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Abstract

The main purpose is to determine valued characters table and rational valued characters table
of the group( Q2mxD3)when m is even number and m=2p,p is prime number, and knowing
relationship between of them to given minute result .
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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 defines an equivalence relation on G .Its classes
are called I'- classes .

The Z - valued class function on the group G, which is constant on the T'- classes forms a
finitely generated abelian group with operation point wise addition denoted by cf(G,Z) of a rank
equal to the number of I'- classes

In this search consists defined of Quaternion group and example, irreducible representations of
the Quaternion group Q2m Wwhen m is even number and m=2p, the character table of the Quaternion
group Qom when m is even number and m=2p, the group D3 and the character table of her, the
defined group( Q2mxDs3 )when m is even number and m=2p ,example ,find the rational valued
characters tables of the group (Q2m*D3 )when m is even number and m=2p,p is prime number.

The Generalized Quaternion Group Q,m(1.1)[6]

For each positive integer m, the generalized quaternion group Q.n of order 4m with two
generators x and y such that
Qom = { X*y",0<k <2m-1,h=0,1, x"=y* , x"=y? =1, y X" y'=x"}

Irreducible Representations of the Quaternion Group O,,, when m is an even

number(1.2)[5]

There are four distinct irreducible representations R;, R,, Rz and R4 of degree 1, obtained by
letting +1 correspond to x and y in all possible ways. The representations R;, Rz, Rz and R4 are
given by the following table :
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Xy
R, 1 1
R, 1 1
Rs (D¢ || (D
R4 (D¢ || (D
Table (1.1)

where 0 <k <2m-1 ,and there are m-1 distinct irreducible representations for Q,, of degree 2, we
denote it by Ty, ,which T}, take the following form:

h

(0] 0 0 a)_hm
T, (x) = | Ta(y) =
0 o' | 1 0
Now, for all elements of Qar, the representations Ty, is written as follows:
o™ 0 0 PRLICEL)

T, (x") = 0 o CTa(x'y) = et

where 0 <k <2m-1, I <h <m-1and w =e*""

0

The Character Table of the Quaternion Group Q. When m is an Even Number

(1.3) [3]
There are two types of irreducible characters. One of them is the character of the linear

representations Ri, Ry, Rz and R4 which are denoted by w1, wo, w3 and yy respectively as in the
following table:

Xy
Y1 1 1
2 1 -1
I -0)¢ | (D"
2 -0¢ [ (D
Table (1.2)

where 0 <k <2m-1.
And the other characters of irreducible representations Ty, of degree 2 are denoted by y, such that :
0=+ o™
— emhk/m + e-mhk/m _ ZCOS(ﬂhk/M)

We are denoted to (0™ +&™) by Vi , Thus Vik =Vomnk Va=-2 Von =2,  also we will write Vg
such that J(hk) =min{hk (mod 2m),2m-hk(mod 2m)} in the character table of the quaternion group
Qum When m is an even number, such that:

Vs = 2cos(m(hk)/m) , yn (Xy) =0
where 0 <k <2m-1, I <h <m-1and w =" |
So, there are m+3 irreducible characters of Q. . Then the general form of the characters table of
Q2m when m is an even number is given in the followingtable:

94



Journal of Kerbala University , VVol. 10 No.4 Scientific . 2012

The characters table of 2patrix fro2p degree (2p+3), where Vynw = 2cos(zJ(hk)/2p)
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= Q4P):
CL, (1 f[x*] [x*] [x*P] [x**1 | [x] [x°] [x*"*] [y] [xy ]
ICL,| 1 2 2 2 1 2 2 2 2p 2p
Wi 1 1 1 1 1 1 1 1 1 1
wa 1 1 1 1 1 1- 1- 1- -1 1
X2 2 Vi Ve Vaap-4) 2 \Z Vi) Viap-2) 0 0
X 2p-2 2 Vaup-4) Vaep-9) Vi@raee2) || 2 Ve || Vaeps) Vi@paeey |0 0
X1 2 Vs Vi Vi2p-2) -2 Vi Vi) V3 (2p-1) 0 0
X2p-1 2 Vi@p-2) Vi (gp-4) Viepnee2) || -2 Vaepy || Vaep-3) Vaepnep) || 0 0
) 1 1 1 1 1 1 1 1 -1 -1
) 1 1 1 1 1- 1- 1- 1- 1 -1
Table (1.3)
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Theorem (1.4):1]
Let T1: G1—>GL (n,F) and T2: G2—>GL(m,F) are two irreducible representations of the groups

G1 and G2 with characters y 1and y 2 respectively , then T ® T2 is irreducible representation of
the group

G1x G2 with the character y1-y 2 .

The Group D5(1.5):[4]
Ds is the dihedral group of order 6 D3 = {I*, r, r2,s,sr,sr%}The characters table of Ds is given:

cL, M Jir] [Is1
Y N B E
=Dy = le 1 1 1
Zé 1 1 -1
7 2 -1 0
Table (1.4)

The Group O2mxD3(1.6)[2] :
The direct product group QzmxDs={(q,d): g€ Qzm, d€ D3}, each irreducible character y; of Qzm

and y; of Dsdefines three characters Ain X2 and 263 such that Z09=% 2 A2 =X X2 gpg
Z(i,3):;(i Z:; of szng_

