CHAPTER 8 - SECOND-ORDER CIRCUITS

——
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S A

FINDING INITIAL VALUES

Problem 8.1 Given the circuit shown in Figure 8.1, which has existed for along time, find
Ve (0), ve,(0), 1,(0),and i ,(0).

15Q 5Q , Ve _
M W\ ol
. 5Q 10 Q
10A § 20Q § 10Q v i1 § 100 iL2
- L1 Lo
Figure8.1

When a circuit reaches steady state, an inductor looks like a short circuit and a capacitor |ooks
like an open circuit. So, use the following circuit to find theinitial values.

15Q 50 , Ve _
AN AN ’ 0
.* 5Q 100
10A (T) § 200 § 10Q  , ve | § 10Q |
_ IL1 IL2
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Use source transformations to simplify the circuit.

7.778 Q v 5Q Vc2
1 Vo o+ - V3
M M\ ° 0
+
. 5Q § 10Q
44,44V . Vo | 10Q |
_ I 1 L2

Now, it is evident that

. vV,
Ve (0)=v, i,00)= ?
. V3
Ve, (0) =V, —v, i,00)= E

Use nodal analysisto find v,, v, , andv,.

Atnodel: v1—44.44+v1—v2_O
node = 7.778 5
S5(v, —44.44)+7.778(v, - Vv,) =0

12.778v, - 7.778v, = 222.2

Atnode?2: VZ_V1+V——O
' 5 5
-v,+2v, =0
\Y
v2=?1
At node 3: &+&—O
' 10 10
2v, =0
v, =0 volts

Substitute the equation from node 2 into the equation for node 1.
v
12.778v, - 7.778?1 =222.2
8.889v, = 222.2

v, = 25 volts
v, 25
Then, vV, = ? = ? =12.5 volts
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Therefore,

vV, (0) = 25 volts i.,(0)=25amps
Ve, (0) =125 volts i ,(0)=0amps
Problem 8.2 Given the circuit shown in Figure 8.1, which has existed for along time, find

i, (0) and v, (0).

10Q 5Q
VW VW

ov () = L

Figure8.1

i, (0)=1amp v (0) = 5volts

¢ o

THE SOURCE-FREE SERIESRLC CIRCUIT

Problem 8.3 Given the circuit in Figure 8.1, which has reached steady state before the
switch closes, find i(t) forall t>0.

10Q 30Q 10H
M M 0000°
10V () 47§ t=0 it) /= U20F
Figure8.1

Use KVL to write aloop equation for t > 0.
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Ri(t) + Ld += I(t)dt—

Multiply by 1/L and differentiate with respect to time.

Rdi(t)  dAi(t)
L dt ' d? L_C(t) 0

Rearranging the terms and inserting the valuesfor R, L, and C,
dsi() | it ( )
+3——+2i(t)=0

Assume a solution of Ae¥.
S?Ae® +3sAe® +2Ae* =0
(s> +3s+2)Ae* =0
Thus,
(s+D(s+2)=0
which givesreal and unequal rootsat S, =-1and s, =-2.

Hence,
i(t) = Ale't + Aze'2t

At t =0%, thecircuitis

T 10V

&)l
i(0)=0=A,+A, or A,=-A,
Also,
di(0) di(0)
Y =10—==-1 —=1
v, (0")=10 p 0 volts or o
di(0
and % =-Ae’-2A e =-A,-2A,
&)l
-1=-A,-2A,=-A,+2A, = A,
Hence,

4 | P | e-Text Main Menu | Textbook Table of Contents | Problem Solving Workbook Contents



Therefore,
i(t)= (-et +e2) ampsOt>0

Problem 8.4 Given the circuit in Figure 8.1, which has reached steady state before the
switch closes, find i(t) forall t>0.

10Q 20Q 10H
M\ M\ D00
10V () 47§t:0 it) /= U10F
Figure8.1
Att=0",
1(07) =i(0%) =0 amps and Vv.(07)=v.(0") =10 volts
For t>0,
. di(t) 1 . 3
20i(t) +10= +1/10j|(t) dt=0

Multiply by 1/10, differentiate with respect to time, and rearrange the terms.
dZi(t) _di(t) .

+2——+i(t)=0

dt? dt ®

Again, using asolution of Ae%,
s’Aet +2sAe* + Ae* =0
(s> +2s+1)Ae* =0

Thus,
(s+)*=0
which gives areal and repeated root at s, , = -1.

