OROUP THEORY AND 118 APPLICATIONS

ﬁ'o’;i;auclble and Irreducible Representation

The character of the identity operation is the dimension of a representation

\bove representation is a three dimensional representation,

Arepresentation of higher dimension which can be reduced tp representation
of lower dimension is called reducible representation. Those representation
which cannot be further reduced to representation .of lower dimension are called
'rrcduciblc representation. In group theory, one is interested in knowing the .
pumber of irreducible representation in a group.

Representation of higher dimension may be reduced to matrices of smaller
dimension by a process of similarity transformation. If A is a big matrix and is to
be reduced to B, a matrix of smaller dimension. We choose a matrix X and evaluate
x-1AX which gives us B,

ie, X'AX =B

A, B and X matrices are of the same dimensions.
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A matrix A of 3 « 3 dimensjon has been converted to two matrices one of
2 x 2 and the other 1 x 1 dimension. This similarity transformation block
diagonalises the original matrix to matrices of reduced order in block form. We
know transformation matrices are operators of the class to which they belong. A
matrix X does not reduce B further (X-!BX = B), then we say that the dimension
is irreducible and its matrices can not be further reduced to lower dimension.

Irreducible representations which are of prime significance in dealing with
the problems associated with molecular geometry. It is also noted that L
be as many irreducible representations for any point group as there are classes
of symmetry, operations for that group. Thus in C,,, there are four classes and four
irreducible one dimensional representation and in C,,, three clamses BaCincnde
three irreducible. representation.

4.11 The Great Orthogonality Theorem and its Consequences

The orthogonality theorem is concerned with elements of matrices constitutll‘-lg :
irreducible representation of a point group. The great orthogonality theorem in
mathematical form is as follows :

I A



—_ " THEORY AND T8 APPLICATIONS B

h " 5 . -
3 . . T b '
L[l;(}{)ll\l\][l ..l'(R)m'u‘] # \/ll i 1y Omm Onn
R
nt in the mth row and the nth column of ¢
A7 ' i ible representati
: ; +h irreducible on, 1
matrix corresponding to an operation R in the zthd by 4] e WA v )
is necessary to take the complex conjugate (denote

i . The co
mbers are involved mplex
hand side whenever imaginary or complex nu ' ]:I?Zolumn of a matrix in the i,
conjugate of the element in the m'th row and n't

L(R),,, I8 denoted for the el

“ L and lj are the dimension

irreducible representation is denoted by [F | (R’)m-,,'] det (ot awieh
. . _ : ion. h is the order €r of
of the ith and jth irreducible representation denote the kronecker delty

Symmetry operations) of the point group 5:’;" 0, m? O, n

i ' lex con"u
For simplicity we can omit the explict designation of comp jugate.

Then simple equations can be represented as :
[T (R [T (R | = 0 iF i 5%
R
Elements of corresponding matrices of different irreducible repréesentation

are orthogonal.
[T (R)n ][ (R)pin: ] =0 if m#m’ and n#n’
R
Elements of different set of the ﬁaMces of the same irreducible representation

are orthogonal

L Rl ] [T R ] = 1+

R
Elements in the mth ros and nth column of a matrix for operation R in
the ith irreducible representation. The square of the length of any such vector

equals -IE

Consequences of orthogonality theorem (Properties of irreducible
representation) ;.

The properties of irreducible representation’ is essential to construct the
character talls of a point group. The following fine rules are given below about the
irreducible representation. '
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(i) The number of irreducible representation of a group is equal to th
qumber of classes in the group. . e

(ii) The sum of the square of the dimension of the irreducible representation |
group 1is equal to the order of the group.
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Since y(E), the character of the representation of identity operation (E) in
the ith irreducible representation is equal to the order of representation. We can

of &

also write :
S{u(B)] =h

(111) The sum of the square of the character of any irreducible representation
is equal to h.

g[xiik)lg =h

(iv) The characters of two different irreducible representations of the .
same group are orthogonal to each other.

> %:(R).x;(R)=0 when i# j
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v) The character of all matrices belonging to operations in the same class

are identical.
By using these rules we can construct character table of different point
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