5) — 50 = 4950 Q2
[c] Ry =100 — 50 =509

8] Vmeas = (20 x 1073)(24]|5.5/|4950) = 0.089411 V
[b] Ve = (20 x 1073)(24/|5.5) = 0.089492 V

0.089411
= ——1 100 = —0.0899
% error (0.089492 ) x 10 998%
ﬂ 1 mA
e
10 A R
———AM
+ 50 mv -
-3
Original meter: R, = @:%9—— = 0.005€2
Modified meter: R, = (0'013)(()3'005) = 0.00375Q

. (I%)(0.00375) = 50 x 107*

Iy, =13.33 A

3-23

At full scale the voltage across the shunt resistor will be 50 mV; therefore the

power dissipated will be

(50 x 103)2
Py=""2""7

A N
(50 x 10~3)2

05— omb

Therefore Ra >

Otherwise the power dissipated in Ra will exceed its power rating of 0.5 W
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When Ra = 5 mSQ, the shunt current will be

The measured current will be 70,5 = 10+ 0.001 = 10.001 A
Full-scale reading is for practical purposes is 10 A

P 3.37 The current in the shunt resistor at full-scale deflection is
iA = thiscale = 2 X 1073 A. The voltage across Ry at full-scale deflection is
always 100 mV; therefore,

Ra — 100 x 103 _ 100
AT tuliscate — 2 X 1073 1000 yiscate — 2
100
[a] RA = m = 20,008 m()
100
100
100
P3.338 |[a]

20 x 10%; + 80 x 10%(i; — ip) = 7.5
80 x 10%(i; — i) = 0.6 + 40ip(0.2 x 10%)

100¢; — 80ig = 7.5 x 1073

80’&1 - 88’&]3 =0.6 x 1072
Calculator solution yields ig = 225 uA



P 3.39

P 3.40

Problems

[b] With the insertion of the ammeter the equations become
100i; — 80ig = 7.5 x 10™* (no change)
80 x 10%(iy — i) = 10%ip + 0.6 + 40ip(200)
80i; — 89ig = 0.6 x 107°

Calculator solution yields ig = 216 pA

[c] % error = (%—g - 1) 100 = —4%

[a] VUmeter — 180 V
[b] Rueter = (100)(200) = 20 kO
20][70 = 15.56 k2

180
Vmeter = 3_5:5—6 x 15.56 = 78.76 V

[c] 20]]20 = 10 kO

180
meter = ——(10) =22.5 V
VUmet 80( 0) 2.5

[d] VUmeter a = 180 V
Umeter b 1 Vmeter ¢ = 101.26 V

No, because of the loading effect.

3-25

[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.
—_—

[b ] —

mi

ps

m2

Ry = (400)(1000) = 400 kQ = Ry

Rmi + Ry = 800 k2

1 ——fl—@x
lmax—'400

Tmax = 1 MA since meters are in series

Vmax = 1073(400 + 400)10% = 800 V

1072 = 1 mA = iy puy

Thus the meters can be used to measure the voltage
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504
800 x 103

Um1 = (0.63)(400) = 252 V = vy,

€] im = 0.63 mA

P 3.41 The current in the series-connected voltmeters is

328
m = — = 0.82 mA
1 00 82 m

Uy ke = (0.82)(50) = 41 V
Y/power supply = 328 +328 +41 =697 V

P 3.42 Rmeter = Rm + Rmovement - '8‘99—\1 = 800 kQ
1 mA

VUmeas = (300 k§2||600 k2||800 k2)(3.5 mA) = (160 k)(3.5 mA) = 560 V

Verue = (300 k2[|600 k)(3.5 mA) = (200 kQ)(3.5 mA) = 700 V

560
% error — (’7—06 _ 1) 100 = —20%

P 3.43 [a] Rueter = 300 K + 600 k2||200 kQ = 450 k(2

450|360 = 200 k2

200
Vineter = %(600) =500V

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

360
T lue = —(600) =
rue value 400( 00) =540 V

500
% error = (5&6 _ 1) 100 = —7.41%
P344 [a] R = (50)10° = 50 kQ
Ry = (20)10° = 20 kO

Ry = (2)10°=2k0



Problems

[b] Let ¢, = actual current in the movement
iq = design current in the movement

Then % error = (? — 1> 100
d

For the 50 V scale:

i = 50 50 . 50

*7 50,000+ 100 50,100’ 4™ 50,000

i 50,000

_—r —— e . v == . - 0 = _0. O
i = 50.100 0.9980 % error = (0.9980 — 1)10 20%
For the 20 V scale:

i, 20,000 _ _

i: = m = (0.995 % error = (0.995 — 1.0)100 = —0.4975%
For the 2 V scale:

in 2000

T 0.952 = (0.9524 — 1. = —4.

= 2100 0.9524 % error = (0.9524 — 1.0)100 = —4.76%

P 3.45 [a] Rmovement = 52
50

R1 + Riyovement = ‘2—;_1'63 =25k .. R, = 24,995Q
Ry+Ri+R _ 100 =50kQ .. Ry=25kQ
2 1 movement — 2 % 10__3 - .. 2 —
200
R3 + R2 + Rl + Rmovement = W = 100 kQ

Rs =50 kQ

Zmove -

3-27
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vy = (1.88)(50) = 94 V

94
1= ——=0.1

%9 = fmove + 11 = 1.88 + 0.188 = 2.068 mA
Vmeas = Vg = 94 -+ 5022 =1974V

[c] vv1 = 100V io = 2+ 0.20 = 2.20 mA
77 = 100/500 = 0.20 MA  Upeas = vz = 100+ 50(2.20) =210 V
P 3.46 From the problem statement we have
i(; = 1:;:-;;;123 2) Vi, in mV; R, in MQ
“5+R, O

[a] From Eq (1) 10+ R, =0.125V,
R, =0.125V, — 10
Substituting into Eq (2) yields

72 = aﬁg—?—: or V;=90mV
[b] From Eq (1)
= 1 Og—l(iOR or 80R, =100

So Rs = 1250 k2

P 3.47 Since the bridge is balanced, we can remove the detector without disturbing
the voltages and currents in the circuit.

b=, ,lgﬂz

It follows that

P ig(Ra+ Ra)  ig(Ry+ Ry)
""" Ri+Ry+Rs+ R, SR




Problems 3-29

io = Z'g(lRl + R3) — ig(Rl + R3)
" Ri+R+Ry+R, SR

v3 = R3iy = vy = 12,

RSiQ(RZ + Ra:) _ Rm";y(Rl + R3)

>R >R

R3(R2 -+ Rg') = Rm(R1 + R3)

From which R, = ol
Ry
P 348 [a] s
a00Q " 77239
8000 R,

The condition for a balanced bridge is that the product of the opposite

resistors must be equal:

(1200)(600)
800

[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 21 V:

B 21V N 21V
T 80002 +600Q 12009 + 9009

[c] We can use current division to find the current in each branch:

. 1200 + 900
eft = 1200 -+ 900 + 800 + 600

tright = 20 mA — 15 mA = 10 mA

(800)(R,) = (1200)(600) so R, = = 9009

= 25 mA

Us

(25 mA) =15 mA

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

psoo = (800)(0.015)% = 180 mW  pgoo = (600)(0.015)% = 135 mW
P1200 = (1200)(0.010)> = 120 mW  pggo = (900)(0.010)* = 90 mW

Thus, the 8002 resistor absorbs the most power; it absorbs 180 mW of
power.
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[d] From the analysis in part (c), the 9002 resistor absorbs the least power; it
absorbs 90 mW of power.

P 3.49 Redraw the circuit, replacing the detector branch with a short circuit.

15 Q|3 kQ = 2.5 kQ

9 kQ|45 kQ = 7.5 kQ

. 50

g = 1—0‘ =5 mA

v =5(25) =125V
Vs = 5(7.5) =375V

S 125

iy = 9-793 = 4166.7 uA

’id = ’il - ig = —3333.4 [,LA

P 3.50 Note the bridge structure is balanced, that is 10 x 18 = 30 x 6, hence there is
no current in the 5002 resistor. It follows that the equivalent resistance of the
circuit is

Req =3+ (10+6)|(30 +18) =3+ 12 = 150

The source current is 300/15 = 20 A.
The current down through the branch containing the 302 and 18 () resistors is

12

RIS

118

. piz=18(5)% =450 W
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P 3.52

Problems 3-31

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

Begin by transforming the A-connected resistors (10£2,30€2, 60 ) to
Y-connected resistors. Both the Y-connected and A-connected resistors are
shown below to assist in using Egs. 3.44 - 3.46:

80V C_t +

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

_ (30)(60) _ _(80)(10) O
R1“10+30+60“18Q’ R2—10+30+60_GQ’ 3_1o+30+60*3Q

The transformed circuit is shown below:

280
W

16Q 180 B0

The equivalent resistance seen by the 80 V source can be calculated by making
series and parallel combinations of the resistors to the right of the 24 V source:

Req = (28+6)||(16 + 18) + 3 = 34||34+ 3 = 17+ 3 = 2002

Therefore, the current i in the 80 V source is given by

.80V

t=50q — A

Use current division to calculate the currents ¢; and 5. Note that the current
71 flows in the branch containing the 28 {2 and 6 {2 series connected resistors,
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while the current ¢35 flows in the parallel branch that contains the series
connection of the 16 (2 and 18 {2 resistors:

16 + 18 . 3 '
= T6risrmre Ml "t =24 and p=4A-2A=2A

;1
Now use KVL and Ohm’s law to calculate v;. Note that v is the sum of the

voltage drop across the 18¢2 resistor, 189, and the voltage drop across the 32
resistor, 3¢:

v =183+ 3t =18(2 A)+3(4A)=36+12=48V

Finally, use KVL and Ohm’s law to calculate v5. Note that vs is the sum of
the voltage drop across the 6£2 resistor, 6¢;, and the voltage drop across the
3Q resistor, 3i:

vy =601 +3i=6(2A)+34A)=12+12=24V

P 3.53 [a] Calculate the values of the Y-connected resistors that are equivalent to the
102,302, and 602 A-connected resistors:

_ (0B  _ .4, o (30)(60) .
RX—10+30+60_3Q’ RY“10+30+60“189’
(1060 _ .,

Z = 70+ 30 + 60

Replacing the Ry—R3—R, delta with its equivalent Y gives
200

W

Now calculate the equivalent resistance R,, by making series and parallel
combinations of the resistors:

R, =20+34[(30+6)||(18 + 18)] + 9 =500
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[b] Calculate the values of the A-connected resistors that are equivalent to

the 102,302, and 602 Y-connected resistors:
(10)(30) + (30)(60) + (10)(60) 2700

Bx = 30 =3 ~ 00
B - (10)(30)+(3oié€>0)+(10)(60) _ 2:8():270 0
_ (10)(30) + (30)(60) + (10)(60) 2700
Ry = 0 = =5 =450

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

Make series and parallel combinations of the resistors to find the
equivalent resistance R,y:

900300 =225Q; 2709|180 = 16.875Q
45((22.5 + 16.875) = 219
Rab=20+21+9 =500

[c] Convert the delta connection Ry—Rs—Rjg to its equivalent wye.
Convert the wye connection R3—R4—Rg to its equivalent delta.

