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PHY 745 Group Theory
11-11:50 AM MWF Olin 102

Plan for Lecture 1:

Reading: Chapters 1 in DDJ (Dresselhaus,
Dresselhaus, and Jorio)

1. Course structure and expectations

2. Definition of a group

3. Some examples

11112017 PHY 745 Spring 2017 - Lecture 1

Department of I

PRefrashments served
3:30pm - Olin Lounge:

Refrashments sarvad
3:30pm - OHin Loungs

http://users.wfu.edu/natalie/s17phy745/

PHY 745 Group Theory

MWF 11-11:50 AM|OPL 102 http:/iwww.wi, Tphy 745/

Instruetor: Matalie Holzwarth Phone:752-5510 Office: 200 OPL je-mail:natabe@wiu adu

» General information
» Syliabus and homewark assignments
» Lecture notes

Last modhed: Saturday, 07-Jan-2017 17:52:07 EST

11172017 PHY 745 Spring 2017 — Lecture 1




Spring 2017 Schedule
for N. A W, Holzwarth

Mondiy Friday
8:00-8:00 Office Hours Offlce Hours
9:00-10:00
PHYT12
10:00-11:00

0910 | Hows | ot Hours

1:00-2:30

2:30-3:30
3:30-5:00

Travel dates:
= Mar.
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PHY 745 Group Theory

MW 11-11:50 aM] OPL 162 b

oo =i Ay TAS)

Instructor: Natabs Helswarth Phaone: 7555510 OMMce-300 DPL e-mak:natabe @i wis

General Information

This course 15 a ane semester survey af Group Theary as it 15 used n physics. The fextbook = . Group Theory by M. 5.
Drassalhaus, G, Dressedhaus, and A, Jorlo [Springer 2008) with taken trom 5 10 extand
he idaas to conlinuous groups.

s likaty that your grace for the course il deperd upon the faliowing factors:

Erchiam sats’ bariad
Praseniaton 1%
Exams I

‘The schechule notes the "due® date far each assignment. Hermeworks may ba lumned in 1 leclure pest their due dale withou
Frmde penally, After hat, the homewark grade wil e recuced by 10% far each succeeding laie daie. According ta the horoe
sysiem, all work submitied for grading purpases shoud represent the siudert's own best efforts. This mears hat shudents wio
HOrK Sogether on hamewark assignments sholld all contributs roughty equatly and independentyy verfy ab denvabions and
“esls.
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PHY 745 Group Theory
MWF 11-11:50 AM |OPL 102 hitp: iwaw.wiu.edu/-natalleis17phy 745!

Instructor: MNatala Holzwarth Phome: T53-5510 Office:300 OPL e-mall:nataia ety sy

Course schedule for Spring 2017

{Preliminary schedule - subject o frequent adjustment }

Locture dato | DOJ Reading Topic HW Dus date
1 fWed 01112017 [Chap 1 Definition and proparties of groups #1 01/1872017
2 P 03132017 [Chap. 1 |5ubgroups and classes. 01182017
Mon: G11E2017T MLK Holiday - no ciass

13 Wed: 1182017
4 |Frc 0820/2017
B Mon: 01202017
6 [Wed: 01252017
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Group theory

An abstract algebraic construction in mathematics
Definition of a group:
A group is a collection of “elements” — A, B, C",... and a
“multiplication” process. The abstract multiplication ()
pairs two group elements, and associates the “result” with a
third element. (For example (A- 5 = (").) The elements and
the multiplication process must have the following
properties.
1. The collection of elements is closed under multiplication, That is, if elements
A and B are in the group and A - B =, element € must be in the group,

One of the members of the group & a *unit element™ (E). That is, for any
clement A of the group, 4-E=EF- A= A

. For each element A of the group, there is another element A= which is its
“imverse”. That is A- A~ =A"1 A=E

. The multiplication process is “sssociative”. That is for sequential

mulplication of group clements A, B, and C, (4. B) - C=A-(B-C).
111112017 PHY 745 Spring 2017  Lecture 1
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Some definitions:

Order of the group = number of elements (members) in
the group (positive integer for finite
group, « for infinite group)

Subgroup = collection of elements within a group
which by themselves form a group

