CHAPTER 9 PROBLEM SOLUTIONS

SoLUTION TO PROBLEM 9.1. If we can compute expressions for K and g that are real,
then these quantities exist by construction. Consider that A, B, K and g must satisfy the
following relationship:

K cos(wt + @) = (K cos(q)) cos(wt) + (- K sin(g))sin(wt) © Acos(wt) + Bsin(wt)

Therefore K cos(g) = A and - Ksin(g) = B. Consequently,
(Koos(@)? + (- Ksin())® = K? = A” + B?

in which case K = A2 + 82 . Further,

Ksin -B
LI _ oy = 2
K cos(q) A
in which case
_ .. -1z Bo
q=tan eNAD

with due regard to quadrant.

SOLUTION TO PROBLEM 9.2. For the inductor,
, 2
_1 B e C . ol CVO el
t) = Lxi2 t 'V sm t —sm t

and for the capacitor,

N
Q-0:

2
1 ou CVO el §
We (t) = C>VC(t) = 2Ce\/O(:OS(éﬁtﬂu > ——Co0S %tg
Hence,
CVEé. 22l § cju [eY

zengﬁ cosg\/— >

2 -2
Ve + W = 3CE() +5 LAC() =

SOLUTION To PROBLEM 9.3. Since x(t) = (K; +K,t)e 2!
X t)=- axe 2+ Kye ¥ - a ke 2
and
X 't) = a xKe 8- a Kye 3. a Koe 2+ a2 K e At

Substituting into the differential equation, we have

a’® xe - 2a Kye 3t + a? ¢ K et

+2al- a ke  +K,e 2. a tek,e At

+ az[Kle' aly Kote' ?t =0



This means that the solution form satisfies the differential equation.

SOLUTION TO PROBLEM 9.4.

(@) Suppose x(T)=0 atsome T. Then KleSl -Kso e2T . Since €37 >0 whenever Sj
is real and T is finite, K; & K, must have opposite signs.

(b) For this we solve for T and show there can only be one solution. Since
Kie2T = -K,e2" and e37 >0,

Kl _eSZT y K 0 %SZTO
E_F implies zng Ko Kn%eSlT——(Sz )T

Hence the unique solution is given by
&Ky
T=/n
w /(52 s)

provided sp * sq which is the case for distinct roots.

SOLUTION TO PROBLEM 9.5. Suppose x(T)=0 atsome T >0. This is true if and only if
Kied" = -K,TedT *)

Since eX" >0and T >0, (*) is true if and only if K; =- K,T which is true if and only if

K1 & K3 have opposite signs.

SoLUTION 9.6. (a) Denote one period of oscillation by T. Then by definition
9950T = 2p. Hence, T = 0.63148 ms. The time constant of decay is 1 ms. Therefore,
NT = N 0.63148= Hence N =1.5836 cycles.

2p 1

(b) Here observe that the time constant of decay is 1/s s. Hence NT = N— =—. One
Wq S

concludes that N = M.
2ps

SOLUTION 9.7. The differential equation for the capacitor voltage is

d?ve (t) (),

e ve(t) =

For t > 0, the characteristic equation is S+ L_lc =0. Hence from table 9.2, the solution

for either the inductor current or capacitor voltage has the general form



Ve (t) = Acos(wgt) + Bsin(wgt) + Xk

where wy :% From table 9.2, Xg = Zetlég/gel_lcg V. Further,

Ve ) =A+Xg = A+V,=0
Hence A=-\;. Also,

ve(0")=wyB=——=B=

Hence B= 0. Therefore

2t 60
Ve (t) = - Vgcos(wgt) +Vszvsg[ co Sé‘/—cggv

To obtain the expression for iL(t) (= iC(t)), we can either repeat the above derivation or
differentiate and multiply by C. We choose the latter. Therefore

.. CVg . @t §_ Vs .t o
'L(t)‘ﬁS”%ﬁB‘FS”%ﬁBA
C

SOLUTION TO PROBLEM 9.8. Essentially this is example 9.7, case 1, with literals and R =
¥. Clearly the cwcuﬂ is a driven paraIIeI LC CII’CUIt having characteristic equation

== LIB L0 (s jug)(s- jwg)=0

Thus we obtain

: : 1 .6 . 1 .6
i (t) = Acos(wqt) + Bsin(wgt) + Xg = Acosgaeﬁ t% Bs ngaeﬁ t% Xg

Here Xg =g is the value of the current when the inductor is shorted and the capacitor is
open. Applying the initial conditions,

iL(O+)=A+15=0P A=-1g4
Further

v (0+) _ vc(0+) —O—L
L L  JLC

i (0+) = B

because capacitor voltage is continuous and because

i (0+) = eAcosg\/_C Bsmg\/l_C ; XFu 0:%

Hence B = 0. Therefore,



. é 1 U
i) = |sgl- Cos(ﬁt)a
Rather than repeat the above derivation,

diy (t) dé 21l 06U L.ael1l 0
Ve(t)=vi 1) =L———= = Ll.— & - cosg——=1t%|= lo,|— INg—F—=1=
cO=w®=L=g sq & % e W eI e

SOLUTION TO PROBLEM 9.9. Observe that the circuits of figures (a) and (b) are dual

circuits. Hence the numerical value of vgt(t) and igyt(t) are the same for the same

excitation. Since the circuit is linear, when the excitation is doubled, the response is
doubled (given zero initial conditions) by linearity. Therefore, ig(t) = 29(t).

SOLUTION TO PROBLEM 9.10.
(a) The initial conditions are:
Ve(0-)=0=v(0+)
iL(0-)=10/05=20=i (0+)
(b)
1 .-
W (0)= > L>{(0)=051

WC (O) =0

. L. . . 1
(c) Maximum value of vc when all energy is in capacitor must satisfy ECXVCZZ,max =05

or equivalently v nax =1000 V.
(d) From the text development, the parallel LC circuit has the differential equation,
d2VC 1

+—v-=0
g2 LC ©

The solution form is:
el o .eel 0o
ve(t) = A&OS%E tB B&ngﬁ tz

The initial conditions are:

ve(0)=A=0
and
, 1 Cic(0+) _ ip(0y)
e (0= g B =g
Hence
B =-1000

Thus



ve(t) = - 1000 @nge% tg V

SOLUTION TO PROBLEM 9.11.
The switch has been closed for a long time which means that the inductor acts like a short

and the capacitor like an open. Hence, att= 0,v.=0andic=0. Hence I divides
equally between the resistors, i.e.,

i, (0-) =i, (0¥) =15/2 and v (0-) =ve(O+) = 0

For t 3 0, the differential equation is

d2VC 1
+—vc =0
dt? LC ©
with corresponding response
1 ¢ . 1
Ve (t) Amosgfeﬁtg +B>smae?tg

Evaluating at the initial conditions,

ve(0)=A=0
and
- 1 _ic(0+) _-i (0+
VC(O):Bxﬁ: C(C ) _ L((: )
in which case
B=- IS L
2VC
Therefore,

Is [L .l 0
vel(t) = -Es\/gsmgf t

SOLUTION TO PROBLEM 9.12.

) 1
Natural frequency is ——= =5000>2p. Hence,
q y e p

»C = 100e-9;
»L = 1/((10e3 *pi)*2 *C)
L=

1.0132e-02



By voltage divider,
vc(0-) =vc(0+) =20 mV

Current through L, ) .
iL(0-)=i (0+) =0

Voltage across capacitor satisfies,

el o el 0o
ve(t) = Aco%ﬁ t§+89”8ﬁ ta
Using the ICs,
vc(0+) =A=20 mV
and
, 1 ic(0+ i (O+
Hence

v (t) = 20>c0s(10,00(@t) mV

SOLUTION TO PROBLEM 9.13. By definition

1
w 7 2p 40
in which case
»C =0.1e-3;
»W = 2*pi*40;
»L = 1/(w"2 *C)
L=
1.5831e-01 (rad/s).

Observe that _ _
i (0-) =i (0+) =1A

From the given circuit, the capacitor is never connected to a source. Therefore,
Ve (0-) =v(0+) = 0. Also, since

it follows that
i (t) = Acos(wt) + Bsin(wt)
From the initial conditions
iL(0)=A=1
and



i, (07)= Bw:%m) =0

i (t) = cos(80pt) A

SOLUTION TO PROBLEM 9.14.
(a) From the continuity property, the capacitor voltage and inductor current remain the
same,

ve(0-) =ve(0r) =5V
iL(0-) =i (0+) =1

However, ic(0-) =0 but ic(0+)=-i (0+)=-1Aand v (0-)=0 but v| (0+) =5V.
These values change to maintain satisfaction of KVL and KCL.

(b)
ve(t) = Acosge% tg+89n§eﬁ tg
where
ve(0+) =5=A
Vo' (0F) = B% =Lg+):-% b B:-g

Ve (t) = 5cos(2t) - —gsin(Zpt) Y,

Alternately, from equation 9.4,

ve(t) =Kcos(Ppt + g
and from equation 9.17b K =/ A%+ B? and g=tan 12'3?82 in which case

»A =5; B = -pi/2;
»K = sqrt(A"2 + B"2)
K=

5.2409e+00
»theta = atan2(-B,A)
theta =

3.0440e-01
»thetadeg = theta*180/pi
thetadeg =

1.7441e+01



Hence, K =5.24 and q = 17°.

(©)

Capacitor Voltage (V)

Timeins

SOLUTION TO PROBLEM 9.15. As before, w = /i_C =2p ¥0 in which case L = 0.158

H.
Now,
ve(0-) =V (0+) = %) X25=20 mV
and
iL(0-) =i (0+) =10 mA
The solution form is:
i (t) = Acos(80pt) + Bsin(80pt)
where
i (0+) =A=10 mA
and
v (04) _ ve(0+) _

I (00)=""="

80pB P B =0.50265 mA

SOLUTION TO PROBLEM 9.16.

(@) Note: vc(0-)=vc(0+)=-1Vand i (0)=5A. The characteristic equation is:



1 1
+—s+— :sz+55+4:(s+1)(s+4): 0
RC LC

As stated, the circuit is overdamped. Hence,
Vc(t) = Kleslt + KzeSQt = Kle' t + Kze_ A

Ve (0+) = Ky +Kp = -1

Ve' (OF) = 51Ky + 55K = - Ky - 4Ky = =

b Ky =—2 =.13333and K, = —2— =0.3333.

