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Abstract :  

The main purpose of this paper, is determination of the cyclic decomposition of the abelian factor group AC(G) = R

(G)/T(G) where G = Q2m×Cp when m=2
h
 , h   Z

+
 and p is prime number (the group of all Z-valued characters of G over 

the group of induced unit characters from all cyclic subgroups of G). 

We have found that the cyclic decomposition AC(Q2m×Cp) depends on the elementary divisor of m as follows.  

if  m = 2
h

, h any positive integer and p is prime number, then: 

AC( Q2m×Cp) = 2

)1(2

1
C

h

i




  

We have also found the general form of Artin's characters table of Ar(Q2m×Cp) when m=2
h
 , h   Z

+
 and p is prime 

 number. 

Mathematics subject classification :  20C15, 49M27 

 

Introduction: 
The problem of determining the cyclic decomposition 

of AC(G) seem to be untouched. We use the concepts 

of invariant matrix in linear algebra to find the cyclic 

decomposition of AC(G), G is considered to be the 

group Q2
h+1

×Cp. 

In 1968 T.Y Lam [13] defined AC(G) and he studied 

AC(G),when G is a cyclic group. 

 

 

 

 

 

 

In 2000 H.R .Yassin [4] studied the cyclic 

decomposition of AC(G) when G is an elementary 

abelian group . In 2006 A.S. Abid [2] found Ar(Cn) 

when Cn is the cyclic group of order n . 

In this paper, we find the cyclic decomposition of the 

factor group AC(Q2
h+1

×Cp ) and the Artin characters 

table where Q2m is the Quaternion group of order 4m 

When m=2
h
 ,h Z

+
 and CP is the Cyclic group of order 

p, p is prime number 
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1.Some Basic Concepts:  
In this section, we give basic concepts, notations and 

theorems about the group (Q2m×Cp), a rational valued 

characters, a rational valued characters table, the Artin 

characters and the Artin characters table. 

The Group (Q2m Cp )(1.1): 

The direct product group (Q2m Cp) where Q2m is 

Quaternion group of order 4m with tow generators x 

and y is denoted by 

                                Q2m ={x
k
y

j
:x

2m
 = y

4
=1,yx

m
y

-1
=x 

-m
,0

k 2m-1,j=0,1}  

and Cp is acyclic group of order  p consisting of 

elements {I,z,z
2
,….,z

p-1
} when p is prime number .the  

generalized the group (Q2m Cp ) is denoted by 

  (Q2m Cp ) = {(q,c):q Q2m ,c Cp } and 

|Q2m×Cp|=|Q2m|.|Cp|=4m.p=4p.m       

Definition (1.2):[8] 

    A rational valued character  of G is a character 

whose values are in Z, which is (g) Z, for all g G  

Corollary (1.3):[9] 

    The rational valued characters  i = 
 )/)((

)(
QQGal

i

i



form the basis for R (G), where   i  are the  

irreducible  characters  of  G  and  their  numbers  are  

equal  to the  number of conjugacy classes of cyclic 

subgroup of G . 

 

Proposition (1.4):[7] 

 The  number of  all  rational  valued characters of a 

finite group G is equal to the number of all distinct - 

classes on G. 

 

 

 

Definition (1.5): [9]  

The complete information about rational valued 

characters of a finite group G is displayed in a table 

called  rational valued characters table of G. We 

refer to it  by 


 (G)  which is  nn matrix whose  

columns are  -classes and rows which are the values of 

all rational valued characters of G, where n is the 

number of  -classes 

Proposition (1.6):[10] 
The general form of the rational valued characters table 

of  

the Quaternion group Q2m when m=2
h
, h is any positive 

integer and it is given by: 




)()(
2.22 hQQ m

 

Table (1) 

Where l is the number of Γ-classes of Cm .  

 

 

 

Γ-

clas

ses 

[1] [x
h2

] 

[x
12 h

] 

[x
22 h

] 


 [x

2

] 

[x] [y] [

x

y

] 

θ 1  

2h -2h 0 0 
 

0 0 0 0 

θ 2  

2h-1 2h-1 -2h-1 0 
 

0 0 0 0 

θ 3  

2h-2 2h-2 2h-2 -2h-2 
 

0 0 0 0 

                  
 

θ
2l
 2 2 2 2 

 

-2 0 0 0 

θ
1l
 

1 1 1 1 
 

1 -1 -1 1 

θ l  

1 1 1 1 
 

1 1 -1 -

1 

θ
1l
 1 1 1 1 

 

1 -1 1 -

1 

θ
2l

 1 1 1 1 
 

1 1 1 1 
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Theorem(1.7):[6] 

The rational valued characters table of the group 

(Q2m×Cp) is equal to the tensor product of the rational 

valued characters table of Q2m and the rational valued 

characters table of Cp when p is prime number  that is:  

)()()( 22 pmpm CQCQ


  . 

