Chapter 4

Exercises

Vo Y25 W
Ex. 4-| , KeL atVa
| SA Is A5 (Q)4a -S54 Va + Y2 (Va-Vs) = O
- ) ‘ SVa_-Vb = {0 U)

ket et Vp : ’/z(Vb-Va,) + '/4 Vb + 4 =0
2V + 3V = -6 (2)

So(oinj (1 ¢ (2) simu.l'f'ancoush; 3Ic(ds
Vo= 2Zv | Vp = -4y

Ex.4-2 a G b

. YW ) keLat o ¢ Va.(Cv,-r(:;)- VoG- V6, = is
zs 6‘ 63 64
@ KeLat b 1 =Vaby+ Vo (6271 GatGa)-Ve(6546,)0

c <

(3) Kelat € 3 -VaB, - (63+6q)Vo +(6,+63+ GV, = -1
'EOjd' W) = W)= -(2)-(3)
TR ) = (2) = -([)_(3)
woou (3) = (3) = _U)_(z)

Ex. 4-3 a .55 b
‘ o keLat a o
v
‘M o Is -4+Va t+ .5(Va-Vp)=0
- B Vo= .SVp+4d = .5('0)4’4’ = bv
s l.s
0.55 b
Ex.4-4 F——
6.5
a ls ls qv Vb:%v

KL et a @ 0.6(Vat4) + Va + 0.5(Va-Vp) =0
2V + 2 - (.8)(8) =0

= Va_'-‘ 2/2_=|V
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Ex.4-5 o'/gb\b

3v C
v = Vo = -5v
Sv ls ls ,5

—_—
-3+ (Vp-Va)+ Ve t(Vot3) =0
With Vo= -5 = Vp = =/3v

ket et b

alseo Ve-Vp = 3 = Ve= 3+Vp = Ya v

Ex. 4-0 @ — = me
X. 1- v .
20 ey Vo = 61, )
J2s Yoo b1 .
Iov ii’ 2 45 ! Va. =9 2, (Z)

ket et Voo @ Y2 (V- (O)‘fiq + (4 (Vq—Vb) =0
3V¢—Vb+4i,-2_0:'o (3)

Solu’mj m, () G} (3) SimuHaneoushj (ja'clds Vb = 3ov

b) for element as current %ource | s = 3Va
Vo = b1, ()
Va = 23, (2)
KetL at Vo ‘/z(l/a_—lo>+ i, + 3«5 = O
SV, (Ve =10) 43,4 BVa = O
4V + 41, - 20 = 0 (3)

Soloinj (), (2) i; (3) Simu.lfantou‘alc] j[clds Ve = (5/4

a
Ex.‘HG v o KeLat b: &, {Vp-12)+1, + G2 Vg D)
] ]
b 2 . . )
Gz _>.L| 23 2y KC.L at C: -, - (OL' + C"z,VL =0
= — S 0,5 GaVe (2)

leﬁo Vb-VL_: Ve H

= Vb = Ve+ Vs (3)
(2) inte (1) cJ«'clols (6,+62)Ve + G3Ve = (26, (4)

B
(3) inte (4) and 50'01‘03 for Vo = Ve = 126, -(6, +G,) Vs

G+ G, t Gs/
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NN : 1
LI—Q La Ly
2%V 2agli 4 B (2

£7).
v

kvl 2% + bl + 2(i-1a) =O €y

loopl

E;’PLZ_Q A(Ly-0)+ 4(,-(3)+3 =0 (2)

kvi . oo

!OOF3 2 (Rlsf 4((5‘(2) =0 (3>

.So(v(nz Q) - (3) 5|'mul+ancouslla’ Lgfeldf:

L(=-%A )il:-lgA) iS:—%A

= L =ly-t, = _[30_ (-%): (A
5 5
Ex.‘i-ci 2 AV V . o
Vs oo Vi, 'ési ab=514+51 =101
L ] ) '
+——b6 Protor = (Vab)L = DI =150

= i‘ = ‘“_s A
o s VQB = ('O)(.JI_‘S) v
S 1, = Vab - 5 A
loo  lo

keL et @t (Vab-Vs)/s + 1o +1 20 = Vg= 215 =600

Supermeshe
L =IR4 )
‘ kvl supermesh :
4 . .
“t 4y +Biz+ (13 -12) =0 (2)

Olso: QL —-('3—L‘7_ (3)
60‘()(/\3 (D) = (3) gl‘ald’&. L's .-'—‘ 7A X
L=12-9= 54
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Ex.4-11 (@) Nodal analjsis since the other nede s known (=Vs)
thus only neec one node eqn. at .

(b) Nodal analasfs s(nce When the circwit ts fedrawn
(shown below ), only one Node eqn- ot Vo is re%uif‘ed..
Mesh, analj‘a«'s wou ld r:cbuirc, . Vo

4 mesh. currents b7
S 4 unknowns, R W 2Ratks

|
ov
|ov a‘g (S
7/

Problem s
—
)
R‘}"l *\/, ,{,{k v1~/j“i L V3

KeL at V2 Wam 4Vx4T7+(V-Va) =0 = 3V,-2V2-%Vx + (4= D (1)

KeL at Vo 2 (Va-v)+V2/g- 2V 20 = -4V, 25V, - Qvx =0 (2)

KeLat Vs 3 =74 2Vx=-¥3 =0 3 4V -171=0 (3)

Sofumfj W, (2) and (3) 5Lmulfancousl? 3icld5
Vi = 24v

v, lzka LY
R4-2 C—
bk (M) 14 mA vV $3kn () ZmA

=

Wo-14 +(V-=V)/12 =0
= 2V,-V-1[74=0 )

kel at v,

kecat v - (Vi-6-V)12 +VY/3+ 2 =0
= -V, +5V+35=0 (z)

Solofnj ) z' (2) 5Zmutfancousf<j 3f¢ld§ V= buolts
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{)-4"3 \[- V' Vx
a2 omn s
225 1nz 4 C}bt—mw 4
- 7

kevat Vo W2 Y+ (0-V)/3 + Ve/a =5
= lbvl'l'Vx =0 (')

KC—L C~+ V& . (VX—V|)/g _VK/4- l4+VX/+ -0
=2 -V +Vx =l12=0 (2)

So(ofnﬁ ) ¢ (2) simuﬁ'ancouslj 3ie(d5 Vx = 104 v
and. V, = =%y

1:{3):_:32‘/\/

A
Rz

[
o o

2

Va lo-ﬂ. Va 201

“Qigfen o S

Va -Va)
KelL at Va @ 4,_1,7_+(“,o° =0 n
KcL at Vo @ %—.;ovﬂ)— 0.2V, + Vi/ap= 0O (2)

also V8 -300,=V, (3) and Va =-30(, (4)

Solumj () ‘ﬁ‘lfbujh (4) simultancousl Ljfclds
=72/¢qv ) .L'L: 3/75ﬁ

(a)
V2 . Ketat Vot 0-2ix+¥/s5 =0
T S W -0ix+50=0 ()

(n .
also 23Vy =51y (2)

P45

.’ sdufnj for Lx F:‘ Vx
l:x:' G;A 3 Vx-‘(Ov
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P45 (Con’hﬁ(&@d}
(b) i,-‘ v.l_l- = Gix s 30A
P = 3R = (30)%01) = 900w
from kvi: V= 3vx-vx-2(%5) = lbv .. seurce 15

&ppljina
% Fa.bsp(bgi s - V‘L s - (lb)(lb) = "lbow PDLDC C
of source
P4-6 v A;_{A v Kebat Vs 2V +21,-4+1, =0
<) L ¢ © el
v Zi"¢ l'r% w@®" Zvi+4, -4z0 )
L KeLat 2v: =lo+ %4241, =0
L2464, 70 (2)

0.‘50 SCV;—Z)': iz <3)

ﬁolo:'nj (), (2) t: (3) Sc'muH‘ancousl? Sfclds
i’l = -QA

4u

P 4-7

KcLat Vot 2Va + 3vx +Vx =0

-3
' ‘('VA‘*:ZVx?o Q)

KCLat Vg ¢ -Vx +2Va -lo + 4(Vgt 36):0

— £y
4 -V +bVg tl[4 =0 (Z)

aloo Va-Va =Vx (3)

solving 1), (2) ¢ (3) simultaneously yields
Vx =bv
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kvi around mesh i, t" is combined. C
-3+ (I:"l.z> + 4<i5-iz)+i5 =0

!Kﬂg 3‘[4'#51:2"6{5:0 (l)

KVL around mesh Le G
)"Z L + Z—ll+ 4(LL L'S) (o)
l, -7, + 4).3:0 (2)

L

also l,-i3=1 - (3)

Sotufnj (), (2) z: (3) Sn'mul*anzousl‘j ljields L= 3ImA

) ()
LY e s
v C!:‘ V., 1 C;L 30 l0A

KVl mesh 2, 2 -G +4L, +(L,=12) =0 > -6+5(-{1:0 )

KVL mesh Lz ¢ Clp-1,) =% + b1y + 3(1,-10) =0
= _58-1.., *(Oi;_ =0 (Z)

soluing (1) ¢ (2) bfmulfancouslj g(t‘d‘é 2, = A
{

ancl i?.=4A
Vi = '(iu-iz\’ - v

KvL mesh £| : Zl, +,lp+4t.x+ 3(5.,'!'(.;() =0
50+ 15 +l6=0 (1)

q .Q_KVL m55h L.'Z: -4{X+Z[Z‘% :'D (2-)
kvl outer loap D24 llbt 21, 4 ‘&fq—&oix =0 (3)
also RCL bottom node : iqfix -l = (%)
6o{om3 (1, 2), (3) t (4) ‘Slmu(’rancouslj = Uy s = ImA Ly = A, 1,= -(mA

.. L'(*hf'u v — Lz LQ—qu = \/L, = (‘6)(9): 12 miW

Pﬁup pliecl bj $v
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Is.

SRS I é s, Lo,

!?.v lor
S R \ 220 (I)
KVL mesh. v, ¢ -1 C: 6yt 3(-tx-t2)*
KVL mesh iz_ : 3(i—z+ix) *‘512'(' 3:=0
l%l’.z+3ix+3:b (Z)
from ket at P i L +1, =5 (3)
) 1 . . -
5olo4mj w), ) fi(s) 6(rnu.l+aneouslj «\j«clds ly = 5A
P
A -y lzv
%ﬂ. C‘-l qu ? "ﬁ 3Vx
- - - K-
~— supermesh
Kvi mesh i, @2 -lo+ 31+ 1({,-() +5, =
= —q;q*i; = -lb C,)

KVL supermeshe €2 1(Lp-1))4 2y #6153 112+ 4(15-14)=0
S 1, -31,-100yt %y, =12 (2)

Tig+ 3Vt 4(lg-ly) =220 also Vx=-5L,

kvl mmhl:,Pi
= ISy t4ly -lliy 7 -iZ (3)

kel at P2 1ap+ 2ig =Ly =0 (4)

Mmesh 1,0z =10+ 70, +5([,-1,) -41x=0
3 121,-51, -4i,=lo ()

mesh 1, ¢ 2 3y t 40,4 3(0,-2 ) +5(L,-1,)=0
With Vy = (21,
> 253, +121, =6 (2)

meah 1, C 2 ix 44+ 2(ix-21)+6 =0
2 4], -Ti1, =6 (3)
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2000 _)]' 60LL i
P4-14 ‘1 Ci N

2000 /3“ 3002 (¥) oy

nlw

“from VoH‘ajc, divider lwoy, = 2( dooff1200 \= 7_<
400//(200-#200 .
o L =.00l A

KVL mesh i : 601 +1+300((+ %310, ) =0
> 1 =-.0015A

v
P4-i15 4§

X . 20 KeL at P L= L2y
L L 104 L=10-4-0CA

kv i, (" DoV - 2141246 =0 D V= 18-2()7 by
kvt 1,00 4-Vo -2+ 2020 = Vo =-9+206) = 4

B, = VL =) 4): z24 W
Pin =-Vir, =-(6)(4) = =24 W
) - Poux,r‘
Prn = 1R = ()3(2) = T2z w absorbecl

n

P[Zv s-VvL 7 -(2)e) = - 72w
Fo = vie s (9)0) = 40w
P(m T -Va1, = - (4)(le) = - 40w
P4-1e "l’-‘:‘v?_ Lse Mesh. analy $is
Cugq » J
L Clran kvi },3?: ‘f):3*.\‘2({3—12)+Z(i5-iq)-21=0
21, -3y + 214 +22=0 (1)