Then = (Qamx D3) == (Q2m) @ = (D) .
Then, the general form of the characters table of Q,mx Dzwhen m is an even number and m=2p
is given in the following table:
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=(Qq4pxD3) =
CL , [|’|*] 1[|’ r [Q|’.I [X 2 ,I*] [X 2 r ] [X 2 s ] [x2p—2,|*] [xz”‘z,r] [xZP_Z,S] [x2p,|*] [xZP’r] [xZP,S]
cL,| 1 |2 3 |2 4 6 2 4 6 1 2 3
|(;Qzmea (CLa)| 48p || 24p || 16p || 24p 12p 8p 24p 12p 8p 48p 24p 16p
V/(l ) 1 1 1 1 1 1 1 1 1 1 1 1
V/(l 2) 1 1 -1 1 1 -1 1 1 -1 1 1 -1
‘//(1 3 2 -1 0 2 -1 0 2 -1 0 2 -1 0
V/(4 ) 1 1 1 1 1 1 1 1 1 1 1 1
l//(4 ) 1 1 -1 1 1 -1 1 1 -1 1 1 -1
l//(4 3 2 -1 0 2 -1 0 2 -1 0 2 -1 0
e 2 2 2 VJ(4) VJ(4) VJ(4) VJ(4p-4) VJ(4p-4) VJ(4p-4) 2 2 2
Yoo 2 2 2 [[vie VI(4) -VI(4) VI(4p-4) VI(4p-4) -VJ(4p-4) 2 2 -2
X 4 -2 0 2(VI(4)) - VJI(4) 0 2(VI(4p-4)) -VJ(4p-4) 0 4 -2 0
X(@p-2)1) 2 2 2 VJ(4p-4) VJ(4p-4) || VI(4p-4) VJ((2p-2)(2p-2)) VI((2p-2)(2p-2)) [ VI((2p-2)(2p-2)) | 2 2 2
X(@p-2)2) 2 2 -2 | VI(4p-4) Vi(4p-4) | - VI(4p-4) VJ((2p-2)(2p-2)) VI((2p-2)(2p-2)) | -VI((2p-2)(2p-2)) | 2 2 -2
Xeron |4 2 [0 [2v@e) |-vaep-a Jo 20V3(2p-2)(2p-2))) [ -Va(@p-2(2p-2)) [0 g 2 0

Table (1.5)
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[X .17 [x,r] f[x,s] [x2P~1 1] [x?P71r] [x?P71 ] Ly 1| Ly .r1fLy . sTIxy r'T [[[xy.r]1|[xy.s]
2 4 6 2 4 6 2p 4p 6p 2p 4p 6p
24p 12p 8p 24p 12p 8p 24 12 8 24 12 8
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 0 2 1 0 2 1 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
-2 1 0 -2 1 0 -2 1 0 2 1 0
Vi V1 V1 VJ(2p-1) VJ(2p-1) VJ(2p-1) 0 0 0 0 0 0
V1 V1 -V1 VJ(2p-1) VJ(2p-1) VJ(2p-1) 0 0 0 0 0 0
2(V1) -Vl 0 2(V3(2p-1) VI2p-1) 0 0 0 0 0 0 0

0 0 0 0 0 0
V 32p-2) V 32p-2) V j2p-2) VI((2p-2)(2p-1)) VJI((2p-2)(2p-1)) VI((2p-2)(2p-1))

0 0 0 0 0 0
V 32p-2) V 32p-2) -V i@p-2) VI((2p-2)(2p-1)) VJI((2p-2)(2p-1)) - VI((2p-2)(2p-1))

0 0 0 0 0 0 0 0

2(Vaep2y | Vo2 2(VI((2p-2)(2p-1))y | - VI((2p-2)(2p-1))

Table(1.5)
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X1y 2 (2 v V2 V2 Vae-2) Viep-2) Viep2) -2 -2 -2
Zuo) 2 |2 v Vs V; Vizea) Vizea) Vizen 2 -2 2
Xu3) 2 [0 [2(vy -V, 0 2(Vyep2) Vizp2) 0 4 |2 0
X(@p-11) 2 12 [ Viwo Vaep-2) Viap-2) V 3(@p-ep-2) Voo || Vieoews |2 2 -2
X(@p-12) 2 |2 | Voupr Viap) Viup-2) V a(@p-niep-2) Vieoer | -Viene2 | -2 -2 2
X@p-13) 2 0 2MVawy | Vawa 0 2(V seoneoay | Voeoneay | ° -4 2 0
Vi 1 1 |2 1 1 1 1 1 1|2 1
Vi 1 |1 |t 1 1 1 1 1 1|2 1
Vs -1 o |2 * 0 2 * 0 2 * 0
V(s 1 1 1 1 1 1 1 1 -1 -1 -1
l//(s,z) 1 -1 1 1 -1 1 1 -1 -1 -1 1
Viss) -1 o |2 * 0 2 * 0 2 |1 0
Table(1.5)
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Vi Vi Vi Vi @py Vaepy Vi@ o o jo o [O |O
2(Vs Vi 0 2(V3 @p) -V (2p-1) 0 0 0 0 0 0 0
Vi Vi@ Vi @p-y) Va(@p-1)(2p-2)) Viep-ep1) || Vaep-1)@p-1) 0 0 0 0 0 0
Vaery Vi@ -V ep) Vi@ene | Vaeeven | Viesen [0 10 [° 1° [° |°
2Vaepn) | Vaery 0 2(Vaep ey | Vo) | °© O o o [° [© [°©
1 1 1 1 1 1 -1 -1 -1 -1 -1 -1
1 1 -1 1 1 -1 E B EE R
2 B 0 2 1 0 2 |1 [o |[-2 J1 |o
-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 0 2 " fo [-2 [1 [o
Table(1.5)
Where Viyn = 2cos(nJ(hk)/2p) ,Vap=2 , Vop=-2W =&MW M =_1
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Example(1.7):

Qo= {1xx2x3x4x5 x° x X8, xgxlox11 x x x15 x ,x18, 2y, xy, X%y, X%y, XY,
Xy, Xy, X7y, Py ¥y, Py, xty, xPy, xPy, My, xPy, xy, xHy, xPy, xy}

There are 2thertgzen (:Llonjugate glassgs in 820, . y

[11, Ix], IX°T, X1, IX7], IXT, DCLEX LEXTLEX LI 1LIy] and [xy]

0D, =00 b 06 R

DT =0, X7} CT={ ICLIXT 1} [XT]= {7, xPHLIX]= {X, x*F,

[XT= <, xlla},[X%’F gxg"];, v = . ﬁgy, Xy, Xy, Xy, X2y, %y, Xy, xy, xy yand

[xyl = {xy, Xy, Xy, Xy, Xy, Xy, X7y, X7y, X'y, XY }.

