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SommarioSommario

A KleinA Klein--Gordon equation without Gordon equation without ““KleinKlein””
SolitonSoliton paradeparade
A famous mechanical A famous mechanical analoganalog
sinesine--Gordon equation and long Gordon equation and long JosephsonJosephson
junctions junctions 
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FrenkelFrenkel and and KontorovaKontorova Model Model 
(1939)(1939)

A A ““nonlinear Kleinnonlinear Klein--Gordon equationGordon equation””
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Infinite chain of Infinite chain of 
harmonically harmonically 
bound atoms bound atoms 
slipping over a slipping over a 
periodic potentialperiodic potential
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SineSine--Gordon EquationGordon Equation

Nonlinearity may compensate dispersion:Nonlinearity may compensate dispersion:
Permanent profile wave or Permanent profile wave or ““solitarysolitary”” wave solution wave solution 
possibilitypossibility
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A A BaroneBarone, F Esposito, C , F Esposito, C 
J Magee, A C Scott J Magee, A C Scott 
Theory and Applications Theory and Applications 
of sineof sine--Gordon EquationGordon Equation
RivistaRivista del del NuovoNuovo
CimentoCimento 11 p. 227p. 227--267 267 
(1971)(1971)

A. C. Scott 
A nonlinear
Klein-Gordon equation
Am. Journ. Phys. 37, 52 (1969)
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““KinkKink”” solution or a solution or a ““solitonsoliton””
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Mechanic Mechanic analoganalog: chain of : chain of pendulapendula

See  for example Barone & Paternò
Physics and Applications
of the Josephson Effect
N Y Wiley 1982

(In the book a ‘pocket ‘ version
is also shown )
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Kink in motionKink in motion
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AntiKinkAntiKink in motionin motion
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kink antikink anti--kink collisionkink collision
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kinkkink--kink collisionkink collision
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JosephsonJosephson effecteffect

Nobel Prize in 
Physics 1973
with
Leo Esaki
Ivar Giaever
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JosephsonJosephson equationsequations
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Overlap geometryOverlap geometry
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JosephsonJosephson junction in magnetic fieldjunction in magnetic field

typical value:  10μm 
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JosephsonJosephson vortexvortex
A stable selfA stable self--sustained sustained 
tunnelingtunneling current structurecurrent structure

Associated flux is the Associated flux is the 
elementary flux quantum:elementary flux quantum:
ΦΦ00== 2.072.07××1010--15 15 teslatesla •• mm22

= 2.07= 2.07××1010--15 15 V V •• ss

∼2λj
H=0
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Perturbed sinePerturbed sine--Gordon modelsGordon models

Space and time normalized to:
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more perturbationsmore perturbations

-δϕx

S.Pagano, C. 
Nappi, R. 
Cristiano, 
E. Esposito,
L. Frunzio, 
L. Parlato, 
G. Peluso, 
G. Pepe, 
U. Scotti di Uccio
in “Nonlinear 
Superconducting 
Devices and High-
Tc Materials”, R.D. 
Parmentier and 
N.F. Pedersen 
Eds, World 
Scientific, 
Singapore,
1995
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Energy and perturbation analysis Energy and perturbation analysis 
for a single for a single fluxonfluxon

In this approximation fluxon behaves as a relativistic “particle”
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Current Voltage characteristicCurrent Voltage characteristic

 

0.1 mV 

0.1 mA 

1st Fiske 
Step 

2nd Fiske 
Step 

3rd Fiske 
Step 

4th Fiske 
Step 

Zero Field Step2 
(1,1) 

Zero Field Step4 
(2,2) 

R=45μm. Rint=30μm, λj~ 45μm
jc=54 A/cm2

Nb/Al/Al2O3/Al/Nb

No trapped flux
Only pairs
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A long JJ clock based on a rotating A long JJ clock based on a rotating 
fluxonfluxon
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2Re = 16 μm
2Ri = 7.5 μm
Nb λj = 50 μm @4.2K
(ξo=38nm)
ICIB-C.N.R.

Trapping of one fluxon in a small junction

R. Cristiano et al. APL 74, (1999) 3389
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An energy resolution of about 100 eV was 
obtained for the Kα line  of the top 
electrode

Ibias

M. P. Lisitskiy
et al 
Appl. Phys. Lett
84, 5464 (2004)

ICIB-CNR
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Part of the material of this seminar Part of the material of this seminar 
has been taken from the web sites:has been taken from the web sites:
For the animations:For the animations:

http://homepages.tversu.ru/~s000154/collihttp://homepages.tversu.ru/~s000154/colli
sion/solpen_m/SOLPEN1.htmlsion/solpen_m/SOLPEN1.html
http://www.math.h.kyotohttp://www.math.h.kyoto--
u.ac.jp/~takasaki/solitonu.ac.jp/~takasaki/soliton--
lab/gallery/solitons/sglab/gallery/solitons/sg--e.htmle.html

Figure and other, A. Ustinov group web site:Figure and other, A. Ustinov group web site:
http://http://fluxonfluxon group.physik.unigroup.physik.uni--erlangen.deerlangen.de//

http://homepages.tversu.ru/~s000154/collision/solpen_m/SOLPEN1.html
http://homepages.tversu.ru/~s000154/collision/solpen_m/SOLPEN1.html
http://www.math.h.kyoto-u.ac.jp/~takasaki/soliton-lab/gallery/solitons/sg-e.html
http://www.math.h.kyoto-u.ac.jp/~takasaki/soliton-lab/gallery/solitons/sg-e.html
http://www.math.h.kyoto-u.ac.jp/~takasaki/soliton-lab/gallery/solitons/sg-e.html
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