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SOLUTION 14.38. In the s-domain, we break the response up into the part due to the initial condition
and the part due to the source with the initial condition set to zero. The transfer function with the initial
condition set to zero is

Ve(9 . YCs _ IJRC _ 025
Vin(9 R+1Cs s+JYRC s+0.25

H(9 =

Using the parallel equivalent circuit for the charged capacitor while setting the source voltage to zero,
the capacitor voltage due only the initial condition is:

vc(0)
Ve ic(8)=—[Cve(0)] =
1, ce s+0.25
R
Hence,
_ 0.25 _ VC (0-)
Ve(9=5508Vin+ 53025
and
Vin(9)- Ve(9 0.050c(07) _ 0.05s 0.05v(0")
lc(9)= 20 'OOSEL +025tj\/'”() s+025 s+025 Vin()- s+0.25

for all inputs and initial conditions.
(@) If vi,, () =20u(t) and v (0" ) =10V, then Vi, (9 :2—2 and
5 10 20 10

-0.25t
= = — = - V
Ve(9= 457025 "sv025~ s s+ozs - Vel (20 10e )”(t)

and
1 05 _ 05

- - 0.25t
] _ o R
S+025 s+025 s+rozs P lc()=05e " u()

lc(s) =

_ - 0.25 _
(b) If v, (t) =5e u(t) V,then Vi (9 = 105 Hence,
1.25 10 -
Ve(9 = v TS0 b ve(t)= (10+1.250e “Zy(t) v

and

lo(s) = 0.25s i 05 _ -025 i 0.0625

Y (s+0.252 s+025 5+025 (s5+0.25)2
Hence

ic(t) = - (0.25+0.0625t)e” %% u(t) A
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SOLUTION 14.39. The figure which accounts for the initial conditions is given below.
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[ s
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20

(a) For the zero-input response, the above circuit reduces to a parallel RLC driven by two current

sources.

Hence V¢(s) equals the total current divided by the total admittance, i.e.,
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-y (@) (@)
V(S)_CVC(O)+ s SO+ 205410 _ 266 66
c cer Il 2, T T T Z.io50s+10° S+200 S+50
R Ls RC™LC

Hence

—200t

ve(t) = [26.6¢ 6.60 0 Ju(t) V

(b) For the zero-state response, the current sources disappear. Executing a source transformation on

the remaining voltage source, we obtain a current, 1(s) = Viju(s)/(Ls), driving a parallel RLC circuit.
Hence, the zero input response is

Vin(s)
Ve (9 = Ls _elo Vin(9 B 20000 3 _2+ 0.6667  2.6667
T el LR, T 1 T 340502 410% s s+200 s+50
R Ls RC LC
Hence 200 .
ve(t) = [2 + 0.6667e 20— 2.6667¢ > Ju(t) V
(c) By superposition, the complete response is the sum of the answers to (a) and (b). Hence
ve(t) = [2 + 27.267¢ 20— 9.2667¢ O Ju(t) V

(d) By linearity and time-invariance,

ve(t) = [2 + 0.6667e 20— 2.6667¢ >  u(t)

+[4+1333 4200020.01) o oo —50(t-0.01)

Ju(t-0.01) V

1] 0.0 00z 0.3 004 003 0.06 0.7 0.0s 0.9 0.1
Lime in =
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SOLUTION 14.40. f(t) = Li(t) = € 2'u(t)A [part (c)]

for the zero-input response, f(t) = Lj,(t) = i:) [part (d)]
for the zero-input response, f(t) = Lj,(t) = Cvc (0)A [part ()]

$® +2s5+1 B (s+1)2

1
@) Yn(9=1+3 +s+1=

s
_N@s __stl _s(s+l)_ s
(b) |out(S)—Yin(S)||n(S)— 82+ZS+1_ (S+1)2 = S+1||n(S)
s
and
_louwt(9 _ s
H(9 = I?E(s) T s+1

. -2t 1
(c) Ifij(t)=e “"u(t) A, then Ii”(s):st’then

lout(® = H(9lin(9) = — 1, 2

(5+1)(s+2) s+l s+2

which implies that the zero-state response is

- -2t -t
o ()= (2672~ &7 Jur) A
(d) IfiL(0)=2A, vc(0 )=0,and ij,(t) = 0. Using the parallel equivalent circuit for the inductor,
figure 14.19, we have
i(0) _®&s o6e26_ 2

_ \v) C - . —_ -1
lout(8)=H(9 s 851188 s s+1 P igy(t) =-2e "u(t) A

(e) Use the parallel equivalent circuit for the capacitor, figure 14.16, to obtain by current division,

1
_+1
lout(8) = - T—=——I[Cvc (0')] = 4 - L b e®=4e i) A

S

(F) By superposition, the complete response is the sum of the answers to parts (c), (d) and (e).

SOLUTION 14.41. With vj, (t) = 4u(t)V and v (0" ) =1 V, asingle node equation at the front half of
the circuit yields with Cvo (0" )=1" 1=1:
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. . 2 5
A6 4 _ & +25+40 8 . s+8
- 2é§ﬂ+? +—S + 83/C1(S) -1=0 b g—BVCl(S) = —S+1— T
or
s+8
Veq (9 = —5——
cal9 L +2s+4

For the rear-half, represent the capacitor by a series equivalent circuit. Thus we can obtain an equivalent
voltage source with value:

) 2
Veq(9) =2Vc1(9) - Ve@)__2s+8) 1_29s+8)- (s +2s+4)

S PL42s+4 S s(sz+25+4)

or equivalently
$® +14s- 4

V(9 =
™ ;{52+23+4i

- 2
ve (0 2 , sT+14s- 4 1
Vour(9 = 72— Veq(9 + C(s ):s+2 <2 s
1,05 s{? + 25+ 4)
S

By a voltage division,

224285 8+ (s+2)P+2s+4) (P +65+30)
) s+ 2)(52 +2s+ 4) (s+ 2)(52 +25+ 4)

Using MATLAB
»num =[1 6 36];
»den = conv([1 2],[1 2 4])

den =
1 4 8 8

»[r,p,K] = residue(num,den)
r=

7.0000e+00

-3.0000e+00 - 2.8868e+00i
-3.0000e+00 + 2.8868e+00i
p =

-2.0000e+00

-1.0000e+00 + 1.7321e+00i
-1.0000e+00 - 1.7321e+00i
k =

However, it would appear easier here to use ilaplace:

»Syms t s

»ilaplace((s"2+6*s+36)/((s+2)*(s"2+2*s+4)))

ans =
7*exp(-2*t)-6*exp(-t)*cos(3"N(1/2)*t)+10/3*exp(-t)*3™N(1/2)*sin(3"(1/2)*1)
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»
Hence

Vot () = [7e' 2+ (3334/35n(/3) - 6cos(\/§t)] u() v

SOLUTION 14.42. Using the series equivalent circuit (figure 14.17) for C1, we have

(e = Yer@)s __-0255s _ 025
R+_1  1000+50/s 1000s+ 50
sCq
Next, since ve2(0™) =0, we have
Vo () = l(s) _ -025" 500 _ _-0/125
c2 C,s  1000s+50)  s(s+0.05)
Finally,
Vou(® = Vea® = (83 7255 55005 )
and

Vout(t) = 2.5( 1 - €005t \y(t) V

SOLUTION 14.43. (a) It is preferable to use the series equivalent circuit (figure 14.17) for C1, and the
parallel equivalent circuit (figure 14.16) for C2.
(b) The current through the 2.5 kWresistor is given by

9= YOS s 80
2K T . 1 T 2500+5000/s ~ 2500s+5000 s+ 2
1
sCq1
Next,
_ _ 1 _ -8 10'4 , 1 _ -4
Vout(S) =Vca(s) = 125k (9) oCpt L " s+2 0.0002s+0.0002  (s+2)(s+1)
R
(c) Hence
_ -4 o1 1
Voul® = (5 32) s+ 1) Y31 5%2)

and

Vour 1) =4{e? - & Ju(t) v
(d) SPICE plot omitted.