And it has therteen non-equivalent irreducible representations,
Then we can write the character table of Q as follows:

16 x17

= (on) =

. m X e foer [E T ma [ foer (07| |

] 1 )] ] 1 I ]
ICLJ |1 2 |2 1 2 |2 2 2 |2 2 |2 |6 |6
Wi 1 1 |1 1 1 |1 1 1 |1 11 1 {12
Wi 1 1 |1 1 1 |1 N S R A I R ]
12 2 Vs Ve [Vs [|V4 |2 Vo [Ve [-2 Ve Vo [[O [0
14 2 Ve Ve [Ve [Ve |2 Ve [ Vs |f 2 Ve v, [0 [oO
X5 2 Vg [l Va V5 Vg || 2 Ve V2 ||-2 Vo Ve |O [|O
X; 2 |ve Ve [Vo [V |2 Ve [ Vs |f2 Vs Vs O [O
1 2 Vo [[va [Ve Vs [|-2 [vi|Vvs [O V7 [Vs fO O
2 2 Ve (Vs [Vo Vs -2 Vs Ve |O Vi V7 fo |fo
15 2 |2 |2 2 12 [-2 Jo fo |o 0 0 Jo fo
Xy 2 Ve [Vvs fVo Ve -2 [Vv: V. |O Vo (Vs o |fo
Xo 2 Vo Ve |Ve Ve -2 Ve |[Vs |O Vs [Vi Qo |o
W 1 1 |1 1 1 |1 1 1 |1 1 1 [1- |2-
w3 1 1 |1 1 1 |1 S EE BN E e

Table (1.6)

where Vj =2cos(wj/10) , Vom=2 , Vm=-2 V5=2cos(57/10)=0
the characters table of Q, xD3 can be written as follows :

