The Abdus Salam
International Centre for Theoretical Physics

SMR.1763- 26

SCHOOL and CONFERENCE
on
COMPLEX SYSTEMS
and
NONEXTENSIVE STATISTICAL MECHANICS

31 July - 8 August 2006

Non-additive Dynamics of Soft-condensed Complex Systems

Asok K. Sen

Theoretical Condensed Matter Physics Division
Saha Institute of Nuclear Physics (SINP)
Kolkata 700 064, INDIA

E-mail: asokk.sen@saha.ac.in

Strada Costiera 11, 34014 Trieste, ltaly - Tel. +39 040 2240 |1 I; Fax +39 040 224 163 - sci_info@ictp.it, www.ictp.it



lditive Dynamics of Soft-condensed/
Complex Systems

o ————— i —— .

Theoretical Condensed Matter Physics
Division
Saha Institute of Nuclear Physics (SINP)
Kolkata 700 064, INDIA

E-mail:
Somnath Bhattacharya (SINP)

Shubhankar Mozumdar (South Point High School)
Partha Pratim Roy (South Point H.S.)




| Recapitulation of

S Aresponse: — e
. Temporal | 1In response

1S to the itself,

Also called Boltzmann’s relaxation

time approximation

2 4 16 L& 20

Simplest dynamics; possesses a
single time-scale T (
Lower Linear Regime ( Statistics)
Non Linear Regime ( Obviously of the RRTN

Upper Linear Regime (indeed a RRN) follows this
f(ar Gl?pta and Sen, PRB 57, 3375 (1998) dynamics




o , as an outcome of an inherent

7of the system having time-constants

9

iple: a relaxation function ~ with multiple s,
d by a self-similar probability density function (p.d.f.),
= where k=1/1

‘With-a proper choice of the p.d.f., one finds two power-law
relaxations; one at a short-time scale and another at an
asymptotically long-time scale

Ref.: Weron and Jurlewicz, J Phys A, 26, 395
(1993)




'in general, due to a sequence of
tribution of ©  "clusters/fields in time
~ crossingover a

distribution of clusters/fields in time

' "_ - intercrystallite pore
or
intraaglomerate pore

’Eventually,

&

fOI’ ’ agglomerate [
Crosses over to an

crystallite

dynamics, o

primary particle IR R\t ¢

towards a

interagglomerate pore
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- Relaxation in'the RRTN model; some typical parameters:

| J,=1.0, g =0. fort--
NIt

“configuration v;; at each node

=
=

> _ the microscopic voltages at each node using the Continuity
' ; 1.e., a lattice Kirchhoff’s dynamics:

to ascertain

l.e., stop Iiteration when

| 1(2%t layer)—1(N™ layer) | < ¢, a pre-
assigned small +ve number (for controlling
precision)

Bhattacharya and Sen, Europhys. Lett. 71, 797 (2005)




 Two early-stage .. for a p=0.50 RRTN sample
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A typical two power-law dynamics (
and ) and final exponential dynamics to
an steady current ( ).

The steady current is subtracted out to treat
all cases under the same footing; also the
final exponential dynamics is not shown

further. For different samples (iseeds),

and  vary widely;

The and are ; for some
separate classes of v;(t=0); thus on the



Histogram of P(I) for
elf-averaging property of the dc response«dn the RRTN=*

Self-averaging w/ Exponential tailﬂ

Power-law tall —>

Non self-averaging depends on
the nature of the tail in




Two early-stage power-laws in RRTN current dynamics

!
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(appear in most expts.) (somewhat rare in expts.)

S. Bhattacharya and A.K. Sen, Europhys. Lett. 71, 797 (2005)



of various systems of
‘well as the same in the RRTN model; suggests that:™
;;""' der D.E. for the relaxation is strongly non-Debye type,

TR e — e

ular, it should have the empirical form,

ng Tsallis, Bemski and Mendes; Phys Lett A257, 93 (1999), and addlng a

=1, >> | (Boltzmann-Gibbs-Shannon) term explicitly].

"'v“ﬁs expected 1t gives rise to two early power-law relaxations with
‘the following exponents and for >>1

v Eventually for t >> 1, RRTN’s dc-response is in the Upper Linear
Regime ( ), and there 1s expnl. relxn. (consistent with )

v of the (ULR regime); due to
in placing the ; to be studied by ac field next




Strong “and statistically ; ac-voltage
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and statistical - Hysteresis in a
indal voltage-driven RRTN (at ): ‘

> p>p(;£_ Vo
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loops 1n the sigmoidal, Non-
) of the RRTN’s dc-response:

e
Ie¢ rity manifests through

of w
nodd ¢ o-bonds and for t-bonds (for ):

.-_'f; (ah-9,) +1,cos 2at-¢,) tl; cos Bat-¢,) +

Fourier co-efficients:
oE((6.24/1.e4)"x)+0.1"cos((6.24/3.e4)"x-1.6)

Current (1)
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Jolina hysteretic response:

(non-changing) . /areas 1mply neither an

I(t*f- ; this allows only

--_,.H seml quantum symmetry of t-bonds (

_'.“
S —
-

=
e

e

as -10 SS thus with and

_ For- , the t-bonds become conducting and falls in the class (a) above.
No percolation with only capacitive t-bonds; also 1;<<l,n; SO at low

and ( ), may appear as a near the

origin
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in the RRTN. Exptl. loop (top R inset) shows

; Komori et al, J Phys cond mat 14, 8177
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or dyne

@RRTN in the presence of disorder and nonlinearity/interaction due'to"
‘simple ideas on the bond arrangements and microscopic voltage threshold

-

g bonds, shows intriguing relaxation.
cope to apply ' for the explanation

W relaxations. Whereas, the steady

‘of iitial voltage configurations, the exponents do not (on the

5)

C€ of mnitial power-laws n time-dynamics, far from the critical points, assures

therr origin is , but due to the nonlinearity
| S , In the , In-built in the

power-law dynamics seem to be due to the
(or, time evolution); and the

bulk system still picks up a ( ) while going through these correlated

pathways.

No chaoticity in reaching the final steady state from any initial voltage configuration

leads to

(1.e.,a ). This property is

comparable to the memory of the natured state in a , and the









