Chapter Thirteen:

The LaPlace Transform
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.1 Find the Laplace transform of the function
( ) = te (1 — 1} cs

SOLUTION:
* - ok - Dt
VARIIE gé te e s etk - 1o B {

Lj’[ﬂﬂ} e‘(ﬂ"“l
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13.2 Find the Laplace transform of the function

| f(z) =re " sin(w1)d(r — 4).

SOLUTION:

i[fﬁ)]:j: %ff:“ “’éa»”s‘éwm)guw@m

- {'e,m(gw)ts‘if«lwi‘))
o _'t=q
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e ur 1
1T f(r) = e, show that F(s) = ——.
| s T a
SOLUTION: - . \
‘ o . __ — —(S-{-A,)‘E —(Sta) t| &
Fis)= 50 e a‘tf’, S+M= e b= e |
« ‘ J" ~—(§&~(~> Ia
o - 0o ($4) -0
CF(sYs e _ e o ]
= (s+=~) (st St

F’(ﬁ\: %l;;) ,g-r( T > O

~—
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13.4 If f(1r) = ¢ “sinwr, show that F(s) = Gral+ o

SOLUTION: -
°®  _at -s¢ S~ (s+a)t
Py - L e e  swwtat=|e Sin wt €
. \

‘w*ﬁ __,jwt
f.J -

Sin wt= e
23
[ @O
S (st Ot et {w-s-alt (-y2-s-edt
/ch\:&a (st 70 ) Cﬁt:j @(B - e X
o 27 o 24
J )
(Jeo-s-a)t (-ju-s- o3t |7 |
Fes) = e e - ‘

-+ — e -
(joms=a)2y Qmresaa?] lo (joos=oz) (jursedje

chw[“_}_____,‘ . i ]J_: LS
W+ j(sm) m~j(s+a§ 2 (m%j(sw)}(a}wj(5+m)>
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.

13.5 If f(r) = tcos(wt)u(r — 1), find F(s). €=

SOLUTION:
P00 < ™ g (o) o 14-1)
o . _ = (g ya) _
F(s)= e’“si [e &Lt )ﬁ,’“[k)éé‘ﬂ)j]mﬁ ' j[; Wg;%[u L++x’)]]

- (S )

Fés)= e I[ewat(SEkwtm © +—azw‘t“§;h«s\]

' o - (S4e) bolom @, (5he) $in W
»-"CS L .
< @Ta’)l-t"u)‘?‘ (Ste) +w®
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13.6 Use the time-shifting theorem to determine £ f () |,
~ f PO 73
where f(1) = e 72 — o720 Du(r — 2).
SOLUTION:
-k -zt
we gt = e meT T ) ety Gey= o
: St S +z2

Fes)=e “5Ges) - 5’4%22 ”CS“))
E+2) s+

A
\:Cﬁ) = c

Gr(s+2)
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SOLUTION:

\
S+

-+

= L
S

G(s)

Dok ?mz(is pe” F)uw

A
+ 5”4«'\}

A
S&-

a”s[_

=

Fs)= e : Gis) = )kﬁts)
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13.8 Use property number 5 to find £| f(r) | if
f(r) = eu(t —1). ©=

SOLUTION:

Atw]- 7] Ea”“‘“”} e I [e™]
.Fts) e*“’ﬁﬂ Ile atl

‘S‘\'\
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Use property number 7 to find ,,..C[f (f')} if

f(r) = te™u(r — 1).

SOLUTION:
b gty tug-) > TG Gis +a)
ay= Jtucen] - e 0 [te]- e (L L)

3
\: (s = @{S+a§ » ._,L.-—- i A
Graf S
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%

e following functions F(s)
B 4
(s +3)(s + 4)

, find f(1).

10s
(b) F(s) = ‘
(s + )(s + 6)
SOLUTION: : 4
K‘: =
(}\3 F(.AS‘) = ‘Kn + \(2 A
S+ 3% p—y 4 - 4
| T
Fesy= 4 _ 4
S+3 S+¢
Pey=(ae™®t 4o *) Lip
b) o .
FeY= K, e Kis —o o 77
St St
zZ" —ko = |2
~-'s
FeY= 22, 12
341 S,

fiey = (w, @,”L’tn 2@”&5 w )
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13.11 Given the following functions F(s), find f(r).
; s + 1
a) F(s
@ F) =506+ 6
24
b) F(s) =
(b) ¥(s) (s + 2)(s +3)
SOLUTION: -
' €1 :i+; 4
a) Fes): <, 4 X2
o 2 Sl K, = "+ | 5/
: “ (ot 4
FCS\" _i{i i/q, "P(,“t)zé e”-(!Jf_ —Lew&.{_: L;"—
St S+ (‘P ¢ >°‘“
. 2t o2
b) Fls) = K y Kz €= -2 +3 t
stz S43 2 ¢ B
& - 3tz o

