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9D PN ,MIITHN DVIPNS DY NN NN PNAD 8D

0 (z) =6 (x)
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Generalized Functions = ™70 INSPNO .2 9O O K7 DVSPNO 2% WM .23

MY NY NYSPNG YW Mt 2.3

Yy = |x| SPNON PPN AN 2.3.1 NN ASY

y = |z| 2.9 N

92PN MN

|z|":50 993 :2.10 PN

VYNY 05 25 OV
lz|" =20 (z) — 1
92PN , 2 DMK NI NN

lz|”" = (20 (z) — 1) =20’ (z) = 26 ()
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Generalized Functions = ™70 INSPNO .2 9O O K7 DVSPNO 2% WM .23

Y= Tz PYPNON @ 2.3.2 onT AY

gy v b PNad NN
292P) NP0 IOV TPYAVN DY DO 1IN DN

1 1
yl - - @ . e/a:
(1+el/m)2 a?

NI PPN AN (MOXIN OX NTIPI) & = 0 IWURD NNP NN DPTIA KD NDXRY NP NI 200 XY Mt YAN
17D TPNI) NNV

— 1 .
Yy = m :2.11 PN

399 lim y = 112N lim y = 0 9WND »5 25 Ov)

z—0~ z—0t
1 1
/ 1/:1:
y=———-€e/" = —06(x)
(1 —|—el/””)2 z?
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3 999

Sturm-Liouville = 9199 9919v¥ H9n

N 3.1

MY NPINININNT MNRNYN  3.1.1

LMNUNRT TITH NN NIINY H9H2) PYURT ITON NIONORINDT NN NP F (2, y,9') = 0 )aonn imwspns
L2092 ¢y DV NI DN y2 DY & 2 D) NON NIV PPD

MY ATON MPONNIT ANNWN 125 NN F (2, 9,9, y”) = 0 Mnonn mypns

£ 3.2.1 T

r+y+y +sin(y’) =
/1

Ty +yy =
zy+y’ = 0

MXNWHN JMN 97210 75 (Ordinary differential equations) M7 NPONIKIINT MNNWYN JN NON MNNWYD
JPPON M DY NPONNINDT

NYYND) DMV POIND DI NDNIN IY TTDA LTAN XMV AP POIND 01398 PDAINNIYNRT 1TON INNWNI
(IMNIN9N 2N TN NN YNP INNYHRN 1T0
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R3D 30 Sturm-Liouville = 932 DWYWOY MMM .3 o

TPINDD IRNVND N PPN N0 PO XN =+ y + ¢ + ¥ = 0 o axnwn ¢ 3.1.2 0T D

' +y' +ty=-=
TPNMNN YN DX NNAD NN INNIYHRD DX NNAY TITH .22 MON NNPPY NP 1IN X NN 1D 19D)
TP ANNYNN DV 550N NINSN 2D DIAPN Y, 20I9 NING YN 19N INKD DI MY DY

Ygen () = Yhom (z,C1,C2) + Yp ()

NN JOIN 2NN PIND 001 Cp, Cy DAPN RXR TPIRYY INNYN PNRY NV
Yhom (2, C1,C2) = C1Y1 (z) + CoYs ()

TPIANYD INNYNM NPOY 20 W) ,TIND TN 9D NMMIND IRNYND DX DM 0N »nda on Yy, Yo 9WND
2 D) INNYNN DX NN DA DY YD NN
NI OV PININ 2D MNXIY HP Mt NIPNA

Yp=—x+1
[yhom + yp]” + [yhom + yp]/ + [yhom + yp] = -
—X
[y;z/om + /om + yhom] + [yll ; yl’] = -z

LT 002 DP9 MINNYNN DY OWIAPN DX NNAY DO ,NAY IRIM NONNN MNXIN PO NN

WP NNYA T ATNNN NN NYYa  3.1.2

0T DY PPN NN PPPONN NN NNy () WMD) NOPTNNIPN NN Yy ) N Mt OR Ly ()
T YAN ,NON NIDNY 25 W) )Y MPIN2 ,Dpna 5N pwn Mdon o) o’ = f(y,y',t) o b
~—~ N ——

NNIND [a)=)
(f T2 NNY T POIP N

NONA MDD NONNNN ONIN DY YN PON OX 27T PIND NN DNNY) PR IMNIND NOIN W 1 INNYND
(MY 2IWN) Yo, ¥, 1MV NN PR MPAN DPND,DDNNN DAIN ATIPI

