=1 ba)

BIKF

1. 3

2R ESAREEE, FEZRA/N
BRSO BERT AR, KR—EBMEIFERE,
MR REE TR I [ BB E ) EREE
R /%2 (Partial Differential Equa-
tions, PDE), 82 #EH 2L, TERE
FEEZHER, REH2ATRE IR
2%l PDE %, RREMES REETR
M —F, BBBIE S MREREE SRR
ZHl, HERBAMREXEER R, TS
BHMESNESEE T ERR T B LET.

ASCHY B RIFEIR B R B — S AR
o, AMFEH B ARBRAVREL, JRETIHIE L4
SRR, ERNMED KIRM D TR %
BELEYE, KIHEER R A8 EE
ENEMRE,

I

2. Continuum Mathematics

Bt —EER L, AL R
MEER: #iE (Continuum) FIEEEL (Dis-
cuete)o WMBMEEY LRIFIF: BEX X (t)
EREEYERE t B E. Discrete
Mathematics #RP% BRI ALE, a0

B 8%, EUHVEEERENEETH,
E MRS X (1), MEE—-REEE
EEHEE, t = 1,2,.. .. BEWBLE
AX(n) = X(n) — X(n — 1), Ti4E5EzE

_ AX(@)

 X(n—1)

i&7 Discrete Mathematics,
SEGBNEYIUAR NG, WHEEIENE
EZFE, MMM X (¢) FEREFNETHY 2
1k, t € R B#, & Continuum Mathemat-
ics. JERF Eatam B L B 5 EM T E AN S

oo dX(D) L X(E+Af) — X(8)
Xi(t) = =5 = kim, At
_ AX(t)
A0 At

BRI A BA B, EEB LAk
RHLZINR, BER, RIEESF. HPRR
AHIFER: BATRIHEE X (t) 8K, sEEE
HIERS S, B RIS R AR

X'(#)
X(#)
EMEIES CBtR4hEss. £ C R EHERS
B EH RN E S 7E (ordinary dif-
ferential equations, ODE):

C = > 0.

X'(t) = CX(t).
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Higa eSS BB,

HERMKRERBED . ErdiwHE
EYRE, EYEREMBENSMGERRE
FH, &M DR E AR R, et
MRAMEMER 7 = (11, 12), EE—
ERLE (21, 1), Kl ¢ FIEER

Xt
U(Z'l,l'g,t) = \51]1|IBO |(Q | )7

X2

€

EHE Q REREN—ENZE, | Q |
REWNEE, M X(Q,t) RREVE Q &
NI &, B u(w, 2o, t) BERER ¢ FOHh
B (z1,10) TE, ARENBERT2E—
Do AT VR AR T o AR BAIUEAE— 8 EE, 5E
W (21, 20) BIET, HEREERFEIEL

yes
0 t
wlar, 1) = 200720
— lim u(xy, 2, t + At) — u(zy, IQ,?E)7
At—0 At

B u(ry, oo, t) ¥t RS . HREM
FE— AR ZE ©y A&, Wt t M xy
JE , R R B2
ou(xy, o, 1)

0xy
:Alxilfilo u(zy+Axy, xz,xtf u(xy, o, t)

Ugy (xla T2, t) =

J

& u B x NRMT. R, E—EE TR
H, BELE v HANE(LE u B o FRM
5
ou(xy, xa,t)

0o
:Aggo u(z, :1:2+A3:Z;z u(xy, xg, t)'
B R R RS, T LA— R BUR
SMmEEEERES. EEEEEES—@
EARNE: RS HIR P2 LA,
=R

U/:Eg(l‘17 T, t) -

Pu  Pu DPu
(9:151(9:152615 N (9x18t3x2 B 3t@x13x2
= uxlxgt'

BAaEHM g ERMD /& (PDE)
T, ERMEEERMONAERX. THRK
My R EREARY PDE, E# o =
-y Ty, t), TIEATA T —ERF5E

u(zy, g, . .

AU = Uy gy + Ugggy + -+ -+ Uz,
(Laplacian operator).

