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1. Abstract

The main purpose of this paper is to find the rational valued characters table of the group
Q2mxDs When m= p>2, p is prime number, which is denoted by =* (Qn*XDs), When Qg is
denoted to quaternion group, and Ds is the dihedral group of order 10.
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2. Introduction

Let G be a finite group, two elements of G are said to be I'- conjugate if the cyclic subgroups
they generate are conjugate in G, this relation is an equivalence relation on G. and this equivalence
relation called I'- classes.

The Z-valued class function on the group G, which is constant on the I"- classes forms a finitely
generated abelian group cf(G,Z) of a rank equal to the number of I'- classes . the intersection of
cf(G,Z) with the group of all generalized characters of G, R(G) is a normal subgroup of cf(G,2)
denoted by R(G) each element in R(G) can be written as u;01+ Ux0,+...... + u;j0i, where i is the
number of I'- classes, Ug,Ux, .., Ui€eZ and 0; = Y secai),C(Xi) Where yx; is an irreducible

character of the group G and o is any element in Galios group Gal(Q(y;)/Q). let =*(G) denotes the
ixi matrix which corresponds to the 6;'s and columns correspond to the I'- classes of G the matrix
expressing R(G) basis in terms of the cf(G,Z) basis is =*(G) In 1995 N. R. Mahmood [1] studied
the factor group cf(Qom,Z) / R(Q2m). the aim of this Paper is to find ="(Q.mxDs) and determine
general 15x15 matrix form of the rational valued characters table of the group Q,m*Ds when m = p,
p>2 is prime number.

3. preliminaries
The Generalized Quaternion Group Q,n(3.1) [1]

For each positive integer m, The generalized quaternion group Q:m of order 4m with two
generators x and y satisfies Qum = {X"y* , 0<h<2m-1,k=0,1}

which has the following properties{ x*™ = y* =1, yx"y*=x™}
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Definition (3.2): [2]
Let F be a field .The general linear group GL(n,F) is a multiplicative group of all non-
singular nxn matrices over F .

Definition (3.3): [2]
Let F be a field .A matrix representation of G is homomorphism T: G—GL (n, F) , is
called the degree of representation T .

Definition (3.4): [23]
A matrix representation T: G—GL (n,F) is said to be reducible if there exists a non-singular
matrix A over F such that:

_ T.(9) T(9)
AlT@ A=| "’
© {0 T,(9)

Where T,(g) and T, (g) are matrices representations over F of the dimensions rxr, sxs

respectively and E(g) is a matrix of the dimensions rxs suchthat 0<r<n and r+s=n.
If nosuch reducible matrix exists, then T(g) is called an irreducible matrix representation.

} , for all geG.

Definition (3.5): [4]
The trace of an ix i matrix A is the sum of main diagonal elements ,denoted by tr(A)

Definition (3.6): [5]

Let T be a matrix representation of G over the field F. The character y of a matrix
representation T is the mapping y : G—F defined by y(g)=tr(T (g)) for all g € G .The degree of T is
called the degree of y .

Definition (3.7): [6]
The character of an irreducible representation is called an irreducible characters .

Definition (3.8): [2]

Let x and  are characters of a group G, then:
1. The sum of characters is defined by: (x+w)() = x(9)+v(9) , forall geG.
2. The product of characters is defined by :  (x.w)(9) = x(9).-w(Q) , forall geG.

Theorem (3.9):2]

Let T,: Gi—GL(n,F) and T,: Go—GL(m,F) are two irreducible representations Of the groups
G; and G, with characters yiand y» respectively , then T;®T, is Irreducible representation of the
group G; x G, with the character y1-y..

Definition (3.10):[7]
A class function f on G isa function f: G—C which is constant on conjugacy classes ,that is:

f(@thg)=f(h) ,forall g,heG, the set of all class functions on G is denoted by cf(G) .
If all values of f are in Z, then the class function is called Z-valued class function.

proposition(3.11):[8]
The character of group is a class function .
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Definition (3.12):[9]

Let ¥ ,,% ,,----X be the irreducible characters of the finite group G and let gi,0,....g, be
representatives of the conjugacy classes of G .
the kxk matrix whose ij-entry is y;( gj) (for all i, jwith 1<i,j<k) is called character table of G

which is denoted by =(G).

Definition (3.13):[10]
A rational valued characterf of G is a character whose values are in Z, which is 6(g) € Z, for all
geG.

