P8.6-3 _[4+2(0)=4 t<0
4+2“(t)_{4+2(1):6 (<0
t<O t>0
+ +
4mA 2k E 8V W”‘@ 2kaZ 12V
P8.6-4 BU(—1) + 6= {6(1)+6=12 t<0
6(0)+6=6 t>0
t < O0: t > 0:
2/{;\’3- Zksz
+ +
bV
Y, 4ka = 8V 4k = 4V
L —
PBES | Lo (steay- st
) é 2ok Current divider i(07) = 161:532) = 4/3 mA
A ot SR Oy (07) = 12i(07) = 16V = v, (07) = 12i (0Y)
,lzm-%#L ¥e o
L I- 0 (0%) = 4/3mA
t>0

Ak ézch.c_ i (t) =i (c0) +AeVRe R =12|32=9kQ

lekg (1 1omA . —~2000t _
23 | - __:r = i () +Ae C —%SuF
L 1 e

t=o  (steady-state)

Aok (o) = — 16 |__
lomA : ek () = 6[16+32}_ 2mA
2kt Ly 9 Oi@)= 2 Ae 20

Now i (0)=4/3=-2+A 0 A=10/3
O ()= (10/3) €L 2 mA t>0
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P8.6-6

>0 Skl
| A Ay -+
2oy [E Ok lw L Vv
v (—P ohes T_ -
- URC where R = 5kQ+10kQ || 10kQ = 10kQ

V. ()= ()+Ae

. —ool_10 -
from voltage divider V(°°)—20(10+1o) 10V

0 v, (t)=10+Ae 100
now v.(0)=0=10+A O A= 10
V¢ ()=10(1-e 1Pty v

P8.6-7 yse superposition, first look at 15e™" u(t) source

t>0

di di
KVLa: -15e'+3i +1/2- 2 =00 — % 6i,= 30e™
Ly dt dt L

O i, ®=Ae®™+i,_(®0 tryi__()=Be"'& plugintoDE.  B=6

i (D=Ae™ +6e™"

t=0" (steady - state)

1n _ i, (07) =0=i (0"
by O, ()= 6e™+6e™

Now v, (t)=3i ()=-18e%+18e'V  u(t)

Now consider —15¢ ™ u(t—1) source
Just take previous result and changet — t—1 and flip signs
O v,(t)= 18X 18D yet 1)

O v(t):{ 18e7% 18e_t] u(t) + [18e*3<“1l 18e ‘1>] u@E 1)

P8.6-8 wv(t) = 4u(t) —u(t-1) —u(t-2) + u(t-4) —u(t -6)
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P8.6-9

500 k4t
0 t<1
+ 5 -6
vy=14 1<t<2 1}:5 2uF 1 RC = (5x10°) (2x107°) = 1
0 t>2 [ ’ -
Now v(2=4-4e ' so v(t)=(4-4e e "2 t>2
H] t<1
O v(t)= %4 4" 1<t<2
O
H4-4e e (12 t>2

P8.6-10  v(0)=10V, needsolvefor v(t) for 0<t<2

ldv
0<t<5 + KCL:v/3+-—=0 or (s+2v=0
—= Lt 6 dt
3 LF i 6
- so v(t) = 10e™
t>5 Loy - v(.5):10e‘1:368
A E v v, 1ldv
KCL: =(v-30)+=+—=0
3ov(2) 3n st ‘— (V )* 3 6 at
or(s+3)v—30

v,=Be ¥ &v, =10 O v(=10+Be "1 \(5)=368=10+B  B=6.32

10V t=0
so v(t) = {10e™* 0<t< 5
10[1—.632e‘3<“-5)] t>5

P8.6-11 ig =40 Hi)-ut-to)H A ty=1ms
fort<0 is=0
-3
_ T L/ 50107 3 _
sofort>0 V=V, Vs where v,=Ae and r—%q— 500 =1X10 “s=1ms
- 30
and where v _20(30 20)40 480V
0 v ()=Ae %" +480
&9) t<0

now i, (0)=0 sov(0)=0 0 A= 480 so v=[ ~
- F680(1-e 1000) 0<t<1lms

for t>1ms v=Be 100(t~t)

v(1ms)=B=480(1-e 1)