AUy, + AUz, + -+ -+ Aply, + aguy = 0
(transport equation),

ug = C2Au

uy = KAu (heat equation),

V—1hu;=Au

Au=20

(wave equation),

(Schréding equation),

(Laplace equation).

;5 PDE &RMEE THIEE, HERHE
RHF IR, LEEEMMEIERI3T

3. Directional Derivative



AORGATAE, — B w(x, ve) BIRK
5 ug, & u fE xy, WELR (1,0) ARy E
1t; uy, & u 1 (0,1) HrRrEt. u FE—#
Jid d = (a1, ar) BPEMEHEA directional

derivative:

Dgu(xq, )
. u(xy+hay, xo+has)
= lim
h—0 h/
AL directional derivative #fEH:

(1,0) AmzE hay &, B1E (0,1) AFE has
e

(w1, 7)

D(—iu(xl, 332)

u(zy + hay, xe) — u(wy, x2)

= 1.
hlﬂ% h
N }Lin% u(x1+har, xg—i—ha;)—u(xl—i—hal, Z2)

ER—EHRE 2, SEER, TN
A:m = h&l ’?%

— lim u(zy + hay, xe) — u(zy, x2)

h—0 h
— lim u(r1+Axy, 22) —u(x1, x2) 0
Ax1—0 Ai[,’l

= Uy, (21, 22) - a1,

€

(a1,az)

(z1 4+ hai,z2 + ha2)

(2173 (z1 4+ hai,z2)

T2

Tmigs 5
[FIREY, B Azy = has,

u(z1+hay, za+haz) —u(z1+hay, x2)

I
hli% h
. u(xithay, TotAxs)—u(z1thay, ©2)
= lim a2
Axo—0 AiL’Q

=[lim g, (w1 + hay, x2)] - a

=Ug, (T1,22) - az,
M directional derivative BB {Ri%HILRE
S
Dau(xy, z2)

= A Uy, (X1, T2) + AUy, (71, T2).

NR—-EHBEEZHEEEE v = u(x,

Toy. .., xy) = u(®), HE v &£ d =
(ay,aq,...,a,) ) directional derivative
v

Dau(Z)
- aluﬂfl( ) + AUz, (f) +oe T+ QpUg,, (E}
IMREMI5E gradient FF5E:

Vu(Z) = (Ug, (Z), Uy, (T), . . ., Uy, (T)),

RN E
&'~5:@161+@2b2+~--+anbn,
BBE directional derivative TR A &K :

Dzu(Z) = Vu(Z) - d

Directional derivative &—1{EH A
B RS, MR EFEEYE, 1R
B, BEARREESNHT BREKPIEZ
U= (v1,v), BEVENEERS u(Z,t) =
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U(Jfl, T2, t>o ﬁﬂ%%{?%’gxﬁgﬂﬁl, /\E%ZK
TERS, HEEas, BEKR, BEYNEE
R

d
—u(a:l + Ult, To + Ugt, t) =0.

dt
EEAKNTE  (v,v2) BERFERE
(al,ag), Fﬁlfj\fﬁﬁ t = 0 E"]{f[.ﬁ%
(z1,70), HEREFFIK, HBRHAEEE

(x1 + vit, 29 + vot)e EFKZE directional
derivative, HEIR&E

AUy, + AUy, +up = 0.

¥ HEN transport equation, T RIf#EE
B RRE =0 RNEERZ

iE
f

= f(xlaxQ)a

A f(21,2y) REAHEY, WIHTE (ini-
i =

u(zy, 9, 0)

tial value) o

u(xl + Ult, T9 + Ugt, t)
= u(xl + v '0,33'2 + vg 0,0)
= f(xla xZ)'

PEBEEH 1 + it — 21, 2o + Vot — X9
S EIRE:

u(wy, xe,t) = f(x1 — v1t, X9 — Vot).

eEEfE AR REY, RMAEEImEEE
RS B—E2E% transport equation
K, B {(x1 + vit, 20 + 0ot 1)} B
FHRER, ASRREZCMER, ELiRH
M characteristic curves, j&&— KM
PDE, M hyperbolic PDE Fr& 3L e

M. B—EBRSEEM—E PDE, @ ER
H A e, EEERMEE initial value
f(z1,22)0 = ODE #f{, R~ ODE
WisERESERE; T PDE WiAERK
#, At PDE ZEit ODE KB EE.

