P9.3-3

After the switch closes, a source KCL:
transformation gives: i, (1)+C dr;l(f} oV (r]; v (1) 0
VW "
i - R; KWVL:
i : - d', A
Ryict0) ("’) Ry, (t)+Ryip (1)+L I;f(r}_]’r“)_vs[’)=0
r
-
L 1.-C(!}=le'_:[r}—leL[r)él r;{_f‘)_ ':(?)
: t
% V() Differentiating
. mE ‘
CT vel) dve(r) _  di(1) .40 (0., cfzfl}[r} dv,(1)
. dr Coodt dt di- dt
Then
[ di, di d’i dv, (1)) v,
L (4| R, !_(I)+R1 IE(F]+L ILEr]_ 1J[r}J*1_(r)
\ dt dt dr dt | R,
( . di )
o Ier'“,{r}+R1}'L{f}+£ 58, (1) ]=0
RQ\ . . /
Solving for iy (t):
di(0) [Re 1 ldig() [ & 1] -R, Ry di (1) 1dv,(1)
—+| —+ | + +— iz {t)=——1,(t)—— +—=
d® | L RC| dt |LRC ILC LCR, L dt L dr
P9.4-3
SN . Bt
20 KCL: M+i}_{r)+{10xlo_ﬁ} 1(’}:0
§1ﬂ + 1 ; dt
10 uF == v{t) 2 : ' s dig (1)
HF= KVL: v(t)= 2i; (r)+(1x107)
) - i Codt
v.{f) Cf) 1 mH lrL{:}
. \ di; ) 7 . di . a4 (¢
O=2iL{_f)+[1'-<10"3_]—};££r)—\‘J.[r}+r’1(r_}+[10><l{}_5j[2} i*;ri”+(10><10'ﬁ_)(10") ;r(r-}
di di % ( di, (1
v, (1) =3, ()+0.00102%2(1) 1o 7 (1) 50, 1020002 40) L 3,10, (1) = 10° v, (1)
: dr dr” dt dr - o

s> +1020005 +3x10°

=i =

5, =3031, 5, =-98969



P9.5-3

ﬁ i ()
= di(t) _di
KVL: i +5780) 5900 _, (1)
2H dt dt
di di, (¢)
e i &L gvr: 3l i-'['}r-}+23',{a-)=c- (2)
dt dt -

: d ;
Using the operator s = a0 the KVL equations are
t
1+35 )i+ (—3s5)i,=0 , . 3 r ) 27
( _'}1 ( }_' ] = (1+5s)i—(3s5) =0 = [(1+55)(35+2)—(3s) 1, =0
(—35)i+ (35+2)i,= OI ’ s

35+2 -
The characteristic equation is (1—55}{33—2]—952 = 65°+13542=0 = 8, = —l,—2
' - 6
The currents are 7 (1) = Ae_;/ﬁ + Be™ and i,(t)= Ce_’% + De™, where the constants 4, B, C

and D must be evaluated using the initial conditions. Using the given initial values of the
currents gives
i(0)=11= A+B and i,(0)=11=C+ D

Let =0 in the KCL equations (1) and (2) to get

di, (0] di, (0 :
A }z_ﬁz_f_zg and A ]z_ﬁz_E_D
dt 2 6 dt ] 6

Sod=3B=8.C=-1andD=12. Finally,

-

i(N=3¢"%+8¢> A and i,()=—e"®+12e> A




P9.6-3
Assume that the circuit is at steady state before r = 0. The initial conditions are

v,(07)=10*V & i (07)=0A

Afterr=0 . : di; ()
i) KVL: —1‘0{?‘}—.01 -
—

+10%, (r)=0 (1)

10 mH

+ KCL:
+ R=10°QZ2v0) dve (1) di, (¢} dip (1)
L (t)=-C ——c| .01 2+10 : 2
CT vi{:) = 1) dt dr’ dt (2)
d’i di .
001C irJ'-jerm"’C !’-“}+ i (r)=0
dr* dr

The characteristic equation is: (0.01 C}S2 + (lOﬁC}5+ 1=0

~10°c=(10°C) - 4(0.01C)
2(0.01C)

The natural frequencies are: 5,, =

For critically-damped response: 10°C* —.04C=0 = C=0.04 pF so 5, =-5x10",-5x10".

