
Homework 3

Phys 556: Solid State II
Assigned: Feb. 28, Due: Mar. 14

1 Landau parameters (Exercise 6.1 in Ref. [1])

Calculate the Landau parameters to leading order in λ1,2 for a Fermi liquid with the contact
interactions:

(a) V (x− x′) = λ1δ
3(x− x′).

(b) V (x− x′) = −λ2∇2δ3(x− x′), so that V (q) = λ1q
2 in Fourier space.

(c) Taking the results of (a) and (b) literally (i.e., ignoring higher-order terms in λ1,2), sketch
the regions of the λ1,2 phase diagram where the Fermi surface becomes unstable. (The Fermi
surface is unstable when any of the quantities in Table 6.1 diverge, which occurs when F a0 , F

s
0

or F s1 goes to −1.)

2 Feynman diagrams for electron-phonon interaction

Consider the electron-phonon interaction, given by:

V =
∑
q,k,s

Mq(aq + a†−q)c†k+q,sck,s, (1)

where aq is the (bosonic) phonon annihilation operator (suppressing the index for polarization)
and ck,s is the electron annihilation operator. Let D0(q, t − t′) and G0(p, t − t′) denote the free
phonon and electron Green’s functions, respectively.

(a) Use perturbation theory to write the leading order correction to the electron Green’s function.
(Don’t need to evaluate anything yet, just write down the correction as an integral over terms
involving electron and phonon creation and annihilation operators.)

(b) Write down the sum of Feynman diagrams that gives the leading order correction to the electron
Green’s function. Do not do any integrals! Use solid lines to indicate the free electron Green’s
function and dashed lines for the free phonon Green’s function.

(c) Why don’t the disconnected diagrams contribute to the electron Green’s function?

3 Second order in perturbation theory

Consider a gas of fermions with the interaction term:

V =
1

2

∑
k,k′,q,σ,σ′

Vqc
†
k−q,σc

†
k′+q,σ′ck′,σ′ck,σ (2)

1



(a) Draw the connected Feynman diagrams that contribute to the electron Green’s function to
second order in V . (Do not compute any integrals).

(b) Draw the connected Feynman diagrams that contribute to the correction to the energy to
second order in V . (Do not compute any integrals).

(c) How are the diagrams in parts (a) and (b) related?

4 Friedel oscillations

(a) Consider electrons in 1D with hard wall boundary conditions, constrained to 0 < x < L, so
that the Fourier transformed electron momentum operators are given by:

ck =

√
2

L

∑
x

sin(kx)cx (3)

Compute the expectation of the electron density operator, n(x) = 〈c†xcx〉, as a function of x at
zero temperature (take the L→∞ limit to convert the sum to an integral.) Sketch n(x). The
oscillations with period 2kF are Friedel oscillations.

(b) Now consider electrons in 2D, confined between 0 < x < L but free to move in the y-direction.
Again compute n(x) as a function of x at zero temperature. Again sketch n(x) and observe
the Friedel oscillations. Compare the 1D and 2D cases.

(c) How do the Friedel oscillations in parts (a) and (b) compare to the shape of the “exchange
hole” in the density correlation function? (We discussed the exchange hole in class; it is also
plotted in Fig 7.3 in Ref. [1].)
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