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5.1 Find I, in the circuit in Fig. P5.1 using linearity and the
assumption that 7, = 1 mA. €35
T2

SN ——a SN —y AAS
4kQ I3 4 k) Y=, 4kO
e
< o
12 kﬂ% Vs (?) 4 mA 2 4 kO
- T -
® 4
Figure P5.1
SOLUTION: Tf T, = lemA
\/1 = *o (L%OOO + "Looo} ENAY,
Fz= T rlp =M 1, = Z2.5mA
doo0
Vg = 4000 T, +V| = bV
Is = \}___._2:“ + IZ_, - 35MA
lo XD

Bt T2 s achay 4mh. 5

:[—0: }D":( f/“)‘/o‘;)w /./4””0( ‘ 1‘;:;/./4[”/“(‘{

7. S’No"“—g
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5.2 Find V, in the network in Fig. P5.2 using linearity and the

assumption that V, = 1 V.

I I
A S ATATL
3k + 3 kQ)
+ i
8V (ﬁ) Ve 3kQ S
Vs
——.
Figure P5.2
SOLUTION: I,ﬁ v, - W, e Vo _ LA
3eo0 3
V,,@n T3 ((—OOQ\) = ZV IZ = Vq,ﬁ} + Vg N $3: _fjli_mA;
ELINS b oo 3
\iz‘-: 3000 IZ ""Vl.f:" é\/
r, = Va2 +I7/ = o mA VSL" 30003:5 'f—-\l'za IAVYS
;Dao 3
Bt Vg &dwua =8V . Sy
wOLE) e o]
L
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5.3 Find I, in the network in Fig. P5.3
assumption that 7, = 1 mA.

using linearity and the

2 mA C?D T

Figure P5.3
SOLUTION: Tf I, = ImA,
V;,': Hoveo L, = 4y T, = T, + Vz_ 4 .. A
12¥e? 3
V\: 3ooo %""VL‘:‘ v
’:\j§ = \“ + J:L = 4‘“\[\
BODO
Put, T ﬁufw%g st Zmh. S
T - ’D”W}ﬂiﬁ) . 05mA D= osmA
A4 xip”3 |
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5.4 Find [, in the network in Fig. P5.4 using linearity and
the assumption that 7, = 1 mA.

2k T, 2 kQ)
& AN P
12 mA (D I 2k 2 2kO =
o=
Figure P5.4
SOLUTION: It T,= Im A, V, = dooo I, = 4y
"Tl = v \

+ Vo y A = thon A
Zooo “oop

\fl: Zooo :1:1 + V‘ = |2V

Ts= Va2 *ﬁilf\on\t"\
ZODd)

%uf’) S:g Aa"[ualla UgW }ZmA . SDJ I@ o

Tyo 17 (L_%r“’f) B

Lo ™
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5.5 In the network in Fig. P5.5, find I, using superposition. €%

6 kQ2 6 kQ)
A VVAA 4
’ 7~ J
- <
12V (__) 6 kQ) < UD 6 mA <6k
@ = ;
Figure P5.5
SOLUTION:
Ze@ LEUL la Iz‘?z Tz
AN = L
12V Z,M% (Q)UL% 4,\&%’ 4) lmA éém
Z%l = bopo 4—[&,0:;0//!2)000] %Z = @ooo//&()oo) +luop
= plaf " Gos0SL
:‘ES = Lz; - 1L2mA
12V REZu ‘7—65! % 2z (ﬂMA % bl
Ib(”’: IS[ u,,{’,?.fif___ﬁ = 0-‘#”‘\2\ D'L = "M)
1%, oo Vl{)z“‘k booo

Toy = 3.t
{iﬁ:jj:os 15, = - 3.2mA
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5.6 Find V, in the network in Fig. P5.6 using superposition.

o+ V, -0
A% . ¢
8 k(2
(D 2mA  S2k0
\ 4 o
Figure P5.6
SOLUTION:
i 4 Vou o +~Vo7_ - a{m—
+ B '
Cg B % Ve % t iﬂz% Z““\é@ %ﬁ&f
] = - L
22

leqi= B2 7(0sr0)= 3.95\a
Vo= 12 (&6&; / (ley, +Q‘\3= G.L7Y

Vo= uvl"\)ul

)’VD?‘- 5.0 \/l

Lz = (0 /0, + 3= ol

a3t
T

T o ()
+

il

Voz = V

Wls
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5.7 Find 1, in the network in Fig. P5.7 using superposition. ©%

6 k() 3 k()
~AAA > AAA -
6V (j:) 2 kQ) K? 2 mA §3 kQ)
.
Figure P5.7
SOLUTION:
£, B & a—qu”
R I T,
AY Vor Sz %H & % QL% C‘%ZWA % =2
YT \ | y Toz |
e, leas = (R, 7€) +G= d.sun
E,’CQ\“- QZ//C[%*ZO = 2)(10’3( By 5: 0.8€mA
. for laws
= }.5 s
Toz = -T -
\/0\:(,,( [L’C"Q\MB.& v z ()Z,,wﬂ/) 0.Lmh
Lemi + ¥y
Tor = Vm/(&Z = 0.LmA o= Ziv®ez

T2 VLzeke |
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5.8 Use superposition to find V, in the circuit in Fig. P5.8. PSSV

6V
)
/
M N
¢ — ' ¢ VAA 9 O
/ 6 kQ T
2 mA
12kQS %4 ke,
é . -0
Figure P5.8
SOLUTION:
LN [AY)
&

! [wﬁ - Dae \tyoom V400
bl - -
=) 12ler 2y V,, Fe= 3.27L0
12k T, % _ )
122 ‘Hcﬂ« Vo Noy = Q( f:)c 3

Rx‘rlzcm)
, Vo= 1,29V
o] W
Zmh zmA
S > “( e
el lzes dea +§
e U TRy %zm by= Socor

b ooo )
o = E\(z 1o [i&aoo-&*@\( Z 17‘

Yo =Vpy aV,e = - o0.42V 1\10 = = 0,4Z\d
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5.9 Find I, in the circuit in Fig. P5.9 using superposition.

1ov( Tt E 4 k()
4 kQ) :
smg' })6ema 1o
Figure P5.9
SOLUTION:

12= Ty, (6k +LL Ty= YA

it

;2{\“{, N ,bj ¢ urred division,  Tpy = - "X‘Jg(_(gﬁg&_\
i tkn Looo +Low
ble .&7 .j:;n?,’": - 3 A
LB .
™ %2

Foy tles =T, 5 ('1; = fﬂ
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5.10 Use superposition to find 7, in the circuit in Fig. P5.10.

A @
4k
12V

4 k)

w
6 MA
+ ' 2
12vi " 4 kO % 4 k)
&
Figure P5.10
SOLUTION: dore /j%ia% Lt
. 4 1_0 ";cm:‘m {%\
! "] 4kn
Al 4l T % o i .
12y 4la
v ML = ke
L2=0
Joi1= Cjég;)" L Smh - ffﬂ{am#\
tag“ﬁ" ™ C%ﬁ.)? Bl

;Eo":*’rasj‘”toz“*rog =2 {:[:D”Lf"-gmps}
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5.17 Find I, in the network in Fie. P5.11 usine super osition.
[ o &

4 kQ)

+— N —y

Ho,

3k gﬁ’é
T)ov

> 2 k) YL,
Figure P5.11
SOLUTION:
| '*\ :Eol < _ﬂ__, - 2. ngﬁ
) | b & )

=

é\/ ! \’4\& 4l
%z\m 13;3

?

j-:/b = - = - LSmA .
Q‘boa . J%—:: 0.7 mk

L= o v T +T,
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5.12 Find V, in the circuit in Fig. P5.12 using superposition.

§2kﬂ

<1kQ
2 kQ 1 kQ
+
12v<§> ? 2 mA S 1kQ V,
=)
Figure P5.12
SOLUTION:
) (Z‘ = @1*-:.. 2{ = L" = ”(_ﬁ/
% {g/ Z'L = Q,«, = 2L
L + 50@&12 - Z&b:‘:l "'?,mils =0
: \10\
jw “lewT) - e T, + 45525 -0
Ty= 5. 49mh e 2= 4sm T |- 250 T, - looT,
Vs \:Y,(’K‘ = 5.449v
Vs V..-..\,. . V,"Y'L L V‘ '”ng, .o
\ 3 Ty
L= Ly%
Lk Ny \IZ”\J% {",\[,2:. + w?” = ZX!DMS
ﬂ‘! ‘ 5 f2+ e (23 [ =3 =
Yﬂ,, VL\[}.’;% = \L‘iz; + \_\)_QZ’\Ik = V@Z:O,LQQ\/
= Py 2, bs

o = Vo 1+ Vpz l\fg: LasV l
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5.13 Given the network in Fig. P5.13, use superposition to

find V.
| O
] 2
: + <
TkQ 2> T )12v S2k0 v,
1kQ 2 kQ) -
—I— A4 S
svis $1kn 2 ma
Figure P5.13

SOLUTION:

I Ve = looo (wad) =2V
Vez = 12 }zi_]
Rytits Yoz = 2V
V.o = bV
VL Vo :\Jo\xf\lozfr\/o—s Vo = 8 v !

