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Introduction

In mathematics, a representation of a
group G describes a way of
visualizing G as a group of matrices.
To be precise, a representation is a
homomorphism from G into a general
linear group GL(n,C), which is the
group of invertible nxn matrices
with entries in C (the set of complex
numbers) . A character is obtained
from a representation by taking the
trace of each matrix. The function
¥ :G — C is called the character of

the representation. When G has a &
conjugacy classes, then G has &
distinct irreducible representations
over C. Hence, the values of the
characters can be written as an array,
known as a character table. Typically,
the rows are given by the irreducible
representations and the columns are
given the conjugacy classes (Gordo
and Martin, 1993).

Moreover, an important consequence
of these mathematical relationships is
that each point group can be
decomposed into symmetry patterns
known as irreducible representations
which help in analyzing many
molecular properties (Gray and
Donald, 1991).

The character table of a Finite
Abelian group can be constructed by
using a known formula. We have
shown that the character table of any
finite direct product of cyclic group of
order 2 into itself can be obtained by
Sylvester’s  construction of a
Hadamard matrix.
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Methodology
Let G be a cyclic group of order n

(C, = <a vaq” = 1>). In this case each
element forms a conjugacy class by

itself. Then the » irreducible
representations of G over C

are 7", (0 <r <n—1),here

77(a’) = expRairs/n),(0< s < n—1)

The irreducible representations of
direct products C, xC, x..xC,
1 2 m

where n,,n,,...,n, €Z"are given by

m

mb,r
,y(’)(x)zexp(2m'2 £ ”].
\ # )
b b by
Here x=a, a, ..a, " where
a”eC"” and rz[rl,rz,...,rm]

where 0<r,,b, <n,. Since every

Finite Abelian group is isomorphic to
a direct product of cyclic groups, this
covers the irreducible representations
of all Finite Abelian groups. When N
is a normal subgroup of group G and

o,(Nx) where xeG is a

representation of the factor group G/N
of degree m, then the representation

o of G is defined as o(x) = o,(Nx) |
which is ‘lifted’ from G/N. If ¢,(Nx)
is the character of o (Nx), then
@ (x)=@,(Nx) is the ‘lifted
character of o(x) and the

representation o(u) of all ue N is
equal to mx m identity matrix, hence
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the character of representation o(u)

1s m. Consequently these data are
presented in form of the character
table.

Results

The group C, consists of the elements
1, a (a® =1). Then cyclic groupC,
has two irreducible representations
7" (a’) = exp(27irs / n),

(r,s =0,1,...,n-1),

here n = 2 implies that r, s = (0, 1) .
The character table of C, x C, (Table
1) is given by

by, b,r
" () = DY i W 1 X
1 () exv[ m(2+ 2)],

by b
where x=a,'a,’, r=[r,,r,] and

b,b,,r,,r, =0,1.

Tablel.Character table of C, xC,

P xC, 1 a a aa,

Z(O) 1 1 1 1
lu) 1 -1 1 -1
7 1 1 -1 -1
7 1 -1 -1 1

The character table of any finite direct
product of cyclic groups can be
obtained similarly. The character

table of C, xC, can be obtained in
following way.

1 1 1 11 m 1 M 1mn
L . bl % SR ¥ i
EJ. T i i l - Ll TAs Ll ‘“.l.'g
[1 1 -1 -1} hx ] _[1 1
1 -1 -1 b Ut -1 Thod
_[H H:]_ : _J1 17
= [H: —H;] = H, x H. where H. = [l b
Since the normal subgroup of

alternating group of order 12 (4,)
form a factor group which is
isomorphic to C,, the character table

of A,can be obtained directly by

lifting the character table of C,.

Furthermore, the symmetry element
of a molecule such as water has one

C,axis, two o, planes, and E. This
set of four symmetry elements (Fig 1)
characterizes the point group C,,
(cyclic with vertical plane).
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Figl.Effects of symmetry
operations in (C, symmetry;
translation along the y-axis: (a)
identity, £; (b) rotation about the
C, axis; (¢, d) reflection in o,
planes.

The character table of C,, (Table 2)
is,

Table 2. Character table of C,,

¢, E ¢ o&9 0,60

i 1 1 i z  xLvz
H i -1 -1 R, X3
-1 i -1 xR Xz

Discussion

As the character table of C, is a
Hadarmad matrix, the character table
of any finite direct product of C, into
itself can be obtained by Sylvester’s
construction of Hadamard matrix. The
table obtained for the group of
rotations of the water molecule is
shown to be isomorphic to character
table of C, xC,.
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