Finally,
ve(t) =-1.3333¢ ' +0.3333¢ 4 v
Using MATLAB to plot:

»t = 0:.02:4.5;

»vC = -1.33333*%exp(-t) + 0.33333*exp(-4*t);
»plot(t,vc)

»grid

»ylabel('Capacitor Voltage in V')
»xlabel('Time in s')
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(b)
Kl + K2 =1



Hence,

Vo' ()= iy +5pKp = - Ky - 4Kp == = == =

»A=[1 1;-1 -4]

A=
1 1
-1 -4
»b =[1;-10]
b=
1
-10
»K = A\b
K=
-2
3

yielding

ve(t) = 2et+3e MV
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TextEnd
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Obviously, there is only one zero crossing.

SOLUTION TO PROBLEM 9.17.

(a) First,

Vc(o-):VC(O'l') :%30:10 Vv

i, (0-)=i (0+)=0.1A

3.5 4



Clearly, ic(0-) =0 and v (0-) = 0. However,

. . Vc(0+) .
ih (OH)+i~(0+H)+—=——==01+i~(0+)+0.15=0
L(0+) +ic(0+) 56.657 c(0+)

Hence, ic(0+)=- 0.25 A. Further,v (0+) =10 V.

(b) The characteristic equation is:

From MATLAB,
»R = 66.667;C = 25e-6; L = 0.5;
»b = 1/(R*C)
b= 6.0000e+02
»C = 1/(L*C)
c= 80000
»si =roots([1 b c])
si = -3.9999e+02
-2.0000e+02

We take the roots to be: s; =-400 and s, =-200.
(c) Overdamped response implies,

ve(t) = Kieot + Kye2t = Ky 400 4 K em 200

(d)
Vc(0+) =K; + Ky, =10
ic(0+)

Vo' (OF) = 51Kq + 55Ky = - 400K, - 200K, = - --10

»A =[1 1;-400 -200];
»b = [10;-1e4];
»K = A\b
K=
40
-30

4

Finally,
ve(t) = 40e 40t - 30g 20t v/
(e)
»1=0:0.01e-3:25¢e-3;
»vC = 40*exp(-400*t) - 30*exp(-200*t);
»plot(t,vc)
»grid
»ylabel(‘Capacitor Voltage in V')
»xlabel('Time in s')
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SOLUTION TO PROBLEM 9.18.
(a) . _
iL(0-) =i (0+) =0
Ve (0-)=vc(0+)=5V

At t =0+, the circuit is a series RLC withR=125W L= 25H,and C=0.1F. The
resulting characteristic polynomial is:

2o, R 1 2
ST St =S +5s+4=(s+4)(s+1)=0

Hence, s,s, = -4,- 1 and the form of the response is:

vc(t):Kle'4t+K2e't
Att =0+,
Ve (04) =Ky +K; =5
and
(04) i) _
c Cc

Ve'(0) =-4K1 - Ky = 'c

Solve for K; and K, we obtain:
»A=[11;-4 -1],
»b = [5;0];



»K = A\b

K=
-1.6667e+00
6.6667e+00

Hence,
Ve (t) = - 1.66667¢” 4 +6.66667¢ ' V

(b) _ _

iL(0+) =i (0-)=0
Since, the stable (passive) circuit contains no source for t > 0, all initial energy is
absorbed by the resistor. Hence limygy i (t) =0, i.e., i (¥) =0.

. . dVC 2 4t 2 -t
= =C—==-= - = A
iL()=ict)=C o 3e 3e

SOLUTION TO PROBLEM 9.19. This circuit is a series RLC in which case the
. . 2 R 1
characteristic equation is always: s+ T s+L—C =0
(a) For this time period, R = 2 kWin which case the characteristic equation is found and

solved in MATLAB as follows:

»R =2e3; L=0.1; C=0.1le-6;
»b=R/L
b=
20000
»C = 1/(L*C)
c=
100000000
»s12 =roots([1 b c])
s12 =
-10000
-10000

The roots are repeated and: s;, S =—10,000. The form of the response is:

IL(O = (Ky + Kat)e 2

To find K1 and Ko:

i|_(0+) = Kl =25
and



2.5

i '(0+) =- 25000+ K, = -

P Ky =-24940
Thus

i (t) =(2.5- 24940t)e 190 0 £t £ 0.1msec

(b) After the switch closes, R =1 kW,

v (0+) v (0+)- Rip (O+) _ 6- 2000
= -

i, (0.1 1073 =(2.5- 24940" 0.1° 10" )e" 1 = 0.0022073

and
i, '(1073) =- 250006 1 - 24940e™ 1 + 24940 1 =

The new characteristic equation is computed as follows:

»R=1e3;L=0.1;C=0.1e-6;b =R/L
b= 10000

»C = 1/(L*C)

¢ = 100000000

»s12new = roots([1 b c])

s12new =

-5.0000e+03 + 8.6603e+03i
-5.0000e+03 - 8.6603e+03i

Hence s;,s, = -5000 + j8660.25. The form of the new solution is:

i (t) = e %" [Acos(t)) + Bsin@ t)] A

where t=t- 0.1 10" and o = 8660.25 rad/sec. Observe that

i (t=0) =0.0022073= A
and
i, '(t'=0) =- 5000A + 8660.25B = - 9197
From MATLAB,
»W = imag(s12new(1));
»sig = real(s12new(1));
»B = (-9197 -sig*2.2073e-3)/w
B=
-1.0607e+00
Hence for t > 0.1 ms,

- 9197

- 49940

i (t)= e 200t 01M 0022073c0s(w(t- 0.1ms)) - 1.0607sin((t- 0.1ms))] A

(©)
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S 05} TextEnd
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timeins x 10
K1l=2.5;
K2 =-24940;
t=0:0.01e-3:4e-3;
A =0.0022073;

B = (-9197 -sig*2.2073e-3)/w

B = -1.0607e+00

iL = (K1 + K2*t) .* exp(-10000*t) .* (u(t)-u(t-1e-4)) ...

+ exp(-5000*(t - 1e-4)) .* (A*cos(w*(t - 1e-4))+B*sin(w*(t - 1e-4))) ...
Fu(t-le-4);

plot(t,iL)

grid

iL = (K1 + K2*t) .* exp(-10000*t) .* (u(t)-u(t-1e-4))

(d)

»K1=2.5;
K2 =-24940;
»t =0.1e-3;
»iL = (K1 + K2*t) .* exp(-10000*t)
iL= 2.2073e-03
» % The energy stored in the inductor over [0,0.1ms] is in J:
»WL = 0.5*0.1*(iL"2 - 2.5"2)
WL =
-3.1250e-01
» % The energy stored in the capacitor over [0,0.1ms] first
» % requires computation of vL and then vC.
»VL = 0.1*(K2*exp(-10000*t) - 10000*(K1 + K2*t) .* exp(-10000*t))
vL =
-9.1970e+02
»vC = vL + 2000*iL
vC =



-9.1528e+02
» % The energy stored in the capacitor over [0,0.1ms] is in J:
»WC = 0.5*0.1e-6*(vC"2 - 6"2)
WC =

4.1885e-02

» % To compute energy dissipated in resistor, we make
» % use of conservation of energy: WR + WC + WL =0

»WR =-WL - WC
WR =
2.7061e-01

SOLUTION TO PROBLEM 9.20. For this problem, i; (0)=8 A, vc(0)=20 V. For the

parallel RLC, the characteristic equation S+ R_1C s+L—1C =0 is solved as follows:
»R =20; C =0.01le-3; L = 25e-3;
»si = roots([1 1/(R*C) 1/(L*C)])
si =
-4.0000e+03
-1.0000e+03
»s1 =si(1); s2 = si(2);

Hence

To compute the constants,

Vc(O): Ki+Ky=20
and

. 0
ic(0+) _ iL(0%) + Yel)

V¢ '(0) = - 4000K; - 100K =2 =

»IL0 = 8; vCO0 = 20;
»vCprime = -(iLO +vCO0/R)/C
vCprime =
-9.0000e+05
»A=[1 1;-4000 -1000];
»b = [20;vCprime];
»K = A\b
K=
2.9333e+02
-2.7333e+02



Hence,

Ve (t) = 203,33 4000 _ 973 33571000t y/

Also,

i ()=- VC—R(t) - Cv(t) =- 2,933 4900 1 10,9336 1090t A

where
»K1 = K(1); K2 = K(2);
»KR1 = K1/R; KR2 = K2/R;
»KCpl =-4000*K1*C; KCp2 =-1000*K2*C;
»KL1 =-KR1-KCpl
KL1=
-2.9333e+00
»KL2 =-KR2 - KCp2
KL2 =
1.0933e+01
»t =0:0.01e-3:4e-3;
»iL = KL1*exp(-4000*t) + KL2*exp(-1000*t);
»plot(t,iL)
»grid
»xlabel('Time in s")
»ylabel(‘Inductor Current in A")

»

Inductor Current in A

TextEnd

Timeins

SOLUTION TO PROBLEM 9.21.

(&) The circuit is critically damped and the characteristic polynomial is:



2 1 1 2_2
s+ R_CS+L_C =(s+20)" =s”+40s+400=0
»R =2; C=1/80;
»L = 1/(400*C)
L=
2.0000e-01

A R +
(b) vc(0)=10 V and ve'(0*) =- 800= 'C(g )2l @) (;’C(O )2
»VCO = 10; vCpO = -20*10 -600
vCp0 =

800
»LO = C*800-vC0/2
iLO =

5

Hence: i (0-) =i (0+)=5A.

(©)
By simple KCL,

“ldve Ve

- 20t - 20t
= + A
20 dt > 5e 150 % »e

()=

SOLUTION TO PROBLEM 9.22.
(&) The characteristic equation for the series RLC

> Ry 10

ST+—s+—=
L LC

For critically damped response, want (Req / L)Z- 4 /(LC)=0. Solving yields Rgq =4
W. Hence,

5R
=TSR
implies that R = 20 W.
(b) Solving for the resulting roots implies that
»si = roots([1 Reg/L 1/(L*C)])
si =
-50
-50
»s1 = 50;

Hence



v ()= (K +Kat)e ™
From the initial conditions, v (0) = K; =5 and

c(04) i (0+) _ -5 _

Ve'(0) = - 250+ Ky =2 b

Hence, K, = -250 and

- 500

ve ()= (5- 250t)e > v

Set to zero and solve for t = 0.02. See MATLAB plot.

