Chapter 8 — The Complete Response of RL and RC Circuits

Exercises

Ex 8.3-1 Beforethe switch closes:

[ 3

After the switch closes:

30 6 30 6

SN @] SN @]

<f>3v vOCZEV C@SV

Therefore R, 20—225 =8Q so0 T :8(0.05) =04s.

_t
Finaly, v(t) =v,_+(v(0) -v,.)e™ =2+e>* V for t >0
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Ex 8.3-2 Before the switch closes:

30 6 ()
6 ()

G)gv i(O)i—l A

- 3

After the switch closes: ;
30 6 () 30 6 ()
EAVAVAVES AN AN
6 () 6 ()

(f)gv v =2V (f)gv $ N
oC sc 4

Therefore R, :0—225 =80 s0 T :g =0.75s.

Finaly, i (t) =iy +(i (0) —i )e_% :l +i
g * = 4 12

e—1.331 A for t >O

Ex.83-3 At steady-state before t = 0:
2 4o N ( y ) .
12V oS ‘\(fi ~ (10+40) | 16+40j10

= 01A
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After t = 0, the Norton equivalent of the circuit connected to the inductor is found to be

W

Foll
2V o o i £ i)

\ beancs

034 <=4pa o4 EdLE)

L 20
© Iy = 03A Ry = 400, 7= = o

N~

Findly:  i()=(0.1-03)e ' + 03=03-02¢ ' A

Ex. 834 At steady-state for t <0

W—W

lbosL — ZoosL '
12V Vtoy=12 v

After t = O, replace the circuit connected to the capacitor by its Thevenin equivalent

W

ZoosL +
2y ZOﬂﬁ:!: V(t)

—

0V, = 12V, Ry, = 200Q, T =Ry, C=(200)(20 10°)=4ms
_t
Findly: v(t)=(12-12)e * +12 = 12V
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Ex.8.3-5 Beforet = 0, i(t) = 0sol, = 0

After t = O, replace the circuit connected to the inductor by its Norton equivalent

9 o724 4—59.;% RS 1 %¢, ¢ )
45
25 5

le = 02A Ry, =450, T = L o255
R, 45 9
> o2 402
:N i(t) = 02(1-e A
gV b= vik) 2s5H

Findly: v(t) =40 i(t)+25% i)=81-e ") +51.8e " =g+e T v

Ex. 8.3-6 <0

“oo
%._

beo ? ﬂt:l':)J, 054 0i(cy 05 A

t > 0: Replace the circuit connected to the inductor by its Norton equivalent to get

Continued

G315 bdog o4 B o)
"L

I, = 93.75mA, Ry, =640Q, t =

11

L
Ry 640 6400
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+
ipey Lk {roo ;LTL‘? Vi) DAl & i () = 406.25¢™" +9375mA

Finaly

d ; )
V() = 400i(t) + 0.1 - i(t) = 400 (40625 o400t 4 00375) +0 1 (6400 ) (0406256 ™" ) =375 975 *® v

Ex. 8.4-1
e
JV: < 7 = (2107 (1120°) = 20107
1t
l + Vv () =5+(15-5)e 2 wheretisinms
—_— -1
5 LuF !_ Ve ) V(1) = 5-35¢ 2 = 2.88V
' So v (t) will beequal tov at t=1 msif Vo = 2.88V
EX. 8.4-2 ‘
L
L 200 + _
5 2005 Vo) <> 10mA (7) 500 2 L EVLH)
i (0) = 1A, I = 10mA 500,

O i (8§ 16 9% L mA

Ry, =500Q, T= =
500
_500

15V at = 10ms =0.01s

We require that v

500

That is -22(0.01)
15=3-27e -
-2 9153
el== = 0.555
27
5
- In (0.555) = -588
L= 2 -g5H
0.588
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Ex.861 O<t<t,

J_ g VO =V Ae "RC where v(w) = (1A)(1Q )= 1V

+
A o

v _ _

- T v(t) = 1+Ae” MO = 1 pe7

Now v(07) = v(0*) =0 =1+A 0 A=- T v(t)=1 eV

t>t

- _t-5
ln ") = = 55 V() = v(t)e DD = y(5)e o)