4. Integration

PDE &E#M5, MM EAEHE
(fundanental theorem), % &FHM: —{HiK
BRI R AR S
| rway= 1w~ = f) - fla).

Rt EEam S e PDE ZEW, B
MO TRES R R PDE SARAR T
., B REATH, EFHIEDE
# (integration by parts):

/x ' (W)g(y)dy

()WH—LLKWMwM%
FEAREEA product rule T

xT

\_/

= f(y
BALEER
LNiR

f'g=(fg) - fq"
EMEEEESHEZEENHERE, SMES
FHRE, RMEEEEERE—T: £F
THEZEM u(wy, xe) RS wg, (21, 22) 1E
— A& Q BWES:

// Uy, (21, T2)dz1dTs,
Q

B fundamental theorem 5|

B(z2)
/A($2) U/xl(l'l,lé)dl'l

=u(B(x3), o) —u(A(xs), x2),



X2

LA LA EER S R EE D

// Uy, (71, T2)dx1dTs
Q

- (B, 2)

o (A

B dS(7),

i = (F) = (m,me)(¥) R,
RS ER A LAE HE T RIRE R
_ m(d)

as(@)

RER—,

dxq

dl‘g

), 2) Fl (B(x2

5(Z)

1

I

—u(A(xg), x9))dxs,

), xa) = QHE
FL OO ERIE, 85 0Q Ak, dhikk bA
W B AR A&, outer normal 7(Z)

TRigsr 7
dl'g = nl(:i:')dS(f),

1 B T S 2 — (E R =T

// Uz, (21, T9)dx1dxs

- u(zr, z2)1 (Z)dS(Z).

BERMERIE © = (A(z2),22)
ni(¥) < 0 ME & = (B(xy),zs) H,
ni(Z) > 0, BB 5 TTLERK [, 5t
P T HIHEERNRMAE 7(2) fdS(7) =2
RA M. HE/ S B DUE 2% i 22
u = uw(@) = u(zy,xe,...,2,), 0(¥) =
(n1(Z), na(Z), ..., np (X)), T dS(Z) =&
500 WRUNERE, B ¥ = (11,19) B,
dS(7) RERBMUNRE, BT = (11,72, 72)
B, 0Q 2HiHE, MdS(Z) 2 0Q WHvINE
.

)
ds(7)

X3

€

T2

E5q(NEE]

//.../qui(x)dxl-"dl'm
_ / . /8 u(@)ni(T)dS (@),

i=1,2,...,m
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AT DA% R — K 2

(%) = (u' (D), u?(D), ..., u"™(T)),
513 divergence & EAFHE:
o ou' o ou?
div 4(7) = a—xl(x) + a—xQ(ﬂv) + .-
ou™
—|—%($),

HEHF NS EEN divergence theo-

rem
// . / div @(Z)dzdzs - - - dxy,
Q
— | D - mDdS(D).
[ [ @) @ s @
‘B fundamental theorem £ HERIHEE .

HERBEMEHRE integration by parts
HIHEE: BRERE v(7), w(7) BE:

B G2
div @(7) = Vu(7)- V(@) + 0(F) Aw(7)

ERREHER product rule, FEMART, B
2 divergence theorem FTE () EHEE]

// . /Q V(%) - Vw(Z)dxdxs - - - day,
NOow
=[] v@F- (@S (@)
—// . -/Qv(f)Aw(f)dxldxg e dxy,
EEEAMA T —(ERHI R

ow , _, oy
%(aj) = Vw(Z) - 1(7)

R w(Z) £ outer normal 7(Z) B di-
rectional derivative, FIZ/& integration
by parts FEZHERYHEREE, XA Green iden-
tityo

