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Circult Variables

Assessment Problems

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

2 3x10°m 100cm 1lin 1ft  1mile _ 124,274.24 miles

3 1s 1m 254cm 12in 5280 feet 1s
Now set up a proportion to determine how long it takes this signal to travel
1100 miles:
124,274.24 miles _ 1100 miles
1s XS
Therefore,
1100

= = = -3 =
X = 124.274.24 0.00885 = 8.85 x 107° s = 8.85 ms

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 lsec 1 year
365.25 days 24 hours 60 mins 60 secs 1000 ms  31.5576 < 10° ms

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

$100 > 10° 1 year _ 100
1year 31.5576 x 10°ms  31.5576

= $3.17/ms

11
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1-2 CHAPTER 1. Circuit Variables

AP 1.3 Remember from Eqg. (1.2), current is the time rate of change of charge, or
= ‘;—‘2 In this problem, we are given the current and asked to find the total
charge. To do this, we must integrate Eg. (1.2) to find an expression for
charge in terms of current:

q(t) = Ot 1(x) dx

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

we have
oo 20 o 20
— 2 —5000x — —5000x — —oo _ A0
Gtotal = 208" X = —gaag€ T = Zppp® T T €)
20 20

AP 1.4 Recall from Eq. (1.2) that current is the time rate of change of charge, or
= %}. 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):

i=1== _ g—at
dt dt o? a oz
= E i — E Ee_at — E ie_at
dt o2 dt o dt o?
=0— Ee—at _ aie—at _ _aie—at
a a 02
= —E +t+ 1 e_at
a a
= tg~

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 t:

di _ E(te_o“) =e M+ t(—a)eM=(1—-at)e™ ™ =0

dt dt

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

.1 1 _
i="e a/a:_el

a a
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Problems 1-3

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

1

-1 __
003679 ~ OA

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

- —.
20V

I
Ty

Also sketch the four figures from Fig. 1.6:

—* ] -+ ]

+ 1 + !
v ¥
_—_.2 ——_.2
(a) (b
—* -+ i
— —I‘l — —I‘l
¥ v
Y i —

(c) (d)

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

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

(@ v=-20V, i=—4A; (b)v=-20V, 1 =4A
(c)v=20V, I =—4A; (dv=20V, i =4A

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

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

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

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

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

p= (80,OOOte_SOOt)(l5te_500t) = 120 x 10*t2e 1000t

g—i’ = 240 x 10%te 1% — 120 < 10"t%¢ 1" =0
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1-4 CHAPTER 1. Circuit Variables

Therefore,

240 % 10* — 120 x 10t =0

Solving,
_ 240 < 10* 3 _
= 0 x107 2x107° =2ms
[b] The maximum power occurs at 2 ms, so find the value of the power at 2
ms:

p(0.002) = 120 % 10%(0.002)%e 2 = 649.6 mW

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

Wiotal = . 120 x 10%x2e~1000x gx

\ oo
= %e—loow[(_loooyx2 — 2(—1000)x + 2)

0
120 < 10*

= 0= 1000y

e®0—-0+2)=24mJ

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 = —vi. Substituting the
values of voltage and current given in the figure,

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

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

Chapter Problems

(260 = 10°)(540)
109
(480)(320) pixels 2 bytes 30 frames

1 frame " 1pixel  1sec

P11

= 104.4 gigawatt-hours

P12

= 0.216 % 10° bytes/sec
(9.216 = 10° bytes/sec)(x secs) = 32 x 2% pytes

_ _Bx2% e cec = 62 min = 1 hour of vid
X—m— sec = min = our or viaeo

20,000 photos X photos
(11)(15)(1) mm3 =~ 1 mm3
= (20,000)(1)

(11)(15)(1)

16 x 2°0 bytes _ x bytes

(11)(15)(1) mm3® ~ (0.2)3 mm3
_ (16 > 2%)(0.008)
(11)(15)(1)

5280 ft 2526 Ib 1 kg
1mi 1000 ft 2.2 Ib

P15 Volume = area x thickness

P13 [a]

= 121 photos

[b]

= 832,963 bytes

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

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

10° = (10 x 10°)(thickness)

6

. 10 _
thickness = T0x 106 0.10 mm

P 1.6 [a] We can set up a ratio to determine how long it takes the bamboo to grow
10um 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 1min 250 10
1day 24 hours 60 min 60sec  (24)(60)(60) 3456
Use a ratio to determine the time it takes for the bamboo to grow 10 um:
10/3456 < 1073 m _ 10 x107% m . = 10 < 107
ls XS 10/3456 %< 10

mm/s

- =3.456 s
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1-6 CHAPTER 1. Circuit Variables

[b] 1 cell length . 3600 s . (24)(7) hr
3.456 s 1 hr 1 week

P 1.7 [a] First we use Eq. (1.2) to relate current and charge:

= 175,000 cell lengths/week

i = dg _ 0.125¢ 2500t
dt

Therefore, dq = 0.125e~2%t gt

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

a® b 2500
dx =0.125 e Y dy

q(0) 0
We solve the integral and make the substitutions for the limits of the
integral:
p—2500y t

q(t) —q(0) = 0.125 = 50 x 107°(1 — 2500t

—2500
But q(0) = 0 by hypothesis, so
q(t) = 50(1 — e~ pC
[b] Ast - oo, gt = 50 uC.
[c] q(0.5 % 1073) = (50 x 1076)(1 — e(~2500)(0-0005)y = 35 675 C.

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

i= d_q = 20 cos 5000t
dt

Therefore, dg = 20 cos 5000t dt

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

a t
dx =20  cos5000y dy
q(0) 0

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

. t 2 ) 2 . 2 i
SInS000y ~ _ 205000t — —22 sin5000(0) = —=>- sin 5000t

40 —a(0) = 20—5550~ . = 5000 5000 5000

But q(0) = 0 by hypothesis, i.e., the current passes through its maximum
value at t = 0, so q(t) = 4 x 1073sin 5000t C = 4sin 5000t mC
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Problems 1-7

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

2 00 _ s
dt

Therefore, dq = 40te > dt

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

9 b =500
dx =40 ye™>Vdy
q(0) 0
We solve the integral and make the substitutions for the limits of the
integral:
p—500y t
q(t) — q(0) = 40W(—500y —1) =160 x 10~ %e™>%(—500t — 1) + 160 % 10~°
0

= 160 x 107°(1 — 500te 500t — g—500ty

But q(0) = 0 by hypothesis, so
q(t) = 160(1 — 500te >t — =20 ,C
[b] (0.001) = (160)[1 — 500(0.001)e~500(0-001) — g=500(0.001) = 14 4 C.

_ ¥HBx10°Cl 1
P110 n= 16022 X 105 Clelec 2.18 < 10" elec/s

P111 w=qV = (1.6022 x 1071)(6) = 9.61 %< 1071° = 0.961 aJ

P112 [a]
1_—10A

—# _

-E0

S

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

[b] Entering
[c] Gaining

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

[c] Losing

-+ ]
— —.1

v

I

P 1.14 Assume we are standing at box A looking toward box B. Use the passive sign
convention to get p = vi, since the current i is flowing into the + terminal of
the voltage v. Now we just substitute the values for v and 1 into the equation
for power. Remember that if the power is positive, B is absorbing power, so
the power must be flowing from A to B. If the power is negative, B is
generating power so the power must be flowing from B to A.

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

[b] p = (—20)(—8) = 160 W 160 W from A to B

[c] p=(—60)(4) =—240 W 240 W from B to A

[d] p = (40)(—9) = —360 W 360 W from B to A

P 1.15 [a] In Car A, the current i is in the direction of the voltage drop across the 12

V battery(the current i 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] wit)= pdx; 1min=60s
0

60
w(60) = . 360 dx
w = 360(60 — 0) = 360(60) = 21,600 J = 21.6 kJ
t
P 116 p=vi; w=  pdx
0
Since the energy is the area under the power vs. time plot, let us plot p vs. t.
o []

13.5%107

%1073
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Problems 1-9

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

p(0) = (1.5)(9x1073) =13.5%x 103 W
p(144 ks) = (1)(9x1073) =9 x 10> W
w = (9 % 1073)(144 x 10%) + %(13.5 x 1073 — 9% 1073%)(144 % 10%) = 1620 J

P117 p=(12(100x10%) =12 W: 4 hr. 2008

= 14,400 s

t 14,400

w(t)= pdt  w(14,400) = 1.2dt = 1.2(14,400) = 17.28 kJ
0 0

P1.18 [a] p = vi= (15e725°%)(0.04e~250) = .66 500t W
p(0.01) = 0.6e7°%°09 = 0.6e™5 = 0.00404 = 4.04 mW

0.6 —500x ”
—500 0

= —0.0012(e"* —e%) = 0.0012 = 1.2 mJ

[b] Wiota = ” p(x)dx = - 0.6e7°00% gx =
0 0

P 1.19 [a] p= vi= (0-056_1000t)(75 _ 756—100012) — (3.759_1000': _ 3.756_2000':) Wi

dp — 37501000t 4 75002000t — 50 9@—2000t — o—1000t

dt
2 = elooot S0 In2=1000t thus pis maximum at t = 693.15 s

Pmax = P(693.15 us) = 937.5 mW

3.75 —1000t __ 3.75 —2000t “

— 737501000t _ 3 75,—2000t7 4t —
[b] w . [3.75e 3.75e 1d ~1000 2000 .

3.75 3.75
= 1000 2000 _ 8™

P 1.20 [a] p = vi = 0.25¢3200t — (52000t 4 ( 25800t
p(625 us) = 42.2 mWw

t
[b] w(t) . (0.25e 3200t — (52000t 4 0 25 ~800t)
= 140.625 — 78.1256 3200t + 2502000t — 31 5800t
w(625ps) = 12.14pJ

[C] Wiotal — 140.625 HJ
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1-10 CHAPTER 1. Circuit Variables

P121 [a] p = vi
= [(1500t + 1)e~7%0t](0.04e~750t)
= (60t + 0.04)e1500t

3—? = 60e~1500t — 1500e~1%00t(60t + 0.04)
= —90,000te 1500t
Therefore, dp

at =0whent=0
SO Pmax Occurs at t = 0.

[b] pmax = [(60)(0) + 0.04]e® = 0.04

= 40 mW
t
[c] w = pdx
Ot t
wo = 60xe 199 dx +  0.04e71500x dgx
6008_1500" O p—1500x t
—————(—1500x —1) + 0.04
(—1s00)2 PO~ —1500
When t = oo all the upper limits evaluate to zero, hence

60 004
= + = 53.33 .
W= 22510t T 1500 T M

P 122 [a] p = Vi
= [(3200t + 3.2)e~10%0][(160t + 0.16)e~1000]
= 720001512 000t? + 1024t + 0.512]

3—? = 720001 024,000t + 1024] — 2000e2°%0t[512 000t? + 1024t + 0.512]

= —e2000t1024 x 10%t? + 1,024,000t]
Therefore, d_p =0whent=0
SO Pmax Occurs at t = 0.

[b] pmax = €7°[0+0+0.512]

= 512 mW
t
[c] w = pdx
0, . .
w = 512,000x2e2900% gy +  1024xe 290X dx +  (0.512e72000% gx
0 0 0

t

12 —2000x
512,0008 = ) o 105%2 + 4000x +2] +

—8 x 10°

1024 —2000x t
04:7106(—2000x 1) +

0

0.512e_28°°" !

—2000
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Problems 1-11

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

8 x 109 4108 2000
w =128 x 107° + 256 x 107° + 256 < 107° = 640 pJ.

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

p = 0 t<0(, p=0 t>40s
p = vi=t(1—-0.025t)(4 —0.2t) =4t — 0.3t + 0.005t* W 0<t=<40s

g—i’ = 4 — 0.6t +0.015t = 0.015(t2 — 40t + 266.67)
d—i’ — 0 when t2— 40t + 266.67 = 0
t, = 8453s  t,=31547s

(using the polynomial solver on your calculator)
p(t1) = 4(8.453) —0.3(8.453)% + 0.005(8.453)% = 15.396 W
p(ty) = 4(31.547) — 0.3(31.547)? + 0.005(31.547)° = —15.396 W
Therefore, maximum power is being delivered at t = 8.453 s.

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

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

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

t t
[e] w= pdx = (4x — 0.3x% + 0.005x%)dx = 2t> — 0.1t> + 0.00125t*
0 0
w0 = 01J w(30) = 1125
w(l0) = 1125 w(40) = 0J

w(20) = 200J
To give you a feel for the quantities of voltage, current, power, and energy
and their relationships among one another, they are plotted below:
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1-12 CHAPTER 1. Circuit Variables

viv)

16a)
]

pOAR
=

-10 -

70 -

Hx)
10

P 1.24 [a] v(10 ms) = 400e !sin2 =133.8 V
i(10 ms) =5e71sin2 =1.67 A
p(10 ms) = vi = 223.80 W
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Problems 1-13

[b] p = vi=2000e 2°sin?200t
= 2000e 200 % - %cos 400t
= 1000e2%t — 1000e 2%t cos 400t

w = 1000e 2%t gt — 1000e 2%t cos 400t dt
0 e—200t ©o 0

= 1000 5o

0
—200t °

-1 -2 400t + 400 sin 400t
000 (200)2+(400)2[ 00 cos 400 00sin 400t]

200
B T RS TS

w = 4]

P 1.25 [a] p = vi = 2000 cos(800mt) sin(800mt) = 1000 sin(1600mt) W
Therefore, pmax = 1000 W

[b] pmax(extracting) = 1000 W

1 2.5%1073

€] Py = Zei57 1000sin(1600mt) dt

_ s —cosleoomt *<107° 250 _
4 %10 T1e00m & - [L—cos4n] =0

[d]
1 15.625%1073 )
Pve = 15625 X103 4 1OOOS|_r31(1600nt) dt
— C0s 1600mt 15:625>10 40

= 3 _— —_ — -_ =
64 < 10 1600m . - [1 —cos25n] = 25.46 W

P 126 [a] q = areaunderivs. tplot
= %(8)(12,000) + (16)(12,000) + %(16)(4000)
= 48,000 + 192,000 + 32,000 = 272,000 C

[b] w = pdt = vidt
v = 250x107°t+8 0<t=<16 ks
0 <t =< 12,000s:
i = 24—666.67 x107°t

p = 192 +666.67 x 1075t — 166.67 x 10~°t2
12,

000
Wy = (192 + 666.67 x 1070t — 166.67 x 107°t2) dt
0
= (2304 + 48 — 96)10° = 2256 kJ
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1-14 CHAPTER 1. Circuit Variables