Now v(.5) = 1-e7 299 = 9go3v

O v(t) =.993e™20~9) v

VY a
o |
.5
s > (o)
Ex. 86-2
t<0nosources 0 v(0')=v(0'¥F O
o<t<t, »
ZookaL V) = V() A IRE < y(my s e /)
-+ where for t = oo (steady-state)
by v . '}LF O capacitor becomes an open O v(«) = 10V

v(t) = 10+Ae™
Nowv(0) =0=10+A 0 A = 1@ v(t) =16(1 e>*)Vv

t>t,, ty = .1s

v(t) = v(.1)e D
ookl v At wherev(1) = 10(1-eY) = 993V
0 v(t) = 9.93e™0D v
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Ex. 8.6-3 fort<0 i=0

O0<t<.2
' KCL: -5+v/2+i=0

" 1’- _ di ﬂ+10i = 50
5a(d)zaz v £.14

0i(t) = 5+ Ae™ ™
i(0)=0=5+A0 A= 5
so havei (t) =5 (1-e ) A

t>.2
i(2) = 432A O i(t) = 4.32e7102 A

Ex. 8.7-1 |
oL vy =10sin 20t V
+
Vi, lowf— " v KVL a: -10sin20t410000 Y Fv=0 0 N 10v=100sin 20t
- HatH dt
Natural response; s+ 10 = 0 0 s =— 100 v, (t) = Ae™™®
Forced response:  try v;(t) = B;cos20t + B, sin20t
plugging Vv; (t) into the differential equation and equating like terms
yields: B, = -40& B, = 20
Completeresponse: v(t) = v, (t) + v; (t)
v(t) = Ae ™™™ 40 cos 20t + 20 sin 20t
Nowv(0") =v(0*)= 0 = A-40 OA = 40
0 v(t) = 40e°“ 40 cos20t + 20sin 20tV
Ex. 8.7-2 v . .
ig = 10e
Ly JH S KCL at top node: ~10e™ +i +v/10=0
L Nowv = 19 0 9 1001 = 10006
. | dt dt

Natural response: s + 100 = 0 0 s =— 100 i,()= Ae ™
Forced response: try i; () = Be™ & pluginto D.E.
3 5Be™ + 100Be™ = 1000e™
0 B =10.53
Complete response; i(t) = Ae % + 1053e™
Nowi(0") =i(0")=0=A +10530 A = 1053
0i() =1053(2 e A
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Ex. 8.7-3
Acurrenti, = v¢/1flowsintheinductor with the switch closed. When the switch opens, i

cannot change instantaneously. Thus, the energy stored in the inductor dissipated in the spark.
Add aresistor (say 1 kQ across the switch terminals.)

Problems

Section 8.3: The Response of a First Order Circuit to a Constant Input

P8.3-1  We know that

i fip(t)
Ll
v [t
ey Kmfl L (0= -Tscle ) +1ee
wherel,= i (t,)andt = . Inthisproblemt,= 0 and I g=i| (0)=3mA.
TH
The Norton equivalent of LKkL2 is °
" L
SniA 1332 0
{0 4k12. }
SOR,, =1338Q and |, =5mA.
L:5H30r:i:i =375ms

Fndly i ()= -2¢ > 45mA t>0 wheret hasunitsof ms
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P8.3-2 Weknow that

_[t=to

. Vc(t) = (VO _Voc)e ! ) +V

oc
—

wherev, = v(ty) and 1= R,C,

AW —
2
¢

oc

Inthis problem, t; = Oandv, = v (0) = 8V.

The Thévenin equivalent of

Lk .
is -
/333
6v @ e TV
]
soRy, = 1333and V. = 4V.
Next, C = 0.5UF 0T = (0.5E|10‘6) 1333 = 0.67ms
Finally _t wheret has units of ms.
Ve(t) = 4e 67 +4V
P 8.3-3 Before the switch closes:
6 () 30
+
@ 12V =12 V
c |
i Q
Q
—
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After the switch closes:

SN @]
AN

@ le Vv

Therefore R, :_—2 =3Q so 1=3(0.05)=015s.

Finally, v(t) =v,_ +(v(0) -Vv,)) e

P 8.3-4 Beforethe switch closes:

After the switch closes:

SN @]
AN

@ le Vv

30 60 30)
AN AN
+
v =-6V @ 12V
oC
2 Noj
Q ‘ Q
Q
—=
t
T=-6+18e°""' VvV fort >0
60 30
— AN AN
@ 12V $<O>§A
2
i Q
Q
—
30 60 30)
AN AN
+
v =-6Vv (TYiev
oC
2 e
Q ‘ Q
Q
—=
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Therefore R, 2—2 =3Q so T 22 =2s.

