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SOLUTIONS PROBLEMSCHAPTER 8

dvc(t) _ ve(® _ dve(t)  velt) _ -
SoLUTION 8.1. (a) ByKCL, C e R or . + RC =0. Using 8.12

ve (1) =vc (O)e ' —10e! V where 1 = RC=1s. Plotting thisfrom 0 to 5 sec
»t = 0:.05:5;

»vc = 10* exp(-t);

»plot(t,vc)

»grid

»xlabel(timein s)

»ylabel(‘vc(t) in V)
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(b) The solution has the same general form asfor (a),ic(t) = ic(0+)e th —_

-V (t)
=
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(c) By linearity, if vc(0)iscutin half, al resulting responses are cut in half. If v(0) is doubled, then al

resulting responses are doubled. Alternately, one view this as a simple change of theinitial condition
with the same conclusion reached from linearity.

SOLUTION 8.2. (a) Frominspection of the general form, 8.12, 0.1/t =1=0.1/RC P C=0.1U/R=5

nF.

(b) Sincet =RC=0.1, v (t)=10e 1t v.

SOLUTION 8.3. (a) The general solution formis v (t) = v (O)e’ tr :vC(O)e't/ReqC. Using the

ve(@e % o o01n
VC (O)e- (0.002)/1:

vc(0.001)  18.394
Ve (0.002) ~ 6.7668

given data, take the following ratio, =2.7183=

. Hence,

»K =18.394/6.7668

K =2.7183

»tau = 1e-3/log(K)

tau =0.0010

»C = 5e-6;

»Req = tauw/C

Req =200.0008

»% Req = R*4e3/(R+4e3)
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»R = Req* 4e3/(4€3-Req)

R =210.5272

»CO = 6.7668/exp(-0.002/tau)
vCO= 49.9999 V

(b)

» % v (t) = 50e
»t = O:tau/100:5* tau;

»vC = vCO* exp(-t/tau);

»plot(t,vc)

»grid

»xlabel (‘"Timein ms)

»ylabel (‘'vC(t) in V")
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SOLUTION 8.4. After onetime constant the stored voltage, 8V, decaysto 8/e=2.943 V. From the
graph, the time at which the output voltageis 2.94 V is approximately 0.19s. Thus Tt =0.19s,and R =

t/C =190 W.

SOLUTION 8.5. (a) The general form of the inductor currentisi (t) =i (O)e Ut = 0.15¢" " A where

1=L/R=2"103s Plotting i (t) = 0.15e 500t A from 0to 10 msec yields:
»t =0:.01e-3:10e-3;

» L = 0.15*exp(-t/2e-3);

»plot(t,iL)

»grid
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»xlabel('Timein s)
»ylabel (‘'Inductor Current’)
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(b) Here vy (t)=- Rij (t) =- 22.56 2Pt v,

0 T T T T T T T T

-10

-15

Inductor Voltage in V

TextEnd

-20

_25 | | | | | | | | |
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

Time in s

(c) Using linearity, for i (0) = 50 mA, then v (t) = %5 e 90 = _7.5650% v/ and for i (0) = 250

250 - 500t

2oV _ - 500t
150e 37.5e V.

mA, then v (t)=-22.5

SOLUTION 8.6. Sincet =L /R, wecansolvefor L =5mH. Then solving i (t) =i (0)e’ Ut for iL(0)

att=4nsecyiedsi; (0) =15 mA.
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SOLUTION 8.7. (d) Wedesireto solve iy (t)= i|_(0)e't/T forij(0Q)andRin~t :O.08/(R+103).

i, (0.05mg _ 9.197 i, (0)e” @M/

01103k _
i (0.15ms) ©1.2447 i, ()" (0.15m)t ~ € = 7.3889. Hence

Using the following ratio,

»K =9.197/1.2447
K =7.3889

»tau = 0.1e-3/log(K)
tau =5.0000e-05

»L =0.08;

»Req = L/tau

Req =1.6000e+03
»R = Req - 1000

R =599.9862

» L0 = 9.197e-3/exp(-0.05e-3/tau)
iLO=0.0250 A

©10-6
(b) T =80m/(R+1000) =500 sec, i (1) = 0.025¢ "0 107 A,
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SOLUTION 8.8. By Ohm’slaw, vg(0+) = - (4k||16k)i (0+)=-32 V. Thetime constant
t=L/(4k ||6k)=25usec,i.e,

»Req = (4€3* 16e3/(4e3+16€3))

Req =3200

»L =0.08;
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»tau = L/Req
tau =2.5000e-05

Using the general equation, vg(t) =vr (0+)e * = -32¢” Y v, Equivaently,
R R

VR(D) =- R (t) = - Ry 0.016™* 0% .

SOLUTION 8.9. (a) Notethat the Thevenin resistance seen by the capacitor is Rth:
»R1 = 360+60* 120/(60+120)

R1 =400

»Rth = 400* 1200/1600

Rth =300

t/0.15

Hence, ve (t) = v (0)e F* = 806" V where t = RpyC=300" 05° 10 °=0.15s.
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(b) Here ic(0+) =- ve(0) / Rry =-0.2667. Therefore i (t) = ic(0+)e” /" =- 0.2667¢ /01° A,

Equivaently, ic(t)= %(t) =-0.2667¢ 101> A,
h

—_— 2 60l|120 0
(c) By voltage division, vg(0+) = v¢ (0)8(60”120) |L 16052005

8 V;fort>0vR(t) =8¢ 015y,
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SOLUTION 8.10. Firg, find the Thevenin equivalent seen at the left of the inductor. Introducing atest
source in place of the inductor we obtain the following KCL equation at that node.

. e 5U
'test = Vtest /1k + gvtest - 200?%;#200 Letvtest=1V. Then

»itest = 1e-3 + (1 - 200* 1e-3)/200
itest =0.0050

»Rth = 1itest

Rth =200

Thus Ry, =200 W, t = L/ Ry, = 0.25 ms, and i () = 0.025¢ *% A Next from 8.13b find

vL(t)=- Ry~ i (0))e %" =- 5" ¥0P% and from Ohm'slaw i (t) =- 5e” % mA.

SOLUTION 8.11. For dl partsit is necessary to find the Thevenin equivalent resistance seen by the
capacitor. To thisend we apply an external test current to the remainder of the circuit to obtain:
Viest = Riltest + Ro(itest * Oltest)
Thus
Rih = Viest /itegt = R + Rp(1+0) =120+ 70(1+ o)

(a) Witha =4, Ry, =470 W, T = Ry,C =0.1175 s, and v (t) = v () /* =506 851 v,
Rin Rin c c
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(b) Witha =-4, Ry =-90 W, T = RC =- 0.0225 s, and v (t) = 50e™* v.
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Note how thisisnot a stable design as V increases exponentially without bound.

(c) From the general equation developed at the beginning, Ry, =120+ 70(1+ o) >0 requires that
o >-2.7143.