12,000 s <t < 16,000 s:

i = 64—4x1073%t
p = 512—16x10"3t—107°t2
16,000
w, = (512 — 16 x 1073t — 10%t?) dt
12,000
= (2048 — 896 — 789.33)10% = 362.667 kJ
Wr = W+ W, = 2256 + 362.667 = 2618.667 kJ

P127 [a] O0s<st<10ms:

v=_8YV, I = 25t A; p =200t W
10 ms <t =< 30 ms:

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

v=0YV, i = —250 mA, p=0W
40 ms <t <60 ms:

v=_8YV, i=25t—125A; p=200t—10 W
t> 60 ms:

v=0YV, I =250 mA; p=0W
2(W)
2 —

I I 1
10 20 30 50 60 70 £ (ms)

2 4

[b] Calculate the area under the curve from zero up to the desired time:
w(0.01) = 1(2)(0.01) =10 mJ
w(0.03) = w(0.01) — 1(2)(0.01) + $(2)(0.01) = 10 mJ
w(0.08) = w(0.03) — 1(2)(0.01) + $(2)(0.01) = 10 mJ
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Problems 1-15

P 128 [a]
1(mA)
15 -
10 =
5
| |
10 20 30 £ (ks)
[b] i(t) = 10+05x103t mA, 0=<t<10ks
i(t) = 15 mA, 10 ks =t < 20 ks
i(t) = 25—05x103t mA, 20ks=<t=<30Kks
ity = 0 t > 30 ks
p = vi = 120i so
p(t) = 1200+ 0.06t mW, 0=<t=<10 ks
p(t) = 1800 mw, 10 ks =t < 20 ks
p(t) = 3000—0.06t MW, 20 ks <t =< 30 ks
p(t) = 0, t > 30 ks
p(mA)
1800
1200 =
600 -
| |
10 20 30 £ (ks)
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1-16 CHAPTER 1. Circuit Variables

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

is p =vi or p = —vi and substitute into the power equation the values for v
and 1, as shown below:

Pa = —Vaia = —(40)(—4 % 1073) = 160 mW

Pb = Vpip = (—24)(—4x107%) =96 mW

Pe = —Veic = —(—16)(4 x 1073) = 64 mW

Pa = —Vgig =—(—80)(—1.5x%107%) = —120 mW
Pe = Veie = (40)(2.5 % 107%) = 100 mW

b= viir = (120)(—2.5 x 107%) = —300 mW

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

Pgev = 120 + 300 = 420 mW;

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

mw.
P130 pa = —Vaia=—(—3000)(—250 x 1076) = —0.75 W
P = —Vpinb = —(4000)(—400 x 1076) = 1.6 W
Pc = —Vcic = —(1000)(400 x 1076) = —0.4 W

Pa = Vgig = (1000)(150 x 1076) = 0.15 W
Pe = Veie = (—4000)(200 x 1076) = —0.8 W

pr = Vgl = (4000)(50 x< 10_6) =0.2W
Therefore,

Paps = 1.6 +0.15+0.2 =195 W

Pger =0.75+04+0.8=195W = Pabs

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

P 1.31 [a] From the diagram and the table we have
Pa = —Vala = —(46.16)(6) = —276.96 W
Pb = Vpip = (14.16)(4.72) = 66.8352 W
Pe = Veic = (—32)(—6.4) = 204.8 W
Pa = —Vgig = —(22)(1.28) = —28.16 W
Pe = Veie = (—33.6)(—1.68) =56.448 W
pr = veif = (66)(0.4) = 26.4 W
Py = Vgig = (2.56)(1.28) = 3.2768 W

Ph = _Vhih = —(—04)(04) =0.16 W
Pget = 276.96 +28.16 = 305.12 W
Pans = 66.8352 + 204.8 + 56.448 + 26.4 + 3.2768 + 0.16 = 357.92 W
Therefore, Pget =  Paps and the subordinate engineer is correct.

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

—305.12 + 357.92 = 52.8 W

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

Pger = 276.96 +28.16 + 26.4 = 331.52 W

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

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

Paps = 400 + 100 + 2000 = 2500 W
Thus, the power balances.

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

ia = —pa/Va = —(—600)/(400) = 1.5 A
iy = po/vy = (—50)/(—100) = 0.5 A

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

ig = pa/vq = (—600)/(300) = —2.0 A

ic = pe/Ve = (100)/(—200) = —0.5 A

it = —pe/ve = —(2000)/(500) = —4.0 A
iy = pg/vy = (—1250)/(—500) = 2.5 A

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

Thus, the power balances.

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

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

Va = pafia = (0.175)/(0.025) = 7 VV
Vp = pb/ib = (0375)/(0075) =5V

Va = pofia = (—0.320)/(0.04) = —8 V
Ve = —po/ic=—(0.160)/(0.02) = —8 V

vi = pi/is = (0.120)/(—0.03) = —4 V

Ppb = —Vpip = —(120)(9) = —1080 W
pe = Ve = (10)(10) = 100 W

Pa = —Vgig =—(10)(—-1) =10 W

Pe = Vele =(—10)(—9) =90 W

pr = —viif = —(—100)(5) = 500 W
Py = Vgig = (120)(4) =480 W

Ph = Vphinh = (—220)(—5) = 1100 W
Pger = 1200 + 1080 = 2280 W
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Problems 1-19

Paps = 100 + 10 + 90 + 500 + 480 + 1100 = 2280 W
Therefore, Pget =  Paps = 2280 W

Thus, the interconnection now satisfies the power check.

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

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

[b] The expression for the total power in this circuit is

Vala — Vplp — Viis + Vgig + vpip

= (120)(—10) — (120)(10) — (—120)(3) + 120ig + (—240)(=7) =0

Therefore,

120i4 = 1200 + 1200 — 360 — 1680 = 360
SO

. 360

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

Assessment Problems

AP 2.1
iy

L 4
: +
1,/% +
U RO
4

#

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

ib: 8A

Next, note that the dependent voltage source and the independent
voltage source are in parallel with the same polarity. Therefore, their
voltages are equal, and
ib 8

Vo= 4= 4T 2V

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

Vi=vg= 2V
Using the passive sign convention,
ps = BA)(vi) = BA)( 2V) = 16W

Thus the current source generated 16 W of power.

2{1
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2{2 CHAPTER 2. Circuit Elements

AP 2.2
(I.‘u'x
P\
N L.
+ i
15A @ W, G) 25V
[a] Note from the circuit that vy = 25V. To nd note that the two
current sources are in the same branch of the circuit but their currents
ow in opposite directions. Therefore
vy = 15A
Solve the above equation for and substitute for vy,
15A 15A
= = =0:6 A/V
Vi 25V
[b] To nd the power associated with the voltage source we need to know the
current, i,. Note that this current is in the same branch of the circuit as
the dependent current source and these two currents ow in the same
direction. Therefore, the current i, is the same as the current of the
dependent source:
Iy, = Vvx=(0:6)( 25) = 15A
Using the passive sign convention,
ps = (iv)(25V) = ( 15A)(25V) =375W:
Thus the voltage source dissipates 375 W.
AP 2.3

NGRS

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

VR = Vg = 1kV
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Problems 2{3

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

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

[b] Note from part (a) the vg = v4 and ir = ig. The power delivered by the
source is thus
3w

= i _ Psource _ _
Psource = Vgl SO Vg = i = oA 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:

_ Vg _ 40V _ )
3 = emA 533:33

The power absorbed by the resistor must equal the power generated by
the source. Thus,
PR = Psource = ( 3W)=3W

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

pr = R(ir)* = R(ig)*

Solving for i,

=—=——=0:0016 so Ig = p0:0016 =0:04 A =40mA

Then, since vg = Vg4

Vg = Rig = Rig = (300 )(40mA) =12V  so  v,=12V

AP 2.4

[a] Note from the circuit that the current through the conductance G is ig,
owing from top to bottom, because the current source and the
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2{4 CHAPTER 2. Circuit Elements

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

so must have the same voltage. From a version of Ohm’s law,
Iy _ 0:5A
Vg == =——==10V
G 50mS
Now that we know the voltage drop across the current source, we can
nd the power delivered by this source:

Psource = Vgig = (10)(0:5) = 5wW
Thus the current source delivers 5 W to the circuit.

[b] We can nd the value of the conductance using the power, and the value
of the current using Ohm’s law and the conductance value:

— 2 _P_ 9 _ —
Py = Gvy SO G—$—1—52—0.04S—40m8
Ig = Gvg = (40mS)(15V) = 0:6 A

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

pg=GvZ so vi=l=__—— =40,000

q__
Thus vg = 40;000 = 200V

iy = Gvy, = (200 S)(200V) = 0:04A = 40mA

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

30 iz
+Wh =

Yy — .

2 Li,
+

24V v, 270

[ -

Is A -
200 —>1

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

24V+V2+V5 V1:0

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

Vo = 3|2, Vs = 7|5, Vi, = 2|1
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Problems 2{5

A KCL equation at the upper right node gives i, = is; a KCL equation at
the bottom right node gives is = i;; a KCL equation at the upper left
node gives is = i,. Now replace the currents i; and i in the Ohm’s law
equations with is:
Vo = 3|2 = 3|5, Vs = 7|5, Vi, = 2|1 = 2|5
Now substitute these expressions for the three voltages into the rst
equation:
24 = Vo +Vg Vi = 3|5 + 7|5 ( 2|5) = 12|5
Therefore is =24=12 =2 A

[b] vi= 2is= 2(2)= 4V

[c] vo=3i5=3(2) =6V

[d] vs =7i5s =7(2) = 14V

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

P2a = (24)is = (24)( 2) = 48W
Therefore 24 V source is delivering 48 W.

AP 2.6 Redraw the circuit labeling all voltages and currents:

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

We can nd the value of the unknown resistor if we can nd 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 +v3 =0

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

V3 = 8|3
Substitute the expression for v; into the rst equation:

120V+8|3:0 SO |3:%:15A
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2{6 CHAPTER 2. Circuit Elements

Also use Ohm’s law to calculate the value of the current through the 24

resistor:
120V
= _— =F§FA
) o 5

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

i1+i2+i3:0 SO |1:|2+|3:5+15:20A

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

200V +v; +120V =0 SO v =200 120=80V

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

Vi 80
R=—=—=4
I1 20
AP 2.7 [a] Plotting a graph of v; versus i gives
v, V)
25
20+ \"1=25-'100i1
15
10
*7 L

T
0.1 0.z 03

Note that when iy = 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:

R = VvV 25 0 _ 25
i 025 0 025
A circuit model having the same v i characteristic is a 25 V source in
series with a 100 resistor, as shown below:

100 @
—e 'y

= 100

+

5 ¥,
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Problems 2{7

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

—

28

To nd the power delivered to the 25 resistor we must calculate the
current through the 25 resistor. Do this by rst using KCL to recognize
that the current in each of the components is i¢, owing 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 iy owing through
the resistors:

25

25V + 100|t + 25|t =0 SO 125|t =25 SO it = E =0:2A

Thus, the power delivered to the 25 resistor is
P25 = (25)i2 = (25)(0:2)> = 1W:

AP 2.8 [a] From the graph in Assessment Problem 2.7(a), we see that when v = 0,
it = 0:25 A. Therefore the current source must be 0:25 A. Since the plot
is a straight line, its slope can be used to calculate the value of resistance:

v 25 0 25

i 025 0 0:25
A circuit model having the same v i characteristic is a 0:25 A current
source in parallel with a 100 resistor, as shown below:

— g
e F
025 A v,

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

i It-
e T _bsg
0.25 A (‘D ¥,

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

to specify the currents through the resistors in terms of the voltage drop
across the resistors and the value of the resistors.
Vi Vi
0:25+ —+ — =0; S0 5vy = 25; thus Vi =5V
100 25 ‘ ¢

2
pas = 56 = 1W:

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

i]_ + 30|1 - i6k - 31|1

We can then use Ohm’s law to nd the voltages across each resistor in terms
of i,. The results are shown in the gure below:

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

4

13t 30

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

5V +54:000i; 1V +186;000i; =0
Solving for i
54;000i, + 186;000i, = 6V S0 240;000i; =6V

Thus,

6
240,000

[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 nd the voltage v of the dependent
source. Sum the voltages in the clockwise direction, starting to the left of
the dependent source:

+v  54;000i; +8V 186;000i; =0

i]_:
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Problems 2{9

Thus,
v = 240:000i; 8V =240;000(25 107 °) 8V =6V 8V = 2V

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

Element | Current | VVoltage Power Power
(A V) Equation | ( W)

5V 25 5/ p= vi 125
54k 25 1:35| p=Ri? 33:75
1V 25 1| p= vi 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= vi 6000

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

125 W+ 25 W+ 6000 W= 6150 W

Thus, the total power generated in the circuit is 6150 W.

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

33:75 W +3603:75 W +1500 W +1012:;5 W =6150 W
Thus, the total power absorbed in the circuit is 6150 W.
AP 2.10 Given thati = 2A, we know the current in the dependent source is

21 =4 A. We can write a KCL equation at the left node to nd the current in
the 10 resistor. Summing the currents leaving the node,

5A+2A+4A+ip =0 S0 Iin =5A 2A 4A= 1A

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

+ 1A +—
a A Ve i%SDQ i V.

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

Ve + (LA)10 )+ (2A)30 )=0 so vs=10V+60V =70V

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

AA+1A+i0, =0 S0 iy =4A 1A=3A

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

p=vi=(70V)(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)(30 ) =0 s0  vsa =60V
The power associated with this source is
p= vsai= (60V)(5A)= 300W
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:

+vsa + (10 )(LA)=0 S0 Vap = 10V
The power associated with this source is
p=vaai =( 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
(is0 )?(30 )+ (i10 )?(10 ) =(2)%(30 )+ (1)*(10 ) =120+ 10 =130W
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Problems  2{11

Problems

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

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

5 A source:  developing (delivering)

[c] Poy = (20)(5)=100 W (abs)
Pisv = (15)(5) = 75 W (dev/del)

)PéA = X(5)(5) = 25W (dev/del)
Pabs — Pdel =100 W

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

Pov = (20)(5) = 100 W (dev/del)
Pisv = (15)(5) = 75 W (dev/del)
P = =
S¢ A X(35)(5) 175 W (abs)
Pabs — Pdel =115W

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

10V

D

50V 40V

ta
e

0
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2{12 CHAPTER 2. Circuit Elements

Psov = (50)(5) =250 W (abS)
Piov = (10)(5) =50W (abS)

Pav = (40)(5) = 200W (dEV)
XPSA = (20)(5) = 100 W  (dev)
Pdev — 300 W

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

40V
Y
10A@>1__:]0V CDH]OV SAC/DI%—OV

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

Pioa =  (100)(10) = 1000 W (1000 W supplied)
XPSA = (140)(5) = 700 W (700 W supplied)
Pdev — 1700 W

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

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

V1+8V:12V+V2
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Problems  2{13

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

P 2.6 [a] Because both current sources are in the same branch of the circuit, their
values must be the same. Therefore,

Vv
i =04 ¥ v;=0:450)=20V
[b] p =v1(0:4) = (20)(0:4) = 8 W (absorbed)
P 2.7 [a] The voltage drop from the top node to the bottom node in this circuit
must be the same for every path from the top to the bottom. Therefore,
the voltages of the two voltage sources are equal:

I =6

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

i = 0:015
Substituting,
6
:015) = | =_——_=4
( 0:015) =6 0015 00
The interconnection is valid if = 400 V/A.