-




332 Irwin, Basic Engineering Circuit Analysis, 8/E

3.14 Use superposition to find V, in the circuit in Fig. P5.14.

o,
6 mA ? ;‘%2 k()
1 kQ)
| G ATV ¢ m®
+
: L O
Figure P5.14
SOLUTION:

b=y = Fy= N Ry= g =20

0= P2/l
Vor = b [_ﬁ}ﬁm‘& = Z-4V
Tt

27: p//zL—: SopSL

Voz”"n—( Ps ]: 3.4V
8-3\"£~(

Ry= By Me=LLt - Rg= Q1 0/ 4ot

Vogz (axxo‘?’ﬁ% = 74N

V, = Voix Voztuys l V, = “P.LWW
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3.15 Find V, in the circuit in Fig. P5.15 using superposition.

2kQ S
2
6V
+
& : O
Figure P5.15
SOLUTION:
' ﬁ“‘f ﬁ\?zz,';l[dl, o=ty =ne =l
KA’ = 22//@3 = QG’ZJL
\/Dl;“: L?;_ﬂ;z \fo)': 7.2N
Loy,

TZB = 2«3 //?s« = Soo0f2

YRR TN
Fgre,

\[O[} = 0V \fn - Uo}*”vo[/ +“\jo3

Ny~ 62V ]
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5.16 Find /, in the circuit in Fig. P5.16 using superposition.

AAA
l 8 k)
2 kfl%
1 mA (?) VA 9
' 3 k()

Figure P5.16
SOLUTION:
@\=Zldz/ Vo= 8 luz. s = 3k LAY
b %’Zl | T, £ Bi= B 485 /2) = 400
Imfs (4 = ¢ _ L2
y R3 bﬁ A (3 i T 3[ 2o ritw
2
fad K T\ Tp= 0.6L7mA

Ty = Tp [_&Ll . 0.222 mA
L3 "y

be= Uy /0y = 22 Ve = QZ Y= 16y
| Tp = 2xt0 [._,_E\M 1 < 0.333mR

- ‘Z»;'\'QE,

jgz’ N /23

Top= | 3 [, 6. 1ImA J;rd.azj‘mAJ
sty
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5.17 Use superposition to find 7, in the network in Fig. P5.17.

o A 2 mA
Y
4 mA C“D 4 m%
2 kQ - 4 4
6 mA CD 12kQ2
I,
- .
Figure P5.17
SOLUTION:

Q=2l gy=4ldl By = 4kn By= 12k
Cp= tor (05 /’%\ = 7k Tﬁr= inoﬂg[w'z“‘ '(
A LR Y

Io\ ""”":{:A 13 /Cq/gj(’«-{;\ = 0, “im/‘\

b

Co=lsh =60 G,= 7,
Cru= iy G- VQ?

f

Yoz = éx\o"g Gy /(G\c *QK*FGO < Imd

(’EL—:; 0. f‘%%rﬁﬂ

’\Z’B: Ku—%(Es//V«p)-“fm dg= 4)(\0”3 £y /(Ez* KB} = . 7804
Tor=-Tg R3 /(1 +8) = ~ 0. 44¢mp
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5.18 Use superposition to find 7, in the circuit in Fig. P5.18.

— S
I 4 k()
2
2 6 k()
> 6 k() 4 — . —>
§ _/ < |
4 mA 2 mA
12V "_; > 3 k() %2!(&)»
I,
Figure P5.18
SOLUTION:

. 1 B=- (ke Yg=3ka Ra=den fe=2ln
1
23 \ 4 Fr= By Ps = Gka
N
3 Ksi LA ez Lsen
<
l

2\
! 1,

\Jpc.: -1\ izg /( 'Rg'i”lZ\ = -2.A\/
I’D\: AN /Q3= - D.BomhA
g % P Re= B A= 3k
. z
Fo

Ip= 4xi0™ e /(Rettp)= 2.4 mA

Tp, « Tp (Bat+ls) To = ) b A
s Nyl




Rez @ /0y /95 = L5kn
EF"' P—s"}* = =3.S\Lﬂ_

IE = Z,xu:;") 24 /C?.q;—bﬁgw = |[.o7mA

C?“'—; ’/ﬂr (’L'z %2 63= VIZ:;

To= TpirToar N5 TI&“ 0.267 mﬁi
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5.19 Find /, in the circuit in Fig. P5.19 using superposition.

5 g
1kQ < 1 kO <1kO
% % S
oV

(D L~

Figure P5.19

SOLUTION:
K\tng—)ﬂf»ﬁl\cﬂ 23:4m

| Yé %ﬂz Bp= (B /A)+ by = 4Skn
zmA T, &rg Ty = 2xi0 3 R /(044 B Gy= 0.304mA4

L=/ (l,+8) = $330

Vi 2 Re /(0x¢z) = 0.9/0V

Toz= -Ng /(@) = -0 /82m4

— Ny
é C= 0 /0, = So00s2 .
(7 ' Ay
& Toz = 4/ (Ra+P 4 25) = 0.727mA

Tp = B\ 35 15 f;rz& = 0.909 ph

oA e T
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5.20 Use superposition to find 7, in the circuit in Fig. P5.20.

Figure P5.20

SOLUTION:
Q«l"‘zm ‘lz:— 3k &J;’-Cl(fb 2«4'3 412

<=
42 R BT S etz T 2 /(e - ) 5ma

Pes @) V5= 300 ot
Vo= b Be MR p= Par (E2/:) = ks

To7 2.V

(‘ 22 Vo= 3V ‘ID‘?T' "27\10'22\ /(&""?T;
Vg - 12Rg /(g4fe)= 3V .
Ty = Ve /(2 +e) oy~ ~0.5mA

T = Vg /[ 2,—%@ = 0. 5SmA
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5.271 Find I, in the circuit in Fig. P5.21 using superposition.

4 kQ)
18V
6k S 26k0 < 4k0
6 k()
& AN & & " 3
2 mA (,D 1 mA (D 3kQ <
o @
Figure P5.21
SOLUTION:

Ci=ly=t5 =Lke  0y-fc: dka &=3 kL

B Sie Wt =2l Res 2y /liss 2l
Loz tas (Tg+R) = 3.53 kn

. ¥,
Va-el, A2+t)= 64TV Toie Va/(Rpr@y) = 132 mA
KE' LlhiD K’D

. - \ A 4
D Vo= T, + (R /lg) = Ska
2o s 7, W= Ik ‘
1 ) te: Lo+(T /W)~ g5k

T ~2Zxe > B /(f—,»»r—@) = ~0.31Sm A




I 2,/ 0z+03\ = 4l
Y. —
G = Pe + (Rg /s = (lea,

Ty = to7?
3 6 Eq/(zqh@DrO.(a(ﬂW\

[IM 1.5 A \
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5.22 Use superposition to find 7, in the network in Fig. P5.22.

T e
24v (T Z6kO %? o
@? 5
2 mA
L —— 4 -
2 mA
- 2 4k0
[0
4 !
Figure P5.22

SOLUTION:

Z“"\f-\% m% %ﬁ%

En

24N

G

*—
TLZ‘?VA (2

- 35,

l;’}:[;("":};L‘f’”i%g

8= 3z =LYl Ryl szl

TDI«: ﬁ?X!b‘x Gz /((fi\* Qz* ‘,:13‘* GIL\B” ’0'4”’“&

H 22 523 Toz = Zao? Gs /(C\H’ Gt Gg "’Gq) = 0.¢mA
4 Py
?3;2 Zmk

§-

ta- tz//ll~5//?l+= J.oar ks
By Vi = 24 Ba /(Rart) = L .4V

| . i—ém_/ﬂ
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5.23 The loop equations for a two-loop network are
LRy + LR, =V,
LRy + LRy,

I
<

re

What is the relationship among V;, V,, and R;; for I; = 0.

SOLUTION:
jz %2 =V # I, Rzy = V2

f2 Q’IL :\ { :[:Z Z'LL ‘

E’ﬁ} - Lo ‘%Z'__Z =) Vi o .%f:?f
Vi /MVZ ' 212
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5.24 Use the results of Problem 5.23 to find the value of /,
“that yields a V; = 0V in the network in Fig. P5.24.

210
9
L)) 3

P 002 %18@

&
Figure P5.24
SOLUTION:

V= b+6I, Zo = T, = -\A V\r ST
Vi-Vg = -, L2) =12V Qa? Izél’tgw )
Ve = -2V VZ ?\’ﬂ‘ %_% )
3:7(':: "“:Eg '|”I2 ' 1;4 | iy

T, = (0-Va)/3= 4A

rz;s/\
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9.25 A three-node circuit is described by the following
~equations:
GuVi + GV, + GV, = [
Gy V) + GV, + GV = 1,
GuVi + GV, + GV, = I
Show that for v, = 0,
I Gy Gy o G, Gy 47 Gy Gy
1] 2 3 =
Gy Gy Gs Gy | Gy Gy
SOLUTION:
8\7 Cramaf; M,
an T , -
T TIPS
i Gsv X VAEE 45, b33 <5r G33 Gz) Ges
VL = = : — =0
C;n 4\% 6)3
é)Zl C)ZZ 6\13 { 67 )
Gz Gsy 433
§O)
421 G?,S C;u 4\3 4)\ 6"3
I,} /fI + I =0
(ﬂ! (133 = él;\ 453 > é)zt 67—3
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5.26 Use the results of Problem 5.25 to determine the value
“of Vj such that V, is zero in the network in Fig. P5.26.

