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Tutorial 5 
 

1. Charge Density Waves 

a) Describe in your own words: What is a Peierls instability and what are the ingredients? 

 

b) In the lecture, we introduced the Lindhard response function  

 

𝜒(𝑞) = ∫
𝑑𝒌

(2𝜋)𝑑
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Calculate 𝜒(𝒒) for 1 and 3 dimensions for a simple dispersion 𝜀𝐹 =
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Compare your result with the graph shown in the lecture. Assume low temperatures. Plot for 

both cases 𝜒(𝑞)/𝜒(0). [Hint I: remember that the Fermi functions act like a cutoff function at 

the Fermi level. Hint II: rescale the boundaries of the integral and look up the expression]. 

 

c) In the lecture we introduced the reduced frequency of phonon modes 

𝜔𝑟𝑒𝑛,2𝑘𝐹
2 = 𝜔2𝑘𝐹

2 −
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The critical exponent for 𝜔𝑟𝑒𝑛,2𝑘𝐹
(𝑇) approaching 𝑇𝐶𝐷𝑊 is resulting from this is (Gruener, p. 36) 

 

 
 

The figure shows a measurement of the phonon 

dispersion in ZrTe3 [Hoesch et al., PRL 102, 

086402 (2009)]. What phenomenon is seen 

here? How is it measured? What information can 

you deduce from the figure? How is this 

discussed in the paper? 

 

 

 

 

 

 

 

 

 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.102.086402
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.102.086402
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2. Phase Transitions I 
 

 
 

3. Phase Transitions II 

 

 
 

 

 