SOLUTION 14.44. (a) From voltage division,
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R2
H(S) — V2 — Zs — RyCos+ 1 — R>Css
Vin 41+ 2p l \R+ Ry R1C1R,Cos? + ( R1Cy +R,C, + R,Cq)s+ 1

Cis 1 R,Cos+1

(b) If vin(t) = 15u(t) V, then Vjn(s) = 15/s and

Ver=H(QVi = L175s 15 7 7
c2 = H(EVin P+4255+1 S st025 st4
Hence
vea() = 7(e7 0% - e uy v
15 T T T T T T T
10 - .
N
g
©
g
c
S TextEnd
5 - -
O 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8

Timeins

(c) Using the series equivalent for C1, we have

_ ve1(0) 1.75s - 15
Vez =H( S R+425s+1 S

which is the same as result in part (b). Therefore

veo(t) = 7(e' 0.2 e'4t)u(t) \%

(d) Using the parallel equivalent for C2 we have
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V _ ~ 1 :2,1, 1 - 1 + 14
c2(9) CZVC2(0)28+4+L 7 525+4+i s+025 s+4

Hence
veao(t) = (e' 0.2% 4 14e” 4t) u(t) vV

(e) By linearity, the answer is the sum of parts (b), (c) and (d).

SOLUTION 14.45. (a) Z1 =Ry +Lj1s and Z, = M. From Ohm's law
Ry + Lss
=V = Vi _ (Re + La9Vin
Z1%22 poylys + Reles  (RiFLis) (Ro+Los) ++ Rolos
Ry + Los

Using current division, we have

I =5—2—I11= RaVin
Ry + Los (Rl + L]_S) (R2 + LzS) ++ Rylos

Therefore

H(s) = L2 = R> - G1

Vin - (Ri+L19) (Ro+L28) ++RoloS  GiLiGyl,2 + (Gili+ Gola + Gily)s + 1

With the given element values,

H( = 2 = 2
21 % %52+ @ 1+4 71 %)s +1 S*+ 4255 +1

\l
00~

(b) If vin(t) = 15u(t) V, then Vin(s) = 15/s and

li o= H(S)V:n = 2 -156_-30_. 32 _ 2
L2 = H(EVin 2+4255+1 S S s+025 s+4
Hence
iL2(t) =(30- 326 %% & Muy) A
Plot omitted.

(c) Using the series equivalent for L1, we have

— : S — 2 1 = 8 .8
lL2 = H(s) L1iL1(0) Cramerl T 5+025 544

Therefore
L2 =8[e %% - & ur) A
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(d) Using the parallel equivalent for L2 we have

. 7
L,i2(0") _ g 1° _ 15(s+225) _ g . 7

s+ ReRi+lis 7., 17505+9  P+44255+1 S+025 s+4
TRy +(R1+L1s) 8 175+ (05+9

IL2(s) =

Hence
iLo(t) = (8e0 + 7 e4t) u(t) A

(e) By linearity, the answer is the sum of parts (b), (c) and (d).

SOLUTION 14.46. (a) Using the result of problem 14.44(a)
Voo _ RoCss _ 1.75s

2lin R1C1R2C282 + ( R1C1 +RCy + R2C1)S+ 1 - 2+425s+1

Therefore

Hl(S) - Vea = - 3.5s
lin 2+4.25s+1

(b) Using the result of problem 14.45(a),

Ha(s) = L2 _ Ro — 2
Veo  (Ri+L19) (Rp+Lps) ++Rolos  g2+425s +1
(©)
HE = L2 sHi9HA9 = 355 2 = TS
lin P+4255 +1 2+4255 +1 (2 +4.25s5 + 13

(d) We first represent the initialized capacitor by the series equivalent (figure 14.17), and then apply a
source transformation. From this circuit, by utilizing the expression derived in part (c), we have

o _Sliagy g =H (9H(9) = 7s
N2 _Sh2 - o) =
veio) “78HO IO = o T
2s
Therefore
ILo(s) = 52.5 -19911 , 37333 _ 1.9911 , 3.7333
(2+4.255 +13 S+t4  (s+4)2 s+t025 (s+0.25%
and

iLo(t) =[(1.9911 + 3.7333t) et +(- 1.9911 + 3.7333t) €025t Ju(t) A
Note: the book answer for part (d) should be divided by 2.

(e) Since lin(s) = 15/s, we have
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1L2(S) = H(S)In(S) = 105 -3.9822 | 7.4666 _ 3.9822 , 7.4666
" (+4.255 +1§ S+4 (s+4)2 S+025 (54025
and

iLo(t) =[(3.9822 + 7.4666t) &t +(- 3.9822 + 7.4666t) €025t ] u(t) A

SOLUTION 14.47. (a) For this passive circuit, we may write the nodal equations by inspection.

10 -10
0.8s+2+ S S { Vc}:{ZVsl}
- 10 1 + m VR -ISZ
S
(b) Vs1=3/s and Is2 = 3/s. We solve for VR by Cramer's rule to obtain
10 6
0.8s+2+ <2 o
-10 23
VR: S S — '2.4§-6S+30 = -4 +l
ogs+2+10 .10 5(0.88 +10s+30) S+75 S
210 10
S 1+

and
VR(t) = (1- 4e 7'5t) u(t) v

(c) We represent the initialized capacitor by the parallel equivalent circuit ( figures 14.16) In this case
the nodal equations becomes

10 _10 6
0.85+2+§ S {Vc}: s+2.4
_10 1+10 VR _3

S S S

Solve for VR by Cramer's rule to obtain

10 6
O.8$+2+? §+2.4
-10 K]
Vg = s s _ -249 +185+30 _1_ 16 , 12
ogs+2+10 .10 5(0.8¢+10s+30) S sS+75 s+5
-10 10
S 1+ S
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VR(t) = (1-16e75t + 12 ) u(t) V

SOLUTION 14.48. (a) After performing the suggested source transformation, and representing the
initialized capacitor and inductor by their series equivalent circuits, we can write two mesh equations by
inspection:

1.25 _1.25 vc(0)
0.5+ 1< < Pﬂ= Va -5
- 71%5 1+0.1s+ —1-55 L L:éo) +Li(0) +1g

(b) With Vs1=3/s, Is2 = 3/s, vc(0) =0, and i (0) = 3 A, the above mesh equation becomes