The natural response is of the form: 7, (#) = Ale_ikmt’ + Ayt Pl
— dip oo\ . 6: (atV] o 106 A
Now from (1) = E(D ) =100 [v.(07)-10%,(07)] = 10°4/
di, (0 . —
Soi;(0)=0=4, and #=105 =4, o i(f)=10°: A
I

Now v(t)= 1(}55L (1)= 1024 o590 v/




P9.6-5

After =0, using KVL yields: l.‘.t‘)

M)« Ri(e) e 2e4fsi(r)de =6 (1) 2]

i

v(7)

Take the derivative with respect to

d_r[;J—Rdi{'fhzlf{'r) =i
dr dt ;

The characteristic equationis s +Rs+4 = 0
2

Let R=4 for critical damping = (s+2) =0

So the natural response 1si(r) = A eX+Be™

d:‘(io —4-R(i(0))=4-R(0)= 4= 4
f

o

i(0) =0= B =10 and

~i(f)=4te™A

P9.7-3
Afterr=10
1dv(t £]
KCL : — ‘;T‘EJ “i )i (F)=0 (1)

e F = 4di(t ;

: Loy, (=220 () (2)

L C o dlig(r)  dig(2) ,
Characteristic Equation: —+4 +517 (I)=[}::> s+4ds5+5=0= g5 ,==-2+i

dt’ dt x !

Natural Response: 7, (f)= E?_:II:AICDS +4,sin f |



Before t=10

—01 5+ 0——

M

i (0-)

20

40

7oA




P9.7-5

Afterr=10 The characteristic equation is:
iclt)
i 1
32 +—s+—=0or 32 +25+5=0
+ RC LC
5O 2 H 1o F== wli)
1 i) "~ The natural frequencies are: N b
The natural response 1s of the form:
v(it)=¢e" I_B1 cos 2t + B, sin ErJ
3 v(0* 2 7
v(0")=2=B,. FromKCL, i (07 )=~ { }—: (o*)= = b 1N
: : 5 5 10 2 s
dv(0* (10
[ ']ZID‘—1'2—31+234:’ B, e
dt . 2/ 3 3 2

: S W .
Finally, v(f)= 2¢7cos2t ——e™'sin2t V. 120




P9.8-2

Aftert=10
R-7Q L=01H dv(r) Rav(t) 1 .. (1)
+——"+—V

" dr L dt LC

= vt

V(1) C=833.3 uF =

2z - f
(1) (1)

+12000v(r)= 12000v, (1)
dr dr

(a) Try a forced response of the form v, (f) = 4. Substituting into the differential equations gives

0+0+120004=24000 = A=2.Therefore v (f)=2 V.

(b) Try a forced response of the form v, (f) =4+ B f. Substituting into the differential equations

. = ;
gives 704 +120004 r+120008 =2400+t . Therefore 4=0.2 and B = 17;}{;; =-1.167x107.

-

Finally v, (7)=(-1.167x107 )1 +0.2 V.

(¢) Try a forced response of the form v, (f) =4 €% Substituting into the differential equations

gives 900 Ae”" —21004e”" +12000 Ae™>" = 12000™" . Therefore 4= % =1.11. Finally

Vet S LTES" W,




Po.9-3
First, find the steady state response for t < 0. The mput 1s constant so the capacitors will act like
an open circuits at steady state.

NV 1 N 1 (0= 1990 g sy
ek & ke 1000410000
@)wv v4(0) v,l0) -
% % 1P‘:U:']:D v
Fort>=0,
Node equations:
=10 (T oo Yd . % A T v
1000 i~ 0 |m~ ' 7000 ~ oy 1kQ
[ J
; C"')‘Iﬂ‘u' Vo) T W6 UF  volt) 2= 1116 puF
N LT =l I ; 1 2
:>41']—|E><1EI 1—1Jl—lﬂ—h - T -
*

| . 1] "

b L ixll:]—é‘ il’..

1000 16 Jdf -
{ b

= W-%=| 1,100 |£ Vs
\ 16 J dt
After some algebra:
{:;1

7 v, +(2.8x10%) d v, +|:“9.6::<1EIT] v, =06=10°
I- o . ’ i,- . =

dr
The forced response will be a constant, v:=5 so

ﬂl'z
dt*

3+(z.sx1n*]%B+{9.ﬁxm’}3=_c:«_ﬁxm“ — B=10V.