BM2EEFF, FA divergence the-
orem ZKEHFENTEHEMES PDE. &
E u(r) = (u(2),uz(Z), us(¥)) 2
£ 7 = (21,7, x3) WIPLHE, H divergence

theorem

/ / div @(7)da1dzsdrs
:/]a@yﬁ@MS@L
o0

u(Z) - (Z) BIHE u(Z) £ outer normal
n(7) BOE, RIRERHER 0Q K,
TR ER R AN T B, SR L — (T PA
thiE 00 FHERSE:

//m@.m@mmazo
oN
B R AR Q #EGL, RS
A EEHEMER) PDE
div @(Z) =0

iE7 divergence A ik 2 EBHY R,
THERMEHEE—ERINER PDE,

5. Wave Equation

KFERET —LHBERRREH
PDE, E—EBEHHNKEBNRR, RERR
B EBRR R R T BE RN ER?



EEHPYE N BIET G R, FMRER]
RiEREER PDE, EXRH Euler B, Eu-
ler AR HEENRAE PDE, ERHEARE
fH, FEZRBEE p(7,t), BE d(Z,t) M
BT P, BTIRFEEE

p=p(p).

SIE plp) = p3, & plp) = p5 %o 4
i PDE fEAFAZEESFE (Conser-
vation of mass) KEIESFE (Conserva-

tion of momentum), 56%& Conservation

Erem—ERK Q NEE

/// p(Z,t)dx dxedrs

FERFMRE L, ERHEER 00 TEEARR
ATERNEE flux:

%/// p(Z,t)dxidxsdrs
— / / flux dS(7)

—

& flux 2% E p A5EE « 7E inner nor-
mal —71 B3 E—u - 1 B3ETE:

t) - (=i(1)),

of mass:

flux = (1) (3,

A EE

%///p(f, t)dzydrodrs
+// pt)(Z,t) - i(Z)dS(Z) =

(Conservation of Mass).

BAFS momentum pu;, BT HIE _FSEAY
flux = —pu; - (d- 1) 5+, BEWE AR

wigss 9

{EH, Euler FERFZEHBET p(p) £ 2,
K& p(p)n; Fr5IEERIEL:

d S
%/é pu;(Z, t)dr drods

+ [[ lpuiy(@.1) - (@)

o0
(o, ) ()dS () = 0,
i=1,2,3,

(Conservation of momentum).

k&SR 0 TS FH divergence theo-
rem B Q WEYES, U:

/ (pi0)(Z,t) - (Z)dS(Z)

_/// div pu(Z, t)dz dxedrs.

XHPB Q A LARE—EE, MEE Euler /7
2.

(Conservation of Mass),

(pus); + div (pu - @) + (p(p)),, =0,
1=1,2,3

(Conservation of Momentum).

BMEEIRAEN Euler 512, —#HEBSH
12, HRASEER AR LES, O AR
A LLAZEISE shock waves, & B I£ZIH
—fH PDE #y%3f# weak solution [, 8
S /T8,

Euler #) PDE ZJEHRMER, BERRHE
—HZE, #LAEBNHE, ZSTHEATN
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8% PDE, MR REWRBRSERE, HZER
REERMAN B EAR, B LEE
Euler HE##H#L (linearization). 1&E
MRBETHER, FHENERT, ¢ =0,
p = po, BRFEE 0, po B9 linearization ¥t
u M p — po M Taylor expansion, TMHEZF
F K EREAE, 1l Conservation of Mass
0= pt + puiz, + puog,
TPUZzy + ULPzy T+ U2Pzy + UPs
= P+ potiaz, + Poloe, + PoUses,

£ Conservation of momentum W

P(P)e; = 1 (p0)pass

Atk Euler /5 2R linearization &

Pt + Poliz, + Polizz, + PoUss; =0
potiz + C?py, = 0,0 =1,2,3.
FAEFEET —HEEENE: B& C:
C? = p'(po),
TR linearized PDE " L& HF 5

Pit = C? [mel T Prgws T pxsws]a
ERtE Wave equation, —f& R
uy = C? Zuxm = C?Au,
i=1

u=u(xy,x9,...,Tn,t).

iEME PDE 1 Wave equation, EfE{T
AR E | EP= T, (6)” = 1, BT
fi# traveling wave, MEES C:

—

u(Z, t) = p(z- & — Ct).