A repeated root gives the following solution,
i(t)y=Ae' +A, te'

Att=0,
i(0)=0=A°+A,(0e°=A, o A,=0
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Also,

_.qdi(0) _ di(0) _
v, (0)=10 G -10 or . -1
di(0
and %:O+A2e"—A2(O)e°:A2
Hence,
A, = -1
Therefore,
i(t) = (-te‘t) ampsdt>0
Problem 8.5 Given the circuit in Figure 8.1, which has reached steady state before the
switch closes, find i(t) forall t > 0.
10Q 20Q 10H
WV WV 0000"
10V () 47§t=0 i(t) /= 120 F
Figure8.1
Writing aloop equation for t > O gives,
20i(t) 41090, iji ()dt=0
dt  1/20 B

Multiply by 1/10, differentiate with respect to time, and rearrange the terms.
dzi(t) _di(t)

qt2 +2T+2i(t) =0

Again, using asolution of Ae%,
SPAe™ +2sAeY + 2Ae™ =
(s> +2s+2)Ae* =0
Thus,
(s+1+j)(s+1-j)=0

which gives complex rootsat S,, =-1F J.

Hence, we have a solution
i(t)= Ale('l'j)t + Aze('1+")t
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Att=0,
i(0) =0=A"+A,e* =A, +A, o  A,=-A,

Also,
di(0)

p =-1=(-1-))A,€° +(-1+ j)A,€°

Using A, =-A,, weget
-1=(1-)) AL+ (1)) (A
“1=(-1-j+1-j)A, = -2jA,

At wa A=l
or = 2 an , = 2
Therefore,
1 . -1 _
i(t) = — @l it 4~ i)t
i(t) 2.e 2je
[t — et
i(t) =-e'O—————10
O 2] 0O

i(t)=(-e*sin(t)) ampsOt>0

¢ o

THE SOURCE-FREE PARALLEL RLC CIRCUIT

Problem 8.6 Given the circuit in Figure 8.1, find v (t) foral t>0.

10Q

t=0
M—1E
20V () ve(t) A 10H

Figure8.1

» Carefully DEFINE the problem.
Each component is labeled, indicating the value and polarity. The problemisclear.
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» PRESENT everything you know about the problem.
The goal of the problemisto find v (t) foral t>0.

Thereisaswitch whichopensat t = 0. So, there aretwo circuits. Thefirst circuit, when the
switch is closed, isused to find the initial values of the capacitor and inductor. Note that
thereisadc source. At dc, acapacitor isan open circuit and an inductor is a short circuit.
Thus, we have the following circuit.

10Q

20V () : ve(0)

iL(0)

Recall that the voltage of a capacitor cannot change instantaneoudly and the current through
an inductor cannot change instantaneoudly.

Ve(0) =ve(07)=ve(0")  and i (0)=i (07) =i (0")

The second circuit, after the switch opens, is used to find the final solution.

Vc

leFT 10H
1

» Establish aset of ALTERNATIVE solutions and deter mine the one that promisesthe
greatest likelihood of success.
Thefirst circuit was ssimplified by applying the characteristics of capacitors and inductors
with adc source. Ohm'slaw should provide the answer you need when the circuit consists of
adc voltage source and aresistor.

For the second circuit, there is only one node or oneloop. In this case, the use of KCL or

KVL should provide the desired equation to find the solution to the problem. Because the
components are in parallel, the voltage across each component isthe same. So, use KCL to

find the currents in terms of the voltage V.. .

» ATTEMPT aproblem solution.

Begin by finding theinitial values of the capacitor and inductor.
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Att=0,

iL(0)

(]
20V o Vc(0)

It is evident from the circuit that
V¢ (0) = 0 volts.

Using Ohm’slaw,
i, (0)=20/10=2 amps

After the switch opens, the circuit becomes
Ve

Using KCL,
ic+i, =0
id(vC -0)

1
+— -0)dt=0
10 dt 10I(VC )

Multiply both sides of the equation by 10 and differentiate both sides with respect to time.
2

but Ae* must be a solution.
Substituting,
—dZ(AeS‘) +Ae* =0
dt? B
s?Aet + Aet =0
(s> +1)Ae* =0
Thus,
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(s*+D)=(s—j)s+]))=0
which gives complex roots at S, S, = %]

So, we have a solution
ve(t) = At +A et

Now, to solvefor A; and A,.

ve(0)=A,+A, =0 or A,=-A,
Now,
ve(t) =Aet—A e
i(0) =i, (0) =-2 amps
. 1av.(0) 1 .. .
i (:):_—C = — Ae°+ Aeo
c(0) 0 10(11 jA€°)
2A,
— =2
or 10
Hence,
_-20_-10_ 0
Yoj2
Therefore,

v (t) = j10e" - j10e™
v (t) =10 [eirgit + g1 grit]
Vc(t) - 10[ej(t+90°) + e—j(t+90°)]
Ve (t) =10] 2cos(t +90°)]
V¢ (t) =20cos(t +90°) volts Ot >0

» EVALUATE thesolution and check for accuracy.
The circuit must satisfy the conservation of energy. In this case, the energy supplied from
one component is absorbed by the other component.

