Chapter 7

1. a. Ry, Ry,.and E are in series; Rs, Ry and Rs are in parallel
. Eand Ry are in series; R,, Rz and R, are in parallel.
c. EandRjareinseries; R,, Rzand R, are in parallel.

2. a. EjandR;inseries; Ry and Rz in parallel.
b. Eand Ry in series, Ry, Rs, and Ry in parallel.
c. E, Ry, Rsand Rg are in parallel; R, and Rs are in parallel.
3. a. Rr=4Q+10Q||(4Q+4Q)+4Q=4Q+10Q||8Q+4Q
=4Q+444Q+4Q0=12.44Q
b. Rr=10Q+ 100 =10Q+5Q=15Q
c. Rr=68Q+10Q[|(82Q+120Q)
=68Q+10Q9.4Q
=6.8Q+485Q=11.65Q
4, a. RT=4TQ+1OQ=ZQ+1OQ=129
b. Rr=10Q
c. Rr=2Q+8Q|4Q+6Q]12Q)
=2Q+8Q||(4Q+4Q)
=2Q+8Q(8Q=2Q+4Q
=6Q
5. o
10 kQ
e 5o kO Rr=22kQ [ (10kQ +1kQ | 2.2 kQ)
! ' =2.2kQ || (10 kQ + 687.5 Q)
Lke 2.2k =2.2kQ || 10.687 kQ = 1.82 kQ

(e,

2
(R)(1.5R) _1.5R} _1.5R,
R +1.5R, 2.5R 25

6. Rr=7.2 kQ = R1 ” (Rl + le =R, ” 1.5R;

so that 7.2 kQ =

and Ry = w 1.2 kQ
7. a. yes
b. I, =I;-1;,=10A-4A=6A
C. yes
d V3=E-V,=14V-8V=6V
e. R =4Q|2Q=133Q, R/=4Q||6Q=24Q

Rr=R;+R/ =133Q+24Q0=373Q
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10.

11.

56

, 20Q

R, =R/= 5 =10Q,Rr= R +R/=10Q+10Q=20Q
E 20V

s=—=——1=1
R, 20Q

Ps = Els = Papsorned = (20 V)(1 A) =20 W

R, =R1||R;=10Q[|15Q=6Q
Rr=R.||(Rs+R)=6Q[(10Q+2Q)=6Q|12Q=4Q

|S:£:36_V:9A, |l:£’:ﬂ:6A
R, 40 R, 6Q
e E 36V _36V _, 4

T R+R, 100+2Q 12Q
L=l-1,=6A-3A=3A
Vo= LR = BA)2Q) =6V

Rr=11Q+ 210 =11Q+9Q=20Q
|S:£=60_V:3A
R 20Q

Vi=IR, = (3A)(11Q) =33V
Vs = |{2779J =(3A)9Q)=27V

orV;=E-V;=60V-33Q=27V

Redrawn:

a
J_[T: h 120
32 V= 720 18 Q
N 24 Q 8Q
Va=32V
8Q(240Q=60Q
= 6Q@B2V) =1067V
6Q+12Q
o2V v o

T 12Q4+6Q 18Q
Rr=72Q(180Q]18Q=8.120Q
%(_J

90
|s=£= 32V _s94n
R 812Q
V,.=36V,V,=60V chwzzov
5kQ +10 kQ
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12.

13.

14.

< 60V-36V _

b. I, =——— " =24mA,
1kQ
60 V 60 V
lgw = ——=7.5MA, ljga= ——— =4 mA
8kQ SkQ 10kQ 15 kQ

24 mA « —1=24mA+75mA=315mA
A

1kQ | {75mA
8k

«—1,=315mA+4mA=355mA

R,=12kQ+68kQ=8KkQ, R, =2kQ| R, =2kQ | 8kQ=16kQ

RY'= R/ +24KQ=16KQ+24kQ=4kQ
Rr=1KQ| R} =1kQ|4kQ=0.8kQ

b 1= LBV _goma
R, 0.8kQ
RIE  (1.6kQ)48V)

V= =
R +24kQ 1.6kQ+2.4kQ

R
Rr=2R||2R[(R+R)=2R|| 2R [|2R= =~

E 120V
Rr= —=——=150
1 8 A
15Q= 2TR andR = 2(159):22.59
2R=45Q
1Q
© MWy
Rr. 1Q SE Ry
o A'A'A'
1Q

i -2 +,/(2)? - 4(1)(-2)
L=

2
_ 2448 2£12 -2 £3.464
2 2 2
Rr=-1%1732=0.732Q0r-2.732 Q

=192V

Rr=1Q|1Q+1Q+R)=1Q|2Q+Ry)
_ 2Q+R 2Q+R;
C1Q+2Q+R 3Q+R;

Ri(3Q+Rr)=2Q+Ry

3Rr+ R} =2Q+Ry

R} +2R1—2Q=0

Since Ry <1 Q and positive choose Ry = 0.732 Q
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15.

