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PROBLEM SOLUTIONSCHAPTER 14

SOLUTION 14.1.

(@
R(Ls+ i)

Cd _ Cs(RLCS? +R) RLC(sZ +JLC) _ R(sZ+1/LC)
2(8)= 1T° 2+ R 1. o, R 1
R+Ls+t— CIRCs+LCS' +1) | (P+"s+—=) P+—s+—
Cs L~ LC L~ LC
(b)
(L)
Z(s)=R+ Cf’ SR+ gy LS
Lot C(LCS +1) LCs® +1
Cs
11
_RLCL +Ls+R_ RLO(S® + == s+70)
LCS +1 LC(52+i)
LC
Hence,
Raes2+RiCs+L—1C;
2(s)= -
+ —
LC
SOLUTION 14.2.
@
10+0.2 80
Vg9  (10+029()  ggoo+16s)  800s+4000

f S) = = = =
%n(971 s(® 101025+ 20 0.2s2+10s+80) s> +50s+ 400
S

(b) If ig(t) = 3¢ tu(t) A then

3
ls(s) = S+20
and
800s + 4000 3 2400s + 12,000
Vs(9) = Zin (91s(9) = 2 - =
+50s+400 S+20 (s+10)(s+20)(s+40)
= Kl + K2 + K3
s+10 s+20 s+40

Here

_ 2400s+12,000| _ #12,000- 24000 _

LTt 20) (st (100
_ 2400s+12,000| _12,000- 48,000 _, o
27 (s+10)(s+40). o (-10)(20)
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_ 2400s+12,000 _12000- 96,000 _
37 (s+10)(s+20)|_ 4, (-30)(- 20)

180 40 140
s+20 s+10 s+40

Ve(9 =
and for t > 0,
v(t) =180e 2t - 406" 1% - 140640t v

SOLUTION 14.3.

@
—Cs+ L2 103+ £ =97 1073
Yp(S)—CS+R—2 10 s+o_10_2 10" °(s+ 50)
Then
500

ZIO(‘°’)"s+50

and
2
500 1.255° +62.55+ 500
Z4in(9 =1.25s+ 25 = s+50

and

ls(s) . 1 _ s+50 _0.80s+ 40
Vs(9 Zn(9 1.2552+62.5s5+500 s2 +50s+ 400

Yin(9) =

With vg(t) = 90e” %'yt , then
90
V9 =5+ 20
and
90  0.80s+40
725+3600 Ky G C,

= = + +
(s+10)(s+40)2 s+10 sS+40 (s+ 40)2

Here
_ 725+ 3600 _3600- 720 _ 2880

© (s+40)2 |_ .. (302 900
s=-10

=3.20

1

and with

72s+ 3600 720
—W@) p(-40)—— =-24

-30
s+10)(72) - (72s+ 3600
IO(,{S):( )(72) - ( 2 )
(s+10)
_-30(72)- (- 2880+ 3600) _-2160- 720
p&-40) = 30 =——5p - 320

(9

Then
C2: FK-40):-24.’ C.I.:

. P& 40) _ 559,

—7 -
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3.20_ 3.20 N 24
s+10 s+40 (s+40)2

Is(s) =
andfort>0
ig(t) = 3.206" 19 - 3206”4 + 24t 4 A

SOLUTION 14.4.
(& Find Zp(9) vis ¥n(9
1,1 200Cs+10LCs? +10 + 20+ Ls

Yin(9 =Cs+ — =
Ls+20 10 10(Ls + 20)
_10LCS? +(200C +L)s+ 30
10Ls+ 200
and
Z(9 = (A 10Ls+ 200
77 ¥n (9 10LCS +(200C +L)s+ 30
With C=10"3F andL =0.05H
0.50s+ 200 1000s+ 4" 10°
Zin(9 =

0.0005s2 + 0.255+ 30 s +500s + 60,000
(b) If ig(t)= 0.3u(t) A, then

0.30
Is(s) = —~
and
é s+ 400 u é S+400 0
Vin(9 = Z (9 1(s) = 300é j= 30 {
in(9 = Zn(91s() E5(s2 + 5005+ 60,0000 &5(s+2000)(s+ 300)}
éK; Ko Kz
= —t —= +—2
3008 s 200 300H
It follows that
K. = s+400 _ 400 1
1™ (s+200)(s+ 300) s=o 200(300) 150
_s+400 _ 200 1
27 (s+300)|_ 5oy (-200)(100) 100
and
_ s+400 _ 100 1
37 (s+200)|_ 44, (- 300)(-100) ~ 300

Thus
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el 1 1
A150 100 300 Y
Vin(9)= 300677 200 * 5+ 300
& i

_g_ 3 N 1
s s+200 s+300

andfort>0
Vir (1) =2- 907 200t - 300ty ,
SOLUTION 14.5.
s+20
_ 2= 5y
and the network is“at rest”
(a If
Vin () =20uU(t) ® Vip(s) =
then
(9= V() _ 20a5+406_ ¢ 5+40 ¢
n Z(9 s €s+208 T gqs+20)Y
Using a partial function expansion
€s+40 u__ éK; Ky U
g——50= 206 *+ <7500
lin(s)=20 €s+20)0” Oés s+ 20H
in which case
s+40 40 s+ 40 20
1= =—==2, Ky= =—=-1
s+20ly 20 S lg=.9g -20
Thus
_ 1w
and
i(0)=202- e () A
(b) Note that
- 40t 20
Vip() =206 " ® Vj,(9)= S+ 20
Then
' (s)—V‘”(S)— 20 as+4056_ 20
M7 Z2(9 ~ s+40€s+209 s+20
in which case