Recall, from Chapter 6 — Capacitors and Inductors, that the energy stored in a capacitor is

— 1 2
W _ECV
and the energy stored in an inductor is
—_ 1 12
W —ELI
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Thus,

S
W—2CV = 5o 20)° = 20 joules

and

-3 R =20,
W—2LI e 10)(2)* = 20 joules

These two answers match. This circuit satisfies conservation of energy.

» Hastheproblem been solved SATISFACTORILY? If so, present the solution; if not,
then returnto“ALTERNATIVE solutions’ and continue through the process again.
This problem has been solved satisfactorily.

Vo (t) = 20cos(t +90°) volts Ot >0

Inthecircuit in Figure 8.1, calculate i ,(t) and v, (t) for t > 0.

io(t)
>

= L 14F

Problem 8.7 [8.23]
2Q [ 1H
t =0, notethisisa
make before break
30V switch so the
inductor current is
not interrupted.
Figure8.1
At t=0,
2Q 1H iot)
M 0000 >

Ve

§SQ

+
0
Vo(t) o V4F

v, (0) :2%8 30)=24  and i, (0)=

0
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For t > 0, we have a source-free parallel RLC circuit.

1H ioft)
0000 >
= = UAF
1 1 1
a JR—

T2RCT (Q@W4) 4

1 1
%= Jows °

Since a islessthan w,, we have an underdamped response with a damping frequency of

w, =+ w2 —a? = .[4-(1/16) =1.9843

and the natural responseis
V, (1) = (A, cos(o,t) + A, sin(ayt)) e

Usetheinitial valuesto find the unknowns.

v, (0)=24=A,
Also,

o dv,(0)

,(0)=C—5—=0

dv

where d_to =-a(A, cos(w,t) + A, sin(w,t)) e + (-w,A, sin(w,t) + w,A , cos(w,t)) e™
So,

dv, (0)

T =0=-0A; +wA,
Thus,

a 1/4)(24)
A,=—A =———"7"=3024
27, 7 1.9843

Therefore,

v, (t) = [(24cos(wdt) +3.024s n(wdt))e“/“] voltsOt >0
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Problem 8.8 Given the circuit in Figure 8.1, which has reached steady state before the
switch closes, find v(t) forall t>0.

4A<T> §109 47§t=0 % == U20F

Figure8.1

v(t) = 40e* cos(t +90°) volt§T t >0

¢ o

STEP RESPONSE OF A SERIESRLC CIRCUIT

Problem 8.9 [8.25] A branch voltage in aseries RLC circuit is described by
dtv +4ﬂ +8v=24
dtz  dt
dv(0
If theinitial conditionsare v(0) =0 = % ,find v(t) .

Recall the general loop equation for aseries RLC circuit.
di
L—-+Ri+v=V
dt S
where i = Cdv/dt. Then,

dv. Rdv. v Vg
—t——+—=—
dt? Ldt LC LC

The complete response of this circuit has aforced response and a natural response. To find the
forced response, redize that 8V4 = 24 which meansthat V4 = 3. Thisisthe forced response.
Now, to find the natural response, let V4 =0 and
d’v  dv
— +4—+8v=0
dt? dt
(s* +4s+8)v=0
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Thus,

s’ +4s+8=0
-4+16-32
which gives complex roots at s, , = 5 =-2%j2.

So, we have the solution
v(t) = Vg + (A, cos(2t) + A, sin(2t)) e

Solve for the unknowns.

v(0)=0=V, +A, =3+A, or A, =-3
dv
i -2(A, cos(2t) + A, sin(2t)) e + (-2A, sin(2t) + 2A , cos(2t)) e
av(0
d(t):O:-2A1+2A2 or A,=A =-3
Therefore,

v(t) =[3-3(cos(2t) +sin(2t))e?] volts

Problem 8.10 [8.3]] Calculate i(t) for t > 0 using the circuit in Figure 8.1.

