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１．Background

Improvement of computer processing 
performance in recent years

2

𝐽

𝐵

𝐽c 0

𝐽d 0

𝐵c2

On normal conductor…

density
shape / size
arrangement

𝛹 = 0 , 𝛼 > 0 𝛽 > 0

𝐽

𝐵
𝐵c2

𝐽c 0

Confirmation is realistically possible

Differences 
in conditions

Prediction of 
changes in 𝐽c

Difficult to confirm



２．About my study
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３．TDGL equation

• Ginzburg-Landau(GL) equation
・ Phenomenological theory to explain superconductivity

・ Calculate order parameter 𝛹

・ 𝛹 2:Superconducting electron density

• Time Dependent GL(TDGL) equation
・ GL equations with time dependency
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３．TDGL equation
• Equations
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３．TDGL equation
• Comparison with previous research without time evolution
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４．Simulation model

■Model

・Assuming in vacuum

・Consider a cube space(side length:10𝜉)

・Spherical pin(diameter :𝜉)

・The distance between adjacent pins：4𝜉

7

𝑥

𝑦

𝑧
10𝜉

4𝜉

𝜉



４．Simulation model

■Current density 𝐽, Magnetic flux density 𝐵

・𝐽 = 𝐽𝑦𝒊𝑦, 𝐵 = 𝐵𝑧𝒊𝑧 ∴ 𝐽 ⊥ 𝐵
(𝒊𝑥, 𝒊𝑦, 𝒊𝑧: Unit vector of each axis)

■ Initial condition

・𝛹 𝑡 = 0 = cos𝜃 + i sin𝜃
・𝑉 𝑡 = 0 = −𝐽𝑦/𝜎

■ Boundary conditions

・𝒏 ∙ 𝛻𝛹 + i𝑨𝛹 = 0
・𝛻𝑉 = −𝑱/𝜎

※𝒏：A unit vector perpendicular to the plane
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５．𝐸-𝐽 property
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５．𝐸-𝐽 property
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６．𝐽c-𝐵 property
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・ Each 𝐽c-𝐵 property has a similar

tendency

・ 𝐽c monotonously decreases as 𝐵

increases

・ The property is the best

when 𝛹 = 0

・ the property is better

as the value of 𝜂 is larger
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７．Conclusion

• The 𝐽c-𝐵 property was clarified by solving the simplified three -
dimensional TDGL equation by simulation.

• The stronger the superconductivity of the pin is,                              
the weaker the effect as a pin to hold the magnetic flux line is. 
Therefore it was confirmed that the 𝐽c becomes lower.

• It is necessary to investigate the 𝐽c-𝐵 property by changing the 
shape, size and arrangement of the pins.
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