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CHAPTER 16

P.P.16.1 Consider the circuit shown below.
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Using current division,
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160=A(s* +4s+4)+B(s* +2s)+Cs

Equating coefficients :
s 80=4A —— A=40
s':  0=4A+2B+C
s’:  0=A+B —— B=-A=-40

Hence, 0=4A+2B+C —— C=-80
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v, () =40(1-e*-2te?)ut)V




P.P.16.2 The circuit in the s-domain is shown below.
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At node o,
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Solving for A and B we get,
A =[50(-2)]/(-2+1/3) = 300/5 = 60, B = [50(-1/3))/[(-1/3)+2] =—-150/15 =-10

60 10

° 542 s+1/3

Hence,
v, () =(60e? —10e )uctyv




P.P.16.3 v(0) =V, is incorporated as shown below.
V(s)

T/s CD R § 1sC = v CD CV,

We apply KCL to the top node.

L CV v (Y% (c ljv
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P.P.16.4 We solve this problem the same as we did in Example 16.4 up to the point
where we find V. Once we have V|, all we need to do is to divide V; by 5s to

and add in the contribution from 1(0)/s to find Iy..

IL =V /55 —1(0)/s =T7/(s(st1)) — 6/(s(s+2)) — 1/s
=T7/s—T/(s+1)—3/s +3/(s+2) — 1/s =3/s = 7/(s+1) + 3/(s+2)

Which leads to ip(t) = (3 — 7e ™ + 3¢ *)u(t)A




P.P.16.5 We can use the same solution as found in Example 16.5 to find iy..

All we need to do is divide each voltage by 5s and then add in the contribution
from i(0). Start by letting iy, =1; + 1, + i3.

I, =V/5s —0/s = 6/(s(st1)) — 6/(s(s1+2)) = 6/s —6/(s+1)—3/s + 3/(s+2)

or  i1=(3-6e"+3e M)A

I, = Va/5s — 1/s = 2/(s(s+1)) — 2/(s(s+2)) — 1/s = 2/s — 2/(s+1) — 1/s + 1/(s+2) —1/s
or  iy=(2¢"'+eMu)A

I3 =V3/55s - 0/s =—1/(s(s+1)) + 2/(s(s+2)) =—1/s + 1/(s+1) + 1/s — 1/(s+2)

or  iz=(e'—eMu(hA

This leads to ip(t) =i; + 1> +i3 = (3 — 7e " + 3e u(t) A

P.P.16.6

30/ v, 220 T ar,

(a) Take out the 2 Q and find the Thevenin equivalent circuit.

V=

+ +
30/s \ _ V1n - 41,




Using mesh analysis we get,
—30/s +1Ix +Ix/s + 414y =0 or (1 + 1/s+4)Ix =30/s or Iy =30/(5s+1)

Vb = 30/s — 30/(5s+1) = (150s+30-30s)/(s(5s+1))
= 30(4s+1)/(s(5s+1)) = 24(s+0.25)/(s(s+0.2))

+
30/s L ) 41,

I, = (30/s)/1 = 30/s I = 30/s + 4(30/s)/(1/s) = 30/s + 120 = (120s+30)/s =
120(s+0.25)/s

Zh = Vn/lie = {24(s+0.25)/(s(s+0.2))}/{120(s+0.25)/s} = 1/(5(s+0.2))

1

[ 5(s+0.2)
24(s +0.25) "
N +
5(s+0.2) —) \L § 2Q
24(s+0.25)
v o S(5+02) ,_ 24(s+025) , _24(s+025)  60(4s+1)
° L 57 s(02+25+04) s(s+0.3) s(105 + 3)
5(s+0.2)

(b) Initial value: v,(0")=Lim sV,=24V
S—> 0

Final value: vy(0)=Lim sV, =24(0+0.25)/(0+0.3)=20 V
s—0




(©) Partial fraction expansion leads to V, = 20/s + 4/(s+0.3)
Taking the inverse Laplace transform we get,
Vo(t) = 20 + 4 *Yu(t)V

P.P.16.7 If X(t)=10e™ u(t), then X (s) :1—03.
S+

20s A N B
(s+3)(s+6) s+3 s+6

Y(s)=H(s)X(s) =

A=Y (s)(s+3)[,_; =-20
B=Y(s)(s+6)|,_s =40

Y(s)=ﬂ+ﬂ
s+3 s+6

y(t) = (-20e™* +40e*)u(t)

H(s) = 2s _2(s+6—6)_2 12
> C(s+6) s+6 s+6

h(t) = 28(t)— 12e"* u(t)

P.P.16.8 By current division,
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o S+H4+2+1/2s 287 +12s+1
P.P.16.9
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(b)  h(t)=2e*u(t)

A B

(C) VO(S):H(S)Vi(S): S(S+4) = S +S+4

1 -1
A:SVO(S)S:():E’ B:(S+4)V0(S)S:_4=?
vt 1)
°(S)_2 s s+4
1
v,()=21-e*)u®) v
@ v()=8cos2) —> V(&) =—>
v,(t) =8cos ()=
16s A Bs+C

