Chapter T

Exercises

Ex.7-1 looms = o.]s (OmA = 0.0/ A
V) = Vo) + -’-JL({-)cbt s Ve =o+ _5J(ol)d.t
\l(l) loov
%(.;) s C V()
= 10°5000) = 16-%C = Im¢C
Ex. -2 break upinto intervals A
. _6dv
vy = [ lot  octe] now iz ¢Vt =107" Gy
lo lete2 - h
1o(3-t) 2¢te3 - Nauwt
o t>3 : “lo) = 16754 scte]
) = 00 o<t <)
lo=%-i5) =-165A 2cte3
o] t>3
Ex.7-3  break wp info tntervals £
12 (o0 tel Now> v(+)=v1o)+‘/cj Ldt
N lete2
6 +ts2 = ,,,_-45 1dt
.. octe] = V)= | o“joou
letez = v¢) = v(,)+,o1j Ik =0+t = (oMt v
ts 2 = Vt) = V(z)-tlo“joau: = o*2) = 2xicty
2
Ex N1-4 ” +v(+) because ((t)=6 (d>hen t<o «
_ t
‘ i V0= & [undt = & [(2rzcosst)dt + veoy
=2 5 |
&t +2zsm5t+ t oy
W= YV2ev? = Y(exio-t)(loo)* = | T

Ex. 7-5
lbov

Velot) = V. (o-) =
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. t .
Ex.7-b W) = W) + {vidt = W(0) =0 since V(o)=0
° t
Vo) + Ve [ idk
t ]
o*f2dt = 2xutt
t
W) = [(exett)(2)dE = 2x10ft?
o

first find V)

(@) W) = 2x104* T = 20k T
(b) W (loos) = 2xi0*00)? = 2x(6%T = 206 mT

Ex 1-"T Wt have V(ot)= V(o) - 3v
Vet) = & (Cimat= 50 3e5tat 3v
=0 o

= 3(e®to1)+ 3 = 3.5,
now VE) = Ve(t)+Ve(€) = 5i(t)+ Ve lt) = 65ty 3567 8e5t v octe]
We ) = 5 e V) = £x2 (3¢54)* = 0.9t T

o when T=0.25 2 W)= 6.687
\ t=.2¢
WhenT=-3s o Wc(ﬂi - A.6BkT
t-.4e

Ex.T1-8 e Iz [
= Iq '_14 = ""4?“‘_[_—_1_3 = 4
T T —1 1 o—1 ol

Cc%
Ex.7-9 ot . i} dvr - V2 o u -1
ToRLGe Vitve 2 m T m Tt Tg
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Ex.T-1l

Ex. T7-12 vVv= Ld;/CLt

Ex.1-13

Ex. 7-14

UH, V)

(.05) i—; [ 26( - c-’°°t)_]

(.05) (zo) (oo e-"°t) = looe-'®ty

- ot

(.o02) [_" (cooe

rd

e 'S Ve 2.44

/ %))

R — 5 £(ms)

! 2 2.3~3 _ 4+

t +
i) = i) + T VD = o+ L{atat = 3t°
o ———

Ve Ldifde = (g) Hag(4te-t) = U-tle?
=vi = (U-De-t](4te-t) = 4t @-t)e-?*
W= Y2012 = '/z(‘/4)(4tC'*)z = 2tte-"t
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Ex.T7-15 v = Ldi/de = Yzeli/dk

: teo . ) o teo
1#) = 7(.>t oi Ee S.oVQ) - I Dctel
-2(t-2) letez2 -] lete

lo} tyx2 O t>2

now PLH:VLHiUr) = {ft " ::f‘,

2(t-2) |1<«tcez
(o} t>2

—

t
Wit = Wa) + § pi)at a2 teo: w(B)=0 since p)=0
te octel: W) j4tcu: 2t?

letez i wit)s wu)+j4(t AL

= 2t°- %t +d
t>2: w(,f)-w(z)_

= _ 3 3
Ex. 116 Leq= 34645
3 3 4 7 = b = l4mH
P
Lt(‘ 5 4 s 5

Ex. 1-17 z : z

leg © ,_,%

Ex 1-1% L= ‘- ""-7_
J“‘S\Tdi.‘l'((') 5 bz- S\fdat-l- lzZ‘.’)

50 L= '-‘-S\IdJ:-l'—L S\J‘oLE , Now also ( = J‘Slfo'-t‘ﬂfo)

- L'l - '/L| E\’d—t - '/Ll = E_z;_

o o -

U W fuar Mt Litba
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Ex. 7-19 R N 'q kvt ()leﬂ‘(oop Vi= Vo -Ri(
: i Ve also : L= -¢dVe/jy

= Vot KC.A-VC'/&

bw!- Y, -_AvL = _Avs-Ar\c.aLUe./# w)

also from KvL @ ¢ Vo= Vi4Ve = -Vo 4V (2)

&lu«nj “for Ve in (2) and p‘u.j mj nte (1) 3neld—4.

RC('f'/R)dV° + .ae = -Vs

for A e : <l+/A)=: and ‘L:. =0
. left with. RCdVo = — Vs  ,p dV, - = Vs
Ft E - &C;
= VLW -%06) = - ‘/ﬂc,j Vo dt
[+
also for Ay Vi=0 = V, =V,

t
Co Wl = - g [edt ¢ ve)
o]

~—

Ex 1-20 N ¢
’v;=~ﬂC$'Uson' -{-‘U;(o.)
%
=~g§° 54T + )
= —-lot +39 \Y) +=o
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Problems . ~
P I-1 vi)s Vo) + e idt =25+ 2 gx«o‘*j lonio-3)e-b"as
25 + {soj g-“cbt

t
25 + l‘SD[— ’/bt_' é*l
4]

I

V() (06 -25e-6ty

P-7"Z. at t=ot Vc(O*);'Vc(O‘): 40V7

Le
+% o F rom Voltage divider V(ot)=Vc(6%)
V_ e v{ Vso pF From o @ge qviae Vet - ‘;V [.%HZ.]

Vv r) ’ f) ~ ‘l_iﬁ_v - V
Now ciccb(to) - lccﬁo - sof “L>- (60 s
P7-3 at t=o' = Vo =Viom) =9v and i, =] (07 = 44

3y

24y —COTi (x 24v 3
2n PEXY ) :52@ . ImHE Vi
SHETHY Imkge AT mHE |
= 4

—SiquA
ave D vL+3+3<4)f<5 =0 Vilefl=-13y = didet) V‘L_i’”_--Z%gﬁ
kv 9 : =3-24 = (x=-9A
Ut + Vv
<. 4(_:4—LX = ‘2./:\ = d;/:éO): (2(0)- bo/P.S

2¢-3t)mp =25 (1-2¢-2%) WA

P-4 ) !, b= Vaoo = ol -

LO v == soka .
(-1 i Lo cAap = (10)(-2)(~ e ) = zoetia
Lol ) s 25+ 1506 -2 uA

PI-5 Vo= V(o)+‘/cj1:aﬁt and c1=C,V
CV = CVie) + jiobt T Vo) + it &« since U = Constant

lSOPC. - (ISHF)(SV)
25ma

t = cz-i:v(o)

f = 3,.,75
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PI-¢ (a) when d.n'achar‘j[nﬁ 2 A . .- - cdvyy

t.
o Se V) V) - e [k
t=bms vie) = (o - /en [ C10dt 6,

) /
= Z'SV
¥}

t=loms V(o) = V(6) — '/(,,)j(.s-.oat)au:

—

"

2.8 = (0[ (3)(10-) - .05 (160~ 36)]
-4v

]

(b) Aw = W(D) - W(ioms)
= ‘/ch(o)z— rys V((os)l
S Y (D[ (4)] = 4.992 mT

o A lo
P.7-7 I —{— i H
zl}/u = = = - = F—lu
4 u A T
b P
Teed + T ' “q
Ce Ce
% Ceq, %
L _ . L =
Cﬂ.c‘- Foy +2.4- =‘.>C83 lemf
P T1-3 1t) = c /gt 5o reac off slope of Vett) to jt'l‘ L)
PUY = Ve ilh) = somultiply Velt) & L) curves To get plt)
i(MA)T
‘ {40
= | Tt
- 40
P(mu)/\
A1 _
-1 / ] 2 t
- %064
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P7-9  simplify circuit

lopf v, 2Ky,

Gov a —]:56”14,}']' ']—lof Ccc‘,= (4 +10 = Z‘i].LF
(# {»T“ s 17

Cc‘bl C‘til
ekt v,
L 1 (2-Ceqe
by o= o = Spuf Ceqr = 848 = (6o uf
%D ?JT%P T 'erey i a
Ctil
4 le.'F

v
q * bj insptction. V2 =45 v
now rvcdr‘a:.o ckt.
-V =cV d 5ince charge femains
+ [ + now c6 C an tn¢ 3 n
45{; Iz TI 4 io’__:_L‘_z_o v the Same ON each Pkd-c-) c( V‘ = Qsz
© -

- or =\ ‘Z.Vx = Ce%, vV, = 24 v, (l)

c
tcbl from KVL_(’Z 4s :Vx-l»V, (2)
Solving W g (2) yields v, < 15v

bi" insptd‘ioﬂ. v="v, =5y

t
P.7-lo  Velt)=Veto) + Ve [ {dt
o

Vets) + Jf 50 s (lot+T. ) dt
(&)

]

(Veto) -5/25ia™ 1 + 2lzsiniot + Ve)
now =fince VLH)QUL =0 V¢(0)=5/26ifln/b
o Vo) =2z sinliot + M) v

o.' Wmax = l/ZCVc:‘ax = I/Z(Z- )Czs)z= QZSHT

firot non-ntjaHu¢ t for max encrjn} occurs :
6t + T, = V2

=2 t=Ma = 6.10497 »
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P 1-11 W =

Vzev?: = V={zw = [2(cP) = 4o(5 -5t
/L C «00o |
Ve1) = doi5¢-5¢" = 54.25,

i(+) = C dUc/di‘ = (IO'a)(_s)(qorgc-Gl') = 7{§ C,"gf
., i(.l): ‘/r-st-gfol): O.;{_?I,} A .

P 7-12  find max. volf-aﬁc across cotl

Vit) = Ldi/dt = z2oo[loo (400) tosdoot] v
S Vmax = %XIDGV
thus have o tield of $a10°v/3m = 4x10° Vm
Wwhich exceeds diclectric Si'r‘c,ngth in ait of
3% (0% Vi will jef a d{schan3¢ as the
air (s (onizecl.

P 7-13 U= 2xt0-*sin?t A

V) = Ldifde = (o1) (4xi6-3) sint cost = 4xi0-Ssint oot v
PG =y o= (dxto-Ssintesst)(zxiom25in? t)

= 8xi0-t 5in*t eost W
W) = Y2 LiG) = W(34) = Yz (o) (4xi645in* (37))

= SxloYT = 58T

PT-14 at t=o (Lot =i lo) = SmA

2ov Imh o) Tmh ¢ o) 2k TiHe i)

KL D 2 Tic(oh) + VUot) + 21 (6%) =ID = O

> Vo) = 1o-9(5) = ~235voHts
now Vi (t)+ Ldi/cu;

< d-_‘._‘-(°+) = VL(D+) = '.3_5.. = -SA/mS
dt 7 7
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P7-15 - " 10% 0 24 (0% 2 3 36
e I oo
12 5 T 5 ls o 7
+ b
Lect Le«b

Le

I/L“b =Wyt Viea = {_ccB = 27;1H

P1-1o Vult) = Ldi/de
= Con[(5t+s)e-t] = (os)(i-t)e-t
coplt) = Vi = 2st (et

for max pW) take dPyy =0 = Zt*-4t+l=0

= t:.293, 1707
P(.293) = .023%w | P(L701) = -.0099 W

o tmax = - 213 since PO

- _—
wi#) = [ pHdt = _{t 25t (I-t)e- 2t = Vgtie-2t
o o

or wi) may | take dw/gr =0 = -2t*+2t =0

atmzls

- -3 o OIH . ]
SR o V= Ldilele + l0¢

= (1) (de-t-dte-t) + 1ol4te-t)

= 0de-t+ 239 06te-t yoits

P.I-tg Vo= L/t

Qtt:[m‘:: d*;/dx=,_!:_:ﬁ_-_2_. = ‘A/S

2-0

t
e Vlims) = (co2)U1) = 0.0z velts

t=lbms : di/ir =AI‘/At = O;f‘” = 2%

Vilems) = (.02)(2) = 0.04 wolts
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5040 loomH

P19 <
v, T
O (W 3t Ope ™ g@)= oY

i C s =3em2 4yt l—i«(v') + R[E poole” 2] =g

- 200t
et et gt e[+ 0] =0

+ e

- 2.4 + R(-03) =0
= R=- 2.4 = 3oL
03

‘ P1-z0 at t=0"

2v
t - kve C: =Ve(e) + 32 -15 =D
Vc Isv$ Ska@® 3mA
- *{ ; A Vo) = Vecot) = 1T

at t=o'
32v 3Zv
uF — l'lv ? v %W%Mmé "[ l]v % ;‘%mh %S } ImA
E-c¢ l 4K
{ 22 ke
o -EZPF—S . -3 v

kv J 5/3 + i, -3z2+11=0 D Lclot) = 6mA

now L.(o*) = cdlete] 4 dudet | bemA 3 V/ms
dt dt uF -

P.T-21 simplify ckt.

i THmH i let Ly =i tiy = Llo) +Uylolrgan® [ Se-2% gt
socot L t o
08¢ v = —'.7-rl.8:(lb‘3j e -5t 4t
3opufF

)
= Lo - 0.3t g
alse Ly = CVar =@ Aoon)et = —2e-%%1 g

L) s LWt @) = Lob - At g

/3]



P -2 =l e e for c.nerju'es to be the samte
% =S (L2 = U2 eyt

now> LN sfcadtj state V=0 = Ve =1 L
Li2 = ¢(iR)? = R= Y% = [Zx5 | 2D

Sxlp—6

2
P7-23 (@ o—= = y "
IZo 74 372 20
ﬁ =
Lc:% _ }f‘)q/i 21 . 224
N2 2 0%

24
Lc:l‘= Z t(073t 24 = 3tY3mH Lc%r» ;

leg = 2 24Cets) _

24+ 1613
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P-4 @ a-—v.u‘.,u 24 % : !
L“F 17

4L¢1= o+ 24)C612) _

24+t

P.725 S

A
60:,_-‘. LR = (5xlo-3e-#t) () = 2.6x-*e %t w
Py = Wil = Lidide
= (.l)(Sx(o'gc‘ﬂ.) (- leb”tJ"') T - ,O'se"“ W
% El'ofc( = P«o.n_+ 6:.(« = Z.A4xo~%e-¥w = (24 mw
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at S’ru.)-‘-si—ai&
B Ve (o) = Ve (o*) = 16V
2 u € L i
— - ey L +\ - 16
Vch_??“- v <gan wd o) =a (o) s 37 BA
O)C t—‘o* gn__
p. (c. 4-‘);' -
=T VER LY Lib v tBR) =0 = U f)so
6
5 e 20 kel ot P —S-l:c -l =0 ( (0*)=‘7A
A L c
Q KL a*Q: S+i-8=0 = [14)=3A
. * N
-‘[&% dll’lo ) = \)-L(o*)::.o ad d“l)é(o*)z /LC(OQ = il :_B'SB;
at . at c A pF A
FI-27 o

T nofe that a short ckt (s across the
3 = o lsF CCLPCLCl"l‘O(‘. Since Vlc;f- =0 5%(; =0
P,__A(_ﬁ ] <. eliminate the ISUF cupacitor
7 L
wl AT

T 6 ;
3 = 3\/:L L2 3
o—m D—AF—I—J o—z)——]

°_”__l
Cee = G(I12) 4 uF
4 R B Cc:br» D_*_T
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p 1-28 R t From UOH'ajc divider V, = %3 Ve

[
!

tco . V¢=O o V.(+)=D

Oete.d : Velt) = V(o) + Ae-/RE ‘
find R : Kill source = R= ¢/[(4+4) = 4k a

findVe(e). 1 at t=w capaciter = open ck+
from voltage divider

Ve (o) = Vs(%:) =‘1(%): v

V¢L+):6+At_2.5t
Veo)=0=6b +A = A==l = Vclt)= Q,_(pt-z’sf:

VW) = 4-4e-28t

t>.3 Ve€.3) = b-Gbe-25G3) - 3 4Ly

SOV l) = V(3 e - 2s(tm-3)
- Bt e oS (03
“ Vo(t) = Z.le - 2s(t-.3) v

P7-29 Total energy extracted. = PAt =0Bxistw)(3eo0s) = Lodxio® T

ln[{'r'a(lﬁ Cehauve W =12CV*®
3
S 0= Yo 23108 x0°) | 21400 F
v lco*
Stze of capacitor = 26oo ¢ ({o‘&F)< lem® ) =2.xiotcm?
F lO}.LF 3
2160 mMm

[

h’lucf\, 'ILOG b(-g .

f.1-30  max. tharge en tapacitor = CV
bxls® ¢

]
o~
o
]
()]
.
o’
~
6"
<
A
n

bxlo-SC

At = A = —— T lDSCC,

T% (0-S A _
= W=llzev®

Stored. energy
= I, (lopF)(6v)® = IRop I

14]



P _ + Vi
7 5 l f———”r——l kl C = S_lLZ- = .G;(-—‘Z) - 4’LF
lodv C Ce Vs GI‘F CP v Cr (‘.,sz_ 6ti2

Cec = C5C = 4(6) -2.4
1 CtCp 416 KF

¢ =buF,Cy = (2pF
e cBT = Ceel (loov) = = 24x10"(100) = 2401,, C

50 have Z40puC ot GpF and (ZpF Capacrtors
2V, = ‘"‘tr/cl; 240"C/lp,,¢|= = 40v
Vo = 240“%2}_((: - 20V
- 240G =
Vs H/’O}‘-F = 4ov

P_)"33 v o= di;+ .L- dt L)
c, t _Yt t - cmjtdt
s0 Un - //C.u
Zen
v Za ey
n=i
-forN=3=>\)'__7<‘— e - L
v ke e

C%‘:i So CL_ﬁf = ((ot)
t=ot

eve Ve + L%-KJJ&:O

=V (o) + L ?&LI _ R.iﬁlo*) =0
t=ot

Pr1-24 for T30 = Lc,-'-‘

af t=o" koot

: de ) _ R /. (st) — t)}_@)
TRORS ‘lf e d*L L@ =
D (glo*) = 2A since, ( Cannot dm?v.'fran o)
at t=0
then di - oAk () - AR
at L C L




(g Vetom) = (8) o = IS0V () = ©.
[— lSn.f e DA VL(Q‘) :Q! ‘.'L (0-) = M
T i, -Vf Ve lo') = I5(-10) = - ISOV tglo)= -10A
t=0ot . ‘ '
T V,(of) = Ve (07) = Isov Lot =10) =
4 s (bl i) - 4a- ‘—"‘- y
“O g e LAy st)s —L(8) = -ov  RE)= Ha-lon:-
- V_(0) = Vgle) tVe(&) = OV L L) = (g(c") + 1A
::ji
P7-3, t=0
A L Rt : -2u-(o(-ti§¢z a)
j So‘ung w) c (2) 3 Wo)=C= LA
l2lo) = (2= ~4A
now V(o) = VU = 31, +6t
= 8(-9) + L(1) 3V
t.ZP_* LA source can be removed. fom rest of cirauit

i Tl LM =) =leA
+
(B @av V' (ot) = W(07) = BOv
KvL : -2+\l‘+2£+Léd‘-f zo

ol%t).. i [2-veh -2ien] 2(2-%6 -200) = -220%

(.(Of) c du‘(o"’! 3 d.l/'(0+) - l(z*) ,(/:. ~ %0 v/b
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t. t. t
Pa-37 W)= ve)+Lfi®at o+ L[ (W)at = 2( ot at
o ] [
= lot? oct <]
Vi) =1lo ¢
Mt)= o+ 2 [ 1odt = 20T -0 letez
i
V(2)= 30 ¢
M(t) = 30+2 [ (42-kt)dt = 84t-(ti74 2¢t¢3
2
-~ 24 . t
V(3)= 34§ v (t) = 344 2f Ce)dt = To-12t 3etcd
ri4)= 22 - . ?
) y V(t)= 224 zJ’t(-soH.t)d.f = bt*-bot +lee  q<tes
= . 4
W5) = o 3 \"‘,tl: “DfZ.Jt(O)drt = b Sectee
. 5
plt) = () = (loot? octe
ot-loo l ete?
256t3- 2olet®+ 4712t - 3108 2¢te 3
12t - 420 3<tc4
3tt?-s40t%+ a7t - 49930 4 <ctes
(o} Sctey
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P1-37 (Con-/-inmd)
We=sevi=4(s)vr =VYav™

254 octe]
= \Yloot?-l0ot+ 25 ';::3 ,
G- 61213+ 2356t™- 3108t + 1369 <
3ti-420t + (225 3¢te 4
t4- 1301341393t % 490t + L339 »
K 4ctes 100
b4 5c¢tey, ~
g o \
-100
<200
.3000 3
35 N 350 ‘im
5 250
g / N\ - \

&
\
w(t)

P 7-3% Cl Al
V. é_’ b *
S

T- LI v,

@) ketatA: cd (Vo-vp) = V,‘pl

d
> Vs cdv - -Vo _ Vo
C‘I‘F* A 2}' - —HR ra

assume AN | and V, 3y V¢
= V, = -RcdVs |
dE

“

(b) K.C— = Vlo

|

‘ - -
let R=loka = C=A>({o4) = 16=5F - IOMF
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Advanced Problems

]
k-
OQ:-?.-.L
&

-t+l ,5<t=2 .15

AP -1 L@ - { t o<t =5 v
t-2 Is5stezas

ost .5,
U= Veftdt = t*he = sot®  @t=.s Wes)zlasv
[

54t <15
t
V=Y § ((tinde +V(s)
5

looo [_4+2% -
= "t'l- at %]flag

= -500t%+ looot ~as o
att=Ls J.5)=1lasv

Is«t<£.s "
V= I/L.Jt(t‘-?)ali + W(l.s) = looo[-f{z --}t] + las
s IS

= s00t%- 2000t + 2000

AP '7"2' Ll—) L
. JULA \).;':- clgudt
v, " NOTE teogan t 4 fuat
o = )
TV g%
e 7!72
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RP -3 iM/DDIuF for the capacitor o (07 "’/aoxlo F - wom/F

with J, =5oov = trergy stoced.= Yac y®
we ntedl W= (560 watts x 3600 3%/he =54x10° T

50 (= dW. = 432F
(4
si12e:  43.2F -o432,.,_—75cnx7bom_x7éam,

loor-/ m = not V(Na p('ac.'hcal

Design Froblems

PP -1 we have ) =32 =5 z Wo) - R 30 = 20
A KR 24R

both. relations aboue are satisfied for R= 412

Checte: V(o) = Qi) = A(3.7) = 7‘1v ok

41



DP -3 at t=0
8 3o Vo) = LVs

la
/YW\

L) - ’:1 Vo)

'f ._.o'l‘ . ) . .
9’——%‘—{— a2 now dtet) - 1.lt) and (L)L) =0
S CRt dt .
% ‘c“’]-_ at top node : ‘!:B_Vé-rq_-f le =O
o) = Vel Va3
AVe - gg-L(Va-3) oV, =2y
AN 2=

DP 1- 4 L2 = Lev? () & in ‘Shadc; state

now In de (- l}‘/&

L
56 (1) becomes L(%)z"c"&z = %

then ﬁ.?JT‘/:.’\l‘,l%-?i:m T bz

S0 K=lcpaz
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Chopter 3

Exercises

. kvi @ : Lditjye + Ric=o0
E.X-?"’ @'\ d';"/dt + V;_il. =D

infcjmﬁ' both sides leads to :
Qo (i) +ite)) = - RAEL
B ) = g e- Nt
from fiqure 7-9 intext = i,_(o) = v°/&
Co W) = Vg e At

Ex 3-2 T=Rc = (16°%) (10 >F) = loco s
t
V() =V, e VE oy g Tee
at t=lcos - C"‘ = 0.905 & Db of intial Jalue

(2]