=(Q20 XD3)= =(Q20) ®=(Ds) Then:
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=(Q20%D3) =
CL, [1,4] |12 f12s] | 040 D | Ix3sd | x| IxEsT ] DD | Ex®.sT | D D | IxP.s] )| D ] x| Ixs ]| [x.1]
| CL,| 1 2 3 2 4 6 2 4 6 2 4 6 2 4 6 1 2 3 2
JCé cL)fl 240 || 120 {80 120 || 60 40 120 | 60 40 120 || 60 40 120 || 60 40 240 120 80 120
V2T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
w12 1 1 -1 1 1 -1 1 1 -1 1 1 -1 1 1 -1 1 1 -1 1
W13 2 -1 0 2 -1 0 2 -1 0 2 -1 0 2 -1 0 2 -1 0 2
Vi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
VY, 1 1 -1 1 1 -1 1 1 -1 1 1 -1 1 1 -1 1 1 -1 -1
VY3 2 -1 0 2 -1 0 2 -1 0 2 -1 0 2 -1 0 2 -1 0 -2
x21 2 2 2 V4 V4 V4 Vs Vs Vs Vs Vs Vs V4 V, V, 2 2 2 V,
X2 2 2 -2 V4 V4 -V, Vs Vs -Vg Vs Vs -Vg V4 V, -V4 2 2 -2 V,
X3 4 -2 0 2Vs || -V4 0 2Vg || -Vs 0 2Vs || -Vs 0 2Vy || -V4 0 4 -2 0 2V,
X 2 2 2 Vg Vg Vg V4 V4 V4 V4 V4 V4 Vs Vs Vs 2 2 2 A\
X 2 2 -2 Vg Vg -Vg V4 V4 -V, V4 V4 -V, Vg Vg -Vg 2 2 -2 A\
X3 4 -2 0 2Vs || -Vs 0 2Vs || -Va 0 2Vsy || -Va 0 2Vg || -Vs 0 4 -2 0 2V,
Xe1 2 2 2 Vg Vg Vg V, V, V, V4 V4 V4 Vs Vs Vs 2 2 2 Vs
Xeo 2 2 -2 Vs Vg -Vg Vy Vy -V4 V> A\ -V4 Vg Vg -Vg 2 2 -2 Vs
Xs3 4 -2 0 2Vs || -Vs 0 2Vs || -Va 0 2Vo || -Va 0 2Vs || -Vs 0 4 -2 0 2Ve
Xs1 2 2 2 V4 V4 V4 A A Vs Vs Vs Vs V4 V4 V4 2 2 2 Vg
Xz 2 2 -2 A\ V4 -V, Vs Vs -Vs V, Vs -Vg V4 V4 -V, 2 2 -2 Vs
Xa3 4 -2 0 2V, || -V4 0 2Vsg -Vs 0 2V> -Vg 0 2V, -V, 0 4 -2 0 2Vg
X1 2 2 2 V, V, V, V, V, V, Vs Vs Vs Vg Vg Vg -2 -2 -2 V1
Table (1.7)
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=(Q20%Ds) =
D] | Ixs] DD | D) DT D] D81 ) x| x| I D | D] | [x.s] [y 01 Dy (Ty.s] [ Dxy.d [ Ixy.r || [xy.s
4 6 2 4 6 2 4 6 2 4 6 2 4 6 10 20 |30 10 20 30
60 40 120 || 60 40 120 || 60 40 120 || 60 40 120 || 60 40 24 12 |8 24 12 8
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 1 1 -1 1 1 -1 1 1 -1 1 1 -1
-1 0 2 -1 0 2 -1 0 2 -1 0 2 -1 0 2 -1 0 2 -1 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 -1 -1 1 -1 -1 1 -1 -1 1 1 1 -1
1 0 -2 1 0 -2 1 0 -2 1 0 -2 1 0 -2 1 0 2 -1 0
Vo Vo Ve Vs Vs -2 -2 -2 Vs Vs Vs V; V5, V5, 0 0 0 0 0 0
V, -V, Vs Ve -Ve -2 -2 2 Ve Ve -Vs V> V, -V, 0 0 0 0 0 0
-V, |0 2Ve || -Ve 0 -4 2 0 2Vs || -Ve 0 2V, || -V, 0 0 0 0 0 0 0
V4 \A Vs Vg Vg 2 2 2 Vs Vg Vg \/ V4 V, 0 0 0 0 0 0
V4 -V, Vs Vg -Vg 2 2 -2 Vg Vg -Vs V4 V4 -V4 0 0 0 0 0 0
-V, |0 2Vg || -Vs 0 4 -2 0 2Vg || -V 0 2V || -Va 0 0 0 0 0 0 0
Ve Vs Vs Vs Vs -2 -2 -2 Vs V, V, Ve Vs Vs 0 0 0 0 0 0
Vs -V V, \Z -V, -2 -2 2 Vs V5, -V, Vs Vs -Vs 0 0 0 0 0 0
Vg || O 2V, || -V- 0 -4 2 0 2Vo || -V2 0 2Vs || -Vs 0 0 0 0 0 0 0
Vs Vs V4 V4 V4 2 2 2 \ Vy Vy Vg Vg Vg 0 0 0 0 0 0
Vg -Vg V4 V, -V, 2 2 -2 V4 Vy -V, Vs Vg -Vg 0 0 0 0 0 0
-Vg |0 2Vy || -Va 0 4 -2 0 2Vy || -Va 0 2Vg || -Vs 0 0 0 0 0 0 0
V. V. V3 V3 V3 0 0 0 V7 V7 V7 Vg Vq Vq 0 0 0 0 0 0
V1 -V1 V3 V3 -V3 0 0 0 \Z V7 -V7 Vo Vg -Vy 0 0 0 0 0 0
Table (L.7)
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=(Q20%Ds) =
X1 2 2 -2 V, V, -V Vy Vy -V4 Vs Vs -Ve Vg Vg -Vg -2 -2 2 V1
X3 4 -2 0 2V, |-V, 0 2Vs || -Va 0 2Vs || -Vs 0 2Vs || -Vs 0 -4 2 0 2V1
X3 2 2 2 Vs Vs Ve Vs Vg Vg V, V, V, \/ V4 V4 -2 -2 -2 V3
X3 2 -2 Ve Ve -Vs Vg Vg -Vg 2 V5, -V, V4 V4 -V, -2 -2 2 V3
X33 4 -2 0 2Vs || -Vs 0 2Vg || -Vs 0 2V, ||-V2 0 2Vy || -V4 0 -4 2 0 2V3
X551 2 2 2 -2 -2 -2 2 2 2 -2 -2 -2 2 2 2 -2 -2 -2 0
X5 2 -2 -2 -2 2 2 2 -2 -2 -2 2 2 2 -2 -2 -2 2 0
Xs3 2 -2 0 -4 2 0 4 -2 0 -4 2 0 4 -2 0 -4 2 0 0
X711 2 2 2 Vs Vs Vs Vs Vs Vs Vo V5, V; V4 V4 V4 -2 -2 -2 V7
X7 2 2 -2 Vs Vs -Vs Vs Vs -Vg \Z V5, -V, V4 \/ -V, -2 -2 2 V7
X73 4 -2 0 2Vs || -Vs 0 2Vs || -Vs 0 2V, ||1-V2 0 2Vy || -V4 0 -4 2 0 2V;
Xo1 2 2 2 V, V, V, Vy Vy \/ Vs Vs Vs Vs Vg Vg -2 -2 -2 Vg
Xop 2 2 -2 V, V, -V, Vy Vy -V4 Vs Vs -Ve Vs Vs -Vg -2 -2 2 Vg
Xo3 4 -2 0 2V, |-V, 0 2Vs || -Va 0 2Vs || -Vs 0 2Vg || -Vs 0 -4 2 0 2Vg
V2% 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 1 1 -1 1 1 -1 1 1 -1 1
Vo3 2 -1 0 2 -1 0 2 -1 0 2 -1 0 2 -1 0 2 -1 0 2
Vs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
Y3, 1 1 -1 1 1 -1 1 1 -1 1 1 -1 1 1 -1 1 1 -1 -1
Va3 2 -1 0 2 -1 0 2 -1 0 2 -1 0 2 -1 0 2 -1 0 -2
Table (1.7)
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Vs

RV2

V3

VA

Vi

-V,

Vo
Vs

Vs

-V,

V3

Vs

EVA
\

Vi

-V,

2Vq
V7

V7

2V

V3

V3

2V3
Vi

Vi

2V

Vi

VA

Vg

Vo

V3

V3

AVA
Vi

Vi

VA

Vg

Vo

AVA
V3

V3

V3

2V+
Vi

Vi

2V

Vg

Vo

2Vy
V3

V3

2V

Vo

Vo

\

V4

V7

V5

AVA
Vg

Vo

Vo

\

\

AV
V7

\

_V7

2V3
Vg

2V

\

\

2V1
V7

\

2V

V3

V3

Vs

V5

Vo

Vo

. I
I- 1 N

I K

u a.