Fesy= 24 2t

S+2 543

; Prov-(zee " -0 7)) OM]
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13.12 Given the following functions F(s), find f(r). ©%
s+ 1
@ F(s) =
| ( s(s +2)(s + 3)
(b) F(s) S+ s+ 1
¢ s
X‘ s(s + 1)(s + 2)
SOLUTION: L
K\'f‘- (Z)('b) = /(p
a) Fuy= K \¢2 ks -2+ -
. < + <ty v < 43 Kzu —szl) = Vz - 3/‘9
Kg 2 T o+l - “‘2;'/‘3 = w""/(,,
-3(-3+2) |
SR N W SO, S ( - L SR L
Fta)uz-[»g Y 2 3+31 S flo= ¢ [l t3e - te ul®)

b\ Fis) = .L“:’l + o,

s
FCB\:L[L“L +
L5 st

Kz K= =
=raal S i \ : M () z
3 I g o E e
Sy ED(-(+2)
_Cat-erl Loz
S 2 N R

[P (H)= “&‘[1* 26”536”2%'] w GF)
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13.13 Guven the following functions F(s), find £(¢).
s~ + 55 + 4
(s +2)(s +4)(s + 6)
(s +3)(s + 6)
s(s* + 8s + 12)

b2

(@) F(s) =

(b) F(5)

SOLUTION:
2) Foy= Groylsx) (540 S T
S+ 2) (s (Ste) AR N S,
ko= ~2&2XL _ iy K, - -u-\“‘; 5
. -2t t g B ,
. s
F(f’}"‘?’[w(d 5+z,} = Péﬂ 4,[5@ e }u‘é)/
L) F )= (‘5+ 3) (46 o 5343 L K Lok
S(s ) (s42) s (s42) o S+
£ = > Y= 243
| > z = 2

-2 A )
Fo-L[2 - ] = kwe 4 [3-e77 Juw
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2 Fid

13.14 Given the foiiowiﬁg functions F(s), find f (7).
s*+ Ts + 12
(s +2)(s +4)(s+6)
(s +3)(s + 6)
s(s* + 10s + 24)

(8) F(s) =

(b) F(s) =

- SOLUTION:

) Fo) = (3+9D(sa3) - S+3 I N 2
Gra) Csra)isre)  (5+2) (546D S+2 S+,

~Z 3 L -+ 3
K—; = lé = [ )
= . 4 Ly 4

3

Foy= 14[;\';2**;;1 =2 ’£(%3=14[c—2t* S’ﬁ_LJCJu»Lﬂ

[93 F:Cb\': (5*“3) (Sﬁ‘) _ §4_3 - gﬁ +- ;\6_2:—_‘
S (g4 u) s+ s (st S S g
Zl—: ‘ 3 kZ," —4+3 = + }/4,
i =

Cm-..\q[%+ ! :(‘@ }#L@*&ﬁ[mé%lwm \

Sty
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13.15 Use MATLAB to solve Problem 13.14.

SOLUTION:

a)

EDU» syms s t
EDU>» ilaplace((sA2+7*s+12)/((s+2)*(s+4)*(s+6)))

ans =

3/4*exp (-6*t)+1/4*exp (-2*t)

b)

EDU» syms s t
EDU>» ilaplace((s+3)*(s+6)/(s*(sA2+1O*s+24)))

ans =

1/4*exp (-4*t)+3/4
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13.16 Given the following functions F(s), find f(r)

10
(@) F(s) = — _r
5T+ 2s + 2
(b) F(s) 10(s + 2)
(§) =
| s+ 4s + 5
SOLUTION:
2) Fea= _ Lo - 5] -
(s w1 -l S+ 1)1 Sal+j)
K= - J5= 5)-%°
[t= 10 e™ conlt-a0) u,wﬂ
LY Fed)= Lo (s+2) o k N T
= oz s s X *ag
2
F&) = 5 + s T‘F(-ﬂ: \Oc'zjcam» (—E)wt‘v}i

st+2-3)\ S+ 240
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13.17 Given the following functions F(s), find (7).
B s(s +6)