Theorem(1.8): [5] 

 Let H be a cyclic subgroup of G and h
1
, h

2
, … , h m  

are chosen as representative  for m-conjugate classes of 

H contained in CL(g) in G, then :     

  1-   



m

i

i

H

G
h

gC

gC
g

1

)(
)(

)(
)(   if    h i  H  CL 

(g)  

 2-   (g) = 0                                  if     H  CL (g)  = 

 . 

  

Definition(1.9):[13] 

        Let G be a finite group, all characters of G induced 

from a principal character of cyclic subgroups of G are 

called Artin’s characters of G. 

In theorem (1.8) , if φ is the principal character , then 

φ(hi) =φ(1)=1, where hi   H 

 Proposition(1.10):[3] 

 The number of all distinct Artin's characters on a group 

G is equal to the number of -classes 

 on G. 

 Furthermore, Artin's characters are constant on each -

classes.  

    

Definition(1.11): [2] 

         Artin’s characters of finite group G can  be  

displayed  in a table called Artin’s characters table of 

G which is denoted by Ar (G). 

The  first  row  is  the  - conjugate  classes, the  second 

row is the number of elements  in  each  conjugate  

classes,  the  third  row  is  the  size  of  the centralize 

)( CLCG  and the rest rows contain the values of 

Artin’s characters. 

Theorem(1.12):[2]  

 The general form of Artin’s character table of   C sp

when p is a prime number and s  is an integer number is 

given by: 

 

                                                Table (2) 

 

 

 

 

 

-classes 

]1[
 ][

1spx

 

][
2spx

 

][
3spx

 

 
][ px

 

][ x
 

    1 1 1 1  1 1 

)( CLC sp

 

P
s

 p
s

 P
s

 p
s

 
 

p
s  P

s
 

1  p
s

 
0 0 0  0 0 

 P  P  
0 0  0 0 

3  
P

2s  

P

2s  

P

2s  

0  0 0 

┇ ┇ ┇ ┇ ┇ 
 

┇ ┇ 

s  
P P P P  P 0 

1

s  1 1 1 1  1 1 

CL

2
1s 1s
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Proposition (1.13): [12] 

 The Artin’s characters table of the Quaternion group 

Q2m when m=2
h
 , h   Z

+
 is given as follows 

Ar(Q2
h+1

)= 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

where l is the number of  - classes of C2m and  j  ; 1 

 j l+2 are the Artin characters of the Quaternion 

group Q2m when m=2
h
 , h   Z

+
 

 

 

 

 

 

 

 

 

 

Table (3) 

 

 

 

- classes - classes of  C2m   

[1] ][ 2h

x   [y] [xy] 

    1      1 2          2          … 2 2
h 

2
h 

)(
12

CLC
hQ 

 2
h+2 

2
h+2

 2
h+1

      2
h+1

       … 2
h+1

       4 4 

         

2Ar(C2
h+1

) 

0 0 

      2   0  

      

0 

   ┇ ┇ ┇ 

      l  0 0 

      1l  2
h
 2

h
       0          0        …   0 2 0 

      2l     2
h
 2

h
       0          0        … 0 0 2 

CL

1
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2.the Factor Group AC(G): 
This section is devoted to the study of the factor group 

AC(G) of a group G  . 

Definition(2.1):[9] 

 Let T(G) be the subgroup of R (G) generated by 

Artin's characters .T (G) is normal subgroup of  R (G)  

and  denotes the factor abelian group R (G)/T(G) by 

AC(G) which is called Artin cokernel of G.    

Definition(2.2):[8] 

Let M be a matrix with entries in a principal domain R. 

A k-minor of M is the determinant of kk sub matrix 

preserving row and column order. 

Definition(2.3):[8] 
 A k-th determinant divisor of  M is the greatest 

common divisor (g.c.d) of all the k-minors of M.  

This is denoted by D k (M) 

Lemma(2.4):[8] 

Let M, P and W  be  matrices with  entries  in   a 

principal  ideal domain R, let  P  and W be invertible 

matrices ,Then D k (P M W)= D k (M) module the group 

of unites of  R. 

Theorem(2.5):[8] 

      Let M be an n  n matrix with entries in principal 

ideal domain R, then there exist two matrices P and W 

such that: 

1- P and W are invertible. 

2- P M W = D. 

3- D is diagonal matrix. 

4- if we denote D ii  by d i  then there exists a natural 

number m ; 0  m  n such that  j > m  implies d j  = 0 

and  j  m  implies d j  0  and  1  j m   implies d j

|d 1j . 