Ex. §-3 at t30

. ° 3 _“ - Py -

.T@'ea_ 1) = L(t?)c"(("t = UM e Yor t | Llo*)e
L * [ ] L ] -

now Lo-) = Llot) = A e L) =ge-l900t p

Koot

Ex.8-4 af txo

t
* V) = V@) £ - TRE - vit) e - Mo
30“0:4’?’:—@ 2apio= Moz =Viot)e - {15t

now V(=) = lbv = V(ot) Ce V) = lpe-ktISt
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"‘D_

lov ()

Ex. 8-b

Ex. 381

t=0o

854 " sa

. loa = 2
From cutrent divider 3%‘?_ ryrovili A
v o) =Y = R/7 A

t=o'
L| =.2H

Rl = lot20 - 30 = |oos!
bngzo-m .'+.z ‘3
. . _ t _
(B = (e o 3pe-toot g

Ly=.lH

ioo'th

From Ex.1-1 (1= %e-!
W) = Vel io)? = Ya(o?) () =.032 T
want time whcmt

Yo weo) = [ i*Rdt

t
-0l = § (g:»'W*)U.ﬁ)ou:

)
= sz (1-e-3e0°t)
3400

60(0?:)2 for t = t-= ‘-72‘5X[o‘4

from €x.7-3 V(,ﬂ e --41St

t 2
w ) =Jb V/&d_t J’ (weo./:nsf) dt

= . Z.Jg,“ 3:'Std.t =-'s'.|z<‘_c-3.7st) T

|50



R = resistance of the switch and line

when t=0, the sfored enerqy (s -'2 eVt =57
when t= bms , the transferred eneeg (S
WT = % cvsz( -e” Qt/&C)
= 5(-¢" ax6x0~Yfsp k(o3¢ 2x 167 )
=5(l-e*) = 99 T
So remaining enerqy i the capacitor (5 W, =5-4.91-0.09 T
now _u.i@_- = 0.0q # "i

Lot % Cnuﬁ.} U+ Nma;ning
: ke -t/Re
- |V —
Now L=-cdV . C&\ﬁjc_ € .‘li‘zc\f»r‘c
=32.15 A
2 (omi{
Ex.8-9 = Lo 2t di ¢+ 4;
1 : b . f =
3 L 1 kve @ L AR (o:)a.JE 4. =0

Y di 4 3i=0
dz
S S5t300=0 = 5=-3s60
Sl = L) e- 300t 2e-30t,

Ex.8-10

]+ KeLat top nede = 4y + ¥ + (oo WVat =0
‘1\/% l.n.% mf== v § % + Sco6V =0

S+S000 =0 P S5=-Sp00
s V@) = Vio)e - Seoot - [pe-socot

| i kel s 5\;'1' Zﬁf,w4d0'-

v
~ [4mF ‘lﬂ
T dx+132nr~o

g t”":) = Wo)e - 1321t

. t: 3&-|3th
So ‘.U'): %e-,au A

Ex %f”

|5]



Ex.3- 12 att=o- (‘.ﬁ‘cadg -state)

i % 1(0-)=
dov & o‘:;)i' loo -

OVfion = 44 = i_lo*)

o¢ctcecioms
L) = (o) =Rt Where K= 25/floo =200
W) = 4.- 200t g
t> loms
kL (t-.0)

1611{;214H L) = 2 (oms) e
Llloms) = 4o -200(-00) _ .54A

LH) = .54 ¢ - 2% (t-o1)
L4 . S4e - 2so (t-.01) A

Ex. 8-13 of t=0- (s‘t“caolg-s'fa‘fc)

(ov ":vto-) Vio™) = V(o*) = Ibv

octe 25
‘ -144)('11) _ _ta
4_,2% hrg *y Vi) = VoY e = loe v

t>2s
. - - (‘t-z)/g

m‘a V@ =vEzYe ¢ wheR=qle =240
V@)= |pe- V2 _ 3.68v

SV s 3age - (S anla) | g g (Ve
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Problems

Ps-i at t=o0" C‘a‘f'tadj -state)
- Ve (o) = Ve (0%) = (6mA)(Ska)= 20V
(amA(ig I2k2 %Sr:::" %SK.Q (o (o mA) (5ka)
at t=o7
Yao wF

L Lot) = 'SO%DKJL:—':BMH
t30, 20k

tyo

~C
i) = () e tRE o L3 -tMps® 5 oost

mA

P8-2 at t=0"

s . .
OV PC wio)= [ oY) = Sv/s4 = 3A

= L7)

for t30 ?
] LH) = L) e - nt o) e 3T
L'Trim . . . 5 -t
| now Lo = 1. l6) = 3 S L) =3, -900

P g-3 ) at t=0~ (‘;'l‘mdg,-&faf‘c)
tx

o KVL()':K: -36 f(DZK*la([X-;L)zo
L G + @iy -121, =D (
36\, 9 L ] 3‘ %LX. QlL C)
kv Cie: Qi +i2(i-i,)=0
ZOZL-IQ(',( =0 (z')

Selving W & @) gf'c'dﬁ LL(o-) = Lulot) = 2A

“for tao

loff40 =3 L ) . RILt o+
Q“%ﬁ . L @)=t o)e- = ze- """
i

from current divider L&) = L () [,;[‘::40] = Yse-otA

15>



Vet Vt
(Vu- \/g )

50;4F+ Kct at top node goo t 30s T sox(5-edVe/ 4 = 0
5°° y 4oy, + 20V, + 3dVe/gr =0 ()

V) -b
Tooo = 50x6 " L (2)

p(uaj[nj (2) into (1) jfcldf: % + 2V =0

S+2=0 = S5=-272
o Vet = V¢(o)c‘2‘t = 6e-%ty

P85 at t=0" (‘Sfcadg - Gtate )

=l

Y Vilol) =0 . 1(07) = bA =t (o)

for t>0
( - 2ot

= (L . . _K/‘_t__
[P

P.g-6 att=0" (s‘f‘chz state)

I ¢ B
o,f t‘-‘o
. 1 from VoH'o.je, divider
v 24 4f Tiov Viot) = [0 & =
20 - ) (0) {JL‘}-H]- g\/

for t306
V() = V(o) e~ e = gg‘t/(g?""°) = ge-t
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£37 at t=o- (sfcadg state)

4
’”—%.omé o jﬁkvC Ve(o=)= - (RA)(ISL) = -3py = Vc(6t)

CL“' t:o*
do2

+ - \/olfage divider
v bon =— Jov
- % } + Vory s -3ov [ 22z ] = - 14y
for t3o
: t t } ‘
V(it) = vio)e ™ L —Re- /(1001 1x10°%) - _lge-loot,

P38 atf t=o (‘a'fcacl(; state )
9

h Current division
% lm% 94 3 } ES DitA s¥a2 L
% % * source iLlo) = 14( X uq

transforms - 24

at t=ot ) .
. loF)=ies)= 2A  .o. Viot)s 9(2) =%y

<[P

for t>0
R 1z .
Sy e viore ~ Tt gt L g 21t
P.g'q ’t:o- 3V {Sftad ~$+Qf'€.)

v
| 5
t an +
Z.GAéz.ﬂ.% IIJL%LV] vac = 264 'Z?.n v' » -VL
—

L
' Vi (0°) = (z.zm)(%) = 4.4v
o Velom)=Vetot) = Vi +1ay, = 13(4.4) = ST.2v

for +30 short ckt across |l +. V, =0
4n Yre -%2st v

M1+ Ve®) = Ve (o) e = S7.2 ¢
T‘i’F Ve . Ve () 3.2st
LT )= - 5 = -143e"7 A

“—{ _

155



P- 3-10 't=c> (’af‘cadj S‘f‘af’e
Sthce No current :Flowfh}

X j [%
Ve
3k V. (5-) = V (ot I5
+ 1.5 o ot) = v
&> lo kN

120
_ _t/re
_L/M_EI/;-,VF 248 = bk Ve (t) =Veto) &
R i l.sv lek where R = bka
C = Vset/a7= JIg hF
t L
Ve s[5 Analyt] L5 -3t
. . 3000t
L = kxo d"‘/az,t = 9 ()ET = S/a -
P 8-1l t=0" (S‘f‘cadg state)
3.
‘ Kvi Cs -6i + i +40=0
11_
21 (o7)=1,(6%) = -1
Ise® dov 7.0.{ jsa%}%v Lo 2 (67) = -0h
L‘——%——q
by
10
3
: keL at : Vsp d'“/dr + iL - Vs =0
ySoH _L) | P 3 .
1a s L %odﬁ-‘- fS;L-V:O (.l)
e kv C: V—(oi,_-r"l(v/(s) t Vsodi‘-/cbt =0
b2y -q0i + Yodir =6 (2)
Solu{nj for Vin (1) and plugjinj into (20 jields

dic 1=

== blL=0

+ 96 1, |
3 5t+t9% =0 = S=-906

i,_(.ﬂ = 1, (o) =Tt - _dpe-Tet 4

but V) = 151.4) + Yo A Hdk
VH) = —ooe-Fet 4 384e-Tet = _zip et
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P12 t=o0" (‘:’rch(} state)

. i,_(o-) = f.,_(o*) = 4mA
Ska Ve L
© Ve (67) =V (61) =3k (4mA) = [T v

4mA
tso . 3
‘/SG;JF $lu -%— = :::o_g = 8 Xlo4
SRQ% +VL- %3"{’- Q.nCL SOMH
. R/t
t . _RiL
Velt)=Ve (o) e~ fec 7~L(+): Le(o)e
= [2 e” t/(txlo‘)(txlb‘") I:L(*) - 4_ e- %O'OOOth

~———

Vel = ey

P 3-13 | t=0" (‘:ﬁ'cadt} state)

ha . )
8% . Kvi@®: —-s5a+i1’i + %31 =0
=7 2.

Sav b L 3 i(o™) = 16/3q A
2. l‘l.= i(%z): 2A = iLlof)

octesims

3
LY Rz zeea

Y Y ?;‘ 1#) = y)e
W) = 2e -6t 4

o) = ) (&,) = ¥se-“ta

t>sims
iz 2N R/L(E-. o51) R- 140

» V() = Lisims)e ™ =
| 2 (5ime) = z/3¢'6<'051)-‘ .47

v‘o i,(f) = l,17c-14’('t"‘.051) A
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P g-1% t=0" . (sfcad? state)
— (o)

3 - (bOV  _

L(6) = L(ot) = 75 SOR

N
I3

>0
loH

S iy
o

(A
o W= [ i%Rdt
©

Y]

(1) = ilo)e- Vot - gpe--1t

2 Lo
(so)4) | e~ ~tax

Y

-3
bO
= 104(3--81'){ = l.2sxio’ T
E AR
P 3-i5 t=o0" (sfcadz state) .

10 —y i = I

o o . _ =o { + - a-—7 ‘50/‘5 =
Current divider Lilo7) =1lot) = &1 (5—_9/,5+4b 2017 A

oct<d4dms

loom# .

= 1) = 1(0) - At R=son , L=.IH
{ .
o fon. L(4) =. Zo?’)g"s‘x’t A

and 1(4ms) = .2c17e " >0 oo L0281 A

+ > 4m5sS

P kve C: ot t (DA/de + ki =0

to.r?_ki. W odi + lo(lo+k)| =0
dt

P (4) = i(qms)e__lo(to-f-K)(t-.OO‘f) A

. - (t-.0
tit) = .o0agle zoo(t-.004) A

if k=10 :
L) = .o2slet lo(t-.004) A

1f k=-q :
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P.g-15 (Conh’r\ued‘)
for k=10
1 (+)

0. 2071 e-°t opetedms
{o.oz%le-u"“"wﬂ t>¢mo

for K=-1l

1 (4)

0.2611e-5%°t  occtedms
6.0231e0E %) 45 4ms

f.g-1e t=o- (‘51'6'&‘1'} state)

2A +v(°-) V(o-) =V(o*) = (24 N s52)= lov

oct clooms

. V(t) = V(o) e~ tlke
oA lomF V(:f') = loe - t/(‘?:)(Ol) = [oe_'ut Volts

>
t>iooms o)
(a)(ol)

lomF == * V(#) = V(leoms) e~
m v $2offs=4n V(iooms) = b e~ 2° ¢ _ | as
- Oo0Om = e = | v

SV = L3g e - 28 (BN Valts
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p.g-11 () t=0" ‘(S‘f'tad? state)

[Ov \ \;:. IF V,(D')z ‘OV
- W, (07) = Iz ¢, V,(07) = Y2 (1) (1o) = s6J
(b) t>o0 .
+ r—j]t"‘ kve ‘VI*VL""d'Vl/dI =6
|2
naw 1= i, = -1, 2 d’v‘/d.t =- Gy = - L ¢2)

| . . . :
from () 4 z) -‘-) %‘t + AL =0 D 7.(+)=L(o)t'2t
t=0o"

lov ov 1ot = %% q = oA S L) = loc‘zt
okl (R

with 1= Mgy - Ay

t
VZ(+):Va(o)~++jt[dt = 10fe-Mat = 5(1-e72)y

° ¢ o
Vilt) = vilo) + ’:"f(-i)cu: =lo-5(-¢-2%) = 5(1+e )y
o)
e We, (4) =2 e, v, ? = (‘/z_)(r)[s(”c-zt):]l: 25014 e tT

We,lt) = V2 ¢, V" = 2.5 (1-e-2t)t T

¢
We (t) =j V2R dt
(]

]

t
Jwermat = 25 (1-e-%) T

(o)
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P13  t=o-"

assume M = voltage across l0mF capaciter = 3volts
9 P

oct < om5

with R nujl,‘ﬂi.bhj Sma!l, We may assume a static sfmd«z—
state situation 15 obtained. in the ¢ircuit f)f’o.l‘fl—},
tnstantaneou sl (t=o+), Thus wLthe

both capacitors (n parellef the

Lommon volfage (5 obtained. bt} lwff:[‘_{/—]‘ml’-*:
(‘_onsldcr’[ng chanzc conservation. —
at t=0o"

3 Qeopr T eV = (louf)(3v) = 3copc
qeoous < cV = (4eopF) (o) = o
et = Yoot o = Jeopl

at t=o7 | %(oo +<:L4oo = 300G

now uef'nc} 1 =cv = (eouf)(v) + (doourF)(v) = 3couC
= V= 0.6 wlits

loms < t ¢ |5

Com blne (onF é400y.F in parallel to obtain.

‘BOFF_I_ \; gRL: [k wlf'h. V((Omé) = 0.bvV

! -
UIE) = Vloms) e ™ /oe LE7-01)
- Ol e- (t=-01)/P)exio-5)
Vid) = 0.6 e—'z's(t"'o‘) volts

bl



P g-19 Rfter the TV set (s switched. off,
Ve (t) = 2pe-tRe
= ZOe.'t/(‘“)(“"“) = 20e--9t vy

After 30sec,

Ve (30) = 20e~3 = 4.2 KV = Shock, Vo(f'03e,
If in contuct with eircuit for onl 2 sec. =
L assume Vo Hu?" RS o.ppr‘ox,irna‘r

eh} tonstant.
S W= PA‘t = %ZA'L'

= (492 kv)* (U2s)
(loka)

W = ||kT

Pz U=z } W(t) = Boce ~/*
Vo) = Ov
- 'l
at t=.35s 3 V(.25) = %ve = (49v
e At _ 18930 = .63
23 %”::.‘162. = Lt-0.541s
mow t=.541= Re = 20x 00> C

= Cc-= '__.__,:541 = Qx10-*F = QuF
QWX 10 i

Pg-al =Lt 4ol - %-::o = 10" s

4 dﬁug = LOXbOX 1% = 16)400 sec

- 3.6tx10t fpe

S0 (= I = .qu’ I, & clrops 9.4 %

(62



P d-aa =% - Yo s
l(f) = l:(o)c,'t/t now L‘(O) = -GA
> (@) ~-ge-l°t

v 2t 3t 4% d‘%¢t=50c"°t

Lt
' t t=o di) -50%
(@® , a
(A) dt
-5

P3-23 T=Re , L0)=6mA ; ()=o)t
for t= T > Ut)=10)e- T < ((o)e!

(bx1072) (- 348)

= 2.amA
s0 t=t = ams from curve
SOl = (pc—Sooth
ancl RC = ams

S0 C = a—’l‘%s z QuF

P 4-24 teo | -

Sy e
u.s«'ng kve ¢ V+ .!'.%:n. +5(3( )0 a)
£ #% tl =0 @)
ket atfoptodt = =iy 13004, )

fom 3) t (2) ?{,-r 3 % il o o

se hauve (((t)= (L(6)e” e tels

I:L«') = |0e -t A

Soul)s Fik): geta

So from () get V{t) = -S/4e-1 yotts

b3



Pd-as t=o" (‘ofcaclta state)

p= ——— T=3R
22 Tavea ¢

Voo )sVelst) = Al = V4 v

F?A

¢t e.3 clos«'nj the right most switch shorts out 12 in parallel
with "8 source and isolates T4 source (taumg\
ket at @ s ‘3‘/_'( +50(, +tc+§-~o ) ‘——-H-—————-
_ a
kew af bs VetVx -5( + YetlUx .5 (2) - _Wv-—L;.
. L -
also ¢ g = -2 d'u‘-/dt (3) +'b ’v“f\:l

plujjin? (3) into (1) ¢ (2) €+6~cn ehminatiog UV, yield) V‘*}Vc

so have V. () = Ve loYe - Mt = g 4t ) Lo Rdde o -2, %t

40
s0 from (1) have Uilt) = 240, +3V; = -4q.1¢e 4t

s .35
12.35 Vel.35) = Vg 74039 g,

4£{ ¢5((_ %lc(«l: now x= __V.c

: 6/4 + 50 C/;z +le O u)
also : = . QdVe/at (2)
fom (1) E () 3 dlyy + ’5/,,»\/L S W) B(28) e - (- 35)%
= .35, - Y8(t-.39)

- t
Pi-26 é——wv——_‘ L, W (#) = looe ~ /nc
[ [ 13.5
l cov .«ﬂ “T 367 = loog - |/ Rme
\.l.oi'l:r-n_t,lfcr. or RmcC =1(3.5

D g 195 3m 7 150pF
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Advanced froblems

- [', )= 36 !_Z; = = i . -
AP %-| L (07) G lg‘) 4 = (") 5o Llo)=-4A

: | 1
o =0 | Ry = 2 T s Yooz 18- la s

(H=—4e-ta )
.25 .5

.t

- clo™) = Ve :L'_. = .‘.V:(f:_Z__ =
AP 4-a  Veto) = V(oY) Msuz) v o) ZH(“o’) %V

Ry = boco L | 1T =Ryt = ©ocol1074) = .65 Vo(f)
s L) = Yz eheell, Y,

.t
l.s 3
AP 4-3 ® ignociag the larjc internal resistance  Ks
Lx ¢ 3 j
L Ks ‘ v, of the current soucce , we have
- —~ Vo = Ruls + Ly disfit
with i3 <AL S U, = At + LA
PbH"n? (sy % ' After a short fise time (duetoRs) v
\r,,is Ls(t) approaches linear felation. aboue .. K.x’-A/slopc

@) Lx = AAytr=s) | but becaust of the finite
) = T pise time above expression may not be
Uiy too accurate. For e more accurate

_t method. see Hewlett Packardl Joucnal,
October 1990, P9 15.
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AP 3-4 u.s(nj Crbuaﬁ'on. $-1% 3 W= eVf2((-emtRe)

of 1= -R& fafl- CV‘]
so t= - (100) (15~ - 2(o02s5) -
ot '—?——"Q"‘(_l (10-4)(24-)7'} .0l6ls = 10.Im$S
AP ¢-5 t=0" v
L) = V/54=5A
octe. 159 _
Left ckt. haue fight ckt. have qn 3R J,_LlF
Re = 21/ = ¥ RS el ‘ -
T Yy =Yy Yoo T TReLE XD 20
iu)=5c-z‘?’st A M za 3in
JA5ct<ls
u-*-"' 2F

(15) = L34A 4n {z«%\h
V(15) =% 6lv

ftjhfr ¢kt 1o unc,hanaeoL S W) = wes)e - (T as) = 36l -(t-.ls)v

bft ckt have 2= -%4:-.05 S (D)= ((,S)C-Zo(t 15)
= 184 ¢ - 20(t-118) 4

t ls

i eo ~ L&) =0 g I
VU = 3.3y
1t =Re = ()(.2) = .4 \4

V(f) = 3.L8¢c" <f‘|)/,4- - 3""%&-07-5(1:-])‘/

\)-




AP %0 W) = 20kv C=lo“F
t=zRe = (10¥)(l07®) = loos
assume he get inside the TV in 3sec. | So most of the Voltage

femains on the Capacitor. ' .
He fouchts acloss the Capacritor So '3"""‘"‘1 oo ML in pacalel withs

| M haue: ;
* .
!Pf]‘l;_;k—_\%ma_:(o“_a Lo)= __Zo:ao - 0.02A
(D = 2A0mA

stored. energy = W = Leve)*
z é (10°°) (zoxi0o®)* = 20071
bodcaz T2 07%(10°) = 1sec
So enerqy drain goes ke e
50 if he holds on for 477 = ¢ ste, he absotbs
v«'rfuall% all The energy.

~t/at

_ SRC = lofx 15* =
AP 4N T =RC = 0P l07%= Is }:)Vc(i‘)=5¢'-t/t
Vi (o) = Sv
now 5/, = \)(,(t,)=55't‘/7-'
et -6 3 ¢ =.L93s

L{t.) = ‘}(tl) - i/é_ =
100 Kk < (oS 254 A

Des i9n Problems

pDP 4-) desite. % z120ms

now Rt of cirewit 3 Rp =4t 20{/,(‘]*70”30) = Wk
(all in k)

-

S0 ’l: = Cx20ka = [206«x 10"3 S C = Gy.r
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( V4
Gater LT

i . i .
at t=-1 % (@)=5S.13¢ = 5,13 = .14

so have 1.5 = /4 or 'p:=15
co =R =515 = L="3H

DP g-—Z L(O) =

) - 513 A
-/t

P $-3 Dcsuén, : spr,n activated. switch will reopen. 1f (< .136 T,
unlcss override sw.’rd\ (5 plessed.

person
enters LL af--

(¥ o) slc

at 2% ,1,:.35 T, et t=0Loscc | need Re =0
50 Lkt R =Ima =l°q

_ ¢ = bOuF = Loxio®F
switchopenswhen L 135 T,

DP -4  (nductor : (o) = 5%‘0 é‘fwb) = 3% A

tyo

v - ()= Yoo T y
f‘t) Cit) s -LHgg = Vg e =T
nted ¥ c_.o-zs/Q 3 .5

%’t c-—.o:{s/»t 3 25
‘*fg 1t -.03s  then hauve %e's 552 >.6

=
3(-026)6 = 22.1 > 20

(4

<. L= R - (202)(.035s) = .5H



6p}c_e Froblems

5P 4~
®

2mH

output file

spg-2 Q@

4 g’ .LH
deg
©
output file :

input files LI o | 28-3 It=3
%0 RI | o lo .
TRAN .000| [5ms wic
PRINT TRAN I(LI)
. probe
.end
time T (k1)
0.0 EO 3.000 EO
lo E-4 [.319 €O
2.0e-4 LIo4 EO
3.0e-4 b.63TE-I
4.0e-4 4.043E- 1
SOE-4 2454 E-1
6.0€E-4 (436 E - |
input Jile : K] | o 4
LI | 0 0.2H Ic=06A
.TRAN .1 5 © Ol WC
- PRINT TRAN T(LI)
.end
Time Z(Lt)
0.0 6.000 EO
lLOE -] 3.0%3E -1
2.0E-I |.0%95 E -]
3.0E-] |.454 E-2
4.0E-1 1956 E -3
5.0E-] 2.LIS5E -4
6.0E-| 3506LE -5
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SP -2 ta

,-—-/vw—l mput file: T3 o | 4 '
UrsF e | o .0192 lc=512
.___I_@ drann .5 1o 6 .01 wic
-print tran i(ct)
. .end
output file = Time I(ct)
0.0 - (430 E |
5.0E-] -2315 €0
I.OEO -5542E-|
(S EOC - )9l E-I
Z.0EO - 2.143 E-L
2.SEO - 4.2283E-3
3060 -%.324€e-4
5P 35 Q@ _Jka @3 input Jile 2 Cl1 | © loou Tc=2. 667
RI | 2 4K
Ioo,u= 2hat _V; Rz 2 o0 K
© TRAN .1 38 o0 .0l W
.PRINT TRAN V(2)
.END
time V()
o) . 889
.3 .539
.6 0327
.9 -198
1.2 .20
&.0 032
3. .006

B )
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SP ¢-¢ nput file = KL 1 0o IK
Cl | O Zow IC=12
TRAN  2Ms 25m5  WIC
.PRINT  —TRAN V()

.END
owfput File : Time Vi)
|.O E - 5.3‘1250
90 E-2 4.9719€E0
2.00E -2 4415€E0
2.20E-2 3994€o0
2.40 €-2 3.6l4E0
2.50 E-2 3.43%E0

St 20225 = 2Zms

I7]



Chapter 9

Exercises
Ex.g-i t=0" (si‘ead:} state)
%A 1 \I{ l(o") L(o) =L (o%) = 34
120

. . _ ‘°f/ol
,b;"nm 1(t)= L()+ Ae

= l(w) +Rc-lmt

now at t=w inductor becomes a_ short .. L(e) = —4A
LH) = - 44 Ae —loost o 1L0)=9= -4+A = A = |2

1@ = -4 42 ¢-tooot ,

Ex 9-2 t<o (sftaclg state )

SouL

T Ve (o) = ooy = Ve (ot)

s

| N lcw.aie(cu,
2mF sw{%&"r V(_—so-rs(c%):o

DA

50
RL

now RL = 5(2x(673) = (Oms

S Ve(t)-50+ Ae‘*/“c siace Vo)=loo = 50+A > A=so

V&) = s0+s0e” 9t - 54 (1+g-teot)y,

" V(t) = V(o) + A&_t/Rc, Where R: 2+9
1A 2aV lomF

=
= V(o) +Ae ~ IOt o
at t=eo, tapacitor becomes unopen. .7, V(o) = (18)(20)=2v
= V()= (o=

2+A > A=9 < vt = L+e-tot

T2



Ex.q-4 >0

‘looa.

