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Mesoscopic systems

@ Cyllindrical symmetry
—rings
— torii
— cyllinders
@ Classical and Quantum features
T = 0 pure quantum case
T # 0 quantum — cross over — classical

@ Known (adressed) problems
— equilibrium states (single/many nodes)
— coupling to environment (week, strong)
— interactions among rings
— persistent currents (in theory: too small)
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Driven Mesorings

The flux—curent coupling

NV

3
i+ Oirdent(t) + dc = > Mighe, i=1,...,3
k=1
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Evolution Equations

@ Ohmic and coherent components

lk _ Inor(¢k) + ICOh(¢k)

@ Dissipative part

1déx  [2kgT

nor _ 77K

Mk(t)
@ Persistent current

1°(gi) = IOZAn [sm 27rn¢—) +sm(27rn(<f0 - %))
4T T/Tx
AlT) = o7 —e);F))(E)(i72I<T/)T*) cos(nkek)
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Evolution Equations

@ Evolution equations

S dobx 2 [2ks T &
7 ZMIk = —(¢i + didext(t) + dc) + ; Ml (px, T) + B ;Mikrk

@ Langevin equations (after inversion)

1d¢"= Z(M )ni( 1 + Briden(t) + de) + I°(én, T) + Z%Tr”

@ Dimensionless form

axp D,
ds = V Xn, Z AniXj + €n( )
=1(#n)
_ _ l £
Xn = ¢0 y S = 7_, T = R
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Generalized potential

@ Effective potential
1

Vi T) = zanxt —baxo— o / f(y, T)dy
_ s R ¢ 1
fly, T) = 3 <3|n(27rn%) + S|n(27rn(% + é)))

@ Coupling constants and diagonal elements
Ai = LM Doy an= LM

@ Externally induced fluxes

by = Pext( t)+¢c Z

bext(t) = asin®(wt), $e = 0.1
@ Mutual inductances M = —f(ri)

> 2
f(r) = %’;’ [(1 - bz(’)) K(b(r)) - E(b(r))] b= g
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Signal:

Fext(t) = asin?(wt) + 0.1

Time delay between
@ the external signal and the responce of 15 ring: 7
@ the signal from 15 ring and responce of 2 ring:
@ the signal from 15 ring and responce of 3™ ring:
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Time Lag

no delay, w =0.01, a=5, T, = 0.1

Ist ring — 2nd ring === 3rd ring e driving |
Ty =0-.0012 7, = 0.004400 7, =0.0011

o
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t/T
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Time Lag

small delay, w = 0.05, a =5, To = 0.1

Ist ring — 2nd ring === 3rd ring e driving |
=0.011100 7, =0.010600 T, =0.021800
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Time Lag

larger delay, w = 0.5, a=>5, Tp = 0.1

Ist ring — 2nd ring === 3rd ring e driving |

61: =0.066500  7;=0.063000 1, =0.175000

o

0 01 02 03 04 05 06 07 08 09 1

t/T
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Time Lag

large delay, w =1, a= 5, To = 0.1

Ist ring — 2nd ring === 3rd ring e driving |
6 Ty =0.088 7, =0.088 T, =0.229000
5¢ :
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Stochastic Resonance

w=1,a=1,Ty =01

@ Amplification factor

Ai(n) = % A; = 0.434256, A, — 0.062391, As = 0.012273

Ist ring — 2nd ring_------ 3rd ring_ driving ]
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Stochastic Resonance

w=0.05a=1, T, =0.1

@ Amplification factor

n
’

An) = 2

Ar =1.126887, A, = 0.403562, Az =0.101770

Ist ring — 2nd ring_------ 3rd ring_ driving ]
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Flux Rectifier

w=280,a=1, To =0.1

@ Magnetic flux rectifier

1st ring — 2nd ring - 3rd ring e driving
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Flux Rectifier

w=5a=1,Ty =01

@ Magnetic flux rectifier

1st ring — 2nd ring - 3rd ring e driving
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Flux Rectifier

w=0.08,a=1, To =0.1

@ Magnetic flux rectifier

1st ring — 2nd ring - 3rd ring e driving
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Flux Rectifier

w=0.01,a=1, To =0.1

@ Magnetic flux rectifier

1st ring — 2nd ring - 3rd ring e driving

1.4 T T T T T T T T T
12
1
0.8
0.6
0.4
0.2
0
-0.2
-0.4

oo
0 01 02 03 04 05 06 07 08 09 I

t/T

x(t)

£M (Uni Katowice) Coupled Mesorings Lyon, 2008 11/13



Take home messages

Transmission of magnetic signals
in mesoscopic sings

Stochastic resonance
Time lag due to fast driving
Rectification of slow signals

Phase transitions in 1D?

Rectification of very slow signals (more rings)?
Influence of quantum corrections on SR?

J. kuczka, J. Dajka, M. Mierzejewski and P. Hanggi, Acta Phys. Pol. B 37, p1605
(2006).

J. kuczka, J. Dajka, M. Mierzejewski and P. Hanggi, AIP, UPoN, p197 (2005).
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Josephson Junctions: Stewart—McCumber Model

Phase difference dynamics for two superconductors separated by an oxide layer

N2 .- hy21 . h, . h h |2kT
(36) 0+ (z6) AP = ~2ahsin(®)+ g5/ + 55\ T
©
Py ( t) _ Id n Ia coS (Qt) Superconductor 1 Superconductor 2
o V=(h/2e)¢
R
Ry, |
classical limitation : hwy < Ey, hwo < kg T
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