1.25 _125 vc(0) 3
| vc(0 :
125 qe01s+ 22 D VD)L 41g | 0343

Solve for I_(s) by Cramer's rule to obtain

I (9= —015s2+1875s+75 - 2 , -3 ,4
0.05s3 + 0.625¢ + 1.875s S+ /75 s+5 S

Therefore
()= (4+2e73t -3 edt)u(t) A

SOLUTION 14.49. (a) Represent the initialized capacitors by their parallel equivalent circuits.
(b) Write two nodals equation by inspection

2.4 4+ 0.006
{ 0.001s+ 0.4 -02 H Ve } _ { 0.2V, + 0.001%4(0) | _| S
-0.2 0.001s+ 0.4 || Ve 0.001vc2(0) 0.002
(c) Solve for Vc2(s) by Cramer's rule to obtain
‘ 0.001s+ 0.4 2.4/s+0.006 R )
Vey=l =02 0002 |_ 2°+210°%+48°10* = o . o .. 4
0.001s+04  -02 §s2+8 10%s+12° 10%) S*+600 s+200 S

-02  0.001s+04
(d)
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Veo(t) = (4-2e200t ) y(t) V

SoLuTION 14.50. (a) Let VVC denote the node voltage across the capacitor. By inspection the nodal
equations in matrix form are:

a+1/R+4s -1R WVe
g -1/R 1+1/R+1/(QHgVoutH

(b) By Cramer's rule,

et§_+1/R+4s 1 g
Vout (9) & -1/R  1/(4)] (ds+1 +1/ R)

Vin(9 | EFL/R+4s 1R U 4d(1+1/ R+4s)(1+ 45/ R+49)- 1 R?)
€ -1/R 1+UR+1/(9}

H(9 =

_ (4s+11 +1/ R _ 1
L +8s+165%)(1+1/R) (1+4s)

Clearly, R does not affect the transfer function. The question is why? Note that the circuit can be
redrawn as a balanced Wheatstone bridge circuit in which there is no voltage across R and no current
through R. Hence R has no effect on the transfer function and on the impedance at the input. Hence R
can be removed in the analysis of the circuit. In this case, the transfer function follows trivially by
voltage division.

(c) Inview of the answer to (b), the impedance can be calculated with R removed. Hence

16
Z (9= ?+4_sﬂ(l+4s‘) _a+a9®
" E 10 sy e

Hence, the input impedance is a constant resistance and the network is called a constant resistance
network.

(d)  The input is vj,(t) = 10e~@tu(t) V and R = 5 W. Find v,(t) for t 3 0 for the three cases, a = 0,

0.5, 0.25.
(d) From part (b), fors?® 0.25,

025 , 10 _2.5/(0.25a) 2.5/(0.25
Vout(9) = = ( )‘ ( 3

(s+0.25) s+a s+a (s+0.25)

which leads to

® 25 Of-a _-025
Vout () = &0.25- aa(e e )u(t) \%

For a=0.25,
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Vout (9 = implying that vy, (t) = 2.5t “u(t) Vv

(s+0.25)2

SOLUTION 14.51.
(@) This bridged-T circuit was analyzed in problem 14.9. Here R=1W, Z1(s) = 0.25s and Z2(s) = 4/s.

Since the condition Z1(s) Z2(s) = R2 is met, we have Zjn(s)= 1W.

(b) The s-domain equivalent circuit accounting for initial conditions is given below.

iLI:EI_}.-"'S
()
e
B W—
0258
ll'lll: Vout
T
1 £ 10
() =
Vi (5 ! ars 14
025 '-.-'I:': o

(c) Two nodal equations at V¢ and Vout are:
(VC - \/{n) + (VC - Vout) + 0.255\¢ = 0.25 v¢(0)

(Vout - \/fn) _ i (0)
)+ 0255 | V=g

and
(Vout - VC

Writing these in matrix form, we have

025s+2 -1 { Ve ] Vin + 0.25\(0)

1 4,9 Vout
S

AVin , 1L(0)
s s

Solving for Voyt by Cramer's rule yields
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_ 4\ 05(st8) . 1. 05 .
Vou(s) = std Vin(s) + W iL(0) + (S_,_4)SZVC(O)

(d) Given vin(t) = 4u(t) - 3e tu(t) V, then

: _4_ 3 _ s+14
Vln(s) S S+1 S(S+ 1)

and
_ 0.25(s+8) | 0.75s
Voul(® = —— 4+ + 0.
(9= g5+ 1) (s+4)2  (s+4)?

Taking the inverse Laplace transform, we obtain, fort3 0,

Vou(t) =(4-4eh) + (0.25e% + teM) + (0.75e% - 3teM)= 4-4et+e¥- 2tett

SOLUTION 14.52. A supernode is defined by drawing a curve to enclose the controlled voltage source.
One node within the supernode has voltage Voyt and the other has voltage V1\wthat is equal to

Viph -V
Viw=-2l1 - Vou :'ZmTC:'Vin +Ve - Vou

Next, we write nodal equations at V¢ and the supernode: At node VC

0.5 (Ve - Vin) + 0.5s\& + %5(VC- Vout) =0

At the supernode
-Vinh +V¢e +V
Z*J'S(Vout' Ve) + %Vout + = 1C ot =0
In matrix form, the nodal equations are:
05(s+1+1s) -0.5/s } { Ve } _ {0.5 Vin
1-0.5/s 1.5 +0.5/s Vou | | Vin

Solving by Cramer's rule yields

H(s) = Vo = 05s+0.75/s _ 2(s?+15)
Vin 0.75s+1+15/s 3s2+4s+6

SOLUTION 14.53. A supernode is defined by drawing a curve to enclose the controlled voltage source.
One node within the supernode has voltage Voyt and the other has voltage V1wwhich is equal to
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Vaw= 211 - Vou =207 YC = Vip +Ve - Vo

Next, write nodal equations at VC and the supernode: At node VC

4 s —
) -Vin) + (0. += + - =
0.5 (W - Vin) +(0.25s S)Vc 2+ 16(VC Vour) =0
At the supernode

- Vin + VC + Vout

25 pVour Vo) + SVou + ] =0
In matrix form, the nodal equation are:
0.25s+ 0.5 +5/( 2 + 16) -9(s? +16) { Ve }_ {0_5 Vin }
1-5/(s? + 16) 1.5 + /(2 + 16) Vout Vin
Solving by Cramer's rule yields
H(g = You = 02553 +55s

Vin  0.375s3 + s2+ 9s + 12

SOLUTION 14.54. Write nodal equations at V1 and V2:

0.5(WV -Vin) +0.125( 4 +0.2V,) + 0.1s(M-V2)=0
and

0.15(- V1) + 1V, + Y2 - 5vy =0

In matrix form, the nodal equations are:

(0.1s+0.625) (-0.1s+ 0.025) H Ve }_ {o.svm
(-0.1s-5) (01s+1.25) || Vou | 0

Solving by Cramer's rule yields

H(s) = lout — V2_  0.05s+2.5
Vin Vin - 0.31s+ 0.9062

SOLUTION 14.55.
(a) Simply replace each capacitor by the parallel form circuit model given in figure 14.16.
(b) For this passive circuit, we can write the nodal equation by inspection.
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05s+2 -1 0 Vel Vin + 0.5%1(0)
-1 05s+2 -1 Veo | = 0.5vc2(0)
0 -1 0.55+2 Vs 0.5v 03(0)