(@) Fis) = (s + 3)(s* + 65 + 18)

(s +4)(s +8)

5(52 + 4s + 8)

I

(b) F(s)

SOLUTION:
) Fy= sl(sve) L, ks i Vi
G+I(3+3-33) (s43+3)  5+3 o553 S+ 3D
ko= 30340 Vo= 260340340 | | o ¥ =)
EPD €31343) (50
Fosd= -4, ! y {fm [ (-ZC ce»z,(SfﬂuLﬂ
S+3 51*3—')’5 S+3’rj% A
b)Y BuY= (v D(Srs) -, kv L X
S(s{—2-)'z)(s+z+54) S S+2-72 S+2z (L
l(('t- i._(_gé_._“ = 4 kl'c (Z‘—f)z)(&'“z) 1.5 8 / ~lb2°
?—-32)(21':\2) (24—)2_)(}\{)

f )= [4 4 3le “hw (2¢ - 162°) | wlt)
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13.18 Given the following functions F(s), find the inverse
Laplace transform of each function.
@ Fs) 10(s + 1)
a §) = ‘
| st + 25+ 2
B s+ 1
(b) F(s) =
s(s* + 45 + 5)
SOLUTION:
A) Fuo= X + K K= '° (-l+3\+«\= 5 = EF=g
3 - St Lyl 1+

fen-Jio a‘twcf‘ijuer;}

‘o\ FCS)"- ..k:.i.-f- Kz -+ \{Z\z‘ Kl-: .,_Lm = 0.7,
S st2-g) 542 45) s
b= 28V g paf [-ies®

foasy (72~ “2- 5%

]‘X\-Ltﬁn [D.Z-rQVGZe*Z»LLc% ([ + - [4580371,4_,[/‘[/)

S—
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Given the following functions F(s), find f(1).
s(s + 6)

(s + 3)(s* + 65 + 18)

(s +4)(s + 8)

s(s* + 8s + 32)

I

(@) F(s)

(b) F(s) =

SOLUTION:
&) T = S(ste) = Y + K sz"'
. . A+
GaYs3- 73 (543+3) <y S+3-53 S+ 3453
k= enCe e 34D (243 .| = k¥=|
(- %)%~ L(3) +i2 '63)( $6)
-3t -3t
y{z(—k\“-&c 12&” m(zﬂjwﬁﬂj
) Fusy= M, ¥ Lk = B0 _
S st s+ U+ 32

Ko = J\fé ‘/")’J"/)
C+79) ()3

ln[\(%ﬁ = E# o (4t - 90°) ) wa)\J

R[NP WE
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13.20 Use MATLAB to solve Problem 13.19. €&

SOLUTION:

a)

EDU» syms s t
EDU» ilaplace(s* (s+6)/((s+3)* (s"2+6*s+18)))

ans =
—exXp(-3*t)+2%exp (-3*t)*cos (3*t)
b)

EDU» syms g €
EDU» ilaplace((s+4)* (s+8)/ (s* (s"2+8%s5+32)))

ans =

l+exp(-4*t) *sin(4*t)
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13.27 Given the following functions F(s), find f(r). PSV

(s + D)(s + 3)

(@) F(s) = :
) (s + 2)(s* + 25 + 2)
o) F(s) = 2
AR B o 3
st + 45+ 5
SOLUTION:
a) Fey= (3t)(s+3) S, ke L e
@fz)(sH—J’D(SﬂrS\) St2 Srl-{) s+ l+y)
kt“’ DD = -l K, = ")I(?.%‘SO - o.?ﬁ[j_&_ﬁ"
C-4tdz 7 0 G

(‘Etﬂ +fLe” e e et 1) L)

b)

Fay= 524 43 4 I B B O Fz, , ¥
52+4s+ T S2ds+s S+2-§) S+ 2+5)

» &
k’i = ! ____j 3/2 = l/z Lﬁ_f’

Feo) =\~ %8 i |46
St2-7) St2+4])

} o= [:SU:) - e (290 )]«U«)
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13.22 Given the following functions F(s), find f(7).
| SE + 45 + 8
a) F(s) = ‘
@ F) = e+ 4
s+ 4