1z O, mef;m- ) .
2 Ol KLLaC s 2(4 1)+ lg -1+ 2(iq-13) = 0
v iy 21,+2i3~51¢ +11zD  (2)

. ’ . . . - . .
2y +4i-213-2{4:=0 (3
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P.4-16 tontinuecl also L=l t 4= 0 4)

and. lp-14-1, =0 (=)

Solofnj (1) = (s) ‘aimul‘t‘ancous(j j«'c(ds Lx= -1A

3mS
P.4-17 Vo Ketat Vs (Vi-vy) + 2V, + 3(V,-V3)=0D
I L bV, =3V, -Va=o ()
| KebatVy 2 3(Vp-v,) +495+ 4V, + 2(V,-V3)=0
" 0 ems § 3y,-9v2 +2vs -45=0 (¥
Va

KelL at Va2 (Vs—V,) -39+ Z(Uy'uz,) =6 > V, +2V,-3y, +39=0 (®)

So(u?nj (), (2) f:,(b) ‘meu.(fonaous(j T'c(ds V, = dv

. 4-(3 . g -
F kvl mesh 1, ¢ 1, C
-1+ ([.“'l‘z)f 3(2:5‘11)*&’;.3:0
I U f, —4i,+9i,-11=0 ()
KVL mesh i, G2 4l + 3(1p-13) + (12-1) =0
Li, -%i,+31,=0 (z)
kel ot middle node & 1+ 7.—1'.3=o (3)
solu?nj Ll),(r.)é(b) simu(‘('ancousl? ﬁiclds L!= -2 A
|
1
P4-19 Va KeL supernode :
’ \ GA TVa + 5Vx +3(VK-U3)+ 4 =0
a-3VgtqVx+4=0  (I)
Supernode

V& 30 v KeLatVg: 3(Vg-VUx)+ 4Vg+( =0
Ve - 3Vx +6=0  (2)

also Va-Vx =2 (3)

Soluinj 1), (2) f:_(3> Simutf'ancous/:.} j?:lds Vx = —=|.Ev
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IImA

P 4-20 .
sSKk&a
omA(D 2xka QL 3;3_‘1% élSmA

~AA A, -

4k
KvL meshi @ 2(1-20)+5({+IN+30-18)+4i =0
4, - 140 = O =2 ) = (OmA
P4-2 T
lon% 34@? 24{ gba éru %tz.rz_
2 ]
W\ -
Va V5

keLat Va: Ya/o +3+Y4/ + Y2 (Va-vs) =0
L liva-5vs + 30 =0 D

kel atVa @ V8/i2 -lb +Ve&/, + 12 (Ve-Va)=0O
( 2va-3Va + 64 =0 (z)

Solu,'nj «) é(z) 5imulf-aneouslg j‘ﬁ'ds Va=(0v Vg =28v

R R,
P4-22 ) -
Vin Ry Sv dv v, $R. d=1(0
[ -
—_—
from UoH‘ajc_ divider V= Vin Rz
R, +R o
from VOf'f'ajt, divider Vo, = dVv _Re
KL+R3

(lo) Vin Rz . R.
K«*Kz RL+R3s

Vo [0 R Rz
Vin (Re+Rs) (Ri+R2)
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A,
P 4-23 . > .
“R0] MRy,
- L
8

ES
KVL aroundl ABA P : hielp, -Vs =0 = Vo= L33 (n

keLat B ¢ v°/K4 + Pibz, =0 S Vo = —(2)(56)ib1: -‘wibz(z)

kee at € ¢ .2.=F>ib‘+ ib, = 501, t by (3)

kVL arouncl coC P: hielp, + L(Rel/Rs) = ©
b 1.3 1p, + (50ip,+1p, 2 (1985) =0
Q ."bz = = 30.213 ibp (4)

@) into (2)  yields b, = Vo

302i. %!
s from D) et Vg = .3 Vo =S \19-: 7.314.0%
J LIS ARY Vs
P4-24 Yo en
lv . 20 v
Cl‘ %\Lzz 6)"5‘
(a) ) . . .
KVl mesh @ -l +3¢,+ 3(3,414)6 D by +3y = )
KL mesh 13 Giy+3(134i,)-3706 S 1 +diy:l  (2)
from ket :l.,+i3=iz (2)

$o!oinj (N, (2) é'(s) 5?mu(1‘aneoasfj yields Lo ) l:z= /3

23 = (/} A
(b) Calculate power absorbed

Plv - Vil =0
FK. = i.,z& O
Pry = 126e = (1)(3) = 3w
Foy = 2Ry = (1)) = Zaw

Pow = =Viy = -(3)(13) = - 1w

Ste that > P =0




P.4-2s  simplify ckt.
a S50 &

b s c
WA MV— X
+ ZA +
s al Ii 50 = oo 10>
,310 7
d &L

bj blzmmd-m} (A flows from o to b f; from a o C

<o Vab = 16v and Voo =SOv

Vbd_ = 15v

with respect fo 3raunoL
Vg = (10)(ZA) = 20v

Vo = VA + Ved = 45v

and Ved = SOV

from kVL

andd Va = Vp+Vep=l120v.

Ve = VL + Ved = 10V

35

loov

200v
L bj inspection, cucrent in 26 = ©
= oo - S/4 A

° 1 = |loov
95 + 35 +40
VA - -'Z.OD-f 40i

- 200 + 490 (5/4)

from KvL :

Va = -11sv
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10k <2 Si.
P4-27 —N— N
3y @ ("g' %'z.oka(zl look oL

kvi {,® : =3 +101, +2o(1,-12) =0 = 301,-201,73> ()

kv 1,0 1 80, + 1001, +20(1,-1) =0 & 1, =81, (2)
. [} . c G - - 3
501om? (l)il(a) 6¢mul\"ancousl? =, 'EsMA N L’-'ﬁo"‘A

s chlfu. = (SL.)({z)'(' 06 (12)*

aiﬁ‘ii(n_ = 5(%s)(Y20) + (06 (Y220) " = 0.026 mA
= 2.6 x0""W

(2.oxt0-5)(2Z%he) (. 36005/‘.,,.>
2.1 T

2v
z e b
P4-23 b
! Z4v 4 05A
200
a - VWV
C ‘ro 8V d-

kvi arounde acde b Oz Vab = Vac + Ve + Vde t Vep

E'“C"j‘j - Pt
tn #he

b‘j inspection current between c-o (5 2eco % Ved = - Qv
Ffrom \)oH‘aﬁc divider Vac = 74 (_i_ - Isv

. S+it2
and bj mspccf‘fon. Vdc,: (‘”(‘S) = - 2v

Veb= 6(-5)+12 = 9v

o Vab = 5-¢ -2 t9 = l4v
R; a. Kl
P4-219 AV +FJ\M' KeLat et Vo-Vi 4 Vo-Vz =¢
§ b TR
k. > Vo: K v+ R,
—ad K"fgl RI?RI
now want Re = Z/3 cand R = /3
2‘+2L Q""Kz

SO(UInj the two abowe 5?mui+an:ous(j U:'clds
R,=14L and R, =242

55



P4-30

4a
()
ket af V, 2 -4+ (U-Va)/ + (V-V2)/; =0
2V, -Va-vy=4 ()
keLat Vo @ (Va-vi)/) +V2/2 +1 +(V2-V3) /2 =0
-2V, + 4V -Va +2 =0 (2)

kel at Va @ (Va-v))/ + (Va-v2)f2 + 4= 0
b -2v, <Vg ¢ 3V +3=06 (3)

So{ur'n% (l),(z) g'(s) ‘:fmu('f'ancousfl:j =

() Pabeorped. = VL = =V2 (1) ==(2)01)= -2W
P.4-3]
Zl -lA
L3=‘ZA

Kve mesh 1, C 2 1(1,-1,)+ 21, + 2+ 1(1,-1,)=0

2 3y, = -Y4A = 1x

Now Vi = a(i,-1,) = I+¥%4 = _lisv

p4—32- KcL : -l+!g+\@..,\/3."b =0
{ 3 =3

3 Vo = 2 - 2.8y
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20 3a

4 ‘Q .‘L:EQII. \2 ‘31 44

<

P4-33

mcshl . Gi‘ ’4':1 < 4

where 4l = 4(0-(,)

seluing ()£ (2) yields @ 1= - H3a i,z -44

now note 1y =4((,-(,)= 1(-3 *‘*/3) --4% A
2 L=L3-¢a:-“/3 = ~-6,33A

Supermesh *, 4t 24+12), =0
2k alse @ (4-(, 712

. , . and. : -(.t(, = 2V,
Supermesin = t3tl2 . ¢
and. . \J‘az "4(,'

Q@) Mesh . ‘
5@!0::\? Q) - (4) Snmulfantousl} %{dds Ve s 6V
14 Vg- - - \’b‘c(’smrno =
b) \odad T2 »
——— &a2 ® ¥ NLa (ke 0Side Supernode
- Vp= Vo - 24
Kel at supernode : ‘%‘; 2124 2Vp t %‘_’- o (2)
piugging (1) inte ¢2) anct Multiplyicy by 12 yields
R7U, ~ 144 +U‘o_-24 =0 "5 Vo =

A% aYmesh analysis
() V; tombiae loop |y I3 €4 (ato a;p.umsm
2v e lwl
. 4 20 > 2."'(( ll)Z‘f((s*lz) 3‘x+ Zl4 =0
Zv’ loop "‘L .

-2t 403+ 3 =0
alse ¢ (-1, =9

Ly-lq = 2V “)
2(i1-(2) =V} (s)
and V. = -2, -3 (o)

L4 =iy 1) e =-1A | V, =5v

57

o ‘h Mesh 2 2 -4, + ¢, - 1[4~ )] =

a)
o (2)

2)
(3)
4)

Q)

a)

(2)
(3)

5ol_ui02 W -(1) Samulfancou.slz (J«clds



P4-35 (Conf—inueco

b) nodal anal#sc's
Vg = v
KeL at b: 9+ __\/.,‘-v,_ t =20 = 3V,-av =-le
s

form supernode arsund nedes ¢ £d,Then Kel yieids
Bo2e WA Vel so
rth Uy - -y, e Mudtiplying aboue thiu by 2 Yields
RVp +2V + 3V =12 (2)
also: Vy-V, = 3; - 3(-Vap) = -V.+asy=o (3)

Solu(n? () - (3) <3l'e(cu _ |
V.=6v  and Vg =av 3 g.—A%:-m

(3

mesh 0) 2 -4+ l“i“' + 1((,-.'7_) =0

¢A  supermesh .
(gt} ) + 512t $ 3+ £(15301) =0

also "‘L“‘b b (3) and (47 -6 )
P'“flj"”j (3) and (1) into (2) (al'elds
(=t )+ 0 + 2 (G-0) + £ [(Ge)e] =0 (s)
So'w‘n? w .ancL (8) simultantous '2 3»’214;
L, 722894 |, 1,079 A

58
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- supcrmcsh.,

P4-% % oa o
L kvt meshi : .
ov bR Gt Iy L) E(-40) = 0 (M)
KvL supermesh s '
"g(t'z-(,)+ ziztz*i‘gtg-i'-'i((;-q)-‘o (2)
also note : i;-fz:SV: 5(¢ $~_[ E -?l:rt.. (3)
ancl aste 1 (4 =40 )
Solufnj a)-(4) 3imul+ancousl|} [tads to
L=I0A, (= 204, 3= 30A
‘ha Yua N : :
P4-33 / KWL loopL s (5+4) - 31, +10-6 =0 )
¢ . . .
v & R D2v loep2: -‘_,EL'+(§+f;+t)(z-ﬁtg-lo-§=o (z)
- loop3: -t t(EtE)i3+2 =0 (3)
Solo«'n? (1) =(3) simulfaneoule L&zetcu LE2A, L, Z42A 137 12 A
P 4- a o
A ks
oo =, <4 f o e
l s |
4 B/ P I
K-)_ R’l
R, = _I = SO«
I T
loo bot4o
R = 175 + l = s ¢ 1 = 2000
1 1 I, 4 1
5% oo+ 50+R, 56" oo’ 100
Rxy = 20430+ ] = 20+30 + | = loo
. + . L + . 1...]— h—
200t * Rz 200 1o T 200