16.

58

Rr=(R1|[R2|IR3) || (Re + R4 || Rs)

= (12 kQ [| 12 kQ || 3 kQ) || (10.4 kQ + 9 kQ || 6 kQ)

= (6 kQ || 3KQ) || (10.4 KQ + 3.6 kQ)
=2KkQ || 14 kQ = 1.75 kQ

E 28V 28V

ly= —= =16mA, =L =23V _533mA
R2

R, 175kQ
R/=R1”R2”R3=2kQ
R”=Rgs+ Ry ||Rs = 14 kQ
_ RU) _2kQ16mA) _,

R+R" 2kQ+14kQ

12kQ

mA

6

Vi=E=28V
R =R, ||Rs=6KkQ||9kQ = 3.6 kQ
Vs=1sR =(2mA)B.6kQ) =72V

5 2
p:i;&:gﬁl,ggmw

R,  3kQ

24V
hl==—==6A;V, =24V-8V=16V,I,d =V, /R, =16V/2Q=8A

4Q : 2
|1¢:ﬂ:o.SA,|:|1+|2=6A+8A=14A

10Q

20V = 4255 mA
47 Q

14V 14V
160 Q[|270 Q  100.47 Q

=139.35 mA

R=R;+R5=14Q+6Q=20Q
R”=R;||R"=20Q(|20Q=10Q
R”=R”+R;=10Q+10Q=20Q
Rr=R; ||[R”=5Q(|20Q=4Q

L B2V
Rr 4Q
20V 20V 20V
l, = _= - =1A
R+R’ 10Q+10Q 20Q
|3:20_V:4A
50
I 1A
I,= L =(sinceR"=R,)= — =05A
4= ( 2) >
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b. Va=IRs—LRs=(4A)BQ)-(05A)6Q) =20V -3V =17V
v, = [%J R,=(0.5A)(20 Q) =10V

- B-E _20V-15V
R 3Q

__ B 15V 15V 15V _ .

R+R IR 3Q+6Q[6Q 3Q+3Q 6Q

1 1
ly==1,= Z(25A)=1.25A
3= 5= 2(25A)

c. Va=E,-LLR,=15V-(25A)(3Q)=15V-75V =75V

19. a. =167A

b. I,

20. a. lge= £=——=2mMA
R, 1kQ
Ilc=1lg=2mMA
Ve, _Vee=WVge +Vg) _8V—(0.7V+2V)

R, R, 220kQ
_8V=27V_ 53V o
220kQ  220kQ

C. Ve=Vege+Veg=27V
Ve=Vec—IcRc =8V - (2mA)(2.2kQ) =8V — 44V =36V

d Vce=Vc-Ve=36V-2V=16V
Vegc=Vg—-Vc=27V-36V=-09V

B 2V 22V _
R+R, 4Q+18Q 22Q

21. a | 1A

b. +22V+V,-22V=0,V;=22V-22V=0V

V. \
C. I1=I2+—1=1A+0—=1A
R R
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22. a.  Allresistors in parallel (between terminals a & b)

Ty ]|
I It
al W —W—=—W— 15
: I R Ry | : R4 : :
e L AW
Il Rs

+ |I|' —
E

Rr=16Q (16 Q||8Q |[4Q ||32Q
%K_J
8Q18Q4Q|32Q
H_J
40(4Q32Q
%(_J
2Q132Q=188Q
b. Allin parallel. Therefore,V;=V,=E=32V
C. 13=V3R3=32V/4Q=8A «

d. |5=|1+|2+|3+|4+|5
32V 32V 32V 32V 32V
= + + + +
16Q 8Q 4Q 32Q 16Q
=2A+4A+8A+1A+2A
=17A
E 32V
I, 17A

=—__ =1.88 Q as above

R =
T 17

23. a. Va=—06V,V,=-20V

20V
b. lod=—"—=4A
5Q 50
|29—>=Vab=ﬂ=7A
2Q 2Q
6V
o T—=2A

la=la+ley T, loy=lsg—lho=2A-7A=-5A
|+|5V:|5g,|=|5Q_|6V=4A_(_5A)=9A

C. Va=Va—Vo=(-6V)—(-20V)=-6V+20V=+14V
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24, a. Applying Kirchoff's voltage law in the CCW direction in the upper "window":