4
oo:L KcL at top nede -
E ; gom =°zﬂom Vato = 4-1

3 v=060-291

Rit

Ut) = L) + Ae~ where R=240+400 = 401
- | 240 =
Le0) = Y4 ( ot ) 0.09%315A

W)= .09+ Ae” G4ool > L(o\='/z=.OqS7S+A

> A=.4906b25
. _GAoot
o) = L093%1s +.4906TSe A

from (1) ¢ V()
v (#)

b0 -22.5 -q7.5e- 0ot

31.s -91.5 e."’4°°t volt s

“Ex.9-5 oct< ¢

t
" V(t) = V(es) + Ae - (ke
IA .IF where Vo) = ((R)() =

Vi) = | + Ae't/m(") = [+ Re ™ ot

nows VIo-)=V(ot)=0 = |+ A 2 A=-1 = vH)= l_e-lof v
1>t t-.5

" _lo(#-.9)
. fess V@)= VIE)e™ TED _ve) W
(n % % IF
M now V(s) = l-e_"'O('S) =.993 ¢

S, V)= .993e- wt-s5)y

l.s > te).
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Ex. 9-6 t<co no sources <. V~)= Viet) = O

oct <« t,
-t 'f S/
Zook:L V(t) = V(®) + Ae - /RC=V(»)+A¢‘ oS (167)
ov V_ "f“F where for t=eo (‘5’l‘fad41- state)
. tapacitor becomes wn open. P V(®)=(ov
V) = o+ Ae 50T
Now V(o) =0 =10+AR DA=-10 ..Vl)= lo(l-e-50t)y
+5> ¢ N t, = ds
5o(t-.1)
= V(. -
200ka3 v Apf Vit)= Vi)e
where VGO = lo(1- e-%°t") = 9493,
SoovlE) = q.qae-s"("“')v
Ex. 91 for tco  L=0
octe. 2 " ke : -54Va+i=0 .
+ also : \f—‘-Z%E% d—t-flo‘:So

58 @ 293 V EB.724
SoLlt) =5+ A&-lo't

tlo)=6=54A 2 A=-5
So have (#)=5(1-e-")A

ts.2 )
-to( -.z'q

L(z)=4.32A SoulE)= 432 e

T4



Ex.9-8 >0 om

# oo =1 % % WE) = L(eo) + ﬂc.'ﬂll"t
20v 2000, 3A
=» R= loo+200 = 3001

1A = Lio) + Ae— 3000T

t=e0 (sfeadz teite) 0o o

i e

= Loov+Wv - 2.0L7 A
lcoa + Won

now 10-)z1ll*)z0 = 2.067+A = A=-2.067
s i@ = 2.067(1- = 22000t g

Ex. 9-9 '?.' o~ (assume sfcad state)
1oL

- o by inspection. L lo-)=0=1lc*)
NS s ST

< lon)

kve s 3()+V+lo20 = V(o7) =V(o*) = - dov

>0 ( Z circuits where L= Li+12 ) "
lomH mF,

" s

7 ‘Li'l L’-'L Y 1ov
.. L3708 Ly = Ly (@) + Be” e
=L, 0)+Ae” ¢m e _totor)
. _loco t = O+ be folot
L= -3+ Ae . ot
. . Lz s Bc-l

now 1,lo*)=1lot)=0 = -3+/:: now 1,(0%) = V(¢'>*)+u> = - 3A
. - | o
L) - 34300 3-8

)= -3¢ A

L) = —3+3e-'00t g -0t g

—— e ———
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Ex 9-10 1<¢o

Ve (oo Is = Qv = Vc(o")
; ; z+3
5v 334
3
KL yields: ( = (+ 2w dpe a)
kve : 167V, + 2, (2)
kvt © 106+3(=V, (3)

Plucﬂmg (2) i (3) into (1) Zldds %1. Swov(' - lp?:oo

1= 24ms
.5zt a
’ '.o v‘(f) = ‘3+Ac

now Velo)=94=13+A = A=-4%
V() (3 - 4&'5'%?1: v

£L(+) -2 = (-3 A

—1 (ms)

7o



Ex.9-1 o Vo = l0sin 20t v

Vs lonf__"'v
- KW_(": -(Dsinwt + lo(.01%>+v =0

= % + oV = loosinwt

Natura ncggonst : 5ti0=0 = S=-l0 .. Va @)= Hc'lot

forced. response, : 'l'rj Ve(t) = B,t0520t + B2 51n 20t
plujcj(nj V4 t) into the dif. eqn- and ecbua‘l'{nj (ike terms
3iuds : B, =-40 s:,;tbz = 20
complete fesponse * V(t) = Vg (1) + Vg ()

VH) = Ae-10t _ 40 cos20t + 205in 20t
now V() =V(ot) =0 = A- 40 ... A =40

. V()= q0e-"°t _ 400520t + 20sinlot v

v © _5t
Ex. 9-1- l. ls = loe
[ .
S o o KCL et ‘l'op hode: -10e-°t+ L + Vio =0

now V= .ldt = di4lool = loooe-St
dt

natural response : s+wwo=0 2 5=-loo .. i,,(’r): Ae-'>t
. 3 = -St ! . 4 .
forced response : 'l:pg 1, (6) = Be & pluj inte D E.’
= -5pe-St+i006e-5t- 000 - St
= 6&6=10.53
tomplete response @ 1 (+) = Ae-'00t 4 |5.52e-ST
now LE)=1e)=0=A+10.583 3 A=-10.582

2 L) = 10.63(e-Sto -100t) g

Ex 9-13 A cunwent L,_=Vs/1 flows i +he \nduetor
woth  the  swdadh  closed. Whew the swuch opews

L Cawnot  change nstantameously. Thus, the ewergy
stored . the wnduckor Aissipates WM a APMlC. Add
a resstor (Soyq 1k0Q) accost the switdh terminaly.

"7



Problems
3k 1Omy

P - tonsider Sy source only SR,
B Sv 2, Sk

no changes occur between
-t ee0 50 have 5“'Cad3
state cond(txom =, = 2V

- Slgma Tor all time T
Bka

tonsider 3ult) Source only
4]

Ik lomy
for ‘tl-o)ho.oc,no Soufte -L_: 5k 3ult) mAa

Y1y =O0

for t30, Use source trunsformationa to simplh‘j ckt.
3k [OmH SkaT

R . SCDO'('/,O,
Lz(’t)=Lz(0°)+ Ae” Ry 15y
Sv - %o *t b
= Bv¥ ¢ Re
3 kL

. . _ S.
Now LL(O): O = "%5‘ +A =2 Az"l;/% . 7-2“'):‘6/%(["& &io t)mq

S/g mA teco

&
€x10
5 15 g tso

CLOLl) = LWL = {

P1-2 t<o (6‘('codz state)

v 3 e\ — 15 _ 4 .
4 20k CUJ‘PCﬂtdA\/LdC(‘ L(O)- 4<m = /3 mA
mA — + !'ok-a.
2zl SV L Velo™) = iALleT) = by =V<_(o) [21(")
. o) = V3 ma

. +
:L(ij'fﬂc'zm" C=l/;9}"F

i(+)=l(oo>+ﬁe‘%/&c‘ R=1z[/32 =9ka
leke (1) IDmA

t=w (stng state)

oA 20ka 2‘(’°) = -b[(b+ 3R - A mA
loka 2ot
kg3 L 9 Sl = -2+ Aes

now 1)Y= Ya--2+A =>Aa=13
Sl = 10/4 ¢ -2 t-z mA >0

I"13



. . RiLt
1200 “5 )= 1) +Ae y  R=lzff20 t 25
an bA _ -ast R =1
2 = L(0) + Ae Co_
40v
(Fy—l
J
LSv

t=e0 _E?‘fta.dg d‘a‘!’c) Isn. 250

source trunsforms =
lzon : |
wan Ba(er — 2B S
40v
& -

-

28v 'L(eo\—' 200V _ A
loos
tco .(sfead«a’ stute)
1 L
= = L) =175v - /4 A
Baf  asai ©6h Iscw oo 12
' @3
sv asSv

PO, 20) =Ta=24A 2 A=-M4 i) = 2-Y4e- " Tum) A

P a-y4 =0 (':fead% state)
lov

Soua Iso.n b
: ] 1 -y 2V = = 9 +
130

. . oo/ t .
T 1(t)= L)+ Ac” e 1(0) + pe-'ooot
bg l'nspe.d'?ofl. at t= ULlo)=" Y2 = .OSA
o L0O)= 0. = .054A > A= .05
S ié) = cos(l+e- ) g

KeL et +op node : i-rV/SO - 0.l =0

P> V=5-501 = 5-.‘.>.ts-:z.'5¢_"°"°'f

. v

VH) = 2.5(1-e-'0%°t) vdts

——
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P45  1<o, tapacitor is uncharged = V=0

0ct .25 loo2

_‘t 2 . +__ F
ViE) = Vi) + Ae~ TRC cov (¢ V= im

= 200 t Ae” /oo (10°3)
Vit) = 200 + ﬁe.‘“"t - V(D)=0 =200+ A = A=-200

h)

LoV = 200 (1-e-10t) v

+>.25

t-2 F
y(t) =V(.2)e" (so)éur‘) 50“'% v.iL""“
= \/(.zxt- 20({".2)

V(2) = 200 (I- e~ u(.z)) =173
VE) = (73 - 22(1--2)

A
4-‘1 M KceatV,: vi- 37)/44.\’!/1 + Ya ch_o

YafE Vi
:[[ "+%+” ; %
&3\’.1'%'—-27 o L‘)

also : c.=V|-3L (2)  and 3i=Y/s sV, =9L (3)

(2)into €) = 3V,+ /g - 3dify, -27= 6 “4)

() into 4) = difde+ Yai = Yo

S = AR 4 AL s Glth L= Ar § plugging backs
ot At into the di€. egn. » A7
how Ve(o) =lav -°. ‘F:"bm (2) = V-3 =1 2 (0) = 2A

(3) = V« =9,
now E)=2 A+l = A = |

i.(+\: l'f C_qla‘l' A
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(‘Jf‘eadg - state)

: 3n . .
b 2 — AN kv Cs 12ix + 3(3, )t 34.5 =0
lzn V@?z_;x éﬁ%.sv = i«x =-1.%3 A
aloo Ve(d)=-at, = 22v = V(o)
>
£20 ge-S' . st
T . kv 21y -3e~"" 4V =0 cn
2 ™ %y 5.F T Ve

Kews =lx -2, +136 % =0

&) : l Ue
Le = Toq A (2

(2) inte (1) Sfelds

% 1-ch =7ZC_St = VCI‘L (-{'): He-qf

-’rrj ch_(+) = Be St s’(_pluj inte N.E.
= B=-104
Ce Ve = P(c-q++ (e - °F

) +
Velo) = 22 = A+1g = A -4 . Ve () = 4c‘%+ I%c‘s Vv

P9-@ t=o" Cﬁﬁ:adg-sfa'&)

240 .

Current divider = ((07)=-.5(= )= -o.
T 2o2(DO5SmA - <‘”Z* ‘mA
16 . &

290 94 KvL (o -2sindest 4 241+ .003%F =0

A .
25$’Q4000TV v i,

& d;l_ A = 3—5. S. 107 %)
L +300y = 22 5ing T

W, () = ﬁc‘awof te LL{(+) = Beosdeost + Caindeost é‘ plug inte D.E.

and. ecbuafr. like terms = 3=-'2 y €= 34

L) = AT 3 ostooet + fsindeast

3 A =%5 mA
N 3ol .
L) = %% ¢ _!xcosdeast + 3sindesl A

W =ily) = =] = A -'a

but V() = 240 4) = 96 € _ [2onteet + 9sindest v
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Rt o t/re
20k L 'l.('f'): L(Pé) + ARe” where K= Zo{]l%”’b(o
Z24v é) Rka J,-L —\-;LG“F kL = L(ao) +Ae- 6oost =T.5kn

at t= (‘aftaola-s{'a‘fc) .*. from Uo(faac division (9L = 2‘1('2/3:;”%)

") = ar Ao > Uo)= Yama

t=0c" (":fcad«a -otate) e
e o~
current division = 5—‘;:0 = 10(4—4:(76@) =1

% Velo )= 36y =Ve(of)

4k 3 lomD 36 kL2

+

= O .
Vetot) = 18 L(6Y) = L) = ST%Z'=;ZMA= f2+A = A=2>/a

L) = Yae N U mA

~-

Rg-10 T>o
P P"-t-7+ﬁe‘[?‘t

=V t+ Ae” =
7v'/.1H V(t)= V() t ARe

=0~ (s‘f'mdcj -otate)

gj . . 2 -
2v bl [LL(O') lLf.O')-‘-lLLO*) = (:Y:n_ = VBA

SoViet) = Gulet) = 2V

_ixt
S.Vo)=23=T+A D A=--5 L V(E) = 1-5e v

2t

Pa-1l 130
ke

V =V - - (kQ) + -
bmlma c(P)= V(=) + Ae k) (Ima) + Ae

t=0" (‘ﬂ'eadc} -otate )

Now Velo)= T8 = 0+A = A=-H
Ve(t)= 0+ l%e_’z+v
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R A-12  use superposition | st look at 15e-t ult) source
= v

. Vi,
tso 5y () Ly

. -t . Wadl - . .
Kv'_(). -lSe + 3(L| *Ia%‘il-o = %,4. (’IL' = BOC-t

'L,_! () = Ae-lt + l‘P #) = trj i,_?u) = pe-t g; p'“j into D.E,
i)k‘t"'):RC-bf'lec-{. :6-‘(0
=0 (sfcadz otate )

3n L EL‘ lo)=0 =I.L'(0+)
l,

co bW —em Tt Ge-t

Now V) = 30, #) = -18e-Yty Ge-t v W)

now tonsider -lSe‘* wlt-1) seurce
Just toke previous result anc change t > t-1 and 4ip Slbn‘.a

Ve s 8emtD g 0y

S Ve [ee e -t Jui) + [19e-CUN L ige- 60 ] (1)

Pq-13 t=o Steady state

4.

) =)= 1av = =1 +
av TR 4 %Z.n_ o) = in A =1Llet)
tso
i V* Kr_n_a+v:(v;-_t?-)+1,_+?‘—’_ sbe” ()
'Zv Z ,V 2 _lf‘ .
=R ST Gl s Ve Ysdivjg (2)

-_—

plugging 2 f'rwfo () = dicfge + 3l =lo+ 208"
S, = Aes °/5t) +r 1L+£+) sbtce-2t i: pluﬁinj into D.E.
é c:tuaﬁnj like terms =3 g = 3, cC= Is
M+)=Re'“¥5++ 3+(5e-2F , We)=3=A+341s » A= -I5
SoiLl) = - s et 3450~
now V(t) = Vs% = 20e-'73t_ (2 e-t v

+
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Pa-14 t=0" 5+ch13 state

ska % lokil? +V¢ Veo=) =0 = Vc(ot)

t——>o (Dk-{L /[/ dUG -
kve O Dcc52++6k/>od,b)+Vc-O
Ibeostt v@) =5t V°j—%°w Y fj_fw + 2V, - 20co52+t

Ven ) = Ae- 2t )Jrr? VC\CH-) = Bcost + Coanlt ;' pluj into D.E.
> B=C=5

Velt) = Ae-2t 4 Sros2t +5sinTt
now Veloy=0= A+s5 2 A=-5
CoVe) = -5e- 1 50052t + Seintt v

Pg.- |15 t=o" s+cad3 state

no sources present - Vi (07)=V2(07) = Uo™) = o

t>o

VI

Lr B ) jjn' KVL. arouncl ﬁjh’c I'oops
T R Vo-6 + 4 (Ve %‘%)-—c
’k.'s d.Uz. + 4'/

2,0 = ARe~ + +rq Vz4<+) ) z puj info D.E, =606
sVl = bl-e )y

D Vi l4) = A¢-4++(, = Vil0)=0= Ate
KL at V’.' ]JEOQL:%‘* (Vu‘ab) o 2 i—i’{-SV‘:fD
SV ) = ﬁc-Sfﬁr? Vig#) = B ¢ plug into D.E. % b= 2

TV ) T At 2 2 V)0 s At . ) s 2(1-et)y

fow LU = L-V®) = [-lout)
= 1= Y3([-e-5t)
() = V3(2+e-5%) 4
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P 910 t=0" fﬂ't.adtj state
o

e vV i 2V
sa & -‘“\‘,"iﬂ Vi kew: o) = "o ¢ /
2ov e ! v‘_? 7 IA 3 V- v

S o) =L (e = 2A
kKve 02 -20+5(-2)-2+V. =0 3V (o7)=Velot) = 32v

i>0
loH ot v,
. . e [=v+
@ e [T
-
-fat i

M= 1,)+Re
= 4+ Ae-at also: V= (1)(iq) (2)

Lib)=-2 = 4+A SA=-6
Ll.to) ¢ +A,{ -: @) ints (1) ‘j'.tld'é
o (+ H 4- -fat . -
Ll ) ‘.DC- A % + 312-:(’

KeLat V2 1.+ ‘/5%—‘-’{—! =o ()

.. .lz_n("')= Rt'bt} t

fy OIY: pluj into
te DE. > B=72
e W = AP 2 L lo)=32s Atz
. = A= 30
= 1. ()= 30e-3t+2 4

o P (L) = b-beY2 4 30e-3t A

Pa17 =0 (smag stete)

‘W'n Vi=o ot Veom) = -12Zv = Velot)
21 v
'@" vV
_c

Ketet V2 +v, + (v=)/2 + 4V, =0 U)

1A J‘;: ln v: ;{;F Ket at Ve 2 =4y, + (Ve-v)/2 + %4% =0
..___ - 3V, = (Vq(vr_-kyzzd_;_‘&.) )
plujjlnj (2) inte (1) ﬁ;c[dﬁ % £ AV = - 30

Vc.nLﬂ=RC'4to.noL+r Veg(H)e B = 46 =-3 = &= -9
Ve = Ae-t g , now Vel©)= -1z = A-9 = A=-3

\/c.H') = - 36"”-‘1 v

I
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P-18 t=0" (S‘f‘cad.tj stete)

Zov
= & . .
2keg .V, Vofe 2k o m . L (o) = 1 (o%)
.lL T + Ly T @ X = %;: = ImA
v v

Vetor)=Ne(o?) = 2i6)-% = bv
120 jc+ 3 independent circuits

Z kST ‘LI i(“) = il(”) + A(C_m—t Where .Ll@’b): '8\//‘%1: 4mA
' Z/SPH W = 4 4 A,C' SOOOT a :
“ d tow 1,0) = i 0) =7 = 444, > 10 4+ 36"
\'4
”» Lk '1 .7-2“') = AzC_ZDOO-t
L ‘c 2- . -V
M +V now LZ(O>= ((o%K_Q: _% - - [mA
Ll d) s - e
Vs bmA  (5) = =[OmA

-+

. . . . = -t Y

P91 t<o No sources present O L(0) =0

>0

H+ kvL C: -iosinleot + L+ .sd"/d.t +V=0 ()
VEID gleo : \ = Y (2)

(2) inte 1) gfeus %..\"t ¢ BV = LD siniost

iosin loot 6 -z
ée—L

SoVa(d) = Re- et N ’rr:’l Vo) = Beosloot + Coinloot é| plug inte the
D.E. g',c uate like terms
S p=-Lss € C=0.279
V() = Ae- T lsscos oot + o, 279.51n loot
now from (2) : V(©)=81() = O
.. V©)=po= A-155 2 A:=155
s0 VW)= [.s5e-'8t — .55 cos loot +0.278 sinloot v
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- Ve

Pg-20 (a) kvL C: -V,+L°Li/d,t+0<i=0 =s'cu/::bt""',(l'_'.i" L

v i@ = i) + At

thoose L(«)= l{(“") =6 i: P(uj into .E. = B= Vo/x
W = Vel s he” TR but (o) = T, =%+A
- Vo
/Li' = A- Io— /c(_,

so L(+) = Vo + (T,Vo )e-

(b) for o series RL circuit y @3
° R
we have Rt .

i.(+) s i{({')* HC & L
Comparing this expression with the one in pact @), e

+hat the two become eiunua(en-t hen o = K ."
under this bpcufuc.ﬁoq the aboue circuit LS

fcbwua(enl‘ +0 +the ju)cn circuit,

() T & (s less than Zero theq the ciccuit is no
fon er a dcmj ciccuit but rather an exponcntnall
rowm ciccurt, Therefore it would be tmpossi ble

to f‘cah?_-c, an  equivalent circuit with only passive
circuit elements Since @ ncja.+:vc Pesistance “would

be r‘fcﬂumed

2 9-2 t>0

Sk
_f
10K 2

Zov Iokn_% 'wF T_

W) = V@)t Ae-7RC  Lhere R

Ve

Ska t {ok.a./!lt)h.ﬂ.
= [OksL
from voltace divider
Vi) = 20 (Io+ o) = lov

. Ve(#) = (O-{-Ag“oot
now VY (o) =0 = lotA & A=-lO
Ve4) = |0 (_l—c“wt) v
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R
Pg-22 '—%
bv vc:‘" C Rb(db:lok'n-
— Ve

Assume capacitor is charged at t=5T , ie. Vemax © |-e~>-393

SLmilar'lj , assume the capacitor Lo disch a.r‘jed. when

Yo 2 e-5<6a4xt0>
Vemax

Pow determine ¢ from discharging condition
Ve () = Velt e~ (Tt l/eRous o ¢ 74xi5 > = &-°~5 CRbulb
= C=lo-5F=louf

Now determine c conditione for R From cho.rjinj crcwit
at the tnstant V. =60 = bv . soxio=® A
R

= R>0LOK
then for the charjinj ckt.

993 = (- e~ /Re

- - _5 = s = lco. v Kk
4% /ke = R (396)((0-=)

and sce +Hhat R = loskse > boksL .

Pq-23 () t=o" (sftadj state)

2 + no curcent flows .. V (o=) = 40v
40\’ ,ij_F V'
o) - .

