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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 = Q,,mxC, when m=2", 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(Q,nxC,) depends on the elementary divisor of m as follows.

if m=2 " , hany positive integer and p is prime number, then:

2(h+1)

AC(QuxC)= D C,

We have also found the general form of Artin's characters table of Ar(Q,,*C,) when m=2", h € Z* and p is prime
number.

Mathematics subject classification : 20C15, 49m27

Introduction:

The problem of determining the cyclic decomposition In 2000 H.R .Yassin [4] studied the cyclic

of AC(G) seem to be untouched. We use the concepts decomposition of AC(G) when G is an elementary
of invariant matrix in linear algebra to find the cyclic abelian group . In 2006 A.S. Abid [2] found Ar(Cn)
decomposition of AC(G), G is considered to be the when Cn is the cyclic group of order n .

group th*lxcp. In this paper, we find the cyclic decomposition of the
In 1968 T.Y Lam [13] defined AC(G) and he studied factor group AC(Q,""*xC, ) and the Artin characters

AC(G),when G is a cyclic group. table where Q,n, is the Quaternion group of order 4m
When m=2" |h EZ"and C; 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 (Q.m*C), a rational valued
characters, a rational valued characters table, the Artin

characters and the Artin characters table.

The Group (Q, X C,)(1.1):

The direct product group (QZmXCp) where Q,p, is
Quaternion group of order 4m with tow generators x
and y is denoted by

Qam ={X'Y:X*™ = y*=1,yx"y=x ™0
=k=2m-1,j=0,1}
and C, is acyclic group of order p consisting of

elements {1,z,7%,.....z"*} when p is prime number .the
generalized the group (Qzm ch) is denoted by

(QnXCyp) = {(0,):0EQzm ¢ €C, } and
|Q2m* Cpl=|Qznml-|Cpl=4m.p=4p.m
Definition (1.2):]8]
A rational valued character 6 of G is a character

whose values are in Z, which is 6(g)e Z, forall ge G

Corollary (1.3):[9]

The rational valued characters 0 j =

ZU(Zi)

oeGl Q(n) Q)

form the basis for ﬁ (G), where y i arethe

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 I'-

classes on G.
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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 nxn matrix whose
columns are T'-classes and rows which are the values of
all rational valued characters of G, where n is the
number of I'-classes

Proposition (1.6):[10]

The general form of the rational valued characters table
of

the Quaternion group Q,,»when m=2", h is any positive

integer and it is given by:

—(Qun) ==(Q, 1) =

I- [1] [x [x [x - - 2 (DD I
clas oh oh-1 | ph-2 x 1 X
ses 1 ] y
] ]
2" -2n 0 0 - -9 0 0 0

0,
2t 2t 2 1o - -9 0 0 0

0,
2h-2 2h-2 2h-2 _2h-2 - - 0 O O 0

03
R 2 2 2 - -[-2 o [0 |o
1 1 1 1 - -4 111

0Ifl
1 1 1 1 - -4 1 |1 -
0, 1
0 1 1 1 1 - -4 11 |-
+1 1
0 1 1 1 1 - -4 1 [1 |1

1+2

Table (1)

Where | is the number of I'-classes of C,,, .
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Theorem(1.7):[6] Definition(1.11): [2]
The rational valued characters table of the group Artin’s characters of finite group G can be
(Q2m*Cy) is equal to the tensor product of the rational displayed in a table called Artin’s characters table of
valued characters table of Q,y, and the rational valued G which is denoted by Ar (G).
characters table of C,when p is prime number that is: The first row is the I'- conjugate classes, the second

row is the number of elements in each conjugate

=(Qu xC,) ==(Qun) ®=(C,) .