0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

SOLUTION TO PROBLEM 9.23.
(@) The circuit is a series RLC. Hence

»R =40; C=0.25e-3; L=0.1;
si =roots([1 R/L 1/(L*C)])
si =

-200

-200
»sl =si(1);

Since the circuit is critically damped,

i ()= (Ky +Kot)e 20t A

Using initial conditions,



iL(0)=K; =1
v (04) _ -ve (0H)- 40, (04) _
L

50

iL'(O) = S:]_Kl + K2 =- 200K1 + K2 =
Hence
K2 = - 150
Thus
i (1) = (1- 150t)e 2t A

Now using MATLAB,
»R/L

ans = 400

»1/(L*C)

ans = 40000

»y = dsolve('D2y + 400*Dy + 40000*y = 0, y(0) = 1,Dy(0) = -350")
y =

exp(-200*t)-150*exp(-200*t)*t

This answer coincides with the analytical solution.

(b) As above, the form of the solution is

Ve (1) = (Ky +Kat)e ™
Applying initial conditions,

ve(0)=K; =5

ic(04) _i (04)

Ve l(O) = S]_Kl + K2 =- ZOOK]_ + K2 = C = 4000
Hence, K, = 5000 and
Ve (t) = (5+5000t)e 20t v
In MATLAB,
»y = dsolve('D2y + 400*Dy + 40000*y = 0, y(0) = 5,Dy(0) = 4000")
y =

5*exp(-200*t)+5000*exp(-200*t)*t

which verifies the analytical solution. Plotting we obtain,



12 d ' T r ' 1 ' :

0 r r L L P : T :
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Observe, there is no zero crossing as per problem 9.5.

SOLUTION TO PROBLEM 9.24.
Source has been on for a long time and turns off at t = 0. Hence

i (0-)=i (0+)=0
Ve (O- ) = Vc(0+) =01 40=4V
Att3 0, we have a series RLC circuit;

»R=40;C=4e-3;,L =2
si =roots([1 R/L 1/(L*C)])
si =
-1.0000e+01 + 5.0000e+00i
-1.0000e+01 - 5.0000e+00i
»wd = imag(si(1))
wd =

5
»Sig = -real(si(1))
sig =

10

Hence

0.045

0.05



ve (1) = e 19 (Acos(5t) + Bsin(5t))
Applying initial conditions,

Vc(O): A=4

cO4) _iL (0% _,

Ve'(0) = - 10A+5B="C 2 c

Hence, B = 8. The final form is:
_ _-10t .
Ve (t) =€ 7 (4cos(b) +8sin(5t)) V
Similarly,

i, ()= e 1% (Acos(5t) + Bsin(5t)) A
Applying initial conditions,

iL(0)=A=0
L'0)=- 10a+58= 100 - ¥e@D- B OY _
Thus
i, ()= - 0.4e" sin5t) A

SOLUTION TO PROBLEM 9.25.

Att =0, the capacitor is an open circuit and the inductor is a short circuit. The
resulting circuit is a simple resistive network. The first step in the solution is to solve this
network for the initial conditions on the capacitor and inductor. Specifically, solve for
the capacitor voltage (i.e. the voltage across the series connection of the 6 Wresistor and
the independent voltage source) and the inductor current (i.e. the current flowing through
the 4 Wresistor).

Verify that i (0-)=i (0+) =1 Aand v (0- ) =v(0+) =12 V.

When the switch opens, the branch containing the independent voltage source is
eliminated. So, we end up with a series RLC circuit. The equivalent resistance is

Rq=4+24//48 20 W.
»R =20; C=0.01; L =2;si =roots([1 R/L 1/(L*C)])
si =
-5.0000e+00 + 5.0000e+00i
-5.0000e+00 - 5.0000e+00i



»sig = -real(si(1))

sig =
5
»wd = imag(si(1))
wd =
5
i, ()= e [Acos(5t) + Bsin(5t)] A
Applying ICs,
iL(0)=A=1
iL'(0) =- 5A+SB:—VLE_O+) =§ =-4

Hence B = 0.2. It follows that

oy _ o 5té SRR
iLt)=e é:os(ﬁ) + 5sm(5t)EI A

SOLUTION TO PROBLEM 9.26. The series RLC circuit has characteristic equation

2 R 1 > 10 1 2
+ —Q4+ — = + —Q4+— = + +
S Ls C S LS C S +20s+0

2+(u§:0

From the given response, ¢ =10= %(j which implies that L = 0.5 H. Further,

=62 +0] =102+ (10/3)° = 400

olmn

1
LC
Hence, C =5 mF.

Now, from given response,i; (0)=0and i_ '(0) = 500\ 3 = VLT(O) =2v (0).

Hence
v (0) = 25043 V. In addition, v (0) = - 10i, (0)- v| (0) = - 250v/3 V and
ve'(0) =i (0)/C=0

To find the capacitor voltage we have

ve (t) = € %' Acos(10V/31) + Bsin(10/3t))



It follows that v (0) = - 250v/3 = A and

ve'(0) = 0= 25003 +10v/3B
B =-250. Therefore

ve (1) = - € 1%4(250/3 cos(10/3t) + 250sin(10v/3))

SOLUTION TO PROBLEM 9.27. (a) From the given information,
ve () = Ae %t cos(wt +6) V

Where o = 2nf = 21 /T = ——%— = 4000p radls. =2 kHz.
05" 10°

The time constant of the exponential term is 1/s which is 2 ms from the figure.
Hence s =500. The characteristic equation of the parallel RLC is:

1 1 1 1
2 2 S+-— =52 +205+G 2

=s"+
RC™ LC 104c” LC
Since + =20 =1000, C=0.1nF. Further,
10"C

+0)§:0

7
1 _10 2 2 6 2,16
c- ~° tod =10 +16p“10

implies that
»L = 1e7/(1e6 + 16*pi”*2 *1e6) or L = 63 mH.

(b) From the figure and the above calculations, vc(0) = 10 V and

ve (t) = 10e %" cos(4000pt) V,

Hence

v (1) = - 5000e” > cos(4000p t) - 40000pe” ™ sin(4000pt)

implying that vc (0) = - 5000. Thus

i, (0)=-vc(0)/10%- Cve (0)=-0.001+5000" 0.1° 10 °=-05" 102 A

SOLUTION TO PROBLEM 9.28. As given v¢ (t) = Ae’ 3 cos(4t+6) and R=10W. The

characteristic polynomial of the parallel RLC circuit is:
52+is+—1 —32+is+i =s*+205+0
RC® LC =~ 10C”~ LC

2+00§:O



4" 60

—- 36
Hence 1/(RC) = 6 implies C = 1/60 F. Further oy = L > =4. Hence L=24
H.
To change R to obtain a cricially damped circuit,
.2
806~ 4
¢re ~1c X

Hence R*=36 or R =6 W. It follows that 2s = 10 or s = 5. The form of the response is:
Ve (1) = (Ky +Kot)e™

SOLUTION TO PROBLEM 9.29. For all cases, vc(0-)=vc(0+) =0 and i (0-)= i (0+) =
20/20 =1 A. Further for all cases the circuit is a parallel RLC with characteristic
equation:

2

1
P+ —s+—=5+205+G +co§=0

(@)

»L = 2e-3; C = 5e-6;
»C = 1/(L*C);

»R =10;

»b = 1/(R*C);

»si =roots([1 b c])

Si =
-10000
-10000
»% Solution is cricitally damped.
Thus
Vi
Ve (1) = (Kg +Kot)e™h = (K +Kot)e 10t v
From ICs,
Ve (0) = K]_ =0
Ve'(0) = siKq + Ky =Ko = 0D - ZLOY _ o0
C C
Hence
4
ve(t)=-2"10%te 0t v
(b)
»R =100;

»si = roots([1 1/(R*C) 1/(L*C)])



si =
-1.0000e+03 + 9.9499e+03i
-1.0000e+03 - 9.9499e+03i

ve (t) = & 1099 (Acos(99501) + B sin(9950t)) V
From ICs.
ve(0H)=A=0

ic(0+) -ij (O+
VC'(0)=-1000A+995082|C(§ )= ||_é0 ):-2’ 105
in which case B = -20.1. Thus

ve (t) = - 20.1e" 190% in(9as50t) v

(©)
»R =87/17;si = roots([1 1/(R*C) 1/(L*C)])
si =

-3.6328e+04

-2.7527e+03

We define sq,5p = -2753, =36327. Thus

Ve (t) = K]_eslt + Kzeszt = Kle_ 2753t + Kze' 36327t vV
From the IC's
Ve (0)=K;+Ky=0
ve'(0) = 5Ky +$Kp=-27 10°

»A=[1 1;51(2) si(D)];
»b = [0; -2e5];
»K = A\b
K=
-5.9568e+00
5.9568e+00

Therefore
ve (t) = -5.9568(" 275 - ¢ 327) v

SOLUTION TO PROBLEM 9.30. For all cases, vc(0-) = ve(0+) =0 and i (0-) =i (0+) =
10/100 = 0.1 A. Further for all cases the circuit is a parallel RLC with characteristic
equation:

2

S +is+—1—52+203+0
RC™ LC

2+co§=0



(@)

»R = 50; C = 0.04e-3; L = 0.625;
»si = roots([1 1/(R*C) 1/(L*C)])
si =

-400
-100
Define the two roots as:
s; =-100
S, =-400
Hence,
Ve (t) = Kee 100t K€ 400t

From, the initial conditions
V(;(O"‘) =0=K; + K>
and

ve'(0) = = _-i (0+) _
c'(0) = 5Ky + K = - 100K - 400K, = = -2500

C
»A=[1 1;51(2) si(1)];
»b = [0;-2500];

»K = A\b
K=
-8.3333e+00
8.3333e+00
Therefore
Ve ()= -8.3333(¢ 10 7 40) v
(b)
»L =04,
»si = roots([1 1/(R*C) 1/(L*C)])
Si =
-2.5000e+02
-2.5000e+02
Thus
Ve (t) = (K +Kot)e 2% v
From IC's,
ve(0)= Ky =0
ic(0+) -0 (O+
VC'(O) =K1 +Ko =Ky = IC(é) ) = ILéO ) =-2500
Therefore

ve (t) = - 2500te” 20t v



(c)