P 3.54 Replace the upper and lower deltas with the equivalent wyes:

@)(10) .. @10 L (25)(15) _
Ruy = S = 59 Ry = = = 30 Ry =~~~ =750

_ (125)(25) o (2s)(100) - (125)(100)
Fou="ggg T RO = T = 0% R =gy =509

The resulting circuit is shown below:



3-34  CHAPTER 3. Simple Resistive Circuits

a MW 20
15 Q 50
750 170
1250
30q
14 M2
b —A K

Now make series and parallel combinations of the resistors:

(7.5 + 12.5)||(3 + 17 + 30 + 10) = 20||60 = 15
Rap = 15+ 5+ 15+ 50+ 14 = 99

P 3.55

. 15Q

25(16.25 = 5 60|30 = 202

200

i = (0)5) _ 9 o5 A, v, =20i; =45V

vy = 256, = 56.25 V



P 3.56

P 3.57

Problems 3-35

Vg.25 = Vg — Uy = 11.25 V

11.25% 452  56.252

%25 T30 R = 298.6875 W

Pievice =
8§+12=1200

2060 = 150

15+20 =350

35//140 = 28Q

28 4 22 = 50 ()

50|75 = 3092

30+ 10 =400

ig = 240/40 =6 A

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

ia00 = (6 — 2.4)(35)/175 = 0.72 A
Proa = (0.72)%(140) = 72.576 W

The top of the pyramid can be replaced by a resistor equal to

_ (36)(18)

B 5.4

= 1.2 k2

The lower left and right deltas can be replaced by wyes. Each resistance in the
wye equals 600 €2. Thus our circuit can be reduced to

1200 @

M

Now the 24002 in parallel with 1200 2 reduces to 800 (2.

R.p, = 600 + 800 + 600 = 2000 = 2 k2
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P 3.58 [a] Convert the upper delta to a wye.

= S0 _ 0
= SO0
g U0 _
Convert the lower delta to a wye.
Ry = @% =18Q
Rs = @%%5’92 =30Q
o= 80U _

Now redraw the circuit using the wye equivalents.

515 )

Rab=2+40+£—8~9;—é}02—0)°+30=42+48+30=12OQ
[b] When v,, = 600 V
L,
1152%—(0—8692=2A

pisa = (4)(15) =60 W
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P 3.59 [a] After the 20Q2—100Q—50 2 wye is replaced by its equivalent delta, the
circuit reduces to
3209

BD a
o0 o i BOD @
2400 1600 o

Now the circuit can be reduced to

64 Q
W
1000mdA, ¢ 95% l 2400Q
i

96

, 1 = 240 mA
i = 455(1000) =240 m
. 400
iy = 755(240) = 96 mA
: 80
b] 4= 100 ——(240) = 48 mA

[c] Now that 4, and 4; are known return to the original circuit

3204

M/\;Bmﬁ. »
20 q 48mA
QBmAI

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

. (%] — 60
12—100 100 = 600 mA

[d] vg = vg + 20(0.6 + 0.048) = 60 + 12.96 = 72.96 V
Pg = —(vg)(1) = —72.96 W
Thus the current source delivers 72.96 W.
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P 3.60 [a] Replace the 30—60—10 delta with a wye equivalent to get

182 Q

500 v =27 0

Using series/parallel reductions the circuit reduces to

33aq 40 q
CSM ig %
500 v 27Q
. 500
g = —]?66 =5A
. 200
19 = ﬁ(5) =4 A

[b] i, =33/30=1.1A
Returning to the original circuit we have

+ 33V —
300 182 Q

—1 A

6=11-10=01A

[c] v="60i,=6V
[d] Psupplied = (500) (50) = 2500 W

P 3.61 Subtracting Eq. 3.42 from Eq. 3.43 gives
Ry — Ry = (Rc.Ry, — R.R.)/(Ra + Ry, + R.).
Adding this expression to Eq. 3.41 and solving for R; gives

R, = RcRb/(Ra + Ry + Rc)
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P 3.63

Problems 3-39

To find R, subtract Eq. 3.43 from Eq. 3.41 and add this result to Eq. 3.42.
To find R3, subtract Eq. 3.41 from Eq. 3.42 and add this result to Eq. 3.43.
Using the hint, Eq. 3.43 becomes

Ry[(R2/Rs)Ry, + (R2/R1)Ry) . Ry(R1 + R3)Ry

R+ Rs = =
' T (Ry/R1)Ru+ Ro+ (Ry/Rs)Ry  (RiRs+ RyRs + RsRy)

Solving for Ry, gives Ry, = (RiRy + ReR3 + RsR;1)/Rs. To find R,: First use
Egs. 3.44-3.46 to obtain the ratios (R;/R3) = (R./R.) or R. = (R1/R3)R.,
and (R1/Rs) = (Ru/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 Ry, = (Rs/R2)R. and R, = (R3/R;1)R.. Now use the relationships to
eliminate Ry, and R, from Eq. 3.41.

1 R,
R, RiR,+ R:Rs + RsR;

G
(1/G1)(1/Ga) + (1/G2)(1/Gs) + (1/Gs)(1/Gh)
(1/G1)(G1G2G3) GGy

Gi+G2+Gs  Gi+G2+Gs
Similar manipulations generate the expressions for Gy, and G..

_ R2(2R1 + RL)
[a] Rap = 2R + 2Ry + Ry + Ry,

Ry(2R; + Ry) .
2R, + Ry + Ry, a

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

Ga

=Ry

Therefore 2R; — Ry, + 0

When R, = Ry, the current into terminal a of the attenuator will be
v;/ Ry,

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

Vg R2

Ry 2R +Ra+ Ry

Y R>
N Ry, 2R, + Ry + Ry,

GO
U4 - 2R, + Ry + Ry,

[b] (600)2 = 4(R, + Ry)R;

Therefore v, Ry,

and

9x10*=R?>+ R1R,y

% —0.6= e
v 2R+ Ry +600
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1.2R; + 0.6R; + 360 = Ry

0.4R; = 1.2R; + 360

Ry = 3R; + 900
9 x 10* = R? + R;(3R; + 900) = 4R2 + 900R,
R? +225R; — 22,500 = 0

Ry = —112.5 + \/(112.5)2 + 22,500 = —112.5 + 187.5
Ry =752
Ry = 3(75) + 900 = 11250
P 3.64 [a] After making the Y-to-A transformation, the circuit reduces to

R

3R

3R 3R >R,

be

d

Combining the parallel resistors reduces the circuit to

0.75R

3RR,
3RHR,

3RR, _ 2.25R®+3.75RRy
3R+ Ry 3R+ Ry,

3R (2.251%2 + 3.75RRL>
3R+ Ry _ 3R(3R + 5Ry)
2.25R2 + 3.75RR,\  15R+9Ry
3R+ Ry, )

Now note: 0.75R +

Therefore R, =

e

When R,, = Ry, we have 15RRy, +9R2 = 9R* + 15RR,,
Therefore R?*=R? or R.=R



Problems

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

b 0.75R, i
— c —m

0.75R,

. 4(BRY) 1. 1 L1
0= ——— = — = ——, 030.75R o — =U;,
= 45R,  15° 15R. Y3t

Therefore Yo _ 0.5

Ui
P 3.65 [a] 3(B3R— Ry) =3R+ Ry,
9R — 1800 = 3R + 600
6R = 2400, R =4009Q
2(400)(600)?

R, = — 2400
2= 30400) — (6002 _ > 0%
[b ] i 2400 ©
iQ »
18”@) 00 0
i
Vo = § = —3— = 60 V
60
j, = — = 100 mA
1 500 00 m.
180 —60 120
= - = 50 mA
T o400 T 2400 m
180

i = 300 — 50 = 250 mA
i3 = 100 — 50 = 50 mA
iq = 250 — 50 = 200 mA

3-41
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P2400 top = (50 x 107%)%(2400) = 6 W
D100 1efs = (250 x 1072)2(400) = 25 W
Pago righs = (50 x 1073)2(400) = 1 W
Pa00 vertical = (200 x 107%)?(400) = 16 W
D600 load = (100 x 107%)2(600) = 6 W

The 400 §2 resistor carrying i,

[€] Pao 1efe = 25 W
[d] The 400 2 resistor carrying i3

[e] P400 right = 1W
P 366 [a]

v, = Vin 4

* Ro + R4 + AR
Vp = R3 Ui

b R2 + R3 in

Ryvi, Rs

Vo= ta = = R TR+ AR Ryt Ry ™
When the bridge is balanced,
R4 Ui R3 v
Ro T R4 in R2 T Rg in
Ry Ry
Ro + R4 - Rz ‘F‘Rs
_ Ryvig Ryvy,
Thus, Y T R, YR +AR R,+R.
A [ 1 1 ]
T M R YR+ AR R,+ Ry
_ R4Uin(-—AR)
~ (R,+ R4+ AR) (R, + R4)f
R M since AR << Ry

(Ro + R4)2 ’



Problems

[b] AR =0.03R,

RyRy  (1000)(5000)
o= = =1 , 002
Ro= 1 200 0,000

AR = (0.03)(10*) = 3002
__ —300(5000)(6)
Yo ™ T7(15,000)?

—(AR)R4Uin
(R, + R4+ AR)(R, + Ry)
—300(5000)(6)
(15,300)(15,000)

= —39.2157 mV

—(AR)R4’l)in
(Ro + R4)2

true value = —(AR)Ryvin
" (Ro+ Rs+ AR)(R, + Ry)

approx value (R, + Ry + AR)
“true value (R, + Ry)
R,+ Ry + AR _ AR

1 100 =
R, + R. % R, + Ra

P 3.67 [a] approx value =

.. % error :[ x 100

RoRy
{ lo == ———
But R, R
RsAR

R4(R2 + Rg)

(500)(300)
(5000)(1500)

AR(Rs)(100)
(Rz + R3)R4 o

% error =

[b] % error = x 100 = 2%

P 3.68 0.5

AR(500)(100)

(1500)(5000) 05

AR =T75Q

x 100 = 0.75%

7
% change = 7000

3-43
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P 3.69 [a] From Eq 3.64 we have

(@)2 _ B
i/  R3}(1+20)2
Substituting into Eq 3.63 yields
_®
~ R3(1+20)?
Solving for R, yields
Ry = (1+20)R,
[b] From Eq 3.67 we have
h__ R
i Ri+ Re+2R,
But Ry = (1 + 20)%R; and R, = oR; therefore

R, Ry

i (1+20)*R; B (1+ 20)?

i, Ry+(1+20)2R,+20R;  (1+20)+(1+20)2
_1+2¢
T 2(1+40)

It follows that
(3‘1)2 _ (1420
i 4(1+0)?
Substituting into Eq 3.66 gives
R = (1+20)%R, _ Q-+ 20)%0R,;
4(1+40)? 4(1+0)?
P 3.70 From Eq 3.69

’il _ R2R3

13 D

But D = (R; + 2R,)(R2 + 2Ry,) + 2R, R»

(1 -+ 20')20'R1

where R, = 0 Ry; Ry = (1+20)°R; and Ry, = 4(1+ 0)?