Theorem(1.8): [5]

classes, the third row is the size of the centralize

|Cs(CL,)| and the rest rows contain the values of
Let H be a cyclic subgroupof Gand h,, h,, ... ,h

m

Artin’s characters.
are chosen as representative for m-conjugate classes of

Theorem(1.12):[2]

H contained in CL(g) in G, then : ]
The general form of Artin’s character table of C p

,(g) | G(g)| z (h ) if h eHACL when p is a prime number and s is an integer number is
|C (9 )| given by:
(9) T o S
B o] oo™ oy ] e | I
2- @' (g)=0 if HACL(@) = rolasses
lcL,| 1 1 1 1 1 1
0.
‘cps(CLa)‘ p S b s p S D s “{ p s p S
Definition(1.9):[13] 0 psS |© 0 0 - 0 0
Let G be a finite group, all characters of G induced o, pst [ pst [0 0 ] 0 0
i ; , P P P 0 .0 0
from a principal character of cyclic subgroups of G are [0
called Artin’s characters of G.
In theorem (1.8) , if @ is the principal character , then
' P P P P P 0
o(hi) =g(1)=1, where h; € H Ps
. f 1 1 1 1 1 1
Proposition(1.10):[3] Psa
The number of all distinct Artin's characters on a group Table (2)

G is equal to the number of T"-classes
on G.
Furthermore, Artin's characters are constant on each I'-

classes.
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Proposition (1.13): [12]

The Artin’s characters table of the Quaternion group
Q,m When m=2", h € Z* is given as follows

Ar(Q,")=

Table (3)

where | is the number of T'- classes of C,,, and @ i 1

< j< 142 are the Artin characters of the Quaternion

group Q. when m=2" he z*
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2.the Factor Group AC(G):
This section is devoted to the study of the factor group

AC(G) ofagroup 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 ﬁ (G)

and denotes the factor abelian group ﬁ (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 kxk sub matrix
preserving row and column order.

Definition(2.3):[8]
A Kk-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, (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, (P M W)= D, (M) module the group

of unites of R.
Theorem(2.5):[8]

Let M be an n x n matrix with entries in principal
ideal domain R, then there exist two matrices P and W
such that:

P and W are invertible.
PMW=D.
D is diagonal matrix.

if we denote D ;; by d; then there exists a natural
number m; 0 <m<nsuchthat j >m impliesd ; =0
and j<m impliesd ; #0 and 1<j<m impliesd ;

d

j+l
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Definition(2.6):[8]

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

be equivalent to a matrix D =diag {d,,d, , ... .dmn,0,

0,...,0} suchthatd ; |d;,; forl<j<m

j+l

We call D the invariant factor matrix of M and d

1»d,,...,dm theinvariant factors of M

2
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;><d, >, .. for j=1,2,...,K-1.

<dp>djd,

3.The Matrix M(G) :

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

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

Proposition(3.1):[9 ]

AC(G) is a finitely generated Z- module .Let m be the
number of all distinct I'-classes then Ar(G) and =*(G)
are

of the rank I. There exists an invertible matrix M(G)
with entries in rational number such

That: =*(G)=M"(G).Ar(G) and this implies
M(G)=Ar(G).(=%(G))*

Theorem(3.2):[4]

|
AC(G)= @ C, where d; =+ D,;(G)/D;_,(G)

A i
i=1

where | is the number of all distinct I'"-classes.
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Corollary(3.3):[9]
|AC(G)| =| det (M(G)) -

Proposition(3.4):[11]

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

M(C p®)=

o o R

= I SN

=
'—\

000 ... 1

which is of the order (s+1)x(s+1)

Proposition(3.5):[11]

The general form of the matrices P (C o* )and W (C . )is:

(1 -1 0o 0 .. 0 0]
01 -1.0 ... 00O
PCp®)=lo o 1 -1 ... 00
0 0 0 0 ..1 -1
0 0 0 0 .. O 1]

which is (s+1)x(s+1) square matrix.

W (C ps )=1ls4+1,wherel g1 is(s+1)x(s+1)

identity matrix

and D(C ) =diag {LL,.......1}.
%/_J

Remarks(3.6): [1]

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

M(C,,) as the following :

Rajaa. H

R

M(Cp)= R,(C,)

1
00 01
0 00

which is (h+1)x(h+1) square matrix ,R.(C,,) is the
matrix obtained by omitting the last two rows

{0,0,---,l,l} and {0,0,---,0,0,1} and the last two
columns {1,1,---,1,0} and {1,1,---,1,1} from the matrix
M(C " ) in the Proposition (3.6).

