Ok

st4st2 7|20 A

ot
rE

EL 2008. 12. 16 0|

£X| 1. c}229| F0{Zl Differential Equation 0 CHsH 27| 1S

2X°y" + Tx(x+1)y' -3y

1) x=0= O{fH FZF9| PointQlX| TtHSIT ES MA|L.

Hasto] 230 BotA L.

0

2) 82l QEE 7Pgst 1 O|lfE 1)l Zutet Aasto] 2ot 2.
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6) Recurrence formulaE MA|<Q.
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a,(X)y" +a,(x)y +a,(x)y=0---(1)
y'+P(X)y'+Q(x)y =0---(2)

Definition ‘ Ordinary and Singular Points

Apoint XO is said to be an ordinary point of the differential equation (1)
fboth P(X) and Q(X) in the standard form (2) are analytic at XO-

Apoint that is not an ordinary point is said to be a singular point on the equation

Definition ‘

Regular/Irregular Singular Points
A singular point XO is said to be a regular singular point of the differential
equation (1) if the functions D(X) = (X - Xo) P(X) and

q()() = ()( - XO)ZQ(X) are both analyticat X .

_ A singular point that is not regular is said to be an irregular point of the equation
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3) General SolutionS
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X2y +4xy' + (x> +2)y=0

=13

[ |

[LE

H 2)9 ZAntet of ©7| 40| Mg

%l Difference Equation?| s|& & Of CI2 &

AR BIA Q.

y

"

2,,2c-2
X

+

2 2.2
a

122 y' +(b°c
X

z=bx’, y(x)= (éja c w(z)---(2)

%)y=o,pzo,b>om(1)

2 d W(Z) dW(Z)+(Zz_ pz)WZO-"(3)
dz
[c 3, (0x) +¢,0_, (0x°) |-+(4)
A (D)2 Y (2)2h Zo] x|&5to] (3)1t Z2 Aoz HAFT £ ULt
0| i general solution2 41(4) ¢} ZC}.
H7] 3
» ( 1) X 2n+v - ( 1) X 2n-v
\] X - ]
V( )= nz_(;nlr‘(1+y+n)( J _V nZ:(;n'F(l V—H’])( j
Gamma function
Definition: r'(x)= jwtxfleftdt
0
Recurrence relation: ['(x +1) = XI'(x)
1 (2n+1)! 1 (2n-1)!
ra+Len Jr  ra-tipo_@n-nt o
( 2 ) 22n+l | ( 2 ) 22n71(n_1)!
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25 4. C2 Zt theorem?| HEZ2 HOZE MA|Q.

1) gSCF.dr=gSC(F.T)ds=jj(curlF).nds

2) LUdideV:J;IF-ndA

3) qSCde+Qdy=ﬂ(%—%jdA

28 5. cft29o] xy@HA0| F0{Zl Force Vector Field FOj| Clsf =30 Thoir| 2.
F=Pi+Qj=(x"-2y))i+(2x* - y")j

1) 28 19 B2 CE Wt Force 7t oF LS oA L. T, EX 42 4 & L2 AS AMESHL =

IRAE AEOHAL.

2) O] g2 EEZQ7? gofl tiet 2HE ZHED| HotAl2.

ZH 6. SZHY0| FO{Tl Vector Field A0l CisH =30l oA 2.

A =3yi-xzj+yz’k
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=8 7. 23 30t Z2 Cylinder F&0f Lol =30 EHHA2.

S:x*+y*=a’(0<z<bh)
z=0 and z=b(x*+y’<a’)

SIE : ME0| cylindrical coordinatesE 0|&3d}
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1) Cylinder surface S Of CHsH CtS A
A 2.
| = H(x3dydz + x2ydzdx + xzzdxdy)
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2) A°| EigenvaluesE TLSIA| 2.
3) AQ| Eigenvectors& FLSIA| 2.
4) A9| Eigenvector Matrix 'S'E& AMA|2Q.

