Chapter 6

1. a. RyandR;
b. EandRs
c. RyandR3
d. R» and R;
2. a. E, R1, Ry, R3, and R4
b. E, Ry, Ry, and Rs
c. EandR;
d. none
3. a. Rszand R4 Rsand Rg
b. EandR;, Rgand R;
4, a - (098D _ 5
36Q+18Q
b. RT= 1 + 3 ]:3 5
1 + 1 + 1 1x107°S+0.5x10°S+33.33x10°°S
1kQ 2kQ 30kQ
1
== 0.652 kQ
1.533x10°°S
_ 1 1 1
¢ Rr= 1 1 83333x10°S+833x10° S -
. + .33.33x% +8.33x107°S+83.33x10°°S  92.49x10°°S
1.2Q 120kQ 12 kQ
=10.81Q
5. a. R,= @ =6 kQ
R, = BKAEOKQ) _ 5
6 kQ +6 kQ
b. R}:@:5.5Q,RT,,:£:5Q
4 2
Rr= OSVCD 5650
55Q+5Q
1 1
c Rr= 1 1 1 3 3 3
L + 1000x107°S+1x107°S+0.001x10°S
10 1kQ 1MQ
= : —— =0.99 Q
1001.001x107°S
1 1
6 a Ry = =
T 1 1 1 1x107°S+0.833x107°S+3.333x107°S

+ -
1kQ 12kQ 0.3kQ
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= _ =19357 Q

5.166x1073S
1 _ 1
1Jr 1 N 1 +1 1x107°S+0.833%107°S+0.455x107°S+1x107°S
1kQ 12kQ 22kQ 1kQ
1

T 3.288x107°S

=304.14 ©Q

7. a R=3Q|6Q=2Q
RT=1,619=M, R=8Q
2Q+R

b. R}=¥=2kg

(2 kQ)(R)
2kQ+R
(20 kKQ)(R)
20kQ+R "’

8. a Rr=102Q= ! = !

r t. 1 416.67x10°5S + +147.06x10°° S
24kQ R 68kQ R

1

Rr=18kQ= , R=18kQ

c. Rr=5.08kQ= R =6.8 kQ

1.02kQ = :
563.73x10°° o

575x10*3+%:1

no 1020k

= =24KQ
425x107°

R
b. Rr=6kQ=—
4
R, = 24 kQ
1 1 1 1 1
=—+ + +
1.11kQ R 82kQ 10kQ 2kQ
N 1 B B B
900.9><1068=E+121.95><1063+100><1063+500><1065

1. 178.95 x 10°°S
R
1
R= —————— =5588kQ=56kQ
178.95x10°°S
9. a.  12kQ
b. about1kQ
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10.

11.

12.
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1
1 1 1 1

- + +
1.2kQ 22kQ 220kQ 2.2MQ
1

833.333x107°S+45.455x107°S+4.545x107°S+0.455x107°S

= b =1.131 kQ

883.788%107°S

d.  220kQ, 2.2 MQ:Rr= (.2 k)22 kQ) =1.138 kQ

1.2kQ+22kQ

e.  Ryreduced.

a. Rr= ! = ! 1 =118Q
1 1 + 1 0.25S+0.50S5S+0.10S 0.85S

+
40 2Q 10Q
b. = Q

c. Rr=3Q[6Q=20Q

240 || 24Q=120

L = L+L+; (Two of the 24 Q resistors “shorted” out.)
R, R 12Q 120Q
0.1Ss= }% +0.08333 S +0.00833 S

1

01S= }% +0.09167 S

1

%20.18—0.09167320.008338
1
1
Ri=—— =120Q
0.00833 S
» R B o
80+24Q
bV =V, =36V
c IS:£:36_V:6A
R, 6Q
v
T 36V o
R 80
V
2= % =—36V =15A
R, 240
d. 5:|1+|2

6 A=45A+15A =6 A (checks)
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13. a.

14. a.

15. a.

