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Solutions to B Problems

CHAPTER 2

Referring to Equation (2-2), we obtain

F(s) = o, [£(t)] = ) [t 2] = —1
| (s + 2)2

B-2-2
(@) £,(t) = 0 £ <0
= 3 sin(5t + 45°) t =0
‘Note that
: st o . ©
3 gin (5t + 45°) = 3 sin 5t cos 45 + 3 cos. 5t sin 45
3 T3
= —=— gin 5t + —= cos 5t
JZ JZ
So we have C
Fs) = J e ()] = 3oy 2 S
1 ' 1 JEF 52 + 5 2 s8°“°+5
-3 _8+5
V2 52+ 25
(b) £,(t) =0 o t<0

. = 0.03(1 - cos 2t) t=0

Fy(s) = ) [£5(¢)] = 0.03 4~ - 0.03 5 _ . _0.12
' & s2 + 22  s(s? + 4)
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B-2-3. f(t) =0 t <0
=@t ¢ >0

Note that
A [t2] = 2
g3
Referring to Equation (2-2), we obtain
F(s) = o/, [£(t)] =_0Z; [t2eat] = —2
(s +a)3
B-2-4. f(t) =0 £t <0

= COS 2w£c053c:)t tz_O

Noting that
cos 2t cos 3t = 4(cos 5wt + coset)

we have _
L 0E()] = J, [(cos 5t + cos wt)]

-1 s + S \= (s2 + 13 ér.)z)s
2 \s2+ 2502 2+ w2 (s?+ 25w+ w?)

"

F(s)

B-2-5. The function f(t) can be written as
f(t) = (¢ - a) 1(t - a)

The Laplace transform of £(t) is
F(s) = [£(6)) =, [(t - a) 1(t - a)] =

e™as
g2

B-2-6. ' f(t) =c 1(t - a) - c 1(t - b)

The Laplace transform of £(t) is

-as ~-bs
e ~-c-8_—_=.2 (e
s S S

-as _ e-bS)

F(s) = ¢
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B-2-7. ‘The function f(t) can be written as

£(b) =29 - 223 (e - B 4+ 23 3(¢ - a)

32 a2 a

'So the Laplace transform of f(t) becomes

- y - -10 1 12.5 1 _~(a/5)s , 2.5 _1 _-a
F(s) = 5 [£(6)] = =5 — 22 e 25 Lo
= -l—- (10 - 12.5 e—(a/S)s + 2.5 e™as)
azs

As a approaches zero, the 1imiting value of F(s) becomes as follows:

10 = 12.5 e~(8/5)s 4 5.5 o-aS

1im F(s) = lim >

a-0 a=>0 a’s
. -c-,-g- (10 - 12.5 e-(a/5)s 4+ 2.5 o=35)
= lim
a=>0 _ £ azs
= 1im —2:2 8 e~(a/5)s _ 3.5 g ¢3S
a->0 2as
.' . _('3' (2-5 e—(a/s)s - 2.5 e_as)
= 1lim
a—0 a
da Za
a—0 : 2

-0.5s+258 _ 25 _g
2 2

B-2-8. The function £(t) can be written as

Fb) =24 ¢ - 24 j(c--2)_24 (t-a)1lt-a)
a a 2 a3

So the Laplace transform of f(t) becomes

"3 -as
24 1 __ 24 1 ~%as _ 24 e
F(s) =737 g2~ a2 5 | a3 s2

24 (1 _ _a ks _ E'ZS)
- a3\ s2 s s
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The limiting value of F(s) as a approaches zero is

24(1 - as e~%¥aS — e=@s)

1im F(s) = lim =
a—+0 a-0 a“s
d : —as
1im —82 24(1 - as e~%@S - e~as)
= lim
a—>0 ag_ a3g2
2
. 24(-s e"}ﬁaS + %__ e—%as + g e—as)
= lim X
a—0 3als
g g(- e~23S 4+ 3—52‘— e~%as 4 g—as)
= 1lim da
2+ Sy
8 [_%— %8s , S kas , 3%{-2 ) oo se"aSJ
i ;].;mo 2as
d — -
o (4TS _ a5 e 5 — 4 e
= lim
a—0 __Q a
da
-%as -%as Yas + 4 asg
1 -2s e - s e as e s &
= 1im
a—->0 1
=28 -5 + 4s = s
B-2-9. f(ee) = 1im f£(t) = lim sF(s)
- ey s->0
- iy -S5(s *2) __5x%x2 —1p
s50 s(s + 1) 1
B-2-10. e e ey _s2se2)
£(0+) = 1lim (t) s )

t=0+ S <> 00
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B-2-11. Define ,
y=x
Then R
y(0+) = x(0+)
The initial value of y can be obtained by use of the initial value theorem
as follows: |
y(0+) = 1im sY(s)
S-3 00
s- L ]
e Y(s) =.,Z+[y(t)] = ga{x(t)] = sX(s) - x(0+)
we obtain ' ' < ! _
y(0+) = lim s¥(s) = 1lim s[sX(s) - x(0+)]
s> @ S 0
= lim [s2x(s) ~ sx(0+)]
S-> 00
B-2-12.  Note that . :
OC [—d f(t)] = gF(s) - £(0)
dt
OE a2 f(t)—]. = s2F(s) - s£(0) - %(0) -
dt2 '
Define _ |
_ _d.g f{t)
g(t) 32
Then
8 gy =P [-2 g(t)|= sa(s) - g(0)
Cz-; ]:dt3 02: dt 9 o '
= s[s2F(s) - s£(0) - £(0)] - £(0)
= s3r(s) - s2£(0) - s£(0) - £(0)
B-2-13. . a
| +5 =1 2
(a) F(s) = eI e v SFITETI
where