(b) t=o"
v
- ‘ [ - z Vy (07) = Vg(ot) = O

.. VR (ot) = Vi (0*)‘ 4ov

() Vald) = Va(o)c'.t/m where R =50 f:a Cs (30"' &,o)": '/%F
Velt) = 4oe- ¥T v

—

(&) 1= Ve/g = ge-124
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P 9-23 (Cont. + _
) V)= Vo) + Tag [~iDdt = 4o- 3ofte " dt
=]

°  _lat
40 + 405 (e -1)

B+ ety
t
V2 () = Vz0o) +—1—jz(+)d.{'— O+(pof%e Tar

v, () = 3e/5 _ “%,e v

v, &)

P g-24 Let t=0 be the instaunt the bulb turns on.. V() =6Sv
in the cmcwt with the bulb as o |k resistor,

Ok L L
= VIE) = V(o) + Ao~ /R

9ov (OuF T_V k2 here R= Ikeeflokae = 0.909 k2

V(o) = %)(,7';,) = 4.14v

V) = 4.1+ Ae-""Y  Vio)=6s = 2.8+ A > A=56.87

50 v({t)= 3.18 + 56.%2(."“01'-\/ N now 1k) = VO/1k a

1 = 2.13+506 4:.c7"°th

For -ﬂa.bhlnj raic, Find ¥ when L= T = 1OmA

= 3.1 + Se.ile““ot = 'i‘= 0.03| s

at this instant, v = (lomA) (k) = [o vokts

now treat v =I0volts as initicl condition Tor circwit
when the bulb L5 open

' ok
<> 0.0315 =
v(.03l) = [Ovwtts ‘?t;v(ﬁ!: IOPF
V(‘b) = 9ov K lok 12 =5‘/(+) %+b _'O(‘t- o3l

V(-031) = [0 —qo-re =>€>— -%0
. V) = Qo-goe-to(t=030) | f,l ) =

now determine when v(t) reaches” 6Sv
S 45 =90 - 30e—C(t=03) 1= 047,

", hing rate = =1 - 6.3
flas mj ate pertoi ~ 47w

e
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Fa-as Voo = Vr = (4o« 27::20) -5y

20 - g (%%).— ISv

for K¢, hull scurce with V=0
7.9 ¢ sil

. +
o2t % @A

note il =A

Ry = \_f_o - lloa)-5(44)= 1.5

forcecl response

L-2A _3
t

naturel : L= Ge,'—t/t = 6c'go°t

total 2 (= Be-%42  naw l)zo B B8--2
i(f)ra(l—c'swf)ﬂ.

for C—GDOt: .ol oc Sool ~4.605 = t-49ams

('.-_-> t Ve _

P 9-26 2a -[:jj! ] Uy = 4(1-ulh)
) + S5a t
\ré L:ol —ov '\]‘(t)

feo ket ot it temim 75 4= B

now [ (t) =0 .. V, &) =y
t20 ¢ Y=o
50 have C%-&%c:o with. €= 20 at P
V. t) =Vele)e” "= loe” "ty
ancl V()= -V,(t) = - loe- %ty

I

€ WMe)=-V = -0V

So For all t hawve
(t) = =10 +lo(l-e-ult) Vv
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Ve(o) =V (ot)= 3oy = o Haac when tonduchon of
I * tube termi
S0y Ve ube” terminates

AT NN AUEE S

V(o) = 30 = 300+A 2 A= -3
56 U (4) = Zoo-aToe" /&

Betause the fesistance. of photoFlash. Is equal o 2zero, the

dischacge. of the tapacitor Takes no time. So when t= 105,
Ve (1) showld ecbua‘ 240y > Zo- 3c0-aloe'YRe

S. Re = lOAQz/q = b.LS
S R = 6'65/[0-4' :(ﬂ_&.i
Enerj‘,} transterred to the tube = e (Vi3 V,*)

= List( 2a0)2- (307)= 2.34 T
ITf wat 20s instead of 10s

Yhows
V() = 300- 2706~ TIRC ] = 300-ae = 2% Tv
t < 205
Then mclyv frunsfer = 4 lo“[(z%.'l)z-(%)z] =406T
%W ncrease in enecgy delivered = 4. 012 gi 8% x 160% = 42.9%
+, Ve
s2 N
P a-a4 " WS u‘:ma kvl , KeL @
Vi
SRC'D \&%;QL@—_\L%ZSQ 5= v-HfolD dU t SV, ()
- sv,
| X Vg = Vet S0, (2)
Lx ’5~V‘/lo (3)
V, =5( ( (.4_)

éolu»'ng (1) -(4) aftlow
A 19285V, = -3.955x10% o YUt): g snc 0T
now Vo(o)-2.14 = -6 9+A > A= .0
So Velt) = -106.9 + 0904 e ~ 3385t
L) = % = -21.33+ 2).f03e - 3385t g

——
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P9-29 (g = dofuld-ultt)] A t,=ims

for <o lg =0

so for t30 W = Un t Vg where Uy = Ac_-*/l ) \
Aoy, 90X - (x5 = (ms
o U= Yoo s (m

Sot20
SV ()5 Aelont 4g,
now [ (o)=0 %o V(o) =0

5o have \ﬁ:{b teco
4

Vs = 20(22 V4o = 440v

= A- -4490

3o(l-e-2%°t) octealms

for t¥(ms V- Be -loco (t-ts)
V(ims) =B = 440 (1-¢"")
2 V) = 49D (e - 022 (tE)

w(t)

PA-20 t=o0" (5+ta'ol3_ state ) ‘s 50 V(_(o')_-q_.;i-_z % = 1Py
3ov@® - Ve < Ve (ot)= oy

136 ‘
et TpHe 1+ 454 0) = 30 Q)

zi+4(c-‘i%)+3o:c"’t (2)
Solu.'ng for L in (2) and plugging inte (1) 5ields
G{Vc/cu- +("/|q Ve = %q(lo+%5e" 5t)

bfat . .
S VCn’H'—‘/lq N tey Veg = Btce 3t g pluﬁ into 0.E.
19 AT

erbuo.'h'n? coeffs and. like term s g{clds

¢
B:ID, C,:'—4/5, 53\[(_:'0‘3“{3-?(‘\5/'4

when t=o | V. lof)=lov
e 10=l0-Y1+A cohe)z0+E (e~ L ey
= A=1/5
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p q_3, -{40 (S'fcaol(a 6+Q+C) s
50 sa = E(—SO): -(ov

év ™ % oo §en v, - Ge = 200
V. o) = \}q-\)b = - 3ov = U(st)

3oy s 5a lo/3 .

-5 sa S P

kvL @ (6+S)i. t 5(1‘.'51) =30 } ‘3“““ L ()= "2 A

5((p-(,)+ Q2 = 20 50 Vot =50, =5(Th)=28 v
r)ou) finel chb «c%
W Tl fa el Ges s g
ot = R‘ ¢ = zo(.L)_ 19

a‘l’f‘O

Y3 a
+o_\-,/-.r_1. Sa a b V() = ——x 30 = (Ov
30"(;% %5‘7_ v

Yot
v

3
when L 20 1 V()= +(‘°f-f-l°)e- /'°t= (0*13-’5
wheat<o I Vit)= -lov
v(t)
35/ 420
: N_ -
———— > t
oy /3 ¥ 43
—a -l

13



%
P 4-32  t=o" (sfead«? state) = () =0 (undrven ckt) _ﬂ_

) l.g
use superposition y consider J, = 4[u(f)-u(t-l.$)] v as two
sepacute sources.

4u(t) soure at o

iL-) 'IZH

e ——
e
KVL bottom leop L 2 4_\\} f
-4.5(,taV=0 Q) Py N# 'Mj f
KvL amund supsimesh, 4

4v
tormed b«d operl-cil‘cw'ﬁnz 20, soucce )
&l tv-2vtsizo (2)

ket atb ¢ —£L+2il "%D:O (3)
solving ()= (3) Hor o yielda : % + B :‘gli’

e L lb) =24 Ac'z"/"t; Llo)=0= AtA D RA=-2
I:‘_U-) =2 <|"C 'zo/"t)
e‘fmfna‘l‘a‘nj (, From (l)f; (3) Hiuds V= %— + ‘.qQ (L

- -t
g e

M= A-Re My

now us{nﬁ super position , the soluhon from. - 4u (t-18) soucce 15

viH)= -[4- Bt D]altns)
. tompletr solutivais t) = [4- z-ch-z"/qt] ult) - I—_'f - %e” % (t""‘)Ju(t- (3)

V- (t)
4 |

Z% j RS S Q.
“/q 4

f s t
.8
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P 9-33 L(O) =12 - 2A y T :L/R :2/4, = s
) 2+4 ) 2t
bn = ﬁc""t, g = 12/4= 34 ol = 3+Ae”
L4) now i) =2=3+A < A=-I
3 So Lt) = 3 3_6-21“ £30
2

L v % ¢

P 9-34 V, (o) = loov , Vete)=o

=M .
+ o, . kvid s -V, +R(+Vp 70O )
Vl -["-FF' v’: l H now VY, = loo- '/C, f{d..t

vy - /c,,fld.t
t

s0 (1) becomes : —IOO'PC jwu: +RC _,.L fcdt =0

or —(oo+(é‘L+‘-._‘-z)g.+Rc-

I
where _(‘_—ch: 2‘:‘,* é,_ cnol &C«:cb -'(fo‘)(%.f’:? xto¢) = 4
.. have (ercclKS)l— (tooc&b) ey (l+c«,&s)L o
Sl =0 Cu\oll =Ae- /&C“b =Ae” 4 =t
. v _t
row (6] = 0% - 164A | o have i)z e~ a

+
/"v

t
e \},({').-(00- ].(dt - 20ttt

A
Sxip=e A

. ’
V, ) - zZL:u?- [iat = Zo(l-c‘*/*) vV
[}
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500k

- v = tel - 6o |
P q-35 5_{3 ten W ( z;; l"w R.C = (sx1°)(2x15%) = |

o tix [ l’

now M) = 4-4e¢-!
S0 W) = (4—4:")(:"('5-‘1) 32

L. haue /o) te]
VU = ) genten lcted,

(4'—41")6- (t-2) txa

P -2  WYlo)= 30(a) =(0.a9y
.t

3s
15K VHe0) = 4&3 (o) = 6.C6Tv
Bhag & TIORF ‘
" J— 4 -Re = 15(30)x10°x 107 0.1s%
| (15t 30)
W= Wt T 6660t A e -0t
W) = (029 2 66T+ A = A=3.6L2
50 V()= b.e6] + 3wz e 'Ot
! /4 F
P9 -37 kol eear b d (v;
v, vi the o eVl oo = 'fo“o?"z‘s"'odxu‘-v") “
A Yoodsor vp= Ve @)
(2) inte W) sz'e(dfa 5/5050-1?50\; X;D+Z‘5uo7/ ‘%‘V")
a::su.mmc‘} Asy1 =2 v/lsooo = -(—O%-o— 2.5x10°! %

o b 5 dooot, = oo 1ot

S Voplh) = APt toy Vo) = B! Tz plug infe D.E, >h=-Y3
Vo (F) = Von (4) 4 Vo (4) = A 100L - 1000
now Vo(0)= ¢ = A=-Y3 =4 = s so Vs (t) =

4 (e Aoost, _ loast )
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o— ‘5\% g '*v( - (@) from kvl V¢ = Vi-V{
Va v; (X3
r—t_'{k_—_—i -7 AV- +V Vo = VI.-VCL
C|:4}LF ¢ - e

. . . L. b dV vt =9y @
KL at =" termined] do input of amplifier = 4xib %}‘_J-{- (V‘:Cao\o/ﬁ o i\fz_

sed(Vi-Vi) + Vo=V = sl (Vi-v,)
> 4XI5 di«g_) — & {. >

assume Vieo = db = - 2dVW _
' e FEa

'l.n‘l"e_jrcd‘lnﬂ both aides Gields +
Vo) = V,(0) = 2 [, (1)-v, (8] - S0f v, (1) dt
, >
now for Vieo = Yo(0) = - Ve, (0) fT vV, (O)-'Vu (O)
.{.
V() = —QV,(f)—Sooj v, () dt

" 5t
(b) Vv, = o -2t ,Vos 5 e
- looot
= V) = - 20 2L 500 & e Tt
[
V&) = - 2062000t 4 2.5 (147 )
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Advanced Problems

AP 9-1 a) at t=0, switch 1 15 closed e: switch 2 15 Closed
lo(t) = &= 20A octe3
approaches this final value

l(o') =0 3

7

: : oL -4
t-L: LZ - 45 o L(t)-'lgf[“o)'lajf:th' = 20-20¢ A

R -3
. _3/4 _ (
S50 have ((3)=20-20e ' = [0.55A

b) switch 1 is tlosed t!‘. switche 2 150pen.

(._“: L - 44 t- Lz - 04s

S ) .5
. t-
W) =1+(o.55-4)¢ (t3)s

: - les (t-3
LA 1055 - 440080 25 (t3) R

18T 45 - -5

s
t
'
'
)
'
[

— t(s)

01234

APA-2  Vey=20v , Vo) =Ty | T = 2o (zoxict®) = dos

2 0{) = ot (20-To) e 10 = %o - 6oe-t, oc¢t <30

at t= 205 return switde
V(30) =46.4v | V(o) =20y , T - 2é(5x16%) = 10s
D W) =2 t [dod - 20) e~ 3o - a0t 20 de (17300, t330

V) v

> t(s)

lo 40 ‘ 1 1)
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AP a-3 Fnd Vlorton equivalent | vemove € ¢ short Uy
A
[ 8
—AM o weth Vg connected
a i Uy 1R An=£&_= 'V'S/a
Wi -
b
- Vab
RT" &f Note !x=o
So RT=3~
Norton :
LA )
3 + —_ < = s
'\5_ 2.0 V;"‘L' de* 2 2
> z
St Os+4s2q
'U;-
W) =0 o t>2
- -%
v o= 5t + 10 (e "-q) o< t<2
ot =2 v o= 103_ = 3,68
t>2 -t
v = AC 21- lo
*kt:2 g =A€ +16 o Ac=lo-loe
-, ~(¢-2)
v= loe —loe a + 10 t =2
\o '[‘
o
t
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AP q—“' a') R, + KVL(*: ‘k't*&sl..'fv;:o and l:Cd"Q/dt

C
v(t) = % 3dve, L= &
)l\'t [T & TRst '\sCt

Ve = Ve tVet , fow Vea = Ac't/&sc ““n& Vep - Bst Bt éplug ito O.E.
= Btqc [o,,w,t]:é-ct
y thus B, = ~KR,C 4 B,k
so have Ve (t)= Ae™ %%y K (t-Rec) 5 V0) =0 sA-KRC 2 A=kAse
Ve = k(t-Ree (1-e-VRee)] Olugging in k= 1000, R =25k

C=2000pF get
_90,0@{)] c‘ P 8

Ve lt) = looo[t-L2seio % (I-e

V€ U, track. well on millisecondl
time Scale
V¢ims) - Ve (-Ims) = .0lzv

b) F=%E ) E= ‘}25 y 4= eV, = .. F-= %-\)'cz'
now F = mij Where y = Transuerse deflechon of beam
andl cz]lﬂ (s described bez the differential
L9nN. d? _ e 2
1 Zt-? Ty )
where Ve (t) s given i pact a)
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AP 9-5 'o:d:

=0 ‘ -Rt/p 003
o = 2 (1-¢ )
R
2y
L=5mﬂ
OFF °

e T R L8
=0 3
2% R J« R
L=5m+l|

ficst solue for £ ubirj ('ou :0.3=7

Solo[ng b? tecation Z(dds R 214
test for iaw = ((o.0001) = (& (17 BC°N3) =034 v
test for ('oFF : Z(o.oooz.) - "—i C.- l$(.oooz)/w3 = 6zoo A

This txceeds the r uirement so R:I¥L (s good. (A laracr R
ww‘d $+"$‘F.Z "”F fl.m;r? bu{. nb't (.o” 'ﬁml‘n ).

. v
So Imax:‘—z‘- = bb] mA , Pave = -25 V/&=-25 ((_z)z= 2w
13 — | L] -
-, IS args Cance
Assumgtion : > N
§\

— t

kS

so we use Pae. ¥ .25 !%5_

An open circuit fucnst will cause an infinite Voltage across the

Switch tausin arcirfr across a mechanical Switch | or destruction.
of a solid stdte switch.
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AP 9-6 " qQssume V(o):O t .
R R O 2T
o o

' ati dv - LW A, v s
%fftnt:a‘l‘ma > - "C(‘s i‘.) or LS o Lo
s have M) = R+ Ae-tRe
STkt A VRE - oo VEl20 3 A=-T.R
-'('/&e.
. V)= IR (-2 R) ot
=lo"(to’)Cl-c't/""'(W“))= [-e ="

6<t<Sms
3 t(ms)
AP &1  tso
"+ Vetor) = 82 (120) = loOV = ) (0)
Son \f‘(o')
() -
tso
—_— nn'tum; response \ 41=RC = L2
1. 0S
(¥ o 0.08 Vo @) = Ae-12
S0v

Now \4-({') - 40 (so0) - 20y
botdo

. L) = Ac't/"z-r 20 ; now V()= loo=RAtzo0 3 A=30
it) v

..... < 100
\
\\
20 S .- -

Lz o3 4

() = 5%/26070.192 A
286041 .
sv(® . o5 1\ @)

% () = 20+ 90e iz

-t

't—)D ':"‘j\,y > t
: + a4 !
L) = %Q.—.H.lfc-/"l 23
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Design Froblems

0P 9-] o) = lodv

-t
2 400 loa Kee: \’(bzc; 300 4 \5‘:2*) s V=160 - o
[_‘"'"] le
3oov \’W)E:R leov ZSmE 2 V(') = llook
- e - . 1R+20
RINZ ) PR R 113
R TR+%0

now (H)= (@)t [('(o')—-l'(eao)]c,‘-t/'t wheee () = %ﬁ. \ t- R+C
Kill 300v source = Ry = lot 4R - SeRt6d0 o 1 - .14R+1b
4dotR ~ 4otR Aotk

e 260 oo, 300 _ ot /7 14 41.2)
(8 = otk © TR*30~ dotR 4 ©

regure Ls 34 at 1= Ains _ 047 (40tR)
560 have 2.6 = oo [lio - 3200 ]C (.lQé—.'._j,_o
Qo+R_ TR+30 4o0+R

éolvfng iftr’aﬁdelj ;l'c(ds R =6boL2

DP 4-2 Fiad R at indudor terminals
Re = (Sot30)[[20 + 14+ Tsflso = let14+ 50 = 2ok.a

So 5% = Sti = 3.(#5 = L= 901(103(34&!0") = 49.6mt
5

in steacly state with inductor shorted. t::LLS('rﬂ multiple Source
transformations, obta'n

lek 2 l4k
20ov @ 56 kL

Lt 4+5p -
s 0.25mA o W= LLie) s t@%xis)(2sx109)*
= 1.55a 37
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OP %5  y(p)- SOV = 5A
loa

ts S Lo .
__0—20_0_ (@)= { () + [I(o)—t(»)]c -t/t ; L(e0) = 2.2.‘.’ = lA

+ on
Z""L 50 have (#)= |1+4e” t

Ncbuirc 3=l-r4e"‘“/ll’ > - 202
oYYy i202 3 LT 4.04H

. )
at t=1s (_(() =+ 4e” /.ZDZ: lLo3 A

DPA-4 L) =0 iy
L(-(-); Aec” ?:1'6 where & = }(;&

1:7{‘17&- ,need 5% £0oms or Tt £20ms
S

‘fma,(: U max, D .5 = lmgx OC Ly = S00mMA

tn 5’rtadz state L, = 1L - .50A or Ryth=12(N) %
RotR N
then £— = .02 or L= .02(24) = 043K
RitR
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DP 9-5 V)= 30_ Qo =6dv § V) =30 op = lov
31s 375

Req = Rk + 7.51\.{2.[/30&‘2. = Kk
50 T=Re¢ = $xi6>C N
row V() = M) + [V - ] et = bt dhe”

require \_*_(_2\2_-_%’_2 = .0l > U2) = ol es)
(o

.2
%0 lo+ 4%e” /% = .ol (&)
e~ 3 - 00333 S Y =.035] 5

t/%

o= 20351 _ 49, v"F = 4.3quF
¢ X116 xtom F ¢

Y t(ms)

current division. L&) = Zov4 _ R
ov® T 22, |t d0r 2R f 1 4o
ts30
. . < L 2 -2
!(’c)-‘l(o)e'/t where = RS 4‘21'&7_

(OomH

E-OL
‘h

at t¢ Zoous need. L > QOmA and. 1< [30mA

find R, 1o st () < 12omA

+r3 a soludion: (f R =40, then 1)< %A= lte.bmA
then 1(#) = (L6.mA e‘t/%

ok

at t, = 20015 = . 2Zms i(f')z‘ LOmMA r‘ecbufl‘cd,

R
‘fr«z Ro =10 | then Q-%: .z,.-,s:—‘-—ss

_s__sooot, _ 3

i(é,).-(ae.louo e = (e6-bxl0"7e"

= (l.2mA

205
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peP q-'7 \I‘(t)= Un(‘f)‘l'v’c(t)
to find Vnl(t) , Mecl T 90 shoct circurt the Uo(l'ajc source

Vo lt) = A1t = fe - Hiec

to find Vg (t), open ciccuit the tapacitor

W = 2 (20 = v
SVt 4+ AT

+ now Yo) =-10=4+4 = A=-14y
So V(t)< 4- (4¢-/4ee
at t=4s wuat M=0 Y®v Pz
> o=4-4e - Viec 0 |
absue yields C=2.0F "z
_— -4 |

-b

-3
-1o + ' ——310)

4

DP -3 The turreat wave form will look like :

‘:/,. We need only consider the nise time
‘ where ll_(t) = %(l-e'ﬁt)
: = ﬁ. (- .f/@
.' + ?-’:(5) R ( ¢ )
.26 .50 s Where 7t = LET= _g_ - é

.. l:l.('ﬂ - % (I_C-IS'(')
now find A %0 that (:'_z K"fuse .‘}. low dun'n? .2s<t £ .75
< want [ % ZS)]&{%{ = bW

%z (l— e~ ® f-“))’u) =10 > A=-97s5 velts
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0P 94-9 t>o

gff Kee s V-IOe:t/z cedV, v _
Y2 [+ ——9 t at + XL =0
loe v c TV e 2
T 2 Q-f S loej/z
dt  <¢ Erl

Vitl= Vat iz now U, = ne-g/“t
+r% Vg = 6¢-t/1 z; plug into O.E.
- - O ; -
= %-1- %6 .. Jg_C-. Zuelds 6
< W)= Ae- et 4 Lo otlz
e [

nw Me)=-10 = A=—lo—g’-?';;z

-t 1o -5t/
50 Mt)= 5'%*26 = (5-4c. + 'O)C

now W0)=0 = (o o2 (22— t10
5-4c

So(oa'nj i’cera:f‘«'uucz, y(elds C=.%3F

) e 5/8c
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Of 4-lo

(.