B DIE#HNRA PDE SALET :

c/‘r‘rl

t t+1

Uy = 02()0//
AU = Z (éi)Q(p”?

=1

Eﬁutt = CQAU/

HAIRER, NEWAITAR  RIBRHE & 5
AT, Wave equation BtEIEEHEE C [
RIHEED,

E—K¥ PDE, WA PDE (hy-
perbolic PDE), &% =8 DU L H 3% M4
i€, Wave equation s& hyperbolic PDE &
HERE].

6. Heat Equation

FEIBRMHEE Buler HEE, R
R B &M viscous WIEH, #E Eu-
ler HFE#EE Navier-Stokes H12, HA
FASHR, WRE. BAEE, HBESE
. B—EIRMEEREENEATTE, heat
equation,

EYEREBE w(d ), 7 =
(x1,29,73), BREEE p HHE o BE



#, heat equation FIRAEER Fourier-
Newton Law, EEHREAE pu WEEZNIR
7= Vu = (Ug,, Ugy, Ugy) BIELL, 3EME Law
WEBRERERN: EZESR Q, BR
e G iE b oS

d -
ﬁ/é pu(Z, t)drdrsdas

SRHER 00 EAWE flux:

/ / fluxdS (7).
oN

Fourier-Newton Law EiRZAZMTIARE
Vu = (U, Ugy, Uy, ) FHTRAEREZTIREL £,
HPEEER S EERRER, Hit £ >
0, flux BEEEA 0O WE, & kVu
outer normal 77 953 & kVu - i, FTAFRM
eE

d -
%// pu(Z, t)drdradrs
Q
- / / Vu(Z, t) - 7(7)dS(7),
80

H divergence theorem %5

/// puy (%, t)dxydxedas
Q
:///k div (Vu(Z, t)dx dzodrs.
Q

EENFTESE

div (Vu) = div (le y Ugy, u$3)

(uxz)xl = Au’

1

)

FHIEH heat equation

u; = KAu,

g 11

K = o5 REEREH

Heat equation &—# PDE, #i%% PDE
(parabolic PDE), Ry#ifl, ©F1 hyper-
bolic B wave equation & B AR MR
=R TMHA dimension analysis ZR#EH—
HEERNZE, dimension analysis 2%
AR E =8, A RBBEX, S
:

Vg = ﬁuta
Vg, = OUg,,
Av = o*Au

RN R: M (7, 1) B—1H PDE i
W, BB o, 8 LERHERIE, T
o(Z, t) HRAE? B R

o = (3, wave equation;

a? = 3, heat equation.

K ¥ wave equation 2RER, Z2fE 7 FIkKF
M ¢ UR—REZHE, (heI52R, 772
fEEPEEAR £ = constant H#EHY, B L
EiETEm traveling wave Ff, BEIREREE
B ¥ heat equation ZREE, HIZ#YI#E

% = constant T . ER

T
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T2 TR, AP ER BT AR E AR AR
52 AT LMEE K

H AT DA heat equation BERYEYE MR
Tl ESE wave equation B ERMHE
Ko B HINNET 5o

7. Laplace Equation

Wave equation I heat equation H
REyZR, (BEFIREH#E, B R HE %
BE, u(Z,t) = u(T), #FE Laplace
equation

Au =0,

>t () = 0

i=1
R E AR, BA H M TEEE, Laplace
equation FILAEREHKEER  PDE.

Laplace equation BHFFZHEMHE, MR
u(Z) MR, BE u(@ + %), u(ad),

u(AZ), A: orthogonal matrix, tH#Z
i, shG—EERK, ERE | RAHEN, 7
& fEEK,

Laplace equation ZHEE 512 (ellip-
tic PDE) 8%, ‘EM wave equation &

heat equation HEMEAE, (E—# PDE %}
B —ALBHE, B2 EZM e, M
FE R — T RMAEERZ HEA,
W ax? +bx + ¢ = 0, AL IMEER, ##

B

—b 4+ b? — 4dac
3;' =
2a ’

FLE M E, IREHE—E ODE, a1
y' +y=0,

HOPEE DL ZE G W (BB Afee 4, EA04AE initial
value, y(0) = 3, y/(0) = 7 FreBEHE
IR y(t) = 3cost + Tsint, BRI
SERME initial value, BS/EHAE HLS L M2
y(t) = acost + bsint, a 1 b AJLLREM
HH.

