Homework #6 — Laplace Transform in Systems Analysis — Chapter 4

Problem 4.25
@
- - +3 1]k ko k3 _ _
hi(t) =L~ YH Sy S N S S ) —2 % = (ky + koe™ 4 kge ™) u(t
)= ) = o g B (ke 4 ke
o s+3 | 3 _s+3| _ k_s+3| 1
1_(S+1)(S+2)S=0_2) 2_s(s+2)5=—1_ ) 3_5(8-1-1)5:_2_2
ha(t) = (g 9ty 56—2t> u(t)
(b)
_ _ _ k1 k3 ks
ht:,Cle:El{;}zﬁl{ LI }
A0 (o)) (s +1)(s +2) s+j s—j s+2
s 2
= [2|k1|e°‘t cos (Bt + £ky1) + k'3e_2t]u(t), ks = m|$=_2 =z
o s i = —j 1 X4—|—j2_4+j2_1+,1
PTG+ T T (2 (2—4) T 4-j2 7 4452 16+4 5 10
1 1 V5 1
kil=1v/—+—=-=, 4ky=tan"! | =) =26.57° = j= j = - _
|1 | 5 T 100~ 10 1 = tan (2) 26.57°, p J=a+iB=a=0,8 1
2
ha(t) = [? cos (—t +26.57°) — 56_2tl u(t)
(©)

_ _ 1 _1) k1ir | ko k3 -
_ -t _ -t _ p-1) R K2 _ 5t
h3(t) =L {H3(S)}—£ {82(8-1-5)} { 5 + 52 + 8+5} (k11+k12t+k36 )u(t)
1
25

L
1 1 d 1 -1 1 1
k’12=s+—5|s:0=g, k11:£{5+5}|32027 °F k’3:s—2|s:—5=

3 _ 2 _ k’l kY k3
ha(t) = LY {Hu(s :51{ }:cl + 4

°‘ - 2
ha(t) = [2k1]e™ cos (Bt + Lhn) + kge ™" u(t), ks = o7 l=-1=2
’ | 2 4 3-5V3 124543
__1_:v3 = — - : —
(s+1)(8+%fj§) s=—g-i% (%7]\/25)(7]\/3) 3+]\/§ 37]\/3 D

3 2 o | VY , 1 V3
4 3
ha(t) = |:—36_0'5t cos (—gt—i— 150°> + 2e | u(t)




Problem 4.26

@)
a1 1 i 1 _i -1 @ _i 2tsn —_— u
h(t) {52+3s+1} {(s+§)2+%}_\/3£ {(8+%)2+%}_\/3 1 ( t> N
(b)
_ s+4 _ 3 2 - -
h(t) = L 1{52+3s+2}:£ 1{s+1 s+2}:(3 f-2e7*)u(t)
©

252+ s+ 2 2 3 3 3
h(t)= L1 =c! - = [4e™t —3te™" 4+ St%e7 u(t
() {53_1_352_'_35_1_1} {S+1 (S+1)2+(s+1)3} (6 e -1-2 e U()

Problem 4.33
(@

2

Y oWy = ey, y(0m) =1, yO(07) =0

|
s+ 3

s2Y (s) — sy(O_) — y(l)(O_) + 2sY(s) — Qy(O_) +Y(s)=
s?+bs+ 7T ki1 k1o ks
(5) s2+2s+1<hL * +s+3) (s +1)%(s +3) S+1+(5—1—1)2+S+3

0.75 1.5 0.25
ty=L"YY =c!
y(t) {Y(s)} {s+1+(5+1)2+8+3

} = (0.75e™" + L.5te™" + 0.25e ") u(t)

(b)
dzy dy . _ 1 _
W—i—Q%—i—y: sin (3¢)u(t), y(O ) =1, y )(0 ) =2
3
Y ()~ sy(07) — sV (07) +26Y(5) - 20(07) +¥ () = 5
3 53 + 452 + 9s + 39 kll ]Clg k’3 k;
Y(s)= ————([s+2+2+ = = + + S _
(#) sz+28+1( 52+9> (54 1)%(s2 +9) s+1 (s+1)>  (s4+33)  (s—J3)
_ _ 1.06 3.3 —0.03 —70.04 —0.03+ 50.04
t)y=LYY(s)} =£7¢ + . .
= [1.06e™" + 3.3te™" + 2|k1| cos (—3t + Lk1)|u(t), |ki|=0.05, Lk = 233.13°
3+ 4% —3327 + 7236 — j27 + 39 1
_s + 4s +9$+39|S:_]_3: J +7 727+ . — 0.03— j0.04

(s+1)°(s — j3) (3+03%(-2j3)  —12+16j



Problem 4.39

d’y(t) | ,dy(t)
dt? dt
Applying the Laplace transform, we have
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Using the Laplace inverse, we obtain the complete system response
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Using the linearity principle we have

Ft) = u(t) = (@) +r(t = 2) +ult = 3) = y(t) = Ystep(t) = Yramp () + Yramp(t —2) + Ystep(t — 3)
t t
! g2t _f Y S N N TR v
127 =te™ " = Ysrep(t) = .0/ h(r)dr = 6/ Te “Tdr = 1 1° 2te

h(t) = L7HH(s)} = £‘1{

t
1 1 1
Yramp (1) = /ystep(T)dT :/ (Z - 16_% — §T€_2T>d’r = 1(71 +t4e % +te_2t), t>0
0 0



