Sskst2 7|20 AF (E0|F) ht 2008. 12. 16
2% 1. c}22] F0{Zl Differential Equation 0Of Cis] 27| 12 &H1n3slof 220 TiAL

2X°y" + Tx(x+1)y -3y =0
1) x=0&= O™

[§]

SR2 PointQlX| EHESID HES MA|L.

Y 7(x+1) Y+ -3

Standard for@ 2 HRH v’ =0
d 2X 2 )
P(x) = 1x+1) ,Q(x) = _—32 £ x=00f| A singular point O|C}.
2X 2X

7(x+1)

(x—0)* & ZstH xzy”+x[ 5

REE

_ 7(x+1) q(x) = _73 £ x=00{ A analytic s}C}.

p(x)

- x=0L regular singular pointO|C}
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I
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7bgsta 1 O/ E 1o Zutet AESHY 2FoHA 2.

y=>Ycx"" or x> ¢x"
n=0 n=0

Regular Singular pointQj| Al SE O|HA 7pd
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=13
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3) 201 AF3F theoreme| HAS YEOoZ MA|Q.
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Frobenius

4) 7Pg3t B2 FOIT 2ROl LYol 1S H2l A M.
[

X" {cox0 [Zr2 +5r —3J+ XX [i?(k +r=1)c, +[2(k+r)-D)][(k+r) +3]ck}}

5) indicial equation2 AMA| 2.
[E1]

2r?+5r-3=0

A2 linearly independentst sjE X0 otLt &

A

= T




6) Recurrence formulag MA|<Q.
[E1]
~T(k+r-1)
C, =
[2(k +1)-D][(k+r)+3]

C.,.k=123..

7) x=0220| M general solution2 FSIA| 2. (B, seriese M M B SI7HX| HEA|SID

HEE RXASHAIL)

1
r==,
2
¢ =KD 123
(2k)(2k +7)
co_fl.o__ T,
1 297°% 18°
7.3 7.3 71 49
2= G = =G =G
4.11 11 2.9 ° 264

Y = X2 (X + o)t +¢,x° 4+

=cox1"‘[x°—lxl+£x2+---j

18 264
r=-3,
7(k—4)
c,=—-C,,k=123,..
A G PR

1 1.(_5)0__50
_ 1) 1) (Y 49,
2_2(3) 2(3)1(5) 5 °

Yo =X (Cox° + e +CpxF +-+)

( 21 , 49 2 j
=CX | X ——X +—X "+
5 5

~y=Cyy, +Cy,




a,(X)y"+a,(X)y" +a,(x)y=0---(2)
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)
ifboth 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
4 Definition ‘ Regular/Irregular Singular Points A

A singular point XO is said to be a regular singular point of the differential
equation (1) if the functions p(X) = (X - XO) P(X) and

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

A singular point that is not regular is said to be an irregular point of the equation )

\_
H7 1
=H 2. g Z} M8 x=0 S SH2E H7| 21l Z2 P24 9| Taylor SeriesE TI|5HA| 2.
1)sin x
[EH]
3 5 n
X o (-~
SINX=X—— :z ( ) 2n+1
3! 5! ~ (2n+1)!
2)COS X
[EH
2 4 N
X = (=1
cosx:l—_+__...:z( )" n
P4l "o (2n)!
3 5 - N
tanx:x+x—+zi+---:zwx2"‘l, (B: Bernouill No.)
3 15 = (2n)!

H7| 2
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X2y +4xy'+ (x> +2)y =0
Y2 Fes Yoz MAlR.
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V' + (41 X)y +1+2/x*)y=0

1-2a=4
2c-2=0
bZCZI

—>a=-—

=c=1
=h=1

2

a’-pct=2 = p:%

3) General Solutiong2 F3IA|Q. LRE AL

[']

y =Xx?[c,d,,(X)+C,d_, (X)] = x> {cl

=H 2)o] Zutet of H7| 49| 4Z

2 . 2 1 . 1
—sinX+¢,,[—CcosX |=C, —sinx+C, —cos X
X X X X

AE3HA| 2.

2 2.2

” 1
y + y+(

z=bx%, y(x)= (éja w(z)---(2)

20 W(Z)

dW(z) (
dz
[c 3, (0x°) +6,_, (0x°) |-+ (4)

4 @e Y

0| i general solution2 41(4) ¢} ZC}.

b2c2x2e~ 2+a _sz c )y=0,p=0,b>0---(2)

22— p*)w=0---(3)

(2)2F Zo| XIgHsto] 3)nt 22 A= HFE £ ULk

H7| 3

© ( 1) X 2n+v
3.0 = nz(;nll"(l+v+n)( j

Gamma function

Definition: '(x)= J-wtxfleftdt
0

Recurrence relation: ['(x +1) = XI'(x)

(2n+1)! \/—

22n+1 |

1
I'l+—=+n)=
(L+>+n)=

,Fa—1+
2

(=1

© X 2n-v
nZ:(;n'F(l v+n)[ j

n): (2n—1)! \/;

22" (n-1)!

H7| 4



25 4. C2 Zt theorem?| HEZ2 HOZE MA|Q.

