Chapter 15, Solution 1.

at -at

+e
(a) cosh(at) = >
! 1] s
L[COSh(at)]ZELs—a+s+a T s2-a?
at_e—at

(b)  sinh(at) = :

1—|_ a
+al s*’-a

i1
L[sinh(at)]=5L_a—S

Chapter 15, Solution 2.

(a) f(t) = cos(wt) cos(0) — sin(wt) sin(0)
F(s) = cos(0) L | cos(et) |- sin(®) L sin(wt) |

s cos(0) — msin(0)
s? +o?

F(s) =

(b) f(t) = sin(wt) cos(0) + cos(mt) sin(0)
F(s) = sin(0) L[ cos(mt) J + cos(0) L[ sin(ot) J

ssin(6) — wcos(0)

F(s) =
s) s? +’

Chapter 15, Solution 3.

. B s+2

(@)  Lle®cosGtyut)]= 612710
2t L2 _ 4

()  L[eZsin(dt)u)]= T



(c) Since L[ cosh(at) ] =3 iaz

L[e™ cosh2tyu(t)] = %
(d)  Since L[sinh(at) |= Szi 2
e _
L[e smh(t)u(t)]— (s+4) —1
Csinon ] e — 2
(e) L[e sm(2t)]— (s+1)2+4

If f(t) «— F(s)

tf(t) «—— jF(S)
ds

Thus, L[ te™ sin(2t)]= £[2 ((S-i-l)2 +4)_1]

S S YA
((s+1)"+4)
4(s+1)

L[ te™ sin(2t)]= —((s+1)2 +4)

Chapter 15, Solution 4.

() Gy =65 e = 5

s +42 s2 +16

) —25

(b) F@)—g5+55+3




Chapter 15, Solution 5.

scos(30°) — 2sin(30°)
s +4

(a) L [ cos(2t +30°) ] -

d? [ scos(30°) —1]

L[ t* cos(2t +30°) ] =

ds?L s’ +4

dd((+3 v
d_d_{[TlJ( » }
= %{?(sz +4)_1 —28(738 —1](52 + 4)_2]

V3 V3 2 [+3
] x/j(_ 25)_ 2(23—1} ) 25[2} + (85%) 2s—1J
(52 + 4)2 (s2 + 4)Z (52 + 4)2
A

ﬁsﬁs+2ﬁs+(8s2)(2sll
(sz+4)Z (sz+4)3

_ (33s5+2)s* +4) . 44/35° - 8>

(52 +4)3 (52 +4)3
8—12+/35— 652 ++/3s°

(s2+4)°

—
[SS]

S +4)3

L[ 2 cos(2t +30°) ] =

4l 720

(s+2)°  (s+2)°

)  L[30t*e*]=30-

[ d_ ] 2 2
© L 2u(®)-4-8(1) [= 5-46-1-0)= -4




d) 2D u(t)=2e" u(t)

L[2e 0 u(t)] = s2+_e1

(e) Using the scaling property,

1 1 5
L[Su(t/Z)] 5 1/2 s/(2) 5-2-£=£
A B 18
® I‘[6e/ll(t)]_s+1/3_3s+1

(2) Let f(t) =0(t). Then, F(s)=1.

d"
L t) [=L ft =s"F(s)—s"" £(0)—s"* £'(0) -
@ 5() @ () =s"F(s)—s"" f(0)—s (0)
L_ ES(t)_:L_d f(t)_zs“-l—s“‘l-O—s“‘z-O—---
| dt" L dt"
L t) |[=s"
dtnéi()_ s"

Chapter 15, Solution 6.
(@)  L[25(t-1)]|=2e"

®  Ll1out-2))= %e-h

1 4
©  Llarduo]= S+

-4s

@ L[2etut-4)]=L[2e* et ut-4 )]—e(s+1)




Chapter 15, Solution 7.

S
(a) Since L[ cos(4t) ] 7, 42> Weuse the linearity and shift properties to

Ty
btain L[10cos(4(t—D)u(t—1)] = o>
obtain cos(4(t=1))u(t—-1) =116
(b)  Since L[t2]=5%, L[u(t)]zi,
L[t2 e ]= 2 and L[u(t—S)] = .
(s+2)°° s
L[ t2e? u(t)+u(t-3)] = 512y +e_ss

Chapter 15, Solution 8.

(@)  L[28(3t)+6ut)+4e? —10e™

5 1 6 1 1 4 10
=2.—4+6-——+ —

3 2 8/2 s+2 s+3
2.6 4 10

3 s s+2 s+3

(b) tetu(t—D=(t-De’u(t—1)+e u(t—1)
tetu(t—-)=(t-Dee'ut-+e el ut-1)

cles cles etD e+

Ltetue-n]- G0 s+l (s+1)E s+l

S

se
s’ +4

(©)  Llcos@(t=1)ut-1]=




(d) Since sin(4(t—m)) = sin(4t) cos(4n) — sin(4m) cos(4t) = sin(4t)
sin(4t)u(t— ) = sin(4(t —n))u(t — )

L| sin(4t)| u(t) - u(t—m)| |
= L| sin(4t)u(t) |- L| sin(4(t - ) u(t - ) |

4 4e™ 4
82416 s*+16 s*+16

(1-e™)

Chapter 15, Solution 9.

()  f)=(t-4u(t—2)=(t-2)ut—2)-2u(t-2)

e-2s 2 e-2s

F(s)= —5—
6)= "

(b)  g(t)=2e™u(t—1)=2e* e yu(t—1)

_ o 2e7
~et(s+4)

G(s)

(©) h(t) =5cos(2t—1)u(t)

cos(A — B) = cos(A)cos(B) + sin(A) sin(B)
cos(2t —1) = cos(2t) cos(1) + sin(2t) sin(1)

h(t) = 5cos(l)cos(2t)u(t) + Ssin(1) sin(2t) u(t)

S

H(s) = 5cos(1)- 1 + 5sin(1) -

s + s’ +4

2.702s  8.415

H(s) = +
) s’+4  s’+4

) p(t)=6u(t—2)—6u(t—4)

6 6
P(s)=—e® ——e™
s s



Chapter 15, Solution 10.

(a)

(b)

By taking the derivative in the time domain,
g(t) = (-te* +e*)cos(t) — te™ sin(t)
g(t)=e" cos(t)—te™ cos(t)—te™ sin(t)

s+1 d{ s+1 } d{ 1 }
SO R TE R b il R oeeanst
(s+1)"+1 ds|(s+1)"+1| ds|(s+1)"+1

s+1 s? +2s 2s+2 s?(s+2)
G(s)=

S242s+2 (3242542)° (s2+25+2)7  (s?+2s+2)

By applying the time differentiation property,
G(s) =sF(s)-f(0)

where f(t)=te" cos(t), f(0)=0

ﬁr s+1 | (s)(s*+2s) s?(s+2)

dsL(s,+1)2 T1° (s> +25+2)> (2 +2s+2)>

G(s) = (5)-

Chapter 15, Solution 11.

