CHAPTER 15

P.P.15.1 L tu(t) = .[)wte'“ dt

Using integration by parts,

udv=uv—-Jvdu

Let u=t —— du=4dt.
-1

et dt=dv —— v=—¢e™
S
__t -st | o0 = | -st _ e_St oo_i
L[tu(t)]—?e 0 +J.O ge dt—0+s—2‘0 —s2
Next,
) -A

at _ —at ,-st _ -(s+a)t | o

L[Ae u)]=A[ e e dt =" [;

= A/(s+a)
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From this, all we need to do is to solve for the Laplace transform of e istoleta= jo in

the above and B = A, we get,
L[Be “'u(t)] = B/(s+jw)

PPI52  L[S0cos(an)]=]" %( joty g3 et it
_ ® (- jw) ®©(s+jw)
L[50cos(at)]=25[" e dt+25[ eI dt

L[lOcos(cot)]=25[ 1_ + 1_ j S0
S—jo S+ jo

s’+of

P.P.15.3 If f(t)=cos(2t)+e™,
s b _ s’+4s+s’ +4
s’+4 s+4  (sST+4)(s+4)
2s? +4s+4
F(s) =

(s+4)(s2+4)

F(s)=




P.P.15.4 Given f(t)=1? cos(3t)

From P.P.15.2, L cos(3t)] 5
. , d? s
Using Bq. 1534,  F(s)= L[ t? cos(3t)] =(-1) d—z(sz " 9j
F(s) = [s ]— (s249)" —(s)(2s)(s2 +9)'2]
F(s) = 2s)(s? +9) )(s +9) +(4s2)(2s)(s2 +9)7
F(s) = (- 6s)(s> +9) 7 +(85°)(s> +9)” :M
( ) (s +9)
2sls? —27
F - — 7
O vy
P.P.15.5 h(t)=20[u(t)—u(t—4)]+10[u(t —4)—u(t-8)]

-4s -4s -8s
H(s)zzo(l—e j+1o(e ¢ j
S S S

Hs)= 12 (z e —e®)

P.P.15.6 T=5
£,() = u(t)— u(t-2)
1
F(s) = ;(1— e)

v B 1-e?
(S)_l_e-Ts _S(l_e-SS)

6S° +2s+5

P.P.15.7 0 _1 sF(s)=1lim
90 = sF ) = as 451 3)

g(0) =lim S__S =6

Since all poles s =0, —2, —2, -3 lie in the left-hand s-plane, we can apply the final-value
theorem.

3
(0) =limsF(s) =lim 05 42845
=50 (5 +2)°(513)




g(0) = lim — 0.4167
-0 (2)*(3)
P.P.15.8 Fs)=5+— 0 19
sS+4 s +25
6 7s
fy=L"[5]+L"| — |-L"
® [5] [s+4} LZ+25}

f(t) = 56(t) + (6e™ — 7 cos(5t))u(t)

A B C
+ +
s+1 s+3 s+4

P.P.15.9 F(s) =

L ' 6(s+2) __ 6 =1
=FOCH D = e T 6
) __66+2) (6D _
B=FOG+a = (T hsr =" 20 =
C=F(s)(s+4) oy = (s+1)(s+3)"=* " (:3)(-1) *

1 3 4
+ —
s+1 s+3 s+4

F(s) =

f(t)= (e +3e™ —4e*)u(t)

PPISI0 G- =6 A/ B C D
i VTS 4D) (s43) s s+l (s+1)  s+3

Multiplying both sides by s(s+1)*(s +3) gives
$?+2s+6=A(s+3)(s* +2s+1)+Bs(s+1)(s+3)+Cs(s+3)+Ds(s+1)*
= A(S’ +55* +7s+3)+ B(s’ +4s* +3s) + C(s* +3s5) + D(s’ + 2s* +5)

Equating coefficients :

;' 6=3A —— A=2 (1)
s': 2=7A+3B+3C+D ——> 3B+3C+D=-12 (2)
s’:  0=5A+4B+C+2D —— 4B+C+2D=-10 3)
s’ 1=A+B+D —— B+D=-1 4)

