Chapter 3 —Resistive Circuits

1 or i=1A

Exercises
Ex 3.3-1
Lo OV LV
Rs 2Q
from KCL at top node
KVL around 2ndloop: -6+ Ryi,+v, =0 Ovy,=6 ) D=7V
Ex 3.3-2 -18+0-12-v, =0 0O v=- 30V
18
Ex 3.3-3 -v,-10+4v, -8 =0 0 vz Tg: 6V
Ex34-1 ls bn 3n from voltage divider
W A + 3 v
2v ang v, V3:12(J=&Di=3=%
- 3+9 3
now Ps, = i%(6) = (1)(6) = 6W
Py, = i%(3) = (1)?(3) = 3W [P + Py +Pag = 12W absorbed
P, =i%(3) = (D*(39 = 3W
Pouce =Vi = (12V) (1A) = 12W supplied
Ex 3.4-2 LAl .11
. .2 PO 6
if B=6W and R,=6Q 0O i"'=—= —=
R’r L. 0 0 Ro 6
0 vy=iR,=(1) (6)=6V
fromKVL: —vg +i(2+4+6+2) =0 O vg=14i =14V
Ex3.4-3  fromvoltagedivider O v, = B g5y
m  25+75

25
Ex 3.4-4 fromvoltagedivider O v, = 25+75—( 8 -2V
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Ex. 351

i ineach R= %, (ImA) =1/ mA

Equiv. Ckt. 1.
Reg
lmA, R
-
Ex 3.5-2 ivi i = 10 -
from current divider O i, 10+40-( 5- 2 A
Ex 3.6-1 R = W2 _ 8 _ 4,

P 442 6

OV =R, (3A)

I
\
~~
NS
I
I
<

Problems

Section 3-3 Kirchoff’s Laws

P3.3-1 KVL: v,+2-3-6-8+4 =0 (outsideloop)
v, = +11V
KVL: v,+2-3-6=0 (right mesh)
vV, =7V
KVL: 3+2-i3=0 (top node)
i;=5A
P3.3-2 KVL: -v,+2+4+5=0 (outsideloop)
v, =11V
KCL: -1+3+i, =0 (top,left node)
i, = —2A
KCL: 1+i3—3=0 (bottom, left node)
ig=2A

KCL: =i +2+i, =0 (top,right node)
—(=2)+2+i,=0 O i,= 4A

1,11
T+ 4=
111
V4kQ

1
4
1
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P3.3-3 KVL: -12-R,(3)+v=0 (outsideloop)

v = 1243R, or RZ:V_12
KCL i+£—3 =0 (top node)
Ry
i:3—E or R; = 12_
v=12+3(3)=21V
@  joz-12oga
6 =2
2-12 10 12

b R, = =-—Q; R; = =8
(b) 253 3 T
(© 24 = —12 i, because 12 and i adhere to the passive convention.

Oi= 2A and Ri=22= 2@
3+2

9=23v, because 3 and v do not adhere to the passive convention
3-12

0 v=3 and R,= Q

The situations described in (b) and (c) cannot occur if R; and R, are required to be nonnegative.

P3.34
|1—E:2A
6
20
= — =BA
27 4
Power absorbed by the 4Q resistor = 4[5 = 100
Power absorbed by the 6Q resistor = 6F = 24 W
Power absorbed by the 8Q resistor = 8003 = 72
P3.3-5 4N g% v, = 8V
—{f.‘\i};\,—?—@f{__‘ V, = —8+8+12= 12V
- L+ = 2= 8V
(+ > * " 2
6 V(T 6NV v o8N 8v  4Q:P= Y3 =16
2 4 10 W
N S T _ V5 _
© ._C | 60:P= 2 =24
2
= e v 8Q: P= %1 = 8W