+% e®™ A fort >0

-t
Finaly, i (t) =i, +((0)-i)e® =2
P8.3-5
Before the switch opens, V, (t) =0V 0Ov, (0% 0V . After the switch opens the part of the circuit connected
to the capacitor can be replaced by it's Thevenin equivalent circuit to get:

cOk)
AN

1OV<+> 4 puk = voﬁ)

Therefore T = (20x10°)(4x10°) =0.08 s.
t

Next, V¢ (1) =v_ +(v(0) -v, ) e " =10 -10e™2% v for t >0

Finally, v, (t) =V, (t) =10-10€™* V for t >0

P8.3-6

Before the switch opens, V, (t) =0V 0Ov, (0% 0V . After the switch opens the part of the circuit connected
to the capacitor can be replaced by it's Norton equivalent circuit to get:

+
0.5 mA @ e SH v (D
) <
NS>

Therefore T =

20X 10 =0.25 ms.

t
Next, i (t) =i +(i(0) —ig) e * =05x10° (1-e™™) A for t >0

Finally, v, (t) = 5%' (t) =10 Vv fort>0
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P8.3-7  gincethe input to this circuit is constant, the capacitor will act like an open circuit when the

circuit is at steady-state:

t<0
=2 t>0
2000 * *
v=2v Zm 4V
2 ’D 2000 =< o { I 2000
P8.3-8 Since the input to this circuit is constant, the inductor will act like a short circuit when the circuit
is at steady-state:
<0 Zo00 >0

36 ‘40::;.:;l ] gémé ‘LiL:W\

2000 2 00
P8.3-9  Sincetheinput to this circuit is constant, the inductor will act like a short circuit when the circuit
is at steady-state:
t<0 t>0
'l — ! i, = 2mA
A ‘L i, = 2mA \v L
m
P8.3-10 Since the input to this circuit is constant, the capacitor will act like an open circuit when the circuit
is at steady-state:
<0
T t>0 pAAYE
-9
+ +
WE ams Ye=sssv v ez N4y
-—m_-_—-uo
2
2k -
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P8.3-11 —'r_'-t.
at=0" (steady-state) vi(0O)=0 Oi,/(07)=6A=i/(0
at=0 W@ 408 v E sy (07) (07) (0")

fort>0 *

15, Y5 H i (t) =i, (0)e®Y" = 6e™A

P8.3-12
R

bv 'U+ | Rmb'-lbh.ﬂ_

c_—l— L

Assume the capacitor ischarged att = 5r, i.e,, Ve 1-e = 993

Cmax

V, - _
Similarly, assume the capacitor is discharged when v =g = 674x10°.

'max

Now determine C from discharging condition
_(t_to) _05
v () = v (to)e = 0 67 100 o S coigfEs 10uF

Now determine a condition for R from charging circuit at the instant
v, =00 %que 10°A0  R>@Dk

then for the charging ckt.

993 = 1-gRC
-4.96 = —%C OR=_ > _ =1008kQ

(4.96)(107°)
and see that R =100kQ > 60kQ.
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P8.3-13  Firdt, use source transformations to obtain the equivalent circuit

252 kvl
vi
42 v 20 1 H
2
t=0 Q
for t<O: for t>0:

g0
!Ulgn_ ¢ i =2A -@LL-
L1 |
25 3 H
| 1

L 2 1
Sol,=2A, I =0,Ry =30+9Q=12Q, 7= — = 2 =
0 < th "Ry 12 24

and i (t) =2 t>0

Findly v (t)=9i (t)=18e" 0

P 8.3-14 Before the switch opens, V. (t) =0V 0O v, (0% 0V . After the switch opens:

| =00 mA
Voo T 10V S
O+ -

— A mVAVAVES

20k c0k() 20 k(Y 20 k()
G 10V @ 10V

cOk) 20k

Aa T

Therefore R, :#30_3 =20kQ so 71=(20x10*)(4x10°) =0.08s.

t

Next, Vi (t) =V, +(v(0) -V, ) e T =10 -10e™2% v for t >0

Finaly, v, (t) =-v, =-10 +10e™?** V for t >0
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Section 8-4: Sequential Switching