Proposition(3.7):[12]

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

of the quaternion group Q. is :

111
2R,(C,,) 111
111

M Q) = 1111
0 0 0 0[1 111

0o 0 0 0[0 101

o 1 1 10 011

o 1 1 1/1 0 0 1

which is (h+4)x(h+4) square matrix ,R(C,y,) is similar

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

If m=2" h any positive integer then the matrices P(Qan)

and W(Q,,) are taking the forms:

0 0
0 0
P(C,.) : :
PQ,, )= 0 O
-1 1
0o -1
0 O 0 1 -1
0 0 0 0 1 |
[ 00
00
Ih+l
and W = o
Q,,) 0 0
0 1 1 -1 1 10
0 O o - 0 1 01
0 -1 -1 - -1 -1 0 0

where |, ., is the identity matrix . They are (h+4)x(h+4)

square matrix .

Example (3.9):

To find P(Qs,) and W(Q3,), by the proposition (3.8).

1-10 0 0 0 0 0
01 -1 0 0 0 0 0
00 1 -10 0 0 0
PQu) = PQ) = 8 8 8 (1) 11 —01 —01 (1)
00 0 0 0 1 0 -1
00 0 0 0 0 1 -1
00 0 0 0 0 0 1]
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which is 8x8 square matrix
and
1 0 0 0 0 0 0 O]
0 1 0 0 0O 0OO
0 0 1 0 0 0O00DO
0 0 0 1 0 0O0OO
w =W(Q.,.) =
Q) Q) 00 0 0 1 000
01 1 1 1 100
0 0 0 0 1 010
0 -1 -1 -1 -1 0 0 1]

which is 8x8 quare matrix

4.The Main Results

In this section we give the general from of the
Artin's characters table of the group (Q2“+1><Cp) and the
cyclic decomposition of the factor group AC(Q.mxCp)
when m=2", h € Z" and p is prime number.

Proposition(4.1):

The general from of the Artin's characters table of the
group (Q,"*'xC,) when m=2"heZ* and p is prime

number is give as follows:
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Ar(Q2h+1xCp)=

PAr(Q,"™)

Ar(Q,") Ar(Q,"™

Table (4)
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: C (9)
Proof : Q,ni1xCp
D ;,(9)= %'(P(g)
H
Let g € (Q2nxC,) ;9=(q,1) or g=(q,2)or g=(q,2%)... o
p2" | PlCor 07 (9) = pD, (x*)
= . = . = . (X
9=(9,2"%),q €Qanwhen m= 2"hez" I,2,7%,..2”* € C, IC (9)| ‘c<x> (x?") #L9) = P2y
Case (1):
If H is a cyclic subgroup of Q,m X {1},then: since H NCL(g)={g}.¢(9)=1
2. H=((y, D))
2 H
3. H=((xy, 1)) LH=((x, D)) (iif) if o (x*,1),0e
And (P the principal character of H, ®; Artin characters ‘CQ b C (g)‘
Dy (9)=—FF—— (»(9) + (g ) =
|CH (g)l

of Qumwhere 1< j <| + 2 then by using Theorem

h+1

P2 qy1)=

(1.8) IC (9)]
_[[Cs(9) & . he1 P{C, v (Q)]
®;@= g™ T heHno@ (?L.ml) =‘QZ—.(¢(9)+¢(91))= pd ()
0 it HACL(g)=¢ SC) [Cw (@)
FH=(Ce D) since HNCL(z )={z.¢"} and p(9)=0(9 )=19=(a.).d€
h+1 2"
(i) ifg=(LDgeH Q. and 47X
(iv) ifg¢H
o i Cq,nc, (@) |
G (@)= —|CH Gl -¢(9) @, (9) = p.0= pD,(q), Since HNCL(g)=
¢
_p2h? p"csz @) D o (1
ey \C<X>(1)| o0 =pe,M 2. IFH=((y, D) ={(L1),(y.).(y2.). (/" )}
Since H nCL(l,l)Z{(l,l)} (I) Ifg:(lal) HnCL(l,I):{(l,I)}
h Cq,.xc, (9)
(ii) ifg=((x*,1),geH D 1.10)(9) :%,(p(g)
p.4.2"

= A=p2"=p®,,Q
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() 1f g=(X°, 1)=(y%1) and ge H

Copc, (@)
Cy (9)]
p.4.2"

=, 1=p2" = pd, (xX*)

®,,,(9)= -p(9)

Since HNCL(g)={g} ,p(g)=1

({i)If g# ( x2 1 ) and g€ H,i.e.{g=(y,1) or g=(y*,)}

Otherwise

‘CQ2h+lXCP (g)‘
C. (9)
4
_ pT'(1+1) =p.2=p@,,(y)