To find the natural response, consider the characteristic equation:

5 +(28x10*)54+(0.6x107)=0 = 5, =—4x10°.-2.4x10"
The natural response is
V.= 4 g 20t
50
3, sizciid
V(1) =4, PR BT e |
Ati=0



;I T
5=v,(0)= 4, S0 [°J+A2 24107(0)

+10=4,+4,+10 (1)
Next
(1 .3} d 4
2y +| =x107 | —wv-10=v; = —v=-12000v, +6000v,+6x10
. 6 ) dr dt
Att=0
?v]{0]=—120001-1{0)+60001-2{0)+6x10*=—12000{5}+6000(0)+6x104=0
g
50
) 9] 4
divl ()= 4, (~4x10’ )e“"“ﬁ‘ + 4, (-2.4x10%) 20
‘ _
Atr=0+

_ \ - J— . ;
0=;i\'1 (0) = 4, (~4x10%) &7 O 44, (2.4x10*) 17O = 4 (<4x10°)+ 4, (-2.4x10%)
i ) | .

s0.41=—-6 and 4>= 1. Finally

i 3
v}{f)=l{}+e_"4xm "6 Y forrs0



P9.9-7

LR
+
2ult) A 40 CZ— vit)
2H -
VYL
B -

i{r)

First, find the steady-state response for 7 < 0. The input is constant so the capacitor will act like
an open circudt at steady state, and the mductor will act like a short circuit.

NN—)
g + if0)=0 A
G’)W‘ § 40 v (0} and
= v(i0j=0 V
a © =
HWm
Afterr=0 _ _ d_
% Apply KCL at node a: CEI—I
B 4
2 A 40 C == wit) Apply KVL to the right mesh:
E-H'[F:IT aH == Ef+‘t’+2if+4{2-i—f\:|=ﬂ
Y L '
éxm # 12i+v42 9 5= 8
ar
2 I b
After some algebra: d—,v+{ﬁ'}iv+ 1 v= o5
dr “dat \2C) C
The forced response will be a constant, ve= B s0
2 i M
d—,B+{ﬁ‘:iB+i L B=—i = B=-8V
I “dt \2C) c
(ﬂ) Qri

When C'=1/18 F the differential equation is e 1'+[6j%v+{9]r =—72.
The characteristic equationis 5° +65+9=0 = 5. =-3-3
Then v{r)=(4 +4,1)e™ -8

Using the initial conditions:



(b)

(©

0=v(0)=(4+4,(0))'-8 = 4 =8

0=r‘[D]=C§v[0)=C[—3 (4+4,(0))e +4,¢"] = A4=34=24
: ‘ )

So
v(r)=(8+241)e™ -8 V fort>0

When C'=1/10 F the differential equation is ::T v+(6) % v+

The characteristic equation is s° +65+5=0 = 5,=-1-5
Then v(t)=4, e + 4,7 -8
Using the initial conditions:

0=v(0)=4, e’ +4,¢" -8 = A4+4,=-8 |

d 2 . ~ 1} = A4-10andd,=-2
ﬂ=ﬂr_r[ﬂj=_."{] = —5;—;: EI-I =¥ _J'E]_:'I.E: =':]I 5
r 4

(5jv=—40

So
v(t)=10e" -2 -8 V fort>0

Z

When C'=1/20 F the differential equation 15 j v+(6 ]iv +({10)v=-80
I ar 2

The characteristic equation is 5° +6s+10=0 = 5.=—3%]
Then v(t)=¢7"( A4 cost+4, sin7)-8.
Using the initial conditions:
O=v{0)=¢" (4, cos0+4,sin0)-8 = 4 =8
0=dir[ﬂ:| =—32" (4 cos0+4,sin0)+e"(—4,sin0+ 4, cos0) = A4,=34-=-24
t

So
v(r)=e7'{8cosr+24sint)-8 V forr>0



Assume that the circuit 1s at steady before i = 0.

it = AN H(0) =i(07) =——x9 =6 A
I =] = b = ;
0)=i0) =5
— VW WO )=H(0) = Ox 1.5 =45 V
o) 1.540 241
10 gA 0.50 %
After r=1: Apply KCL at the top node of the current source
to get
Fovid
I dv(r) 1)
g ok iffy+ 0.5 +—==j (1)
=5H G=hhack ) da 15 A7) @
My . :
E 150 Apply KVL and KCL to get
140 iclt) 050 - .
; cav(t) wir)| . Sdift) | :
vir)+| 0.3 =~ 05= +i(f) 2
) [ t 15 a 0@

Solving for 1) in (1) and plugging into (2) yields

dv(t) 49av(t) 4 . 2
@ T30 ar T3 W-5h(0+2

di (1)
dt

where i, (f)=0+3¢" A

. d . . . 40 4 -
Using the operator 5= & the characteristic equation 1s 5 +ﬁs +§=CJ and the charactenistic

roots are 5,.=—=817 = j 365 . The natural response has the form
v, (6) =" 4,c0s(0.3651) + 4,5 (0.3651) |

Try a forced response of the form v, (f) = B, + Be  _ Substituting into the differential equations
gives 5, = 4.5 and B, =-7.04 . The complete response has the form

