
�$%&'()*

+, (20 -)

(1)
λn =

(nπ

l

)2

(2 -)

yn(x) = sin
nπ

l
x (2 -)

n = 1, 2, 3, · · · (1 -)

(2)
λn =

(

2n + 1

l
π

)2

(2 -)

yn(x) = sin
2n + 1

l
πx (2 -)

n = 0, 1, 2, 3, · · · (1 -)

(3)
λn = n2 (2 -)

yn(x) = sin nx, cos nx (2 -)

n = 0, 1, 2, 3, · · · (1 -)

(4)
λl = l(l + 1) (2 -)

yl(x) = Pl(x) (2 -)

l = 0, 1, 2, 3, · · · (1 -)
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., (25 -)

u(x, t) = C0t + D0 +

∞
∑

n=1

[

Cn sin
nπ

l
at + Dn cos

nπ

l
at

]

sin
nπ

l
x

u
∣

∣

∣

t=0

= D0 +

∞
∑

n=1

Dn sin
nπ

l
x = u0cos

2 π

l
x =

u0

2

[

1 + cos
2π

l
x

]

⇒ D0 =
u0

2
, Dn =

u0

2
δn2

∂u

∂t

∣

∣

∣

t=0

= C0 +
∞

∑

n=1

Cn
n

l
πa · sin n

l
πx ⇒ C0 = Cn = 0

u(x, t) =
u0

2
+

u0

2
cos

2π

l
x cos

2π

l
at

-/01 X(x)234 (2 -)

5678
(2 -)

T (t)234 (2 -)

9:;<=
λn (2 -)

Xn(x) (2 -)

n2>; (1 -)

? @
Tn(t), T0(t) (2 -)

+A@ (2 -)

BCD
C0 (2 -)

Cn (2 -)

D0, D2 (2 -)

Dn (n 6= 0, 2) (2 -)

@ E
(2 -)
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F, (20 -) GHIJK<=29:LDMN

u(r, θ) =

∞
∑

l=0

Rl(r)Pl(cos θ)

1

r2

d

dr

(

r2 dRl

dr

)

− l(l + 1)

r2
Rl = −4πrδl1

Rl(0)O6 Rl(a) = 0

P
l = 1 QR R1(r) = A1r + B1r

−2 − 2

5
πr3 R

R1(0)O6 ⇒ B1 = 0

R1(a) = 0 ⇒ A1 =
2

5
πa2

R1(r) =
2

5
π

(

a2 − r2
)

P
l 6= 1 QR Rl(r) = Alr

l + Blr
−l−1 R

Rl(0)O6 ⇒ Bl = 0

Rl(a) = 0 ⇒ Al = 0
Rl(r) = 0, l 6= 1

ST
u(r, θ) =

2

5
π

(

a2 − r2
)

r cos θ

DUVWXY
(2 -)

@=3ZXY (2 -)

[\]
φ ^_ (2 -)

9:LD
(2 -)

Rl(r) `a2b-34 (2 -)

Rl(r) `a25678 (2 -)

l = 1 Q2@ (3 -)

l 6= 1 Q2@ (3 -)

@ E
(2 -)
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c, (15 -) 3Z+ de Bessel
LD2fDVgEhij-

∫

∞

0

e−αx2

J0(x)x dx =

∞
∑

n=0

(−)n

n! n!

(

1

2

)2n ∫

∞

0

e−αx2

x2n+1 dx

=

∞
∑

n=0

(−)n

n! n!

(

1

2

)2n
1

2

∫

∞

0

e−αt tn dt

=
∞

∑

n=0

(−)n

n! n!

(

1

2

)2n+1
n!

αn+1

=
1

2α

∞
∑

n=0

(−)n

n!

(

1

4α

)n

=
1

2α
e−1/4α

3Z2XYkl (3 -)

mnj- (2 -)

op
Γ
LDqrj- (5 -)

s t
(5 -)

3Z. uv1j-Zwx
I(b) =

∫

∞

0

e−αx2

J0(bx)xdx

y

I ′(b) = −
∫

∞

0

e−αx2

J1(bx)x2 dx

=
1

2α
e−αx2

x J1(bx)
∣

∣

∣

∞

0

− b

2α

∫

∞

0

e−αx2

J0(bx)x dx

= − b

2α
I(b)

ST
I(b) = A exp

{

− b2

4α

}

,

z{
A = I(0) = 1/2α w|

∫

∞

0

e−αx2

J0(x)xdx = I(1) =
1

2α
exp

{

− 1

4α

}

.

3Z2XYkl (3 -)

}~
I(b) 2b-34 (4 -)

@b-34 (4 -)

op?�;Bj-�D (2 -)

s~Ssj- (2 -)
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�, (20 -) �
G(x, t; x′, t′) ; G(x, p; x′, t′),

yB@<=0�










pG(x, p; x′, t′) − κ
d2

d
xG(x, p; x′, t′) = e−pt′δ(x − x′),

G(x, p; x′, t′)
∣

∣

x=0
= 0, G(x, p;x′, t′)

∣

∣

x→∞
→ 0.

@��

G(x, p; x′, t′) =















A sinh

√

p

κ
x, x < x′,

B exp

{

−
√

p

κ
x

}

, x > x′.

��i78
G(x, p;x′, t′)

∣

∣

∣

x=x′
+0

x=x′−0

= 0, −κ
d

dx
G(x, p; x′, t′)

∣

∣

∣

x=x′
+0

x=x′−0

= e−pt′

�

B exp

{

−
√

p

κ
x′

}

− A sinh

√

p

κ
x′ = 0,

B exp

{

−
√

p

κ
x′

}

+ A cosh

√

p

κ
x′ =

1√
κp

e−pt′ ,

�TB~�D
A =

1√
κp

e−pt′ exp

{

−
√

p

κ
x′

}

, B =
1√
κp

e−pt′ sinh

√

p

κ
x′.

��R
G(x, p; x′, t′) =















1√
κp

e−pt′ exp

{

−
√

p

κ
x′

}

sinh

√

p

κ
x, x < x′,

1√
κp

e−pt′ exp

{

−
√

p

κ
x

}

sinh

√

p

κ
x′. x > x′,

�VR����

G(x, t; x′, t′) =
1

2
√

κπ(t − t′)

{

exp

[

− (x − x′)2

4κ(t − t′)

]

− exp

[

− (x + x′)2

4κ(t − t′)

]}

η(t − t′).

Laplace 0�R�b-34B@<= (4 -)

@34� x < x′ (2 -)

x > x′ (2 -)

�i78��E (4 -)

��
(2 -)

� �� η(t − t′) (2 -)

�VR����� (4 -)
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