Therefore D can be written as



P3.71

D = (Rl + 20’R1) [(1 + 20’)2R1 +

1+20)%0Ry
4(140)?

2(1 +20)%R; [(

(o)

Problems

(1+20)0

= (1+20)°R2 [1 +
(1+20)3R?

21+0)2  20+0)

|

= A0 +0)2+o+(1+20)0}

21+ 0)?
(1+20)*R%
(1+0)?

(1+20)*R2
(1+0)

’i_l R2R3(1 + 0')
is (1+20)R?

{1+ 30 + 207}

(1 + 20‘)2R1R3(1 + 0')

(1+ 20)*R%
(A +o)Rs
1+ 20)2R;

2(1 + 20’)20'R1
A(1+ 0)? ]

When this result is substituted into Eq 3.69 we get

R — (14 0)2R3R,
7 (1+20)tR}
Solving for R3 gives

(]. + 20’)4R1
Ry= 121
(1+0)?

From the dimensional specifications, calculate o and Rj3:

Calculate R; from R3 and o:

2
g (1+9)

= m)—ZRg = 1.0372Q

Calculate R,, R, and Rs:

R, =oR; =0.0259Q Ry =

4(1+ o)?

V2 o 122
R3 — de 2

p 120
_ (1420)%0R,

=— =120

= 0.0068 2

345
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P 3.72

P 3.73

CHAPTER 3. Simple Resistive Circuits

Ry = (1+20)*R, = 1.1435Q

Using symmetry,

Ry = Ry =1.1435Q Rs = Ry = 1.0372Q
R. = R, = 0.0068 Ry = R, =0.0259Q

Test the calculations by checking the power dissipated, which should be 120
W/m. Calculate D, then use Egs. (3.58)-(3.60) to calculate , i1, and is:

D = (R + 2R,)(Ry + 2Ry) + 2Ry Ry = 1.2758

. ‘/dc(Rl + Ry + 2Ra)

p D =21 A

. %cR2

i _ V;lc(Rl + 2-Ra)
1 D -

= 10.7561 A 12 D

= 10.2439 A

It follows that iR, = 3 W and the power dissipation per meter is
3/0.025 = 120 W/m. The value of i?R; = 120 W/m. The value of i2Ry = 120
W/m. Finally, R, = 3 W/m.

From the solution to Problem 3.71 we have i;, = 21 A and i3 = 10 A. By
symmetry i, = 21 A thus the total current supplied by the 12 V source is
21421 + 10 or 52 A. Therefore the total power delivered by the source is p1ov
(del) = (12)(52) = 624 W. We also have from the solution that

Pa = Pb = P = pa = 3 W. Therefore the total power delivered to the vertical
resistors is py = (8)(3) = 24 W. The total power delivered to the five
horizontal resistors is py = 5(120) = 600 W.

oY Pdiss = Pu+ Py =624 W= "pyq

[a] o =0.05/1.25 =0.04
Since the power dissipation is 150 W/m the power dissipated in R3 must
be 150(1.25) or 187.5 W. Therefore

122
3= 1g75 = 0.768 Q2
From Table 3.1 we have
(14 0)*R;s
=7~ =0.61
Ry 1+ 201 0.6106 Q2

R,=0oR,; =0.0244Q
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Ry = (1+20)*R; = 0.7122Q

Ry = %25_%;7]—%1 = 0.0066 2

Therefore

Ry = Ry =0.7122Q Rs = Ry = 0.6106 2

R. = Ry, = 0.0066 Ry = R, =0.0244Q
[b] D = 0.4877

1 = Elf—@g =17.52 A

iRy = 187.5 W or 150 W/m

. R+ 2R,
22=———D——

2Ry = 187.5 W or 150 W/m

Vac = 16.23 A

iR, = 7.5 W or 150 W/m

, R+ Ry + 2R,
b = D

iRy, = 7.5 W or 150 W/m

Vie =33.75 A

. 12
Ysource = 3375 + 33.75 + m = 83125 A

Pael = 12(83.125) = 997.50 W
pg = 5(187.5) = 937.5 W
pv = 8(7.5) = 60 W

zpdel = Zpdiss = 99750 W
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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:

)
—>

15AD 60Q 215Q 20

P

) 5A

The two node voltage equations are

U1 m U1 — Uy
15+@+15+ 5 = 0

V2 V2 — U1
= = 0
5+2+ 5

Place these equaiions in standard form:
1 1 1
w(gts+s) * =(5) - 1
v(wl) + v(l-{—l) = -5
U5 \2 "5/
Solving, v1 = 60 V and v, = 10 V;
Therefore, 41 = (v; —v2)/5 =10 A
[b] p1sa = —(15 A)vy = —(15 A)(60 V) = —900 W = 900 W(delivered)
[c] psa = (5 A)ve = (5 A)(10 V) = 50 W= —50 W(delivered)
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AP 4.2 Redraw the circuit, choosing the node voltages and reference node as shown:

160 120 v, 40
+
4 5A(D) %IQ v %QQ (D30v
+ !

The two node voltage equations are:

v V1 — Vg
45+ 2 -
tT %52 0

_’1_1_2- Vg — N ’02—30
12 6+ 2 4

Place these equations in standard form:

" (1 + —;—) + vy (-—%) = 4.5

1 1 1 1
vl(——) + v2<——+—+—> = 7.5

= 0

3 12 8 4

Solving, v; =6 V vo =18V

To find the voltage v, first find the current 7 through the series-connected 6 2

and 2 {2 resistors:

. U~V ~6—18
- 6+2 8

=—-15A

Using a KVL equation, calculate v:

v=2i4vy=2(-15)+18=15V

AP 4.3 [a] Redraw the circuit, choosing the node voltages and reference node as

shown: .
3!1
N
©
N L A
— 4

50V (D T 80 T 40 ) 5A

v

The node voltage equations are:
vu—50 w V] — U
L. 24123 =0
6 8 2
()] Vg — VU1

~5+ T3 = 0




- e Problems

The dependent source requires the following constraint equation:

i = 50—'1)1
T 6
Place these equations in standard form:
w(grgty) + w(—) + a3y = P

'\67 8 2 2\ 2 ' T 6

1 1 1 .
a(D) ) e -
1 . 50

V1 (6) + 1)2(0) + 21(1) = _é—

Solving, v; =32 V; v =16 V; i1=3A
Using these values to calculate the power associated with each source:

psov = —H0i; = —150 W
psa = —5(va) = —80W
p3iy = 3i(va—v1) = —144W

[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:

300
A

100 vo 200 |

v T, 40Q $20i,

v

The node voltage equation is

Vo Vo — 10 Vo + 202
+ A

20 10 20 0

The constraint equation required by the dependent source is

10 — v, N 10 + 20¢a
10 30

ta = 1100 + 1300 =

Place these equations in standard form:

4-3
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1 1 1 .

(40+'i6+20> + ia(l) =1
v (—1——) + (1 — @) = 14 10
°\10 30/ 30

Solving, ia=-32A and v,=24V

AP 4.5 Redraw the circuit identifying the three node voltages and the reference node:

Vi 25Q v Ix

488D \[/ 750 % b——]

Note that the dependent voltage source and the node voltages v and vy form a
supernode. The v; node voltage equation is

U1

75 2.5

The supernode equation is

v — v v v Vg — 12
e - S

25 10 ' 25 =0

The constraint equation due to the dependent source is

. U1
T =
TT5
The constraint equation due to the supernode is

U+’im=U2

Place this set of equations in standard form:

v (—5}3) * (215+110) + ”2<2i5+1) + L) = 12
" (—%) + o(0) 4 vs(0) + i) = 0
v1(0) 4+ v(1) + we(-1) + (1) = 0

Solving this set of equations gives v1 =15V, v =10 V, ¢, = 2 A, and
v=2_8V.
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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
N
7
v 30
AR S de0+6i
l,#é‘—
60V (5 240 £30
v

The node voltage equation at v; is

vy — 60 U1 v — (60 + 61¢)
2 + 24 + 3

The constraint equation due to the dependent source is

=0

i = 60 + 6i¢ — N
i 3
Place these two equations in standard form:
1 1 1 .
- (§+§4-+ 5) b ois(~2) = 30420
1 .
u (§> b oag(1—2) = 20

Solving, 44 =—-4A and v; =48V
AP 4.7 [a] Redraw the circuit identifying the three mesh currents:
300

AP
WYY

/_iD apca

50
_._._A,M P
sov(® 26Q . ) £8Q
1 13

The mesh current equations are:
—80 + 5(i7 — 42) +26(i; —i3) = 0
30i2 + 90(i2 — i3) + 5(ip — 1) = 0O
8ig + 26(i3 —i1) +90(i3 —i2) = O
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Place these equations in standard form:

31i; — 519 — 2603 = 80

—biy + 12505 — 90i3 = 0
—26i1 — 90t + 12443 = 0
Solving,

i1 =5 A; 1o =2 A; i3=25A
psov = —(80)iy = —(80)(5) = —400 W

Therefore the 80 V source is delivering 400 W to the circuit.
[b] psa = (8)i3 = 8(2.5)? = 50 W, so the 812 resistor dissipates 50 W.

AP 48 [a] b=8, n=6, b—-n+1=3

[b] Redraw the circuit identifying the three mesh currents:

—3v¢ 140

-

The three mesh-current equations are
—25+2(4; —49) + 5(i1 —i3) +10 = 0
—(—3vy) + 14is + 3(ig — i3) + 2(ia —41) = O
lig— 10+ 5(i3 —41) +3(is —42) = O
The dependent source constraint equation is

Vp = 3(7,3 e ’iz)

Place these four equations in standard form:

Tiy — 219 — di3+0vy = 15
=211 +19ig — 3iz+3vy = 0
=511 — Jia+ %z +0vy = 10
0i1 +3ig —3is+1vy = 0
Solving

i1=4 A; ig = —1 A; i3 =3 A, vg =12V
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pas = —(~Bvg)ia = 3(12)(~1) — —36 W
Thus, the dependent source is delivering 36 W, or absorbing —36 W.