— i (1) = 206" 2tuy(t) A
C) Note
20

s+20

Vin (1) =206" 2% ® Vip(s) =

Then

© R. A. DeCarlo, P. M. Lin
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Vin(9 _ 20 as+4056_ . € s+40 U
Z(s) ~ s+20€s+209 " g(‘g s+20)25

lin(s) =

Using a partial fraction expansion

€ s+40 U N} c, U
lin(s) = 20é u=20é + 1]
) s 20P e (sv 207t
Here
p(9=s+40 ® p(-20)=20
p(9 =1 ® p(-20)=1
and
_p(-20) _ _p(-20) _ 20 _
A
in which case
e 20 U
lin(s) = 20é + f
n®= 28520 " (sr 20728
so that

in(t) = (2072 + 400te” 2 () A

SOLUTION 14.6.
(8 Apply an arbitrary 1j,(s) to the upper terminal of Fig. P14.6a. Assuming branch currents1(s) and

lp(s), it follows by KCL that
lin(8)= 1a(8) + Ip(S) = 0.0208V4(9) +0.005qVa gy - SVa(9)
= (0.020+0.005- 0.015)sV4(9) =0.010sV, (S)
rience Vo(9 1 100
Zin(9 = Iii(s) ~0010s s
(b) Similarly apply an arbitrary I;,(s) to Fig P14.6b to obtain, in the s-domain, by KCL

1 S Vin(9 0 1 306
|in(5) = 1OSVin(S) +§)Vin(8) + O.lOS%/in(S) - ”11 H: §Os+ g) +4_ngin ©
@®000s2 + 45+ 15000
= Vin(s)
8 200s 5
Hence
Y (S) — Iin (S) _ 1052 +0.02s+ 7.50
™7V (9 s

(c) Herewe apply Vih(9 to theinput terminals of figure P14.6¢c. By KCL

400 é 1 u 2006
Vin(9 =101in(8) + 0:28lin(3 +—~ @in(9) - 5 lin(9 4= 10+ 0:25+ ==l

in which case
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Vin(9 _ 0.2s% +10s+ 200,
lin (9 S

Zin(9 =

SOLUTION 14.7. Writing two loop equations we obtain:

Vin($) =1001;(9) + 2001 5(s)
and
10014(9) + 2100 +1—00°|2( 9=0

In matrix form (dropping the s-dependence)

é00 200 ue|1u Y

100Ue a= e U
gtoo 100+— 28,4780

Using Cramer'srule,

&, 200 g
deté 100U
- g0 100+=—0 100s+100, 1 v
17 ao00 200 U s 100eaé003+1000_ 00l
de‘gwo 100+ ——Y & s t
s H
Hence
-1

Zin(9 = —1”=-1oo =

SOLUTION 14.8.
Working in the s-domain, apply KVL to the left side of the circuit to obtain

Vin( )_ |n( )+ —lin(s) + Va(s)

100 |n(

Now apply KCL to theright side to obtain

in(9)= 15 V(9 + V()

Thus
6@52
|n() %100 ﬂ,n(S)+V2(S)

To find V,(s) note that

2 +10°

100s

lin(s) = Va(9)

implying that
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VA9 = G rlin)
Thus
Vm(s):gs2+1o4+ 100s n (S):(s2+1o4)2+1o452|_ ©
g 100s 2 +10%f" 100s(s? +10%) "
implying that
_Vin(9 _ s*+37 10%s% +10°
4n(9 = lin(®  100s(s? +10%)
and
(9=t 100s(s +10%)
Zn(9 §*+3710%s? +10°
SOLUTION 14.9.
Three mesh equations for the circuit
R+7p(9 -Zp(9  -R WEI(U n(90
§-729 2R+Z9 -R @a94=8 0 g
§ -R -R 2R+Zy()tBa(90 & 0 §
Solvefor 11(9) viaCramer'srule
&in - Z5(9) -R U
detg0 2R+Zy(9 -R
- 80 R 2R+Z(9Y _Vin(3R2+2R(Zl+ZZ)+leZ)
TR 29 -2(09 ‘R U d(9
det§ -Zp(§ 2R+Zy(9  -R
&8 -R R 2R+Z;9f

where
d()= (R+ 2,)(3R% + 2R(2y + 2,) + Z1Z5) + Z,(- Zo(2R+ 21) - R?)- (2R?Z, + 2R
= R+ 2Rz, +2R%Z, + 3R%Z,

Under the condition that Z,(5)Z,(S) = R,, we have

R®+2R%Z; +2R°Z, + 3RZyZ, _ 4R3+2R?(Zy + Z,)
3R%+2R(Zy +Z,) + 217, 4R? +2R(Zy + Z,)

Zin(9 =0 =
1

SOLUTION 14.10.
@ Yn(9 :Cs+1R impliesaparalel RC circuit with values R and C respectively.
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= 25+E whichisaparalel RC circuit of values4 Wand 2 F respectively.

1
(B) ¥n(9 =55 =255

(© Zn(9 =1+ PeT 025 :1+Yb(s) . Using the result of part (b), thiscircuitisa 1l Wresistor in series

with the paralel RC of part (b).

23+8 —o4 4

=2+
s+2

(d) Zn( )— T Using the results of parts (b) and (c), thiscircuitisa2 W
0.25s+ >

resistor in serieswith aparallel combination of a0.25 F capacitor and a2 Wresistor.

© (9= s+3 S+6 _ N 2 N 2 P 1 N 1
Zin st1 s+4 < s+l s+d 05s+%2 0.55+1/0.5°

circuitisa2 Wresistor in serieswith aparallel combination of a 0.5 F capacitor and a2 Wresistor which is
in series with another parallel combination of a 0.5 F capacitor and a 0.5 Wresistor.

Using the above results, this

SOLUTION 14.11.
() Clearly this isan inductor of value L in serieswith aresistor of value R.

(b) Inverting the admittance we have Z;,,(s) of the form of part (a). Hence the circuitisa0.5 H inductor
in serieswith a10 Wresistor.

1 1
(© ¥n(9=02+55775702% 75

parallel with a series connection of a0.5 H inductor and a 10 Wresistor.

