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Transport properties
Diffusion

0c J
t x
∂ ∂

+ =
∂ ∂

Fick’s law             Equation of continuity

x
cDJ
∂
∂

−=

dx2

2

c cD
x t
∂ ∂

=
∂ ∂

J
C(x,t) J(x,t)

J(x+dx,t)

2

2
2

2

2

x
Uv

t
U

∂
∂

=
∂
∂

2

2

x
cD

t
c

∂
∂

=
∂
∂

0=+
∂
∂ divJ
t
c

x
cDJ
∂
∂

−=

Diffusion equation

is clearly different from the wave equation



Diffusion
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is a solution of

Singularities decay immediately

Radial diffusion of H as seen optically
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H diffusion is much faster in BCC than FCC metals
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D=10-4 cm2/s

In 104 s we 
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Characteristic features of 
diffusion
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Diffusion in semi-infinite space
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The front at concentration c=10-12 m-1 is 
given by:

1.8214
2

x
Dt

= 3.64x D
t t
=

The velocity of light is reached  at  t = 1.5×10-24 s  if  
D=10-8 m2/s. The average jump time is, however, 
with a=0.1 nm

2
135 10

2
a s
D

τ −= = ×

Infinite diffusion :a little numerical exercise

m3.64 515 
s

x D
τ τ
= =and



Diffusion into a membrane of thickness L
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Choosing the right Fourier series
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A real diffusion experiment H diffusion in Y

Den Broeder, van der Molen et al, Nature 394 (1998) 656 
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x=H/Y Kooij et al. 1999

Pressure-composition isotherm of YHx at T=293 K



Hydrogenography in Yttrium

Den Broeder, van der Molen et al, Nature 394 (1998) 656 
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Diffusion in a multilayer
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⇒ Development of a simulation model

H in metal
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Diffusion and Snell’s law
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The aquarium experiment

O’Leary et al., Phys. Rev. Lett. 69 (1992) 2658
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Snell’s law for diffusion !

Electromigration
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Electromigration
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Electro-diffusion 
of hydrogen in 

yttrium
Den Broeder, van der Molen
et al.  Nature 394 (1998) 656
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Diffusion waves
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Characteristic quantities
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Characteristic quantities
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