P 4-40 o

- W
417.W;N on 67 inspection. @ Vx=5( | Vaz2ov, L= X
X1 : € Ketat y 2 Ve-Sux 4 Y Yy=20=0 Q)
: ‘4 + s
56, & ta o) kerat 21 20 =Sy WYy (. =p (2)
Tix lo 1S X
—'l_
Solmng Q) f. (2) Stmulf‘qncouslz gi'elds VZ =473y
=L = 4713 = 2356 A

l(:7ﬂ) l3 =9A
mesh iy @ 1(z-14) +5(-D+8+2(G7) =0 )

mesh iy = Bugt A9+ 1(¢4-0) =0 (2)

50’()(‘/12 a) é‘ (2) éimulfaneoulz Zq'elcu : L': [.4 =5.3%R

note : Vp =V, +bt ()

KcL at supernode :

-4+ v-% + V16l = (Z)
R 2

also ¢ (= Y{ (3)

solw’ng - (3) su'mulfaneousla al‘clds : M= 24y

6O



Advanced Problems

AP 4-) o
V=Q(L}“lz) C-‘)
Sv . .
'Oopl . QV""I(I..‘lg)'I' l((l-(l) )
1 : : : .
f’luﬂj'“j Q) tnto (2) (aaclds : o
4(i3-it)+ 4((}"‘(‘33 + L(-L'L =0 : (-| = LL
now l..=('z-'L, = "-z"(‘z =0
Ri a1 .
AP 4-2. a) model " need to keep Vi across R, as 485 €54
15 Ry 2V I=.3 or .IA  depending on whether
. T, t activated or net
disply (s .
ket at a s V275 v, 4+ I =0 active active
R( Rz

SV =ddv @'=.3) t V%'=54¢ (I:.1A)
assumedd that moximum. T results in minimume V5, andl Visa-versq
now plu; in Vo' €|V7_" inte kel . to jmtrzdz. 2 ygns and then solue for

RikRa D R 1892 ,R.=41830

- = 2 = 13.
- (5' 4.9 . .292A = P“m“ = (L292)*(149) = 13.1Tw

= (54)? = .03 W
233

va], = LZ"Z 'R

¢) No; if the supply Voltuge (I5v) were to ('se or drop, the Voltage at
the da'splaj at the displaj wouwld drop below 4.4v or rise above 54v.

The power dissipated. (n the resisfors 15 excessive. Most of the
powtr fcom the 6upplj i5 dissipated. in the rcs«'stors, Not the dwcy\

A



AP 4-4

AP 4-5

The resistance R looting 1o the right from A 1o B (s the

Suame as the resistance loolxm to the fight from ¢ 1o O.
56 the f:ghf half of the nt‘l“work, tan be (jcpr65cn+cd. bJ the
Jcnju‘t bQIOu)

2 e Thus R= 1+ [(Rt1) = V3 <L

A La 'S I+ R+l
5 With the left half of the netweork
6 .

included | the resistunce between A
and B is 3/2 or .3062.

Notice that \f R is the resistance befween A and 6) the,
network. Can be drwa ke -

A
r 50 R=r+R/2
oc R=ar
& R, —

bl



The portion of the netwock to the right of C and D 15 the same
as the original networfe with. every resistance doubled. So the
Oﬁ'jinal netoork. tan be represented. by the Fiqure belowd. T
R 7 (s the fesistance between. A and B, thn haue

AP 4-6

R=4+ _4R and R = S+'{4—|=5,QO_Q
(. c 2+ 2R 2
A
IR
3
g a
0
Desi_gn Problems
NP 4-1 . -
simplify to Z_Jw 2\ Keat mdec : Val(hed)- £V -250

ts atnode b : ".;:\)\a+("i+4')1}b-(s =0

v

ZA<§ %u,_ 4n :

—

now Vg = 3= Up-Ve, 2 Vp = 34V (3)
p(uajina (3) iato (1) al'eld.a Vz<Tv & V= loy

thus fom (2) gt 1 (4 = 4A

L . e
' i ,1a "3? L3=L = 34
] b3 cor e .
, i)" P 3a SQPCrmCS,\-: -Vs 4‘((;13)*3((2‘(3)* 2‘;:0
[} N - == -‘s .
Vs "': 14 s ‘ (A 'Vs+(-'f5iz. =l U)
- 4: . ] . . . . .
' SAé) ) ,?2.:2. mesh. 3 2 1 (13-1,)1 2igt 3(13-12)=0
f '
R @)

also ¢ -(325 (3)
Lombining (2) ¢ (3) Z{elds t2=3.25A, (,-3.35A

from () Vo =13.5v

L3

0)
Q)



A A4

: T i L, = 6V,
L@ 65 68 635 6 Vi gz-v,

Suptmodc—: Va (646)+ U, (6+6)- 6V = L, )
also : Up-V, = 8 (2)

Comb«'m'nj M ¢ @ yields Va + (3+VU)+.5Vy =.5W,
? R‘fa = .S\};—.SU.-L-%

: VQ = -5\).-.5\}'7_ '-% :‘o
2

LSV, -6V, =9
so Lt 'U‘,_: v and V}:l‘iv " ovie Solution

P 4-4 %2 R n ) KVL ftmesh: —5+50tL + 30((-1)=0 ()
é ! %

5v(3) (R 3'»’3"04 ¥ n'jhf mesh: (R+2)L + 300 (I-1) =0 (3
deswre —0

SomA< I <15wmA :Mu(ng a) f'.:.(Z) for T 3 T-i50 (3)
. 1570+ 3SR
so (f R=l00 5 thn T=2959mA = ((mp will not h'jl-d'
- J

b) from (3) note +hat as R& T, 4 try R=5o:a & I=45mA
(won‘+|.':,u)
Ty k=25 = T=6lma = will I.';h:f
now check. 1f Rt 109, will light and not burn out
“10% W5 > T.=6>63mA } lamp il

+10% = A5 — T = 59.23m A 61‘02 on_

bk



o

R= R /R //(R.g‘fKuq.) +
+- 25y Sa k _vl

ov -0
- V.:RSJ-_

16+R

u.sinz vol'l‘ujc divider
o - Re_ Vv, = Re (R/R1//(R31R4)) a5

R3tR4 RytRa 1o + (Ri/R2(/(R3+R4)

Choose R =R, =252 —> o= L4 (135/236) 2as = R4:=134
20 (ot (13.5//26) -

one Solukion .
E. Ks‘l K4 TR0 £ R3 N el

DP 4-0 R R2 : . i
( \ mesh 2 (R*R3)y, - Raly =V, =0 )
Vlé (Y §6, 2 OV mesh (, 1 -Ryl + (RatRs)i; + Vy 2 0 @)

fom ) £(2) gt: [ = [U -Rs - [®RaRy) v.]
m ) , ) Z" Ll 'Vz (Kz'fk}) la "3 ‘V;_
A A

where A = (RR3)(RatR3) -R,"

now (f R =Rz=R3~- {k where K (epresents [coo
then 4 = 4-1 = 3K*

50 hauwe i, = [avi-valk s L,_ s Fave+vi ]k

ETT 3K* .
D l=l-(, - UtV fV =Vyzly g=3/sma okay
3Kk F VsV = v 3 (=Y3mA  okay
5Fice Froblems
74
= 4-l F__Q——ﬁ ;npuf-f.'lg,: Ri | 0 2
®4§©Z§'5:@ Rz 1z
+ SVt R3 z o0 14
283V, <1§4V‘ $4n %)%ﬁ R¢é 2 3 5
_ 6l o I 3 24
® I 137
I2 0 3
ans. Vv, = 4v .ptint de vl)
.END

b5



5P 4-a e .
1) » mput file : R | 0 2
ol () RZ | o6 |
| . R3 | 2 9
R, %:Zn. sla 4a(t) v, 24 R4 2 o 4
= | — 6l | 22 0 .25
© I o 2 (4
0¢ II 14 14|
Ans. Vx =V, - 04y . PRINT OC Vi) v(2) T(Ri)
U - -3 .Enp
> p = (9%
> hot D= 3aw Nlse TCRT) = -4 A
SPA3 1nput file
RI 1 25
@, Re 23 2
R3 so s
loa R4 4 o |
Il o I 1o
voummy 3 S 0O O ; Nefe the dummy Soucce was
FI | 4 voummy 2 ; tcessory because the txmaf
El 30213 4 of F(eces) requires the
o .0C II lo lo | 5 cuccent soutce 1> be dependont
Rns., (= = b 3
S kTR, TLA -PRINT DC T(R3) V(2,1) V(1) }ono.uoﬁb‘r’c e
V(,1)= Y = VeV, = lov ENQ
Po = P =120
PlOﬁ - ‘OOA)V‘: -lwW
3v input file VI 1 0 0t G
0} —_® 1O Il 62l
A | ve 323
Ocv A Sea £ 1 23
] R 1 3 2
®© K3 3006
ENnD
ans. V,=pv
Vz =4y
V3 = v

bb



SP 4-7 O

2k inpu‘i‘filc. ¥ uses -Of DCfQU.H'
T,= W23k ic @ Il o Dc Im
Ima bv VI 2o DC G

RI | o |k
© R | 2 2k
R3 | o 3K
Butput: VIN= 2,188 v PRVT OC vAU) V(z)
V(2)= b.cOV .EnD

Current +hrbuﬁh. Oolfaje_ soure V(1)
T (i) = -1909i5~ > A,

SP 4-3 O 2n @3 B \Q:O Measures l‘x foe CCCS

4@ O 219 4Hx input file -
e 2 M| Vi | o Dpc 4
VD 2 4 Dc o
FI o 3 VD 4
output = Rl | 2 2
= RZ 4 o +4
Vi) =4.00v R3 2 3 3
L (R4)=3.004 R4 0 3 7 T fows Oto3
. .0 VI 4 4 |
thn (= 4.04 PRIOT DC VU) T (R4)
. END
looa Vdum _
5P 49 f““Voon‘@ D lnput file VI 1 o D¢ 40
2200 3o RI | Z 220
® L J'@ Rz 72 o Is»
+ lso:_% R =15 R 2 3 33
%'88 ‘[L R¢ 3> o0 s
@ Rs | 4 loo
voum 3 4
owl'pwf: V(3) = 17.05¢69 v - DC 4o Yo L
-PRIVT D V(1)
<END

67



SP 4-10 3k bk .
e 2 ,?? wput File  R3 2 3 Gooo

+ Rl ( 2 3k
3K
5v zha i Rl Rz 3 4 3k
4 {-9—* R4 2 o0 2k
® Vim ®© Vi | o D¢ s
Voum. 4 © o
output : V(3) - 0.548a v LRRINT DC V()
I (Voum) = L.96I1E-4 A . END

63



Chapter 5

Exercises

14
Ex. 5-1 () &QEE{ > @%(w(am:sw
(b) o
24v <f) 2 qa {E Where YA=24v/3q
I

S+s:6. 02 SN

Ex. 5-2 s on
) AN N
SA s loq sn aa > 2sv lon (Ov
| 4 15 L
FPEN
2.5A lO/[b:GQ_ 0y

¢ s
. from kv
[.5v e (Dv
i_-_ Ov+(2.6v = lJl2s A

Sntissn

Ex 5-3 Using the method. of voltage Source transform | we c,hange, +he two
Uo(‘l‘ajc Sources tnto Two cucrent source s

_ . _t
L where L,-“é’- - -tet )
. . ]
L' R| 23 ‘l Kl i _ VI. | _2"‘
Ve - L A
| 2T ze (R)
. . . -:f -
because K=R:=R3 =3 = (= z——:zn () = yl (A )a

Ex 5-4 2a
v, o terminals a-b are open. . .
v O ™ = no curcent in the 2a ¢ 42 Cesistors
¢ 4-Q- O b ”o Vab —‘Vrer

69



Ex.5-5  consider Sv sou.rcconluz (short 3veource)

= SN 3 .
‘SO S| utSy - 5 - 0,294A
5+ 2930 Stia

tonsider 3v source (short 5v source )

s 3on .
lzz "-%zo,l_ El)3.v 1= dv =3 = 0.08%A
T ix 30 + 205 0+4

fom current divider . - _ 3720 \. .
z k(20+5>- 0.071 A
.1 = Ltl, = 0.294-0.01 = 0.223 A

Ex. 5-b  (onsider Qv source only (short 1av source)

° iy voltage divider =
+
v V,240 V, = qv( 40&40 = Q(ZQ = bv
- | 0t 4of/40 lot2s

Consider |2vsource (short Qv source)

1> 40
" VOH’OS(, divider =»

Vo ¢40 (av Ve = _(l\,(‘iowb ): - Qv

40 + 9of/1o

Ex.5-1 conelder lav source onhz (open 64 source)