1) gSCF-drzgﬁC(F-T)dSZﬂ(curl F)-ndS

[']

Stoke’s Theorem

2) mdidevzjst-ndA

[§]

Divergence Theorem

3) qSC Pdx +Qdy = ﬂ[% —%Dj dA

[']

Green's Theorem
=8| 5. CtZ2| xyHHA0| F0{Zl Force Vector Field FOj| CHs =30 Estr.
F=Pi+Qj=(x"-2y)i+(2x*-y")j

1) O 19| HAZ CE 2t Force 7t 3t LS FSIA|L. T, X 49 Al

IBRAE AMEOHAL.

s

=
S 2=

[§]
Green TheoremZ O|&3}0]

P=x"'-2y* P, =—6y’, Q=2x"-y*, Q, =6x*
cﬁc (x* =2y®)dx+ (2x* — y*)dy = IJ-R (6x° +6y°)dA

— (" P6rerdrdo=[" gr4
Io Io J.o 2

2 2r
de:j 2446 = 487
0 0

2) O] g2 EEZQ7? gl tiet 2HE ZHED| EotAl2.
[§]

ZA=2E mat 8 Yo| 00| OfL|ZE EEZ0| OfLCh.
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ZH 6. SZHY0| FO{Tl Vector Field A0j| CisH =30 oA L.

A =3yi—xzj+ yz°k

1) O3 29 Z2 ZZ Co| et MXE ¢ A«dr & FSHAR. B A 49| A T AU2 AS AL&S}

1,55 20 z=200M =M C2 S2{MQ 28 2z=x*+y’o|Ct.

S:2z=x+y L \‘ i
agl 2

[E1]
CJS A-dr= <_f>C [Sydx — xzdy + yzzdz]
[3(2sint)(-2sint)dt — (2cost)(2)(2cost)dt]

C

J<O

B 2z
J~27r

o

(12sin®t +8cos’ t)dt = 207

=8 7. 23 30t Z2 Cylinder F&0f Lol =30 EHHAI2.



rSix*+y?*=a*(0<z<h)
z=0 and z=b(x*+y’><a?)

agl 3
1) Cylinder surface S Of CHsll CtS HE S FoIA|L. $IE : ME0| cylindrical coordinatesE 0|23}
A2,
| = jj(xsdydz + x*ydzdx + xzzdxdy)
S
[E]

| = H(x3dydz + X ydzdx + X*zdxdy )

S
S:x*+y*=a’(0<z<h)
z=0 and z=b(x*+y*<a?)
F =x}F, =x"y,F, =Xz
div F =3x> + x> + x> =5x%°
in polar coordinates:
X=rcosé,y=rsinf,z=z2

| = .[J'J'szdxdydz = J'szo j:jo J';(5r2 cos” 6)rdrd@dz
T

2 4
:SJ'b jz a—coszﬁdﬁdz:Sjb a—”dz=5—”a4b
2=0J0=0 4 =0 4 4

28 8. oA CaliforniaA| tt2| ©1319| 1/10 O] California Q2 2, CaliforniaA] Q2| QI3to| 2/10 O]
California Y122 O|ALZ sictn $ict of uf Ctg S0 HdlAL.

1) ojd elgto| welof oigt HEHA AE FHAL.

[E1]
out'| 109 0.2 out
in" | |01 0.8] in
2) A°| EigenvaluesE TSIA| 2.
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Ax=Ax = (A-Al)x=0 = det(A-AI)=0

09-1 02 ;
=(0.9-1)(0.8-1)-0.2-0.1= 2 ~1.74+0.7 = (1-1)(A-0.7) =0

01 08-4

" A=11=07

3) AQ| EigenvectorsE FLSIA| 2.
[E1]

(A-ADx=0

A=1

-01 02 ||x| |0
{01 —02}{x;]:{0}
—X +2X, =0
choose x, =2

~x, =[2,1"
(A-AIx=0
A=07

02 0.2 x 0
frps MEH
X +X,=0
choose x, =1
~x, =[4,-1"

4) A9| Eigenvector Matrix 'S'& AMA|2Q.

[
2 1
S=
1 -1
5) Ao| CHZtHE (Diagonal Matrix) ‘N'E MA| 2.

[']

1 O
A=
o or

6) ki30| X1t £ California $ho| QI9f ool Q18 22t y,,z, 8t 3t1 £7| ARE Y,z 8t hC.

omuﬂ;tﬁ§m|ﬁﬁks{f}=AﬂZﬂerécrAﬁs'Nﬂ~9§t+amM9.
k 0
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AS=SA = A=SAS™
= A% =(SAST)(SAS™) =SASTSAS™ =SA’S™

Y

B

[§]

} = SAKS{
ZO

7) California 2t2| 9I3+E 3008t

HA 2Ot2 =FHot=X| ALtagat
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|-

Yo

|
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1“0
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1 (y,
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3

as k > oo

Yi
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|
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|

28 9. ZI=Z(Buckling)2 7|52 Zo|7F O
#49 350| of= 7o) o] i} 9|20l
b1

A

st50| 7R =

3

1
3

[

+1,)

Y
_0.7k (Y, —220)}

2 11
L}(yo""zo)"'o-? 'g[_]]()’o_zzo)

=13
T

Yo
Zy

=]

0
0.7¢

} 1

3

3

|

o| QI+E 6002t ofzfn
B2 MAIQ.