0 v(H)=480@ e T)e 0%t
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P8.6-12
<
t<0 2000 < i

-1s é 50}!': ] (ve@®) = -15+9e™ t 20

Thevenin equivalent of the circuit connected to the capacitor

Section 8-7 The Response of an RL or RC Circuit to a Nonconstant Source

P8.7-1
t=0" (steady-state)
KVL a: 12i, + 3(3i,) + 385 =0

y f) 2. 0 i, = 01.83A
Ju
L7 2ix SV dsov (00) - 12i, = 22V = v (0%)

t>0 ‘31'.'51.
— {:} F KVL a: 12i, -8t +v, =0 1
t - "
iz X 'x g{L'F :’: UL KCL : -iy 2'x+(1/36)— 00i, ﬁ% @
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d - )
(2) into (1) yields % vov =726 O v, (t)=Ae”

Try vgr (1) =Be™ & pluginto D.E. 0 B=18
Ovc(t)=Ae™ +18e™

v (0)=22=A+18 0 A=410 v(t)=4e ™ +18> V

P8.7-2

t=0 (Steady-state) 4-2
lav

(';5 TL¥ %L"‘* () = % = 3A =i (0%

(v-12)
4

—
\Y
o

\4 -2t
+— = 6e 1
Lt M

dsov = (2/5) di, /dt @)

KCL at v: +i

Plugging (2) into (1) O di, /d¢ (10/3) iz 10+20e™2
Dip (1) = Ae 103 tryi,, (t) =B+Ce™& pluggingintoD.E.
& equating liketerms 0 B=3, C=15
Oi ()= Ae 3 +3+15e™ i (OF 3 A+ 3+ 151 A- 15

Oi, (e - 15e”@FY% 3 157
dig
dt

Now v(t) =2/5 —L-=20e" 103t 1272t v

. — A
t=0

eraﬂ . L 6 ) _
Iy b 5,“‘4 Current divider O i (07) = '5(6+24j = —1mA

v, = 25sin4000t
240 4H

Ty - . KVL a: —25sin4000t +24iL+.008d(;—tL:o
\é ‘e di 25
—L +3000i, =—="_sin4000t
dt 008

~—+
\Y%
o

i (t) = Ae® tryi (t)=Bcos4000t+Csin4000t &pluginto D.E. and equateliketerms 0 B= 12, C=3/8
n f

Oy (t) =Ae 30 (1/2) cos4000t + (3/8) sin4000t
iL(0") =i (07)=—1=A-1/2 0A= 112

OiL ()= (12)e30% —(1/2) cos4000t+(3/8) sin4000t MA

but v(t) = 24i, (t)= 12 e30% - 12c0s4000t + 9sin4000t V
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P8.7-4
t=0 Steady-state

+-
lokLl
Skt Ve ve(07) = 0 = v (0")
Vg, = 10cos2t
t>0 . dv B
KVL a: —10cos2t + 15 (%0 d]f) +v,=0

e 2v. = 20cos 2t
dt
Ve, () = Ae™®, tryv_ (t) = Boos2t + Csin2t& plugintoD.E. 0 B =C =5
n f
0 v (t) = Ae™® + 5cos 2t + 5sin 2t
Nowv,(0)=0=A+50 A= 5
0 v (t) = 5e™® + 5eos2t + 5sin2t V
P8.7-5
t<0 no sources present [ i(0) = 0
t<0 Vg =10sin 100t
-SH KVL a:~108in100t +i +5di /dt-+v = 0 &
. aso:i=v/8 (2
\I'Ilgg . . dv _ .
(2) into (1) yields a+18v = 160sin100t

O v,(t) =Ae™® try v(t) = Bcos100t + Csinl00t & plugintotheD.E. & equateliketerms
O B= 155& C=0.279