Using the result of part (b), the circuit is0.2 Sresistor in

10s+ 50 40 1 L o
(d) ¥n(9= e =10+ Py 10+m. ThI.SISS|mI|artO part (). He.ncethecwcwtlsa
10 Sresistor in parallel with a series connection of a25 mH inductor and a0.025 Wresistor.

s+3 s+6 2 2 1 1 .
() Yn(9= + =2+ + =2+ + . Hence, the circuitisa 2 S

_ _ s+l s+4 s+l s+4 0.5s+0.5 0.5s+2 _ o o
resistor in parallel with the series connection of a0.5 H inductor and a 0.5 Wresistor which inturnisin
paralel with a0.5 H inductor and 2 Wresistor.

SOLTUION 14.12.

(@ Zp(9 =Ls+ Cis represents a series connection of an inductance L and a capacitance C.

1 . : :
(b) ¥n(9 =Cs+ s represents a parallel connection of an inductance L and a capacitance C.

01255 +1 1
(© Z4n(9-= 0255 =0.5s+ E which is a series connection of a0.5 H inductor and a0.25 F

capacitor.

0.125¢% +1 1
(d) ¥n(9= ~o2ms 0.5s+ 025s whichisaparalle connection of a0.5 F capacitor and 0.25 H

inductor.
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2 2
+1 2 +1 1 4 1 L . . . .
(e Z_in(S) =53 S +O O§SSS :28+_s+_s:23+0._25 which isa?2 H inductor in serieswith a0.2 F
capacitor.
2
()] Zn(S)=S 1+ 0.25s :s+}+—11 . This circuitisal H inductor in serieswithalF
s 0258%+1 S g,

0.25s
capacitor which isin serieswith aparallel connection of a1 F capacitor and a 0.25 H inductor.

2
s +1 0.25s 1 1
YL(9 = + =s+-+——=—. This circuitisal F capacitor in parallel withalH
@ Yin(9=— 0252 11 A ap P
. S . . 0.25s . .
inductor which isin parallel with a series connection of a1 H inductor and a 0.25 F capacitor.

SOLUTION 14.13.
With L [Vout (0] = Vo(9) and L[Vin(@]= Vi (8) and v (07) = 0,

VD9 + 25V0(9) + 2 Vo(S) = 51 (8)- S Vi(9
which implies that

és2 + 255+100U 5s- 10
e S uVp(s) = Vi(s)
é g S
The transfer function is
_Vo(s) _ 5s-10 5s- 10

H(9)

@ If vin () = te tu(t) V, then

V() 2 +255+100 " (s+5)(s+20)

1
Vi(9 =
i(9 (515
and
Vout(S): 5s- 10 3: K]_ +C/_|_+ C22+ C33
(s+20)(s+5)° s*+20 s+5 (s+5)“ (s+5)
_ 5s- 10 _-110 _ -110 22
1= = = =
(s+ 5)33:- 0 C 15)3 -3375 675
5s- 10
Ch s+20
e = 5+ 2006)- (523_10): 110 - 110(s+ 20)°2
(s+20) (s+20)
- 220
9 =
LS (5+ 203
-25-10 -35 7 1575
D=5 "5 = 37 %5

110 _ 110 _330
(-15)2 225 675

p&-5) =
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220 220 44

PR-3)=- 537 3B 6
Then
c.oP(5_ 1575 . _p&5 _330 . _p¢p5) _lae 446 22
3701 T 6750 2T 1 Ters’ 1T 21 T2¢ 6758 675
and
v (s)_lézz o2, 330 15758
Uty T 675§ +20 s+5  (s+52 (s+5)3(0
Thisyields
Vout (t):6715§22e'20t - 22" + 330t - £275t2e'5“é.1(t) Vv
(b) If vin () =u(t) Vv,
1
Vin(s):‘s
and
5s- 10 K]_ K2 K3
t— = —
Vour (9 s+5)(s+20) s s+5 s+20
_ 5s=10 _-10_ 1
17 (s+5)(s+20)|_, 100 10
_ 5s-10 _-25-10 _-35_7
27 s+20)|_ 5 (-5)(*+15) -75 15
and
_ 5s5-10 _-100-10 _-110 -11
37 s+5)|,_ ,, (-20)(-15) 300 ~ 30
Thus
_é7 st 11 .20t 1u
By virtue of linearity and time invariance, if v;, (t) =[u(t)- u(t- 0.5)] V,
67 g 11 . 10
Vout(t)ZSTse o . %e 20t EHU(t)
€7 _s5t-05_ 11 _oot-05 10
- a—6€ - —e -—/ut-05 vV
85 30 1ot

SOLUTION 14.14.
Here vi,, (t) = cos(t) u(t) V and ig(t) = 2sin(t)u(t) A, inwhich case
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2

lout (9 _ 2+1_2

H :0Ut :S e

9=V -5 s
52+1

SOLUTION 14.15.
- o 1
Here vi, (t) = te tu(t) V which impliesthat Vi, (9 :(—1)2. Further,
S+

Vout (1) = (1+ t- 0.5t2)e' tu(t) +sin(t)u(t) - cos(t)u(t) V inwhich case

V(S)_1+ 1 .1 1 s
U T s+l (s+12  (s+1)3 241 £+1
(&) Hence
Vour (5) _€ 1 1 1 s-1U 2
H(9 = 2L = + + - s+1
(9 Vin(9 ~ gs+1 (s+1)° (s+1)° 32+1( )
2
1 (s-1)(s+))
=(s+1)+1+ -
SO ey T 2
Simplifying
3, 52
H(s):s +25" +5s+2
(s+1)(s° +1)
(b) If vin () = (1+t)u(t) V, then Vin(s):—1+i:i1. Hence
s & &

s3+252+55+2_5 2 4s

22+ s 2 241

Vout () =[5 + 2t - 4cos(t)]u(t) V

Vout (9 = H(s)Vin(s) =

implying that

SOLTUION 14.16.
() By avoltage divider (Fig. P14.16a)

