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u(zx, tg) = f(x) (2.1)

00000000D0O0O0D0D0000O0 f(x)DOODO0DO0DO0DO0D0DO0DODODO0DO0D0O0OO0O0O00O0
0000 f(x) D00O0O0O0O0OU0ODOOODDOOOO k0O 4200000000000
to0 At000000O0 thy+AtO000D0ODOOCDOOOOOO

u(x,to + At) = f(x — EAL) (2.2)
00O0DOO00OOoDOOo0 twy—AtO0D0OD00O
u(x,to — At) = f(x + EAL) (2.3)
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OO00000¢%p=0,At=t00000

u(z,t) = f(x — kt) (2.4)
u(z, —t) = f(x + kt) (2.5)

goboobog «,0000¢t00000 20000000000
00 00000000R4)000x=2—k0O00000O

_Ou_dudx _
ux_ax_dx&c = /00X
_ O(x —kt)
Xo= "5z |

goboooboiooboooo

du ,
x:*: 2-
e =g ) (2.6)
goog 2000000
_d _d/ e
um—dx(ux)—dxf(x)—f(x)
goooogdg
uzze = (%) (2.7)
gooooggooo+«+oggoooogo
d(z — kt)

= = -k
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i = CZ{(—kf’(x)) — K2 (x) (2.8)

00000 0000(2.7),28)000

utt:kzum (29)
000000000000 000 00000 (wave equation) 000000 (2.5)0
00000 (290000000
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0000000000 (29 0000000000000

{w_kt - X (2.10)
c+kt = 7T
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1
r = §(X+T)
! (2.11)
t = ﬂ(T —X)
O000000u=u(x(z,t),7(z,t)) D000
Xt = _ka Tt = k (2 12)
Xa? = 17 Tz = 1 .
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u= f(x)+g(7) (2.13)
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w= f(z—kt) + g(z + kt) (2.14)

000 (0000f¢000000)000000000000 (d’Alembert’s solution)
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u(z, t) = f(x — kt) (2.15)
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r—kt=a (2.16)
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u(z,t) = f(a)
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0000 t000 w=wuw(t)0DOD0O0O0OO0OODODO

du

i f(t,u) (t>0) (3.1)
gogd

u(0) =a (3.2)

goboobooobooon

0000 f(t,u) DOOOO0O0 ¢t0 «000000000000C0O0OOOOO0O a0
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(initial value) ,0 (3.2) 000000000000 (initial condition) D000 00
0000000000000 (3.1)00 00000 (initial value problem) 0000
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000 ¢t00000 w0000 2000 ¢t—w00000000O0(.1)00000OO
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0000000 (32) 00000000 (0,e) DO0OOOOODOODOOOOOO
00000 (31),32)00000000000000000D00O0O0DODOO (0,e) 00O
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0000000 At OD0000A:tOO0O0CODOOO0COD ¢t00 ¢ = Attty =
i+ At Oty =tp_1+AL... 0000 w00 u(ty),u(te),u(ts),... 00000000
000«“00”00 At 0000000000000 du/dtOt=t, 000000000

djwu(tn+l)_u(tn)

at At
0000000000000000000D0«(t)0 2000000000000000
oooo

(3.3)

u(tns1) = u(ty + At)
= u(ty) + At (t,) + %(At)Qu”(tn +0,At) (0<0<1)
000 (34 000

u(tny1) — u(ty)
At

= /(ty) + %Atu”(tn + 0, At)
= /(tn) + O(At)

00000000000At—0000000004/(t,) 00000000000000
0(3.1)0000

' (tn) O f(tnu(ty)) (3.4)
gooogno
“(t”“)m_ W) _ (1) + 0D O Fltnu(tn)) + O(AD) (3.5)

goooooggog O(At)DDDDDDDDDDDDDDDDDDD ooggoopooo
gogpooogoopoooguooodg
W: F(tn, un) (3.6)
00000000 w,u,... 000 00000000000 u,O u(tn)DDDDDDDD
dddoAtO000O0O0oOoOooooO uw,O u(tn)DDDDDDDDD
DDD(3.6)DDDDDDDDDDDDDDDDDD (3.2)DDDDDDDDDDDD
goooooooooog

uo = a
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/ ~ Up — Up—1
() = S (3.8)