AP 4.9 Redraw the circuit identifying the three mesh currents:

Yy
W

GQ/—Q 802
- .
IQ}‘T .
BVE ) wEsQ ;)95
3 - c

The mesh current equations are:

25+ 6(in — i) + 8(ia — i) = O
2%, + 8(1,}, — ’ic) -+ 6(’Lb — Za) = 0
Big + 8(ic —ia) + 8(ic — i) = 0

The dependent source constraint equation is ¢4 = ¢,. We can substitute this
simple expression for 74 into the third mesh equation and place the equations
in standard form:

147, — 6, — 8. = 25
—6%, + 166, — 8, = 0
—3i, — 8ip, + 16i; = 0
Solving,
i, =4 A, i, = 2.5 A; ie=2A
Thus,
Vo = 8(in — ic) = 8(4—2) =16 V

AP 4.10 Redraw the circuit identifying the mesh currents:

A

:1352 AA >
30v(D /D ;ézQ /D SQ/J.D 4‘)163&
o

10 |
Aff :
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Since there is a current source on the perimeter of the 43 mesh, we know that

i3 = —16 A. The remaining two mesh equations are
—30+3i1 +2(i; —d2) + 613 = 0
8ig+ 5(ta + 16) + 4ia +2(ia —41) = 0

Place these equations in standard form:

—2i1+ 19 = 80
SOIViIlgI ’121 =2 A, ’112 =4 A, ’1:3 =-16 A
The current in the 2Q resistor is 4 —ia =6 A .. pro=(6)2(2) =72 W

Thus, the 22 resistors dissipates 72 W.

Redraw the circuit and identify the mesh currents:

There are current sources on the perimeters of both the 7;, mesh and the i,
mesh, so we know that

iy = —10 A; ic.—_z;i’

The remaining mesh current equation is

—75 + 2(¢, + 10) + 5(2, — 0.4v4) =0

The dependent source requires the following constraint equation:
Vp = 5(ta — %) = 5(ta — 0.4v4)

Place the mesh current equation and the dependent source equation is
standard form:

Tin — 20y = b

5, —3vy = 0

Solving: 4, =15 A; i, = —10 A; ic =10 A; vy =25V
Thus, i, = 15 A.
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AP 4.12 Redraw the circuit and identify the mesh currents:

Af N
Wil

20

Y

2 iy,

—— A
/j“"’\/ 20)
10vC) Vi ) Om
[

AN
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+ 24, + 2(4p — ic) + 2(ta — i) =0
The other mesh current equation is
—6 + Lig + 2(ic — ta) + 2(ic — %) =0
The supermesh constraint equation is
o — b = 2

Place these three equations in standard form:

20+ 41y — 4, = 10
—20y —2ip+5ic = 6
la—1tp +0ic = 2

Solving, 4, =T A,; i, =0 A; ie=6A
Thus, pio=i2(1) = (6)*(1) =36 W

AP 4.13 Redraw the circuit and identify the reference node and the node voltage v;:
150 v 10Q

AAA
W

20V ®2A {;l)zw

-
The node voltage equation is

1}1—20_2+?}1~25=

15 10 0
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Rearranging and solving,

1 1 20 25 .
’Ul(ig-l-l—o)——?—l-—l—g—l-m S =35V

Poa = —35(2) = —T0 W

Thus the 2 A current source delivers 70 W.

AP 4.14 Redraw the circuit and identify the mesh currents:

T Vg F
4n
Py
4
A0 /D 30
E lx
128v() £ 60 / f>
L i i) aoi
1 2 X
20 50

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(i;1 —4) +6(i;1 — i)+ 2i, = 0
300, + Hig + 6(i2 —41) + 3(ia—4) = 0
The constraint equation due to the dependent source is
i$:i1~i3=i1—~4

Substitute the constraint equation into the second mesh equation and place
the resulting two mesh equations in standard form:

12¢¢ — 6ip = 144
241, + 14, = 132
Solving,

i1=9A; i9 = —6 A; i3 =4 A, i, =9—4=0A
vaa = 3(i3 —4g) —4iy, =10V
paa = —vap(4) = —(10)(4) = 40 W

Thus, the 2 A current source delivers 40 W.
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AP 4.15 [a] Redraw the circuit with a helpful voltage and current labeled:

160
200 60V

iq SGRC) 60 v, 8z v

120w 50

|

Transform the 120 V source in series with the 202 resistor into a 6 A
source in parallel with the 202 resistor. Also transform the —60 V source
in series with the 52 resistor into a —12 A source in parallel with the 52
resistor. The result is the following circuit:

6A(T) 200 1zad 50 36A(H)  BOEv 80E v

RN

Combine the three current sources into a single current source, using
KCL, and combine the 20€2, 5, and 6 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(2 resistor into
a 72 V source in series with the 2.4 () resistor. Combine the 2.4 2 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.

160 40
AA- AR,
—3 i
+ + I +
30A( ¢ 2240 80z 72v(%) 80%

|

Use voltage division in the circuit on the right to calculate v as follows:
8
= —(72) =
U= 2( )=48V

[b] Calculate ¢ in the circuit on the right using Ohm’s law:

. v 48
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Now use 7 to calculate v, in the circuit on the left:
v, =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 202
resistor. Use this fact to calculate the current in the 120 V source, i,:

 120-w, 120-576
1y = 20 - 20 = 312 A

praov = —(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:

126
50 8Q
F ’HM I.vavh‘.
200 <Ry

Note that the 5€2 and 202 resistors are in parallel, with an equivalent
resistance of 5|20 = 4. The equivalent 4 resistance is in series with the 82
resistor for an equivalent resistance of 4 + 8 = 12{2. Finally, the 12Q)
equivalent resistance is in parallel with the 12 (2 resistor, so

Ry, = 12|12 =64

Use node voltage analysis to find vr,. Begin by redrawing the circuit and
labeling the node voltages:

28
5w 82 [m
2v(e) 20Q
v

The node voltage equations are
M —T72 vi U1 — Uth
5 20 3
VUth — VN1 VTh — 72
8 + 12
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Place these equations in standard form:

Grmel) + (D) -2
\5 720" 8 UTh \ Tg = 5
v(——l) + v (l—l-l) = 6
'8 ™ig 12/

Solving, v; = 60 V and vty = 64.8 V. Therefore, the Thévenin equivalent
circuit is a 64.8 V source in series with a 6 {2 resistor.

AP 4.17 We begin by performing a source transformation, turning the parallel
combination of the 15 A source and 8 €2 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
20 €2 equivalent resistance into a parallel combination of a 6 A source and a
20 € resistor, as shown in the figure on the right.

— 2 é
80 20
120vC) 120 63(D) 200 T 120
] b b
R - —e .
1007

Finally, combine the 202 and 122 parallel resistors to give
Ry =20|]12 = 7.59Q. Thus, the Norton equivalent circuit is the parallel
combination of a 6 A source and a 7.5 {2 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 k2 resistor into a parallel combination of a —3 mA source and 12 k2
resistor. The resulting circuit is shown below:

15k Q2

- AN
l hAdl

@3mA  F12KQ Gfmm,ﬂ\ B0KQ

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< resistor.
Then transform the 15 mA source in parallel with the 10 k) resistor into a
150 V source in series with a 10 k{2 resistor, and combine this 10 k{2 resistor
in series with the 15 k2 resistor. The Thévenin equivalent is thus a 150 V
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source in series with a 25 k{2 resistor, as seen to the left of the terminals A,B
in the circuit below.
25kQ A

I,
+
(D1s0v ¥ap LUOkQ

*

B

Now attach the voltmeter, modeled as a 100 k{2 resistor, to the Thévenin
equivalent and use voltage division to calculate the meter reading vag:

. _ 100,000
AB ™ 125,000

(150) = 120 V

AP 4.19 Begin by calculating the open circuit voltage, which is also vry, from the
circuit below:

31
A
&

Wy
20

24v() A 50 \|/

L J

Summing the currents away from the node labeled v, We have

Y
43+

Also, using Ohm’s law for the 8 resistor,

. UTh
te = —5~

Substituting the second equation into the first and solving for vy, yields
VUTh = 8 V.

Now calculate Rry,. To do this, we use the test source method. Replace the
voltage source with a short circuit, the current source with an open circuit,
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and apply the test voltage vr, as shown in the circuit below:

2
iTé_
Ay
20 \L
sn vy
lx
v

Write a KCL equation at the middle node:

i1 = iy + 3y + v1/2 = iy + vp/2

Use Ohm’s law to determine i, as a function of vr:

iy = vr/8

Substitute the second equation into the first equation:
iT = 4(vr/8) + vr/2 = vy

Thus,

Ry =vp/ir =1Q

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,

6002

The node voltage equations are
v v — (’UTh + 160’iA)
60" 20

UTh = Uth  Uth + 160ip — v
40 80 20
The dependent source constraint equation is

—4 = 0,

= 0

. Uth
=0

4-15
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Substitute the constraint equation into the node voltage equations and put the
two equations in standard forin:

Gow) +om(h) -
60 ' 20 20

1 1 1 5
() + m(mrmtam) = O
Solving, v = 172.5 V and v, = 30 V.

Now use the test source method to calculate the test current and thus Ryy,.
Replace the current source with a short circuit and apply the test source to
get the following circuit:

1601, ,
1T\L_
—w«,—<> ' '
200 é}
6002 80NE 400 \t—a v

v

Write a KCL equation at the rightmost node:

i v Ur N vr + 160ia
"7 80 40 80
The dependent source constraint equation is

. vt
ZA:ZE)_

Substitute the constraint equation into the KCL equation and simplify the
right-hand side:

iy =
T7 10

Therefore,

Ro = 22 =100

T
Thus, the Thévenin equivalent is a 30 V source in series with a 102 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
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below:

100V(*) -

20v(E)

The node voltage equations are:
UTh — (100 + ’U¢) n UTh — V1
4 4
v — 100 V1 — 20 V1 — UTh
4 4 4
The dependent source constraint equation is

= 0

0

’U¢==’(}1-—20

Place these three equations in standard form:

) ) e -
Uth 3T g N1 \71)

1 1 1 1
UTh (-—-Z) + v (Z + Z + Z) + vy (O) = 30
UTh (0) + v (1) + vy (—1) = 20

Solving, vy, =120 V, v; =80 V, and v4 =60 V.

4-17

Now create a short circuit between nodes a and b and use the mesh current

method with the circuit below:

Ve

—<>—in—
40 Qm

! 5 |
/j’) 40 E¢.
100\!(;_? iy 1: ;D

The mesh current equations are

—100 + 4(iy —i3) +v4+20 = 0
—vgp + 4ip + A(i2 —isc) +4(iz —11) = 0
—20 —vg+4(lsc —32) = 0
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The dependent source constraint equation is
Vp = 4(11 — ’isc)

Place these four equations in standard form:

iy — dig + Oige +v5 = 80

—4iy + 126y — die—vy = O
Oiy — dip + dige —v5 = 20
Uiy + Oig — dige —vy = O

Solving, i1 = 45 A, i3 = 30 A, ic =40 A, and v4 = 20 V. Thus,

vpp 120
i 40

Ry, = 30

[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

U]oad=%=60\/’

Therefore,

2 2
Uoad 60
P Rload 3 0

AP 4.22 Sustituting the value R = 32 into the circuit and identifying three mesh
currents we have the circuit below:

Ve

C 40)
40) am

. . .
403 Ve
100\.!6:]) Dzov ;l Bk

13

AR
Vi
[¥5]
3

The mesh current equations are:
—100 + 4(i1 —ig) + v +20 = 0
~Vg + 4o+ 4(ig —i3) + 4(ia — %) = 0
—20 — vy +4(iz3 —12) +3i3 = 0
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The dependent source constraint equation is
Vp = 4(’&1 — ig)

Place these four equations in standard form:

iy — 4ig+Oig+v, = 80
— 24y + 126y — dig —vy = O
Oiy — 4ip + Tig —vy = 20
Hiy + Oig — dig —vy = 0

Solving, ¢4 =30 A, 39 =20 A, i3 =20 A, and vy =40 V.
[a] picov = —(100)i; = —(100)(30) = —3000 W. Thus, the 100 V source is
delivering 3000 W.