»L =0.2;

»si = roots([1 1/(R*C) 1/(L*C)])
Si =

-2.5000e+02 + 2.5000e+02i
-2.5000e+02 - 2.5000e+02i

ve (t) = & 2P Acos(250t) + Bsin(2501)] V
From ICs.
ve(0H)=A=0

Ve '(0) = - 250A + 2508 = 250B = 'C(é”) =: 'Léoﬂ = - 2500

in which case B = -10. Thus
ve (1) = - 10e” 2% sin(250t) V

SOLUTION TO PROBLEM 9.31.
(a) The indicated behavior occurs when the resistance causes the circuit to be critically
damped, i.e.,
.2 .2
ie—lo - i :ia—q.o -16=0
€RCY LC €ERg
Thus R =1 Wand
R=1=Ry+e'"°=08+¢'">
So
»t = 5+log(1-0.8)
t=
3.3906e+00 (years)

(b) Here, we have a series case: the indicated behavior occurs when the resistance
causes the circuit to be critically damped, i.e.,

.2
aR0o 4 - a
&l LC_R -144=0
Thus R =12 Wand
R=12=—0__ - 15_

»t =5+ log((15-12)/12)
t=
3.6137e+00 (years)



SOLUTION TO PROBLEM 9.32. Step 1: Since the step functionsare O fromt=¥ uptot=
0-,
vc(0-) =ve(0+) =0, i (0-) =i (0+) =0

Step 2: Att = 0+, we have

ic(0+) =2- %8” i (0" =2A

and
VL(O+) =Vc(0+) - 5||_(O+) -50=-50V

SOLUTION TO PROBLEM 9.33. Since the step function is 0 fromt =¥ uptot=0-,
vc(0-) = ve(0+) =0, i (0-) =i (0+) =0
Since the circuit is a parallel RLC

4t gr—L = ?4100s+1600=0

RC  LC
»R=4;L=0.25;, C=25e-3;
»si = roots([1 1/(R*C) 1/(L*C)])
si =
-80
-20

Hence s;1,5; = -20, -80. The general form is:
Ve (t) = Kqe 80t Koe' 20t X¢ V
When the capacitor is open and the inductor is a short, X¢ = 0. Thus,

Ve (t) = Kle- 80t + Kze- 20t Vv
From the ICs
ve(0+) =0=K; + K;
and
_ic(0+) _-i (0+)- vc(04)/8+(20- vc (0+))/8
C

v '(0) = - 80K, - 20K,

2.5

=—— 3~ 1000
25710

»A=[1 1;-80 -20];

»b = [0; 1000];

»K = A\b

K=



-1.6667e+01
1.6667e+01
Hence,

Ve ()= - 16.667[e‘ 80t_ o 20‘] Y,

SOLUTION TO PROBLEM 9.34. From the continuity property and the fact that at t = 0-,
the capacitor looks like an open and the inductor looks like a short at t = 0-,

iL(0-) =i (0+) = 1A
Vc(0-) =ve(0+) =0
Since the circuit is a parallel RLC

2,1 1 _2 _
S +RCs+ LC_S +500s+40000=0

»R =40; C =0.05e-3;L = 0.5;
»si = roots([1 1/(R*C) 1/(L*C)])

Si =
-400
-100
Define the two roots as:
s, =-100
s, = -400

Hence, the general form is:

- 400t

i ()= Kye 1 + Ko X

When the capacitor is open and the inductor is a short, X¢ =-1 A. Thus,

i (1) = Ky 100t 4 ke 100 g

From, the initial conditions
iL(O+) = Kl + K2 - 1:1

and
i '(0) = - 100K - 400K, = VL&”) _ VC&H) s
»A=[1 1;-100 -400];
»b = [2;0];
»K = A\b
K=

2.6667e+00



-6.6667e-01

Hence,
2

- 400t
-1A
3

: 8
||_(t):§e 100t Ze

SOLUTION TO PROBLEM 9.35.
(a) From the problem specs and the continuity property,

i (0-) = i (0+) = 0.008 A
Vc(0-) = ve(0+) =2

At t =¥, the inductor looks like a short and the capacitor looks like an open; hence i (¥)
=0 and vc(¥) =400° 0.006 = 2.4 V. The circuit is a series RLC with characteristic

polynomial
2 R 1
+ — + —_—=
> LS LC 0

»R =400; C = 6.6667e-6; L = 0.2;
si =roots([1 R/L 1/(L*C)])
s1 =si(1); s2 = si(2);
si =
-1.5000e+03
-5.0000e+02

Hence
v (t) = Kqe PO 4 ke 3 424 v
Using initial conditions

Vc(O) =K +Ky+24=2

_ig09) i) __8107°

=12
C C  6.6667 10°° 00

Ve l(0) =- 1500K1- 500K2

»A =[1 1;-1500 -500];
»b = [2-2.4;1200]
b=
-4.0000e-01
1.2000e+03
»K = A\b
K=
-1.0000e+00
6.0000e-01



Hence
ve®)=-e PP 406 0% 124V

(b) vi(t) is going to have the same form as v¢(t) above except that v|_(¥) = 0 since the
inductor is a short att = ¥. Alternately however, we have

dip (1) . dic (1) d?ve (1) _ 1500t _ 500t
= = = —_— 3 V
W=l gt sl mle— s = +0.2e

SOLUTION TO PROBLEM 9.36.

Att =0, inductor is a short circuit and the capacitor is an open circuit. Since the current
source is 0 at t = 0-, and the continuity property,

iL(0-) = iL(0+) = -1 A
Vc(0-) = ve(0+) =65V

For positive time, we have a series RLC circuit with characteristic equation

2, R, 1 _
s+ 1 S+ C- 0

»R =65; C=0.1e-3; L =0.1;
si =roots([1 R/L 1/(L*C)])
s1 =si(1); s2 =si(2);
Si =

-4.0000e+02

-2.5000e+02

Att=¥, vc(¥)=0.6%65=39V. Hence
Ve = Kle' 400t + Kze_ 250t +39V

Using initial conditions,
V(;(O) =K;+Ky+39=65

e o
Ve '(0) = - 400K - 250K 5 = 'C(g ):'L(g ) :10_14 = .10

»A=[1 1;51s2];
»b = [65-39; -1e4];K=A\b
K=
2.3333e+01
2.6667e+00



Hence,
ve (t) = 23.333 4 + 26667 20t +39 V

SOLUTION 9.37.

(@) Ry =200//50 + R = (40 + R). The characteristic equation is:

Critically damped means that both roots are the same, so the discriminant is zero, i.e.

@ 1 C_')z 4 _ 0
&RCo  LC
Equivalently,
L
Rn =4O+R=O'#£ =50 W
Thus R =10 W.

(b)  Short the inductor and open the capacitor. Because the capacitor is in parallel
with the shorted inductor at t = 0-, vC(O+) =vc(0) = 0. The Thevenin equivalent
resistance seen by the LC-parallel combination is Ry, = 50 Wfrom part (a). A simple
calculation indicates that Vo = 0.8*50 = 40 V. Therefore, i|_(0+) =i (0)=40/50=0.8
A. To find vR(O+) we use the following equivalent circuit:

-+ .
wa ¢ RO - 0

10

—Y 10t | O

Hence,
10

, 10+40
To compute the derivative of vg at 0 , consider that

V(0" = -40°

d d .
5 VR(D) =2 (107 iRr() =10

d &40- vct)o d ic(t)
— &7 CUI0_ o= (y~(t)) = - 0.2-C~
de 50 @ dt(VC()) C



Hence

dvr(t) g ic(0) (ot
/Y = -0.2—=——=-4000i~(0
dt H:O+ C( )
But
ic(o+):'5_‘(‘)0- iL(07)=-08- 08=-16A
Therefore,
dvg(t)

dt B -4000i(0™) = 6400 V/s
=0

(©) Since the circuit is critically damped the roots of the characteristic equation are

1
=-——=-200
22 2RnC
According to table 9.2 for t 3 0,

VR(D) = (Kg + Kat)e 2% + X
It follows from the circuit and this equation that
Xp=VRr(¥)=-8V
Ky =VR(O0™)- Xz =0

dvr®u

= -200K; + K5 = K, =6400
dt &:0+ 1 2 2

Therefore

vi(t) =(6400te ™ - 8Ju(t) v
A plot of the waveform is given below

VRt in wolts

i i i i
0 0.005 0.01 0.015 0.0z 0.025
time in seconds



SOLUTION TO PROBLEM 9.38. For this problem we first compute the Thevenin
equivalent of the circuit to the left of the capacitor for t > 0. Consider

005 Wy a00 &2

+
(D)

Now observe

Ve- 12 Ve- kv _ V- 12 Vs- k(12- V)

= + =
ls=l+12= "5 500 500 500

It follows that

a&b006, o4+
Vs = e2+kﬂ|S &+ kg]'z Rinls +Voc

The parallel LC is now driven by this Thevenin equivalent.

»L =0.01; C = 1le-6;
»% Critical damping means (1/(Rth*C))2 - 1/(L*C) =0
»X = sqrt(4/(L*C));
»Rtherit = 1/(C*x)
Rthcrit =

50
»kerit = (500 - 2*50)/50
kerit =

8
»% For parallel circuit, larger Rth means less damping
»% Hence, smaller Rth means overdamped. Smaller Rth
»% means larger k. Therefore k > 8 is the ranger for
»% overdamped response.

For the critically damped response we have R = Ry, =50 W, hence

»R =50; C =1e-6; L =0.01,
si =roots([1 1/(R*C) 1/(L*C)])
Si =



-10000
-10000

in which case
Ve (1) = (Kg +Kot)e ™ + X

Att=¥, vo (¥) =V (¥) =0 inwhich case X; =0. From the initial conditions,

ve(0)=K;=0
VOC .
' - i (0+)
o+ .

Ve '(0) = 5K1 + Ky =Ko = IC(C ) _ Ringit =

Hence
Ka= 10'81(?0 =216" 10°
10°

Therefore

ve(t)=216" 10°e >t v

SOLUTION TO PROBLEM 9.39. (a) The series RLC leads to a characteristic equation of
the form

2 R 1 2 24 1 2 5
+—S+—=5"+—s+—— =5+ +==
S USTIETS T 25T 0ac TS T10s+ =0

For a critically damped response, 1202 = %) Hence, C = 1.3889 mF.