 

 

Definition(2.6):[8] 

Let M be matrix with entries in a principal domain R, 

be equivalent to a matrix D = diag {d
1
, d

2
, … ,d m , 0, 

0, … , 0} such that d j |d 1j  for 1   j < m 

We  call  D the invariant  factor  matrix of  M  and  d

1
, d

2
, … ,d m  the invariant factors of M 

Theorem(2.7):[8] 

Let  K be a finitely generated module over a principal 

domain R, then K is the direct sum  of cyclic sub 

module with an annihilating ideal   

<d
1
>, <d

2
>, … ,<d m >, d j |d 1j  for  j = 1, 2, … , K-1. 

3.The Matrix M(G) : 

This section is devoted to the study of the matrix M(G), 

M(Q2m),P(Q2m) and W(Q2m). 

Proposition(3.1):[9 ] 

AC(G) is a finitely generated Z- module .Let m be the 

number of all distinct Γ-classes then Ar(G) and ≡*(G) 

are  

of the rank l. There exists an invertible matrix M(G) 

with entries in rational number such 

That:    ≡*(G)=M
-1

(G).Ar(G) and this implies 

M(G)=Ar(G).(≡*(G))
-1

 

Theorem(3.2):[4] 

AC(G) = 


l

i 1

C
id  where  d i = D i (G) / D 1i (G)  

where  l  is  the  number  of  all distinct -classes.  
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Corollary(3.3):[9] 

          )(GAC  =| det (M(G))| .  

Proposition(3.4):[11] 

If p is prime number and s is positive integer, then: 

M (C sp ) = 























1000

1100

1110

1111











   

which is of the order (s+1)(s+1)  

Proposition(3.5):[11] 

The general form of the matrices P (C sp
) and W (C sp

) is: 

P (C sp ) = 



































100000

110000

001100

000110

000011













 

which is (s+1)×(s+1) square matrix. 

W (C sp ) = I 1s , where I 1s  is (s+1)(s+1)  

identity matrix  

 and               D (C sp
)  = diag  


1

1,.......,1,1

s

. 

Remarks(3.6): [1] 

if m=2
h
 ,h is any positive integer ,then we can write  

M(Cm) as the following : 

 

 

 

 

 

 

M(Cm)= 



























10000

11000

11

)(

11

11

1





mCR  

which is (h+1)×(h+1) square matrix ,R1(Cm) is the 

matrix obtained by omitting the last two rows 

 1,1,,0,0   and   1,0,0,,0,0   and the last two 

columns  0,1,,1,1   and 1,1,,1,1   from the matrix 

M(C h2
) in the Proposition (3.6). 

Proposition(3.7):[12] 

If m=2
h
 ,h any positive integers ,then the matrix M(Q2m) 

of the quaternion group Q2m is : 

        









































10011110

11001110

10100000

11110000

1111

1111

1111)(2

1111

)(

21

2













m

m

CR

QM

 

which is (h+4)×(h+4) square matrix ,R(C2m) is similar 

to the matrix in the remarks (3.8).  
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Proposition(3.8):[12] 

If m=2
h
 ,h any positive integer then the matrices P(Q2m) 

and W(Q2m) are taking the forms: 











































1

1

1

0

1

0

0

0

0

0

0

0

11

00

)(

00

00

)(

2

2











m

m

CP

QP

 







































10011110

01010000

00111110

000

000

000

)(

1

2









h

m

I

QWand

 

 

 

where 1hI  is the identity matrix .They are (h+4)×(h+4) 

square matrix . 

Example (3.9): 

 To find P(Q32) and W(Q32), by the proposition (3.8).  

 

which is 8×8 square matrix 

and 





































10011110

01010000

00111110

00010000

00001000

00000100

00000010

00000001

)()( 5232 QWQW

     

       which is 8×8 quare matrix        

4.The Main Results 

      In this section we give the general from of the 

Artin's characters table of the group (Q2
h+1

×Cp) and the 

cyclic decomposition of the factor group AC(Q2m×Cp) 

when m=2
h
 , h   Z

+
 and p is prime number. 

Proposition(4.1): 

The general from of the Artin's characters table of the 

group (Q2
h+1

×Cp) when m=2
h
,h Z

+
 and p is prime 

number is give as follows:  

  

 

 

 

 

 

 

 

 

 

 















































10000000

11000000

10100000

11110000

00011000

00001100

00000110

00000011

)()( 5232 QPQP
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Ar(Q2
h+1×Cp)= 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                           Table (4) 

 

 

 

 

 

 

 

 

 

 

 

                                           

          - classes of  (Q2
h+1

)×{I}       - classes of  (Q2
h+1

)×{z} 

   - 

classes 

[1,I]  ],[ 2 Ix
h  … [x,I] [y,I] [xy,I

] 

[1,z]  ],[ 2 zx
h  … [x,z] ],[ zy

 