SOLUTION 8.12. Find the Thevenin resistance left of the inductor. Forcing atest current source into
the output node,

Viest = Ritest + Rolitest = @tRiitest) = (100+50(1- 01100))itegt = (150~ 50000:)itest

and
Rty = Viegt /iteg =150- 50000 W

(a) Using the above equation, Ry, = -350 Wand t = L/ Ry, = - 7.1429" 10 s. Hence,
()= 0.1e4000t A, an unbounded response due to the presence of the negative equivalent resistance.
(b) Rp=100W,t =L/Ry=25" 10 4 S, VR(0+) = - Ry(1- aRy)i (0) =0, but more importantly
VR2(t) = - Rp(1- aRy)i () =0" i (1) =0.
(c) R +Ry(1- aRy) = (150- &5000) >0 implieso: < 0.03.

SOLUTION 8.13. Over along period of time the inductor L, is seen asashort circuit. Thusat time 0,

the current through the inductor is, by current division, 1 /2. Assuch, i (t)=0.5Ige RUZL A A sketch

will reveal an exponentially decreasing current from an initial 0.5 A.
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SOLUTION 8.14. Thisissimilar to problem 8.13. Herethe current turns off at time zero instead of a

switch opening. By current division i (0+) =I5 /2. Thedifference between this problem and problem

8.13 isthat the Thevenin resistance seen by the inductor is different. Here, Ryy = 2R[|0.5R=0.4R. So

fort>0, i =(lg/2)e Rnt/l = 0 51 £ RU25L A A sketch of this function plotted with respect to this

new time constant will be identical to the one in problem 8.13.

Define the time constant of problem 8.13 ast 4. The dower decay in the plot below represents

the fal of theinductor current for problem 8.14 relative to that of problem 8.13 which isthe faster
decaying curvein the plot below.
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SOLUTION 8.15. Over along period of constant applied voltage, a capacitor |looks like an open circuit.

By voltage division, v (0+) = %VS andt = 3RC. Hence

Ve (t) = v (0+)e F = 0.75v ERO) v

Vo 0.5 !

Capacitor Voltage (V)

0 T 2T ELs
=RpRC =qRC

SOLUTION 8.16. Same problem as8.15for t <0. For t > 0 the effective resistance changes.
Rp = 3R//R=0.75R andt = 0.75RC. Thus, V¢ (t) = 0.75Ve” O7R9) v/| same behavior asin the

previous problem, except for afaster decay than in problem 8.15 due to a smaller effective resistance.
Note how the decreased resistance affects the RC and RL circuit differently.

SOLUTION 8.17. For t <0theinductor lookslikeashort circuit. Let Ry =1333//800=500 W. The

: . 12 .
current supplied by the sourceis Ig = 1007500 0.02 A. By current division,

o 1333
For t > 0O, the switch is opened and the inductor sees only the 800 Wresistor. Hence, T =L/ R=25 nsec

and
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i (t)=12.5¢ 400 ma
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SOLUTION 8.18. (a) For t < 0theapplied voltageis constant and at t = O, the capacitor is like an open

25k ||6.25k
(25K [|6.25K) + 1K

and the capacitor discharges through three resistorsin parallel; thus
1=RyC=833.33" 0.6” 10 =05 msand v (t) = 256 2% v,

(b) From continuity v (0.001)= 25e° 200000001) — 3383 Fort> 1ms, the capacitor keepson

circuit. By voltagedivision, Vg (0+) =30 =25 V. For 0<t<1ms, thesourceis off

discharging through only one resistance, the 25 kWresistor; thus the new time constant ist g, = 15 ms,

and vc (t) = 3.383¢” (t-0.001)/0.015

(c) Plotvc (t) = 25 2% u(t) - u(t- 0.001)] +3.383¢" ¢~ 0O0DO0L5 ¢ g 001) v
»t =0:.01:12;

»vC = 25*exp(-2*t) .* (u(t)-u(t-1))+3.3834* exp(-(t-1)/15) .*u(t-1);

»plot(t,vc)

»grid

»xlabel (‘Time in milli-secs)

»ylabel ('Capacitor Voltagein V')
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seen by the inductor is Ry, = (60+ 30) || 720 =80 Wandt = L/Ry, = /160 s. Thus

SOLUTION 8.19. (a) From Ohm’slaw i|_(0+) = =0.6 A. Fort> 0, the Thevenin resistance

iL(H= i|_(0+)e' Ut ~0.6e" 1% A, From Ohm'slaw and current division

720 - 160t

v(t)=-60 m IL(t):-328 \%

(b) From continuity property, iy (0.01+) =0.6° 160(0.01) = 121 14 mA. Fort> 10 ms, the Thevenin
L

resistance seen by theinductor is Ry, = (690+ 30) || 720 = 360 Wand t .o, = L/Ry, = /720 s. Hence,

- 720(t- 0.01)

iL()=121.14e mA for t > 10 ms. From Ohm’slaw and current division

_ . 120 . -720(t- 0.01)
v(t) =-690 220+ 720 I (t)=-41.793e u(t- 0.01) v

Therefore
i, (1) = 0.66" 20 u(t) - u(t- 0.01)] +0.12114e 200Dy - 0.01) A
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SOLUTION 8.20. For both circuits we first compute the Thevenin resistance seen to the right of the
capacitor for O £ t £ 60 ms. If we excite the circuit to the right of the capacitor over thistimeinterval,

. \ (1- 0.25v 1
h =&ty e = 0.0125V}eq . L =—— =80 W
e fest =500 100 0012Vtest - L&t R =5 75 = 80
(8) For t <0, the capacitor acts as an open circuit. Using voltage division, Vg (0+) = &)+8—f33380 =30

V. For O£ t£ 60 ms, thetime constant ist; = Ry,1C = 40 ms, and
ve (t) = ve (0M)e U7 = 306 Y (Rint®) = 30672t

From continuity, v (60" ms) = 6.694 V. The new Thevenin resistanceis Ry, =200 W, Thusfor t >

60 ms, the time constant ist, = 200C =100 ms, and Vv (t) = 6.694e 10(t-0.08) v/ The resuti ng
capacitor voltage is plotted below.
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(b) It isthe same circuit as above for t < 0; thus v (0+) = 30 V. However the Thevenin res stances seen
by the capacitor are different because thereis no switch to disconnect the independent voltage source and
itsseriesresistance. First for 0 £ t £ 60 ms, the Thevenin resistance to the right remains as

1
Rt = 0.0125
changesto Rp3 = Rip1 //133.3=50 W. Then new time constant is 13 = Rp3C =25 msandfor O£ t£
60 ms

=80 W. However, for O £ t £ 60 ms, the Thevenin resistance seen by the capacitor

ve ()= 30e % v

From continuity, vc (60" ms) = 2.72 V. Thenew Thevenin resistance s Riha = 200/ /133.3=80 W,

Thusfor t > 60 ms, the time constant ist4, =80C =40 ms, and v (t) = 2.72e’ 25(-0.06) v/ The
resulting capacitor voltageis plotted below.
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(c) For t <60 ms, the voltage decays faster in (b) due to the smaller time constant. Similarly, for t > 60
ms.