1/3 1/3
1/3 -2/3

2 1
1

1[2 11
{1}(%"'20)4'0-7 'g{_l}(yo_zzo)

OX|] E(Beam)@9l

2 _1)2 600 +300) =
1 (yo+zo)—§ 1 (600 +300) =

600
300

Yo
ZO ]

I

0

1 |
—J{o 0.7 |

12 11
{1}(3/04'20)4'0-7 'g{_]}(%_zzo)

St
=

|

THHO| X0 HI3Y 2

HE =oix|7] WEo, =Hel H

f California t2| Q1= A[ZtO[ X|Lf

Yot 2o
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|
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Ely"+Py =

52 0l2wy

P
yxp=+ypzi

1z

- MO ZHTME WHY : Ely =M
n A™O| CHSt RHIES] W& : M+Py=0
|X X
P Pl Eue By 23 23 )
X M =M
B B p M,
\
N M +Mz
&il}
A
y -2 y—= y .
H7] 5
1) 7|89 & ZCtoA =A y(0)=0, y(L)=02 X3l =tz LHA

= 87t EXst7| It Eigenvalueo| B &

[§]

Casel: 4 =0
y"=0
y=CX+C,

From boundary condition:
c,=0,¢c,=0

.y =0 (trivial solution)

LYo 2.

Casell: L < (0 Write ﬂ:—kz, k>0
yn_kazo
Let: y:emx
— (m?—k?)e™ =0
—> m =k, m,=-k
y =ce*+c,e™

From boundary condition:

y(0)=c, +c,=0,c, =—C,
y(L)=ce" +ce™
=c,(e“-e™)=0
If (ekL _e—kL) -0
—e? =1
—->k=0(-L= O)E>Casel : trivial sol.
¥ ,=0->¢,=0 o

trivial sol.
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CaseIII:ﬂ,>O Write ﬂ,:kz, k>0
y"+k’y=0
Let: y — g™

Then roots of auxiliary equation is
— (M +k?)e™ =0
— m, =ik, m, =—ik
.y =¢, coskx+c, sinkx
¥(0)=C, =0
y(L)=C,sinkL=0

If C,=0:y=0 0|22 trivial solution.
~.C,#0,sinkL =0
~.kL=0, 7, 27,...
If KL=0:k=0(.-L=#0)> casel: trivial sol.
S kL=nz,n=12,3..

-y, =C,sin kx=CzsinnLLX, n=1 2, 3...

2) 8§7F EXiE O EigenvaluesE MA|Q.

3) 87l =X [ EigenfunctionsE MA|2.
[EH

y, =C;sin kx:ClsinnLLX, n=1, 2, 3...

4) M 3 Zt=2 = (Third Buckling Model)0f| CH3H O2j=o| /S O2|A|L.

[’
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n=3

5 40N BRl(y)7t BB E= X xE ZF oA
[']

X:ELEL
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B 10. 7| 62 194 #4ol A2YS FE 0 AW xo| By Myo|rh. MFE A1 E20

[=] HA
CHSIA| Q.
Waob oL o, 33k Y e x4 /(X)) =0
=0zl A X oM A9 o H|Ye B4 a2t

f L LfmxlgF(Re@ainder)
4T ey LR =l X0t X ol e

2
2 dx IS 1 gto| e =g

(x=x")+

)= )+ (:*)

X—X =d aanszon

Fx)=F(x)+ f ’(x)d+5f "(x')d? +R

B ol Ho (x)— f(x") = Af (X)

Af (x)= /(X" )d+ f'(x)d?+R

Af(x)—f(x)—f(x)—f(x )d +7f"(X YA°+R = | oo|: XOiIHEI'% 2Ol XtdofM Q| B4
o

£730| & 7h540| %

0o gy
T
o
2
10
ra

X=X oN22x sw xam07| ysjhe A 20

I R ot
| i > | | —» : ! o
X —d X" X +d X —d X" X +d X —d e X +d
fOX) o 21237 f(X) oyaf %chzt f(x")=Ct &2 gto| e H(¥+d )o|
EXjsloz ¥ 2AH0| oy

meps, d(=X—X") o 220 4ago ofAf >0 sassteim /(X)) =0 olojo 2
o9t gA ez X =X oM I8N =8 HCpEo| 57| giside Af <0 ojofof soy,
d(=x—x") o 2=0 gagol Af <O 5 a=st249 f'(x7) = 00lojoF &

*
o) f'(X')=0 2azste & 2LHoR £, A0, £ BIF, SYs}0] 4 (Stationary point)0|2ta &
A}K—i = 0,1|_ X—IO| k|_/l\_7§llol_ | ?Egl E l:lH:g

agolsz, f/(X7) =0. matd, Af(x)= ;f”(x*)d2+R

2X1G0| CHE BE uXpetof s XHXQl 20|22 d#00] CHSHO] ChE =S 2SS

0%
0
B>
—h
v
o

f'"(x’)>0 (&£ x=7(Sufficient condition))

H7l 6

1) 2814 st F(x,%,) 0 CHSH ® (X, %) oMol BIYLe| FIHAIS MA|L.

of (X, X, o Of (X, % .
—(;(1X1 2) ()(1_X1)+ —((;()1( 2)(X2—X2)

2

F (%) =04, %)+

(azf(“% 02 10D o x1><x—x)+L}X3)<xz—x;>2j+R

2 OX,0X, OX;

) Hlge! Aol Xt OjZ2eat 2Kt OjEds 42 MESHA M2 LIELIAIR.