Solving (2), (3), and (4) gives




2 13/4 3/2 9/4
G(s)=—- - >
s s+l (s+1)” s+3

g(t)=(2-3.25¢" —1.5te* +2.25¢ " )u(t)

P.P.1511  G(s)= 60 A

Bs+C

= +
(s+1)(s*+4s+13) s+1 s’

Multiplying both sides by (s +1)(s* +4s +13) gives
60=A(s* +4s+13)+B(s* +s)+C(s+1)

Equating coefficients :
s’  0=A+B —— A=-B
s':  0=4A+B+C —— C=-3A
s’:  60=13A+C —— 60=10A

Solving (1), (2), and (3) gives
A=6, B=-6,C=-18

Glo)= b —08=18 _ 6 542

+4s+13

(6/3)3

g(t) = (66 — 66 cos(3t)—2e sin(3t))u(t)

P.P.15.12

For 0 < t <1, consider Fig. (a).

v = d=1

= + = — _
S+1 (s+2)°+9 s+1  (s+2)°+9 (s+2)°+9

(1
)
3)

Xz(?b)




For 1 <t < 2, consider Fig. (b).

y(t) = fl (1) dr+ Il (D(2) dh=24|", +24!
y(O) =1-t+1+2(t—1) =t

For 2 < t <3, consider Fig. (c).

vy =] @ d=22]2,
y(t)=2(2—t+1)= 62t

For t > 3, there is no overlap so y(t)=0.

Thus,
j t 0<t<?2
y(t)=76-2t 2<t<3
0 otherwise

The result of the convolution is shown in Fig. (d).

P.P.15.13

g(t-2)

For 0 <t <1, consider Fig. (a).
y(t) = _[:(1)36')” dir= -36"7”‘5 =3(1-¢")

For t > 1, consider Fig. (b).

(b)




y(t) = fl 3e? dh=-3¢?|!, =3e" (e—1)

Thus,
31-¢% o0<t<1
yit)=43et@e-1) t>1
0 elsewhere
P.P.15.14 The circuit in the s-domain is shown below.
1
AN

V, Cf) 2Us 7RV,

v, =2y

° T 142/s ¢

H()—V"—L —— h(t)=2e™
S_V_s+2 )=2e

VO =h®*v,® =] hov,(t-2) dr
=[2e™10e"™ dn

= 206*]26'” ¢" dih=20e"(-e™)

t
0
=20(et —e ) v

P.P.15.15 Taking the Laplace transform of each term gives

2

[V () = sv(0) = v(0) |+ 4[sV(s) - v(0) ]+ 4 V() = e

s+

2 287 +12s+12
+1 s+1
2

V(s) = 2s +12s+13 _ A N B N C :
(s+D(s+2) s+1 s+2 (s+2)

25 +125+12=A(s* +4s+4)+B(s* +3s+2)+ C(s +1)

(s +4s+4)V(s)=2s+10+
S

Equating coefficients :




52: 2=A+B ——> B=2-A or A=2-B
51: 12=4A+3B+C ——> 12=A+6+C or C=6-A
SO: 12=4A+2B+C —— 12=12-B or B=0

Thus,
A=2 , B=0 , C=4
and
2 4
()=t
s+1 (s+2)
Therefore,

_ -t -2t
V(1) = (2e" +4te™)u(t) Note, there were no units given for v(t).

P.P.15.16 Taking the Laplace transform of each term gives

2 2
sY(s)—y(0)+3Y(s)+—Y(s)=——
S s+3
(2 4+ 35+ 2] Y(5) = ——
s+3
2s A B C

Y(s)

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

A=Y(s)(s+1)
B=Y(s)(s+2)
C=Y(s)(s+3)

s=-1 — -1
s=-2 = 4
s=3 -3

-1 . 4 3
s+1 s+2 s+3

Y(s) =

y(t) = (-e* +4e?* —=3e?)u(t)




