
[nex119] Velocity correlation function of Brownian particle II

Consider the Langevin equation for the velocity of a Brownian particle of mass m constrained to
move along a straight line,

m
dv

dt
= −γv + f(t), (1)

where γ is the damping constant and f(t) is a white-noise random force, 〈f(t)f(t′)〉 = Ifδ(t− t′),
with intensity If = 2kBTγ in thermal equilibrium (see [nex55]).
(a) Convert the differential equation (1) into the algebraic relation,

−iωmṽ(ω) = −γṽ(ω) + f̃(ω), (2)

between the Fourier amplitudes,

ṽ(ω) =

∫ +∞

−∞
dt eiωtv(t), f̃(ω) =

∫ +∞

−∞
dt eiωtf(t), (3)

of the velocity and the random force, respectively.
(b) Apply the Wiener-Khintchine theorem (see [nln14]) to calculate from (2) and the above speci-
fications of the random force the velocity spectral density and, via inverse Fourier transform, the
velocity correlation function in thermal equilibrium:

Svv(ω) =
2kBTγ

γ2 + ω2m2
, 〈v(t)v(t+ τ)〉 =

kBT

m
e−γτ/m. (4)

Solution:


