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1. GINZBURG-LANDAU MODEL
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1. THE TIME-DEPENDENT GINZBURG-LANDAU EQUATIONS

The steady state Ginzburg-Landau model for superconductivity (see, e.., [1] or [2]) was ex-
tended to the time-dependent case by Gor’kov and Eliashberg in [3]. The latter model is defined
by the differential equations

.
% +mw+< V+A) Vv WEY=0, noxpT) w1
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Abstract The time-dependent Ginzbu uation is solved nu

y for type-1l
superconductors of complex ent metho

e geometry has
a marked influence on the magnetic vortex distribution and the vortex dynamics. We

we

observed generation of
state far into the supercon
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1 Introduction

In 1950 V.L. Ginzburg and L.D. Landau proposed a phenomenological theory for super-

itions [1]. The theory s based on a Schridinger equation with a ¢-4
operator. For type-IT supe

volving the momentu nductors

ized cur-
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Initial conditions

up =1, w2=0, uz=0, wg=0, us=0
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PDE simulation flowchart = Model initialization

Model initialization
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General Form PDE

The General Form PDE interface provides a general interface for specifying and solving PDEs
in the general form. The format, using the divergence of a flux vector, i closely related to the
conservation laws that govern many areas of physics. In practical applications, the flux vector
typically represents the flux of a conserved quantity such as heat, charge, mass, o momentum.
This fiux is usually related in some empirical way, via a material law, to the gradient of the
dependent variable.
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4. Time Dependent
Added physics interfaces:
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@ Prysics
Help e cancel [ Done

Kutsyk

Time Dependent

The Time Dependent study is used when field variables change over

Examples: In electromagnetics, it is used to compute transient
electromagnetic fields, including electromagnetic wave propagation in the
time domain. In heat transfer, it is used to compute temperature changes.
over time. In solid mechanics, it is used to compute the time-varying
deformation and motion of solids subject to transient loads. In acoustics, it
is used to compute the time-varying propagation of pressure waves. In
fluid flow, it s used to compute unsteady flow and pressure fields. In
chemical species transport, it s used to compute chemical composition
over time. In chemical reactions, it is used to compute the reaction kinetics
and the chemical composition of  reacting system.
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PDE simulation flowchart = Geometry settings
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PDE simulation flowchart = Geometry settings
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PDE simulation flowchart
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PDE simulation flowchart = PDE interface settings
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PDE simulation flowchart = PDE interface settings
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PDE simulation flowchart = PDE interface settings
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Mesh generation

PDE simulation flowchart
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PDE simulation flowchart = PDE solution

PDE solution

Model Builder Settings  Properties 3
- v = =4 _ T
yo -
4 @ GL_diskmph (root) ompute| ' Update Solution
4 () Global Definitions
" Parameters Time Dependent
= Materials
4 9 Component 1 (compT} v Study Settings
I = Definitions
4 A\ Geometry 1 Timeunit: | s >
| Circle 1 (c1) Times: range(0,1,400) s [k
/. Bézier Polygon 1 (b1)
E Difference 1 (difT) Tolerance: Physics controlled -
Form Union (fin)
& Materials I> Results While Solving
4 v General Form PDE (g) . . .
9 General Form PDE 1 ~ Physics and Variables Selection
D
S5 Zero Flux 1 [_] Modify model configuration for study step
I X
<@ Initial Values 1 »
A Mesh 1 Physics interface Solve for Discretization
4 "o Study 1 General Form PDE ™ Physics settings ]

I Step 1: Time Dependent
P ™. Solver Configurations

4 & Results

Data Sets I Mesh Selection

Derived Values

B Tables

I Values of Dependent Variables

I Study Extensions

31/39 Andrii Kutsyk November 25, 2020



EED)

Model Builder
-

4 @ GLaiscmph (ro0)
4 € Global Definitions
" Parameters
i Materials
4 ® Component 1 (comp1)
4 = Definitions
=/ Boundary System 1 (5y57)
b [ view1
A\ Geometry 1
Circle 1 (c1)
Bezier Polygon 1 (b1)
(53 Difference 1 (dif1)
(5] Form Union (in)
% Materials
4 v General Form PDE ()
W General Form PDE 1
= Zero Flux 1
W Initial Values 1
A Mesh1
4 study1
Step 1: Time Dependent
b ™ Salver Configurations
4 & Results
b % Data Sets

£ Derived Values
B Tables
4 M 20 Piot Group 1
M surface 1
b M 2D Piot Group 2
® Bxport
5 Reports

~x

Settings ~ Properties
Surface
@ Plot M= 4=

Label: Surface 1

~ Data

Data set: | From parent

Expression
Expression:
utr2ei2"2
Unit

1
[J Description:

u1r2eu2%2

v Title

Title type: [ None.

I Range

~ Coloring and Style

Coloring: [ Color table

Color table: | Rainbow

Graphics
Qa®@i

Convergence Plot 1
-~ @O @

Time=400 s

4 2 o 2 4

Messages
\

Progress Log Table

¥ Color legend
[J Reverse calor table
[ Symmetrize color range

Kutsyk

November 25, 2020

Saved file: CAL diskmph
Compl consists of 473 and 57
Complete mesh consists of 1541 domain elements and 103 boundary element

Saved file: C:\Users\Asus\Desktop\GL_diskmph




Cooper pair density ||




var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton0'){ocgs[i].state=false;}}




Parametric sweep

PDE simulation flowchart = Postprocessing
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PDE simulation flowchart = Postprocessing
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Appendix

The time dependent Ginzburg-Landau (TDGL) equation

h? 0 .q 1 (h 2 2

2
o (‘LA + vq>> = 2 yrvw v ) - L wP A- Lvx(Vx A— B.)
ot 2mi m o
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https://link.springer.com/article/10.1007/s10440-010-9580-8

Appendix

The time dependent Ginzburg-Landau (TDGL) equation

h? 0 .q 1 (h 2 2

2
o (O—A + vq>> =D vy —ove)- L wP A- Lvx(Vx A- B.)
ot 2mi m o

v,

Boundary conditions

(?V\If — qA\II> -nm =0, on JdN

B; = B,, on9dQ

0A
(Eﬁ-V@)-n_O, on5‘Q

T.S. Alstrgm et al. Acta Appl. Math 115 (2011) 63
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Appendix
Normalization

(z,y,2,t) = ()\wl,)\y/,)\z/, it') , A= EA'
D g€

& 2 2,“0 / 1 /
U=, /=W ® =aD — =
7Y aDr™y[ ==, o MODK2U
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a<at ) 5~ (U"VY — UVT") — [¥° A~ (V x A~ Bu)
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Appendix
Normalization
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Boundary conditions
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Appendix
Gauge invariance
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