Group Theory and Character Tables

V. Gopalan

Notes largely follow Albert F. Cotton, Chemical Applications of Group Theory, Ch 4



Representation Theory

How do we represent reality?

There is the “reality” and there is the representation of that “reality”.
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A Group

Is a SET that has four requirements:

1. Should be closed under the group operation Bndle 4 _—
mf , '_nm ?
. . J "
2. Should have 1dent1ty as an element W {E 5 5 5 . O‘Jm 6‘(, , Oy
: b {”
3. Every element should have an inverse Rl %-o@\ov\( fiog
4. Associativity P 2 y )
F‘ “These ! \W 3 € G G 0% fy O
we W — > : g N
E
4 £ }
o* C p v
3 =
HNete - " S e el £F .06
(C/ ‘fg A Qbkb/ji{}k’% O; iy iV 2 2
9 I /] i 0 4

U

f(l (_C/ gy ° G‘Jy



Representation of a Symmetry Group

Consider the crystallographic group C,:
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Representation of a Symmetry Group

Consider the crystallographic group C,:
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Character Table
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Why Character Tables?
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Examples of Character Tables
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Why are they called Character Tables?

i Wmoter\‘j”éf Z matrix ¢ ’@\é ] fé e

O{%WJ tome -

J
(s

(sa® @
A N Ny I
“5}30 '§|lf).50

/

O> = )4l =2

@)

C haactes 55 a mﬁ{r%«m s / Inv-fi‘r;zv»c
wndee  Lihear OFW(K ’}‘Q‘y\gfvmﬁé\mf

W{ Ié E ad T are C@«‘Mﬁ/& madries
relafed @ q  Simablad %Wéﬁ\(M9 o

73 E <& F&
whore G f5 amter watrix .

Then
¥l = K (EF6) = 7 (5'6F) = F(F)

° LE> :f[{:> e Wlﬁ;{); of conyuanle
f matrizes are («’a{\}ugﬂ'



The Great Orthogonality Theorem (GOT)

The g;eat orthé)gonality theorem may then be stated as follows:
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- This means that in the set of matrices constituting any one irreducible rep-
- resentation any set of corresponding matrix elements, one from each matrix,
~ behaves as the components of a vector in A-dimensional space such that all
- these vectors are mutually orthogonal, and each is normalized so that the

square of its length equals A//. This interpretation of 4.3-1 will perhaps be
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Five Cool Rules of Character Tables

These rules arise from the Great Orthogonality Theorem (GOT)
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Five Cool Rules of Character Tables
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Five Cool Rules of Character Tables
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Five Cool Rules of Character Tables
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Five Cool Rules of Character Tables
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Constructing a Character Table for C; using the Five Cool Rules
&x e Cy . ot Tak QV Loy *
O T W CM\¢MM %L\Q ¥
C}\?: (E/ 2659 36\"7’}

Sx elumeds o tesil

3 dﬂﬁ(-&@ )%O i,:#?rf :_g




Constructing a Character Table for C;, using the Five Cool Rules
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Constructing a Character Table for C; using the Five Cool Rules
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Reading a Character Table

w Ay E) B] MNLANS ‘(7?[57,> =+ W&
Co L Cp (e princifle bt Api) .

memns (5 (G) = 1) eovere €y LG

o o : / B
i h . o /{/ . , ’ w
G i s ek fobeompe SRS G et e s
2 Mo1-> iveds = Ao B
pESID ’\r“’fg = E (l?vl We Lol Lbe) a¢ é ‘b =y Prfm& and DWWTM\@ o
Rroid &%ﬁg.‘m Cotth iM@E) A/, ey f(ﬂq) I
i i I = -
K, B o J(%)

3D l'myfé = T (o F compfimes)
) :Lé (CY =], Bwn A
2 —| 9 ﬁ\ﬁ"/\ B

t i (C
,6 f LYQ pr,‘wa‘;w rptabm Axile,




Constructing a Character Table for D, using the Five Cool Rules
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Constructing a Character Table for D, using the Five Cool Rules
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Constructing a Character Table for D, using the Five Cool Rules

o T lave th 2D b £

£ A =10
P i iox1 ra(a)X) 4 IA( bR+ 2x( IR+ ol l
=0
4. A2 =0
23x1 FIx(B) X1 +ax(c)x()+
s il ) 2x(d)x(-)

=0
Uy w@ both e @bpr Condihims  Can De
éy\‘%c]ﬁﬁ IS l\é
((cbfd>5(0~200>

o The WTMZZ

P | E

b chamder Tl o 2 <hgpon belpo .

A[ |
ol

|

B, | |

€ |4

2% 7
g5 Gpel AL, 25
a 1 1 \ ﬁﬁz s 2P
1 / -5 = ZsRe
o | = “ "
i | - ) 7

g & 0 O (71,3)9(J21,J25L) (22 ,éz)



Character Table for Cyclic Groups
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Character Table for Cyclic Group, C;
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Character Table for Cyclic Group, C4
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Complex irreps
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Character Table for a General C_
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