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*Time dependent Ginzburg-Landau theory

 Squared superconductor with a slit

*Macroturbulence instability
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Type Il superconductor

BT screening current
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Type |1 superconductor
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First image of Vortex lattice, 1967 " Abrikosov lattice in MgB2 2003 -
Bitter Decoration

Pb-4at%In rod, 1.1K, 195G
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Bitter Decoration

MgB2 crystal, 200G I.V. Grigorieva et al. arXiv:cond-
U. Essmann and H. Trauble L. Ya. Vinnikov et al. mat/0506642
Max-Planck Institute, Stuttgart Institute of Solid State Physics, Chernogolovka vortex configurations
Physics Letters 244, 526 (1967) Phys. Rev. B 67, 092512 (2003) in disks with d =2, 3 and 5um
H =40 Oe..
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http://www.mn.uio.no/fysikk/english/research/groups/amks/superconductivity/vortex/essmann.html
http://link.aps.org/abstract/PRB/v67/e092512
http://arxiv.org/abs/cond-mat/0506642
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Time Dependent Ginzburg-Landau theory
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Boundary conditions Order parameter Applied magnetic field
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Equations 1 —5 in matricial form in order to use COMSOL library
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Thus the equation (1) is divided in two:

2
—U, /K 2 2)J ( 2 2)1
ou,+V- K2 :—(u3x+u4y)ul/1c—(ulxu3+u1yu4)/z<—(u3 ekt VAR VR (VA U P T
2
—Uy, [ K 2 2)1 ( 2 2)J
atuz"‘v'L_u /sz:_(u:sx+u4y)‘12/K_(uzxu3+uzyu4)/K_(u3 tUy My U, = +U, My
2y

Similarly the equation (2) is divided into:
2 2 T
G0 Uy = (U, — Uyl )/ i - (Ul U, )Js —-V- (O’u4x —Ugy — Ba)

oo, = (ulu2y = uzuly)//c— (ul2 + UZZ)J4 —v-(u, + Us, + B,0f

And the boundary conditions (3 - 5) can be resumed by

U3
V- = Ug, +U,, +Us
l'“|4
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2 2 2 2
F1=—(U3X+u4y)ul/zc—(ulxu3+u1yu4)//<—(u3 + U, ).11+u1—(ul + U, )Jl
Fy = —(Ugy + Uy, My /50— (g + Uyt ) i — (g + 0,2y +u, — (0, +u,?

2 3x 4y 2 2x3 2y 74 3 4 2 1 1 2 2
2 2
F = (u1u2x - u2u1x)/K_ (ul +U, )Js
2 2
F, = (ulu2y —U,U,, )/K‘— (u1 + U, )J4

F =u,, + Uy, + Us

Density of energy

HtOt = Hsup + Hmag + H

int
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H :(g _UxA FEM-COMS(:)[L
Hy, = (U1x2 + uzyz)/ K- (uf + u22)+§(u12 + u22)2

Hmag (Ba — Uy, = )2

1 2 222
Hint :;[(u2xul_u1xu2)u3+(u2yu1_u1yu2)l4]+(u3 U, Xul U, )

The energy of the system
Etot = j Htot (X’ y’t)dXdy
Q
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Finite Element Method
(COMSOL)

2
e, SV g M vr=F
ol ot at

Mams Expression Value Description

Ba .B 0.8 applied magnetic field -
lkappa 4 4 GL constant b
kappa2 kappa*kappa 16 kappa squared
sigma 1 1 conductivity of normal state
La 5 5 side of the sample
Lb s 5 side ofthe sample £
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Squared superconductor with a slit E. = _[ H. (X, y,t)dxdy
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Ba =0.55 Hc2

Ba =4 Hc2
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Magnetic field penetration in type Il superconductor
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Penetration of magnetic field in type | superconductor
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Macroturbulent instability in superconductors

Tarbulent mstability i tvpe II superconductors without imrersion of magnetic
field

Liagas G da Oliveir

*Lapareomn- g Fisica, (nhvernidide Fadaved Mara! de N die dowaime S0V TSV Saoropskaica, A Heanil

Abwimact
Underiay of

-Lamdorn theory we bave tvestigated the panstmation of magnetc fisld m typs

I time-dependant Gniurg-]

T suparcondacion. In s work we show that the single vortices, stusted along fhe bordariing of the magnetic md
the sspercondncting region. cm ewcape fom the magmetc mgion withoot frerdon of applied magetic fisld The
oeigin: of this inctahiliey is the mpnlms nates of vorsx-oorhar inkmction, o addttien with the non-horogeneons
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anargy by thevortioss situated alomg the bordarina.

Karpeordy: TDEL, Exiburg-Landm sheary, Londom ooy, vortics

1 Imtroducton

In 1554 was published a mow phencoemon, the ap-
pezrmncs of mace-tatrdancs i type [ supsmooxdnc-
tion process. of kigh- T mupacondncion, o wome e
parztiTs TN, the worticss o condensed i drops
of increased ety winch then move alomg the san-
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when a noticesbls ceep tkes place[1] The txrilen
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mnhd.ﬂu'!a.ahmcumudnnﬂnhmtmbﬂadm
ﬂ:nmmtrnmm'htmm. e LY
Viloshin et al [3] stadied the macm-terelant imsmbdlity
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Tervarsal Sront i fhe mbariar of the meple. In all wedks
ahovs the trrbulancs is camad by the mesting of vorkx

nomenom is prodeced by the noerhomogeneons dism-
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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 11 superconductors with
a slit (or any other mechanic deffect)

Using COMSOL we could show a macroturbulent effect

in type 11 superconductors

Thank you !!!
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