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Let the velocity v(f) of a particle obey the following Langevin equation,

duv{t}

M = —Cu(t) +n(2),

where m is a positive constant {corresponding to the mass), ¢ is a positive constant
(corresponding to the friction coefficient), and n(¢) is the white noise, which satisfies the
relations (n(t)) = 0 and {(n(t)n(s)) = 2¢6(t — s). Here, (A) denotes the average of A4, ¢ a

positive constant and 6(¢) the Dirac delta function. Assume that the energy equipartition

law limy o 5 {v*(t)) = 1kgT holds, where kp is the Boltzmann constant and T is a

temperature. Answer the following questions.
: 3 X . -~ ¢ § "?(5) £
(i) Show that v(t) =™ / e’ (w—nw%w)ds +v(0) |, where 7 = >
0
(ii) Compute the fluctuation {v*(¢)).
(iii) Show that the fluctuation-dissipation theorem

€= k‘BTC

holds in the limit ¢ — 0.
(iv) Compute the velocity correlation (v(t)u(s)).

t

(v)  Let z(t) be the position value which satisfies the relation z(t) = 2(0)+ / v(s)ds .
0

Show that the diffusion coefficient D defined by the following equation

D — i {20 = 5(0)))

t—00 2t

satisfies the relation
D= —kBT.



