m

1 2

equilibrium at temperature T, find the variance of energy fluctuations. Explore the low-temperature and
high-temperature limits of the result.
5.4. For the 1D, three-site Ising ring with ferromagnetic coupling (and no external field),
calculate the correlation coefficient sjsj' for both j = j' and j j'.
PHY 540 Statistical Mechanics (Fall 2021) Homework 9
Tuesday Nov 16
molecular-field theory, calculate Posted:
the variance
of spin
Due: Tuesday Nov 30

5.5. Within the framework of Weiss’
fluctuations in the d-dimensional Ising model. Use the result to derive the conditions of quantitative
validity 9.1
of the Fluctuations
theory.
of particle number(15)
Calculate
the fluctuations
of the
numbers
Nkenergy
of a single
k in thermodynamic
equilibrium
Calculate
the variance
ofoccupancy
fluctuations
of the
of state
a quantum
harmonic oscillator
of
5.6.
in the cases of classical particles, fermions, and bosons, and express them as functions of hNk i. Compare
frequency
, in thermal equilibrium at temperature T, and express it via the average value of the energy.
the results and discuss the limit in which they become equal.

5.7.
r.m.s. fluctuation of the occupancy Nk of a certain energy level
9.2Express
Spin the
fluctuations(15)
(i)
a classical
particle,
Consider
a system
of N non-interacting Ising spins si = ±1,
(ii) a fermion, and
X
H = −h
si
(iii) a boson,

k

by:

i

in the thermodynamic equilibrium, via the average occupancy Nk , and
P compare the results.
and calculate the r.m.s. fluctuation of the total magnetization m =

i si .

5.8.* Starting from the Maxwell distribution of velocities, calculate constant C in the
9.3 Energy fluctuation (20)
(approximate) expression KP( ) = C ( ), for the correlation function of fluctuations of pressure P(t) of
r.m.s. fluctuation
the energy the
δE for
a three-spin
Ising
an idealCalculate
gas of Ntheclassical
particles.of Compare
result
with that
of model,
Problem 3.2, and estimate the
pressure fluctuation variance.
H = −J(s s + s s + s s ) .
1 2

1 3

2 3

Hint: You may like to consider a cylindrically-shaped container of
A
Harmonic
oscillator
equlibrium(25)
N ,T
volume 9.4
V = LA
(see Fig. on
the right)intothermodynamic
calculate fluctuations
of force
F (t )
p into fluctuations
acting onConsider
its plane
lid of area
A, andwith
thenfrequency
recalculate
k/m and small damping factor η in thermal equlibrium
a harmonic
oscillator
ω0 =them
of pressure
withP.its environment
mq̈ + η q̇ + kq = ∆Fenv

L
Perhaps
the
simplest
model
of
diffusion
is
the
1D
discrete
5.9.
Using the relations between the damping factor η and the spectral density SF , find the autocorrelation of
random the
walk:
each time
interval , a particle leaps, with equal probability, to any of two neighboring
oscillator
coordinate
Kq (τ ) =
hq(t)q(t
+ τ )i displacement
.
sites of a 1D lattice with the spatial period a. Prove
that
particle’s
during time interval t >>
, obeys Eq. (77), and calculate the corresponding diffusion coefficient D.
9.5 Shot noise(25)
*
Calculate
the density
low-frequency
spectral
current
I(t) due
to random
5.10.
Calculate
the spectral
of fluctuations
of the density
current ofofcharged
carriers
q flowing
a junction
shown
in the figure.
Assume thatelectrodes
the charged
carriers
passage through
of charged
particles
between
two conducting
- see
Fig.pass
on the
the right.
and emitted
independent
of each
and that
the average
current
Assume junction
that the randomly
particles are
by one
of theother,
electrodes
at random
times,
and is
are fully
¯
equal
to
I(t).
absorbed by the counterpart electrode.
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