5.72 Problem Set #5 (Spring 2012) Cao

I. Density fluctuations
1) Derive the equilibrium value of density fluctuations

1 ~
S() = 5 {18pl*) = 1+ poh (k)

2) S(k =0) = pokgTyr, where
1 (6/))
XT ~o\opr/,

is the isothermal compressibility.

3) Show 2 Re[F(k,z = iw)] = S(k, ) where F(k,z) = [,” e72*F(k, t)d is the
Laplace transform.

4) To first order in k, we obtain

1 1
F(k,t) = S(k) [(1 — ;) e~ ak*tly 4 ;cos(kcst)e‘kzrt :

Use the expression for F(k, t) to derive S(k, w).
5) Make a plot of S(k, w) for a typical value of k. (Ref: Reichl p 544-562)

II. The transverse current is defined as
N

Jk = Z ij(t)e_ikzj(t)-

j
1) Show ([[2) = =2%  (note (viyvjy) = 8;;(v2))

2) Use the Navier-Stokes equation to show J; (t) = J;.(0)e™V*°t where v = ——.

Pom
3) Prove
2 1
> OOz — 5] = (140 - A0 —
ij

when A(t) =m Zi 'Uix(t)Zi (t)

4) *Derive
1
= i i — 2
1= o7 im 5 14® — AP
5) Derive
1 co
R RCEOLNOILY

d
where g,, = EA'

6) *Show (gup) = PV, (Ref. 5.70 notes, McQuarrie p513-525)



III. Using the mean-free path approximation [McQuarrie p. 523], derive expressions for
D and 7 in terms of the average collision time ¢,.

IV. Landau-Placzek ratio (ref. Reichl) f;_p
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1) Explain this expression.

2) Using the thermal fluctuation relation P «< exp {— g [ASAT — APAV]} show

wsy (),
G (@),
= (5 )( 5),

4) *Show fi_p=y—1= C—wheny =
|4

3) Derive

CV

V. *Derivations
1) To second order in k, derive

1 1
F(k,t) = (1 — ]—/) e~akt/y 4 ;e‘rkzt[cos(cskt) + d(k) sin(cgkt)],

F+(1—%)a K
Cs

where d(k) =
2) Prove

b= m_,[; lim lim ((IL{)) S(k,w)

2 w—0k-0

when b = m%)o(nB + %n).

VI. *Derive the explicit expression for the intensity of scattered light from classical
electromagnetic theory. (Ref. Reichl)
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