_ 2409 ,
Vout(9) = m\/m (s)
and
H(S = Z4(8)

Z3(9) +Z4(9
(b) InFig. P14.16b,

Yin(9) =Y4(s) + Ya(9)
and

1 _ 1 '
Vout (9 Y6 lin(9) = O %6 lin(9



2/23/02 page P14.12 © R. A. DeCarlo, P. M. Lin

Hence
_ Vout () _ 1
HO=77 ~ %O %@

(c) By current division,

1
730+ 70 o 1 |
lout (S) O + lin(s) |_Y1(S)+Y2(S)J|_Z3(S) +Z4(S)J +1||n(5)
’ Z3(s)+ Z4(9
ence
_ _ Z4(9
and

_ Vout _ Z4(9
= M %O 129 T Za @I 71

SOLUTION 14.17. With M,(9 =V and Vy,t(9 =V, H(s)z%. By voltage division,

1
Hg=Yo-_10%+10° __ 1 _ 10
Vi 08+ 1 0.1s+2 s+20
10 %s+1073
4 20 2 _ .
@ vout(s)=s(s+(;®=—so- S+020 B Vou(t)=(20- 206 2)u(t) V. Plot omitted.

(b) If iy () = 4Q u(t) - u(t- 0.2)]V, then by linearity and time invariance

Vout () = 20(1- & 2 )u(t) - 20[1- e 20(t""z)]u(t- 0.2) V
(©) If vin (1) = 4 u(t) + u(t - 0.2)]V, then by linearity and time invariance

Vout () = 20(1- & 2Yyu() +2c{1- e Zo(t'o'z)]u(t- 0.2) V

(d) 1f vip (1) = 406" tu(t) V, V(9 = Grag Hence
Vo9 =HEM (9= f‘;g)z B Vour (0 = 400t 2tu(t) v
(e If v, = 40te’ 2mu(t) V, then \Vi(9 = (s+4(2)0)2 . Hence,
400 2 20t

Vo(9 = H(SNVi(9)=

P vgu(t)=200t"e “u(t) V

(s+20)°
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SOLUTION 14.18.
(&) By voltagedivision

2s+1 2s+1
2s+1
Vout(S)=22—23+1 Vin(®) = s 749551 Min(9 = 753Vin(®
T s s
Hence
V, 2s+1
H(S)z out(s)_ S

Vin(9  4s+3
(b) With v, (t) =8u(t) then
%25 10£o 16s+8
Vout (9 = H(8)Vin(9) = €45+ 3028508 S(4s+ 3)
Usng MATLAB

»n=[16 8]; d=[4 3 O];
»[r,p,K] = residue(n,d)
r=
1.3333e+00
2.6667e+00

p =
-7.5000e-01
0
k= 1]
Then

a8 4
Vour (0= &5+ 5.& 0™ Qu() v

(©) If vir, (t) =8sin(2t)u(t) , then

a?s+loe 16 O
Vout (9 = H(8)Vin(s) = © '

e4s+ 3@552 + 49

Using MATLAB,

»ilaplace( (32* s+16)/((4* s+3)* (s"2+4)) )
ans =
-32/73* exp(-3/4* t)+32/73* cos(2* 1)+ 280/73* in(2* 1)

Hence,
Vout ()= -0.43836e 7 +0.43836c08(21) + 3.8356sin(2t)ut) V
(d) Withvi,, () =8sin@Hu()
aZst+loee 64 O0_  128s+64

Vout (9 = H(s)Vin(s) =
out N 825+ 3082 1 646 (4s+3)(s2 +64)
_ 0123015+ 31.907  0.12301
2 +64 s+0.75

Using MATLAB

»ilaplace((128* s + 64)/((4* s+3)* (5°2+64)))
ans =
-128/1033* exp(-3/4*1)+128/1033* cos(8* 1) +4120/1033* sin(8*1)
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»

»128/1033

ans =
1.2391e-01

»4120/1033

ans =
3.9884e+00

Vout (t) = (0.12391cos(81) +3.9884sin(8t) - 012391 " Ju(t) v

SOLUTION 14.19.

With a source transformation 1, () = V'”—R(S) .
() By current division,
2 2
(9= C5 V(9 LCS"  Vin(9_ s Vin(9)
licst+ = R c@+sse1 R 2+t 1 R
R Ls R RC LC
Here
(9 = Ic(9 _1 s
Vln(s) R52+_15+i
RC LC

(b) With R:%V\;, C=05F and L=1H,
3€é 2
H9=S6—
2 gs? + 35+ 2§

If Vi () =€ 'u(t) V, then Vip (9 = 3%1 Hence

3@ & Op1y 3 Kt , G, G

- = = = +
282 + 35+ 2685 +18 " 2(s+1)2(s+2) S+2 S+L1 (s+1)

lc(s)=H(9lin(9)=

Using MATLAB,
»n=[3 0 0]; d=conv([2 4],[121]);
»[r,p,k] = residue(n,d)
r=
6.0000e+00
-4.5000e+00
1.5000e+00

-2,0000e+00
-1,0000e+00
-1,0000e+00
k =
(]

»
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45 15
+
s+2 s+l (s+1)

lc(s)=

and

. ot 9 ¢ 3 -t
|C(t):g%e -—2e +—2te gu(t)A

SOLUTION 14.20.
(&) Make asource transformation:

m(S)_ m( )_ m( s)

By voltage division
<) 0
10 +é250 2500
VOU'[(S)28250+250+ 1 S+10:8 |n( )H %l 2+1O +500 In(S)
s s 20°8 %20° T8
50,000
= lin(9
5(32 + 2005+1o,000)
and
H(9 = Vout () _ 50,000

lin(9  s(s? +200s+10,000)
(b) If ij(t)=0(t) implies Ij,(s)=1. Usng MATLAB

»n=50e3; d=[1 200 10e30];

»[r p,K] = residue(n,d)

