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1 KEAERX 1

1 REHEX

KEAFER ( wave equation )
Ou(x,t) 1 0u(z,t)
o2 v o . (1.1)

AR OIRE) L B Enb e 2 FliC L TE L,

BROERE HARIHIZVOEEDN 0 ThL—HRRZEEZEN T TRED, LOVHENEL o e L, 5%
o $ICEEE 22 7 IR (R) S5, IREI L TO D520 HAE D & O u 1IN v & R
tIZRD00 u=u(z,t) LRED, 22T, 2 (FTROGHERET HEHTHY, BROAMED L
7RIFE O BAECTIE v,

Tq

T+ 0z

ROz & x4 6z OHORUINGS PQ - R L Ra L, B AL KD 5, PQIZE ) F 1L P
WCBTDEN Te & QIEBIIDZENTq DG/ F=Tp+Tq Thd, Tp & TqlIRETSITHL
VR, A ERDTINNGEI DT F X 0225720, (Ll ¢ [ZBIT 2RO E e Mo T A% ()
ETDHE, Tp, T O x FIADESE u RO

(Tp)y = —Tcosb(z), (Tp),=—Tsinb(x)

(Tq), = Tcosb(z +6z), (Tq)u=Tsind(z+ dx)
ThHHND

F, = T(cos@(m + o) — cos@(x)) ~0

F, = T(sin 0(z + 6z) — sin&(a:)) ~ T(tan 0(x + ) — tan 0(3:))

LD, 2L, BTN EL 0 D2V ENIIECTCED L L, cosf~ 1, sinf ~tanf TIHLL LT,
PQ 2B J1D o fRANIIIARCTE 5, tanf IFEOEROMEE THEIND

tan6(z) = ug(x,t), 72720 wuy(z,t) = dulz,?)
Ox
Thd, Zhhrb
F, = T(uw(x +dx,t) — ug;(x,t)>
T Uy (z + 02, t) — ug(2,t) s2—0 T&Caum _ Téx@

ox Ox 0x2



1 KEAERX 2

L%, PQ OEET 0dz THY, u TAOIEET 0%u/0t? Th D05, EH) T

0%u 8%u
PEY 2 2
0“u 1 0%u
o o =0 V=Tl (12
LD,

BEZEHHHR RS L, Wik S OBOMZ ) F 2MATze &, BOR SN 6L BleLize+
Do OL X F & LITHBIL SITHHEIT L0006, WHEREL 1/E LT5&

1 FL
0L =25
LEED, BWUEHHE 0N f=F/S X
5L
f=B= (1.3)

Tho, [>0DEZIRNTHY f<0DEZIENTRD, EaXYITRLND, fIIBROIEND
MRINTHLN, BROBH LW ESEZ DL, TOBMOE SR AEWZKIE LA 2 BALEEH =0 D)
(Gh) b f THD,

BOHEZ RO LMREZ X D, MOFMZ vzl v, FHEIREET o DL ZAICH -T2
w(z, t) I EM LT T 5, BITBROFMY TR, ELRGTINOREMICHIKTT S, Z
DEIBREMP DD EEIZAELDISERDD, BE L=h Thd z & v+ h OHEOBUNBIIE
0L = u(x + h,t) —u(z,t) ZIHRIVET 5000, 2 TOISH f(z,t) 13 (I3) LY
u(x + h,t) —u(z,t) noo 8u

h ax

flz,t)=F

L%,
z & x+dx ODRIOWNE D EZEZX D, ZOFWDEH<HND F Tz & o+ BT DINT) f O
NThHING, BOWHEEZ S &35 L

) 0%u
F:SO@+Mm%jmﬁ)z%j6—SE5§

LD, BOBE (BAAEMEHIZY OBERE) % p LT5 &, BN OBEEX pSoxr TH Y, IEEIX
O2u/Ot2 Tl B D, B H R

ox

0%u 0%u
pSdr — 92 SEW oz
L7=MR->T, O
%u 1 9%u
135,

KT SECERZWERIIES (L), T (M), B (T) 2838 b B CEE B8, = 0fMH
BhEERT (WEMRT) L\ 5, EEOWRTTIE LT Th 0, IHE 3R 2 B T 5 72 0 C
HHMBEORTEL LT 2 Liesd, 1 = Bl x MHEE Th 255 HORTE MLT 2 Th s, WE
DHERHBEROTILITR UK T TR BAV, = OME 2 FIH L CHBLR o B o B &
L0, fROZEHE R RATE 5, A RTRTE D,



2 HASUR—)LDfE 3

(C2) D v OEWITENBEEDRICIZ/RD Z L EFRE D, o FEMESHVOBEETH D)L KITIE
ML~} CTHY, TIIHhTHLENE MLT2 ThH D, LIzA->T, T/o ORI MLT-2/(ML™!) =12T~2
ERDBID, v =/T/oc DEFEIZ LT, LV HEDKILETH 5, (D) D v (2O THRKKIZLT,
ORI D Z L amt D, BTHNDMB v FEOELLIESEERT,

M1.1 Yo 7R E OREROL, £, VE/p ODRITCHHEEDORITCIC T 5 Z & &Rt

2 AT UR—)LORE

B RER (C) 0 EERMEIL, OEREHE (superposition ) B LD Z ETHD, Tbb,
ur(z,t) & us(z,t) DR OIEX, C1 & Cy % x, L IKDRWEEER LT 5L Clui(z,t) + Cous(z,t)
SRR D,

(CI) OFFIT—ICRO L IZRD BN D, FEHRERIT

BN (0 10Y (9 10,
O0x2 02 Ot2 v= Oor  vot ax:Fvat U
LRBING

0 10 ou 10u 0 10 ou 10u

761X (CT) OETH D, [LEOB f(r) I LT o % v — vt TEEHWZT f(z—ot) 2EX D,
y=xz—vt LT5H&

of(@—wt) Oydf(y) _ of(@—wt) _ Oydf(y)