I WA Va

Figure P5.26

Explain why the values of R, and R, have no impact on
your analysis.

SOLUTION:
A -3
1 s lo g'{e o - Vo | = |-e - Ve/s
\’_Ligf r \%,i@ 4107 F 4 Z 6 o T Yy E
E 5
\Jl “Nag =5
1 ; ,
.,"_(4{\:1& 5/, 1. r (54 Y&) T + 5 /) =\, =0
L P ts?{ o I 5g, -

~ (Ve ) (- ) v (s Ve (-1A) £5 (=) =0




The  curned %rmpk € 15 fxed by ke R Cunncat
Ssurce . 1huo, Ho @W"f Zy has o Impadt in suen
nof L A.Mlv([s.

Oso, when Vy =0 e (prreht Phroosh, £, is #ero

74 gl fess 17 He WMM?L l,.




Chapter Five: Additional Analysis Techniques 345

5.27 (a) Given the network in Fig. P5.27, find the value of
| R, such that V, = 0 V. (b) Then find the Thévenin
and Norton equivalent circuits at A-B as seen by R,
using the results of (a).

14V
Figure P5.27
SOLUTION: ;
1
g\ 5(}(&.(?0*;1\’\')(\&: Iy I'\“
14y (3 Z'sf Voy
[~ - . X
“ [
Vo= 14 Rs /00 05 £0s) Vo, = -3 ( zw’zzﬁzg
'B—|*”V*2“f"2‘3
Vou +Voz zVy =0 = )45 Pites Bs R, - zg«@]
ew( '\'flf"ﬂ’g Z '&\’HZ‘L'\’(Z:&
£
N V.
‘b\ 1""1+ \loc,“\‘l”—zpﬂ“*);;ﬁl"’@\/
RO REEAYORS
- rvo= 2+, - 250
t2
QBN |

Pe Es
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5.28 Use Thévenin’s theorem to find V, in the network in
Fig. P5.28. ©%

6V 12V
( ) N
+ i+ O
‘ \_/ i
Q< KO <
2kQ < 4kQ S 2kQ = v,
’ O
Figure P5.28
SOLUTION:
Ly v gy ezl Ta-dkn
L = W[.{. + Ny= -6 K2 /CZ‘—\"Q.Lv =~y
’ N Noc
21% %_—x o Voe= 124Ny = 8V Ry = /A, - [-33kn

Find Vp: Ery

-—i-\
XVC;\;;;%M Vo Vo= $(zow) Vp= 4.8V
2o00v + A |

S AS—
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5.29 Find I, in the network in Fig. P5.29 using Thévenin’s

theorem.
1 k()
VAR
7
1 mA
tev L 21k 1 )2ma
]0
Figure P5.29
SOLUTION: 5 vor-posihon | ot
P2 ImA éP \/acz ZmA +
t\}uu: LV
Vocy = [ahﬁgfz + 3Bxeo” 3 = 4V
Voe= Voot + Vpo = lOV
Can F2
(4 i:ﬁ‘\": 22*!"(/{
5L s g
Voo 7 L P = 2k

1

3%“; \}ac /Cfgf‘@“}{\ (j:; = 3’-?3“\(\1
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5.30 Find /, in the circuit in Fig. P5.30 using Thévenin’s

theorem. ©%

12v(+ ?}éwg

o

¥
[O
@
Figure P5.30
SOLUTION: Kk = Kz = A4l 4 3= [AVAQH Izq = Lkl
l : 12 = Ve + Lxio™® V- D Vpe = 24V
¥y

\Joc e N
%3’3 3 b A % %é 14 0= LlJU
— — < = ‘3.‘;
B 2,
5

|

ANA
1 zq% Ip= —24 ’ Iy = ~2nA
2 L ¥ : Py v & - l
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2.371 Find V, in the network in Fig. P5.31 using Thévenin’s
theorem. P3V

2 mA
e
¢ A ' A% O
2 kQ2 2 k() +
sv (Tt 4k S 6k2S  V,
; 0
Figure P5.31

SOLUTION: R - €5 =2Ln P, = 4l Ry=tln

b = QDOOII - ZDODIL le Z/MA

I, = 167 mA

L= R (T, -1,) 4 15 (-T,) Hoe = Upe= Jo. 67V

Prg- R+ (W) - 3.33kn

A No = Vol /s mﬁ) (vav L5V
V. 2,2 Vo
N S
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5.32 Find V, in the circuit in Fig. P5.32 using Thévenin’s

theorem.
® O
l T
+ .
(__) 12V S 4k0
2 k(2 <
1)ama 22k
@ - 5
Figure P5.32

SOLUTION:

” (1}) ) ’LL%WOJV
wbing

KLI\/ + ﬁg

P+ < (zz, Ae) 4 ks = 333ka

vabéll)w%

[SURSRSSSSE———.

\/ »\}ocp—\é

1"@“,

K!’R'}-*Zléﬂ_, 12-57

le= I, (1l - R T,

Het KV:IL[L/L

T, = dnd

T/-* 533mA

32’ = \/DC:: 2/3’3\/

Ie. 70NV

VD":
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5.33 Find I, in the network in Fig. P5.33 using Thévenin’s
theorem. €%

1\(2
1 mA 2 mA
) \
@ - s
)6V S1ka 21kQ
v
. i
Figure P5.33

SOLUTION:

=0 I -Tg= ImA 1:3-:1;2?21\“4,

IB—.: — ImA f.fzc""ij

\J(;c,’“ K4}$3+E3IZ e *—Ag\/

b= fb?q'u -4 :fgzl_Q m
tu(} AV Py
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5.34 Find I, in the network in Fig. P5.34 using Thévenin’s

theorem.
4 kQ)
12 k() %
Figure P5.34

SOLUTION:
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9.35 Find V, in the circuit in Fig. P5.35 using Thévenin’s

~ theorem.
i
2 mA ? 2 k() C,) 4 mA
1 O
+
2 kO f% v
& & O
Figure P5.35
SOLUTION:
Ty=2Zmh T2 = 4m A —Tgu(MZMA

Is Kar v 2yl Igwf-«]\> + By lo-L,) HVpe =

Voo = Zov
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5.36 Find V, in the network in Fig. P5.36 using Thévenin’s

theorem. ©%

1kﬂ§ 1 mA C‘D 1 kﬂ% v,
& ® 5
Figure P5.36
SOLUTION: a4 L= [k

II:ZW\A\ le‘—’MA t-sf""\"A

1241:3 V0 (T3-L)- 3T, 1 Vpe = o

V, o = 3V
\Z, Te’ﬂ\’ﬁ \Zﬁ/fl-,_r((,g~ 3UL
|

rw
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5.37 Find V, in the network in Fig. P5.37 using Thévenin’s
theorem.

3
&
+ O

12k0S  V,

g

¢ A ® AWV +—O
8 kQ) 24 kQ

oma () 2ma({ 4kQ 3

Figure P5.37

SOLUTION:

I'Z = CMA I?)WIZ” ZNA = Tz = 8mA

!Z,,':-‘ J:l ﬁ"; -+ éT]"I-z)EZ ‘“"'9 ‘]:I = S‘nqA

t2= Voo~ T35 + R, (T,-T,)

\/m: = ZizV

Bl & Iy frw = (L /)5 g = 2eem e

Al \jo G V%_Ei 2{:» 2k .[K/!o = LS9V
L L o ‘
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5.38 Use a combination of Thévenin’s theorem and superposi-
tion to find V, in the circuit in Fig. P5.38.

4 kQ)
A%
VA ,. @ ¢ A% o0
6 kQ) | 8 k() +
. 4 mA
n 2 \ >
6V<_> ‘12k0@ 4kﬂ% GKQ%; v,
! : o
Figure P5.38

SOLUTION: 2/ =4, =tllsz B = 12kn Ry =t = 4l Z‘f_: glkn
e
PR D P 1S

e ; I= 4no > (#3t ) |ymd
L & Ls Vo, Ls+in+ 1y +ils
I ~

’ T, = l‘fXIo"x(quA-fQ» . Z-¥mA
s nNow tity 15

.._I:’LIZS +I)H -f~vo(,1=o VO(,1: "32\}

g = B3+ @y= 2L
Toe= B2 ff (Re+l) = (, gLl
Va= b0y /(o) = 3.2V Vo7 Vi ls _ 2.4v
Fra- (see) /(7 720) + 85\ = 5l Fo s

Voc= - D.gV e Lr Vo= Vot MJ
Vuc t ?Z(, l/u P,bﬁﬁq\,\
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5.39 Find V, in the network in Fig. P5.39 using Thévenin’s
~ theorem.