5) Aol CHZtH&E (Diagonal Matrix) ‘N'E MA| 2.
6) kF0| X[t 2o ME Qto| QIFtet gHo| QIS 2t2t vy, z 2t 5t x7| QAFE Y, Z 2 St O

ol Histo| BA = [yk}=A{yo}9f Zoh A“ZS N9 'SE LIEHAIR.
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ZH 9. Zt=(Buckling)2 7[S9l ZO0|7 O THHe| X0 H3| 2 mj, 8t 20| 7|2 BT &
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1) 7159 & BEholM =2 y(0)=0, y(L)=0& = &stol zt=2 WAl sjE Fstuxt st 2o|d
e

= o7t EX3E7| flet Eigenvaluel| £ 5 EHYSHA

2) olj7t =X O EigenvaluesE TFSIA| 2.

3) 87l &= [ EigenvectorsE TSIA| 2.

4) M 3 Zt=2 = (Third Buckling Model)0f] CH3H O2j=o| /S O2|A|L.
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Maob o o, 332 ke 2e =71 /(X)) =0
Fojnl & X olM 0 of BYal F4E CheD 2ok
- L} X| gH(Remainder)
«  df(x . 2f(x - - X s
f(x)=f(x")+ ( )(x—x) (2 )( x")? {R'rﬁ:m X of 523
2 dx - IPHQE 1 Zto| ofe =}

X—X =d anzon

F0 = £OC)+ £/(x)d +% £7(X)d? +R
e 2to] Hea f(x)— f(x)=Af(X)
Af(x)= /(X )d+7f "(x )d2+R

Af(x)=f(X)— f(x )= f'(x")d +— fU(XNd2+R = | oo]: xolMel &4 2H0] ¥ra0AQ] B

YEZRH 38 H4H0| B 540

X=X oM 225 su 2807 gepie Af 20

! : ! ; : :

i i — | i 1 >

d X" X +d X —d X" X +d X —d X X +d

FOC) ogn 2122t FX) ogn 2ozt f(X")2CE 84 2t0] B2 F(x+d )o|
ZTooE ¥ HATO| ofy

ey, d(=X—=X") o 220 4Rgo ol Af >0 sassai /(X)) =0 olojo &
o9t QA oz X =X ofH FEX =u HYHO| £)7] AshHE = Af <0 ojofor sty
d(=x—x") o =20 gagol Af <0 5 2=sae {'(x") = Qolofof &

@ f'(xX)=0 g azes
Al-?(-lxo-ll_ X—Iol x| AMOIX ?Egl |.E
yxolzez, f'(x7) =0. matM, Af (x )=%f”(x*)d2+R

2KpEO| CH2 2 DA His XX Ql $O|ZE d#00| Thatol Tte zUeS wEste g Af >0

f"(x)>0 (Z& =A(Sufficient condition))

SRHSZ A, A, £= HRH, Y5t JHE(Stationary point)o|2tn
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1) 28 B (X, %) Off CHEF & (X, %) OlAQ| HYE MIjAS MAQ.

) ElYal FHAlSl YK DjEET} 2K DlEHE A% EYA HACR LEHIAIL.
=3 x:{ } :| d=x—Xx O|H, DJEZIA 7|59} elementsE D5 MA|Q.
X

) B7] 69| HHS Austo 4 f(x,%) 7t x=x O #40[7] 93t H& =

24 11. 87| 72 dEo| SVD (Singular Value Decomposition) 1Md S HOF

6

!



a, a, - a, |:>AV- = o u,,---,u, in U are eigenvectors of AA”,
a a .. a I t v,,+++, v, iV are eigenvectors of ATA
A= .21 .22 2 AV =Ux U=[w, - wu,---u J:orthonormal
: -1
) A=UXV V=[v, - v,v. v, ]orthonormal
_aml Ano amn_ :UZVT 01
rank A=r< mm(n’ m) of . Ax = AX r= : diagonal(m = n)
. = o,
Bz 7
1) Cr=Z FO{Z A0l Cislf SVDE +d5A| 2.
A=
-1 1
=H 12. g5
in -l SR VAR

f(x)=e* & C}229| Boundary Value Problem?| Eigenfunctions2 0|23}0{ X 7|5}
Ay=0 ;1>0,y(0)=0, y(z)=0