V16 F
|C
AN

20\’() = < VaH

Figure8.1

Before t = 0, the capacitor acts like an open circuit while the inductor acts like a short circuit.
i(0) =0 ampsand v(0) = 20 volts

For t > 0, the LC circuit is disconnected from the voltage source as shown below.

V16 F

|
AN

V4H
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Thisis alossless, source-free series RLC circuit.
R

1 1
a0 AT Jumras

S =01y =-0tj/of —o® =+jw, =+j8

Since a isequal to zero, we have an undamped response. Hence,
i(t) = A, cos(8t) + A, sin(8t)
where i(0) =0=A,.

So,
i(t) = A, sin(8t)

Tosolvefor A,, weknow that

di(0) _1 _-_1 3 B
G =L V(0 =7v(0) = (-4)(20) = 80
However,
di
i 8A, cos(8t)
d M— 80=8A
an a2

which leadsto A, =-10.

Therefore,
i(t) =-10sin(8t) ampsOt >0

¢

STEP RESPONSE OF A PARALLEL RLC CIRCUIT

Problem 8.11 Given the circuit in Figure 8.1, find v(t) foral t > 0.

zo v(t)
4A S w0 = —= 1U30F
Figl;Te_&l
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v(t) = (120e* -120e2 ) volts Ot >0

Problem 8.12 Given thecircuit in Figure 8.1, find v(t) forall t > 0.
t=0

k V(t)

4 A (T) § 20Q § % -~ V30F
Figure8.1
Att=0",
V-(0) =0 voltsand i, (0) =0 amps.
At t=0",
Ve =V, =V, =0 volts
So, the 4 amp current source must all go through the capacitor or
i.(0") =4amps.
Hence,
dv(0*) .
C =i.(0")=4
dt IC( )
or av(0’) _ 4 4 120 volts/sec
=—=—= vV
dt C 130
For t > 0O, the circuit becomes
Y
4 A § -~ U30F

where the 20 ohm resistor in parallel with the 60 ohm resistor is equivalent to a 15 ohm resistor.
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Using nodal anaysis,
1d(v-0) _

-4+ S
30 dt

v-0 1
+—J(v-0)dt+
TR
Multiplying by 30 and differentiating with respect to time yields
d’v _adv

dt—2+ZE+ZV:O

Substituting the solution of Ae* produces
S?’Ae +2sAe™ +2Ae* =0
(s> +2s+2)Ae* =0

Hence,
s +2s+2=(s+1+j)(s+1-j)=0
which gives complex rootsat S,, =-1F j.

So, we have the solution
v(t)=A gt + A gt

At t=0,

V(O):A1e°+A2e°:A1+A2:O or A,=-A,
Also,

dv(0) . .

o =l-arplA-l-a-p) A =120
-AL - JAL A - A =-2)A; =120
120 . J. ’

A1:_—2j:601260e and A,=-A, =60e

Therefore,

v(t) = 60ee ™' + 6ele 1!
= 60e'{e’" + e}
= 60e" [2cos (t - 90°)]
v(t) = 120e* cos(t = 90°) volts Ot > 0

The answer can aso be written as
v(t) = 120e* sin(t) volts Ot >0
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Problem 8.13 Given the circuit in Figure 8.1, find v(t) foral t > 0.

t=0
160 Q v(t)
——W\,
80Q
80V () = % =< 160 F
80i
Figure8.1
At t=0,
i, (0) =0 amps and V¢ (0) =0 volts
For complicated circuits that can be smplified using either a Thevenin or Norton equivalent, do
so immediately!
Solving for V.,
160 Q
——W\
+
§ 80Q l

80V () Vo
80i

Using nodal analysis,
Vv, -80 N vV, —80i _
160 80
(V,.—-80)+2(V,—-80i)=0
3V, —80-160i =0

h i_80—VOC
where | = 160
Hence,
EO—VOCB
3VOC—80+160D 160 O

4 | P | e-Text Main Menu | Textbook Table of Contents | Problem Solving Workbook Contents



3v,, =80+(80-V,)
4V, =160
V,. =40 volts

Solving for I,

ov ()