P 8.4-1 Replace the part of the circuit connected to the capacitor by its Thevenin equivalent circuit to get:
8 () 4 ()

10V 0.9 F vt oV 09 F vt

<0 anc T>1.0s 0<Ct<1los

Before the switch closes at t = 0 the circuit is at steady statesov(0) =10V. For0<t <155 vee=5VandR =4 Q so
T =4x0.5=2s. Therefore

t

v(t)=v, +(v(0)-v, ) e’ =5+5e°% vV for 0<t <l5s

Att=15s V(1.5) =5+56°t9=7.36V . For L5s<t, ve=10V andR=8Qs0 T =8x0.5=4s.

Therefore
_t-15

v(t)=v,_ +(V(L5)-v )e T =10-234e°*(*) v for 15s<t
Finaly

V(t)_ﬁ 5+5e°* V for 0< t<15s
5_0_ 234 e—0.25(t—1.5) V for 15 s< t

P 8.4-2 Replace the part of the circuit connected to the inductor by its Norton equivalent circuit to get:

(@M 80 12H $<t> C@m 60 12 H $<t>

<0 and t>1.5s 0< £t <1los
Before the switch closes at t = 0 the circuit is at steady states0i(0) =3 A. For0<t<15sig=2Aand R =6 Q s0

12
= E =2 S. Therefore

t
it)=i g +({(0)-i)e” =2+e** A for 0<t <15s

Att=15s i(1.5) =2+ e =247 A For15s< t, ix= 3AandR=8Qs0 T :% =1.5s. Therefore
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Finally

P8.4-4

t-1.5

i(t)=i_ +(i(L5)-i)e © =3-064e°(*) v for 15s<t

t-1.5

i(t)=i +@{(@L5)-i)e * =3-064€*(" v for 15s<t

(0 = B 2+e™' A for 0< t<15s
%3—0.64 g0o7(t1%) A for 1.5s< t

Assume V, = voltage across 10uF capacitor = 3V
0<t<10mS

With R negligibly small, we may assume a static steady-state situation is obtained in the circuit nearly
instantaneously (t = 0"). Thuswith both capacitorsin parallel, the common voltage is obtained by

considering charge conservation.

at =0, Gge = CV = (100yF) (3V) = 300 uC f—-——l
lﬂi‘;«tf’: - f
W

Oa00r = CV = (400uF) (0) = 0

Oror = G100 * Gaoo = 300uC u
at=0", Gy + Uupp = 300UC
Now usingq=CV [ (100uF) (V) + (400uF) (V) = 300uCO V= 0.6V

b (1L . KVL : —52+18i+(12/8)i=0 O i(07) = 104/39 A
>y | 060
l- 1. =i = =i *
Silv b1 LoD S oOEA i, (0%)
0<t<5lms
1 1“.
! t (r ;8 20 i, (t) =i, (0)e ®L! R =612 +2 =60
b {H . — o6t
i () = 27A
gie) =i (t)(6) = 2/3e®A
Ll e+12
t>51ms
It 2 i, (t) = i (51ms) e (R/D)(t-051)
. (H i, (51ms) = 2e7%(%D = 1 473
¢ i, () = 1.473 e 147051 A
L .
t=0"

sooufF
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10ms<t<ls

Combine 100uF & 400uF in parallel to obtain

+
Sﬂﬂ}IF v EL‘_ [ kLo

—_—

~ (t-01)/RC

v(t) = V(10ms) e =0.6e

v(t) = 0.6 e 2t~0D v

20 o _ [0
X sovag) ~51=20 - 5=

for R, kill sourcewith vV =0

Forced response

i = 2A
[Sv 9 |'5mH

b T=

natura: i = Be™YT = Be™™

total : i = Be™ + 2nowi(0) =00 B= 2
i(t) = 2(1~e™>)A

time to 99%:

fore™ = 010r500t = 4605 0 t=9.2ms

P84-6 T=RC=10°x107°=.1
v.(0) =5V
Now 5/2 =v(t;)=5e "
eW'=5 [0 t,=.0693s

v(t,) 5/2
==Z=25A
100 kQ 10° el

S} 0 v 5

i(ty) =

=15

|
-
—~
)
|

~t-01)/(103) (5x107%)