. X X
ct x:{xl},x = Xl ,d=x-Xx O|H, OjEEIA 7|32} elementsE & MA|Q.

13



[

f(x)=f(x)+Vix) (X—X*)+%(X—X*)T H(x") (x—x*)+ R

=1

o°f

L e s
2| ox? oK ot
2t o
1 . Al K % | -x
=Z[x X X-X
=X % -x] 2t ot |xox
X, 0% OX:
:%(x—x*)TH(x*)(x—x*)
) B7| 69| HE H5tY g
=1

[

f(x)= F(x)+ V() (x—x*)+1(x—

X=X

o]

f(x,%) 7t x=x" oA %[20[7]

af (%, %)
) .. . . 5 .

af(g %) (x. - Xm@f(xl ) (x, X2){<'?f(x1,xz) af(xl,xz)M(xl Xt’}: % {xl xl*}

X1 6X1 6X2 (Xz *Xz) of (X1 ' Xz) X, =%,

OX,

=vix) (x-x")
1(PFOG%) 1 oy 6 CRICY PURITURNGL | G P
2[ oo 0 )27 0 ), )+ 5 xz)j

o*f (%, %) (4. %) 2 OCTO0X) ey, OFO0)
2( o (6 =%)"+ oxo%, (% =X)(%, =%;) + oxox, (4 =%)06G = X;) + o (%, x)j
L[ *F 04, %) )4 o*f (%, %) . o [ PFOGG) e PG X) L
—2([ o (x=%)+ oox, (%, - XZ)J(xl xl){ oox, (x=%)+ o (%, XZ)J(XZ Xz)]

st

=
oF SE TUS MM

14

vf (x)" =0, Zd"H(x )d>0 » X=X O0|A Z|20]7| 93t H2 =
28 11. 27| 72 siE9| SVD (Singular Value Decomposition) 142 Ho{F1 QIC}
a, a, a,, :>AV- =ou u,,---,u, inU are eigenvectors of AA",
I v, v, In'V are eigenvectors of ATA
|8 Ap an AV =UX
A=| . . =[u, - wu,---u, J:orthonormal
A=ULV*? V=[v, - v, v.,-v,]orthonormal
a'ml am2 a‘mn =UX VT =1
rank A=r< mln(n, m) of . Ax = Ax r= : diagonal(mx n)
RB7 7



1) 2 FO{T A0 L3l SVDE SAdSHA|=2.

[§]

10
SO R 30
ATA= 1 1|=
o1 1] |02

3-1 0
(ATA-21)x=0 = det(A"A-AI)= ) /1:(3—1)(2—/1):0.-.4:3,2
6= =3
oo =% =2
3-1 0
(A"A— Al)x = Sl
0 2-1|x%
A4 =3
0 O 1
% =0, x, =0,choose x, =1,.. v, =
0 -1fx, 0
A,=2
10 0
% =0, x, =0,choose X, =1,.. v, =
0 0] x, 1
1 0], 1//3 1 o], 0
ulziAv1:% 11 { }: 1//3 ,uzziszz% 11 { }: 1/~2
O, O.
' -11 ~1/-3 2 -11 1/2
Uy, 0
1743 1/43 -1/3 . of (ru L L)
= cu, Lu,u, Lu
0 1/\/5 1/\/5 32 3 20 U3 1
Uy, 0
Uy, +Uy, —U,, =0
{31 % 7¥ " = choose Uy, =1 then Uy, =—1u, =2
Ugp +Ugg =
(143 0 2146

~U=|1/¥3 12 -1/6
~1/3 142 2i6

"1 0 1/v3 0 2/6|[¥3 0
10
A= 1 1|=UZV'=|1/J3 1/4J2 -1/46] 0 JE[O J
-1 1 “1/¥3 12 16 || 0 O
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25 12. g4 f(x)=¢" £ C}29| Boundary Value Problem?| Eigenfunctionsg 0| &3}0{ F7|5}2

O

tck. y"+Ay=0 ;4>0,y'(0)=0, y(x)=0

i

r

1) Z&0{%l Boundary Value ProblemZ FZ problem 0|21 St=X| HAEZ YO E MA|Q.
[§]
Sturm-Liouville problem

2) Eigenvalues 4, £ FoHA|2.

[§]

y'"+1y=0 ;4>0,¥'(0)=0, y(z)=0
when 4 >0, write A =a®, a >0

let, y =e™

(m*+a?)e™ =0

SMm=dtia

— Y =C, COSaX+C,SinaX
y'(0)=c,=0

y(r)=c,cosar =0

2
a:(zn_l)’ ﬂ :anzz(n—%j ,n:1y273!"'

2 n
3) Eigenfunctions €, & T'SIA|2.

[']

e :clcos(n—%jx ,n=123,..

4) 0|7l EXE Cteat Ze Self-adjoint ANt HmE [ weight function2 F3A| L.