(Q20xDs)

AV
V3

V3

V3

\

\

V2
Vo

Vo

_V9

Table (1.7)
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To calculate the rational valued character table of QyxD3(1.8):
O11=H11, Oo= ¥12, O13= P13, 021= ¥ a1, Oo= ¥ a2, O23= ¥s3,
O11= ¥o1, Or2= ¥25 , O13= 23, Og1= ¥31, Op2= ¥33, Opz3= ¥33
O51= X51, Os52= X 52, O53= X 53,
The elements of Gal(1)/Q, are :{o1i, 02, 03, 04i 6. 07i, O8i Ooi}
Where o1i (711)= y1i, 02i (F1)= x2i, 03i(¥1)= x3i, oai(z1)= yai o6i(¥1)= xei o7i(¥1)= x7i o8i(¥1i)=
xsi, 09i(71)= xoi, and 1=1,2,3.
Oi= 01i(¥ 1)+ osi(r 1)+ o7l 1)+ oeilr1i) :

1-ifi=1

O61= o11(r11)+ o31(r 1)+ o711(r 1)+ 091(¥11)

Oer ([I, I"])= 061 ([I,7])= 061 ([1, s])=2+2+2+2=8

061 ([xz, I')=0e ([xz, r])=0ea ([xz, s])=Vo+ Vg+ Vot V=2
O61 ([X4, 1*]): Oe1 ([X4, T]): Oe1 ([X4, S]):V4+ Vg +Vg+ V,=-2
061 ([x6, I')=0e ([x6, r])=0ea ([x6, s])= Ve + Vot Vot V=2
061 ([x8, I')=0e ([x8, r])=0e ([x8, s])=Vg+ V4+V4+ Vg =-2
Oe61 ([xlo, I*]): Oe61 ([xlo, T']): Oe1 ([xlo, S]): -2+-2+-2+-2=-8
Oer ([x, I'])= 01 ([x, 7])= O61 ([x, s])= V1+ Va+ V7+ Vo=0

061 ([x3, I'])= 061 ([x3, r])= Oe1 ([x3, s])=Vs+ Vot Vi+ V7,=0
Oe1 ([x5, I"])= 061 ([x°, 7])= 01 ([x°, s])=0+0+0+0=0

O61 ([x7,I"])= 061 ([x7,7])= 061 ([x7, s])= V7+ Vit Vot V3=0
01 ([x°, I"])= 01 ([x°, 7])= 061 ([x°, s])= Vo+ V7+ Va+ V=0
061 ([y, I"])= 061 (ly, 7])= 061 ([y, s1)=0

O61 ([xy, I"])= Oe1 ([xy,7])= 061 ([xy, s])=0

04= x2t+ xei and i=1,2,3 .

On=xat xel

Ou ([, I'D=0a ([1, ])= 041 ([, s])=2+2=4

0 s ([XZ, I')=0xn ([Xz, rN=0xn ([Xz, s])=V4+ Vg=-1
Oar ([x*, I'])= O0m ([x*, 7])=Om ([x*, s1)=Ve+ V4 =-1
0 ([X6, 1*]): 0 41 ([X6, T]): 041 ([X6, S]): Vg+ V4 =-1
0 s ([X8, I')=0xn ([XS, rN=0xn ([XS, s])=V4+ Vg =-1
Oar ([x*°, I'])= a1 ([x'°, 7])= 0m ([x'°, s])= 2+2=4
O ([x, '])= Ou ([x,7])= Ou ([x, s])= Vot V=1
Oar (x>, I'D)=0a ([x*, 7])=  Ga1 ([x%, s])=Ve+ Vo=1
Our ([x°, I')=0m ([x°, 7])= Oa ([x°, s])= (-2)+(-2)=-4
Oar ([x7, I'])= 0m ([x7,7])= Om ([x7,s])= Ve+ V=1
Oar ([x°, I'])= 0a ([x°,7])= Oa ([x° s])= Vot Ve=1
Oun(ly, I')=0a (y,7])= 6Oa (ly,s])=0

Ou ([xy, I'1)= 04 ([xy, )= 041 ([xy, s])=0

O3i= x 4i+ xsi and i=1,2,3 .

O0n=xat xa

Oa ([ILI'D)= Oa (L, 7])= O3 ([, s])=2+2=4
031 ([x*, ') = a1 ([x* 7])= Oz ([x?, s])=Ve+ Vo =-1
031 ([x* I'T) = Oa ([x*, v])= Oz ([x* s1)=Va+ Vg=-1
O3 ([x°, I')= 0a ([x®, 7])= O3 ([x° s])=Va+ Ve=-1
Oz ([x%, I'])= 0a1 ([x®, r)= Oz ([x® s])= Vet Vs =-1
O3 ([x™, I"])= 03 ([x'°, r])= 03 ([x"°, s])= 2+2=4
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031 ([X, ]*])= 031 ([x, T])= 031 ([X, S]): V4+ Vg =-1
Oz ([x°, I'])= Oz ([x3, r])= Oz ([x% s])= Vet V4=-1
031 ([x5, I*]): 031 ([XS, T']): 031 ([XS, S]):2+2:4

031 ([x7, I*]): 031 ([X7, T']): 031 ([X7, S]): Vg+ V,4=-1
Oz ([x°, I"])= 031 ([x°, r1)= Oz ([x°, s])= Va4t Vg =-1
Oa ([y, I'D)= 0z (ly,v])= Oz (ly,s])=0

O3 ([xy, I"])= 0z ([xy, r])= 0a ([xy,s])=0

2-ifi=2

0 62= 012(x 1)+ 032(x 12)+ 072() 12)+ 092(X 12)

B¢ ([|, I'])=0¢ ([1, T]): 2+2+2+2=8=- 04, ([1, S])