(a)

(b)

S
g2 _g2

Since L[ cosh(at) ] =

6(s+1) 6(s+1)

F = =
&)= i -4 st+25-3

Since L[ sinh(at) ] =

s?—a?

@ 12
s+2)2-16 s*+4s—12

L[3e sinh(4t) | = (
F(s) = L[ t-3e? sinh(4t)] = %[12@2 +4s—12)" |

2 . 24(s+2)
F©) = (125 +4)(s* +4s-12) = 577 70




(c)  cosh(t) = % (e +e)

f(t)=8e™ é-(e‘ +e)u(t—2)

=4eu(t—-2)+4e*u(t-2)
=4t e u(t-2)+4ete P u(t-2)

L [ de e y(t— 2)] =4ete™. L[ e’ u(t)]

4 e—(23+4)

Lld4e?* e u(t-2)|=

[4e e u(t-2) ==

4o

Similarly, L{4e®e*? u(t-2)|=

imilarly, [ e’ e u( )] .y
Therefore,

4e3 4@ @ 9[(4e? +4e?)s+(16¢* +8e?)]
F(s) = + = >
s+2 s+4 s +6s+8

Chapter 15, Solution 12.

f(t) = te 2 De2ut=1) = (t=De2e 2 Dyt 1) + e 2e 2Dyt -1

-2 -s —(s+2)
f(s)=e"® © o2& _° [1+ ! j— s+3 e~ (5+2)

(s+2)° s+2  s+2 s+2 _(S+2)2
Chapter 15, Solution 13.
d
(@ @) — ——F()
ds
s d (s> + 1) =525 +1)
If f(t) =cost,then F(s)= and —F(s
() ()_sz+l ds (s (s +1)?
2 —
L (tcost) :L“

(s> +1)°




(b) Let f(t) = ¢" sint.

1 1
C(s+D 41 sP 42542

F(s)

dF (s* +25+2)(0)~ (D25 +2)
ds (s? +25+2)°

dF  2(s+1)

Lertsing) == = 1 2512)7

(c) @ —> TF(s)ds

Let f(¢)=sinf, then F(s)= 5 fﬁz
s

L[Smﬂt}:j 2,8 2ds:,8ltan*li " _tan S —an
t] i +p g B2 p :

Chapter 15, Solution 14.
{ 5t O<t<l
FO=110-5t 1<t<2
We may write f(t) as
£(t) = 5t/ u®) —ut -]+ 10-5t)| ut=1) - u(t-2)|
= 5tu(t) —10(t—u(t—1)+5(t—2)u(t —2)

510 5
F(S)=S—2—S—ze +S_ze

5
F(s) = 5 (1-2e” +e7)
S




Chapter 15, Solution 15.

f(t) =10[u(t) —u(t—1) —u(t 1) + u(t - 2)]

e | 10
=5 a-ey
s

F(s) = 10{1

———e’ 4+
S s

S

Chapter 15, Solution 16.
f(t)=5u(t)-3u(t-D)+3u(t-3)—-5u(t—4)

1 - -3 -4
F(s):g[5—3es+3e s_5es

Chapter 15, Solution 17.

[0 t<0
t? 0<t<l
I 1<t<3
[O t>3

f(t) =

£(t) = t2 [ u(t) —u(t— D]+ 1 u(t=1) = u(t-3)]
=tu(t)—(t=D*u(t =D+ (2t+Du(t=1) +u(t—1)—u(t-3)
=tu(t)-(t=-D*u(t-=1)-2(t=Du(t=1)—u(t-3)

2 o 2 e
F(s):s—3(1—e )—s—ze -

S

Chapter 15, Solution 18.

(@  gt)=u®)—ut-1)+2|ut-1)-ut-2)+3[ut-2)-ut-3)
=u(t)+u(t—-I)+u(t—2)—3u(t-3)

1
G(s) = ;(1 +e’ +e —3e™)




) ht)=2t| u(t)—ut-D]+2| ut=1)-ut-3)|
+(8-2t)| u(t—=3)—u(t—4)|

= 2tu(t) = 2(t—Du(t—1)—2u(t—1)+2u(t—1)— 2u(t -3
—2(t=3)u(t—3)+2u(t—3)+2(t—4)u(t—4)

= 2tu(t) = 2(t = Du(t—1) = 2(t=3)u(t = 3) + 2(t — 4)u(t — 4)

2 - 2 -3 2 -4 2 3 4
H(s):s—z(l_GS)_S_ze s_i_s_2e s:_z(l_e-s_e-s_l_e-S)

S

Chapter 15, Solution 19.

Since L[ 8(t)]=1 and T=2, F(s)=

1 _ e-2s

Chapter 15, Solution 20.

Let g, (t)=sin(nt), 0<t<l1

= sin(nt)[ u(t) —u(t - 1)]
= sin(wt) u(t) — sin(mt)u(t —1)

Note that sin(rt(t —1))= sin(nt — ) = -sin(mnt) .
So, g,(t) = sin(wt) u(t) + sin(m(t-1))u(t-1)

T
G1(5)=—Sz e (1+e*)

B G,(s) B n(l+e®)
Cl-e® (sP+mh)(1-e™)

G(s)




Chapter 15, Solution 21.
T=2n

Let f,(t)= (1 - ij[ u(t) —u(t—1)
2n

1 1
£ (t) = u(t)—iu(t)+g(t— Du(t- 1)—(1—%)u(t— 1)

bl L e (1 Lj L1 [2n+2nepes]s+-1+e7]
)= T o T U 2T 2ns’

g BO) 2+ 2n+pe]s+[-1+e7]
(S)_ l_e-Ts - 27552 (l_e-Zﬂ:s)

Chapter 15, Solution 22.

(a) Let g (t)=2t, O0<t<l
= 2t[u(t) —u(t-1)]
=2tu(t)-2(t—Du(t—1)+2u(t—1)

2 2e” 2

Gl(s)zs—z— 2 —i—;e'S
G,(s)
G(s) = T=1
(S) l_e—sT’
2(1—e* +se”
G(s) = (1-e®*+se™)

st(1-e*)

(b) Let h=h, +u(t), where h, is the periodic triangular wave.

Let h, be h, within its first period, i.e.

. { 2t O<t<l
t) =
10 4-2t 1<t<?2

h, (1) = 2tu(t) = 2tu(t— 1)+ du(t—1)— 2tu(t—1)— 2(t—2)u(t - 2)
h,(t) = 2tu(t)—4(t—Du(t—1)—2(t—2)u(t-2)



2 4 2e* 2

Hl(s)zs_z_s_ze g 28—2(1—6)
2 (1—e)?

