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rZ0=(rcos@)+ j(rsinf)=a+ jb

a=rcosé@,b=r

sin @

Imaginary
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a+ jb
rZ6
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- 93 (Euler)? ZHA: e =cosd+ jsing

rZ0=r(cos@+ jsing)=re"
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2./30°=(2c0s30°)+ j(2sin30°)

:2x§+j2x%:\/§+j
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2 /45° = 2¢05(45°) + j2sin(45°) = 2— 12— J2 + 2
2,/135° = 2cos(135)+125|n(135)_—2£ 2£:— 2+j\/§
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== DE(radian)M Hul THEE

1£(714)=cos(z/4)+ jsin(ﬂ/4):%+ jg

1£(-z/2)=cos(—x/2)+ jsin(-z/2)=—]




= 2c0s(180° —30°) + J2sin(180°—30°) = 2.£(150°)
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81:a1+jb1’ S2:a-z'|'jbz
S,+S,=a+jb+a,+jb,=(a +a,)+ j(b+b,)

Imaginary
A
(b,+b,)
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Slzal_l_jbl’ Sz :a2+jb2
S1_82 =a + jbl_az_ jbz :(al_a2)+ j(bl_bZ)

Imaginary

Imaginary
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« =204 muol of

S,=2+J,5,=1+ )2
S-S, =2-1)+j(1-2)=1-]

Imaginary
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 EALS M2 = REE °18%= Al e

3 REYM=E EALY A= &°d 4ksE HE
S,S, =(a,+ jb)(a,+ jb,)=aa, + jab, + jab, + j*bb

— (a1a2 _b1b2)+ J (a1b2 + aZbl)

Sl — r1491 :(rl C0391)+ j(l'lsin 91) — rlej91
SZ = I’ZZQZ :(r2 COS(92)+ j(fz Sin (92): r29192

5,8, =(ne ) (re" ) =rretel =rre'™® =rr,2(6,+6,)
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Sl _ a, + jbl _ (al + jbl)(aZ B jbz) a,a, — ja1b2 — ja2b1 - j2b1b2

S, a,+ijb, (a,+ijb,)(a, - jb,) a2 +b?
_ (a,a, +bb,)—j(ab, +a,b)
a; +b’

16 6
S, et et rlej(gl_gz)__l(e_e)
S. rel% el r b2
2 2 2 2 2
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1 J§

S, =1/60°==+ j=S, =2,/30° =
2 2

1 .3
81'82:£§+J—

1) £

3+ ]

V3 3
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S,-S, =2/(60°+30°) = 2/90° = j2
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—X

X+X=0, X
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=2t = X#—X

t?, X

X =COSt,X=—-SINt = X # —X

X =

Kle" = x = Kie™ = —x = —Ke™

X = Ke™, x
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x=Kie" =—x=-Ke" = K(1+1)e" =0

A=-1= x(t) = Ke™

X()=1=>K=1=x(t)=¢""
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1A% DI 334 x+x=1
SOJE ENY SIE A4 P MR HOZD W

X(t) = Ke" +K,

Xx+x=Kie" +Ke"+K, =1

K, =LK, (A+1)e" =0= A =-1
x(t)=Ke" +1

X(0)=K,+1=0= K, =-1= x(t)=-e" +1
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P QUTOY = YU 4 §

== !

e




02 B8 Xx+3x+2x=0
x = Ke", x=Kie", x=KA%e"
X+ 3%+ 2x = KA%e" + 3K 1e™ + 2Ke™
:K(/12+31+2)e”:0:>
A4+3142=(A1+D)(1+2)=0=>1=-1,-2

\

« E4 3’82 (Characteristic equation)

012 HwEA 8 x(t)=Ke' +K g™
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x(0) =K, +K, =1,%(0) = —K, - 2K, =0
K, =2,K,=-1

x(t)=2e"' —e*




3¢ B2 WNE Rolsd HS:

X(t)=Ke " +K e +K,

X+ 3X+2X = KA%e™ +3Ke™ +2

Ke' + 2K,
=K(A*+31+2)e" +2K, =1=K, =05
x(t)=Ke' +K,e™ +0.5
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x(0) = K, + K, +0.5=0,%(0) =—K, — 2K, =0
K, =-1,K, =05

x(t)=—e"+05e+0.5




X+2X+5x=0

x = Ke", x = Kie", X = KA%e"
X+ 2X+5x = KA1e" +3K 1e™ + 2Ke™
=K(A?+24+5)e" =0=
A 424+45=0=> A =-1 |2