M9V NN Ny 3.1.3
PPN YNYNA
y' (@) +p@)y (@) +q@)y(@) =f(z), a<z<b

Y MTIPI 22 ORIN DYTY DX, M .y (a) = a1, Yy (b) = az DY MIDA DNIN DN NV NN
NI OOYON PININ

Ygen () = C1y1 (x) + Coyaz () +Y ()

2079 1IN NIN Y)Y D151 P09 MNANG BN Y1, Yo TUND
y(a) = Ciy1 (a) + Caya (a) + Y (a) = 1
03 N9 P )0 MO

y (0) = Cry1 (b) + Cay2 (b) + Y (b) = a2

24



Sturm-Liouville = 937 DWW MM .3 o 3D A

MPNIDON MNXNYN DY VD NHDP DD

{m (@) C1 +y2(a) Co = a1 — Y (a)
y1(0) C1 4+ 92 (b) Cy = s = Y ()

D730 TPONININDTN INNYNY MNIND NOPR N ,I990 MNING PR, TR 1IN PPV 19N» 2D 25 OOW)
:ON ONNDY PN OV NVIPNIVTI NON 12TH

A = 0
) )|
LTy ]1'1]19 Y ANNIVND RN
N DIIWVNND NOVIPNIAVTN TN DAN NN ﬂ"ﬁ‘?)ﬁﬂ MPNHOTN ON
AC _ o — Y (a’) y2 (a)
! az =Y (b) y2(b)

0795 990 MNING PR N A, # 0 XM DTN MNING DY OMOPN 1901 v IR Ag, = 0 DX
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Sturm-Liouville = 937 DWW MM .3 o 3D A

: 3.2.3 vt

y' (z) + My (z) = f (2)
O<z < awnd

y(0)=a1, y()=as
NN NAXNYNIN DIN NN IPYNRID
Y (x) + My (z) = 0= y" (z) = =y (x)

:A >0 oN
Ygen (x) = Ci cos (\/XCE) + Cs sin (\/XCE)
y = e’ vniv o
YV +dy=0=>y=e" P +A=0=~==+V\i

NN NINND 8T DOVIN J9IND DIPDIP DIPD VMY 1D YR AN .DDIP DD MNIYN NODH MDD
:C1, Cy oy1apn

Clcos(\/X-O>—i—Czsin(\/X-O)—i-Y(O):al:>Cl+Y(O)=a1

oM
Clcos(\/x-l) +Cgsin(\/x-l> +Y () =as
C5 sin (\/Xl) =az—Y () — (a1 =Y (0)) cos (\/Xl)
sin (\/X : l) #0
Hla) b}

\/X-l;éwn

71_22

MO OOP T A £ T

2n2

AMNINS NOPNIN) NIND 07 ND "\ = T .2
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Sturm-Liouville = 93 W M 3 Yo Linear differential operator = MXM7 MOHINT WONOW 3.2

ANNUDN ¢ 3.1.8 AT

SAIUND

2, 2
An = Tz AURD ITONN PYTA XPNT MNINN 2D 2P M0
:0N DPIVAND MNINSN 2D H2AP)

Yn = Asin (\/xx) = A, sin Wlﬂ

A =72, v >0 20 nNnwnn A < 012 Npna

y' =7y = 0
Yhen = C(1 e’ + 6126’)1z
0 0 1 1 _ .
A= ?lel ((l)) ??JJ22 ((l))‘ Tl e T € =" = —2sinh (71) # 0

LDINN MNING PRI PONIPIV NIND P W P9 ¥ > 0 v D
TPORNPIV ARNYN Y2y A = 012 nIpna

y' =0
NI 590N PINAN
y=Ciz + Cy
293Py 125
y(0) = C2=0
y(l) = Cil=0=C1=0
Ci =015

Linear differential operator = »IN»Y YNININ9T 909N 3.2

NI NDNN N2 RIN INRYD IONININDT NVINN

Lu (x) = po (x) d ;Lx(;j) 1 (z) dléiix) +p2 (7) u(z)
Balalpil
L =po(z) % +p1 (z) % +p2 (2)

DIPNN NN DAY p1 =0 po = pe =1 02 NIPNI & 3.2.1 DPNT %\

v +u=0
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Sturm-Liouville = 93 W M 3 Yo Linear differential operator = MXM7 MOHINT WONOW 3.2

:Adjoint operator = 7118 V9N 3.2.2 NN

_ d2 d
Lu= EP) (pou) — P (p1u) + pau

MDD NNYD TINY NVINNN 0N DIPN YaN)