( L 3 ‘ kv o-ra s .L,(H-B)fﬂf,‘:D
v 2L .
! =S, = 2A

wnsider bA source onlj (short lav source)

v
NP Kew et Vi -la -6 + (V-21.)/3 =0
L 21 .
* ] t also V= -1z

= . solve for L, = -3A
Ce 1T L+1. = 2-3 =- (A

10



Ex. 5-8  find Voc z"

°, no current flows +hrou.j h 3
Zov 8o

Voo .. from \JoH'ajg divider

Voo = —aov(%o.n. ): -lov
Wt o

to find Rt , kit 20v source

Zo 3 Rt = 2080 +3 = |91
€O (—, D—
A
". Theu. ectuf\i. ckt = |bv:[[ °°°°
, b

ba Al

Ex.5-9 find Voc +
KRy . t2 Voo
— 1 -

KVt C: —4g4101+6i+81 =0 = L=2A

S Vo= QL = lbv

find lsc ba Q& . . ,
L aince no current flows {'h!‘ouj‘\.
“v R |$lse : :
—1 L D 15 =1

ke @ — 444100 +big, =O = 1l = 3A

<. Rr = Voc/lse = Y3

Thev. equiv. ckt = “VW

L——

Ex. 5-10 no wndependent sources o Voo =Lsc =0 ﬁappls 1A test

a Source
-+ o V b‘-v
4y Vb z.n% vaPtt:M “ ¢
b

k€L at a: 2V¢ +Uf/L-(:o =2 Vi = 2/5\/

.S &T = !“?_ = 2/5-‘7_
Le o
Thew. c«tuiu. ckt = 2a
b

1



Ex. 5-1l find. Lsc

i no current flows +hrough 9.0
WO 12ad 905 Yiee - from cacrent divider
C o _aflz_\ .
a4 z"’°°q(|z+e»)‘ A

open. 9A source to find Rr
- = ((8) - b
Ry = '1[/(2+4+(?_) %.}.'%).

a
Norton ecbuc'o. ckt = oA @E
b
Ex. 6-12 find Voc : % % 1 %%; y
(- A

KVL around left mesh. 2 * -124 9051+ QVoc. =0 )
from Plah‘f‘ (ooP 2 Voo = =101 (40) = - 40, (?—)
$o(u?r3 Q) and (2) simulf-aneouslj 2 Vo = -%oOV
M Wea 2 | wsn
: i '
l2 . 2%b 0y 400 Y4 o
i T = P T
Vab=0 here b _ lse=-10}
from left loep: 3 = Rvfsosa = - lse/ (o
‘.o L%C - —Oo l4qA
<. R v°"/l:$¢ = =360 _ = (44x16°SL = 6.44 K.
-0.119
Norton Cc‘uiu. ekt = a
b
Ex 5-13 (2
« Rr - [2x24 _ laxaq - $a
30 3 l2+24 3¢
6
‘Ob Vo‘ = 2-4 30 - Zov
lz+24
So have 3

i: 20



3 2 t From Uol'l"a.je divider
Qv I vo"
Vo; = (‘&\/ L) = la\/
v ~ (78

find Ry (short 1$v source)

l 34,% ZeRy = 3ot = 42

>

e T !
hev. ubu: O. ckt uvi 4.9 sz %ﬂt.

for max power to R = £ =Ry- 4

P = (R = @) = w
R —

to R 4
. Bn . .
Ex. S5-I find isc ~ from current divider
S.6A also=2sn\ Lsc }6‘: S.bA[ 2S
- s +3

Lo = BA
find &r (open 5.64 source)

as % 3 o Ry as+3 - 24
-*. Nortoen ccbu?o. ekt = — 3 R
5 ® Re

for mcx. ppwer  Ri=Re = %0

P‘-ma/g = (i&.. : Re = Cg/a)z(zi,) = 7sw
Ex. 5-lb N |
2 5 2
Pkma& = Vimax = [le (5*&*‘)]
Rl- R(_

how for VL to be maximized Ry Must be minimited—
-~ choose R¢ = (4T
5 2
co B = (D)1 = 139w
5

13



Ex 5-17 201 = R ot fmgy

= = 2, . u?
“ v ez (a0 g

> Vp={Foo = A0V

T4



Problems
P s-|

Sv

G Sv
. 32 12’
29v (3 Qv 8 (,’)’ Rz & b‘é 49_{“.% 'A% -
qq fas %
| 4

Sv
F%_(} 1!.

4 Sv .
G L L
a2a+20 s
fr = (2)%(a)
[
leta aq
é % % éf’ % % %{‘h
lov ¢ gen shaQlyiy'a
4
an
38 an
kvL -0 *‘3;:..*45‘*?“7'3):&-‘0 ov —a-LQ &ia,
) 3
> la = (A
14 Kk Qbk 2K0 |
+
é % éﬁ'mﬂv = mé 3&&% %m v
-
U

35MR§ % %7 @#(MA v
4
4
V= (12kD(25m) = 3 yolts 25mA 2k

15




Ps5-4 o v 20 lof % 3V lwa
=
dv l?..n.% Vo 1o 24y ““"‘fv{ 1o
&< S8,
4 &
Za 3% 312, *'f 4
=1
l} q-a 36v
kvi @: -6+ 1(+8)-36 -Vo =0 GV " .
= Vp=-4a + 28 (5A) = asv pr—

Ps-s Consider %v‘ source onl:I (short 4v souf‘ce)

20 .
" from Uolfaje divider
Z.Q. 3-“ v' $V

) =% [Z//3+:1 }: Gﬂ(%-ﬁl\): —2v

Consider 4v soufrce onlaj (ohort 3v source)

4y
4 1> Vo lt divider
i O fan o y, Jgediide
g ba - z--‘lv(-.;-‘-): 3v

ce V=V 4Vg = -3 =3 = —lovolts

P&5-( consider LA source on(j ( open 9A source)

(Dﬂ.% rom ﬁ“ %ls.n. from currcn*’clt'o:'d.ea"
v = G = V, = dov

¥y, -

tonsider RA source c>nl;J (open GA source)

(on.{ 9A %ls.n_ current divider
é o
R v = vV, =
\ Y26 = igwss] = Vo fov

*Vz- —_—

. V=V, 4V, = 90+ 40 = Fov

To



P5-7 consider 12v source on(j (epen both current sources)

C: Qo +la+4C,+Q1, =0
roka l2v 4k 2k KvL L + 4L, !

— U = i,=-'/3mA

Consider Imasource onlj (short 1AV and open 6mA sources )
4k,

W ""”’% from curcent divider

2k 3mA 2k 4

. ly = 3 — mA
&1l [ up+2°] 3

Consider AmAsource on lj (short 1Qv and. oper |Zmh Sources)

4 kLo
2okn | 2Zke@®9mA jFFOm curcent divider
e—13 Ly = -9 12 ] = - 3mA
24+1a
Sl Lttty =3 Y3 2 -2ZmaA

P5-3 consider [(ov Source O“Ij (open 4A source)
2 >

—AAN L
Iy Ve o L KVL 15t mesh (:
X, C_;_' s-‘L v _va'+ S(Vx')+S(Vt'-(x):o
G

51 V,_ISLX (')

KVL 2nd mesh (: s (U4 A W 51y =0 (2)

So(Ul.rzg (() and (Z) ’DZMMH’QH(OMS[‘} = VX( = (Ov

Con‘.:ldu‘ 4A source on(? (short (Ov source)

3‘&,_% é vx" %ﬁg{s.ﬂ_ S /\& 2 @gt %S/J_Q

wain cu.rrt:nf'dnndcf‘
v J V- 4) [ 2 =V, =
_2% e (% Xy 3(2‘_3{.5/&\) = Vx, = lbv

SV =V 4 Vke = 1046 = by

17



P.5-9 consider 30mA source onlj (open Isma cmcl shorf LoV sources)
4K.a.

lI
{u&$30m4 %IIKQ%OK-{L = 4{\_(7_
sLL,
Currentdivider = I= ’50(_1_. ): b mA
Z+t2
ve eI/l N\ = 2mA
: ((p'{'(&)

Consider ISmA source onlj (open 3om=ource anc short GOV Source)
4k

k.
wof e fdern =TS T Tina

current divider = T = ls(gn) = GMA

o o ;_ = - l A
: <o+(.v.> =

tonsider 15v souwrce on(j (open both current sources)

2k tka ’5 2k & bk = 25 é GKQ{ %ll)\ﬁ% b k<L
J.«L}

from crrentclivider

Ly = - 25 elle )= -lo _5__5: - .5mA
Cffe tia 3412,

.L=Ll+i.7_+i3 = 24 2-.5 = 35mA

P5-10 wse source tramsformations

b L2 20v 4.0
a
oy 40 &
12 (DA A odL %A b
o b b
22 A ¢ v 4n
B og ba a
9 N Io 4
A fo v
A T b b
g o
s 940 U
© a o1 a. KT = oL
lov (3) loa . 24y . Vo = - 24y

8



2.0 10ix 101y
P S-1l find Voc by r'@—v 'va
Sov@® x $4a®sA v, P Sov Voc_

~SO+ZLx-Zo'+‘It.x =0 %Lx=7% A

KVL around. 45t mesh (2

KVL around. 2nd. mesh ® 2 -4i1x + 20 + IDLx +Voc = O
= Voc_ < -'C’Dv

find loc 24 >—
Sov (3 Q D?Y 1Dix T, lsc_
4-‘1 0;5‘ k

KVL :LX mesh (‘ : -850t 2‘.x-20+4(i,‘-£5¢330
s Q.Lx ‘4{.5(,-70'—'0 (|)

KVL 2. mesh (2 4(io, -1x) +20 4 [OLy =O
V' 6iy+4isc +20=0 (2)

- - 45/4 ﬂ

5oluinj () and (2) simulfancouslj > isc

- Ry =Yoo - 42 Thev cctuiu. ckt:

(.s(, @
Qv b
b

f.S-12 since no independent soures Voc=tsc =0 - apply test

42 v bn Soufce
tv, - V=V|+Vt
2y, o 2 Vgslv
r

ke at Vi (V- 242V, )4 + Y + Vo = O £ with V=V, + |

V, = - 24
now 7... ==V = |
T - /3 A
.. Re= y_f =1 =23
.Lf '/5

19



P.5-13  since onlj hawve dependent sources , Voc =2'.5<,=o) < use Test
Source

kvl Crmesh 12 =Vx + 3y -Y2ly =0
U = lv Cvy = ai, ()

“t Kvi CMCsh 2|+ 3(—11.+ 4Vx) —SLX,:O
kv =31, -3; +1=0 (2)

kel et P V"/z_flx—iT=o (3)

seluing (0, (2) ¢ (3) simuftanecously yields 1= -/34

- RT:'!E:_{_. = -9

9. Vv

P5-14%  find Vo E” i E o,
\Y
_ [« I

= 3L
ket et Vi (V-20)/4 + z—rV“/a,:o
V + Vo -1 =0 (1)

vO('f‘o.jedfw'dLr' : Voo = V(%) = V("é) (2)

SOfoInj (W) ¢ (2) 6fmulf‘ancous{} 2 Vo = 3v

finel Ry (kitl aull Sources)

ST Ry

3

ac
Thev. ccbu{u. cht = 3,
ﬁ b

g0



Ps-Is find. Voc

e ——

N Kaaty Vo3 (V,+Voc)/4 =0
(oul |« ‘\lflV 3A Vo &l SV|+Voc_ ~l72=06 (,l)
49 )
v > Kt at Voo @ =6V, + (-Voc-Y)/4 =0
“voeo

L 25v, = Vo (2)

] .
solu.nj w) J (2) Stmulf‘aneousl} = Vo =[5y

'Fiﬂd {.b(_

A\\
L[L :, 3A . KCL CL+ V‘ : V( - 5 + (Vl)/ﬁ. = O
‘OU. +' Vi L56 = V( = !z/S v
4 .
e —d KctLat ov : -6V - V'/‘} “lse =0

= .LSO = -[SA

* o KT = \jﬂ, = _[i_ = - l =) Q
lee -IS - ISA &-1nL
b

PS-lb () find Voo .
_—-__:'le' “Voe Sa

YR & KcLat supernode @ -4 tig -5=0
[N g - I- - . _
44 { . i%g.n_!. IsA Voc o o D> lx=R
b | l o= Voo =3t Lix = 1O = 90y

Kcl at supernode @ -4+(x -5 +1s¢=0

”iSC Lx + .L‘.K. ‘-q (‘)
Sig, = 0L ()

' e ———————— *
5o(u?n3 ) 8’ (2) Sfmulfaneou‘ofcj S ye - ObA
o‘. RT > \}O_C.. - _2_ - ls—[L