Solving for V3 by Cramer's rule yields

Vin(s) + 0.5¢1(0) +(0.25s + 1)vco(0) +( 0.1258 + s +1.5 )¢3(0)
0.125s3 + 1.5¢ + 5s+ 4

Ves (9) =

(c) Substituting Vin(s) = 12/s, vc1(0) =0, vc2(0)= 6, and vc3(0) = 2 into the above expression, we
obtain

_12/s+6(0.25s+1) + 2( 0.1258 +s+1.5) _ (2553 + 3.5 + 95 +12
0.125s3 + 1.58 + 55+ 4 5(0.125s3 + 1.58 + 55+ 4)

Ves (9)

Now use MATLAB to do the partial fraction expansion.
n=[0.253.5912];
d=[0.1251.5540];
[ rpk]=residue (n,d)
r=
-2.5000
4.0000
-2.5000
3.0000

-6.8284
-4.0000
-1.1716
0
From the MATLAB output, we have, for t 3 0,

Vea(t) =3- 2.5 6828t + 4e4 - 2 5el1716t v

SOLUTION 14.56. For this problem we utilize loop analysis with loops as indicated below.
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2 I'['FIII ut

In doing the following loop analysis, note that we will use gVt = I3 and that due to our judicious
choice of loops

a&l
Vout = s AL 51
or equivalently,

el
0= Cs Ls a1~ Vout
For loop 1,
1 0
v1:§R+€s+ LS )1 +2R 1o + RomVou
For loop 2,

Vi- Vo =2R | + 7R 15 + 5RoVout
In Matrix form
1000 u

é

s = +0016s 0 -1

¢ s Yenu ¢ oy
@+= +0016s 2 2uA|2 76 Vi g
¢ 2 7 10u8‘/0utH 8- Vol
8 H

By Cramer's rule
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& 1000 0
g . +00l6s 0 0 j
€ 1 u
det§2+@+0016s 2 VG
s 7 \b- Vol 000
g 1 2§ -Zé—s+001es (5V, +2Vy)
Vout = 2 N ~
1
e ﬂ) +0016s 0 -18 2% 0006s- %+ Oo+o.1125f2’j
¢ 7000 4 > >
detgz _S +0.016s 2 2 U
@ 2 7 10L'j
& H
Hence
éﬂ) +0. 0163 (5\/1 + 2V2) 2
v &s L6200 oo
out = 1000 T 246255+ 62500 L 2
10 +—— +0.016s

The answers to (a) and (b) are clear at this point.
(c) Using MATLAB
»n=[21 0 21*62500];
»d =[1 625 62500 O];
»[r,p,k] = residue(n,d)
r=
35
-35
21
p =
-500
-125
0
= 0

Hence

Vour(t) = (21- 35¢" 1% + 356 0% (1) .

SOLUTION 14.57. (a) Replace the LC combination by a 1 V source after setting V1 and V2 to zero.
We need to compute the current leaving the 1 V source which will be 1/Ry. Let the left node be denoted

by V3 and the right node by V. Also let G = 1/R. The nodal equations are by inspection

&G 0 0é/au
&0 1L 25<3u3vb u

I_¢é dgm*G é/au_(f! (gm +G)/2G
é

& gn+025GY ~ @i & g +0.25G)/1.25G

[« NenY ad
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Thus, the current leaving the 1 V source is
l = G(1- Va) +0.25G(1- W) =G(L- (g + G)/2G) +0.25G(L- (- g, +0.25G)/1.25G)
=0.5G- 0.5g, +0.25G +0.2gy, - 0.056 =0.7G - 0.3g,

Substituting G = 1/R we obtain
1 1 R 1
== = = =10W
Rih l,y 07G- 03g, 0.7-03g,R 07-03" 2 0

(b) Replace the LC combination by a short circuit and compute Isc. This makes the controlled source

zero. By inspection
M,V

lsc = 2R 5R

Thus

Vs 6
=Ryl = Rthez'_}e 5?{@ 10(0.5v; +0.2V5)

(c) By voltage division

Z¢c ,, __Gs ___s+yLC

Vout = oc = = (5\/1 + 2V2)
Rin *ZLc El+Ls+Rth 52+%S+I/LC
S

_ 2 +62500 (5v, +2,)
2 +6255+ 625000 2

SOLUTION 14.58. (a) The last equation is the constraint equation for the controlled floating voltage
source. Hence, we have

Vi- V2- 7p(s)lp=0
(b) By Cramers rule,

U
eER+cS l, 1 ¥
deté 0 0 -1 g
é _ a
a 1 0 -2(9y 0 !
Vo = ;é_ lilz ) in - :691 —I0
0 u O O
gé_R+CSﬂ YR 1 3 - 23 E+Cs - ZO(S)CS = +Cs éE+ng(2+zo(s)Cs)
deta O Cs -1
é 1 - (q)
a 1 1 -z(s)y
e u

(c) Here
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|.
V2 = " in
&, c:sg(z + LCSZ)
R

) ; 2
in which case ® =,[— .
©=\Tc

SOLUTION 14.59. (a) Since the switch has been at position A for a very long time, the inductor looks

like a short and i (5) =i (5") = 10/4 = 2.5 A. For t> 5, the switch moves to position B and the
inductor current decays according to

iL(t)= iL(5+)e' (t-5) _ 5 e (t-5)/0.1 _ 5 5~ 10(t-5) p

(b) Note that i, (0") =i (0") =0. Hence
01 &80 50 9_125 625 50
= —YV = — - = - +
IL() 10s+ 4\/'”(5) s+04€s s+059 s s+04 s+05
Hence for 0 £t £5s, i (t)=12.5- 62.5¢ %4t +50e" %> A. Here i (5) =i (57) = 8.1458 A.
For t > 5, the inductor decays with a time constant of 0.1 s. Thus

i, (t) = 8.1458¢ 109

SOLUTION 14.60. (a) Since the switch has been at position A for a very long time, the capacitor

looks like an open and vc(5) = ve(57) = 40 V. For t > 5, the switch moves to position B and the
capacitor voltage decays according to

vet)=ve (57)e (-5 _ goe t-5)2 _ e~ 05(t-5)
(b) Note that vc(0) = vc(0') = 0. Hence

V(g LGS\, o 125 250 50 _5__ 78125
7 71/Cs+40 MY T 5412585 s+1250 (5+125)2

In MATLAB,

»Syms t s

»ilaplace(7.8125e3/(s*(s+12.5)"2))

ans =

50-625*t*exp(-25/2*t)-50*exp(-25/2*t)

Hence for 0 £t £5s, v (t) = 50- 625t 2% - 506225 V. Here ve(5) = ve(5") = 50 V.
For t > 5, the capacitor voltage decays with a time constant of 0.08 s. Thus

ve (t) = 50" 1299 v
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SOLUTION 14.61. (a) Since the switch has been closed for a very long time, the capacitor looks like
an open and v(5) = ve(57) = 32 V. Fort > 5, the switch opens and the capacitor voltage decays
according to