%[r(x)y'h[q(x)mp(x)]y=o

%[1-y']+[0+/1-1]y=0
r(x)=1

q(x)=0

p(x)=1

Weight functions : p(x) =1

[

5) 0%l g+E 3)Q| EigenfunctionsZ O|&3l0 T/ [ C, S ToIA|2.
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F(x) =3 (%)
[EH

[t ow(x)e, (x)cix
_[: w(x)e’ (x)dx

Lb f(x)w(x)e, (x)dx = J':eX ~l~cos(n —;] xdx--- (1)

_[:w(x)enz(x)dx = Lﬂl.(cos(n —;J Xj dx---(2)

@
T 1 2 1Y, T e+ 2 . 1) ),
j e cos(n—fjxdx: sm(n—}x-e —j sm(n—}x e*dx
0 2 2n-1 2 o 0\l2n-1 2
2 . ( 1} . 2 e .
= sinfn-=|r-e" - J s
2n-1 2 2n-1-°
2.(1),,2 Z(IJX””Z[IJX
= sinfn—-=|7-e" — - cos| n—=|x-e —I - cos| n—= |x |e*dx
2n-1 2 2n-1 2n-1 2 o 0 2n-1 2
.'.J”excos(n—ijxdx:_il (n—)(—l)“-e’wl
0 2 1) 2
‘Ej

1+(n
2 . ( 1) o2 2 2 r [ 1)
= sinfn—-=|z-e" - + I e*cos| n—= |xdx
2n-1 2 2n-1({2n-1) 2n-1J 2
2 1) 2 Y 2 Vir 1
= sinfn—-=|z-e" - - I e*cos| n—= |xdx
2n-1 2 2n-1 2n-1) 7o 2
2 2
1+ 2 I”excos n—1 xdx = 2 sin n—1 e — 2
2n-1 0 2 2n-1 2 2n-1

J ( 2) [H( 2 j]{( ZJ }

S
=)
|
N~
N
>
Ne—
D
x
o
=

[N

2
.[O”Ecos(n —;J sz dx = ;j:(0032£n—;jx+1de

. sin(2n—-1)x+ x
2| 2n-1

0

nNa7 _E
2 1 1+(-D"e (n 2)
T

{(n_lj(—l)"-e” +l}:—
1\ 2 z 1Y
1+|n-2 1+{n-5

6) XM= FHE f(X) 8 M.

17



[']

1+(—1)“e”(n—;j ( 1]
7 C0S| N—2 X
1+[n—1j
2
—1+(—1)”e”(n+1j
S 2 1
> cos(n+EJx

2
n=0 1+(n+1j
2

£H 13. 27| 82 Fourier Series?| 2|0|C}. 0]Zd2 0|23l CIS 30| EtA 2.

s

(X)) = icnen (x) = _%

.L

n

CHEN

or, f(x) =icnen(x) =

a < nz . Nnrx
f()="2+ (ancos—x+bnsm—xj
2 ; p p
1o
a, ZELJ f (x)dx
1o nz
a, :—I f (x) cos— xdx
p--p p

bnzij” £ (x)sin 2% xdx
phe p

Bn7 8

1) 27| 82| Fourier SeriesE complex &Aooz HHROl f(X), C 2 Alg BE MA|Q.
[E]

< i 1 ¢ :
_ inzx/p _ —inzx/p _
f(x)—n;ccne ,cn——zpjpf(x)e dx ,n=0, %1 +2,...

2) Complex ®Alg 0|88l0f f(X)=e, —z<X<7m & N 1 C, & FA2.

[']
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withp=rx

c, =i ” e—xe—inxdxzij‘” e~ (n+Dx gy
2w 2w v-x
1 » .
— —[e (|n+1)7z_e(|n+l);z]
2z(in+1)
since cosnz =(-1)" and sinnz=0
n (87 —e” n(e"-e")1 1 .sinh 7z 1—in
C, =(-1 ( e’) = (1) ( e’") ) :
2(|n+1) 2 z(n+l) r nt+l

3) Fourier Complex "Aloz FI|st f(X)AlE MA|I.

[’

f()_s'nh”Z( gy i=in 1-in o

n+1

4) Fundamental angular frequency w & SIA| 2.
[E]

27z Zﬁzzzzzl
T

T2pp
5) N=0,+1,42,+3< [ |C |2l %S AR,

[§]

i el I N O

c,| | 1.162 ‘1.644 ‘ 2.599. 3.676‘ 2.599‘ 1.644’ 1.162

6) Frequency Spectruma T2 HA|SIA| L.

[EH]
c, |
35T
3071
A 25T A
20T
1571
10T
T o571 T
-3w —-20w —O© 0 10, 20 3w

19



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

f(x) off et Fourier Transform2 $3s 0 20| TsiA 2.

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

f(w) = \Ej‘w f (X) cos wx dx
90

f(x):\ij f (w)coswxdw
T 0

f(a))=\/zjwf(x)sina)xdx
T 0

f(x)=\/zj: f (w)sin oxde

1) 27| 90| OfE3H Al2 ALRS|OF BHEX| H3ID 1 O|RE MA|Q.

[
ZO| Rl &2=7} 23t~ (even function) O|2 2 Fourier Cosine TransformS A2 L}

2) f(x)E azj=E a2

[
F(x)

1

-1 0 1
3) f(w)2 T3IA2.

[§]

f(w):\/zj.wf(X)COSa)XdX=\/z.[ll-cow)xdx: E(S'”‘"X
Y0 7790 . .

4) Fourier Transform2 #=&3st f(X) Alg MA|.