Definition (3.14): [11]

Let K a subfield of a field F . The Galios group of F over K ,denoted by Gal(F/K) , is the set of
all those automorphisms of F that fix K .
If f(x) eK[X] , and if F=K(Z31,Z,,...,Zy) is a splitting field , then the Galois group of f(x) over K is
defined to be Gal(F/K) .

Definition (3.15): [12]

The information about rational valued characters of a finite group G is displayed in a table
called the rational valued characters table of G.

We denote it by =(G) which is |x | matrix whose columns are I-classes and rows are the
values of all rational valued characters of G, where I is the number of I'-classes.

The characters table of The Quaternion Group Qn,
when m is an odd Number(3.16)[1]

There are two types of irreducible characters one of them is the character of the Linear
representation Ry, Ry, Rz and R4 which are denoted by ¥, ¥, ¥; and ¥4 Respectively as In the
following table :

XK yk
Y, 1 1
¥, 1 -1
¥s (-1)" i(-1)"
\P4 (_ 1)k |(' 1)k+l
Table (1)

where 0 <k <2m-1.

the other characters of irreducible representations Ty, of degree 2 are denoted by y, such that:

I (Xk) — o 4 @Kz gribkim | oomiblm_ 5 s(rthk/m)

we are denoted to (mhk+co'hk) by Vi, thus Vi=Vam-nk, Vin=-2, Vom =2, also we will write Vi such
that J(hk) = min{hk (mod 2m),2m-hk(mod 2m)} in the Character table of the quaternion group
Q2m When m is an odd number ,such that: V; ng=2cos(nJ(hk)/m), xn (xy) =0,

where, 1 <h <m-1 and w=¢>">". So, there are m+3 irreducible characters of Q. Then the general
form of the characters table of Q2m when m is an odd number is given in the following table:
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=(Q2m)
CL, || [¥T [x'] X™ [XT| X [x’] X™ | Y1]Ixy]
CL |1| 2 2 2 1| 2 2 2 m|m

ICqem(CLI|4m| 2m 2m 2m 4m | 2m 2m 2m 4 | 4
¥, 1 1 1 1 1 1 1 1 11
X2 2| Vi | Vig Viema | 2 Vs Vi) Viema |0 [0
X(m-1) Viem2) | Vi@gmay| ... [Vim-om-y)| 2 | Vimy | Viema) Viymymzy | 0 | 0
¥, 1 1 1 1 1 1 1 1 -1]-1
x |2 V2 | Viw Vimy | -2 | Vi | Vyg Vimz | 0] 0
xm2) | 2| Viema) [Vigme)| .- [Vim2am)| -2 | Vim2) |Vieme)| .- | Vimaym2)y | 0 | 0
¥, 1 1 1 1 -1 -1 -1 -1 |-
Y, 1 1 1 1 -1 -1 -1 -1 -]

Table(2)

The characters table of matrix from degree (m+3)-(m+3)

The Group Q,mxDs(3.18):

The group Q.m*Ds is the direct product group of the quaternion group Q,m of order 4m and the
group Ds is the dihedral group of order 10 then The order of it is 4mx10 = 40m. the characters table
of Ds is given in the table (3):

1l
&
I

CL, 7| [ | ¥ | [s]
CLd | 1 | 2
ICos(CLy)|| 10
i 11| 1] 1
o' 1 1] 1]
X3 2 €1 €
X4 2 € €1
Table( 3)

according to theorem (3.3), each irreducible character y; of Q.m defines four characters ¥ 1), xi.2),
%3 and .4y such that . ,y=yix's, Xa.2=xiX 2 x6.3=%iX's and x(i.4=xix's Of Qam*Ds. then
= (Q2m*Ds) = = (Q2m)®= (Ds).

where €;- o+ o =2c0s(21/5), €= o’ @ =2cos(4m/5) and o=e 5 .
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Example (3.19)

To find characters table of Q14%Ds from (3.3) we have the characters table of Ds in the table (3)
and the characters table of Q14 as table (4), as follows: =(Q14%Ds) = =(Q14) ® = (Ds).
then = ( Q14%Ds) is given in the table (5)