Ve @ =HOVE) = (6 78 T 51 a) T 5 +9)

-16

s=4 — 5

A=(+4)V,(s)

Multiplying both sides by (s+4)(s* +4) gives
16s=A(s+4)+B(s* +4s)+C(s +4)

Equating coefficients :

) 16

s°: 0=A+B — B=—A=? (1)
X 16

S 16=4B+C ——> C=? (2)
s’ 0=4A+4C — C=-A 3)

V(s)—E —1+ s+1 )_16 —1+ s +l. 2
° S5\ s+4 244 S\ s+4 2414 2 244

v, (1) = 3.2[ e + cos(2t) + 0.5sin(2t)| u(t) v




P.P. 16.10 Consider the circuit below.

iR R1
—
+
Vs \'%
Iy =i+Cﬂ
dt
v, =R (1)
But i, = Y-V
Rl
Hence,
eV
R, dt
or
. __v _L+ v )
RC C RC
Also,
- VAV +ve=0
v, = Lﬂzv—v0
dt

But v, = iR, . Hence

i—v/L—v /L=Y_ R 3)
L L

Putting (1) to (3) into the standard form




Ifwelet Ri=1, R, =2, C=%, L=1/5, then
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P.P.16.11 Consider the circuit below.
1 L
1 Vo P YYD\ 2

i (T) R, v_:: C R,




At node 1,

I, =—+C Vi
1
or - ! v—li+|—1 (1)
RC C C
This is one state equation.
At node 2,
I, =1+1, )

Applying KVL around the loop containing C, L, and R,, we get

—v+Liti,R, =0
or

T v R

l=———=1 3

T 3)

Substituting (2) into (3) gives

T v R,. R,.

l=———1-—= 4

R 4

Vo=V (5)
From (1), (3), (4), and (5), we obtain the state model as

- 1 1 1

. —_— —_— _ O }
1R NP
- L L L

oo s

Substituting R; =1, R, =2, C=", L =" yields

-2 =2]|v 2 0|

= | .

4 =81 0 8|1
v, ] [1 o][v] [o o]i
S LT .
L1 0 1]t 0 1]

Let X1 =Yy (1)
so that

<

P.P.16.12




=Y )
Let X, =X =y 3)
Finally, let
X, =X, =Y 4)
then
Ay = P 10F 208 By+4z (5)
From (1) to (5), we obtain,
] e 1 0 Py e
Ay |m [ e 0 1 ]k:]+ Iu]zir}
] -3 -20 -1gllx] L1
Xl
yt)=[1 0 0] x,
X3
P.P.16.13 The circuit in the s-domain is equivalent to the one shown below.
BV,
+
| = |
-V, =(BV,)Z —— -1=pZ, where
Z=R|1/sC=
/s 1+sRC
Th 1= PR (1+sRC)=pR
us, -1=77re Or  UHSRO=H
For stability,
-1
R > -1 —
BR > or B> R

From another viewpoint,
V,=-BV,)Z — (1+B2)V,=0




.. PR+1
For stability

P.P.16.14
(2)

(b)

P.P.16.15

V

[

i

BR
1+sRC

vV, =0

o

il

(SRC+PR+1)V, =0

)

BR +1
RC

BR+1>0 or

must be positive, i.e.

B>t
R

Following Example 15.24, the circuit is stable when

25+ >0 or a>-25
For oscillation,
25+ =0 or =-25
R
R _ S'L
R +sL L 2y R+ !
+sL+— B
“Tee P TV LT Le

Comparing this with the given transfer function,

R

L

and

If we select R = 2, then

2
=—=500mH

4




P.P.16.16

Clearly,

Atnode 1,

or

At node 2,

or

Consider the circuit shown below.

Y3
[ ]
L
Yy
[ ]
L 1
Y1 YZ
Vi V, >
V,=0

(Vm _V1)Y1 = (Vl _VO)Y3 +(V1 _O)Yz
Vin Y1 :VI (Y1 +Y2 +Y3)_V0 Y3

Vi=0)Y, =(0-V)Y,

4

Y,

vV

o

V, =

Substituting (2) into (1),

or

-Y

Vin Yl = Y4 Vo (Y1 +Yz +Y3)_Vo Y3
2

Vo _ 'Yle

V. Y, (Y, +Y,+Y,)+Y,Y,

1 1
If we select Y, =R Y, =sC,, Y;=sC,,and Y, =R then

C,
-S R

o 1

1(1
— | — +
RZ Rl

sC, + SC2j+ s*C,C,

2

(1)

2)




Comparing this with the given transfer function shows that

L L(L+LJ_6 R B
RICZ_ ’ RZ Cl C2 o R1R2C1C2_

If R, =10 kQ, then

C2:2X103:0.5mF
Ls —, Los
= - =
R2C1 R2 :
L(L+L]_6 , 5(1+_1}_6 s C, =2=01mF
RZ Cl C2 - 2 - b o

= = =2kO
5C,  (5)(0.1x10%)

Therefore,

C; =100 pF, C, = 500 pF, R, = 2 kQ.




	P.P. 16.12