50000 5 5 500
gs+100)2 s s+100 (s+100)2

Vout (9 =
and
Vout (1) = (5- 5¢ 100t _ 500te” 100t)u(t) Y,
Thisisthe impulse response
() If Lj(t) =100u(t) mA so that Im(s):o—'s1 . Therefore
5000

Vout (9 :sz(s+—100)2

InMATLAB,
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»n =5000; d=conv([100],[1 200 1e4])
d=
1 200 10000 0 0

»[r,p,k] = residue(n,d)
r=

1.0000e-02

5.0000e-01

-1.0000e-02

5.0000e-01

v (s)—-0'01+o;5+ 0.01 N 05
YT s T 2 s+100  (s+100)2

and

Vout () = [0.01e' 100t 5te™ 100t _ 01 + o.5t]u(t)
(d) By superposition and time invariance, if
iin(t) =100 u(t) +u(t- 1)) mA
then the result of part (c) can be adjusted to

100t

Vout () = [0.01e' +05te” 1%t 001+ o.5t]u(t)

- [0.01e' 100(t-1) 4 0 5t 1991 _ 9,01+ 0.5(t - Du(t- 1) V

SOLUTION 14.21. For this problem change the 20 mH inductor to one of 0.3 H.
@

v.o=1, 1 . 1 _ (s+200)(s+400)
M 715 03s+90 0.1s+10 15( s+ 100) (s+ 300)
and
lout — 2/15 — (s+100) (s+ 300)
lin  Yin  (s+200) (s+ 400)

H(s) =

(b) If ijn(t) = d(t), then lin(s) = 1 and

(s+100) (s+300) _ 50 _ 150

(s+200) (s+400) ~ s+200 s+400

lout(s) = H(s) =
Hence
iout(t) = d(t) + (- 50 200t - 150 e400t) y(t) A

(c) Wefirst find the responseto ijn(t) = 16u(t) mA. Here lin(s) = 0.016/sand
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_ o — 0.016(s+100) (s+300) _ 0,006 ., 0.004 . 0.006
IOU'[(S) - H(S)lm(S) - S( St 200) (S+ 400) - S + s+ 200 + S+ 400

Hence
iout(t) = (6 + 4 €200 + 6 400t)(f) mA

By linearity and time invariance, the response to ijn(t) = 16[ut) —u(t — 0.01)] mA is

iou(t) = (6 + 4 €200 + 6 400 t)(t) - (6 + 4 200(t-0.01) + § @400 (t-00D)y(t - 0.01) mA
A plot of igut(t) usng MATLAB is given below.
t=0: 0.0005: 0.05;

f1= (6 + 4*exp(-200*t) + 6* exp(-400*t)).* u(t);
f2= (6 + 4* exp(-200* (t-0.01)) + 6* exp(-400* (t-0.01))).* u(t-0.01);

iout=f1 - f2;
plot(t, iout)
grid

ylabel('iout in mA")
xlabel (' time in second')

20

15,

10,

iout in mA
(@)

-10
0 0.01 0.02 0.03 0.04 0.05

timein second

REMARK : Noticethat the resistor current is not continuous.

SOLUTION 14.22. (a) First observethat the admittance of aparald LCis

1

= + —

| Yic(9=Cs+
Using voltage division,
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1 1
G+ G+ LG +1
Var(9 = V(9= L5 V- e 2 7 3n(s
+= + +— + +— 2
s Ls 2% Ls (Cl 2)S Ls
Finaly
1
v, g 2+ 4 10°
H(9 = out(S): Cl 1 - 02 S
Vi  (G+Co)2,_ 2 T +16" 10°
L{C,+Cp)
(b) Using MATLAB,
»Syms st
»ilaplace(0.2* (s"2+4€6)/(s"2+1.6€6))
ans =
1/5* Dirac(t)+120* 10°(1/2)* Sin(400* 107N (L/2)*1)
»120% 10°(1/2)

ans= 3.7947e+02

€s?+4°10° U
1€s°+47 10 5 U= 0.25(t) + 379.47sin(1264.9t)u(t) V

h(t) = 0.2L" "é5—————=
65’ +1.6” 10%4

SOLUTION 14.23.

1_RGs+l
= B e SR —
Yi(s)=Cys R R
_ 1 _ RzCZS +1
Y2(S) = C2$+ R2 = R2
Then Z;(s) = R g Zo(9 = =—=2— . By voltagedivision
RCis+1 RoCos+1 ’
& R 0
e %—2+Vin(s)
ou(9=—p LR = RRCs+RFRRCST R,
RiCis+1l RGs+1 (RICs+1)(RyCps+1)

- Ry (RCis+1) |
B (C’_I_ + Cz) R1R28+ Rl + RZ Vln (S)

Thusthe transfer function is:

Vou(S_ Ry(RCis+1)
Vin(® (G +C)RRS+ R +R,

(b) If C,=0.5F, C, =1.0F and v, (t) =10 u(t) V, then

H(9
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® 05RRs+R, 0ad08
Vou(9 = HSMn(o) = grgp FFjlsi R +R5e 5o

Moreover, with % =4 sothat R = 4R,

2
1 1
ZR s+R O’c’é.o 20R22(S+ ) 10g ZR u
2 2 A
Vout (9) = CoRZs+ER. 5% S BG—U
6R2$+5R2ﬂ s@ 5 u

e
SS(S+ —— qs+—)Y
eS( 6R, )U 8 6R, H

The partia fraction expansionis

€ é U
108 2R, 4 108, Kk, U
V. = — = —éd 4 u
(=365 60" 3as 5
s+ —-=U a S+—
g& 6Rpy 8 6R,
Observe that
K L 1 _it
25 ® Koe 6R,
S+——
6R,
and that it isrequired that
IR
6R, 3
Thus
R,=05W R =4R =2W
and
€ u ¢ 0
10€ s+1 U 10006 04U 2 4/3
Vout(S)—EA 5OU_ 3§?+ 5l;|:§+
es g+20U 2eS g4 s+
ge” 30 & 34
Thus,
e 4, U
Vout(t):gz"'ge 3 ljl,l(t)
e a
(©) If RC; =R,C, =1, thenthetransfer function is
H(9 = Ry (RiGs+1) Ryts+ Ry
RR,Cis+RIRCoS+R+ Ry [Re(RIC) + R (ReCo)[s+ R + Ry
R(tstl) __ R