Note i; = %A

1
0 = 1(10Q) - 5(=A) = 7.5Q
1 (10Q) (2) 1.0

with V(10ms) = 0.6V

Req = 7.5
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P8.4-7

) +
t = 0" (steady-state -
t= 0 ) A ® VoY) o) = v0Y) = (28)(50) = 10V
0 <t <100ms + v(t) = v(0)e V¢
5 v lomE v(t) = 107 VO (0D = 106720 v/
_ (1
£ > 100ms v(t)=v(100mg) e 9OV
[bmF ,:, 2offs =4 v(100ms)=10e (V=135 v
- 0 v(t) = 1.35e 2D v/
P8.4-8
t=0 (steady-sate) ; - 1 ,_7,

'27 Jia+241 '8
Vo(07) = v (07) = 2i, =7/4V

0<t<.35 Closing the rightmost switch shorts out 1Q in parallel with 7A source and isolates 7A
source leaving

KCL a a: X +5 +i + ‘©=0()
4 ¢ e D

V.tV

v
KCLatb:TX—SiC+ Clx =0 (2
L~ oV,
dsori = .27y (3)
. . T : dv, 7 _
Plugging (3) into (1) & (2) & then eliminating v yields o + 1—0vC =0
Sov, (t) = v, (0) € %7 = 7/4€°, i, = .2 d;’tc = -245¢ ="
Sofrom (1) wehavev, () = 24i, + 2v, = -2.38e”"
t>.35
Vvo(35) = 7/4e @D = 137v

4“1 'lf 51{_ I"-(-J_ now = VvV, = —V,
K
KeL: Vo, +5i + Vo) +ic=0 (1)

dso: i, = o.z“VcOlt ©)

From (1) & (2) O dvg/dt + 58 v, =01 v (t) =v, (35)e Y= 1,37 6251-3)
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Section 8-5: Stability of First Order Circuits

p8.5-1 Thiscircuit will be stableif the Thévenin equivalent resistance of the circuit connected to the
inductor is positive.

EL(}@ t R = Vr
K @ _ Y, I &
J v otk) T T
—
R
I(t) - R1+R2 |T 0 Rth: (RF§—+F\2R1
V7 = R,i(t)-Ri(t) 12

Then Ry, >0 requiresR, >R. Inthiscase R, =400Q so 400 > R is required to guarantee stability.

P8.5-2  The Thévenin equivalent resistance of the circuit connected to the inductor is calculated as

Arosok)

4___
+
V.
& \ZT I+ Ripn= —

j + Vi)

I
TyS— |

"":‘7:‘_
v(t) = Rl
V: = 1:(R;+R,)-ARI ¢
The circuit will be stable when Ry,> 0, that is,

}D Ri R,+Ry AR,

+
Ry,>00 M> A
R2
When R, = 4kQ and R, = 1kQ, then A < 5isrequired to guarantee stability.
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P8.5-3 The Thévenin equivalent resistance of the circuit connected to the inductor is calculated as

BT —0

+

& g, ?gib{:‘) Vo L Rth=\|/TT

Vi = —Rii(t) = Ry(i(t) +Bi(t) +17)

. -R

i) = R 2 T

Vi = _Rl_iRle
R;+R,+R,B

RiR,
Rth D 4D 4D B
R;+R,+R,B
Thecircuit is stablewhen Ry, > 0, that is
2
when R; = 6kQ and R, = 3kQ, B > —3isrequired to guarantee stability.

R,+R,+R,B>00 B >

P8.5-4 The Thévenin equivalent resistance of the circuit connected to the inductor is calculated as

A Vit)
443— o
i s e
=T
A Rz[ E CANZEE S
_ RiRy
V0= Ri+R, ' R :%(1_'0\)
1R

Vi = v(t) — Av(t)
Thecircuit will be stable when R, > 0, that is, when A<1.
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Section 8-6: The Unit Step Response

P8.6-1

Lot 4 - |10 4= t<0
VO 4= 10)-4=6 t>0
t<o 2ks2 t> 0 kgL
- ‘Zrh.ﬂ, fa'\f \{(Smﬂr
P8.6-2 S0+ auy < [BDTAO=6 <0
D+ AU =60y +a()=4 t> 0
b= ? 7K t>0 2KsL
M—
&V ; ZmA a4 b2mh

|
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