(b)
»C = 20/120"2
C=
1.3889¢-03
»L =0.2; R =24;
»si =roots([1 R/L 1/(L*C)])
Si =
-60
-60
Hence

i (t) = (K + Kot)e 8% +04 A

where i (¥) = 0.4 because at t = ¥, the capacitor looks like an open and the inductor like
a short. Hence all current from the source flows through the inductor.



Using the initial conditions,
IL(0)=K;+04=0pb K;=-04

v (04) _ -V (0+) - 24(i (0+)- 0.4) _

1 L 48

iL'(0)=5K;+Ky,=60" 0.4 +Ky=

Hence, Ko = 24 and
i, ()= (-0.4+24t)e P +04 A

SOLUTION TO PROBLEM 9.40. This problem differs from 39 in the initial condition
calculation. Specifically,

iL(0-) = iL(0+) = -0.4
ve(0-) =vce(0+) =0

Again
i (t) = (K + Kot)e ®® +04 A
and
i|_(0+)=K1+0.4=—0.4 b K1=—0.8
- Ve (0+) - 24(i (0+)- 04
iL'(0)=60" o.8+K2:VL(LO+) = e () L(L( ) ):96
Hence,
K2:48

and

i, ()= (-0.8+48t)e *® +0.4 A

SOLUTION TO PROBLEM 9.41.
(a) At 0-, the capacitor is an open circuit and inductor is a short circuit. So,

vc(0-) =ve(0+) =5V
iL(0-) =i (0+) =5 10°-4"10° =1 mA

Now, at 0+, replace the capacitor by a 5 V voltage source and the inductor by a 1 mA
current source. Also, the original independent current source is turned off. Solve the
resulting circuit to obtain.
ic+510°-1710%=0
P ic(0+) =-4 mA



vi(0+)=0
(b) Since the circuit is a parallel RLC, the characteristic polynomial is

2 1 1 2 1 1 2 2
=5+ +—=5+ +

reSTie 10405 C s"+20s+0

»R =1e3; C =0.5e-6; L =0.184;

si =roots([1 1/(R*C) 1/(L*C)])

Si =

-1.0000e+03 + 3.1416e+03i

-1.0000e+03 - 3.1416e+03i

+0)§=0

»wd = imag(si(1))
wd =
3.1416e+03

»sig = -real(si(1))

sig =
1000

Also,att=¥,i (¥)=5 10 A. Therefore
i, ()= e 19 Acos(p” 10%t)+ Bsin(p” 103)| +5” 1073 A

Using initial conditions

iL(0)=A+5"10°=103 b A=-4"10"

and
+
i, '(0)=-1000A+p” 10°B=4+p  10°B= VLE) -0

Hence,
»B = -4e-3/pi
B =
-1.2732e-03
Finally,

i () =-e 9% 4c0sp” 103)+1.2732sin(p " 10%t)| +5 mA

SOLUTION TO PROBLEM 9.42. The response here coincides with that of problem 41 up to
time t = 2s. At this point we need the new initial conditions on the circuit at t = 2+.

However, att =2, e 1000t — g for all practical purposes. Hence, ij (2)=5" 10 3A.
Differentiating the expression for i|_(t) and evaluating at t = 2 yields zero by inspection.



This follows because Ke 2% =0 for K in the range of 1 to 104. This can also be seen

from the circuit because at t = 2 s, the capacitor has charged to 5 V, making

i (2+) = —VLE_2+) =0.

To find steady state current, solve the circuit with the new current source value and with
the capacitor and inductor as open and short circuits, respectively:

i, (¥)=5"10%+4"10°=9" 10"

i|_(t):-e'looo(t'z)[Acos(p’ 10°(t- 2) +Bsinfp” 10%t- 2))|+9" 103 A

Using the new initial conditions

i (29)=A+9°10°=5"10%p A=-4"10"°
and

iL'(2+) =- 1000A+p~ 10°B=4+p~ 103B:VL(L0+) o

Hence B = -1.2732" 10'3 and fort3 2s,

i ()=-¢ 1000("2)[4cos(p' 10%(t- 2)) +1.27328in(p” 103t~ 2))[ +9 mA

SOLUTION TO PROBLEM 9.43. Att=0-,i.(0-) =10/20 = 0.5 A and v¢(0-) = -5V by the
usual considerations. At t = 0+, we have a parallel RLC circuit. Hence

2 1 1 2 1 1 2 2
S +—=——=S+—==S +—F—S+—==5" +20s+
rRC°TLC 10°c > LC osTo

+ (Dg =0
»R =10; C =0.05e-3; L =0.01;

si =roots([1 1/(R*C) 1/(L*C)])

si =

-1.0000e+03 + 1.0000e+03i

-1.0000e+03 - 1.0000e+03i

»wd = imag(si(1))

wd =

1.0000e+03
»Sig = -real(si(1))
sig =

1000



Also, att =¥, vc(¥) =-5V. Therefore
Ve (t)= € 1°°°t[Acos(103t) +Bsn(10 3p)]- 5 v

Using initial conditions

ve(0)=A-5=-5Pp A=0
and
ic(0+) _ -05

4
=-10
C 005 103

Ve '(0) = - 1000A +1000B =10°B =

Hence, B=10 and

ve (1) = - 106 1% sin(10%) - 5 v
Further
v (t)=-5- ve(t) = 10e" Pt 5n(10%) v

SOLUTION TO PROBLEM 9.44. (a) The circuit is a driven series RLC. Hence

2. R 1 2 2, 2
+ + = + + + =
S ] S C S +20s+t0c"+wg=0

»R =400; C =0.5e-6; L =0.2;
si =roots([1 R/L 1/(L*C)])
si =
-1.0000e+03 + 3.0000e+03i
-1.0000e+03 - 3.0000e+03i
»wd = imag(si(1))
sig = -real(si(1))
wd =

3000
sig =

1000

Also, att =¥, vc(¥) =400 0.006 = 2.4 V. Therefore
ve (1) = e 1990 A cos(3000t) + Bsin(3000t)] + 2.4 V

Using initial conditions

ve(0)=A+24=2 b A=-04
and



ic(0+) _i (0+)
C C

Ve '(0) = - 1000A + 30008 = 400 + 30008 = =16 10*

Hence, B=5.2 and

ve (t) = e 199 0.4c0s(3006) + 5.2sin(3000)] + 2.4 V

(b) Consistent with underdamped circuit behavior and because the inductor behaves as a
short and the capacitor as an open att =¥ (i (¥) = 0),

i (1) = e 9% Acos(300a) + Bsin(3000t)] V
Using the initial conditions,
i, (0+) = A=0.008 A

Further,

+ 006- 0. i
iL'(0) = - 1000A + 30008 = - 8 + 30008 = “L{O*) _ 400(0.006- 0.008)- 2_

L 0.2 -4

Hence, B =- 0.002 and

i (t) = e 19%"0.008c0s(300) - 0.002sin(30001)] V
Finally
VL (£) = VR(D) - Ve (t) = 400[0.006- i (O] - v (t) = 2.4- 400 (t)- ve(t)

which implies that

vy (t) = e 10993 6c0s(3000) - 13.2sin(3000)] V

SOLUTION TO PROBLEM 9.45. This circuit is the same series RLC as problem 44. Note
thatatt= ¥, vc(¥)=-2.4V. Hence

ve (1) = e 1990 A cos(3000t) + Bsin(3000t)] - 2.4 V
Now, the initial conditions are:

Vc(0-) =2.4 =vc(0+) V, i (0-) =0 = i (0+)
Thus
Ve(0)=A-24=2.4b A=48
Further,

. _ _ic(0+) _
VG (0) = - 1000A + 30008 = - 4800 + 30008 =< = = 0



Hence, B=1.6 and

ve (1) = e 19%0Y 4 8cos(30001) +1.6sin(30001)] - 2.4 V

SOLUTION TO PROBLEM 9.46. For all three cases, assuming i, is pointing downward,

Ve (0-)=vc(0+)=0 and i (0-)=i (0+)=0.1A

Att=¥,
Ve (¥)=0 and i (¥)=-02A
Further
. | -10- vo (O+
ic(0+) =- |L(o+)+0+(o) =-01- 02=-03A

Lastly, all three cases are for a parallel RLC whose characteristic equation is:

2 1 1
+=—S+——=
S*restic O

(@)
»R =50; C = 0.04e-3; L = 0.625;
si =roots([1 1/(R*C) 1/(L*C)])
sl =si(1); s2 =si(2);
si =

-400

-100

Hence,

Ve (1) = Kye™ 100t 4 e 400t

From, the initial conditions
Vc(0+) =0=K; + K>
and

_ic(0+) . -03

Ve I(O) = S]_Kl + SQKZ =- 100(1' 400K2 = =-7500

C 004”103

»A=[1 1;si(2) si(1)];
»b =[0;-7500];
»K = A\b
K=
-25
25

Therefore



v (t)=-25(e" 10 - &40 v

(b)

»R =50; C=0.04e-3; L =0.4;
»si = roots([1 1/(R*C) 1/(L*C)])
sl =si(1); s2 =si(2);

si =
-2.5000e+02
-2.5000e+02
Thus
VC (t) = (Kl + Kzt)e- 250t V
From IC's,
ve(0)=K; =0
0+
VC'(O) = S]_K1+K2 :KZ: IC(C ) =-7500
Therefore
ve (t) = - 7500t 20t v
()
»L =0.2;

»si =roots([1 1/(R*C) 1/(L*C)])
Si =

-2.5000e+02 + 2.5000e+02i
-2.5000e+02 - 2.5000e+02i

ve (1) = e 2% [Acos(250t) + Bsin(250t)] V
From ICs.
Ve (0+) =A=0

i +
vc '(0) = - 250A + 250B = 250B = % =-7500
in which case B = -30. Thus

ve (t) = - 306" % sin(250t) V

SOLUTION TO PROBLEM 9.47.

At t = 0-, he capacitor is open and the inductor is a short. This together with the
continuity property implies v¢(0-) = ve(0+) =10 V and i (0-) =i (0+) = 1 A by
inspection.