SOLUTION 8.21. Following, are the switching times with the time constants associated with them.
t=0 P RL=20kW P t=20ms

t=5ms b Ry=4kWP t=4ms

t=75ms b R;,=800W P t=0.8ms

It follows that with tin ms,

ve (t) =10 %% [y(t) - u(t- 5)] + 7.788e 020 y(t- 5)- y(t- 7.5)] + 4.169e” 1O MOyt - 7.5) V
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*SOLUTION TO 8.22. Thissolutionisdonein MATLAB.
% Define switching times, inductance, and Thevenin equivalent resistances.

t1= 12e-6;
t2=18e-6;
t3=21e-6;
L=0.1;
rth1= 800;
rth2= 8000;
rth3=1600;
rth4= 32000;

% Define time constants for each of the four timeintervals.

taul= L/rthl
tau2= L/rth2
tau3= L/rth3
taud= L/rth4

taul = 1.2500e-04
tau2 = 1.2500e-05
tau3 = 6.2500e-05
taud = 3.1250e-06

% Computeinitial inductor currents for each of the four timeintervals.

il1= 100e-3;
il2=i11* exp(-tL/taul)

12
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i13=i12* exp(-(t2-t1)/tau)
il 4=i13* exp(-(t3-t2)/taud)

i12="9.0846e-02
i1I3= 5.6214e-02
il4= 5.3580e-02

% Determine inductor currents for each of the four timeintervals. Plot.

t = 0:0.5e-7:36e-6;

segl=il1*exp(-t/taul) .* (ustep(t)-ustep(t-t1));

seg2 =il2* exp(-(t-t1)/tau2) .* (ustep(t-t1)-ustep(t-t2));
seg3=il3* exp(-(t-t2)/tau3d) .* (ustep(t-t2)-ustep(t-t3));
seg4= il4* exp(-(t-t3)/taud) .* ustep(t-t3);

iL=segl + seg2 +seg3 + seg4;

plot(t,iL)
grid
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SOLUTION 8.23.
For circuitswith aforced voltage, equation 8.19c is used as a general solution,

&t O
(©)- ve]e e

Vc -

Ve (t)=vc (¥) +

(a) Attime zero the voltage is 0 V. Astime gpproaches infinity, the capacitor looks like an open with
voltage 10 V. The Thevenin resistance is 10 kW. Thusfor t > 0.



1st Order Circuit Probs 11/26/01 P8-18 © R. A. DeCarlo, P. M. Lin

&t 6
Ve (1) =10+[-10]e &20 =10(1- ¢ %% v.

0
(b) Withvin(t) = 0 and v (0%) =5 V, v (1) = Be 52 = 5e 05ty
10 B
z S
= o
=4 L)
= &
: 2
S ¢ 5
o =
o 2 2
. 8
0
Time in s Time in s

() From linesrity, ve (t) = 10(1- e ®*)+5¢" %% =10- 5679 v, Using Ohm'slaw,

C o _Vin(@®  ve(® o -05t\ _ o 05
ic()="17 - "C Thusic()=1- (1- 0.5¢ )_o.se mA.
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timeins
(d) Thisisthe same as (a), under the condition that the input is 1.5 times larger. Hence by linearity,

(e) By linearity, ANSWER = -2x(ANSWER to (b)) + 3X(ANSWER to (a)):
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SOLUTION 8.24.
(& At t =0, the capacitor looks like an open circuit; therefore, by voltage division and the continuity
property, Ve (07 ) = v (0 )— 3R s1 =0.75Vgq. Smilarly,att=¥, Vo (¥) = 3R Vsz 0.75Vg. The

circuit time constantis t = (3R//R)C 0.75RC. Hence

t ¢
Ve (t) = 0.75V, +0.75[Vg - Ve §0.75RC o

(b) A sketch will show an exponentially varying voltage from 0.75V, converging to 0.75V, with the
computed time constant.
(c) Theresponseto theinitial condition when the inputs are set to zero, zero-input response, is

e t 0o
Ve (t) =Vge E0.75RC 5 . The zero order response, the response with OV initia condition to aforced
t o
"€0.75RCH

voltage, is V¢ (t) = Vgp - Vgoe

SOLUTION 8.25.
For RL circuits with aforced current, equation 8.19b isused as ageneral solution:

() el T

Since Ry, =R =100 Wand L = 0.4 H, wehave T = 4 msand

iL()=1.(¢) +

i () =1 (¥) +[iL(t§) - iL(¥)]e-250(t-t°)
(8 Here, i (0) = 0 and astime approach infinity, the inductor becomes ashort and
iL(¥) =10/100= 01 A. Thusiy ()=0.11- & 2] A,

(b) Here i (0) = - 50 mA and because theinput iszero, ij (¥) =0. Thus, i (t)=- 0.05
for parts (a) and (b) appear below.

250t A Plots
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(c) By linearity i (1) = 0.1(1- e 25‘“) - 0.05e" % = 0.1- 0.15¢ 2 A. Further, by KVL and Ohm's
law, v|_(t) = Vi (1) - 100, (t) implies v (t)=10- 10+15¢" 2% = 156" 20 /.

15 T T T
2 10} ]
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o
8
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S
£ extEnd
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(d) Observethat the new initial condition is—0.5 timesthe old one and that the new input voltageis 1.5
timestheold one. Therefore, by linearity,

L(®=15" 011 %) +(-05)" (- 0,052 )=0.15- 0.125¢ "

and thus

- 250t 250t

v, ()=15- 15+12.5¢ =" =125 < v

The plot issimilar to part (c) with initia point 12.5 instead of 15.

SOLUTION 8.26. For thisproblem Ry, = 2R//0.5R=0.4R inwhichcase 1t = L/ Ry, = L/0.4R.
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(a) Att =0, theinductor looks like a short circuit. Hence by current division, i (0") =i (0+) =0.514.
A similar argument yields i| (¥) =0.5l4>. Using the general form of the solution,
0.4Rt

iL()=05lg +05[Ig- Isple L

(b) A sketch will show an exponentially varying current from 0.5, A converging to 0.5l,.

(c) Theresponse to theinitia condition when the inputs are set to zero, zero-input response, is

0.4Rt

iL()=05l4qe L . Thezero gtate response, the response with no initia condition, to the input
e _04Rt§

|52U(t),iSiL(t): |32§1- e L :

a

SOLUTION 8.27. For thisproblem, v (0) = (20- 10%*) _ =10 v and

Ve (¥) =101 =20 = |jm (20- 10e*"). Hence I; =2 A. Further,

t® ¥
ic(t)= cd"%t(t) = 4ce %% = 0.4e %4 \whichimpliesthat C=0.1F. Since

1=1/0.4 =25=(10+ RIC = 0.1(10+ R) , it follows that R = 15 W,

0.4t

SOLUTION 8.28.
(8) The Thevenin resistance for this configuration is Ry, = 1000/ /1000 =500 Wand ©t = R,C=0.25 s.

Hence v (t) = Ve (0")e Ut =156 V isthe zero-i nput response.

(b) Using a source transformation and voltage division, V¢ (¥) =3 V. Thus v (t) = 3(1- e 4t) V.
() Here v (¥) = 4 V, thus v (t) = 4(1- e ‘”) V.