Chapter 6

b= =" =BA = —2="—""z2A 3= 2 =""205A
R, 3Q R, 9Q R, 36Q
1 1
Rr= =
1 1 1 03338+0.1115S+0.028S
30 90 36Q
1
= =2120
472x107S
=L - 18V _g5a
R, 212Q
li=l,+1,+l3= 6A+2A+05A=85A
they match
Y 4
=222V o ama T, == Y oo ma,
tOR 10kQ > R, 12kQ
v
I, =% = 24V _353mA
"R, 6.8kQ
1 1
Rr= = 6 6 6
r 1 1 100x107°S + 833.333x10°°S +147.06x10°°S
10kQ 1.2kQ 6.8 kQ
1
=——— =925030
1.08x107%S
=L MV seoma
R, 925930

=1+ 1 +13=2.4mA + 20 mA + 3.53 mA = 25.93 mA
they match
Rt =900 Q

1
1 1 1 1
+ + +
20kQ 10kQ 1kQ 91kQ
1
50x10°S +100x10°S +1x10°S+10.99 x10°°S

1
= — = 862.07 Q, very close

1.16x107°S

Rr

I3 the most, |, the least
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16.

17.
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Ve, 60V Ve, 60V

lp ==~ =30mA, I, =—2= =6 mA
TR 20kQ 2 R, 10kQ
V V
I = = _ 0V _s00ma, lp = —& - OV 659 mA
TR, 1kQ ¢ R, 91kQ
== =0V _g6ma
R 862.07 kQ

Is=3 mA + 6 mA + 60 mA + 0.659 mA = 69.66 mA (checks)

always greater

(18 Q)(R,)
18Q+R,
108 Q + 6R, = 18R,
12R, = 108 Q
_108Q _
===

Rr=6Q-=

R2 9Q

2 2 2
p=giw=" -5 _FE

R R 9Q
and E = (9)(81)

orE=4729 =27V

2 2
pP= % =% and E = VPR = /(100 W)(4 Q) = 400 = 20 V

Ro= £ =2V _100
I, 2A

L= _E_2V_,,
R R 10Q

20V
lk=li+L+13=2A+2A+ 10 =4A+5A=9A

P;=Els=(20 V)(9 A) =180 W

2 2 2 2
p - E _OVY _ g, p, - EL_(OV) _AOW _ 5,
: 10 Q * R (20V 10
2A

Ps=P;+P,+P3
180 W =40 W + 40 W + 100 W = 180 W (checks)
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L (200)1084)
= V)08 A)

=9A
20Q0+4Q

E=V, =R =(9A)4Q) =36V
I, =123A-108A=15A

18.
Rl =
19. a.
b.
C.
d.
20. a.
b.
C.
21. -
22. a.
b.

Chapter 6

V,

i:ﬂ =240

Iy 15A

V=48V

I, = ﬂ=2.67mA
18 kQ

Is = M+ﬂ+I2=16mA+4mA+2.67mA=22.67mA
3kQ 12kQ

2 2 2
p=V _E _U8V) g mw
R R 12kQ

v,
I T=4A-1A=3AR= =LV _4q
2 I, I, 3A
”
R3= i=£=—lzv =12 Q
L, I, 1A
12V
LT="""=6A1,=1;,+4A=6A+4A=10A
20
. 1 1
T= =
R 1000 x107°S+212.77 x10°S+ 100 x10°°S
1kQ 4.7kQ 10kQ
1
= ———— =76161Q
1.313x10°S
vV \V/ \Y vV
Iy = =2V homA, 1, = =2V =177 mA
R, 1kQ : R, 47kQ
\ \VJ
lp = v _ OO0V oA
* R, 10kQ

Py =Vy I =(60V)(60 mA) =3.6 W
Pr, =V, Iy, = (60 V)(12.77 mA) = 766.2 mW
Py, =V -Ip, = (60 V)(6 mA) =360 W
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23.

24,

25.
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¢ 1= -V _s578ma
R- 761.610Q

Ps = Esls = (60 V)(78.78 mA) = 4.73 W
d Ps=473W=3.6W +766.2mW + 360 mW = 4.73 W (checks)
e. Ry =the smallest parallel resistor

E 120V

da. loup = = 66.667 mA
Ry 1.8kQ
b. RTZEZLSkQ =225Q
N 8
C. |S=£=ﬂ20.533A
R, 225Q
2 2
d. P= V_ = M =8W
R 1.8kQ

e. P,=8(8W)=64W
f. none, ls drops by 66.667 mA

Network redrawn:

Rr=1429Q(|75Q=12Q

P, = E—: = % =3 kW

a. 5x60W=300W
lbuibs = % =25A
= 20N 104
Ity = 312(())“’ =2.67A
lovp = 1225% =208.33 mA

b. 1i=XI=25A+10A+267A+20833mA=1538A

No
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=78Q

C. Ry = =
1538 A

E _ 120V
]S

d.  Ps=Ely= (120 V)(15.38 A) = 1,845.60 W

e. P,=1845.60W =300 W + 1200 W + 320 W + 25 W = 1845 W (checks)

26. a 8Q | 12Q=480Q, 480Q[40=21820Q

= 2VE8Y _uera
2.182Q
2 2
b Pz L —CAVEEV) _ospw
R 4Q
C. I,b=1,=14.67 A
27. Is=8mMA+6mMA=14 mA
L=6mMA-2mA=4mA
28. a. xILi=ZXl,
5A+7A+3A=9A+I
I5A=9A+1I
6 A=I
b. Zli=ZIO
8MA=2mA+I;
L=8MA-2mA=6mA
L+9mA=1,
Lb=6mA+9mA=15mA
ILb=10 mA + I3

I3=15mA -10 mMA=5mA

29. a XZLEi=ZIl
8A=3A+1,
ILb=8BA-3A=5A13=3A
Zli=ZIO
|2+|3=|4
IL=5A+3A=8A

b. Zli=ZIO
;=36 mA +4 mA =40 mA

36 MA=1I3+20mA

I3=36 mMA-20mA =16 mA
Zli=ZIO
4mA+20mA=1,

I,=24 mA

Is=15=40 mA
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30.

31.

32.
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Ip, =5mMA-2mA=3mA
E=71k =@BmA)(4kQ)=12V

V
R, = M = 12V _12v =3kQ
Iy OmA-5mA) 4mA

Rs:izlz_vzekg
I, 2mA
RT:£=H:1.33I(Q
I, 9mA
2 ReE_IYV g
I, 2A
L=1-1L=3A-2A=1A
R=£=10—V=1OQ
I, 1A

b. E=LR =(A)6Q)=12V

I, = £:ﬂ =133A
R, 90Q

=P _12W _ 1 a
V12V

Re= 212V 50
I, 1A

I=hh+1,+13=2A+133A+1A=433A

a. L= —— =64 mA

I3= —— =16 mA
4kQ

|s=|1+|2+|3
I, =Is— 11— 13=100 mA — 64 mA — 16 mA =20 mA
=£ 64V =3.2kQ

I, 20mA
I=1,+1;= 20 mA + 16 mA = 36 mA

Chapter 6



2

1

E=V,=30V
I]_ZEZM:].A
R 300
Because Rz =Ry, I3=15, and ls=h+L+13=1+2l,
2A=1A+2l,
1
2= S(1A) =05 A
I3=05A
R2=R3:£=£:6OQ
I, 05A
P, =I;R, =(05A)°-60Q=15W
6Q 1

1
33. lhb=——I1,==1,= =(9A) =45A
STt 0N
6 Q
|3:E|1=3|1=3(9A)=27A

6Q 1 1
= L =Z1,=-09A) =3A

18Q ' 3° 3( )

b=l +l,+ls+1,=9A+45A+27A+3A=435A

L4

34. a. |1:M=16mp\
2kQ +8kQ

I,b=20mMmA-16 mA =4 mA

1kQ(;)  1kQ(;)
1kQ+24kQ 3.4kQ
and IT: M:SSA

1kQ

Ih=1;-25A=85A-25A=6A

b. |2_4kQ: 25A=

35. a. Rr= 1 !

1 ol T 250%107°S+125%107°S +83.333x107S

4050 120

_ 1
 458333x107°
Lo Ry _ 2180
4Q

2.18
|2=

=218Q

1 (6 A)=3.27A

X

Q(6A)=1.64A
80

218

3=

Q (6 A) =1.09 A
120

I,=6A

Chapter 6
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36.

37.

38.