],[ zxy

 

   

 

1 1 … 2 2
h 

2
h 

1 1 … 2 2
h 

2
h 

)(12 CLC
pChQ 

 

p2
h+

2 

p2
h+2 

… p2
h+1 

4p 4p p2
h+2 

p2
h+2 

 ... p2
h+1 

4p 4p 

(1,1)  

pAr(Q2
h+1

) 
 

0 

(2,1) 

┇ 

(l ,1) 

(l+1,1) 

(l+2,1) 

(1,2) 

    

      Ar(Q2
h+1

) 

 

        Ar(Q2
h+1

) 

(2,2) 

┇ 

(l ,2) 

(l+1,2) 

(l+2,2) 

CL
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Proof  : 

Let g   (Q2m×Cp) ;g=(q,I) or g=(q,z)or g=(q,z
2
)… 

g=(q,z
p-1

),q  Q2m when m= 2
h
,h Z

+
 ,I,z,z

2
,…z

p-1
  Cp 

Case (I):  

If H is a cyclic subgroup of Q2m   {I},then: 

 2. H=〈     〉                  

3. H=〈      〉                 1.H=〈     〉 

And  the principal character of  H, j Artin characters 

of Q2m where 21  lj  then by using Theorem 

(1.8)                               

  j (g) =


















)(0

)()(
)(

)(

1

gCLHif

gCLHhifh
gC

gC
i

m

i

i

H

G
 

1. IF H=〈     〉   

(i) if g=(1,I),g H 

 )(
)(

)(
)),1((

12

)1,( g
gC

gC
I

H

CQ

j

ph




)1(.)1(.
)1(

)1(.
1.

)1,(

2. 12

2

j

x

Q

H

h

p
C

Cp

IC

p h






 , 

since H  CL(1,I)={(1,I)} 

(ii) if g=( HgIx
h

),,( 2
 

 

 

 

 

 

 

)(
)(

)(
)(

12

)1,( g
gC

gC
g

H

CQ

j

ph




)(.)(.
)(

)(.
1.

)(

2. 2

2

2
2 1

2 h

h

h

h

xpg
xC

xCp

gC

p
j

x

Q

H

h






 

 since H  CL(g)={g},𝜑(g)=1  

 

(iii) if g≠
HgIx

h

),,( 2

 










)11.(
)(

2.

))()((
)(

)(
)(

1

1

)1,(

12

gC

p

gg
gC

gC
g

H

h

H

CQ

j

ph



)(.))()(.(
)(

)(.
)11.(

)(

2. 1
1 1

2

qpgg
qC

qCp

gC

p
j

x

Q

H

h h

 



 



 

since H∩CL(g )={g,g
-1

} and 𝜑(g)=𝜑(g
 -1

)=1,g=(q,I),q  

Q2
h+1

 and q≠
h

x 2
                                                                                         

(iv)  if gH 

 Since H∩CL(g)=

   

2.  IF H=〈     〉 ={(1,I),(y,I),(y
2
,I),(y

3
,I)} 

(i) If g=(1,I)                     H∩CL(1,I)={(1,I)} 

       )(
)(

)(
)(

12

)1,1( g
gC

gC
g

H

CQ

l

ph








 

)1(.2.1.
4

2.4.
1 l

h
h

pp
p

 

 

 

 

 

),(.0.)()1,( qppg jj 
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(ii) If  g= ( Ix
h

,2
)=(y

2
,I) and g  H 

)(
)(

)(
)(

12

)1,1( g
gC

gC
g

H

CQ

l

ph








)(.2.1.
4

2.4. 2

1

h

xpp
p

l

h
h

  

Since H∩CL(g)={g} ,𝜑(g)=1 

(iii)If  g≠ ( Ix
h

,2
) and g  H,i.e.{g=(y,I) or g=(y

3
,I)} 

Otherwise 

))()((
)(

)(
)( 1

)1,1(

12 


 


gg
gC

gC
g

H

CQ

l

ph



)(.2.)11.(
4

4.
1 ypp

p
l  

since H∩CL(g )={g,g
-1

} and 𝜑(g)=𝜑(g
 -1

)=1 

Otherwise  

 0)()1,1(   gl   since H∩CL(g)=∅ 

3-IF H=〈      〉 

={(1,I),(xy,I),((xy)
2
,I)=(y

2
,I),((xy)

3
,I)=(xy

3
,I)} 

(i) If g=(1,I)                     H∩CL(1,I)={(1,I)} 

      )(
)(

)(
)(

12

)1,2( g
gC

gC
g

H

CQ

l

ph








)1(.2.1.
4

2.4.
2 l

h
h

pp
p        

(ii) If  g= ( Ix
h

,2
)=((xy)