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

p = vi = (6)(0:015) = 0:09 = 90 mW
[c] Since the power is positive, the current source is absorbing power.
P 2.8 [a] Yes, each of the voltage sources can carry the current required by the

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

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

shown:
e
+
100 mA v, W0V
+
V2 3i1 +
20V — v 50 mA

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



2{14 CHAPTER 2. Circuit Elements

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

vi 20=v,=v3+30

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

P 2.9  The interconnection is invalid. In the middle branch, the value of the current
iy must be 50 mA, since the 50 mA current source supplies current in this
branch in the same direction as the current ix. Therefore, the voltage supplied
by the dependent voltage source in the right hand branch is 1800(0:05) = 90
V. This gives a voltage drop from the top terminal to the bottom terminal in
the right hand branch of 90 + 60 = 150 V. But the voltage drop between these
same terminals in the left hand branch is 30 V, due to the voltage source in
that branch. Therefore, the interconnection is invalid.

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

First, 10v, =5V, so v, = 0:5 V. Then recognize that each of the three
branches is connected between the same two nodes, so each of these branches
must have the same voltage drop. The voltage drop across the middle branch
iIs5V, and since v, = 0:5V, vy =05 5= 4:5V. Also, the voltage drop
across the left branch is 5V, so 20 +vga =5V, and vga = 15 V, where vga
is positive at the top. Note that the current through the 20 V source must be
9 A, owing from top to bottom, and the current through the vy is 6 A owing
from top to bottom. Let’s nd the power associated with the left and middle
branches:

poa = (9)( 15) = 135W

P2ov = (9)(20) = 180W

Py, = (B)( 45)=2TW

Pea = (6)(0:5) =3W

Since there is only one component left, we can nd the total power:

Protat = 135+ 180+ 27 +3 +pgs =75+ pgs =0

SO pgs Must equal 75 W.

Therefore,

x x
Pdev — Pabs — 210W
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P 2.11 [a] Using the passive sign convention and Ohm’s law,
v = Ri = (3000)(0:015) = 45 V
v 457
[b] Pr = R~ 3000 ~ 0:675 = 675 mW
[c] Using the passive sign convention with the current direction reversed,

v= Ri= (3000)(0:015) = 45V

v2 452
Pr = R~ 3000 0:675 = 675 mwW
P 2.12 [a] Using the passive sign convention and Ohm’s law,
. v _ 40 _
= R= 2500 0:016 = 16 mA

[b] Pr = Ri? = (2500)( 0:016)? = 0:64 = 640 mW

[c] Using the passive sign convention with the voltage polarity reversed,
. v _ 40 _
= R ™ 2500 0:016 = 16 mA

Pr = Ri? = (2500)(0:016)> = 0:64 = 640 mW

P 213 [a]
Rhh
¥bb
[b] Vw = no-load voltage of battery
Ry = internal resistance of battery
Rx = resistance of wire between battery and switch
Ry = resistance of wire between switch and lamp A
R, = resistance of lamp A
Ry, = resistance of lamp B
Rw = resistance of wire between lamp A and lamp B
Ry1 = resistance of frame between battery and lamp A
Ry = resistance of frame between lamp A and lamp B
S = switch
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2{16 CHAPTER 2. Circuit Elements

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

v=Ri S0 R=-

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

7200 3600 _ 3600 _ 7200 _ 10;800
6 3 3 6 9

Note that this value is found in Appendix H.

R = =1:2k

P 2.15 Since we know the device is a resistor, we can use the power equation. From

Fig. P2.15(a),
V2 v2
=Vvi=— SO R=—
p = Vi = ;

Using the values in the table of Fig. P2.13(b)

I O ) S () R ) L (:) &
T 640 103 160 103 160 103 640 103

12? _  (1ey

= 1420 10° 2560 10

Note that this value is found in Appendix H.

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

8:25 10° 33 107 _ 7425 107% 132 1073
(0:5 1073)2 (1 1073)2 (15 1073)2 (2 107%)2

_206:25 1073 297 1073 23 K
(25 10782 (3 107%)2

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

2

TR
_|_
zomAG> Yo 2 5kQ 5V
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[a] KCL at the top node: 0:02=1i1+1I,
KVL around the right loop: Vo+V, 5=0
Use Ohm’s law to write the resistor voltages in the previous equation in
terms of the resistor currents:

5000i; +2000i, 5=0 1 50001, + 2000i, =5
Multiply the KCL equation by 2000 and add it to the KVL equation to
eliminate i5:

2000(i; + i) + ( 5000i; + 2000i,) = 2000(0:02) +5 * 7000i; =
Solving,

35
7000

Therefore,
Vo = Riy = (5000)(0:005) = 25 V
[b] p2oma = (0:02)vo = (0:02)(25) = 05W

I = = 0:005 =5 mA

i =002 i;=0:02 0:005=0:015A

psv = (B)i = (5)(0:015) = 0:075 W

psk = 5000if = 5000(0:005)% = 0:125 W

pak = 2000i5 = 2000(0:015)? = 0:45 W

Ptotal = P2oma + Psv + Psk + P2k = 0:5  0:075+0:125+0:45 =0

Thus the power in the circuit balances.

P 218 [a]
S —
- VCL> . l%m @, %au Q
20i; = 80ip ig = i + ip = 5ip
ia = Adip
50 = 4iy + 80i, = 20i, + 80i, = 100iy
I = O05A, therefore,i,=2A and ig=25A
[b] i, =05A

[c] Vo = 80ip = 40 V
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2{18 CHAPTER 2. Circuit Elements

[d]l ps = i2(4) =6:25(4) =25 W
P20 = i2(20) = (4)(20) =80 W
pgo = i2(80) = 0:25(80) =20 W
[e] psov (delivered) = 50iy = 125 W
Check:
>

Pgis =25+ 80+ 20 = 125W
X
Pdel =125W

P 2.19
1500 i,

T W
+ + $i1 oy - +
15af MY ==100Q ¥y = 2500

[a] Write a KCL equation at the top node:

15+i;+i, =0 S0 ip+i, =15
Write a KVVL equation around the right loop:
Vi +V,+v3 =0
From Ohm’s law,
vy = 100iy; v, = 150iy; vz = 250i,
Substituting,
100i; + 150i, + 250i, =0 SO 100i; + 400i, =0
Solving the two equations for i; and i, simultaneously,
ip =1.2A and i, =0:3A
[b] Write a KVL equation clockwise around the left loop:
Vo+Vvy =0 but vi = 100i; =100(1:2) =120V
So Vo =V =120V
[c] Calculate power using p = vi for the source and p = Ri? for the resistors:
Psource = Vo(1:5) = (120)(1:5) = 180W
Poo = 1:22(100) = 144 W
Piso = 0:32(150) = 13:5W
Paso = 0:3%(250) = 22:5W
> Pgev = 180 W ><Pa|oS =144 + 13:5+ 22:5 = 180 W
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P 2.20 Label the unknown resistor voltages and currents:

0.05A mwg h, 2000

AT +’v{\,_+ ¢

e G) V1 <2500 3.5V§ 175 Q

.35 ,
[a] 1= I = 0:02A (Ohm’s law)

ii =i, =0:02A (KCL)
[b] vy =200i; = 200(0:02) =4V (Ohm’s law)

Vi+vp,+35=0 so v;=35+v,=35+4=75V (KVL)
[c] va = 0:05(50) =2:5V (Ohm’s law)

Vg+Va+Vvi =0 S0 Vg=Va+v3 =25+75=10V (KVL)
[d] pg = v4(0:05) = 10(0:05) = 0:5W

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

Vo, = 1000i, + 4000i, + 3000i, = 8000i, = 8000(0:002) = 16 V

16 = 2000i,
. 16 _
I, = 2000 8 mA

[b] KCL at the top node:  ig =i, + i, = 0:002 + 0:008 = 0:010 A = 10 mA.

[c] The voltage drop across the source is vp, seen by writing a KVL equation
for the left loop. Thus,
Pg = Voig = (16)(0:01) = 0:160 W = 160 mW.
Thus the source delivers 160 mW.

P222 [a]

v, =150 50(1) = 100V
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2{20 CHAPTER 2. Circuit Elements

. 2

) =4A

_g_
|3+1:|2, |3:4 1=3A

V1 = 10i3 + 25i, = 10(3) + 25(4) = 130V

Note also that
|4:|1+|3:2+3:5A

[b] ps = 5%(4)=100W
Pso = 12(50) =50 W
Pes = 22(65) =260 W
po = 3%(10)=90 W
pos = 4%(25) =400 W

>
[c] ~ Pgis = 100 + 50 + 260 + 90 + 400 = 900 W
Peev = 1504 = 150(6) = 900 W

P 2.23 Label all unknown resistor voltages and currents:

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

Ohms’ law for 5 k resistor: vi = (0:01)(5000) = 50 V
KVL for lower left loop: 80+v,+50=0 ®¥ v,=80 50=30V
Ohm’s law for 1:5 k resistor: I, = v,=1500 = 30=1500 = 20 mA
KCL at center node:
ib=i3+001 ¥ ji3=1i, 0:01=0:02 0:01=0:01=10mA
Ohm’s law for 3 k resistor vz = 3000i3 = 3000(0:01) =30 V
KVL for lower right loop:
V1+V3+V4:0 ¥ V4 = V1 V3:50 30=20V
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Ohm’s law for 500 resistor: i; = v4=500 = 20=500 = 0:04 = 40 mA
KCL for right node:
is+ir =1Iy | ir=1is 1I3=0:04 0:01=0:03=30mMA
KVL for outer loop:
80+vg+vy;=0 ¥ vg=80 v;=80 20=60V

Therefore,
VR 60
ir 003 000
P 224 [a]
-

ig
Yam ROy, 100

T i' 40
240v<j) = AMA—
+ — lu
100
LA lic Vp 1402
e
602

Vo= (5+10)(4) =60V
20 +v, +v, =0 SO vp =240 v,=240 60=180V

le = Vp=(14 + 6) = 180=20 = 9A
ig=ie 4=9 4=5A
Ve = 4ig +v, = 4(5) +180 = 200V
ic =Vv.=10 =200=10 = 20 A
Vg=240 v.=240 200=140V
Ia=ig+i.=5+20=25A
R = vg=ia =40=25 =1:6

[b] ig=ia+4=25+4=20A
Py (supplied) = (240)(29) = 6960 W

P 225 [a]

7L 150

a0 1662 =

icg = 80=16 =5A
Voo = 125 80 =45 S0 Iac = 45=15 =3A
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2{22 CHAPTER 2. Circuit Elements

iaC + ibC - icd SO ibC - 5 3 - 2A
lbg =lap Ioc=5 2=3A

Calculate the power dissipated by the resistors using the equation
Pr = RIZR

p; =((M(B)2=175W  py = (30)(3)?> =270 W
pis = (15)(3)> =135W  pis = (16)(5)* = 400 W
ps = (5)(2)° = 20W

[b] Calculate the current through the voltage source:
lag= dap dac= 5 3= 8A

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

pg =125( 8) = 1000W thus Py (supplied) = 1000 W
>
[c] Pgis = 175 + 270 + 135 + 400 + 20 = 1000 W

Therefore,
>~ >~
Psupp: Pais
P226 [a]
110 2R
N i
ggg ;og
50 . la 1a 300
P ST |
+ + | L™
+
100v (D) v, VgDis v 240
4z - | -
% My ity
1502 160

v, = 100 + 4(15) = 160 V; vi =160 (9+11+10)(2) =100V
Ip=———="— =5A; iz=i; 2=5 2=3A
Vg = vy + 3013 = 100 + 30(3) = 190V
iy, =2+4=06A
lg= iy i3= 6 3= 9A
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[b] Calculate power using the formula p = Ri?:

pe = (9)(2)* =36W; P = (11)(2)% = 44W

po = (10)(2)° = 40W; ps = (5)(6)2 = 180W

P = (30)(3)* = 270W; ps = (4)(5)? = 100W

pis = (16)(5)* = 400 W; pis = (15)(4)> = 240W
[c] vg =190V

[d] Sum the power dissipated by the resistors:
> Pdiss = 36 + 44 + 40 + 180 + 270 + 100 + 400 + 240 = 1310 W
The power associated with the sources is
Pvolt—source = (100)(4) = 400 W
Peurr—source = Vglg = (190)( 9) = 1710W
Thus the total power dissipated is 1310 + 400 = 1710 W and the total
power developed is 1710 W, so the power balances.