Ve ()= v (5)€ (t-5)/t _ gog (t-5)/04 _ g5~ 25(t-5) |/

(b) Note that vc(07) = vc(0") = 0 and vgyt = ve. Hence for 0 £t £5,

1 Mp(9 _ 10 10 &80 50 &
Ve(9) = o = Vin(s) = =
1,1 ooms 50 s+125 s+125€s  s+12.59
50 200
_ 6250
gs+12.5)2
In MATLAB,
»Syms t s
»ilaplace(6250/(s*(s+12.5)"2))
ans =

40-500*t*exp(-25/2*t)-40*exp(-25/2*t)
Hence for 0 £t £ 55, v (t) = 40- 500te’ 12°- 406 12° v, Here v¢(5) = vc(5%) = 40 V.
For t > 5, the capacitor voltage decays with a time constant of 0.4 s. Thus

ve (t) = 406" 2569 v

SOLUTION 14.62. (a) AtO0-,vc(0)=0and i (0)=50/10=5A.
(b) For this part, consider the equivalent circuit below.

' +
053F
10 3 T~ o
8 0.184 H )
By inspection,
Ve = 5 3 5 5 10
c- 5 - 2, 2
S 055+—=—0 052 +s+—— (s+)°+p
€ ) 0.184

From table 13.1,
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ve (t) = 3.1831e sin(ptyu(t) V
(c) Using M,%'ELAB,

iZapacitor Wollage in W

SOLUTION 14.63. (a) Since the switch has been closed for a long time, i (1) = i|_(1+) =30/0.8=375A
and ve(l) = vc(1+) = 0. Represent the initialized inductor by its parallel equivalent circuit. Then

-375, 1 - 150
V(s = S

Cs+_1 52+4
Ls

Hence from table 13.1,

Ve () =-75sin(2t) V. P ve(t)=-75sin(2(t- 1)) \ fort>1s.

(b) Allinitial conditions att =0 are zero. For0 £t £ 15,

1 Vin(9 5s 150s & 16
V~(9 = in = V(S )z — = - ——
c(9 Eg+0_25S+!' 08 s?+5s+4 in(®) 2 +5s+4€s s+20
. S

__300s e 1 6_100 150 S0
T 24+55+489s+2)8 s+l s+2 s+4

Hence, for 0 £t £ 1s,

v (t) =100e" ! - 15072t + 50674t v
Here, vc(1-) = vg(1+) = 17.403 V. Note, vin(1-) = 25.94 V. Next,
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dVC l]

o)=CTE g

= 0.25[- 100e™ ! + 3008 2 - 200e #|=0.037378
Thus in MATLAB

»vinl = 30*(1 - exp(-2))

vinl = 2.5940e+01

»vcl = 17.403

vcl = 1.7403e+01

»icl = 0.25*(-100*exp(-1) + 300*exp(-2)-200*exp(-4))

icl= 3.7378e-02

»iL1 = (vinl - vc1)/0.8 - icl

iL1= 1.0634e+01

Therefore, i (1) = i|_(1+) =10.634 A. Fort3 1, we use the parallel equivalent circuit for both the
inductor and the capacitor:

4s @z 10.634
> +4¢€

4s & (1)
L+48& S
Therefore from table 13.1, fort > 1,

V(9 =e'S

+COve(l)=eS +4.3507,
%)

Ve (t) = -21.268sin(2(t - 1)) +17.403cos(2(t- 1)) V

Plots omitted.

SOLUTION 14.64. Here v¢(0) = 0 for both capacitors.
Partl: O£t £ 1s.

10

V(g5 0 206 2

out o0+ 108s s+20° gs+05)(s+2)
s

From MATLAB
»num = 20;
»den =[1 2.510];
»[r,p,K] = residue(num,den)
r=
6.6667e+00
-2.6667e+01
2.0000e+01
p =
-2.0000e+00
-5.0000e-01
0

k=1
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Therefore forOEt£ 1,
Vot (1) = (20- 26.667¢ *% +6.667¢" 2t)(u(t)- u(t- D)

Part 2. 1 £t. Here the initial condition for the right-most capacitor is v (I )= Vg 0 ) = 4.7281 V.
As above, the left-most capacitor has zero value at t = 1s. Let us use the series equivalent circuit for the
right capacitor. Then,

.5-4.7281, 1 -5-0.47281
IC(S):e s 20: s+2
10+—S
Therefore,
€10 -547281u - g6- 47281 4.72810_ . sé2. 3641 23641u
Vout(9 = g= (9 +e >—— =
out(9 s c(9 s 0 e es(s+2) s 4 =€ € s @ s+28
and fort3 1,

Vout (1) = (2.3641+ 2.36416” X )t~ 1) v

SOLUTION 14.65. Assume the switch has been in position A for a long time. Both capacitors behave as
open circuits and both capacitors have initial voltages at t =0 of 10 V. Fort3 0, use the parallel
equivalent circuits for both capacitors and write nodal equations. Let the left capacitor have voltage
VCa.

€.005s+0.03 -0.01 ué/Cau €0.005° 10u_é0.05 ¢

€ _00L  00025s5+0.0188, 47 $.0025" 108~ &.025Y
By Cramer's rule,

€0.0055+0.03  0.05
deta 1]
oran § -00L  00%5) _ . s+10 4083 10/3
(9= —250055+008  -001 U UZ+10s+16 S+2 s+8

“& 001  00025s+0.0L

Therefore fort3 0,

40 -2t 10 -8t
VOUt (t) 3 V

2s

SOLUTION 14.66. (a) Z,(9 =2+ :
055+2 "Fa
S

(b) Here, the initial condition is zero and
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2s
__s?+4 ,10__ 10
VC(S)—2+ 25 5_82+S+4

2

s +4
»Symst s
»ilaplace(10/(s"2+s+4))
ans =

4/3*exp(-1/2*t)*15™N(1/2)*sin(1/2*15"(1/2)*t)
Hence using MATLAB above or table 13.1 we have for 03 t £ 1.5s,

ve (t) = 5.164e” %> sin1.93651) V
and

Ve (1.5 )=ve (5 )= 057237 V
(c) Use the parallel equivalent circuit for the left capacitor. The right capacitor has a zero initial voltage
att=1.5. Hence, we do not use an equivalent circuit for the right capacitor.

(d) Therefore

1. 1 3 ; s+4
e c(9)= S 0.5 0.57237 = 0.5723752—
0.5S+2+T1 +10s+16
S

(e) In MATLAB
»[r,p,k] = residue(0.57237*[1 4],[1 10 16])
r=Vv

3.8158e-01

1.9079e-01

s+4 — e 1.55€0.19079 N 0.38158y

- 158
V~(9 =e 05723/ —mm8m8m8 = .
e 2 +10s+16 g s+2 s+8 H

(F) Finally
ve (t) =[0.19079¢ 2019 4+ 0.38158¢ 8- 19|yt - 1.5) v

SOLUTION 14.67. (a) v1(07) =v1(0")=v,(0")=v,(0") = %16: 8V.