2) Eigenvalues 4, & FSIA|L.
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o

1) &0{%l Boundary Value Problem& 2& problem 0|2t St=X| H

2 Y02 MR
3) Eigenfunctions €

=

2 AL

4) FO{Zl ENE Ct2at 22 Self-adjoint A0t H|WE [ff weight functionS F3A| 2.
d :
&[r(X)yh[q(X)Mp(X)]y:O

3)9| Eigenfunctions& O|&3}0] MI|E [ ¢, & FoIAL

F(x)=3 ¢, (%)
n=0
2 MIjE f(X) 2 MAIL.
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A nz . Nz
f(x)=—2+)» | a,cos— x+b, sin—x
(0= F[ e Tonsn

1¢r
a, :BL’ f (x)dx

1¢r nz
a, :—j f (x) cos— xdx

p-r p

b, =£Jp f(x)sinn—ﬁxdx
p-p p
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1) 27| 89| Fourier SeriesE complex ¥Aloz HRO f(X), C 2o AlS RE MAQ.
2) Complex @Al 0|8%10] f(X)=e", —7<x<7z € FH&g I C, 2 7L L.

3) Fourier Complex &Aloz FI|st f(X)Al2 MA|IQ.

4) Fundamental angular frequency W& JSHA| 2.
5) N=0,£1,+2,+3 Y |cn|9| 7+e TSN L.

6) Frequency Spectruma T2 HA|SIA| L.



2% 14. B7| 9= Fourier Cosine Transform 1} Sine TransformO|C}. 0|Z{E 0|&23}0{ C}

f(X)off i3t Fourier Transform2 $3e 0 S0 TsiA 2.

1 if |x<1
f(x)= :
0, if [x|>1

fA(a)):\E.[: f (x) cos wx dx

T

f(x)z\/zj.: fc(w)coswxdw
T

f‘(a)):\ﬁj: f (x)sin ox dx
T

f(x):\/zj‘: f (w)sinoxde
T
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1) 27| 90| OfE3H Al2 ALRS|OF BHEX| H3I 1 O|RE MA|Q.

2) f(x)2 Jgf=2 azAe

3) f(w)2 PSHAIL.
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4) Fourier Transform2 #=&st f(x) Al
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MA|Q.

5) Fourier Transform Z1}S 0|30 L2 ME ZIS FoHA| 2.
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H 15. C}29| E7| 102 A|ZF HHOA O] Lk(discrete) M E Fht+ HAHOM AWEHOZ HIS
E

= Discrete Fourier Transform (DFT)2| d2|0|C}. 0|Z{S DjE=IA HEjZ HSGSIH H7| 111} ZC}.
g

2 %2 DFT S E AHist7| fIsiMe B7| 112| BHER|A S W2 AHist= ¢€n2[50| Easict.
0] ¢12|=2 Fast Fourier Transform (FFT) 2}1 S} A4t 1”2 H7| 129 ZCl H7| 132 4749
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N-1
f(x) > q(x)=> c,e™
n=0
where, f(x.)=0a(x,)

:_“Z‘lf i f=F,f
k=0

R N-1 )
f = > e 2ri
n k _z7l
I\@: k=0 w=w, =e N
. . 2ri
Discrete Fourier Transform e = e _ e—Tnk W
®H7] 10 B7] 11
I K Divide even and odd
n
fiw f=[0149]

k=0

Divide even and odd J B find even and odd solution

M M .| f 1 1770 1.0+11 4
kn n kn | evi0 | _ _ _ _
o= 20 WA Ty WA X Wi T o {f } Rl {1 —JL}L.M(—D.J {—4}
k=0 k=0