52

4Q140Q=20
200Q(B8A)  20QB8A) _

,= = =533A
200+2Q+8Q 30Q
I )
I1=—2=533A=2.67A
2 2
b=8A—-1,=8A-533A=267A
,=8A
I~2(1OA)—9A
710
1/1, =10 Q/1 Q = 10, I2=i:%50.9A
10 10

I1/1; =1 kQ/1 Q =1000, I3 = 1,/1000 = 9 A/1000 = 9 mA
11/, = 100 kQ/1 Q = 100,000, 1, =1,/100,000 =9 A/100,000 = 90 uA

very little effect, 1/100,000
1
1 1 1 1

— + +
1Q 10Q 1kQ 100kQ

1
1S+0.1S+1x10° S+10x107° S
1

RT=

=—=091Q

1.10S
Iy = %1, I = 0.91Q (10 A) =9.1 A excellent (9 A)
I, = 0.91Q (10 A) = 0.91 A excellent (0.9 A)

10Q
I3 = 0910 (10 A) = 9.1 mA excellent (9 mA)

1 kQ

091Q
I, = 10 A) = 91 uA excellent (90 uA
= 100 kQ( )=91u (90 uA)
CDR: ISBQ:—SQI :1A,I:—399(1A):13A=I2

3Q+36Q 3Q

h=1-1A=13A-1A=12A

3= 1= 24 MA, Viza = IR = (4 MA)(12 kQ) = 48 V
I, = !=48—V212mA
R 4kQ
h=1-4mA-1,
=24 mA—-4mA-12mA
=8 mA

R = 3(2 kQ) = 6 kQ
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_ 6kQ(32 mA)

b. I =24 mA
6kQ+2k
I2:i:24mA —8mA
3 3

39. 84 mA=|1+|2+|3:|1+2|1+2|2=|1+2|1+2(2|1)

B4dmA=I1+21;+4l, =714

84 mA

and I, = =12 mA

I, =21, = 2(12 mA) = 24 mA
ls = 21, = 2(24 mA) = 48 mA

v
R, = = 24V =2 kQ
I, 12mA
v
Rp= —2 = 24V _1ve
I, 24mA
v
Ry= k= 2%V _5ke
I,  48mA
40. da. P .=V,
2W=12V -1,
|L:ﬂ:6A
12V
I, 6A

Il:l2=727:3A

=

Psource = EI = (12 V)(3 A) =36 W

o

d.  lgain =6 A (twice as much)

41,  Rr=8Q|56Q=70

£_12v =171A
7Q

Ry

I2 3

1

11
—L,==(1.71A) =0.86 A
S =3¢ )

22, 1ga=V oA 1=5A-2A=3A
80
lh=5A+3A=8A, R= &-10V_
I, 8A
13 a v,z 22XKAAOV) _egy
22kQ+4.7kQ

b. R;=11MQ || 22 kQ =21.956 kQ

Chapter 6

P +P =36W+36W=72W (the same)
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44,

45.

46.

54

_21.956kQ(20 V)
27 21.956kQ +4.7kQ

c. Rm=20V[20,000 Q/V] =400 kQ
R} =400 kQ || 22 kQ = 20.853 kQ

=16.47 V (very close to ideal)

V, = 20.853 kQ(20 V) =16.32 V (still very close to ideal)
20.853kQ+4.7kQ
& a V= 200kQ(20V)  _ 1333V
200kQ +100 kQ

b.  R,=200KQ |11 MQ = 196.429 kQ
v, = (196:429k0)20 V)
196.429 kQ +100 kQ

C.  Rp=400kQ
R, = 400 kQ || 200 kQ = 133.333 kQ
v, = (133333K0)20V)
133.333kQ +100kQ

e. DMM level of 11 MQ not a problem for most situations
VOM level of 400 kQ can be a problem for some situations.

a. Vap=20V
b. Vgp= [11MO20 V) =18.33V
1ITMQ+1MQ
c. Rmn=200V[20,000 Q/V] =4 MQ
Vap = 4MQQ20 V) =16.0 V (significant drop from ideal)
4MQ+1MQ
Rm =20 V[20,000 Q/V] = 400 kQ
ab = M =5.71V (significant error)
400kQ +1MQ

not operating properly, 6 kQ not connected

T= 6V =1.71 kQ
3.5mA

Rr=3kQ [ 4kQ=1.71kQ

Van = E + lgka - Raka
12V-4V 8V
1kQ+4kQ 5kQ
Vo =4V +(16mA)4kQ) =4V +6.4V =104V
4V supply connected in reverse so that
_12V+4V 16V
1kQ+4kQ 5kQ
and V=12V - (3.2mA)(1 kQ) =12V -3.2V =8.8V obtained

=16 mA

laka =

=3.2mA

=13.25 V (very close to ideal)

=11.43V (a1.824 V drop from R, = 11 MQ level)
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