Tu=Lu
a)alpil
d2 d 42 d
P (pou) — a1z (P1u) + pou = pO@u + p1au + pau
9D 25 W)
d
—pou = p/u _|_p0u/
dz 0

Lu = pyu + 2pyu’ + pou” — piu — pru/ + pau = pou” + (2p5 — p1) v + (pg — P + p2) u
93 w17 Lu = Lu v nm Sy 9o

2p) —p1 =D N P11 =D
Po —P1+Dp2 = D2 Po = D1

120NN NI5N2 NN (Selft adjoint) MNYD TINY NOINN MDD

— d du
Tu = Lu — " i _ -
U u=po (z)u" + pou’ + pau e (po dx> + pou
N NV N¥P NOI PN IN
— d d
Lu=ru= 1 [p@) ] + 4@ 0@

:ON VNN RIPI L mvromn  :Hermitian operator - *Mm9N NVINN 3.2.3 NN

/b w* (z) Lo (z) dz = /b v (z) Lu* (z) dz

aF (2) = w R VNN PN NAY .u () SV TN NN D ut () 3.2.4 Dyn

DOMNIN NIN IR ININYD TINY NOINNND ON D NN

b b b b

* _ . d dv * ) " dv du*
/uLvdgc = /ua(pa>dx+/quvdx—upv|a+/(quv pdxdx>dx
/ F A du / - dv du*
/vLu*dx = /va (p%) d:z:+/lJu vdr = vp— a+/ <QU*v—pd—Z%> T

0D 25 W)

Se—

b
vLu*dr = /u*Lvdgc
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D3N TWOY VOVY 33 Sturm-Liouville = 932 DWYWOY MMM .3 o

:ON
b
. 11b du*
u'pv'|, = vp—r-

dx

a
N8P MTMIPI2 MUARNND 22 JNOW MININ PN N NP MNP DOINNN v, u™ 0N NNNTO NOY NN
LT ut =
210022 12N VNN NVINN NI L 2D mo)

Lu(x) + Mw () u(x) =0

(Tonna 9723 .0t 25wa MNad YN NAPN PTI DX VAR w (z) = 1 v!Iven NIPN3a)
A DV IO OIRNN WK uy () 8PN Norp

: 3.2.5 At

_ a
u” () + Au(z) =0 GH
u(zx=0)=0 = zgg:é
u(x=L)=0 w(z) =1

X 07PN w = 03 M2 (YNNI TN NNNYD TN IMN TN TIT OPP) MXYD TN >IN L D mn
SONNPIVN PIANIN T, INNYNN
209N KD MNIND ON»P ONN

29215 DYVY Vavn 3.3

3.3.1 vavn

Sturm-Liouville
(DY3OMID K7 ADY?D) BHYDY T 7'HD THYID W BOHVYYD DWW D |A

PPN D INVVIYD IDYPHOD 9D |2

DVIY DHIP INDD DVDIYD IVSPNON .3

1995010 ON DOINNIN OX DNIPI DNOP) 2D DD, NVPONINNNIN NYIPNS DY MyNnvnin NN L) VNI
T NP NPKPND MAY NI NDAON PTIND NN LDAND ANV DNOY 1NN

nYoonn Mt NIpna  (Scalar Product - Inner Product) nmm9 nY951m = 14570 nYasmn 3.3.2 19130
NN Uj, U; DPISPND OV 1NN

i - uj _/bu;f () u; (z) w (z) dz

[e.e]

NI (121 MPXI IR MTIPI XTI TY) PNPNA 9D M0 . f(z) = Y cu; (x) v RN b N1ap Yv nnonn
i=1

N9 .NPNINYN NPNPNN DY DIDDD NND

U VNN NOINN L W M3 NSy NUpSNg y0 ug, ¢ (MNY NIONI ND) NSy NPSpns »nv Npy nyd .1
290 TPNNY PNPND

Lu; + Njwu; =0
23PN MNVAZ TINND VI ,u; NAY DI NMT I9NA

Lu;f + /\;wu; =0
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D3N TWOY VOVY 33 Sturm-Liouville = 932 DWYWOY MMM .3 o