H —_—

0(8) s? (1—-e™)
1 2 (1-e*)

H(s)=—+—

©) s s (1-e™)

Chapter 15, Solution 23.

1 O<tx«l
(a) Let fl(t):{_1 l<t<?
f,(t) = u(®) —u(t -1~ ut-1) - u(t-2)]
f (t)=u(t)—2u(t—1)+u(t-2)

1 y 2 1 )
F(s)=—(1-2e*+e“)=—(1-¢"%)
s s

F (s)

T=2
(1-e™t)’

F(s) =

1-e*)

FO=Sa-e)

(b) Let h,(t)=t*[ut)-ut-2)]=t>u()-t>u(t-2)
h,(t)=t>u(t)— (t-2)*u(t-2)—4(t—2)u(t—2)—4u(t-2)

2 4 4
H,(s) = s_3(1 - e'zs)—s—ze'25 —ge'zs

H,(s)

H) = oy

T=2

2(1—e®)—4dse™(s+s?)
s(1—e™)

H(s) =




Chapter 15, Solution 24.

@ )= limsFE) = lim o
= lims =lim————
a 1 > Loos +6s+5
1
= lim 10+ST —E—oo
_s%ool 6 5 0 T —
s st
£ = limsF(s) = I 10s* +s 0
o) = lim =lim————=
S s>08% +68+5 —
s’ +s
(b) £(0)= 11m sF(s) = llmm =1

The complex poles are not in the left-half plane.
f(0) does not exist

() £(0)=limsF(s) = lim 25" +7s
s o (s+1)(s+2)(s> +2s+5)

2,7
3
=l 2 s _%:2
(1+ j(l+j(l++2j
s S s s
28 +7s 0
f(o0) = 11m sF(s) =lim =0

-0 (5 +1)(s + 2)(s? +2s+5) 10



Chapter 15, Solution 25.

D L (®)(s+D(s+3)
(@) f(0)=limsF(s) = lim (s+2)(s+4)

(8)(1+1)(1+3j
= lim 2S 45 =8
o (1+j(l+j
S S

f(e0) = limsF(s) = Eﬂ%

=3

) . 6s(s—1)
(b) £(0) = limsF(s) = lim o

£(0) = lim—————~ =

S—0 1

All poles are not in the left-half plane.
f(0) does not exist

Chapter 15, Solution 26.

) £(0) = limsF(s) = lim——2— _ 1
@ FO)=limskE) = lim"— =1

Two poles are not in the left-half plane.
f(0) does not exist




by £(0)= limsF(s) = lim— 2+
by T =Sk = s+ 25+ 4)

2 1
l-—+—

=lme—y 2 L
e
S S S

One pole is not in the left-half plane.
f(0) does not exist

Chapter 15, Solution 27.

(a) f(t)=u(t)+2e"

) G()_3(s+4)—11_3 11
= s+4 T s+4

g(t)=38(t)—11e™

©  He)=— A, B
C S = =
(s+1)(s+3) s+1 s+3
A=2, B=-2
H()_L 2
S T s+1 s+3

h(t) = 2¢* —2¢™



d  Je)=

12 A B C
= + +
(s+2)*(s+4) s+2 (s+2)* s+4

12=A(s+2)(s+4)+B(s+4)+ C(s +2)

Equating coefficients :

s?: 0=A+C —> A=-C=-3

s': 0=6A+B+4C=2A+B —— B=-2A=6
s 12=8A+4B+4C=-24+24+12=12

_ -3 . 6 N 3
S s+2 (s+2) s+4

J(s)

jt)y=3e* —3e* +6te™

Chapter 15, Solution 28.

(a)

(b)

2(=2) 2(4)

) _2_—2+4

F(s) = +

s+3 s+5 s+3 s45

£(t) = (=2e >t + 4e > Yut(t)

3s+11 A N Bs+C
(s+1)(s%+2s+5) S+l §?2+2s+5

H(s) =

3s+11=A(s? +25+5)+(Bs+C)(s+1)=(A+B)s?> +(2A +B+C)s+5A +C
5A+C=1;A=-B;-B+C=3,B=C-3—>A=2B=-2,C=1

2 -2s+1
_+_

5 — h(t) = (26_t —2¢ ' cos2t +1.5¢ ! sin 2t)u(t)
s+l s=4+2s+5

H(s) =




Chapter 15, Solution 29.

V(s)=z+%;252+85+26+A52+Bs:25+26—>A=—2andB:—6
S (s+2)"+3
2 2(s+2) 2 3
S

AV z
® (s+2)2 +3% 3(s+2)? +3>

v(t) = 2u(t) — 2¢ ! cos3t —%e_Zt sin3t, t>0

Chapter 15, Solution 30.

2(s+2)+2 2(s+2) 2 3
2 a2 2.2 3 2 22
(s+2)°+3° (s+2)°+3° 3(s+2)°+3

(@) Hy(s)=

-2

h{(t)= 2e 2t cos3t + %e tsin3t

s? +4 A B Cs +D
( 2,2 ( +1)+ 27T 2
s+1)°(s”+2s+5) 8 (s+1) (s +2s+5)

(b) Ha(s) =
2 _ 2 2 2 2
s“+4=AG+D)(s” +2s+5)+B(s“ +2s+5)+Cs(s+1)" +D(s+1)
or

s2 +4=A(s3 +3s2 +7s+5)+B(s2 +2s+5)+C(s3 +2s2 +s)+D(s2 +2s+1)
Equating coefficients:

s 0=A+C ——> C=-A
2 1=3A+B+2C+D=A+B+D
s 0=7A+2B+C+2D=6A+2B+2D=4A+2 ——> A=-1/2.C=1/2

constant : 4=5A+5B+D=4A+4B+1 —— B=5/4,D=1/4



Myt =2, 5 ol | 1) -2 5
VT4 ) (5402 (s2+2s+5) | 4[GHD (s+1)2

Hence,

hy(t) = %(— 2¢ 7t +5te™t +2¢ 7 cos2t —0.5¢ sin 2t).|(t)

2s +1)-1
(s+1)% +2?)

(c) H3(s)=M=e_s A + B :le—s 1
(s +D(s+3) (s +1) 6+3)| 2

hs(t) = % (e_(t_l) +e73(D )J(t )

Chapter 15, Solution 31.

