12.1 ¢ Definition of the Laplace Transform 3N

The Lapiace transform of a function is given by the expression

L17(0)} = f f(e e, oy

where the symbol £{f(¢)} is read “the Laplace transform of f(f).”
The Laplace transform of f(1) is also denoted F(s); that 1s,

e Fs) = L{f®)). 122
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123 ¢ The Impuise Function sz
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An impulse is a signal of intinite amplitude and zero dura- 1

tion. Such signals don't exist in nature, but some circuit signals come very
close to approximating this definition, so we find a mathematical model of
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An inductor in the s Domain
. a
Figure 132 shows an inductor carrying an initial current of /o amperes
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A Capacitor in the s Domain
An initially charged capscitor also has two s-domain equivalent circuits
Figure {3.63hom a capacitor initially charged to Vp volts. The terminal
current is
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dt U + il -
Transforming Eq. 13.6 yields vC TVn
I =C[sV - v(07)] —-._0b
or
I =sCV - CVb. (13.7)
I 4¢Vo = SCV "I
" li 1/sC
VI(—I' l"""?'- (133
sC g v 1/sC
v o R U G0 w PSS USRS A= v Vols
- ob
A Resistor in the s Domain
s Gt e — ——— a
V= V=R" N
Ri. ) B vER|s

A




lysisinthe s Domain 332

E——— - S— -— —
Sy

S e———




EXamole  Problen: find it4), V(Y 333

*
| R vit)
L. R
S olnukion

+Lte =sL [ - RI =0

LIu _ I'ﬂ
T(se4r) = LIo = T = =z T2
L

1 G6) = *° = 1= To e--f-f.
s+ K&

-

“ w BB
\/(U‘:'-Rl({‘) = ~R Yo T €

< econ d metho d




Steep Res ponse 344

E X oanpl\e Probleann: calculate V‘-_Cé) (e V,=W()=z=28Y

R
__[__'/ 1\ R=2" c=2904¢ VvV =10Y

V _—\-—’—__—-__—-l——c- { /
Solukion

_\.{g
5‘_’—.

We fepresent 0C Sowurce ano

Vo V "[

N

=

o
\'k
| t

Sw i bl @S Q) S tep "M({ie

Vk__:, > 4§V u)l= .:c‘.’.

v Ly o4 Yo -
V vV
{ UG . PR <o
1(® +5% s T %
A/ Ve —_v
I <~ = 5 B Y - Vo _(v °)/£
- ol SR 4 1 S 4+ -
ﬂf.Sc. < T 2 c
S ('\/—\l.:r)/fl . J/— Vo - ""! ‘(:'
TG = = | &S = e Rc
S + R~
R
¢
o [O-20 -;:. —S‘é

Vaio, R=2 <€=04 Vo220 = Iy=—/]— ¢ ~ =-fc¢




o 3F>

Now Sind Velt). e (& = ‘-f-}_'i’-" e act
Me t\adl A

=to+ toe 5S¢ e
M{('.\\ad y A d\/ ¢
| . k. { :
,c(£)—c- 44 '='> VC(£)='Z/’c(K)d'( +V¢(O)
o
\ -5t - & &
lc ()= -5 & lc(t) = -5 €
R A ~& < o
' | -~ S oK -~ =2 |e” £ +20
Ve(#) =55 J-se e tE0 =54 '
& o o
-s€
£ - 4 - d
20 = {0 410€
-5 e-s‘\ +20 = (ole "'f'a)-r
— o4 -—<¢ 5
Re
-———"'}1‘_(5)
1\) _L""'— I (IO'ZO)I'L 20 _ -S5O + 29
* A-Vo - S A e S+5)
e =Ly
_ =-0.2
L o B he o ARAL 6
e 3 S +S
SCS+S)
0 { O 19
- 0,1 29 _ LU —+—
0.7. ""_ I
co S+ S
\/c(S) - ( S T S+S ) S >
-$ T




. \ .
exomple 34 Calcwlate V (¢) T (4) Tit)=0 e
P L o)~

- L=
/ I T=i104a

R L

1

Solukio N

9 "




3 77

Exomple 75 <Calculate VL(€), T (4) L .(dd=Yo=20aA

R=12 = { T =10 A
T

S O\V\ ‘E‘\ O N

3 o
\/ — s~ s - l—""‘“ ..:.Ff__: b rht__?._..__.; EE_!O -?.o)
- + - S 4 >+ = + L
R 5L R W L - K|
-2t
N = —to ~ V({)= 20 ¢€
S +2
2 O = A, 20
V 4Ly “S+2t LTI ~— 57z 17x 20 290
L ()= —=2° - - — S sCsi)
20 -~ -'-ﬁ-.q- G
S¢s+2) Y e el ©
10 /0
e e o - 3
T (s) s PTTITS K; S J42 512
-2 ¢







o v25
JC S) = Sfe=e

5"-.'_ 40905 +/bx
- > S,:—32000+Z‘roo°j

2L { uo’:.-o
s -+ b4oo00S ¥ bx ~—> Sog=~F32 005 —~ 24000 )

[ L
5?._'_ 64000 S + lﬁxlOg: (5-{-32000) +24000

v 960000 __z_i'_::_'.a_._.______
(5) = 2 4000 (5+32'°°°)1+2‘Y°°°1
-4
LY oo § = e ein e
(s 4a) 4
_32000{
- 560000 - e Sf/\ ZQOOO‘&
v (t) =
Z4 000 i

calcula ke .'.‘1"_ (4) and l.c(f)