Wi A NIYN DN u;‘- 2 NIIYNIN NINNYNN NN 9190)

wiLu; + Nwugu; = 0

0

wiLuj + Njwuiug
92PN MINNYNN 2D PNDVYN YNI)

b b
f% ul’;-Luid:c + N\ fabwuiu;fd:c =0
. * * ok —
I wiLuidz + N fa wujujde =0
ZbJPN MIVNN DNN DNNYNND DX PN

b b b
/u;Luidx — /uiLu;-d:v + ()\i — /\;‘) /wuiu;dx =0

a a

b b
02 [V ul Lugde = [ w; Lufdz 199 20m30 MOt 93N

b
(/\i — )\;‘) /wulu;‘dx =0

DAPY i = 71NN

b

()\i—)\;‘)/w|ui|2dx20

a

DPNNYN OWN 199 (A, — AF) OR ORI PIND) u; = 0 NIAY PI DONNN MDAV 1D WY DAN
.0»vnNn NoNa

NPVP i FE J Y NIPNI L2

b
A —Aj) /wulu;‘dx =0

22 0aPI N Ay # Aj 0D 03 o0

b
/wuiu;dx =0= u;lu;

a
:N2N J9INA 9”0 anna f TPNPN INMD IV 2D DY) PDIPDIT NIN DPNNYN DINOVPIN DY qUIN 2D N) .3

f (x) = Zanun (x)
n=1

OMNTMP OPYON
Luy, () + Mw (2) up () =0

Wy, TPNNYN PNPNON OY DXAN NIV DY TN NDION YNI)

£ (@) = 3t
n=1
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D3N TWOY VOVY 33 Sturm-Liouville = 932 DWYWOY MMM .3 o

NN TPHNNAN N29ONN NITIN 2D N

b
U - Uy = /ufujwdx

a

DAND MMV 10290 NYAONN 2D 9aP £ § 939 199 NIPUIMNTMN N NPRNYN NPIPNNN 2D 1PN AN

Haia) i)
Uq - Uy ~ 51'_0'
b b
== U u = /uzufwdx = / |ui|2wd:c = A,
a a
D)
. Uq
G =
% /—AZ
1 1 1
iUy — —— « —— U - :—A:l
ul UZ Az mul ul Al 1

L09PNNNNIND DDIAN NN 1DHN YD)
22 12NN0 MM

£ @) = 3t
n=1

9 9aP) (W IMN NN VTNV ONI POY YNNI IN XD ON) MI9NNNNNIN I3 u; D0IN 2D NdY)
U - f(x) = am

10N OV NYWAISN MTPN 1D YR PY
an = un - f(z)

s} pls)

anz/bu;;f(x)w(x)d:v

VAN MM

d? d
Lu:po(a:)d—;;—i-pl (x)£+p2(:c)u
D6 F# p1(x) MY sYd T e XY KINY ¥
VTN NOINN VTN
Fue @, o () + p@p () o ep2(2)
Po po (2) po (z)

M9 MNYY TS 1 Ly vinT



Sturm-Liouville = 937 DWW MM .3 o D3N TWOY VOVY 33

:DINYN NTION MVYYY J2) NIV 1N NN @ () DY THNONITDT ANNWN 1t 0D 2D OV)

de _— (z) dx
¢ pol(x)
92PN
2 ’ z r1(2’) =
Inyp(z) = /pl (x/)d:v' +InC = ¢ () zZ{j po(=
po (')
DOPNN PXTY INNYNRIY MIRID N8 ,WTN NOINNR NP D 20 WY YIN .pIyn XY N0 P9 C = 1 9n
Haia) i)
Lu+ dwu =0
Boalph) Zf’o(—(fc))n DX9INM 7Y NN 9193 NI O)
@), L Ae@uwl@)
po (2) po (2)

2PN W (z) = % plalel!

u” (z) + Au(x) =0 :3.3.3 nnnT ASY

v = u

:Legendre Equation 3.3.4 0910

(1—2)*u" — 2z 4+ Xu =0

PI%IP0 MTIPI MNP YN MTIPY .DINNND IV NN DY DTPNN MNPI 22 AN, VNN INNYNIA 1T

NPIYRYO MNP OY DTN KXY Sturm-Lioville n7 NN »D —1,1 00 1 AXNYA PNINAD AN YOP M
[PYIAN OV DITVPADN DAY ONIN VITTD DD KD NPIVND MTNIPI W MINPAY 11PN .Yopn TiNa

A=n(n+1) n=0,1,2,...

Bessel Equation 3.3.5 79720
2w’ 4+ au' + (22 = X)) u=0
92PN T 2 Y DNNYNN NN oM

)\2
xu”—i—u/—i—(:c——)u—()
T

INNYD TINY NOVINN DIAPN
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D3N TWOY VOVY 33 Sturm-Liouville = 932 DWYWOY MMM .3 o

9> 2D OV

22" + ' + 2?u—Nu

Lu

Hapn w = L oo
T

xu” +u + zu—)\?
—_———

Lu

S{HIH

1993 DNEPND T NPYIN XY Nyya  3.3.1

NN PYID NN

Lu () = Au(z) = [ (2)

NN NNNOND NN T THN NIAIPNI OOIN IRNYN ¢ 3.3.6 NNNT %\

o2 0a?