= (Q14%Ds)
Cla 7 [ X7 [T [XT [ [ [T [ V]| [xv]
ICLy| 1 ]2 2 2 1 2 2 2 7 7
|Cqua(CL,)| | 28 | 14 14| 14|28 14| 14| 144 4
¥, 1 1 1 1 1 1 1 1 1 1
%2 2 Vs [V [Vo |2 Vo (Vg |Va |0 0
wl 2] Vs| Vao| Vg 20 V4| Vo| Ve
| 2| Vo| V4| Vs 20 Ve| Vi| V2| O 0
¥, 1 1 1 1 1 1 1 1| -1 -1
w2 Vo |Va [V |2 [V: [Vs |[Vs5 |0
1 | 2 Ve| Vol Vul-2 |[Vs |[Vs |[Vi |O
12 |Va |Ve |V2 |2 |Vs |Vi [Vs |0
Y| 1 1 1 1 -1 -1| -1| -17]i -i
Y, | 1 1 1 1 -1 -1 1| -1(-i [i

Table (4)

where V= 2cos(ni/7), V14= 2, V7= -2.
by theorem (3.3), the characters table of Q14%Ds can be written as follows:
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CL, [LIT [ [l nsl AT ET EFT EsT AT XA AT s
Y 1 1 1 1 1 1 1 1 1 1 1 1
Y 1 1 1 -1 1 1 1 -1 1 1 1 -1
Y3 2 € € 0 2 € € 0 2 € € 0
Y4 2 € €1 0 2 € € 0 2 € € 0
A 21) 2 2 2 2 V, V, V, V, Vs Vs Vs Vs
X @2 2 2 2 -2 V, V, V, -V, Vs Vs Vs -Vs
X @23) 4 2¢€; 26, 0 2V, A\ V46 0 2V €1V &V 0
X (2.4) 4 26y 2¢; 0 2V, V46, V€, 0 2V; &V €1V 0
A (4.1) 2 2 2 2 Vs Vs Vs Vs V, V, V, V,
X 4.2 2 2 2 -2 Vs Vs Vs -V V, V, V, -V,
X (3) 4 2¢; 26, 0 2V €1Vs &V 0 2V, &V, &V, 0
X (4.4) 4 26, 2¢; 0 2V &V €1V 0 2V, &V, €V, 0
X (6.1) 2 2 2 2 V, V, V, V, V, V, V, V,
X6.2) 2 2 2 2 V, V, V, -V, V, V, V, -V,
X 6.3) 4 2¢; 26, 0 2V, €V, &V, 0 2V, V€1 V€, 0
X (6.4) 4 26, 2¢; 0 2V, &V, €V, 0 2V, V€, V€1 0
Y 1 1 1 1 1 1 1 1 1 1 1 1
Y2 1 1 1 -1 1 1 1 -1 1 1 1 -1
Y3 2 €1 € 0 2 € € 0 2 € € 0
You 2 € € 0 2 € € 0 2 € € 0
X (L1) 2 2 2 2 V, V, V, V, V, V, V, V,
A (12) 2 2 2 -2 V, V, V, -V, V, V, V, -V,
X (L3 4 2¢; 2¢; 0 2V, €V, &V, 0 2V, V.6, AV 0
X (1.4) 4 26 2¢; 0 2V, &V, €Vs 0 2V, V.6, A\ 0
A (3.1) 2 2 2 2 Vs Vs Vs Vs V, V, V, V,
% (32) 2 2 2 -2 Vs Vs Vs -Vs V, V, V, -V,
X (33) 4 2¢; 26, 0 2Vs Vs &V 0 2V, @V, &V, 0
X (3.4) 4 26 2¢; 0 2V &V €1V 0 2V, &Vs €Vs 0
A (5.1) 2 2 2 2 V, V, V, V, Vs Vs Vs Vs
X (5.2) 2 2 2 -2 V, V, V, -V, Vs Vs Vs -Vs
X (5.3) 4 2€; 26 0 2V, V€1 V.6, 0 2V €1V &V 0
X (5.4) 4 2¢€y 2¢; 0 2V, V467 V€1 0 2V, &V €1V 0
Y 1 1 1 1 1 1 1 1 1 1 1 1
