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Lectures

Where and when?

W 11:15, kleiner H�orsaal

Th 9:15, kleiner H�orsaal

Information:

https://research.uni-leipzig.de/sum/ssp.html

lecture slides

supplemental material & reading suggestions

Lecture notes may be available later during the term

use textbooks otherwise
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Literature

Ashcroft, Mermin. Solid State Physics

seminal textbook, although it is nearly 50 years old

translated into many languages

Hunklinger. Festk�orperphysik / Solid State Physics
recent English translation available

Gross, Marx. Festk�orperphysik
only the German version available

any other solid-state physics textbook would work too

don't overlook supplemental material (see the web page)

More solid-state physics in the Advanced lecture
(12-PHY-MWPE1), SS 24 or WS24/25
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Lectures: content
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Concepts, models, equations...

Experimental technique

Material

Person
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Exercises

Exp. Physics 5 � Solid State Physics, WS 23/24 Bravais lattice, or how to pack a crystal?

Retrieve the problem sheets
web page or Moodle
weekly on Wednesdays

Enjoy your week and weekend
but remember to solve the problems

Submit the solutions by the end of next week

Solutions will be discussed during the tutorials:

Mo 15:15, kleiner H�orsaal
Tu 9:15, Theorie H�orsaal
Th 11:15, S 532

Attending tutorials is your only chance
to see the solutions

50% of the solved problems
is a pre-requisite for taking the exam
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Your solutions

Exp. Physics 5 � Solid State Physics, WS 23/24 Bravais lattice, or how to pack a crystal?

How to prepare?

pen and paper / tablet and stylus

all solutions in a single pdf-�le

How to submit?

via Moodle (closes after the deadline)

if Moodle does not work, via email

deadline should be respected

How to handle problems?

an incomplete solution may still earn you some points

many of the problems are based on real data, and you can �nd
answers for a cross-check of your result

Questions about the grades: alexander.tsirlin@uni-leipzig.de



Exam

50% of the solved problems
is a pre-requisite for taking the exam

When?

provisionally, between February 12 and February 24, 2024
second attempt: end of March 2024

How?

oral exam (30 minutes)
�ve questions from the database + any related questions

no need to remember everything, but be familiar with:

main properties of solids

how they are measured? (main experimental techniques)

wherein they are relevant?
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Outline
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1. Structure of crystals

direct lattice / reciprocal lattice

symmetry

crystal structure / structure factor

2. Atoms in crystals

types of bonding

elasticity and thermodynamics

phonons (lattice vibrations)

3. Electrons in crystals

free electron gas / Drude metal

electronic band structure

Fermi surface
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Bravais lattice, or how to pack a crystal?

electron microscopy

photonic crystals

remains for tomorrow

Lecture 1: October 11, 2023



Bravais lattice
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Bravais lattice?
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Image credit: Thomas Bresson (CC-BY-SA) and S. Hunklinger, Festk�orperphysik

https://commons.wikimedia.org/wiki/File:ComputerHotline - Vespidae_sp. (by).jpg
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Experimental technique
Electron microscopy
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Transmission electron microscope (TEM)
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Image credit: Pleple2000 and Gringer (CC-BY-SA)



Scanning electron microscope (SEM)

also known as REM = Rasterelektronenmikroskop

image formed by the scattered x-rays
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Image credit: Thctamm and Ste� (CC-BY-SA)



Atomic resolution?
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HAADF = high-angle annular dark-�eld

Images from: JEOL and Chem. Mater. 23, 255 (2011)



Atomic resolution?
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Images from: JEOL and Chem. Mater. 23, 255 (2011)



Bravais lattice
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Close packing: ABAB

hcp (hexagonal close-packed) structure
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Image from Gross and Marx, Festk�orperphysik



Close packing: ABCABC

ccp (cubic closed-packed) structure
fcc (face-centered cubic) structure
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Image from Gross and Marx, Festk�orperphysik



Structures of metals
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Image by Jeanne Paquette (fair use)



Material

Photonic crystals
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Tessellation
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Wall tiling at the Alhambra
(Granada, Spain)

M.C. Escher
Study of the regular division

of the plane with reptiles

Image credit: Gruban (CC-BY-SA), M.C. Escher (fair use)
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Image credit: Gruban (CC-BY-SA), M.C. Escher (fair use)



Exp. Physics 5 � Solid State Physics, WS 23/24 Bravais lattice, or how to pack a crystal?

N.B. Image falls under fair use



Packing on di�erent length scales

Exp. Physics 5 � Solid State Physics, WS 23/24 Bravais lattice, or how to pack a crystal?

Image credit: Funkdooby and Joe King (CC-BY), Sol. RRL 5, 2000541 (2021)
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Opal
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Opal mineral (SiO2 · xH2O)
consists of close-packed microspheres (photonic crystal)

Opalescence = �play of colors�
Image credit: Dpulitzer, James St. John, James St. John (CC-BY)

https://commons.wikimedia.org/wiki/File:Opal_molecular_structure2.jpg
https://commons.wikimedia.org/wiki/File:Black_opal_(Stayish_Mine,_Wollo_Province,_Ethiopia)_12_(23828147216).jpg
https://commons.wikimedia.org/wiki/File:Precious_opal_(Shewa_Province,_Ethiopia)_6_(30031741882).jpg


Animal re�ectors
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Image credit: Vincent Paul S and Anaxibia (CC-BY-SA)

https://commons.wikimedia.org/wiki/File:India_Street_Cat.jpg
https://commons.wikimedia.org/wiki/File:Teinopalpus_imperialis_verso.JPG
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