MON 2N 00953 NMNYNRIN MXRNINND AN DONT IR NI 07N INNIYNN IR DDIAPHN TR Pand NN
20 N

NINYN N 9IN) 20NN NTYA NN DX DNY) 01 12 DDXRND DNNTO 072NN MND POY DDYan NN NTNI
:252p) (nra

u 0%
bl i
ot? 0x?

P2 2 1991 Y0VD ANND WP TN IV SNNN MIN ,)AT NI INND TN NIIYNI TIDN ¥ 0N ©IPNa
92PN t 290 NNNN BDYNNY

0%u 0%u
J— 2_ f— —_— =
© 922 /(@) F(z)=——i@ Ox? Fe)
29950 NAPND MND NN
Lu(z) —du(z) = f(x) + bes

Boundary Conditions

AN Uy (), Ay TN MDD ODIMIN PIND 12D NDRYAY M)

u(z) = Z Cnlin (T)

n

NVPNPNON OMN DY f () NN vINm

f (x) = Zdnun (x)

n

D0IN NN NONDY IMIND) .dyy = Uy - [ 22 NI . f DN DION NIRY NI, D209 DOYTY 72D NN N 1IPHN2
(un,

Z cnluy, — A Z Cplly = Z dpny,
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Sturm-Liouville = 937 DWW MM .3 o D3N TWOY VOVY 33

33991 LIPNNMADINON DV MNINY N0 Uy, 0D, L, = Apuy, )0 M2

ch A =N u, = Zdnun

n

23 9Py PN

Vn dp=cpn(Ap—A)=> —= =

X012 PTI RDY,TNYN DIPN N DNYOD 1 NIAY A, = A IYURD DR N DAN

b

b
u(z) = Z )\ndi 3 Un (x) = u;\l:%f = Z j\L: (_xz\ /ufl (') f(2')da' = /G(x,:c’) f(2)da’

a

(N2 9IND G DN DTN N AIWUND
Uy, () ur (2!
n n

P DXPNS IXRIPI M

¥V 701 VNNYN 3.3.7 Dyyn
fa9=(g-f)

DPYYVNND NPNSYN NPSPNNY DN2IN DX DIN

43 PPN AN ¢ 3.3.8 ANt O

f(x) =6 (x—a1)

a < xy,b IWND
b
u(x) = /G(:E,:Z:’)(S(x’ —z1)da’ = G (z,11)

&' € (a,b)
f@)=0(x—2")=u(z,2)=Gx71)
Bp)

G(z,2'): LG(z,2')— MG (z,2') =6 (x — ')

.D7MMN NOY NN O”pNn G

W Yo

VIATID

34



Sturm-Liouville = 937 DWW MM .3 o D3N TWOY VOVY 33

2293PN NNNR OTYN NN NN A = A, ¥ IO n O”P 12 NIPHRI PIO N8N
Cn()\n—/\):dnick()\k—/\k):dkéck():dk
N———
0

DY) 1PN NN dp = 0 DN ©IPN . PINON DR 0P N ¢ OPP NY 2D N2 NN di, # 0 DX D 2D DW)
R phals]
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Sturm-Liouville = 937 DWW MM .3 o D3N TWOY VOVY 33

2
= %, A= —Fk? m00oNa any  : 3.3.9 oot %\

o’ + k= f(z)

O<z<l w(0)=u(l)=0 :novn ™ 39 M

PVNIN NOINND 2D 20 DVI 3.3.10 NYYN

1-u”"+0-4

TPINDNN INXNYND 1NN

W'+ k2u=0

u (z) = Acos (kz) + Bsin (kz)

:292P) PYNRIN MNININ
0=wu(0)=Acos(k-0)+ Bsin(k-0)=A=A=0
2IVN ININNN)

u(l)=0= Bsinkz =0=k,l=7n, ne N

u(x):anianm, nelN

2 N

U, (x) = 4/ % sin
(@) el nelN
A= —k2=_Tp
, 2 & sin “7% sin #5F

G(JJ,JJ):—§ P~

l k2_7rn

n=1 12

0<z<a G~ (z) = asinkx
<z <l G< (z) = bsin [k (z — )]

D2 VT
G<(x=12)3G (z=1')

Yav 0w Hap)