. 10s A B C
@ = e+ 6+3) 541 5+2 543

A=F(s)(s+1)|_, ='T= 5
-20
B=F(G)(s+2),_, == 20
-30
C=FE)(+3),y=— =-15
5 20 15

F(s) = -
() s+1+s+2 s+3

f(t)=-5e* +20e* —15e™

) F(s) = 2s? +4s+1 A . B . C . D
VT sD)+2)° s+l 542 (5427 (s+2)

=-1

A=F@G)(s+1)[,
D=F(s)(s+2)*
2s* +4s+1=A(s+2)(s* +4s+4)+B(s +1)(s* +4s+ 4)

s=2 -1

L]
(s +1) (s+3)}



(©)

+C(s+1)(s+2)+D(s+1)

Equating coefficients :
s’ 0=A+B —— B=-A=1

s?: 2=6A+5B+C=A+C — C=2-A=3

s': 4=12A+8B+3C+D=4A+3C+D
4=6+A+D —> D=2-A=-1

s?: 1=8A+4B+2C+D=4A+2C+D=-4+6-1=1

SO B S I

Vi1 s+ 2 (s+2)* (s+2)°
2

flty=-e* +e™ +3te™ ——e™

2
tZ
f(t)=-e* + 1+3t—? e

3 s+1 3 A N Bs+C
S (s+2)(s2+25+5) s+2 s2+2s+5

F(s)

A=F(s)(s+2)

s=-2 = ?

s+1=A(s*+2s+5)+B(s* +2s)+ C(s +2)

Equating coefficients :

1
s’: 0=A+B —— B:-A:g

s': 1=2A+2B+C=0+C —— C=1
s?: 1=5A+2C=-1+2=1

-5 Vss+l -5 1/5(s+)

4/5

F(s)

= + =
s+2 (s+1)?+2* s+2 (s+1)*+2?

f(t)=-0.2e” +0.2¢" cos(2t) + 0.4e™ sin(2t)

(s+1)* +22



Chapter 15, Solution 32.

_8G+Ds+3) A B C

@ FO= )14 " s Ts+2 s+a
B _(®B)
A=FES w0 = o))
B=F(s)(5+2)_, :%:2
3 ~®CEDE3)
C=F&) s+ == 57 =3
N T B
(S)_s+s+2+s+4
f(t)=3u(t)+2e™ +3e™
s?-2s+4 A B C

(b)  F(s) =

= + +
(s+D(+2)* s+1 s+2 (s+2)*
s?—2s+4=AG*+4s+4)+B(s* +3s+2)+C(s+1)

Equating coefficients :

s’: 1=A+B —— B=1-A

s':  -2=4A+3B+C=3+A+C

s: 4=4A+2B+C=-B-2 —— B=-6

A=1-B=7 C=-5-A=-12

7 6 12
s+1 s+2 (s+2)?

F(s)=

f(t)= Te* —6(1+2t)e™

s?+1 A Bs+C
= = +
(s+3)(s* +4s+5) s+3 s*+4s+5

(©  F(s)

s?+1=A(s*+4s+5)+B(s* +3s)+ C(s +3)



Equating coefficients :

s?: I1=A+B —— B=1-A

s': 0=4A+3B+C=3+A+C ——> A+C=-3
s’ 1=5A+3C=-9+2A —— A=5

B=1-A=-4 C=-A-3=-8

S 4s+8 5 4(s+2)
s+3 (5+2)%+1 s+3 (s+2)%+1

F(s) =

f(t) = 5e™ —4e™ cos(t)

Chapter 15, Solution 33.

6(s—1) 6 As+B  C
= = —+
st—1  (s*+DG+1)  s*+1 s+l

(@  F@E)=

6=A(s*+s)+B(s+1)+C(s* +1)

Equating coefficients :

s’:  0=A+C —> A=-C
s': 0=A+B —— B=-A=C
s:  6=B+C=2B —— B=3

3 -3s+3 3 -3s 3
+ = + +
s+1 s?+1 s+1 s>+1 s?+1

E(s) =

f(t) = 3e™ + 3sin(t) — 3cos(t)

-TS

se
s +1

(b) F@)=

f(t) = cos(t—m)u(t—m)




8 A B C D

= =—+—+ +
s(s+1)* s s+l (s+1)? (s+1)°

(©  F(s)

A=8, D=-8
8=A(s*+3s? +3s+1)+B(s* +2s? +s)+ C(s* +s)+ Ds

Equating coefficients :

s’: 0=A+B —— B=-A

s’:  0=3A+2B+C=A+C ——> C=-A=B
s':  0=3A+B+C+D=A+D —— D=-A
s:  A=8 B=-83 (C=-8, D=-8

DAL 3
T T s+ (s+1)? (s+1)°

f(t)= 8[1—e* —te* — 0.5t ] u(t)

Chapter 15, Solution 34.

F 10 s?+4-3 1 3
= G+ = —_—
@) ) s?+4 s?+4

f(t) = 118(t) — 1.5sin(2t)

N Gls) = et +4e™

®) )= 512)6+4)
Lot 1 A B
© (s+2)(s+4)_s+2+s+4
A=12 B=1/2

66 e‘s(l 1) 2_2{1 1)
V=12 s14)77% G2 544

g(t) = 0.5[ 2D —e4 D] u(t— 1)+ 2[e2? —e* D] u(t-2)




(©)

Let s+1 A B C
—_ = ——
© s(s+3)(s+4) s s+3 s+4

A=1/12, B=2/3,  C=-3/4

H()_(i l+£ 3/_4j -2s
V712 s Ts+3 s+4)C

1 2 3
h(t) = i (%) B -4(t-2)) )
(t) ( ™ + 3 e 4 e u(t—2)

Chapter 15, Solution 35.

(a)

(b)

Let GGs) s+3 A N B
[§ S)= =
(s+1)(s+2) s+1 s+2
A=2, B=-1
G(s)=——L — g(t)=2e" —e™
s+1 s+2

F(s)=e®G(s) — f(t)=g(t—6)u(t-6)
£(t) = [2e¢® — 2] u(t-6)

Let G(s) = : _A + B
© VT st )(s5+4) s+l s+4
A=13, B=-1/3

1 1
G(s) =

3(s+1) 3(s+4)

1
g®)=3let —c*]

F(s) = 4G(s)—e™ G(s)
f(t) =4g(t)u(t) - g(t-2)u(t-2)

4 1
f(t)= g[e‘t —e*u(t)— g[e'“‘z) — e"‘“‘”] u(t-2)




B S 3 A +BS+C
C(s+3)(s*+4) s+3 s’+4

(©) Let G(s)

A=-3/13
s=AG*+4)+B(*+3s)+C(s+3)

Equating coefficients :

s’: 0=A+B —— B=-A
s': 1=3B+C

s: 0=4A+3C

A=-3/13, B=3/13, C=4/13

-3 3s+4
BeEO=73 74

13g(t) = -3¢ +3cos(2t) + 2sin(2t)
F(s)=¢” G(s)

f(t) = g(t—u(t-1)

f(t) = %[- 3e30D 4 3cos(2(t— 1))+ 2sin(2 (t— 1) u(t - 1)

Chapter 15, Solution 36.