Y2 1 1 1 -1 1 1 1 -1 1 1 1 -1
Y33 2 € € 0 2 € € 0 2 € € 0
Y3 2 € €1 0 2 € € 0 2 € € 0
b 78N 1 1 1 1 1 1 1 1
Y2 1 -1 1 -1 1 -1
b 75 2 € € 0 2 € € 0 2 € € 0
W 4,9 2 € € 0 2 € € 0 2 € € 0
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DEIT [ D] s8] | K] D] X XS] I ] ] [xs] D 4]
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 -1 1 1 1 -1 1 1 1 -1 1 1
2 € € 0 2 € € 0 2 € € 0 2 €
2 € €1 0 2 € € 0 2 € € 0 2 €
V, V, V, V, 2 2 2 2 V, V, V, V, Vs Vs
V, V, V, -V, 2 2 2 -2 V, V, V, | -V, Vs Vs
2V, | ¢V, | &V, 0 4 2¢; 26, 0 2V, | ¢V, | &V, 0 2Vs | €V
2V, | &V | ¢V 0 4 26 2¢; 0 2V, | &V, | ¢V, 0 2Vs | &V
V, V, V, V, 2 2 2 2 V, V, V, V, V, V,
V, V, V, -V, 2 2 2 -2 V, V, Vi | -V, V, V,
2V, | Vaeq | Vier 0 4 2¢; 2¢, 0 2V, | Vi1 | Vier 0 2V, | ¢V,
2V, | Vuer | Vg 0 4 26, 2¢; 0 2V, | Ve | Vi 0 2V, | &V,
Vs Vs Vs Vs 2 2 2 2 Vs Vs Vs Vs V, V,
Vs Vs Vs -Vs 2 2 2 -2 Vs Vs Ve | -Vs V, V,
2Vs | €Vs | &V 0 4 2¢; 2¢, 0 2Vs | €4V | €&Vs 0 2V, | Ve
2Ve | Ve | Vs 0 4 26, 2¢; 0 2Vs | &Vs | €V 0 2V, | Ve
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 -1 1 1 1 -1 1 1 1 -1 1 1
2 €1 € 0 2 € € 0 2 € € 0 2 €
2 € €1 0 2 € € 0 2 € €1 0 2 €
Vs Vs Vs Vs -2 -2 -2 -2 V, V, V, V, \& \&
Vs Vs Vs -Vs -2 -2 -2 2 V, Vi Vy | -V, V3 V3
2Vs | €Vs | &V 0 -4 2€1 | 26 0 2V: | V1 | &V 0 2V3 | V3el
2Ve | Ve | Vs 0 -4 26, | 2¢ 0 2V, | V1 | ¢V, 0 2V3 | V32
V, V, V, V, -2 -2 -2 -2 \& V3 V3 \& Vs Vs
V, V, V, -V, -2 -2 -2 2 V3 V3 Vs | -V3 Vs Vs
2V, | Vaeq | Vi6r 0 -4 2¢1 | 26 0 2V;3; | €V3 | &V, 0 2Vs | € Vs
2V, | Vuer | Vi 0 -4 26, | 2¢ 0 2V3 | V3 | €¢V3 0 2Vs | & Vs
V, V, V, V, -2 -2 -2 -2 Vs Vs Vs Vs V, V,
V, V, V, -V, -2 -2 -2 2 Vs Vs Vs | -Vs V, V,
2V, | ¢V, | &V, 0 -4 2¢1 | 26 0 2Vs |eVs | e&Vs| 0 2V | gV
2V, | Vo | ¢V, 0 -4 26, | 2¢ 0 2Vs | Vs | Vs | O 2V, | &V,
1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1 1 1 -1 -1 -1 -1 1 -1 -1 -1 1 -1 -1
2 €1 € 0 -2 -€1 -6 0 -2 -6 -6y 0 -2 -6
2 € €1 0 -2 -6 -€1 0 -2 -6 -€1 0 -2 -6