O v(t) = Ae 8 155c0s 100t 0.279sin 100t

Now from (2) : v(0) =8i (0) =0

Ov(@0=0=A 1551 A=155

s0 V(t) = 1.55e 28 ~155c0s 100t + 0.279 sin 100t V

162



P8.7-6

Ly, Jk:.,ﬂ.
. v 0V (07)=v, (0" )=-10V
U'If} *’75 _LF'.D
dsoi = Vst = 0001672'A "
15 yields Ve +4000v,, = 40002
- dv, + Ve dt
dt 1kQ
sov,, = Ae 0 try v, = Be ™ into D.E. O B = 1.0005

then v (t) = v; +v,,= 1.0005 ™2 +Ae™ 0%
but v.(0) = —10 = 1.5000+A A = 110005
so v, (t) = 10005 e %' -11.0005 ety
but v, (t) = - v(t) = 11.0005e ™ -10005e* V ,t 20

—i) =30 )

@)

P8.7-7 From graphi, (t) = -1 t mA
KVL incircuit yields 1i, +0. 4d(;'- =v, 0 % 25, =2.5v,
buti, (t)=—%t mA
Solving gives v;=-01-0.25t V
P8.7-8
t=0" (steady-state) 50 v.(07) = 2 30=10V
2a " 4+2
ov v, 0 v (0") =10V
1 L
t>0 - KVL : 5/2 ddi v, +4(;Og’tc
- n
sn hk-} nt ¥2iL 1dv
2i +4(i— Cj+30 =g
it
+ cr- 2 dt
zF T V;_ v Solving for i in(2) and plugging into (1) yields
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dv,/dt + (6/19)v, =(6/19) (10+ (2/3)e™)

Ve = Ae(6/19)t
tryv, = B+Ce ' & pluginto D.E.- 3Ce ¥ E(B+Ce'3t): 80 4=
f 19 19 19

Equating coefficients and like termsyieldsB=10, C=-4/51 0O v.=10 Sile"?’t +Ae (6719
When t=0, v,(0") = 10V

O 10=10 4/5¢ A O vc(t):10+5il(e"(6/19)t ehvo  A=4/51

P8.7-9 a) lKJ—L -!_,_? _g__:’ - Jﬁi +
-+ U"_;._. . _" l
0= L F
- E"’ I
U, L £ +
z (o F +
U:: é :I:c;‘(’ai U':;:
[ —_
_L =
Equations :
Vo="Ve2
. dv
i=C, 2
Z dt
i =i+, .
o Mg [ O Vo 2 SOOJOVZ(t)dt
Lot
Ve
"R
Va=Vy
b) Plugging in the sources gives

Vo (t)=—20e™%" + 2571000 5/

P8.7-10
Ve(07) =v(0) =3V
V(o) =12+4000i
i =2mA
1=C R =(1x10°) (4x10%)=0.004 sec, 1/1=250 sec™
V)= 4+ (3-4) e = 4-e% v, t 20

}DvLoQ=) 12 8 4V



P8.7-11 Find the Norton equivalent; Firstl, = lg = % Next to find R; remove C & short v

o
-
AW P v
¥ RT:T“b (note i, =0)s0 Ry =2
i U 1A
.a Lx b
Wt -
b
Norton:
© v v _ vy
— 4+ — = _S
- pi N d 2 2
s o Xg N Ay 5t 0<t<2
2 - Vs =
10 t>2
v.(0) =0
U2 16 .
v=5t+10(e - -1) O<t<2
at=2 v=10e = 3.68
t>2 v=Ae? +10
a t=2 368=Ael+10 or A=10 -10e
_t-2)
v=10e”” -10e 2 +10 t=2 &

KVLa: —kt + Rj +vg =0 and i= cdv./dt
dv, 1

+ —— vg

L
d  RC RC

O

k
RC

o URC

. 1
Mryv, =By +B;t & plug into D.E. O B, + RE By BitH= t
f s

thus B, = -kR,C, B; =k
sohave v, (t):Ae_%*SC +K({t-R.C),V,(0)=0=A ~kR.C 0 A=kR.C
Ove(t) = k[t—RSC(l—e_%isC)] plugging ink=1000, Ry =625kQ& C=2000pF get
)]

v, (t) =1000[t ~1.25x10 > (1 -e *°"
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v & Vv, track well on millisecond time scale

