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1.Abstract :
The main purpose of this paper is to find the
rational valued characters table of the group
Q2%Ds when p is a prime number, which is
denoted by ="(Q;,xDy), Where Q,, is denoted to
guaternion group of order 4p, such that for each
positive integer p, there are two generators x and y
for Q, satisfies Qu={x" y*, 0<h<2p-1,
k=0,1}which has the properties x**=y*=1, yx'y=x"
"‘and D, is the dihedral group of order 8 is
generate by a rotation r of order 4 and reflection s
of order 2. The eight elements of D, can be
written as: {I",r,r3,r’s,sr,sr’,sr’}with properties
srs=r* k=10,1,2,3.
roaldial)

oadl il Jsan alag) e Cnall gl )l ol
A Seyis (sl e polexie QppXxDy el il
A0 (e Ape Ll 8 e &® Q2p l"“J'.“:‘E*(QZpXDA) el
Giadyg y ¢ X i W oo pomsa e S 4p
o=l sl dllicis Qp={x" y*, 0< h < 2p — 1, k=0,1}
A 55 8 Ag ) e Dy bl s {XP=y =1, yxyT=x T} Adal
8ld 24l (e s LelSail 54 &gl (e 1 Oy ga Aol s

L,n % 18 s,sr,sr% s’} S jualic
Keywords:
Character, rational, group, Qzp, D4
2.Introduction :

Let F be a field and G be a group .A matrix
representation of G is a homomorphism
T.G-»GL(n,F), n is called the degree of
representation T. T is called a unit representation
(principal) T(g)=1 for all geG [3].

Where 0 < k < 2p-1.The rest characters of
irreducible representations T, of degree 2 are
denoted by u, such that: un(xX) =ov™  +v™
= g2mihk/2p + g —2mihk/2p = ZCOS(TL’hk/p)
Then , the general form of the characters table of

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(q)), for all g €G. The degree of T is called th
degree of y.

Recall that the trace of an nxn matrix A is the sum
of main diagonal elements.i.e tr(A)=X1-; a;; [9].

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 and this defines an
equivalence relation on G and its classes are
called I'-classes [2].

In 1980, M.S. Kirdar [6] studied "The rational

valued characters table of the cyclic group C,".

In 1995, N.R. Mahamood [7] studied"The rational

valued characters of Q.

In 1994, H. H. Abass [1] studied "The rational

valued characters table of dihedral group D,.

In this work we find the rational valued characters

table of the qroup Qz,xD,swhen p is a prime

number.

3.Preliminaries

In this section we find the rational characters table

of the group Q,, when p is a prime number and

the rational characters table of the group D, .

3.1 The characters Table of the Quaternion

Group Q, when p is a prime number [7]:
There are two types of irreducible characters

of Qy one of them is the characters of linear

representation R;, R,, Rz and R, which are

denoted by 4;, A, , Azand 4, respectively as in the

following table :

Q2 when p is a prime number is given in the
following table:
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X~ Xy
- 1 . Table(1)
1
A 1 -1 ky) = h <k< <h<p-1
. Bl Un(Xy) =0 , When 0<k<2p-1,1<h<p-
A3 (-1) i(-1) and v = e2mi/2p
A4 (-1 i (-1
=(Qz)=
CL, [1] [X] [x] ; X1 X [x] [X] X vl | [xy]
| CLy| 1 2 2 2 1 2 2 2 p p
|Cq,,(CLa)| | 4p 2p 2p 2p 4p 2p 2p 2p 4 4
A 1 1 1 1 1 1 1 1 1 1
p 2 NI B8 I S CR UM 2 24200 51,8 RGN 0 0
ll;;-l 2 vz(p'£)+ v v4(p'£)+ v . vpﬂ-l.- Pl 2 vp'1+. P vp's-l: PP vZ+v2(;thty 4D 0
Ay 1 1 1 1 1 1 1 1 -1 -1
1 2 U2+v2(p-l) U4+U4(p—l) Up-1+ Up+1 _2 U+U2p T U3+ U2p 3 Up-2+ Up+2 0
#p_z 2 UZp-4+ U4 U2p-8+ UB L U2+v2(p-1) _2 vp-2+ Up+2 Up-6+ Up+6 U(p_z)z +Up2_4_ 0
A3 1 1 1 1 -1 -1 -1 -1 -i
A4 1 1 1 1 -1 -1 -1 -1 i
Table(2)