Now, for t = 0+, vi, = 0, replace capacitor and inductor with a voltage source and a
current source, respectively (values are those of the initial conditions). Solve for initial
capacitor current and initial inductor voltage to obtain:

V|_(0+) =-10V
ic(0+) = ||_(0+) — iRl — iRz ==-1A

Notice that the resulting circuit is an undriven parallel RLC circuit with Rgq = 10/10 = 5
W,
»R=5;C=0.01; L=4/3;
si = roots([1 1/(R*C) 1/(L*C)])
s1 =si(1); s2 =si(2);
Si =
-15
-5

Hence,
Ve = Kle' 1o + Kze- ot \Y

From, the initial conditions
Vc(0+) =10=K; + K,
and
_ic(0+) _ -1

Ve '(0) = siKy +9Kp = - 15Ky - 5Ky === _0'—01=-100

»A=[1 1;-15 -5];
»b=[10; -100];
»K = A\b
K=
5.0000e+00
5.0000e+00

Ve (t) = 5e Bty 5edty

Verify with dsolve function in matlab: dsolve('D2y+20*Dy+75*y=0,y(0)=10,Dy(0)=-
100"

»dsolve('D2y+20*Dy+75*y=0,y(0)=10,Dy(0)=-100")
ans =
5*exp(-5*t)+5*exp(-15*t)



SOLUTION TO PROBLEM 9.48.
For t = 0-, there is no source present nor has there been a non-zero excitation. Hence,
vc(0-) =ve(0+)=0and i (0-) =i (0+) =0

At t = 0+, replace capacitor and inductor by 0-valued voltage and current sources to
obtain:

V|_(0+) =10V, Ic(0+) =1A
For t > 0, we have a driven parallel RLC circuit with vg(¥) = 10 V. Thus

»R=5;C=0.01; L=4/3;
si =roots([1 1/(R*C) 1/(L*C)])
s1 =si(1); s2 =si(2);
si =
-15
-5

and
Ve (t) = Kie 5ty Koe 10V

From, the initial conditions
ve(0+) =0=K; + K; +10
and



' i~(0+ 1
Ve '(0) = sKg + Ko = - 15K, - 5K2:% = == =100

»A=[1 1;-15 -5];
»b= [-10; 100];
»K =A\b
K=
-5.0000e+00
-5.0000e+00

in which case
Ve (t)=-5e Bt 53410V

To compute i, note that i (¥) =1 A,
iL(t) = K]_e_ 1o + K2e' St +1A

From, the initial conditions
iL(0+)=0=K; +K;+1
and
v (0+) _ 10

iLI(O):S:I_K1+52K2:'15K1- 5K2: 3 = 4/3:

7.5
»A=[1 1;-15 -5];

»b=[-1; 7.5];

»K = A\b

K=

-2.5000e-01
-7.5000e-01

i ()=-025 Pt 075 +1A

SOLUTION TO PROBLEM 9.49.
Input to this circuit is a superposition of the inputs in problems 9.47 and 9.48. So, the

output of the circuit here is a superposition of the output of the circuit in problems 9.47
and 9.48:

ve () =10 +10e - 10V

For t > 0, by linearity this is the difference of the zero-input circuit response (i.e., due to
the IC's as per problem 47) and the zero-state (zero ICs) as per problem 48.



SOLUTION TO PROBLEM 9.50.

(@)
ve(0-) =-60 V, i (0-) =-0.1 A
(b) By continuity property,
vc(0+) =60, i (0+) =-0.1
(c)
Replace capacitor by voltage source of value —60 V and inductor by current source of
value 0.1 A.

VL(0+) + vc(0+) = 60
b v (0+) = 120
and
ic(0+) +ire(0+) -1 -0 (0+) =0
b ic(0+) =1

(d) Req=120//600 =100 W.

»R =100; C=1e-3; L=2;

si =roots([1 1/(R*C) 1/(L*C)])

si =

-5.0000e+00 + 2.1794e+01i
-5.0000e+00 - 2.1794e+01i

»sig = -real(si(1)); wd = imag(si(1));

(e) Note that if the excitation of 60 V had remained forever, then i (¥) would be 0.1 A.
Therefore for the interval 0 <t <1,

i (1) = e [ Acos(21.7941) + Bsin(21.794t)] + 0.1 A
(f)

iL(0+)=A+0.1=-0.1
b A=-0.2

‘ +
i, (0+)=-5A+21.794B=1+21.794B = VL(LO ) —¢o
Hence, B = 2.707 and

i, ()= e >'[- 0.2c0s(21.794) + 2.707sin(21.794t)] + 0.1 A

(g) Fort>1, the forcing function is zero iL(¥) = 0. Thus,

i ()= e > Y[ Acog21.794(t - D)+ Bsin(21.794(t- )] A



From part (f) of the exp(-5t) term, we can guess that i| (1) approximates 0.1 and also that
vc(1) approximates its steady state value of 60 V. These may be off by percent or two,

but are good enough for our engineering calculations. It follows that v| (1+)
approximates —60 V.

iL()=A=01
and
i I+
i (&) =-5A+21.794B=-05+21.794B = v (#) =-30

L
Here B = -1.35. Hence

i ()= " [0.1c05(21.794(t- 1)- 1.35sin(21.794(t- )] A

*SoLUTION 9.51. To find the initial conditions, use the following equivalent circuit at t =
0.

2L 582

1 ﬂ(T) + l i)

Vo)

L J

By inspection i, (07) =i (0 )=1Aand vo(0") =v(0 ) =5 V.
To find the characteristic roots, set independent source to zero which means open

circuit the independent current source in figure P9.51. This leaves a series RLC with Ry,
=10 W. Hence

2+hg, 1 o2 ,1005+25 104 =0
L LC
Using MATLAB, we find
»Rth =10;C =0.4e-3; L=0.1;
»s12=roots([1 Rth/L 1/(L*C)])
s12 =
-50
-50

Since for t > 0, the source is off, we use table 9.1, case 3 to obtain

IL(t) = (Kl + Kzt)e- 50t A
It follows that 1= (07) = K, and



% (0") =- 50Ky + Ky = - 50+ Ky :%VL(OJ') =10v, (07)

To find v (0™) we consider the equivalent circuit valid at 0"

50 50
<+ + .o+
v o0 ) ifiti=14
i vt It
Zs5v i

It follows that
v (0")=5-10"1=-5V
Hence
-50+K, =-50
or K, =0. Finally
i, (t) = e () A
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SoLUTION TO PROBLEM 9.52. To find the initial conditions, use the following equivalent
circuitatt=0 .



D L0
1ﬂ<T> + i o)
¥ 07 [

L J

By inspection i, (07) =i (0 )=1Aand vo(0") =v(0 ) =5 V.

To find the characteristic roots, set independent source to zero which means open
circuit the independent current source in figure P9.51. This leaves a series RLC with Ry,
=10 W. Hence

2+ g L 221005057 10%=0

L LC
Using MATLAB, we find
»Rth =10;C =0.4e-3; L=0.5;
»s12=roots([1 Rth/L 1/(L*C)])
s12 =
-1.0000e+01 + 7.0000e+01i
-1.0000e+01 - 7.0000e+01i

Since for t > 0, the source is off, we use table 9.1, case 2 to obtain
i (t)= e 1% [ Acos(7@) + Bsin(70t)] A

It follows that 1=i, (0™) = A and

OI'L(o )=-10A+70B=- 10+ 7OB—1V|_(0 ) =2v, (0")

To find v (O ") we consider the equivalent circuit valid at 0"

a2 a0

+
=3%

vﬂ:nﬂ iL.:D+;.= 14

It follows that

v (0")=5-10"1=-5V
Hence - 10+ 70B=-10 or B =0. Finally

i, (t)=e P cos(7a@)u(t) A
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SOLUTION TO PROBLEM 9.53. (a) v (0-)=vc(0+)=150" 10 3 80=12 V.
(b) i.(0-) =i (0+) = 150 mA

(c) For these values at 0+, the independent current source becomes an open circuit.
Replace the inductor and capacitor with current and voltage sources to represent the
initial conditions. Solve the resulting simple circuit to obtain:

VL (04) = -6 = 12 — 120%0.15 V, ic(0+) = if_(0+) = —150 mA

(d)
»Rth = 120;C = 2/9 * 1e-3; L = 0.6;
»s12=roots([1 Rth/L 1/(L*C)])
s12 =

-1.5000e+02

-5.0000e+01

(€)

Ve (t) = Kie 150t Koe S0t v/

From, the initial conditions
ve(0+) =12 =K; + K,
and



ic(0+) _

Ve '(0) = siKy +5Kp = - 150Ky - 50K, = == == =- 675
A=[1 1;-150 -50];
b=[12; -675];
K =A\b
K=
7.5000e-01
1.1250e+01
in which case
ve (1) = 0.75e 10 411 250" v/
0 d 2
iL(t)=-ic(t)=-C Vgt(t) =3 10'3[(- 150" 0.75)e” ™0 + (- 50" 11.25)¢ 50t]
= 0.025¢ % 1+0.125¢" % A

SOLUTION TO PROBLEM 9.54. (a) Att = 0-, the independent current source is off, the
inductor is a short circuit, and the capacitor is an open circuit. By voltage division,

Ve(0-) = ve(0+) = (80/100)50 = 40 V

(b)
i (0-) = iL(0+) = 50/100 = 0.5 A

(c) Att=0+, we have an independent current source. Also, we replace the inductor with
a current source and the capacitor with a voltage source to represent the initial conditions.

