
Chap. 10 
1. Surface plasmons. Consider a semi-finite plasma on the positive side of the plane 
z=0. A solution of Laplace’s equation 02 =∇ ϕ  in the plasma is 

kzkxAzxi expcos),( =ϕ , whence )exp(cos kzkxkAEzi −= ; )exp(sin kzkxkAExi −=  
(a) Show that in the vacuum kzkxAzx expcos),(0 =ϕ  for z<0 satisfies the boundary 
condition that the tangential component of E be continuous at the boundary; that is, 
find Exo. (b) Note that ooii EDED == ;)( 0εωε . Show that the boundary condition 
that the normal component of D be continuous at the boundary requires that 
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for the frequency sω of a surface plasma oscillation. 
 
2. Interface plasmons. We consider the plane interface z=0 between metal 1 t z>0 

and metal 2 at z<0. Metal 1 has bulk plasmon frequency 1pω ; metal 2 has 2pω . The 

dielectric constants in both metals are those of free electron gases. Show that surface 
plasmons associated with the interface have the frequency 
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3. Plasmon mode of a sphere. The frequency of the uniform plasmon mode of a 
sphere is determined by the depolarization field 03/ εPE −=  of a sphere, where the 
polarization P=-ner, with r as the average displacement of the electrons of 
concentration n. Show from F=ma that the resonance frequency of the electron gas is 
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0 3/ εω = . Because all electrons participate in the oscillation, such an excitation 

is called a collective excitation or collective mode of the electron gas. 
 
4. Magnetoplasma frequency. Use the method of Problem 3 to find the frequency of 
the uniform plasmon mode of a sphere placed in a constant uniform magnetic field B. 
Let B be along the z axis. The solution should go to the cyclotron frequency 
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motion in the x-y plane. 
 
5. Plasma frequency and electrical conductivity. An organic conductor has recently 



been found by optical studies to have 15108.1 ×=pω  s-1 for the plasma frequency, 

and τ=2.83×10-15 s for the electron relaxation time at room temperature. (a) Calculate 
the electrical conductivity from these data. The carrier mass is not known and is not 
needed here. Take 1)( =∞ε . Convert the result to units (Ω cm)-1. (b) From the crystal 
and chemical structure, the conduction electron concentration is 4.7×1021 cm-3. 
Calculate the electron effective mass m*. 
 
6. (a) Calculate and plot the dielectric constant as a function of ω for a neutral plasma 
with free electron density n and an uniform fixed positive charged background. 
Assume the dielectric constant for the background is 1. The mass of the electron is m. 
(b) Derive the dispersion relation of an electromagnetic wave in the plasma described 
above. 
 
7. Explain why the alkali metals become transparent in the ultraviolet region. 
 
8. Explain “Mott metal-insulator transition”. 
 
9. Derive the static Thomas-Fermi dielectric function ε(0,K) for a metal with 
conduction electron density n0. 
 
10. Proof that for a point charge q in a metal with electron density n0, the effective 
potential due to this charge becomes 
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where ks is a function of n0. Please also derive the form of ks. 
 
11. Show that in a metal with electron density n0 has an acoustic phonon mode with a 

phase velocity of FM
m υ

3
, where m and M are the masses of the electron and the 

positive ion, respectively, and Fυ  is the Fermi velocity. 
 
12. Explain what a polariton is. What is a polaron? 
 
13. (a) Write down the coupled equations of E and P for a polariton in a simple cubic 
crystal, where P is the volume density of the dipole moment induced by the electric 
field E. Assume the effective charge of the dipole moment in the crystal is q* and the 
relative displacement between the positive ion and the negative ion is u. The reduced 



mass of the oscillating ions is M. The high and low frequency limits of the dielectric 
constant are ( )∞ε  and ( )0ε , respectively. The TO phonon of the crystal is Tω . 

(b) Show that 2
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L , where Lω  is the zero of )(ωε . 

(d) Show that )()0( 22 ∞= εωεω LT . This is the so-called LST relation. 
(e) Plot the phase velocity versus ω and show that no electromagnetic wave with 
frequency between Tω  and Lω can propagate in the crystal. 
(f) Plot qualitatively the dispersion relation near the coupling region. 
 
14. Explain what “Peierls instability” is. 
 
 
 
 