Lse 6
. A
Norton Ja%un). ckt = oA 5o
a

3l



P 5-16 continuwed.
A

(o) L A Tor mak power to R = R=Ry=IS52
bA [ i
K = mey = 2'&2 R = (%")-‘(!S&) = 138 W
P’ 5"7 'IC;HCLUOQ,

" ° Kl at top 1 -V, + Vil -1, =0 Wbu.{' V= Voe
°(V'¢ " {K C’;gIO Voc > Voo = RIo

- R,
find lsc
] \/ =0 [ ;- = I
g onfe T T T
! ] o Ylse
L - R_J_:\Q_g _ &
° Lsc l"d&a
Nocton equiu. Thev, equiu.
')

—N—D
I R RIo -
° (- R, - R (-t R

P 5-1% find Vo

4q Ltns Y2y

lf‘

bj hopection 1 =0
from left mesh ¢ Vi=3(3) = v
° .
: ;c‘f:rom KVL(":-V,+414_Q +VoL=0
S Vo=V -4 (5av) = -y

+

P 4o
’isc, > éA 3 t/, s lovi {lse
- 2
%
from kv C: -V, + 4[5(_ + (OV, "’51..5<. =0
W qu + 91, =0 0
. ! .
from ket at P2 -3+ Y3t lo =0 (2) (g (2) yields
i'S(.. = '/QA
o RyzVoe o -9 - -8 Nocton C<bu.]U. Rt s
[ '

L a
éf'(g %-l‘é-ﬂ. .
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P5-19 find Voc

—_— [ kL Kl Clot =15+ (et d)+ Qi+ 3(4= 0
bk Y 4k + Lx =
WL T e
X - -

'-Voc_:2>£x=3\/

find isc ik
— . 4k ko . . . .. -
bk:z. K\/LCfolsc: - 15 £ 2{, t 10(lxte ) ¥ 31,20
lSv lx+ls‘_2“" . ;x‘L 3k Vise G- 15+ (Six +10(sc =

kve Gl -3ix + Ls =0 (2)

Soluinj W E: (2) simulf‘aneouslj U?clds : ism = ImA

S Rys Yo:. - 3 _3ka Dorten e%uiu.ck,f‘. a
Lsc I ImA 3k
b

KVL left mesh P ~20+4Vx 4+Voc =0 (1)

kvi ('fjhf' mesh P: —Voc,-' (07: -0 =6 (2)
also Vx = - 3L (5)

Solun'nj (!3,(1) é‘ (3) simu(fancousflj (jic(ds = Voo =[Oy

find. Lsc,

] b L
'T’W"_',N KVL left mesh @ =20+ Vx =0 = Vx=20v ()
rloac
Gl KL right mesh: Grtlo =0 (2)
O

3
‘I'Vx—
+ N
| %avx' keLat P -Y*/3-L4(sc =0 (3

(0, (2) & (5) yield: lse = A

20v

Rr=Voc = 6 _ 2 Nor ton c:tuiu. ket
Lse S
a
SA 2.
b

33



Ps-21 Find Voc

+ Ux o b

KVl U entire loop 2 =20 +Vx +6i1 +10 =2k +1 =0
i Ll v -t0=0 (1)
(2)

KvL cPfflh‘l’ lOOPZ ~Voc+b+1(0 =0

(e R 2Vx
alse  Vx = 3b (3)

Soluing (1), (2) %(3) yields = Voo = 25V

find Lsc
+ Vv - P b ) .
¢ ) Li kvi ()v"/s mesh @ -20+Vx-2vx +X/3 = 0
20v CV‘/& \hac i = Vx = -30v
L 20« (Ov kvl C L mesh & Gi+(0=0 = 1=-5/3A

KeLat P =V%/3 40504020 = (o = W3 -1 = -25/3 A
o Rr= Voo - 25 - -3 Thev. «tu;v. ckt
lse '1'5/5 a
28v -3
b
P5-22 (a) for max power need R =Ry find Ry
Kill current source | T st = A
00 L
| a 1ol £
A toon ¢ R =(olx = (o«n.
frae = Y f10f = )51 = 2435w

P.5-23 (a) use source transformations to reduce ckt.
Morton ecBU.lu Where Rr=GoS2

40mA (R) Ison g S loon ZOMA
llg sowant RL=60
@ fue3

(B) frax = 1g (R) = (30)*(60) = 54,000uW = S54mW

g4



Vot - Vo2 Re
R (RotR)?
63 nspection,
fL (s max when {jou. vary Rs to get the srallest
denomingtor. .. set Re =

P- 5-15 'F!.{'ICL K'l' = Voc‘/isg

_find Voc
(x — PA /_)\ - . . .
o %} ,Y% + ket at P: =x-9 +10(x =0 = (x=0.lA
x 3 Vo,
09A .
K e 2 Voo = 3(101) = 3V -

KeLat Pt ~ix=9+100c=0 = ((=0lA

.Lscf {Oix = 1A

3 =Re  for may power

___l = O_S_)Z =015 W
3

o
!

P 5-206 (G.) Since No md.epond-en‘f' sources O.ppllj teot source

Vi foook. v
v 'Lff)' :e 2 KcL at Vee * “-t + 1aoe 4 (oo Velfloeo*0
t3 v% Vee %Zk %Vé'“’* ) L-(ooogf+€olvbe-vc-o
ket ot Ve = (Ve - Voe Vicoo +§ov“+v~’-/zoo =o
[IVe + 50000Vpe =0 (2)

also (I-Vee)/.1 = .Lf (3)

So(uinj (0, (2) £ (3) 5Zmutl~ancous(j yields Ly = 3.36mA

o R s &L = 299Kk = 299
I.t 3.3smA
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Ps-26 continued

(b) apply test source
Voe loook Ve

{ + .
.lk%‘ 2k Sol, Ve® Lt =Ima

o

Ket ot Voe = V“/.l + Vee/z + (Vbe-Vs ) /looo =©
1656] Vpe = V¢ ()

ket at Vg & (Vt-ng)/(OOO + SoVpe + Vt/“,o -l=0
G (1vg + 49999 Voe ~lo00 =6 (2)

seloing ) é () gields : Ve < 3.5 v

S Rout = Ve/i, - €3.5v/(ma = 03.5 ka

P 56-27 redraw the ckt. A

A

‘Sm\ﬁb %lzk $': é"‘* = Gmé 4\&‘ %‘lk %Lzsm/\
v
8 4

= ~ &
A

2725mA .8k A

Y

. A
Thev. equiv. ckt. > g, éfﬁ
8
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P5-29 redraw ckt qs:

A_ccp - ---4 sine points A t:, & are ot same
v R, 1 3JRe : potential vix'fual(j no turrent
“« € Vee existe between A-& .. open cki,
R Y. :
' ' R
SRR ,
Load_ ‘ ---
‘z Voo w

. : ‘T
find Rt : Kill Vee source = Rr= Rif/R2 = RiRa/R gy

Ffind Voo : VOHajt. divider Voo = Wef R \)
2.+ll:.

<. Can replace abouve tkt as :

Ry Re where Voo = Vee (K2 j
VCC R.ﬂl;
Voo KC ‘T = §L+Rg‘
z [}

P5-29 (a) for max pouer RL= &7
findt Voe 20 KVLCL, : -4T,+ 40,4 4V +2(i,-(,)=0
4.0 (? + tA bi] '2£7_+4VX‘4ID=° (l)
O ¢ VX 24, 12362 Vo, . .. . .
: * anAd——o kVL(‘lz D2ty -Vx t 2(1,-1,)=0
aa § -2, +10],-Vx=0  (2)

aloe Vx= -4(2 (3) and Voc=bry (4)

Solving (),02),03) € (4) gields Voc = To

find 1sc
B RVLCL s - AT 4+ Uk 4200 -l ) =0
41.,5 ¢, “! zag”,_*_"“ § 6, -2l +4n-4T,20 )
40
Kvi Clae 1 2Uoe +Qisct 2(ix-1,)=0 alee Vx= -4, (3)

=2(,+9sc =0 (2)
Sofua.nj ), (2) ﬁ" (3) ljl‘t(ds Isc: YT, N 2}‘39 s Yan ‘—KL

S
k3
(b) B, =54w = <V°?_;1 = I/
[

a2 T, - I4A

87



P5-30 (a) find Ve (transform current source)

4& 31 . - .
> Kve ®: =90 +4ix-2ix tbix =0
(X ‘ -
qov hii e S Lx =54
- ° S. Voo =bix = 36V
'FlﬂcL :\sc

2 i
o, OE QT Prse Chvi: 4o+ 4lxrine) - 20, +6i, 20
¢ lger 83 Y-401%ic 4+4iscz0 )

alse bix = Biee (2)

solon'nj ) i;(?.) jiclcu L'so—_ 5A

S Rr=Vee _ 3 ¢ Thew, equiv. <kt
loe s — x

t
b T bn
3ov(§ b %U %‘1-0.
I L= s
Rir

(b) ‘FD{‘ max. power Rin = RT = b1

apph} atest source since no independent Sources preseat

&0 e R = Vi kvi C: o« (Yo)+ 4((,-Y) -1 =6
Ve =ty 4.:7_ ) tt § + 240, -t6=0 (1)
L,: ‘/6

from U) andt Rin ='/[t:(, '(jt'elcu. A =06

P.5-3) Consider V2 source onl

Rilles j ’ Rz
voltage divider: V= -Vy | —/———r

V' = -V [ Ra(R +R3) ]
R Ro+ R R3+R,R,
Consider V, source onl

Vi . ”" K
Volfaje divider V =, [%{#—&-.J

v, [ ReRs
"‘z* L,k3 + &z"]

R.IRy ¥ ,
- V'* ' V -

Consider L, Source only
V" =0 slnce no current flows 'l:hf‘ouj h
K' K" . K?. ) RS and R, .
ol

ooV EVRVT v = ViR Ry = Va(Re (Ri4R4))
R Ry + RiR;3 + R, R3

-~

g3



P s5-32 find Voo

= ¢k
kCL at Voo ¢ (VOC‘V)/R, + (V0c -Kr_I)/R;#lg =0

=S Voo = V(K:_#Rél-} R,R2 L
Ri+Rz2+ Ra

Find Rt (Kill sources)

G 383 Ry = RJRotRs) = Ri(RetRs)
Rz N Ra*'&z*‘zs
Rr

Thev. cc‘uiu, ckht =2 Voo e
b
P5-23 from the graph, When Vab =v = 0 = L=ly = 20mA
when L =06 S V=Voc = - 3v
oo Rr= ,V&- s ~3v = -5k = -lSo
lse 20mA

Thev, ccbu.'u. Cht = 3,,% ~ison
b

P. 5-34 wse source transtormations
2
CS
22
|

2 . 1o
4
4

v
YaA | 2 2
\'g 3 |
}’;v 3 2 Thev, C%U:U. ckt
- 'AV Y a
b

lv ¥ 3 Za a

89



F.5-35 =,
Circuit v %&

O

with R absent (openckt): V=1L5v = i=Y%% =0
wtth R=tokn.: V=0.25v = i:v/ﬂ = 0.026mA

with R= ook i v=lov = [ = O.0lmA

ploi‘ L Vs Vv

[

1(ma),

.03~

.02 4

-1

‘26 .5 .15 lp L2s Ls ~ > V(velts)

since LVvs V (s linear = circuit is linear

Voo = LOv (when i-.o"tcrmu’nals opencol.)
loc =.03mA (when V =0, terminals shorted )

. Rr=Voe = Loy = 33.3 k.
i.s:.._ O63mA

Thev. c:bw’u. cht = lvé 333k 2

o



P 5-3 for Lec : Yax . "

tx = =<=9%9A
10 ) X zl

lov v s2n
x

to find Ra,turn off lbv scurce
%!l.x
note ¢ l.x =0 = th“ Ra -4 2

a0
—

(LE2a & Ra Norton equiv.
- . .Y .
P5 37 ‘for‘ VD(_ . S y a = US_VM
V) . .Y, v 0o .
s U _Voc K.c.l..ai' terminal o ¢

b loo o - V) - 1 [IOo (“s"’oc)]"’ i‘;u"" =

'>Voe_'zVs

°

use curnent source at a-b 1o Find Lt °
oo _
(o > Vab

" © oo
L f=ud
[ kew: L Vab- 1L°°(Uab)]+ Uab -L = 0

21 fVab c=Yab o5,
i

. 5.0
50 Thev. c:bu,u.

