Instructor:

Earle Ryba

432 Steidle Bldg.
355-5949 (home – up until 11 pm)

rx7@psu.edu

Office hours by appointment

Course Description:
Visual, mathematical, and group theory approaches are used to examine in detail the geometry of periodic, quasiperiodic, and incommensurate structures. From computer-assisted class discussions and weekly homework assignments, the student becomes familiar with the symmetry operations involved in translation, rotation, and color changes. Point groups, space groups, line groups, surface groups, and color symmetry groups are derived through a combination of visual and mathematical considerations. The structure of group theory is explored and applied to the derivation of space groups. Applications to materials throughout.
Probable Topics  Chapters, pages refer to assigned reading in Buerger - Elementary Crystallography; not necessarily listed in order of presentation:
1. Point symmetry operations (pp 23-34) 

2. Combining rotations (pp 35-45) 

3. Stereograms 

4. Point groups (chaps 5, 6) 

5. Combining lattices and rotations (chap 7) 

6. Space groups (chaps 13-19) 

7. Group theory and space groups (chaps 20-22) 

8. Color symmetry 
9. Line groups

10. Surface groups
11. Matrix representations of symmetry elements 

12. The general rotation matrix 

13. Group representations 

14. Reduced cells 

15. Quasiperiodicity and non-crystallographic symmetries  

16. Incommensurate structures

(list does not necessarily reflect order of presentation of topics)

Text:

No text is required. However, we will follow, to a considerable extent, with assigned readings, the material in M. J. Buerger: Elementary Crystallography for a significant part of the course. This book is on reserve in the EMS Library.     Since Martin’s book is long out of print, personal copies are difficult to find and extremely expensive…..although previous students have occasionally purchased used copies online at surprisingly low cost.  Beyond this, you should rely mainly on the supplied files and your classnotes.  
For other places to read, see the list below.
Exams:

Two midterms and final exam as scheduled.

Grading:
Homework – 25%, exams – 25% each, final exam - 25%
Rough divisions for final course letter grades:
 80% = A, 70% = B, etc., roughly
Reading list:

A few of the many books on crystallography and related topics.
Main texts
 
Elementary Crystallography : An Introduction to the Fundamental Geometric Features of Crystals
by Martin Buerger
Fundamentals of Crystallography
by Carmelo Giacovazzo (Editor), et al (Paperback )
International Tables for Crystallography: Brief Teaching Edition of Space Group Symmetry
by Theo Hahn (Editor) (Paperback )
International Tables for Crystallography: Space-Group Symmetry
by Theo Hahn (Editor) (Hardcover )
Symmetry of Crystals: Introduction to International Tables for Crystallography
by Theo Hahn, H. Wondratschek
International Tables for Crystallography: Reciprocal Space, Vol. B
by Uri Shmueli (Editor) (Hardcover - July 2001)
Introduction to Crystallography
by Frank Coles Phillips
Colored Symmetry
by A. V. Shubnikov, N. V. Belov et al.
Introduction to Quasicrystals

by Marko Jaric´, Ed. - 1988
Primer for Point and Space Groups

by Richard Liboff – 2004      
Tilings and Patterns
by Branko Grünbaum and G. C. Shephard – 1987

Symmetry
by Hermann Weyl (Paperback – 1952
New Geometries for New Materials 
by Eric Lord, Alan Mackay, S. Ranganathan – 2006

Group Theory for Physicists

by Zhong-Qi Ma - 2007
The Symmetries of Things

by John Conway, Heidi Burgiel, Chaim Goodman-Strauss – 2008

Suggested Saturday night reading

Worked Examples in the Geometry of Crystals
by H. K. D. H. Bhadeshia (Paperback - February 1987)
Crystallography and Crystal Chemistry: An Introduction
by F. Donald Bloss
Mathematical Crystallography (Reviews in Mineralogy, Vol 15)
by M. Boisen, G. V. Gibbs (Paperback - June 1990)
Crystallography
by Christian BOK (Paperback - May 2003)
Crystal Lattices, Interfaces, Matrices: An Extension of Crystallography
by W. Bollmann
Crystallography
by Walter Borchardt-Ott (Paperback - June 1995)
Contemporary Crystallography
by Martin Julian Buerger
Introduction to crystal geometry
by Martin Julian Buerger
Point Group Symmetry Applications: Methods and Tables
by Philip H. Butler (Hardcover - December 1981)
Space Groups for Solid State Scientists
by Gerald Burns, A. M. Glazer (Hardcover - January 1978)
Geometric Crystallography: An Axiomatic Introduction to Crystallography
by Peter Engel (Paperback - October 1986)
Crystallography and its applications
by L. S. Dent Glasser
The Basics of Crystallography and Diffraction (International Union of Crystallography Texts on Crystallography, 5) -- by Christopher Hammond (Paperback - July 2001)
Mathematical Crystallography
by Harold Hilton
Crystallographic Groups and Their Generalizations: Workshop, Katholieke Universiteit Leuven Campus Kortrijk, Belgium, May 26-28, 1999 (Contemporary Mathematics (American Mathematical Society), V. 262)
by Paul Igodt (Editor) (Paperback - July 2000)
Crystallographic groups
by T. Janssen
Crystal Symmetry: Theory of Colour Crystallography
by Maurice Aaron Jaswon
Introduction to Crystallography
by Will Kleber
Representation of Crystallographic Space Groups: Irreducible Representations, Induced Representation and Corepresentations
by O. V. Kovalev, et al (Hardcover - September 1993)
Color and Symmetry
by Arthur L. Loeb (Hardcover - June 1978)
Essentials of Crystallography (Crystalline Solids Vol 1)
by Duncan McKie, Christine McKie
Crystallographic and Metacrystallographic Groups
by W. Opechowski
Mathematical Techniques in Crystallography and Material Science
by Edward Prince (Hardcover - July 1994)
Crystallography Made Crystal Clear -- by Gale Rhodes
Basic Crystallography
by J.-J. Rousseau (Author) (Hardcover - August 1998)
 
Introduction to Crystallography (Dover Classics of Science and Mathematics) -- by Donald E. Sands (Paperback - January 1994)
Vectors and Tensors in Crystallography
by Donald E. Sands
Crystallography
by Dieter Schwarzenbach (Author) (Hardcover )
N-Dimensional Crystallography
by Rolph Ludwig Edgar Schwarzenberger
Crystalline Symmetries: An Informal Mathematical Introduction
by Marjorie Senechal
Geometrical and Structural Crystallography
by Joseph V. Smith
Crystallography
by R. Steadman
A Basic Course in Crystallography
by J.A.K. Tareen (Paperback )
Modern Crystallography I
by Boris Konstantinovich Vainshtein
Modern Crystallography II (Springer Series in Solid-State Sciences, Vol 21)
by Boris Konstantinovich Vainshtein
Modern Crystallography
by B.K. Vaynshteyn, A.A. Chernov (Editor) (Hardcover - November 1988)
Crystallography for Solid State Physics
by Ajit Ram Verma, Onkar Nath Srivastava (Hardcover)
Crystallography: An Introduction for Earth Science and Other Solid State Students
by E. J. Whittaker
A first course in crystallography
by A. H. Windle
The Irreducible Representations of Space Groups
by Joshua Zak
An atlas of hyperstereograms of the four-dimensional crystal classes / by E.J.W. Whittaker. Oxford [Oxfordshire] : Clarendon Press ; New York : Oxford University Press, 1985. 200 p.