P3.3-6
oV cmA

15V 1 mA

A

P3.3-8

P, = (1V) (1A) = +1 Wabsorbed
P, = (-4V) (2A) = -8 Wabsorbed
= -8 Wabsorbed




P3.3-9

=Y =05A

Tz..!, 10Q
'h':’-' mﬂ. |2=&:0.4A
rm-' pEge] 1oV "\f TA 250

Pov = (=10) (0.9) = ~9OWopeored = MViativered
v =(5) (1)=5Wasorbed

Posa =(=9) (0.5)=-2.5W perped =2-5Wygivered

Pioa =(5) (0.5)=2.5W_pqyrpeq

Pasg =(10) (0.4) =AW, pered

2 Papsorbed = OW energy balance

P3.3-10

1 mA 2 mA

i +i, =6-1=5mA =0.005 A

—2i, +2i, -5(i, -0.001) =0
Solving yields:

, =0.00167 =1.67 mA

i, =0.005-i, =0.00333 =3.33mMA

4 mA

Section 3-4 A Single-Loop Circuit — The Voltage Divider

P3.4-1 V=0 1228 154y
6+3+5+4 18
V,= > 1222V V=2 12=20 v
18 18
V,= 41028y
18%73"
P3.4-2 (@ R=6+3+2+4=150
® = 28-28_ 185
R 15 — —
(©  pP=280

(28 and i do not adhere to the passive convention.)
=28(1.867)=52.27 W
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P3.4-3 1 [ ST TETg iR,= v = 8V
— _ voltmeter 12 =iR#v = IR +8
1 7 + ¥ 04 iR
ev(t) Ry Qv

(a) |:£:i’Rl:ﬁ:4mOO:50Q
o 0 ' g o

B i=—=-—;R,=-=""""=200Q
R, 100 i

() 12=12i0 i=0.1A; Rlzi 40Q

R> T =80Q
P3.4-4
t+ o
+ Voltagedivision
Y,
- - 16+8
- 4
12 v v - V=12 =4V
- 4+8
| + *
; 811 V';._ 81 V’q_ KVL:vs-v-v; =0
I — V= -4V
P3.4-5 0100 O

using voltage divider: v, = 00+2R BVS

with vg =20V and vg =9V, R=61Q0

_ 0 R=60Q
with vg =28V and vy =13V, R=58Q7
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Section 3-5 Pardllel Resistors and Current Division

P3.5-1 1 . .
6 _ _
W 1,11 T o 1730
6 321 I
1 X 1
_ 3 _ _ 3 _
= 4=—A; iz= 4=1 A
1,1,1,1 11,14
673271 632"
1
i, = 4=2
RECC TR
P52 (@ 1-1,1.1.1lpp.

P3.5-3 i:ior Rl:-§
1 |
. . 8 8
8=R,2-) 0 i=2 — o R —
(21 5 O RE L
(a) i = —EZEA;Rl:i:G_
12 3 42
(b) |:§:EA : RZ: 82:6_
2 3 52
3

1
(© R,;=R, will cause i—§2 = 1A. Thecurrentinboth R; and R, will be 1A.

20R1R2 _ g when R;=R, ZE&Rlzsm R;=8
Ri+R, 2
O R1= Rzza

P3.5-4
Current division:
i1= 8 (- =2A
16+8
6[, 64
8+8




P355  current division: i,= %RLE i, and OhmisLaw: v, = i, R, yields
1*R;
2 1
pluggingin Ry = 4Q, v, =9V gives ig =3.15A
and Ry =6Q, v, =13V gives ig =3.47 A
Soany 315A<ig<347A keeps 9V <V, <13V.

P3.5-6

Va _ 40

now i, = =
R,+R,  10+30
Re  fromKCL:i; =i —i, =2-1=1A

._-"'\v,-""-, J‘ﬂ\_. —

i) 1A
Section 3-7 Circuit Analysis
P3.7-1 @ R = 164+ %824 _ o0
48+24 T
32132
(b)
v = %24 16V i=0=1x
8+ 2 2
32+32
© i, =28 -1
48+24 2 3
P3.7-2 . "t
r—d
(a R1:4+£ =6 - >
36— = |
Lz
pa i L ER Y& v
o L= 1ililors o240 ) &)
R, 12 6 6 |l T -
R, = 8+R, =104Q ' -