D110 (9) = (@) +o(g ™)

since HNCL(g )={g,g'1} and ¢(g9)=¢(g =1

Otherwise

®,15(9) =0 since HNCL(g)=0

3-IF H={(xy, D))
={(L1),(xy, D). (xy)% D=2 D.(xy)° 1)=(xy* )}

(i) If g=(1,0) HNCL(1,D={(1,D)}

Co, e, (9)

C.. (9)] -9(9)

D5, (9)=

420
=P 7 1= p-2" = p.®,,, Q)

(ii) If g= (X, 1)=((xy)2)=(y2.1) and ge H

‘Cthﬂ <Cp (g )‘

D00 (9) =

4.2" "
- P 2 1=p2" = pd ,(x*)

Since HNCL(g)={g} , @ (g)=1

34
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(i)If g# (x2", 1) and g€ H,i.e{g=(xy,l)or g=((xy)>,)}

(P(9) + (g ™))
- P2+ = p2=-p@,. ()

since HNCL(g )={g,¢"} and p(9)= (g *)=1
®,,,(9) =0 since HNCL(g)=¢

Case (11):

If H is a cyclic subgroup of (Q,"x {z}),then

LH=((x, 2)) = <(x, zz)> -

And ¢ the principal character of H, ®; Artin characters

of Q" 1< j <1+ 2, then by using theorem (1.8)

‘Ce(g)‘
. (9)

(Dj (9 = Z::(p(hi) if heHNCL(g)

0 if HACL(g)=4¢

LIFH=((x, 2)) = <(x,zz)> =
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()If g=(1,1) or g=(1,2) or g=(1,2%),..or g=(1,z"*) and

geH
D, (9) = ‘CQZ””XC" (g)‘ -(9g)
(i.2) |CH (1’ I)l
.2h+2 p'CQZh+1 (1)|
2P| o) =D, 1)

“lewan ple, o

since H NCL(g)={(1,1),(1,2),(1,2°),....,(1,z"1)}

(ii)if g=

(iii) if g=(1,1) or g=(1,z) or g=(1,2%).....or g=(1,2"")
D, ,(9) ‘CQMXC'] (g)‘ (9)

v Cu (9)

h+2 h+2 piCo @
p.2 . p2 _ ‘ Qe ‘.(p(l):CDj(l)

Cu(9) _\c«xm(g)\' p)

since H NCL(g)={g}, ¢ (9)=1

ifg=((x,1)or g=(,2).0rg=(x",2""),geH

o @ Co, e, (9) o
(@) =—2——0(g
. C.i (9)
ohs2 p.C 2hﬂ(xzh) i i
= g 1= : o ‘-(P(Xz )=, (x*)
ICy (9)] p.‘C<X>(x )

since H NCL(g9)={g}, @ (9)=1
(iii) if {g (¥, 1or g#(x*,2) horg=(x*,2"%),geH

h+1

Coprec, (9)
C.i (9)

D (9) = (p(9)+o(g ™) =

Cu (9)
P{Cqrs (@)

. N=D,
p.\c<x>(q)\ (p(9) + (g 7)) (@)

since HNCL(g )={g.g"'} and p(g)=¢ (g *)=1

p.2 a

+1) =

35
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0=(a2).9€ Q" and q# X*
(iv)if g H
D, (9)=0
2- IFH=((y, D)
={(L1).(.D.0%D),°0.(1,2).(v,2). (V2. 2).(* 2). ..
(L2022

0] If g=(1,I) or g=(1,)....or g=(1,z"")

HNCL(g)={(1.1),(1,2),....(1,2"")}

Since HNCL(g)= ¢

Cop.c, (@)
(D(M,z)(g) :W'(P(g)
H
4p.2"
_ Z—p.l 2" =, )
) 1F g= (X7, 1)=0AD.0r g=(.2) .or g=(y2 2"
Y and ge H
‘ Q. ni1%Cp (g)‘
(D(I+1,2) (g) = |C (g)| (P(g)
_4p2"

4p '1:2h :(I)I-*—l(x2 )

Since HNCL(g)={g} , @ (9)=1

Gi)  1f g#(X°,1)and ge

H,ie{g=(y.).(¥,2),...(0:2"") or g=(° 1),y*.2),..(v*, 2" )}

‘CQZMIXCD (g)‘
IC. (9)|
4

= 4—2.(1+1) =2=0,,(y)