80i

Using KCL,

| _80—0+80i—0

<" 160 80
A i_80—0_1
where =160 ~ 2
Hence,

I —ﬂ+8_0i—1+i—1+1—1

< 160 80 2 | 2 2 ~A™

Finding a Norton equivalent circuit,
Iy =g =lamp
V. 40
and Ry=Ry=—7"= 1

eq

= 40 ohms

Now, we can work with the following simplified circuit,

\Y

1A = = - 160 F

Thetwo 40 ohm resistorsin parallel convert to a 20 ohm resistor, so we can simplify the circuit
further to become
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1A § —~ 1/60 F
Writing a single node equation results in
v—O 1 d(v-0)
14— -0)dt+ =0
20 'r( ) 60 dt

Multiplying by 60 and differentiating with respect to time leads to

i + 3% +2v=0

dt? dt

Substituting the solution Ae™, we get
S°Ae® +3sAe® + 2Ae" =
(s> +3s+2)Ae* =0
Hence,
S +3s+2=(s+1)(s+2)=0
which givesreal and unequal rootsat S, =-1and s, =-2.

So, we have the solution
v(it)=Ae'+A e?

Att=0,
v(0) =0 volts and i, (0)=0 amps.

Since v(0) = 0 volts,
vV, =0 volts and i, =0 amps.

Hence, the entire 1 amp of current flows through the capacitor. So, we have

dv(0

i.(0)=1amp ad  i.(0)=C ‘;()
Thus,

av(0) 1 1

1
i - C i.(0)= ]/60() 60 volts/sec

dv(0) 0 0

but pm =-Ae®-2A,e°=-A,-2A, =60
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Also,
v(0) =A e’ +A e’ =A, +A,=0
impliesthat A, =-A,.

S)l
-A;-2A, =60
or -A;+2A, =A, =60
Hence,
A, =60 and A, =-60.
Therefore,

v(t) = (60e'—60e2) voltsT t >0

The power of using a Norton equivalent circuit is clearly demonstrated by this problem.

¢

GENERAL SECOND-ORDER CIRCUITS

Problem 8.14 Given thecircuit in Figure 8.1, find v (t) foral t>0.

30Q 10H
WV 0000"
+
30V () t=0"7 Vvdlt) 75 U20F
Figure8.1

Thisis asecond-order circuit with aforced response and a natural response.

Solve for initial conditions.

Att=0,
_ . e, 30
ve.(0)=v.(0") =0 and |L(0):|L(O):%:lamp.
Hence,
ic(0+):c%:lamp
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dve(07) _ 1
d C

i (0) = —

= 120 (D) = 20 volts/sec

Solving for final values,
ic(c0) =0 amps and V(o) = 30 volts
which is aso the forced response,
Ve, =30 volts.

Solving for the natural response,

300 10H
VW 0000"

- 1/20F

Theloop equationis
. di
Ri+L—+v.=0

dt
, dv
where 1 =C .
dt
So, we now have,
RC W + LCCI2VC + 0
V. =
dt dt? ¢
Substituting for the valuesof R, L, and C
30dv. 10d%v.
— +— +v.=0
20 dt 20 dt? ¢
Simplifying and rearranging the terms,
d?v. +3dvC o 0
_ V =
dt? dt ¢

Substituting asolution v, = Ae* yields
S°Ae” +3sAe” +2Ae* =0
(s> +3s+2)Ae* =0

Thus,
S?+3s+2=(s+1)(s+2)=0
which givesreal and unequal rootsat S, =-1and s, =-2.
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Hence, the natural responseis
Ve =Ae' +Be™

and the complete responseis
Ve =Vg, +V. =30+Ae" +Be™

Now, we need to solve for the unknowns, A and B.
v.(0) =30+Ae’ +Be’ =0

A+B=-30 or B=-A-30
Also,

dv.(0

% =0+ (-A)e’ +(-2B)e’ =-A-2B=20
Now,

A+2B=-20
which leads to

A +(2)(-A-30)=-20
Hence,

-A-60=-20 or A =-40
Then,

B=-(-40)-30=10
Therefore,

ve(t) = (30—40e‘t +1Oe‘2‘)volts dt>0

Problem 8.15 Given the circuit shown in Figure 8.1, find i (t) foral t > 0.

i (t)
5A (T) < 150 15H - 130F
% t=0

Figure8.1

» Carefully DEFINE the problem.
Each component islabeled, indicating the value and polarity. The problemisclear.
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» PRESENT everything you know about the problem.
The goal of the problemistofind i (t) foral t>0.

Thereisaswitch in thecircuit. So, we will need to ook at two different circuits. Thefirst
circuit, when the switch is open, is used to find theinitial values of the capacitor and
inductor. Note that thereisadc source. At dc, acapacitor isan open circuit and an inductor
isashort circuit. Thus, we have the following circuit.

iL(0) +

o
SA (T) § 15Q o Vc(0)
Recall that the voltage of a capacitor cannot change instantaneoudly and the current through
an inductor cannot change instantaneoudly.