© ip+2 =i,

i,= 20 =22A v,=i,R,=22(104)=2288V
16.4

A
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1
@ i, = % 22=0878A, v, =(0.878) (6) =53V
66 12 ,
'2
5 = 4
= — |, = LW -
(e I3 3+6|2 0585 A b ‘L,-;
P:3i§=lO3W o & Y 3 M 3
o .
P3.7-3 | Kol LeL
12V 21+1)
l Z5L 25 2+(1+1) -10
A |2
2(1+1) “10
[2v ? 25, 2+(1+1)
IR
oA 2(1+1)
12V é} = 2+(141) 10
L2 roum
(’J\N _
-4 34 o
ey (£ 5 1
i
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5
n
- \h 5
S ﬂ
\
o
|J>:\Doo

12V

_ . _ (10480 _
R, 24 12 8 (10+8) +9

First, apply KVL to theleft meshtoget =27 +6i, +3i, =0 [ i= 3A.Next, apply KVL tothe
left meshto get 4i, —3i, =0 0O i 225A.

(©)

- -10V + |
—AAA——AAA— a0 2234
10 s | T — N
9
N VLY, y——— 11254
+ | 2411
C_ 27N BICI.
o.?an, 80 2
1
_ 8 _ _ 9 _
= 25= = ~(10) ————3|=-10V
i, i+}+i225 1125A  and Vv, = ){(10+8)+9 }
24 8 12
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P3.7-5

10 ) 10 )
30
vy=6 U w 8V
10+ 30
e v
100y R,
12=8 0 R 2@
R, +10
+
eV 8V 10+ 30
c ZO:L O R 40Q
- R +(10+30)
Alternate values that can be used to change the numbersin this problem:
meter reading, V. | Right-mostresistor, Q | R, Q
6 30 40
4 30 10
4 20 15
4.8 20 30
P3.7-6
2ok
10mA .
10k + 2.0k ‘
Vs
2500 ) e k)
IOR‘B‘SR: 18 v
10k + 2.5k +
B 18V
LROS e v ek
<
18V _
W*E)MA



P3.7-7

12 k() 24
1x10°=——=" — [ Rs 12 10* 12R
12x10° +R,
1 més
24N/ *) R v/ ; (21><103)R
P 12x10°=R =< — 0 R 28R
(21><10)+R

P3.7 °
(Note: R,, = 100Q)

130500
130[500+200+20

Voltage divider O v=50(

] =15963V

ove v 290 )-(15063) [ 19)=12279 v
100+30 13) =

Oig “h= 12279 A
100 ===~

P3.7-9
3 k() ) 3 k() )
e Vv 6 k() 6 k() J/6Rﬂ
3 k) - 3 k() -
e Vv 6 k() 3 k()
3 k) :
e Vv 6 k() 6 k()
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3 kN
12V 6 k) 6 k)
cmA ImA
S — =
3 kO 3 kN
12V 6 k) 6 k) 6 k)
c A ImA J/O5 Mo
S — =
P3.7-10
reduce ckt.
: 15V
125 v(¥) bbffzs =I5 250
0 v, =15i=155)=75V
5.0 2 2
0p == omasw
R, 20
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P3.7-11

=
in ™
e
lz.n 5“’% L j
A W n Ao ‘m-—J . A _
2041 [ ToJdL LJ' zo0L
Req = 24|12 = @012 _ g9
24 + 12
40 .
b) o from voltage divider
100
4av vX:4o( 20 ]:100/3v Oiz A SA
+ 20+4 20 3
L
o X
from current divider i = i, (8?-8) = AA
L
Req= 36|18
1: _ (3918 _ 120
1ajf1=1% 36 + 18
(F- I
b) —n bk
+ =12/ -2
f2v 14 1= 1205 = 25A
©) L=
+
lay S 2 V:'(S):(%) (8):163\/
o
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. Ry = RR) _2,
@5 ] OR+R 3
2
Ay L 0 p =Y -2 50w
| d Ra 23R
Thus R=45Q
P3.7-14
i, 2a B3A
| S Y ]
L _
45, vl Req = 2+1+ (612) +(2]2)
= 3+4+1=8Q
o — N
‘-,ui 2 b
Reg 8
- . 6
from current divider i, = i = (5) =92 A
' (6+12J (%) —é
2
i, =i|l-—=—|=(5 =9 A
N A RGITR
P3.7-15 4
H L+ ‘1-. L-J
‘Z% R{ %z“fﬂ"fo = %IE %K Io
A 5 =
L T AN
Req
Req = 5+; = 9; solving for Ryields R = 15Q
Mot Mo
P3.7-16
Rin parallel with R=g, R serieswith R=2R
a o [5)0%
= 2R=>>——=_R - sameforboth sides 2
2 f+2R 3:? =%
3 =Y
0J2
R
Reg EE’Z HB5F§ _E but Reg=20Q , O R=100 'gf
gR+5R ‘E,
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Verification Problems