(b) F(s) = —5—

i
A

SOLUTION:
A) Fleve IS 4 oaes 1y Lk,
<%+ BS Y G+ (34%) S Sy
b= A (-1 s Cp= 42U L gy
3 -3
FLsY= \+ %3 _ B £ [stprs e toz o Tuw)
St Sy ) i |
'
!a\ Fls)= ga4 Ky ko K = 4
=2z 5% S
L S =) 4 Ke.
W=~ w7 “
Fis) = g;f,_z‘%% l?(_ﬂ: (44;4- \) wlt
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13.23 Given the following functions F(s), find the inverse

Laplace transform of each function.

s+ 6
a) F(s) = ;
@) Fs) s*(s + 2)
| s + 3
- (b) F(s) = ,
(b) F(s) (s + 1)*(s + 3)
SOLUTION:
Y Fe): KB v v = b Voo 4
O- h «52+ MS,__+ _%%2’ Kt _«z_g 5 oy = ]
Ak S=-1 ¢t F(-D= 5 . 3 - R
Ty ? +E‘E,J‘"7L = 2
Fusi= :i; - §S~+ é:i = LX;L‘\'\, < [3t-1 e FF Jut) \
L) Fesy= _ L : K= |

B+

-k
Let Ges)= K2 , L= e %L@

gL = tultd) - |00 =t="F wi)
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Given the following functions F(s), find f(r).

s + 4
a) F(s) =
( ) (S) (S 4 2)2
s+ 6
b) F(s) =
( ) ( ) S(S -+ 1}2
SOLUTION:
) FO= b ¢, K = 2
(B+2)* S+ z

bt s=-l, Fld= 22,1 = k= |
I ! '

Tqﬁ ) = [e‘""’t (z+ +:)__] a,zeﬁ‘}

Fisy= 2 4 2
(54.-2’)1 S5+ 2

LY Fis) = E_L*__!_ég_____ L K3 K= ¢ ko= 5 g
s G)* 0 s+ -l

MS-::"Z,’; Fe-2)= 4 7_,__@2___5 __Ks:—((
| (-2) (-0 R D

Fis)= b . 5 & W= [e-5¢e ¢ (gt ]ult)
S 6+ sy = }10 [ < “ J
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Given the following functions F(s), find ().

s+ 8
(@) F(s) = SE("”S s
!

(b) F(s) = 52(5‘/—4- 1)*

SOLUTION:
a) F“:’\’:.},‘:_L,,r %’;3_-+ = Ky = Z K3= 4 - l/,+
s S Sy A
Vils 3-;-»'2) F-2)Y= L - 3 oz kz 4 Yy = Ky= =14

— 4t
Fés): z. -L/_ﬁt4~ .L/ELM‘ - {@Lﬁz [Z"é; - '/4+1/\{(i ju»l:é‘\.»‘[

!)3 F( S’}:‘- __Y_{_L .i_—_%% + K? v \..é:.(_, \C’i = \ K’—S": |
s% S (s+ )% s\
2t §=1 0 FOY)= b v v, 4l Lk - Vot K= — |
j u ”ZE} z Ky=-2

dob S=-2, Fle) =g o= oo L R R NP B

N E

FL‘S§3 ._".\,.»._, WZ‘._..._,,‘_ A 4

f ()= [—k ~z+ te Ze,”tjw““)
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Given the following functions F(s), find f(1).
s+ 3

(s + 2)°
s+ 6

s(s + 2)?

(@) F(s) =

(b) F(s) =

SOLUTION:
~ FY= ¥ o e e =\
(5+2)" S+ 2
R T A R
Fuste v 4 4 Py [t e Juw)
(s+y* S+
b\ FLD\): .E_.\m \‘C'Z—- A ‘C‘S k‘,‘: ..,.3:_. I('Z‘; ..i- = -2
s (Br2)> sv2 f 2 -z

Lk S= ) FED= 5 _-S5=-3 cz2+ly D ky= -34

-1 v

o= [3g -2t e = > &t [t

- : 3/
)32, L 2 _ 2
2/5 C5+Z)—2_ 512 =55
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13.27 Given the following functions F(s), find f(z). ©%
‘ g2
(s + 1)*(s + 2)
| s 4+ 9s + 20
b) F(s) = -
(b) F(s) s 470 = 35)

(@) F(s) =

SOLUTION:

A Fl= b, K g e = A

(S0 Y S+ S+z l

Ltk =0, Fo)y= 0= V+¥e +72 5 ¥, =-3

o= L 3,4 Feo=[tet 5™ we™ luto

50y s+ S+2

b) Frsy= (S+4Ysed

= = kl %%
s{s¢4)? (o< 2, + 22 . L Kz
TS sts 4y > w0 54

Ki= Yy ko= -y

Lt 5=z Fl-zy=
2
~2(z)