Ox Oz dy AR ot ot dy vf'y)

ThHD1S flrz—ot) 1T (E0) OEMOFFEXNER 2T, FERIC g(z + vt) 1 (23) O 2 FH DGR
Ziil=d, Lo T, ZnbaxEREDER

u(z,t) = f(z —vt) + gl + vt) (2.2)

b (D) OIFTHY, ZNEFTFTUR—ILOFEEV I,
BT R VDOFRIIIRDO LI L THRED, a=x—vt, B=a+vt L L, 2 2DOMSIRE x, t
DRDVIZ o, B ZMNL72EE LT 5,
ou  Oa du 8ﬂ@ ou  Ou

9r  0x0a 0208 0o 0B
0%u 9 ou 0 Ou 0%u  0%u o%u

922 dadr 980r 902 0 ' loadp

FkEIC LT
u_dadu 030u_ 0w o
ot Ot Ha Ot ap o oa op
Fu__ 9on_ Dou_ (0 o, o
o2 Oa Ot oB ot Oa? 032 Oa 0f
L7=MN->T

0%y 1 0%u 0%y

or2 2 o2  9adf

0



2 4 R—)LDfR 4
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2FY 5 5

gus _ . _gu

90 0, 772U ugla,p) 5
ug(a, B) 1 a ZZELIETHEDLLRWVDD ug(a, B) 1T B T OBEETHL, ZOEEE o(8) &
Bk

usla§) = 55 = a(9)
ZZT
o(9) = [a(p)ds
o R R

%(u—g(ﬁ)) =0

b, u—gB) X a ZTOEETHL, I fla) LT5E

u= f(a)+g(B) = f(x—vt) + g(x +vt)

L%,

(E2) 1% (CO) o— kg RS, SV D &, EREOHIEMFITH LT, TORMEWTZT LI f

L g ERDDILENTED, t =0 TOWFEERTORE du/0t WENTEI ¢(z), p(r) THEZD
iz & &, IS

ou

u(z,0) = f(z) + g(a) =ala) .

B = —vf'(z) +vg'(z) = p(x) (2.3)

Thbd, Plx)= /p(a:) dr LBZ, HB2REHST 5L —vf(r) +vg(x) = P(x) ThbH, ZTHEH1
E2 i) . .
1) =5 () = 2P@) o) = 5 (st + 1P ) (2.4

2
L7z > C, (B2) IIMEBE OISR 20723 Z LR TE 5,

1
(E3) % (E2) 1T AT 5 &

u(x,t) = %(q(m —vt) + q(x + vt)) + % (P(x +ot) — P(x — Ut))

x+vut

= %(q(w —vt) + gz + vt)) + 5 /z p(y) dy (2.5)

—vt
DAIISE (233) 2723 CHD, ZNEAM—=2RDRK LN,

X =)L Dff (B2) ODMBEWREZZZ L9, f(z—ot) 1T f(z) & x MIOEF AT vt AT
BLEbOTHDH, BEIBIIENHMSZY v 20T 200, f(z —vt) 1T I f(z) 25 2 dho
ERAICES v CHEHIDETREZ R T, —7, glz +ot) HXEF g(z) 23 2 SO D FAICE S v T
BT TH D, HOKRITEOEITHI & BE u FIIZEMT D720 TH DD, ZOEMOFER, 5%
2R L TR ETT 5,




3 (IHEERELBEE 5

E&E f(z)=Csin(kz+a) &35 &
flz £ovt) = Csin(ke £ kvt +a) = Csin(kzr twt +a) , w=kv

Thod, TNEEZREVI, ¢t ZEEL THLOIMLATHEARD L, uld o B X = 2n/k ZTE
DPLHTEICRICEE & B0 X IFER ( wave length ) %3, k %2 E# ( wave number ) &£\ 9
(27/X TEHZRL /N ZEBEERERTL2HGLHD ), RIT, o ZEEL T u & t OB E HUE, ¢ 2
T=2r/w=NNvEbdZLIZRUMEIZZRZ00 T IXEE ( period ) TH 5., IREIF ( frequency )
Frv=1/T =w/2r =v/\ L7225, w ZHIREM ( angular frequency ) &\ 95, ERXEITHE 2
XD EANRIRTH D, B TORTH, EEORITEEB DR 5% < OEZKEOENRAGDE L LT
=¥ 5,

BRICRVIEZOIRE (=0 TED q(z) THEALNDIEE L, BOBRITHIELTHWD ET 5, W1
T u(z,0) = g(z), Ou/ot|,_, =0 THD, LA->T([EH) Tpx)=0 B &
1
u(e,t) = 5 (ala = vt) + gl + 1))

#1535, qlx) DX O q(x)/2 DS v T x #OIEAR T,

3 (MHERELHRE

IET%HE
u(z,t) = Asin(kz — wt) = Asin(k(x - vpt)) , vp(k) = ——=

BEZ D, WENHERA AW TIERKEORS wk) =vk THDH, T2 TIHEEHFEXOMIZREE

T, —MKIC w ik k OB E T 5, Led> T, #E v, TEHE, H2DWIE, WRITEKFEL TXU,
(i k(z — vpt) B—TEMH 0g OFDE x = vpt +6p/k £72 0, S v, T, HIZIE, EHOH DL

WWEBRT DL, ZONTEE v, TEBEIT 5, 20729, v, ZHHEEE ( phase velocity ) &9,

or [0k
Bk DO TNITED 2 SO ERFEOERA DY
u(z,t) = Asin(kz — wt) + Asin((k +6k)z — (w+ 6w)t>
BEZD, BHEOTLDEETIELWNET D, EXICEARFIZ R, ZOXTIE kE BSDTMNICED 25