1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
1 1 1 -1 -1 -1 -1 1 -1 -1 -1 1 -1 -1
2 € € 0 -2 -€1 -6 0 -2 -6 -6 0 -2 -6
2 € € 0 -2 -6 -6 0 -2 -6 -€1 0 -2 -6
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DA DEs] D] DA D] DCS] Iy T | Iyl | v | [yl | Dy T | DeyarT | Dxyar] | [xys]
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 -1 1 1 1 -1 1 1 1 -1 1 1 1 -1
€ 0 2 € € 0 2 el 2 0 2 el ) 0
€ 0 2 € € 0 2 &) el 0 2 2 el 0
Vs Vs V, V, V, V, 0 0 0 0 0 0 0 0
Vs -V V, V, V, -V, 0 0 0 0 0 0 0 0
Ve 0 2V, | Va1 | Vi 0 0 0 0 0 0 0 0 0
& Ve 0 2V, | Ve | Vg 0 0 0 0 0 0 0 0 0
V, V, Vs Vs Vs Vs 0 0 0 0 0 0 0 0
V, -V, Vs Vs Vs -Vg 0 0 0 0 0 0 0 0
&V, 0 2Vs | eVs | €Ve 0 0 0 0 0 0 0 0 0
aVs 0 2Vs | &Vs | ©Vs 0 0 0 0 0 0 0 0 0
V, V, V, V, V, V, 0 0 0 0 0 0 0 0
V, -V, V, V, V, -V, 0 0 0 0 0 0 0 0
V€2 0 2V, | Va2 | &V, 0 0 0 0 0 0 0 0 0
V461 0 2V, | &V, | €V, 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1
1 -1 1 1 1 -1 -1 -1 -1 1 -1 -1 -1 1
€ 0 2 €1 € 0 -2 -l -2 0 -2 -l -2 0
€ 0 2 € €1 0 -2 -€2 -€l 0 -2 -€2 -€l 0
V3 V3 Vs Vs Vs Vs 0 0 0 0 0 0 0 0
\& -V3 Vs Vs Vs -Vs 0 0 0 0 0 0 0 0
€V 0 2Vs | e Vs | € Vs 0 0 0 0 0 0 0 0 0
&V 0 2Vs | & Vs | ¢ Vs 0 0 0 0 0 0 0 0 0
Vs Vs V, V, V, V, 0 0 0 0 0 0 0 0
Vs -Vs V. V, V, -V, 0 0 0 0 0 0 0 0
€ Vs 0 2V, | Vi | eV, 0 0 0 0 0 0 0 0 0
€ Vs 0 2V, | V1 | €V, 0 0 0 0 0 0 0 0 0
V, V, V3 V3 V3 V3 0 0 0 0 0 0 0 0
V, -V, V3 \A V3 -V3 0 0 0 0 0 0 0 0
&V 0 2V3 | €V3 | &V3 0 0 0 0 0 0 0 0 0
aV1 0 2Vs3 | V3 | V3 0 0 0 0 0 0 0 0 0
-1 -1 -1 -1 -1 -1 i i i i -i -i -i -i
-1 1 -1 -1 -1 1 i i i -i -i -i -i i
-€5 0 -2 -€1 -€) 0 2i iel i€2 0 -2i -iel -ie2 0
-6 0 -2 -6 -€1 0 2i ie2 iel 0 -2i -ie2 -iel 0
-1 -1 -1 -1 -1 -1 -i -i -i -i i i i i
-1 1 -1 -1 -1 1 -i -i -i i i i i -i
-€ 0 -2 -6 -6 0 21 | -iel | -ie2 0 2i iel i€2 0
-6 0 -2 -6 -€; 0 21 | -ie2 | -iel 0 2i ie2 iel 0
Table(5)
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4.The main results
Proposition (4.1): [12]