1.5 i, (0+) = ic(0+)

P ic(0+)=1A
Further,
Vc(0+) + 40 ic(0+) =80 i (0+) + v (0+)
P v (0+)=40V
(d)

Rth =120;C =2/9 * 1e-3; L = 0.6;
s12=roots([1 Rth/L 1/(L*C)])
s12 =

-1.5000e+02

-5.0000e+01

(e) In steady state, the capacitor is open and the inductor is a short in which case, X = 80
*15=120V.

ve (t) = Kye 0 + ke 9% 1120 v



From, the initial conditions
Vc(0+) =40=K; +K,+120
and

ic(0+)

ve'(0+) =- 150K, - 50K = =45 10°

A=11 1;-150 -50];
b= [-80; 4.5e3];
K=A\b
K=

-5

-75

in which case
ve(t)=-5e % . 7560 120 v

(f)

i, ()=15- ic(t)=15- cdv%t(t) =-0.16667¢ 1°" - 083333 Ot +15A

SOLUTION TO PROBLEM 9.55.
(a) Att=0-, we replace the inductor by a short circuit and the capacitor by an open
circuit; hence

iL(0-) =i (0+)=1A
and
Vc(0-) = ve(0+) = (40)(1) -20=20 V

(b) At 't = 0+, we replace the capacitor by a voltage source of value 20 V and the
inductor by a current source of value 1 A. Since the inductor current is 1 A and the
independent current source outputs 1 A, no current flows through the branch containing
the capacitor. Therefore,

ic(0+) =0

Also, because of the zero current in the branch containing the capacitor, no voltage drop
occurs across the resistance in series with the capacitor. Therefore, the voltage across the
independent current source is vc(0+). Therefore,

vL(0+) = vc(0+) — 40*i (0+) =-20 V

(c) At steady state (large t), the capacitor becomes an open circuit and the inductor
becomes a short circuit. By inspection,

Ve(¥) =40V



(d)
Rth =80;C = 1/15 * 1e-3; L =0.1;
s12=roots([1 Rth/L 1/(L*C)])
s12 =

-5.0000e+02

-3.0000e+02

Ve (t) = Kie S00t Koe 300t 4 40 v

(e) From, the initial conditions
Vc(0+) =20=K; + K>+ 40
and

i~ (O+
Ve '(0+) = - 500K - 300K, = Lé)) =0

A=[1 1;-500 -300];
b= [-20; 0I;
K=A\b
K=
3.0000e+01
-5.0000e+01

in which case
ve (1) = 30e 2% . 50730 4 40 v

SOLUTION TO PROBLEM 9.56.
(a) Att=0-, we replace the inductor by a short circuit and the capacitor by an open
circuit; hence

iL(0-) =i (0+)=1A
and
vc(0-) = ve(0+) = (40)(1) -20=20 V

(b) Att = 0+, we replace the capacitor by a voltage source of value 20 V and the
inductor by a current source of value 1 A. Since the inductor current is 1 A and the
independent current source outputs 1 A, no current flows through the branch containing
the capacitor. Therefore,

ic(0+)=0

Also, because of the zero current in the branch containing the capacitor, no voltage drop
occurs across the resistance in series with the capacitor. Therefore, the voltage across the
independent current source is vc(0+). Therefore,



VL(04) = Ve(0+) — 40%i,(0+) = — 20 V

(c) At steady state (large t), the capacitor becomes an open circuit and the inductor
becomes a short circuit. By inspection,

Ve(¥) =40 V

(d)
Rth = 80;C = 62.5e-6; L = 0.1,
s12=roots([1 Rth/L 1/(L*C)])
s12 =

-400

-400

ve () = (Kg +Kot)e % + 40 v

(e) From, the initial conditions
ve(0+)=20=K;+40 b K;=-20
and

Ve '(0+) = - 400K + K = 8000+ KZ:L@J’) =0

in which case
ve (1) = - (20+8000t)e *P" + 40 v

SOLUTION TO PROBLEM 9.57.
Step 1:

dVC/dt = Ic/C = 2|C

diL/dt = VL/L =0.5v,

Step 2: ir =Vvc/2. From KCL, i —ir—ic=0. Therefore, ic =i — Vv/2.
Step 3: Similarly, vi, — v — v = 0, which implies v|_ = vi, — vc. Hence,

dVC/dt =2 i|_ - \Vc

diL/dt =05 Vin — 0.5 V¢

Step 4. Eliminate terms in v¢ (see equation 9.47 in text) to obtain:

d?i /dt? + di /dt + i, = 0.5 dvi,/dt + 0.5 vip



SOLUTION TO PROBLEM 9.58.

(a) Att=0-,
Vc(O-) = Vc(0+) =0
iL(0-) =i (0+)=0

For t between 0 and 1, we have a parallel RLC circuit, with Req being the parallel
combination of the two 21.1333 Wresistors.

R =21.1333/2; C=15.7729%-3; L =0.1;
si =roots([1 1/(R*C) 1/(L*C)])

si =

-3.0000e+00 + 2.5000e+01i
-3.0000e+00 - 2.5000e+01i

If there were no further switchings, then Xf= 1 A. Hence,
i ()= e [ Acos(25t) + Bsin(25t)] +1 A
Applying the initial conditions,

i(0f)=A+1=0b A=-1
and
i|'_(0+):-3A+25B:3+ZSB:LLO+):O

Hence, for 0 £t <1,
i (1) = - & *[cos(25t) + 0.12sin(251)] +1 A

Now, for the next interval, we need initial conditions. These are obtained from the above
equation for i (t) att= 1.

iL(1) = e[-cos(25) —3/25 sin(25)] + 1 = 0.9514
and
i, () =3 3[cos(25) +0.12sin(25)] - & - 25sin(25) +0.12" 25cos(25) =- 0.1671

The circuit is still a parallel RLC circuit, but now there is no source and R = 1.268:
R =1.268; C =15.7729%-3; L = 0.1,

si =roots([1 1/(R*C) 1/(L*C)])

si =

-2.5000e+01 + 3.0002e+00i

-2.5000e+01 - 3.0002e+00i

Hence,
i ()= e 2 Y Acos(3(t- 1)) +Bsin(3(t - 1))



Using initial conditions
A =0.9514
-0.1671 =-25A+3BPb B =7.8726

Thus, forl1£t<2
i, ()= e 22" Y[0.9514c0s(3¢- 1)) +7.8726sin(3(t- )] A

(b)

In period between 1 and 2 seconds, the response has a time constant of 1/25. So, when t =
2, 25 time constants would have passed from the time the switch is turned (t = 1). This
means that the L and C currents and voltages would have settled almost identically to
their values at O—. A similar argument can be made for the other cycle. Thus the overall
response effectively becomes a periodic response equal to the response over 0 £t< 2
that reflects the periodicity of the switching.
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SOLUTION TO PROBLEM 9.59.

()
dv¢/dt =i./C = 0.707i,
diL/dt = V|_/|_ =0.707v,

To find expressions for iC and vL we use the following figure.



+ v -
7o) “S (Dw

From this resistive circuit, ic =—=vc/1l+i. and v, =vin—=1" i - V¢

Ve = -0.707v¢ +0.707i,
i, =-0.707vc - 0.707i, +0.707v;,
Using equation 9.47,

dZVC dVC _
? +1'414E +vc =0.5v,

»si = roots([1 sqrt(2) 1])

si =

-7.0711e-01 + 7.0711e-01i
-7.0711e-01 - 7.0711e-01i

(b) At steady state (large t), ve = 0.5

ve(t) = e %A cos(0.707t) + B sin(0.707t)] + 0.5 V

Att=0-,
Ve(0-) =ve(0+) =A+05=0 P A=-05
Ve (0)= 'CC(O) -1LO 'CVC © - o= 0707A+0.7078
b B=-05
Thus

Ve(t) = e%7°-0.5 c0s(0.707t) — 0.5 sin(0.707t)] + 0.5 V

SOLUTION TO PROBLEM 9.60.

(a) .
VC !
—£ -3
gt ¢
diy _v
dt 3



To eliminate ic and vy, consider

e lic
7 L .
e D ) C*) ke
] _
12 <2

Hence
iC = iin - Vc/2 - i|_
VL =Vc— 12||_

VC = -1.5VC - 3||_ +3iin

i = %),VC - 4ip
Using equation 9.47,
ddzt‘;C +55 d\d’f +7Ve = 8ijp +12ij,
»_si =roots([1 5.5 7])
SI—3T.5000e+00
-2.0000e+00

Note: i;y’(t) = 0 for t>0.
At t = 0-, current source is off, inductor is a short circuit, and capacitor is an open circuit.

Ve(0-) = ve(0+) = 0
iL(0-) =i (0+) =0

At t = 0+, the current source is on. Replace the inductor and capacitor by current and
voltage sources to represent the initial conditions. Hence, ic(0+) =1 A. Att =¥,
Ve (¥) =17 (12//2 =1.7143. Thus,

ve () = Kee 3% +Koe" 2 +1.7143 V
To find the constants,
Ve (0)=K; +K,+1.7143=0
and

VIC(O):IC—((:O) =3=-35K;- 2K,



»A=[11;-35 -2];
»b =[-1.7143;3];
»K = A\b
K=
2.8573e-01
-2.0000e+00

Therefore
ve ()= 0.28573 3% - 20" 117143

(b) From equation 9.47b,
2. .
b 55t

it2 at + Ve =i

Since i (¥) =0.14286 A,
i, ()= Ke > +Kpe' 2 +0.14286 A

Using the initial conditions,

i (0)=K; +K,+0.14286 =0
and

iL(0)= VLL(O) = %c© le'L(o) =0=-35K; - 2Ky
»A=[1 1;-3.5 -2];
»b =[-1/7; 0];
»K = A\b
K=
1.9048e-01
-3.3333e-01

Therefore,
i ()= 0.19048e 3 - 0,3333¢ %! +0.14286 A

SOLUTION TO PROBLEM 9.61.
(a)

ch1/dt = 0.5i01

chz/dt = 0.5ic2
Writing a node equation,

ict +vc/0.5 + (VC1 - ch)/0.5 =0
P ici1=—-4ver + 2Ver
By symmetry,
ico = —4vco + 2vcy

Hence



V1 =-2Ve1 +Ve2
Vc2 =Ve1- 2Veo

From equation 9.47a,

dZVC dVC _
2 +4 . +3vc =0
(b)
»si =roots([1 4 3])
si =
-3
-1
Hence
Ve (t) = Kee 3 +Kpet
()
VCl(O):Z P Ki+Ky,=2
and
- ic1(0 Vo (0) - vep(0)) - 2ve1(0) 8- 8
Ver (0)= C1C( ) _ Avc2(0) Cé( ) - 2vc1(0) _ ~2=0=-3- K,
Hence

ve)=-ed+3x 'V

*SOLUTION P9.62. (a) For this problem we need to define a voltage at the output of the
first op amp as shown below.