P 2.27 [a] Start by calculating the voltage drops due to the currents i; and i,. Then
use KVL to calculate the voltage drop across and 35 resistor, and
Ohm’s law to nd the current in the 35 resistor. Finally, KCL at each
of the middle three nodes yields the currents in the two sources and the
current in the middle 2  resistor. These calculations are summarized in
the gure below:

147
245

147
P1a7(top)y = (147)(28) = 4116 W
P147(bottom) = (147)(21) = 3087 W

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

[b]
deis = (28)*(1) + (7)*(2) + (21)*(2) + (21)*(5) + (14)*(10) + (7)*(35)
= 784 + 98 + 441 + 2205 + 1960 + 1715 = 7203 W
>

Psup = 4116 + 3087 = 7203 W
< <
Therefore,  Pgis =  Psyp = 7203 W
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P 2.28 [a] Plot the v i characteristic

140 -
120
100
SR
£ 60 -
40 4
20 4
L(A)
0 T T T T 1
0 2 4 6 8 10
From the plot:
R:_\_/:(130 50) _3
i (10 0)
When iy =0, v¢ = 50 V; therefore the ideal voltage source has a voltage
of 50 V.
g0 i
-t
+
50 W,
[b]
a0 i
-
+
50V vp=1
When vy = 0; It = TSO = 6:25A

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

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

wiv)

i (A}
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From the plot:
v _ (180 100) _

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

NORE

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

7 t
20!—1(/]*-) 59% %QDQ

Write a KCL equation at the top node:

20+it:i1

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

5i; +20i =0
Combining the two equations and solving,
5(20 + i) + 20i; =0 S0 251 = 100; thus k= 4A
Now calculate the power dissipated by the resistor:
P20 = 20if =20( 4)* =320W
P 230 [a]

iy (mA)

¥ (V)
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[b] v=25V; i=25mA: Rz—‘i’=10k
F———————-——— -k
| T
I L
IQDmAQ> 10ka, v,
I | .
L o e e - d

[c] 10;000i, = 2500is; 11 = 0:25is

—Pis
20 mAéP | %mm %251@
i1

[d] vs(open circuit) = (20 1073)(10 10%) = 200 V

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

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

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

i(mA)
0 8 16 24 32 40 48

[b] Since the plot is linear for 0 is 24 mA amd since R= v= 1|, we can
calculate R from the plotted values as follows:

_v_ 24 18 _ 6
i 0:024 0 0:024
We can determine the value of the ideal voltage source by considering the
value of vg when is = 0. When there is no current, there is no voltage
drop across the resistor, so all of the voltage drop at the output is due to
the voltage source. Thus the value of the voltage source must be 24 V.
The model, valid for 0 is 24 mA, is shown below:

= 250
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Problems  2{27

25002

M4

[c] The circuit is shown below:
25002

Mp—=
24y émum

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

24V + 250i + 1000i =0 SO 12501 = 24V

. 24v.
Thus, = 50 19:2mA
[d] The circuit is shown below:
28000
%
M4y

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

24V + 250i =0 SO 250i =24V

24V
"~ 250

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

isc = 48mA (from table)

Thus, i =96 mA

[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 is). Since the proposed
circuit model is a linear model, it cannot be used to predict the nonlinear
behavior exhibited by the plotted data.
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2{28

P 2.32

CHAPTER 2. Circuit Elements

Label unknown voltage and current:
he 20
—AM
‘lx + ‘,’0 -
45 A %§6Q 2i

Vi +Vo+2ixk =0 (KVL)
Vy = By (Ohm’s law)
Therefore

Biy +Vo+2ix =0 S0 Vv, =4y

Thus

Also,
=Y
)
45 =iy +iq (KCL)

(Ohm’s law)

Substituting for the currents iy and i:

Vo Vo 3V

45 =+ = _~
> 4 2 4
Thus

4

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

w=6&=6%=6®WQ=9M/
Disv = 45v, = 45(90) = 4050W
Pa:s: = (2ix)11 = 2(vo=4)(v,=2) = 2(60=4)(60=2) = 900 W

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

P 2.33 Label unknown current:
450 Q)

20V 150 Q

20 + 450i + 1501 =0 (KVL and Ohm’s law)
o) 600i =20 ¥ i=33:33mA

Vx = 150i = 150(0:0333) =5V (Ohm’s law)

Vo = 300 1‘% =300(5=100) = 15V (Ohm’s law)

Calculate the power for all components:
P2ov = 20i = 20(0:0333) = 0:667W

Vx

Pda:s: =
Paso = 450i% = 450(0:033)% = 0:5W

P1so = 150i% = 150(0:033)% = 0:1667 W

Thus the total power absorbed is
Pabs = 0:5 + 0:1667 + 0:75 = 1:4167 W

P 2.34 The circuit:

2kQ

4 kQ

v, = (4000)(0:01) =40V (Ohm’s law)
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2{30 CHAPTER 2. Circuit Elements

% = 2000i, + 6000i, = 8000i,  (KVL)

Thus,

. =2 40=2 A
lo = 8000 — 8000 0:0025 = 2:5mA

Calculate the power for all components:
Pioma = (0:01)v; = (0:01)(40) = 0:4W

Pass = (V1=2)i, = (40=2)(2:5 1073) = 0:05W

vi o407
Pak = 2000 — 4000 _ O4W

P2k = 2000i2 = 2000(2:5 107%)? = 0:0125W
Pek = 6000i2 = 6000(2:5 107%)? = 0:0375W
Therefore,

Protal = 0:4 0:05+ 0:4 +0:0125 + 0:0375 =0

Thus the power in the circuit balances.

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

parts of a circuit.
50 i 00 =50
A _ iy
2 Iy
— N

18=(12+6)i; ig=1A

[b]

18y

vV =6ig=6V v =2=3A
10i; = 5i,; s0 i; +2iy = 3 A; therefore,i;= 1A

[C] i2 = 2|1 = 2A.
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Problems  2{31

P236 [a] 50 20i +18i =0
18i +5i +401i =0 so 18i =45i
Therefore, 50 201 +45i =0; so i =2A
18i =451 =90; soi =5A
Vo =40i =80V

[b] ig = current out of the positive terminal of the 50 V source
Vg = voltage drop across the 8i source

ig=i +i +8i =9i +i =47A
vg =80 20=60V
Pgen = 50ig + 20i iy = 50(47) + 20(2)(47) = 4230 W
XPdiss = 18i% +5i (ig i )+40i®+8i vq4+8i (20)
= (18)(25) + 10(47 5) + 4(40) + 40(60) + 40(20)
= 4230 W; Therefore,

> >
Pgen — Pdiss — 4230 W
P 2.37 40i+i+£_0' i, = 15:625 mA
' 740 100 7 T T

Vi = 80|2 = 125V

251; +

( 1;)25) +( 0:015625) = 0; i; = 3:125 mA
Vg = 60iy + 260i; = 320i,
Therefore, vy =1 V:
P238 ig ig ic=0
ic= g therefore i = (1 + )ig
i, = ig+i
Vo+igRe (i1 ig)R2=0

. . . Vee +igR2
1Ry +V i igp)R =0 or ILH=——-
1R1 cc (1 ig)Re 1 R, +R,
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2{32 CHAPTER 2. Circuit Elements

i ) Vee +igR2
Vo + 1gRg + I1gR —  — "R, =0
o +igRe +igR2 Ri+R, 2

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

i = [VecR2=(R1 + R2)] Vo
® 7 1+ )Re + RiR=(R; + Ry)

P 2.39 Here is Equation 2.25:

_ (VecR2)=(R1 +R3) Vo
(Rle):(Rl —+ Rg) + (1 —+ )RE

i

R, +R,  100:000

RiR, _ (40;000)(60;000) o4 k
Ri+R, 100:000 -

6 06 _ 54

'e = 24:000 + 50(120) _ 30,000 _ 018 ™M

ic = ig = (49)(0:18) = 8:82 mMA
iE = ic+iB =8:82+0:18 =9 mA
V3g = (0:009)(120) = 1:08V

Vbg = Vo + Vaqg = 1:68V

. Vid 1:68
2= R, = 60000 2

ip =i, +ig =28+180 =208 A
Vap = 40;000(208 107°%) =8:32V
icc = ic +i; = 8:82 +0:208 = 9:028 mA
viz + (8:82  1073)(750) + 1:08 = 10 V
Viz = 2:305V
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P 2.40

P 2.41

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

L(OFF)

Each radiator is modeled as a 48 resistor:

Vl #iz VS

240V 48 Q 48 Q §48§2

Write a KVVL equation for each of the three loops:

. . 240
240 +48i; =0 ¥ =" =5A
0 8|1 0 I1 48 5

Problems  2{33

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

radiator is

Prad = Ri% = 48(5)? = 1200 W

There are three radiators, so the total power for this heating system is

Ptotal = 3Prad = 3(1200) = 3600 W
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2{34 CHAPTER 2. Circuit Elements

P 2.42 Each radiator is modeled as a 48 resistor:
48 Q

Tl
240 V C_D 48 ) §48 Q

Write a KVL equation for the left and right loops:

] ] 240
240 + 48i, = | = —=5A
0 8|1 0 I1 48 5
] ] ] ] iip 5
4811 +48i, +48i, =0 ¥ I, = §= §=2:5A

The power for the center radiator is

Peen = 48i2 = 48(5)? = 1200 W

The power for each of the radiators on the right is

Pright = 48i5 = 48(2:5)* = 300 W

Thus the total power for this heating system is

Protal = Peen + 2Pright = 1200 + 2(300) = 1800 W

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

the power of the radiators in Problem 2.41. The total power of this
con guration is 1=2 of the total power in Fig. 2.41.

P 2.43 Each radiator is modeled as a 48 resistor:

h, 48Q
fz #l's

W
240 V 480 2480

Write a KVL equation for the left and right loops:
240 + 48i; +48i, =0
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Problems  2{35

48i, +48i3 =0 ¥ i =13
Write a KCL equation at the top node:
i1=ix+iz3 ¥ i1=i+i, =20
Substituting into the rst KVL equation gives
240

240 + 48(2i,) + 48i, = I j,=——=167A
0 8( |2) 8|2 0 ) 3(48) 6
Solve for the currents iy and is:

Calculate the power for each radiator using the current for each radiator:
Plere = 48i2 = 48(3:33)? = 533:33W

Prmiddie = Pright = 48i5 = 48(1:67)% = 133:33W

Thus the total power for this heating system is

Protal = Pleft + Pmiddie + Pright = 533:33 + 133:33 + 133:33 = 800 W

All radiators in this con guration have much less power than their
counterparts in Fig. 2.41. The total power for this con guration is only 22:2%
of the total power for the heating system in Fig. 2.41.

P 2.44 Each radiator is modeled as a 48 resistor:

48 Q2 48 Q2
A——AM

l_—b'
240\76) §4SQ

Write a KVVL equation for this loop:

. . . . 240
+ + + = | =——=1:
240 + 48i +48i +48i =0 I 3(48) 1:67A

Calculate the power for each radiator:

Prag = 48i° = 48(1:67)* = 133:33W

Calculate the total power for this heating system:
Ptotal = 3Prag = 3(133:33) = 400 W

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

Assessment Problems

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

Start from the right hand side of the circuit and make series and parallel
combinations of the resistors until one equivalent resistor remains. Begin by
combining the 6 resistor and the 10 resistor in series:

AP 3.1

6 +10 =16
Now combine this 16  resistor in parallel with the 64  resistor:

_ (16)(64) _ 1024
T 16+64 80

This equivalent 12:8  resistor is in series with the 7:2  resistor:

16 k64 = 12:8
1228 +7:2 =20

Finally, this equivalent 20 resistor is in parallel with the 30 resistor:

20 + 30 50
Thus, the simpli ed circuit is as shown:

5A 120

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

[a] With the simpli ed circuit we can use Ohm’s law to nd the voltage across
both the current source and the 12 equivalent resistor:

v=(12 Y6 A) =60V

[b] Now that we know the value of the voltage drop across the current source,
we can use the formula p = vi to nd the power associated with the
source:
p= (60V)(5A)= 300W
Thus, the source delivers 300 W of power to the circuit.

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

. 60 V

iar=—=2A

AT 30

Now write a KCL equation at the upper left node to nd the current ig:
5A+|A+|B:0 SO IB:5A IA:5A 2A=3A

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

vV + 7:2ig + 6ic + 10ic =0
So 16ic =v 72ig =60V (7:2)(3) =384V

38:4
Th ic=——=24A
us Ic 16

Now that we have the current through the 10 resistor we can use the
formula p = Ri? to nd the power:

po = (10)(2:4)®> =57:6 W

ZSkQ;

200v ()

AP 3.2

75k E V5 Ry,
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Problems 3{3

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

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

parallel combination of the 75 k resistor and the 150 k resistor. First,

calculate the equivalent resistance of the parallel combination:

_ (75;000)(150;000)

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

75 k k150 k 75:000 + 150:000 =50;000 =50k
Now use voltage division to nd v, across this equivalent resistance:
50;000

Vo = 50:000 + 25:000 (200 V) = 1333V

[c] If the load terminals are short-circuited, the 75 k  resistor is e ectively
removed from the circuit, leaving only the voltage source and the 25 k
resistor. We can calculate the current in the resistor using Ohm’s law:
[ 200V

25 k
Now we can use the formula p = Ri? to nd the power dissipated in the
25 k  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 Vv, 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:

=8 mA

_ (150> _
prsk(max) = 75:000 0:3 W
AP 3.3
6002
Ay
+ 4002
204@ v L R
800z 4~

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

= = — +
=i Ta @QA=4A s 20R=4(R+120)

Iso

Thus 16R = 480 and R=—=30
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3{4 CHAPTER 3. Simple Resistive Circuits

[b] With R =30 we can calculate the current through R using current
division, and then use this current to nd 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 = vi to calculate the power delivered by the
current source:

v+ (60 )20 A)+ (30 )16 A)=0 so v =1200+ 480 = 1680 V
Thus,  psource = (1680 V)(20 A) = 33:600 W

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

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

AP 3.4
400 5002
Aty ity
+ v -
60V () 200z 3002% 1002
700
W r
Req]

[a] First we need to determine the equivalent resistance to the right of the
40 and 70 resistors:

1 1 1 1 1
Reg =20 k30 k(50 +10 ) S0

- = + —+ =
Req 20 30 60 10

Thus,  Req =10

Now we can use voltage division to nd the voltage v,:
vy=__ 4%
40+10+70

[b] The current through the 40 resistor can be found using Ohm’s law:

(60 V) =20 V

This current ows from left to right through the 40 resistor. To use
current division, we need to nd the equivalent resistance of the two
parallel branches containing the 20 resistor and the 50 and 10

resistors:
(20)(60)
+ ="~ =
20 k(50 10 ) 20 + 60 15
Now we use current division to nd the current in the 30 branch:
. 15 _ o _ _
isp = 5 30(0.5 A) = 0:16667 A = 166:67 mA
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Problems 3{5

[c] We can nd the power dissipated by the 50 resistor if we can nd the
current in this resistor. We can use current division to nd this current
from the current in the 40 resistor, but rst we need to calculate the
equivalent resistance of the 20 branch and the 30 branch:

_ (20)(30) _
20 k30 = 20 + 30 =12
Current division gives:
A 12 _ o
Isp = m(O.S A) = 0:08333 A

Thus,  pso = (50)(0:08333)? = 0:34722 W = 347:22 mW

AP 3.5 [a]
——
1w 10002
We can nd the current i using Ohm’s law:
. 1V
=——=001A=10mA
i 100 0:0 0m
[b]
5002
5_55502
1w {E 1000
Rn =50 k5555 =5
We can use the meter resistance to nd the current using Ohm’s law:
. 1V
=————=0: 24 = 9:524 mA
Imeas 100 +5 0:0095 9:5 m
AP 3.6 [a]
15k
A
+
60V(E) v 275k0Q
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3{6 CHAPTER 3. Simple Resistive Circuits

Use voltage division to nd the voltage v:
75;000

V= 75:000 + 15,000 20 V) =0V
[b]
15k0
ity
+ 1499510
60v(E) v 275k0

o 50¢2

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

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

_ (75,000)(150;000) _

75,000 k150:000 = 75;000 + 150;000 S0k
50;000 o
Thus,  Vmeas = 50:000 -+ 15:000 (60 V) = 46:15 VV

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

_(1000)(150)

100

[b] When the bridge is balanced, there is no current owing 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 Rz and the branch with the series
combination of R, and Rx. We can nd the current in the latter two
branches using Ohm’s law:
. 5V . 5V
RiRs = 05 w150 0 MA 'Rz:R< = 1000 + 1500
We can calculate the power dissipated by each resistor using the formula
p = Ri?:

Poo = (100 )(0:02 A)? = 40 mW

100Ry = (1000)(150) so Ry =1500 =15k

=2 mA

Piso = (150 )(0:02 A)2 = 60 mW
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Problems 3H{7

Prooo = (1000 )(0:002 A)? =4 mW
Dsco = (1500 )(0:002 A)2 = 6 mW

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

AP 3.8 Convert the three Y-connected resistors, 20 , 10 ,and 5 to three
-connected resistors R,; Rp, and R.. To assist you the gure below has both

the Y-connected resistors and the -connected resistors
B0

105 @

_ (©)(20) + (5)(20) + (10)(20)

Ra 20 =17:5
Ry = (5)(10) + (5)%0) +(10)(20) _ -
R, = DU+ (5)(520) +(10)(20) _ .