@ X = ! _A B C D
e VS (5+2)(5+3) s 87 s+2 543
B=1/6, C=1/4, D=-1/9

1=A(s®+5s? +68)+B(s? +55+6)+C(s* +3s?)+ D(s* +2s?)

Equating coefficients :

s’ 0=A+C+D

s’:  0=5A+B+3C+2D=3A+B+C
s': 0=6A+5B

s  1=6B ——> B=1/6



A=-5/6B=-5/36

-536 16 1419

2

X(s) = -
) S s+2 s+3

-5 1 1, 1
X(t)=gu(t)+gt+ze _Ee

D v A B C
() (s)_s(s+1)2_s+s+1+(s+l)2

A=1, C=-1
1=A(s*+2s+1)+B(s* +s)+Cs

Equating coefficients :
s’ 0=A+B —— B=-A
s': 0=2A+B+C=A+C —— C=-A
s 1=A, B=-1, C=-1
1 1 1

YOS T s

y(t)=u(t)—e* —te™

( 7 A B Cs+D
=—+ +
©) (s) s s+1 s>+6s+10

A=1/10, B=-1/5
1=A(s®+7s* +16s+10)+B(s® +6s? +10s) + C(s* +s?)+ D(s? +5)

Equating coefficients :

s’ 0=A+B+C

s’: 0=7A+6B+C+D=6A+5B+D

s': 0=16A+10B+D=10A+5B —— B=-2A

' 1=10A —— A=1/10

A=1/10, B=-2A=-1/5, C=A=1/10, D=4A=—



10Z(s) =~ - —— 4
Y T sl $2 465410
10Z(s) 1 2 . s+3 N 1
§)=——
s s+l (s+3)*+1 (s+3)*+1

2(t) = 0.1 1-2¢™ + e cos(t) + e sin(t)] u(t)

Chapter 15, Solution 37.

12 A Bs+C
(a) Let P(s) —+

Ts(s2+4) s sP+d

A =P(s)s

o =12/4=3

12=A(s*+4)+Bs*+Cs

Equating coefficients :

s 12=4A —— A=3

s':  0=C

s’: 0=A+B —— B=-A=-3

PE) =
VST 14

p(t) =3u(t) —3cos(2t)
F(s) = e P(s)

£(t) = 3[1-cos(2(t - 2))] u(t - 2)

2s+1 _As+B+Cs+D
(s2+D(2+9)  s2+1  s2+49

(b) Let G(s)=

2s+1=A(s>+9s)+B(s? +9)+ C(s*> +s)+ D(s* +1)

Equating coefficients :
s’: 0=A+C — C=-A



s’  0=B+D —— D=-B
s': 2=9A+C=8A —— A=2/8, C=-2/8
s 1=9B+D=8B —> B=1/8, D=-1/8

G()_l(2s+lj 1(25+1j

AR CEINE ) P

1 s 1 1 1 s 1 1
4 s*+1 8 s*+1 4 s*+9 8 s*+9

G(s) =

1 1 1 1
g(t) = 7 cos(t) + sin(t) — 7 cos(3t) - sin(3)

© Let H(s) = 9g? B 36s+117
¢ © VT i as+13 0 sP+4s+13
s+2 3

H(s)=9-36- -15-
) (s+2)*+3* (s+2)*+32

h(t) = 98(t) — 36e** cos(3t) — 15¢ ™" sin(3t)

Chapter 15, Solution 38.

s? +4s s?2+10s+26—6s—26

F = =
@) )= 705+ 26 2 +10s+ 26
L 65426
&) =1= 0+ 26
6(s+5 4
F(s) = 1 —26+3)

- +
(s+5)*+1>  (s+5)>+1

f(t) = 3(t)— 6e™ cos(5t) + 4e™ sin(5t)




582 +7s+29 A Bs+C

b)  Fs)= TR S
®) ®) s(s? +4s+29) s s 145429

58> +7s+29=A(s> +4s+29)+Bs* +Cs

Equating coefficients :

s 29=29A —— A=1

s': 7=4A+C — C=7-4A=3
s’: 5=A+B —— B=5-A=4

b Ly B3 1 46+2) 5
TS 145429 s (34245 (5+2)2+5°

f(t) = u(t)+4e?* cos(5t) — e sin(5t)

Chapter 15, Solution 39.

2s® +4s? +1 __As+B N Cs+D
(s> +2s+17)(s> +4s+20) s> +2s+17 s’ +4s+20

(@  F@E)=

s* +4s* +1=A(s’ +4s* +20s) + B(s* + 4s+20)
+C(s* +28* +17s) + D(s* + 25 +17)

Equating coefficients :

s’ 2=A+C

s’:  4=4A+B+2C+D

s': 0=20A+4B+17C+2D

s:  1=20B+17D

Solving these equations (Matlab works well with 4 unknowns),
A=-16, B=-178, C=3.6, D=21

-1.6S—17.8+ 3.6s+21
s2+2s+17 s*+4s+20

F(s) =

3 (-1.6)(s+1) (-4.05)(4) (3.6)(s+2) (3.45)(4)
C (s+1)r+42 " (s+1)>+42 * (s+2)% +42 " (s+2)*+42

F(s)

f(t) = -1.6e™" cos(4t) — 4.05¢™ sin(4t) + 3.6e™ cos(4t) + 3.45¢e ™ sin(4t)




~ s?+4 _As+B+ Cs+D
(P 49)(s2+65+3)  sP+9  s2+65+3

(b)  F(s)

s?+4=A(s’+6s>+3s)+B(s* +6s+3)+C(s’ +9s)+ D(s* +9)

Equating coefficients :
s’ 0=A+C —> C=-A
s’:  1=6A+B+D
s': 0=3A+6B+9C=6B+6C ——> B=-C=A
s: 4=3B+9D

Solving these equations,
A=1/12, B=1/12, C=-112, D=5/12

12F(s) = s+1 N -S+5
S 249 §2+6s+3
-61+4/36-12

s24+6s+3=0 —> f=-0.551,-5.449
Let G(s) -s+5 E N F

c S)= =

s2+6s+3 s+0.551 s+5.449
5454490t
T 540,551 T
1.133 2.133

G(s) =

T 5+0.551 s+5.449

SO SV DU B REX B A
743273752432 540551 s+5.449

£(t) = 0.08333 cos(3t) + 0.02778 sin(3t) + 0.0944 e*551* — 0.1778 54




Chapter 15, Solution 40.