V() ="' 4, c0s(0.3651) + 4, 5in (0.3651) |+ 45-7.04¢™

Wext, consider the initial conditions:

W)=45=4+45-TM = 4, =7H



dvid) _

2 S e W ri
22— 24,0)-2i0)-3v(0) = 20+3)-26)-5(43) = 6

6 =d‘—;}ﬂl =—08174,+03654,+14.08 = 4, =—6.38
r

So the voltage 15 given by
W(t) = e [7.04c05(0.3651) + 4, 5in(0.3657) |+4.5-7.04¢7

Next the current given by
vit) 05 d vt

i) = () —35 052

Finally
i(r) =e"[2.37cos(0.3657) + 7.14sin(0.3657)] + 6 + 0.65¢7 A




@ o+~ Apply KCL to the supernode corresponding to
the dependent voltage source to get

i v I'\ ' (f)
i, (1)-24, [_r}—n.m%J,m: :

t 2

O

y

2i, O

- f. |:,|':|

ift) Apply KCL at node 1 to get

v(t) _

A
=

0

14 H1)=2i(1)+

(Encircled numbers are node numbers.)
Apply KVL to the top-night mesh to get

aifr) _

v+ vt)-01 0
v (f)+ vit) o

Apply KVL to the outside loop to get 7 (r)=-2v_(1)—v(1).

Eliminate i (7) to get
3 avit
3y (f)+v(n-0012) _g
2 dt

f{r]+%ut{rj|+2u[:j=u

; di(r)
v (t)=—v(1)+0.01 -
(1) == (1)+0.01—
Then eliminate v, (1) to get
: dv(t) _di(1)
—13v(r)-0.01 ~+025——=0
) ar o dr

s
“25v()+i(n)+0452 _g
* dr

Using the operator 5= % we have
(-1.5-015)v(t)+(255) ift) =0
(2501 )+(1+455) i(y) = 0
The characteristic equation is5°+13.33 5 +333.33 = 0. The natural frequencies
ares,, 5, = —6.67+ 17 . The natural response has the form v, (f)=[4cos17r + Bsin17r] .

The forced response is v },{r )=0. The complete response has the form
v(t)=[Acosl7t + Bsinl7t] ™.

The given imtial conditions are i (07 =0 and v(0)=10 V. Then

v(l)=10=4 and %=—lll= —6.674 +1T8 — B=-106

Finally i(f) = [3.27 sin 171] 75677 A




Po11-4
Before 1 =0 the voltage source voltage 15 0V so v, (0+)=v,(0-)= 0 Vand
0+ =il0=) = 0 A Apply KCL at node a to get

v (0+)-36
12

v (0+)—v, (0+)

—i (0)+ - =0 = v,(09+2v,09)=36 = v,(©0) =12V

i)

After t = 0 the node equations are:

AURAG] +—[{L (r)-v,(7))dr +—Ll 0

12

dvy (1) w(f)=v ()  1pe, )
C LR L3 b a e VWliT)l—v T -:’:'1?'=D
- e G RAG)

Using the operator 5 = % we have

Using Cramer’s rule



(57455 + 6) v, (1) = (s+ 6) v, (1)=(s+ 6) (36)

The characteristic equation is 5° + 55+ 6 =0. The natural
frequencies are 5, =—2,—3 . The natural response has the fimis;

form v, (1) = 4, e+ 4, ¢ Tty v, (r)= B as the forced
response. Substituting into the differential equation gives
B=3650 v, (r)= 36 V.The complete response has the form

V() =4 e+ 4, 7 +36.

Next
¥(07)y=36 + 4, + 4,
av,
{07y =-24, - 34,
.:;Fr{ ) : .
Apply KCL at node a to get
l.:;-‘uﬁ{r_|+vﬁ{r]—vﬁ{r]+r_m=ﬂ
18 4t ]
Atr=0+
dv(0%) v (07 )w(0") v 12—
L{_l.gl_g,;ﬁ)=i Ll }= 2l ) *( }—f([]+ '|= L rJ'—[J=;?I
18 : <18 ar i / &
S0
O=v, (07)=36+ 4+ 4,
1 = 4, =-72 4,=36
—(—24,-34.)=2
S(24,-341)
Finally

v, (1)=36—T2¢ ¥ +36e™ V for t = 0




DPO9-1

II| I:.I'] L R1

Vi) = ulf) = v

When the circuit reaches steady state after £ =0, the capacitor acts like an open circuit and the
inductor acts like a short circnit. Under these conditions

v, (w)= s 1
l:.'rl A R; +R:
The specifications reguire that v, ()= % 50
1 R
—_= = = R:. = R-’!
2 R+R, i