EAN HIA
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¥ — Kle(—1+j2)t 4 Kze(—l—jZ)t
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x=Ke I Ke 19t =2 Re{Kle(‘“jz)t}

x(0) = K, + K =1
X(0) = K,(-1+ j2)+ K, (-1-j2) =0

K, =0.5-j0.25, K; =05+ j0.25
X(t) = 2Re{(0.5— j0.25)e" "} = e™* (0.5c0s 2t +0.25sin 2t )

« OAF(Euler)® BAlo] A =: e/ =cos2t+ jsin2t
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ax™+a x"Y4+..+ax?+ax=u

oo WYN UL MY OE W¥M(constant

coefficient linear d|fferent|al equation)®l=td BE

« AHMOZ MY AEH AlAE'(nnear time-invariant
system)2] N S42 fio 2 FE OF Y
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F(s) = jf@ f (t)e*dt
F(s)=L[f(t)]
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= one-sided Laplace transform

F(s)= | " (t)e Vdt
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& %ol 0 o2ty 1FY £ AL HY
02 AL
-= (o)




A 2-5

« 29 HS(unit-step) &4

1 t>0

0, (t) =
W=10 t<o

> =S . 1 -3
Llu,®)]=] e dt=-"e
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A8 A(impulse) g4

o(t) =+

j00+ S(t)dt =1

e[s®)]=[ s@e*dt=] 5(t)-1t=1
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0, t=0
\OO’ = O O, (1)
A
1
At At —0
q
AL » [
2

>/



AWM 2-7

ZA N
Al 87

£ [eat} = J‘Oof e*edt = —i g (s-a)t
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A 2-8

1. | 1
Llt]=["tedt=-Zte™| || -Ze [t
0 S S

t=0"
1 t=00 1 t=00 1
— _te—St . _2 e—St — _2
S t=0- O t=0- O

mE mE [Tf(0)-gMdt=(fO)-g0)_ - [ 1) gt
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- Cosine B4 AZAA W

— e L

el =coswt + jsinwt, e ' =coswt — jsin wt

eja)t 4 e—ja)t

CosSwt =

£[cos wt] =%£[e"‘“]+%£[e‘j“’t] :%s 1j
— jw

S
s? +(2007)’

£[cos2007t]|=

33
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= MY ¥ (Linearity)
£[Kf (t)] = kL] f (t)] = kF (s)

'B[ fl(t) T fz (t)] — B[ fl(t)]+£[ fz (t)] — Fl(S) T Fz (s)
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« e %‘9‘.°I 9| o|&(Shift in the frequency domain)
e f (t)] = F(s+a)

=M 2-10

S

£[cos(2007ﬂ)} - o2 +(2007;)2

S+2

£| e cos(2007t) | = (5227 +(2002)
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« AIIE FYoiM2] o|F(Shift in the time domain)

Lf(t-T)|=eTF(s)




AEA HBo| 7

= 0|2 (Differentiation)

df (t) | -
B[T}—SF(S) f (0)

£|:d:j:n(t):|23n|:(3)—5n1f(0)—3nzf(l)(O)— . f ()
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« 8 (Integration)

[ f(@)dr |-

F(s)
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= X @3 (Initial-value theorem)

lim f (t) = limsF(s)

t—0 S—0
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5% ¥9(Final-value theorem)
lim f (t) = lim sk (s)

—o0 s—0

oY 2-11

1 1
ft:___e—Zt
O=5-5

1(1 1 1
[t 01=FO =3 o13) s

- : . 1 1
Iim f (t) =limsF(s) =lim——=—
t—o0 () s—0 () s—0 S_|_2 2
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e O

- HHEM(Convolution)d F<

L+ 0 =] L@ hLE-1dr= ft-7)f,(r)dz

« HEFNY 9

f(t)=e, f,(t)=u.(t)
()% 1, (t) = j;e-afus(t _7)dz

7=t

t 1
= IO e “dr=——e"

a

1 .1
7=0 d d

u(t—7)
k T
—p




AZA 2

o EAl
- =1
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« HASZM(Convolution)®} A=A HE
e[ (1) f,0)] =£U; f () fz(t—r)df}
- 2| [ Lt-D L, ()dr | = FOF.(6)

E[ f,(t) 1, (t)] = F,(s)* F,(s)
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A

L)=e™, f,{O)=u u (=)

alo L 1
Lle ]—S+a, L[u,(t)] : -
Ty (1) * fz(t):—ie_at_ki t

a a

atvorsored o L

1
} s(s+a) = L[ f,(0)]-£[f,)]
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AZ=2A BMB_(Inverse Laplace transform)
£ O}

