Exercises in Statistical Mechanics

Based on course by Doron Cohen, has to be proofed
Department of Physics, Ben-Gurion University, Beer-Sheva 84105, Israel

This exercises pool is intended for a graduate course in “statistical mechanics”. Some of the
problems are original, while other were assembled from various undocumented sources. In partic-

ular some problems originate from exams that were written by B. Horovitz (BGU), S. Fishman
(Technion), and D. Cohen (BGU).

[Exercise 9010]
Spin resonance

Spin Resonance: Consider a spin % particle with magnetic moment in a constant magnetic field By in the z direction
and a perpendicular rotating magnetic field with frequency w and amplitude B;; the Hamiltonian is

H=H,+ Lhwy [opcos (wt) + oy sin (wt)]

where HO = %ﬁwoaz, %hwo = uBy, %szl = pBy and 04,0y, 0, are the Pauli matrices. The equilibrium density matrix
is Peq = exp (—ﬁffo> /Tr [exp (—Bﬁo)}, so that the heat bath drives the system towards equilibrium with Hy while
the weak field By opposes this tendency. Assume that the time evolution of the density matrix p (¢) is determined by

dp)dt = 7%‘ [ﬁ’ﬁ] 7 p—Tpeq

(a) Show that this equation has a stationary solution of the form dpi; = —6p2e = a, dpia = dp3, = be™ ™t where
o0p=p— Peq-

(b) The term — [p — pey| /7 represents (—i/h) [(ﬁbath)ﬁ} where Hyqup, is the interaction Hamiltonian with a heat
bath. Show that the power absorption is

d N R dH
%TT [(HJerath)P] =Tr dtp]

(c) Determine b to first order in By (for which @ = 0 can be assumed), derive the power absorption and show that
it has a maximum at w = wp, i.e. a resonance phenomena. Show that (d/dt) Tr (/SFI) =0, i.e. the absorption
is dissipation into the heat bath.