(b) ForOE£tE£1L vy(f) =8V and vo(t) = 8¢ /RC =g 0681/,
(€) vy(T)=8Vand vy(I)=8c9 =4V
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(d) From KVL, v;(1")=v,("). From conservation of charge,
17 vy(07) +1" vp(07) =12=2" v;(0") =2 v,(0"). Therefore vy(1")=v,0L")=6 V.
(e) This response represents a decay with time constantt = 2R = 2.8854 s. Hence

vi(t) = vy (t) = 66”3457y - 1y v
It follows that )
vi(3) =vo(3)= 66 037 2 =3 v

(f) Both capacitor voltages change abruptly att = 1.

SOLUTION 14.68. Label the current down through the first inductor as i1(t).

(8 i1(07)=i3(0") =1 A andyy (0 )= oy (0") =0.
(b) For 0 £t we use a parallel equivalent for the first inductor. By current division

1
lout(S) = 5+0.1s . ‘_1: -175
0.057143 + 1 + 1 S 2+ 275s+ 2500
0.35s 5+0.1s

Use MATLARB to do the partial fraction expansion
num =-175; den=[1 275 2500]; [r, p, K] = residue (num, den)

r=
0.6831
-0.6831

p =
-265.5869
-9.4131

From the MATLAB output

0.68313 , 0.68313
s+9.4131 s+ 265.59

lout (S) = -
Therefore ,
out (1) = 0.68313 e 2005 7 9413 )1y A

SOLUTION 14.69. (a) Here we use voltage division:
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1
~ 207 © 30 30 5
_ 4”10 "s
i(s)= 1 1 .1 s 6s s

4°10% 4°10% 1 105
Therefore, v1(0+) =5V.
(b) Again use voltage division:

1
~ 1070 40 80
- 5 10 s Al
e S S SR T

APTa) . -6 PP)
5°10°s 1°10°s 2710 °s
Therefore, v;(0") = 4.7059 V.

SOLUTION 14.70. (a) Consider a mesh current I(s) in the usual direction and use the series equivalent
circuit for each capacitor. Thus

1 03 09 06p_12, _ .
(9 =—7 1 1 2. 2309, —0==£10"%=08"10"°

+ +
4°10%s 4710% 1710°s

@
]

n

7]
n

N
|

Therefore fort > 0,

1 03_08"10° 03_05
Vy(8) = ——— I (S == ——+=—== b =05V
= 06 9" s T2 1065 s s 19

Similarly fort >0
© 206
0.8" 10 09 11
Vo(=——F—+—=— b vr()=11V
9= 16t s T < 2(t)
and
s 2 6
0.8" 10 6 1
Vy(s)=——F—+—=— b vy(H)=14V
(=06 s T s ()
(b) Consider a mesh current I(s) in the usual direction and use the series equivalent circuit for each
capacitor. Thus

_ 1 & 03 09 066_22, T
I(9=— 1T & s s sooi 10°%=1.2041" 10

5 10°%s 1710% 27 10°s

Therefore fort > 0,

(9 + 0.3 _ 1.29,41 _160 0.3 _ 0.55882 b vy(t)=055882 V
5710 s S 5" 10""s S S
Similarly fort>0

Vi(s) =
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1.2941" 10° 2.1941
u 09_21%1 Vo (t) =2.1941 V

V(9 =

1 10% s s
and
;a6
1.2941° 10 0.6 12471
Vo(S)=—————————+—=—— b vq(t)=1.2471V
3(S) > 10 bs S S 3(0

SOLUTION 14.71. (a) For 0 <t <2, the 150 mF capacitor is charged to 25 V. From conservation of
charge,

0.15" 25=0.15vc (27) +0.vc (27) = 0.25v¢ (2°)
Therefore
+ 015" 25
g — V
ve(2) 005 15
This voltage remains constant fort> 2 s.

(b) For 0 <t<2,the 150 mF capacitor is charged to 25 V. From conservation of charge,

0.15" 25+0.1" 10= 0.15vc(2"7) +0.1vc (27) =0.25v (27)
Therefore
+. 015" 25+0.1" 10
= = V
ve (29) S 19

This voltage remains constant fort> 2 s.

SOLUTION 14.72. (a) Let the middle node have voltage V4(s). Then writing node equations

¢85 -2V, U 144y | Vol 166 2EL14Ys)_9156/S)
§2s 6sBroul 80 £ P Bl @ o o U osess
Thus for t > 0, vy (t) = 0.052 V.

(b) Again define Vy(s) as the middle node. Then

3

_ 10s . 0286_6, 028 _0.132

Va(s)__1+i+i s 13 s s
10s 4s 10s

Hence fort >0,

1

Zs . 0132 0132 0.044

Vout(9) = 1431 s "3 T 5 P Vou()=0044V
— +_

2s 4s
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SOLUTION 14.73. With switches in position A, the equivalent capacitance to the right of v, is 4 mF.
Therefore at t = 0+, by voltage division

V4(s) =V5(9 :%) P vi(t)=vy(t)=10V forO<t<1.

Hence with the switches in position B, let us write a single node equation using the parallel equivalent
circuit the initialized capacitors:

11
0.0025V5(s) - 0.002" 10+ 0.004sV(s) +0.004” 10=0.004s"

Equivalently
0.006sV5(s)=0.044- 0.02=0.024 b Vy(9=4/s

Hence, fort>1s, vy(t)=4 Vand vy(t)=7 V.

SOLUTION 14.74. (a) Att =0+, the frequency domain equivalent circuit is given below.

_.\: M- 3wF
| | 2 mF
I F I \_l
ﬂ(")  2wr —
TN Vo gy
_ |lmF & mF
To compute Cgq, We observe
1
Ceg=1+ T 1 1 =2 mF
3 2 6
By voltage division
CqS . 20_10 0.002s . 20_10

= and Vo= ——«—" —=—
V17 Cs+0002s 5 s V2T s +000s 5 s
Hence, for 0 <t <1, v4(t) = vo(t) = 10 V.

(b) When the switch moves to B, the pertinent part of the equivalent frequency domain circuit is given
below.
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0.02

0.01

By superposition,

1.8 1, 1, 6
= — - 4+ . - — . = -
=155 s 0003s 0.02 0.003s 0.01 S

Hence, for 1 <t <2, vq(t) =6 V and by KVL, vo(t) =2 V.

SOLUTION 14.75. When the switch in position A, the 2 nF capacitor is charged to —2 V. Hence, the

charge on the top plate is C*vc = -4 nC. When the switch is moved to position B, due to the virtual
ground, the 2 n capacitor voltage is zero meaning it cannot retain any charge. Hence, assuming an

ideal op amp, all charge moves to the 1 nf capacitor with —4 nC on the left plate. Hence, vyt = - (-4
nC)/1nF=4V.

SOLUTION 14.76. (a) Vout(t) =0 for 0 <t<1ms. Every time the switch moves to position A, the
capacitor, C, charges to 8 V. When the switch moves to position B, because of the virtual ground, all
charges moves to the kC capacitor. Hence with k =1, voui(t) =—=8 Vfor I ms<t<3ms. For3ms<t<
5 ms, vout(t) = — 16 V. Repeating the pattern implies that for 5 ms <t <7 ms, vgui(t) = - 24 V, etc. See
for example figure 14.51.