" (RR)@s+1) Ry+R

The zero-state responseis
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_ R
Vout (9 = R, + Rllou(t)

(d) Using H(9 from part (c) with the requirement that RC; = R,Co, then

With R,=10° W, then 10R, =R +R, P R =9R,=9 MW. Since C, =5 10" F, then

_RGC

C =0.556" 10" 2 F

SOLUTION 14.24.
@ H(s):VOL(S) Here Ib(s):vi”—(s) The paralld admittance at theright is

Vin(9 2000
1 RCs+1
YR(S)—CS+—R— =
so that
ZR(8)= RCs+1
Then
Vout(9 = ZR(SPIb(9 =- i
out 2000(RCs+1)

(b) With V4(8) = Vin(S) - Vou(9) . then

CS(Vout (s)- Vin(s)) + Tivout (s)+ % [Vout () - JVin(s) + Mot (S)] =0
Hence

3 1 .6
s+ 5 in(9) = 5+ < + ZVour (9
and
Vout () _ s(Cs+1.5) _ s(s+0.75)
Vin(9 Cs?+2s+1 s?+s+05

H(9 =

(c) Transform the current source i, (t) into avoltage source. In the s-domain with I;,(s) = 2Vi,(S)

Here Z-(9 = C_ls: ?15 which implies Yo (9) =2s. A single node equation yields

2 2y ZS'g\/out(s) =0

%[Vout (8)- Vin(s)] ) %Vout (s) +2sVout(9) = - %Vin(s) + &3
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% in(9) =28Vout (9 implies Vo (9 = VlgéS)
But Vin(9) =“”T(S) in which case
|.
| Vour(9 =105
an
_Vout(s) _ 1
M990 ~ 6s

SOLUTION 14.25. Hereinthe s-domain
Vin(s) - V(9
lin(9)= 085710
and withanode at V(9

_ s\e(9, 1, _a ieiae SVC(9_ 10 _Vin(s)- Vc(9)
Iln(s)+_500 +2||n(s)—0 implies - 50 2"”(5)_—s+20
Hence,
&? + 20s + 5000
g 500 EVC (S) —Vin(s)
and the transfer function is
Ve(9 500
H(s = =
9 Vin(9 s +20s+500
45

With vi, (9 = 4v/5u(t) V whichimplies Vi (9 = — - and

Ve = 200005 K, K . K
qs+10- j20)(s+10+j20) s s+10- j20 s+10+j20

where K des gnates the complex conjugate of K

_ 200045 _ 2000V5 _ 6014
1T +20s+500 0 500
2000,/5
~ (s+10+)20)[ 10 20

_ 20005 _ 2000J5
(- 10+ j20)(j40) _ - (800 + j400)
where ¢ = 153.44°. Then with

= -4.472 + j2236= Je'I?

K" =-4472- j2.236="5 1°
8944  A+jB A- jB
= + +
V(9= = s+10+j20 s+10- j20

Here
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A=-4472, B=2236, VA2 +B% =5
and

6 _ 1_ 0
_4.472—arctan_2— 153.44

B
arc tan— =arc tan
A

With the help of Table 13.1.
Ve (t) = [8.944 +10e” 1 cos(20t + 153.440)] ut) v

SOLUTION 14.26. Inthe s-domainwefirst find Vi (s) intermsof Vi,(9 viavoltage division:

V, (s) = ZD—(S)V (9
X 40+Zp(S) n

where

Zp(s) _ (0.409(40) _ 40s

0.40s+40 s+100

Hence

40s

_ s+100 , _ 40s _ 0.5s .

s+100

and
Vy(s) 25

IL(s)= 045 —SVx(S)

Then from the right hand side by another voltage division

10 10s 0.25s
Vout (9) = WW)O.ZSVX(S) = 1051000 2 22Vx(9) = o300 (9
S
N g 20 2
(@ 1f vin(9 =20(1- € **)u(), then Vip(9 = < = Hence

(S)_aeo.Sst') €0 20 u_= s 60 10 6
X¥W 7 es+500 8s  s+40H €s+508€s s+ 409

and
2.5 25 0él 1 g 005 -025 0.2

| =—V = A - o= + +

L=V = 65 500 8" s+ 400 s T 5+40 5450
Hence

i, (1)=0.05+0.2e"t - 0.25¢" 4 |u(t) A
20 20 .
(b) Vin(s)—?- S 0" From, part (a), it was found that
0.25s 0.25s ., 0.5s s , s ,é25 257

Vour(9 = 5700V = 53100 5+50"n(0 57100 S+50 Es5 s+ 40H
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_ 100s _-20/3, 10  -10/3
~ (s+40)(s+50)(s+100) (s+40) (s+50) (s+100)

Thus,

_6é.-50t 10 -100t 20 -4otU
Vout(t)—glOe G TR TORY

SOLUTION 14.27. Inboth parts (a) and (b), the op-ampisideal. It will not draw current and the
virtual groundprincipal requires that

+ -
v =v =0

(8 For anote at the inverting terminal with mode voltage v4(t) =0, KCL givesin the s-domain

Vin(9 _ Vour(®) ... (9 _
% =- CsVout (9 - % implies |n gc —Vout (s)
inwhich case
Vin ( S) &RZCS + 10 (S)
R E R B
Then,
& 0
RRe 1 O 1¢ 1 -
H(9 = Vour ) _ R ) N
O7Vn(9 ~ RERCsHs  RCE,, L.
e R2Cﬂ
Tomake
20
M9=532
make
1 1 1
R1C—20 and R_ZC_Z
If
C=1F =10 °F
1 10°
@—40!’ R2—4C 4—250k\N
and
1 2 106
R1C—20 or R1_20C > — =50 kW
(b) With Fig. 14.27b in the s-domain and v;(t) at the inverting terminal, KCL gives
Vin(s Vout (S
CisMn(9 + 28 = o (9)- 22