= =} i ! e
=Ts s oLy K - -
g 32 g z DK=Y,

*

-:_L A )
Fes) AQES“(%-E')I"’?;;]% \»ﬁ(ﬂai[,“‘%e-—%ﬂb@
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Find f(r) if F(s) is given by the expression

s(s +1)
(s +2)(s + 3)

F(s) =

SOLUTION:
FsYy = K + \E 2 _ K= .k ;
(s+2)y  (+2) Sra S+3
K@"‘ 6_2:)_4_'.‘.,’.)., = Z ey = (—-3)0—2\) _-{
: (-1)5
Lok Sv:.-[) FO= 0 = 246 +ks -3 = k, + E3 = |
o 5= 0, Fe): 0 =Z K, K_g,o Karika7
3 4 z
(j”"w'b Ky = - ¢ ks =6
- F(s)= 2 _ 5 NV

2y (G+2)* Stz S+3

hﬂ—-[tzef“ﬂ 5‘»&»@“‘”: 4 Le~ 2t Le“?t} w l£)
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Use MATLAB to solve Problem 13.27.

SOLUTION:

a)

EDU» syms s t
EDU» ilaplace(s"2/((s+2)* (s"2+2%*s+1)))

ans =
d*exp (-2*t) +t*exp (-t)-3*exp(-t)
b)

EDU» gsyms s t
EDU» ilaplace(l/ (s* (s+4)"2))

ans =

1/16-1/16* (1+4*t) *exp (-4*t)
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Find the inverse Laplace transform of the following

a0

functions. ©©

.
F(s) =
(@) F(s) = ——
1 — e
(b) F(s) = ———
© F(s) = —%
VT s+ 2

SOLUTION:

a) LM 4(s)= _;%:\ - ?Uf‘)a e“bwv@

Fisy = e *6(s) = {IL{,\z é(_fﬂ b G 1)

] ﬁw)_—. e ”“*")wcw.\,l

LY G- % o gt=1ud Fer: Gy e G0

H—Uﬂu— bt - 1 u,t-i)!

A Gis)= 2= s gs el FYz Gis) - € 26

-2k —2 -
Etﬂze ‘ wlt) = = 2Lt ')muwn}
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31 Find the inverse Laplace transform of the following

functions.
(a) F(s) = (s + 2)e*
‘ s(s + 2)
| ~10s
e
b) F(s) = ,
(b) F(s) (s +2)(s +3)
SOLUTION:
A Fors et o Bl wle-n)
, S
L) Fy= e '°F [ AT kz} ks
S43 Ky -1
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Find the inverse Laplace transform f(¢) if F(s) is

se

(s +4)(s +8)

F(s) =

SOLUTION:

S
F(s) = @WS[E‘_—»# ’42] - + :
' ‘ S+t S48 -
k, = %zz
= gl —4le)
Fls) = e L 2 ﬁLﬂ: 2e - e e ld-t)
S S5+8
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13.33 Find f(r) if F(s) is given by the following functions

(5 + 25 + 1)e ™

(@) F(s) = 4 ;
s(s + 1)(s + 2)
(b) F(s) (s + 1)e™
(s) =
s*(s + 2)
-SOLUTION:
a) Lek G)= STvzsyl L oMl |k, ke
SCs+l) (5+2) S(s42) S S+2.
k\.: l/z__ kl"" —\/-2"'-" t G)LS\“ ['—“‘ + S"‘Z_
Fer - e™@asy g =4[ 1+ e™]
]%LHtf—ZL( 1 1-5‘2({:‘273 wlE-2)
b Geye 2l L oM, ks =4 kgezl oLl
S2(s+2) s s CS+2 €2)*
Lets= |, Gln=0= K -, +k3 =5 k= !4
=1 ] =z = L 124 - L
G () e szJ'S s+2] - %Uﬂ ]:z +1-e Jm‘&)
» T2 CE9)
Fl)= 66 » [P dlziea s —e Mmﬂ
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13.34 Find f(r) if F(s) is given by the following functions:
2(s + 1)e*

(s +2)(s + 4)
10(s + 2)e™

(b) F(s) = RN cs

(@) F(s) =

SOLUTION:
: K= 260 -
A Gls): 20s+D RN l =
G+2)(St)  syz o Sy I, =203) . 3
-2
C - ._..3_._._ .- = - ¢t - —&t L
2 5) S e O 3t (3e e )u +)