_s+5. _-____4__=2
al_s+3 s:—l 2

.....__S'*'s :...-....-.2=—]_
32 s + 1 g = =3 -2
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Fi(s) can thus be written as

.2  _ 1
Fi(S) T s+ 1 s+ 3

and the inverse Laplace transform of F,(s) is

£ () =2e" -0

()
F (s) = (s + 4) =21 + %2 + °3
2 s(s + 1)(s + 2) s s+1 s+ 2
where
e = 3(s +4) -3x4_¢
1 (s + 1)(s + 2) 2
s=0
3.1(.3441. = 3x3 = =9
2 s(s + 2) (-1) x1
is = -1
a =3(s+4) = -3X2 _ g3
3 s(s +1) : (-2)(-1)
8 =2
FZ(S) can thus be written as
) g 3
F = =,
2(5) s s+1 s+ 2

and the inverse Laplace transform of szs) is

£,(t) =6 -9 et 4 372t

B-2-14.
_bs+3_ 6 ,_3
(a) Fl{s) = 52 - + —;5—

The inverse Laplace transform of Fl(s) is

f (t) =6 + 3t
l()
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(b) _ 55 + 2 . a . N

vhere

_5(s+1) - (55 + 2)

58 + 2 >
(s +1) s = =2

=4 (28 *+ 2
bl'ds(s+l)
s = =2

_5(-1) - (<10 + 2} _ 3
12

Fz(s) can thus be written as

and the inverse Laplace transform of Fé(s) is

f2(t) =-3e b+ gt e‘zt + 3 e_2t

B-2-15.
-252 +4s+5 ., 2 __5
s(s + 1) s+1 s(s +1)

F(s)

=2 + 2 +5— = = 2 3 5
s + 1 s s +1 s+1 s

The inverse Laplace transform of F(s) is

£(t) =2 S(t) -3e 45
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The inverse Laplace transform of F(s) is

() = A () +2 + 4t

B-2-17.
i F(s) = s = s+1-1
SZ+ZS+10 (5+1)2+32
- s +1 _ 3 1
(s +1)2 + 32 (s + 1)2 + 32 3
Hence
f(t) = et cos 3t - -—-——;' e-t sin 3t
B-2-18.
F(S) s2 + 25 +5 a + b + c
s2(s + 1) s2 s s+1
where
a=-S2+25+5 =5
s+ 1 '
s =0
b={28+2)(s+1) - (s2 4+ 26 + 5) =2-5_ 4
(s +1)2 1
s=0
) 2
c=.8S2+25+5 = l=2%5 _,
s2 1
5 =-1
Hence
F(s) = 2 + =3 + 4
s2 S s + 1

The inverse Laplace transform of F(s) is

£(t) =5t ~ 3+ 4 et
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Bezold- ) = — 25 *10 ___a L b, __c
Els) = (s + 1)2(s +4) (s +1)2 s+1 s+4
where
_ 25 +10 o =2+ 10 _
T s+ 4 3 3
- Is = -1

2(s + 4) - (2s +10) _6-8_-2
b= (s + 4)2 32 9
| s=-1 -
2s + 10 -8 + 10 2
c=£5T10 5
(s +1)2 9
i ls =4
Hence
_ 8 1 2 1 b2 1
F(s)_—_ 3 (s+1)2 9 s+1- 9. s+ 4
The inverse ILaplace transform of F(s) is
8 ot . 2 ot 4 2 o4t
=—t - g7l + e
£(t) 5 te 5 S
B-2-20.
F(s) 1 _(1 1 ) 1
s) = = ———
52(52 +w2} 52 52 +w2 w2

‘The inverse Laplace transform of F(s) is

£(t) = —2— (¢ - 2= sin ot)
w? w

B-2-21. b

- L - _ 2 o-as .
F(s) = ) (1 - ea8) S e7a% a>o0

The inverse Laplace transform of F(s) is

f(t) = ct - c(t - a)i(t - a) - b 1(t - a)
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B-2-22. X +4x =0, %(0) = 5, x(0) =0

The Laplace transform of the given differential equation is
[s2X(s) - sx(0) - %(0)] + 4X(s) = 0
Substitution of the initial conditions into this last equation gives
(32 + 4)X(s) = Ss
Solving for X(s), we obtain

5s°

X(s) =
s2 +4

The inverse laplace transform of X(s) is
x(t) = 5 cos 2t

This is the solution of the.given differential equation.

*

B-2-23. X + fdnzx =%, x(0) = 0, x(0) = 0

The Laplace transform of this differential equation is

1

2X(s) + w 2x(s) =

Solving this equation for X(s), we obtain

X(s) = 1 =( L. 1 ) L
2F w2 \ 2 52+ w2) 02

The inverse Laplace transform of X(s) is

1 1
x(t) = - =g
(t) > it ina)nt)

This is the solution of the given differential equation.

B-2-24. X+ 22X +x =1, x(0) = 0, x(0) = 2
The Laplace transform of this differential equation is

2[s%x{8) - sx(0) - x(0)] + 2[sX(s) - x(0)] + X(s) = _él...

10
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