
5 Summary

Project III : Breathing harmonic oscillator

Consider the overdamped motion of a simple harmonic oscillator governed by

gdx(t) = �k(t)x(t)dt +
p

2gkBTdW(t) . (5.4)

The spring constant k(t) is varied as a function of time.

k(t) =
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k0 for t < 0
k0 + (k1 � k0)t/t for 0  t < t

k f for t > t

(5.5)

The internal energy of the oscillator is given by E(x, k(t)) = 1
2 k(t)x2. During the time inter-

val 0  t  t, the work done on the harmonic oscillator is given by W =
R
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0 x(t)2dt. Set g = kB = T = 1, k0 = 1, k1 = 2.
[1] Obtain the partition function Z(k) and the free energy F(k) for the equilibrium har-
monic oscillator as a function of the spring constant k.
[2] Initially, the harmonic oscillator is in the thermal equilibrium state with the distri-
bution function P(x) = 1

Z(k0)
e�bk0x2/2. Perform the numerical simulations to obtain the

probability distribution function of the work PF(W) during the time interval 0  t  t.
[3] Perform the similar simulations to obtain the distribution PR(W) in the reverse process.
[4] Test the fluctuation theorems he�bWiF = e�bDF and PF(W)/PR(�W) = eb(W�DF) with
DF = F(k1)� F(k0).
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