Figure P5.39

SOLUTION: 1) = &5 =1t o=ty soost

Il ::“\Y\'\a\ r'L P mA T,B»I\:Zm/“\ -—':3 :I:;?-*:— QMA

T, Ve ¥ 2, (T,-T,) = G

VoL: §-s\J
(Z:m 4 9 Vsﬁ*:‘TZ; oy = LSk
s
£
- Fm Vo= Vo by [v(,: }.37§\7]
W e, o
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5.40 Find V, in the network in Fig. P5.40 using Thévenin’s

theorem.
&
(H)zma % e (Dima
>
1 kQ 1 kQ
VAR ' AAN 0
.|..
1kQ < 1rnA(E[) 13V,
< & O
Figure P5.40
SOLUTION: A = Lt

I\ Ey=2mA I, -~Imh Iy= ~ImA
2o 4 9 i (3‘; Im
e 2.!

P oy #R2 ( Ty - T)) # £y (0-T )4 Vic=0

L R LS Qs
0= b (Db Vo Voo =3v
s T
%% @«@Ha\?—y\ﬁw@wgm
(Cyy

AV
£+ 0 Vo= Voe (Lo {\/o“‘ 0- 1V
Voo (& He ”}_jo

t Loy H G
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5.47 Solve Problem 5.12 using Thévenin’s theorem.

SOLUTION: £, =6 =fs = Z = ler o=y =2t

“\ZZ,J:l “+ IZ (221—-’{5 rlly) co
LGty -T, 0, -5 g, =0

IE = — Z2mdf]

12 =(T5-D) gy = E5 5 +Voe Vo= 13.5V

T (ol ) - 2T, - 1F, =0
“Re Tyt T (Rt ) T <o
Tz -Ix 4 e img
Fru = "*/4; Py = 119k

- e,
Voo R \/O VO = \/OC " VO R C /?V
72 -
L fu+iy
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2.42 Solve Problem 5.13 using Thévenin’s theorem.

\/OL[ = 2V
—MW—
e »;—V"é}
b AA A gy \/bc_z = 5V
2, By
(v (L{(%
%Voc—:i
) Ry Voz = Zxo By =
ZmA
§
Voo = |6V
‘gﬂﬂﬂ ETH = [L\(- = 2k
B
q7 el % o

4y

VD: Vo e 2
Pt Tt
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.3 Use Thévenin’s theorem to solve Problem 5.21.

SOLUTION: &= to =t = Ll @,. £ =4 Pe- 3kt

VA

,_-(-—9 Voo = (g[ By s ] . 1zv
| w B 3ty By la it
ﬂi% 4 2y //f»s**:: 2k
L Noey
T 2\//([22,4"((3)7—'14(%
] | T - 2007 B ABetars) = E ma
o) 2
?1 % -4 j:?,: "’2)(\()’3@\"”‘2‘2)/(&\‘\/«1’\43\& _%m[.\
12‘3 Zen B “\/acz
. %I;z [ 1 Vocz = I, 122_ +.1, (Z'B = e 4y
4
\ \[OUS-.«_ 10"3(20% ,4._4%3: LV
zm%
LH‘JL Lo V'D(,:: Vacq -+ UDLL+' VOL'3 = lL(\/

W Crv = Guen .
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44 Use Thévenin’s theorem to solve Problem 5.22.

Ty
24y /
!
7, ‘. ver
y _
4
€ Twfh €a Viez
[ Cg +
Y\ % KA "1 Z2méc \IOCS

Cru = 2 Jip = Nl

Gl Lye 7l ?—%:4(‘_}1_

Voo, s+ 2¢ Ka U= o 710y « |5 kn
’ZA’Y“QQ
Veer ~ $V
Vorz = =zxi07 (R;//RA\) 5 -2V

Vocs = 2xis” (. 2, Ma) =~ 2V

\joc_ﬂ = UDC.; ¥ Vo, + VO('; ~ 8V
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5.45 Given the linear circuit in Fig. P5.45, it is known that
“when a 2-kQ load is connected to the terminals A-B, the
load current is 10 mA. If a 10-k(Q) load is connected to
the terminals, the load current is 6 mA. Find the current
in a 20-k{2 load.

O A
OB
Figure P5.45
SOLUTION:
Py
Cl; o T T, = Voo
Y, ( vg 2] Trw vy
..V;.Q«LMM = lo™* Voe - é;zuo“'5
L + Zooo Z-—n., + 10

Frn + 2eco _ 0.4 S = toksu 1 Voo = 120V
Tru + 107

e, ep

Voc L T, = 4mA T - dmt
Lo %+ 2xiw! :
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5.46 If an 8-k} load is connected to the terminals of the
network in Fig. P5.46, V,, = 16 V. If a 2-kQ load is
connected to the terminals, V,; = 8 V. Find V,;; if a
20-k{) load is connected to the terminals. €S

O A
OB
Figure P5.46
SOLUTION:
A ;
frw Ly Vo= Yoo P
Voo ?Li Vo g iy
.l...._.__-_—«m-—.. /6
Yoo Usowe) _ 1 4 Ve (zow), 5 o Bewo [ ot L.,
Boop + e Zexy iy Zoud 373;}"5?:(21,1/ y

/jZTHﬂ ‘JI‘--(L 4 Voe =24y

Vo= 24/ Zox(o® ) M ZoV
N\ Zoxtoxw’“‘?‘)(mz ——

i
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5.47 Find I, in the network in Fig. P5.47 using Norton’s
theorem.

2 kQ) 4 kQ
VAN

$
>
T

ev@> S 4k0 24V

Figure P5.47

SOLUTION: = 2k 7, = el s -4 e

5o Pe | |
0 N A
evGE) xzﬁt 24v z, T
- <
i I;Lﬁ 3mA ‘
E“J (2
- = - £ La
I §
“““““ ¥ T s G [:;, 6.75 m A
‘j’;‘c. Em Y?j )Zm,-ﬂ&:;
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2.48 Find I, in the network in Fig. P5.48 using Norton’s
theorem.

6 kQ) 3 kO
e AN

12v<ﬁ> 3k0 2 1mAG> . ksmg

Figure P5.48

v

SOLUTION: ks bt To = 3= By= 3k
Tse -z -1, I, 5= Im A

I,:" '2/’21 = ZMA

IS(J:‘ r/r'I;/-s %”‘A

(%]

ﬁr)‘w: E,‘ V4 (KL*K/_;): 3
(2 Ty s,
| | To= Tz Fm ](_;:L;T 015
IS(., %IH 24' Z/%"/]Zﬂ
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5.48 Use Norton’s theorem to find I, in the circuit in
Fig. P5.49, |

2m?§

Figure P5.49

SOLUTION: €, = 2, = zva Pa= Pe=tn 2_-2hl - deh

2~ i
53 T = _\Z_/Vg‘:-“(dmg‘

31
2 N 9Ty ) Nk 2T, +([@+@))T, =0
% i o 15H :E?T ‘ i ’ To= —2.dmA
' L3 -To = 4mp

Tse = =32 = =3.LmA Crg = ®2, / (\22+?_g+ﬁq) = Sk ko

o nE BF memow [Hromn)
I N Tnrls |
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5.50 Find /, in the network in Fig. P5.50 using Norton’s
theorem. ©3

26

Figure P5.50

SOLUT'ON: @./\ = 3m Ry = L el ?.«—5 = ‘t‘t\ﬂ, K{ = Zleno k,y*: 2l

Cedman
3 I,‘ = -2 R, = ~3mA
A\~ A
@cqjﬁﬁz (2, +2) r, - %1 -0 i N ,
17 = (?"2*‘%) I, - 2T, o

Isc, = I, —I = Sm A

121%;‘% 1&;% « Py = Fs3 /7[@%(,«2.2//1243”1 = z. 12k

D

N T e T P | 7%= 2. s7mA
jqé? 1&,\% {'% o e Lo T

=1 7%
||
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2.57 Use Norton’s theorem to find V, in the network in

Fig. P5.51.
2 kQ)
A
— — e N |
4 k() \_/
+ 2 mA
24V Cj) VoZ 4k <2k0
Figure P5.51
SOLUTION: =Ry 2Ll 2g- - den
h T = 24 /%, = (mA
2ZmA Tho = = 2mh  Trea T, v T, = 4ad
rS'cL Rz ’E\
il f
S Wf_J R -

B = @ = din = Tie [P 7oy ] =5 M
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5.52 Find V, in the network in Fig. P5.52 using Norton’s
theorem. " |

4 k()
AWV
8 k()
A $—0
+
4 kQ)
12 kQ\
-0
Figure P5.52
SOLUTION:
Ba=3kn  PpeRe=lin @y=f - o
2 /Zl'-‘ 4lest E*)"—Z‘L_ﬂ, ]Zg:-’-lm
A Ra= R, #ey = dbp Rp= B /o, = 4l
12V T ZN

I’j‘t_, ’;-Iq_

2= T, (Ro+ Ea)- EAI‘Z. :
T —Ta=2mA I<F=}~27MA =Tg
_L‘¢,< 2 +Rq) - Tz -1 T»z=0

2= Tilke + I3 B

[

B = (o e ] 7 (Ress) = 3.5710

L s
=€) T,5 Ve o
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3 Solve Problem 5.14 using Norton’s theorem.

SOLUTION:  B,= @ - 2y = len. ¥, -

1‘ 23 Doz CmA

Tsee = b . LtmA Treq = 12 = 24w A
¥ Ry Moy
Tree To - Tyon + Tgox = 36mA

’RTH'; TLg//IZ.,.: ém

T | + Vo=Toe ( By 7/ 2c) I = /c/»c/vl
3‘:“\{)\@ ')?TH RS VD
LM -
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Solve Problem 5.15 using Norton’s theorem.

SOLUTION:

@lmv¢3;zm Zz,:-VT:ﬂ—r""‘L{'L

3:_5(;‘ = DA

{
SRR gl
N
/ bv

Tsey | % ﬂi <~ K’m

- 2
Tas b oL 3ma 2
SR 2

Juk.

:E'sug = j2 = 13 A

B3 /1%y

Toe= Fsey +Fsepd Keg = 1SwA

L
$Q 1 P’ﬂ-’v% P\;% \\]O VD"‘*:ESQ ((E’ﬂ,\ //TZ—(B \/D': é\/ !
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9.95 Use Norton’s theorem to solve Problem 5.19.

SOLUT!ON Q; = ?27'"2'3 = HCJL vu—\.\ = 4‘4,.51

> q I I“l ES ‘ZNA

. -— g 2= 1; (R+ e \ =T 2, ~Ty Ry
VAY)
o) T 4v e T, By T (Rl

Tses L -L T, - -)5mA

'1;"6 = 3~ff¢"\“‘q

]
2 %’Z‘z , Gy = (R #20) 404 = .Sl
A 3 |
Eﬂ; =3

=

(5 ' T, =T, E’E_{_ !?;704"m/&
L@ mE onz b | e oo
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- 7,

Use Norton’s theorem to solve Problem 5.21.

SOLUTION: K‘: 2, = Py= (/,,k'ﬂ_ fz_y—; /Zr.: i Ky = 3 kT

?‘&/%JYI‘\ P Noﬁ’";b‘*‘\ O)/Wﬁjjlmd

SWMICLW)
:[:.ch. > _Lg . Z"X!c»'szi'
) T3+,

Teean = Z2mA

s By Z(areN = 4l

72/%’-“’ E‘{_//,Zux—»:: 2Lk
59%9/ﬂ46;47ﬂ” )

Ijm = Tsen ELH_;‘;
Prya + e

:[:Sofg = 7.33mA

4 \Ow;

B l T = T Brve [ l<r(mﬂr&
Tsq (2 Pwe ?g% T Ce
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5.57 Use Norton’s theorem to solve Problem 5.22.

SOLUTION: @)z 3kt Pp = bt Lo = 2 Wy = 4k

5(»3@4[7/0514}")”—\
Z‘WC}’B Lsen = 24 2ein e m A
%
?2‘ WISCA
Q| Zm A 1:2'\"}*\;&Y = &, /2, = 2\

é % C]@ % % :ES(_g = xscw«% ZX\OJS
T 2(\4/* Zma r T

3¢, 3 “LSeR

g I } : ISC% = FmA

Tz’m’b’ = Z:m/g«//z;z“ ! k.

If%ég%ﬁ% ’Z\‘%:DD T = Laew, Yaws Ta= [ 6mA
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5.58 Find /, in the circuit in Fig. P5.58 using Norton’s
~theorem. PSV

sV t)av g S1ko %21@
1kQ 1,
—— A N—
i

- Figure P5.58

SOLUTION: 5%,,,/%.47?1«, Cos/cter WZ’ 6-V 1 [2-V Scuureea.
L=

T ! Fov 4V sovce :
Fy ey = 0A ' y S5
* Tser = 4 _
b A 4V;% e, % 5 _Eg- Hm A
31—\1———0 ~
Z P Surce Fse = Tsey *Is(_zkl;q = Znd
2ﬂ+ = 23 = “(fL
se3® —ZmA

e g/j n Bv*l?/m

5 J gw‘g:/mﬁ!
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5%% Find the Thévenin equivalent of the network in
Fig. P5.59 at the terminals A-B. ©9%
1000 7,
1 kQ)
A —s q{_\ —0 A
7e N
2m%§?—;« zkfz%@
v Ix
& +—0 3
Figure P5.59
SOLUTION:
Vo= oV
tooeL,, YZ\'H = V{: {"Zt_k
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5.60 Find the Thévenin equivalent of the network in
Fig. P5.60 at the terminals A-B. PSY

| 1 kQ) 2 kQ)
— /WA ® @W a0 A
+ . A ; u
| i V ,
V:{%H&Q <>T@‘O“5 ?qg‘ikﬂ
s —=0 B
Figure P5.60
SOLUTION:
\zm = V& /oy
?'l%):b‘ TZ;T \’C\bl‘t Ty +Nx o Vx o »dpr=0
. B lQUg ?\
(& Req = VA /g = oo,

M~ ©
Eap% Tgr% <= Prys @//U@M@Qw&: s

Doter LoiHa we inkerns:
ﬂw&\x € 4. m&eyw Sev TR,
o

ﬁg{ AAPS Mkwu‘(‘\ﬂw

JAN \']0 \
W\ vs OV
|1 '
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5.61 Find V, in the network in Fig. P5.61 using Thévenin’s

theorem.
Va/2
1 kO g AN
vy, G O
Ty o~ N +
Va
&
6V 2 kQ) 3 k() = V
I 0
@)
Figure P5.61
SOLUTION:
Vis btz _ 4y VA"'!&EL.méV
2"\-‘“@ ‘ Y»\‘*"(Z'z,
VOL = V\ - \_]fr = ? Y,
ya
e < =T (v -3 e,
6N (E 4!,!21 Vasy Ty v () e
T .
+ o 0 = fszz-I'}le+V4/z Yc']:z:g”‘A
\/A, = :I‘:, ’fZ,I
K= Voo = Lk
Fye
(TMILML\ ‘é 4.
(&)
Voc . Y
o ‘Qb%w_\/“’ NG
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5.62 Use Thévenin

s theorem to find V,, in the network in

 Fig. P5.62. ©8
2
AV # @ o
2 k) +
12V
2 .
2kl, 2*@%21 1kQ < 2 v
]0 —_
® e}
Figure P5.62
SOLUTION:
v vy //; 2y Vi= 2l = Zkg_”é § Voo~V =2
: o :
2\, (2 Vo VeV, Nz Ve .
(23 :ED - c %TE? = N -%; .
I2v el Voo = 12V
{
Lo T 12 _ jzma
2R " Tse R, ve.,
%"““‘M
g = Voe /5. = LI
Ti——m —24. d
+ VD:\JM,[Q: \/0"—73\/
Vye C’? Fr = Vo Pt Pt s
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5.63 Use Thévenin’s theorem to find 7, in the circuit in
 Fig. P5.63. PsV

2 I, ®& (=
AATA FAVAYL 2 AN
8 k) 2 kQ) 12 kQ)
T Je. )
12V ngz;kn 7 S 4kQ Sov,
Figure P5.63
SOLUTION:
Y TV, s Vy = Lz__'(zi_ Yy
+ + i ’24*"{27,
‘MC% VX%H wer, 2w
_ Vi= 2V B¢ . 2V
Pyrtts

VDL»: VX "V = 2V

V\ R" ‘]:’fc V'z_ - ]2‘% Vg \" \ZV V?: 2\,\( = Z'VZ..
v VX 22 éﬁg Ty 2ux Va-W P V2oV, V-V =0
— 2 P R Ry
V2 = 2.7V
I5¢= \/\‘“\fl . \[_} - 0.461mA
12,
E'T&: Voo /Tse=4. 33kt = =<

Vac t ?:,—p,fiz
L_j S .
M
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5.64 Find V, in the network in Fig. P5.64 using Thévenin’s

theorem.
12V
" 2 k() +
L 2k < <okO 2kQS VvV
= T
o = = L O
Figure P5.64
SOLUTION:
v 12ns v VZ"VI: 2. Vz“»:\),x\':. V(J(:,
! -~ ¢ Z 5
Vi 10 + * Ix oy My Ve
et O & W3Rk Nee  lom By R,
’ U)’}J/LAX Ve = 3V

P AY] o
Vx::o =3 i :¥2/E—=CM/~\
\f>< -+ N S i

e Ry

. = \/o: VDLR\L \/O: 133’\/
Vo (2 RT Ve Py + Ry Ry
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5.65 Find V, in the circuit in Fig. P5.65 using Thévenin’s
theorem. €95 "
o+ V, -0
2\ Cn ey
AR ¢ AN * VWA
4 k() 2 kQ) 4 k()
+
‘ V
ev( T V.S 2k0 X 12V
- e ‘; 1000
2.
Figure P5.65
SOLUTION:
£ +Voc = Vs b P2/ (pir o) = 2v
-+ x-
ev@é e, Vx v ¢ Zjo ’_%'ZV Ny= 1z = V8 o 4y
B 1boo

\)OC,-= Vx’\]\ = 2V

- W
> N l AEENAN Ng = 12V Vi =V
6V 1\' 2,5 Vx Y GP\Z\;

Eﬁ‘.{-l@_ —y-_\irE_, ,*Vl’Vs =
?—‘ ?1 looco =0

It 2=V3 _ L o i875mA
\ooo By Vo= z.zsv

Z'ﬂ.\ = Voe /-I—S(_ = Jo. {7 L,(Z,

12y

;i A= \)07 \ch, Qi V'D: hd 0.3,(4\/
Vo (2 FST' i 3 Py —
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5.66 Find V, in the network in Fig. P5.66 usmg Thévenin’s
theorem.