L
z ‘,s

qi



. . Y2 Y4 a
P 5-3% find loe * *v lee 7, T V2T
3 v yz ‘év ¢ :?V;-&/‘v
=— ketata @ L =y--%: 2l g

tofind R+ sttt Source =0

)
w o - . a'-f\':y-f!-+v-_-ﬂ-v -0 =>V='\./a
v Y. Y2 Va4 z
4 14D %Ol 2

P5-39 1) lov source
4' Vo tabe)s Aoy
[3

3 iy kvL: -4i+3i-l0taA=0 = L=I0A
1)
ty -

kvl 3-4(¢+ 2(8t) =0 = (=6 A
S50 V= -a(3t) =6V

2) 4A source

+ -

\'
3) QA soulce 3 A kw: 3 -a(a-)-4 =0 D (1=4A
4 2 5o v=a(a-) -4y
(-)LY LB
+yv -

v, - m20H6 =47 -9y
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P5-4o Find Voe : Vak kvi @ G+ + AVap =0 .
< Vot +a(5¢0) 0 3 L=-6A

o Voo = -1(5) = 20v

b 2 .
+
e () s U
°b
6
. -btbis, =0 s0 (o, =IA
A Lse
.. KT = va‘/l'SL = 30
50 hauve
0.0
%v(Eé

20
zl
> 2
« R

Rr = Zo(2t24) - 3.6l
20+2+2.4 T

Find Uy o o
6 ('2 Vt:R(“I' 4‘2
4 mesh i, 1 2%8t,-bi 70 )
( Vr = . . .
P gt T Vec mesh 1, ; - b(, 1101, -6l =0 ()

5olm'ng ) z:, (2) ijelau : L. =1.5A, 12 7 TA
P V.rr 3+ 28 < 31v

'-F(nd K.-[ N

P5-4 Jind Rt

P 5-42 KeLed b 2 l.'f"(P(',—Q 6
S (= V3 -t (()'
KvL aroundl left lower mesh
(((+1)+ 30, -l =0 ()

Plugging (1) into (2) 3 L= -IA
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P 5-43 Hfirst find Vi, bn& suptrposition

(Zv source isourgg_
+ V - kvL: V+3v-(2:=06 L Kvi: v+3v:=zo
e S v |2
‘2’8? 3, 2 V= Buelfs o 3y 3Veo
7 " Voe = 3V = Quolts, Y

0 Oc.:o

So total Upe = 4+0 = quolts

-/:u'ncl Ry
L V. 4a .
A4 P, KVL: 4, t3v =Vy also V=-3v 2 V=po
3 %

e S0 V,( :41:)( = KT - VK/‘:)( - 90
4

Thev. ecbuiu. 9y %

P 5-44 Find Voo : ' o
O L=(0A | KVL 2nd mesh. © 4‘.'Rt.+éc,-4c=o

" \/ -0 .
é : + >, -5A
oa (Y %4-0. hl%ba\)‘» o b =l = 3oy )
e oc 15 20v

Find Rr 2 Kill 108 Soucce # drive Terminals a-b  with cusvent Sowrce
4.0

4a z"'@i-lon_. v+ L i3=—.t't. v 20t (L) =0 )
‘!{in '4,% P E KL T A 2Tl
also : L7 (2)
() € () gields b =~
Now Vi = by, + 4G = -1y + 4 = 34

- Re=Ve . 3
3
t
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- Fincl V. C g |-
P5 45 tn oC K'VL: 4[‘-2‘,"‘6((-4'- :o Z. L—‘OQ
+ .

) (=% =54
104 e <o Vo = b, = 30V

find Rt = kill 10A source i' drive terminals a-b

2 m+ KWL Lft loop: 4ipt 24 F6(0+(p) =0 ()
402 [0 ugea GO alep : (p 7 Lmg | (2)
fom () £ (2) B 4= Yol .
now Vy sl +40 = -igt4le =3¢ D K .-Ttt, 30
Advanced Proble ms
AP 5-1  apply fest source to cutput
I a . .
N 250 A KeL -I+SoI+‘%-tt =0 Q)
loooa’ ol v ‘t
fbl O.lso e I - 9&2. (7_)
°b ) loco

() & (2) ‘aftld— (4 = %‘i%b of Rous = ‘,}_@_. ‘039—;: = 1490
1 Lt

AP 5-2. all 248 flows thru b 50 V= 10(24) - 240v
current (5 .05 v = IQA

So the Wolfage across (2.2 = Wy, = 12 ((2) = 144y
then Vr = 240 - (44 = YV

to find Q1 C«pplg A ot output @
vV Siol W Y=lvolts
Thev. c<bu.'\). - oSV b

l6 2 *

So current source = -5A
Wbv . have .SA thru oz - V,M-’Gv
D Vab mt10= v =Ry = (L&

12 a a
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4 a .
AP 5-3 ) distonnect Ry : kvi: -Vpp -4t ai =0 , L=I6A
open urait a-b  © f.'“' Vab ? Vr =Vap 7 - = -dov
( -
b

2) setindependent source =0 and place 1A source at a-b
4(

. +E kvt: Vb 4043070, (=1A
o Rp = Vabj - 2

3) Connect KL = 2.2~

g g ( = R0 = -28 - -I00A
ov .lJ. 22 “2+R, 0.2
C

{4
AP 5‘+ (qu = \er/z}K_r

. 00 or ¢ R, =2+ (w+120))(ot50)
Ffincdl Ry = kill t source e = 507

{‘.nd \)DL .

lQotso+20+10
= (1A
.‘. WDQ P~ lo('?) = ,.lov

Vspa = 50(11-20) =-I150v

S V. = VoatVUsa = 1M0-150 = Q0v

. Fmax = 20" = Qw
4(50)
Supernodle kel : Vb w1 VX L 4 =0 ()
L/v _7.9 ' io *
< alse Vp, =V, -20 2)
(D 4A

(1) £ (2) yields v = (Ov
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AP 5-(» When the Terminals of the boxes ace open- circuited , no turreat
Flows i Box A, but the resistor in Pox B dissipates 1L watt. Box 8
15 therefore warmer than Box A. If you shoct the ferminals of
each box, the resistor in Box A will draw 4. amp and dissipate 1 Wdtf.
The resistor in Box B will be sShorted., draw no uccent and.
dissipate no power. Then Box A will warm up and Box B will eol

off,

AP 5-1 o) . (7 U2 S = (9!.as)&T+q:.:u; 0)

v 52 .25y Sxw?> Salo?

Rt

b) * = 3s oy Vr:,o37'53 &t +31s O
v, D 31.5v o/ X oy x 16

Solufag ® e ® t jﬁ Ly = blak z Ve= 2139V

AP 5-8  When 0<Vv eV, (tworks as a pure resisjor
So R = VP/IP Ve =0 ¢/Ip

when Vp, <VeVy, 15 linear but shows neﬁqﬁu resistance
chatacteristic

- Vi
P Voo = Vo [ =V, /x,
R = Voo - Vi v,
Tse I,
When VmeV e Ve  (tis linear Y-Va

50 Voo = V{I=o =V, 5"\’\’\’—»
V2

= \./QL.‘_ = Vf-Va
k Tec I, l_—————o

AP 59 e are asked o vary R=Ry | not Riseq.
Thus Rt = Ripad. (s 00t the optimal Solution..
Cleacly when K=0, maximum. tuctent and
Voltage (hence maximum power) are clelivered.
to the load.
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AP 5-10 Findk R+ > kill sources

Rt = 2+ 3//3
> 3n - 350

...... Vo, « supunode ket: Yo _ 24 W =0 )
Find Voc : ;l e N 3
sv@) 2n also : Ve-vy =5 (2)

’ 34‘ . 1 .
30 Ve (24 SOIUma’ a) {L(Z) ZneldS: \}Q =5.5v
now U = Vgt 202) =55+4=95v
. TS 2
.o qux = \/‘o:,/m_r - (qS)/4(36) = é.4‘5 w

AP 5l gy Vo = -gRV and V=R v; ‘d; _ _jg‘_gz

(-‘f'(z ,-fRz,
(b) S0 haue \)'o - j(ﬁgm 2((0 = -1170
l.ixto3
7g-= 0.0374 S

Design froblems

DP 5-] Tind Theu. C(bu{u. With R, di'sconnected
Rt = G+ 5(20) =lbQ

Z5
Vp =y, - ;a (105) = %ov
K4
R = 30°Re - (50
now p = K._ = ”2) (R10) 2
P R+ (20 - €lIR, 110020 = Ro=1.33515.333

S R sb.coa o b1 <L

T=(02A
v, Vr = - 30(560)T = - IS0v

deactivate source. = I=0 .. Ry =500/

_ w2, - (B0 _
s0 st R =500 then Fnuy - TAKL' 4(600)_1(.35k)

PP 5-2 Thw. ccbuiu.

a8



of tuminal a-b @ Ryz Ry = ‘h"/isc aka
ML

Short cirawi t ou-fpu-‘)' 3 Vab=0 Iv (® T d .
-{:uﬂ d.vab:"o Y 9 ? | i

DP 5-3

Ffind Uoe <
right rresh ¢ Vab = ('ﬁi) (40,000) (r)

Zka a g
v MI' /YEZI %4‘*"7‘ left mesh : 2000t .0004 Vg = | (2)
b
o

from Q) and (2) 3,:,1" T - %Zooo-lloj)
Voc (3)
% 0%

also Use = -q(46,000)T = -; (40, 000) (4)
j (Zow—l(oﬁ)
wlu.‘n? (3) £ (4) yields ¢ o5

bt Z=1(A y +tken Ttotal current to R’P LS

PP 5-4 o>
éE 18003 300
A 612? % j IR," 1+ b1 whene Rp = 250(30) - 2,799
. 7 50 t+ 30

< Voo = (tb1) (26.79)

now Rin = 2T05= (1+b1)@Q6174)/1a = [tbl =100.99 = 10]
. b=100

now R, = 50,00 = ‘)Z"'/if,c =

DP 5-5 gesire Ry =bia .
find Voo : wWithoopen cirawt (=3A , so cwrrent theu Racs (= d8
oo Voo = 8x 4+ ddx 12 = 33 (14 3d)
v a

Find (se :
2inz lse : W T < .
W® 3, ¥ loc

b

KeL at node V@ V4 + Vi +rd(Vy)=8 = V= :-1'1-34!. )
a’so H isc: d%f ‘r/,a (2—)
plu in Ll) ints (2) lelds = (.x = %(34’“)
43" o | 4+3d
- KT_-(,‘J':-{% ~4(4t3d) so d=4 +thuws \lrz\}o‘:'H(pV

Sc
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X5

kel at node a : V(é+’s)+5-\%

so if V=0 then V,=I5v

Q ) .
oP s ;.,5"0""0&: : , Findise: Vap=0 U= Vo007 10mA
b . .
Sv (? Vi " %250 Vab e lse = -biz -157h
b -

A4

find Upe 1 kL left loop 3 -5 560(+Vapb =0 (')} 3 Vb= (.l..‘s_z_q__
also Uiy = -28(bi)  (2) %)
© Qo Vab =500 o need 6o<Rr<Ton

=0

oo

-

is(. (b-QO) < zb 2
T =10 T

0 1f b=13.5 > Ry = bbbl cnd [V|=4 330

DP 5-9 Vs@ ;‘?/?,on- for maximum powoer fo CCIC‘LTV\ require
<= - -J—vé ‘‘‘‘ 2 R.._S R‘n = 3000, RTz z 300411 . Fufhtrmorc,\for
w b v Ly TV#2 the source (afl‘ftnna) to deliver maximum.
» 24 poser, we fequire R, (seet by anteana) =3004
i) (_; N Note that talculation of R, R, v Rt leads to
ke, * (deatical citewits hence tonsider Ry, (kill %)

3oLt

Rey = R [f [ (300/R)+ (300l Q)]

: 305
2000 % ‘_, = ar( %ﬁ;) = 300
— R+ R¥0%4300

&tz
= R, =boO LL




.6P ice Problems

oF 5% inpu’r fle VI | o poc lo

vz 4 O
RI 24 3
R2 21 2
I1 | 3 0c 2
I2 2o00c ¢

® . © H1 3 2 v2 4
0C VI 1o 0 |

ans. (= I(v2) = - 2.00R PRINT DC V(2,1) T(V2)
.EnD

V= V(1) - -3.00v

- 20 .
5P 5-5 v mput file R 2 3 L
Ry '@y Re |® R4 20 4
O b 2 o Ry 1 T 6
Gl 4 384 R | 3 2
Vi | o DC bl
_ -0 T Vi
® Fov(@3)

ans. V(3 _ 5 ae-ol

Vi .
50 Vp=3lv < R+ =output resistance = 3.62 (2
Yr-2°2\

O 2a ,
50 5-6 - input file K1 1 3 2
2 R2. 20 2
| " Ry 2 3 |
2v ® 210 ® + RE 3 4 1
22 ?45 n V ks 402
L3 .- Vi | o 0c 12
® IL 21 pe 2
I2 o 3 0c 4
.0C vtz 12 |
ons. V(4) =49s24 JPRINT DL V(4)
-END




5P 5-9 O+% © 1a @ (oput file R
Y2 R2

o R3

|

|

2

2

bv R 3
] 4

® Gl o

00 VI L & ]

ans. V(3) = L.114v PRIDT DOC W(3)

END

.