DIERLE & FFIC, Zh bz HERGbE Rz FEITRT,

Oé+ﬁ COSa_ﬁ

. B — 9
sin« + sin 8 sin — 5




3 (IHEERELBEE 6

i
u(z,t) = a(z, 1) sin((k+6k/2)x ~ (w +6w/2)t> (3.1)
L Sha— 6 5k ( ) bw  d
B T —owt T — gt _ 0w dw
a(x,t)f2A00572 =2Acos ————=, vy, = 5k~ dn
L%, Ok, ow ITUNETH LN G, o, t BELELTH a(x, t) IZRVEDLLRY, LIRS T,
(B8) 1% a(z,t) ZH=0E & T 2T

sin((k +0k/2)T — (w + w /2)t>

LR D, WE a(z,t) DR 4n/6k K OVEH 47 /dw 136D DI~ LIEFICE L, =/ -
FEIANIC D - < WL L, TR OWMBIRIC R D, ZOZT DIREE R LEITR TH Y, HE v, T
e, EREBIIEBOW A EATNDDT, vy, ZBRE ( group velocity ) &9, ENHEXDOMD
E91C wock DEAITE vy = vy ThB, LiL, —HICH v, # vy Th D, KVEER TR LT E
W DHEATIREE & ELREMR DI TR R D,

PLETIE, O 2 SOMITEOERG DY EE X720, —RIZIX, & DB OEEOWE %23~
THRAGDOELLEICL, FEEEIXEREZ R, Fl2d

u(z,t) = A/_oodk exp (— a®(k — ko)?) sin(kz —w(k)t), a>1 (3.2)

T D, a BIFFITKEZVEE kDY ko 2> DEELSIC ST, ST 2T NS < 72, e (k=ko)* =
et ERDDIF |k—ko|=1/a DEETHD, LER-T, ZOWICHE TN D ERWEOFERIT, 12T
|k — kol <1/a EWVIPFEHIRTH D, 2 Thk=k DEDLYTTF—F—EBLT

dw

w(k) ~ Wy +’U0(/€ — k‘o), 7=72L wp = w(k‘o), Vo = %

= vy (ko) (3.3)
k=ko

THEBL (w ok DA TR ), B =k —ky £B< &
u(z,t) ~ A/ dk' exp (— o’k'?) sin(kzgx —wot + (x — vgt)k')

= A/ dk' exp (— a’k'"?) [cos((a: - Uot)k;’) sin(kox — wot)

+ Sin((m - Uot)k/) cos(kow — wot)]

= a(z,t) sin(koxr — wot), a(x,t) = ﬁA exp (— (z — vot)?/4a?) (3.4)
o
=7zl
/ dre™ " cosbr = VT e V/4e’ , / dze™ " sinbr = 0 (3.5)
—o0 « —o0

EHWIZ (RS ),



3 (IHEERELBEE 7

27T//€0
— U, :(,UQ/]{/’Q

BUZ BRG] 27T, HRIE a(z,t) 1 o — vot| < 200 DFEIELIA TR/ NS 22205, ZOWIE
( ) D XD NTHERRIZIE A S T2 TIHR VY, 2O K 9 I2Z2 I Jﬁl‘E@f“ﬁ\ Y Z RO & KR ( wave
packet ) &1V D. a HIERICKE DL LTNB 00, B a(z,f) LB TERONCET 5, £7-,
a(z,t) 1X z —vot OREETH L0, WHAKE UCIBEHE vg TBEIT 5, vy, > v 2 DHIE, B
BITBOR L VRS BEHT 2000, PROE G OB TZELIE DS, IRIE a(z,t) DLELZE L7RH 55
THA T, FEEEHZEARBICT S & &, BIRISH < B TIER L, AROIEA Y 2R OB 2
DI ENZ, BmAIFTORELIRL T OEBIEMR ER 0B TH 5,
a DN WAL, (B2) IFAFIFH O IEKIE A 5 A, Il (B3R) (TR Y L7272, 20728, u(z,t)
X (B3) O & DT b e B IERLE EIRE a(x,t) O X DIZHBECE T, BEEE dw/dk I3EEFEICIEE
BT THYHMITERE b2,
vp DEE K ITIKFET 256, 78 ( dispersion ) 2392 &V 9, o, w &k, HDOWT v, & kD
BtR 2 53BRBA R ( dispersion relation ) &9, Ak, HHUIAENZ T U ALTET EWNANARE
DI D BRI DT, WET TIEHOLORE v, (ZTHRICTE Y B2 5720, BT c/v, 13
WIKAFT 5, (BR2) OGEITS, IEXEOMNABEED k IIKFET D &, lx OEKEITR R - ol
THETe A D, WHROTGIIIERM & & bICRFICL T D, (BA) T, WHITEIY e /40 2R 572,
S (B3) DN AT 7= 720 Th B, 1272 L, w oc k D88, (63) HIEBLICIA2 WD, (B3) 1XTE
MERRERTH D, ZD&E

u(z,t) = f(z —vot), flz)= gA exp (— 2% /40?) sin(koz)

LAY, H TR VOO A 72 5, B (D) Tk SN A IS B,
T LR LOfR (B2) BB K IS, W f(2), g(z) 1< TRA,

SEDBHHWE LTI, BRTHFOMER NS 5, WEIE BB ¢z, t) 1T o ZEHOEKRE
LT

2 0
(et 2 m) ba.t) = 0 (3.6)
EWVITRIOWI TR AT L, w oc k2 £725 (IREIZR ), FERICOWTIE 1 oMy iR Th
A A S b S
0? 10
<8$2 TR 8t> Wz, t) =0 (3.7)

FEAE A TH Y, BRICIRE LRV, ZOHRA, o, t) ITREZRT,



4 FEHIBE 8

4 ZEHOBEE
4.1 FREAER
BT _R—)LOfRIT 1 RITTOREEZ R O IITEZTH 528, 2 RIT, 3 IRTDOIK BN HFFE
92 92 1 82 , 107
(3 + 3y~ om) w0 =00 (V" g ) ey =0

12725 2720, T 2 TS HEBOILWERSBEE T 1 RO E HER
Pu_ 1 0%
ox2 w2 ot2?