The circuit with these new -connected resistors is shown below:
250

M\

700 —

+
17.50
Wi o 390 105
| 28

From this circuit we see that the 70 resistor is parallel to the 28  resistor:

_ (70)(28) _
T 70+28

Also, the 17:5 resistor is parallel to the 105 resistor:

70 k28 20

_ (A7:5)(105)

T 175+ 105 15

17:5 k105
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3{8 CHAPTER 3. Simple Resistive Circuits

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

_ (35)(39)

="~ =17:
35+ 35 >

35 k35

Thus, the resistance seen by the 2 A source is 17:5 , and the voltage can be
calculated using Ohm’s law:

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

Problems

P31 [a] FromEx. 3-1: iy, =4 A, i, =8A, is=12 A
at node b: 12+4+8=0, atnoded: 12 4 8=0

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

=

[b] Vi = 4|S:48V V3:3i2:24v
Vo = 18|1:72V V4:6i2:48v
loop abda: 120 +48 + 72 = 0;
loop bcdb: 72+ 24+ 48 =0;
loop abcda: 120 +48+24+48 =0
P32 [a] pa = i24=(1224=576W p;g = (4?18 =288 W
p3 = (8)23=192 W Ps = (8)%6 =384 W
[b] p1zov(delivered) = 120is = 120(12) = 1440 W
[€] paiss = 576 + 288 + 192 + 384 = 1440 W

P33 [a] The5 k and 7 k resistors are in series. The simpli ed circuit is shown
below:

Bk
WA

18V CD 6kQ 12k E

[b] The 800 and 1200 resistors are in series, as are the 300 and 200
resistors. The simpli ed circuit is shown below:
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3{10 CHAPTER 3. Simple Resistive Circuits

AMA-

500 Q

AMA
20000
27V

500€
W

[c] The35 , 15 ,and 25 resistors are in series. as are the 10 and 40
resistors. The simpli ed circuit is shown below:

7503 90V 2500

L

[d] The 50 and 90 resistors are in series, as are the 80 and 70
resistors. The simpli ed circuit is shown below:

1400

30 mA 3000 $100Q $150Q

P34 [a] The36 and 18 resistors are in parallel. The simpli ed circuit is shown
below:

A
24 Q

18V 121}

W

[b] The 200 and 120 resistors are in parallel, as are the 210 and 280
resistors. The simpli ed circuit is shown below:

120 &

30mA 7502 18080

[c] The 100 k , 150 k , and 60 k resistors are in parallel, as are the 75 k
and 50 k resistors. The simpli ed circuit is shown below:
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Problems  3{11
30kQ

60V Ci) 30kQ 2

90 kO
A

[d] The 750 and 500 resistors are in parallel, as are the 1:5 k and 3 k
resistors. The simpli ed circuit is shown below:

900 Q2 1kQ

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

[a] Circuit in Fig. P3.3(a):

Req = [(7000 + 5000)k6000] + 8000 = 12;000k6000 + 8000
= 4000 + 8000 = 12 k

Circuit in Fig. P3.3(b):

Req = [500k(800 + 1200)] + 300 + 200 = (500k2000) + 300 + 200
= 400 + 300 + 200 = 900

Circuit in Fig. P3.3(c):

Req = (35 + 15 + 25)k(10 + 40) = 75k50 = 30

Circuit in Fig. P3.3(d):

Req = ([(70 + 80)k100] + 50 + 90)k300 = [(150k100) + 50 + 90]k300
= (60 + 50 + 90)k300 = 200k300 = 120

[b] Note that in every case, the power delivered by the source must equal the
power absorbed by the equivalent resistance in the circuit. For the circuit

in Fig. P3.3(a):
V2 182
P=_-2=_—"_—=0:027 =27 mW
Req 12,000
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3{12 CHAPTER 3. Simple Resistive Circuits

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

V2 277
P=-=__=0:81=810 mW
Req 900 0:81 =810 m
For the circuit in Fig. P3.3(c):
vZ 902
=—==—=210 W
Req 30 0

For the circuit in Fig. P3.3(d):
P = 12(Req) = (0:03)*(120) = 0:108 = 108 mW

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

[a] Circuit in Fig. P3.4(a):
Req = (36k18) +24 =12 + 24 = 36
Circuit in Fig. P3.4(b):
Req = 200k120k[(210k280) + 180] = 200k120k(120 + 180) = 200k120k300 = 60
Circuit in Fig. P3.4(c):
Req = (75 kk50 k) + (100 kk150 kk60 k) +90 k = 30 k +30 k + 90 k = 150 k
Circuit in Fig. P3.4(d):
Req = [(600 + 900)k750k500] + (1500k3000) + 2000 = (1500k750k500) + 1000 + 2000
= 250 + 1000 + 2000 = 3250 = 3:25 k

[b] Note that in every case, the power delivered by the source must equal the
power absorbed by the equivalent resistance in the circuit. For the circuit

in Fig. P3.4(a):
V52 182
== =_=90W
Reg 36 )

For the circuit in Fig. P3.4(b):
P = 12(Req) = (0:03)*(60) = 0:054 = 54 mW
For the circuit in Fig. P3.4(c):

V2 602
=== = 0:024 =24 mW
Req _ 150,000 m
For the circuit in Fig. P3.4(d):
V2 652
P=—2=_———=13W
Req 3250
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P 3.7 [a] Circuitin Fig. P3.7(a):
Req = ([(15k60) + (30k45) + 20]k50) + 25 + 10 = [(12 + 18 + 20)k50] + 25 + 10
= (50k50) +25+10 =25+ 25+ 10 =60

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

[(18 + 12)k60 + 30]k75 = (30k60 + 30)k75 = (20 + 30)k75 = 50k75 = 30

Now simplify the remainder of the circuit:

Req = ([(30 + 20)k50] + (20k60))k40 = [(50k50) + 15]k40 = (25 + 15)k40
= 40k40 = 20

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

Riert = [(1800 + 1200)k2000] + 300 = (3000k2000) + 300 = 1200 + 300 = 1500
Rright = [(500 + 2500)k1000] + 750 = (3000k1000) + 750 = 750 + 750 = 1500
Now nd the equivalent resistance seen by the source:
Req = (RiertkRyright) + 250 + 3000 = (1500k1500) + 250 + 3000

= 750 + 250 + 3000 = 4000 =4 k
Circuit in Fig. P3.7(d):
Req = ([(750 + 250)k1000] + 100)k([(150 + 600)k500] + 300)

= [(1000k1000) + 100]k[(750k500) + 300] = (500 + 100)k(300 + 300)

= 600k600 = 300

[b] Note that in every case, the power delivered by the source must equal the
power absorbed by the equivalent resistance in the circuit. For the circuit

in Fig. P3.7(a):
V2 | 302
Rg 60

For the circuit in Fig. P3.7(b):
P = 12(Req) = (0:08)?(20) = 0:128 = 128 mW

For the circuit in Fig. P3.7(c):
_ V_S2 207
Req 4000

For the circuit in Fig. P3.7(d):
P = 12(Req) = (0:05)*(300) = 0:75 = 750 mW

= 0:1 =100 mW
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3{14 CHAPTER 3. Simple Resistive Circuits

P38 [a] Rap = 24 + (90k60) + 12 = 24 + 36 + 12 = 72
[0] Rab =[(4k+6k+2KK8 K] +52k=(12kk8 k) +5:2k =48 k+5:2 k = 10 k
[c] Rap = 1200k720k(320 + 480) = 1200k720k800 = 288

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

[a] Rap = [(26 + 10)k18 + 6]k36 = (36k18 + 6)k36 = (12 + 6)k36 = 18K36 = 12
[b] Rap = [(12 + 18)k10k15k20 + 16]k30 + 4 + 14 = (30k10k15k20 + 16)k30 + 4 + 14

= (4+16)k30 + 4+ 14 =20k30 + 4+ 14 = 12+ 4+ 14 = 30
[c] Rab = (500k1500k750 + 250)k2000 + 1000 = (250 + 250)k2000 + 1000
= 500k2000 + 1000 = 400 + 1000 = 1400

[d] Note that the wire on the far right of the circuit e ectively removes the
60 resistor!

Rab = [([(30 + 18)k16 + 28]k40 + 20)k24 + 25 + 10]k50
= ([(48k16 + 28)k40 + 20]k24 + 25 + 10)k50
= ([(12 + 28)k40 + 20]k24 + 25 + 10)k50 = [(40k40 + 20)k24 + 25 + 10]k50
= [(20 + 20)k24 + 25 + 10]k50 = (40k24 + 25 + 10)k50 = (15 + 25 + 10)k50
= 50k50 = 25

P310 [a R+R=2R
[] R+R+R+ +R=nR
[c] R+R=2R =3000 so R =1500=1:5 k
This is a resistor from Appendix H.
[d] nR = 4000; soifn=4;, R=1Kk
This is a resistor from Appendix H.

R2 R
P311 [a] Rg=RkR=_- =2
[b] Ry = RKRkRK kR  (nR’)
R
= Rk——

R=(n 1) _ R?_R

R+R=(n 1) nR n

R
[c] 525000 so R=10 k
This is a resistor from Appendix H.
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[d] % =4000 so R =4000n

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

to get 4k .
160(3300)

[b] i = 160=8000 = 20 mA
Pr, = (400 10 ®)(4:7 10%) =188 W
Pr, = (400 10 ®)(3:3 10®) =132 W

[c] Since R; and R, carry the same current and R; > R, to satisfy the voltage
requirement, rst pick R; to meet the 0:5 W speci cation

160 66 94 ?
=_—: Therefore, — R 0:5
'Ry R R !
942
Thus, Ry, — o R; 17672
0:5
Now use the voltage speci cation:
R>
- (1 =
R, + 17;672( 60) = 66
Thus, R, = 12:408
20R,
P 313 4= R, =1
3.13 R, + 40 S0 2 0
_ 20R. _ 120
“w0+Rr ° Re=77
120 10R_ _
Thus, = 0+R, so RL=24
40R»
P 314 Ja = =8 s0 R;=4R
[a] vo R, + R, 1 2
RoR.
Let R = R)kRp = ———
e 2 L R2 + RL
_ A0R, o
Vo = R+ R =75 s0o R;=433R,
4:33(3600R;)
Then, 4R, = 4:33R, = ————~~
en, 4Rz = 433Re = 00+ R,

Thus, R, = 300 and R; =4(300) = 1200
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3{16 CHAPTER 3. Simple Resistive Circuits

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

Vg, =40 7:5=325V
_ 3252
1200
Thus the minimum power rating for all resistors should be 1 W.

=880:2 mW

Pr,

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

V&,
=1 = 34:64 V
1200 SO Vg, = 34:6

Vo =40 34:64 =536 V

40Re

So, m = 5:36 and Re = 185:68
(B00)R. _ _ _
Thus, 30+ R, 185:68 and R =487:26

The minimum value for R from Appendix H is 560

P 3.16 Req = 10K[6 + 5k(8 + 12)] = 10k(6 + 5k20) = 10k(6 +4) =5
Vioa =Vio = (10 A)(5 )=50 V

Using voltage division:

5k(8 + 12) 4
Vs = arek@+12) 0 T a0 =20
V2 202
Th =2 ="_"_=80W
us, ps 5 5 80
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P3.17 [a]

18]
- '
Yo 2002 100
h 1002 24n 900

Req = (10 + 20)k[12 + (90k10)] = 30k15 = 10
Voap = 10(24) =24V

20
Vo =V = 0+ 20(24) =16V
_ 90K10 9
. 144
lg = W =0:16 A
2 “N\2

6 6
[c] paua = (2:4)(24) = 576 W
Thus the power developed by the current source is 57:6 W.