(d) Thisisthe superposition of parts (b) and (¢), ., v (t) = 7(1- & *)

(e) The complete responseis the superposition of parts (d) and (a), i.e., ve (t) = 7 + 8¢’ Ay,
(f) From linearity,

Ve ()= 05 7(1- e ‘“) +2° 156" * = 35+ 26.5¢" 4

SOLUTION 8.29. Solution donein MATLAB
%0Problem 8.29

%RTH= (60||120)+120
%tau=L/RTH

RTH=1/(1/60+1/120)+120;
tau=0.2/RTH:;

%Using superposition at t<0
i101=36/120/2;
i102=(72/180)* (60/180);
il0=il01+il02;
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% At t>0 36voltsis off thus
ilinf=il02;

t=0:5* tau/1000:5* tau;
ilt=ilinf+(i10-ilinf)* exp(-t/tau);

plot(t,1000*ilt);
xlabel (‘'Time in seconds);
ylabel(‘Current in mA’);

Currentin mA

)
o
S
T

180

160 |

140 |

120 L L
0 1 2 3 4
Time in seconds

*SOLUTION 8.30.

» % Rth =120 + 120\60 = 160 kohm
» % tau = Rth*C
»tau = 160e3* 0.5e-6
tau =
0.0800
» % Initia capacitor voltage is computed by
» % voltage division and superposition
»c0 = 24+24
vc0 =
48
» % Att=%¥, capacitor lookslike an open circuit. Hence
»veinf=24;
»t = 0:1e-3:5*tay;
»vct = veinf+(veO-veinf)* exp(-t/tau);
»plot(t* 1000,vct)
»grid
»xlabel (‘Time in msec))
»ylabel (‘Capacitor voltage (V)")

© R. A. DeCarlo, P. M. Lin
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*SOLUTION 8.31A

»vc0 =0;

»% Consider O£t£ 0.5

»veinf = 50;

»% Rth = 600\\300 = 200 ohms

»% taul = Rth*C

»taul = 300e-6* 200

»c0=0:;

»t =0:5e-3:1,

»vct = (veinf+(vcO-veinf)* exp(-t/taul)) .* (ustep(t)-ustep(t-.5));
»

»% Consider 0.5£t£ 1

»tau2 = taul

»ch = (veinf+(veO-veinf)* exp(-.5/taul))

»veinf2 = 80;

»vct2 = (veinf2+(veh-veinf2)* exp(-(t-0.5)/taul)) .* ustep(t-0.5);
»vca = Vct+vct2;

»plot(t,vca)

»grid

»xlabel(‘'Timein sec)

»ylabel ('Capacitor Voltage (V)")



1st Order Circuit Probs 11/26/01 P8-24

©R.A.

DeCarlo, P. M. Lin

80 T T T

~
o
T

(o2}
o
T

o]
o
T

Capacitor Voltage (V)
w N
o o

N
o
T

=
o
T

4 0.
Time in sec

*SOLUTION 8.31B

»vc0 =0;

»%for0£t£0.5

»veinf = 75;

»taul = 300e-6* 300

»c0=0:;

»t =0:5e-3:1,

»vct = (veinf+(vcO-veinf)* exp(-t/taul)) .* (ustep(t)-ustep(t-.5));
»WforO5E£tE1

»tau2 = 300e-6* 200

»ch = (veinf+(veO-veinf)* exp(-.5/taul))

»veinf2 = 80;

»vct2 = (veinf2+(veh-veinf2)* exp(-(t-0.5)/taul)) .* ustep(t-0.5);
»vch = vet+vet2,

»plot(t,vch)

»grid

»xlabel(‘'Timein sec)

»ylabel ('Capacitor Voltage (V)")

»pause

»plot(t,vcat,vch,'b)

»grid
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SOLUTION 8.32.
%Problem 8.32

%Consider t <0
%vin=-20V, thus
vc0=(8/10)* (-20);

%For O<t<20ms
RTH=1/(1/2e3+1/8€3);
taul=5e-6*RTH;

0.4 0.6

0.8
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vcinf=(8/10)* 20;
t=20e-3;
vc20ms=vcinf+(vcO-veinf)* exp(-t/taul);

%For 20ms<t
RTH=1/(1/2e3+1/8e3+1/1.6€3);
tau2=5e-6* RTH;

%ByY superposition
vcinf2=20*0.5+20%0.4;
t=0:(40e-3)/1000:40e-3;

vct= (ustep(t)-ustep(t-20e-3)).* (veinf+(vcO-veinf).* exp(-t./taul)) ...
+ ustep(t-20e-3).* (veinf2+(vc20ms-veinf2).* exp(-(t-0.02) ./tau2));

plot(t,vct);

grid;

xlabel (‘time in seconds);
ylabel('Valts);

20

Volts

-20

0.005 0.01 0.015 |
time in

SOLUTION 8.33.

(@
%Problem 8.33
%(a)

%at t<0 only one source is contributing thus,
i10=24/60*0.5;

%For t>0

RTH=60+1/(1/30+1/60);

tau=16e-3/RTH;

%Ast goesto infinity, by superposition,
ilinf=24/(60)* 0.5+24/80* 1/3;
t=0:5*tau/1000:5* tau;
ilt=ilinf+(i10-ilinf).* exp(-t/tau);
figure(l);

plot(t,1000.*ilt);

grid;

xlabel (‘time in seconds);

ylabel('Current in mA");

0.02

seconds

0.025

0.03

0.035

0.

© R. A. DeCarlo, P. M. Lin
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(b) Using 8.23, The time constant remains the same asin (a). In order to find the inductor voltage, we
must do so indirectly by solving for v (t) =V - 601 . At t=0",
il (07) =200mA
_ .60 30 ., .+ _
Vp = 2490 + 2490 - i (07)(60]| 30) =20V
v (07) = x(t3)=Va- 60i (0") =8V

Fort>0, X®=v, (¥) =0V, Thusv (t) = 8e Pty

(c) By linearity,
i, (t)=600- 200e” 290t mA

V| (t) = 166”300ty

30 1V, 60 1
60 1
24 C') i C‘) 24 uihy
16 mH

SOLUTION 8.34.

(& Since the voltage has been constant for along time, the capacitor acts as an open circuit. Thus by
voltage division and continuity, vc (0 ) = v¢ (0+) =0.75v,.
(b) Rry = 6R||18R||3R=1.8R.
(c) For that period of time the switch is closed, v (t) = 0.9V, - 0.15V e UL8RC

sing the previous equation, and by continuity, ve (T ) =V, =09v,- 0. e
(d) Using th [ [ db inuity, vo (T ) C(T+) 0.9V, - 0.15V,
(e) The time constant remains the same as the only difference is the source turning off.
(f) For t> T, v (t) = v (T T)e” (- T/L8RC,
(9)

-T/1.8RC
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SOLUTION 8.35.

(@ For t <0, The switchis closed, the current source off, and the voltage source has been providing a
constant voltage for a prolonged period of time. Thus, v (0 ) = -50uV .