The rational valued characters 6; = ¥ qecai(qx)/q (i) form basis for R(G),where y; are the
irreducible characters of G and their numbers are equal to the number of all distinct I"- classes of G.

Proposition (4.2): [1]
The rational valued characters table of Q2n Wwhen m=p>2, p is a prime number is given as
follows :

E*(QZm) =
I-classes | [1] X1 [X"™] [x] [yl
01 1 1 1 1 1
0, p-1 -1 p-1 -1 0
03 1 1 1 1 -1
04 p-1 -1 1-p 1 0
0s 2 2 2 2 0
Table (6)

Example(4.3):
To calculate the rational valued characters table of Qi4xDs from example (3.5) and
proposition(4.1) we have to do the following:

Bap=vay, 0 @2= Vw2, 0a3= Vs + v,
0i:.0= Ve, 932~ V2, 033~ Vves) t Ve,
0.0= Ve T Ve, 0627 Ve T Ve, 063~ Vet Veat Wes) T Wee).

now the elements of Gal (y,)) /Q, are: {ow,y ,0@,i)06,)}
where o i (x@i) = Xy e = x@i and osi(xai) = %e.i, where i=1,2,3 .

to calculate 0

NIfi=1
O, I'T)=2+2+2=6
02,1)([1,1])=2+2+2=6
02,1)([1,8])=2+2+2=6
0.1 (X1 ])=Va+Ve+Vo=-1
01y ([X°,11)=Va+Ve+Vo=-1
0.1)([X*,8])=Va+Ve+Vo=-1
O ([X',I'])=2+2+2=6
9(2,1)([X7,r]):2+2+2=6
02.1)([X",s])=2+2+2=6
O([X,I'1)=Va+Via+Ve=-1
0.1 ([X.11)=V2t+Vat+Ve=-1
02,1 ([X,S])=Va+Vs+Ve=-1
Oy (y.I') =0
Oy (ly,r]) =0
01 ([y:s]) = 0.
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(1) If i=2

022)([1,1'])=2+2+2=6
022)([1,r])=2+2+2=6
O2)([1,s])=-2+(-2)+(-2)=-
022([X% I ])=Va+Ve +V,=-1
02.2)([ X2, 1)=Ve+Vo+Vy=-1
022)([X*,81)=-V2+(-V4 )+(-Vs )=1
022 ([X',I']) =2+2+2=6

022 ([X',1])=2+2+2=6

O ([Xs])=-2+(-2)+(-2)=-6
002 ([X.171) = Vo + Vot Vg = -1
6(2,2)([x,r]):V6+V2+V4:-1

0.2 ([X,S])=-Va+(-Ve)+(-V2)=1
0.y ([y,I']) =0

Oy ([yr) =0

021 ([y:s]) =0.

I Ifi=3
023) ([1,I']) = 4+4+4+4+4+4=24

002.3)([Lr])=2€1+2e,+2€1+2€2+2€1+2€,=-6
O3 ([I,s]) =0

03 (X I')=2Va+2Va+2Ve+2Ve+ 2V +2V,=-4
02.3)([X*1])=e1Va+eaVates Ve +6Vs +61VoterVo=1
O3 ([X°s]) =0

O (X, I']) =4+4+4+4+4+4=24

9(2,3) ([X7,r]) =De1 26,261+ 2€xH2€1+2€,=-6

B2 ([X',5]) =0

002.3) ([X,1]) =2V2+2Vo+2V, +2V4+2Vs +2Vs =-4
023) ([x.1]) = e2VoteaVot+ e1VateVate Ve +eVe =1
02,3 ([x,s]) =0

O3 ([y.1']) =0

023 ([y,r]) =0

023 ([y:s]) = 0.

To calculate 0,

M If =1

Oy ([L1']) = 2+2+2=6

a1 ([L1]) = 2+2+2=6

0@, ([I, s]) =2+2+2=6

O (X1 )=Vt Vet Vi=-1
6(4’1)([)(2'r]):VZ"'VG"'V4=-1
0a,1)([X*,8])=Va+Ve+V,=-1

01y (X' I'])=-2+(-2)+(-2)=-6
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0.y (X' 11)=-2+(-2)+(-2)=-6
Oy ([X",S])=-2+(-2)+(-2)=-6
01 ([X,1'])=V1+Va+Vs=1
9(4,1)([X,I’]):V3+V5+ Vi=1

B ([x.s])=Vs+V1+V3=1
0wy (ly,I T)=0

0@y (ly."1)=0

O(a,1)([ys])=0.

(N If i=2

0 2)([1,1'])=2+2+2=6

0 2)([1,r])=2+2+2=6

Ou2([l, s])=-2+(-2)+(-2)=-6

0 2)(IX° I )=Va+Ve+V,=-1
6(4,2>([x2,r]):V2+V6+V4:-1
02X S])=-Var (-Ve)+(-Va)=-1
B2 ([X'1'])=-2+(-2)+(-2)=-6
O (X' .1]) =-2+(-2)+(-2)=-6
042 ([X',S]) =2+2+2=6

02 ([X.1'1)=V1+Va+Vs=1
02 ([X.r]) = Va+Vs+ V=1
0w,2)([X,8])=-Vs+(-V1)+(-V3)=1
02y, =0

0@ (ly.11)=0

O2)([y,s])=0 .