<

|
+
.

]
+ O

- >e e"f@
av (T 2k s 1ma(] 2K0Z
le -
— . O
Figure P5.66
SOLUTION:
¥Ooox I)( . ;“3m t 3 A
B4, &
3vO %
Mi‘)‘ 22"‘ IOQQI», '*“Voa:?o "'""*:') Voc,c'-\.l'zg\/
I}e = Vi /(27. & VJ = "‘IOODTX
My Selubion o T zoA § V) =ov
'ESC,’-'* "3/12‘ = = 0. Sm A
g%?osf/)m’-
Vo Vo = Voo Pt + (\O"S Ky \ Ry
Ty +ls+ey By + Fyv i/
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5.67 Use Thévenin’s theorem to find V, in the circuit in
Fig. P5.67.
12V
%
1 k() +
21, < 1St 1Kz oy,
v_ P,
& 0
Figure P5.67
SOLUTION:
il £ N Voo -v =12 Ty = Vol
2 2, Noe Vi Noe , 23, - o=
Iy@% 1% é& N ot ST e Y
[ZAY
I?\ =0 Tse = ‘Z/Q‘ﬁ V2 A
2%, "'ﬂ %f Ts, .
b Tt = Voo /Ty = 2420

Vor Ryl

By + B +Ry

-

1.33\/J
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5.68 Use Norton’s theorem to find V, in the network in
~Fig. P5.68. ©5

Figure P5.68

SOLUTION: 2oooX,,

4 Fy g * T = "“’/CE\* \2-33 = - 075 mA
bV (s ¥z 9 Noc

T = .
‘LEM._..._N.M - Eg,fk - ZoaoI}‘ tVYse = O Vne = —3 v

& Ny

Vi=u,1 (VI -
A oo = £ \ 'Z_,Cumcaj—,,_ =y i '«'GfVI‘:-Q
Wi 2, {}/Zﬂa AW %

- al Fe= -0 7B = 1mA

TFse

B Yoo/ g, = 3ln

2y Ty
If‘ ‘Z“% 95 i “‘*% T T ﬁv% .

Vo = (J:sc +3><\0M3> v 7
Yy + 0y + Py

Mﬂ* Z.13V
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5.69 Find V, in the network in Fig. P5.69 using Thévenin’s

theorem.
1 kQ 1kQ g,
A % A -+—0
B I N +
2 kO %?y 1 mA C‘;) 1 kQ% V{)
1 k() 1 kO —
& AN ® AU —O
Lo e,
2V,
4 2 kQ) | C)
1000 T ! % D) ms
.
Figure P5.69
SOLUTION:
2, — Vx I = 1mA T, = 2Vx Vxzo Ts= -dma

K"B:I:l b Z‘I‘ ‘\'\10(‘*’7 ?(’(Qfl.g) r Ve (3:\-—'11\;-0
Noe = -8V
‘J:\ - :r%'-?\h\A Iztz\Ix /\000 ' \jX = "?"qu

I = - deed|

R +2OT, + 2Ty + R (Ty-1) + B5 (T-1,) =0

Tse == 1mA Pry = Voc/j;c = 8 ll
Ty ,
+ \)o”'\jnc YA& /( ETR + ﬂq)
V“/ i 24 *D

Yom ~oswav ]
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5.70 Find V, in the circuit in Fig. P5.70 using Thévenin’s
theorem.

& & '®)
Figure P5.70
SOLUTION:
//.v.»
2z — Z/‘é‘lowgﬁl +Npe =0
_ ) 2m A
y/ o . Voe = =loV -
ANA~—-
12y Voe »
L - Vo @:% ?Z% Ve
ﬁ :.T_A‘ m e ‘7«/21 = W'ZMA \/07-‘ }{:j(_,?Z
,, (P Rorw 72
,7/ ‘ Tse = zxn 2+ ) = - Jom4 -
" E
v L Fny= Lo jin |

| Teo
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5.71 Find V, in the network in Fig. P5.71 using Thévenin’s

~ theorem.

2k0 S

12v (T

2 VA& 1k 2

Figure P5.71

SOLUTION:

Vl: \ZN ‘[2 = = 2Ny Vy = \13 -\

b

(\13 ~Vm:>/f23 A 27<\D"3 = 0

wa\!\ — Vg =Va ¥ ng\/aL
.y 2y sy

V}\N'(/LA’) \/g(, = oV

Vy=izy Vo, = - 2Vy Vy= Vs
L S T S
€y 23 R
iedd s V3 = 1133V
$5¢ = 2= 3 Vi "IS(, = 3.33p-A
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5.72 Use Thévenin’s theorem to find V, in the network in
Fig. P5.72. |

2 1.{ | 1k S, g, STKO & 21k0

& fx D @ @ 3

, O
1 kO 7 T

; &'% v

av(+ 12,§1kg T)ev | 1kaﬁ% V,
[ 5
0
Figure P5.72
SOLUTION:
T, =-12T, Li=TI, -Iy  Ty=-omd

7/j;<3> 2, 7~| Py 2mA%?—S‘ = (B + 25 )1, -, I, - Ry T
(3
n 2

-+ -l = (721""’?-)64*7&3)1:3“/’{31-2'2’1:[/”14&}‘
4y t:rﬂ?a 6v Voc

R - C = By (Ty-T,) + BT 4 Voo

(?,)M \/o¢ - ‘[LSQV

I‘-‘: ‘“ZI e

x x = Iy, ‘I? T ~_’7¥:Zn~4
4:'@7,"“"23) I, “‘EZII - 13 I

~Cr (M P £~ BRI - By T, - By Ty

L = Z’V (I#-—I—Bs + 723/.E+

")/):(,é(da ZES' :'j%‘C = 3. YmA
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2.73 Use Thévenin’s theorem to find 7, in the network in
Fig. P5.73.

Figure P5.73

SOLUTION:

Y=LV Va= 2V Vg Vo = 2y Ve =V, -V

No ¢ =V, v Voo - V3
(3 2

k]

"}l"% VDL = 4\/'

V‘:la\/ v'g =2\ \/3"\!'2'32\])6 VV ‘;\)\wvz

Vi y V3 oo T, Lé,)vU«!/(j T, = &mA
25 'K‘g .

ﬁ%f% Fru= Vorley o+ 000
v C“?
oc %_j;) To= Voo /py +1s)

I ey
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5.74 Using Thévenin’s theorem find 7, in the circuit in

Fig. P5.74.
4 -
2 2
2k0S 5 1k0 3y CDZmA (S 2K0
| 1kO
—— A
b 1, T,
ev(®) 2. vk (D)av
L
Figure P5.74

SOLUTION:  Z9hel Thoyunsn t5.

I}“I;—; Z_Ey Iy= 1'3‘_2—4_/, I’f ——I—Z;ZMA
2= By +fl([</+¢

)2 = Z/I‘/ + B, (J'}—~.12>7’ Voo + IZ%(%'I—ZL>

Yrelds Wy =2V

L T, L-2L Le=T3-1, T-1,- 204
2\ (2
[t
)

2 =20 + 1T, B +¢

1z = ‘1—/(2/'*72‘1_) "ILZZ "’L"I:»’ E% ~Tz Z#

Grelch Ty = T, -1 = —4dmih = - === 3ksL

Tom Voo o) [T = o]
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5.75 Find I, in the network in Fig. P5.75 using Thévenin’s

theorem.
2 ]O
2 kQ)
1 kQ) g % 2 Vx 1 kQ) 1 kQ)
-+ 2
a4v (T Ve 21kQ +)ov
Figure P5.75
SOLUTION: v
': oc— 4 = I, (24’}2)») - I&rl,“&-}z\/x
P‘ ZVyé\' % £y Py Ny= Rs LI‘”.]“_L)
A . ~2 = T, (Ts + Rza - Re T
Ouv T K{%_\/x Ql PN S '
| Voe=2V ¥Ry L, = |75V

"2 s T, (Ao sl 4 y) - R 5 - 3 T

7
e ﬂ Y
(g T, .2t LDy i
A Qg?m\b{ 2 2Vx = Byl -3,)

Wields Ts. =2.29mA

I l 4= (0 ke Re T, 42V Vo= Ko (T,-1,)
} 2V>(<j fﬁz By |
+
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5.76 Use Thévenin’s theorem to find the power supphed by
the 2-mA source in the network in Fig. P5.74.

SOLUTION: Q‘ = Q—’(: 2va L, = Z')f": P,,/ = e

[T ~°J
4 t kz:zuppg:r + ¢ T = 2maA
\% e < é::\/eq (l { )

T
u’zvu Ven = 4+ % I, =av

Cey = m, /o= \1cn

Be T (Regay) + Ty ((Ryrizy) = TiT, = el

8= (L) Vor + T,2 = Voo = Aav

= =1, (feq +2,) - 5 ( 2, v B )+ Tl psvry)
0= T, (Byrly) ~ T ~ B3 Ty ‘l

ISé = TZ

Ly 4mA = T -1, + I3

H

Ly = 217
2

Tz = 4gmh =T
- Ery = Vo, /T, =

— v 72 (7x0™®) v,
U, ET)ZMA A 2o
x - _

Voo = —2xts 3?;7]4 +U.5 \, = 4V
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5.77 Use Thévenin’s theorem to find the power supplied by
~the 2-V source in the circuit in Fig. P5.75.

