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An English Translation:

Physical Statistics

5

Consider a particle with mass m executing free Brownian motion under the influence

of a friction force —m~AV (t), where  is a positive constant and V() the velocity of the
particle at time ¢. V'(¢) is described by an Ornstein-Uhlenbeck process with the conditional
probability density function, or the transition probability, of V() given that V(o) = v,

- 1 (v — vp exp (=t — t)))’
p(v, tjvo, to) = NZTE exp <— 20 — t) ) ;

where t > tg, p(t) = D (1 — exp(—27t)), and D is a positive constant. (f(V(2))),, 4
denotes the conditional average of f(V(t)) given that V(tg) = vo, where f(V(t)) is a

function of V(). The Ornstein-Uhlenbeck process is a steggionary Markov process. Let

kg be Boltzmann’s constant. You may use the equality dz exp(—2?) = /7 without
—co

proof. Answer the following questions.

(i) Determine D when, as t — 0o, p(v, t|vg, to) tends to the Maxwell distribution, that

is, the equilibrium distribution of the velocity at temperature T'.

(i) The entropy production of the particle under the initial condition that V(to) = vo

is defined as

Uvo,to(t) == (lnp(V(t),t|vo,to)>vo,to - % (V(t))2>'u0,to ’

where t > t;, and In A denotes the natural logarithm of A. Show that the entropy

t
production rate Uv?i’;"( ) is positive.
(iii) Let
an(vg, 7) = {((V(to +7) — vo)")vo’to ,
: L o . an(v,7)
where n is a positive integer and 7 is positive, and let A,(v) = llrilo——-—. For
T— T

t > tp, the following equation is satisfied:
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Find A, forn =1,2,---.