Dz RD 5, (D) OfFR x OB L t OBEIZHIT b b ERE L

=0 (4.1)

u(z,t) = X () T(¢)

ELTHD, ZOHE
0%y B 2X 0% B d?T

72 = a2 LW 5 =X@) G
ThHhiHZMNDH, Thb% (ED) ITfRALT XT THS &
1 d?X 1 1 d&T
X(2) d2 ~ 2 T(0) diZ (4.2)
L%, ZOXROEDT ¢ PO, At t PO THLN, ¢ & t TSI AREHTH D)
B, (E32) MEED z, t THY SZDIZIEEHL & HIZH D ERTRITIUIZR 720, filxi, ¢ ZEET
HELEMTIHHMEITRD00, Bl 2 [EST—EThd, ZOEHEFEE L -k 15 &
d2X ) d>T
T
L7pn, BIEEH LRI UFEXNTH 206, —&fEIX Cx, Cr, o, B ZEEEH E LT

= — k%%T

X(z) =Cxsin(kr +a), T({t)=Crsin(wt+p8), w=kv
Thd, LIB->TC=CxCr T5&
u(z,t) = Csin(kz + o) sin(wt + B) (4.3)
DEEN RO 1 SO D, T OffIE
sinasin 8 = %(cos(a — ) — cos(a + ﬁ))
Lw=kv B> L
u(z,t) = % [cos (k(a: —vt) + o — ﬂ) — cos (k(x +ot) +a+ ﬁ)} (4.4)

LRDMD, BT _=VDOff f(x—vt) + g(z + vt) DRHIRGEIZIR> TV D,

(B3) 1T Csin(kz + o) PRFMBYICIRIE sin(wt + 8) TREN T2, ZAUTETR TIEvy, 2o
£ 9 72 & EEIE ( stationary wave ) VN9, (BD) 205, T OEFRIZ AR H T 2 DD
AT OBEREGDOE TH D, FRT, MIVERIT v BES I HETHEITI cos(k(x — vt) + a — B) %,
AL © BB TSI T — cos(k(z +ot) +a—B) #FK L, KWERNB N Lz ERGDOE
BThb, sinfkr+a)=0 THdHE x THERHEIESTHIZu=0 ThHsd, ZnHDHEZH (node
) &I,



t+to

4.2 YalbTqa4rH—ARER
LRFTEDOHERFICHT 5L 2 LT (v H— s

L0ulet) W 0
! ot 2m Oa?

ZAEROTBRE TS
(1) = f(t)p(x)

Lk L , ,
CLdf) R L o) .,
! F@) dt — 2me(x) da? =
L%, ZOERE hw &TDHL
d? 2 df (t ,
e R SlU
L7223 T

olx) = Cerhe  ft)=De ™, k= ,/MT‘” (4.6)

E BNERECR D58, o) T 00 Tz = —00 DELLNTHRET S, ZHUTEF1FN
WITIEER TH I D, k BNERICRD w>0 BFE25x2 5, (E8) 5

e

T 2m

P(z,t) = Aexp (2 (kx — w(k)t )) , w(k) (4.7)

E72%, (EB) T et™ ™ 72720 k>0 THHN, 2t k 2HIREFIC ek 2Bz kv, 72
B, ¢ & sinkz, coskx TRLTH LW, BT NFEDOERE, exp(tike) OIFAMERZR Z L3\, (B22)
P DALFHIREE & HEE A

1k dw Tk
vp:%:%, vgzd—::E:%p#vp
Ths,
(B2) LAk, (@) 2 BhE e
o 2
Wz, t) :/ dk A(k)exp(i(kzm—w(k)t)), w(k) = % (4.8)



~

LR 10

t (E3) OfFTh D, Ak) = Cexp(—a?(k — ko)?) O5E, (ER) OFRESIIMITHINCITZ 5, FEEEH

s
. . ht
—a?(k — ko)? + ik — z%kQ
1 i 2 1 x? . ht
_—Oéalik—(k0+22>:| +a(t)<(k30.’lf—(UQt)—4a2), a(t)—1+z2ma2
ThdHND
w(z, Clk—tx/dk—k—lk—s—mQ
exp ) 0T — wot) 12 exp a‘a 0t 5.3

)] e

) DL X FHROLE LIRS
/mdkze_Z’“Q = \/?
o z

1 22 1 ht p
B PPN i WS S R L N A
a(t) (Z( 0 — wot) 4a2> FE < z?moﬂ) (z( 0 — wot) 402>

1 s Nt .
__W(x _2E(k0m_w0t)+l( ...... ))

:-ﬁ((z—voty—ki( ------ )), voz%

EIATOZERLTDHEX 9 =1 ThHHND, MHREEIX

c? r €T — v t ht 2
2 v~ 0
O = 7 e ( 202al1) ) (2ma2)

LI, WESSEHE [z, t)2 1RBEREE vy TBEIT 25, WROBXE & & b |a(t)] TERY, K
Vﬁﬂh‘(l/\ ( gﬂ& )o