' _|2sino
0

20
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Bl
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[
f(x):\/zjm\/gsm_wcosa)xda)ZEFde
TN A @

®
5) Fourier Transform ZitE 0|85l Ctg M2 S TOHAIR
»Sin @
=| —dw
)

[’

(= 2 [ eosexsiney,
T w

0

0

T =[S exsiney, 17
5 p 2 2
0.7
2

.'-rm—wdamz (x=0)
0 w 2
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=4 15. Ct22| H7| 102 A7t YoM O] LH(discrete) MSE Fhls+ FAHOA AHEZOZ EHG
E

£ Discrete Fourier Transform (DFT)2| %H9|O|C}. 0|Z{2 DE=IA HEjZ ESSIH H7| 111} ZC}
H2 U2 DFT M3 E A7 i = E2| 119 HERAE W2A A4sl= Yu2|§0| Hsio}.
0] ¢12|=2 Fast Fourier Transform (FFT) 2}1 S} A4t 1”2 H7| 129 ZCl H7| 132 4749
o4t M3z0f CHsH FFTE +™dst= Ol§ REO{EC
NT N-1
f(x)>qx)=> ce™ £ _ nk
(9 >a0=2 ¢, f =3 fw
where, f(x,)=q(x) A k=0
N-1
T f=F,f
kNOl where n,k=0,1,---,N -1
f = fkeiinXk 2ri
" ,\@kzzt; W=w, = N
Discrete Fourier Transform i —%rink "
e =€ =e =w
H7] 10 B7] 11
c N_l Kk Divide even and odd
_ n
fn—kZ:;ka f=[0149
N
Divide even and odd @ 2 find even and odd solution
JVE M-1 .| f 1 170 1.0+11 4
_ kn n kn _| evo _ — —
= 2 Y o 06 26 o " L} o L ,JM L-own-J H
_ _ .| f 1 171] [ 11+19 ] [10
find even and odd solution 0d,0 _ _
- v f{f} il ™ L —J[9H1~1+<—1>-9H—8}
f = FM fev fod = FM fod find original solution
N ‘ fo= 0+ =4+1-10 _14
find original solution A4 ~ ~ A~ . N
. f=f,. + +w, f,, =—4+(-1) (-8)=—4+8i
22a)--- f, = fooewf Lo
@2 1 “E Nl f,=fuo W°fodo—4 110 =6
(220)-++ Frian = T =W Tog fy = fn—Wy g =—4—(-i)-(-8) =—4-8i
o<n< Nt
2
H7] 12 B7] 13
1) FFT g2l X8t 27| 139 At udE Ch21t 20| #odg I @0 @0 siYdts ate 4
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00 [A4 4 14
1) /a4 -4 -4 — 448

1 10 -6
9 [+|9 Z—s ~4-8;

[

@1, -i

@10, 8i

2) Chgol 8740l B AMmof Chef FFT L12|SS HBohe 74 WS DIt 22 YHOR oA

f=[4 3 20 -1 -2 3 1]

4|—s| 4] 43 3l | 3 8 8 4
3 2>< 1 5 5 5+i = | 5+i 5+ (1++/2)i
2 -1 2 51 1|~ 5 -2 -2 —2+6i
0 3l—| 3K —1| - i 5 5 5-(1-+/2)i
-1\ 3| —33 5| _[-5 —4 1 4 12
2 o><—2 1 USRI a-iy vz | | ivz [FRR5+ L-2)i
3 -2 0 12| 1 —6 —l 6i —2-6i
1|—| 1| 1 i| i “1-if[(-1-i) /2 i/2 5-(1—2)i

28 16. 0T 49} Zo| 7tEXI2|7l nHE|0 A= HHX|E0| ¢ 2 /E T(circular membrane)0| UL}
x7] Moot x7] =71 22 f(r),9(r) 2 FO{E of, HL| u(r,t) & ¢stnx} sict 2 220 &
SHA| 2.
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1) O =&ZX<9 Xuf grHAl(governing equation)2 Xlm  EtHEA|(Cartesian  coordinates) 2=

>

o°'u o) o
az[ + j— QF ZtCt O] Equatione| HAEES M1, 2 FpEH (polar coordinates)2 HFFRO| Lt

8X2 ayZ - atZ
EfLHA|2. (O3 = ZtEAE ALESHAIR)
[E1]
22| Equation2 2-D Wave equation O|{ polar coordinate®2 L}{EfL|™H CtSuf ZHCH
r=x’+y?, 6= arctan 2 =S

X

X=rcoséd,y=rsiné
u, =u.r, +u€9x (a)

UXX = (urrx)x + (uagx)x
=(u,),r, +u.r, +(u,),0, +u,b,,

r-xx

=(u,r, +u,0)r +u.r, +(u,r +u,b)o, +u,b, ---(b)

X 1 y y
I = O = 7| T2 T2
/x2+y2 1+(y/x) X r

_ 2 2
e =—y(—3jr =29 &y G0l ok



2 2 2
y y X C Xy
Upy =7 U =2 5 U 7 U+ 5 U +2°5Uy

ou  u ,(0%u 1léou 1 %
| +— = o+,
ox* oy o° ror r°o0

o’u 1ou 1 ¢° 0° ) . . "
—t+t——+—=—<5 |=—=7 "2-D wave equation in polar coordinate
o ror r°o6 ot

) BA ZH(boundary condition)u} Z=7| ZZ(initial condition)2 A Q2 LIEILHA| 2.