—Y - g ((0) =0
v (% R desire i(t) peak majm'fudc = .bA

periocdl where L] = L.'z,:_&. (5 > Lsc.
thoose Vs = Ve bt select Vo, b To meet spees
determine enengy delivered to R for t > (0s = o

natwral response: (A(t) = Be - fit _ Be- 2t

where %.-}a =&
forcedl response : L%L_é+ Ri = Vpe-bt

Subst rtute L};Rc-b* into above = A= Yo __

4-3b)
.. L(-f): ('n-(.('f = 6°~at+(¥-ga_b)t- bt

need b & So that Anc arm. has faster decay but (4-ab) # O

if b=4 thea i(t) = B3y Ko o-H

—4 . at 4
select Vp =1d  (note (o) =0) 0 have L[H)=Be "= 3%t

((0)=0 = /=3
thus hque (@)= 3[6‘9‘*-@’#_] A

maximum 1> at :

then i(f) = 3[.4%@—.&4%] = .75 A
max.

e~y 404t _p o t-%3s

p-it = et ae-ere 4

]
W= 36] [e-*ae-et ot Jat = 36[z-2+%
(]

© %}: l.so T~

2

A 4
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Spa}:e froblems

spa-| O k=42 @

i input file % Inductor Transient
V= Rr4a L=o. RI I 2 4
Rz 2 0 4
® Ll 20 0] It=3
Vi | 0 Pulse (6 90)
. JRAN 2.5m 28m WIC
Ans. L@ =3R .PLOT TRAN I (L%)
.PROBE
.ENO

9-20 O 2 ® S8 ®

dAia WV, input File Vi
40\,% Zo.a.% (SmH RI 1
R 2
@ voummy 3 O ©
HI 2 4 Voummy S
~ LI ¢ O [5e-3H Ic-0
JTRAN Ims 16ms o 000l UIC
LPRVT TRAV I (L)
.PRo&E
.EMO

>t (ms)

6 246 % 1214 16

op g-3 O 03562 g input File VRAMP | O PwL(0 6 | (6cD)
RS | 2 bL2ISK
vrm?(% — 2acpf el 2 o 2ZecofF
.TRAN Ims 3oms O .000|

. PROBE
.ENOD

4

V(z) 'Z 1
Volts 20l
s A

o

s}

p A - t(ms)
5 1o s 20 25 30
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P a4 O S O input File VI 1 0 12
. kY RIO L2 4

2v %—gﬂé "-%m @P“" A Ll 20 4 It=3
® R 2 o0 2

IfoRce © 2 ExP(bo o 5)
TRAM .55 IS O .3m§ W

V() -PRoBE
voits 3 -En0
3
4
2
(o]
S N S — ——t———y Tms)
o loo 2o %0 4oo Soo
sp a5 &
Vs
VS 1 0 PWL (0 0 2 10 ac 10)
R1 1 2 a
Ra a 3 2
VD 3 o o Pswer :  + Ue (V)
Ft o a vDb 1 1 l.o3
< TRAN 0.2 20 UIc 3 66
- PRINT  TRAN  V(2) 4 7.¢7
. PT  TRAN  V(a) - o
CEND ( q.39
So lo
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e l'n.pu'l‘filc. IFoRCE | © |

+r—’,_V},‘f':'_LF RI 1 o]
1A W 3Ila VT4 Rz 2z 2
- 'T Gl 1210 4

® ' ¢l 20 .03 IC=-12
.TRAN .1 2 © loms WiC
T . PROBE
vee) -1 .END
wits ™ ¥S
- 1o
- 105 {
- n
-l.s
- 12 — tls)
_ ® et tnput dile  :vs | o 4
5p 9-9% —t )
0) s Rl 2067
R2 235§

¢l 2 3 .05 TC=IO
XAmP 2 O 3 TIOtALoPAmMP
.TRAN .| 2 © IDE-35 WIC
-,.Ac OEC oo loo |oco
.PROBE

.END

L L (s
[.s 2P . )

1)



SP 4-4

pol
| B
SURE S SR

o}
v
=~

o »
£ £
U

Vi 1

« TRAN
. PRoBE
. Optrons
. END

QK
.00l M
4K
.00IM

K
001 M

oFf 0w o P

6K
E-¢

Ul

o

Ic=o

IC=o

o PUISE (0 % 0 ©0 o loom

am bom

VUIc

V2)  V(3) V) V(5)

no 9(13:,

2

looWL\




Chapter I

Exercises
Ex.ll-1 (@) T = 2n/> = 2n/4

(b) V leads 1 bz 30-(-70) = l0o°

Ex.11-2 V=3ws4t + 4sin4t
= {BE+ (> ws (4t~ tan™' 93)
V= 5 cws(4t-52¢)
-Sws5t + (2515t
{7+ @2 ws(5t-tun'%s)

(3 eoo(St - [12.6°)

Ex.ll-3

C e
"

h

!
!

Ex. 14 , + KeL: by = R+ cdYdk
THEE
- d.V + _\L = IL_Y\ QDf)U)t
, d&  RcC C
try V) = Aoswt + Bsinwt e pluj into above 0.E.
> wAsmw'l'i-wbcosw‘f‘ +/gc(ﬁco‘,>w‘f‘-r Psinwt) = Im woswt

e%ua'hnj sinwt q toswt Teims jteldﬁ A l\Im

I+ w2R2C?
= wR2¢ Im
l+w2R2c?
Velt) = RIm  coswt + wR Im sinust
402 R ? |4 QXRICE
V_F(f) = RIM cos LD-'-— 1_Qn_( LoP\C
froms L (or0)]

43
Ex [I-5 E} , . ' .
@ o wL: 3.[: 3
e o 2- : J J

e () t4 13T+ =0
# I - -"&— = lo L _;_ !_Q_ _sb.sb.
23 {3 (5.3 (258,

. L(t):_lg_ - 506.2°
ﬁsws(st ©.3°)




- ) 4t

Ex. ”’b . - -‘L + Ll = locosdt = 1O Ae [QJ :]
s @ *FT.V kew : fadh + Vg = et
assume V= Aeltf ilr pluj into aboue D.E.

- 1o Y 6
= A V4+__| ﬁcJ

iyl T 14t _ 40, (4-2°)
..V-%__'_. Je s ] fﬁcJ

now actual response = V(1) = RelVv]
4) = 25 eos(4t-1
y\) 2o tos (4t )

) | : .
Ex -7 oy Ve fotostool - Ref4eit} |
m . . B
Vs KVL (@) + lelo"’dﬁ +§Lx|-'5 (Wdt = \);
0>
SmF N

j loot

assume () = Ae where s Lomplex. humber To be

determined.
pluﬂj 3 into 0.E. 1elds

lDDt+ Ht“o°t+(JQ )tjloot_4 leOt ;H ‘i Qﬁc%
J
% @= +an':-4s° ot )
():Rearz ed"e 142 Refarze? 4 { - a3 wa (ot +45))

Ex. 1-8 (&) 1= 4ws(wt-20) = Ref 4ei*te-1%"}
. T=4e-1¥ = 4/(-80°
(b) | = I tos (wt +20°) = Aef loe)w'e120°3
s, T =lei?” = (o(2e° ’

(©) i = %sinlwt-20°) = §eos lwt-110°) = 8Rc{e1“’f -jtie’t
L T= e "= g -le®

Ex. 1-9 (o) V= lo(=14° =10e-] j 140°
C.vit) = ﬂc{(o:_‘jl+°.¢3"°+g = (0¢os (wt- 40°)
() V= 30+j15 =109.7(43.2° = g, 73432
cLvid) = RCElo‘t 7ed4>? e»“‘”j (09.7 cos (wt +43. 2)
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Ex.I-10 (@) V=RiL = lb(Seostoot) = Soensloot
(o) V= L:%: o.oc[s(-too)snntootj
S tos (ot +90°)

-Ssinloot =
(c) v= ‘/cji,di: = lo’J’Swsloot dt
= 50 ainloot = S0 cos(wo‘t-ﬂo‘)

iox (0= * [loo(-500) sin (500t +30°) ]

Ex. -1l 1=cC

S

= -0.5 sin(500t + 30°)
= 0.5 sin(soot + 206°) = 0.5 s (500t + (20°)

Ex ll-ia from ‘Figure Ex ll-la Wwe jd‘ (@) =Tm siawt A) ; I=T, [P A
U (t) = Vm Cos ot (v) SV=V,4[D_° v

L) = T ointot = T o5 (wt-9°)

+the \)olfage, leads the current by ) - tis an inductor
")Z?;(:b V"U’"L— - Vm qo_q_
Im =9 T
also 'Z-tc’ = JU)L. = wL 92 > u>L=;_m
m
Vo (R)

or L = =Z=
W

-Jw(_ -J(looo)( ol) = (o.tz
= o[98 U

Ex. lI-13

Y=Yz =-i/io = -jol
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- - - B leqs .5F = [ ]
EL (- 14 c‘b‘ S (3MF lSmF lmF)

(a” tapacitors i mF )

’_—_L
50_”_]_ P LI mF

= ‘.‘. = - -
-Z(% /‘)C J/aoox l.‘ll,uo"3 = -0-5$51 e R
0.595 [-90°

!
{
[}
\
{
4
-t

-'50.‘<z I ".\
,(}_l

W

Veg = ;3‘:,; = 1.769(3° s

Ex 115 [T s o)) = o
_ O L M

loge *JJ 2. = - /(lo’)(leo“') = s
Hu.m‘fop ‘\f+'\_£+y_.-.o

J% o) ’35

=2 s lcoo . looo = 50(=369°
btjlz  20(%9°

o V() = 50 o5 (165t - 36.9°)

Ex. [l1-16  phasor ckt

4 I- lolo = lbls®  _ loLe’
lote’ 33 [+ (343)(]3) 4-33 S (=3%.9°
J T 31‘} 3-13 - ZMD
2 1) = 2 eos(Bt +36.99
Ex. [1-17 = I[ B4j3 5 ] _ (zae_v)(w) = (213%3%) (7 (45°)
3+J = Zr—.l %lo °

coL) - Zr_ws(3f+%l.1°)
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Ex =13  express eircurt usiAj imptdance

3 - .
JAs 2 o.l-jolls D EO-HJO-' 5
it
g ¥¢2 —oI
o———1

Beg= 2ot ¥, s 9t 4yR = 4o 113 [5e3n
- _ _ U
Yeq = t 0.14 (-56.3° S

Ex. 1/-19 phasor ckt

Va Vo kcL at Va 2 Va + Ya-Vb -
l{_qo 4a ‘JID n 5 L"_1_9° “ m -_j 1o .
=0 &4 ) 3 (4-j1)Va + (-44j2)V, = - 20-}%0
ketat Vo: Vo-Va 4+ Vp +.5(-9° =0

—jlo 2+;4
D (-2-]9Va +(2-j0)Vs =Io+]20

usina Cramers ruje Vo = [C20-340) (-442) [ = _200+ 100
"3 ! “ (10 +;20) (2-jb) —l
) . ‘30- (Do
(4-512)  C4+j2) l J
21 (2-j0)) .[F2de.5°

- Va () fB cos (It + 296.5°) =[5 tos (oot - 63.5°)
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Ex. 11-20  phasor ckt .
315 Va -jS KVLPI I‘SI + 16(T,- -I,)= 20
"'C";' bn;g:)%uo #(lot,ls)l‘ lox,=26 ()
d kv O, 1 56 T,+(6(To-T)= - 30,95

23 -0T, + (10-]9)I,=j3 (2

from Cramer's fule

= 2o -lo 200+ 206 = Qz (-32°
I, j30 105 '—- £enLe s %‘ (=2
- -75 + 10O
10415 -lo
-l lo-jS

190°) (825 32°) = z4(7 [(3°

now V= (jI1s)I, = (is

S @) = 2477 wos(wt 1) v

=22 ¢ find Vo (= Vab here)
M_é I#] %(Vab Vab KcL at top Vo;_ [ +J%s. JAVoe
a2V, = 260 = 4°
= Voc o -03.4° 2.9 (63

now find. Tsc

Vab = O < no current Source

sn r
- . .
lore® S ‘r-IsC- Tee = _!_SO_IL{—_-, - 2(o
_ Voo _ 9.91634° - 4.45 (634° = 2+]4
Zr- Teoe z J
(&)
-*. have 1 &
g 1 )

Ex. 11-23 Hfrom Ex.Ib-lt  TIn = Tsc = 2(0° £ 27 = 2+j4

0.0 mue_ o . CL
2106 2414
b
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Ex [1-24 @)turn offcurrent Source \ust phasers wrth w = (0 @/

= - (o - -
lo I 5 e 'Ztcb -‘-—D.——lg = 5(.‘ J)

_J,T 1610
KvL@: ~lo +51,4j15I,+ S(5)T, =0

S T,=1_ - 076745
lo+o

.. i,(f) = 6.701 cos (0t-45°) A

b) turn off VOl‘faae, source |\ W= 67,

5.0 . _
" current divider I =-1p 3 - -2A
T ? %loa. 34 15

S0 by superposition, (H) = 00T cos(lot-462) -2 A

Ex. 1l-25 On’aa:um. drawn with relative rnaani tudes arbh‘mril._., thosen

Ex.ll-2l 2 possible phasoe d('af, rams for currents

) ITel=ts Is 1T |
32 = A}

by
I.l=¢ ST :-‘(25‘)-(15‘) =20

1Tl IS = lIa.,
; I ilm- Is

now«'F [I“,l- IIL, II(. =5 (Iol- b- 2.0--(4 (:mpossnblc)
. from case (2) |Ted] = [Tel- 1T 2 I1Tl= 2046 = 26

Ex. |23 Z, = R X (x, ‘j Ri) and. R, =lkJaT
Rt +X,* X, = - e de = ko
' we,  (eoo)(o®)

o’ . = (l)(l!g ‘ ) _L k L

(+]
22 = Ay = k&
. Yz.-.--i_'.&:- ll :——l—j
Vs g '/a-j'(a
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Problem s

Poii- (@) V=15 ws [@oot +30°)
i. =3 5;“ (4001'1' 306) = swb<4oof_boo)

TV leads L b? q0° = element i5 an inducter

now [Z.1] = Ypeak. = IS =5 = wlL = 400L
Lpeake 3 = L=.6l25H = |a.5mH
(b) 1leads v by 90° - capacitor
|Zel= Ve - 8 -4 = 1L = L ac-znnmpf
L peak [2 weo oo C ~ -

(c) V= 20 cos (250t +60°)
1 = 6 sin(2sot +156°) = Scos (250t +60°)

Since Vt:, i are in phase = element isa msister

<. R-_- Vp“k':;Q=4-‘L
.chaK S

P ll-2 () 1() = 2cos (6t +(20°)+ 45in (6T - 60°)

= 2 (w56t +Conl20°- sinktainl2o® ) +4 (sinbteosts -cosbfs'mw)

= -(1+23) o056t + (2-13)5inbt
<) 2-M3

=N (1t 232 +(2-B) wos[et - tan -(126)
1) = 205 sin (61 -26.0°)

(b) V(t) = 512 os%t + (Osin (st + 45°)
513 o5t + (0[5in8teos45° + o5 8t sin 45" ]

lo1Z o5t + ST wist
V) = {255 oo ($t- 2656°) = S{io5in (8t+63.4°)

Pll-3 (@) (otate 45° = T = 6tj3 = (6(53.1°
subtract 4s5°
I’= (08 = 1T+ (2

(b) rotate 90° = T =10 (53.1°
add. 90°
I/ = [o['*'3.l° = ‘3"‘,]"

2170



P-4 (a) Viz 360 = 15+j2.598
VZ = 9(-22.5° = . 3q{_j 3.0b|
Vo4 T3 - 8831 -jode3 = 990/22:847

2 v +v, = 830 cps(2t-2.4¢9°)
() V, = 27z cos (41-90%) = V[ = 207 (%" - ~j2lZ

V; = (30° = 5M3+)5
v+ :sﬁ+_](5-2ff,) =443 [14.1°

A vtV = 893 cos(4t+ 14.1°)

-5 (5 (368°) (o [253.1°) = 56 (1. _ (p[-l6.2° - 25 (o
C4+j3)((o—j‘6) - lD-jS {5 [~%.5° —0 —

P -6 56 7 .
N%/w A ZA+SB s pure lmajfnar? and on.
the + 'Lmajinarﬂ axis

l .. 2[Alsine = 56 5in(1s-5)
2(5Z) sine = 5(4)sin(7s-s)
= 20 [5in 15" oo - e0575%%ins ]
= tane = Sn15° = | o= 450
V7 + cosls
s0 A=517 [45° oand B=-4/90+(545°) = 4/(20°

D _ ® [ +2 . 27 [=95° ) 5 [ . ]
. {l - 5 [+ 3/.37 4" 5 cie 2__._. = + 21.87° - -+ 3L '23. 1°
Z [ | T =2 o l J i~ 14 J3 T /5Li_

= 5 (+8187° (443 - 3.%)
= 6 (+81.87° (5.6 (- 36.81°)
= 28 [ +45°

= VT H ] 4T3
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7373 4 3673 /l46-90° + (44 [2l° + 25 (B
40.0% - 24.23 + 25 [B_
= 46.83(=315° + 25 [ B
clearly for [T| 1o be max.. He above Z terms must add
in same direction (in pha::e) = p=-73ls"

Pll-¢ T

Pl-9 draw phasor ckt .
2 T

e« T <
. [—— v
3 J4~ -3 9
J
e— T

lri\
~— loo(0°
() 2, =344 = sBL° 2,-9-7% - glz [-4s°

(b) total impedance = 2.+ 2,
S 34t 135 T Mog4 =0T 20T
() T = loole. _ (0o — {OOAI'I / 20.0°

Tt2a M1 [-10°
<o ) = 3.55 ws(laset + 20.0° )

P.1i-10 ¢ 4 j3a g
F

e len jlao [ WV ]

fen -j4a
—L

-f-
oo

b

lo4)7.2 4 4+4:3)((-1%
C4+J'3)+(6—J'3)
= lLetjr.z + 4.4 + jo.%
-ZC% =Q-,+j$.— o [S3.1°

(a) 2::b = 2ef -r-ij

(6) T = ool - loo(o® - (6(=53:F°

icr‘ lo (53.L°
() Ver = T 2es = (1065302) (Let]12) = (I6/:5%1°) (4% (17.41°)

= 40\(T/s [24.3°
(@) Veq = T24 = (101=5%°) (25 L03°) = 705 ([-128°
4 d

) T.4 = YV,q _ 2015 [-42.8° 4= /00
) Ted 7 2% ¢ Ghw Bkl
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P 1l-11 phasor ckt / super node

« b F P T b

e Vo , Va  Vx —(ef3-5L) =0
SJ(OO+J2.5+|OO+J’50 ( J)

= 3V + (2+])Vx = boo (swffaooﬁ) Q)

04150 Vx"va. 2Vx = Va_- -Vx LZ)

(2) into (1) glclds $ VR = bOO'f.l(SOOf(oOO_ﬁ) :“(a&h(f_(f_g
T14j
e Ve (f) = 169 cos (Seot - b6.30)

KcL at supcrna‘lc :

Pll-1z  phasor ckf kv Oz, 2 -jlooTy +] %0 (Tx-1,)=0

ZDL_ ﬁgwé { —J(Oo S Ix + Iz=0 Q)
I, 3T LYo}
- ’ KVLwaer :-20t 00T +J‘ So (IZ-IQ:O

F 3 2001, +j0L, ~j50 L 20 ()

also I, -1, = 531y (3)
éo{um? for T, in () 2: P(uﬁjmj into (Z) and (%) jnclds

-20 + 260717, J(OOI;( = 4)
I, - 2~ Tx - (s)
(5) inte (4) :j?elds Ix = 20 = 0495140
400 j.’co

Lx (t) = . 0435 ws(locot + 14.0°) A

-z find Vee Ve - 2Ver _(p 4 Ve
{ - e L Voo o == =0
. KCA_G:{"}Lop. J(O (O'f_Js
(] . °
2Voc o @ Yo S Ve = -]19% - 094 96" v

find. Tsoe

) Jo Vixz=0 = Tec= (0l2° A

+ (-]
ya's 1o ®:s Tee . _ Voc 097 (-9 - l%[—jo°n_
X J T-x . . Z‘T"‘ Ix = ,oLio o= "

So haue the chuiualen'l‘ cket +
. . . ‘\fo,, VE 2n
usin VOH-ajr_ divider -
Vo= Vo [ 30 ) = —j 300 = 33./3% l—%3.bb° v
30t 27 9.

so V{): 33.13cos (20t -R3.66%) v
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P lI-14  draw phaser ¢kt £ use nNecal analzjss

) Ya J5 Ve KcLat Va: -2+ A/D + (VA“VC)/J"S =0
ZE@® o3 54 T +] 3 (24)Va = 2Ve = j 20 (1)
= KeLat Ve 1 (ve-Va)/js + Ye/54 - (4])= 0
—'->4V;q +Vc_ =2-D-j20 ('Z)
us{n Cramers rule
z ° 3
l(u)zojwl _ bo-jlbo _ o .o [-59~ _ (.o %1% v
) -z ‘ T (o4 {tor  (5:3°
4 r
Pll-1s I> 2a SSI; a_pphj test VOH'th)V: =S 2 T v'/I,
+
vooRE T3
Rvi CT, 2 -V, + 2T, 4 j2(T-T)=0 = -Y+ L (2+j2) 21,z 0 ()
KVLCT, 1 j2(T,-T) =51, ~)3T220 = Iz= (5421 (2)
J
.ujfj«n? CZ) intoe (1) Z’t!ds
('1+J6)I,
.. -Zl\'\):\_/_l_: fZUG = 65(2‘6&¢
I,
-jlo

P -l T 1 u_‘:;nj VoH‘ajc divider
V. - ZOLO: 500% V‘o e
s jeT e ,b_v< )zzoc_(______>
lo-jlo lofzZ [-45°

= lofz L4

" Vi () = lo7Z oo (1ot + 45°) v

P. 1I-17 _L ¢
oo J‘ooc %10 éj% V < loo-jloo = [e0fZ (-45°

‘aw i
:l = L Z'OLO :(-(){_Z-Lis_:=.l+.|.
YIIJ /%(” /V /wr_ L:i§_° J
alse Y -jlooc. + 1+ L = J(looc.—'/4o)+ Yio
J40 lo
ectuaﬁr\c} the imaﬁfnama terms
looc = Vao = .| 2 €= YaooF
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T o

1119 I= _leolo
(o) . (D 3004 (- 13%) (3c0¢{37.7)

yalhla 1336 + 200+ 37,)

= o [0° - 0.53[5.9°
303 (-5.9°

] (t) = 6.5% cos(zonTt + 5.‘%") A

= lo(o®

(b) 200 I-
leo(S T j2s1 (-7193) (300 +j251)
- -)19at 200 )25
= ko (D% 0.b2s [ 519°
256 (=5%9°

i(f): 0.b25 cos(%ont+5q,q°) A

[son \'4
R 1i-19 LI& Kebatv: (oo + V. v L v -5
loo(o® -J'fzs_l__—t EJSO%ZSOA ISe -lis j0 256
T 4 - °
TTe -'_=‘IL JfI._j = V= sT.b /22.
“ Lg= [00-V - 667-.384 (22.9° - | 247 /-25.5°
[So I —
Te- VYV = o046/l
125 (-30°
IL = 1 = 0.120 [~ 61.(°
§0 (90°
Tg= V. - o0.230/22.9°
A50 -
3 -0l usu'nc} \/oh"aac divider

P li-20 2
. t=2lo +
Y (E v a;’l_ bov- V. § lbon V= o 5-jio ]
- - H‘S-Jlb
| = q.‘sq ;- 4‘ e

Now V(= -loo(lbo V') = 9.59x (0% /-4.4 = q.5q xw!/s.
. Llt) = saxtotcos(obt + 0s.6°)
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Plr-20 find Vec

(.L':l'nj \JoH‘aj{ dividaer

] L
Ak +
5638 @ TP J%V Voo = S1:30° (%0+J%O> 5(-30° %Of‘(___‘i)
$0+j30-)20 loo (363°
=407 (-29° v

Findl 27 (Kill UoH‘Otjt source)
I ‘
-0 J%O T = _"7_0) (eof',go! = 23 [-%.9° o

- ot ‘&0{-:l 26

-« hauve the c«:tufua(en‘l' okt :v_
oc

Pli-z2 find Vo

b= v kve (T, 1 600T - j30o(L,-1) =
€O T v, > (e00-j300)T,4j30eT, =9 (1)

> KvL OIZ D =2V 300T; - 300(T,-T,) =0
also V= -;300(T,-Ty)
Cramers rale for = j3L+ (-53)T, =0 ()
egns: (1) and (2)

= T, =.0(24 (-1L°

. Voo = 300I, =37[/=1&° v

‘FmaL T-sc. o '
. Kvi FISC_ D=V -V =D = V=0
(Q a 2-\/' o &)
- 30 T, = 38 - oI5 (e
Tawo 17 s = 12
Voc 3 (16 o
S - = = = - -]
o 2. o S ° 247 [=l°
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4 LWl .
P 1-23 55, kit O, 0 (44)6)T -jbT, = 12+j12(3 ()
2468 IQ v
=‘Z+j l2¥3 ]-— KvL PIz ‘DI| +(%+J Z)Iz = (Z)

Cramers rule +o solue I,

(Iz+)1273)(84]2) = 252" = 2.24 1.2 A

(4+J¢P)(%‘Uz) (-J(o)(jb)

from (2) T, = ; (2.512%°) = 613 (s (%) -HLL__
‘A+J2. {_“El__

now Ve =j6(T,-T2) = (6 (90%) (2.5 (24° — 1.3 [l05*)

(o14c° ) (2.71 [=163°)

\A (.3 (7%.7° v

and. Ve = AT, = (4(1-90°) (132 (105°) = .24 (IS® v

st nﬁ

4
) “’i‘f_L lt z,= G3)@)= 2.4 (=521°
3@@,13 L{, -jo %2 -j3+4 144192
l = lz
7.2 8 u:b—_L 2 =# . .
1 j'—jz \
N A

- 255(553’

el 4' Tt %ﬁl

2y = 35:4-573" = 2.7 26
.. T = 2.8Ss (-75.‘1‘(3.5( [-319° )

2.77-j let2
T = 2.85 [-1%4° (3.51(=319%) - (.9(-92° A
(5.34 (-244° -
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o Vi s g2 V)2