D1 (9) = (P(9) + (g ™))

since HNCL(g )={g.g"} and ¢(g)=¢(g *)=1
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Otherwise

q)(|+1,z) (g) =0 since HNCL(g)=¢

3UAF H=((xy, D)) =

LD, 0y, 1), ()2 D=2 1, () D=(xy°, 1, (2,2), (xy,2),

(OY)*,2),((xY)°,2),., (1,2, (xy,2" ), ((xy) .27, ((xy)* 2>

0}

(OIf g=(1,I) or g=(1,2) .....or g=(1,z"") HNCL(g)={g}

@ ( ‘ Q ]x(: (g)‘ ( )
2.2 g : ¢ g
(I ’) | H(g)|
- l 2 I|+2(:|')

)IF g= (X7, 1)=(y2 D=0 0.0 2).(xy)%. 2

) and ge H

D00 (9) =

_4p2"

1= =P ()

Since HNCL(g)={g} , ¢ (g)=1

()  1f g#(X°,1)and ge H
1.e.g={(xy.1).((xy)°.1),(xy.2).((xy)° 2),.(xy,z*),
(iii) ((xy)*.2" )}

Co, e, (@)

1 (9)

4
= @D 2= 0y)

D 1.2 (9) = (p(9) + (g ™)

36
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since HNCL(g )={g.g"'} and ¢(g)=¢(g *)=1

Otherwise

D 1,55 (9) = Osince HNCL(g)=¢

Example(4.2):

To construct Ar(Qs,%C5) by using the theorem (4.1) we

get the following table:
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I'- classes
I ) o O X 0 2 Y20 4 "4 "4 1 I DX I %4 [ O 124 R O 34
1 1 2 2 2 2 16 16 1 1 2 2 2 2 16 16
cL,|
C (CL) 448 448 224 224 224 224 28 28 448 448 224 224 224 224 28 28
stxc7 o
() 448 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1)
[0)) 224 224 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(2.1)
[0)) 112 112 112 0 0 0 0 0 0 0 0 0 0 0 0 0
(31)
[0)) 56 56 56 56 0 0 0 0 0 0 0 0 0 0 0 0
(41)
[0)) 28 28 28 28 28 0 0 0 0 0 0 0 0 0 0 0
(51
) 14 14 14 14 14 14 0 0 0 0 0 0 0 0 0 0
(6,1)
[0)) 112 112 0 0 0 0 14 0 0 0 0 0 0 0 0 0
(7,0
[0)) 112 112 0 0 0 0 0 14 0 0 0 0 0 0 0 0
(8,1)
[0)) 64 0 0 0 0 0 0 0 64 0 0 0 0 0 0 0
1.2)
D 32 32 0 0 0 0 0 0 32 32 0 0 0 0 0 0
(2,2)
D 16 16 16 0 0 0 0 0 16 16 16 0 0 0 0 0
(3.2)
D 8 8 8 8 0 0 0 0 8 8 8 8 0 0 0 0
(4,2)
[0)) 4 4 4 4 4 0 0 0 4 4 4 4 4 0 0 0
(5,2)
2 2 2 2 2 2 0 0 2 2 2 2 2 2 0 0
q)(6,2)
D 16 16 0 0 0 0 2 0 16 16 0 0 0 0 2 0
(7,2)
D 16 16 0 0 0 0 0 2 16 16 0 0 0 0 0 2
(8,2)
5 —
Ar(Qz°xCy)=
Table (5)
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Proposition(4.3): 2.2 2 1111222«
) 02 2 o - 1111022« -
If m=2",h any positive integer and p is prime number 00 2 o . 1111002 o o
, then the matrix M(Q.m*C,) of the group (QzmxCy) is :
000 - - 1111000 - -
M(Q;n) | M(Qzn)
M(szxcp)=[ 02 IM(QZ) 000 « - 1111000 -~ -
am 00 0 « - 0101000 ~ -
sy : . 0L 1 - o 0011011 -
Which is 2(h+4)x2(h+4) square matrix ,M is
(h+4)x2(h+4) sq (Qzm) 011 L 001011
similar to the matrix in Proposition (3.7). 00 - 00222 -
00 - 00022 « -
Proof : ' 00 2 o -
By Proposition (4.1) we obtain the Artin's characters
Table Ar(QnxCp) of the group (Q,mxCp) when : g 8 g """
m=2"heZ" and p is prime number and from the theorem 000 - -
00 - 0011 « -
(1.7) we get the rational valued characters 00 - 001 1 — -
(;(Q2m xCp)) table of the group (Q,m*C,) when
m=2"heZ" and p is prime number. 1111
Thus, by definition of M(G) we can find the matrix ot
2R (Cyp) 1111 2R (Cyp)
M(Q2n%C,) when m=2"heZ*and p is prime number.
* o 1111
M(Q,p xCp) = Ar(Qy, xC,) - (=(Qy xC))) 00 0 oo 111100 0 o -
. 00 0 o 010100 0 - -
0L 1 e 001101 1 o
0L 1 e 100101 1 oo
00 00
00 00
2R, (Cyy)
00 0 o e
‘ 00 0 o e
00 0001 1w -
100 0001 1 oo