The characters table of matrix from degree(p+3)x (p+3)where v=e?7/2P P=-1
3.2 The Characters Table of The Dihedral Group D4 [1] :

The characters table of dihedral group D, is given by

E(D 4):
CL, 07 | [’] [1] [s] [s]
ICL,| 1 1 2 2 2
|Cp, (CLJ)| 8 8 4 4 4
A 1 1 1 1 1
Ay 1 1 -1 1 -1
A3 1 1 1 -1 -1
Ay 1 1 -1 -1 1
As 2 -2 0 0 0
Table(3)

3.3The Rational Valued Characters Table:
Definition(3.3.1) [4]:

The group generated by all characters on the
field of complex numbers C is called the group of
the generalized characters of G, and it is denoted
by R(G).

Definition(3.3.2) [4]:

The intersection of cf(G,Z) with R(G) forms
an abelian group is called the group of Z-valued

generalized characters of G, denoted by R(G).

Definition(3.3.3) [3 ]:

A rational valued character p of G is a
character whose values are in Z,which is p(g)eZ
for all ge G.

Corollary (3.3.4) [6]:

The  rational  valued characters p; =

Yoecal(Qay)/0) 0(4) form a basis for R(G)
,whereA; are the irreducible characters of G and
their numbers are equal to the number of
conjugacy classes of a cyclic subgroup of G.
Proposition(3.3.5) [6 ]:

The number of all rational valued characters of
finite G is equal to the number of all distinct I'-
classes.

Proposition(3.3.6) [7 ]:The rational character
table of Q,,, when p is a prime number is
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=(Q) =
I-classes (1] [x] [x°] (x] by
P, 1 1 1 1 1
P, p-1 1 p-1 1 0
P, 1 1 1 1 1
P, p-1 1 1p 1 0
P, 2 2 2 2 0
Table(4)

Proposition (3.3.7) [1]:

The rational valued character table of the dihedral group D,

*.

CL, L I [s] [sr]
ICL,| 1] 1 2 2 2
="(Da) = |ICD,(CLy)| | 8 | 8 4 4 4
o4 1] 1 1 1 1
o, 1] 1 -1 1 -1
ps 1] 1 1 -1 -1
s 1] 1 -1 -1 1
De 2 | -2 0 0 0
Table (5)

4 The Main Results

In this section we find the general form of the
characters table of the group Q,xD, and the
rational characters table of this group when p is a
prime number.

4.1 Characters Table of the Group Q,p;xD4
when p is a Prime Number:

According to (3.1),(3.2) each irreducible
character A;0f Q,, , defines four characters
A(i,l)i A(iyz) , A(iyg), A(i,4) and A(i,S) . such that A(i,l) =

/H :/1(i,2) =4 /12 ) /1(i,3) =i /15 ) /1(i,4) =i /LV; /1(i,5)
=i s Of QuuXD,.

Then =(Q2pXDs) == (Qzp) ® =(Da) .
Then , the general form of the characters table of
Q2p%XD4 when p is a prime number is given in the