Pui-as ng KcLatV, yb_v_sf%s 4% = 0
’ | 1y IS 2 ), - (s+j)V =lov, ()
Ketatv, : V2-Vi , T+V2 -0

S+j2 %43
= (8+j3)V, = (13+]S) Ve + (344j30)1 (2)
also V, = 4T = 4(3(958°%) = 12 (45° =G{z +jelz (3)
plujﬁu'nj I anc (3) into (2) giuds
(8tj3)V, = 14.24 +j290.2

oV, = 300L180°  _ 35,(L55(° = 20.1+;28.3
3.54 (20:6°

now pluﬁj?n? Vi and Vo iate (1) 5?:!0(5

(5+4j2)Vs = - 209.4 + 4731

S Ve = 517.4(U3.9° _ Q. 1(92(° v
- 5.239 [ 2L8°

~ I

-jg.
Plize (@ v [ v

13 .
“peieT Tein QR

keLtat Vo (Vs +'/ju>* '/J'oof '/-J‘-s)V, - ('/jlo + l/—js)\/z = 1l

= (2+j2)Vi-jVz = (b )
Ket at Vo2 (’/-Js ¢ '/J’Jo +'/,o + '/J‘s)\/z —('/.J‘s +'/ju>)‘/, =J'/2
3 Vi + (14))Ve= -5 (2)
using Cramer: rule
Vi = 1o(14]) =()5) = lo+)S = 2.24 [L34°

(Z4; 220U4) - Js
(z-jz)(z.uwa) +jlo
-2+j4 = 447 (UGt
s V) = 2,24 cos(loot-63.49) v ‘

Vo (#) = 447 cos(loot + 16.6°) v

n

from (1) Vo= (Z(-i})Vl -(D
Jd
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P11-26 (Continued)
(b) WUse superposition since have a. DC and AC Source

Lot considar AC scurce (open DC current sowrce)

wse cc‘n’s, @) é.(z) frompar“f‘(a) but <et RHS of (1) to zero
(24j2)v/- V. =0 ()
Vil + (14)vy =-S5  (2)

Solving for V7 it (1) and plugging into (2) =V, = -1 - 1(18

s fom )V = (L) (1U8eP) = 2(Z (1357

50 V/(t)= os(loot+120°) and. V7 (#) = 2{Z s (loot +135°)

now tonsider Dc source (open AC turrent source )
V./’ f_" o Vl"

F ] W=0 here
1A @Es% 0 L v'=V" =0 beeause of short circuit

1 w
ooV Y= v) 4 V) = eos(loot 41%0%) v
Ve (1) = Vo' (4) + V() = 277 cos(loof +135°) v

: . Ya_ | Va-V
RI-27 Va_jlkove j30 KeL at Va 7200 ¥ g2 =0 )
2004a = 450 Lz’
- | KeLatVp: VoVa 4 Vo + Vb-l2 = o

Jjleo =150 %o

= Ve = Yavb— 32 (2)
(2) into (1) Lcjic!alf: Vp = 2. (- 144°
and from (2) VcL=0-55(""""4'° -1.s = .97 /=17 °

Va () = .97 cos(4oodt - 1] 2) V
Yp (£) = 2.2 cos (Foost - [44°) v

—
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P 11-29 Ust superposition. | onsider tre eurrent souree 1, , first

i 4
Yy T 3
- =

C) from kcL at Pz TL=16+2Ix-Tx = (D+1Ix
(1) from current divider ¢ T = (10421, (4-]% \:”,O-Ij.b‘ +Ix(2.21-j.n)
Jt4-%
solving for Lx in (1) €:. pluﬁjinj inte (2) 3?&!45 I;:= 9.09 [2:59°
< 1l ()= 9.09 o5 (loot + 2.59°)

now> tonsidar the voltage source ,Vi

Va 20
i KcLat Va:-2IxtVa +Va +Va-l00 = O ()
2T, Jlo 5 loo(S Jio -j 20
::.)L'(_T kerat P Ix=T! (@)
P Ix aleo Vq = jIOT." 3)

Pluﬁ?nc} ) éi (3) inte (1) cjicld.s
-2+ 1I"-10T" +J"/z'1:[_"-s =0
= T/ =,45/-171.4°

“ 17@) = .45 cos (100st-1T14°)

s0 1. lt) = 1)+ ()
L:_(*') =9.09 o5 (loot + Z.s‘l°) + .45 eos (locot - 177.4°) B

- T (
J —

r
Pl-z =
7 v SR 3 . T2=1
-] -jto

lo(e e
iT

kve Cx,: (-))T, 4Tz =10
kvt lx,: jI, -JTa+jIz=0
Kve C1,: jIz ¢+ (15)T3=jlo

Crumers rule gielals I, - lo-jlo = (oA
)

.. 1(t)=10coslocot A

~—
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P. 1I-30 2 = X+R iX RX? 4+ xe - R2X
want zm{zg =0 = X RIXe
'\z‘fxc

U)Qn+ KC {E} O.R = XC. = R

a..

X - RR(RIE ) = RaT=D
R? + K"(%a-) — —

Jj2o
R 1-3 . '
2o/0" (3) P lox
o

kve: -20+4j201 + (0T + 10T =0

* T = 20 N :l/ﬁ. I.ﬁ.so
0+j20 {z (4s°

so 1= Yz s (oot - 45°)

kvt 2 -Vg + R +U =0 A
Vo ke LT kel é-c%{_ IR
SSOuUF| -
Chee. eqn, = (5+4) =0
V() =20v s U - Ac-‘ftr 20

t<o (use phasers) w=3md/

2 = lcoo + = |ooo - foeo
Tet JG1s005°%) 153
Ze 7 = -| too
T s 3
50 V= 2. Vs - (-]4000) S _ 40 (-36.9°
Zr 3000 %00

or Vlt)= 40 tea (3t-36.9°) S0 V(t=0) = 3av = V(st)

now W) =33 =A+a0 > A=la
thue Vi) =lae-ttao0 v tao
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P 1I-33  phasor ciceuit V. -2

I 2
Vs L {32 T-= Q (36° _ . 145 (=2¢.3°
I (o-rjt2+ 3/J-

[(4) = .145 tos (4t -3 3°) A

—

1K
P Nn-34 — -E‘/ + w-= Po7,Y)) ('Ctd/s
A WMV %401 T Joe %(oo-a__ A2 Vi = 5(0°

KeL at output : (Aoéo— + 4oL + ‘V(J‘wc.):o )

also I = Vz-.1V (2)

looo

fom (1) ond () ca,:,’r V= -0 _ 3,3 lele®
btja

W(t) = 31.62 cos (oot + l1.6®) v

P I-35 phasor cicewrt
I jl.tz |l

NHO ) T-J In :I_—.J I3 @io:90°

three mesh egns : (-NT, + (NI, + oIy = o

JII Y +JI5 = 0

oL + Ip + ()1, =jlo

(1-j) 16 o
Se L, = j o j | |
o o Un| = oy _ s
) 4 ° ')
. TS TN |
o j G-

e (W)= 10 s 103t A
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-3 .
P -3 phasor c.k.t A

J O.b"L_ V-*('J&\(') ja \'4
+

=ltsVv = 1+j3
hen Vap = (3 A+ (4(14j3) = - 9452
2r = =942 = -q.a2 L2S°
Thev. tcbu.fo. (> Voo =6 {l-e,.r: -9.aa (212.5°

la vV,

P U-37 v '
4a 3 Kt at Vo ¢
N LI Vo, Ve, Vomi20 _ e
L )3k pheT a3z T ‘e
3 Vb =16.3] (2.5 v
P 11-3% b J9o
e g .
55 %j —J‘o—]: % w = 'D‘ra%
Kk at a t (3% )Vq + )V = 20 /5313° Q)
KcLat b (,—4‘5) Q_+(_—L—-%o+-§;)\/b-_‘/8bvc =0 (2)
ket at ¢ J

SD(m'm} W) - (3) Simuwltancous|, Ior Ve
Vo = V2240 45" thug V() = 40 (3 tos (wt +45)

33



Pil-39  for algebraic addition ,the !\cc‘f‘anju.lar Jorm (s tonvenient,
Vi =150 tos (-3cP) 1150 sia(-30°) = 130-3 15 v
V, = 200 tos60® +)200 5i0k0° =100 4113 v

Bca the ruwles for ccbua(.’ and. additisrn
V= VitV = 230 1)9% = aso [23.1° v

thue V@)= v;(4) tValt) = aso e (377t +23.1°) v

oo
loo.a

YV looo
1L

vi 1/
2le® ~ g
AVzg Ve

\_ - . v = (V- I
Kel at input +oop amp : EL%oo Ve = (V; Vo)(looo+jla>o)

P u-40

aleo Vi -Yo/n  plugging Vi inte aboue yelds
Vo[ 1+ 4 +5(1¢£)] = -\Z1o(0°
assume ASSL 3V, (1+]) = -lofF [0°
=V, = (b/)135°

s0 Up(+) = 10 eos (100t +135°) = (0 eos(iot - 225°)
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Advancecd Proble ms

Al -1 _<»,>3é3 a) Voc Nocle chuah'on.,:
« X l‘} \éc. + Vo - (b+{3) _ 3 (Vog-(b‘f‘jg)) o)
o5 j'g_n‘ 1 " + -4 ja 2\ 3
. wj%Z[') T ) e ields Voo = 3tj4 = S S2I"
b) Tee
¥alx
—<*>—-— Node eqn

%0 T}w.ecbu{d. ckt.
34 (D

AP (12 1) fom t<o circawit = ((o) = X
Q) switch X closes @ t=o

=% = - .'.it=ﬂ—t
sQFp T

3) fbrced. response. = use phasors ) V, = 3Le°
now 2 = 3tjwl= 346 . Ig= 3/° _ 447 [-e3.44°
' 3+j(,
S0 1 (t) = 447 si (at-63.4¢)
l(-l-) - Ht't.{- 447 s (At -63.4°)
(p)=d = A+ 44750 (-63.4°) > A=3.4
so ()= a4el4+ 447500(2t-63.4°) 7
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AP [1-3 Vs = {3 sin(wt +135°) = X os (wt + 4s0) 5 W= oo fad/s

Ixi:“‘ a I" b s = 4 tosfut +36°)
1"2&5" J'o.}.ﬂ. T-j5/3 +£30°

—

Torm wpérnoda. with. a-b 2: do KCL

Vo- 1T 37 , Vo, Vo - 4[30°= 0 ()
1/3 jo‘ -J5/3
also : Va-Vp = 3T, = YR [45° - Va.J T(14])- 9V, (2)
U,
SOIUmg for Vb in (2) g Su,bbma mfo () 3ldd5
Vo = 2.09 ﬂ§7__°

thus Valt) = 2.09 tos (WEF137.3°)v 1= toofel/s

AP Il- 4 Jwl -
% q Y‘: “k-ﬂ-JwC e
r ch—'— 2= 4 - L : : - ;
2w 0 — Y, YR+jwe [+jwRe
Y, .
- R = R{l-w?Le) + jwiL
now -Z, - u)L+ " -
v I+jwRe (t jwRC
Wwith L= Ci7.‘:'>nﬁ) C = 39,F, w= (o%d/
Ziy= R(1039+474935 _  qu2R + j UIs
[+j0.0029 R, [+0.0039 &

for R=as.q 2 = 25.9 [16.5° = 247 +J7'33 es
for R=So.@ 2, = 49.2(043° = 44.2+j03. q
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AP Il-s £ L Ve=sinandeot) | w=n 4o
V-+ RB A R.—IOD_Q_ ‘
x. Lg = 40mH
e L Ly = 60mH door opened.

= GOmH | deor clozed.
wrth the dwor open. = [V, -V, [ =6 since bridﬁe_ ckt s
balanced.
with the deor closed. — 2, = J (300m)(0.04) = 3 loo.5 1.

‘al_s = J (Footr) (0.06) = d 150.% 2
Uél‘f\ﬁ nodcd analljsig-,

node 8: Vg-Ve ., Ve -o

= 3 Vg = 1.(00.5 V.
R 2 Jlo0.S + 106

for V= T EN st = D. 109 [44.8L°

Node A - KQ_K'_VC_,.’.:{_?_ =0 £ \/A: 0_833[3&550 forV(_=lel=’
s

©. Va-Vl = -$33(33.55°_ o9 (448

= (6444 .4,0) — (-:50% +jo.soo) = .l‘ll-jo.Mo

\/,q -VG = 0. lqs L—-“‘Lio_
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Al -6

V-‘ G+ Y,_+ Ye
L lnFé 39.LpH

r) kA~ Y=6 when Y 1Y, =0 or j—'u.:l.‘f‘jwc':o
” woz = fo = = -
Y °“fc Y ° amle any3q.exi6-'®
=.0199% 1o’ He = 8ookHg
(30 onthedial of +he adio)
AP 11-7 phusor ckt
154 (Rf_ﬁ-) - 'J4' I lo (3¢
ol (2 %4) - .|~ e
AR N 7N o

T, = 34)% lo[30° = 3.aas [44°
13 +ja3.5

V= QI;:,
v V) = 645 oo (105t + 44°) v

u.sfnj’ Cramers fule

- + .
AP 11-3  phasor ck j150 = 400 tad/s

3151 I jlwI:‘_Qg [0 = Repgyek.

KvL: 4751, -jlooI, =315 a4y
kvl - -J' looT, + (lOofJ (05) =0 (7_)
bol\)l‘n? foe I, aaie(ds Taz4s+jls 2 L) =474 {li&.‘t’i
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Ae 119  phasor cht

JA VY
I | % = 31
Iy == 2 a._
""'fJ ):LTJ

nede 'V, (‘“'[ + Yot Vi Vi-Va -0 4))
| él —_;9.
Nede V& : Va‘vl_|_ Vg "Ic_ =0 ('2_)
Sy 8
also : I =21 = 2 -I+§] = -l (3)
_1.
)

5010&\3 (1) tha () kat'ud/.) Vg = ’..’J. = [-4&°
ltj&
o W)= V3 1) = = eos (4ot - 45°) v

Al -lo Ww=am(79) = 5000

= -120
) /Soooxlo“-" J
I 320 ) .
QL "'J"lo L = (SIjQ, = "‘J 15
2oL = 2gt2L = R0tjls = A5 [Z°
Zeq = ZauZe = a5 [31°- 2% - 500 [=5% =q4.3(3°
2oLt Ze "'0+le -jao 0.0 [ ~14°
se T = Y - 137 - p4q/39°4
By a4.3(-3 (=L

L) = 0.49 tos(scost + 39°) A
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Design Froblems

2, =l Y, = Yo use the fact thet

0p i~ ' ”
“5§‘° % C—l; t % Za= fjwe  Ya=)we admittances n pacallel
‘ - 23=RtjwL  Yu= %(\‘jwl_ add and V(ZY)=T

so V(Y,tYatYa)=Ts with V= 30slloot-0) 3 V=¢[-&
L) = Oeos oot = Ty= to(e®

So haue 0(-& &'3-& E&j—u)L*j“'";] = lo(0°
B R+10-10w?Le 4 (WLt 1oWRE) = 125K + [ 1.35 wL
ttbu.q'h real pact @ 4o-4ow?iLe =R [4)]
v l'maaincu-a part 1 40Rc=L ()
P(“flﬁ"“? a) _into (1) Lgie(cu, R= 40 (1-4xl67Rc?) W= looo (/e
now 'f'rz R=a0oc. = |- 2.(!-4&107(207(‘_7‘)
which yields ¢ = ASxO°F = ASpF

. L=40Re = 0.02H1 = Q0mH
now cheek & = Y =l -0

Y5=jo.as
Ys= Yoejao = 035 — ;.03
oo Y =YaYat¥y =035 [ 9 V=YIg= (135 () (o (&) = (.35 (o°
2. 8 = 0% medts the des(am sptc.

e A
0P IlI-a ""W‘f—‘l W = 3d/e Moclat ana-bzd«'s «t R
Vs —--H__kza +\f 2 = l/ju)(‘, Vo-Vs + Vo-Vs + Vo -p
C ~° : Yiwe = 3

=Y _\_/2 - 3"“’3“_)0
Vs ‘H'J' LYY

ow Vo . W€ _ 3+i9c - Aqr@yp [tan~'(3%s)

Ve ) '—(53[9_" 4'+_j 9c W /'h‘u‘l" (qg,/ﬂ
ecbu.a,te maam"l'uotu 2( ang,l.as E;l_g_ -T4H@E)* 3 c=lse
let(ac) % -
b= tan (B _ 3130
BT(58)
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oP ||-3

OP - ¢

0P |I-s

Qoa 4.8 xip-34 ) . — .
T, Bu=jel= (480 ) Vs (leatjki- %)
Ve ¢ T-V" 2 = 'j‘°’4/£,
Vo= T2, =
now "o : Jlo“c [_Citoa-fJ(% [- Yiete,) ] - ﬂlxlo C+9.02107C |
or [Vof = __IO ] Vo
Y -8kt (Foaxipte)? SHF| 13.14v
Lo | 14.49s
s | 3148
20| 5099 & {V {ma,,z
25| 318l 25V
30l 14.9 at L= QuF
JXe
a) 2= (X, 2
. . JXer 2,
P T 2= R(g%) . Rﬁxc): RX2-jR*Xc
J RojXe “Rejke| “RzZixz
waat 2,=a R y %0 @R = RX* = {'_' I
! R.z{_xl é X(’ K -l%-a. C)
neecl ITm ia,} = - XL or RZ%*Xe

= X using (1) aboue %/.f‘
AL = RNa Ui-a) (2)

K24X 2

b) q:.a_,)&:loo)w:‘ooo

fom () Voe sleo {3y = 122 5 c=aouF

from () wL = oo .a¢.8) = 40 =y L=40mH

=Yy = L = p

there X_ =10 = WL = 400 > L = Oy = 35mit
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| | i
P l-6 2 .

=) ]’ bT K 'II-L L Vo

U«Uée'ﬂﬂeuc . nod-ecr\s
\ 3"‘”——" Vi-Vo = bz )
S 5 n
3495 BT ‘J—‘l]._ (S -J.5 J
—V, + L‘.’- + \..,.P = 0 (1)
a ,

also hawte I = ‘ﬁa (3)
-J

Solm‘ng ), () and (3) with, Vp =6 %l'e,tdo b=2a

Dp “""7 2 < 22 © .
' Zr, = [4(=4° = 9499 -) 9499
. Y -~ Th J
y® bi, Y 23
Ct,pply test source Lt = A and short Vi
= Ty =1l
I3 T AT =118

) wO - Kee: Ta+I,=bI, = 2T,

SDI;:I;-:[’_OO

V‘t:' "Iai +I42:D. = (23-24)1&0

So Z"t = Zt T iTh:Zé//E_;:(%a‘%l)//E_g

now haue R, 1L and 1C, Need To choose locehon. of elements

for 2q, = 1445,
Lt R= 25 | neec to choose 25 g2, = 23 = (co)!y 2= Ls
R &T‘\ = ‘Q..// [-"tc"JU)L]

thoose Ywe =wlL=x due to - 45° zmm,

21y = Rf/[-jX -jx] = J2RX_ also 2, T 14 _; |4
h //(._J JJ R-jax ) 21, )

now feccl R=2X yThen haue
4 _j 1 = 2R(FAILEP° . R (-
o e T o )

& TR
oo R 1t

'(:hu.o X = ’Q/;L =" 3 LOl'H‘L W= a1 ((003 = 3N (‘aci./6
wk=7 =23 L=I[3.6mH
foe=1 = €= 31pF
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5f}cc Problems

e ® Imd @ 12 @

SP -l
[Dees | (mF T [mF T IOS;ﬂ looot
)
input File : VI [ O ac 10 90 osiowt
RI T 2 |
el 20 Im
L 23 Im
tz 30 [m
Ry 34 |
Va 4 o ac lo o : sinlowf
.ac linn | 159.15 lsa.ls
.print ac IM(L) TPLI)
.endl
output Tm (L) = at £ = 159.15 He
TP (u) =
3 .
5P -2 O g&“ © {_/‘X_L input File
% "’\'9( " (onF == Vs | 0 ac |.414 135 I4(45m(lao’t+l?v§
m ( RI | & .3333%
5 LI 20 le-3
HE 32 Vs 3
ans. ¢l 30 be-3

V) = 207 cos (ioot + 131.3°)

I1 03 ac 4 lao)‘?-(‘.os((od'-f—?:o)
Al lin 115915 (5415

print ac vem (L) vplLt)

.end

5P -3 “ RLC Seres cirewt
I ¢34 Vi | 0 ac & 3o

afss <® g 1 a0
BF U a3 3 '

Cl

3 0 0.09%33

LAC DEC L 0.L366 O.b3066
PUNT AC IM@R1) TP(RI)

.END

ans: 1849

Im-=
TP =-20.3%|

J
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C) = .1%49 cos(wt -2w.3°)




5P i-4 ©_Ik* ® @

g

®

Vs | 0 ac 5snlo 5 31931 0 o 90)

RI I &2 |ED>

El 20 3 0 ol jthis I's Where you chanﬁc B
El ©0 3 Vs 40

Rz 30 loo '

¢l 3 0 l0E-6 1c O

.ac lin | 393 31.43]

.print ac vm(3) VP (3)

.end

Ans. Vm(3)= 3(. 2 ve(3)= -1%.44
50 U(t) = 31. 62 tos (ot + 61. 6°)

l
sp -5 Q@ =T - VS | 0 AC 20 90
4z o IS oa AL ¢ ©
% %“é@)‘s#? A® w ko
a LT - Rz 2 3 4
© R3 2453

LI 30 30E-6

ALs.  Vm(a) = |6.3] Ll 45 2SE-6

ve(a) = 11.s1° A U | 154(5.5 |15915.6
PRINT AC VM(R) VPLR)
. Envo
sa@id ®
SP -6 ® " ©¢. . W = & fad/e
ve: — Is=ale f =.9549 Hz
> a 1
®
VS 1o Ae o 45
RI 12 3
L 23 |

I5 3 6 AL 2 6O
¢t 3 0 0.08%33

.AC OEC | 09549 0.9549

.PRIVT AC IM(Ll) IP(LY)

.end.

Avs. ImMm(u)=4q.339 TP(Ll) = -a7.43*
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spn © 41 O
e,
o
¥l AFT -
©
Ans. Vm(a)= 4.99%
VP(2)= -$3.13°

20 40 SOpF
sp 1-3 @ —
Ve 20 KS |
®
4omif

inpu.f file 2 V5
- R
R
Ll
R3
Cl
R4
ca
Is
RG
-AC

inpat File
VS | o Re 5 -30
L 4
Rl & 3 (&
el 3 0 0.0556
.AC OEC | 04715 0.4715
L PRINT AC Vm(Q)  VP(a)
.EnD
L @z.o R, provides dt path
R to qround. withe
s Ce @SOFF leom-a ﬂtjliaiblc effect for
T J node S
©)
[ o0 AL oo ©
I Q2 K0
a 3 ao
32 O 4om
L 4 4o
4 S Son
5 b Q0
b O SoOuw
o 6 Ac § 90
s O |Eg 3 path. to 3round_
Liv | (59.1s5 154.155

PRIVT AC TIR(R3) TI(R3)
.EnvO

output :

TR (R3) = 0.4525

TIT(RY) = -5k
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5P (-9 ® e_v K2 @] R+ ® 2 6
W alaercy : =3 ? \

R3 iRs 5k $Re. V

we Vo to metasure Ig

input §iles VS | 0 AL 4 ©
[ I T B (oY V)
RI & 0 2ok
VO &6 AC O o

L2 6 3 |k

Ry 30 |oo

R4 3 4 ook

Fl 4 % Vo loo-) cees
Rs 4 O |[ok

Cz 4 s 20MN

Re 5 ©0 6k

.Ac LIV | 16y 00O
. PRAVT  Um(s) Ve(s)
.EnvND

Avs. VmM(5)=42.45 VP(5)-=-- 34.7
Vo = 4,},45[—‘&4 o

- .
spi-1o Q@ T LM ® 2 different Frequencies
3@0 Tg —Yaf Vs 3(3° " use superposition
w=3 N 7 w=2
©

PART A With w=1 ParT & with w=3

VS 0 3 AC 3 3o I$s o | AL & [0

c|I | o os cli | o os

Ri 1 &a & Rl a a

LI 2 3 4 Ll 23 4

AC DEC | 0313 0.3I% .AC OEC | 04715 047T1s

.PROT AC Im(el) TPlLH) .PRINT AC Im(ci) IP(cC)

.EnD . ENO

4us. I, =0.412[1359° Ans. I3 =3.114[l0:55°

oo L) = 041205 (2t +1359°) + .14 e0s(3t + 10559
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r____.
5P i-i3 O _%e @ ]
L _‘ i2H

Vs aF —¢ 4
®
5

m

Vs | 0 AC o
Rl (& os

Cl a o os

ta a 3 |

Lt & 3 os

La 3 © o0.as

Lz 3 o |

Is ©6 3 Ac 5 ©

A L L L343 L3143
PRIVT ym(a) VP(a) Tm(R2) IP(R2)

Avs. VM) = Q.236 Ve(2) = -26.51
IM(Ry) = 4.472 TP(R2) = b3.43

3oc0I
S0 -14 @ __ scoa @ ® ®

-+
T 1 %ka
Vs (%) ;usn.% T‘/s RF T Vs uF
O
Vs | o AC 4 O
RI | 2 so0o
Re a 0 ak
¢l Q2 0 .aw
HI 3 & Vs - 3000
R3 32 ¢+ kK
ca 4 O .2Aw
A un 1 195,77 19577
.PRIONT AC Im(rt) IP(R})
. ENO )
AvS. Tm(RI) = 0.0 4 IP(RI) =53.13
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. t vs= 005 Znft F=woH,
Vsé ISmH{ @gz sa Sib@-ﬂ.