08 FORl Olft BAT O 29l B

ofs oo me

—rr

1 potio

f(t)=L7|F(s)|= Py F(s)e*ds
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A EHA HBA(Inverse Laplace transform)
G(S):SZ+§S+6 G(S):(s+2)2(s+3):silz+stzs
o) = (s+2)2(s+3) - +(}:2+);)+(53 I+<§3)+ -
K, +K, =0, 3K, +2K, =2 K,=2, K,=-2

g oa] 22
9m=£7[6E)]=£ [s+2 s+3}

=E{%}—Lﬂ[%}=2e”—2e3t, t>0
S+ S+




/\
T
« 227t B2(simple root) & XE ¥$

G(s) = N©) L L. L
(s+p)(s+p,)-(s+p,) S+p, S+p, S+,
G(S)(s+p;) = Ky(s+ pi)+ Ky(s+pi) K 4o K., (s+p)
Sth S+, S+ P,
K, =G(s)(s+ pi)s:_IOi

B_l[G(S)]:£—1|: Kl :|_|_£—1|: Kz :|+"'+El|: Kn j|
S-I-p1 S‘l—p2 S+pn

— Kle_plt -+ Kze_pzt + .. 4 }(ne_pnt

46
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2 K, K

G(s) = —
(s+2)(s+3) s+2 s+3

K, = 2 (s+2)
(s+2)(s+3)

=2

S=—2

K, = 2 (s+3)
(s+2)(s+3)

=2

s=—3
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2 2 K, K,
G(s) =— = : = —+ :
S°+25+5 (S+1+j2)(s+1-j2) s+1+)2 s+1—)2
L= _ 2 —(s+1+ ]2) _J
(s+1+ J2)(s+1—)2) 12
— _ 2 —(s+1—-j2) S
(s+1+ j2)(s+1-—)2) o 1ii2

Gs) =3 —I— L
2\ S+1+ )2 s+1-)2

_ j2t -t
g(t)— ( o~ (Lri2) Je(112)t):et|:(e € )}:etsinZt
CONTROL
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UM 2-14(£ HE M)

2 2

G(s) = =
5) S +254+5 (s+1)°+2°

Gl (S) —

2 ) _
2.z =L [Gi(s)]=sin2t

“ FOR FAANMS °1F2 °18: £ e f(t) |=F(s+a)

g(t)=L7[G(s)|=e"sin2t




227t F2(multiple roots)& X*E B
s° K,

K, K,
e)= (s+2)° (s+2) +(s+2)2 +(s+2)

G(s)(s+2)3sz_2:[K3(5+2)2+Kz(s+2)+K1L:_2=K1:>
st=—2:K1:4
dG(s)(s+2 ’

d(s ) =[2K,(s+2)+K, || =K, =

S=—2

d(s?)
dS :25‘3=—2:K2:_4

s=—2




227t F2(multiple roots)& X*E B

d’G(s)(s+2)
ds’

d2 2
) -

4 4 1
G(s) — B _ a2t (912 _
(s) a2y (s+2)2+(5+2) g(t) =e* (2t* -4t +1)

ZSink B[(zt2 —4t+1)] = Sis—;iﬁ%




227 32(multiple roots)& X&= ¥

6(s) — N (s) |
(S+ pl)(s+ p2)°"(S+ pi—l)(s+ pi)
_ Kl 4 Kz by Ki—l
StP S+ S+ Pigy
Kil Kiz Kir
_I_

+ TR
(s+p) (s+ pi)r_l (s+ pi)1

1 d7G(s)(s+p)

AT =120

S= pi




AEAA W@ O[T O|E YFNY 9
= A 2-15

d’y _d
—+6y=u_(t 0)=1y"(0)=0
A5 by=u® YO =1y (0)

$2Y (5) - sy(0) — y (0) +5(SY () - y(0) ) + 6Y (5) = %

2
(52+55+6)Y(s):l+s+5:S o8+l
S S
s +5s+1 s +5s+1
Y(s) = : _ Y(s )_1/6 5/2 5/3
s(s*+55+6) S(s+2)(s+3) s+ s+43




Z219| AlZ|= (Fourier series)

f(t)=a,+ ) (a,cosno.t+b, sinnayt) ®, :2_|_—7Z:27zf0

n=1

o T
()t

OT f (t) cos na,tdt

2 (T :
b, ?J'O f (t)sIn nw,tdt

54




F2o| B2t(Fourier transform)

fFHO AFZ: gy S g e

N=—c0

B 1 112 ~ jnagt
Cy == j_m f (t)e "t

= T B2 FEO ’\IEI7‘°I T1E Foi=

f (t) = Lo F(jow)edw

F(jo)=[ f(t)e ' dt

ZEAA B F(s)=| f()e¥dt  s=o+jo




M= (matrix)

»mxn U




—p

A W= (square matrix)

