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u©,y,1) =0, u(1.25,y,1) =0, 0<y<l1, 0<t (3)
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1 3
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wm + 1) = ) + uslm) + )

wm + 1) = %(u.(m) + ugm) + g (m) + f(1)

s ogde ek Byl (1) Baadl oY S asl Wl L A

(4 oehaidly W i) dyo LBUI ol JasY L 5ol e ( 2) dhaidly

210) Jgaadly . Gapm pmd M), o u(m) Qs Jaze (7))
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m
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! 0 0 0 0 0 0 0 1.0
2 0.5 0.25 0.25 0.5 0.5 0.25 0 2.0
3 1.22 0.75 0.69 0.75 1.22 0.69 0.25 3.0
4 1.99 1.40 1.19 1.84 1.98 1.30 0.69 4.0
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APPENDIX

22130 Jlgul
TRIGONOME 1RIC FUNCTIONS

sin(A = B) = sin A cos B = cos A sin B

cos(A = B) = cos A cos B ¥ sin A sin B

. . . A+ B (A —B)
sinA + sin B = 2 sin cos

2 2
. ) A+B) . (A-B
sinA — sin B = 2 cos sin
2 2
+ — B
cos A + cos B = 2 cos “ B) cos “ )
2 2
A+ B B — A
cosA~cosB=2sin( > )sin( 5 )

1
sin A sin B = E(cos(A — B) — cos(A + B))

1
sin A cos B -i(sin(A - B) + sin(A + B))

1
cos Acos B = E(cos(A — B) + cos{A + B))

2o z“,"d‘ g‘ &\-‘ \ 24 [




CoOs A =

HYPERBOLIC FUNCTIONS
coshA =

dcoshu =
sinh(A = B) =

coshiA = B\ =

sithA + sinh B =
sinhA — sinh B =
coshA + cosh B =
coshA — cosh B =
sinh A sinh B =
sinh A cosh B =

cosh A coshA =

| . i | S .
E(e"‘ + e ™), sinA = Z_(e“ — e
cos’A + sin’A = 1

L Jyah
%(e‘ + e74),sinh A = %(e‘ —-e™

sinh u du, d sinh u = cosh u du
sinh A cosh B + cosh A sinh B
cosh A cosh B + sinh A sinh B

+ —
2 sinh “ 2 B cosh @ 3 B

+ B A — B

2 cosh @ > )sinh( > )

(A + B (A-B)
cosh 2

A+ B - B |
25inh.( > )sinh “ 2 ) |

2 cosh

’%(cosh(A + B) — cosh(A — B))
%(cosh(A + B) + sinh (A — B))

~;-(sinh(A + B) + cosh(A — B))

cosh’A — sinh’4 = 1 j

CALCULUS Ay Jolid b 1
1. Derivative of a product el dazs. “
(W) = u'v + w'
@) = w'v + 2u'v' + w”
W)™ = My, 4 Mu" D + .+ (:Tl)“v(n—l) + ™

LW



L)

Rules of integration -J“Kﬂ\ Oﬁ’\};

b b b
. L (e fitx) + ¢ /l))dx = ¢, .L fitdx + ¢, L Srlx)dx

b. L ’ fldx =0

c ff(x)dx = - L ’ fodx

d. L bf(x)dx = L ‘ f)dx + fc ’ f(x)dx

Derivatives of integrals i UG HIN

d-[? baf
a. E[J; f(x, tdx = L E(X’ t)dx

d 1
b. ;tjaf(x)dx = f@t)
wi) IV(I) af

€~ |, 6 D = SO0V 0 = fu@, nu'@ + | o, Ddx
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d(x) = x°[A,(x) + BY,(\v)], where a = (1 — n)/2, p = la|. -1
For}*=10,Z = A + Bz

dp + ct) = F (p + ct) + G.p + c1) -3
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f V)X, () dx

B a .13
d, B
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dmino « 9 A0
[lk(I; + 1) = Wl ~ [ktk = 1) - wila, ., = 0, valid for k = .1
I .
Py = ~8-(63x5 - 70x* + 15x) : 3
y=AlIn (1 ki x)
I — x .5
o ) Sl 7
"mn(P~ (b) = ‘Im+ I,Z(X;l;tb)Pm(Cos d))
p = C Ml é,):,).;;ﬂ ‘LJ.:.“‘};J&:I QJ-::?‘ )\nm sm = O, 1, PR
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r=0 \7

k
(m‘)m — z (k) PN ol

RS S L e arly OOR R YN )

and A

T | e

up, d) = E b,p"P(cos ) where b, =
4]