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

0:05 =iy + i, + i3 + iy = 0:6i, + iy + 2i, + 4i; = 0:6i, + iy + 2i, + 4(0:6i,) = 6i,
Therefore,

i, = 0:05=6 = 0:00833 = 8:33 mA

Find the remaining currents using the value of i,:

i1 = 0:6i, = 0:6(0:00833) = 0:005 =5 mA

i3 = 2i, = 2(0:00833) = 0:01667 = 16:67 mA

iy = 4i; = 4(0:005) = 0:02 = 20 mA

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

R; = 25=i; = 25=0:005 = 5000 =5 k
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3{18 CHAPTER 3. Simple Resistive Circuits
R, = 25=i, = 25=0:00833 = 3000 = 3 k
R3; = 25=i3 = 25=0:01667 = 1500 = 1:5 k
R4 = 25=i4 = 25=0:02 = 1250 = 1:25 k

The resulting circuit is shown below:

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

P 3.19 R1+(2R;2)2+R3 = 80; Therefore, Ri + R, + R; = 7:2
(Ri+Rp)24  _ 12
(R1 + Rz +Ry)
Therefore, 2(R; + R;) = R; + R, + R3
Thus, Ry + R, = Rg; 2R =7:2; R; = 3:6
Ro(24)  _ 5
R; +R;+R3
48R, =R;+R,+3:6=7:2
Thus, R, =15 ; Ri=72 R, R3=21
P 3.20 [a]

10k 20k

180\;’(5/:::@ %vol 40k§2% ¥,

20k +40k =60k

30k k60O k =20k

20:000
- ' 180) = 120 V
Vo1 = 75:000 + 20:000) 20 = 120
40,000,
Yo = 5o:000 Vo) =80V
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[b]
10kQ 20kQ

— +

180V 30kQ A0KO Vo
30,0001

180
40;000

30;0001 = 135 V

y 40,000
° "~ 60;000

i = = 45 mA
T (135) =

[c] It removes the loading e ect of the second voltage divider on the rst
voltage divider. Observe that the open circuit voltage of the rst divider

is
30;000
0
Vo = 20; 000(180) 135 Vv

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

R
P 3.21 [a] Atnoload: v,=Kkvs= &TZRZVS
. _ _ Re . _ RORZ
_ Ro _ @ k)
Therefore k = R+ R, and R;= " R,
_ Re _@ )
RiTR. and R;= Re
1 R:Re (1 k)
Thus R, + R, = K R,
Solving for R; yields R; = ( ) Ro
1 k)
Also, R, = (1 k) R, . R; = (k )Ro
k k
0:05
[b] Rl - —068 Ro —_ 25 k
0:05
R, = 0o R, = 14:167 k
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3{20 CHAPTER 3. Simple Resistive Circuits

[c]
Maximum dissipation in R, occurs at no load, therefore,
_ [(60)(0:85))* _ ...
PRz(max) - 14:167 = 183:6 mW
Maximum dissipation in R; occurs at full load.
_[60 0:80(60)17  __
PRl(max) - 2500 = 57:60 mW
[d ]
25ka
B0 W #
14R1157 é&ikg short
(60)?
P = = 1:44 W = 1440 mW
Ra 2500 om
_ 0? _
Pra = Ta1e7 -

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

ig = V.G + V.G, + +Vv,Gn = Vo(Gl + Gy + + GN)

i
It follows that = 9
ollows that v, (G, +G, + +Gn)
The current in the k™ branch is iy = v,Gy; Thus,
« [Gi1+G,+ +Gy]
] 40(0:2
[b] i5= 0(0:2) =32 A

2+ 0:2+0:125 + 0:1 + 0:05 + 0:025

P 3.23 [a] The equivalent resistance of the 6 k resistor and the resistors to its right
§

6 kk(5k+7k)=6Kkkl2k=4 k
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Using voltage division,
_ 4000
8000 + 4000

5000
[b] Vsk = 5550 3 7000

P 3.24 [a] The equivalent resistance of the 100 resistor and the resistors to its right
§

(18) =6 V

Vek

(6) =25V

100k(80 + 70) = 100k150 = 60

Using current division,

_ (50 +90 + 60)k300, 120, o _
isp = 50+ 90 + 60 (0:03) = 200(0.03) =0:018 = 18 mA
(80 + 70)k100 60
=" 7 777(0:018) = —(0:018) = 0:0072 = 7:2 mA
[b] V7o 80+ 70 (0:018) 150(00 8) = 0:00 m

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

[(60K15) + (45k30) + 20]k50 = 25

Thus by voltage division,
25

Vo5 = m(?@) =125V
[b] The current in the 25 resistor can be found from its voltage using Ohm’s
law:
. 12:
Ios = > =05A

25
[c] The current in the 25 resistor divides between two branches { one

containing 50 and one containing (45k30) + (15k60) +20 =50 . Using
current division,

P 50k50
50 — 50
[d] The voltage drop across the 50 resistor can be found using Ohm’s law:

V50 = 50i50 = 50(025) =125V

.. _ 25, .
(i25) = %(0.5) =0:25 A

[e] The voltage vso divides across the equivalent resistance (45k30) , the
equivalent resistance (15k60) , and the 20 resistor. Using voltage
division,

15k60 12
= = 12:5) =
Ve = V150 = (15160) + (30Kd5) + 2002 )~ 12
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3{22

P 3.26

P 3.27

CHAPTER 3. Simple Resistive Circuits

[a] The equivalent resistance to the right of the 36  resistor is
6 + [18k(26 + 10)] = 18
By current division,

P 36k18
36 — 36
[b] Using Ohm’s law,

V3 = 36i36 = 36(015) =54V

(0:45) = 0:15 = 150 mA

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

18K(26 + 10) = 12

Now use voltage division:

12
Vig = m(54) =36V
10
[d] Vip = 10+ 26(36) =1V

[a] Begin by nding the equivalent resistance of the 30 resistor and all
resistors to its right:

([(12 + 18)k10k15k20] + 16)k30 = 12

Now use voltage division to nd the voltage across the 4  resistor:

. 4
C4+12+14
[b] Use Ohm’s law to nd the current in the 4 resistor:

I, =Vv4=4=08=4 =02 A

Va (6) =08V

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

[(12 + 18)k10k15k20] + 16 = 20

Now use current division:
lig = M
20
[d] Note that the current in the 16 resistor divides among four branches {
20 ;15 ;10 , and (12 +18)
_ 20k15k10k(12 + 18)
B 10
[e] Use Ohm’s law to nd the voltage across the 10  resistor:

Vig = 10i10 = 10(0048) =048V

(0:2) = 0:12 = 120 mA

110 (0:12) = 0:048 = 48 mA
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18
12 + 18

[f] Vig = (0:48) = 0:288 = 288 mV

6
P3.28 [a] Vax = 5, 5(18) =135V

_ 3 —_
Vy =Vgk Vak=135 45=9V

6

3
Vi = (0:75Vs)  (0:25Vs) = 0:5V4

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

: (10 k+ 15 K)K(3 k + 12 k)
10k+15k — 10 k + 15 k

(18) = 6:75 mA

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

Visk = (6:75m)(15 k) = 101:25 V

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

: (10 k+ 15 K)K(3 k + 12 k)
10k+15k — 3 k + 12 k

(18) = 11:25 mA

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

viok = (12 k)(11:25 m) = 135V
Vo = Visk Vi2k = 101:25 ( 135) =33:75V
P 3.30 The equivalent resistance of the circuit to the right of the 90 resistor is

Req = [(150k75) + 40]k(30 + 60) = 90k90 = 45
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3{24 CHAPTER 3. Simple Resistive Circuits

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

45

VRea = g5 490 =Y

Use voltage division again to nd v; from Vgeq:

150k75

150K75 + 40( )= _(1)

Vi, =

@IU‘I

Use voltage division one more time to nd v, from Vgeq:

30

30 + 60 v

D=

. 1
2= 3

P 3.31 Find the equivalent resistance of all the resistors except the 2
5 k20 =4 ; 4 +6 =10 ; 10k(15+12+13) =8 = Req
Use Ohm’s law to nd the current iy:

125 125

iy = = =125 A
T ot Ry 2+8 0

Use current division to nd the current in the 6 resistor:

_ 8 B
is = 4(125) =10 A

Use current division again to nd i,:

I = 5;§0i6 = —5k20 (10)=2A

P 3.32 Use current division to nd the current in the 8 resistor. Begin by nding
the equivalent resistance of the 8 resistor and all resistors to its right:

Req = ([(20k80) + 4]k30) + 8 = 20

ig = 60kReq (0:25) = M(o 25) = 0:1875 = 187:5 mA

eq
Use current division to nd i; from ig:

|, = 30Kl4 +3(()80k20)] (ie) = 30k20 (0:1875) = 0:075 = 75 mA
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Problems  3{25

Use current division to nd i from ig:

_ 30K[4 + (80k20)]
" 4+ (80k20)

.. _ 30k20
(ig) = 0

(0:1875) = 0:1125 = 112:5 mA

Finally, use current division to nd i, from iy :

 80k20 . . _ 80k20, o
i = == (ia ) = =5 —(0:1125) = 0:09 = 90 MA

P 3.33 The current in the shunt resistor at full-scale de ection is

ia = ifunscale 3 10 3 A. The voltage across Ra at full-scale de ection is
always 150 mV; therefore,

R, = 150 10 3 _ 150
A ifullscale 3 10 3 1000ifullscale 3
150
[a] Ra = so00 3~ 0018 m
[b] Let Ry, be the equivalent ammeter resistance:
11
Rm:0?5=0:03=30 m
150
[c] Ra = 00 3 1:546
0:15
[d] R = o1 1:5
P 3.34
7y
),
+ A0 —
3
Original meter: R, = % =0:01
. :02)(0:01
Modi ed meter: R, = % = 0:00667

(1+)(0:00667) =50 10 3

lis =75 A
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3{26 CHAPTER 3. Simple Resistive Circuits

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

_ (200 10 32

P
A RA

(200 10 3)?

170 =40 m

Therefore Ra

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

200 10 3
"= 103 °A

The measured current will be imeas = 5 + 0:002 = 5:002 A
Full-scale reading for practical purposes is 5 A.

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

100 mV
Rm = =50
M 2mA
We can calculate the current through the real meter using current
division:

(25=12) 25 1

— H — 2 H — H
Im = m(lmeas) = 625(|meas) = glmeas

[b] At full scale, imeas=5Aand inm =2 mAso5 0:002 =4998 mA ows
throught the resistor Ra:

R, — 100 mV _ 100
AT 4998 mA ~ 4998
. (100=4998) (i) = 1 i)
™™ 50 + (100=4998) * ™**/ © 2500+ "%
[c] Yes

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

full-scale reading
10 3

Rv + Rmovement =

We can calculate the resistance of the movement as follows:

20 mV
- =2
1 mA 0

Rmovement =

Therefore, Ry = 1000 (full-scale reading) 20
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Problems  3{27

[a] Ry = 1000(50) 20 = 49: 980
[b] Ry =1000(5) 20 = 4980
[c] Ry = 1000(0:25) 20 = 230
[d] Ry = 1000(0:025) 20 =5

P 3.38 [a] Vimeas = (50 10 3)[15k45k(4980 + 20)] = 0:5612 V
[0] Veree = (50 10 3)(15k45) = 0:5625 V

% error = % 1 100 = 0:224%
P 3.39 The measured value is  60k20:1 = 15:05618
Ig = (15:0565108 +10) = 1:995526 A; Imeas = %(1:996) = 1:494768 A
The true value is  60k20 = 15
Ig = ﬁ =2 A ltrue = %(2) =15 A
%error = % 1 100 = 0:34878% 0:35%

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

_ 15

ltrue = m(SO mA) =125 mA

iress = (50 MA) = 12:4792 mA

M T 15+ 45+ 0:1 S

% error = 121:3_7592 1 100 = 0:166389%  0:17%
P34l [a]

J, é 0.82kn

i
3%,
§ 20k v
g 0GY CD?EV
s _

fi, -iB)¢%BD ke v =02k
40

20 10%,+80 10%(i, ig) =75

1

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



3{28 CHAPTER 3. Simple Resistive Circuits

80 10%(i; ig) =0:6+40ig(0:2 10%)

100i; 80ig =75 103
80i; 88ig =06 10 3
Calculator solution yields ig = 225 A
[b] With the insertion of the ammeter the equations become
100i; 80ig =7:5 10 ° (no change)
80 10%(i; ig) = 10%ig + 0:6 + 40ig(200)
80i; 89%ig =06 10°3

Calculator solution yields ig = 216 A
216
%error = — 1 100= 4%
[c] % erro 275 00 0
P 3.42 [a] Since the unknown voltage is greater than either voltmeter’s maximum
reading, the only possible way to use the voltmeters would be to connect
them in series.

[b]
Rm1 = (300)(900) = 270 k ; Rm2 = (150)(1200) = 180 k
. 300 . 150
i1 max = 520 10 3 = 1:11 mA; Iz max = 755 10 3 =0:833 mA
Imax = 0:833 MA since meters are in series
Vmax = (0:833 10 3)(270 + 180)10° = 375 V
Thus the meters can be used to measure the voltage.
. 320
[c] im= 50 10° 0:711 mA

Vm1 = (0:711)(270) = 192 V;, Vmz = (0:711)(180) = 128 V
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Problems  3{29

P 3.43 The current in the series-connected voltmeters is

- 205:2 _ 136:8
™™ 270:000  180:000

= 0:76 mA

Ve, k= (0:76 10 ®)(50;000) = 38 V

500 V
P 3.44 Rmeter = Rm + Rmovement = m = 1000 k

Vimeas = (50 k k250 k k1000 k )(10 mA) = (40 k )(10 mA) = 400 V

Verce = (50 kK k250 k )(10 mA) = (41:67 k )(10 mA) = 416:67 V

4
% error = % 1 100= 4%

P 3.45 [a] Vimeter — 180 V
[b] Rmeter = (100)(200) = 20 k
20k70 = 15:555556 k

180
=_ =% 15:555556 = 78:75
Vmeter = 32 C55556

[c] 20k20 = 10 k

180
Vmeter = E(].O) =225V

[d] Vimeter a — 180 V
Vmeter b + Vmeter ¢ = 101:26 V

No, because of the loading e ect.