2
,I)=(y

2
,I) and g  H 

 )(
)(

)(
)(

12

)1,2( g
gC

gC
g

H

CQ

l

ph








)(.2.1.
4

2.4. 2

2

h

xpp
p

l

h
h

  

Since H∩CL(g)={g} ,

 

 (g)=1 

 

 

 

(iii)If  g≠ ( Ix
h

,2 ) and g  H,i.e.{g=(xy,I)or g=((xy)
3
,I)} 

))()((
)(

)(
)( 1

)1,2(

12 


 


gg
gC

gC
g

H

CQ

l

ph



)(.2.)11.(
4

4.
2 xypp

p
l  

since H∩CL(g )={g,g
-1

} and 𝜑(g)=𝜑(g
 -1

)=1 

0)()1,2(   gl     since H∩CL(g)=  

Case (II):  

If H is a cyclic subgroup of (Q2
h+1  {z}),then 

1.H=〈     〉  ),( 2zx  

 .....),( 3zx ),( 1pzx    

2.H=〈     〉  ),( 2zy  

 .....),( 3zy ),( 1pzy    

3.H=〈      〉  ),( 2zxy  

 .....),( 3zxy ),( 1pzxy    

And 𝜑 the principal character of  H, j Artin characters 

of Q2
h+1

 21  lj , then by using theorem (1.8) 

j (g) =


















)(0

)()(
)(

)(

1

gCLHif

gCLHhifh
gC

gC
i

m

i

i

H

G  

1.IFH=〈     〉  ),( 2zx  

 .....),( 3zx ),( 1pzx   
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 (i)If g=(1,I) or  g=(1,z) or g=(1,z2),..or g=(1,zp-1) and 

g H 

)(
),1(

)(
)(

12

)2,( g
IC

gC
g

H

CQ

j

ph




)1()1(.
)1(.

)1(.

),1(

2. 12

2

j

x

Q

H

h

Cp

Cp

IC

p h






  

 since H  CL(g)={(1,I),(1,z),(1,z
2
),….,(1,z

p-1
)}  

(ii)if g=

Hgzxgorzx

gorIxgorzorgzgorI

p

p

hh

h









,),(,....),(

),(),1(),....,1(),1(

122

21

 

(iii) if  g=(1,I) or g=(1,z) or g=(1,z
2
),….or g=(1,z

p-1
) 




)(
)(

)(
)(

12

)2,( g
gC

gC
g

H

CQ

j

ph



 

)1()1(.
)1(.

)1(.
1.

)(

2.
1.

)(

2. 12

),(

22

j

x

Q

zx

h

H

h

Cp

Cp

gC

p

gC

p h







 

since H  CL(g)={g}, (g)=1 

if g=( HgzxgorzxgorIx phhh

  ,),(.......),(),( 1222

 

)(
)(

)(
)(

12

)2,( g
gC

gC
g

H

CQ

j

ph




)()(.
)(.

)(.
1.

)(

2. 22

2

2
2 1

2 hh

h

h

h

xx
xCp

xCp

gC

p
j

x

Q

H

h






 

 

since H  CL(g)={g}, (g)=1 

(iii) if {g
 HgzxgorzxgorIx phhh

  ,),(....),(),( 1222

 







)11(
)(

2.
))()((

)(

)(
)(

1
1

)2,(

12

gC

p
gg

gC

gC
g

H

h

H

CQ

j

ph



)())()(.(
)(.

)(.
1

1
2

qgg
qCp

qCp

j

x

Q
h

 





  

since H∩CL(g )={g,g
-1

} and 𝜑(g)=𝜑(g
 -1

)=1 

 

g=(q,z),q  Q2
h+1

 and q≠
h

x 2
                                                 

(iv) if gH 

   Since H∩CL(g)=

 

  

2- IF H=〈     〉 

={(1,I),(y,I),(y
2
,I),(y

3
,I),(1,z),(y,z),(y

2
,z),(y

3
,z),… 

…(1,z
p-1

),(y,z
p-1

),(y
2
,z

p-1
),(y

3
,z

p-1
)} 

(i) If g=(1,I) or g=(1,z)….or g=(1,z
p-1

)     

H∩CL(g)={(1,I),(1,z),….(1,z
p-1

)} 

       )(
)(

)(
)(

12

)2,1( g
gC

gC
g

H

CQ

l

ph








)1(.21.
4

2.4
1 l

h
h

p

p
       

(ii) If  g= ( Ix
h

,2
)=(y

2
,I),or g=(y

2
,z) .or g=(y

2
,z

p-

1
)  and g  H 

 )(
)(

)(
)(

12

)2,1( g
gC

gC
g

H

CQ

l

ph








)(21.
4

2.4 2

1

h

x
p

p
l

h
h

  

Since H∩CL(g)={g} ,

 

