
 
Τυπολόγιο 

 
 
 

2 ( ),tt xx yyu c u u= + 0 ,   0 ,   0,x l y m t < < < < >
,

 
( , ,0) ( , ),u x y f x y=  0 ,   0x l y m< < < <  
( , ,0) 0,tu x y =   0 ,   0 ,x l y m< < < <  

( ,0, ) 0,u x t =   0 ,   x l t 0,< < >  
( , , ) 0,u x m t =   0 ,   x l t 0,< < >  
(0, , ) 0,u y t =   0 ,   y m t 0,< < >  
( , , ) 0,u l y t =   0 ,   y m t 0.< < >  

 
2 2

2 2
1 1

( , , ) sin sin cosnk
n k

n k n ku x y t K x y c t
l m l m
π π π

∞ ∞

= =

⎛ ⎞
= +⎜ ⎟⎜ ⎟

⎝ ⎠
∑∑ , 

 

όπου  
0 0

4 ( , )sin sin .
l m

nk
n kK f x y x ydxdy

lm l m
π π

= ∫ ∫  

 
 

cosx r θ= ,  siny r θ= .   
 

2 2r x y= + ,  1tan y
x

θ −= . 

 
2

xx yyuu u uΔ =∇ = + 2

1 1
rr ru u u

r r θθ= + + . 

 
 

sin cosx r ϕ θ= , sin siny r ϕ θ= , cosz r ϕ= . 
 

2 2r x y z= + + 2 , 1tan y
x

θ −= ,  1 1

2 2 2
cos cosz z

r x y z
ϕ − −= =

+ +
, 

 
2

xx yy zzuu u u uΔ =∇ = + + 2 2 2 2

2 1 cot 1
sinrr ru u u u u

r r r rϕϕ ϕ θθ
ϕ

ϕ
= + + + + . 

 
 



2 1 ,t rru a u u
r

⎛ ⎞= +⎜ ⎟
⎝ ⎠

r 0, 0 ,   r k t≤ < >  

( , ) 0,u k t =    0,t >
( ,0) ( ),u r f r=   0 .r k≤ <  

2
2

2

0
1 1

( , ) ( , ) ( ) ,
nq a t

n k
n n

n n

qu r t u r t A J r e
k

∞ ∞ −

= =

= =∑ ∑   όπου  
0

0

2
0

0

( ) ( )
,   1,2,...

( )

k
m

m k
m

qrf r J r dr
k

A m
qrJ r dr
k

= =
∫

∫
. 

2 2 2( ) 0x y xy x p y′′ ′+ + − = ⇒ ( ) ( )p py AJ x BY x= +  

όπου 
2

0

( 1)( ) ,
! ( 1) 2

n pn

p
n

xJ x
n n p

+∞

=

− ⎛ ⎞= ⎜ ⎟Γ + + ⎝ ⎠
∑  

2

0

( 1)( ) ,
! ( 1) 2

n pn

p
n

xJ x
n n p

−∞

−
=

− ⎛ ⎞= ⎜ ⎟Γ − + ⎝ ⎠
∑  ( 1) (n p n p)!,Γ + + = +

 

 
( )cos ( )

( ) ,
sin

p p
p

J x p J x
Y x

p
π
π

−−
=  .p∈    

 
 

2

2 2

1 1( ) sin 0,
sin

uru
r r r

ϕ
ϕ ϕ ϕ

⎛ ⎞∂ ∂ ∂
+ =⎜ ⎟∂ ∂ ∂⎝ ⎠

 0 ,   0r k ,ϕ π≤ < ≤ ≤  

( , ) ( ),u k fϕ ϕ=     0 .ϕ π< <  
 

0

( , ) (cos ),n
n n

n

u r C r Pϕ ϕ
∞

=

=∑   όπου  
1

1

1

2 1 (cos ) ( ) ,   0,1,...
2m mm

mC f x P x dx m
k

−

−

+
= =∫ . 

 
2(1 ) 2 0x y xy yλ′′ ′− − + = ⇒   ( 1)n n ,λ = +   21( ) ( 1) .

2 !

n
n

n n n

dP x x
n dx

= −  

 
 

2 2 2 2 2

2 2 2 2 2 2

( ) 1 1sin 0.
sin sin

rr
x y z r

ϕ
ϕ ϕ ϕ ϕ θ

⎛ ⎞∂ Φ ∂ Φ ∂ Φ ∂ Φ ∂ ∂Φ ∂ Φ
ΔΦ = + + = + + =⎜ ⎟∂ ∂ ∂ ∂ ∂ ∂ ∂⎝ ⎠

 

( )( , , ) cos sin sin (cos ).n
n n

dr r A B P
dx

μ
μ

μθ ϕ μθ μθ ϕΦ = + ϕ  

2
2

2(1 ) ( 1) 0
1

d x X n n X
dx x

μ⎡ ⎤
′⎡ ⎤− + + − = ⇒⎢ ⎥⎣ ⎦ −⎣ ⎦

2 / 2( ) ( ) (1 ) ( ).m
n n

dX x P x x P x
dx

μ
μ

μ= = −  

 
 

2 2 2, 2 , ,ax y a x x a x y y yβ β+ = + + β . 

,x y x y≤ . 

x y x y+ ≤ + . 