following table:
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E(Qpr D4) =
CL, a1 | A | i | s [1,sr] G 1 | 4 ] ] s | ] L1 x4 P | [xPLs] X" sr] X, 1 P, ] X, 1] X, s] [, sr]
| CL,| 1 1 2 2 2 2 2 4 4 4 2 2 4 4 4 1 1 2 2 2
|CQZP><D4 (CLo)| 32p 32p 16p 16p 16p 16p 16p 8p 8p 8p 16p 16p 8p 8p 8p 32p 32p 16p 16p 16p
Ay 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Aa2) 1 1 -1 1 -1 1 1 -1 1 -1 1 1 -1 1 -1 1 1 -1 1 -1
Aa3) 1 1 1 -1 -1 1 1 1 -1 -1 1 1 1 -1 -1 1 1 1 -1 -1
Aaa 1 1 -1 -1 1 1 1 -1 -1 1 1 1 -1 -1 1 1 1 -1 -1 1
Aas) 2 -2 0 0 0 2 -2 0 0 0 2 -2 0 0 0 2 -2 0 0 0
Uey 2 2 2 2 2 vt vt vt vt vt v? v? v? v? v? 2 2 2 2 2
Uea) 2 2 -2 2 -2 vt vt vt vt -pt V2 V2 -v? V2 v2 2 2 -2 2 -2
Ues) 2 2 2 -2 -2 vt vt vt -t -t v2 v? v2 -v? -v? 2 2 2 -2 )
Uy 2 2 -2 -2 2 vt vt -v?t -vt vt v? v? -v? -p2 2 2 -2 -2 2
H25) 4 -4 0 0 0 v -2ut 0 0 0 2v? -2v? 0 0 0 4 -4 0 0 0
(e 2 2 2 2 2 v? v? v? v? v? vt vt vP! VPl Pl 2 2 2 2 2
H(e-0.2) 2 2 -2 2 -2 v? v? -v? v? -v? vt vt Pt VPl Pt 2 2 -2 2 -2
) 2 2 2 -2 -2 v2 v2 v2 -2 -2 vl vl vl Pt Pt 2 2 2 2 2
H(p-1).9) 2 2 -2 -2 2 v? v? -v? -v? V2 vl VPl Pl - Pt Pt 2 2 -2 -2 2
) 4 -4 0 0 0 202 202 0 0 0 20P? 200! 0 0 0 4 -4 0 0 0
Ay 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
A@2) 1 1 -1 1 -1 1 1 -1 1 -1 1 1 -1 1 -1 1 1 -1 1 -1
A3 1 1 1 -1 -1 1 1 1 -1 -1 1 1 1 -1 -1 1 1 1 -1 -1
A4 1 1 -1 -1 1 1 1 -1 -1 1 1 1 -1 -1 1 1 1 -1 -1 1
A@s) 2 -2 0 0 0 2 -2 0 0 0 2 -2 0 0 0 2 -2 0 0 0
Uy 2 2 2 2 2 v? v?2 v? v? v2 Pt Pt Pt Pt Pt 0P 0P 20° 20° 20°
U 2 2 -2 2 -2 v? v?2 -y v? -p2 Pt Pt Pt Pt Pt 0P 0P -20P 20° -20°
Ky 2 2 2 -2 -2 v? V2 v? e e VP! VP! VP! Pt -t 2uP 2uP 2uP -2uP -2uP
Uaa) 2 2 -2 -2 2 v? v? -v? v v? VPt VPt Pt - Pt VPt 0P 20° -20P -20P 20°
Hs) 4 -4 0 0 0 202 202 0 0 0 20P? 200! 0 0 0 4P 4P 0 0 0
U(p-2)1) 2 2 2 2 2 vt vt vt vt vt pP1 pp-1 pP-1 pP1 P 0P 20° 20° 20° 20°
K22 2 2 -2 2 -2 vt vt vt vt -v* pp-1 pp-1 pp-1 pp-1 Pt 20P 20P -20P 20° -20P
Ke23) 2 2 2 -2 -2 vt vt vt vt -v* pP-1 pP-1 pP~1 | P71 -Pt 20P 20P 20P -20P -20P
Ui(p-2).4) 2 2 -2 -2 2 v* v* -v* -v* vt vP1 vP1 Pt | Pl vt 2P 0P -20P -20° 2°
Lions) 4 | 4 0] o0 0 | 20 | 2" | 0 0 0 20P1 | 2yt 0 0 0 40 | 4 0 0 0
Awy 1 1 1 1 1 1 1 1 1 1 1 1 1 -1 -1 -1 -1 -1
Xz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Awg 1 1 -1 -1 1 -1 -1 1 1 1 -1 -1 -1 -1 -1 1 1
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Aay

