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Vl1'il\lVi 1: Laplace transformo x(t) I X(s) I note

1 8(t) 1

u(t)
1

2 -
s

t u (t)
1

3 -
S2

e-atu(t) 1
4 -- a>O

s+a

sin (wt) u(t)
w

5
S2 + w2

cos (wt) u (t)
s

6
S2 + w2

e-at sin (wt) u(t)
w

a>O7
(s + a)2 + w2

8 e-at cos (wt) u(t) s+a
a>O

(s + a)2 + w2

o x(t)

,
Wl111\lVi 2: Laplace trans_fo_rm_t_he_o_re_m _

I 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-at x(t) X(s + a) Frequency shift

3 x(t - To) e-sTo X(s) Time shift

4 x(at) ~X (~) Time scalingrrime dilation

5 tnx(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) x(t) = 0, t < 0, t > 1
1 I x(t) = 1, 0 < t < 1

oJ~__I ----.t
o 1

!t1~l: aqjrl,plli input x(t)

(a) (3 ilZU'U.'U.) ,-.:JVll X(s) Laplace transform 'lJeJ\laqjqjllli x(t)

" t
(b) (2 ilZU'U.'U.) nlV1u~lV1 y(t) = J x(r)dr ,\IV11 Y(s) Laplace transform 'lJeJ\laqjqjllli y(t)

o



(Q.2) fh\ll"~ l~'r~uu negative feedback ~ block diagram 4l'l!'IJ~2

D(s)

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

!'IJ~ 2: System block diagram

o v 12 1m'\tj"~l'\tj G(s) = -- bba~ P(s) = --
s + 10 s + 2

(a) (2 mm'U,'u) ,'l'\tjl transfer function ,1n R(s) 1'IJiJ'lC(s)

C(s)
R(s)



(b) (2 fl:at"") aa-l~&i'l:\t; input r(t) = 8u(t) LLn~ d(t) = 0 "l~'mf(tlJtlJlrn output c(t) t~HJ~

c(t = 0) = 0

(c) (2 fl::U"") "l~Vll transfer function "lln D(s) hJiJ~ C(s)

C(s)
=

D(s)



(d) (2 flZU\l,\l,) m.J~&ll~ input d(t) dhl, unit impulse Vl~€l d(t) = 8(t) ll~:: r(t) = 0 'HVl1

tl'n.Jn.Jllli output c(t) t~HJ~c(t = 0) = 0

(e) (2 flZU\l,\l,) fn.J~~l~ input r(t) = 8u(t) U~:: d(t) dhl, unit impulse Vl't€l d(t) = 8(t) ,~Vll

tl'n.Jn.Jllli output c(t) t~u~c(t = 0) = 0



(Q.3) nl'VIU~1~'n:uunegative feedback ~ block diagram ~\I!'IJ~ 3

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

!'IJ~ 3: System block diagram ~lV1-rU (Q.3)

(a) (2 f1::U\L\L) nl'vlU~l~ P(s) = ( (s ~/O) ) ~~a:: K > 0 ,\I11~m'W root locus tJeJ\li::uud
s+l s+4

"" ,
'WieJ~J'V(\Ii::'lJ~h~~VlU\ltJeJ\I open-loop pole bba:: zero

(b! (2 "f1::LL,",") nl~u~l~ P(s) = (S2 ~ ~ 1~210) bb~:: K > 0 ,\I11~m'W root locus tJeJ\li::uud

'WieJ:l-JV(\Ii::'lJ~lbbVlU\ltJeJ\I open-loop pole ~~a:: zero



o 9 " (s + 10)
(c) (2 f1::tmu) nlVlUVlLVI P(s) = ( ) um~K > 0

s s + 4
~ s = -3 ± ~j 'NVll~l gain K

" ,
aa.J1-j~11L1'l'Vl1'lml closed-loop pole €l~

o 1" (s + 10) " 9"
(d) (4 f1::tmu) nlVlUVl VI P(s) = ( ) LLGl:iK > 0 '1\1V11tl1\1'l1€l\lK Vivh L'Vl1':iUU stable

ss-4



(QA) ril'VjUWll~1~uu negative feedback ~ block diagram ~\I!'IJ~ 4

R(s)
E(s) 120

s(s + 60)
10

s+5 C(s)

!'IJ~ 4: System block diagram cil'VI-rU (QA)

(a) (2 f1Ztt'U.'U.) rilVluWll~ input r(t) bi1u unit step, r(t) = u(t) ,\IVll steady-state error 'lJEJ\I
~

'"1~UUU

(b) (3 f1ZU'U.'U.) rilVlUWl'l~ input r(t) d~u unit ramp, r(t) = t, t ~ ° U~~ r(t) = 0, t < ° ,\IVll
.1I

steady-state error 'lJEJ\l1~UUU



(Q.5) fhVl'U~ 1~1~1J1J negative feedback ~ block diagram ~\I~1J~ 5

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

~1J~5: System block diagram ~:hVl'r1J (Q.5)

'v v 108

(a) (4 ilZU\UI.) l'U11J~ 5 mnl'vl'U~lV1 P(s) = ( )( 5)' K = 1, '\I11~1l1v.l bode plot
'" s + 1 s + 10

'lIeJ\l1~1J1Jopen-loop transfer function



,
(b) (3 mat"") '1\11J'j'~~lrnfll gain crossover frequency (we) Ut1~ phase margin (¢M) 'lJ€J\Iopen-loop

transfer function t~HJln K = 1 bbt1~P(s) lu part (a)

(c) (3 fl~tt"") ~lb1J~tJU~l gain K bUU K = 100 t~ltJln plant transfer function P(s) lu part (a)

bVl~€JUb~~ '1\11J'j'~~lrn~l gain crossover frequency (we) Ut1~ phase margin (¢M) 'lJ€J\Iopen-loop

transfer function cilV1-rln~uulV1~d