- o
|1 At
R [
"™ ™ 1 Megl
o 1 Mega "
1
- 1 IMegi2
+ + - ]
v 3 ':t:' vl{t} + +
— - Tomtt

Also, let us relate the input and output voltages for an arbitrary leaky integrator as shown
below.
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We now write a node equation at the inverting terminal of the op amp. Here

ﬁ + & + C% = O
R, R dt
Equivalently 4
Vp Vb Va
b _-__Db __a 1
dt R,C RC @)

Now we apply the formula of (*) to the second stage of our given op amp circuit to
obtain:
dVout - Vout _ i 2)
where R =1 MWand C is to be determined.
Applying the formula of (*) to the first stage we obtain:

=T ®)
dt RC RC
The equations (2) and (3) form a coupled set of state equations which we can write as
¢ 1 1y 0 -
&outl_€ RC, RC,Wvout € 7 Y
é \ L'J: € 1 z l;]+ ? WS
fall e o Bl RGY
e RC

Using equation 9.47a of text we can write down the characteristic equation as

> &1 10 1 @& 1 0xe 10

> "€rc, "RCp  RGRC, & RGE RCE

0

We require that the natural frequencies be —4 and —12 in which case



From MATLAB
»R = 1e6;

»C2 = 1/(R*4)
C2 = 2.5000e-07
»C1 = 1/(R*12)
Cl= 8.3333e-08

(b) For this part, the overall dc gain must be 10. The dc gain of the second stage is —1.
6

The dc gain of the first stage must be - 10 = - % ; hence R, =100 kW.
q
(c) Since the roots are distinct and real, fort >0

Vout (1) = Kee” # +Koe 1 + X =K + Ke P+ 10V

where X; =10V by part (b). The problem states that the capacitor voltages are initially
zero. Hence

0=vc2(0)=vot (0) = Ky + Ky +10
Equivalently
Ki+Ky =-10 Q)
Also,
Vot 1.
— = (0)=—ico(0)=-4K;- 12K, =0 (2
ot ) G c2(0) 1 2 2)

because ic,(0)=0. This is so because vc1(0)= 0 =v(0) means no current flows
through the 1 MW input resistor to stage 2. This fact and the fact that v, (0) = 0, means
that no current flows through C».
From equation 2, K1 = -3 K. Substituting into equation (1) yields Ko =5 and
hence Kq =-15. Finally,
Vour (1) = -156”* +5e 12t +10 v

*SOLUTION 9.63. This problem requires the characteristic equation in terms of A. For
this we may set vj, = 0 and the circuit becomes the one given below. Note the new label

V1.



ooa + 1005

-
0.1 mF

The first step is to write a node equation at v1:

v 4 d 1 Vout O
+1077 = (v - v, vy - Y=
100 dt( 1 Vou) * 100€1" A @
Equivalently
dv; dvgy 100
— - —= = ——\y,t - 200V *
dt  dt A U ! ®)
Now we write a node equation at vg = vout/A. Here,
104 dVout 1 = &t _,,0_(
A d 1006 A o~
Equivalently,
—d‘(’;“t = - 100Voy +100Ay  (**)

Let us put (*) and (**) in matrix form to obtain:

él. -1ue V1 u e-200 100/AueV1 U
8) 1 uSVoutu 8]-00A - 100 ugVoutu

We can now solve this to obtain the state equations

eVl u él 1ue- 200 100/ Aue Vi u_e— 200 +100A -100+100/ Aue \% u
Qo D 1W&00A -100 ol &  100A 2100 B!

Compare these equations with equation 9.37 and use the formula of 9.47b to obtain the
following second order differential equation in vgyt:

dv,

dzVout 4
—9ut | (300- 100A)—2L +10%v, . =0
dt2 ( ) dt out

The discriminant of this characteristic equation is plotted below for 0 < A < 3. For values
of A > 3, the circuit is unstable. A negative value of the discriminant indicates
underdamped (1 < A < 3) and a positive value overdamped (0 < A<1). ForA=1, we
have critical damping.



5 I I I 1 1
= :
-_% T N SO AR o i
A | T U SO SUOP OO P Tt STt SOUPPPPPPPPPY i
5 :
E L ........................................... .
£ :
E T e S S PRREREE _
T 11 P T P S i
U .
] :
=T 1 P S R R TR R PERPERPREPREE .
:g N O ST ST ......................................... i
B3 5
2 I S SRR i TS LS SR i

_q. 1 1 I 1

0 0.5 1 1.5 2 2.0 3

Solution 9.64 We can write two state equations as follows:
(i) From the definition of a capacitor,

dver _q67;
—==10"i
" c1

dVCZ 9.
—== =107
dt C2

(if) From KVL and Ohm's law

dVC]_
dt

dveo _ 408
dt

:lOG(Vi - Verb- ch) =- 106VC1- 106VC2 +106Vi
. — 8 - 8 8.,
(VI -Vc1- Veo - 0'01VC2)_ -10 V- 1.01" 10 V2 +10 \i

Casting these two equations into a second order differential equation, as described in the

text:
dve s

S8 Ve2 g2y, =108 M
o +102" 10 —2 +10%vg, =10° L

dt

The characteristic equation for this differential equation has real roots:
»Si = roots([1 1.02e8 1e12])
Si =

-1.0199e+08

-9.8049¢e+03



Since the capacitors become open circuits, vco(¥) = 0 and ve1(¥) = vi.

3 3
VCZ(t) - Kle— 1.02 10°t + Kze- 9.8 10°t V
Applying IC's:
vc2(0) =Ky +Ky =0
Also,
' _ico(0+) _ 01 _ - . a3
Veo(0) = = =-1.02" 10°K;- 9.8" 10°K
c2(0) C, 109 1 2
Thus
Veo(0) =1=- 1.02K; - 9.8” 10 %K,
»b =1[0; 1];
»A=[1 1;-1.02 -9.8e-5];
»K = A\b
K=
-0.8049e-01
9.8049e-01

- 8 , 3
veo(t) =- 0.98056 1.02'10°t | 4 ggose” 9805 10°t \,

»t = 0:1/(abs(s1)*100):100/abs(s1);vc = -0.9805*exp(s1*t) + 0.9805*exp(s2*t);

»plot(t,vc)

»grid
»xlabel('Time in ")
»ylabel('vout in V')
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Solution 9.65. First, derive the differential equation by writing state equations:

dVC !
da ¢

dy v
dt 3

Now, assume that the capacitor is a voltage source and the inductor is a current source,
and write by KCL

Ve oV,
Ic =- 7C +mc - L
And by KVL:
VL =Vc - 12||_
Substitute into the differential equations:
t & 2 RypC -
d 1
—==\Vc-4
f  3'C L

Using equation 9.47 we obtain

dhve €3 30 Udg @3 30 0
@ E 2R P TF 2R D=0
or equivalently
dZVC x SOdVC x 30 _
2 O Ry dt 8 RypC TP

For constant amplitude oscillations, the middle term should be zero, which means that Ry
= 3/5.5 = 0.54545 W. Thus the negative resistance is — Ry =—-0.54545 W.

SOLUTION 9.66. The problem data is
I1(t) = Im sin(wt + ) A

R, =500 + 100(I,m — 0.01), R, = 500



Suppose it starts out with exponentially growing amplitude. R; will increase with
increasing amplitude. This changes the location of the roots until equilibrium is reached
where the roots and the amplitude are stable. This is achieved when the roots of the
characteristic equation describing the output voltage are purely imaginary, i.e.,

(R1 - R2)/(R1R:C) =0
P R; =R, =500 =500 + 100(l, — 0.01)
P Inh=0.01
(@)
Wo = 1/[(500)(1m)] = 2 k-rad/s

(b) Amplitude of i1 is 0.01. Thus i; = 0.01 sin(wot) A. Letvi =Vn, cos(wot +f) V.
Then

dva/dt = ~woVmsin(wet + f) = (0.01/C) sin(wot)
P Vn=0.01/(WoC)=5Vand f =prad

Now, Vo +Vvi+i1R1=3vx=0 P v, =vi/2 +i1R4/2. Finally,
Vout = 3o =1.5v; +1.5Rji; = 7.5co8(wgt + p) + 7.5sin(wgt) V

Hence the amplitude of vg(t) is: 75/2 V.

SOLUTION 9.67. (a)

1
= rad/s
On =28 =10*
(b) From equation 9.47a,
d2V1 v
R2C L
Hence,
el el o
vy(t) = ACOSéRC tg+ Bs sing=c ty \Y
Using the value of v1(0) we have,
v1(0)=A=5

To compute the second initial condition,



Vll(O )= ic1(0+) _ _ira(04) _ 10°B

C 01°10°
But,
+) - +) - + +) - +
irg (O+) = 3v(0+) - vo(0+) - v1(0+) _ 2v,(0 )3V1(0 ):_0_005 Amps
R 10
Hence
. an-3
' -5710 4
vVil0+)=—==10"B
1(0+) 01" 106
Hence B = -5.
v4(t) =5c0s(10,000t) - 5sin(10,000t) V
8 T T T T

Voltage vl in V
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*SOLUTION 9.68. For this problem, Ry = 10 kWshould be Rf = 10 kWand Ry = 1 kW

should be Ry = 1 kW.
(a) For sustained sinusoidal oscillation, R1 = R2 = 1 kW. From equation 9.59,

Wo = —— =10% rad/s or 15915 kHz
RC



(b) From figure P9.68, to obtain an R1 = 1 kW, IR1,peak = 0.2 mA. Therefore,
iR (t) = 0.2sin(wgt + g mA for appropriate g. Since Cd?\:l =iy = iry = 0.2sin(wgt + Q)
mA, we know that v1 has the following form:

Va(t) = Vim cos(wt + )
In which case

= C2 (Vimoos(wot + 1) = Vg sinlwot + f + ) = 0.25in(wot-+ ) A

Therefore C\jwg =0.2" 1073, It follows that Vim = 0.2 volts. Here \j, is the peak
value of the sinusoid. However, the op amp peak output voltage with respect to ground,
as shown in problem 66, is 1.5\/§V]m. Also, for such a small amplitude, we expect the

output waveform to be quite close to sinusoidal. By choosing a different lamp (R1) with
a different characteristic, we can obtain larger peak output voltages.

SOLUTION 9.69. (a) Note that the capacitor is like an open circuit and the inductor is
like a short circuit at t=0-. Thus, we can obtain the capacitor voltage by voltage division:

ve(0-)=10" §=8=vc(o+)

Similarly, the inductor current is obtained by applying Ohm’s Law:

L(0-)=F =2=iL (04)

(b) Here, we note that the new initial conditions are just 2.5 times the values that we just
obtained in part (a). This can be achieved by simply changing the input voltage source,
from 10 to 25 V.