(b) Since voltage in continuous across a capacitor, Vg (0+) =Vvc(0 )=-50uV.
(c) Thethevenin resistance seen by the capacitor is Ryy = 200|200 =100W, thus t = RyyC = 0.2s.

(d) Ast goesto infinity the capacitor voltage goesto 16V, thus v¢ (t) = 16 + (- 50u- 16)e Sty

(e) Again using the continuous property of a capacitor, Vi (0.5+) =vc(0.5 )=14.687V .

(f) For t > 0.5s, the switch is open, thus Rpy = 200W. t = Ry C =0.4s.

(g) Ast goesto infinity, the capacitor voltage goesto 32V. v (t) = 32 + (14.687- 32)e’ 25(t-05),
(h)

0 0.5 1 . 15 2 25
in seconds

SOLUTION 8.36.

(@) ve (07) =-5v
(b) Doing so in matlab.
%Problem 8.36b

%l nitial condition
vc0=-5;

%From 0<t<80us
RTH=300€3;
tau=RTH*(1/3)* 1e-9;
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%So theinitial condition on Vout
vout0=(10+5)/300e3* 60e3-5; %o-2V
voutinf1=10;

t=80e-6;

vout80us= 10+(vout0-10)* exp(-t/tau);

%For t > 80us
%tau stays the same
voutinf2=-5;

t=0:160e-6/1000:160e-6;

vout= (ustep(t)-ustep(t-80e-6)).* (10+(vout0-10).* exp(-t./tau)) ...
+ustep(t-80e-6).* (-5+(vout80us+5).* exp(-(t-80e-6)./tau));
plot(t,vout);

xlabel (‘time in seconds);

ylabel('Volts);

grid;

%Notice that Vout is vin-vct times a constant 60/300 plus vct
%Thus V out=vin(60/300)+vct(1-60/300)

5

L L L L L L
0 0.2 0.4 0.6 . 0.8 1 12 14
time in'seconds

(©)

16

© R. A. DeCarlo, P. M. Lin
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SOLUTION 8.37.

Hlun
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If the source voltage has been —10 V for along time then the switch is open and v (O+) =-10v.The
time constant with the switch openis t =5us. At t > 0, the input voltage changesto 20V. It then follows
that v (¥) =20V, and

Ve (t) = 20- 30e” Uy
Using the elapsed time formula, 8.24, we wish to find when the switch closes.

10- 204 : . — ,
t,- 0 :5us>4nge 0(_) 2008: 2.03us. At that time the input voltage is ill 20V, and the switch closes.

Thetime constant isnow t =98ns, and v (¥) =0.39V . Note that because the voltage convergesto a

value greater than zero, thistime interval will be from 2.03us to 5us when the input changes back to
—10V, thus

Ve (t) = 0.39- 0.39¢" /98Ny
Ve (5us) = 0.39V . Att > 5us, the voltage changesto —10 V, so
Ve (t) = - 0.2 +(0.39+0.2)e %8Ny |
Using the elapsed formula, we get t, = 0.1us for the voltage to go down to OV again and cause the switch
to open again. At this point the time constant becomes the original value again and
Ve (t) = - 10 + 106" VoUy
for t > (0.1+5) us.

SOLUTION 8.38.
(@) Introduce atest current source at the output and write KVL,
itog = Vig /200 + (Viag - 6V) /200 + (BV - Vieg )/ 400. Solving for ieg = vteggera)g- 0.015. This

impliesthefollowing,
Rry = 400 /3W

g = 15mA
Voc = Rnisc =2V

(b) Using the general form, v (t) = 2- 8e 15000t

SOLUTION 8.39.

(&) Introduce atest voltage and solve for KVL,

Viegt = SKitegt +101(Viegt +1- 40iteg) - 1+ 40iteg

Vieg =- 10iteq - 1

Voc =- IV

Rry = - 10W

(b) The completeresponseis v (t)=-1+ e! V. Notethat the voltage goesto infinity ast goesto infinity

because of the negative time constant.
SOLUTION 8.40.

Compute the thevenin equivalent seen by the inductor at t > 0. Using KCL write,
Itegt = 0 X100 X ogt + (Viegt - 100iteg +25) /50. Then one obtains the following,
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itest = Viest /125+1/5A

Rry = 125W
ic =-1/5A
Voc =-25v

A t <0, the applied voltage has been —25V for along time. Using the previoudy obtained thevenin
equivalent and linearity, i (0" )=1/5A. i (¥) =igc =- 1/5A, Soi ()= 0.2+ 0.4 8250t p

SOLUTION 8.41.
(@) Introducing atest source and using KCL,

_ Viegt - 1.5vg N Viest

| =
et 40 100
02:5 +1.5vs- Viest

© 40 40
Solving for the test source current in terms of the test voltage, iteg = % - 0.12 A. Thusthe thevenin
equivaent s,
Ry = 50W

Voc =lsc* Rh =6V

(b) Ve (t) = 6- 66 2P v

(c) From linearity all the currentsincrease by the sameratio, thus v (t) = 15- 15e 200t/
(d)
1=>U I m [————r i
1ou
ol
ol | 1 1
B Ems Tiers Sns s Fact ws £ ] [ 1585 SHmi 11 1) Bl
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SOLUTION 8.42.

%Problem 8.42
C=1e6;
vcO=0;

%For 0<t<5ms

Rth= 20e3;

taul= Rth*C;

vcinfl= 50e-3* Rth;

vebms= veinf1+(ve0-veinf1)* exp(-5e-3/taul);

%For 5Sms<t<7.5ms

Rth= 4e3;

tau2= Rth*C;

vcinf2= 50e-3* Rth;

vc75ms= vcinf2+(vebms-veinf2)* exp(-(7.5e-3-5e-3)/tau2);

%For t > 7.5ms

Rth=800;

tau3= Rth*C;

vcinf3= 50e-3* Rth;

t=0:12e-3/1000:12e-3;

vct= (ustep(t)-ustep(t-5e-3)).* (veinf 1+(vcO-veinfl).* exp(-t/taul)) ...

+ (ustep(t-5e-3)-ustep(t-7.5e-3)).* (veinf2+(vebms-veinf2).* exp(-(t-5e-3)/tau2)) ...
+ (ustep(t-7.5e-3)).* (vcinf3+(vc75ms-veinf 3).* exp(-(t-7.5e-3)/tau3));

plot(t,vct);

grid;

1Cmz
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xlabel (‘time in seconds);
ylabel('Volts);
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SOLUTION 8.43.

(8) From the thevenin resistance Ryy = 800W, t1 =125us.
(b) From the thevenin resistance Ry = 8kKW, 1, = 12.5us.
(c) From the thevenin resistance Ry = 1.6KW, 13 = 62.5us.
(d) From the thevenin resistance Ryy = 32kW, T4 = 3.125us.
(e) OmA.