Aas

Table(6)

The characters table of matrix from degree 5(p+3)x5(p+3) where v = e2™/2P yP = -1, y™ = g2™in/2p

[xy, sr]

2p
16

[xy 3]

2p

16

[xy.r]

2p
16

[xy.r]

32

-2

[xy. .l

32

by, s

2p
16

[y, sl

2p

16

.1

2p
16

v.r]

32

-2

Iy.1]

32

[x"2,sr]

8m

vt

vt

vt

'U2

p1

Pl

[X7s]

8m

vt

vt

v?

pp-1

p1

p1

|

8p

vt

2

VP2

Y

vPl

1

xr]

16p

-2

-2ut

-2v2

VP2

VPl

VPl

VPt

Pl

[x"2 1]

16p

2v*

2v?

VP2

VPl

vt

vt
21

[x, sr]

8p

'Uz

'Uz

Pt

_Up'l

_Up'l

Pt

U

[x.,s]

8p

'Uz

Pt

v

_Up'l

!

v

x1

8p

VPl

_Up'l

VPt

Pt

-V

[x.r]

16p

-2v2

VPl

VPl

VPl

VPl

2Pt

-2v

(Q2%Dy)

[x. 1]

16p

2v?

VPl

VPt

VPt

VPl
20P1

2v
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4.2 The rational valued characters table of the

) . where p; jis the rational valued character of
group Q,,xD4wWhen p is a prime number: ’

Q2pXDy4
Theorem(4.2.1): Then, p( j)(Gur) =
B . » YoeGal( Q) (8a)/@) T (A ) (Ga))
= (Q2pr4) - = (QZP) ®= (Da) () If j=landd € D,
Proof :- Pi,j) Qo) =
Since Da={I', 1,2 1%, s, s, 52 st} Yoecal( QA (29))/@) 9(Ai (99)) = pi(9q).1 =

pi(9a)- ' (')

Each element in Q,,xD, are gqq = such that ) .
Q2p%Dy are gga = (9g,94), where p; is the rational valued character of

V 9q€ Qzps 9¢€ Do Q2 -

And each irreducible character A j of QyxDyis () (@ifj=2andd €{I"r?s,sr’}
can be written as follows Pi,j)(Gaa) =

YoeGal( Q(A; (8))/Q) o(2; (9g)) = pi(9y)-1=

Aip=Ai- 4 pi(9a)- p'j(9a)-
Where 4; is an irreducible character of Qz, and 4; (b)if j=2andd € {r,r3,sr,sr?}
is the irreducible character of D, ,then Zaecal(/;((l;lji)((gic;j)/Q) o (=2; (95) =

A (9qa) = — YoeGal( Qi (29))/@) @ (i (99))

( 2i(gq)if j=1andd € D, = Loecal( Qi (8))/@) 7 (4i (@) --1=

Ai(gy)if j = 2and d € {I*,r2,s,5r%) Pi(9)--1= pi(9e)- p'j(9'a).

() (@) if j=3andd € {I*,7,r%r3}
PG,/ (Gqa) =
YoeGal( Q(; (gq))/@) 9 (Ai (9g)) =

—2i(gq)if j=2andd € {r,r3,sr,sr’}
Ai(gq)if j=3andd € {I*,r,r%r3}

| —7i(gq)if j=3andd € {s,sr,sr sr%) pi()-1= pi(90)- (9.
2i(gq)if j = 4andd € {I*,r?,sr,sr’} (b)if j=3andd € {s,sr,sr? sr’
—/li(gq)if j=4andd € {r,r3s,sr?} P (Gae) =

Yoecal(Q; (g9))/@) O (—Ai (9g)) =

— YoeGal( QA o(4; (99)

_ZAl(gq)lf ] =5andd = 1'2 ¢ _aéQ( (gq))/Q) l ;(A ( )) -1=
0 if j=5andd € {r,r3,s,sr,sr?} | Zoctai( et o/ T T

= el Pi(9q)--1= p; (). p’j(d ).

