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Applications of quantum mechanical methods to classical

stochastic processes

Jun Ohkubo

Institute for Solid State Physics, University of Tokyo

Abstract

We explain some applications of quantum mechanical methods to classical stochastic processes.
One example is a pump current problem. A pump current is a nonequilibrium current induced
by periodic external perturbations. A concept of geometric phase, such as Berry phase and
Aharonov-Anandan phase, is available to study the pump current problem. The other example
is seen in a discrete master equation describing chemical reaction systems. It is known that
the discrete master equation is expressed by creation and annihilation operators, which are
used in quantum mechanics. The expression enables us to use various analytical techniques in

quantum mechanics for the study of classical stochastic processes.
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ki1 =c+ Rcos(wt), k_s =c+ Rsin(wt),

]{1_1 = k+2 =C.

000 0000000RO0OOOODOOOO0O
0000000k 0 k_p0 cos(O000 sin) 000
00000000000000000000000
00000000000000100700000
00000000000000000000000
00000000000 [C]00 [Rjo00000
00000000000000000000
P.0[C]0000D000O0ROI[C)O10000
00000000000[L 0 [RO0000000
00000000000000000000000
00 p(t) =[P, A 00000000000000
00000000000000000 k00000
00000000000000000000000
000000000000000000
0000000000000000000000
00000000000000000000000
000000000000000000000001
007000 ([C]00 R0 -000000000
000 P,00000000P_,000 [ROO [C]
05000000000000000000000
00000000000000000000000
0000 [4-6]0

oo
= E P, e"X

S§=—00

—1f7 (e’ s H(X’t)dt> p(0), (2)

000000000 7000000000000
00000000000000000000000
0460000000 HO

7]'{5_1 — kzeix

k_1 + ko

k1+k_o

—k; — k_ge_ix

ﬁWJ)l 3)

00000000000000000000000
0000000000D0eX000000000 O
000000000000000000H =
—iH(x,t)000000000000000 (2)0

. d
i=16(t)) = H|o(2)) (4)

000 Shrodinger OO DOO0ODDOOO0OOOOODO
OO00O0O0O0O0O0O00OO0DOOO0 Shrodinger 0O OO
oboobooooooobooooboooobo
ooboooooooobooobooboobooobn
oooooooo

oooD0ODDOO HFOOOO0OO0O0O00ooooooD
ooboooboobooooobooboooobn



|6(k(T))) = €™|6(k(0)))

|6(%(0)))

k(0)! k(T)

parameter space
(base space)
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A— A+ A atrate,

A+ A— A atrate o°. (5)
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%P(n,t) =y(n—1)P(n — 1,t) — ynP(n,t)
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