Q
3 \

(t)
BHEE 2 (72721 Re(z) >

= CeXp |:1 < koI —th
0
THLHND
Y(x,t) =

L5,




5 EREH 11

5 WRRFKH

BEDEH D WVITEOR ZIIARTH 5006, T L OEREH ( boundary condition ) % i
T MENDD, BS L OO (=0, x =L ) BNEESNTVEHA

w(0,t) = u(L,t) =0 (5.1)

PEREMC 25, HBHVIE, —H o = L 2 ABMICRB S E58REHLEX LMD, 0L,
PRI IS U TRk 2 2R BER el 2 B O 578, A F CIR M E E o5 R4 (B1) 1K >V Tl L 9,
i (E3) LB O] ¢ T (51) &7 7510 1%

sina =0, sin(kL+ «)=sinkL cosa+coskL sina =0 i.e. sinkL =0

TRITUT B0, LEEBNoT,m, n 28 E L Ca=mnr kL=nr £72%, 21 b% (E3)IC
AL sin(@ +mnm) = (—1)"sinh 5 &

un(x,t) = Cp sinkpz sin(w,t + Br) , kn = % . wp =kyv = %v (5.2)

LWV —HOMENGHID, 72720 Cp & By IXMEEEHTH D, n IHMEEOERTHLR, n=00
EE k=080 uy(z,8) =0 L RDENOEZDLEITR, ADEH —n(n>0) DAk, =
—kn, W_p = —wy THINH AEBER C_, = Cp, —B_p — B EETETIE, u_py T u, EFRLCI
2%, LIzd»>T,n=1,23,--- \ZkT5D u, 2521UI+9TH5, a, = Cpsin By, b, = C, cos B,
T, (B2) 1%

up(x,t) = sin kyx (an coswyt + by, sin wnt> (5.3)

EHHERED, BOERTIE, 2HH0HOFEN (B2) L0 LW T V., (B2) DV T (BZ) 0 XD
12, 52 bNTEEREHEZRT L—EORBE O/ u, ZEHBEH ( eigenfunction ) & W\, w, Z[E
FIRENE ( eigenfrequancy ) V5, u,, TRINDIREIEFIREIT— F ( eigenmode ) & FETILD,
n=10%F— REEKRE, n>2 OE— FE2ERE LV,

KRS =

2 FIRE) & > —>

BRIRDY K \/ >
L

M 5.1 HFRSEM w(0,t) =0, u(L,t) = agsinwet Zf723fF (B3) 2R L, Hidd x = L ITITWIRE)
X, WIENRKE L7252 L aptd (5 ),

AR (52) 50 (B3) 2 ERA DU B, s A (00) L OWsE E OB R 4  (61)
BT, R

u(z,t) = Z sin k,,x (an coswyt + by, sin wnt> (5.4)

n=1



5 EREH 12

IR CH B, WC, (ED) KO (ED) i TEEOMIE, 3T (B3) 0L ) IcFE 5,
HKIEEH an, by XHIHARIEZ 52U E S, = 2 TS

L L
1 —
/ sin ky,x sink,x dx = —/ (cos (m —n)mz _ cos (m + n)mg> dx (5.5)
0 2 /o L L

EEZDE, BHLIZHLT
L {=0DLx

/Lcosmdav— L
0 L Lanf 20 tzoomrx
2 L |,

ThHLHMNE, EOBH m, n IOV TE m+n#0 XY (B3) OHLFE 2 HOFESE 012720, #1H
DT m—n=0, TRbOE m=n OFRFZIF L/2 ThbDH, LTzh>T

L
L
/ sin k,,x sin k,x dx = 3 Omn , m,m=1,23--- (5.6)
0

D, 2L Sy X7 BRI —DTNVERETH D,
IS %

w0 =aw), G| =p)

LB, 1L, BRAME q(0) = q(L) =0, p(0) = p(L) =0 TH 5, (EA) LY

iiﬂn%x(c%mﬁmwﬂ+um%c%wﬁ>
Th D00, PSR
2:%$me—q E:mﬁsmkx— p(x) (5.7)
LEGT S, 51RO sin ke ZENT TR L (68) 265 &

> L > L L L
Z an/ sink,x sink,,x dr = Z p—=Omn = — Uy, = / q(z) sink,,x dx
n=1 0 n=1 2 2 0

LA, HoRITHOVWTHLREEICT S L

9 L
—/ x)sinky,xdx , b, = Lwn/o p(x) sink,x dx (5.8)

285, g(z) & pa) TEZ OB THENE, ay & by X OBSEEITT S LRE S,

A h—H ZDATE PRI A TR HRROMIIA h—2 20AR (E3) THZ LS, L
Bo T, BRI an, bn 75 (B8) Th 2 (53) 13, 2 h—27 ZAOARIC T 2139 Ch s, (52) LY

oo

q(z £ vt) Z ap, sink,(x +ot) = Z <Sin ky,x cos wy,t £ cos k,x sin wnt>

L7RDN0
Z ay, sink,x coswy,t = % (q(m —vt) + gz + vt)) (5.9)

n=1
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Thod, FAFKIZLT

1
Z by, sink,xsinw,t = Z Wby, sink,x coswy,t = 3 (p(x —ot) + plx + vt))

n=1

Tho, FHOWMGINDBEP t=00DLE 0 THLILEBZETDHL

[e’e} t 1
Z b, sink,x sinw,t = / - (p(x —ot’) + p(x + Ut/))dt/
0 2

n=1
L%, SO, AUOF1IETHE s=ax—vt' LU, F2HETEs=ao+ovt/ &T5DH&

1 xz+ut

(o]
Z by, sin kpx sinw,t = % p(s)ds

n=1 T—vt

L%, (B9) & (EID) 25 (B3) 1E, 2 h—2 204k (@3) 1© 85,

6 77— ITHEHM
INETOERIL, BESHETHEBFEXOEGE— K2R, TN o2 EREDLELZ LT

R R DT, T LR OB TR ORI L R 5,
FE XM [0, L] TEHINE £(0) = f(L) = 0 2l TEEOHREEEK f(x) 13

9 L
Zansm@, anzz/o f(x)sin%dx

LEMTED, ZhE flo) ISR 5 T — 1) TEREHE VD,
(67) & (BR) OBIfRIE, ZOEBIMAR B 720,
(BED) ORFBFIE LT, 0<a<l DX
=z
fay=4
L—aL’