WTFERE PDE, & heat equation,
FE— R

u, = KAu, (PDE)

xeQd, t>0.

f# heat equation FLERBEALELE O, xeQ, 1§
o, t >0, BE u(z t) BIE RERNS
&, TMFEAE: RAENEE u(z,0), B
RAEEF 00 RTER XA, RAERIRE

1 ODE #8{X
u(z,0) = ug(x) (initial value)

A ODE B initial value 22, 7
PDE B initial value wug(x) =46 ERIK



o BFRORIRER T, — A EEER
B, —ERAE SR G ERE:

u(@,t) = uy (7,

t >0, (Dirichlet boundary condition),

t), Zedq,

H—{ERBUE BRI AT & RAG ER:

(%) = us(Z, ),

t >0,

Vu(Z,t) -
Zedsd,

(Neumann boundary condition).

EMME boundary condition, REEE—{E,
MR F RN EE? HAEER, &
BB e initial value A1 boundary con-
dition BT RHHERL UBIMEER? 5
AP TMEERZ#? Hadamard H=1#
well-posed f§&ff: Bf#, existence, JHZ—
fEf#%, uniqueness, Mt ANEEEEMNE B D
g8, stability, Heat equation fl
LRI IR 2 well-posed B, FAMER
£ HE uniqueness —%, JEENEER

%, energy method, Uniqueness /& ZE 75
WMFE uy M ouy B8, BT uw=u —uy &
5%, &MH%E Dirichlet boundary con-
dition, R u; Al uy, £EMHEFAR initial
value ] boundary condition, u = u; —us

a2

u = KAu, 2, t > 0(PDE)

u(Z,0) =0, ZeQ

(initial value)

W@ ) =0, FedQ, >0,

(Dirichlet boundary condition).

g 13

Energy method &8 PDE Ll u FES:

illfD
= ///K (uAu)(Z,t)dx dxadrs.

Him Green identity =

allf

_ / / / K(Vu - Vu)(, t)dz drydas
Q

(2, t)dx dxodxs

(Z,t)dx dxodxs

+ / / K (uVu)(Z,t) - n(#)dS()
<//dQ (uVu)(Z,t) - ii(x)dS(¥)

B Direchlet boundary condition, F&A
I B EM&E] energy inequality

il

ﬁ%ﬂ‘ﬁﬁf’aﬁﬁﬁ}%

i
<[/

(Z,t)dx dxodrs < 0.

(Z,t)dx dxedxs

(Z,0)dzdzodrs,
t>0,

B initial value u(Z,0) = 0, FHEIHESE
iR AR, Kz

IS

HHEH uniqueness u(Z,t) = 0,
PLE heat equation ik initial
value & boundary condition Bt heat

(Z,t)drydxedrs =0, t>0.
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equation FIFEMERIE (initial-boundary
value problem), H I T 18 &
well-posed HHJ uniqueness, AT F A%

& wave equation:
uy = C?Au, 7eQ,t > 0(PDE).

H R ER A R R RLS uy, initial value
FEERE:

u(T,0) = f(Z),
w(7,0) = g(7),

ZeQ), (initial value),

Boundary condition M A] L& Dirich-
let B¢ Neumann (BQHME M), &1
#J initial-boundary value problem ;&
well-posed. EA uniqueness [F4 A LA
energy method ZKFERH, AN heat equa-
tion [H¥A LM, EEEE PDE L u,
(FE u) BRI, TEZ] energy identity