(9= E R N9
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Then
& 1 6 e 1 v
Vou(9 . Re@®RCS+18_ RRGE RCG*_ G S RG
H(S): out 2 A o M™2 c _: T U
Vin(9 ~ RiERCrs+18 RIRC, Cs+—— Coéq, u
e chzﬂ g RCH
(o If
H(9=-5, C, =1uF and R, =IMW
then

C"1—5 and C; = 5uF

The bracketed term must cancel and with
R,C, =10%(10 ©)=1
Then with C; = BuF

, BT
=—= =200kW
17¢C 5 10
(d) Using H(s) in part (b)
aes 0
G RC ~
H(9 = S—irts
295+ -
e R2C2ﬂ
to obtain
s+1
H9=-552
Cl=5C2=5’ 10 F (5uF)
1 10
—=1or = — =— =200KW
Rlcl NTE TS
6
1 10
@—2 or R2—2—C2—-7—500kw

SOLUTION 14.28. Here, the op-amp will not draw current at the non-inverting terminal and the
principa of the virtual ground demand that
V1=V =Vp(9)
For Fig. 14.28 in the s-domain with a node V;(s)
taken at the inverting terminal
Vin(9 + Vin(8) - Vout(9) _

0
R Zp(9

Here
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Rz
R> 1
Zp(9 =7 =
Cs 2
and
é1 1 .U 1
A— + + —) M = + —
gﬁl C(s RC)Q‘/In(S) C(s RzC)VOUt(S)
€ & 16 e 10
+—;+ = +—"2)
and
1 1
RC(s+ —)+1 S+t —+——
Vout () _ RC RC
H(9 = Vin(S - 1
|n( ) R]_C(S"'_) S+ —
R,C RC
1 1
—_t =
Here R,C " RC 4
and
1
_:2
RC
1 10
If C=1uF then R = 2C 2 — =500 kW
and i—4- 2=2 implies R, =500 kW.
R,C

SOLUTION 14.29. For the non-inverting configuration in the s-domain, each of the two op-ampsin
cascade have atransfer function

_ 4:09
9= 7.0
Then for the two op-amps
é Zfl(S)Ue Zi2(9)U_ Zg 1(8)Z¢ 2(5)

Ho(s) = g‘ |n1(S)U@ ZmZH Zin1(8)Zin 2(9

For Fig. P14.29ain the s-domain

1 250,000 1 250,000

16 +5 v and Zg 5= 16 +25

C?% + 0 S C?% N 0 s+2
€ RCZ € RCo

Zin1=25KW, Z,2=50KW, Z;,=

Hence for Fig. P14.29a



2/23/02 page P14.26 © R. A. DeCarlo, P. M. Lin

a250,0006a250,0006
H, (9 =$-S+25%C s+50 *_ 0
a é 25,000 :é 50,000 I (s+2.5)(s+5)
%] 1%}

If vip, (1) = u(t), then Vi, (9 :i and

Vo (9 = 50 _4. 8 4
outY ™ {s+25)(s+5) s s+25 s+5

Hence,
Vout (t)=[4- ge 2% + 46 u@t) v

(b) For Fig. P14.29b in the s-domain, Z, 1, Z¢1, and Zs, arein part (a). However,

1250000
Z|n,2 - Cs - S

Thus
a250,0006 a250,000 6
_Cs+25+C s+5 +_a@ 10 6 s 0_ 10s

Hi(9) = 25000 T §250,000% " €5+ 250 €5+59 &= 50
> g——= S+—_(s+5)
(4] S (4] e 20

With Vip(9 =5,

v (S)_éé 10s  Oadol_ 20 __ 4 4
oty = 2 5)(s+5)esl” (s+25)(5+5) s+25 S+5

and

- 2.5t

Vour (1) = (4€72% - & Ju(y) v

SOLUTION 14.30.
(@) -(b). The subcircuit isan integrator, with

Vout(t) -_1

Vi(9) S
(c) Thissubcircuit isagain an integrator, with

Vi) - 1

Va (s S

(d) Applying KCL to theinverting input terminal of the top left op amp, we have
GaVou(S) + Va(s) +Va(s)= 0
Vo(s) = - GaVou(s) - Va(9)

or
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(e) Applying KCL to theinverting input terminal of the bottom op amp, we have
GsVi(s) + G1Vin(s) +Va(s)= 0
Va(s) = - GaVy(s) - G1Vin(9)

or

(f) Theresultsof parts (b), (c) and (d) do not involve Vin. Therefore, , we can solvefor V1, V2 and V3
interms of V oyt from these threes equations:

Vl(s) = -sV out(s)
Va(s) = - sV 1(S) = s?Vou(9)
and
V3() = -V oS) - GaVouls) =- (£ + G2 Vould
Substituting these relationships into the result of part (€), we obtain
- SGBVout(S) + Gy Vin(S) - (32 + GZ) Vout(s) =0

Therefore

H(s) = Vou( — Gt
Vin (S) 2+ Gss+ Gy

SOLUTION 14.31. Usethepardlée equivaent circuit model for the capacitor with the standard
directions for voltage and current as given in figure 14.16. For the single node with v (0" ) =20V,

Ve, Ve® L. vio imoies B 4100 oL oo
10 +40+1O 10vC(O )=0 implies é10+50ﬂVC(S)_10(20)_2
S
. 20
Equivalently, (50s+10)V¢(S)=(s+0.2)Vc(9) =20 or V(9 = S 03" Therefore,

ve (1) = 206 %2t y(t) v

SOLUTION 14.32. Using the equivalent model for the inductor in figure 14.19, we can compute the
total admittance as
5 1 1 5 1 2s+40 s+20
Y(S):—+—+—:—+—: =
2s 40 10 2s 8 16s 8s