+18V +20V — Vg =0

V&)=38\/
38V

lgo= —— =475A

8Q 8Q

= 18V 18V
30+6Q 9Q

KCL: ligy=475A+2A=6.75A

b. V=(l3)(6Q)+20V=(2A)6Q)+20V=12V+20V=32V

LR, 2R, R . .
33 =23 =23 (since the voltage across parallel elements is the same)

25. I,R;=IsRsand I, =
2Rz = I3 2 R 20 10

R
li=lp+ls= —= +2
1 2 3 10

KVL: 120 = 1112 + I3R; = (% + 2)12 + 2R3

and 120 = 1.2R; + 24 + 2R;
3.2R3=96 Q

R; = 2952 =30Q
3.2

26.  Assuming ls=1 A, the current I will divide as determined by the load appearing in each
branch. Since balanced Is will split equally between all three branches.

1A 100
—> A \
>
= 1Al‘\ 10 Q
3 §A+ :E
1- < A
100 1, 1 W
p| I 1 g l A
E= —» 134 ¥
- b __)1A< Vo EE
1A 87 |~ 1
3 A
l1A lA
1 N6+ — A&
ol ) YA

vi=|ialaog =Ly
3 3

1 10
Vo= |ZA|(10Q)=—V
o= | A f0Q) =

1 10
V= |-A|(10Q)=—V
.= | 5A[0 Q) =
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217.

28.

29.

62

1 1 1
E=Vi+V,+V;= ?OV+?OV+?OV =833V

_E 833V

7 1A

Rt =8.33Q

a. R%=Rs||(Rs+R;)=6Q]3Q=2Q
4 =Rs||(Ry+RD=4Q[2Q+2Q)=2Q
Rr=R;+R,+R%=3Q+5Q+2Q=10Q
240V

l==—— =24A
10Q
b. = 4 Q) :40(24A) —19A
4Q+4 8
. 6Q(124) _72A _ o\
6Q+3 9

C. Va=lRs=(I-1)Rs= (24 A—12A)4Q =48V
V5= |5R5=(|4— |7)R5=(4 A)GQz 24V
V;=1R; = (8A)2Q= 16V

d P=1I}R =(8A2Q=128W
P = El = (240 V)(24 A) = 5760 W

a. R7=Rs||(Re+R:+Rg)=2Q17Q=156Q
% =Ry |[(Rs+Rs+R7) =2Q[|(4Q+1Q+156 Q) =153 Q
Rr=R;+R%=4Q+153Q= 553Q

b. 1=40V/5.53 Q=723 A
6 = 2.Q(1) ::29023A)=169A
2Q+656 2Q+6.56Q
I, = M =0.375 mA
2Q0+7Q

P, =I’R =(0.375 A)’2Q=0.281 W

a. E=(40mA)(L.6kQ)= 64V

> 12mA
24
RL1 =—V = 3kQ
> 8mA

c. [Ip =72mA-40mA=32mA
Iy =32mA-12mA =20 mA
Iy =20mA-8mA =12 mA
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_64V-48V _ 16V

Ri= — =0.5kQ
I,  32mA  32mA
V, _
R, = R2:48V 24V: 24V —192KO
I, ~ 20mA  20mA
V,
Ry= o = 24V _ 2 kQ
r  12mA
30. I, =40mA
IR2=4OmA—1OmA=30mA
IR3=30mA—20mA=10mA
Iy, =40 mA
IR4=4OmA—4mA=36mA
v, _
R, = /o _120V-100V _ 20V _ oo
I 40 mA 40 mA
v, _
R, = _100V-40V_ 60V _,
Iy 30mA  30mA
V,
Ry= o = W0V =4 kO
I, 10mA
v
Ry= L=V _ykg
I, 36mA
V, _
Rz [ _60V-36V_ 24V

I, 40mA  40mA

P1= I’R, = (40 mA)°0.5 kQ = 0.8 W (1 watt resistor)

P, = I7R, = (30 mA)*2 kQ = 1.8 W (2 watt resistor)

Ps= I;R, = (10 mA)?4 kQ = 0.4 W (1/2 watt or 1 watt resistor)
P,= I7R, = (36 MA)*1 kQ = 1.3 W (2 watt resistor)

Ps= I2R; = (40 mA)°0.6 kQ = 0.96 W (1 watt resistor)

All power levels less than 2 W. Four less than 1 W.
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31.

33.