Sturm-Liouville = 93Y7 DWYWOY MM 3 9o D3N TWOY VOVY 33

VAN MM

G(:c):% [p(:c)%} —AG(z)=6(x—2"),a<a’ <b

(DAND MMV TNPNN TIY IN NI IN,IDTD) DPINMIN NIV ONIN DY
N NN PR DOYTY DRY M)

T E] - rew=o

(727 MWY 951 KO, D913 XY NNINY DTN IVON NN ND)

G ()= Ciy1 () a<z<a
B CQyQ(I) r<x<b

N95N2 19 1D .NOWN NN NN MNPPH 97N NSNS 2D VI

G (z=2")=G (z=1")

MO DI MY PN VAN ,J SV NI ©HIAPN 1N NPT NN RS NN DX 199 ,G DR DP0YS DN NRY POn

0 N2
D29IND MY DY HNVIN YN

dG~ dG=
— =1
V0| e |
dG~ dG= 1
de |,_., de |,_,, »p@)

MoONIN

DTIPN MO

TPYNAN NVIPNIVTH NN 2VN)

) —yo (2
a=[r) ) < - st =
IVNN NVLIPNIOTM
O —y2 y2 (l'/)
A = _
Cy ‘_p(l’) —1]/2 D (.CC/)
Y1 0 U1 (xl)
Ac, = _
e yi p(}c/) p (xl)
o = y2 (z')
' p ()W (2')
o - —n@)
p (") W (z')



Sturm-Liouville = 93Y7 DWYWOY MM 3 9o D3N TWOY VOVY 33

292y o)

y1(z)y2(a")

N — ) pa)W(z’)
G(z,z') = 1 (2)y2(a)
p(z)W(a')

a<z<a
T <x<b

773009 YaNa N YAN ,ITO2 AN NN LY T Pa NASNND MPIVID IND PN IPND AN M ,NYRI VaANa
2’9 N9TYN W 1ND IND

23 NI N¥N yap N0 p () W(a’) 25 pnay Har

P [p () W (2)] =0
d d
o P@W(@)]=— (Pyrys — PY1Y2) =
Pyyh + pidh + oyl — 0 yiye — pyye — pYidh =
d (dys d [ dy
/! 1 _ /! 1 — . Tds _ _ I — )\ _ )\ — O
y1 (P'y2 +pys) —y2 (P'yy + oY1) = g (dx) Y2 <p iz Y1AY2 — Y2 A1
nrammn
:2IN5Y VAN 1O
y1(2)y2(z') /
G, 2) = 7p(a)/W(a) a<z<x
7 u(e Jua(@) <z <b
pl@)W(a)

(yOopa NINN NTIPY 95 a OIPNI IN)
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4 P99

PDE: = n»pon nvoNosIforT NINMIYA
Partial differential equations

DONTY MR NINDNDN TPPIN TPHNNIIT INNIYY ,DINYN 2 DY 8PN u (z,y) 1Nrna

ou_ ou_,
Yow y(“)y_

JPON0PNN NRNN TO 292 ;MY NPORNONIIDT MNNYNIA N YIAPI TPPON TPONNINDT NNV DY 7TON
IV TON ARNYND NNNT

ou ou?

dy a2
:NODN INNVN
0%u  0*u  O%u
=92 + 3—y2 + 72 =
DM RO NIPNI N

32u+82u+82u7 ( )
C0x? oy 022 PAL:Y, 2

(2, y) N0 DN PSNN ONKINDTN INNYNN ¢ 4.0.11 HPNT ASY
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.Euler-Lagrange eqn. = 1)NX79 99N nNYwN 0N
:NAY ININ NIV DY NIV ATON TPPON TPONONINT ARNYN KT 2D PN

y(a) = Ya
y() = w

10PN NIV DMK PON) JHINID IDMN NNNIYHD DX MIN2Y NN

OF _ 1, d (aF\ _q . _
5,7 = C1 won o (ay/) =022 00pm W F = F(z,y) 1

DNNYNN NN NN .DARNND RO IRNWNN PPONND TNXR G It 1pna F = F (y,y') .2

OF _dor . oF _ dOF OF  dOF _0F 0F
oy dzdy = ~~ yay ydxay’_ y(“)y ydxay’ yay’ yay’_
y' 2 997
,OF , OF , OF ,d OF
Y- 7Y 55, Y5, " Y759, =
oy oy dy dx Oy
0
d 0 oF oF d d oF
_F /: _/ _// _F /__ F_ /_ :O
—_——
F(y.y") %(F_y,%)
293Py M5
oF
F N—y'=— =C
(v, ) Yoy = O