(b) With k = 0.5, the voltages computed in part (a) double.
(c) With k = 2, the voltages computed in part (a) are halved.

SOLUTION 14.77.
() For this part consider the circuit below.
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1y

|

2

For the normalized designC=1F, G;=05S,G,=2S,and G3 = 1.5S. After magnitude scaling with
Km=10°then C=1 pF, R =2 MA R, =500 W, R3=666.7 W

(b) For this part, consider the circuit below.

G

Va2 o o—

v i
] O™
al. a7 Mo
) gl
vblhm + +
GE Yout
%< Ta 7

For thenormalizeddesign C=1F,G;=1S,G3=2S, (_32:0.5 S,and G, =25S. After magnitude
scalingwitthzloﬁ,then C=1uF, R=1 MW R3=500 W R, =2 MN Ry, =400 W.

(c) Now consider the circuit below.
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i3 [k
I iy
] o™

al. 3 I
) —
vhln—u% + +
GE Vout

Jpum—
¥y2° N c X

For the normalized designC=1F, G;=0.25S,G3=05S5,G,=0.755,G;,=1S,and G; =1 S. After

magnitude scaling with Km=106, thenC=1puF, RR=4 MN Rg=2 MN, Ro=4/3 M\,
Ry=1 MW R5=1 MN\.

(d) Finally, we consider the following circuit.

i

vﬂE G—xféf%-—
3

vﬂj h’éﬁ%ﬂ—

o=
b%
LY

For thenormalizeddesign C=1F,G;=2S5,G3=155,G;3=15,G,=05S,G,=2S,andG;=2S.
After magnitude scaling with K, = 10° then C=1 pF, R =0.5 M\ Ry=2/3 MW,
Rg=1 MV, R, =2 MV, Ry=0.5 MV R;=0.5 MWV
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SOLUTION 14.78. With V1 = Vgt a prototype design is given by the topology below.
=18 G =14058
vmﬂ—v’%ﬁv——vw

Oy= 04028
Vo H

Gg= 0542 5 o
Vﬁh_.-% =+ +

AT =18655 Jo—

Using MATLAB
»Km = 1e7;
»Gin=1; G1=1.405; G2=0.402; G3=0.942;
»DG = 1.865;
»Rinnew = Km/Gin
Rinnew =
10000000
»R1new = Km/G1
Rlnew =
7.1174e+06
»R2new = Km/G2
R2new =
2.4876e+07
»R3new = Km/G3
R3new =
1.0616e+07
»DRnew = Km/DG
DRnew =
5.3619e+06

Later, when we study frequency scaling, Ky, will be smaller and the filter will have a cutoff frequency in
a more reasonable range.

SOLUTION TO 14.79. Note corrections to problem statement. W(0+) should be W(¥) in part (b) and in
part (c) one should calculate W(0-) - W(¥). The frequency domain equivalent circuit is given by the
figure below.
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_-W'\:
j— j—
C Ca
Vi Voo

L) a-b
s R o K1
S+aei L 10 stp
Cs Cs ~ ERC, RC,#
in which case i(t) =K Pitu(t) where
1

K, =& b and @l 10
177R P=gre, TRCH
Further,
K1
_-lg,a_a G & K 6,1 K., 1
Vea(s = Cs s s Js+p) & Cpp s Cp (s+ py)
in which case
e K 0 K
Also, by symmetry,
Ky
_I(s) B 0,1 K. 1
Ve2(s)= Cs s s s(s+p1)_§%+ B s Copr (s+p)
in which case
_e L K O Ky pel
ch(t) = §b+ CZQ]_B Czple Lgl.(t)

(b) The total energy stored in the capacitors at time 0- is

i 1 1
W(0 )= —chaz +—2c2b2
Alsoatt=¥,
Kq 0
2P &

vc1(¥) =§%- %g and ch(¥)=§+

Hence
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" .2
1@ KO 1 @ KO
W =3Gga- T o5 T2 s
(c) y y
2 2 2
2w aoe22pt e RKE_(@- b7 (a- b)
OR (= ORKy e~ dt = = R~ 1 106
0 0 2o +—=
&, C,o
Observe that
.2
: 1.2, 10,2.1 9_1 0
W(O)- W(¥) =5Cia? + = Czb Clga s Zczgiw L

. (a-b)? _(a-b? _ (a- b)?

Rpy 2Rp; ael 1('_3'
TR

_akKy bK; 1KY 1KY _(a-b? 1
T op ) "2

m m 2cpf 2c,p¢  Rm

This indicates that the total energy lost between 0- and infinity is the energy dissipated in the resistor
and the result is independent of the value of R.
(d) WhenR® 0,

a b
. s s _ a-b _ CGC
S NI S W W ORToS
Gs Cs G G
Therefore
GG
() =y (@ DB
Further
La__ G G
Veil9 = 5, 15 (- D+ s(q+cz>a+s(q+cz>b
and
__ G G &)
R e T L A T R CPTon L
Therefore

Ve (t) = veo(t) = ;qcilcz) (Cﬁzc )bgu(t)

SOLUTION TO 14.80. (a) From conservation of charge

Civea(07) + Cove2(0) = Cvea(07) + Cove2(07) = (G + Co)vea(0%) =(Cp + Co)ve2(07)
Therefore
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Cve1(0) +Coveo(0)
(C1+Cy)

vc1(07) =vco(07) =
(b) Inserting values into out answer for part (a) yields

ve1(0) =vea(07) = ﬁ) =05V

and the voltage remains the same for t > 0.
(c) Before the switch is closed, the energy in C, is zero and the energy in C; is the total stored energy:

- - 2 -
Wio (07) =W (07 ) = 0.5Cvé4(07 )= 05
After the switch is closed,

Wiot (07) =W (0%) + We2(0%) =0.5CvE1(0%) + 0.5CvE,(0*) = 0.25 )

(d) (i) Using the series equivalent circuit for C1, we have

1 1R o 2UR
I(9 = - = b (t)- u(t) A
R+2 s s+2/R

S

Thus
1(9 1/ R 05 05 _24R
= = - =0. - V
V&)= T ei2/R T s sv2/r 0 Vel 05(1 € )“(t)

and

I(9,1__-UR 1_05 05 J24R
= - — _— T — = . V
Veu9=- 75t Ts+2/R) s s ' s+2/R b ve1®=0 €1+e )u(t)

(if) The energy dissipated in the resistor is given by

¥ S4YRYf
WR(0¥)=R(j (r)dr—R()e4t/R S —u =31
0 %
(iii) Forall R,
¥ ¥ 2R
Area underi(t)= §j(t)dt = Flz o 2Rar =- £ 5 :—;
0 0 t
Further,as R® 0, i(t) = 2thu(t) has a decay that becomes infinitely fast and its magnitude (1/R)

approaches ¥. Thus we have infinite height, zero-width, but a finite area of 0.5. Thusas R® 0,

i(t) ® 0.55(t) A. (We have avoided a more rigorous explanation as the above argument is more
plausible to sophomores.). As R® O, the exponential terms in the expressions for v (t) and v o(t)
have infinitely fast decays and hence disappear from the expressions yielding the stated result.
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SOLUTION TO 14.81.
(@)

) - 2s+45 - 1 1 —
Zin () (st 0.5)(s+4) st+05 T s+a Za(9) * Zp(9)

Ya(s) = Zal(s) =s+t05

Yb(s) = Zbl(s) =s+4

From the above expressions, the RC circuit consists of a series connection of (a 1 farad capacitor in
parallel with a 2 Wresistor) and (a 1 F capacitor in parallel with a 0.25 Wresistor).