- —dlE~D) — 2 (4~
= ¢s) = Q(s\ e . =5 Ftﬂ“(}’:e “ - e z +{jb‘.ﬁ+f‘“l)

L) alsy= lels+2) .\é_k;*, o K= 10
G+ Cstd) S+ Sag b ooy 7o

T 2 _& gt
G- Slsn v 552 é%\{%—e + Be lw@

FOY e Q0 » | L= [139, D 20 6”%927:1“&4)
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13.35 Solve the following differential equations using
Laplace transforms. |

) + 4x(t) = 7™ r(0) =1
(@) — x(r) =e,  x(0) =1
(b) %ﬂ + 6x(r) = 4u(r), x(0) =2

SOLUTION: _
&) dxd) o 3 X) - e
clA '
"D) SXC&) - | +4—YCS§‘—‘—-—~‘—-* = X(Q[_S-»,.u‘___&-:._}___p(: S+
S+ S+2 Sz
k L/ v/
Xy 22— - S Eﬁ__:__i—-+_L
(5 +2) s+4b) S+ Syq S+2  s+¢

Pﬂz %[,3 —Zt+ﬁ~¢fj L L€)

\o\ s X(s\ - we) + b Xs)= 4 = X [3+b]= _‘Sl‘.,l.z = (S +2) 2
, S —

Xb):‘wt ¥l v o %5, A5
S (s+) 5 st0 S s+

'F@: 3%[1 +ze~bt;] L )




1104 Irwin, Basic Engineering Circuit Analysis, 8/E

13.36 Solve the following differential equations using
Laplace transforms.

d*y(t) '?d'v(f}

+ (1) = o2
@) dt* dt \( ) c
v(0) = y'(0) =0
d*y(t)  4dy(r) |
+ + 4y(t) = u } =
(B) ===+ =+ &) = ulr), »(0) =0,
y'(0) =1

SOLUTION:

PAREE S (RO Zs\ﬂg\ + Is) =

5> Y5y [s242 SH_]

S5+2

5+2_
\f(‘s)z — e T2 K3 K = | = |

G+2) (st )* Stz S+ )% s+l ! > ka
Lt s=0, Y= JZ: K_ZL+K2+‘43 = lkg= —)

\(Lbb)::__l_m 4 ) _ ] = Jkg L&) = [8“2'&4” -t—e"'t___a”"-&]a‘(‘f“‘) {
Stz (S40) S4 |
b) 5% M) - sy oy + 45 s) v fs) =L s Vi BZ+4S+4J=—§L+S = 574l
s
Ve SHL__ K, ¥ e Kimf Kpe-S
3(s+2)> 5 (5+2)* Stz Z
Ld S=-1, Y(-D=

-1

\((53 = 4 [5 (5-1_2)7“ 5+2_] =2

)= 1miore 3 luw)
J %
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13.37 Use Laplace transforms to find v(r) if
dy(1) K
+ 3y(t) + 2 [ y(x)de=u(t), y(0)=0, t>0
dt 0
PSSV
SOLUTION:
s ) + 3 + 2 Y _ X (3] [57“1#33’4, 2{=
5 s .
Nies)y - | N S P Ki= -1 K=
(s+2) (s+ ) Sz ERN
' -t -2t
Tis) = _.,_LMM A =) %L“Qa[@’ -e”? XLLH")
St St : ]
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& Solve the following integrodifferential equation using
Laplace transforms. ©*%

% ¢

d)*(f) . : -2t ' ’
p +2y(t) + [ y(N)dh=1—-¢", y(0)=0, +t>0
4 J0

SOLUTION:
sy v aTe) Xe) oo o L 2z
S S B4 S5(s+2)
M (%) [«51+,;23+i 1 = Z = Y3 = 2
S42 E+2)(s+%
\(LS):: l(l A ‘CZ. %“\g_}“ ‘5119\ erZ
Stz (571)% s+
mswobYcoﬁxkz§+z+¥3% Ky = - 2
\/Lﬁ)‘-’ *_:,2_';_, v e 2

Si2 5%)’2* S|

QH*) = [2 edZt’t'ZJca’Zﬂt” Z@/t} w L)

U,
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|
(s +1)(s+4)

