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W1111-.:j'Vl 1: Laplace transformo x(t) I X(s) I note
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e-at sin (wt) u(t)
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(s + a)2 + w2

8 e-at cos (wt) u(t) s+a a>O
(s + a)2 + w2
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WI111-.:jVj 2: Laplace transform theorem0--X-(-t )--, X (s) I-D-e-s-cr-ip-t-io-n------

00

1 x(t) X(s) ~ J x(t)e-stdt Definition
0

2 e-atx(t) X(s + a) Frequency shift

3 x(t - To) e-sToX(s) Time shift

4 x(at) ~x (~) Time scalingffime dilation

5 tn x (t) (_1)ndX(s) Time multiplication
ds

6
dx(t)

sX(s) - x(O-) Derivative
dt

t
7 f x(r)dr

X(s)
Integration--

s
0

8 lim x(t) limsX(s) Final value theoremt-+oo s-+O

9 lim x(t) lim sX (s) Initial value theoremt-+O+ s-+oo



x(t)

oJ~1o 1

x(t) = 0, t < 0, t > 1
x(t) = 1, 0 < t < 1

~1J~ 1: ~ryrylrn input x(t)

v t
(b) (2 ilZU"") fhVlU~lV1 y(t) = J x(r)dr ,~V1l Y(s) Laplace transform 'lIa~~ryrylrn y(t)

a



(Q.2) ril'\liU~1~'j:aJ1Jnegative feedback ~ block diagram ~~!1J~ 2

R(s) P(s) C(s)G(s)

!1J~ 2: System block diagram

. 1~ 12 1
nl'\liU~ VI G(s) = -- ml~P(s) = --

s + 10 s + 2

(a) (2 ft:lLL'U'U) ,~Vll transfer function ,1n R(s) 11JtJ~C(s)

C(s)
R(s)



(b) (2 ~::LLU") ~~~~1~input r(t) = 8u(t) ml~ d(t) = 0 'N'\ill«b1jb1jllli output c(t) t~HJ~

c(t = 0) = 0

(c) (2 ~::LL""),\Jm transfer function ,1n D(s) hJtJ\J C(s)

C(s)
D(s)



(d) (2 fl::U\l.\I.) m,ja-j~'l~ input d(t) liht unit impulse V11€l d(t) = 8(t) U~~ r(t) = 0 ,'-1V11

«qJt1,Pill output c(t) TmJ~ c(t = 0) = 0

(e) (2 fl::U\l.\l.) ~~a-j~'l~ input r(t) = 8u(t) ll~~ d(t) lUU unit impulse V11€l d(t) = 8(t) ,'-1V11

«qJqjlill output c(t) T~HJ~ c(t = 0) = 0



(Q.3) nlV1U~1~1~'IJ'IJnegative feedback ~ block diagram ~\l!1J~ 3

R(s) P(s) C(s)

!1J~ 3: System block diagram cilV11'IJ(Q.3)

o ~ ~ (s + 10)
(a) (2 fl::U'\.L'\.L) mVlU~LVI P(s) = ( )( )

s+l s+4~ ~ ,
'W1€lJ-JVi'\l1~1J~lLLVlU\lYHl\lopen-loop pole LL~~zero

~
'l\ldl~m'W root locus 'lI€l\l1~'IJ'lJit

o ~ ~ (S2 + 2s + 10)
(b)(2fl::UW")mVlU~LVlP(S)= ( )2 LL~~K>O

s+l~ ~ ,
'W1€lJ-JVi'\l1~1J~lLLVlU\l'll€l\lopen-loop pole LL~~zero

.1f
'l\ldl~m'W root locus 'lJ€l\l1~'IJ'lJU



o 'I " (s + 10) " ,
(c) (2 ft~LL"") nl'WU~L'\II P(s) = ( ) LL~~ K > 0 i:l:J.Ja.j&il1L11'\1111Ul1closed-loop pole eJ~

s s +4
~ s = -3 ± JIlj '\I'\111~1 gain K

o 'I " (s + 10) " 'I"
(d) (4 ft~LL"") m'\llU~L'\II P(s) = ( ) LL~~ K > 0 ,\I'\111'lll\1'iJeJ\I K VivilL'\II1~UU stable

ss-4



(QA) nlV1U~ l.~'n~1J1J negative feedback il block diagram 4l\l~tJ~ 4

R(s)
E(s) 120

s(s + 60)
10

s+5 C(s)

~tJ~ 4: System block diagram ~f1V1.y1J(QA)

(a) (2 ~:m'U.'U.) nlV1u~1.~ input r(t) d~u unit step, r(t) = u(t) ,\lVll steady-state error 'lIel\l
~

1~1J1JU

(b) (3 maL'U.'U.) nlV1u~1.~ input r(t) bi~u unit ramp, r(t) = t, t ::::° lla~ r(t) = 0, t < ° ,\lVll

steady-state error 'lIel\l1~1J1Jii



(Q.5) nl'\llu~ l~i~uu negative feedback J:l block diagram 4(\I!tl~ 5

R(s) P(s) C(s)

!tl~ 5: System block diagram cil'lr'l'Yu(Q.5)

~ ,~ ~ ~ 108
(a) (4 f1~LL,",") LUitlVi 5 mnl'lrm~ LVIP(s) = ( )( 5)' K = 1, oNl1~Jl1'W bode plot

'" s + 1 s + 10
t1eJ\li~UU open-loop transfer function



(b) (3 f1zu'U.'U.)"nJ1~mrn~1 gain crossover frequency (we) U~~ phase margin (</>M) tJeJ\lopen-loop

transfer function lVltJ1.ti'K = 1 LL~~P (s) 1.u part (a)

(c) (3 f1ZLL'U.'U.)~lL1J~tJU~l gain K d~u K = 100 lVltJ1.tiplant transfer function P(s) 1.u part (a)

LVI~eJUL~~ '\l1J1~~lrn~1 gain crossover frequency (we) LL~~phase margin (</>M) tJeJ\lopen-loop
transfer function alV1'i'IJ1~'IJ'lJ1.V1~d