Ve(0)=ve(0)=ve(07)  ad i, (0)=i,(07)=i,(0)

The second circuit, after the switch opensis used to find the final solution.

VL

SA § 15H

~ L/30F

A

> Establish aset of ALTERNATIVE solutions and determinethe onethat promisesthe
greatest likelihood of success.
Thisis asecond-order circuit with aforced response and a hatural response. The forced
response is the response due to the current source at steady state. The natural response isthe
response of the parallel RLC circuit without the current source.

For simple resigtive circuits such as the one used to find theinitial values and final values, we
will use observation and Ohm'’slaw. For the parallel RLC circuit, use noda analysis. There
will be only one equation with this technique versus three equations with mesh analysis.

» ATTEMPT aproblem solution.

Solve for initial conditions using the circuit below.

() Zwa ?L“’) e
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Att=0,
V:(07) =v.(0") = (5)(15) = 75 valts
iL.(07) =i (0")=0
v, (0") =v.(0") =75 volts

Thus,

di, (0°) v, (0") _75
d = L 15

=5 amp/sec

Solving for final values, the forced response,

A (D = Yii(e) y V()

i, () =i,, =5 amps

Now, solve for the natural response.

VL
i
15Q § 15H -~ U30F
Writing the node equation,
v, -0 L+id(VL -0) 0
15 30 dt
here v —150"—L
where v = p
&)l
15di, . 15d%,
—— ], +— =0
15d T30 dt?
Simplifying and rearranging the terms,
OI2iL+2di—L+2i =0
dt? da Tt
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Substituting the solution i, = Ae® yields
S?Ae® +2sAe® +2Ae® =0
(s> +2s+2)Ae* =0

Thus,
(s> +2s+2)=(s+1+j)(s+1-j)=0
which gives complex rootsat s, , =-1F j.

Hence,
iL ) Ae'(1+j)t + Be‘(l_j)t
This means that the complete responseis
iL = iLf + | L = 5+Ae‘(1+j)t + Be‘(l_j)t

Att=0,
i, (0)=5+Ae’+Be°=5+A+B=0
A+B=-5 or B=-A-5
Also,
di, (0) ) .
“a =0-(1+) A-(1-j))B=5
-A-jJA-B+jB=5
-A-jJA-(-A-5+j(-A-5)=5
-2JA+5-j5=5
5-5+j5 -5
Az———=—
-2 2
Then,
B=-A-5=>-5= >
- 2 T2
Therefore,

i, =5+(-5/2) gl 4 (-5/2) elilt
. (et +elt O
" (0=5-%" g

i (t)= [5 -5e" cos(t)] ampsJt>0

> EVALUATE thesolution and check for accuracy.
Check to see if the answer satisfiesthe initial conditions.

i, (0)=5-5e°cos(0) =5-5=0 amps
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This matches the initial condition that
i,(07)=i_(0") =0 amps

di (t
I;I—t() =0+5e" sin(t) +5e™ cos(t)
di (0
I;]—'f) =5e?sin(0) +5e° cos(0) =0+5=15 amps/sec

This matches the initial condition that
di, (0%) _VL(0+) _E
d¢ =~ L 15

=5 amp/sec

» Hasthe problem been solved SATISFACTORILY? If so, present the solution; if not,
thenreturnto“ALTERNATIVE solutions’ and continue through the process again.
This problem has been solved satisfactorily.

i (1) = [5—5e* coslt)] ampsT t > 0

¢

SECOND-ORDER OP AMP CIRCUITS

Problem 8.16 Given the circuit shown in Figure 8.1, find v, intermsof v;.
10uF 10 uF
|
100 kQ i 4
100 kQ
—>\W .y
+ i]_ V2 | >_
Vi 2 +
- Vo
-
Figure8.1
Clearly,
.V,
l, =—
1 Rl
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and

Vv, =-—1IL dt = R-l Ivi dt

Cl Rl lcl
where R,C, = (10°)(10°) =1.
Hence,
vV, =-|v, dt
Also,
_Ve

I, = R,

and

-1lev, -1
=—|—dt= dt
Yo CZIRZ RZCZIV"‘

where R,C, = (10°)(10°) =1.

So,
V, = -J'v2 dt

Therefore,

Vv, = _UVi dt?

Circuits like these have many applications, especialy in analog computers.
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