[b] Daepsource = —Vgiz = —(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

P 4.1 [a] There are six circuit components, five resistors and the current source.

Since the current is known only in the current source, it is unknown in
the five resistors. Therefore there are five unknown currents.

[b] There are four essential nodes in this circuit, identified by the dark black

dots in Fig. P4.4. At three of these nodes you can write KCL equations
that will be independent of one another. A KCL equation at the fourth
node would be dependent on the first three. Therefore there are three
independent KCL equations.

Sum the currents at any three of the four essential nodes a, b, ¢, and d.
Using nodes a, b, and ¢ we get

—ig+i+i2=0
—i1+ig+i3 =10

7:5~—Z-2—~7;3=0

[d] There are three meshes in this circuit: one on the left with the

components ¢,, R;, and Ry4; one on the top right with components R;,
R2, and Rj3; and one on the bottom right with components R3, R4, and
Rs. We cannot write a KVL equation for the left mesh because we don’t
know the voltage drop across the current source. Therefore, we can write
KVL equations for the two meshes on the right, giving a total of two
independent KVL equations.

[e] Sum the voltages around two independent closed paths, avoiding a path

that contains the independent current source since the voltage across the
current source is not known. Using the upper and lower meshes formed
by the five resistors gives

R1’l:1 + Rgig - Rziz =0
R3i3 -+ R5’i5 — R4’i4 =0
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P43

Problems 4-21
Ry
R vy
:.v.r.‘_znv Pl //\‘_-:\g
i ~S7
| + 25i
18v(E) Rgs vy i 2R, B 5maA

[a] 11 branches, 7 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 5
mA current source, so the current is unknown in 10 branches.

[c] 11 essential branches each containing a single element.

[d] The current is known only in the essential branch containing the current
source, and is unknown in the remaining 10 essential branches

[e] From the figure there are 5 nodes — four identified by rectangular boxes
and one identified by a triangle.

[f] There are 5 essential nodes, four identified with rectangular boxes and one
identified with a triangle

[g] A mesh is like a window pane, and as can be seen from the figure there are
7 window panes or meshes.

Ry

AN
YWy

weh iR,

ih\l{ R3

ﬁih ;':E RA

[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 R;.

[c] There are 7 branches, each containing one of the seven circuit components.
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[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 4.4 [a] From Problem 4.2(d) there are 10 essential branches were the current is
unknown, so we need 10 simultaneous equations to describe the circuit.

[b] From Problem 4.2(f), there are 5 essential nodes, so we can apply KCL at
(5 — 1) = 4 of these essential nodes. There would also be two dependent
source constraint equations.

[c] The remaining 4 equations needed to describe the circuit will be derived
from KVL equations.

[d] We must avoid using the meshes containing current sources, as we have no
way of determining the voltage drop across a current source.

P45 1 R2

—>ip

gD Ry L. ol Ry ) R3
Iq 3

3
[a] At node 1: —ig+i1+ig=0
At node 2: —dg+i3+is =0

At node 3: tg—1t1 —t3—tg4 =0
[b] There are many possible solutions. For example, solve the equation at
node 1 for i4:
ig = 11 + 12
Substitute this expression for %, into the equation at node 3:
(11 +149) —93 —i3— 14 =0 SO ig—izg—i4 =0
Multiply this last equation by -1 to get the equation at node 2:
—(ig — i3 —i4) = —0 S0 — i +i3+i4=0
P 4.6 Use the lower terminal of the 5 €2 resistor as the reference node.

v, — 60 v,
10 5

Solving, v =10V
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P 4.7 [a] From the solution to Problem 4.5 we know v, = 10 V, therefore
P3a = 3v, =30 W
. psa (developed) = —-30 W
[b] The current into the negative terminal of the 60 V source is
. _60-10
7710
Peov = —'60(5) = —300 W

=5A

.. peov (developed) = 300 W
[c] pioa = (5)%(10) = 250 W

psa = (10)?/5 =20 W

Y Paev = 300 W

S Pais = 250 + 20 + 30 = 300 W

v9— 60 v,
— = 0; =10V
0 +5+3 ;v

[b] Let v, = voltage drop across 3 A source

vy =V — (10)(3) = =20V

P 48 [a]

p3a (developed) = (3)(20) = 60 W

[c] Let i, = be the current into the positive terminal of the 60 V source

ig = (10 — 60)/10 = -5 A
Peov (developed) = (5) (60) =300 W
[d] > _pais = (5)*(10) + (3)*(10) + (10)*/5 = 360 W

Y pais = 300 + 60 = 360 W

4-23

[e] v, is independent of any finite resistance connected in series with the 3 A

current. source

P49 24+ L L2

125 55 0

Vg — W1 Vo ()
+

55 T 250 T 375 320

Solving, v; = 25 V; v =90V
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CHECK:

_ (25?2 _
P12sq = 195~ 5W

(90 — 25)2

Dasn = o5

(90)?

= =324
P50 950 324W

(90)®

p—=d i 1_
P35 375 216 W

po.as = (25)(2.4) =60 W

=169 W

S Pabs = 5+ 169 + 32.4 + 21.6 + 60 = 288 W

3 Doy = (90)(3.2) = 288 W (CHECKS)

70V

P 4.10 [a]
At Ay -
80 180) 100
+ +
126v () v1§48.ﬂ v,5 200
w
vy —128 vy vy — v
FRET 18 0
vg—v1 Uy vg—T0 _
18 20+ 10 =0
In standard form,
w(rgrm)en(y) - 2
s T8 T 18) T2\ T 18 T8
w() (e en) -
"\T18/ T\ \18 T 20 T 10 10
Solving, v; =96 V; v, =60V

128 — 96

a — =4
1 3 A
, 96
Zb—E_2A
QG_GO:ZA

te= TR
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60

: 60 — 70
le = TR —-1A
[b] Pdev = 128(4) + 70(1) = 582 W
P 4.11 [a] Sk
10
125V(2) \I/ 60 \l/
i, i, i
‘ <-‘ Ay v 3
20 2 7240
125v(1)i \L 120
3 i
e A‘N\v 5
10 v,
vy — 125 V1 — Vg V1 — Us
= 0
1 6 + 24
Vg —v, V2 Uz —Us - 0
6 2 12
U3 + 125 V3 — U» V3 — V1
T 1 T =

In standard forlmz
v (I+’é+ﬁ)+”2<
+ 0

( 1)+ ( 1)+ (1+i+1) = —125
U \Tog) T2 \T12) T B\1 T 12T 1) T

I

*1>+v3(—§14-) ~ 125
)

Solving, v; = 101.24 V; vy =10.66 V; w3 = —106.57V

125 — _
Thus, i; = 51 UL _ 9376 A 1;4=”16”2:15A
. (% . Vo — U
z2:§=5.33A is = 2123=9.77A
12 —
= BT12 1543 A z’6=”124”3=8.66A

[b] ) Puev = 125i1 + 125i5 = 5273.09 W

3" Pa = 83(1) + B(2) + (1) +i3(6) + i2(12) + #3(24) = 5273.00 W

4-25
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P 4.12
AR AN
40 800,
144v() vI100 v, 250
v
vy — 144 v v — U
—1-—4—;—_?;% i 180 20 so 29v; — vy = 2880
~3+ 2801+—53:0 S0 —vy + 17wy = 240
Solving, v; = 100 V; ve =20V
P 4.13
A
28(D) v 340 (s5v
A
v 30
Vp U — DD
24 0 -
+ 1 + 5 0
Vo =20V
poa = (20)(2) =40 W (absorbing)
P 4- 14 [a] ,ﬁvﬁv ﬁvﬁvﬁv
Cg 30, 250 + JA)
PAVY; vis00 v, $sn  JPE-BA
h\ AR B - AAYS + ~
20 250
v vy —640 vy —w
5—8 ! - 12‘5 2=0 so 3lv; — 20vy + Ovs = 6400
v2_v1+v2_v3+12‘8=0 so —2v;+ 3vg —v3 = —64
2.5 5
v Vg — U
fg 35 2_128=0 so  Ovy — vy + 3uz = 64
Solving,v; =380 V; v, =269V; wv3=111V,
40 —
[b] i, = _6__0_3@ =52 A

py(del) = (640)(52) = 33,280 W
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Problems

V1 — (’02+30) V1 — V2 (%]
— —4=0
15 + 31.25 +25

_ ’Ul—(’02+30) +’U2—U3 Ug-—’l)l_o

15 50 31.25
V3 — Uy V3

2 41=0

50 +50+

Solving, v1 =T6V; v9=46V; wv3=-2V; i3v=0A
paa = —4vy = —4(76) = —304 W (del)
ma=(1)(-2)=—-2W (del)

psov = (30)(0) =0W

pisa = (0)%(15) =0 W

2 2
vi 76
D5 25 95 3 W

. (’Ul —’U2)2 . 302
Ps1.250 = 57507 = 3758

=288 W

_ 2 2
(2—vs)® 8% o oew

Poon(lower) = == 50

. v 4
psoq(right) = == 50" 0.08 W

> Pdiss = 0+ 231.04 + 28.8 + 46.08 + 0.08 = 306 W

Y Paev =3044+2=306 W  (CHECKS)

4-27
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Vo — V1 Up—Vy Vg— Vs Vo~ Up
P 416 [a] 2 + P bk S =0
NUe =V, 4+ vy +v3+---+ v,

1 1
vozE[vl—i—vg—l—vg—I—---—f-vn]:?—zzzzlvk
1
[b] v0:§(150+200—50)x100\/
Vo Vo +5ia v, — 80 . Vo — 80
P 4.17 -3 =0 =
T 10 T ¥ Ty
[a] Solving, v, =50V
] _’Uo+5iA
[b] 1ds = 10

ian = (50 —80)/20 = —15 A
bas =425 A; 5ia=—T5V: pg= (=5ia)(igs) = 31.875 W
[c] psa = —3v, = —3(50) = —~150 W (del) |
psov = 80ia = 80(—1.5) = —120 W (del)
S Pae = 150 + 120 = 270 W

CHECK:
Paooa = 2500/200 = 12.5 W

Paoa = (80 — 50)2/20 = 900/20 = 45 W
pioa = (4.25)%(10) = 180.625 W

3 Paiss = 31.875 + 180.625 + 12.5 4+ 45 = 270 W

P 4.18 [a] —>i
AN .
250 5002 200
+ +
L 50
2i§/'\> vy ::1OUD v, 2000 . {'_:)38.5'\}'
3
- - 51
L ’UQ —_ ’U3




Problems 4-29

. 1 V1 — V2
-9 = —
ot 00T 25
Vo2 — U V2 Vg — U3
—8 3vy, —4vs =0
95 + 00 + 50 S0 v + 13vy V3
113‘1)2+1)3~—5'l:0+1)3—38.5 -

o0 ) 20

Solving, v1 = =50 V; v, =-30V; wv3=25V
Vo — U3 . -30—2.5

0 so  bv; —8vy +4v3 =0

0 so Ovy — 4wy + 29v3 = 192.5

o == = —0.65 A
[b] 4 = =55 50 5
. ws—5i, 25— 5(—0.65)
13 5 5 5
D — 2.
iy = &526——53 =18 A
Zpdis = Zpdev

Calculate Zpdev because we don’t know if the dependent sources are
developing or absorbing power. Likewise for the independent source.