2
Let H(s) = 4s +27s+13 A N Bs+C
(s+2)(s” +2s+5)

s+2 §2 42545

452 +7s+13=A(s2 +23+5)+B(s2+25)+C(s+2)

Equating coefficients gives:

2 4=A+B
S: 7=2A+2B+C —— C(C=-1
constant : 13=5A+2C —— SA=150rA=3, B=1
H(s) = 3 N s-1 3 N (s+1)-2

542 §2 42545 ST2 (s+1)2 422

Hence,

h(t) = 3¢ et cos2t—e tsin2t =3¢ 2t +e ! (A cosacos2t — Asin o sin 2t)

where Acosa =1, Asina =1 —> A:\/E,

Thus,

o = 45°

h(t) = |\/§e_t cos(2t +45°) + 3¢ % L(t)

Chapter 15, Solution 41.
Let y(t) = f(t)*h(t). For 0 <t<1,

f(t—2)

o h(A)

t_ )2

y(t) = (})(1)4>de =27 | =

v



For 1 <t<3,

f(t—2)
o h()
0 Tt 2 >
1 t
y(t) = [(D4rdh + [(DB—4h)dh =227 [ + (81 —227) || =8t—2t* —4
For 3 <Ot< 4 1
h(}) f(t—2)
o
0 T t2 2 3t >
2
y©) = [@-4M)hdh=82-202 |7 ) =32-16t+2t>
t—2
Thus,
2t2, O<t<l
y(t) = 8t - 2t2 -4, 1<t<3

32-16t+2t%, 3<t<4

0, otherwise




Chapter 15, Solution 42.

(a) For 0<t<l1, f,(t—2A) and f,(A) overlap from O to t, as shown in Fig. (a).

2 2

¥(O) = £, * £,(0 = | D) d= =

t:
° 2

(b)

For 1<t<2, f(t—A) and f,(A) overlap as shown in Fig. (b).

2 t2

! X
Whigmm&:?bng

For t > 2, there is no overlap.

Therefore,

t?/2, O0<t<1
y(t)={t—-t?/2, 1<t<2
0, otherwise

(b) For 0 <t <1, the two functions overlap as shown in Fig. (c).

yO =060 =] OO dr=t




For 1 <t < 2, the functions overlap as shown in Fig. (d).

vy =] mma=a,=2-1

For t > 2, there is no overlap.

Therefore,

t, 0<t<l1
y(t)=<2-t, 1<t<2

0, otherwise

(c) For t < -1, there is no overlap. For -1<t<0, f,(t—A) and f,(}) overlap
as shown in Fig. (e).

y(t) = £,(t) * £, (1) = I‘l (D(h+1) dh = (% + xj\ L

y(t) = %(t2 +2t+1) = %(t +1)?

Bt M) fi(h)

(e) )

For 0 < t <1, the functions overlap as shown in Fig. (f).

y =] (OO dh+ fo (D(1-2) di

A2 %
y(t) = (7 + 7»]‘ o+ (7» - 7}‘ 0

y(t)=%(1+2t—t2)

For t > 1, the two functions overlap.



y® =] O+ drr [a-2) ar

1 2Yy, 11
y(t):5+(k— j\lo = —+1-—=1

2 )02 T
Therefore,
0, t<-1
0.5(t> +2t+1), -1<t<0
y(t) =

0.5(-t> +2t+1), 0<t<l1
1, t>1

Chapter 15, Solution 43.
(a) For 0<t<1, x(t—A) and h(L) overlap as shown in Fig. (a).

t }\/2 t2
Y0 =x(O*h) =[] 0y =]y =

(b)

For 1<t<2, x(t—A) and h(A) overlap as shown in Fig. (b).

yo=1" 0w a+] oo dx=§\1_1 =20 w2

For t > 2, there is a complete overlap so that

y0 =] OO =2, =t-(-1=1



Therefore,

t2/2, 0<t<1
“(t2/2)+2t-1, 1<t<2
y(t) =
1, t>2
0, otherwise

(b) For t > 0, the two functions overlap as shown in Fig. (c).
y(t) = x(t) *h(t) = JO ()2e* dr=-2¢*;

Therefore,
y(t)=2(1-e"), t>0

(©) For -1<t<0, x(t—2A) and h(A) overlap as shown in Fig. (d).

2

t+1 A
y(t)=x(t)*h(t) = fo M) ="

1
o= E(t +1)?

x(t-A) h0)

(d)

For 0<t<1, x(t—A) and h(L) overlap as shown in Fig. (e).
1 t+1
y(t) = J:) (D) dr+ J'l (M2 —-nr)dr



For 1<t<2, x(t—A) and h(L) overlap as shown in Fig. (f).
yo =] mey i+ [me-na

% X -1 1
Y(t):? " +(2k_?j‘12 :?tz +t+§

For 2<t<3, x(t—A) and h(L) overlap as shown in Fig. (g).

[ oe-ma=|on-2 ), = 2-see e
y(t)_ t71()( _) - _2 t—1_2_ t+2t
A

1__ ........................

v

0 1 t1 2 t t+1 2
(@



Therefore,

(t2/2)+t+1/2, -1<t<0
- /2)+t+1/2, 0<t<2
(t*/2)-3t+9/2, 2<t<3

0, otherwise

y(t)

Chapter 15, Solution 44.

(a) For 0<t<1, x(t—A) and h(L) overlap as shown in Fig. (a).
y(® =x(® *h()) = [ (1) dr.=

For 1<t<2, x(t—A) and h(A) overlap as shown in Fig. (b).
1 t
y(t) = J:_l (M(@) dr +-[ -DMdr=27 - 7\‘} =3-2t

For 2<t<3, x(t—A) and h(L) overlap as shown in Fig. (c).
2
yo =] mena=af, =t-3




(b)
Therefore,
t, 0<t<1
3-2t, 1<t<2
y(t) =
t-3, 2<t<3

0, otherwise

()

(b) For t < 2, there is no overlap. For 2 <t <3, f,(t—A) and f,(A) overlap,

as shown in Fig. (d).

y(® =060 =] -2 dr

()

v

(e)



For 3<t<5, f,(t—2A) and f,(}) overlap as shown in Fig. (e).
I -y an=|n x_z‘t L
yO =1, O-ndr= =", =2
For 5 <t < 6, the functions overlap as shown in Fig. (f).

-1
’, :?tz +5t—12

5 7\42
y(t) = J: L (O(=2) dr= [M _ Ej

A

t
®
Therefore,
(t*/2)-2t+2, 2<t<3
1/2, 3<t<$S
yO=9 /
-(t*/2)+5t-12, 5<t<6
0, otherwise

Chapter 15, Solution 45.

@ a0 =] frse-n ar=£0),.
f(t)*8(t) = f(t)

(b)  f)*u(t)= IO FOYu(t—1) di

1 A<t

Since u(t—%):{o st

£(t)* u(t) = It (L) dA




Alternatively,

Ll £(tyx u() = =2

S
S
L { @} = f(t)*u(t) = I £(0) d

Chapter 15, Solution 46.