000000000 (backward difference)l
/ Un+1 — Un+1
t,) o Al = Tntl .
w{tn) 2A1 (3.9

000000000 (central difference) 00000
0002000000000000«"0/0000000000000000000
gogodooon

Wit = 0= L,
goooo
u’(ty) ~ W (tnt1) — w'(tn) _ (Unt1 — upn) /A — (U — up—1)/At
Al X
- _(QAZ?)L; e (3.10)
goooono
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gbooboooboooboobooobooobooboobooobooobooobooon
gooooo

= k2 —o <<
{utt kumﬁ ( OO_:C_OO) (311)

u(z,0) = f(z), u(x,0) =g(x) (o0 <z <00)
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Fig. 3200000 (3.13) 000000000, Fig32000000000000
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goboogooaboo,

Ul —yo
—x o = 9@
ooood
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Uj = g(v)At + U; (3.14)

gobooboooboobooobooboonon

At = EkAzx (3.15)
kK = 1.0
a=10000(3.13)000
Uttt =-Ur Tt + UP L + U, (3.16)
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‘cos(2 Plx)

Fig. 3.5 00O0ODO 1

Fig.3.5 00

_ 1.2
Ut = k Ugy

u(z,0) :{ cos2rx (0<z<1)

0 (x <0,z >1) (8:17)

ut(x,0) =0
goboobooboboobooboobobo

3.3 0000000000000
U — kg, = uP (p>1) (3.18)

gobodgbooboboooooobod
3200000000

g — K Ugy = 0 (3.19)

0000000000000 0OoO0O0O0@8Uooooooooooooooooo
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00oo0o0o0o0@19ioooooooooo0obo0ooooooooooooooo
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gboogobooboboooboo s200obooobooooboobooboobooon
gbobobooboboboboboboobooboboobooboooooooon

g — k2 ugy = uP
fl@) (0<z <)

u(z,0) = (3.20)
0 (x <0,z >1)

ut(2.0) =0

gobooobooooboobooobobooooo

urtt —our 4yt n,—2Ur+ U, ~
J (At])2 J o k? J+ (ij)2 J _ (U]n l)p (3'21)
G = 1,2,....,N—-1,n=1,2,...)

gboooboobooboooboboboooobobooboooboobooooobooboon
gobooogono Uf“DDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gbooooouyobb 3200 (3.15) 000000000000 DOOOOO0OODOO
goobooboooboobooooog U}LADDDDDDDDDDDDD

Uptt = UM ol + U + A7 (3.22)
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Fig. 42 00000
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4.2 000000
410000000000000000000000000000000O0O0O0O0O0O00O00O
gt — kP ugy = uP (p>1,u>0) (4.1)

0((4.1)0000t¢t000000 «000000O00000OODODO0DO0DODOOOOODOO
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' (t) =P (4.2)
0000 v(0)=wvy, v'(0)=v 00000000 (42)00000 2/ 00000
200" = 20PY

/
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000 000000000 d,dv 000000000
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000000000 00000

P2 w2
v = p+1v (4.3)

00000000000000 v>>c¢000 ¢=00000 000 ¢ =fv)00O0O
O0dv/f(v)=dt 000000000 TOODOOOOOOOO

lim w(t) = o0

t—T—-0
ood
v(t) dv t
[JO o) = /0 dt =t (4.4)
oy T
ok /O dit =T (4.5)
(44)000 45)0000 O
> dv
5 m =T —t (4.6)

00000 (4.3)000

00 dv _ oo 1, —p-1/2
Jo f(v) J ,/2/2+1U dv
=/ B e

gooooo
v(t) = g (T —t)~ %P1 (4.7)

000000000 «w00000000000000 (47)0000000000000
00000000000000000000000000000000
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v =
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v(t) v'(t) [o(t)dt
a(T—1)2 | ao(T—8)"° | as(T—#)""
Oél(T—t)il CKQ(T—t)72 - log ’T_t|
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"I
I
| w |
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4.4 00O000OOOOOOO
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a
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p=2
1

At = kArx = ——

* = 1000

1 — cos2mx 0<zx<1
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0 (x <0,z >1)
L = 10000
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