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Outlines

•Time dependent Ginzburg-Landau theory

• Squared superconductor with a slit

•Macroturbulence instability 



Type II superconductor



Type II superconductor

First image of Vortex lattice, 1967
Bitter Decoration
Pb-4at%In rod, 1.1K, 195G
U. Essmann and H. Trauble
Max-Planck Institute, Stuttgart
Physics Letters 24A, 526 (1967)

Abrikosov lattice in MgB2, 2003
Bitter Decoration
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L. Ya. Vinnikov et al.
Institute of Solid State Physics, Chernogolovka
Phys. Rev. B 67, 092512 (2003)

I.V. Grigorieva et al. arXiv:cond-
mat/0506642
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Time Dependent Ginzburg-Landau theory

Boundary conditions Applied magnetic field

xBAy

yBA

a

ax

2
1

2
1

=

−=

Order parameter

21 ψψ i+=Ψ

ΨΨ−Ψ+Ψ





 +∇−=

∂
Ψ∂ 2

2

Ai
t



κ

( ) AA
it

A 


×∇×∇−Ψ−Ψ∇Ψ−Ψ∇Ψ=
∂
∂ 2**

2
1
κ

σ

(1)

(2)

0=⋅Ψ∇ n


aBA


=×∇

0=⋅ nA 

(3)

(4)

(5)



Equations 1 – 5  in matricial form in order to use COMSOL library
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Thus the equation (1) is divided in two:
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Similarly the equation (2) is divided into:
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And the boundary conditions (3 - 5) can be resumed by
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FEM - COMSOL



Finite Element Method
(COMSOL)
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Ba = 0.55 Hc2 Ba = 4 Hc2



Magnetic field penetration in type II superconductor



Penetration of magnetic field in type I superconductor



Macroturbulent instability in superconductors



Conclusion

Using COMSOL we can solve the non-linear time dependent
Ginzburg-Landau equations.

Using COMSOL we could understanding the magnetic field
penetration into mesoscopic type II superconductors with
a slit (or any other mechanic deffect)

Using COMSOL we could show a macroturbulent effect
in type II superconductors

Thank you !!!
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