Using current division,
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g 0L . -i©Q_ 08 (0)_ 16
=530 T T Tsv20  s+20
8s

Thus
(D) =- 166 2ut) A

SOLUTION 14.33. Using the equivalent model for the inductor in figure 14.19 and for the capacitor
using figure 14.16, we may combine the current sources to form an equivalent source (with C=0.1F) to
obtain

_1 - i (0) 1
qu(s)—lovC(O) S =0.2 <
Note that
& 106
2 2 +—
_ 1 _LCs"+1_ ¢ LC+
Y(s)—Cs+LS— s _Cé s I
[}
WithC=0.1FandL =04 H, L—1C:25 and
lae s © 10s
Z(8)=—= <=
) C&Z 1256 £+25
Thus
@ 10s O as- 50 _ 2(s- 5) 2s 10
Ve (9 = Z(9 1 oo(S) = = = = -
c9=20lea®= g7, e 550" 2125 2125 2425
and

vc (t) = (2cos(5t) - 2sin(5t)) u(t) V

SOLUTION 14.34. Consider the equivalent circuit below:
S0

- +
*oVe
0.4z

027 20

0.3 El

Writing a single node equation we have,
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1

0= 0-5\/out - O'ZVRl + 5+0 48( out T +0. 8)

= 05Voy +5” 02" —— (Ve +0.8) + ——— (Vo +0.8)
out 5+04s' out 54045 ou
2
Therefore
-8
Vou = 537525
and

Vout (t) = - 8e" 22 u(t) vV

SOLUTION 14.35. Redraw the circuit in the s-domain and use an equivalent circuit for the capacitor
(figure 14.16) that accounts for the initial condition. By KCL

L9 4 cove(9=Cv(0") +in(9

With R=50W and C=0.02 F,
V(9
50

+0.025V () = 0.02vc (07) +1ipn (9
or
Ve (9 +sVe(s)= v (07) +301in (9
which isequivalent to
(s+1Vc(s)=vc(07) +50lin(9)
(@ Withve (0)=8V and ij,(t) = 405(t) mA sothat I;,(s)=0.04,

10

(S+1)Vo(s)=8+2 implies V(9 = =1

and
ve (1) =10e Pyt v

(b) Withve (0 )=1V andi; (t):200e'tu(t) mA we havethat [; (s):g. Thus
C in in s+1

v(07) , 50 1 10

VC(S): (S+1) (S+1) In()_(s+1)+(s+1)2

and
Ve (t) = (e't +10te” t)u(t) Vv

SOLUTION 14.36.
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(a) By current division

H(S) — IL(S) — 1

lin(9 Ls+1
(b) Thegiven datain Laplacetransformsare:
. _ | -15_3 3 - 75
lin(9) =2 and I (5)=+2-2+ =
n(S) 4 LS ¢ S st5 ost+5

Under the assumption of zero initial inductor current,

1L =HElin(9=He="1E = lo - ldL

© R. A. DeCarlo, P. M. Lin

- 15

lin(® (Ls+ 1 (s+ 1L )&
Equating coefficients, we obtain the answers
L=1/5=02Hand Ig=75L =15A

(c) The s-domain equivaent is shown below.

ILESI'
Ls
1 10
LiLlI Q)

Applying KVL to the right mesh, we have
LSl (9 -Li(0) +1 [I(9-1]=0
Solving for I_(s) from this equation, and equating it to 10/(s+ 5), we have

Lic(0)+1 _ i (0)+2/L _ 10
Ls+1 s+ 1/L s+5

fromwhich L=0.2H and i (07) =5A.

IL(s) =

SOLUTION 14.37.

(a) By inspection,

s{s+ 5)
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He='t& = 1 - 05
Vin(9 2s+200 s+ 100

Givenvin(t) =2u(t) Vv, thenVin(s) = 2/s, and

(9= 1 —001_ 001
L) §s+100) S  s+100

in which case
i (1) =0.01(1- elo0y p
Plots are omitted.
(b) By linearity and time invariance,
i () =0.01(1- el00)y(t)-0.01(1- eL00(0.09)y(t-0.05) A

(c) Correction: (a) should be (c). With nonzero initial inducto current, the s-domain equivalent
becomes:

sy 2s 2RL00)

—_—

Wi (8] C’)

200 6

Giveni (07) = 0.01 A and vin(t) = 2e"200ty(t) V/, then Vin(s) = 2/(s + 200) and

2 4+002
I (s) = S+ 200 — 0.01s+3

(2s+200)  (s+100)( s+ 200)

- 002 _ 0.0
s+ 100 s+ 200

i () =(0.02e-100t - 0.01e2000) y(t) A

(d) Correction . (b) should be (d).
Giveni[ (07) =0.01 A and vjn(t)= 2cos(200t)u(t) V, then

in which case

V. (S) = 2s
in(d) 2 + 40000
and
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25 1002
1L(s) = & + 40000 - 0.01s2 + s+ 400
(2s + 200) (s+ 100)( <+ 40000)

Weuse MATLAB to do the partial fraction expansion.

n=[ 0.01 1 400];
d= conv([ 1 100], [ 1 040000]);
[ rpk] =residue (n,d)
r=
0.0010 - 0.0020i
0.0010 + 0.0020i
0.0080

p =
1.0e+02 *
0.0000 + 2.0000i
0.0000 - 2.0000i
-1.0000

From the above MATLAB outpui,

I(9= 0008 , 000140002 , 0.001+0002 _ 0,008 , 0.002s+0.8
s+100  s-j200 S+j200  s+100 &+ 2002

From table 13.1, item 18,

i (t) =(0.008e"19% + 0,002 cos(200t) + 0.004 sin(200t) ) u(t) A