5 V(s ) ves) _ 360000 y
L= — = S -3 | T,
S 2521073 S 28107 S 51"1" ‘4ooos+l£,¢103
.84 ooo0 00 - £ + 8 -+ ——C-—
e "~ = >
i"'( $) S ( s*4 64000 s-f-lé,,lo‘) . ' Sz
Here Si= -32000-+240003 Se= —31090 ~24 0-”05
U84 0V o000 - 3RGoan e =0.,O?.¢f
D R e L T / .4
A S (511- 640098 -HG:IO’) bx 1o
S=zo
Yy 84 00500

3 —(5—51) "‘"—_—-——-—_l = —ST(_::;:—)-—-

—. 0012+ 0 o\"j |

a  =12000 24 000) —~
(—3eoo0 +140003) ?_ '




. y 380
C =28 =(-vor + 0.0/é.l') = -0, 01t —0.0{6)

0.024 -0,012 + 0, 046) . -0,0f{2—9. 06

> S _(—32090 'f"‘-‘fﬂo‘-'-’j) 5"("3100.9—2900::]‘}

Toes) =

3 ' ~ bi x 4
-(. Q+b) + o S
_—-—-———'-‘_—-— "
? §—( x +13) $=(x-13

here aw=~0.04L b=00/6 X=-32009 424oo0

’ _32090
ll_(‘l'.) = O_O')_l' u(f) + é {(1,(-0_042) cOS 1-4' o 09 &

-2x( 0,016 \n 24 aoa{)

‘ ¢) — 0.0?.‘r \)(‘f) + 6320“’ (— 0,024 CoS 24 000 ¢ -003% Sin o{)
Ny,

) = (de = [Tat0) 8)]

\ ' - 2
'p.('l) :1::'{'!') ' d e 4 |
gnd Cﬂt'(qlg-‘( lC“‘)

feplace V({}, fdc_, ;‘_({)' WA {)




=

138 Thedcmtmdmlngemm 1H 150

applied nuluneoully to the circuit .
shown. No energy is stored in the :
it at the instant of application. O @l
a) Derive the s-domain expressions for
Vi and V.
b) For ¢ > 0, derive the time-domain _ ANSWER: (a) Vi = [S(s + 3))/[s(s + 0.5)(s + 2)],
expressions for v; and v;. Vp = [2.5(s2 + 6))/[s(s + 0.5)(s + 2));
c) Calculate v(0*) and v(0%). (b) n = (15 %] + §e () V,
. - —o.s: -2 A"
d) Compute the steady-state values of = (15 + ¢ )ll(l)

D= vz—lsv et A
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124 The energy stored in the circuit shown
is zero at the time when the switch is
closed

2) Find the s-domain expression for /.
b) Find the time-domain expression for
i when ¢ > 0.

ANSWER: (2) / =40/(s® + 1.25 +1);
(b) i = (502 5in 0.81)u(r) A:
(c) V =160s/(s* + 1.25 + 1):
(d) v = [200e%% cos(0.8 + 36.87°)Jx(r) V.

__WOYR o Also try Chapter Problems 13.15 and 13.16.
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138 The energy stored in the circuit shown 20 \V
is zero at the instant the two sources re
are turned on. |
a)ﬁndtheoomponmtdufort:v-o m\‘r(‘) ¥ SOmFs“‘E‘)
owing to the voltage source. -
b) Find the component of v for ¢ > 0
owing to the current source. Ere— Lt b A S

c) Find the expression for v when
t > 0. -

ANSWER: (a) [(100/3)e=% — (100/3)e~*]u(r) V:
(b) [(50/3)e=% — (S0/3)e~*Nu(r) V;
(c) [S0e=% — S0e¥]u(r) V.

- e e
T L ] roon . - e s e - s R

- e T - S - S —

Soludion
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b) The poles of H(s) are the roots of the denom-
inator polynomial. Therefore

—p1 = —3000 - 4000,
-pz = —mﬁ'jm.-

The zeros of H(s) are the roots of the numer-
ator polynomial; thus H(s) has a zcro at

-zl - -m:




138 a) Derive the numerical expression for 339

the transfer function V,ﬂ for the
circuit shown.

b) Give the numerical value of each
pole and zero of H(s).

ARSWER: (2) m:) = 10(s + 2)/(:2 + 25 + 10)
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13.7 ¢ The Transfer Function and the Steady-State

X(£)=A Cos(wt +@) 9y(€) = A \Hm)[ Cos(wt +¢ 4+ a(.u)l
a(lﬂ) = / M HQw)
 EXome®  problem:  ure . S8 vol) - "
¢ H(S) “ S + X({)__._ ¥ oS 3¢ 3«.{;?—
Solution _
J3 +4
H(S).:'.':’.I_‘_ S KO ):)W'f‘ w=3 -5 HOw) =

EXAMPLE | S=dw

X
The circuit from Example l&ihlhowninﬁg.ls.ﬁ

The sinusoidal source voitage is 120 cos(S000¢ +
30°) V. Find the steady-state expression for v,.

SOLUTION
From Exampie 13.1,

_ ___1000¢s + 5000)
40 $2 4+ 60005 +25 « 108"

The frequency of the voltage source is 5000 rad/s:
hence we evaluate H(s) at H(jS000):

1000(5000 + j5000)

=25 + 105+ j5000(6000) + 25 x 108
5 » J x %-(lz?ﬁm{m+30°-45°)

Then, from Eq. 13.120,

H(j5000) =

.. J§ "6 "6 ‘ _mfem(som: 1) V.
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