ev,l

fao e _[1 1T)_[ viere _f10
o S 1|9 |11+(-D-9| |-8

find original solution

)
g
Il

find even and odd solution

~

f _FMfev fd:FMfod

6]
- 0 £ — . —
find original solution @ tO h fevO WN deO _4+1 10 _14 )
RN - f="f,, +w, fOdl =—4+(-i)-(-8)=—4+8i
(22a)--- £, =1, +wyf, :
. . . f2=f ~W fyo =4-1.10 =—6
(220 Foo = fon = WA fogn f= oy —wh fy =4 (i) (-8)=—4-8i
0Sn<N_:L
2
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10 -6

0 [0 [A 4 4 14
1| )4 B4 4 —4+8i
W 2

_8 —4-8i

2) Cr2of 871 YE M=o Cal FFT 12[55 HES= A4t HES Dt 22 Y422 EOo|AR.

f=[4 320 -1 -2 31

X 16. O 49 Zo| 7tEXI2|7F nEE|N A= YHX|E0| ¢ 2 ¥E 3(circular membrane)0| UL}
x7| HQlet x7| 57} 4tz f(r),g(r) 2 F{E mj, el u(r,t) & pstaxt sict 2 280 &
SHA| 2.

u

1) O &ZXM<9 Xuf grHAl(governing equation)2 Xlm  EtHEA|(Cartesian  coordinates) 2=

Xt oy’ ) ot

LHAI2. (0I5t = ZBAE AHEHAIR)

,(d%u o°u) o _
a + = ot ZLCt 0| Equatione| HAZ M, = EtH A (polar coordinates)2 HfFLO| L}E}

2) AA Z¢(boundary condition)d} Z=7| ZZ(initial condition)g A2 LIEILHA| 2.

3) &R st= & u(r,t) o HEHE oA JpES=7}? (Hint : product method)
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5)3)9] siE HEHS 7PYStH X|Hf YHACZREH A1

srh 3 IPHE |E AR (B, A=a”>0)
rR"+R'+ArR=0 ---(1)
T"+a’AT =0 e (2)

6) Al(1)2 Parametric Bessel Differential Equation®| HEjOo|x & Sl= E7| 149 ZCt O] I

El_

Boundary condition2 X&30] sijo| A& Hotstn ZDtof et sE CHA| MA|L.

R=cJ,(ar)+c,Y,(ar)

Jo(ar) = i =" (arj

r'(l+n)

N\N 2

Yo(ar) - 22m (m|)z

[J (ar) |n7+}, Z(fl)mh"” (ar)zm}(hm=1+%+---+%)

27l 14

LS =

) Jo 7F 00| T g2 X, 0|2t & M, 6)2] Sli7t trivial solutionO] T|X| Q= Eigenvalues A & T3}

A2

8) 7)°| ZItZEE| Eigenfunctionsg TSIA| 2.

9) 7)2| Z1tE 0|83t0 4 (22 L HE F3IA L

10) 8)1t 9)o| ZutE o|gsto] u(r,t) ol LerHE A2,

11) Initial condition2 830 u(r,t) o] A2 FSIA|Q. TLRGIH HI| 155 SiLr|= Al ARG
A2,
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Fourier-Bessel Series

The Fourier-Bessel series of a function f defined on the interval (O, b) is given by

1) @;are defined by J . (aib) =0

© _ 2 b
(=3¢, (@x) O 37 () Jo 1@ £ 0
i=1
2) @ are defined by hJ i (ab) +abJ r’1 (ab) =
0 Zaiz b
F0=203,(@0) 0= 37y (@) 00
3) @; are defined by \]r'](ab) =0
. ,clzizj"xf(x)dx
F)=c+ 6dy(@X) b
i=2

2

C :WL’ xJ (e X) f (x)dx

.
(e}
=

B7] 15

oto| O & 59t Z2 standing waveo| ZlES & If (n=3), J,o Je=E 0|85}

SHFEH H PIXIS HE[E TR

[N

‘]O(X)

0.5

/N
NI

standingwaves n=3

a8 5
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24 17. 27| 162 Residue?| Ho|E& MHSID QIC}|. ResidueE 0|25l H7| 171} Z2 ©ME2

8+ k.