(f) InMATLAB:

%Problem 8.43f

taul= 125e-6;
tau2= 12.5e-6;
tau3= 62.5e-6;
taud= 3.125e-6;
vs= 100;

i10=0:;

ilinf1= v4/800;
ilinf2= vs/8€3;
ilinf3= v4/1.6€3;
ilinf4= ve/32€3;

i112us= ilinf1+(ilO-ilinf1)* exp(-12e-6/taul);
i118us= ilinf2+(il12us-ilinf2)* exp(-(18e-6-12e-6)/tau?);
i121us= ilinf3+(i118us-ilinf3)* exp(-(21e-6-18e-6)/taul);

t= 0:36e-6/1000:36e-6;

ilt= (ustep(t)-ustep(t-12e-6)).* (ilinf 1+(il0-ilinf1).* exp(-t/taul))+ ...
(ustep(t-12e-6)-ustep(t-18e-6)).* (ilinf2+(il 12us-ilinf2).* exp(-(t-12e-6)/tau2) )+ ...
(ustep(t-18e-6)-ustep(t-21e-6)).* (ilinf3+(il 18us-ilinf3).* exp(-(t-18e-6)/tau3) )+ ...
(ustep(t-21e-6)).* (ilinf4+(il21us-ilinf4).* exp(-(t-21e-6)/taud));

plot(t,1000*ilt);

grid,

xlabel ('time in seconds);
ylabel('Current in mA");
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SOLUTION 8.44.

Thefirst stageis adifferentiator, and from 8.25, the output of the first op-ampis

-_RC dv'd’}(t) - 0.25RCe 02

Vour () = 506 = Q(0.25RCe % dr) = 0.fe 02 ]0 05¢ 0%

. The second stageis an integrator and using 8.26,

SOLUTION 8.45.

(@) First note the following relationships,
1 .t

Vout () = Ve 2(t) = S Qica(®)dt

Vip (1) =vea(t)
ic2(t) =-vin()/R- C_Ld—vc-l(i) V|n(t) ol de(t)

Doing the appropn ate substltutlon and SO|VI ng,

Vout () = ClR QV|n(T)d’E G Vm(t) + = Vm(o)

) i(e 0.25t _ 1) C_I_(l o 025t) V.

C2R C,
(©) mé sin(et) + - G (1 cos(at)) V
SOLUTION 8.46.

These are two integrator in cascade. Using 8.26, the output of the first stageis
1 ¢ : . :
e va(r)dr = 2[cos(50t)] mV = 2cos(50t) - 2 mV. Using the same equation again,

t

2 sn(SOr)HOmV 2cos(50t)mv

Vout (1) = - Q(Zcos(SOr)dr = 108 50
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*SOLUTION 8.47. Thefollowing solution isdonein MATLAB

c= le-6;

rf= 10e6;

rs=1€6;

tau=c*rf;
vgain=-10/1,
vofina=-3*vgain;

% Part (a)

voinit=0;

t=0: tauw/100: tau;

vout= vofina + (voinit -vofinal).* exp(-t/tau);

% Time at which output voltage reaches saturation is tsat
tsat= tau*log((0 - vofinal)/(15- vofinal))

plot (t,vout)

grid

xlabel('Timein secs)
ylabel(‘'Output Voltagein volts)

tsat =
6.9315e+00
20 T T T T T T T T T
s : : : : : : : : :
7 16
= 14
A 4z
L1k}
E 10
= g
=]
£ 5
o 4q
i
0
Time in secs
% Part (b)
voinit=-5;

vout= vofina + (voinit -vofinal).* exp(-t/tau);
tsat= tau* log((-5 - vofinal)/(15- vofinal))
plot (t,vout)

grid

xlabel('Time in secs)
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ylabel(‘'Output Voltagein volts)

tsat =
8.4730e+00

20

Ctput Woltage in Wolts

5 : S R L L
0 1 2 3 q 5 i T 2 q 10
Time ih secs

(¢) vc(0) =0. Observe saturation at about 6.4 seconds.

Leaky Integrator-Transient-7 Time (s)

) +0.000e+000 +2.000 +4.000 +6.000 +8.000 +10.000
i i
+15.000 - ,
+10.000 R !
1
1
+5.000 2 remeemesmee=pCyeccsmnmeam g msemesesemmeesemas e aap e maraanany X

+0.000e+000

B L R L

V(IVM)

vc(0) =-5V. Observe that the time of saturation is 8.198 seconds.
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Prb Sol 8.47-Transient-16 Time (s)

V) +0.000e+000 +2.000 +4.000 +6.000 +8.000 +10.000

+15.000

+10.000

+5.000

+0.000e+000

-5.000

V(IVM)

Note that in both cases the time of saturation is much lower than in the MATLAB computations which
assume an ideal op amp. Inthe Burr Brown model used by the SPICE simulation of this circuit, the
input resistance is 2 MWwhich is comparable with the external input resistance. Hence the assumption
of aninfinite input resistance is not valid for the SPICE ssimulation and causes the discrepancy in the
time of saturation. However, if the externa input resistance is changed to 10 kW and the feedback

resistance to 100 kWwith a corresponding change in the capacitor to 100 nf, one obtains results

comparable to the MATLAB computations.

SOLUTION 8.48.
Since the op-amps do not load the first stage of the circuit, we can find its transfer function for the op-

ampstageasvoﬂ—t(t) = (1+K).
v ()

(&) From the problem statement, we know that the overall function, is a scaled integrator. Asthe op-amp
stage only provides gain it islogical to assume that the R-C stage will perform the integration of the input
times some constant, G. With thisin mind we have

\t . = .
Vout (1) = G(1+K)Q10s n(wt)dt = —10Gc(01+ K) (cos(mt) - 1), where G must be negative.
. . d(10sin(mt)) .
(b) Using the same reasoning, Vgt (t) = G(1+ K) —a =10G(1+ K)wcos(mt)where G is

positive.
For low frequency (@) yields abig output, while (b) a small one. For high frequency the reverse happens.
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SOLUTION 8.49.

For (b) theintegral i-v relationship is

C+tC
GG

V(t) = Veeq(07) + é (‘ati(r)dr =ve1(07) +vep(07) + di (t)dt . Repeating the same for (a),

— + _l \t-
Ve (t) = vea(07) + c Qi(t)dt
Voo () =Ven(0H) + — &yi(r)d
c2 c2 c, Q
By KVL the two capacitor voltage can be added together, thus give the same relationship asfor (b).
SOLUTION 8.50.

First calculate Coq = C; [|C, =0.2F . Then find theinitial voltage
vCeq(0+) = vCl(O+) +VC2(O+) = 30V. Thefina voltage will be 12V, and the time constant is

T = Ry "Coq = 0.45. ThUS Vg (t) = 12+ (30- 12)6 >V .

*SOLUTION 8.51. (a) After the switch closes, we have the circuit shown below.