64

R, = 80V =400 Q = 390 Q
200 mA
R, = 40V =266.67 Q= 270 Q
150 mA
a. yes, RL > Rpa (potentiometer)
b. VDR: V, =3V= Ra2V)_R(12V)
2 R +R, 1kQ
R, = 3VakQ) =0.25kQ =250 Q
12V

Ri=1kQ-0.25kQ =0.75 kQ = 750 Q

c. Vg =E-VL=12V-3V=9V (Chose V; ratherthan V. since numerator of VDR

R (12 equation "cleaner"
VR]=9V:—‘( V) a )
R +(R,|IR))
9R1 + 9(R2 " RL) = 12R1
R = 3(R,IIR))

2eq.2 unk(R, =10kQ
R1+R2:1kQ}eq unk(k, )

3RR, _ 3R, 10kQ
R, +R, R, +10 kQ
and Ry(R, + 10 kQ) = 30 kQ R,

1:

RiR; + 10 kQ R; = 30 kQ R,
Ri+Ry=1kQ: (1kQ—Ry)R,+10kQ (1 kQ —R;) =30 kQR;
R +39kQR,-10kQ*=0
R, = 0.255 kQ, —39.255 kQ

R, =255 Q
Ri=1kQ-R,=745Q
a. ab:w:BZV
100Q

Vpe=40V -32V =8V

b. 80Q|1kQ=74.07Q
20 Q|| 10 kQ = 19.96 Q

_ 74.07Q(40V)
T 74070+19.960Q
Vo =40V — 3151V =849V

=3151V

2 2
b BLSIV)’  (849V)

=12.411 W + 3.604 W =16.02 W
80Q 20Q
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2 2

p= (32V) N @8V)
80Q 20Q
The applied loads dissipate less than 20 mW of power.

=128W+32W=16 W

34. = 12V =12mA
10 kQ

Va=Va—Vp=12V - (-18 V) =30V

35 36kQ|6kQ | 12kQ =3.6kQ
_ 3.6kQ(45V)

© 3.6kQ+6kQ
6 kQ resistor "open"

=16.88 V = 27 V. Therefore, not operating properly!

R(45V) _9kQM5V) _

R'=12kQ |36 kQ =9kQ, V= — = 27V
R'+6kQ 9kQ+6k
36. Network redrawn:
I/
J_ 40 lSQ
24 V= 240 28Q
1129 12Q
ISQ:|69:&:3A
Pso=1"R=(3A)?- 6 Q=54W
37. da. R10+R11||R12=19+2Q||ZQ=ZQ
RiJI(Rs+Rg)=10Q]|10Q=5Q
Ri+R||(R3+5Q)=3Q+6Q||6Q=6Q
Rr=2Q[|3Q]|6Q=2Q|2Q=1Q
1=12V/1Q= 12 A
b. 1L=12V/I6Q=2A c. lg=1,=05A
L= 6Q(2A):1A
6Q+6Q
IFE:O.SA
2
12A
d lpy=——=6A
10 2
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38.

39.

40.

41.

42.

43.

44,

66

a. lcs=1mA

R,Ies _(100Q)(1mA) _ 0.1

b. Rshunt = = Q = 5 mQ
I I, 20A-1mA _ 20
25 MA: Ryyy = _KDBOUA) o o
25mA — 0.05 mA
50 mA: Ry = (KDEOHA)
50 mA — 0.05 mA
100 MA: Ry = 0.5 Q
2 Rz Vel 15V =(OUAYIKD) _ g0 o

I 50 uA
b.  Q/V =1/lgs = 1/50 pA = 20,000

5V —(1mA)(1000 Q)

5V: Ry = =4 kQ
1mA
50 V: Rs:M =49 kQ
1mA
500 V: Ry = M = 499 kO
1 mA

10 MQ = (0.5 V)(Q/V) = Q/V = 20 x 10°

|
les = L/(QIV) =
es = UOV) = 20T

= 0.05 PA

06

E R _zeroadjust 3V 1k 2kQ

a. Ry=—-R, —1kQ- 2222 =28k
I, 2 100 tA 2
b. xlp= E +Rm+M+Runk
E zero adjust
Ruk = — - I:")series + Rm +—J
xl, 2
3
= 3V oka= 320 g0s10°
x100 pA X

1 1
K= 2 Rk = 10K X = -, R = 30 KR X = -, Ry = 90 K2
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45, a.  Network redrawn:
1.2 kQ

1.65 kQ

\1.%&2

Ronmmeter = 1.2 KQ || (3.1 kQ + 1.2 KQ + 1.65 kQ)
=1.2kQ || 5.95 kQ
=1kQ

b.  All three resistors are in parallel

Rohmmeter = f— = ——1=6 Q
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