SOLUTION:

£, 2, = zka  ulae, R= Jkg
,!v\,,__] 2 J
A o é?
R N\7 %‘)3 ¢

4'31" @.,-I— ZV)'-Q«V)( Vx—s I}/ZY'

e
- .
i‘%v 3 + Voc EVx = Iz (Z?' 'r*’z?)
17 - .
iR 1 Yoo = T o, I.T
of = K3 \.z-}« 5 |

4= I, (1) + 3V, V= Be (1, -5
ZVx =T, (P, 4303 - B3 L5,

Tse (Re+l3+12, ) - B3 T, - Rel =0

A/)AM ‘I-.Scz O . §mA
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5.78 Use source transformation to find V,, in the network in
Fig. P5.78. €5

6V . 12 k()
2 mA (?) 6 kQ 4 kQ) ﬁ?’z Vo 24\
®- !
Figure P5.78
SOLUTION:
AN
[VTOTTT ]
IZ\/ ‘HLKZ »\}o %,Zm C‘Z‘) 2 mh
B |
b

CSM ) ! l
LBy 4LfL \‘\lb %Q}m ?ZMA
B

}

T
Smh @Eém% Yo % e %m\m %\) 2nAA
+ 4
““”‘ zkne L Vo= 2v !
N |
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5.79 Find V, in the network in Fig. P5.79 using source
transformation.

<
6 k() 2 kQ) 4
2. % 3 kQ)
6V C_F) S 4kQ v,
+ 12V
. O
Figure P5.79
SOLUTION: 2,
T ] Pa= 0, /R, = zkn.
len & @ TL\? 4m’4 22% Py %_‘\/o A g = 2
‘23 ea V’S \/0“1‘(& Py o
- 4+ v P,
- B = Ve By ¥ Rysty

BMRG}D Er Ry ! Vo bV

=t
<
0
i
{
w
£
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w% Use source transformatlon to find /, in the network in
Fig. P5.80. PsV

4 kQ)

i 2mA @) <2k0 (F)sv

Figure P5.80

2kQ

VAA

SOLUTION:

bV & -y
m%/;%‘;m z%m:wa?sv > wwéw\

?/A':; E( +¢’L: (;‘(Jl

(N
T‘W?j E | /
ATEN = ) oA Im4) )L% %Z DJE VYN
(,\M‘) F%‘ f?" DLk = C%VA 24%% 3,9
R = % /gy =3k
0.5 R
%% t“@k.5><tawz€% }\}%?“OASMA

Y:g 5 ¥
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5.871 Use source transformation to find V, in the network in
Fig. P5.81.

2
’
+ O

Iy
12V (i) 3KQS P 4KO i%gg v,

¢ S AN +—0
Cs
()
/
2 mMA
Figure P5.81
SOLUTION:
&)
—w _1+ Y = TZ,\ //ZZ:Zka
2ty (4 | 2 YZLLT MVo
D
e 4y :
s L Vs
I o T "M
[ts qvvm Be v
Vo= g8y V. s zv

o ¥l ¥ Ry o
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5.82 Find I, in the network in Fig. P5.82 using source
transformation.

26k

Figure P5.82

SOLUTION:
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5.83 Find /, in the network in Fig. P5.83.

c
2, % 2 k() (i) 6V
2
4 k() 8 k)
(j) 12V
4
Figure P5.83

SOLUTION:

57 KVL: 2= ( + BT, Ll; = 0.5m/3rz
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5.84 Find I, in the network in Fig. P5.84 using source

transformation.
4 mA
S
(4 2y
$ A > 5 VW
3 kQ 4 kO J
O

C‘>4mA 7 S 3k0 m%zm CDQmA 12V

& g &
Figure P5.84
SOLUTION:
7 L v Q

I““““/V\“"-"‘N\r—'-@

INYW
YT, Fa= %R, - L
|2V (? 24 zhACP 12\/?
2[5 = Qﬁ //243 - ’{”{k_.fm‘)w

Ey
l‘—*vCl) 23% (1) ZmA )n‘z:v = 4Mé)jm ﬁg@v

Py ta Py

Fla &« Wb
et (1 s v T 24y 2 py
Y I

T, = 24 -12 I, = +SmA
)Z,B ;»2,4“ |
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5.85 Use source transformation to find 7, in the circuit in
Fig. P5.85. ©%5

6 kO 3 kQ
ANV A
2] Py

2v(3) "at BSeke g Seko

Yo 2 mA
«ééﬁ‘%f
3 k()
Figure P5.85
SOLUTION: 3
v 2g = B /Uy = 41
ZmAd?) R,% %?z %Zg b Ce= Ry+blsxl,= 12in
\ Lo ¥ an—(s
LN
\ | ]
zmh (% %?‘B T3 Ee=lzka = Z.a é %Qﬁ %?3 =7 C’P%NA
= L s T
A,
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5.86 Find V, in the network in Fig. P5.86 using source
transformation.

- Q
o e
VY # VAV
J 3 kO 4 kQ)

Figure P5.86

SOLUTION:

, [ Ths pyridp=blen
Zs :
[ ;yEK/ %20 é l.mA ¥ ~Ta/ /Ry = A

W
8\1{ Da):r:"sv

P+ T (Bg+Ra+il) ~45=0

} \/b?Iﬂj;: - \,95‘\7-)

I= mO.J‘S”mA

)
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5.87 Find 1, in the circuit in Fig. P5.87 using source

transformation.
(T8 2%
VA 4 ALY, T @
6 k() 3 k¢
12V

Figure P5.87

SOLUTION:
|72 lzv

@p = 2y +y = 12

t
| ‘ 1
Ea K”s "S’V‘A G LA ke ‘ Ee = B;'*'/[’Zf—) = Ll
Vi,
Pe .Qq v

[ M= =3k

;—&
. lMTT lev
Te 7 %%’Wjjzm Wz.a EB% %%tb

2.7 mA

2y Ce=Po /llg=3len

|2
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5.88 Find 7, in the network in Fig. P5.88 using source
transformation. ©%

Figure P5.88

SOLUTION:
KA-": ?‘-4,//(‘25‘ + Z«c,x :SLn

Kg = V‘ AN YAYE

g“% % & Yooty 2ty - din,
Cs ZmA

5 b= T, (+ ) +§
A% ( ) 8 |
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5.89 Solve Problem 5.16 using source transformation.

SOLUTION: Li=2kn

m% ZmA (¥
.
ImA 3
3
T
Y E
Pa =8+ @y = ol
AV 1zv 13% sz 1+ (g (o
. %
7V Ki ~ m
7, =T Pe- P, /.- 30
5 IZmA@ s E.B v A3 ﬁ’sﬂkﬂ'
I Y%
b
jo': loZX\o’SEB
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'5.890 Solve Problem 5.17 using source transformation.

MC'ID %V—z

‘:!7 Zmﬁ@b f ] é
By %: AN

7
Loh Fs by T 13_9,,14(?51‘% %m %23 %&,_

: l !&t V= QM =240
0 = Z. (7 xo0” jﬁ'ﬂ ﬁ“ . 4/‘/‘//)’1,4 !
;Z/g-r-»}?»f
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5.91 Use source transformation to solve Problem 5.18.

SOLUTION: Z‘( = ?'Z = bl '23 =3l Y.q, = "Ht_(L ?3/ = Ul

Cicidt  rearca %

% Ra. CI"D%#\ zmn %H
é?»lé—;’w e, )
S T %

A

o

[ 1 | ! Pz b, rits
2, Py H% ;
é lz_‘ e; i\ p’ﬂ': ¢ kn
\2,? 24"6{ 25 5V = 12y - s+
i2v(®) g
Pl 7 4

| ] |
NFEEO Y
é'?’ :
§MA 2"1‘5% Vg%% s, = v, /7R, N Ra = 2kn

T .

Ty = O.(;’)XIO»SV—B li;: 0-20 T m A
Be v~
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Use source transformation to solve Problem 5.20.

SOLUTION: ¥ -2ka 25 =3ka Vs Gl Ry =4t
& ok *
12,2 * ey =83 z, 6y v
=7 Zma, <X s
IZ)\/ ?”L
Sty Z"”‘ 12V
iz T %

CB | Lop =l =2k
D)2 Pz% Ps (D 2k

Py
+

2y Ra
4y S, En = sy(? tq%
#MI:D
| e

.
K‘ﬁ' \Zf\AT'?*‘/
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5.93 Use source transformation to solve Problem 5.21.

SOLUT'ON «_I - {221: z{) = d e "me - e e U IZ(': = %l

C/JFW I's f(d/fa/hé,w{.

p

‘ e
zmA@F ;Q/J% lmf\qb giﬁ = By ’i [ A ) e, "
| 5

T, = 2L 7x0 Fa
Fp + 1,

l :[;1 1.5 A
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94 Solve Problem 5.22 using source transformation.

SOLUTION: ¢ - 3kn v, =ty Fa=zpn 2y = dla

Cineait o Marvransd.

et
AT

(,m/légf%rzx %%ggg CBZM\ % = gmA(’F; % j:"r

Kprw ¥, //\17,//{23- "M
Ko+ By

£ By (1) 2mA é Fy

) \N‘V
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5.95 Find R, in the network in Fig. P5.95 in order to achieve
maximum power transfer.