P346 [a] R: = (100=2)10° =50 k
R, = (10=2)10% =5k
R; = (1=2)10° =500
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3{30 CHAPTER 3. Simple Resistive Circuits

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

iy = design current in the movement

Then % error = I—a 1 100

lq
For the 100 V scale:
P = 100 100 - 100
27 50,000 + 25 ~ 50;025° 4™ 50:000
I _ 50,000 0 . —  (-AE0
T 50:025 0:9995 % error = (0:9995 1)100 = 0:05%
For the 10 V scale:
i—a = @ = 0:995 % error = (0:995 1:0)100 = 0:4975%
ig 5025 B ' o
For the 1 V scale:
la _ 500 _ 9504 herror = (0:9524 1:0)100= 4:76%
Iq 525
P 3.47 From the problem statement we have
_ V5(10) NN
50 = 0+R, (1) VsinmV;RsinM
- _ Vs(6)
48:75 = 5+ R. @)
[a] From Eq (1) 10+ Rs = 0:2V4
Rs=0:2vs 10
Substituting into Eq (2) yields
I 6\ _
48:75 = 0. 4 or Vs=52mV
[b] From Eq (1)
520
= 10+R, or 50Rs =20
So Rs = 400 k
P 348 [a] Rmovement = 50
30
R, +R; +R —ﬂ—ﬁOk i Ry,=120 k
2 1 movement — 1 10 3 .. 2 —
300
Rs + Ry + R + Riovement = W =300 k
R; =150 k
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Problems  3{31

[b]

vy = (0:96 m)(150 k) =144 V

_ 144
= =0: A

move = 150 ¥ 29:05 ¥ 0:05 0 ™M

V7R

i = o = 0:192 mA

12 = Imove + 11 =0:96 M+ 0:192 m = 1:152 mA
Vmeas = Vx = 144 + 150i, = 316:8 V
[c] vi =150 V; ib=1m+0:20 m=1:20 mA
11 = 150=750;000 = 0:20 mA
Vmeas = Vx = 150 + (150 k)(1:20 m) = 330 V
P 3.49 [a] Rmeter =300 k +600 k k200 k =450 k
450k360 = 200 k

200
Vmeter - %(600) =500 V
[b] What is the percent error in the measured voltage?

360
True value = m(GOO) =540 V

% error = % 1 100= 7:41%
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3{32 CHAPTER 3. Simple Resistive Circuits

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

‘Zn 2

It follows that

i = ig(RZ + Rx) — ig(Rg,'*' Rx)
'"Ri+R;+R; + R, R
i = ig(R; + R3) _ Ig(Re+Rs)
2" Ri+R,+Rs +R, "R

V3 = Rsl1 = vx = 2Ry

R3ig(\Rj + Rx) — ing(& + RB)
R R

R3(R2 + Ryx) = Rx(R1 + R3)

. RoR
From which Ry = 273
Ry
P 3.51 [a]
5000 Wﬁ%ﬂn\nﬂ
24v(7)
7500 R,

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

_ (1000)(750)

(500)(Ry) = (1000)(750) ~ so R 500

= 1500
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Problems  3{33

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

i = 24V 4 24V
500 + 750 1000 + 1500
[c] We can use Ohm’s law to nd the current in each branch:
lleft = 2
500 + 750
gt =
1000 + 1500
Now we can use the formula p = Ri? to nd the power dissipated by each
resistor:

Psoo = (500)(0:0192)? = 184:32 mW  prso = (750)(0:0192)? = 276:18 mW

= 28:8 mA

=19:2 mA

= 9:6 mA

Proco = (1000)(0:0096)2 = 92:16 MW Pisgo = (1500)(0:0096)2 = 138:24 mW

Thus, the 750 resistor absorbs the most power; it absorbs 276:48 mW
of power.

[d] From the analysis in part (c), the 1000 resistor absorbs the least power;
it absorbs 92:16 mW of power.

P 3.52 Note the bridge structure is balanced, that is15 5=3 25, hence there is
no current in the 5 k resistor. It follows that the equivalent resistance of the
circuit is

Req = 750 + (15;000 + 3000)k(25;000 + 5000) = 750 + 11;250 = 12 k
The source current is 192=12;000 = 16 mA.

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

_ 11,250
~ 18:000

I3k (0:016) = 10 mA

psk = 3000(0:01)* = 0:3 W
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3{34 CHAPTER 3. Simple Resistive Circuits

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

20ko

6k k30k =5k

12k k20k =75k

] 75
= = A
s= 12500 0™

v1 = 0:006(5000) = 30 V

V2 = 0:006(7500) = 45 \V/

.30
=000 0 MA
.45

I, = 12:000 = 3:75 mA

id = il i2 =1:25 mA

P 3.54 In order that all four decades (1, 10, 100, 1000) that are used to set R3
contribute to the balance of the bridge, the ratio R,=R; should be set to 0.001.

P 3.55 Use the gure below to transform the to an equivalent Y:

(40)(25)

Rl_

=20+ 25+375 10
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Problems  3{35

_ (25)(3755)
Re = 20+ 25 +375 1463
(40)(37:5)
R; = = 14:634
37 40+ 25+ 375 63

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

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

Find the equivalent resistance to the right of the 5 resistor:
(100 + 9:756)k(125 + 9:1463) + 14:634 = 75

The equivalent resistance seen by the source is thus 5+ 75 = 80
law to nd the current provided by the source:

. 40
= _— =05 A
i 20 0:5

Thus, the power associated with the source is

Ps= (40)(0:5) = 20 W

P 3.56 Use the gure below to transform the Y to an equivalent
R,

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

25 55— 300

Ra

. Use Ohm’s
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3{36 CHAPTER 3. Simple Resistive Circuits

_(25)(100) + (25)(40) + (40)(100) _ 7500
L= -

R 40 40

= 187:5

n. < (25)(100) + (25)(40) + (40)(100) _ 7500 _

.
¢ 100 100 °

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

50
e 18750 A7 0
+ 1 R, )
40V _—_ R, =300 Q
—_ T Rc
| 75 €2 &;59

Find the equivalent resistance to the right of the 5 resistor:
300K[(125k187:5) + (37:5k75)] = 75

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

. 40
=_—-=05A
i %0 0:5

Thus, the power associated with the source is

P,= (40)(0:5) = 20 W

P 3.57 Use the gure below to transform the Y to an equivalent
R,

250 125Q

_(25)(125) + (25)(37:5) + (37:5)(125) _ 8750
B 37:5 ~ 375

Ra = 233:33

_(25)(125) + (25)(37:5) + (37:5)(125) _ 8750
B 25 25

Rb = 350
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P 3.58

Problems  3{37

_ (25)(125) + (25)(37:5) + (37:5)(125) _ 8750 _

Re 125 125

70

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

Find the equivalent resistance to the right of the 5 resistor:
350Kk[(100k233:33) + (40k70)] = 75

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

. 40
= _— =05 A
i 20 0:5

Thus, the power associated with the source is
Ps= (40)(0:5) = 20 W

[a] Use the gure below to transform the Y to an equivalent

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

Ra % o = 116:67
=, = (25)(30) + (25)(50) + (30)(50) _ 3500 _
b~ 50 T 50
_(25)(30) + (25)(50) + (30)(50) _ 3500 _
R, = - =5 =140
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3{38 CHAPTER 3. Simple Resistive Circuits

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

Find the equivalent resistance to the right of the 13 and 7 resistors:

70K[(50k116:67) + (20k140)] = 30

Thus, the equivalent resistance seen from the terminals a-b is:

Rap =13+30+7=50

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

_((0)20) _
Ri=g0r20+30
__(0E) .

27 50+20+30

_ 2000y
Rs=g9+20+30  °

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



Problems  3{39

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

13 Q
ae AN
50 Q 25 O
10 O 15Q
6 Q
7Q
be AAA

Find the equivalent resistance to the right of the 13 and 7 resistors:
(50 + 10)k(25 + 15) + 6 = 30

Thus, the equivalent resistance seen from the terminals a-b is:

Rap =13+30+7 =50

[c] Convert the delta connection R; | R2 | Rs to its equivalent wye.
Convert the wye connection R; | R; | R4 to its equivalent delta.

P 3.59 Begin by transforming the -connected resistors (10 ;40 ;50 ) to
Y-connected resistors. Both the Y-connected and -connected resistors are

shown below to assist in using Eqgs. 3.44 { 3.46:
150

24y <j +
¥y

Now use Egs. 3.44 { 3.46 to calculate the values of the Y-connected resistors:

L N OO

Ri= T 10+40+50

T 10+40+50
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3{40 CHAPTER 3. Simple Resistive Circuits

The transformed circuit is shown below:

190
— W
10 40 a0
M —W—e

24y v, i 200
i 2

b -

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

Req = (15 + 5)k(1 + 4) + 20 = 20k5 + 20 = 4 + 20 = 24

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

i=—=1A

24
Use current division to calculate the currents i; and i,. Note that the current
i; ows in the branch containing the 15 and 5 series connected resistors,
while the current i, ows in the parallel branch that contains the series
connection of the 1 and 4 resistors:

4

.4 o o o
= M =5AA=02A  and  p=1A 02A=08A

Iy
Now use KVL and Ohm’s law to calculate vi. Note that v; is the sum of the
voltage drop across the 4  resistor, 4i,, and the voltage drop across the 20
resistor, 20i:

Vi = i, + 20i = 4(0:8 A) + 20(1 A) = 3:2+20 = 23:2 V

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

Vo = 5iy +20i =5(0:2 A) +20(1 A) =1+20 =21V

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

_ (50)(30) _ ..
Ry = o = 1255
_ (50;(()%)00) s
_ (100)(30) _
Ry = et = 25
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Problems  3{41

Convert the lower delta to a wye.

_ (60)(80) _
Re= %00 — 2
_ (60)(60) _
Rs= %00 18
_ (80)(60) _
Re= %00 — 2

Now redraw the circuit using the wye equivalents.

Rab=1:5+12:5+%+18=14+48+18=80
[b] When vy, =400 V
iQZ%ZSA
|31—%(5)—3A

= (31)(3)2 = 2719 W

P 3.61 [a] Afterthe 20 J100 |J50 wye is replaced by its equivalent delta, the

circuit reduces to
3209

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

Now the circuit can be reduced to

B4
1000m:A 9% l 2400
i = %(1000) = 240 mA
iy = %(240) =96 mA
[b] iy = %(240) =48 mA
[c] Now that i, and i; are known return to the original circuit
3200 s,

600 &

[d] vq = v, + 20(0:6 + 0:048) = 60 + 12:96 = 72:96 V
Ppg = (Vo)1)= 72:96 W
Thus the current source delivers 72:96 W.

P362 8+12=20
20k60 = 15
15+20=35
35k140 = 28
28 +22 =150

50k75 = 30
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Problems  3{43

30 + 10 = 40

iy =240=40 =6 A

io = (6)(50)=125 = 2:4 A

0 = (6 2:4)(35)=175 =0:72 A
Pao = (0:72)%(140) = 72:576 W

P 3.63 [a] Replace the 60 | 120 ] 20 delta with a wye equivalent to get
Mo

Ta0Y

is = 70 =0 _10A
ST 5+ (24+36)k(14+6)+12+43 75
. (24 +36)k(14 +6) 15 o
i; = 0+ 36 (10) = 60(10)—2.5A
[b] 1,=10 25=75A
v =36i; 6i, =36(2:5) 6(7:5) =45V
. v ﬁ .
[c] i, = |o+@ =75+ 50 =82 A
[d] Psupplied = (750)(10) = 7500 W
_ 1 _ R1
Fa6d Ga = R.  RiR; + R;R3 + R3R;
_ 1:Gl
(1=G1)(1=Gy) + (1=G2)(1=G3) + (1=G3)(1=G)
(1=G1)(G1G2G3) _ G,G3

o G +G, +G3 _Gl+GZ+G_‘3
Similar manipulations generate the expressions for G, and G.

P 3.65 [a] Subtracting Eq. 3.42 from Eq. 3.43 gives
Ri R2=(RcRp RcRa)=(Ra+ Rp+R):
Adding this expression to Eq. 3.41 and solving for Ry gives
R; = ReRp=(Ra + Ry, + R.):

To nd Ry, subtract Eq. 3.43 from Eq. 3.41 and add this result to
Eq. 3.42. To nd Rj3, subtract Eq. 3.41 from Eq. 3.42 and add this result
to Eq. 3.43.
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3{44 CHAPTER 3. Simple Resistive Circuits

[b] Using the hint, Eq. 3.43 becomes

Rb[(R2=R3)Rp + (R2=R1)Rp] _ Rp(R1 + R3)R;
(R2=R1)Rp + Rp + (R2=R3)Rp  (R1R2 + R2R3 + R3R1)

Solving for Ry, gives Ry, = (R1R; + R;R3 + R3R1)=R;,. To nd R;: First
use Egs. 3.44{3.46 to obtain the ratios (R1=R3) = (R.=R,) or

R:. = (R1=R3)R; and (R;=R;) = (Rp=R,) or Ry, = (R1=R;)R,. Now use
these relationships to eliminate Ry, and R from Eq. 3.42. To nd R, use
Eqgs. 3.44{3.46 to obtain the ratios R, = (R3=R;)R. and

Ra = (R3=R;)R.. Now use the relationships to eliminate R, and R, from
Eqg. 3.41.

R1+R3:

R2(2R1 + Ry) _
2R, +R,+R, -

P3.66 [a] Rap = 2Ry +

R2(2R; +Ry) 0
2R, +R, + R,

Therefore 2R; Ry +

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

When Rz, = R, the current into terminal a of the attenuator will be

Vi=R|.
Using current division, the current in the R_ branch will be
Vi R>

R. 2R; +R, +R_

Vi R>
Therefore v, = — R
°" R, 2Ri+R,+R_ -

Y, R
and — = 2
Vi 2R1 + R, + R

[b] (300)* = 4(R; + R2)R;

22;500 = R + RyR;

Vo _ . _ R2
Vi =05= 2R; + R, + 300

R, + 0:5R, + 150 = R,

0:5R, = Ry + 150

R, = 2R, + 300
22:500 = R? + Ry (2R, + 300) = 3R? + 300R;
RZ+100R; 7500 =0
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Problems  3{45

Solving,
Rl =50
R, = 2(50) + 300 = 400

[c] From Appendix H, choose R; =47 and R, =390 . For these values,
Rap & Ry, so the equations given in part (a) cannot be used. Instead

Ran = 2R; + [RoK(2R; + R )] = 2(47) + 390k (2(47) + 300)

= 94 + 390k394 = 290

% error = % 1 100= 3:33%

Now calculate the ratio of the output voltage to the input voltage. Begin
by nding the current through the top left R; resistor, called i,:

i, =

A Rab

Now use current division to nd the current through the R resistor,
called i:

. R,

IL

= i

Ry+2R; + R °
Therefore, the output voltage, v,, is equal to R Iy :
RoR Vi

Vo= Rab(R2 +2R1 + Ry)

Thus,

Vo _ R,RL B 390(300) — 05146
Vi Rap(R,+2R;+Ry)  290(390 + 2(47) +300)

% error = % 1 100 = 2:92%

P 3.67 [a] After making the Y-to- transformation, the circuit reduces to
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3{46 CHAPTER 3. Simple Resistive Circuits

Combining the parallel resistors reduces the circuit to
0.75R

. 2 49
Now note: 0:75R + SRRy _ 2:25R" + 3'75RR.