- .o
: 1F l
s} R o ‘02
Lo 1F S
AR NSRRI R J
—_ "."c|+ ,:Eq
=
_-W.-"‘\_
d—iE

From Chapter 7, Ceq=0.5F and v (0) =vc1(07) - veo(07)=2- 0=2 V. Hence,

+
(0 :iR(O+)e—t/1: —in ("€ t/RCeq :&F(S)G-I/RCEQ :4e-4tu(t) A

(b) For this part we apply theintegral definition of the capacitor. Specificaly,
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t t t
Ve (t) = vy (07) + 511 Joim) dt=2- Gr(r)dr=2- 48 M =1+ v
0 0 0
and
1 t t t
Vea(t) =vea(0") + &= Oca(®) e =0+ Or () = 408 dr =1- &' v
0 0 0

() Theenergy stored at t = 0" for each capacitor is:

Wi (07) =05Cv81(0) =2

and

Weo(01) = 0.5CvE,(07) =0 J
Further at t =¥,

Wy (¥) =0.5CvE(¥) =05 J
and

W (¥) = 0.5CVE5(¥) =05 J
Compuiting total instantaneous stored energies, we have
Weiot(0) =2 and Weygr(¥)=1J

Hence the decrease in stored energy from 0" to¥ is1J.

(d) Computing the energy dissipated in the resistor over [0+, ¥)is

y 2(04)9" 20", R ¥
We(0¥) = RG2 (1) dr = R 0 2/RCq g - VE(O) - Cx . -2t/RC
0 % R2 ﬂo R -2 0

2
_ Gevc(07) _
=——=1J
2
(e) From the expressions developed in part (d), the dissipated energy is independent of the value of R.
R only affectsthe rate at which energy isdissipated. Clearly, the energy stored at 0 is2 Jwhile
the energy dissipated over [0,¥ ) is1 Jand the remaining energy att =¥ is1J. Hence

conservation of energy isverified.
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SOLUTION 8.52. (a) Using therelations developed in P8.49,
Ceq=0.2F
Vceq =1- 0.5=0.5V

-t/RCeq _ VCeq(O+) “t/RCey _
=——--e =

R
(b) For this part we apply the integral definition of the capacitor. Specificaly,

ir(® =ir(0")e " =ig(0")e e %)

t t t
Vo1 (0= ves(07) + = () ot =1- Frdr=1- ¢ ¥ de =2 (@+e %) v
C'I' 0 0 0 10
and
1 t t t 1
Veo(t) =vep(01) + & Gca(t) dt =05+ 4QR(t)dv = 0.5+ 408 100 g = 75 (0- 4e 10ty v
20 0 0

(c) Theenergy stored at t = 0" for each capacitor is:

Wy (07) =0.5CvE1(07)= 05 J

and
We,(0%) = 0.5CvE,(0") = 31.25mJ
Further at t =¥,
Wiy (¥) = 0.5C,vE,(¥) = 405mJ
and

W (¥) = 0.5CVE (¥) =101.25m]
Computing total instantaneous stored energies, we have
Weor(07) = 531.25m)  and Wiy (¥ ) = 506.25mJ

Hence the decrease in stored energy from 0" to¥ is25mJ,

(d) Computing the energy dissipated in the resistor over [O+, ¥)is
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¥ 2 +\ (¥ 2 +
\ &Ceq(07)07, . VEeq(0') RC . ¥
Wr(0¥) = R(jng(‘c)d*c R ceq(2 )iOe 2t/RCeq 4 — Ceq(07) . o - o~ 2t/RCq

2 +
Y, 0
- Sed/Ceq@) C;’q( ) = 25m

(e) From the expressions developed in part (d), the dissipated energy isindependent of the value of R.
R only affectsthe rate at which energy isdissipated. Clearly, the energy stored at 0is531.25 mJ
while the energy dissipated over [0,¥ ) is506.25 mJ and the remaining energy at t = ¥ is25 mJ.
Hence conservation of energy is verified.

SOLUTION 8.53. Asall the switches are open initialy, theinitia current through the inductorsis OA.

ForO<t<50ms, i (t)=54.54- 54.54e 20000t v/ Att> 50 ms, the equivalent inductanceis 10 mH,

theinitial current through the 110 mH inductance is 54.54 mA, and through the 11 mH inductance O A.
So assuming the current splits equally between the two branchesin steady state,

i, 1 =27.27 + (54.54- 27.27)e" 220000t
i| o= 27.27- 27.27e 220000t

SOLUTION 8.54. (a) Chargeswill distribute in order to achieve equal voltage by KVL. Sinceg=CV,
VR(0 ) =0V, dueto equal capacitance the chargeswill distribute half and half, VR(0+) =0.5v.
(b) The equivalent capacitanceis 2 F, thus vg(t) =0.5e 03,

*SOLUTION 8.55. (a) Writing anode equation at v we havefor all t,

d d V-V
4g¥+§+4a(v-vs)+(—23)=o *)

Equivalently,
dv_ v dvg Vs

—=-—+4—2+

* %
dt 4 da 2 **)

Grouping terms and dividing by 8 yieldswhent > 0,

dav 3 1

C—V +— (***)

dat” 32 16
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dvs(t) _ du(t)
dt  dt

(b) By inspection v(0) = 0; both capacitors are uncharged at 0. Recall from part (a) that KCL at the

node for v yields (*) which isequivaent to (**). Since conservation of charge follows by
integrating (*) or equivaently integrating (**) we have

Noticethat vg = 1 for t >0 and for t > 0, =0.

o 30 o 0
80—d’t =-= ()vdr +4 O—Sd’t +0.5 Qvg dt
0 Yo o o

Sincetheintegra of afiniteintegrand over an infinitesmal interval is zero, we have equivaently,

O+ O+
80—d1—0+40 d‘c +0
0 0

Evauating these integrals we obtain
8(v(0") - v(07)) = 4(vs(0") - vs(0)) = 4u(0") = 4

(©) Sincev(0)=0,v(0) =0.5V. Sincev satisfies (***), i.e,

dv 3 1 1
_— e — +_0 - —=V+ * % %
a2Vl VRO
from eguation 8.17,
V()= Fr +[v(0")- Fe|e ™ = 2% %e TRV

Using v(0) would have led to an incorrect answer.

SOLUTION 8.56. (@)
X(t) = Kle_ th + K2
() _ Ky ik

dt T

. I Ky - 1 - . .
doing the substitution, - ?1e th - ~(Kee YT 1 K,)+ F . Inorder to satisfy the equality, K, = Ft.
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(b) x(t5) =K4e 1 +Fr,and Ky = [x(tg )- Fr]e‘O’T .

© x=1ee " +Kp=[x(15) - Fe]e' 1O+ Fr.

SOLUTION 8.57. (8) From the graph, the initial and final valuesare 0 and 80 V respectively. That sets

: . R ; ,
the following constraint, 100 R +2R =80V . From v (t) = 80- 80e 1-505mn. Looking at the Graph
q tho

T =5ms. Thus Ry ||R, >C = 5ms. Solving, R =6250W and R, = 25kW.

T

2K8K = 3.125uF .

(b) Using the same equalities, R, =0.25R, =2kW, and C =

SOLUTION 8.58. (a) From the graph, the initial and final vaues are 0 and 100 mA respectively. Thus

Ry =200/100m= 2kW. From i (t) =100- 100e" A= 63.21mA, the graph showsa t =20ms. Thus
L/(R [|Ry) =20ms, and R, = 0.25mW.
(b) R1 staysthe same, L = 20m3(R; || R,) =20H.