@  Let y©=x,0*x, 0= x,0x, -1 dn

For 0<t<3, x,(t—2) and x, (1) overlap as shown in Fig. (a).
y(t) = Lt4e'” e dh = 4e-t£e-X dh=4(et—e™

X2(A)

(@)

For t > 3, the two functions overlap as shown in Fig. (b).
y(t) = J:4e-2x N 4e—t(_ et )‘S —det(1- 6'3)

(b)



Therefore,
4(e*—e?), 0<t<3
yy=14¢ ¢
4e*(1-€), t>3

(b)  Forl<t<2, x,(A) and x,(t—2) overlap as shown in Fig. (c).
t
y(t) = x, (£)* X, (1) :Il M) dr =2t =t-1

4 x(t-2) x1(0)

(©)

For 2 <t <3, the two functions overlap completely.

Y(t):,[t_l M@ dr = 7“:_1 =t—(t—1)=1

For 3 <t <4, the two functions overlap as shown in Fig. (d).
3
yo =1 O =1, =41

A
1
I —>
0 1 2 t "
(d
Therefore,
t—-1, 1<t<2
(t) = 1, 2<t<3
= 4-t, 3<t<4

0, otherwise

(¢)  For-1<t<0, x,(t—A) and x,(A) overlap as shown in Fig. (e).
! 2
(0 =x,(0)*x,(8) = I] (H4e ™ dr



Y(t) =4e IZ e dh = 4[ 1— e-(m)]

For 0<t<I1,
y(t) = _[(1) (D4e ™ d +J.0t (-1)4e ™ d

y(t)=4e e*‘_ol —4etet|) =8¢t —4e ™) -4

For t > 1, the two functions overlap completely.
y(t) = J.? (D4e ™™ dr+ J.Ol (- 4e™ dr

Y(t) =4¢" el‘_ol —4e” 67“%) =8¢t —4e ) _4etD

Therefore,
4[1—e'“+‘)1 -1<t<0
y(t)=<4 8e'—4e ™V —4, 0<t<1
8e' —4e ™V —4e ", t>1

Chapter 15, Solution 47.

£(t) = £,(t) = cos(t)

L[ E(s)E,(s)] = IO cos(l) cos(t — 1) dA

cos(A)cos(B) = %[COS(A + B) + cos(A — B)]



L' [F,(s)F,(s)] = % L [cos(t) + cos(t — 21)] dA

L [F(s)F,(s)) ——cos(t) AP

0

-2

L[ E(s)F,(s)] = 0.5 tcos(t) + 0.5sin(t)

Chapter 15, Solution 48.

2

Let G(s) = =
@ et G(s) s?+2s+5 (s+1)*+2?

g(t) =e" sin(2t)

F(s) = G(s) G(s)

f(0=L'[GEGE)=] etgt-1)
f(t) = fo‘ e sin(2h) e sin(2(t — 1)) dA
sin(A)sin(B) = 1 [ cos(A — B) — cos(A + B)]

f(t) = %e"j()t e‘x[ cos(2t) — cos(2(t — 2%))] dA

£(t) = —cos(2t) I & dx—% [' e cos(2t— 41 di

-t -7» et ¢

070

2*[ cos(2t) cos(4Ar) + sin(2t) sin(4k)] dr

e
f(t)=
f(t)= —e tcos(2t) (- +1) - —cos(2t)_[ * cos(4r) di

e’ . ' .
—~ Esm(Zt)_f0 e?* sin(41) di



(b)

f(t) = %e" cos(2t) (1-e™")

et [ e
_ 2 cos(2t
5 ©osCY 46

t
0

o]
(- 2cos(4n) — 4sin(4n)) |

et . [ e . t
Y s1n(2t)L (- 2sin(4\) + 4 cos(4k)) 0

4+16
e-t e-3t e-t e-3t
f(t)= — __ __ -
(t) 5 cos(2t) 4 cos(2t) 20 cos(2t) + 20 cos(2t) cos(4t)
e-3t e-t
+ 10 cos(2t)sin(4t) + 10 sin(2t)
et et
+ % sin(2t)sin(4t) — E sin(2t) cos(4t)
Let  X(s5)=—— Y(s)=—
© AL = sva
x(t)=2¢e"u(t), y(t) = cos(2t) u(t)

F(s)=X(s) Y(s)

f(t) =L [ X(s) Y(5)] = J:Sy(x) x(t—2) di
f(t) = JZ cos(2h)-2e ™ da

A

c
F(t)=2e" -
(O)=2e"-177

(cos(2n) +2sin(2n))
f(t) = %e‘t [e'( cos(2t) + 2sin(2t) - 1) ]

£(t) = 2 cos(2t) + ~sin(2t) -~ e
( —Scos( ) 5s1n( ) 5e




Chapter 15, Solution 49.

Let x(t) =u(t)— u(t-1) and  y(t) = h(/*x(t).

4(1—e_s)]

-l T N BN
y(t)—L [H(S)X(S)]—L |:S+2(S S )] L l: S(S+2)

But

1 _A, B _1[1_ 1 }
s(s+2) s s+2 2[s s+2

Y(s)=2[1— ! —e_s+e_S]

s s+2 S S+2

y(t)=2[1-e 2 u(t) - 41 —e 2 Dyue -1

Chapter 15, Solution 50.

Take the Laplace transform of each term.

[ 52 V(s) = sv(0) = v/(0)] + 2] s V(s) = v(0)) + 10 V(s) = 5 i4

s
$?V(s)—s+2+2sV(s)—2+10V(s) = 2
s

3s _s3+7s
s?+4  s2+4

(s> +2s+10)V(s) =s+

s +7s _AS+B+ Cs+D
(s2+4)(s2+2s+10) s> +4  s2+2s+10

V(s) =

s +7s=A(s’ +2s> +10s) + B(s* +2s +10)+ C(s® +4s) + D (s> + 4)

Equating coefficients :
s: 1=A+C —— C=1-A
s’:  0=2A+B+D
s': 7=10A+2B+4C =6A+2B+4



' 0=10B+4D —— D=-25B

Solving these equations yields

A g1 c 7 p230
267 26’ 26’ 26
V()_L_9s+12+ 17s-30 |
V=26l +4 T r2s+10)
V()—i_ 9 2 . s+l 47
V=6l a e a T T s 1 D23

() = = cos(20) + ~=sin(2t) + ~re" cos(3t)— —r ¢ sin(3t
\% —26c0s( ) 26s1n( ) 26e cos(3t) 78e sin(3t)

Chapter 15, Solution 51.

