
1 D’où ça vient (linéaire)

• diffusion implicite
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• SW semi-implicite
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• générique
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2 Résoudre

• 1D => tridiagonal => OK
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• 2D coeff constants => Fourier (FFT= Fast Fourier Transforme coûte O(N logN).
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• général :

– weighted Jacobi

L = D + (L�D)

(D )i =
�
�2A+ 2B

�
 i

((L�D) )i = B ( i�1 +  i+1)

D = (D � L) +R

D (m+1)
= (D � L) (m)

+R

 (m+1)
= (1� !) (m)

+ !
⇣
(1�D�1L) (m)

+D�1R
⌘

(1�D�1L) ˆ k =

2B cos

k⇡
N

�2A+ 2B
ˆ k

ˆ (m+1)
k � ˆ (m)

k = ↵(k)
⇣
ˆ (m)
k � ˆ (m�1)

k

⌘

↵(k) = (1� !) + !
2B cos

k⇡
N

�2A+ 2B

↵(k = 0) = (1� !) + !

✓
1 +

�2A

2B

◆�1

' 1� !
�2A

2B
(�2A ⌧ B)

↵(k = N) = (1� !)� !
2B cos

k⇡
N

�2A+ 2B
↵(k = N/2) = (1� !)

k = N/2

0 =

↵(N/2) + ↵(N)

2

= 1� ! + !
B

�2A+ 2B
= 0

!

✓
1� B

�2A+ 2B

◆
= 1

! =

�2A+ 2B

�2A+B

1� ! =

�2A+ 2B

�2A+ 4B

ˆ (m+1)
k � ˆ (m)

k =

2B

�2A+ 4B

✓
1 + cos

k⇡

N

◆⇣
ˆ (m)
k � ˆ (m�1)

k

⌘

2



– convergence rapide pour k � N/2, la plus lente pour k = 0 :
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) pas utile en pratique

– CG/PCG

– MG

3 Non-linéaire

• Point fixe

• Newton-Raphson

• Quasi-Newton

3



  

https://en.wikipedia.org/wiki/Conjugate_gradient_method

Conjugate gradient method

https://en.wikipedia.org/wiki/Conjugate_gradient_method


  

https://en.wikipedia.org/wiki/Conjugate_gradient_method

Preconditioned conjugate gradient method (PCG)

Example : 

● FFT solver costs O( Nlog(N) ) for N
degrees of freedom, but limited to
constant coefficients and simple domain
shape (sphere/rectangle)

● Multigrid solver costs O(N)

https://en.wikipedia.org/wiki/Conjugate_gradient_method


  



  

Hydrostatic adjustment

Solid planet

r

Initial condition not in hydrostatic balance  => vertical adiabatic motion until balance is reached

balance <=> minimum of total enthalpy



  

Hydrostatic adjustment
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balance <=> minimum of total enthalpy
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Fixed-point versus Newton-Raphson



  

Fixed-point versus Newton-Raphson

Fixed point :
 δ

n+1 
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=>  log(δ

n
) = n log(c)

The number of accurate digits increases by a fixed amount at each iteration

Newton-Raphson :
δ
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= c.δ
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The number of accurate digits doubles at each iteration !



  

Fixed-point versus Newton-Raphson

Linear convergence

Superlinear
(quadratic)
convergence



  

Hydrostatic adjustment



  

Hydrostatic adjustment