EEZTHD, L34 (0,0), (al,1), (L,0) ZEHRTHESEKTH S, y=a/L LT5HL

2
an Z/o —sm—mmd + — / —aL i mmdx
2

f/ y sin(nmy) dy—i—i/ 1 —y)sin(nry) dy
0

al <z <L

S|

/ L intnmn)] + 2 [ costmy) — L sinnry)|
— cos(nm —— sin(nm cos(nmy) — — sin(nw
nrm v) n27r2 4 o l—al| nm Y n2m? 4 "

2
a

_ 2sin(nma)
- n2n2a(1 - a)

(5.10)

&0

(6.2)

THIZ =099 D& X, n=nmax £ CHEESTFERERT, ERMREITED TEBERTY,

MIT sin(nmx /L) OF1E LTERE D,
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Nmax = 3 Nmax = 10 Nmax = 50 Nmax = 100

RS & FF OB T b, RS 2 BRIHE Y — U SR T O BB IUR T 5, f(z) W r=a T
R THLEE, d=fla+0)— fla—0) L T5L, 7=V KD v =a TOME y 1T
* sint

d<y< fla+0)+22d, ﬁw:f/m47fﬁ:&%ﬂu~
m

T

fla—0) sim

™

DHITARETH D, ZNEFTRBRREV I, 721 six TN EZBERTH D, KOKIE

fz) =

0, 0<z/L<03, 08<z/L<1
1, 03<z/L <08

DFERTH B,

Nmax = 20 Nmax = 100 Nmax = 000

o

L», -

7 — U iR (6) & P LT, Wil E OIS w(0,t) = w(L,t) = 0 Az s A
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DR u(e,t) ZRHTHE S, (K1) 55

nmx

u(zx,t) = Z qn(t) sink,x , gn(t) = —/ u(z, t)sinkprdr , k,=— (6.3)
n=1 L 0

L
LRATE D, ZOHRE, 7V AR ¢, (t) TREE ¢t OBEICR D, u(z, t) IFBEICEER S A -
LTWANG, WEFRAET T L 912 ¢, () ZROIUX I,

0%u > d?sin ky,x > 9 . 0%u =\ d?q, .
@ = ngl qn(t)T = — nZl qn(t) kn S knﬂC s ﬁ = 2 dt2 S kn.'L’
ERENHFERIZRAT S &
> 1 d%q
Z —k2 qn(t) — = n)sinknsz
n_1< v2 dt?
L%, MHIT sink,r Z## M2 L (BX) 265 &
%q
n—&—wiqn:O, wy, = kpv (6.4)

dt?
2155, DFED q,(t) IZEIEBOER SRR A SR TR SR, ZOFBERO—RIRL, a,, b,
EEEEHLT DL

qn(t) = a, coswpt + by, sinw,t

THZbND, ZhE (B3) O u(x,t) (AT S E (B) 255, (6) 55, mEEORITES K
MNEA R w, OFEWIIMSL R EREOFHRFIEE T 0EE D & Raws,

BEXBEHR 7V oI M EHIESELZENTE D, o, y, z BHF RO hLE
e, eg, e3 &‘a‘é&, %"ﬁ[‘./\y MoOEZIT1 VC&)@, HWIERTHND

em-€en=0mn,, mmn=123 (6.5)
Tho, fEEDXZ FL Al
A= A1€1 + A262 + Ageg 3 An = en~A (66)

LIRATE D, 7— U oI L~ A OB I T 5720
2 . nmx -
¢n($)\/;SIHL, TL—].,Q,S,"'

L
/0 Om () o () dx = Sy,
2720, ZiuE (B3) ISk 5, 7 — U kg (B0) 1%

95, (B0) 1T

(e’ L
10 = ftule) . = / bu(z) f(z) dz

LERbDE, (BB) #EELIEBOTHL, Lo 7T, XM [0,L] TEZEN f(0) = f(L) =0 &7
e BT, dn(x) (n=1,2,3, -+ ) ZHNLART ML ETHZEMADORT ML EBZ TR, Z0D%E
FNDR7 fv f(z) & g(x) DRI

L
/ f(@) g() da
0
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TEFTEIND, BHF DO MLOBRE & FEEIC
L
/0 f(x) glz) dz = 0
DL flz) & gla) FERTB LD, K& &M 1 OHRFAY MCHELT

/OLf(x>2dx:1

ThHHEE, flo) FBRIEDH D VIBERIEESN TS LW ), BIEGR ¢n(z) (n=1,2,3,--- ) 1ZED
20% Lo THHEAZLTWD, ZOKRBEEREZERBEER LV, FICHEL S LTV 2 EAZBEECR

FERERBEHR LV,

(ED) 125V TR an, O E f(z) DEBIRICRAT S &

s 2 b . nmy .onmr L
ﬂ@=;xklfwhml;@>ml;—Af@&%w@

=2l

. nmx . nwy
sin — sin —=
L L

[M]8

2

Il
—

LB, y BN RME, BT y = 030 ICEE LT, n = numax ETREL 572 E E0 §(z,y) & FK
)

CRT, =y TIEFITKE M (& Nax/ L

2720 DA TIE 012355 <, fnax R KETL

U, 6(z,y) o=y THBEL, 24y TIXOICRDIIENTIRTE S, ZHIEFBRTERRLTILAE

BO—HITH D,
Nmax | Timax | ; Nmax = 100
L L

7—1) THRBO—HEH
FE  f(r+2L) = f(z) ZH-3EAM 2L OB f(2) 1%

flz) = aQ—O +;(ancosm£x +bnsin?)