3R+R, 3R+ R,
1
i 225R+3TSRRL
3R+R, 3R(3R +5R,)
Therefore R, = L =
eretore Ran s 225R7+3T5RRL 15R + 9R,
3R+ R,
b . _ 3RL(BRL) _
IfR=R_; we have Ry = 2R, RL

Therefore R., =R_

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

| 0.75R, l
— C —

0.75R,
h=_ - _=d
ii(3R|_) 1. 1 Vi . 1
= = | = — —" =0:75R = V"
b= 78R, ~ 15" 15R. o= OPRU=SVE

Therefore Vo =05

Vi
P3.68 [a] 3:5BR RL)=3R+R_
10:5R 1050 = 3R + 300
7:5R = 1350; R =180

_ 2(180)(300)?
27 3(180)2  (300)2

= 4500
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Problems  3{47

[b]
47
vi 42
Y.
= ~° — 40 mA
o= 300 =40 M
4 1230
1= 500 2500 007 MA
Y
iy = 55 = 140 mA

i, =140 6:67 = 133:33 mA
i3 =40 6:67 =33:33 mA

iy = 133:33  33:33 =100 mA

Pasoo top = (6:67 10 3)?(4500) = 0:2 W
P1so left = (133:33 10 3)?(180) = 3:2 W
P1so right = (33:33 10 3)?(180) = 0:2 W
P180 vertical = (100 10 ®)?(180) = 0:48 W
P300 1oad = (40 10 3)?(300) = 0:48 W

The 180  resistor carrying i

[c] piso teft = 3:2 W

[d] Two resistors dissipate minimum power { the 4500 resistor and the 180
resistor carrying is.

[e] They both dissipate 0:2 W.
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3{48 CHAPTER 3. Simple Resistive Circuits

P 369 [a]

_ RaVin Rs v
R,+R;+ R R,+R; "

When the bridge is balanced,

Vo =Va Vp

R4 Ve = R3 v
7R0+R4 in 7R2+R3 in
Rs« _  Rs
Ro+R; Ry;+Rs
R4Vin R4Vin
Thus, Vo = R.*R.+ R R.+R,
= RyVin 1 !
Rio+Rs;+ R Ry+Ry
— RaVin( R)
(Ro + R4 + R)(Ro + R4)
( R)RaVin,

0 4

[b] R =0:03R,

_ RyR4 _ (1000)(5000)
"~ Ry 500

R = (0:03)(10%) = 300
300(5000)(6)
(15,0002

( R)RavVin
(Ro+Rs+ R)(Ro+Ry)
300(5000)(6)
(15:300)(15:000)

= 39:2157 mV

Ro

= 10;000

40 mV

[c] vo =
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Problems  3{49

( R)Ravin

P 3.70 [a] approx value = W

( R)Ryvin

true value =
(Ro+Rs+ R)(Ro+Ry)

approx value ~ (R,+Rs+ R)

true value (R, + Ry)
R, + Ry R
% error = 1 100 = —— 100
° R, +R,+ R R, + R,

Note that in the above expression, we take the ratio of the true value to
the approximate value because both values are negative.

But R, = R2Rq
3
R; R
0 = @@
Yo error Ra(R, + R3)
(500)(300)
0 = - - - —_ 0
[b] % error (5000)(1500) 100 2%
R(R3)(100)
P37 —————==05
(R2 + R3)R4
R(500)(100) 05
(1500)(5000)
R=75
75
% ch = ——— 100 = 0:75%
o change 10:000 0

P 3.72 [a] Using the equation for voltage division,

Ry Ry
Ve = Ve= V
R,+1 )R, ° R, ° s

[b] Since represents the touch point with respect to the bottom of the
screen, (1 ) represents the location of the touch point with respect to
the top of the screen. Therefore, the y-coordinate of the pixel
corresponding to the touch point is
y=@1 )Py

Remember that the value of y is capped at (p, 1).

Vy =
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3{50 CHAPTER 3. Simple Resistive Circuits

P 3.73 [a] Use the equations developed in the Practical Perspective and in Problem

3.72:
Vo 1
V=V ) = X=2=02
X S VS 5
V. 3:75
V, = V ) =Y="""=075
y S Vs 5
[b] Use the equations developed in the Practical Perspective and in Problem
3.72:

x=(1 )px=(1 0:2)(480) = 384
y=(1 )py=( 0:75)(800) = 200
Therefore, the touch occurred in the upper right corner of the screen.

P 3.74 Use the equations developed in the Practical Perspective and in Problem 3.72:

X 480
Xx=(1 )px so =1 p_x_l @_0'25
Vy = Vs =(0:25)(8) =2V
_ _ Yy _ 192
y=@@ )py so =1 0 " 1 1004 = 0:8125

Vy = Vs = (0:8125)(8) = 6:5 V

P 3.75 From the results of Problem 3.74, the voltages corresponding to the touch
point (480; 192) are

Vi = 2V, Vy]_ =65V
Now calculate the voltages corresponding to the touch point (240; 384):

_ _ X 240
Xx=(1 )px so =1 o 1 510 0:625

_ _ Yy _ 384
y=@a )py s0 =1 > 1 1002 = 0:625

When the screen is touched at two points simultaneously, only the smaller of the
two voltages in the x direction is sensed. The same is true in the y direction.
Therefore, the voltages actually sensed are

Vy=2V; V,=5V
These two voltages identify the touch point as (480; 384), which does not correspond

to either of the points actually touched! Therefore, the resistive touch screen is
appropriate only for single point touches.
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Techniques of Circuit Analysis

Assessment Problems

AP 4.1 [a] Redraw the circuit, labeling the reference node and the two node voltages:
Vi 50 Vz

AfR

5 ‘

158() £F00 2150 220 % 54,

A 4

The two node voltage equations are

V1 V1 Vi V2
15+ -+ =+ =0
60 15 5
Vo Vo Vg1
5+ -+ =0
2 5
Place these equations in standard form:
1
— 4+ — + = + — = 1
' 60715 5 V2. g >
Y ! + v L + ! = 5
' 5 225

Solving, v1 =60 V and v, = 10 V;
Therefore, i; =(vi V)5 =10 A

[b] pisa = (15A)v; = (15A)(60V) = 900 W = 900 W(delivered)
[c] psa = (BA)v2, = (5A)(10V) =50 W= 50 W(delivered)

4{1
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442 CHAPTER 4. Techniques of Circuit Analysis

AP 4.2 Redraw the circuit, choosing the node voltages and reference node as shown:
ioB0 L 20 vy 40
iy iy A,

+

4 5A(F) 10 v 2120 jﬂwv

v

The two node voltage equations are:

V1 Vi V2
454 -+ — - =
> 1 6+2 0
V2 N Vo Vg 4 v, 30
12 6+2 4
Place these equations in standard form:

= 0

1+ - + — = 45
V1 8 Vo 8
1 1 1 1
- + —++> = T
I3 2 127873 &

Solving, vi =6 V v, =18V
To nd the voltage v, rst nd the current i through the series-connected 6
and 2 resistors:

Vi V2 6 18

|:6+2: 3 = 15A

Using a KVL equation, calculate v:
v=2i+v,=2( 15)+18=15V

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

shown:
3i4

The node voltage equations are:
V1 50 + V1 Vi V2

- [ ol — I —
6 8 5 3ip 0
Vi Vi V .
5+Zz+722 Y43, = 0
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Problems  4{3

The dependent source requires the following constraint equation:

i = 50 V1
T s
Place these equations in standard form:
R S S S | +i(3)_50
Y6 8 2 22 ! T 6
1 1 1 .
Vi 3 + v Z + 5 + 11(3) =
1 . 50
Vi g + Vv2(0) + () = 3
Solving, v1 =32 V; v, =16V, ip=3A
Using these values to calculate the power associated with each source:
Psov = 50i; = 150 W
Psa = 5(v2) = 80W
Psi, = 3i1(V2 Vl) = 144 W

[b] All three sources are delivering power to the circuit because the power
computed in (a) for each of the sources is negative.

AP 4.4 Redraw the circuit and label the reference node and the node at which the
node voltage equation will be written:

00
i
100 v 200
Ay Ay
10V Ti.r_\. $400 $20i,
v

The node voltage equation is

Vo , Vo 10+v0+20i
40 10 20
The constraint equation required by the dependent source is

10 v, 4 10 + 20i

=0

Lo _
' Tl T 10 30
Place these equations in standard form:
1 1 1 . _
Vo 0 + 10 + 20 i (D = 1
1 . 20 10
— + 1 — = 14+ —
Yo 10 ! 30 30
Solving, i = 32A and v,=24V
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4{4 CHAPTER 4. Techniques of Circuit Analysis

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

vi 250 EO
S A 21«53‘

asa® [ F750 100 2250 j@uv

Iy

v

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

Vi Vi1V
l+l

The supernode equation is

\Y v1+l+£+v2 12:0
2:5 10 25 1

The constraint equation due to the dependent source is

The constraint equation due to the supernode is
V+iy =V,

Place this set of equations in standard form:

1 1 1 ) o
Vi ﬁ_*_ﬁ + v 7E +  vy(0) + iw(0) = 438
1 1 1 1 ) _
Vi 75 + v ﬁ+ﬁ 2 ﬁ+1 + W0 = 12
1 )
Vioog + v(0) + Vv2(0) + ix(1) = 0
v1(0) + v(1) + vy( 1) + i1 = 0

Solving this set of equations givesv; =15V, v, =10V, iy =2 A, and
v=28V.
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Problems  4{5

AP 4.6 Redraw the circuit identifying the reference node and the two unknown node
voltages. Note that the right-most node voltage is the sum of the 60 V source
and the dependent source voltage.

Big
¥
vy 30
AN B0+61;
qu,F
B0y () 2240 230
v

The node voltage equation at v; is

\VZ1 60+E+v1 (60 +6i )
2 24 3

=0

The constraint equation due to the dependent source is

= 60+6i vy
B 3
Place these two equations in standard form:
1 1 1 .
4+ —+ = + = +
V1 TR i (2 30+ 20
Vi % + i1 2 = 20
Solving, i = 4A and v; =48V

AP 4.7 [a] Redraw the circuit identifying the three mesh currents:
300
Ly

SQDQOQ

Ay Ay

80\»‘@)/} §26Q 280
1 13

The mesh current equations are:
80+5(y 1ip)+26(y i3) = 0
30i, +90(i, ig)+5(@, i1)) = O
Big+26(iz i1)+90(z i) = 0
Place these equations in standard form:
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4{6 CHAPTER 4. Techniques of Circuit Analysis

3li; 5i, 26i3 = 80

Solving,

psov = (80)ip = (80)(5) = 400W

Therefore the 80 V source is delivering 400 W to the circuit.
[b] ps = (8)iZ =8(2:5)? =50 W, so the 8 resistor dissipates 50 W.

AP 4.8 [a] b= 8§, n =6, b n+1=3
[b] Redraw the circuit identifying the three mesh currents:
-3V¢ 1%&—3

Q 30
25V () r>§10/f> 210

The three mesh-current equations are

The dependent source constraint equation is

v =3(i3 ip)
Place these four equations in standard form:
7iy 2ip; big+0v = 15
2i+19, 3iz+3v = 0
5ip7 3ip+9%i3+0v = 10
Oip +3i; 3ig+1lv = 0
Solving
i1 =4A; i, = 1A i3 =3A; v =12V

pos = ( 3v)i2=3(12)( 1)= 36W
Thus, the dependent source is delivering 36 W, or absorbing 36 W.

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



Problems  4{7

AP 4.9 Redraw the circuit identifying the three mesh currents:
20)

The mesh current equations are:
25+6(iy ip)+8(3a ic) = 0
2ip+8(ip ic)+6(p ia) = 0
5i +8(ic ia)+8(@ic ip) = 0

The dependent source constraint equation isi =i, We can substitute this
simple expression for i into the third mesh equation and place the equations
in standard form:

6i,+16i, 8ic = 0
3ia 8ip,+16ic = 0

Solving,

ia=4A; ip =25A; ic=2A
Thus,

Vo=8(ia ic)=8(4 2)=16V

AP 4.10 Redraw the circuit identifying the mesh currents:

30 80
A, A,
30v() /D §2Q/D §5® 16
1 2 3
602 403 ‘
A, A,

Since there is a current source on the perimeter of the iz mesh, we know that
i3 = 16 A. The remaining two mesh equations are
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4{8 CHAPTER 4. Techniques of Circuit Analysis

Place these equations in standard form:

Solving: 11 =2A; i,= 4A; i3= 16A
The current in the 2 resistoris iy i, =6A:: P2 = (6)%(2) =72W

Thus, the 2 resistors dissipates 72 W.

AP 4.11 Redraw the circuit and identify the mesh currents:
10A

2 12

+
75v() /v vqﬁSQ/v o

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

ip= 10A; ic= 2%
The remaining mesh current equation is
75+2(ia+10) +5(, 0:4v)=0
The dependent source requires the following constraint equation:

vV =5(@a ic)=5(a 0:4v)

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

Tia, 2v = 55
5, 3v. = 0
Solving: 15 =15A; ipb = 10A; ic =10A; v =25V
Thus, i; =15 A.
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Problems  4{9

AP 4.12 Redraw the circuit and identify the mesh currents:

The 2 A current source is shared by the meshes i, and i,. Thus we combine
these meshes to form a supermesh and write the following equation:

10 + 2ip +2(ip i) +2(ia i) =0
The other mesh current equation is

6+ Llic+2(ic iy +23(. ip)=0
The supermesh constraint equation is
ia Ip=2

Place these three equations in standard form:

21+ 4i, 4ic = 10
2i, 2ip+5. = 6

Solving, ia=T7A; ipb =5A; ic=6A
Thus, pp =i2(1) = (6)*(1) =36 W

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

The node voltage equation is

V1 20 2+ V1 25 —

15 10 0
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Two-Port Circuits

Assessment Problems

AP 18.1 With port 2 short-circuited, we have

I, 50 I,
"
v, 200 £ 150
Vi Vi (B 20
I, = —=+ —; — = =0:25S; I,= — I;,= 038l
1= 55+ 5 v, y11 = 0:25S; 2 e 0:814

When Vo = 0; we have 1, = y11V1 and I, = y21V1
Therefore I, = 0:8(y11V1) = 0:8y11V1
Thus y;; = 0:8y;; = 0:2S

With port 1 short-circuited, we have
I 50 I

1 2
A,
£200 £15Q v,
Vo, Vs 1, 4
I,=—=-+ = £ = = — §
2157 5 v, 727 15

18{1
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