2 2 2
///(%Jr%)(f, t)day daydas
Q
2 2 2
= [[[ E  0) i,
Q

FEETLIHE—&. 21 Laplace equation,

Au = 0, ze), (PDE),

HEE PDE NERsH# & ¢, KA
initial value, R boundary condition,
MR boundary value problem, —4#&
#HE=: Dirichlet boundary condition
1 Neumann boundary condition A& &

#7 %, Dirichlet boundary condition &
ME—@y#%, M Neumann boundary condi-
tion ENEAME L AR, MM, T
FREMENYEESR, IR u(7,t) BEE,
B

(Vu-7)(Z) = f(2),
7€ 00
(Neumann boundary condition),
e EER 00 BHRER f(7). &R
Laplace equation @it &%, TRERF R
B O, KSR 00 1Y BT R IE

/ / F(R)dS(T) = 0.

#aajEEat, A Compatibility condition
FHARAL, 5218 boundary value problem
fEMERE, FHEARY compatibility condition
WA BLA divergence theorem ZREEHA:

0= / / / Audzdrydas
_ /7/ div (Vu)dz;dasdzs
_ /7 Vu - 7dS(Z)
Z:/f@ds<f>.

BT compatiblity condition, Laplace
equation #J boundary value problem &
AR Z well-posed Ky, FMIHEEET
MR u 2, v + constant WIRERE
PDE # Neumann boundary condition,
I v + constant 2%, #£ PDE €L



u B, B2 energy method, BRI
FA 2R 38 BH W {1 A 2= 2 1 B, SR P DL —
R, AT LLA energy method #EHH Laplace
equation, fI_E Dirichlet boundary condi-
tion f#H) uniqueness,

DA EHEFE# uniqueness, f#RY exis-
tence A BE, HILEFHMA: #
B N, BER, 258, FENME.

8. Schrodinger Equation

TMETamEl PDE, WLIERELET T
—HERBRRNEREE, HFHEEES, B
HRE S E B R, AT, AN 2ATEE
B PDE #2aHTEFHEE RN, 5%
RIREEHELERBARE TEAN T
%, RBERHETRANEE, MEE, HR
B, HEMEES, AR T—EgReENE
# PDE. #f% 4% L# PDE 23iE5KM,
21 E#EA Schrodinger equation 72H
HESBR R (dispersion relation), FJ35 &M
FRHIZRR, BB —ERE B

u(z,t) = oV 1(wt+kz)

WME u(x,t) B wave equation wuy =
C?uy, WIFE, BTSRRI A T HER R
w = +Ck,
WHTEREREH ¢ = £C, E2EM
TEETam wave equation FFFLAIERY, EH
R (hyperbolic wave) BUE, B
u(z, t) & heat equtation u, = ku,, I,

iilgig
w = Fk?,

g 15

u(x,t) _ €7k2t+\/7_1kx’

SETERFERELL et Hi, SEREPE
# dissipation R, HEHEHEAEIBRI%
Mo BT UL EZHE, 55— EEEGE (dis-
persive wave) B, 3B AR LI—
TE HH BE N, 38 B T DURARZS NI R
Bk, BEBEAMR (dispersion relation), 2
FE:
w = W(k).

Schrodinger equation FL&H dispersion

relation:

w = k?

MR {EEERHRAT LR T PDE:
vV —1u; = uye(Schrédinger equation)
H— =X
V=1 hu = Au
Schrodinger equation & /72 (quan-
tum mechanics) FIEARTE. ENYHEE

RSN ERHZ BN —KEFH, FEER

9. #5558

B UL B AE, BT E
Z PDE WEEME®H. 8-/ \HRLLK,
HLEBROBER, ETERALIEFSR
PDE, jE5e0525 |3 PRI, 40, real
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analysis, harmonic analysis, functional
analysis, MEAIE L% EH PDE B,
18 LoH B W BB HLARHH AN BGm . KA, DA
KYHE, TR, 2MFEERFE, BREKE,
ANATEGRITE R 23T, PDE & — 1B Hx EE R
BB, B SIRA, A5 AFTRIHIEER

FEEZRM. BEUUEAFENEE PDE
— L EE AN o

— AXHEZEAFRARRIZE. PRARR
HORPTH ISR B —