S T{ms)

C
b)  F=aE, E="% . rOv, DD F=vg

Now F=my wherey = transverse deflection of beam and y(t) is described by the differential equation
d’y _ C >
=2 = Zvit
a2 ms c@®

wherev . (t) isgivenin part a)

PSpice Problems

SP 8-1 Spice deck corresponding to
Probl em SP 8-1

L1 1 0 Im | C=. 789
R1 1 2 6
R2 2 0 12
.TRAN .0001 1.5n5 U C (=0
. PRINT TRAN I (L1) - @ 60
. PROBE I (L1) ’ o O
. END
1ACD 100 120 1 mH
i(#)
(L) A:wvsp8-1.dat I -~ @
_'I_.DA—;———————————————————--——————~”5
0A +--> : E
0s -0 .5ms 1.0m=s 1.5me
o T(Ll}
Time
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SP 8-2 Spice deck corresponding to Problem SP 8-2

c1 1 0 20u | C=12
RL 1 0 1k

.TRAN 5n58  100nS U C

. PRINT TRAN V(1)

. PROBE V(1)

. END

P EREEEELELEEEEPETEEEEES

SP 8-3 Spice deck corresponding to Problem SP 8-3

V1
R2
R3
| 4
R5
C6

dc

dc

ANWNNPFP
oOhrhOWrLO

.tran 1ns 20ms U C
. PROBE V(4)
. END

@ . O>{ 1kQ2

3 k2 500 Q

10v 3 mA

10
3K
500
3m
1000
1000n | C=5v
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SP 8-4 Spi ce deck corresponding to Problem SP 8-4

Vi 1 0 dc 4

R1 1 2 2K

Cc1 2 0 1000n | C=0
R2 1 3 4K

c2 3 0 1000n |1 C=0
R3 1 4 8K

c3 4 0 1000n 1 C=0
R4 1 5 16K

(o7} 5 0 1000n | C=0
.tran 2ms 80ms U C

. PROBE

. END

! LB P ——t R i— W .
A -
! I|II ,."r f/ uy -
e |
i.'.l'{ f ,ff. :
:I\f};'; _.r)' :
'LIIII'. ,-"
r;jf :
m B I T . e e e e e o o
L3 LOns Ains
CU(2) > W3y 7 uge) ~ Ufs)
Time

Verification Problems
VP81 First look at the circuit. Theinitial capacitor voltageis v (0) = 8. The steady-state capacitor voltageisv, = 4.

We expect an exponentia transition from 8 voltsto 4 volts. That's consistent with the plot.
Next, let’'s check the shape of the exponentia transition. From the solution to Problem 1b

t
Ve(t) = 4e 67 +4

wheret has units of ms. To check the point labeled on the plot, let t; = 133ms. Then

(=)
Vo(ty) = 4e \ 67 )+4 = 4541 ~ 45398

So the plot is correct.
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VP 8-2
Theinitial and steady-state inductor currents shown on the plot agree with the values obtained from the
circuit.

The solution to Problem 1b gives
-t
i, ()-2e 3P+5mA
where t has units of ms. Let t;= 3.75ms; then

_B.750
i (t)) = —2e DB750+5 = 4.264#4.7294

so the plot does not correspond to this circuit.

VP83 Notice that the steady-state inductor current does not depend on the inductance, L. The initial and steady-

state inductor currents shown on the plot agree with the values obtained from the circuit.

Aftert=0
So lg =5mA
5[2’}(4 fﬁ;g L TZL
! 1333
Lo

The inductor current is given by
1333t
iL)=-2¢ L +5mA
wheret has units of seconds and L has units of henries.