MMmpmA PN - F=F(x,y) .3

9D PNT YNNI NMYYAY NN

:07pm min I (y) nMpn

1+ (y)?
F(y,y) =
-Y
2991 VN NAPHRN T 2D PR
1
= const
—y (1 + (y’)z)

91

31/01/2012



6 99

NPSNIVIINR NINNIYN

UNCTVINA WO KD Y aminn 6.0.2 YYD

JT0PN NNN WAOIN TPXPNON ONINITIDT NNN YN 7PNPNNY DIPNI OYIN P71 ,NPONINIIDT MNIYNIY NMTa
NN TPHYD INNIVN

b
A/K(x,y>f<y>dy+g<x>=h<x>f(x>

;270199 SV PPAN PHVNN A 9901 1Y W .DINNI NPPEND 0 D) g, L) ;0NN Epng oM pyun N0 K (z,y)
DNNY TIY TPOAN PRYN PT D IN

b
250N N0 R [ K (z,y) f (y) dyb

a

2230 MNXNIWN SV oD v 0w Fredholm’s eqn. ©RMP Nt NON MNNIWYNID

PN ANNYD MDD A (z) =0 .1

b

A/K<x,y>f<y>dy:—g<x>

a
2f (y) DN NINDD IWAR DN ODOPRD TN P Ayam f 00T

o0 YN G () YapN 9N WA A (z) 2 PHNY WaRw 2o h(x) =10 maind ym 2’72 L h(x) #0 .2

(y Yy 95321 NN 2D HNVPNN TINY ©IONY M) vIn K (x,y)
2V NDNN YN NIRIPI SN

NN g () = 0 OX .IPOHNNIIDT MXNWHY 1T, TN NI N TPRIMN IRNYHNA 1T ONA Yap» g ()
PN N N INR TN AINNYDN

Degenerate Kernel = 1999 ypy9 6.1

INID J9IND PN DX RO JFPI GUNRD XID PN PYD ZRPT0IP MOPTNNIPA I Py Mt N

n

K (z,y) = Z i (z) ¥s ()

Yapyn=15v napna

2921990 MDD

92



TNVTVOIR IRNWY .6 PO Degenerate Kernel = yw» Yy .64

APy n =2 YV napna

K (z,y) = @1 (2) Y1 (y) + 2 () P2 (y)

.D9)2990 MY HY NN KON 92990 YN RY 19D

93



TNVTVOIR IRNWY .6 PO Degenerate Kernel = yw» Yy .64

: 6.1.1 mnt
1
f(z)=1-62+ )\/ (:vl/S —i—yl/S) f(y)dy
-1

AWRD 7= 2 My /2 4 43 m Py Dy MmN RS W0 NOAN ARNYND RO

1 (z) = Y1 (y)
p2(z) =1 ¥ ()

W PO PINSN DY OI2T NAIN OYTY N D PN

1
1

y/

~

1 1
:1—6:1:2+Aa:l/S/f(y)derA/yl/af(y)dy
—1 =1
A B

20071 NVNIN NN
MNY 0NY 17 .DI901 VIV DN RN D»P DN DXYNVIRMN PXPNN NN DYTY DX ON ,07”P NN 1D N2
YD .NOYN ININND

=1—62 + A\Az"* + AB
22 92PN A, B 077N IR 00 VAN

A= ' (1-6y2+ y"* + AB) dy
B = [, (y* — 6y"* + MAy** + ABy'*) dy
v 9”30 MNNYNY DNND YAPN AN NYyNnD .DDN0YNND DN AVYND NN .DMIOY) YW DY MNXNYN 2 1NADP I9D

N9 PN OIN
:DYNVOPND NN NN

2
A = 2—6§+2)\B
3
B = =-)A-2
)
A+2\B =2
S)A-B=0
NN MYNIN NVIPNIVTN
-1 2\ 12
a=fgt B2
DN |
2 2)
P
-1 2 12\
8 = [g Y=
= 5

PO 9 A #£ + % Y5 A # 0 D12 ©IPRD IR TPYRI NI

Ay 2
4= xA=1-me
12\
B = ———____
5(1—42x2)
94

,MOANNN RO Y MOIPNIVTH NF NIPNA LDINRND TPYRIN NOIPNIVTIYV IMDD 2\ = +4/ 1—52 AYND NMpP NN
SV MIVON MY’ RN NDANNND NN Y MOIPHNIVTIN NNX 0) DX NIND PR TPNPNN PYIAOV DN it