SOLUTION:
Lt Fi- o 5 et
| Sl

25y = - =3 1826+): euq{f
PR

« t
(=N ~ 4 ~ 3> - —z

[~

_ ?(H: ff/::c [),.. f;"st:(utﬂ

3

©

]["(.'M’" Jg [6wtm@»4(’:(wu.) '
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Use convolution to find f(7) if

10
(s + 1)(s + 3)°

F(s) =

SOLUTION:

Fl=_1o ﬁ,cﬂﬁaloe“t
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13.41 Determine the initial and final values of f(z) if F(s) is
given by the expressions

2(s + 2)
(@) Fls) = s(s +1)
(b) F(s) = 2(53 + 25 + 6)
| (s + 1)(s +2)(s + 3)
() F(s) = - cs
T (s + 1)(s* + 25 + 2)
SOLUTION:

'I-:N\)c\ui\ Arzdang p

3) L SE) = dee 2 (s12) | a(e) _ 7. M{%&‘)*ZI

S S S+ (o) +ro

4

L) e W)= Qi 2(e”) _ 2 XJA«LMJC’M.);Z

< D oo < oo "Z;:)3 - e

i

c) I ST =Lt Qm(w\)g“ 2 *ij;_]ﬁéf*)z‘?,}

TP a0 S e 05?’ ‘fj‘"”D
Pl valiss
D) Lo sFGY = daie 2(542) 2C2)_y Lam p(ﬂf“}““?\
S50 s»o (3r\) } t~20e
b) L s P = 2Ll o MWPM=4
S0 (3 t e ;

S0

,t
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13.4
f(r) if F(s) is given as

10(s + 2)
(a) F(s) = (s + 1)(s + 4)
(b) F(s) = st 4+ 25 + 2

12 Find the initial and final values of the time function

(s + 6)(s* + 45> + 85 + 4)

28
(c) F(s) = x

“ 4+ 25 + 3
SOLUTION:
D A sFE = (o (w)* 2 [M Llory=1o
S-roo e +26
L‘) J/v‘/vu ‘.SFL*S‘\"": _.Qgin.. =y g«b"‘“ ‘F((‘) (o]
S -2 o2 gb‘f' é‘-""’o
¢) I sF)= 262" 5 A Lior=2
D e o % ‘ 40 |
MW“*
D) A sFG= b e -PH)«@J
%o A2 w0
b\ JJ\A‘” <, F(S)w

S } Ja F(—ﬂ
e 3 4 ->eo

) Ja- sFEY= ©

L f(g) =o]
< o + 2o
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 13.43 Find the final values of the time function f(r) given that
10(s + 6)

a) F :
(@) F(s) = (s +2)(s + 3)
b) F
( ) ( ) 2 4 4s + §
SOLUTION:
3y e gFQS\”Ma o Y’L""““ FeH)= 1o
S e oo + to
L) é:';'s Fus) = %"g}. = o {f:: Lir=0

33 }/tv”‘ sFes)= © :Z-bm-‘m« 'FZ+)2C}
S-*o. s ]

by .l sFes) = o | T Mmﬂ

S0 »{jw)oep
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13.44 In the network in Fig. P13.44, the switch opens at
r = 0. Use Laplace transforms to find i(z) for r > 0.

& ST
3H
<,
<30
%GQ %80
1i()
s
Figure P13.44
SOLUTION:
for £<0  Ae)= 12/5 244 |
}fwt >o r;;i | 3 % + R F 6 L’éﬁm
b st Ly B 32 T(s) -3o) + 3 T L T(s) =

B

3TH [543 (= |z

Te)= A { () = 4@"”3%&['6)
S+3
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13.45 The switch in the circuit in Fig. P13.45 opens at ¢ = 0.
Find i(z) for r > 0 using Laplace transforms. ©%

VA 7 5 AAA
2Q r=0 4 QO
4 (1)
12V (i)
¢
%2 H
&
Figure P13.45
SOLUTION: 4+ <o Jor =0
Bir T ezdd o
AL 4 2 AA
2v(E N 3z LI v L2 3T+ LEG)425Ts)-2 10 (5)=0
. » 24 )
il _‘“f‘“’l ~ (04 (9+2s)Tesy=4
= Lty
Tesy= ._,:{'...__m....:: z -
C=3/b=20 2 $+9 Sy4 ¢
Z N -
Ve oz (z) =6V sz e T L

)= X =za
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13.46 In the circuit in Fig. P13.46, the switch moves from
position 1 to position 2 at r = 0. Use Laplace trans-
forms to find v(r) forr > 0. PSV

