
Homework 2: 

Submission date: 28/10/2026 

 

1. Derive the equations for complex dielectric constant and refractive index: 
a. Write the Maxwell’s equation for current in a conductor [1] 
b. Substitute the time varying electric field expressions to obtain ∇!𝐸 =
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c. Substitute the expressions for travelling waves in solids to obtain the 
relationship 𝑛)! = 𝜖 [1] 

d. Obtain the expressions for 𝑛! and 𝜅! from equating the complex and real 
parts [1] 

2. Derivation of Plasma frequency: 
a. Use the same set of expressions listed above and show that oscillating 

electric fields follow a relation ∇!𝐸 = 	−𝑘!𝐸, such that 𝑘! = 𝜔! .1 − '"!
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b. Subsequently, you can show that for all frequencies 𝜔 < 𝜔(, in 

conductive systems, the electromagnetic wave decays [2] 
c. Show that for 𝑤 > 𝜔(, even in conductive systems, electromagnetic 

waves propagate as plasmons. [2]  
3. Self reading: [Pick up any solid state physics book] 

a. What are phonons. Duality of phonons as in any quantum particle [2] 
b. What is the density of states of phonons in any material [2] 

See if you can understand, why the in-direct bandgap semiconductor absorption 
increases gradually ? [2] 


