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Motivation

Motivation

» motion of mobile ions in materials with disordered structures
like in amorphous and nanostructured solids:
» ion conducting glasses
» glass-ceramics with micro- and nanocristallite
» ion and proton conducting polymers

» Applications

» micro batteries
» electrocromic window
» chemical sensors
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Theoretical Model

Theoretical Model

U(x)/a.u.

Langevin Equation

QU:*Q%U(IL’)‘FQE(t)ﬁ*F(t) (a=1)

Statistical Properties of the Stochastic Force
(F(t)) =0, (FO)F(t)) =2Q4(t —t')
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Theoretical Model
[ Je]

Fokker-Planck Equation

Fokker-Planck Equation
0 0 0 0
i) = o Lo S0t - B0) +Q ) b s

Charge Density and Current Density
p(l’,t) = NQf(xvt)
i) = Nofo |- v + 80| 100 -0 s

Stationary Distribution for E(t) =0

qU(=)

fE=o0(z) = foe @
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Theoretical Model
oe

Fokker-Planck Equation

Stationary Fokker-Planck Equation for E(t) = E
v | V) N &
j=Nq [ 7. TE|f(2) = NeQ —f(2)

Solution

(@) = A edl-UE@E/Q _ / ¥ dy! AU @U@ )+ Bla—a')]/Q
0

A, j are fixed by Normalization and Periodic Boundary Condition
L

/ o f(x)=1, U@+L)=Ux) = f(e+I)=f)
0
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Theoretical Model

Nonlinear Conductivity

Nonlinear Conductivity

o(E) =
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Statistical Characterization of the Potential

Statistical Characterization of the Potential

Fourier Expansion

U(zr) = Y Uncosknr + Vysin kna, bn = 1.

n=0

V(z,r) = Z Up[cos kp(x+7) — cos kpz] + Vi [sin ky(x41) — sin kyz]

n=1

Gaussian Ensemble for U,,, V,,

(Un) = (V) =0, (UnUp) = (Vi Vin) = D26p.m, (UpnVim) =0

1 2 2 12 2
W(Un7Vn) == 27TD2€ U”/zD”e Vi/2Ds,
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Statistical Characterization of the Potential
[ ]

Characteristical Functional

Characteristic Functional for V(z, )

. rL r
Zy[n = <e’fo dr [g dxn(l’,’/')V(x7r)>

= ] / " au, / Qv AU a1, Vi)
n=1"% o

o0

_ H e~ CDA(CR+87) /2@

n=1

L L
C, = / dr/ dzn(x,r)[cos ky(x + 1) — cos k]
0 0

L L
Sp = / dr/ dx n(z,r) [sin k,(x + r) — sin k,x]
0 0
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Statistical Characterization of the Potential

o0

Correlation Function

n-Point Correlation Function

(V(z1,71) ... V(Tn, ) = 8" Zy [n]

i"6n(xn, mn) - - - on(21,71) n(z,r)=0

odd n
(V(z1,71) ... V(x2n+1,72n41)) =0
(V(z,m1) . V(@zn,r2n)) = Y (V(zg, r1)V (2,7m2)) + ...

P
-+ (V(22n-1,r2n-1)V (€20, T20))
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Statistical Characterization of the Potential

(o] J

Correlation Function

Two-Point Correlation Function

(V(x1,m1)V (22,12)) = Q2 Z D2 [cosknp(x1 + 71 — 22 — 12)

—cos ky(x1 + r1 — 22) — cos k:n(:cl — 2y — 12) + cos kp(z1 — x2)]

(V3(z,7)) = 20" izﬂ [1 — cos k,7]
) Q2 ~ n n
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Perturbation Theory
@00

Perturbation Theory for gEL/Q > K(r, Q, L)

Perturbation Theory for gEL/Q > K(r,Q, L)

L fOL dre " qF
O = OOhm , a=-=
" fOL dr fOL dx eV (zr)—ar Q
L [1 - e*aL]
O00Ohm L L s " T o—ar
afo d’rfo de [1+ Y22, V(x,r)/nl]e
J0hm

L+ gy S Jo dr fy de Vo, r)/nteer

Averaging

@ "Ohm{”zhn-e Pl <[§ALdTAvan(m,r)/ "']m>}
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Perturbation Theory
oeo

Perturbation Theory for gEL/Q > K(r, Q, L)

Consider only Terms up to (V(z1,71)V (z2,72)V(23,73)V (24, 74))

_ 00hm L fOL dre " _ 00hm L fOL dre "
fOL dr fOL dx e=(V*(zr))/2 g—ar fOL dr fOL dz <eV(W")> e—ar

(o)

Lorentzian Distribution for Standard Deviations
1

L\/k2 + K2

D, =

Steffen R&thel Westfilische Wilhems-Universitat Miinster Institut for Theoretical Physics

Stochastic dynamics in a continuous disordered potential



Perturbation Theory
[e]e] ]

Perturbation Theory for gEL/Q > K(r, Q, L)

K(r) = —*<V2(fv r)) = Qz [(U2(0)) — (U (r)U(0))]

q®> coshkL/2 — cosh k(r — L/2)
4Q%KL sinhkL /2

0.025

0.02

0.015

K(r)

0.01

~ Kk =4n/L
0.005

r/L
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Perturbation Theory

Results
Results
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Perturbation Theory

[ Je]

Perturbation Theory for small gEL/Q

Perturbation Theory for small ¢EL/Q

Mirror Summetry wit respect to x = L/2
K(r)=K(L-1) = o(-E)=o(E), j(-E)=—j(E)

Perturbation Expansion

j=01E+ 03E® + osE° + ...

Coefficients

Nq2
o = ———
' foL dr eK(r)
Ng* [} dr [L?/12 — (r — L/2)?] eK()
o3 =
20?2 L 2
Q {fo dreK(’")}
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Perturbation Theory

oe

Perturbation Theory for small gEL/Q

Standard Deviation of a Constant Function e¢

foL dr (r — L/2)2 e B 2
foL dr € 12

D¢ =

Standard Deviation of the Function ¢ (7)

D2 fOL dr (r — L/2)? eK()
K(r) — fOL dr GK(T)

Second Coefficient

q2

202

03 =

[DC D2 (T)]
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Outlook

Outlook

» Standard Deviation Aj = +/(52) — (j)?
» Conductivity for AC E(t) o sinwt

Steffen R&thel Westfilische Wilhems-Universitat Miinster Institut for Theoretical Physics

Stochastic dynami inuous disordered potential



	Outline
	Motivation
	Theoretical Model
	Fokker-Planck Equation
	Nonlinear Conductivity

	Statistical Characterization of the Potential
	Characteristical Functional
	Correlation Function

	Perturbation Theory
	Perturbation Theory for qEL/QK(r,Q,L)
	Results
	Perturbation Theory for small qEL/Q

	Outlook