Vi

RI
R2
K3
Is
Ve
V3

Fi

.0t
LT D
LEND

—_——
—

oL NN

-A-ho-—boulf"o

< (=) w—

_&)OQON S
~N

b
|

=
S -

I3)

5P 5-lo nput File T
R
HI
RZ
VD
JTIF

-Evo

O
o

cg®

g
o

~ 0 w—0-—

SwepN—O0
N
~N

SPILE Dutput : V(2)= 32000V
output resistance = 3.00

L. Vr = 3¢ i Ry = 3t4= T

loz

Moo

o



sp5-)) ©_SK& @ japutdile vleft | o dc lov

Ri I 2 5k
lov Ls LS 2 0 Jdc ImA
.dC (s 0 2e-3 o0.28-3
® .probe  V(2)
-options nopage
.end
vie)
Vofts lo
%
L
4.
2
]  a— - ? b))
6 .5 ( 15 2z 25 3 's(mA)
Ik + 4v R.‘I» Inpl.lf :filt,
Vi Re3 V" Ry 2D ¥ Amplifier
¢ha ] - ske PV vs 1 0 00§
. RI 1 2 3k
Uy =5V © Ry=aka RL 20 ok

Gl o0 3 7 o 4
R3 3 0 S5k

R4 34 22k

Vb 4 & p¢ o
LHC VS 5 5
PanT I(vD)

EnD

(03



Chapter b

Exercise s

Ex G-I

Ex.6-2 m‘fe,m.nj to -Ffjurc. 12-16 (b)

i v, = R Vo Voo 4Re
from VOH'aﬁc divider : V, e ° v | o
Yo = |¢+d2 = 5
e
from kvl = Vo 4Vi =Vi § Vi= -%Q_
:3V5= V'+\_/_o_
A
Vo Yo . L =L + L =
Vo VL * A ¥ loe
e Ve = s
vb
Ex -3 Uuse op amp moce |
" v, = R v
R3tl4
Va = Ra \/s
RL"K‘
Vin=Vs-Va = Rs_ v, _ & Vs ()
K5+R~+ Rl*“l
now WV =-AV, or U'.‘.\.=—‘%- )

e%wn‘ir? a) i.’ 2) and wlu(‘ng fo \}o/.j-s 36%

Ub KL K
—_— = == (+ R4 )
\rﬁ KF“QZ. ( &3

‘f &z>>& > “CD:I+&
vy &

104



R Yol 'Frbrr\ YoH' gc divider

Ex. 6-4 ® + _ .
V5 {VV %Rl AV,' é Vo Rl“’kz = V - Vl
) > V7 V- VS(KH‘R?.)

Q.(bo Vo T - AV
= -A (Y° -Vs ( R'sz))

2 VYo _ (K_z. A = kA
v& R'sz I+A |+ A

Ex ¢-5 Jom exampl 6-&
K= R - SO .

N
RitR2 50+tloco 3
W oat-k) _ -wof(i-1) . -1999 4
's I+ Ak 1+ 10t (L)

COmPM’eo‘ o a.PPvD)aw)aj'\_on whee, A =71

then %:—&,o

e .l=.1._ % Vo = Vs +U4

- AVL - Ro.l.
- Avi - Ro(v"/&.\
Yo = -A(No-Vs) - Ro(¥k,)

EX. -6 Assume '1,44'1{1.,‘
kvie Crt. mesh @V,

= !9- = A = 104 = 0 3
Va o |4 %i«»A l+.1 + (0% ARAAN
now Ry = Yo = - Vs _ -Va R - - Vo ki
L Vi/e; Vi “-’AB(H %}
S R (V2 RLA = (qq9¢9)-' (Ic5)(o?) - m
s (32) [+ Rk, (99983) s = Roama

[05



Ex. 6-1 Wo the buffer

Vo= Ro v, = S60 Vo =1YsVs
R, +Re 500
s =%t Yt
RL RL

with the buffer

Vo = R Ve = with join =l.o of buffer

Ro-f'RL
= PZ = !Q_z = Vif Kt_z
Re RL. (Ko'fgu)z
= Va2 (800)* - .6l V&©
z: (s16)? Re

Ex 6-% Re. Ro |_o
+ 5 +
vS Vi R" ﬂ\/“. Vo

Arowers : Ay :\_/_o_:__ Ko(&i+K$)+AR.{R{
Vo o (Ret R(R; +R8)+ Ra (R + Rt R1Rs) - AR Ra,

Rino = Ro + (Rg+Ro) (R +Rs)
(Re t Ry + R +R5)~ AR(
Rout = Qo[fla(llﬁﬂh-‘zs)" Kf(ei‘”zS)]
~ AR Ra
if the op amp i ickeat (A very kuge R fauge Ko smald )

Ap = Ve = ARRE :-éﬁ
vy (1-R)R R Ra

anct Rout = Ro(RaRe+ReR) - - R Ratbs)

R“\) v Ka..
- ARjRa A Reo
—_— 11 ﬂo -0
l.‘F R‘F:lORm -t\«ﬂm = faod = A
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(a)

froblems Rz
— VoHujc divider 3:&!6!5
F G-l v+ = R4 V2 )
v Ra+Ra
_° KeL at v~ jl&(db
V- -V, _ V3-v-
R( &7.
S yv- = &_ V., + S.Z._ \
Kl‘fRzo R.‘I"Kz ’ (2)

now V, =- RV(

=-A v-- Vit -A +Ra v, _ Re v
( ) [Rr*zzo K,'flz,, Ra+Rgq z:!

=<>v.£ &.]:.K_z_v_&a-.v

N -A— - R("'Rz_ K“"Kl t R;+K4-

let A — «0 and solve for Vo

. . V‘,z-K_Z.Vl + |+ Ko/, Va
Ri [+ R3/Rq

(b) want V, = 4V, -llv,

v Ra =] and +Rzk - 4
R [+ R3/gy
(41l = 4 (1+F¥e,)
> R,
R4

et K( = (Ok 1 = Rz, = 1{@( = okt

Lkt Ry = ok = R4 =%5Ry= loka

P b-2 v.,_&vﬁ}"’]_‘ e kaow tis ckt yields Yoz- £
!

5o tonsider o_ddjnj another ?npuf [ead. into the neg. terminal

v R r—m\,——]
! Jx R ° U°

vz R2 ] M

with Vi v o | “lkeL at neq. input ljneld.s
ViR, - ViR = Vela s Vo= - Bu- BV

2
See that need. to inuvert answer, 50 add an anvcrfcr to -the
R

Ou‘f‘pu.‘f‘ , , W
——— R
A
O—— AN —

let R3=lok
now K -6 and R -2 .°. let R=bokc
R, = lok &

R, Rz
R, = 3ok




Rp=30ka R4 =30ka

R‘=403K£L 3W
P -3 s ! 5
Vs T‘l e AV‘(<$ V,
KeL at A @ (Vi-Vs) /e = (Vs-Vi)/30 = V3=T725V; -b.25Vs
KeL at Vs 2 (Va-Vi)/30+ V3 % (V3 -Vo)/20 =0
= 32Va = ViV,
32(n1sV ~6.25V5) ~Vi+ Vs
using Ve= -V,
g TR
= !2_ = - 200
Vs [+ 232
A
for A= o Vo - - Zoo
Ve
‘5\., a
. T . .
P.é4 . 1\./- N-% Re l‘F A S | a.erV[rO = VQ-:-LSK]
l 2 1 . .
° T B then (| = Va - -R\s
e RZ»-"RL Rz_'f&(_
r - Ris 1 Ry R,
. Ra
S50 L. - - R . _loo
.Ls 2

no aurcent into the buffers
LV s 5[%]: 4 v
Y2 =V, (since buffer has gain = ()

Vz = V3
Y] |7-/{b - 1 _
MG 3[_12_//&,1-11] = /4 V3= 4y, = Ly
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'UL-»O

kel nocte ez (G +GatGa +64)Va-6,V,- 64V, =0

Kel node b @ 63Va + 6sVy =0

Fom Ct)il(-’t) = Y- ~ 663
ul

6s (Gl +06a 1'63“’64.)* 63C,

P 6-T Assume A= (no eurrent into he operational amps.)

VY ° o
L u '
R7_ RS
Vb'

with the voltage across -the input
to tre op amps = O )'Hen ha ve
VQ = Vl and Vb :Vz

o

Va

[ S—— L ]

-*. from k\/L_(y : Vo -le-lkz -1R,

= Vo = l(&.f&zi- Q3)
also : 3 = Va-Vp = V,; V2 AV, = (RitRet Rs)(V,'VZ)
2

2 _ R4

'ﬁ‘om vaH'ajc divider : v+ :('Z:f g')Vts U)
KeL at V- 1 (v--Vs)k, = Vo=V )R

- = -K-—V .&_'__YO (Z
BV Ri+R s RitR )

now V‘,:-AV(:—ﬂ(v.-v*) (2) » pluac_l'mj w ﬁ (2) inte (3) «jfelds

Vo (- YA - %,fﬂ) = ({TTR - éﬁ.‘z‘)vs

) Ry (L _ _ &
assuming (%7(, N VYa o= -VO(R,-PK.) - (Kn‘& Rot R
= v,

Ys

= -!ﬁ - RD(‘ ‘f&)
R, [& "Rt R

Vo [(Rot AR (Rt R -Ro(R,
R, ' &* R,

-Vs Ri 4R

R, (RotR,

Vo = -Vs Reo 9_&_

&'f&' Ro

+Rot A&)]

n

109
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with Vi=0 4 fcom VoH-ajc divider

| e teew(g) O
* kel at Vx (+ taminal )
Voo (Vem+Vn-vx) - (Vx -Vo)

' R 4
2> Vo = Vx(H- é—’-)— KR—?(ch*Vn) (l)

when R4, - R‘/& 241 (1) becomes : Vi = (ch-l-VP)( f—:/%ﬁz ) (3)
plugqing (3 into (2) yields '
Vo= -Raf, (Va -Vp)

P L-12  Select an invuﬁnj amplifier in which the ja?a. IS
Vo - _R: (see 'fijurc l2-12)

Ve R,
'H'Qﬂ— R-Z = [OR.|
since +the maximum Current (s IOmA -thra,cjh R,
R, 2 v - o k<L
lomA
o if Ris olka then
R, = loR, = Ik
. R
R 6_l3 ‘-l& ‘—ig
+ i L . Rssume +hat Vi =0 and that the
W 3R L t current cn+crinj the op amp s
- Vsé s Yo ncjlfjiblc.
) ¢ = = .Z'L- - L
° v& vs = LLR- > v3° R
Rz
P - 14 Ry See Table -3
Vo » Lo for 14] 1 A= AL Rraman
S +\); R =155
—o
Using ickeal tase Vo - - Ra
rg Ve R,

wae R, = lovo . = (kew  trert Ra = looksT

—




Am = lokLe

R 6-15 _ €lm assume te op amp draws no
R4 EH v °r turrent > go=q
@: Av; Voo from KVl : V, = (Rm+ Rl (1)

i Vi- kR-Vs (o)
also V, = - Avi (3)
(@) into (3) = Vo = A(Vs-1gR) (4)

Solufnj for g in () and plujjinj inte (4) gietis
Vo _ A _
Ve = T where Kk = %kfz,n)