Dai, = —21,v1 = —2(—0.65)(—50) = —65 W(dev)
Dsi, = Higis = 5(—0.65)(1.15) = —3.7375 W(dev)
py = —38.5(1.8) = —69.30 W(dev)

) Paov = 69.3 4 65 + 3.7375 = 138.0375 W

CHEC 2500 900 400
. - Ty 2 2 2
Y Pais 00 Taoo T o5 T (0.65)(50) + (1.15)%5 + (1.8)%(20)

= 138.0375 W

Co D _Pdev = ) _pais = 138.0375 W
P 4.19

751
o

v, — 80 Vo Vo + Tty . U
5 50 25 o

Solving, v, = 50 V; i =1A
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. 50— (=75)(1)
lo = o5 =5A

Prsi, = Tigie = —375 W

The dependent voltage source delivers 375 W to the circuit.

P 4.20 [a] _5+11)_;)+U1g02=0 so 4vy —3ve+ 0ip =75
V2 — (%) V2 Vg + 5’LA .
an N = — 11 =
5 30 10 30 0 SO_ 6/01 + (%] + 5ZA 0
’I:A=U1gvz SO 'U1—~’Ug--5’iA=0

15+1
Solving, v1 =30 V; wy=15V; ia=3A; i,= 5;;)521A

psiy = (—15)(1) = —15 W(del)
psa = —5(30) = —150 W(del)
Pdev = 166 W

b] 3 Pare = (?1(?2 + (1350)2 + (150)2 +(3)2(5) + (1)2(30) = 165 W

Zpdev = Zpabs =165 W

P 4.21 800

AAN
vy

— v0+

8002 vy, 400 +v9

50v(*) 500 (£)750mA £ 2000

v

The two node voltage equations are:
v1 — 50 m Uy —v2 0

80 50 40
Vg — (%) Vg — 50 0

0 OPF5t R0 T

Place these equations in standard form:
v(-l-+i+—1—) + v(—l) _ X
"\80 ' 50 ' 40 2\ 40 ~ 80
1 1 1 50
% (~30) + w555 s0) = O™ 500
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Solving, v; = 34 V; vg = 53.2 V.
Thus, v, = vy — 50 =53.2 —-50=3.2 V.

POWER CHECK:
iy = (50— 34)/80+ (50 — 53.2)/800 = 196 m A
psov. = —(50)(0.196) = —9.8 W
proa = (50 —34)2/80=3.2W
psooe = (50 —53.2)2/800 = 12.8 m W
P = (53.2—34)2/40 = 9.216 W
pson = 342/50 =23.12 W
paon = 53.22/200 = 14.1512 W
porsa = —(53.2)(0.75) = —39.9 W

> Pabs = 3.2 +.0128 + 9.216 + 23.12 + 14.1512 = 49.7 W = 3 pyy =
9.8+39.9 =49.7

P 4.22

80V C}

(4] V1 — V2 v — 80

0 so 22v; — Tvg = 1120

70 10 )
(] Vy — U1 Vg — 80 . .
2 0 = 0 so —6wv; 4+ 23v, = 960

Solving, v; = 70 V, v =60V

U1 — V2

1
10 A

Thus, 7, =
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P 4.23 [a]

CHAPTER 4. Techniques of Circuit Analysis

-5 — —
vp =500 vp—vs w2 —v3 0 so 13vy — 4vs — 6vy + Ovs = 1500

4 2 3
Us — V2 , U3 US*U5=0 so —2vg + 6vz + Ovg — 3vs =0
3 6 2
_ —50 —
Vg ; Vg i Uy 115 0 n Uy ; Vs _ 0 so  —22vy + Ovz + 37v4 — 11vs = 2000
Us —U3 Vs U5 — U
52 3 Z5 54 ) s0  Quy—2u3 — vy +4vs =0

Solving, v, =300 V; wv3=180V; v,=280V; wv5=160V
500 — v, 500 — 280

50 = 11 T 20 A
psa = (20)%(5) = 2000 W
i500v = A 21)2 A 1—11)4
_ 500;300+5001—1280=50+20=70A

psoov = 35,000 W
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Check: 2708 s
J 60t
50A 20A

500v(2)

40A 30A

402

10
Y Pus = (50)%(4) + (40)%(3) + (30)%(6) + (20)*(11) + (10)*(2)
+(30)2(4) + (10)%(2) + (40)2(4) = 35,000 W

P 4.24 [a] ‘ c000
i 5000
i"l AdA - fﬂ\im-'-
25K 0 1ﬁg
+

20v(2) UlTjiOQ \l/ KO J/C‘bl[l"u‘

21)51;12(?3 + 5z 11 10_”6%‘3% =0
vp=-5V

Zl:%ﬁ%ZlmA

i2:‘2%16=2_5%=—20mA

i4=ﬁ;%=—10mA

t4+123—114+12 =0
i3=11—19 —15=114+10+ 10 = 31 mA
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[b] paov = 20i; = 20(1 x 107%) = 20 mW
piov = 1063 = 10(31 x 107%) = 310 mW
V1ima +v1 = —10, vy3pa = —-104+5=-5YV
Prima = —11011ma = =55 mW  (del)
Y Paev = 20 + 310 = 330 mW
Posk = 25 x 10%7 = 25 mW
po.gsk = 0.25 x 10%2 = 100 mW
posk = 0.5 x 10%2 = 50 mW
pic = 1 x 10%2% = 100 mW
S Paiss = 25 + 100 + 50 + 100 + 55 = 330 mW

Zpdiss = Zpdev = 330 mW

P 4.25

The two node voltage equations are:

10+ 242 "% g
6 2
2’UA+’UC—’U1)+’UC~—24 _ 0
3 2 4 B
The constraint equation for the dependent source is:
VA =V

Place these equations in standard form:

Up (é + %) + 'uc(—%) + wva(0) = 10
wp e e - -
vp(1) +  v.(0) + wva(-1) = 0

Solving, v, =18 Vv, =4 V,vpo =18V, and v, =24 — v, =20 V



Problems 4-35

P 4.26

40V
vy v, Bk
—Os w
, 4o |
50mA () 8kQ £ 20k0 4k0)

This circuit has a supernode includes the nodes v, v5 and the 40 V source.
The supernode equation is

005+ —_ 4 2 Y2

8000 20,000 T 10,000 0

The supernode constraint equation is
Vg + —v1 = 40
Place these two equations in standard form:

v( L ) PR S — 005
1\ 8000 2\20,000 " 10,000/ ~

’Ul(*l) + ’02(1) = 40
Solving, v; = 160 V and v, = 200 V, so v, = vo = 200 V.

U1

8000 =30 mA

’1:40 = 005 -

Paov = —-(40)i40 = -—(40)(003) =-12 W
The 40 V source delivers 1.2 W.
P 4.27 Place va/5 inside a supernode and use the lower node as a reference. Then

v; — 50 v1 vl—vA/5+vl~vA/5_

10 30 39 78 0

134v, — 6va = 3900; va = 50 — v;
Solving, v1 =30V; wvAa=20V; v,=30—vaA/5=30—4=26V

_wg—wuy 235222

P 4.28 iy = = 3.2
8Z¢ 4 4 35A

30i, = 30(3.25) = 97.5 V



4-36

CHAPTER 4. Techniques of Circuit Analysis

v1 + 301y = vy
vy =0y — 306 =222 —-97.5=1245V
v3 +va = 250

. vaA=250-235=15V

3.20a = (3.2)(15) = 48 A

. 250 —124.5 250 — 235
lg = 5 +

=77.75 A
Pasov = —250i, = —250(77.75) = —19,437.5 W(del)
ia0, — ip + v4/40 + 48 = 0

is0i, = ip — 222/40 — 48 = 3.25 — 5.55 — 48 = —50.3 A
Paoiy = (30i4)iz0, = (97.5)(—50.3) = —4904.25 W (dev)
DP3aws = (3.2v4)(v4) = (48)(222) = 10,656 W (abs)

S0 Paey = 19,437.5 + 4904.25 = 24,341.75 W

2 2
_vi (124.5) _
Piog = 0 10 = 1550.025 W

— 124.5)2
Paq = (250 5 4.5) = 7875.125 W

(250 — 235)2

1 =225 W

Do

2
D20y = (223) = 2761.25 W

pag = (3.25)%(4) = 42.25 W

_ (222)*
Py = 0 1232.10 W
S Y pdis = 10,656 + 1550.025 + 7875.125 + 225+

2761.250 + 42.25 4 1232.1 = 24,341.75 W
Thus, Zpdev = Zpdiss; Agree with analyst






Problems 4-37

P 429

1
supernode

Node equations:

v v1—20 wvz—wvy s
= — 12 =0
20+ 5 + 1 +80+31 Sva

Vg Uy —u3 Wy — 20

40 4 1 0

Constraint equations:

va = 20 — vy

vy — 35%4 = vz

i = v2/40

Solving, v; = —20.25 V; v =10V; wv3=-29V

Let ¢4 be the current delivered by the 20 V source, then

20 — (20.25) 20 — 10
+

= =30.1
iq ; . 30.125 A

P, (delivered) = 20(30.125) = 602.5 W
P 4.30 From Eq. 4.16, i =v./(1+ B)Rg

From Eq. 4.17, ip= (v, —V,)/(1+ B)RE

From Eq. 4.19,
; _ 1 Vee(1+ B)ReRs + V,R1 R, v
B (1+ B)Rg |RiRo+ (1 + B)Re(Ri+ Ry °
VocRy = Vo(Ri+ Rp)  [VooRp/(Ri+ Rp)] -V,

If

RiRy+ (1+ B)Rp(Ri+Ry)  [RiRz/(Ry+ Rp)l+ (1+ B)Rs
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N i
P 4.31 [a] Z ?N‘v “é‘w
3Q 40
40v() /\, 450 /_\/ 64V
b 1z
A, ih AA
20 1.5Q

40 = 5041 — 451

64 = —45¢; + 50.5¢9

Solving, i1 = 9.8 A; 2 =10A

Go=i1 =98 A: dp =iy —dg=—02A; ic=—ig=—10A"
[b] If the polarity of the 64 V source is reversed, we have