What does this have to do with physics?
« Provides valuable analysis tools for physical objects
we know — crystals, molecules, etc.
» Provides framework for understanding physical
processes we don’t yet understand — particle physics
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Examples of group theory applied to crystals
http://www.cryst.ehu.es/

bilbao crystallographic server 2,

Contact us About us Publications

How to cite the server

Magnetic Symmetry and Applications

Group-Subgroup Relations of Space Groups

Pla
o Groupm
. Layer
E— " ._ 5 Groups
_iod
Structure Utilities -1
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Some details from the International Tables of Crystallography

Wyckoff letter
Symmetry
6 f .3m

12 e 4m.m

6 b 4/mm.m

2 a m3im

1/11/2017

Fractional coordinates of sites

XXX xxx xx.x XXX

XXX bt e X Kx XXX

x, 0,0 x0.0 0,x.0 0,%0
104 3,04 1,1,0 43,0
Lotk 3131 2013 L33
ERR PR Ee 2001 irid

:,0,4 43,0
0,0,0
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Example of a 6-member group E,A,B,C,D,F,G

Group multiplication table £

AE W
& A A
Group of order 6 i-t B ¢ g l
|E|A|B|[C|D|F - £ \\\A

Elfela[s[c]p[F o)

: k By~
allale[p|[r[B]c / \ y % Q
Be|F|E|[D|C|A = .
ofcln|r R|AlB /\ D /;
plplcla|B|F|E AR A8 \
F|F|B|c|A|E|D

A ’ 3 F A
f_Jn/\\ / ! }\
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Telalelelpl s  Checkon group properties:
T 1. Closed; multiplication table
uniquely generates group

EfelalB|c|D|F

A|E|D|F|B|C members.
BI|B|F|E|D|C|A 2. Unit element included.
cClc|p|F|E|A|B 3. Each element has inverse.
ololcla FlE 4. Multiplication process is
rlriBlcl Al D associative.

Subgroup: members of larger group which have the property

In this case: of a group

Subgroup g;: £

Subgroup g,: (E,4); Subgroup g;: (E,B);  Subgroup g,: (E,C)
Subgroup g.: (E,D,F)

No%e that the orders of the subgroups are 1, 2, 3 which are
divisors of the order of the group (6).

1/11/2017 PHY 745 Spring 2017 - Lecture 1 14

Other details
Coset: Given a subgroup g; of a group g a right coset

can be formed by multiply an element of g with
each element of g;

Example -- consider the right cosets of g, = (£, 4)

g,E—~>E A Note that each pair of right cosets are
g,A—> AE either identical or completely distinct.
g,B— B,D Distinct cosets:

g,C > CF (E,A)

g,D—>D,B (B,F)

g,F > F,C (C,D)
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Notions of subgroups and their cosets result in the
theorem: The order of a subgroup is a divisor of the
order of the group.

Definition:
An element B = XAX ™' is defined as conjugate to element 4,

where X is any element of the group.

Definition:

A class is composed of members of a group which
are generated by the conjugate construction:

€= X'YX, where Y is a fixed group element and X,

are all of the elements of the group.
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For our example:
|ela|B|c|D|F A =4
E|E[A|B|C|D|F B'=B
AlE[(D|F|B|C -

! c'=cC
gllg|r|E|D|C|A »
cllclo|r|ela]B bo=F
p|plclals|r|E F'=D
F|F|B|C E|D

Classes:
G=E
€ =4,B,C
é=DF
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Other examples —

1. Groups of order 1:  E (only possibility)
2. Groups of order2: E, A with A>=E  (only possibility)
3. Groups of order 3:  E, A, B with A2=B and A3=E
4. Groups of order 4:
Possibility #1 Possibility #2
E A B c E A B c
E E A B c E E A B c
A A B c E A A E c B
B B c E A B B c E A
c c E A B c c B A E

5. Groups of prime order are always cyclic and Abelian.
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Special groups and terminologies

A group is called Abelian if for every pair of
elements A,B; AB=BA.

A group is called cyclic if aII the elements can be
formed according to X, X°, X°,.. X" =E
nis called the order of X (the perlod)

Recall for n=4 example:

E A B Cc
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