‘-Eor‘ ANy = %:.:-é: Rm+R_

R.
S0 z=lm = Vo -‘_‘_V_. = loka
lo-%a

(@) assume (deal op amps > Voa = -Vee  and Vob = - Vp

the circwit becomes P R,
R,

Vo, e—AM— & Lﬂ
R ov Vo
- Vb —"W\—  Ov

Keat bi Vol 4 Voay = Wy s - Rive 4 Ry,

Rz

(b) the circuit funckons as a weightecl adder

(€) use aboue cht. with input of + Ve ancl +Ve cond HerL invert +he
output with an ZnVcr’n’nj amplifier o-Fja.n'n =-].
Ry
Va 0——'\/\/\/——— R3 R R

v S
4 i N “




Ra2 ls >

P 6-17 ——AA— with V=0, R, §R; arein
[ ’ — parallel
Vi AV b R, - from current divider
- lg= - R 1
. ° R, 4R, -
= }'_L - -(‘;"Rz)
‘L: R
P 6-19 assume Vi =
(i; é; . 1.5 flows 'Hlfbuj"\. R
feom KvL @ = Vo - Ls& =0 T = -R
S
F =19 (@ KL at Vg : is+ -AV{ -Va) - Vo
et K;
also : Va = Vs- ((R;

Vi =-1sR;

(3) and. (2) into (1) L‘jfelds
Vs[-L+-J-— ‘ls[lﬁ-ﬂi-f +R‘]

R, +8, RetRo = RptRe = R{
stummj AMNMTL =3 hL.,go 33 E}
= Ripg = Vs = [AR: _]R‘
'-s R.‘f’ﬁz"’&p

-—

(b) assume R{>» Rz and set V,:=0

VYW
+ R2 Ro P
R . ‘f .
{ VL 5;;’- Vo Lo

Kewat P21y - Vo/(r,er,) - (ot AV /g, = o )
albo: vy =V, 2+K\ . @)
! 2

e 0 geke e for - - g
[} KA ] 1 2 ®

forast @ 2 VAR,

(RitR2IR,
2 Rout = Vo - (RH’ Rg)Rb
1o AR,

—

N2

=0 (()

()
(3)



P 6-22

« find He Tho, equiv. to right of dotted line and add

R+ to R, teo 3(,{‘ total Rin = Vs/is
KeLat A s Lg = VE/R; + (VI RV,
412:—'—+L+.ﬂ.‘:ﬂ for AN L
Vi R1 R, R2 R,
. = ﬁ_z-
L} RT A K
Thus ,the total input impedance éﬁw—‘p\;-\* th 2R B
Kl g_i K‘l. .
A Sne ls=o | fom KVl
* . 4 Vv c+ y1=0
R4 . B =Vo =Vv¢ 4 Ky =
il s i /Ry )

aloo: | = VD/(Rp‘R;-HZz) (2)

ct.zua,fn‘nj ) and (2) and us?nj Vi = —V‘VA ‘deds

- N =
Yo [ag, * R;*K3+&4]
Gssume AR3 Sy R, +R3+ Ry
£y Vo = (R;-}gz +R.4) Vs

R,
~———————————

Vs

R3

Note ¢ Va ;3 ;ndep. of R(



P 6-23 (a) (1) Kct at output node :

L., CAVR, + (Vi-W)R, =0

° lo

(2) also : Vi= é::;z = kVo

(2)into ) Yieds i, + (-AkVo = Ve)/Ro + (Ko -Vo)/R, =0
assume AkL>>»1 Ak
3 Lo- Ak% + (KU Vo =0

assume Ak M (k) 5 R .. Vo - o

O . Ak
(b) for A=10", k=0.1 R, = ke
=2 Rout = O L2
Vg loksu
P 6-24 oka = ko vy
Vi R +
v-5 T \d AV; VD
Ketat ¢ @ (Vi-Vado + (Vi-Ve) /1o =0 = Vg = 2V; -V, ()
ke at Vo @ (Va-¥)/io + V8/R + (VB-Vo)/jo = 0 (z)
abo : Vi =- Vog (3)

p(chjfng (3) and C1) inte (2) g?olds

2 -2(2+ 9% )N = [1+(3+2R)/a] Vs
AQssume (3+w/g) ‘/ﬁ <e 1

> R= 10/(V%ps-2) = Yloo-2) =.00aka =loa.n

> (-2 (2) rr— I p— replace R with current Source 1.
f.6-25 > —— and find R = V¢/3
v Vl’ VL Y8
== fow Vtzo and Vi=V-VYT-- Rs

from KVL @ -V + R0 -AV; - V{ =0

2 V= LRe - (14M(-TRS) = 1 [Ret (14A)Rs ]

.. wa: .V—L' = Ro‘i'("fh)R_s = ARs ‘For AN 1
Lo

(6) Rout = AR+ Ry
= (165) (lo4) + (03
Rowt = 0¥

——

|4



P 6-2b

Voiy = Be_ -y,
°/V_5 Re+RL
since R D Soo.a

with emplifier : Yo . 4
vs a-nd. KL b9 Y KO

Vs'/aL

| 2
Vo/a = VS /.
- ﬁ% = 4

.°. powtr aln =
P J Pd
() desice Pafp = o = VAR,
(K"/(ksfﬂz_)) V”z
AL
, with. Rs=Scoa = Re = 74

° |
e - Y
s*he look

(@) without amplifier :

(b) FQ, = voz/RL

direet @ Py

P 6-27 assumeideal amps

kel at Vs @
Va/io + (Vs=Yfioo = ©
S V= lvs a) Ov bok
albot Vo = ViV = 2% (2) - Va bj inspection
() inte (2) «jfelds y Vp ==V,

Vo= 22 Vs = "/\/bzzz

P 6-28
See xexr b=
U; = RZ [\ 1 &‘.\ U‘ - Rq, \)3
R !
R| fRL 3 R%




P 6o-39 Ccf) cleal \}B = - ok (Iv) = -1Ov

.

(k-
b) non-idec| (k.2 .
Ik %) W o A=10
+ [ St
kel noge | ;@ Visl 4 Ve YitYe -0 a)
1 K0 lo
nocke & © Yo-Vl . VUptAVS Vo - 2
ot = t g o )

fom (1) and @) gt U = -9V

Va = %avs and. V( Vg

20k 3 V) = Qv
Sv

Rt et V, S-2 L V-2 =0 D K’a"’\% Rin K—Q.)
- Vi 8 R,

at nta. Value of VU, = - 14y ?j R = 2-(-14)= (6 2
% saturates at R = ka2

o



kel into -’ tuminal :
_Z_+\_/_,_ = ) V,: -4y
L0

bk<Z
P o-32 —WMT— | Knadeas
dkaq|l R e + v&i‘; + Va-Vo ¢+ U.é + U_O_"'_\_)_l -o Q)
44 b '+V‘ $ [ oL R
Bv Ak r - Vo Ketnodeo @ VeVe + Ui-Uo _ (2)
- R & -

now Lt V=6 and Muktiply O by 24 ¢ (2) by (2

3(Va-3) + $(Ua-Yo) + 12Va + 24Va - (3)
R

[V —

;LE'.Q +W =o (4)

So(ufn.? Jor Voo 2 Voo = R4
[19+ aq-:%]

waat U, = (g5, or Vo = |.9SR
2
thue 1950 - 24 = R =4ke

la [_l‘i + 7&/&] —

17



P o-3%

v-f
kA
gat ok A Vo = -lookst (Va) = - loV

- L lok St

Ve = -0ok£L (Vo) = - SVa = -5V,
20K <L
Vout = -%OKQ(VC + }_/L = - 4Vc - 4Vb = QOV, + 4oVa
ke R0k

v  2ka
P (- 34 Ve Sha | Rs Vi=Vy = Vs
% - R T Jidt oV, Vy3=vy v, > o
v . 'Dﬁ"-i'“:? 3 : ° 't tuad
J — vtir

= %VOW
Vo = ao(%+\%): Vg + 4tV = Gy

Since. KeL ot vy s Vo - Us , 15
o l\o B

Vo =Vs sice no current
\/a_ =V, due to short %0 VZ..’Ub—'UL:z.

kelr M Vt"v“- + (U;)’\R):O So \);—V.l"_ UB-VJ o)

113



Vi-Va -p ()
ket v, 2 Vi-Vo L Vi-Va ¢ Vi-Va

[3 R
Pro-e Ra | 3
Vz . VR-VA' + Va-V¢ + V_a-_ :D (Z)
. (3 R 2
&., 1
$ol0fn3 W, @) for V; :
v = &5— 2& (U —Ua)
-D VO = (l‘{‘ &"I' ga) t
Sb |, jeo
_ “then hauve |p = <H-§—+Zpo
Lect Ka =2cok-2 | Ra=50ka '
% need. R, =5.38 ket
% _g;Iz_ @)V = Vi-Vg |
. - R R V.
P b- 37 I| Av‘ V v: = Av‘ A k_ :*l‘-i az 1
A z ¢ .
et [ o
2

let é = K'lz/(&z’_.,.ﬁ') withe Rz;ﬁz//RL
Vo _
Yo = A% Ak Vz—; " (14 Ap)

. Va_ A V) = Vi +V¢ }VL':V:z/A

Vi o V‘['__Eiﬁ‘} = (14ABR, 55 Ry = (H4APR;

II Vz/ﬂk
- 9.01_ - 4%
-—-5 - —
44 leo = 470 ma_
s0 Va - 04 = 20 - R = [ 1+16% )] leo

T —
\_,a_:_ l+w4(47)

[19




P -39

Rdvanced Problems

AP -l 51_.3_(- op amp s -3V cln(w.f' andl ;5 l'm)efﬁm} a.mplifn'e("
- -(§)0) -
Seconcl op amp ez‘uu‘d. Ckt:
kel nxle o !
q—& + VD_Q' :D
2 F
2V, = -lav
AP -2 o A'"}K e
W = VD W Vout = Vo (L~L AL SR
! LL\L%&{;
oV, .
V, = comataut hr e i R4R

120



w o Vo a.) Vizv, =5V fom reswtt of
poblem o - |
~ =1 +(Ex+‘t)/(| (\/ﬂ - B+
Isv - | SRk I+ Ra/ks 2,

When t=-55% V=0 = Ry =

loco e /25 = 9.025 k-

(lo+Rx +9.035) 10 (18) ~ Rx 19:035 (15) > Ry= 38k <L
(to+10) (10) lo

b) whea t=(3S5°%C
Ry = locoe~'2%/35 = (.74
S V, =G.ISv

now because waat L=ImA +N‘uﬁh+& meter
K?fkm =\/o -67Sv = LISk D K3:5.7Sk§2_

VR = [.2SV
AP (- H usinfa Vo/fajc didider

xR+ (1-X)R
also (1: X\fg
R <

Jor X =1, Cmex, = ()(.as) = [.asA  s6 ocL <125 A

- o L
5\’* izl 2K 3 e L3 < LK-(S = = (‘+VX) (MA)
S, v
SLZ’JZENLLS Vo, I Voz = (BK.Q_)L3+ 3 = ‘3\/)( (Uo”‘s)
LS 3k
ta v [, 5 SVoz - (5+3vx_) (mA)
Lx*ilkﬂ- . T3k

Vx

l4 = (_z+ l‘S - 5+3Vx_ _|.4 = (b€+ 1.5 Vx) (Mﬁ)
' c A
Voi = (k)4 +5 = A6+L+S = (3146 V) (wlts)

S0 VO| "Vo2 = 3[4‘"\/)( "('3\/}() = 31-!-‘1\!,( = IS\/ —'? Vx - ’&V

I 2]



RP6-¢ The ladder stvuctave uSes +the  shunt vesustors
b qemevate L‘.\\vm,rﬂ vuw'ued Gonewts . towma the ,Q%*

w Wave I, = VR/ZK I,= /3, I, I,/

Depww} ov  Yhe swuch poston ) each cunrent s diverted
Yo the SM but TV o 4o the wrhal me

bus T- . Use bt by 4o ddewtfy +the statuws of
the switch & . Then
\ - n-| ~n
V, = ‘.g—vg (b,f eb,Z 4 b, 2 +b,2 )

Design Problems

0P G- V, = -[% Vl-f%(—lo)J
fange is : i = -[3V,-a0]
‘\"_ 3 -
Vi = (3______01‘3') y 50 V, - 3‘3 2.!' V, :-SS

3 3 -
s have S <V, ¢ 3= linear ranqe

R
DP b~ ’ R'uo = K’_
ls
) Ro| VR TRe o LT LGk,
> lok. 2tz
Rin now i'?-”:' S Vg-l :ioK‘l g Ls%z&'
VL amound- (et mesh. Vs'l'Uk, s or V5+ (‘S Big' e 3
2
So K.,‘a:g’i:—ﬁ_@.l':-&_(_‘.‘_’.?),_(o&
Ls R lo
need [-—Uﬁil = |ma or R = Lok *MQ&fsQMj“{'"“&
‘s resistavice

22
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Chapter ]
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