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Formula sheet

@19199 1: Laplace transform

# x(t) X(s) note
1 5(t) 1
1
2 t -
u(t) :
1
3 tu(t) =
1
4 e~ u(t) a>0
s+a
a)
5 in (wf) u(t
sin (wt) u(t) T o
s
6 t t -
cos (wt ) u(t) ey
7 | e sin (wt) u(t) % _laso0
(s +a)? + w?
- s+a
8 |e atCOS(a)t)u(t) m a>0
miwﬁ 2: Laplace transform theorem
# x(t) X(s) Description
A o0
1 x(t) X(s) £ [ x(t)e~**dt | Definition
0
2| e™% x(1) X(s+a) Frequency shift
3| x(t —To) esTo X (s) Time shift
1
4 x{at) -X (i) Time scaling/Time dilation
a_ \a
dX
5| t"x() (-1)" d(s) Time multiplication
s
dx(t
6 ds‘ ) sX(s)—x(07) Derivative
t
X
7 f x(t)d< (s) Integration
$
0
8 | lim x(¢) lim s X (s) Final value theorem
t—00 s—0
9| lim x(¢) lim sX(s) Initial value theorem
=0+ 5—=00
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#o-winana sWadndn

Q.1 ﬁmumﬁlﬁé’fycmm x(1) Lﬂm’ﬁ'\igﬂﬁ 1

z(t) z(t)=0,t<0,t>1
‘ z(t)=1,0<t<1

0 1
gﬂﬁ 1: doyeyrew input x(r)

(a) (3 ASUUN) WM X (5) Laplace transform navdeunyion x(¢)

X(s)=

t

(b) (2 ASUUN) fvualn y(t) = [x(z)dt 39 Y(s) Laplace transform ae3dnynno y(r)

0

2554-2 PSU Final Exam

Page 3 of 11



Bo-UINana sWarkndnm

(Q.2) e MszuL negative feedback N block diagram #4gilfi 2

D(s)

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

gﬂﬁ 2: System block diagram

1
wag P(s) =

fvualn G(s) = T 3
A S

(@) (2 ATWUN) WM transfer function NN R(s) Taga C(s)
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Be-wwana sHaindni

(b) (2 ATHUN) auuﬁm input 7(t) = 8u(t) wag d(z) = 0 AwmTyanns output c(¢) lavi
c(t=0)=0

c(t) =

(c) (2 ASUWW) W transfer function Mn D(s) Wi C(s)
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Ho-wiNana AN

(d) (2 azuuwn) amgaslv; input d(z) \lu unit impulse W38 d(¢) = 8(r) uag r(t) = 0 AW
Foyanos output ¢(r) lawil c(r =0) =0

c(t) =

(e) (2 ASUNN) auu_ﬁelﬁ input r(¢) = 8u(r) way d(¢) \{lw unit impulse ¥30 d(f) = §(t) WM
Foynyrow output c(t) lawil ¢(r = 0) =0

c(t) =
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Bo-winana sWaindnu

Q.3) Avwalnszuy negative feedback # block diagram 93171 3

R(s) P(s) > (C'(s)

gﬂﬁ 3: System block diagram 157U (Q.3)
(s +10)
(s+1)(s+4)
WTONTNTLYALULUUITBY open-loop pole Uag zero

(a) (2 ASLUR) e b P(s) = wag K >0  391amW root locus 189551

(s2 4 25 + 10)
(s +1)?

WTBNINTEYAILUUI28Y open-loop pole LAY zero

(b) (2 AZUUU) MUUAH P(s) = wag K >0  WAMU root locus 199551UH
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Bo-winana sHadndnmn

o v 10 o ' 1 il
(c) (2 AsUUN) fvua ln P(s) = (s( ++ 4; wag K >0  a@uyants MmN closed-loop pole 84
MG}

s =34 JI1j aama gain K

s+ 10 ' A
= g(s ) wagy K >0  aaugnNuay K ‘I/I‘Vl‘lsl‘l/‘l’iﬂﬂﬂ stable

(d) (4 fzuuw) Munaln P(s)

#9789 K Avilnseuy stable fio
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f9-winana sawndnm

Q.4 ﬁ’muﬂwiwu negative feedback i block diagram @Tﬁ‘gﬂﬁ 4

E(s) 120 10
R(s) s(s + 60) s+5

> (C(s)

gﬂﬁ 4: System block diagram 11151 (Q.4)

(@) (2 ASLUW) Amualy input r(z) 1w unit step, r(z) = u(t) M steady-state error 1A
FEUUH

steady-state error =

(b) (3 ATUUW) Aviwaly input 7(z) Wl unit ramp, r(t) =1,1 >0 wag r(t) =0,1 <0 WM
steady-state error CRREATHL

steady-state error =
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f9-winana sWadndnmn

Q.5 ﬁmuﬂﬁlﬁisuu negative feedback i block diagram ﬁﬁgﬂﬁl 5

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

gﬂﬁ 5: System block diagram @145 (Q.5)
108

, K =1, 3ananw bode plot
(s + 1)(s + 105) P

(a) (4 ATHUW) Tugﬂﬁ' 5 armualn P(s) =

71845511 open-loop transfer function
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fo-wmana sWawndn

(b) (3 AZUUK) amismm@ﬁ gain crossover frequency (w,) Way phase margin {(¢m) 80X open-loop
transfer function lngls K =1 uaz P(s) i part (a)

(c) (3 Asuuu) avauua gain K i K = 100 lawly plant transfer function P (s) Tu part (a)
milowdn  avzanoae gain crossover frequency (wc) Wa¥ phase margin (¢u) 189 open-loop
transfer function dm¥usruy vl

a)c% ¢M%
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