_ O O b e e

= o e O O S b e ees

O O B R eee e

e e =T = = T e TR TR S S

O B O e e

L

_ |:M (QZm) | M (QZm)

=M x C
0 IM(QZm)} (Qzm < C,)
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Example (4.4):

Consider the group (Qz,%C-), we can find the matrix

M(Q32%C5) by using:

M (Qs; xC;) = M(Q,, xC,) = Ar(Q, xC,)

[448
224
112
56
28
14
112
112
64
32
16

16
16

0
0
0
0
0

0
0

0

0
00
00
00
00

0
0
0
0

0

224
112
56
28
14
112
112

32
16

16
16

/5%
0
0

00y e e

0

o
Y

9
0
0
0
0

0
0
112

Y b %24 %43 Y
o b T Y Y s

N

112
56

b
0

0

'%24 '%24 '%24 _%24
%24 ’%24 %24 7%24

%12

%12

28
0

0
0

%

O o N~ ®O o o o o
N o o oo o

O O N b O O O O O O
O O N O O O o o o o

24
12

24 /204
12 /112

s s K K

8 /B ’}/zs

%8 ’%s )
s g
R
T h
’%12

/% %e %e )

% e
I
8B }/28

O O O O o o

—
~

O N O O O o o o o

N oo oo oo o

N O O O O O o o

}/224 }/224 }/224 %24 %48 %48 %48 %48—
_%24 %24 %24 %24 %48 %48 %48 %48

N o Tas Jon Ton T
/% AR /i A AR
b K

o o o o o o

i
’%12 %1
5

0
0
0
0
0
0

O O O O O ©o o o

P w o
>R N

16
16

0
0
0
0

0

<

0
0
0
0
0

O O O O O O o o o

%12 %12 %24

o Y o
% Yo
g Zzs %ﬁ

T

3
56
0

0
0
0

O O O O O O O o o o

o O NN b~

00y b

((Q, xC,))

O O NN B 0O O O O O O O O O o o o
O O NN A OO O O O O O O O o o o
O O N O O O O O O O O O o o o o
O N O O O O O O O O O O o o o o
N O O O O O O O O O O O O o o o

s Js

0 T /B

’%& %8
28

" e s B

T /8

o I
Yo ¥
iy

% 3
g
L
0 W Y
T %4_
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2222111122 221111]
0222111102221111
0022111100221111
0002111100021 111
0000111100001111
0000010100000101
0111001101110011
0111100101111001
1000000002222 1111
00000000022 21111
00000000002 21111
00000000000 21111
0000000000O0O01111
0000000O000O0O0O0T10T1
00000000011 10011
0000000001111 100 1

Proposition(4.5):

If m=2", h any positive integers and p is prime number
then the matrices P(Q.m*C,) and W(Q.,xC,) are taking

the forms .

P(Q.m)
0

—P
P(szxcp):[ (QZm)}

P(Q.n)

which is 2(h+4)x2(h+4) square matrix .

And

Q)| O }
0 [W(Q,,)

W(szxcp){w

which is 2(h+4)x2(h+4) square matrix .