SOLUTION 8.59. This question is done in matlab
%Problem 8.59

taul= 20*1;
tau2=1;

%ForO<t<ta

vo=0;

vinfa= 10;

%Using the elapsed time formula,
ta=taul*log((0-10)/(9-10));

%Forta<t<tb
vinfb=0;
tb=tau2*log((9-0)/(1-0));

%Fortb<t<tc
vinfc=vinfa;
tc=taul*log((1-10)/(9-10));
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%Next switching isjust arepeat of ta<t<tb

t1=ta;

t2=ta+tb;
t3=t2+tc;
t4=t3+tb;
t5=t4+tc;

t=0:t5/1000:t5-1/1000;

vt= (ustep(t)-ustep(t-t1)).* (10-10.* exp(-t/taul))+ ...
(ustep(t-t1)-ustep(t-t2)).* (9.* exp(-(t-t1)/tau2))+ ...
(ustep(t-t2)-ustep(t-t3)).* (10-9.* exp(-(t-t2)/taul))+ ...
(ustep(t-t3)-ustep(t-t4)).* (9.* exp(-(t-t3)/tau2))+ ...
(ustep(t-t4)-ustep(t-t5)).* (10-9.* exp(-(t-t4)/taul));

Frequency= 1/(tb+tc)
plot(t,vt);

grid;

xlabel (‘time in seconds);

ylabel(Volts);

(b) The frequency is 0.0217 Hz.

0 20 40 60 80 100 120 140
time in seconds

SOLUTION 8.60. Whenthe switchisin position A, Tt =18.18ms. In position B itis t =99.5us. Using
the elapsed time formula, find ta, when the output voltage reaches90 V.
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a@O 136.3606 _

ta =18.18mslIn e00- 136360

= 9.07ms. At this point the switch goes to B, and the el apsed time until the

ad0- 59.450

voltage reaches60 V is t, =99.5usl né—GO T 59450

=0.4ms. Adding both time, F =105.6Hz.

SOLUTION 8.61. (a) Thecircuit can be rearranged in aseries of oneV,,, V voltage source, one L
inductor, and one R, . +R,,, resistor.

store

store

- (Rstore+Rsolar )t/L
(b) iy ()= ——vsdlar 1 o A.
" Relar * Rore

(c) Inthistime period the circuit reduces to an L, inductor in serieswith aR,,, .+ R, resistor.
(d)
(7)==l

Rsolar * Retore
; _ - (Rstore+R1)(t- T1)/L
()= ITi e A

(6) Thetwo elementsin seriesare an L . inductor and aresistor Ry = Reore + (R | Rp).-
(f)
TV =i
iL(T2)=i e

i (D)= iT2' g (Req)(t-T 2)/Lstorep

- (Rstore+RL)(T,-T1)/ LsotreA

(9)
V2solar 1- & (Rstore+Rsolar)t/L W
Rsolar + |:">st0re
Prsolar = RsolwiE(t)W
Prstore = I:‘)store|L(t)V\/
di, ©,y
dt

Risolar = VsolariL () =

PLstore = Lstorel (D)

(") WL 0= 3 Li(®3

SOLUTION 8.62. Thelight turns off when the current through it goes down to 0.5 mA. This
corresponds to i, = 10uA, and avoltage across the capacitor of ve = ip(R +2k) +0.5= 0.7V . Thetime
constant of thiscircuitis t = (R + 2k) || 5k X 000uF = 4<. Thefinal voltage across the capacitor is by

1
voltage division, 0.1V. Thus using the elapsed time formula t; = 4l nzé%g 3.39s.
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SOLUTION 8.63. (a) SinceRC = 10° s, from equation 8.25, v4(t) =- RCdVTSt(t) = cos(1000x) V.

dv(t) . Rf .
Hence v (t) =- RCT ==-39n(1000x) V, and vy (t) = - —va(t) =sin(1000t) = vg(t) V.

(b) With the switch moved to position B, thereisno source in the circuit. But the output at the
switching instant is Sin(1000t) V which coincides with vs(t). Hence, the input to the first amp remains
the same and the circuit continues to produce Vi, (t) = sin(100Q) V, i.e., the circuit becomes an
oscillator.

*SOLUTION 8.64. Before attacking the problem proper, consider driving an ideal unity gain integrator
with the square wave of figure P8.64b. If we start the integration when the square wave goes positive,
then we have atriangular waveform asfollows:

4 (Wolt-rndcro-zec)

t{ Haeca)
0 1 1 1 1 — *
75 125

On the other hand, if we start the integration when the square wave goes negative, we get the following

waveform
4 (Wiolt-mnicro-sec)

25 125 t{l=ecs)

e

—4501

One concludes that without some further physical assumptions, there is no unique solution to this
problem.

Physically speaking all capacitors have aleakage resstance. Hence, in modeling the capacitor we
put avery large resistance in paralel with anidea C, producing anearly ideal leaky integrator circuit.
The leaky integrator circuit has afirst order response. Hence over time, when the circuit reaches steady
state, the dc level of the resulting output waveform will be proportiona to the average level of
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the square wave which is zero in this case.

Comments: Actualy the proportionality constant in the above statement is the overal dc gain of the
integrator-inverter. Seetheformulasgivenin P22.16. Adding up the two formulas, we have

Output(t)nax + Output(t) min = K (Vimax ¥ Viin)
and K = H(0), i.e, thedc gain of thefirst order low pass system. Thisleadsto
Average of output = (dc gain) (average of input levels)
See the analysisin example 8.7 and later an exact analysisisgiven in problems 22.15 and 22.16. In
other words, one would expect that the output of our (leaky) integrator in steady state to be given by the

waveform below.
4 (Wiolt-micTo-zec)

2254
25 'AE- t{ L 3ecs)
— = : ; .
W
2254

Now we can start to solve the problem. Thefirst part isto design a (leaky) integrator circuit to
produce atriangular waveform of value 2 V peak-to-peak. For thiswe consider the following figure
which consists of the leaky integrator followed by an inverter.
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hiodel of
Practical
Capacitor
- ﬁfc{t} +
i
2
i
E
10Meg 2
Ry o
_ lg Fa
13 - -
+ +
v, (N0 + +
3
| Tty v

: i

To handlethis analysis, recall that i @Dg/Dt in which case Dg = CDv. Hence, to have a peak-to-peak
voltage at v, (t) and vz(t) of 2V, we require that

ipDt_ 9. 507 10° _
C R c

Hence R;C = 2.25" 10-4. If we choose R; = 10 kW, then C = 22.5 nF. At this point the waveform of

Dv= 2

vs(t) isgiven below.
g5t ()

11
25 | /12'5 t{zecs)
; .

In order to complete the design, we must raise the portion of the curve with positive opeby 1V and
lower the portion with negative slope by —1 V. This can be done by adding one-ninth of v;,,(t) to v;(t).

This can be done by using the following circuit. In thiscircuit, thereis avoltage-divider at the non-
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inverting terminal of the second op amp. HereV , equals one-eighteenth of v;,(t). However the gain of

the non-inverting portion is 2; therefore one-ninth of the input is added to v5(t) as desired.

22.5nfF

(h 10 kit

10 kit




