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Josephson junction
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Dimensions

» Large area Josephson junction (2+1 d)
* Long Josephson junction (1+1 d)
* Point Josephson junction (0+1 d)



1+1d Junction
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Maxwell equations
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Annals of Physics 327, 1336 (2012).

(7 — oy (AT) = 4W3%8tf

&

7= B B (Vi — Vi) — q—jﬁ w*]

\.

Y = [Yp|e'¥B

¢@¢)z¢us;

* ra/2
D—p(s,—5, 0= [ dus,=

a a
= Sa_at - 39__3t — -
©( 5 ) —o( - ) =T — ¥B




1

——8 o(s,t) —|—J"—“82q$(s t) = A—S|n¢>

f‘

1
aK

Al

24+ aK

2 —aK

)

B2H(s,t) — FO24(s,t)

)

1 8r2(2)p —I—;La)J

A3 cdg e
1 TNy 1
I 1) —
2 51( g T )(32

1
(S—>A—J8, t—p 5 =t)




sine-Gordon model on the plane curve
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L= Eﬁﬁaﬂﬂf’ Ovp — V() V(p) =1 —cos¢

Tt — — t — wpt

L= _(08)% ~ o0 (9:6)(3;6) — V()

L= 2(06)% ~ LG (09)(96) — V()

£ = (£1. 82, £%) = (5, 0" 0%) = (5 p; )



Connection between curved and Cartesian
coordinates

£% = (£1, 82, 83) = (5,07 p2) = (53 ps )
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2+1 d Josephson junction

1L

L= Sy Oud Ovd — V($)

V(ip) =1 —coso

nhy = diag(+1,—1,—1,—-1)

t = wpl, mi:Xi/)\J

wp - plasma frequency
Ay - Josephson length

(T, X*) - Cartesian coordinates



JOSPHSON JUNCTION - A SUFACE
IN 3 DIMENSIONS
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Gauss-Weingarten formulas
8&)?,6 — X,ab — rgbiac _ Kabﬁ (7)

Ouft =g = KEX ¢ (8)

o, are a Christoffel symbols calculated with

respect to the metric induced on the surface
> .

Koyp=-—n- X,a,b

K I1s a Riemann curvature scalar

R = KSKE — KOK¢



REDUCED MODEL IN 2+1 DIMENSIONS
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where the lagrangian density is defined by
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Gravitational form
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Zero order approximation e=2R
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First order approximation
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Orders of magnitude
e Gravity
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CONCLUSIONS

THE JUNCTION CAN MIMICS GRAVITY ONLY FOR
WEEK FIELDS

KINK FRONT MOVES SLOWLY IN CURVED REGIONS
OF THE JUNCTION (THE SHAPE OF THE POTENTIAL
BARIER IS STRICTLY CORRELATED WITH THE
GEOMETRY OF THE JUNCTION)

THE WIDTH OF THE KINK IN CURVED REGIONS
GROVES

DURING THE INTERACTION OF THE KINK FRONT
WITH THE CURVED REGIONS OF THE JUNCTION
ONE CAN OBSERVE CREATION OF THE WAVES
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