E‘P F el TWF'F
©

V§ | o AC | ©

RI 20 ¢

L Il & 0.0l

Rz | o &5

R3 (| 3 &

C 3 6 4oow

.AC UIN | 60 6O
PRINT Im(vs) TP (vs)
END

O__'ka @ old g

VSP -l \
v L TIPF
©

V& | o0 Ac 1o 30
Rl | a2 Ik
L & 3 o]l }
c 3 0 lw
.AC LV I ok 1ok

«PRIVT AC IMm(L) IP(L)

AVs., Im(L) = |.§9E-02 TP (L) 124.]
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SP 1-11(w) )
Vs 4.7aF

®@
L 12 33k
c4 a0 4TE-Q
VS 10 sin(o 4 1023)
LTRAN q.3w L96m o q.3u
LPT V() V()

v PROBE
. END
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Chapter 13

Exercises
Ex. 13-| (a) dB = ZO'OjZ = 6.020dB

(b) dB = Zolo?(-s) = .02 dB

EX.- 13-2 ZOleH = Z—Oloj ('/u)"-) = Zolog W)* = -4010310
Slope = 20‘0}-“(&);) -Zoloj Hw,)

o -40(031.02 + 40 Ioj w, = - 40(0? (“%w,)
let W, =tow, to consider 1 decade | then
Slope = - 4ologlo = - 4o Y decade

" Ex. 13-3  (a) define breate ‘FNC‘. as the point where H 1o Wz from its
Value at w=00, since H- constant as w > 0.

so  H(eo) = Lim Hw) = Aw - A

W00 Yo w NC
now set Hw) = L H@) = A
fz =<
A — Aw =
= 40O = w 8
{E (6+sz)ql > /0

(b) Hw)— ctonstant =5 asymplotic slepe = O

tonstant.
UL H(w) v Alw where A'= constaat

S0 slope = 20dB/decade
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Ex 13-4 wse ideal model

Rz R I = Vs
LT %1, Rz,
= Ts t ‘
v + SoV.o oI, 2. = Vs 2
Vo ' R+ 2

now V, = V; ~ T4R, = V. = IR,
vl i & - (r+§4)(,13wm)
thas Av = Y\Z = (u %)jw;—cw
20 4 /s (dB)
:; \K~z°°‘5/d¢c,
o o \Jﬁloo »
o,
¢ -45’.,—\
-90" :lo l:oo » W
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R = 4
a)

Ex. I[3-s " 2 2, = Ra2 + '/jwc .
V. Res 22 Vo - 2o _ ﬂ.z+l/ch _ 14 I%%,
> Vol c=30mF W, - : = 21
_==(=3%0m s Rt R4Rz+Vjwe  l+)wlw,
R ", where w, = k. ¢ = 6.7 fad/s
! — +- S W = N = fud.
) — We = Rore 5.56 fud/e
&« '200[&/4!0
-chS'
Vo
-\-/;(db) . w2 w, W
[4
-4s
¢
-‘io°

b) Vs = 0 tos 2ot or Ve = l0/e°

Yo o 1+ (P%ea)

7 = lejlre _ o447 /[-243°
S

L+ (2°/s5,) [+]%.60
S0 VU, = 4.17(=24.3* = V,(t)=%Tcs (Zot -R4.3%) v

Ex.B3-b6 (o) H= _I

= I |

Hjals - 87)  rjeo(B2-38) i
= [Hl = 0.08
(b) B= Wi = 200 = s redr = grys

Ex.|3-7 Qf = [%{o—%OOJ (1006) = l.as
00
From '!':?ju.rt. (3-17

H=0.37 and @ =-68"
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EX. 13’9 (a) Q = WeRL = R,\Is—/'_ = %OOO':‘?;SXJ;;O-'; = 2o

s We _ | . -
(b) &= QR T @iLtc T~ 20J@ocxwo->TGsxio?) T 500 rad/

Ex.139 Q&= %Y =5 - so
[mH

= R T
now W, = = L- %,gc, T Yy oxe®) T T

1
NCc
- = = 1 rad,
Ex.13-10 Wo = lf— -[(lo—_'-;)muz lo¥ rad/,
Q = w°/6 = ID"/.?"('S.Q) = lOO
R = Wel | (09)Uo®) - o.1n
Q o —_

Ex. 13-l (@) wo = Y 2 c= Swo*)*0.0) = loopF
Q = Weofy = y -0 - lo* =
/6 /ookc. * R or e = (7 (5™) lo

(6) @ = Y% = °/> = (ooo
l

= | =
l+ ] Q (% _ e . losxio® _ 10°
Jl (“’o w H‘J IOOOC lo: ~ l.osxlo*®
YIS

Ex 13-1& rtsonant frecueqcy w, = 1 _ | - 4.47x10 0,
LY S “{floxo ) Gxo) °

Q,U»a,b"l‘j factor Q: u—%—‘-‘ = (4.477&(;’) (5210°%) = 4.47

%6 bundwidth (5 @ = %2 - 1x103Mmdl = (sq Hx

Now & = W=We _ 5310~ 447x103 _ 0.119
Wo 4.47x103

Qs = (4.47)(0.119) = 0.S32
fom 'Fiau.w I13~17 haue [H| =[‘{,‘;‘ = 0.Lb and ¢e-506°

V; () = 0.66x 10 eos (5110t -509) = 6 b Cos(sxuo+t-c8)v

tnadyheat calewlation Yreloly
Vo = 10T a4 (wt-45°) V
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Ex. 13-13 Wy = =2 Cc=_I

|

(R+R)C ) (R+R)wp B (loo+400)(an)($D)
¢ = 4pF
So W, = _I
L
|
= =
L Wt C

-
[an(20)]*(3.3%x107¢)
= .039¢H

< 40 mH
—
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Ex. 13-14 HGw) = _0lit+jw)
Jw (1+jo.sw) [ 1+ 0.6 (o) +(jé'->°)z]
first construct maﬁnh‘udc, a,st’m.p‘i'o‘('cs of poles f‘ Zero

20 & This is one of +he asymptotes
> o at 20d8
\'U-‘ -
x O
[\ o]
2 -lo ] \ \
N,

-20

ol 1o 20 5° loo w->

20w add +he above for the resultant moqaitude response

40
30.

— -20 ds/dt(..

20 A

dBe 10 | e~ =20d8/dpc .
O
- Io]

-20 -‘DJ%IC._’

‘30 + 4 + n A
0.1 | 2 10 20 50 loo

now ¢ =-90 -tan " (0.5 w) + tan-' o - fan-! Z(O-b)w_’fso
[- (w/so)?‘

-60

T -9o
¢ (dtj) ~l20
=150

-~(%0]

-210]

=240

=270

Ol 0,2 o5 | 2 lo 20- 50 1006 W=
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Prob{cms

[
R13- W = e :WQ_’;‘_")

Q = WeR ¢ = (bqoop)(lo,ow) (Joxl07¢) = 20

Wi= oI+ (J35)* - YY%2a

Wi =601+ lho)? - Vo = 58.519 k rad/e
L TNl T T = 58819 K T

8 =578 <%= ke
SkQ

= o000 ML _ 4ok ad/e

et ‘
R 13-2 [ :i\’:i: 2p = (2xiot) (- ‘o/w) = 2t
Ye -j l04/u_)T v, 20kQ 24154-‘“04/(‘) szw
Zp 4
. /e - Vo - 22‘9 _ = —

- HGw) = Yo, = Zp4l [6‘+ij]
i ‘)-, .Z_L_Q
= [l | = ‘j,—ﬁ/ > Pl = taqm
’ [(aw)?+52]% _— =

=
© U"'

RS
U
3 %
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P23 @ HGo)= Yo = Yoo = o _| ohere. :

Vs RiLs +!sc |- (%.VU'(“)/%] Q= Lot
Q R
. 5= ju)
(b) 'H(jw” = ! @ = - tan-t (Mo,)
V1= (%) T + (o) RI- (%a)]
i
20 log [H(w) o ]
gl o f— N\
[}
-‘io°._\ 1
¢ -135°1 L
- 140 - !
i
(©) v, e
(0() U)p=wo4 I-2%*% where Z.\f= {/Q = f:"/{o
= W (- Z/100
Wp = (10o) (-9399) = 9%9.9
Pia-%  R= Vi = 8vb.ams = 40K
@ 22000 (M = Yz = _| = :
{17+ Rz (we - ,:/w'_:\L m@o,om)z(z&oaoc- Z‘W L)z
2 o0 ¢ - 21',oooL = i@éqm (n
also l/nz - 25000 = L:(ZE};FC (2)

(2) into () and choosfnﬁ Hhe = et of (1) yields
<
C = 62X OB TF = .76 nF

_ [
(25,000) % (oTox 107 )

= 0.237H = 237 mH
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Pl3-s

ZOIOjIHI

assume (deel
op amp

c —V\W/
<
F’M«——T' AV,
V.5 R_, v+ . t —YO

() with Vi=0 | V- =V+ = Vs
So K.CL at V- . %gc + (vﬁ-vo)/(xzf.SLD =0
> Vo - {1"5(‘.[&;"’5[-] S:ju)
Vg

ng)..\_\% st Gureg ey L]

(b) H(jw) “"J (l‘{b)(m) -+ (_2;4{%{;6-4)7-
p = ha"['%(f’——mi) }
- (4 o@xlo’f)
201
to ¢ 90 1
q0dByy, .,
zo vy
4 Pig)
o / 30 -
lo 2-:9 4::.% lo‘o ouo z.o 50 7:0 lo;
w(kmds) w(kmd/g) -
R

- [:\M——— (a)
P- ‘3 (D ¢ ﬁl-ll:d.’—-l zll‘\) _JwL + /fu)(—
| R+ /ch

Zin Zin = (R-w? RLL)+ jwl
l+jw&c_
o 2in] = JR-w R T (L)
I+ (wRCY?®
(b
) R
[l
'
‘ 3
Nz w

(c) at wzy{-l:—d N l24~’ = /

ARG
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P 13- Vo = AV 2 where 2p = R (Ves) d Ve =V
37 tP PR T
3

« Vo _ lOR Ve (). lo where W, = 10°
R A o R A JWho, +1 '
A
%0 |
ko -
Zolojl\é:f NG \
20 J )
o v . > (e
Io* lo4 ©,= lo* lo? w(s)

bandwidth = [p°rds = 3c§¢ bandwid . = (Iooo)(l®) = (07

PI13-3 (@) Ve = _Rfsc - o
Vi R+ Vs 2+ Rsc L+jWRC
R+ AsC .
R+ Ysc
() = \_/g_ = ! (c)
" %l oo . L
IVE 7
2 pldes)
-9
W
Above qiues correct [imitin At w=0, Viand V5 are in

phase. At w=e Y, lags

rsults. At w=o,the T, - Vijk by e

s open S0 de Voltage divider
ields Yoy = V2. A==
é:p s « short 3 Yof; -0
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RI3-9  From the Bode magnitude plot, [2] =

‘2 i+ ()
theose +2 'ﬁ:f‘ posd'wc, fesistance | so0 z’,- 4))
“Ylo“

now the magnitude fesponse is dcarl that
of a paralle] RC combma'hom) .. ¢an also write

2= R (2
' l+ijc,
Compa/ﬁnj () ¢ (2) and us?nj He (+) 6:'31\. in (1)
3> R=zn

Re = Yot = C€=5x1"°F = 50puF

P 13-10 A reasonable approximation. (aéljmpf‘oﬁc) for the Bode diaﬁmm (51

ZOIOj | H(jw)l

43‘/—_\‘

1 100 2000 ot w(eds)
“ Hiw) = A(1+ 197) (149 50t )
(1t ]j/e0) {1+ jw/ror0)
at the Pcak_) H(jo{) = ;l“’/? = e A

J %o
13 = 2oleq (FA) = A -
> HGw)= 100+J9) (1+3%/300%)
(14d/100) (1 + j¥/2000)

_ - _lo® where T = N, Y4,
P 13-l HGw) = w‘ru [ +j“3.18x10°

20 [o? ngw)l 4

loo : - Zodby.

3.18x105 ~ w(fes)

30l



PI13-12 A possible ckt realization is : Ry

Ry |

¢, = >
o.ssum?nﬂ ideal op amps
K ot A Uu’clds : V- —Tfj}&' = - R’/Q,(J*ﬁkacl)
vs Rl+ '/6C|
o N I
heLatB yieds 1 Jo = zi/“;ét = - b, (T3 )
4

Co HeYs Vo = Vo Vi _ K;Rs. [+ 58,¢,

Vg Vi Vs R, Rg | +5R,C,

> Hw) = ReRs (1479%)  where w= ke, [ was TRaca
Ry (1+jWhoz)

now iz_gé =10 50 let R4=lka and Rz =looksL
1 RNq )

and +hus K:./Kl.-o.l s0 let Ri=loka = R,_.-lka

now W, = l/lz,(:, sloo = = IpF

w, = 1> = '/K‘cz 3 ¢, - 0.0(}I.F

P13-13  Use the band stop aireuit of fiqure 13-20. thbu.?l‘c. D, = 3n (fomAz)
and B/, = an(q0-88 MHz) = 2.52 x10" fadls

Qow 6 = { s 2-51*'01

(K*"\L)C
let R=R, =loon . L= 2xi0"PF = 2o0pF
and L =o2e = 1-51xi0=%4 = I5.1H

Pl13-14 leta=2n(w)=127 = VA, =

Jw
(143 a7) (1 + 3% 27i0%)

zoc%c ¢ 20log 137 = 4248
v, 40 | g P
2olog | A ; | .',\
1
' ]
o ' . ——s " —,
| lo | oo o® lo* 0% N Lhg Io? os “’(m%)
| |
d —\»L \
¢ -180°] ¢ .
- ar°) ? :\_
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P (3-Is B=1I01-99= 0.2 MHz
at W=, = zolole( =l 3 [d=- 3.l

Q = W/ = o, = 5o

PB3-lo (a) assume ideal op amp with Vieo ,A=0 and i into opamp ¥ O
U

R
l We | V+
Vs‘_ﬁ —{ |- R ! Vo o VisVo
c 3 =
E ALY
e &_,’

KeL at V+ t’«'elds : -v"/R; + (v"—vs)/ll. + (Vo =Ve) Yoo =0
* Vol Ya,* et 5¢] = Vs [TR, + 5¢]

uﬂ;n‘j k- '/'Rﬁ'/kz_ % Vo ['/&"‘ SC] E'A ['IK,*SC]

1 P Ve | +‘¢DK:C R
th S+ PR Ll TR QU1

—

(b) let w, = Yo,c y W2 Yre
now since '\-’&uﬂkz a R&R, Co W LW,

Now V_o = _.(__——“-.w/w' ._&_

Vs T4 Yz K
Ygl A
Vs
“ﬁl%
RR,
h). wl ’w

(©) From part (b) y W= /R,¢
Let ¢ = O.IKF

then R, = Yw,o = Ve o)) = b e = koL
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R13-17 By inspection,,
HGw) = A (1+j“/oo)
Jw (1+ j«/looo) |
from the majni‘(‘udc plot for oo« W ¢ (o006
lH(jw), = Aj.:’wILo_Q = Afico
J

e Z_o(o? A/(oo =0 3 Arloo

50 H(Gw) = oo ([ +3%/ic0)
jw (l+jwlooo)

R13-18 (a) Assume ideal op amp (inverting) | then H = \—,V-s : - i—"
where Z, = Px,-j/wc, and 2,= R, '/jw(.,_

p\z_f yju)C‘z_
.- - - ;LLORIC' - | 2
(14, (14 /) where Wy = /Rie; 3w, 7 Voacy
(6) w, = YRie, and W =YR,c,
() atf Wecweew,
{H‘ o szC[ = w, ch_‘ = Rl Q,
“w,

Now stored enerqy = Yocv? = Vze [RInemn,t] 7
«“. max stored. enera‘j = V2RI = W,
energy dissipated per cycle is

n |
W, = jTRi‘oL{- =f&/?§mwsw°{-)"dt = nlﬁI,.i
[o] Iy o

. Q = 21‘1W(/wz = WeRC
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Note +hat each stuqe ts the same as that wn prob. 13-13 with
¢, shorted out. Thére obtain the transfer function. of each.
gwc,_) o (same as shorting Ci) in the tanster

stage by sctin
'ﬁm?j‘forg of protsj. -19.

e Hie = - Bk

l*l'jwﬂzfa

Pi3-20

'Y _ r\t 2 7 2
o iy = M o= (V) (—.:']:,—R:E)

(a) At low 'ﬁcc&utnuj)
. -FO" H'f=[ ) and- &l = R.z

L'Lr: (RL/KAI
fow also W, = 1000 = Ry, 50 ldt ¢ = [ f

.. R'=&Z -7%000)(10-6) = ‘k-n...

(b) At w=I[0 000 iy
J __‘_— = [ = [0~
IHl = L+ () T+ [ (0*)i0®) ] 2
s 20/oq [HI = 20 log -2 = - 40d8
CP13-2] Wo = ViTc = Hw oo = 105
= Wel - ((Os)(IO‘z) = |0
R (oo -
B = Wofy = 107y = _lo*
§ = W-Weo = [Ix05-10% = ol Qg
o lo
“From Fig. 13-17 [Hl = 0.44
P 13-22 (g 3 R (a) using Voltage dividen
z Ysc _ [
Vs l N - Yoy 4 Vo+ = Vs p-::—,/_‘; = Vs I+ SRC
Voo = Vs R = Vs 5RC_
R+ Yo | +SRC
o %-‘ Vof—\/,- = V_c, { “'5&(.)
(1+5Rc)
|- o with W, = Y&c

> HGw) = Y, -
[+j9w;

(b) now [HGw)| = 1 and ¢ = -tan=" (Yo,)

A

AN s
0° | ‘
eyl 2 qo‘\—
- 180°]

W

<
E4 -
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R|3-23 R, r—j’ nE (@) let &, ='/Rl v 62:="R2 N 5=jw

y yz"ét Vs L, Kebat Vot (6116, + (U-Vodsc, -V, sy0
* Vo KecLatVy: VpsCy +%Ga=0

=== e where V3=0
climinaﬁna V, and 6olvin3 for Vosv, sl'f_lds

Hiw) = W, = doRie
’ * (jw)z + (jw) C,+C,) "+ 1——
‘C; 2 RIRICICZ

——

(b) from H(jw) in part(a) Wo"= R, cica
and 6= (L tCz)

R;C(Cz

P 13-24 H{w) = 10(j%%o+l)
(Y2 + D ((Ysor) (80 41)

A
YA - - 2098/dsc.
' A
:
[HGw) © - : ; "
' ' -20d8/4p,
ds : : ¥
-20 - \ : ; - 40elB/doc
) ' N {
| ! ' '
-10 | : ; o
] ] ' '
‘ ] ! !
‘ : E !
! 2 5 10 2 0 6 oo W

¢ = +°~‘L" w/so -'('CUL" w/z_ —'f'aq"' o _.f.an—l L.%o

! 2 s 10 20 50 % ko

&

-45°
-%0° |
-135° |

-[80° |
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Rl13-25 (a)

10 100 1,000 10,000 100,000

60 f\
40 \
£ 2
§’ NS
S 0
8
3
g —20
—40 \ /
-6 N/
10 100 1,000 10,000 100,000

(b) a bandstop Filter |
(¢) for-20d8 or jl‘cafcr‘ W =2000 and W, =5000
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Pl13-2¢0 (a)

A
1 40
| ng) |
d.8)
20 .
O
P°

A?w

.5 |

S,0c0  loeoe

(b) B= w°/q = loovo = loo

(¢) From +he Bode d.?ajran’L)lf is clear that the
Q of +he ciradit is dictated bj the & of the 2nd
order factor. Thus the overall & =10

(d) From. the plot | the jajn. at w,

= 4o0db

268
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P13-27 (@) @w=0, WA, =~ Ri/soo = "3 = - 1o
(b) Rz=5kaL
Ri=Scon. C=2xlo-YF

E-«w_—v—u—————o 5= jw
V.S 'r( Aviﬁ? _Vo

KcL of neg. input : (Vi-Vs)/R, + (Vi-Ye)/Ra +(Vi-V,)sc =0 (1)
also Vi= - VYen  (2)
() iafo (1) yields —Xs (T'r.'." :,2-1+5c) = Vo(R‘;_+ s::) + “%
!
assume 7+ 9C ) A_ (&, + & ...Rsf_)
o \_/2. S l = - LZRl - - 10
Ve T R (gt sc [¥jwR.C I+ %ot
”< .1\
Vo1 20 -.szb/du“ lﬁo.
il ! p 135"
(48) ' 90°
ot 2w o ? W
Vo A1 Vo = 4 rad
(¢) -v-;l = iz l Ve [m' O.f:)_ o /5
G
P13-2% () H from Voltage divider

R
— + F\z_/
Vs c ‘E %V W, = SCz V.
ZT&L _o ° Re+ Vsca 6

:llbc; + R,

tt /5(7_ R+ '/6(,,

o Y | (Re ) [+R.C S
Vs RitRz | [+ (Rl:lz)(c,f €2)s
"l E
M L°. = BL- - R C = R__L__RZ (c‘+('z)
o VS ﬁl‘fRz k' when e RH’R:.

3 R, ¢ =R2C2

= Vo = | 1 -2
O

~
lng 20 |
s (o] —
(48) -20 E(LOHSZ
| 10 h;o ‘ lclooo W
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P 13-29 continued
&= O.IuF \v/: = Il = constant
ZDlaj(‘{g,l = -3d8 (constant)
C = 0.05uF z¥: = l+’|u>lsuo-+)

l+jw (I5%0-3)

20 1
2| o \
(48 -20 1333 '.\_____
. N N
o loo lpc® 2000 ot w
P 13-2 [ o K A
. 13-29 ¢ , Lo,  ° assume A - <
® T et o
Y - Vi Use 5=jw
= - J
(a.) KCL a.‘l' Vl . (Vz-V)S C, + (V;_-Vo)/k' =0 U)
ketat V2 V2R, + VSC2 =0
= Va = - R, 5% (2)
(2) into (D 3;e(d.‘.‘>
H=V°/V = -RGS = -BW, 5
5 RiR C,C82 4R, (5 +1 5%+ %ﬂsuo’-
(B) H = (-02jw)/(1+i)* + j Yos)
w\ A
* — 2048y, .
dB -] 20dB/dec. ' v 32 - 9
-0 '; -are .:
loo lpoo la,t;oo Iao;ooo 7w loo ,ooo  lqooo  leo000 ’
(o]
(@ Rt = oo } 3 Q=0 and Wo = [0
Rz C, = VQwo
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R13-30 plot the deda points

o 4

o
4 -lo 4
dB

-2

- 30 -

-40 |

4

o 1 2345 80 oo W
an approximate H(jw) is = HGw) = 0.1 w
J A
with Wy = 4.1
Nefice that H{jw) sctisfies both lHland & ot W=0 CXa.cﬂJ,
For w=loo, [H[=® 10___ = 0.017
(*%4.)