[E]
u(c,t)=0, t>0 : boundary condition

u(r,0) = f(r), a—l: =g(r), 0<r <c :initial condition
t=0

3) &t st & u(r,t) o HENE O{EH 71 SL=71? (Hint : product method)

[']

u=R(r)®O)T (1)

uzt 22 BXE0ME 25 22 22 77| HEoEXIE Sgez tE) 6 of 3ol &

o o

5) 3)2| SiE HEHE 7I’dStH XIHH BEACZHEEH A1), MRt €2 F JHe 24 MO2 HZHAZ
Ol O IS & SR (B A=a®>0)

I
Tz
2
>

rR"+R'+ArR=0 ---(1)
T"+a’AT =0 - (2)

[EH
HIX|S o R hyo|22, u=R(NT() 2 7Pg + Uck
Separation of variableg 0|&35|H

14 l ’
R +FR B T"

R  a’T

=-1

25



ZtZf R 3 T of CHolA g2|stH

R"+ER’+/1R:0
r

rR"+R'+rAR=0---(1)
T"+1a’T =0---(2)

6) Al(1)2 Parametric Bessel Differential Equation®| ®EfO|m Hb 3= H7| 149} ZCt O of
Boundary condition2 M3l Q| A+E EIIstn Z0| et s|E CHA] MAQ.

R=cJ,(ar)+cY,(ar)

doan =3y +n>(m]

Yo(ar)* |:J (ar) |n7+7) i(zzi)(mﬂlr)]m (ar)zm (h _1+§+ - )

B7] 14
[
u(r,t)f r=00| - ™o| &|O0{OF TtC}.

lim Y, (arr) =0 0|22 ¢, =00]0{of Bt
r—+

~R=cd,(ar)

) J, 7t 00] E|& ZfE X, 0|2t & M, 6)2Q| 87} trivial solutionO| E|X| Q= Eigenvalues A & 8}

A2
[&1]

Boundary condition0j| 9|8 ¢, J,(ec)=00]| ¢, =00|™ trivial solution0|2Z,

J,(ac)=0
2
X X
a, =", At=a="2
c c

8) 7)°| ZUItZEH Eigenfunctions2 AMA|L.

[']

X
Eigenfunction2 ¢ J,(e,r)=cJ,(—r) O|LC}.
c
9) 7)e| Z1HE 0|83t 4 (229 Lt 3E FotAL
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[']

A=a?% oW EAWAN m’+(aa)’m=00°] &S 72 general solutione the3} 2t}

T =c,cosaat +c,sinaat
10) 8)1t 9)of AIE 0|83L u(r,t) o LEHE MA|R.

[Eo0l]

u, =R(r)T(t) = (A, cosaa,t+B,sinag,t)J,(a,r)

u(r,t)=> (A cosaa,t+B,sinag,t)J,(e,r)

n=1

11) Initial condition2 X 83}0] u(r,t) o] A$E FA|Q. ZRIH H7| 155 P E|= A2 ALY}

A2
[E1
Z=0{Zl initial condition(t =0, u(r,0) = f (r))ol 2|s}

()= 2 Ado(e)

2

:mjo rd,(a,r) f(r)dr

A,
t=0, u,(r,0)=g(x)of 2oJs}
g(r) =3 a0, B,3,(a,1)

2 c
B =—————| rJ,(a,)g(r)dr
RS
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Fourier-Bessel Series
The Fourier-Bessel series of a function f defined on the interval (0’ b) is given by
1) @ are defined by ‘]n (aib) =0 5
b

- C =—j xJ_(a:x) f (x)dx
f(x) =2 cJ,(&X) 237 (ab)

i=1
2) ;are defined by hJ . (OCb) 4 O{b\]r: (ab) =0

© Zaiz b
f (X) = ;Ci‘]n(a{ix) ’Ci = (aizbz _n2 + hZ)JnZ(alb) '[0 XJn(aiX) f (X)dX

3) @;are defined by J! (ab)=0
s n c 2 xf(x)dx
f=c+Ycd(@x) b
i—2
G =5 ——| XJ,(eX) f(x)dx
72 ( Bk [} X3, (01 (x)
®w7] 15
) O] &1 o] 02 59F Z2 standing wavel| TsE & W (n=3), J, o =& 0|&3}0 29|

SHFE H PIXIS HE[E Tl

[

Jo(x)

05

/N,
ANZEES

a8 5

standingwaves n=3

[']
u(r,t)=Z(A1cosaant+aninaant)Jo(anr) ol Jy(e,r) = AlZtol 2t Bsk=  Amplitude

n=1

A cosaa,t+B, sinag,t £ 7}%l Standing waveZ LtEtCE

Jo(a,r)=00| £|= 2ES Nodal line0|2t1 8}=0| O|& standing wave?| motionO| Ql&= EEO|LC}

28



Jo(@,€)=00] El= %o 2 c=X,2 528 o, =-"0|C}

2t Jo(anr)zJo(%rjzo

Jdef=of ostH x =2.4, X, =5.5, X, =8.7 O|CL.

n=32 o Jo(ﬁrj=og nodal linee = X4C _24C  XC_55C o\ peii oot
C X, 8.7 X, 8.7

&c_Sch

=22 o) sk,
8.7 e "

w
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24 17. 27| 162 Residue?| ™Ho|& AMMHSID QIC|. ResidueE 0|25l H7| 171} Z2 HMEZt

HA
g % 9tk

The purpose of Cauchy’s residue integration: the evaluation of integrals
§>C f (2)dz

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

0 . b2
f@)=Ya -2 +Z_'°120+(Z_Zo)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.
=) @)

Tl9C

The coefficient b, is called the residue of f (2) at z = z,.