AAN =
6 k()
v(t) == <
(1) 100 pF S 6 k0
L ‘
Figure P13.46
SOLUTION:
- t>o
fre Lo .
plo)= 12 (L) | v (,m,% ‘r@% ooy %Mm,
blevll L _

/U.,__Lﬂ N V(£ + lc;q)c{

v _ ot le) =
b voo b oo At

V) +NV D) + 0.6 4 _ D ()= 306

-

Vs) [o}ug %?;_g =36 = \(g)= b

S+ 19/

— 2.33%F

VD= e

o LD
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13.47 In the network in Fig. P13.47, the switch opens at
r = 0. Use Laplace transforms to find ,(¢) forr > 0.

PSSV
30
A
. iL(l‘j
Q | -
N L
I = O(g E1H v WOT 05F
G tl
Figure P13.47
SOLUTION: |
t=o7 t=pt
i, Gy r ?«»—-]“L
(3 - - .
U Lb"‘)ﬁb ‘A i~ Q IH% {:}. ‘"LF’ L'L"’".;‘""l.'z_“
— e 1 A & VT Lz= =0

3f24+2‘5>f2M - é‘_‘;‘l‘*_
ot

o = 3(1~UL§+Z§M»ZSL}_&J¢~&CL&O

3 ~2 T )
- ls) + 2
L. g.—- Z—E(S} S:F;,LS) =y
A
ILQS) I:S +3$123:’ 3s5+2 =S I (s) = 33+2 - ey o

G+0Cs*2) sS4, T

¥, = . —
g RN P e-md

Z":"‘ -

e
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13.48 In the network in Fig. P13.48, the switch opens at

t = 0. Use Laplace transforms to find v,(r) forr > 0.
s

\t=0
§§%§ :3#/ =, - g%%§' n 4 O
3 kO -

12V (j) -~ ve(f) == 100 wF Ez ko Voll)

4 & O
Figure P13.48
SOLUTION:
t=o7"
E=o" 4len

-

booo & Doeen

[ AN
+ 1 >
ULLQ’.): ‘L((ycws - 8\{ fUc,T [DO‘/U\’F‘ 2[4{2,% Uo
B -

L)

booo L(t+) + ’°’wf“H R <o SN B Ql_[‘. + Vel o
-

Loso

R [s\lc(,s\ - Dcco*\] + Ve () =0 3 V¢(53£0.(OS+\]=‘£8 |

(FB\*AT _\i_Q___C_i) - 2&‘1_‘0_____ - \ ? \JD CS\)': \’C LS)

Ve (<€) 2ow0 v Yo 2 3

3V [O"”S“}f“L@ = Vo (D [S+ Lé7j= 2.7
i ~ L7+
Vo (&) = 2:67 IU" (D= 267 e - (B k

SA16T
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-1 The output function of a network is expressed using

Laplace transforms, in the following form. €%

12

Vi(s) =

s(s* + 35 + 2)

Find the output v,(7) as a function of time.

SOLUTION:
Vo (0= K ke + ¥z
= St S42.
K, = (2 —, Ko= 12 . 12
2- -1
Np(Y 5 6 12 + b
> S S4+2

}Cg = 2, L

SN

V, () :[L, - l2€“b+~ 4,‘@"“2%_] o LD

o
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© The Laplace transform function representing the out-
put voltage of a network is expressed as

120
s(s +10)(s + 20)

Vo(s) =

Determine the time-domain function and the value of
v, (1) at t = 100 ms. |

SOLUTION:
Vots)= KL ke v Kz L= dte - 0w
S Stlo  Steo lo2d)
£, = Lo --1-2 Yz= 2 . oy
“1e) (1e) é‘%) (- 1)

Vo (3D = 0. _ 2 [ oo

s S+ie S F g

, — ot _
FDLM:[DL»‘{.L@ + 0.6 = Za%]w(ﬁ)

-1 —
Vs (09) = D.b-l.2e +04 g 2 ;/La,,(o.s):o.z%v
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13FE-3 The Laplace transform function for the output voltage
of a network is expressed in the following form.
12(s + 2)
s(s + 1)(s + 3)(s + 4)

Vo(s) =

Determine the final value of this voltage, that is,
v,(t)ast — oco. €%

SOLUTION:
= U (1) = L. s\/o sy = M 12 (s42) I
o s3o 0 S @J}- B(g,‘fg) (.5,,,4') I

}M U, LE) = 21{
+=> oo :