2 Fs
A ¢ AL g
2 kQ 2 kQ)
Cj) 12V S 2k0 2 kO
@ Ly

Figure P5.95

SOLUTION:  £ipp By !

23
T&‘% %21 (4% < in

—ry

K = Bq //z B+ CY.,//lzl\}; Zooo//EZOoo +lum-g

Pt = 1.2 k)

#br‘ Moximupn Piusr ‘fr.)/my#r) TEL: );Z/JziJ
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5.96 In the network in Fig. P5.96, find R 7, for maximum
- power transfer and the maximum power transferred to
this load.

123
AV ' ?
1 k()
S >
e, = 2kQ %RL
r s ® &
Figure P5.96
SOLUTION:  Fing  Terzmon ez. !
. = &
N ‘:EL - L}ax(t{"3 ('E.J +V¢13 = .33 A
Tzl% 4nft RSV, frd, + Bet iy |
. | Voo = T, By = 5. 33V
lzz P"’;
7, % WH:‘I?@ Fao= by Z( vt @y = zozzvn
Z"TH #V P ot mawm Rowst WW» Ja = 4271@
n onel Vg = Voo /4
v, (& R 5 Vo
L—’v_—« PL: \/DZ/?-L: _\_/ﬁfi {. Ki: EZMW

4 By
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5.97 Find R, for maximum power transfer and the maximum
power that can be transferred to the load in Fig. P5.97.

2 mA
D)
\_/ J
2: }25
A ' 4 A% O
3 k)
(j_‘ 6V
! Q
Figure P5.97

SOLUTION:  Fna. Thewenn:. 2 I
£ 4v )

V‘-.: bPz/(rzzfa\ = 4V

Voo= 44V, = gV

?/uv Maisi Pmune Rpuse,- U’Y:wr/ﬂf Rz Rry amd Vo= Vee
T +- N =
v.® B E v Fo= %" we R dmw

12!,, 4W\ZTH *“ -

T |
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5.98 Choose R; in Fig. P5.98 for maximum power transfer.

5 k0 5 kO
W— AN o
K I €,
Oy 100 1 SRy
9
Figure P5.98
SOLUTION: Fina By
\l( ta = Te =€ ¥ = A0k v, =12V
S L
YAy j:’ tool ‘f‘ Voe \J..'.:M\lﬁf = I = -~ lood = I =o 4 Voc = \2V
X,I“iqﬂj o
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5.99 Find the value of R, in the network in Fig. P5.99 for

maximum power transfer. P

+ V, -
’ 4
20 4 )

4V, (D 2 A

40

AA -

. =3

Figure P5.99

SOLUTION:  Znd Zpn

4\")‘2 2T v+ 47T

So Vy = o

>

dse=2+T =

Vx=2I = T=0
ZA

%VW/WW
f/ﬁ”a:u%,a-/ )ZLw K(Q}
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5.100 Calculate the maximum power that can be transferred
to R; in the circuit in Fig. P5.100.

4V,

40 |
—S—
z a
[ M ——g AN

40 40
[

Vx%éi(l

1oov<j;> T %RL

Figure P5.100

SOLUTION:  Fina By
. [ov = :_fl (lZ’LrﬁK> ")Z‘Ztl"‘23'tj+?’0

AV €,
<..>__,
5 g s BT 1L (2l - BT,
J AAA L ¢ .
¥ Zo= -5 O, Ry+ T, (s P,ly)
Vx < g
oV (( /—é‘ - \106 jj;‘g,': ifj \j)( = TZ? (Il__tS)
5N
N Tse = STA
loo =T, ClJ*ZZJ— ‘ZZIZ 120 TZ}T\* :\)‘)" /3§¢= 17 L
4\))(:’ IL(YZH—EZHLA*E,?L IZL%TI‘ M/prd‘rﬁ,%"ﬂ
Voc= Lbov .
7/0-—:*‘:[,,17—3 =L, Ry +Vor i },Z/L:ILQ

x = @, T,
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5.107 A cell phone antenna picks up a call. If the antenna
and cell phone are modeled as shown in Fig. P5.101,

(@) Find R,y for maximum output power.

(b) Determine the value of P,,.

(c) Determine the corresponding value of P,,.

(d) Find v(,/pum. |

(e) Determine the amount of power lost in R,,.

(f) Calculate the efficiency n = P,/ Py

(g) Determine the value of R, such that the efficiency
is 90%.

(h) Given the change in (g), what is the new value
of P,,?

(i) Given the change in (g), what is the new value
of P ?

(i) Comment on the results obtained in (i) and (b).

Rant =50 Q
A

+
Vane = 0.1V Cﬁ) Reen g v,

Figure P5.101

SOLUTION:

5\3 \zc_e}t,:([%;t = SoJL

b\) ,PoUt': /Uoz/lz(,(/q Vo = Vet Feosn /OZ(M«L*'WB = 50mV ) FOM::SBMLJ

A Pent =Pt 2100w (&L Mo pn Pases  rum )
A Vo Pate= Vst / fwgs +0ak) = 0.

€} 'PI%A.MT“— ?ovf;s:”/
2 ﬂ'l: ?d”t'/Pf\n“tg 2~ 5 0%

N




2 L -2
) = Tt 0 e . vfw

Poh’t z 2
Yok, (et i) et e ok )
‘y\ - Zw - 0.4 == \Zw = 450\5'1__
IZC[,U.*W (Zﬂl—k/G'

BY Fark = Vet Qcir k) = 200w

7). o= 0.4 Qants 150

j) Ao 7 increants 4 Ancser Ffzcmfmqg# ="
o Hroaebared b P How evrr, Fadt dospa

t/isfcf MM,)Z Aes. (o 2 Avartl, [Tt icwooe,

ae N Maes aam?%v/m S0 2.
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2.102 Some young engineers at the local electrical utility are
debating ways to lower operating costs. They know that
if they can reduce losses, they can lower operating
costs. The question is whether they should design for
maximum power transfer or maximum efficiency,
where efficiency 1s defined as the ratio of customer
power to power generated. Use the model in
Fig. P5.102 to analyze this issue and justify your
conclusions. Assume that both the generated voltage
and the customer load are constant.

/

Veen @)

Figure P5.102

Rdel

SOLUTION:
5@.&&»'#@%7'0«52 \/Tm V//{)««A ¢ I%'xepew

Tesor baj%miy,’l(( 1o Motinmaiy, f«\,@%:ils

?Lam) = VT = Q/?w - TR)T EEM: U?’“’t
- P - 0 ’
9w V‘g‘“l Y ch"”

Aa /(L’?M”’O) Vtv?um% No pwv//nzfm MW}J
974 Wz&f‘tzL jorwae cam b Sodd /
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5.103 Find R, for maximum power transfer and the

maximum power that can be transferred in the network
in Fig. P5.103.

2 k)
! AV
z, #
1 VWA \ ¢ 4
4 kQ) RL
1 mA (T) % » .
5000 2 kO 5 kO «
2000 ? : g v,
<f —
&
Figure P5.103
SOLUTION: .
lo=F +:i.>§n,“ ~ \.{”Lm v,

§ i -
Zetso Potrly vy

Ux = V) 2y A

= X = \/l?(’\/
’Z"‘f‘«ﬂ, 2.
Vom itz oy Vi3 Voos Vdye v
E«L*{C’S

/\M(r:-\-—w iﬁ. =ImA 1:2,1:, :.\./Zi Vy = }?_¢$"L
it (4 — T (2 0 -t < Ty= Imd

Ba :Isc 1+ 2 O T y
AES 3T —=mA

00 Q’ Z‘Jfﬂ VX by Tq (Lo +y ) -0y g

Tse = :EY I = iO” - )33 8
Tic - - 0.733mA @W
? VUGI

o T = ": ?‘
¢ &n @ f
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Solve Problem 5.5 using PSPICE.

SOLUTION:

Problem 5.104
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SOLUTION:

Problem 5.105
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Solve Problem 5.21 using PSPICE.

SOLUTION:
Problem 5.106
| ,I] ’
'
18V I
= Bk = Bk
N s’v’ﬁk‘z«"f\\,-' ’
Bk
2mA
L\ N )
IDC 77
\i
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5.107 Solve Problem 5.71 using PSPICE.

SOLUTION:
™1
~ R2 1k > R3
- K = 1k <
<= 2k {
-]
R4 i 19 o~ |DC
——AAN ® @ Y
+ 2k E 2mA
vt - L Rs
— + =
1K =
12V E3 )
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S5FE-1 Determine the maximum power that can be delivered
to the load R; in the network in Fig. SPFE-1. ©8

1 kQ 1 kQ) 1 k()
AAA & A & O
#

12V<f> 4 mA CD 2 k@%fe‘f

Zz.

Fig. 4PFE-1

SOLUTION:  Find. Tipunin %.(

12\ fla %
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SFE-2 Find the value of the load R, in the network in
Fig. SPFE-2 that will achieve maximum power transfer,
and determine the value of the maximum power.
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5FE-3 Find the value of R, in the network in Fig. 5SPFE-3 for
maximum power transfer to this load.
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