The purpose of Cauchy’s residue integration: the evaluation of integrals

55C f (2)dz

then f (z) has a Laurent series
< b b
f(z)=) a,(z-z,)"+——+—2—+--
( ) ; n( 0) Z—Zo (2—20)2

that converges for all points near z =z, (except at z =z, itself), in some domain of the
formo0<|z-z,|<R

Now comes the key idea. The coefficient b, of the first negative power 1/ (z - z, ) of
this Laurent series is given by the integral formula (2) with n=1, namely,

1
b =——¢ f(z)dz.
! 27zi§C (2)

The coefficient b, is called the residue of f () at z = z,.

If f (2) has a singularity at a point z =1z, inside C, but is otherwise analytic on C and inside C,

B7] 16

Improper Integral

y
S ®
@\O\ LO f (x)dx =271 ) Resf (2)
-R ! R X

Simple Poles on the Real Axis

If f(2) has a simple pole at z=a on the real axis, then

C,

lim|[ f(2)dz =7iRes f (2)

a-r a a+rX

w7 17

1) 27] 161t 175 0|83t LhE HE US T <.

pr VJ'OO dx
e (X% = 3%+ 2) (X2 +1)
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=H 18. B7| 189| (a)2t &2 o] MQ EZE Conformal Mapping2 0|83}

THHE 71% HEN WE
of #otaxt gtoh. 230 AHLHE

2 oA .

Linear fractional
transformation U,=0

(a) z-plane Substitution of (b) w- plane
w=f (2).
H7| 18

2 OjEsls BAAL W=;_i9réﬂhzmbMWMﬂ z7
Z_

1) Ymol gog Mol Yooz Y
C =|z/=1C,:[z-2/5/=2/58 Ztz |w|=1 |w/=r,2 HEE @ r,bo| gtg F3lA2.
2) 54 BHOM H4HQ ZHE e 2tSetS @PAMS UHSHL, 27| 189] (b2 20| sddS
BAR ote UM SABAZ BoE 2tSetS A2 TSl 20k X 20| 220l sl o
Y Z EEtA YHAZ A MAQ

*d 100 1 9*d
rt———t—5——>=0
or ror r° o0

A =AS AFRI0] w-plane0| A ZEIM (W) S FEIA|L.

1M O(z) E R3IA2.

A2 AF23I0] z-plane0 o] ZEIM
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ZH 20. ChZ2o| B7| 19= Mol 2EUHAS Hot= adS 2Fe Ao|ct
TR Al 2o whel Mube] LEWAg A S Ale-Ab o, Mube] 283t 35 Body force®l
Surface force® YERH ofzf 23 o}
Mx = ZF = FBody + FSurface
Al 2-A) 4 P ] AT FAE (Fyype = Fragg) o B3 2k 32
Fryia = Foaie + Fex +Fp + Fr.
o)E Autel gEWAAe A,
MX = Z F = FBody + FSurface
= Fgravity +FFIuid ’(FBody = I:gravity)
= Fgravity + Fstatic + FF.K + FID + FR
= Frestoring + Fexciting - AX-Bx
Foraiy & Foaie & &2 A9 SRR F o, = A3 Fo o Fy = sidatel] o2k ofF
Foiting 1T Fgp 2 AMbe] 3ol o3k WAL (Radiation Force) ©.24 Adube] 7h&rimol] w] ) sf
= - AXSH Awe] el wesh: Bk ® RAY & 9ok
olA] Aute] Roll & WAAS 1H3] BA
I¢ = Z M = Mbody + Msurface
= M gravity + M Fluid
= Mgravity + Mstatic + MF.K + MD + I\/IR
= I\/lrestroing + I\/Iexciting - IA¢_b¢
I, :added Mass moment of inertia
'\ b:damping coeff.
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