062 ([x*,I"])= 062 ([ x*, r])= Vot Vet Vot Ve=2=- O ([ x*,5])
062 ([X4, 1*])= B¢ ([ x“, T]): Va+ Vg +Vg+ Vy=-2=- O ¢ ([ x4,s])
Oz ([x8,I"])= 062 ([ x°, T])= Ve + Vot Vot Vg=2=- O, ([ x°, s])
Oe2 ([x%,I"])= 062 ([ x® r])= Vet V4+tVat+ Vg =-2=- 0 ([ x°,5])
Oc2 ([x'°, I"])= 02 ([x'°, 7])= -2+-2+-2+-2=-8=-0¢ ([x'°,5])
062 ([X, I*])Z O e ([x, T]): Vi+ V3+ V74 Vg=0=- ¢ ([ X, S])

062 ([x3,I"])= 062 ([ x>, r1)=Va+ Vo+ Vi+ V;=0=- 0, ([ x>, 5])
062 ([x5, I"])=06 ([ x>, r])= 0+0+0+0=0=- 0, ([ XS,S])

062 ([x7, 1*])2 O e ([ x7, T]): V7+ Vi+ Vo+ V3=0=- f ¢ ([ X7,S])
062 ([x9, I*])Z O e ([ x9, T]): Vo+ V74 V3+ V1=0=- f¢ ([ X9,S])
Oe2 ([y, I"])= 062 ([y, 7])=0=-062 ([ ¥,s])

062 ([xy, I"])= 062 ([xy,7])=0="- 062 ([ xy,5])

0 42= X22% Xo2

O ([, I'])=  Ox([l, r])=2+2=4= - 042, s])
Our ([x* I')= Oap ([x% 7])=Va+ Ve=-1= -0 ([x?5])
O ([x*, I'D= Oa2 ([x* 1])=Ve+ Va=-1= -04 ([x*5s])
Ou2 ([x° I'])= s ([x° 7])= Va+ Va=-1= - 04 ([ x°,s])
042 ([x%, I'])=  Oa2 ([x®,7])= Va+ Vg =-1= - 04, ([ x®,5])

Oa2 ([x°, I"))= 04 ([x'°,7])=242=4= - 05 ([x",s])
Oz ([x, I'])= 04 ([x, r])= Vot Ve=1= -042 ([x,5])
O ([x>, I'])= Oa ([x3,7])=Ve+ Vo=1= -0 ([x%5])
Oa2 ([x°, I'])= Oaz ([ x°, 7])= (-2)+(-2)=-4=- 04 ([ x> 5])
Oa2 ([x7, I'])= Os2 ([x7,7])=Ve+ Vo=1=  -04([x7,5])
O ([x°, I'])= 0z ([x°,7])= Vo+ Ve=1= -04 ([x°s])
Oz (v, I'1)= 0 ([y,r])= 0= -0x2([y,s])
Oz ([xy, I"])= 04 ([xy, r])= 0= -042 ([xy,5])
032= X 42+ X 82

O (I, I')= 03 ([I,r])=2+2=4= -03 ([, s])
03 ([x*, I'])= 0z ([x* 1])=Ve+ Vs=-1=  -03 ([x%5])
O3 ([x*, I"])= 0z ([x* r])=Va+Vs=-1= -0z ([x*5])
03 ([x° I"))= 0z ([x° 7])= Va+Vg=-1= -0z ([x°s])
03 ([x°,I"])= 03 ([ x®, 7])= Va+ V4 =-1= - 03 ([ x®, s])
O3 ([x'°, I"))= 03 ([x'°,1])= 2+2=4= -3 ([x™,s])
05 ([x, I"'])= Oz ([x,7])= Vat+ Vg =-1= -032 ([x,s])
03 ([x°, I'])= 0a ([x°,7])=Ve+ Vs=-1= -0z ([x>5])
03 ([x°, I'])= 03 ([x° 1])= 2+2=4= -03 ([x°,s])

Oz ([x7, I'])= 0z ([x7,7])=Ve+ Vs=-1= -0z ([x7,s])
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Oz ([x°, I'])= O3 ([x° r])= Vat+ Vg=-1= -03 ([x?,5])

O3 ([y,I'D= 03 (y,r])= 0=
03 ([xy, I"])= 0z ([xy, r])=0=
3-if i=3

0 63= 013(x 13)+ 023(x 13)+ 073X 13)+ T93(X 13)
Oe3(2[l, I"])= 63 ([I, r])=2+2+2+2=8

063 (2[x2, I*]): 063 ([XZ,T']): Vot Vg+ Vot Vg=2
063 (2[x4, I"])= 063 ([x4, r])= V4+ Vg +Vg+ V4=-2
063 (2[x6, I*]): 063 ([XG,T']): Ve + Vot Vo+ V=2
Oe3 (2[X8, 1*])= 063 ([XS,T']): Vg+ V4 +Vy+ Vg =-2
063 (2[x'°, I"])= 063 ([x'°,7])= -2+-2+-2+-2=-8
063 (2[x, I*]): 063 ([x, T]): Vi+ Via+ Vo+ Vo=0
Oe3 (2[X3, 1*])2 063 ([X3,T]): V3+ Vo+ Vi+ V7=0
963 (Z[XS, I*]): 963 ([xS’ T']): 0+0+0+0=0

063 (2[x7, I"])=0¢3 ([x7,r])= V7+ Vi+ Vot V3=0
063 (2[x9, I"])= 03 ([xg,r])= Vo+ V7+ V3+ V=0
963 (2[_')/, I*]): 963 ([yr T]): 0