1) If i=3
0 3) ([1,I']) = 4+4+4+4+4+4=24

02,3 ([Lr])=2e1+2e,+2€1+2€01+2€1+2€7=-6

0wz ([I, s]) =0

0343)([X2 1 1)=2V+2V+2Ve +2V +2V,4 +2V,=-4
04 3)([X.1]))=e1VoteaVote Ve +e,Ve +e VotV =-1
03 ([X*,s])=0

Ota3) ([X .1 )=-4+(-4)+(-4)+(-4)+(-4)+(-4)=-24
9(4,3)([X7,r]):-2€1+(-2€2)+(-2€1)+(-2€2)+(-2€1)+(-2€2):6
0w (X' ,s1)=0

0a3) ([X,1 ])=2V1+2V1+2V3+ 2V3+2Vs+2V5=-4
03 ([x,1]) =aViteViterVateVate VsteVs=1
O ([x.5]) =0

O ([y,1']) =0

O3 ([y,r]) =0

0@ ([y.s])=0.
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Theorem(4.4):
The rational valued characters table of the group Q.m*Ds when m is a prime number is given as

follows: ="( Qm*XDs) = ="( Qum) ®="( D)

Proof :-
The characters table of Dsis :

CLy | [t4] [t2] | [ts] [t'a]
X1 1 1 1 1
=Ds= Y2 1 1 1 -1
X3 2 €1 € 0
X4 2 € €1 0
Table(7)

where t1={(IN} , to={r,r*} ts={r’ P}, ts={s,sr,sr s sr'}
the rational valued character table of Ds is equal to:

CL. [t'1] [t'2] [t's]
0, 1 1 1
=Ds = 0', 1 1 1
0's 4 1 0
Table(8)

then,

X1t D=x1(t'2) = }'1(t's) = x/1(t'a) = 0'2(t'1) =0"1(t"2) = 0"1(t'3) = 1

X2(t'D) =x2(t'2) ) =x'2(t's) = 0'2(t'1) =0"2(t'2) = 1, x2(t's) = 62(t"3)

X'3(t'D) +oa(t's) = 0'3(t') = 4, A3(t'2) +/a(t'2) = ¥'s(t's) + x'a(t's) = 0'3(t2) =-1
X'3(t's) +a(t's) = 0'5(t's) = 0.

from the definition of QunxDs and theorem(3.3) (=Q2m*xDs) = (EQ2m) ® (=Ds)

each element in QumXDs tok= ty - tk Vine Qom, tke Ds, N =1,2,3,....4m,
ke{1"r,2.r® r* s,sr,sr2 s sr*}.

and each irreducible character of QmXDs 1S ¥ ¢ijy =Xi * ¥'j

where y; is an irreducible character of Q. and j is the irreducible character of Ds,then

(o xi(tn) ifj=1 and k € Dg
xi(t,) ifj=2 and k€ {L.r.r2.r3r4}
—x;(ty) ifj=2 and k€ {S.Sr.Sr2 Sr3.5r*}

X (i) () = 4 4x;(t,) ifj=3 and k € {I*}
—x;(ty) ifj=3 and k € {r.r?.r3.r*}
. 0 if j=3 and k€ {S.Sr.Sr% Sr3.Sr*}
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from proposition (4.1) 6 = Zﬁecal(Q(X(i_D) 10 (X))

where 6 j)is the rational valued character of Q.nxDsThen,

0ij) (tar) = > o (Xcij) (tnk))
oeGal(Q(X (i) (tar))/Q)

(I) If j=1and ke Ds

B¢ij) (tak) = ) o(Xi(tn)) = 0;(ty) - 1 = 6;(ty) - 03(tx)
oeGal(Q(xi(tn))/Q)
where 0i is the rational valued character of Qyp, .

(1) (a) If j=2 and ke {I",r,r",r* r'}

B (tak) = > o(Xi(tn)) = 0;(ty) - 1 = 6;(t,) - 0(t )
oeGal(Q(xi(tn))/Q)

(b) If j=2 and ke {s,sr,sr?,sr°,sr*}

B¢ (tak) = ) o(—xi(tp)) = — Z o(xi(tn))
oeGal(Q(xi (tn))/Q) oeGal(Q(Xi (t))/Q) o
= % o(xi(ty)) - —1 = 6;(t,) - —1 = 6;(t,) - 6 j(t K)
oeGal(Q(xi(tn))/Q)

(1) (@) If j=3 and ke{lI'}

B¢ (tak) = > o(4xi(ty)) = 4 % o(xi(tn))
0<Gal QUi (t))/Q) oGAQMG/Q
= % o(xi(tn)) 2 = 0;(ty) - 2 = 6;(t,) -0 j(t K)

0eGal(Q(x;i(tn))/Q)