Taking the Laplace transform of the differential equation yields

[S2V(S) —sv(0)— V' (0)]+ 5[sV(s) - v(0)]]+ 6V(s) = %
S
2 4o 10 _2s% +16s+24
or (s +55+6)V(s) 2s—4 10—SJrl —> V(S)_(s+1)(s+2)(s+3)
Let V(s)= A, B, C A=5 B=0, C=-3

s+1 s+2 s+3°

Hence,
v(t)= (et =3¢ Hu(t)




Chapter 15, Solution 52.

Take the Laplace transform of each term.
[$21(s) — si(0) = i'(0)] + 3] s I(s) = i(0)] + 21(s) + 1 = 0

(s*+3s+2)I(s)—s—-3-3+1=0

I(s) = s+5 3 A N B
VT st)(s+2)  stl s+2
A=4, B=-3
I(s)=——_ 3

V61 s+2

i(t) = (4e* —3e)u(t)

Chapter 15, Solution 53.

Take the Laplace transform of each term.

(52 Y©) - 530) -y O +5[sY6) - yOl+ 6 V) = 5

s
s’ +4

(s> +55+6)Y(s)—s—4-5=

(s> +35s+6)Y(s)=s+9+ S ST+ 44
s’ +4 s +4

s* +9s? +5s+36 A B Cs+D
= = + +
(s+2)(s+3)(s*+4) s+2 s+3 s*+4

Y(s)

_-5
=313

A=(6+2)Y(s) B=(+3)Y(s)

s=2 — 4 s



When s=0,

36 A+B+D D 5
> A 2. XY ; _
234 2 3 4 26

When s=1,
4645 _A B C.D 1
(12)5 3 4 5 5 52
- Y()—27/4 75/13  1/52-s+5/26
us, 1S Cs+2  s+3 s’ +4
(t)_ﬂ -2t E -3(+L (2t)+i 3 (zt)
y(t) = 4e 13e 52cos 52sm

Chapter 15, Solution 54.

Taking the Laplace transform of the differential equation gives

[$2V(s) = s v(0) = v'(0)] + 3[ s V(s) = v(0)] + 2 V(s) = Si

+3
(52 +35+2)V(s) = ——1= 278
Cs+3 Cs+3

V(s) = 2-5 B 2-5
YT s 43) (52 +3542)  (s+1)(s+2)(s5+3)
v A B C
@)_s+l s+2 s+3
A=3/2, B=-4, C=52

32 4 52
V(s)= - +
s) s+1 s+2 s+3

v(t)=(1.5e* —4e™ +2.5¢")u(t)




Chapter 15, Solution 55.
Take the Laplace transform of each term.
[ Y(9) =52 y(0) =5 y(0)~ y(0)] + 6[ s Y(5) s y(0) - y'(0)]

s+1

+8[SY(S)—Y(0)]=m

Setting the initial conditions to zero gives

(5° 165 +85) Y(s) = —1
S s242s+5
o) (s+1) A B C  Ds+E
S)= = —
s(s+2)(s+4)(s*+2s+5) s s+2 s+4 sP+2s+5
R T L S
40’ 20’ - 104° 657 65

PRSI 0 SO IO N IO B N
=4 —" - . e —
V7205720 s+2 104 514 65 (s+1)’ +2°

v L] 1 1 3 1 1 3@+ 1 4
=——4—" — . -
V7405720 s+2 104 s+4 65 (s+1)*+2% 65 (s+1)*+22

(t)_i (t)+i i -4t i -t (zt) i -t o2 (Zt)
Y= 40"V 20¢ T104¢ Te5¢ PV TesC M

Chapter 15, Solution 56.

Taking the Laplace transform of each term we get:

12
4[sV(s)—V(O)]+?V(s) =0

{45+%}V(s):8

&8s 3 2s
48> +12  s*+3

V(s) =

v(t)=2 cos( \/gt)



Chapter 15, Solution 57.

Take the Laplace transform of each term.

9
[sY©) -y O+ -Y6) = 5

(s2+9)Y()_1+ S _s2+s+4
s VTN 4T 14

s*+s’+4s  As+B Cs+D
= +
(s +4)(s*+9) s*+4  s*+9

Y(s)=

sP+s?+4s=A(s* +9s)+B(s? +9)+ C(s® +4s)+ D(s* +4)

Equating coefficients :
s: 0=9B+4D

st 4=9A +4C
s?: 1=B+D
s: 1=A+C

Solving these equations gives
A=0, B=-4/5, C=1, D=9/5

_-4/5 s+9/5—_4/5+ s, 9/5
244 749 $2+4 s2+9 $2+49

Y(s)

y(t) = - 0.4sin(2t) + cos(3t) + 0.6 sin(3t)

Chapter 15, Solution 58.

We take the Laplace transform of each term and obtain

Se—ZS

6V(8)+[sVE) - v(0)]+ 0V =e S — > V(s)= -
S s +6s+10

(s+ 3)6_ZS —3e7%
(s+ 3)2 +1

V(s) =



Hence,
W) = [e-3<f-2) cos(t—2) -3¢ sin(t — 2)] u(t—2)

Chapter 15, Solution 59.

Take the Laplace transform of each term of the integrodifferential equation.

3
[sY(s) - y(0)]+4Y(s) YO =

(s> +4s+3)Y(s) = s(i— lj

s+2
4 — 4—
oS @=9s
(s+2)(s*+4s+3) (s+1)(s+2)(s+3)

Y(s) = A N B N C
(s)_s+l s+2 s+3
A=25, B=6, C=-10.5
v _2.5+ 6 10.5
(S)_s+1 s+2 s+3

y(t)=2.5e* +6e* —10.5¢™

Chapter 15, Solution 60.

Take the Laplace transform of each term of the integrodifferential equation.

4
s?+16

3.4
2[sXE) - xO]+5X(6)+ X+ =

5?1554 3)X(s) = D5 4t 4s _253—4sz+36s—64
(287 +55+3)X(s) =25 =4+ 576 = s +16

283 —4s% +36s — 64 ~ s> —2s? +18s—32
(25> + 55 +3)(s> +16)  (s+1)(s +1.5)(s> +16)

X(s) =



X(s) = A B Cs+D
O =1 5315 52116

A=(s+1D)X(s)|,, =-6.235
B=(s+1.5)X(s),.,5s=7.329

When s=0,

2 o BLD  poo2sm
(1.5)(16) ~ 1.5 16 -

§?—2s*+185—32=A(s’ +1.5s* +16s+24) + B(s’ + s> +16s +16)
+C(s* +2.55 +1.5s) + D(s* +2.55s +1.5)

Equating coefficients of the s* terms,
I=A+B+C —— C=-0.0935

-6.235 N 7.329 N -0.0935s+0.2579
s+1 s+1.5 s?+16

X(s) =

x(t) = - 6.235¢e™ +7.329 ¢ — 0.0935 cos(4t) + 0.0645 sin(4t)