40 = 5027 — 4519

—64 = —45i; + 50.5¢9

ip=—172 A and iy=—28A

io—ip = —172A; Gy =iy —ip—1.08 A; i, = —ipg=28A

P 4.32 [a]
/—\6/
 — NE TS
100 122
30
110v(3) /x/ /.\, Orov
1 12v t3
_____..TQ | ;ﬁg

110 + 12 = 176, — 1045 — 363
0 = —10¢; + 28ty — 12i3

—12 —70 = —3i; — 1245 + 1743

Solving, i1 =8 A; s, =2A; i3=-2A
p110 = —110i; = —880 W(del)

Ppra = —12(i1 — 43) = —120 W(del)

pro = T0i3 = —140 W(del)

S D Paey = 1140 W



Problems

[b] paa = (8)%(4) = 256 W
pioa = (6)%(10) = 360 W
piza = (—4)*(12) = 192 W
pao = (—2)%(2) =8 W
pea = (2)%(6) =24 W
p3a = (10)%(3) = 300 W
S0 Pabs = 1140 W

P 4.33 [a]

The three mesh current equations are:

—128 + 8ip + 48(ip —4;) = 0
18ic + 20(ic — 1) + 48(ic — i) = O
70 + 20(4e — ic) + 10ie = 0

Place these equations in standard form:
1a(8 + 48) + i.(—48) + i(0) = 128
ta(—48) +1.(18 + 20 + 48) +4.(—20) = 0
1a(0) + 2c(—20) + 70(20 + 10) = —70

Solving, ¢, =4 A; ic=2A; le=—1A
Now calculate the remaining branch currents:

By = g —ide=2A
4 = Gc—ie=3A

[b] Dsources = P128v + Prov = "(128)13 + (70)1’9
= —(128)(4) + (70)(—1) = —512 — 70 = —582 W

4-39

Thus, the power developed in the circuit is 582 W. Note that the resistors

cannot develop power!
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P 4.34 [a]

CHAPTER 4. Techniques of Circuit Analysis

—>11“.,.
10 L
125v() 3 LI ||
i, 1 i, ig
S I 240
0 1s
125\;{1). —l;J, \Lé 10
13% i5
*\“?ﬁh

The three mesh current equations are:

—125 + 1iy + 6(iy — ig) + 2(6 —i5) = O
2ig + 12(ig — ig) + 6(is — 1) = O
—125+ 2(i5 — iy) + 12(i3 — 4g) + Lis = 0

Place these equations in standard form:

11(1 + 6+ 2) + i3(—2) + 6(—6) = 125
i1(—6) +i3(—12) +46(24 +124+6) = 0
i1(—=2)+43(2+ 12+ 1) +46(=12) = 125

Solving, i; = 23.76 A; i3 = 18.43 A; i = 8.66 A
Now calculate the remaining branch currents:

g = 191 —1i3=0533 A
s = 9 —1=1510A
5 = 13—16=977TA

[b] Psources = Prop + Poottom = —(125)(23.76) — (125)(18.43)

= —2970 — 2304 = —-5274 W

Thus, the power developed in the circuit is 5274 W.
Now calculate the power absorbed by the resistors:

Piop = (23.76)%(1) = 564.54 W
p2 = (5.33)%(2) = 56.82 W
Pibos = (18.43)%(1) = 339.66 W
pe = (15.10)%(6) = 1368.06 W
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p12 = (9.77)%(12) = 114543 W
Paq = (8.66)%(24) = 1799.89 W

The power absorbed by the resistors is
564.54 + 56.82 + 339.66 + 1368.06 + 1145.43 + 1799.89 = 5274 W so the
power balances.

P 4.35

80V C_)

The three mesh current equations are:

—80 + 5(iy — i) + T0(iy —45) = O
Big + 10(ip — i3) + 5(ia — 1) = 0
12:5 + 70(’1,3 — il) + 10(%3 - i2) = 0

Place these equations in standard form:

il(5 + 70) + iz(,—5) + i3(—70) = 80
i1(—5) + i2(5 + 10 + 5) + i3(—10) = 0
i1(—170) + i9(—10) +43(12+70+10) = 0

Solving, 11 =6 A; ig =4 A, i3=0A
ThllS, ’ioz‘ig—igz 1A.
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P 4.36 [a]

500V )

1

W
10

The four mesh current equations are:

—500 + 4(i1 — i9) + 3(i1 — 43) + 6(61 —ia) = O
Big + 6ip + 2(ig — i) + 4(iz —i1) = 0

dis + 2(ig — i4) + 3(is — 4) + 2(i3 —i3) = O
iy + lig+6(is — 1) + 2(ig —i3) = 0

Place these equations in standard form:

i1(4 + 3+ 6) + ig(—4) + i3(—3) + ia(—6) = 500
i1(—4) +in(5+ 6 +2+4) +43(=2) +34(0) = 0
i1(—=3) +in(—2) + 32+ 4+243) +ig(-2) = 0
i1(—6) +i9(0) +i3(—2) +i4(2+3+14+6) = 0

Solving, iy =70 A; i, =20A; 4i3=304; i4=40A
The power absorbed by the 52 resistor is

ps = i2(5) = (20)%(5) = 2000 W
[b] Psoo0 = —-—(500)11 = —-(500) (70) =-35kW
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P 4.37 =TT,
1 =
1602 2 40 i =1,
”M ﬁvﬁvﬁv
241
80v () /\, 70 /\/ <f> T
11 13
n'r'\'rnv - Avﬁll‘l
802 200

—80 + 3177 — 165 — 7i3 =0
— 1641 + 2Tig — 4ig =0

—Ti1 — 4ig + 31ig + 24i5 = 0
Solving, 4, = 3.5 A

psn = (3.5)%(8) =98 W

P 4.38

660\;’(5 /‘\/ 250
IS ARV

\I/ 13 b 250

zni&> /wl i®T509

660 = 30¢; — 1049 — 1543

20i4 = —10¢1 + 60i3 — 50i3

0 = —15¢; — 50i2 + 90¢3

iy =iy — i3

Solving, i, =42 A; 19 = 27 A; i3 =22 A; ig =5 A

2054 = 100 V
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Pai, = —100iy = —100(27) = —2700 W
. D20iy (developed) = 2700 W

CHECK:

Pesov = —660(42) = —27,720 W (dev)

oY Paev = 27,720 + 2700 = 30,420 W

Y Py, = (42)%(5) + (22)%(25) + (20)%(15) + (5)%(50)+
(15)%(10)
= 30,420 W
P 4.39
4/&2.65'»?&

Mesh equations:

2.65va + 40¢; — 1585 — 25i3 =0

—15%; + 150é5 — 10063 = —125

—25¢; — 10023 + 21023 = 125

Constraint equations:

va = 100(ig — i3)

Solving, i; =7 A; i = 1.2 A; i3=2A
va = 100(2 —43) = 100(1.2 — 2) = —80 V

D265vs = 2.650a% = —1484 W
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Therefore, the dependent source is developing 1484 W.
CHECK:

Przsv = 12505 = 150 W (left source)
Diosy = —125i3 = —250 W (right source)
Y Pdov = 1484+ 250 = 1734 W

pasa = (1.2)%(35) = 50.4 W

psso = (2)°(85) = 340 W

pisa = (7 — 1.2)%(15) = 504.6 W

pasa = (7 —2)%(25) = 625 W

prooa = (1.2 — 2)%(100) = 64 W

Y Paiss = 50.4 + 340 + 504.6 + 625 + 64 + 150 = 1734 W

P 4.40 [a]
AI-& —-—-——A‘\f‘j‘.
ZQ 1ZQ 50 ,
1a
1Dvd) i v 16Q i, w0 /\/ 20
1a

10 = 18¢; — 164,
0 = —16¢; + 28ip + 4ip
4 = 8ipa
Solving, i; = 1 A; is = 0.5 A; in=05 A
v = 16(4; — i2) = 16(0.5) =8V
[b] pas, = 4inie = (4)(0.5)(0.5) =1 W (abs)
. Daip (deliver) = —-1W
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AAN AAA
Yy

P 4.41 10Q 80
600v() /rﬁxaf T4O§;raxﬁg 4oov
! 2
LA . A
140 20
/"’\_li
3
122
2N
L
- Vi2a +

600 = 64i; — 4045 — 14i5
—400 = —40i1 + 50igy — 2i3
~12 =iy

Solving, 13 = 2.9 A; i3 =—6.16 A; i3=—12A
[a] w124 = 2(12 — 6.16) + 14(12 + 2.9)
=22028V
Pi2a = —12v194 = —12(220.28) = —2643.36 W

Therefore, the 12 A source delivers 2643.36 W.
[b] pioov = 400(—6.16) = —2464 W

Peooy = —600i; = —600(2.9) = —1740 W

Therefore, the total power delivered is 2643.36 + 2464 + 1740 = 6847.36 W
[€] D Presistors = (2.9)%(10) + (6.16)*(8) + (9.06)%(40) + (14.9)*(14) + (5.84)%(2)

Y Pabs = 6847.36 W = 3 _pgo (CHECKS)

N 9800 1866::2
2001
A
8mA(Dv, r\/ 330@ <:>
8mA iy
— 1p
T 47000

The mesh current equation for the right mesh is:
3300(z; — 0.008) + 650071 + 200(¢; — 0.008) = 0
Solving, 10,000¢; = 28 .4 = 2.8 mA
Then, ian =17 — 0.008 = —5.2 mA



Problems

[b] v, = (0.008)(980) — (—0.0052)(3300) =25V
P8mA = *(25) (0.008) = —200 mW
Thus, the 8 mA source delivers 200 mW

[c] 200ia = 200(—0.0052) = —1.04 V
Pdep source = 2002417 = (—1.04)(0.0028) = —2.912 mW
The dependent source delivers 2.912 mW.

P 4.43 Ay
10
2Q g
+ v _ V"\‘&T
. 30 05v,| +
90w /—\, f\, <1,> .
2 165v '3 °

Mesh equations:
7i1 + 1(’i1 —_ ’i3) + 2(21 — ’iz)
—90 + 2(ig — 1) + 3(tg —i3) + 1656 = 0

Constraint equations:

Il
o

i3 = 0.5v,; va = 2(ig — %1)

Place these equations in standard form:
1W(7T+1+2)+ia(—2)+i3(=1)+va(0) = 0
11(—2) + 2(2 + 3) + i3(—3) + va(0) = =75
1(0) + i2(0) + i5(1) + va(—0.5) = 0
11(—2) +12(2) +43(0) + va(-1) = 0

Solving, i1, = —9 A; i5=—-33A; i3=-24A; va=-48YV
Solve the outer loop KVL equation to find vg:

—90 + 7 + ves = 0 Vs =90 —T7(=9) =153 V
Calculate the power for the sources:

Poov = —(90)(—33) =2970 W
Di6sv = (165)(—33+24) = —1485 W
Pdep source = (153)[0.5(—48)] = —3672 W
Thus, the total power developed is 1485 + 3672 = 5157 W.