Proof :

By using the proposition (4.3) taking the matrix
M(QzmxC;) and the above forms P(Q2,xCp) and
W(Qom*Cp) then we have :

P(Qzm*Cp). M(Q2m*Cyp).W(Q2mxCp) =

diag {2,2,2,2,---,21,11111}

2(h+1)

=D(QzmxCp)

which is 2(h+4)x2(h+4) square matrix .
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Example(4.6):
To find the matrices P(Qs,xC;) and W(Q3,xC;) by the

proposition (4.5) from Example (3.9) to find P(Qs,) and

W(Q3) :

P(Q;, xC;) = |:P(Q32) | — P(QSZ)}

0 | P(Q,,)

1-10 0 0 O O O -11 0 0 0 0 O
01 -10 0 0 O0OOTUOS-119090 00
001 -10 00 O0OTO0OTUO0OS-11 90900
o0 0 1 -10 00 0 O0OTO0OS-11 100
o0 0 0 1 -1-11 00 0 0 -11 1
00 0 O0OO0OT11TO0O-1000 00 -10
o0 o0 0 0 O0 1 -10 0 0 0 0 0 -1
00 0 0O 0O O O 1 O O O O O0O O0 O
00 0 0O O OO O T1T-10 00 00
00 0 0 0O 0O O O O0ODT11-10 90 00
00 0 0O 0O 0O 0O O O O0ODT1T-10 00
00 0 0 0O O O O OO O 1T -100
o0 o0 0 0 0 O OO O0OTO0OTO0TO0 1 -1-1
00 0 0O O O O O O O O O0O D0 1 O
00 0 0 O O OO OO TO0OTO0OO0TO0 U0 1
o o0 0 0 00 O0O0O0O0CO0OTO0OO0TO0OO
And
W(QSZXQ):[W(QQ,Z) | O }:
0 |[W(Q,)

1 o0 0 0 0 OOOO O O O O OO
o1 0 O O O0OO0OO0OOO O O OO 0OO0
0O 0o 1. 0 0 0OO0OOOO O O OTUO OO
0O 0 0 1 0 O0OO0OOOTUO O O OTO OO
0 0 0 0 1 0o00O0OO0OO OO OTG OO
o1 1 1 1 1 00O0 O O O OTOO
0o 0 0 0 1 01 0OO0O O O OTU O OO
0 -1-1-1-100100 0 O OTUO0OD O
0 0 0 0O 0O0OOO1 O O O OTWODO
0o 0 0 0 0 OOOO1 1 O O 0 O00O0
0O 0 0 0 0 OOOOO 1T O 0 O00O
0O 0 0 0 0O OOOOUO O 1 0 O00O0
0 0 0 0 0O OOOOO O O 1 00
o 0o 0 0 0O 0OOOOT1 1 1 1 10
0O 0 0 0 0O OOOOU O O O 1 01
_O o o o 0o 0O0OOO-1-1-1-100

[y

P O O O O O O O O O o o o o o o
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Example(4.7)
To find D(Q3,%C-) and the cyclic decomposition of the
factor group
We find the matrices P(Q3,xC;) and W(Q3,xC;) as in
example (4.6) and M(Q3,%C-) as in example (4.4),then :
P(Q32%C7).M(Q32%C7).W(Q32%Cr)=

diag{2,2,2,2,2,2,2,2,2,2,1,1,1,1,1,1}=D(Q3,%C5)

Then by Theorem (3.2) we have

10
AC(D(QzxCr)= DC,

The following theorem gives the cyclic decomposition

of the factor group AC(D(Q.m*C-)) when m=2"  h € z*

and p is prime number .

Theorem(4.8):

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

then the cyclic decomposition of AC(Q.m*Cp) is :

2(h+1)

ACD@QmxCy)= D C;

Proof :

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

M(Q2n%xCp) and by the proposition (4.5),we find

P(Q2nxC,) and W(Qz,%C,) when m=2"  h € Z*and p is

prime number :

P(QmeCp)- M(QmeCp). W(QZmXCp)=
diag{2,2,2,2,2,2,...,2,2,2,1,1,1,1,1,1}
Then ,by the theorem (3.2) we have :

2(h+1)

ACQaxC)= & C,
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Example(4.9) :

Consider the groups (Q16384%C11) ,(Q13421772%Cs), then :

30
1. AC(Qip384x Cy1) = AC(Q,u xCyy) = ic_:DlCZ

5
2. AC(Qugi7726¢C5) = AC(Qy xCs) = gCZ
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