 (g)=1 

(iii) If  g≠ ( Ix
h

,2
) and g  

H,i.e.{g=(y,I),(y,z),…(y,zp-1) or g=(y3,I),(y3,z),...(y
3
,z

p-1
)} 

 

))()((
)(

)(
)( 1

)2,1(

12 


 


gg
gC

gC
g

H

CQ

l

ph



)(2)11.(
4

4
1 y

p

p
l  

since H∩CL(g )={g,g
-1

} and 𝜑(g)=𝜑(g
 -1

)=1 

 

 

0)()2,(  gj
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Otherwise  

 0)()2,1(   gl    since H∩CL(g)=ϕ 

3.IF H=〈      〉   

{(1,I),(xy,I),((xy)
2
,I)=(y

2
,I),((xy)

3
,I)=(xy

3
,I),(1,z),(xy,z),

((xy)
2
,z),((xy)

3
,z),..,(1,z

p-1
),(xy,z

p-1
),((xy)

2
,z

p-1
),((xy)

3
,z

p-

1
)} 

(i)If g=(1,I) or g=(1,z) …..or g=(1,z
p-1

)   H∩CL(g)={g} 

       

 )(
)(

)(
)(

12

)2,2( g
gC

gC
g

H

CQ

l

ph








)1(21.
4

2.4
2 l

h
h

p

p        

(ii)If  g= ( Ix
h

,2
)=((xy)

2
,I)=(y

2
,I),((xy)

2
 ,z),.,((xy)

2
,z

p-

1
) and g  H 

 )(
)(

)(
)(

12

)2,2( g
gC

gC
g

H

CQ

l

ph








)(21.
4

2.4 2

2

h

x
p

p
l

h
h

  

Since H∩CL(g)={g} ,

 

 (g)=1 

(ii) If  g≠ ( Ix
h

,2
) and g  H 

,i.e.g={(xy,I),((xy)
3
,I),(xy,z),((xy)

3
,z),.(xy,z

p-1
), 

(iii) ((xy)
3
,z

p-1
)} 

))()((
)(

)(
)( 1

)2,2(

12 


 


gg
gC

gC
g

H

CQ

l

ph



)(2)11.(
4

4
2 xy

p

p
l  

 

 

 

 

 

since H∩CL(g )={g,g
-1

} and 𝜑(g)=𝜑(g
 -1

)=1 

Otherwise  

 0)()2,2(   gl since H∩CL(g)=ϕ 

 

Example(4.2): 

 To construct Ar(Q32×C7) by using the theorem (4.1) we 

get the following table:   
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 Ar(Q2
5
×C7)= 

Table (5) 

 

 

 

 

 

- classes  

[1,I] 

 

[x16,I] 

 

[x8,I] 

 

[x4
,I] 

 

 

[x2
,I] 

 

 

 

[x,I] 

 

 

[y,I] 

 

[xy,I] 

 

[1,z] 

 

[x16,z] 

 

[x8,z] 

 

[x4
,z] 

 

 

[x2
,z] 

 

 

 

[x,z] 

 

 

[y,z] 

 

[xy,z] 

 1 1 2 2  2 2 16 16 1 1 2 2  2 2 16 16 

)(
752

CLC cQ 
 

448 448 224 224 224 224 28 28 448 448 224 224 224 224 28 28 

)1,1(
 

448 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

)1,2(
 

224 224 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

)1,3(
 

112 112 112 0 0 0 0 0 0 0 0 0 0 0 0 0 

)1,4(
 

56 56 56 56 0 0 0 0 0 0 0 0 0 0 0 0 

)1,5(
 

28 28 28 28 28 0 0 0 0 0 0 0 0 0 0 0 

)1,6(
 

14 14 14 14 14 14 0 0 0 0 0 0 0 0 0 0 

)1,7(  
112 112 0 0 0 0 14 0 0 0 0 0 0 0 0 0 

)1,8(  
112 112 0 0 0 0 0 14 0 0 0 0 0 0 0 0 

)2,1(
 

64 0 0 0 0 0 0 0 64 0 0 0 0 0 0 0 

)2,2(
 

32 32 0 0 0 0 0 0 32 32 0 0 0 0 0 0 

)2,3(
 

16 16 16 0 0 0 0 0 16 16 16 0 0 0 0 0 

)2,4(
 

8 8 8 8 0 0 0 0 8 8 8 8 0 0 0 0 

)2,5(
 

4 4 4 4 4 0 0 0 4 4 4 4 4 0 0 0 

)2,6(
 

2 2 2 2 2 2 0 0 2 2 2 2 2 2 0 0 

)2,7(  
16 16 0 0 0 0 2 0 16 16 0 0 0 0 2 0 

)2,8(  
16 16 0 0 0 0 0 2 16 16 0 0 0 0 0 2 

CL
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Proposition(4.3): 

If m=2
h 

,h any positive integer and p is prime number 

, then the matrix M(Q2m×Cp) of the group (Q2m×Cp) is : 











)(0

)()(
)(

2

22

2

m

mm

pm
QM

QMQM
CQM  

Which is 2(h+4)×2(h+4) square matrix ,M(Q2m) is 

similar to the matrix in Proposition (3.7). 