B7] 16

Improper Integral
y
~

S
(6]
poles| ° \
R

Simple Poles on the Real Axis

j " f(x)dx=27i > Resf (2)

—0

R X

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

C
*lim[ f(z)dz=7iResf(z)

r—0JC,

a-r a a+rX

w7 17

1) 27] 161t 175 0|83t LiE HE US Tt <.

prv,[” dx
e (X2 =3x+ 2)(X2 +1)

30
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1 1

Since f (X) =—; 5 = - -,
(X" =3x+2)(x"+1) (X-D(x—=2)(x+1)(x—1)

: 1 1 .
z=1, R::els f(2)= IzlLr}(z—l) f(2) :{mlﬂ =5 -real axis

z

2, Rezsf(z):lirg(z—Z)f(z):{;} :l:realaxis
- w 7=2

(z-)(Z*+) |, 5
. . . 1 1 3-i. i
z=1, F\;gsf(z):IzlLr?(z—l)f(z)={(22_32+2)(Z+i)1_i =6+2i = 20 :upper half-axis
y
14 pole
O O—
O 1 2*%
-10

from pr.v.j_w f (x)dx =27i)_Resf(z)+7i)_ Resf(z)

g dx [ 3—i 1 1 Vi
.'.pr.v._[ 5 5 =27 — |+7l| —=+= |=—
= (X" =3x+2)(x"+1) 20 2 5) 10
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=M 18. H7| 1829| (a) #2 TIHE 71 MM LR MY 2EE Conformal MappingS 0| &5}
of Fotaxt gtoh. 230 AHEHE T L.

Linear fractional g
transformation u,=0
g =110V
© u
(a) z-plane Substitution of (b) w-plane
w=f (2).
H7| 18
= _ . z-b
1) #Ee| d9s REel FYez Ojyss AL Wzn o ZCt z-plane0iAe| ZA
Z_

=]7|=1C,:[z-2/5|=2/58 %7 |w|=1, |w/=r,2 ojZE o r,bo| S TN

[§]
. o z-b
0 and 4/5 should be mapped onto r0 and —r0, respectively. This gives by W= bz 1’
Z_
0-b 4/5-b 4/5-r,
rO = —= b' -h = =
-1 4b/5-1 4r,/5-1

—1,(4r,/5-1)=4/5-r,
2r7 —5r,+4=0
(2r,-1)(r,-2)=0

1

B :2, E

CHRl @ LHol S ZHMOF stE = I —b—;

2t

2) 24 Ho ow ROl EEM B4l 2HBatA WHAZ BESHD, 27| 189] ()9} 20| SHL

=

L=

2 qjo

HOIM SZEAZ HEAE 2tEcts YA 2 LSt 20k EXeF 20 =0 Cfd)

oo 1 0°®
or? JrrEJrr_2 06?

(o))
N

<)

| =
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[&1]
L0 100 0D

Vi -+ =0, - =0
or r or

" 06?

A =S ABL0] w-planedf Al EEHIA O'(W) S FOHAIL.

w
It
|k
Jat!
| >
0L
o
1z
o
e
k1
oX

o’ 10D
2 Tt =
or r or
” 1 !
Q"+-P'=0
r

I %dr:—j %dr

do’ 1 (. qn_do
[

0

IN®'=-Inr+ad=-Inr+Ina
a
eIn(b’ :e—lnr+lna :eln? =E
r
=2
”
a
j d)'drzj —dr
r
S®=alnr+b

—®'(w)=alnr+b=aln|w|+b

® (w)=alnr+b=aln|w/+b
if |w| =1, then
O*@)=alnl+k=0,..k=0
if W =r,=1/2, then

@*a/azamézlm

Lo 110 _ 110
In(1/2) In2
S ®*(w) =-158.7 In |w|

-158.7

4) 0ig BAAES AHB3LY z-planediAel ZHAE B(2) E FIIAIR.

2z-1
72—2

D(z) = cp*(zz _zlj —_158.7 In
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e Al 2WF e uwhel Aulol
Surface force® YERNHA o}z

Mx = Z F= FBody + FSurface
]'% %i_"aﬁ‘ (FSurface = FIuid) o] D}%ﬂ]— @'ﬂ-ﬂ *5‘]—%]—,
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Fryia = Foadic
olg Autel eEugAd dsa,
Mx = ZF = FBody + FSurface
= Fgravity + FFIuid ! (FBody = I:gravity)
= Fgravity + Fstatic + FF.K + FD + FR
T A I
—AX—Bx

= Frestoring + Fexciting

Fgravity 9} Fstatic 9] %L—‘o: }LH}Q %%Ej‘ Frestoring = Z]—%@—E]— FF.K Sq-FD =
Aute]l 5o 9% WA (Radiation Force) 224 A8ke] 714 o
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Fexciting oltt. FR = e
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I¢:ZM = I\/lbody +Msurface

= M gravity + M Fluid

= I\/Igravity + Mstatic + MF.K + MD + MR
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oy'z':Body fixed coordinate
y’  oyz:Global coordinate
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