Next, represent the circuwit by a 2nd order differential equation:

1 i
KCL at the top node of Rz gives: HR[ ) + C%b}. (t)=i (1)
KVL around the outside loop gives: v,(f)=L %I (£)+Ryd (t)+v. (1)

Use the substitution method to get



K

u:'r )
Ve (1)

R,

n:rl

+V. (1)

dfv 1ol
v, (t)=L Fi +C—1'( (r) ‘+R1

=Lcd_‘:u{,{r_] +| £

ool Y
= % +R, C}‘Evﬂ. |’lr_.|+|t.1+}T1 e (1)

The characteristic equation is

|'1 R]-
‘ 1R TR 65+8=(5+2){s+4)=0
STR:C+T5T?_5+5+—5+ (5+4)=

e

Equating coefficients of like powers of 5:

o

L e i=s

R,C Lc
Using R, =R, =R gives

1. (R Ly
RC L LC
These equations do not have a unique solution. Try C=1F. Then L =% H and
1 i 3 1

E+4R=ﬁ = R'—;R+Z=D = R=130000crR=01910

Pick R=1.309 2 Then
v, i"|

i (=2, 4, (f)=-1236 4,6 ~3236 4,¢™ +03819
L1 T1300  ar

Att=0"
CI=-|-':__.{U+]=:;.['_ +A: +':|.5

=i, (07)=-1.2364,-3.236 4, +0.3819

Solving these equations gives 41 =-1 and 42=0.5, s0

vﬂ[r}=%— g +%e"’ vV



DP o5
R4 ifn) I

—

_W\,_l Y
w-a) @) © T vl RS vl
When the circuit reaches steady state after ¢ = 0. the capacitor acts like an open circuit and the
inductor acts like a shert cirenit. Under these conditions




v (w)=—"—1 i (=)= and v, (m)= 1
; R, +R, o R +R, R +R,
The specifications require that v (o) =% S0
R,
L - = R =R,
2 R+R&, O

Mext, represent the circuit by a 2nd order differential equation:

KVL around the right-hand mesh gives: ve(t)= L%.{._ (F)+ Ry 0 (1)

v, (1)-v.(t) .d

KCL at the top node of the capacitor gives: P -C d—v‘._. (f)=i(z)
. f

Use the substitution method to get

o mmd(d N
v, l-”_R"CElLEF"I‘I'HR‘J mJT‘ s i, (1) + Ry rr‘l +R.i, (1)

=RLC—i (t)+|L+R R, C)—i (f)+|R,+R, )i (¢
LC—gi (HI+R, R, }m () +( Ry + R,y )i, (1)

A

» I‘
Using i, (1)= L?H gives

i 1 Iﬂ'-z : .I. I-
"'JU]=R: Fiﬂtr}.| 3 —+R C |l§!1 v,(1)+ E {rj
The characteristic equation is
Fa R ™
) 1+
:_"1 &) | R PR
5 +IH—.L .5 c 55 +05+8=(5+2)({5+4)
Equating coefficients of like powers of 5
R,
l+—
1 =R, R
+—=6 and ——=8§
2L L LC
Using B, =R, =R gives
1 R |

7¢I = I

These equations do not have a unique solution. Try C=1F. Then L =% H and



é+-—1R=6 = R:—%R+%=D = R=130000rR=019102

Pick R=1.309 Q3. Then
P 1 =1r T T
v(t)=>+d, e+ 4, eV

v, (1) 1 . SR
— = + g+ —
1.309 2618 1309 1.309

I!;.I. I:f} - -4r xT

v (1)=13004, (f)++ L5 (1)=L 06167 4 e 2023614, e
, AT g 2 3

Att=0"
1 4 4,

2618 1300 1300
0=v, {D+]=%+ﬂ.61ﬁm._ +0.2361 4,

0=4,(0°)=

Solving these equations gives 4;=-1 and 4; =05, s0

1 siciid

v(tjJ=——eM+—e"V
. : 2



DPo-9o

Let’s simulate the three copies of the circuit simultaneously. Each copy uses a different value of

the inductance.

L1 05
IC=0
i e

1 R
—— 0333 4
IC =10

— 0333
IC=10

L3 2
IC=0
2 1~ 2
R2 3 R3
— 0.333 4 ?
IC =10

3
1
=0

1
-0

il
-0

The PSpice transient response shows that when L = 1 H the inductor current has its maximum at

approximately =05 s

e

2.8A

] 1 ] ]
| PRGErE! KRERNTL SR DA il T A o iy
V W i i

Consequently, we choose L=1H.