ZDIOleI = -35dB tompared to -34dB for given data and
B 5"—-° as w->e. To estimate Q4 let ZolﬁlHl-'OdB
a«t W,. Then at w-=w, :

= (0-1)(;4.1) =2 R=2.4

) . JYa
e H(jw = 0.l jw
l+j 2-4wo+<j a’%)z

Jloo
P 13-3] 1
'm&‘_ TJ.‘DOT L vo
w =400
(a) u.si.nj VoHajc divider
V, = (looole) (lfo)(.—][oo) - (looole®) 'Yz [-I135°
2osjtee oo/ — /_135° 4% 00
w‘.ﬁ-ﬁé—’ﬂﬁwo - 7 (257 4
leo -3 oo . 0% [-13s°
5047 (LI%S°e
Vo = ’DOO[qoo
o.. lvol = IOOOV
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P [3-3] continuwed

(B) Do a source transformation 1o obtain

I IL‘P'#D % L %fb*
s= lof L c.—[- RLS Ve

Sohave an RLC fesonant circuit with Wo = ATC = 4e0 ‘
There fofe the cirewit (s operated at resenance . This means
that the L-C paralle] combinatiorn. has anoverall 2 =0
and. hence Is=To. Whea RL is Su,dﬂlcnlj chanj ed. from. looar to
1ka,due to the rfesonance condition Vo = RLIo
suddenly increases by a factor of (0. This in fura causes
very large (CCSMI ¢ opposite) eurrents inthe L4C as the
tapacitor vo l+¢3e, is forced to abruptly thange.. Thus very
large currents Yradiate electromagnetic radiation and
Hil's see sparks. Clearly we need a variable eapacitor that
varics as R varies sSach that when R # loon, W#w,
and thus have Vo= R.T, constant while both R_ and To
Chanjc, a.bf‘upﬂf!.

(0) from e parallel cirewit, Ve[fh +j(we—"wr)] = lo(=10°
Coas'uicrinj ma3n7'fude5 on.lj 6: [ V| = looo

000 R)+ (hoc - feo)® =10

(" + (e )" - G )”

400 - T'o‘o =1 [(T;?V —(_L:)ZJ

L __Tr_i A= beth. 1 are ok
» ¢ - qor L * e -and] TS s
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= = Rsc
PI3-32 (&) W =Y, = ‘—‘_*—&.;C

R +'/5(_
= I#hGw)| = whic . Y, w = 'k,
. VTR )2 YT+ ' -
(b) H, = V2/y = 3L > G s w2 W, = Rz
R t5L mz

() H(jw) = H (jw) HeGw) = (SR (5Y82)
4% e (14 5R,C) (l+b‘-7kz)

= s?RiLLR,
| + s(Ric+HR)+ =2 (RiLR,)
H(J'w) = (5/w0)*

[+ /& (%) *+ (%))

2_ R ’ S
otere 0= Pk, 000 < Fero

(d) The circwit of Fiqure P 13-32d is not the same as H=H,H,
Since the fiest “filter ((coking from V_‘,) eonsists of c
and R, | (Rz+sL). Thus e'ﬁ"cjchv.:l H, is altered and
we, won‘t’ae'f‘ the r‘cspon.sc as sketched in part (¢). So need

lace Va buffer o the right of R, o isolate each first
orcicr filter, then H=H H,” will be obtained.

Pl3-3 = e = A - lptrad
3 o) (o) ts
o L -

R = ‘3&— = (60072 /]
B - W _ lof . (0°
ey lo

313



P13-34 H= j(“wa) = [H = _Ya -
(%) +  Xopa 1 N () + W)
0
1\
Wl (d8) -z0|
-40 |
‘ 2
ol I 10
Wiv,~

A LLsirﬂ VoH‘aﬂc, divider

vit C
Pl13-3s T o ¥ A
R V. = vV
! %—) >< _V,, K R+Ysc '
d1 —0
¢

A

Vo--V‘_ = l/SC_ Vl
R+ Ysc
Su.b'fra.d'inj (2) From () S?dds
Vo = Vot =Vo- = R-Ysc v,
R+Vsc
g H(jw):v°/v = SRC-' - - (l-il-ORC)
' 5ec+] | +jwRC

<. [HGw)] = 1 = sketch. = 0dB tonstant line

@ = 190°- 2tan"' WRC
P = 180°- 2-tan' [w (6]

374
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P 13-3¢

P 13-37

have o pole at 5=-2 and a Zero at s=-38

(@) 2(5) = k(%/8+1)
(Y2+1)

Jow -Frcc‘ucncj sa.o'n, = ZOIOj k= 17d8 = k=T.1

‘.0 e(ﬁ): 7-’(5[7+‘2
(5/2+1)

(b) We drop from [1db , edB per octave for 2 octaves
or a fotal of (2486

oo Lim [2G)| = 17—z = SdB
U)—Boo ——————

Vv = —W—s )
assume Vi oR ° 5 < jw
V,

KeLat Ve : scVpe + (b-Vs) =0 =V, - Tvaé_Er__ (1)

R
Ketat Vo @0 (Vo=Vs) 4+ (v.R- V) =0 o V.= Y20u+t) @)
Rl ]
now V+ = V- y %0 cc‘ua‘Hnj () and_ (2) 3|e(ds

H(J‘w)= v"/\{s = (=YW, where Wo = /RC
[+ %

now lH’(jw), (s Just e Flet constant jcu'/\ = 0d.B

~
o
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c
P13-33% Ml Assume Vi 20 [then VazV- =V,
mR 'y > : D

v Ve + use 5= jw
v, c v
L <
Voltage divider yields : Yo = Vi fse 3 V= (1rsrc)Vs
R+ YVse
ketat ¥ 1 (Vi=vs)mr + (M= )/R + (Vi-Vo)SnC = 0
plugju'n Y, info above S;C{ds
: Vo[' +5C+ 5C + 5Zchzj = Ys
mR = mR
Ve o
Ve [+ 5(m+1)RC + nmR2L2s2
2 Hiw) = ol - _
H(w) = %A, {—I<w/ o) where ,= #==g,
wo) TJL/R Q= Ymre
A
/T\
IH('W)I 0 -—-/:\ N
(dB) o N

P 13-31  (a) Zap =o't 2RAGar  where 2c7 Tuc
- 1ot ) (xiet)
-jioMo - 2xiot

. 4 -4
Ty Yab = (1= 5 [YGwl = 10
'iab- 16 (ﬁ—;—_—l—) = b (j::l_) e
by IYl=it, #= 18- 24”0
1| @e) T
-4 P
© tonstart
- W —7 W
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Po ‘5_% .X_D... = _&_‘L_K____ - R{(l‘fSRfC) )._. ﬁ%(l‘st,C)
s Ry + Bilac R,+ Ry (1+5R,c
| P R4 Ve v +5 R

now let R= R‘R1/R|+R1.
2 Vo _ R (It 3Ri)
Vs I+5R,C
when R = lka, C=IuF and R=Ska = R= 83302 %ka
. HGw) = Yo o % [1+jwhoso]
Vs [+ jw/aco

—m—

)
T s |
4G | 2048/, ade
(48 o | -
) g‘/
s i | \
loo lyooo X lo,eco ?w
[goo

¥
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P 13-4l

Vi = KB Vo = LV,
v: R+t Vse Ts+l
L Whe re 4 =Re ~10-%
Ve =& Vs = 3% y
R+ 5 S+l ®
Vo = V-V = 22!
> c o+ m 1\
H(w) = qwRel . - (1-jwre) 4
JwRLt] (1+jwRe)
o |t |- (TR . 1 :
{l+w?R2c2 @ ‘wn
Y/ ]
LV_Q# = 146 - Qtan~'wRe S RN
| : 5 W
ot
P 13-4a looptt son a) set R=sSor. l
+ R and wL = Ywe or L = fwiL
V bad_ | |=
> —¢ ° = = aAS?3
o= 1 T ) oty |
b) § = - - (2rrx10°) (10-4) - 3 = 6.2%
Rseries 50 +50

P 13-43 ‘From?,wn His) \w, =10, Q=] = (5_.%__10(214/&

2046 Jr ' =1 ¢= $=
0dé ' ( Use ha 13-26
_20d6 | :
- foat . s W

wo
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P I3 -44 'ﬁbmaidm H(s), =10, w, =lo* g=L = L
Mmaximum in H(jw) occurs at W=w,

[HGwal = | loljwa)® | = [ Je] =100 = Rologliod) = 408
|000(jl00)
Zolog ()]
40d0 T
20d8 | o,
0dB | ' :
- 20408 H - W
W,
Y 13-45 wih  A=10% R =50k owR =180
te oP-a.wxP wnld  be VW% clote 1o deal
V.5
TM\ __o__ = - Zz(ﬂ\ i [S): fR +|_ = ‘00 + l = R|C(St\
Vsli\ 2, () ! ' ¢Cs Cs (G
1
- L6 R
R.+ 23 R, C,ys +1
(s)
uﬂlﬁ):&’-— = R2Cis - Rocs

(ReCos+ D (RC 5+

379
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P13-45 (Continue d)

o bandpass Fter
2 I

) =z — = - i}
Center- ° K. C, R, C'l (ax(os‘ SXIou)(tozx.uwé)
Treqrency

)

- 8
= W = So xto

thee W, = Mo, cod f¢
=2 0.7 ferodf

the £ = 11,25 BH,
Bandwatl, T 23.9 %Hv,
Gacw = 62 4B w,

IoR 2 .

R2 Vo -
W + *V,
I~
vV - R, VS = SR, ¢ Vs
l R""S‘c—, (+5R,c,
Vo = e, v, = _ ARGy
Rt K, (tSR.c, 14+ 5¢,¢,

Vo 19/ o where W = Rl.—c. = S0 rad/e
Vs

(3 (15 7%00)

e 6: w“—w‘_ = qq-7§’ﬁm&/_$

(0] R2Cy Sx (b fa /¢,
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P 13-47

Q)
(2)

(3)

So(Ufn; U) = (3) yreldd

Ve _ (H' R5/‘l)5"
V. =
> P[E&rE)v &, ]St RRee

a) L=50nF, =4k = Ve - bo?
A 52 + 150005 + 2.5x107

Zolc?l\lfgl T : ‘3‘@1@ w, = Sooco, Q=3
156 d8} _am=
/——;u

W,

2
b) ¢ = loontf :aka = Yo - )
) r R Vo  s%Z4 175005 + |.35x1D!

26 (o | Ve- 3iuds b, =35%6, Q=0.20
%%

—
-

(5.6 d8 ¢ A== ==

P 343 ot oo fregramey  Hisy = kS o Hejw) = Kiw
ol at w=.T s K= Ye= 43
@ Po\eai S= -1

£ oo 5E-lo L4355 (S+10)
G. ?ole ok S T -loo L\l$§ -

two poles at W=  Goo
3 = unlnguw n

(Sto.1) (S+100) (5% +28w,s + w5 )

w, = 6oo
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P (3-S50

T(a8
o) . /c&sgmpta{:cc_
‘.'\a.otul
-0 —==F \
— y W
0.1 | 1o loo  looo
qD.W
$ o : 3 —y W
J ! 0 160 (ooe
-qo‘

¢= —ded'w - +0M-‘(‘0/‘0)
peale pliase occuwrs at  w= (@

P 13-5)

s +:;—°S‘l‘woz'

Q = .25 S: . 80
A Second - ovder Low pass  arcuwt
the Dode du-yvdw« u Meawon FL.% 13-2¢ A, Y= .go
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Advanced Froblems

L
oL J_ g_ = R,,+ju.>L + ! - ) 6’.’{= l/ﬂ.r_
R‘ KI. c 61-}10)6
P"—‘WV—%—] =(Ribat -wie) + | (WG, +WER,)

z

AP 13-

Gat+jwe
at fesonance g--' z L

of  tu-' WLGz+weRi = taa™ WC

(KM::'”""OZLC') G
thue WLGz twCRi  we 4 % L6, ¢ > Gl
(R, G2+l-w2Le) G2 Ler

with R-,=&z=’-fl and_ wo'-'lcomd/s
wre 0tz ¢ | f C=lomf > L=SmH

—

LC* 2
and. CLYG, L checks

AP (3-&
l R 1% Hes) = (Res)+ (Fta)Res +1
at It (Res)*+ ZRes +1
) ”c/a. —°, . N o L
Vé Vo w";KC orw:KC R
2 ° if R=looc +hen C =157'%F
let Rc=T
1(w) = - Tw?+ (2+a)tjw +1
H(Ju)) = ’tu) +(a,+°~ jw

Pt 2w + |

at resonance (U] = Hgg = Qol 3 a =30
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AP (3-3 assume Q >/

W, ==L— = (2.909 M ® or F, = 2.055MHy
fcc
CLwe L 1391
L+t : Y= / = 0.coT15 [¥1:2°
(.8 +;124.]

Re {Y] = lodxioct & =4.545x0°°
effective R i paculle] with. Land C (s :

R - L—— = 65ix(o*n
P [Y] G
Q = Ws CR = (12909 x10%) (600X 107'2) (G.SIx 16*) = S04
B = 290xb® = 250 kPds = dpglha
50.4 -_
- R2 R
AP (3-4 a) ideal op amp _:W_—[__Wr
with, V_ =V, ) 'z -
IT/n =O R A\ & V. >— © VD
- 5 T
= - c
/1
plm
kel at V2
(hrdesedb- Vsch = Vs @
ket at V, :
"RV r(f+sc)V, =o 2)
KeL at V- (3)

C"’&_" +E’;)V+ - -"%'Vo =0

elu'mina-h'q? Vi anel V, foom above eqns. ?»'eld.d
Vo - | + R'/R.z
Vs I+ 5 [Re(2- Rig, )] +82R%?
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AP.13-34 (Continued)
b) l'f Rt//(z % 0

Yo o _I | ('/re)*

Vs T (sRe+1) T (5t!e)?
A=laka , Cz0aF = R = 2.4x107%
Vo - Ww*
/‘/s = (s:mn‘ D w, = 'é'é, :4.lo7xto" i/
il
+ 3w
We N\




C overall

s
}
l
%
~~
vl
~/

L
L

I l'o leo lc;
totod mMidband «3&:’0. = 000
f(Ha) IG:I [62] lvo/\/sl

l 2 [ 2
lo 20 1o 200
[oo 20 loo 2000
2000 20 oo 2000
10,000 4 loo 400
loo,000 0.4 o 4
AP 13-6 n=| - \
St 20107 [Hl 1
nN=a /
S%+{as+ w=1 3 W
n=3 __1 - 208/,
5%+ 252 2s +|
4ods/,,
at w=a rL{ 1] 2| 3 - bods/,,.

(H] ,.4s| .asl.ls

3%6



-1 =Aanx3p00 — L= &%.lgluﬂ
Lc

at R0kftz = o—re{}— Yy & JO-&AG
-

Yr
<o X mwt be an induuctor

AP 13-7 b reject BokHz  W»

-
wt = L = L % a3l mwox023e

0.0
» 35.2 ,444

AP [3-3 a..) W, =L~ = anx 30000 —> L—"—‘o?f&.lS,;,H

Ve
b) at 4okfz = eudfte Yo = —j0-3R3
X mugt be Yr
m a -0.323 = (.29
' we =06.333 = C =232 = (29uF
tapacitor saxdo I3

AP 139  for parallel Land C ¢ W, = = 20k M

- o
ftc  {2sxol

Vo H'a?( divicae wirtk il UOHQZ" ac ross
parallel L and C

for <eries Land C - W =L _— _ _I___ = acokmd,
(Cc {asxio'?
]

N + 20kmd/s, - + wokad/

-0 —e0
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S (o
AP 13-10 ’ - b m‘H .
v L— 2Ry

< ()« (inasmme]®
3 ‘L_'d: (2mx 30,000)* + 5——-—"“’,}2 = 3.56x(0'°

lo
L2 Q.4iaF

5 |OmH

~at 6o kHz haue __idlnF l‘""

Z; = 0.548- [ 135692
s0 |X =) 1a56.92 ( thws incluctive)

The Value of the inductor Can be found Fom
(2nxwopoo) L = (35092 or L =3, 33mH

3%



Design Problems

orP 13-4 wOO'.fo’ XL,: wae‘_ at lower corner jl‘&‘1 '.Fc_,_

= 1"“- EN :F - <Z =509 Hi
arfee b o 2nxAsxio-2
hweetec  Xog = Rypeerer ot Corner freq Feuw
[ : = fey = | ~3978 Ry
an futy - 32 e (2nxSx5®)8
M’ﬂ’%ﬂ Free = L = — i

2T L Ca 2av0.36%x10-2x3¢4.8x 10~
R = wWka - 2w (1414)=0.4-
)

red

for R <lo (R rere = 0.4)
2
fres -‘4:Fax fL } ﬂ_‘mw:&- (:frcs) =0

8w = fu-fL or £*+3s35f, -(414\* =0
SDluinj for . > f - ?%‘-Z ocr _&gl-

dismfd;ﬂa the "= 7 solution 3,«4‘ f. =496 Hz

. Fu = 35354 49, = 4031 Ha

- L . ..
0P 13- e >, H{w) = _& G = En.lo S
Vs 2 v, 5L+
o- a - |
| Gt+sc |
S0 H(jw) = ﬁ'rfm) I B fe
SL+ o) sL(6tsc)+ s21 &5+ Y

(ZML orcer Fi H'ﬂ‘)
to ?gf -346 at w, =an (loox 103H:) = 6. 24 3x 105

wdt two poles at W, = (tw,)? = 524 Aw, 51t W,"

set wrrih and Aw =&

et
ten a(629mcF) = 024 2 = T9.6aF
L= A =
wre (39.49x16°°) (196 16719)

= 3.8l
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DP 3-3 _.o-------y o T ECT chie

] Rs ' | “c. ' \ R,=lokqa ¢, = 0.4 uF
: ' ' ! Rz = bk 1T C, = O.IuF
- e [RNR |0 gagera o
in \‘ V! 1y, Re=Ima
) e BV LS ° Rsrazma
ChtA ! | Re Ro= 499k <L
' —
REET :
. . _ = ___.%CktcC
Ckt A is imn.rh'ng(} summer 2 Vg= - Rs[ -\%.ﬁ-’ 4 %] (1)
+ ' iret PF V’:-\f g'i: -V 65[‘['—'!'——'] Cz)
ckt & 1s first orclec L 3 Vo £ z, s R (TRt
ckt ¢ 15 an fnijra‘l‘or > Vg= -_l v, (3)
CR &@6
Solving (1) () For Vo/Uin yieledo
Vs Ra S
Wi =  RReC

2 L $+ &3
S ety ° 7 RoReRoCiCa

pl“‘-ﬂj"’\‘& in the Lales for the resistors ¢ Capacitors | can drawo

l\-/-‘-" | lo
Vin ‘O

-lo $

(aB) o

-301

———— £ (He)

loo? 1ot 16! l o

N + - — ~— %J(H't)
lor 2 :

290



DP 13-5  H(s) = _Ks= desite max = 2048 at W= 3.1604s
(s+t) (%5. ) 3.l 15 half way on a (og chart between
1 and. 10, 50 choost Wy = lo focl/s

2log[H=] 4 2046 mid bandk
20 A 34).‘0 2K =(D
o e
e— - 20480,
..ZOWL
" + > W
14 3 lo

N | 3.le l'o
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—~ Zz (93 o
H(s) — = W, = Lot reg(s
2\ () \ +(S/“J\Y‘
N= Vium bex of stages
E’f %M CaS@Co( cuwph'{:g“[ ( )‘/n
|
BW (*44) Gao, (ad) H o= =2
1x0* 2 (L+3,)

6.23 xi0° 20
4.9% 0> 20

VN DR

T ovder o advuedc a borduwrottl, o% lo‘e rod /g

Wt we:
. - 1o N
i M‘O-gc - H‘ (S\ (‘-}-S/“)'\) w'= lo
R
3aterss s Yy WB)T vis
E A M : =
(0 30y s =T
wz=|-SX(o“
: lo
> shapes Hesy = (1+5 3-; oot eack (loY/s
1+ S, : -
atape « H3 " So,

Wy = Q.Xto¢ o (s

'FD('('L\M M/wr)m\ld Mufn we G.c/\me\r( e bWML\
Enal %”*W deyved
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DP 13-3

C‘orrcspond.z'n? Bede magnitude plot is:

Zoloj[HmHD
1-(0
-20 A
- 30 |
-40 |
-50 — : ———+ + —
.0ol .ol - i fo loo {ooo
1+ %)t (s %)
His) = el (o 20

(1 %" (%0,

Minmuam @ — 46,2 dhr ot § =0.505 Hy

mun

3943

Choose W, =0.4,Wx = &L ) W, = S) U.)4=(00m<:l/$

F(Hz)



Spice Problems

Se 13-1 _1@:) t'npu:f file: .ACI ( O AC IO
W () v & e e L W |2 2&m
®} Lm ® WR 3 4 .3AM
Rw R ® Ry CmR | 3 3249%au
mrf ¢TI 5 5
® RW 2 0
° RWR 4 o0 3
RT &6 o %
-lo T OPTions NOPAGE.
At DEC 20 20 20000
=20 T . PROBE
v(s) .
! ,‘ ,tf)olo?[m 7 EnD
v
4 | 20147[_-\-/%7
-So ‘ + — F(Hz)
O Ky looH lokHz (okK ¢
SP (3-4 O 363 & Il o 1 |
¢t | O 4N

L

_L -..%_V_L ; input :
I@EC, ((4nF C,== V Fe00L

s -

«Qolo? (eoo) 1

®

loo

1000 3500

294

—— '.‘F(Ht)

L1 & 36.31m
ca 2 0 3729MN
RI & 0 oo

.AC OEBC 50 loo ok
<PRINT AC VDB(R)
ENO

BwW = 3500 Hz



Se 13-lo

R,= |l
—A—

1 v
lov L °
? 355mf~!—cz -
l./\pud‘fi(c:
Vs 1 o Ac | ) )
RS | & I3s0 v
s 2 3 Os (d8) 0
RT 30 41k
E]l 40 3 O (0 o
RI 4 5 |
el b 5 .3%B3Im o 1
C2 5 o 353m
Rz 4 o U3 - 26 . , : -
.AC 0gc oo 20 K. IoH, looy  IkHp  l1okHp  bokHy
PloT VOB(5)
.Proet
-ENND
® oon 3com 250a inpat File :
v @)L@"@'L ° Vs | o fAc |
@ @ @ VZ R | & Q00
_I_c Tc TC- _ Ll a 3 lomH
° R2 | 4 loo
® la ¢S bm
1 Ca 50 1w
$v T e Vm(7) e 30 fw
1 e Vm® RZ 1 e 50
L e T Ilom
ot .AC DEC bo o WbK
] frROBE
v .EmO
o +- +— Y £

looHy ooy Ikdy 3k#y lokta

395



Sf 13-(]

SP 13-

Vs

® u&; lf> ﬁvaf: Vi | o At |
c ko Lt 1 & 3I8E-0S
L el R 0 M6 E-9
o RI 2 o0 IK
.AC DEC SO0 IK IMEC
PUOT A VnB(R) vP(a)
LEND
SopF
Rz Ca
M,
100 22 200k
A, @C!l_—‘®

inmd.ﬁk:

cli
Ra
ca
Ro
El
.AC ODEC

PLoT AcC
.END

OCVNWwP( —
n+AN+*+00po

aAC |
loo

SooK

QU

RQEOK.

50€-09

[k

3 o Imes
50 3.ak 3k
Vo6 (4)
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sP 13-13 O e Q A:.oa.®R$""Q® input File
Y- LSEC T | © AC Im
T e LT TCLSEC e | a
l —® | RS Il lo |
CART | 0 253203N
Csee Il 12 Q.533aN
R.20 ] LPRE 3 0 low
LSEC [0 la low
(337 T KPRISEC (PRI (SEC 0.0
ARG UN Gl 4ok 106LoIC
|
VM (12) oy ] LT Ac vm(iLa) (2.2 0.3)
.Eng
.4937 -
.30 2.09= 1" peale at TTvo® W
94x105 -Yre,%w% Loax0® 0.9%8 murimum af [2(o° Hs
s 156 2 peake at 1,03 y,° ts
SP I3-i4 2l .
0! @ inpat file = RI | & 33K
v y Cl ¥ 0 0.0047w
=V Vi I o A |
5 A Ogc I 1o look.
SfoT Vpp(a)
( 3 Prom g
Y15 R, 6 HRT x0T rele, -END
\

-F(‘- 1.02 &Ha

347