VP 3-1

KCL @A: i3=i; +i,
-1167 = -0833 +(-0333)
-1.167= -1166 OK
KVL around dotted |oop
6i+3i,+v +12 =0
yieldsv=-40V notv=-20V

VP 3-2
reduce circuit 5+5=10in paralel with 20Q gives 6.67Q

by current division;

i:(ﬂ]S:l_%A

'T 5};} Lo ol O 20+6.67
l ‘l‘-' L (] Reported value was correct.
VP 3-3
320 :
Vo = [J (24) = 64V [] Reported value was incorrect.
320+650+230
VP34 : p—

tg —> <L L;;,
S d.o5 %
oA LB.L
{ jav
HV@ I R

KVL leftloop: -14+0.1, +1.2i, =0

KVL right loop: —-12+0.05i, +1.2i;, =0

KCL @a i,t+ip=i, ~ Thisaoneshowsthe reported resultswereincorrect.
Solving the three above equations yields:

i,=16.8 A in=10.3 A O Reported values were incorrect.

ip,=-6.49 A
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VP3-5

1 .

Topmesh: 0= 4i, +4i, +2ﬁa + —|bﬁ:10({).5) a2(2)

Lower left mesh: v, =10+2 i, +0.5-i,) =10 +2(2) =14V

Lower right mesh: v, +4i,=12 0O w 12 4 05F 14V

S

The KVL eguations are satisfied so the analysisis correct.

VP 3-6 Apply KCL at nodes b and c to get:

I mA 2 mA KCL equations:
Nodee: —-1+6=0.5+4.5

Nodea 05+i,=-1 0O iz- 1L5mA

c

Noded: i,+4=45 0O iz 05mA

C

That's a contradiction. The given values of i, and iy, are
not correct.
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Design Problems

DP 3-1

E’1+ fl—q)E'D Using voltage division:

v = R, +aR, 4 R, +aR,

24 =
" R+(1-a)R, +R, +aR, R +R, +R,

- Vm=8V whena=0 [

_ R 1
R1+R2+F\’p 3
Vm=12V whena=1 0O
_RetR, 1
R1+R2+Rp 2
The specification on the power of the voltage source indicates
2
le O R R R?r 1152
R1+R2+Rp 2

Try Ry, = 2000 Q. Substituting into the equations obtained above using voltage division gives
3R, =R, +R, =2000and 2(R, +2000) = R, +R, +2000. Solving these equations gives

R, =6000 Q andR, = 2000 Q.

With these resistance values, the voltage source supplies 48 mW while R;, R, and R, dissipate
12 mW, 4 mW and 8 mW respectively. Therefore the design is complete.
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DP 3-2

Try R, =0, That is, R, isan open circuit. From KVL, 8 V will appear across R1. Using voltage

200
+200

division,R1—12 =4 [0 R 40@ .Thepower required to be dissipated by R,

2

400

combination of two 200 Q resistors. The power required to be dissipated by each of theseresistorsis

2
A _008W<iw.
200 8

Now let’s check the voltage:
190 210
<v, <

88— <y <1212
190+420 O 210 +380

3.700<v, <4.314

4-75% <v, <4 +7.85%

Hence, v, = 4V * 8% and the design is complete.

DP3-3 v, O 200mV
v=—2 120V, = 10 (120) (.2)
10+R 10+R
letv =16 = 240 0 R=5Q
10+R
2
upP =£ = 25.6W
10
DP 3-4
i i= GTv=Ev
! R
L3 A1 SEL N
by whereG= 3 1:N[1)
I['l n=1Rn R
9)(12
e onN=R ()Es L 18 buibs
\'

1
is—=0.16 W < g W . To reduce the voltage across any one resistor, let’simplement R1 as the series
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