O3 (2[xy, I"])= 63 ([xy,r])= =0

043 =X 23% Xe3

043 ( [|, I*]): 943 ([I! T]): 2+2=4
943([962,1*]):043 ([XZ,T]): V4t Vg =-1
0 43 ( [x4, I*]):943 ([x4,r])= Vg+ V4=-1
043 ( [x6, I*])=943 ([x6,r])= Vg+ V,4=-1
043 ( [x8, I*])=943 ([XS,T‘]): V4+ Vg =-1
04 ([0, I'])=045 ([x'0,7])= 2+2=4
Oa3 ([x, I"])=043 ([x,7])= Vot Ve=1
943([963,1*]):943 ([X3,T]): Ve+ Vo =1
Oa3 ([x°, I'])=023 ([x>,7])=  (-2)+(-2)=-4
943([)(7,1*]):(943 ([x7,r])= Vet+ Vo =1
043 ( [x9, 1*])2943 ([Xg, T]): Vo+ Vg =1
Os([y, I'])=043 ([y,7])= 0

043 ([x* I"])=0s3 ([x*1])= 0O

033 = X3t Xs3

033 ( [I, ]*]):(933 ([1, T]): 2+2=4

033 ( [xz, ]*])2033 ([XZ,T]): Vg+ V4=-1
033 ( [x4, I"])=033 ([x4,r])=V4+ Vg =-1
033 ( [x6, ]*])2033 ([x6,r])= V4+ Vg =-1
033 ( [x8, ]*])2033 ([XS,T]):V8+ V4=-1
033 ([x'°, I ])=03 ([x'°,r])=2+2=4
033 ( [x’ I*])ZQ 33 ([X, r]): Vit Vg =-1
033 ( [x3, ]*])2033 ([XB,T]):V8+ V4=-1
O3 ([x°, I"])=033 ([x°, r])= 2+2=-4

033 ( [x7, I"])=033 ([x7,r])= Vg+ V4=-1
033 ( [x9, 1*])2033 ([x9, T]): V4+ Vg =-1
O3 (Ly, I"])=03 ([y,r])=0

033 ([xy, I"'])=033 ([xy,r])=0

Then, the rational characters table of Q,0xDj3 is given in the following table :
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-0z ([y,s])
-03 ([xy,s])

s 953 ([1, S]):O
, 963 ([XZ,S]): 0
, 953 ([X4,S]): 0
, 963 ([x6,s])= 0
) 963 ([XS,S]): 0
,353 ([XlO,S]): 0
, 963 ([X,S]): 0
) 953 ([X3,S]): 0
) 963 ([xS,S]): 0
) 963 ([X’7,S]): 0
) 963 ([xgﬂs]): 0
063 ([y,s])= 0
, 063 ([xy,s])= 0

, 043 ([1, s])=0
, 013 ([x*,s])= O
043 ([x*,s])= 0
» 043 ([x6' S]): 0
» 043 ([xg' S]): 0
043 ([x19,s])= 0
, 043 ([X, S]): 0
, 043 ([xs's]): 0
043 ([x° s])= 0
) 943 ([X7,S]): 0
, 013 ([x°,s])= 0O

y 043 ([y,S]): 0

1943 ([xy,s])= 0

, 033 ([1, s])=0

,933 ([xZ,S]): 0
03 ([x*s])= 0

, 033 ([x%,s])= O
, 03 ([x8s])= 0
s 933 ([xlO,S]): 0

,933 ([x, S]): 0
,933 ([XS,S])= 0
y 633 ([xS,s]): 0
, 033 ([x7,s])= 0
,933 ([Xg,S])= 0
) 933 ([}’, S]): 0

’ 933 ([Xy, S]): 0
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Table (1.8)
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[x,7] [x, 5] [y, I" ] [y, 7] [y, s] [xy,I"] [xy,] [xy, 5]
4 6 10 20 30 10 20 30
60 40 24 12 8 24 12

1
-1

SN NN R = = = = = k= N R D N TN | N S N S

=1 I NN =1 N G =l =1 k=] =] k=] E=] [=] | N | k=] ] | I | =) | | TN =] | PN IS

I B =]l B Y =1 =1 k=1 I=] =1 k=1 k=] k=1 k=1 | E=1 k=] | (=] k=] 1| I\ | k=]

N IS IS N Y (Y E=d k=1 (E=1 k=3 k=] =R =l k=l k=) k=2 k= =1 Y Y Y ) G I

= N NN N NS =] k=] k=] k=] k=] K=l k=] E=1 k=] E=) K=l [=]| IS | | Y| PN | B | I

oll~rIslloll~I~Iollolollolol cllolololololololl~Iol |l =~

Then , the general form of the rational characters table of Q,mxD3;when m is an even number and m=2p is given in the following table :