From proposition (3.3.4) (IV) (@) if j=4andd € {I*,r?sr,sr3}

PG.j) = LoeGal(QAu)/@) @ (A, n) Pi,j)(Gqa) =

YoeGal( 0k (80))/@) 9 (Ai (9a)) = pi(9g)-1 =

pi(9y). P’ (d0).

22i(gq)if j=5andd =TI"

(b)if j=4andd € {r,r3s,sr?} = YoeGal( Q4 (8q))/@) @ (i (99))-2=
Pi,j)(Gaa) = pi(99)-2= pi(9y)- P’j(9'0).
YoeGal( @ (gq))/@) 9 (—4i (9)) = (b) if j=5andd = r?
— YoeGal( QA (89))/Q) @ (Ai (9a)) P, (Qa) =
= YoeGal( Q(; (8q))/@) @ (i (99))--1= Yoecal( Qi (29))/@) T (—24i (9a)) =
pi(99)--1= pi(9q). P’j(9'a). —2 Yoecal( 0 (29)/@) 9 (Ai ()
(V) (@) ifj=5andd=1" = Yoeal( Q(; (gq))/@) @ (i (99))--2=
PG, (Ga) = pi(99)--2= pi(9)- P’ (d).
Yoecal(Q; (g))/@) 7 (24i (9a)) =
2 Yrecal( Q(A; (gq))/@) @ (i (9a)) (c) j=5andd € {r,r3s,sr,sr?}
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Pi,j)(Gq) =

Yoecal(Q(; (gq))/@) 7(0-4i (99)) =

0. Xsecal( o(r; (g9))/@) @ (i (99)

= LoeGal( QWA (g0)/@) ¢ (Ai (90))-0= 0=

pi(9y). p'j ().

Example(4.2.2):

To find the rational valued characters table of Q4xD,.
By (3.3.6) and proposition (3.3.7), we have

-classes [1] x4 X'] [x] [yl

P, 1 1 1 1 1
) p, 6 1 6 1 0
=(Qu) = D 1 1 1 1 1
p, 6 1 6 1 0
P, 2 2 -2 -2 0

and

CL, [N/ 2 [] [s] [sr]

ICL,| 1 1 2 2 2

ICD,(CL,)| | 8 8 4 4 4

. s 1 1 1 1 1

= D,= pl

’ o, 1] 1 -1 1 -1

ps 1] 1 1 -1 -1

D4 1] 1 -1 -1 1

pé 2 -2 0 0 0

and by theorem (4.2.1)

=(QuxDy) =='(Qu) ® = (D) .

We get

Naba Hasoon Jabir

From [I1,[H],[11],[IV] gnd [V] we have
Pij= Pi- Pj
Then ="( QxDs) =="(Qz) ®='(Dy).
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[y, s1]

28

[y, sl

28

[y.n

28

[y.r]

14
16

*

v, 11

14
16

[x,sr]

56

[x 3]

56

x.1

56

[x.r]

112

-12

112

12

112

112

[X,r] | X, 8] |IX, s |[x 1]

112

x'r]

224

-12

12

224

12

-12

X3 s [, 1]

56

[ 5]

56

(%1

56

[x*, ]

112

[, 1]

112

[I; sr]

112

[1s]

112

[

112

0. ]

224

-12

-12

[.1]

1
224

12

12

|CLq|

[Cq,,xp4(CLA)|

Py

P2

P3)

P4

P(L5)

P21

P22

Pe3)

P(2.4)

P(25)

PEY

P@E2)

P@E3)

P@3.4)

P(35)

P41

P4.2)

P43)

P44

P4.5)

PE.1)

P52

P53)

P5.4)

P55

Table(7)
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