(b)

e 12s+440 _ 10 2
Yin (9= (g5 120)(s +20) ~ 5+120 T s+20 2@ *Yb(E

Za(s) = Ya%s) =0.1s+12

Zo(9) = Yb%s) = 0.55+ 10

From the above expressions, the RL circuit consists of a parallel connection of (0.1 H inductor in series
with a 12 Wresistor) and (a 0.5 H inductor in series with a 10 Wresistor).

(c) Following the hint, we have

Yin(S) - 02255+0.075 - 01 , 0.125
S (st0.2(s+05) st02 s+05

Hence

. - _0.1s 0.125s _

Za(S) 1 _ s+02_ 10 + 18

T Y. 01s 05
- 1 _ s+05_g4 1
%) = 397" 015 T 0258

From the above expressions, we see that each term in Yip (s) represents a series RC circuit. The RC
circuit for Yijn(s) consists of a parallel connection of (a 0.5 F capacitor in series with a 10 Wresistor)
and (a 0.25 F capacitor in series with a 8 Wresistor).

(d) CORRECTION: for part (d),change the second term to 2s/(s2 + 2).
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Yin(9= 095 + 25 =y (9)+Yp(s
in () 2+ 1 2+ D a(9) b (S)

Za() = L, =521 =ps4 1

Ya(s) 0.5s 0.5s
d - 1 _ s2+42 _ 5s + 1
b (S) NG s 0.5s s

From the above expressions, we see that each term in Yip (S) represents a series LC circuit. The LC
circuit for Yin(s) consists of a parallel connection of (a 0.5 F capacitor in series with a 2 H inductor)
and (a 1 F capacitor in series with a 0.5 H inductor).

SOLUTION 14.82. CORRECTIONS TO PROBLEM STATEMENT: (i) vg(t), should read vg(t)
and (ii) there should be a connection from the circuit inside the shaded box to the bottom line or
reference node.

(@ (i) 0£t<1ms. Since the capacitor voltage is initially zero and the switch is in position (a), a
simple source transformation yields a Norton equivalent (seen by the capacitor) consisting of a 20 mA
current source in parallel with 9.8039 kWresistor. Hence

1 ., 02_ 20" 10°
Vour(9) = +106s S S(s+102)
98039

Using MATLAB
n =.02*1e6;
pl = 1e6/Rth
pl= 102
»d=[1 pl 0];
»[r,p,k] = residue(n,d)
r=

-1.9608e+02

1.9608e+02
p =

-102

0

k="l

Hence, for 0 £t< 1 ms, vy (t) = 196_08(1- N 102t)u(t) V. It follows that vy, (1 ms) = 19.014 V.
(i) 1 ms £t<1.05 ms. The frequency domain equivalent circuit is given below.
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—
+
10kKGQ 10 o &
1901410 e
CTDM"F’““* aut
200 1
R 5

Writing a single node equation yields

200 1
Vout T Vout -

. —6: S S 4 -6
19.014 " 10 10000 o 1077 SVou

127 10°

Equivalently 19.014 +

= (S+100100)Vy: OF

~ 19.014s+1.2" 10°
out ™ 5(s+100100)

Therefore, i, (t') = (1.1988+17.815e‘ 100100t')u(t'), and for 1 ms £t < 1.05 ms,
Vout (t) = Vot (t- 0.001) in which case
Vou (t) = (1.1988+17.815¢" 100200~ 0000 )¢ o 0nn)

Again using MAEIEAB,

18
16
14

—_ -
[ n R e T ]

¥t i volts

[mn]

i i i i i i
1] n.z2 0.4 0.g 0.4 1 1.2
illi 5 ecords

(b) Part 1: fort >0 up to t; which denotes the time when vq(t) reaches 80 V, i.e., the capacitor is
charging. The frequency domain equivalent circuit is
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10 ki 300 k5t &

Se 10 e
CT) 10F[ - Tout

Using our knowledge of part (a), this circuit simplifies to

200

3

—
+
-6
002 CD 5100 £y =
? 93039 0 |~ ot
o
Hence
- 10-6 4902
y (5)—5 1077 +=7 55420" 10°
M 0 6as ~ s(s+102)
9803.9
and from MATLAB
»Syms s t
»ilaplace((5*s+20e3)/(s"2+102*s))
ans =

10000/51-9745/51*exp(-102*t)

in which case
Vout (t) = (196.08- 191082 Ju(t) v
From this expression,

Vout (t1) = 80=196.08- 191.08¢ %1 v
and

t1 = log((80-10000/51)/(-9745/51))/(-102)
tl= 4.8864e-03

This part of the problem considers t; £t <t, i.e., the capacitor is discharging where vgi(to) = 5.
The equivalent frequency domain circuit is given below which is a slight modification of the circuit of

(a)-(ii):
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—
+
10 kN 10 o &
go=10 e
CT) 10F[ Vout
200 1
R 5
o

Making use of our knowledge of part (a)-(ii), we have

~ _ 80s+12° 10°
out ~ g(s+100100)

in which case Vi (t') = (1.1988+ 78.801e 1(’Oloot')u(t') V, and
Vot (1) = (1.1988 + 78.801¢" 100100(t- ty) )u(t- )

Here t'2 =3.0286" 10" s and o=t + t'2 = 4.9167 ms where t'2 is the duration of the discharge cycle.

As a final point, note that the frequency of the sawtooth is 1/t2 = 203.39 Hz. Finally a plot is given
below.

Savdooth plob of woutinsolks

80 ! ! ! !

N |
oo
SO VO - SRR S|
400 SN S N i
R =l RS RN SO
[ U WA R
N 7 T R N |
" i 2 3 4 :

kirne ir ms
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SOLUTION 14.83. CORRECTION: In example 14.10, page 560, delete the four minus signs in the
equation for V¢ (s) and one more for vi(t).

We use MATLAB instead of SPICE to solve this problem. Applying voltage division to the circuit of
figure P14.83, we have

1 .
VC (S) - Cs LiL(O') — |L(O_) 1 — 108
1 4Ls+R C 2+Rs+ 1 24+1255+1.25 10°
Cs L LC

From table 13.1, item 18
vc () = 2828e625t sin(35,355t) u(t) V

A plot of vc(t) is given below with the vertical axis in V and the horizontal axis in seconds.
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The waveform for the first few cycles is essentially the same as the example 14.10. Thus for the firs few
cycles, the lossless circuit of example 14.10 is a good approximation to the more accurate circuit model
of this problem. The effect of the presence of 100 Wresistance is a slow decay (with respect to ms
intervals) of the peak values.