TNVTVOIR IRNWY .6 PO Degenerate Kernel = yw» Yy .64

TINMIND NDINA NN JPDINN OX PP NN MINRD DINY 7PYID 1V NN DNNY TIYO A OV WpPn Nn N
Sy MM OX .PNIND MY DPP ONN NN NORYA . f (2) = 0 PIND v RN MmN iyl 535 135w nnnTh Yv
DPDIMIND MNXNYNN DX D2P) IO INYUNIN IRNYNNIN 210 IR OPIN 79 DX DYYNY 25 Hap) Mnvan 9o

A+2 B =0
SMM-B=0

SAMP AN LD TINN PING W ORND INMINN PINSN 0 INE IIRNYHD NOIYHN X Mo A = B = 0w M1
A1 TPARYOD NN ,0AR NYNY DXIAYN DNTPNN 199 9”N2 0N NINKR) NDIRNND TPYNRIN NVIPNIVTN IWUND P9
0) 7PN AP0 ND9ON D, PINYD DMOYN 0N 2IN) NOND NOYN P NN D290 MNINS DHPP ON D PNI)

A=A =—1/Z TA= A1 = /3 MMND,AOND DIPN DY W 25 25 DWI )0 0D L(NIN NN

9> . B=4 = 5 A 5553p3 A\ My

5 A 5 1

— 4 AR el | 7L S W

f@) =y pAr +% V2" t3
2\ /13

JIPY AN DAR NNV NEP PIND DAPY . Az MNIAY NNAY 1M ,NMIT 19N

12

95



	1 קואורדינטות
	1.1 קואורדינטות עקומות (Colloquial Coordinates  )
	1.2 פעולות וקטוריות
	1.2.1 גרדיאנט
	1.2.2 דיברגנץ
	1.2.3 לפלסיאן
	1.2.4 רוטור

	1.3 אלמנט שטח ונפח
	1.3.1 אלמנט שטח
	1.3.2 אלמנט נפח


	2 פונקציות מוכללות - Generalized Functions 
	2.1 פונצקיית הדלתא של דיראק
	2.1.1 פונקציות יוצרות
	2.1.2 תכונות הפונקציה  
	2.1.3 נגזרת של פונקציית  
	2.1.4 יחידות של  
	2.1.5 במקרה רב מימדי
	2.1.6 אינטגרל של ' 

	2.2 פונקציית המדרגה - Heaviside  
	2.3 גזירות של פונקציות לא רציפות

	3 תורת שטורם ליוביל - Sturm-Liouville 
	3.1 מבוא
	3.1.1 משוואות דיפרנציאליות רגילות
	3.1.2 בעיית תנאי התחלה - בעיית קושי
	3.1.3 בעיית תנאי שפה

	3.2 אופרטור דיפרנציאלי לינארי - Linear differential operator 
	3.3 משפט שטורם ליוביל
	3.3.1 בעיות לא הומוגניות - פונקציית גרין


	4 משוואות דיפרנציאליות חלקיות - PDE: Partial differential equations 
	4.1 משוואה כללית
	4.1.1 שלושה מימדים
	4.1.2 n  מימדים

	4.2 בעיית קושי
	4.3 בעיה לא הומוגנית בn  מימדים
	4.4 פונקציית גל
	4.4.1 פונקציית גל פשוטה

	4.5 משוואות דיפרנציאליות חלקיות מסדר שני
	4.5.1 תנאי שפה

	4.6 משוואות היפרבוליות - משוואת הגלים
	4.6.1 תנאי קושי
	4.6.2 תנאי שפה דיריכלה
	4.6.3 מיתר המוחזק בשתי קצותיו
	4.6.4 ממברנה דו מימדית
	4.6.4.1 תוף מלבני


	4.7 משוואת החום\דיפוזיה - Heat/Diffusion eqn. 
	4.7.1 טרנספורם פורייה
	4.7.2 תנאי שפה
	4.7.3 בעיות אי הומוגניות
	4.7.3.1 במשוואת החום
	4.7.3.2 בעיות אי-הומוגניות במשוואת הגלים

	4.7.4 משוואת לפלאס - Laplace's equation 
	4.7.4.1 יחידות הפתרון
	4.7.4.2 פתרון במימד 1
	4.7.4.3 פתרון עבור חצי מישור
	4.7.4.4 רצועה אינסופית
	4.7.4.5 מלבן
	4.7.4.6 מעגל



	5 חשבון וריאציות
	5.1 מבוא
	5.2 משוואות אויילר לגראנז'

	6 משוואות אינטגרליות
	6.1 גרעין מנוון - Degenerate Kernel 