LRETE, U

1 [t I
an:Z[Lf(x)cos?dx, bn:ZLLf(x)sin?dx
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ThHZAbND,
(E) TIE f(z) (XX [0,L] TOAEZSNTWDN, ZNERXRE [-L, L] THEEKICRD X
WAR L, T 2L OB E LT f(z) = fo+2L0) 1ok D RKEICHET 5, 0k 31cF5 &,
f(x)cos(nma /L) IZHFAETH L NS, (BR) D a, 12012720, f(z)sin(nrz/L) 1B TH L N5

2 L
Zb smmm, bnzz/O f(x)sin?dx

Ehed, ZHUE (D) IZIENe bRy, [0, L] CERINIZEAEAZMELE LTIHELTH Lv, 20
it by, = 012720 cos PIFTEOEDLINHLT7—1) TREBEE VO, XK [0, L] IZBAT SRV, 1B
WL RZEFE B L f(x) ORIRIATH D, BFNTITATREE S U THLRT 2 0MER% & L THEsk
TEHDIMEETH D0, MBI ITERER G2 E0 b BBIICIRE 5,

(672), (BR) ORBUIEFI OB A D &, Lo LRARBUCET LD D ENTE D, et =
cosf £ isin® %M T sin & cos kB RO L

oo
f(.]?) =co+ Z (cn einﬂ'z/L +e_pe in'n'm/L)

n=1
=77 L
a, Fib 1 L

Cin = D) L E L f(af) (COS sz + 7sin LZ ) dx = 7/ f €$ inmz/L dx

L7=D->T,on>1 OO0z, X TOEKIZOWTORMEZ & uT

oS ‘ 1 L _
_ Z cneznﬂ'z/L . Cn= 7/ f(a:) e~ inmx/L dx (69)
°oL |,

b,
FEEIIBAEIC K LTI L — 0o & LR EE 2 X L\, ky = nw/L, Ak =k, —kp_1 =7/L
LB L (B9) 1

- iknx Cn 1 r —iknpx
fe)= 30 Fln) ek, Fu)= 5= / I
EETD, T T L0 bT5E
f(z) = / F(k)e*dk F(k):% / f(x) e ™ dy (6.10)

Lirb, Fk) % f(o) D7—YIEHR f(z) & F(k) O7—)IFEHBE VS, HDH0IE, L0
T 5728

- F ikx F :7/ —ikx
f@) \/ﬁ/_oo (k)e™“dk ,  F(k) W _Oof(x)e dx
TERTHI L LD D,

1 .
Fltﬁ 6-1 gDn(l') = Eelnﬂ-x/L %i

L
/ or () op(x)dr = O, m,n LR DOEESK

il 9 2 &R, BEBEBOSE, BRI L ERMEIE EORICERILE o () L OFETE
#T 5, on(x) (n=0,41,42,--- ) 1T [-L, L] CEMHELRE 2T,
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FS6.2 (62) XM [-L, L] (CBEsE LTHR L & &, 7— U = 2@l CRDE,

FASYHIOTLAEE () BT, F(k) % f(z) OFUIARAT S &
f@)Z/ Mwmﬁ;/ fly)e ™ dy = Sy —x) f(y)dy (6.11)
=77 L -
@:i/dm%z (6.12)
2

ETAIVIDTILABEE (D1 20RB) L), 2£0DLE, ZNEZOEEENTH L

00 .
/_ dk e™ tkx _ é [6_ ka]llz;iooo

o0

LY RETHD, (6I2)1E

1 o ; .
de(z) = %/ dk e~ the=elkl 722U >0

De—+0ICBITOMRLEEZDLNETHD, ZOMDEFTTLHE

1 —ikr — k)™ 1 —ika + k)|’ 1
5E(x)_{exp( ik 5)} Jr[exp( ikx + ck) B €
0

2 —iT —€ 2 —ix+ € oo X% A2

L%, el Db k=400 DFHGIZ0ITRD, e 5> +0 2T 5HE

1
— =00, =0

(55 (IE) _ e
£ 50, 240
T2 .

Thod, $lo, REBTHAT DL e >0 THDINH

/ dx 6. ( [tan aio = % (tan™"(c0) — tan™'(—00)) =1

L%, ZOXIIL, (BI2) T =0 DONWLLEZATO THLIN, BnT25E 1IRDIEEIC
FTe BB Th D, ZAUTFEOBIE L IME SRR 20T, BEAK LTINS,

— R T VX BRI
, =0
5(z) = { / 5z (6.13)
0, z#0

TEFEIND, ZOL X

| e s@ta -0 = s0) [ deste—a) =

— 00 o0

BKVSLD, x#a T d(x—a) =0 THE0D, 2 #a TORAKOEEZ fla) TEXHZ THEY
fEIFZE D672, ZORRRIE (B0O) ISz b, T2 BEEUIIEF IR R 2B TH 0, B
MTITEWRD 2V, HHO LWL ORERD L T TEWEZ R, £z, 77 B E a0
531E —o0 7B oo ETT DMETRL, TAXBEEORBRETOIX I, T4 BEEITE WY,
FRCBR T NP E S ECTEHEETH D,
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EF () 72 b, T2 BBOERME L LT
o(x) =0(—x), xd(x) =0
L 5

el

xd'(z) = —d(x), d(cx) =
§(x? —c?) = ﬁ(é(w —c)+6(x+ C)>

WLV LD, 72120 ¢ #0 ThDH, THoDOFNL, MIMEEOEBAZ#ITEST 5 L R UK RA
222 x2B%T 2, 0(x) 13 0(x) D107 1 EEEETH 5,
IR LT AR E Otz DX ZFEH L XK 9,