4-47
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CHECK:
pra = (9)%(7) =567 W
P = (24)%(2)=1152 W
e = (9%(3)=243W
pia = (15)%(1) =225 W

o S Pabs = 567 + 1152 4 243 + 225 + 2970 = 5157 W (checks!)

P 4.44 s

ApAN . ARN
Yy Yy

250 200

A30i,
DV, /\\/ 1nu® <~>
1 i
2

Mesh equations:

50¢1 — 2049 — 25¢, = 0

—20¢1 + 12029 — 30ip — 100¢, = 0
Constraint equations:

ig = 4; A =1
Solving, iy =4 A; i9=5A
issg=4—11=0A

i =ty —4=1A
tiop =4 —da=—-1A

isn =1 =4A

vaa = 100(4 — i) = —100 V

Paa = —vsaiy = —(—100)(4) = 400 W (abs)
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V30ip = 30’iA = 30?:1 =120V
P30ip = ~-302'[31'2 = —120(5) = —600 W
Therefore, the dependent source is developing 600 W, all other elements are

absorbing power, and the total power developed is thus 600 W.
CHECK:

psq = 16(5) =80 W

pasn =0 W

poon = 1(20) =20 W

prooa = 1(100) = 100 W

Paa = 400 W

3 Pabs = 80 + 0 + 20 4 100 + 400 = 600 W (CHECKS)

P 4.45 {[a]

Mesh equations:

15 = 3021 — 2549 — 213

—10 = —25iy + 30iz — i3

Constraint equations:

i3 = 1.204; va = 25(i1 — is)

Solving, 71 = 10 A; ia =9 A; iz = 30 A; va =25V
fgn=141—13=9-30=-20 A

Poa = (—20)%(2) = 800 W
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[b] pisv = —15(10) = —150 W(dev)
Prov = 10i5 = 10(9) = 90 W (abs)
Vo = (i — i3)2 + (i —ig)1 = —40 — 21 = —61 V
P1ava = f30, = (30)(—61) = —1830 W (dev)
Y Puaey = 1830 4 150 = 1980 W

800
% delivered to 2Q = 580 x 100 = 40.4%
P 4.46 [a] 20 50
+ v,

Mesh equations:

—50 + 641 — 4ig + %ia =0

—%ia — 4d1 + 2995 — 2003 =0

Constraint equations:

A = 19; i3 = —1.Tvp; VA = 214

Solving, iy = —b A; =16 A; i3=17TA; wva=-10V

9ip = 9(16) = 144 V

la=1da—i1 =21 A

ihb=1ty—i3=—1A

v =200, = 20V

psov = —50i; = 250 W (absorbing)

Poin = —1a(9%a) = —(21)(144) = —3024 W (delivering)

Prv = —1.Tvav, = igvp = (17)(—20) = —340 W (delivering)
[b] Y Piev = 3024 + 340 = 3364 W

> Pais = 250 + (=5)*(2) + (21)*(4) + (16)*(5) + (—1)*(20)

= 3364 W



P 4.47

P 4.48

—18+3’i1 +9’I:2 - 15+6'i2 +2‘i1 = 0;

Solving, 7; = —0.6 A;

A

30
+
) "\ %

AN A
LA

ADA
Vi

80
DEL /_\, (O15v

ASN
Yy

pisv = —18i; = 10.8 W (diss)

p3g = (—0.6)%(3) = 1.08 W

prq = (—0.6)%(2) =0.72 W

Poa = (2.4)%(9) =51.84 W

pea = (2.4)%(6) = 34.56 W

Y Pais =99 W

Vo =159 —15=36-15=21 V

Psa = —30, = —63 W (dev)

pisy = —15ip = —36 W (dev)

Zpdev =99 W= Zpdiss

1unvC5 EM‘KQV voéyga ”’*“g, (O1sv

20 B0)
ig — 11 = 3
iy =24 A
“M ﬁvﬁvhv
3() 90)

AJUN,
vy

—100 + 5¢y + 15, — 15 =0

9ty + 1549 = 115

602

Problems

4-51
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iy — 11 = 3; ig =11+ 3; 15i9 = 15i; + 45
2061 =70

11 = 3.5 A; 19 = 6.5 A

Vo= 1529 — 15 =975-15=825V

proov = —100é; = —350 W(dev)

p3a = —3v, = —247.5 W(dev)

pisv = —15% = —97.5 W(dev)

Zpdev = Zpdis =695 W

Check: Y pais = (3.5)2(5) + (6.5)%(15) = 695 W
P 4.49 [a] Summing around the supermesh used in the solution to Problem 3.27 gives
—(—10) + 541 + 154, — 15 =0
ip =141 + 3
i1=—2A; to=1A
prov = 10(—2) = —20 W (del)
Vo =159 —15=0V
p3a =30, =0 W
pisv = —15ip = —15 W (del)
Y Paiss = (—2)%(5) + (1)%(15) =35 W
> Paev =35 W = Daiss

[b] With 3 A current source replaced with a short circuit

ii=—-2A, dg=1A
oY P = (=2)2(5) + (1)2(15) = 35 W

[c] A 3 A source with zero terminal voltage is equivalent to a short circuit
carrying 3 A.



Problems

P 4.50 [a]

AN

%1000

200 = 85i; — 2545 — 5043
0 = —7541 + 35i3 + 15043 (supermesh)
i — ig = 4.3(iy — iy)
Solving, i, = 4.6 A; 19 = 0.7 A; i3=097 A
o =1i3=5.7A; =1, =46A
be=1i3 =097 A;  dg=t —ip=—11A
fe =11 — i3 = 3.63 A
[b] 102y + v, + 25(ip — 41) = 0
Vo = =57 —27.5 = —84.5 V
Dasiy = —Vo(4.3ig) = —(—84.5)(4.3)(—1.1) = —399.685 W(dev)
Pacoy = —200(4.6) = —920 W(dev)
S Py = 1319.685 W
Y Pss = (5.7)%10+ (1.1)%(25) + (0.97)%100 + (4.6)2(10)+
(3.63)%(50)
= 1319.685 W
5o Y Py, =Y Py = 1319.685 W

4-53



4-54 CHAPTER 4. Techniques of Circuit Analysis

P 4.51 [a]

30A(1

40(i5 — 1) + 10(i3 — i3) + 35(iq — 4) + 150 = 0
35(iz — 44) + 10(6 — i3) + 15ig = 0
g = 13 — 14; lqg =11 — 13
iq = 14 i1 =30 A
Solving, iy =30 A; i =8A; i3=24A; i, =6A
1,2=30—-24=6A; 4=8-24=-16A; i,=8-6=2A;
tqg =6 A; te =1l +ig=6+2=8A
[b] vy =40i, =240 V; vy = 150 — 35, = 80 V
P3oa = —30v, = —30(240) = —7200 W (gen)
P1siy; = 15%41, = 15(6)(8) = 720 W (diss)
Psi, = 3iqup = 3(6)(80) = 1440 W (diss)
Prsov = 150i4 = 150(6) = 900 W (diss)
paon = (6)%(40) = 1440 W (diss)
proe = (—16)%(10) = 2560 W (diss)
p3sa = (2)%(35) = 140 W (diss)
> Pyen = 7200 W

ZPdiss = 720 + 1440 + 900 + 1440 + 2560 + 140 = 7200 W



Problems 4-55

P 4.52 [a] Both the mesh-current method and the node-voltage method require three
equations. The mesh-current method is a bit more intuitive due to the
presence of the voltage sources. We choose the mesh-current method,
although technically it is a toss-up.

0.10
110 = 18.3i3 — 0.2¢5 — 183
110 = —0.2¢; +110.8i5 — 110.5¢3
0 = —18i; — 110.5¢9 + 183.125¢3
Solving, i; = 10 A; ig =5 A; i3=4A
v = 18(iy —i3) =108 V
vy = 110.5(i2 —i3) = 110.5 V
vs = 54.625t3=2185V
[c] pm = (i1 —1i3)?(18) =648 W
pre = (i2 —1i3)2(110.5) = 110.5 W

prs = i2(54.625) =874 W
[d] Y paev = 110041 +4a) = 1650 W
> Plod = 1632.5 W

1632.5

% delivered = 1650

x 100 = 98.94%
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[e]

P 4.53

CHAPTER 4. Techniques of Circuit Analysis

ARA
iy

0.10 4
11ov( v 2180

o

1

£54.6250

110v() v
010
220 = 128.731 — 128.514
0 = —128.54; + 183.1254,
SOIViIlg, 11 = 5.71 A, iQ =401 A
ih—ip = 17TA
v = (1L.7)(18)=30.6 V
Vg = (1.7)(110.5) = 187.85 V

Note v; is low and vq is high. Therefore, loads designed for 110 V would
not function properly, and could be damaged.

_ﬁM -
0

.10
110v() frﬁz&, R 180

Y

AhA
D.25) i
g ¢
110w D /_\/ RS 110.50
i, 2
Ay
0.10)

110 = (R + 0.3), — 0.2y, — Ri,

110 = —0.2i, + (R + 0.3)i, — Ric

Thus,

(R + 0.3)i, — 0.24, = —0.24, + (R + 0.3)dy,

(R+ 0.5)i, = (R + 0.5)iy

ta =10 SO 1lo=1p— %, =0

£54.625()

(R + 0.3)i, — 0.2i, — Ric = —0.2i, + (R + 0.3)i, — Ri,



Problems 4-57

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.

[b] + 2.5kQ

tosa (1) v, J

10m&
5k

The mesh current equations:
2500(%; — 0.01) 4+ 2000¢; + 1000(3; —32) = O

5000(i2 — 0.01) 4+ 1000(ig — 41) + 10005, = 0
Place the equations in standard form:
41(2500 + 2000 + 1000) + i5(—1000) = 25

i1(—1000) + 72(5000 + 1000 4+ 1000) = 50
Solving, 41 = 6 mA; i = 8 mA
Find the power in the 1 k2 resistor:
ilk:i1—~i2=—2mA
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¢; + 1000i2 = 12+8 =20V
Proma = —(20)(0.01) = —200 m W
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.

2
2 .5k0) p 2k€2

10mA <’D 4k 1 3

SkQ

1k




4-58  CHAPTER 4. Techniques of Circuit Analysis

The node voltage equations are:
v v — U9 thh — U3

5000 ' 2500 1000 =0
Uy Vg —U  Up—V3

_0'01+4000+ 9500 T 2000 0

Vs — V) | Uz — U2 U3 .

1000 2000 1000 =0
Put the equations in standard form:

(5000 + 7500 * 1o08) + ™ (~38) +» (~135) =
Y1\5000 " 2500 " 1000/ T 2\ " 2500/ T *\" 1000/
v( 1)+ (1+1+1)+ ( 1)-001
"\ 72500/ " "*\2000 T 2500 " 2000/ T *\ 2000/ T
v(——1)+v(-——1)+v(l+1+1)—0
1\ 1000 2\ 2000 312000 " 1000 ' 1000/

Solving, v =667V, v3=1333V; wv3=533V
Prom = —(13.33)(0.01) = ~133.33 m W
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 10 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 10 V
source is found by subtracting two mesh currents.
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