Let t;= 3.75ms; then

_ (1333)[.00375) 5
4836=i (t;))=-2¢ L  +5=-2eL+45
48365 -2 -5
= d L=— > =2
2 et 483650
-2

is the required inductance.

First consider the circuit. Whent < 0 and the circuit is at steady-state
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VP84

JW

R, *
K.
A@ Ky "5“'_"'4

— R1R2
Fort>0 RylR, = R, +R,

A+8) ( Y. 6t
- K, :

M |
A+8 ﬁz’xe C —Lv;) R J- )
| ]

So

R
Voo = o = (A+B), Ry = and T =
1R, R;+R, R;+R,

Next, consider the plot. Theinitia capacitor voltageis (V, =) —2 and the steady-state capacitor voltageis (Vo =) 4

t
So ve(t)= -6e T +4

At t; =1.333ms
_1.333ms
3.1874=vc(t])) = 6e 1 +4

-1.333 ms
= — =0.67
0 "7 CA+318740 0.67ms

-6

Combining the information obtained from the circuit with the information obtained from the plot gives

(A+B) =4

R;R,C

R;+R,
There are many waysthat A, B, R,, R,, and C can be chosen to satisfy these equations. Here is one convenient way.
Pick R, = 3000 and R, = 6000. Then

= 067 ms

2A
3
2(A+B)
3
2000[C = 2 ms O 1pF =C
3 3

=-20 A= 3

=40 B & &1 B=9
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Design Problems

DP 81
R3

6 V = the steady state response when the switch is open = R1+R2+R312V 0 Ry Rz Rs.

R3
R1+R3

R
8V = the steady state response when the switch is open = 12v 0 R 73 .

R3
10ms=5t1= 70

LetC=1puF. ThenR3=20kQ, R; = 10kQ and R, = 10 kQ.

DP 8-2
12V

1 mA = the steady state response when the switch isopen = R;+R5 0 R Rp 126

4 mA = the steady state response when the switch is open = 1‘;'2—\/ 0 R 3R
1

Therefore, R, = 9 kQ.

10ms=5t=5 L L O £ 240H

Ri+Ro 2400

DP 8-3
R, = 50 kQ when the switch is open and R, = 49 kQ = 50 kQ when the switch is closed so use R, = 50 kQ.

—6
10) =4 pF

(@ C=
5(5><1o3

(b) At:5(5x103)(2><10‘6) =055

DP 8-4
R; = 50 kQ when the switch is open and R, = 49 kQ = 50 kQ when the switch is closed so use R, = 50 kQ.
At

When the switchisopen: 5e T =(@1-k)5 0O In@ k¥- g 0OA =t 71in{l k)
at
When the switchisopen: 5-5e T =k5 0O A £- tin{@ k)
1076

@ C=
~In(1-.95) (5><103

) = 6.67 pF

(b) At =—In(L-.95) (5403)(2 ><10‘6) =0.3s
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DP 85

=0
40 400 oy o
: Current divisionsi(o™) = g1t
T = ‘LI’. 40R R, +40
zn R.I 4O+71 1
v 40+R,
t>0 4n 11
-2
i) =i ‘V = L = 10
(0 mH i(t) =i(0)e /1 wheret R~ 20+R,

a t <200us need i>60mA and i<180mA
Find R; toset i(0) < 180 mA
Try asolution: if Ry = 40Q , theni(0) = %A = 166.6mA

Theni(t) = 166.6 mA e"% att; = 200us=.2ms - i(t;) > 60mA required
-2

Try R, =10Q, thent = & =.2ms= 1

e 50 5000

i(t;) = 166.6x10 20U =166.6x10 e = 61.2mA

S

DP 8-6 The current wave form will look like:

We need only consider the rise time

where i (1) = %(1—@% )

1
—t
! - A )
. ! y 1) L _2_1
7 wheret = — = = = —
25 SO 35 Rt 3 15

SINCIERAT N

Now find A so that iZ Ry e = 10W during .25 <t < .75
Owant [iZ (.25)]Rpes  10W

2
%(1—e‘15<-25>)2(1) =10 0 A=9715V
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