/Zf(x)&(xz—cz)dx:/ooof(x) (22 = & dm—i—/ F(2)8(2? — &

r<0DEE ==Vt a>0DtEx =t £LT5, =FLt>0Th5s,

/ f(x)d(z? = ) dx :—;Lf(};?)é(t—cz)dt+;/Oof(\\//??)&t—g)dt

7 BEBOIRILX—

WENFRER A BN L X LRI 2 & o+ 6z OBOM/NT Y PQ 25 2%, BEBEN u(x,t) T
FEEIL WD ELEE, PQOEX L IE
1 /0u\?
()

2 ou\>
— 2 _ = bz — ) =
ol = \/696 + (u(m + dz,t) u(gc,t)) dxy 1+ (89:) ox

Thd, 127120, B Ou/dx 130/ SWEGE LT, PQ IXF#RIREE TOR S §z 1ITHA~T §l—dz
MO0, 80 T B PQ TS, 7774000 PQIZEXLNINEZRLE— W IX

2
5W:T(5z—5x)::g<g“> 5z
X

LD, BOBNESHIZYOERY o LT5E, PQ OEET odz THY, u FIOMEX Ou/dt
ThHNbD, EHT X /LF— 6T |X
o (Ou\?

LD, Lo T, PQ O FILX— 6E %
OFE =0T 4 oW = &(x,t) ox

=77 L
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B(t) z/S(x,t) do

ThHEZbND, E FHMIEEHTZV DRV —2RTNOIRINF—EELMIND, v=/T/o
S & X
E(z,t) =2 @2+2 @2 (7.2)
SU =5\ ot Y\ oz '
EETD,

S E E OB GME w(0,t) = u(L,t) = 0 56, Wi HFRXNOMIIFEFIEHOERGOE & LTRD
5

Thd, BTRLF— E

t) = Z qn(t)¢n(x) (73)
n=1
L, én(z) (n=1,2,3,-- ) X EREARBEKR
2 . nm L
¢)7L(t) = - s k'naj 5 kn = 7 / (b'm(x) an(l') dr = 5mn (74)
L L )
THY, qn(t) 1T
d?qn(t
00 | 24t =0, = vk, (7.5)

D—RIETH %, (L) LY

NG

/ Z G Gm () D Gn sin ¢ (x) da
= . . L
Z gmAn /0 Om (x)(bn(x) dx

=1

¢ iM8

oo (oo}
> Gmnbmn = Y d2
n=1

n=

L 2
/ (?) :/ qu m[coskmeqn m\/>cosk T dx
0 T

= i i kmqmk nan / cos kp,x coskyx dx

3
l

FREIC LT

k

3N

2
n

tnqg

q

3
Il
—

LEN->T, B3 ¥— E i3

Lo |/ou\? 2

L%, Hr OEITFRIRE) O = KL F— (x+wz)&ﬁbﬂ%bfwéoLkﬁofﬂmﬂﬁ\
WHNZ 72 FRFIRE) - DE D LM% TH D,
W B ORI

o0

() Joe= 5 5 ot 0

n=1

u(z,t) = f(x — vt) + g(a + vt)
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LERPED,

@_ !/ _ !/ @__ !/ _ /
8x7f(x vt) + ¢’ (x + vt) 5 vf'(x — vt) +vg'(x + vt)
ThoHb, () LY =1 F—FEIX

2

E(x,t) = T2 f(x—ot)—g'(x +vt)
2

= ov® (f'(x — vt)* + ¢'(x + vt)?)

LV, xtot OFFE LTRDOED, LEMR-T, ZXLF—bik L & HITHS v TEEIT S, X
BN F—Z A DHEE LTRDE D,



8 MR

22

8 R
8.1 % (BH) MEEEA

I(a,b)Z/ e“m2cosbxdx:\/jeb2/4a, (a>0)

DFEH

I o0 1 [®de e
9 = —/ ze % sinbx dr = —/ € sin bx dz
2a J_o dx

THLNG, MM ZITH &
1

0 1 _ax? . oo 1 o0 _ax? d .
%= 24 {e sin b:c} s 7006 T sin bz dx
b [ 2 b
= — —ar = — I
50 /_Doe cos bz dx 50 (a,b)
L7Z»R->T A b
INnNEESTDHE

2

log I(a,b) = —%+C’

LB, BESER C 1 b ICIHERAE LAV, a ICIHEFLTH LW, b=0 &35 & C =logl(a,0)

A Y N>
I(a,b) = I(a,0) e~b"/4a

T 1(a,0) ZEHRDD LY, TOZFERD D FVEHETH D,
I(a,0)? :/ oo’ dx/ e’ dy:/ / eia(w2+y2)d$dy

r=rcosf, y=rsinb, 0<r<oo, 0<0<2r

A AR

ERWD L dedy=rdrdd THDHND

e’} 2m 0
1 [oe]
I(a,0)? =/ dr/ dore o = 27r/ drre= = 27— {—e“"z} =
0 0 0 2a 0

LMo, I(a,0) >0 ThHHE

L%, sinbr Xz OFEETHDINE

o0 2
/ e % sinbxdxr =0

—00

) 00 . 2
/ e—az’+ibe g e_b2/4“/ exp (—a (ac — Zb) ) dr = \/?e_bz/‘l“
—oo —o0 2a a

L7=23->C

(8.1)
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SR,y = —b/2a LB, EEOER y Ik LT
/ o—aletin)? gy — \ﬁ
o a
LY ZOMSIT y ITE B,

Tk, WFRA 2 FIOIUT, (BD) 13 H - L IR E 5,
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