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Introduction

Solid-state physics is a vast field that blends quantum mechanics, electromagnetism, and materials science to
explain the behavior of electrons in crystals. One of the most celebrated textbooks that distills these concepts into a
coherent narrative is Ashcroft and Mermin — Solid State Physics. Chapter 31 of this classic work focuses on the
optical properties of solids, a topic that connects microscopic electronic structure to macroscopic phenomena such
as reflectivity, absorption, and luminescence.

Students and researchers often turn to problem sets at the end of each chapter to test their understanding. The
odd-numbered problems in Chapter 31 are especially challenging because they require a blend of analytical
reasoning and numerical insight. In this article, we dive deep into the ashcroft and mermin chapter 31 solutions
oddnos, providing step-by-step explanations, key equations, and conceptual insights that will help you master the
material.

Whether you are preparing for an exam, working on a research project, or simply curious about how light interacts
with matter, this guide will equip you with the tools you need to tackle the most demanding questions in this chapter.

Overview of Chapter 31: Optical Properties of Solids

Chapter 31 introduces the dielectric function ;RfE) as the central quantity that describes how a material responds to an
external electromagnetic field with angular frequency <’a The dielectric function is complex, with real and imaginary
parts that encode dispersion and absorption, respectively.

Key topics covered include:

 Classical Drude model of free-electron response.

¢ Quantum mechanical treatment of interband transitions.

¢ Sum rules and Kramers—Kronig relations.

» Optical constants: refractive index, extinction coefficient, reflectivity, and transmission.
¢ Plasmon excitations and their signatures in optical spectra.

Understanding these concepts is essential for solving the odd-numbered problems, which often involve
manipulating the dielectric function, applying sum rules, or interpreting experimental spectra.

Key Equations and Concepts

The Dielectric Function

The complex dielectric function is written as:

;RFE) =R fE) +i;R"fE)

where ;R —2 FtR &V A t (dispersion) and ;R " —2 FtR -0 v—a y part (absorption). The optical constants are related to ;R

1. Refractive index: n(<” O ¥FAp| + ;R '6%D
2. Extinction coefficient: ;¢fE) = " [(;WA O p *)/2]



3. Reflectivity at normal incidence: R(<” O 214 O »"29]/[(n + 1)2 + ;«%D
4. Transmission (for thin films): T(<” O O "fE) - A(<’AVvtW&R —2 FTR '6+ ption.

Drude Model

The Drude model treats conduction electrons as a gas of free charges that are scattered with a relaxation time <Ba
The dielectric function is:

‘RFE) = 1 - <o+ " 9 3E(<’ 276A)]

with the plasma frequency:

<o+ " O Tee["'Ofu €m*)

where n is the electron density, e the elementary charge, ;R FTR “acuum permittivity, and m* the effective mass.

Interband Transitions

Quantum mechanically, the imaginary part of the dielectric function due to interband transitions is given by the joint
density of states and the transition matrix elements:

R"fE) = (2<["0fu €m2<s™ £ Kk |'éc k|p|v,k'€|? ;B, U212 O U+bt12 O '<’e
where the sum runs over k-points, and p is the momentum operator.

Sum Rules

The f-sum rule (or oscillator strength sum rule) links the integral of the imaginary part of the dielectric function to
the total number of electrons:

"+ €M <L (<7 CE = (<ee["0f&0.
Sum rules are often used in odd-numbered problems to check the consistency of calculated spectra.

Kramers—Kronig Relations

These relations connect the real and imaginary parts of a causal response function:
R fE)=1+(2/<’ "2 &4 fE ;R"fE)/(<{" OE?)d<p
where P denotes the Cauchy principal value. They are indispensable when only one part of ;R —2 faedwn.

Problem 1: Drude Plasma Frequency and Reflectivity

**Problem Statement** (paraphrased): \nFor a metal with electron density n = 5.9 x 102x m {8 and effective mass
equal to the free electron mass, calculate the plasma frequency <+ and determine the reflectivity R at a photon
energy of 3 /eV. Assume a relaxation time <BO & r »'B +0.

**Solution**

Compute the plasma frequency using <e= " O @&["0f 1 €m):\n\nElectron charge: e = 1.602 x 10 {*y /C
Vacuum permittivity: ;R O AfSBr  »" 6boD
Mass: m =9.109 x 10 {3t /kg

Plugging in: <e= "O fR&'r " f&c"r » »"O0fAfSBr »"r'a’r »)s
Numerical evaluation gives <e= $, &Rr 'b + ad/s.

a ks wnpeE

RFE) = 1 - <e+" 0 3E(< 2 '6A)]
Insert numerical values to obtain ;R $, OB&R &B u, "H 2.1.
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