(b) If j=3 and ke {r,r’.r% "}

B¢j(tak) = ) o(—xi(ty)) = % o(Xi(ty)) - —1 = 0;(t,) - 05(t'y)
oeGal(Q(xi(tn))/Q) ceGal(Q(xi(tn))/Q)
(©) If j=3 and ke {s,sr,sr%,sr’ sr*}
B¢ (tak) = > o(0-xi(ty)) =0- % o(xi(tn))
oeGal(Q(xi(tn))/Q) oeGal(Q(xi(tn))/Q)

= S o0ut)) 0= 0=0(ty) 0(t))
oeGal(Q(xi(tn))/Q)

From [1], [11] and [111] we have 8j= 6;-0; . Then = ( QumXDs) = = ( Qzm) ® = ( Ds)

the rational character table of the quaternion group Q,nXDs when m = p>2, p is prime number(4.5)
from theorem (4,4) and from of = ( Qo) in the table (6) then the rational character table of the
quaternion Group Q.mxDs when m = p>2, p is prime number is given in the general (15%x15)
matrix form = (QzmxDs) as table (9)
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="(QzmxDs)=

LT | 0 | [0s] | DETT DA D4S] DT | X | P (DT | D] | D8] | Dy, ]|y [ys]
0uy| 1 1 1 1 1] 1] 1 1 1 [ 1111 ]1]1
0uy| 1 1| 1 1 111 1 111 a1 1]
Ougy| 4 1] 0 4 1] 0] 4 -1 o |4 ]1]o0o]4]a]o0
Oy | (P-1) | (D | ()| -1 | -1 | -1 (D) |(p-D)|(pY)| -2} -1|-1] 0 0|0
0ea | (P-1) | (P-D) |-(P-1)| -1 | -1 | 1 ((pD)|(p-D)|-(PpD| 1|1 | 1|0 0|0
O | 4(-1)[-(p-1)| O 4 1[0 [4pD)|-e1)] O |41 ]0o]o0o]0]oO
0ey| 1 1 1 1 11 1 1 1 [ 11112l
0ey| 1 1| 1 1 |11 1 1 111 ]alala]1
0ss| 4 1] 0 4 1] 0] 4 -1 o |4]l1]o0o]-4]1]o0
Oy | (1) (- || -1 | -1 | -1 |-(p)-(p-D)|-(p-D| T | 1 | 1] 0]0|O0
Ouzy | (1) | (P-D) [-(p-1)| -1 | -1 | 1 |(p-)f-(p-D)| ()| 2T | 1 |-1]0]O|O
Oug | 4(p-1) [-(p-1)| O 4 110 [H4enen] o [ 410000
05y | 2 2 2 2 |22 2] 2] 2]=2]1=2]-2]0lo0]o0
05| 2 2 | -2 2 |2 2] 2| -2 2 |2]l-2]2]o0olo]o
05| 8 20 8 | 2] 0| -8 2 o |8 2000 O

Table(9)

27




Journal University of Kerbala , Vol. 15 No.2 Scientific . 2017

Example (4.3):
To find the rational valued characters table of Q14%Ds, we can use theorem (4.4) since p=7 then
we have as table (10)

="(Qu4%Ds)=

CL, [ILIT [ILAlsIDENT D DS XTI X7 sT i T ] [1x.sT [y 1T [y [[y.s]
ICL,| 145 2 | 8]10 1 |45 28107 28|35
CorxDs(CL.)I| 280 |70 |56 | 140 | 35 | 28 | 280 | 70 | 56 |140| 35 | 28 | 40 | 10 | 8

01 1111 1 1 1 1 1 1 1 1 1 1 1 1

0(1,2) 1 /11 1 1| -1 1 1 ]-1]1 1 ]-11 1] -1
0uy | 4 |1 4 1|0 4 |1 4]1]0|41]0
02,1 6 |66 -1 |-1]-1 6 6 6 | -1|-1]-1]0 0
0022 6 |66 -1 | -1 6 6 | 6| -1 -1 0|0/ O
0.3 24 |6 0| -4 1 0 24 | 6| 0|41 O 0| 01|QO0
0. 1 1 1 -1 -1

1

03.2) 1
Oy | 4 |1|0| 4 |[1] 0| 4 |10

6

6

Ba.1)

0.2
0.3 24 |60 -4 1 0 -24 6

Oy | 2 2|2 2 |22 2 2|2|2]=2]=2
Osy | 2 2|2 2 [2 2] 2222|222
0y | 8 |2|0| 8 |20 8 |2|0|8[2]0

_

(@)
o O] O] O O ©
OoO| O O O O O =
O O O O O] O] O +—

Table (10)
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