Proof : 

By Proposition (4.1) we obtain the Artin's characters 

Table Ar(Q2m×Cp) of the group (Q2m×Cp) when 

m=2
h
,h Z

+ 
and p is prime number and from the theorem 

(1.7) we get the rational valued characters 

))(( 2 pCQ m 


 table of the group (Q2m×Cp) when 

m=2
h
,h Z

+ 
and p is prime number. 

Thus, by definition of M(G) we can find the matrix 

M(Q2m×Cp) when m=2
h
,h Z

+ 
and p is prime number.                               

1

222 ))(()()( 


 pmpmpm CQCQArCQM

.
  

 

 

 

 

 

 

 

 

 

 

 

          

 







































































100111100000

110011100000

10100000

11110000

11112000

11112200

111122200000

111122220000

1001111010011110

1100111011001110

1010000010100000

1111000011110000

1111200011112000

1111220011112200

1111222011112220

1111222211112222









































  

 







































































100111100000

110011100000

10100000

11110000

1111

1111)(.2

11110000

11110000

1001111010011110

1100111011001110

1010000010100000

1111000011110000

11111111

1111)(.21111)(.2

11111111

11111111

21

2121

































m

mm

CR

CRCR

 

 

 

)(
)(0

)()(
2

2

22

pm

m

mm
CQM

QM

QMQM









  
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Example (4.4): 

Consider the group (Q32×C7), we can find the matrix  

M(Q32×C7) by using: 

1

727272732 ))(()()()( 555




 CQCQArCQMCQM

 





























































20000016162000001616

02000016160200001616

0022222200222222

0004444400044444

0000888800008888

0000016161600000161616

00000032320000003232

000000064000000064

000000001400000112112

000000000140000112112

0000000000141414141414

000000000002828282828

00000000000056565656

0000000000000112112112

00000000000000224224

000000000000000448

 

 





























































































































14
3

14
3

14
3

14
30000

14
3

14
3

14
3

14
30000

14
3

14
3

14
3

14
30000

28
3

28
3

28
3

28
3

14
3000

56
3

56
3

56
3

56
3

28
3

28
300

112
3

112
3

112
3

112
3

56
3

56
3

56
30

224
3

224
3

224
3

224
3

112
3

112
3

112
3

112
3

224
3

224
3

224
3

224
3

112
3

112
3

112
3

112
3

28
1

28
1

28
1

28
10000

28
1

28
1

28
1

28
10000

28
1

28
1

28
1

28
10000

56
1

56
1

56
1

56
1

28
1000

112
1

112
1

112
1

112
1

56
1

56
100

224
1

224
1

224
1

224
1

112
1

112
1

112
10

448
1

448
1

448
1

448
1

224
1

224
1

224
1

224
1

448
1

448
1

448
1

448
1

224
1

224
1

224
1

224
1

28
1

28
1

28
1

28
10000

28
1

28
1

28
1

28
10000

28
1

28
1

28
1

28
10000

56
1

56
1

56
1

56
1

28
1000

112
1

112
1

112
1

112
1

56
1

56
100

224
1

224
1

224
1

224
1

112
1

112
1

112
10

448
1

448
1

448
1

448
1

224
1

224
1

224
1

224
1

448
1

448
1

448
1

448
1

224
1

224
1

224
1

224
1

28
1

28
1

28
1

28
10000

28
1

28
1

28
1

28
10000

28
1

28
1

28
1

28
10000

56
1

56
1

56
1

56
1

28
1000

112
1

112
1

112
1

112
1

56
1

56
100

224
1

224
1

224
1

224
1

112
1

112
1

112
10

448
1

448
1

448
1

448
1

224
1

224
1

224
1

224
1

448
1

448
1

448
1

448
1

224
1

224
1

224
1

224
1

 

 



























































1001111000000000

1100111000000000

1010000000000000

1111000000000000

1111200000000000

1111220000000000

1111222000000000

1111222200000000

1001111010011110

1100111011001110

1010000010100000

1111000011110000

1111200011112000

1111220011112200

1111222011112220

1111222211112222

 

Proposition(4.5): 

If m=2
h
 , h any positive integers and p is prime number 

then the matrices P(Q2m×Cp) and W(Q2m×Cp) are taking 

the forms :  








 


)(0

)()(
)(

2

22

2

m

mm

pm
QP

QPQP
CQP  

which is 2(h+4)×2(h+4) square matrix . 