1 .
bn = EIP"*‘(O) - Pné—l(o)]

o\



dmitso o e &J\.’i
- E
u(X, ¥, 1) = D, @y SIN Py EXP(— P kt)
m=1

+ D Gpn €OS AX SIN Y €XP(— (R® + A DKE)

n=1

iy, = mwb, N, = nmla
1 — cos mm
a, = T —————
mm
4T (cos nt — 1){1 — cos mm)
Gmn = 3 n’m
- . nw o, mw
w(a2, b2, t) = . by, sin ~ sin == exp(— (N2 + pnu)ke) .3
n=1
where )‘n = ?1’37/&, Y = mw/b, and A Coo

- 4T (1 — cos mm)(1 — cos nw)
e 2 mn

a =_1,L-.uc C > ke BN Uyl
(mon)=(11)5(13)5(31),(33)
0 Gald gz a3 S 3puedl e

16t 2 1
u a/2: a/2, 1) = —= -2r __ - 107 3 -8y
( s (e ¥ty )

E Y
a= kema® ka4
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u(r) = (@ = A2 and u(r) = 3, C,Jo\), with C, = _u
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wix, 1) = ag + 2. a, cos h,x exp(—\,%kt) -7
n=1
WY, 1) = 2 by sin pny exp(— p,, ki)
@ Logadl by 2y N =nwa . op, = mm S
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B, = bJktk + 1) fork = 1,2, ..;bymustbe0, and is arbitrary . 11
Sl Bo 5. 0 Syl Ol oy

((1 . x2)yo)r — l 5y + l“‘Zy =0 13
- X
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o éﬂb o= 6380 oL L U . I\ = 0 35b,=Jy,(Ar) sin 3n8. 23
V1673 = 7.255 o B3
b= -1.25
k = VU S . y(x) = hlglkx)Joka) (S . 27
Jotka) = 008 1 Gl ade isl ol oS ¥ Jedl

29. u(r, 1) = RT@), R(H
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r (N, . omo= (n — 2)/2; T(r) = . 29
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2n — 1 \2
s = = T}, n=12, 1
( 2 )
2n — 1
. s =+ w, n=1,2,...
2
.5 = *xinm, n=0,1,2,...
) -1
. s = in, where tanm = —
n
) 1
. 5§ = in, where tanm = —
T
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AZ1 NT COS nw
. u(x, t) is 1 minus the solution of Example 3.
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Ato LJJ‘N u}(}' u\ ot ) JJ.L’J\ L} slag Y Qe LA = 1/32

I o 1 2 3 4
m
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1 )} 0. 0. 0. 0.
2 1 0.4 0. 0. 0.
3 1 0.48 0.16 0. 0.
4 i 0.56 0.224 0.064 0.
5 1 0.6016 0.2944 0.1024 0.0512
1
. Remember that | numbers in the
table should be multiplied by
i1 o 1 2 3 4
m
0 0 0 0 0 0
1 I 0 ‘0 0 1
2 2 172 0 12 2
3 3 1 12 1 3
4 4 7/4 1 714 4
s - 5 . 512 714 5/2 5

. All numbgrs in this table should be multiplied by

i o0 1 2 3 4
m
0 0 0 0 0 0
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2 0 n 2 3 0
3 0 2 512 2 0
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sey o (12, 14), 147256 ey . (1/4, 1/4), 11/256 e 1
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é;u‘al\. Jadt Qb cu(x, y) = Xy ep ky..a..d\ JpJ\ u:‘l)bd\ (WY (3 4 .3

by
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(114, 14), 1658 (112, 1/4), 2188; * 2% S laal odlly Sl 7
(3/4, 1/4), 176B; (1/4, 112), 174B; (112, 1/2).2638 B = 1/268.
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m
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1 0 0 0 14 174 1/4
2 116 116 1716 5/16 3/8 516
3 3/32 178 3/32 2364 264 23/64

MJ\A?L»Y\QJLM‘ U = uy = gy = us O ¥ .3
“itm + 1) = uy(myd, uy(m + 1y = uy(m).

I 1 3
m
0 1 1
1 1/4 1
2 1/4 1/4
3 1716 14
4 1716 1716
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Ug = Up, Uy = U, Ug = Uug.
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uim + 1) = %uz(m) —um— 1)

1 1
u(m + 1) = Juylm) + 2ustm = u(m — 1),

us(m + 1) = uy(m) — us(m — 1)

m= 0 1 2 3 4 5 6 7

U 0 0 0 1/8 0 —5/16 0 15/32
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14.86u, — 32u; = -1.75.

#y = 0.822, u, = 0.606, u3 = 0.335
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6 0.17 0.1 0.075
7 0.20 0.122 0.10
8 0.22 0.15 0.122
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