"m=n 2 5 4
1 6 7
3 2 7

= O} ¥=(diagonal matrix)
2 0 0
0
7_

0 6
0 0




Ctl @W=(identity matrix)

0

1

A=A

Al =1




MA| ¥ (transpose matrix)

3 2 7

A

ml

m?2

mn

2 3 5
-1 6 2

T




2 3 5],




O 11|
WY M wy

a11 a12 ain bll b12 bln
A _ a21 a‘22 a‘2n B b21 b22 b2n
_aml amZ amn bml bm2 bmn

all T bll a12 T b12 ain T bln

Ai B _ a21 i b21 a22 — b22 a2n —.—|_b2n

am1 - bml am2 — bm2 amn T bmn

61




CEERER
ay &, a, | by by b,
A= a21 a22 a2n B = b21 b22 b2I
aml am2 amn_ _bnl bn2 bnI
n
AB=C =|c; |.c; =D a,b,
k=1

62




Y9 a8
'3 4][2 3 5
5 6||-1 6 2

3.2+4.-(-1)  3-3+4-6
(-5)-2+6-(-1) (-5)-3+6-6

3:9+4-2
(-95)-5+6-2




=0
HO

=
rill

o] o

ol

LI

A

Al =1

2 3 5
-1 6 2

3

2

-1 6 2

1 0

0 1




HO

(
A+B)
i
=A' +
BT

=B'A
.

(AB)




WAl (Determinant)

= 2%x2 ©

E=I OI SH2d Al
o=2"

det A=|A =

A

A

= dj,d,,

o a12a21
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SHEA Al
o=
. 3x3 WS YA
A, Q,
B dy,, Ay d, a3 d, 3
a21 azz a23 _a11 _a21 +a31
d;, Ag; d;, dg; dy,, Ay
d;; dg Ay
:a11‘M11‘_a21‘M21‘+asl‘M31‘
= AHE A (minor)
M dy, Ay M _a12 dj5 M _a12 djs
M| M| = |My| =
d;, Ag; dy, Ag; d,, Ay




SHEd Al
o=
- 3x3 Y YA °f
5 3 2
6 7 3 2 3 2
4 6 7|= —4 +8
2 3 2 3 6 7/
8 2 3

=5(18-14)—4(9—4)+8(21-12)=5-4—4.5+8.9 = 72

68




GHEE Al

=
o=

N
«3x3 WE YN

dy; Gy,
a'21 a'22 a'23 :alZ‘M12‘_a22‘M22‘+a32“v|32‘
a31 a32 a‘33

= &, M13 _a23‘M23‘+a33‘M33‘
= I\/|11 _a12‘M12‘+a13‘M13‘




A
a'21

a‘31

a22
a‘32

a23
a‘33




= 9Jo] Aoy

anl

Ay
a22

anz

a

nn

det(A) = ‘A‘ - ZaijVij
i=1

i -

J

-

1,2,..n

3 %= A°HE

]
Ny

oIl

J






18
2
|l

AA™ = A"A=|

AA‘l—l 2 || a b_ a+2c b+2d _1 0
13 5| ¢ d| |3a+5c 3b+5d| |0 1
a+2c=1b+2d =0,3a+5c=0,3b+5d =1
—a=-5b=2c=3d=-1

F B PE I S




(adjugate, adjoint)

adj A= |:7/ij T  Vij = (-1

M










..A.ﬂ

KO

L]
84

X, +2X, =1

3X, +95X, =2




£°| ¥E(singular matrix)

T gl o1E WA

X, +2X, =1

3X, +6X, =2
1 2][x ]
3 6% |
x| [1 2
_Xz_:_3 -




1Rdi(eigenvalue)
=" |

«HH A 9 OfSHM D Rdt(eigenvalue)2 HH31f 22 AL
OiEst= ol & A 2 2
«OfgfjQ] AlOJM x £ ( ©| ofd HWEC|H ol 1§ YH
(eigenvector)2td HE

AX = AX

S

AX = % =1 % = X
_ 4_ _X2 X2
CONTROL




L e AL
S 2

5 A-4
«WE| i 0 O Of3t= FHO| YoOR o ZHG o
o] SRIME 9 A9 ERE 0 oo} g
A-1 -2
=(2-1)(2-4)-10=2>-51-6=(1-6)(1+1)=0
5 A-4
A=6-1

CONTROL
SYSTEMS




1
HA

-

g ot A

A1 -A=0

= 15 HE(eigenvector)

{1 2}{&}_6{@} X, +2X, = 6X,
5 4] X X, 5X, +4X, = 6X,

N ¥

k=
Yo




21— A=

_(A-1)(A-4)=0=> 4=14

O

> O

o

A—4