And  











)(0

0)(
)(

2

2

2

m

m

pm
QW

QW
CQW  

which is 2(h+4)×2(h+4) square matrix . 

Proof : 

By using the proposition (4.3) taking the matrix 

M(Q2m×Cp) and the above forms P(Q2m×Cp) and 

W(Q2m×Cp) then we have : 

P(Q2m×Cp). M(Q2m×Cp).W(Q2m×Cp) =  

diag }1,1,1,1,1,1,2,,2,2,2,2{

)1(2

 
h

 

   =D(Q2m×Cp) 

  which is 2(h+4)×2(h+4) square matrix .  
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Example(4.6):  

To find the matrices P(Q32×C7) and W(Q32×C7) by the 

proposition (4.5) from Example (3.9) to find P(Q32) and 

W(Q32) : 

 






 


)(0

)()(
)(

32

3232

732
QP

QPQP
CQP  

 























































































1000000000000000

1100000000000000

1010000000000000

1111000000000000

0001100000000000

0000110000000000

0000011000000000

0000001100000000

1000000010000000

1100000011000000

1010000010100000

1111000011110000

0001100000011000

0000110000001100

0000011000000110

0000001100000011

  And   











)(0

0)(
)(

32

32

732
QW

QW
CQW  

 





























































1001111000000000

0101000000000000

0011111000000000

0001000000000000

0000100000000000

0000010000000000

0000001000000000

0000000100000000

0000000010011110

0000000001010000

0000000000111110

0000000000010000

0000000000001000

0000000000000100

0000000000000010

0000000000000001

 

 

Example(4.7) 

To find D(Q32×C7) and the cyclic decomposition of the 

factor group  

We find the matrices P(Q32×C7) and W(Q32×C7) as in 

example (4.6) and M(Q32×C7) as in example (4.4),then : 

P(Q32×C7).M(Q32×C7).W(Q32×C7)= 

     diag{2,2,2,2,2,2,2,2,2,2,1,1,1,1,1,1}=D(Q32×C7) 

Then by Theorem (3.2) we have  

                     AC(D(Q32×C7)= 2

10

1
C

i
  

The following theorem gives the cyclic decomposition 

of the factor group AC(D(Q2m×C7)) when m=2
h
 , h   Z

+
 

and p is prime number . 

Theorem(4.8): 

If m= 2
h 
, h any positive integer and p is prime number 

then the cyclic decomposition of  AC(Q2m×Cp) is : 

                               AC(D(Q2m×Cp))= 2

)1(2

1
C

h

i




  

Proof : 

By using the proposition (4.3),we can find matrix 

M(Q2m×Cp) and by the proposition (4.5),we find 

P(Q2m×Cp) and W(Q2m×Cp) when m=2
h
 , h   Z

+
 and p is 

prime number : 

P(Q2m×Cp). M(Q2m×Cp). W(Q2m×Cp)= 

                                  

diag{2,2,2,2,2,2,…,2,2,2,1,1,1,1,1,1} 

 

Then ,by the theorem (3.2) we have : 

 

 AC(D(Q2m×Cp))= 2

)1(2

1
C

h

i




  
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Example(4.9) : 

Consider the groups (Q16384×C11) ,(Q134217728×C5),then : 

1. 2

30

1
1121116384 )()( 14 CCQACCQAC

i
  

2. 2

56

1
525134217728 )()( 27 CCQACCQAC

i
  
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h   Z   للزمرة  وجذول شواخص ارتن التجزئت الذائريت
+
, m=2

h
Q2m)عنذما  CP)     وp  عذد اولي 
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 المستخلص :

= AC(G)  انمىتهيت  انكسسيه هصمسة الابيهيهأنتجصئه اندائسيت ن تحديدانهدف الأساسي مه هرا انبحث هى  R (G) /T(G)  حيث ان G=Q2m×Cp     عىدما

h   Z
+
, m=2

h
مه انشىاخص الأحاديت   هعهى شمسة انشىاخص انمحتث  Gشمسة  كم انشىاخص انعمىميت  ذاث انقيم  انصحيحت  نهصمسة ) عدد أوني  pو  

m=2حيث اوه اذا كان  mتعتمد عهى انقىاسم الأونيت نهعدد   AC(Q2m×Cp)وجدوا ان انتجصئت اندائسيت نهصمسة نهصمس انجصئيت اندائسيت (. 
h

 ,h  عدد صحيح

 فان:عدد أوني  pمىجب و

AC( Q2m×Cp) = 2

)1(2

1
C

h

i




  

h   Zعىدما  Ar(Q2m×Cp)كرنك وجدوا انصيغت انعامت نجدول شىاخص آزته 
+
, m=2

h
 عدد أوني pو 
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