Table (1.8)
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"(QapxD3) =

CL (L] L] ILs] W XA e x5 r X2 s XA Xy r T Ixy s IX2P, 0 X221 IX2P, s) || [XP, 0 L IXP, r 1)L [XP,s] || X1 ]
lcL.| 1 2 3 2 4 6 2 4 6 1 2 3 2 4 6 2
CooC) | 24p | 12p 8p 12p 6p 4p 12p 6p 4p 24p 12p 8p 12p 6p 4p 12p
Bt 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Claton 1 1 -1 1 1 -1 1 1 -1 1 1 -1 1 1 -1 1
Ceten 2 1 0 2 -1 0 2 -1 0 2 -1 0 2 -1 0 2
ok 1 1 1 1 1 1 1 1 1 1 1 1 -1 -1 -1 -1
Clesm 1 1 -1 1 1 -1 1 1 -1 1 1 -1 -1 -1 1 -1
e 2 1 0 2 1 0 2 1 0 2 1 0 -2 1 0 -2
O 1L E-D | (- | (p-D) -1 -1 -1 -1 -1 -1 (p-1) (p-1) (p-1) (p-1) (p-1) I (p-1) -1
02 I (-1 | (-1 | -(p-1) -1 -1 1 -1 -1 1 (p-1) (p-1) -(p-1 I (p-1) (p-1) I -(p-1) -1
O3 [120-D ] -(p-D] O -2 1 0 -2 1 0 2(p-1) -(p-1) 0 2(p-1) | -(p-1) 0 -2
Oy I -D | (- | (p-1) -1 -1 -1 -1 -1 -1 (p-1) (p-1) e-D 4 -1 | -(e-1) | -(p-1) 1
O | (- | (p-1) | -(p-1) -1 -1 1 -1 -1 1 (p-1) (-1 L -(e-H) | (-1 | -(p-1) || (p-1) 1
Oz 20D -(p-DJ O -2 1 0 -2 1 0 2(p-1) -(p-1) 0 -2(p-1) | (p-1) 0 2
ey 2 2 2 -2 -2 -2 2 2 2 -2 -2 -2 0 0 0 0
o 2 2 -2 -2 -2 2 2 2 -2 -2 -2 2 0 0 0 0
D 4 -2 0 -4 2 0 4 -2 0 -4 2 0 0 0 0 0
0y I 20-D 1 2(p- || 2(p- 2 2 2 -2 -2 -2 2(p-1) | -2(0-1) | -2(p-1) 0 0 0 0
O I 2(0-D | 2(p- || -2(p- 2 2 -2 -2 -2 2 -2(p-1) | -2(p-1) || 2(p-1) 0 0 0 0
0 4D -200-] © 4 -2 0 -4 2 0 -4(p-1) I 2(p-1) 0 0 0 0 0
0713 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
0.7 1 1 -1 1 1 -1 1 1 -1 1 1 -1 1 1 -1 -1
Oy 2 1 0 2 1 0 2 1 0 2 1 0 2 1 0 -2
0213 1 1 1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1
aom 1 1 -1 1 1 -1 1 1 -1 -1 -1 1 -1 -1 1 -1
022 2 1 0 2 1 0 2 1 0 -2 1 0 -2 1 0 -2

Table (1.9)
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[xy, s]

6p

[xy, ]

4p

[xy, I"]

2p
12

[y, s

6p

[y, 7]

4p

ly. I"]

2p
12

[, 5]

4p

[x,7]

6p

Table (1.9)
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Theorem (1.9):-
The rational valued characters table of the group Q2m*D3swhen m is an even number and

m=2p is given as follows:

="( Q4pxD3) =="( Qup) ®="( Dy)

Proof:-
Since D, ={1", r , r?,S,5r,Sr’}
Since
h h, hs
=Ds-=D3= | 4 1 1 1
;(2’ 1 1 -1
Zs’ 2 -1 0
table(1.9)

Where h/ ={(1)}, h,={r,r?}, h!={S,Sr,Sr*} and
From the definition of Q.mxD3, theorem(1.4)

(=Q4pxD3) = (=Qup) ® (=D5)

each element in Q4pxD3
hy=h,-h, Vh € Qu, h! e Ds, n=123,..4m,ge{l’,r ,r*, S, Sr, Sr’}.
And each irreducible character of Q4pxDs is

Z(i,j): //{IZ;

where y, is an irreducible character of Qg and X is the irreducible character of Ds,then

z(h) if j=1 and g D,
z(h) it j=2 ad gellrr?
-~z (h,) if j=2 and ge{s,srsr?
(M) =0y h) i j=3 ad gelr)
~x (h,) if j=3 and 96{”2}
0 if j=3 and ge{S,Sr,SI’Z}

From proposition (2.3.2)

i) = > o(xi.5)
el @ (74.,)/Q)

where 6?(i 0 is the rational valued character of QpxD3
Then, 6, ;, ()= > o (%i.1)(Nwg))

oeGal (Q (;((, .J)(hng ))/Q)

(N If j=1and g D3
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e(i,j)(hng): Z U(Z|(hn)):0|(hn)1:0|(hn) ej(hg’)
oeGal (Q (7 (h,)/Q)

where 6. is the rational valued character of Qap .
(I (@) If j=2 and g e{l,r,r?}
e(iyj)(hng): Z O-(Z|(hn)):0|(hn)1:0|(hn)ej(hg,)
o<Gal Q (z (0, )/Q)
(b) If j=2and g e{S,Sr,Sr’}

e(i'j) (hng ): z O-(_/}//i (hn )) =- Z G(Z| (hn ))
o<Gal Q (i (h,))/Q) oeGal (Q (x (h,))/Q)
= > o(x(h,)).-1=0,(h,) -1= 6,(h,) .6;(h;) .
oGal Q (7 (h,)/Q)
() (a) If j=3 and g {I’}
G ;) (hyg )= > oy h)=2 o(x (h,))

o<Gal Q (7 (n,))/Q) o<Gal Q (7 (h))/Q)
= Z U(Z|(hn))2:9|(hn)2: 0|(hn)9;(hg;)
oeGal Q (7 (h))/Q)
(b) If j=3 and g e{r,r’}
6y(hy)= > otxh)= Y o(xh) -1
oGl @ (z (M, )/Q) o<Gal Q (7 (h))/Q)
= 0,(h,).6,(h;).
(c) If j=3 and ¢ e{S,Sr,SrZ}
e(i,j) (hng ): Z O-(OZ| (hn)):() Z O-(;(| (hn ))

oGl Q (7 (h)/Q) oGl (Q (% (h,)/Q)
= 2 oaxh).0=0
oGl (Q (% (n)/Q)
= 6,(h,).6(h;).
From [I], [II] and [111] we have

6

=06,

Then ='( QupxDs) = ='(Qsp) ®='(Ds).
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