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Abstract

The main purpose of this paper is to find The Cyclic decomposition of the group (QzmXx Cs) when m= 2", PPz -....p;r h, re Z*and
p is prime number, which is denoted by AC (Qzm xCa) where Qzm is the Quaternion group and Cas is the cyclic group of order 4 . We have

also found the general form of Artin's characters table of Ar(QzmxCas) when m=2", p.py

2 .....p/r hre Ztand p is prime number.
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1. Introduction

Thesquars matrix whose rows corrsspond to Artm's cheracters and
columns correspond to the I'- classss of G iz czlled Artin's
characters tzble . this matrix is very important to fimd the cyclic
decompesition of the factor group AC(G) md Artm's exponent
A(G) In 1967 TY. lam [11] studied A(G) extensively for many
groups In 1931 C.Curits and I Remer[3] studied Methods of
Bepresentztion Theory with Application to Fmite Groups. In 2009
5.J. Mahmood [10] studied the general from of Artins characters
table Ar(()s. ) when m 15 an even number.

The zim of the paper iz to find the genera]l from of The Cryelic
decomposition and the Artin's characters table of the group (Qa,

» Cyowhen m=2 "_p]“- pEa...pr hreZ'md p iz prime
numbet.

2. Preliminaries

This section introduce some important definitions and basic
concepts the Artin characters, the Artin characters table, the factor
group AC(G) of a group G and the matrix M(G), M(Q2m),P(Qzm)

and W(Qzm).

Theoreml:[4]Let T, : G—GLF) and T,: G—GL{m.F) be
two itreducible representations of the groups G; and G; with
characters 7 jand 3y ;tespectively then :

T, @T ;18 irreducible representztion of the group Gy G2
with the character v 1 - % 1.

Proposition 1:[9]The rational valued characters table of the group
(Q2C4) when m iz an even number i3 equal to the t=nsor product
of the rationzl valusd characters tzble of Q. when m iz 2n even
number and the rational valued characters table of C. that is:

=(0,.xCh==(@,.)2=(C,)-
Theorem 2: [6]Let H be a cyclic subgroup of Gand b, k. | .,

h, are chosen as representative for m-conjugate classes of H
contained in CL(g) in G, then :

, Calg) <
L Pg= MZ@(@ if b;eHNCLE
Cx(8)| =

2. @ (@=0 i HNCL(E=d.
Definition 1:[11]Lst G be 2 fmite group, all characters of G
mduced from a2 principel character of cycic subgroups of G are
called Artin's characters of G.
In theorem 2 |, if @ is the principal character |, then o) =o(1)=1,
whereh, e H
Proposition 2:[3]The number of 21l distmct Artim's characters m
2 group G iz equal to the number of I'-claszes m G Furthermors,
Artn's characters are constant on each T-classes.
Definition 2: [2]Arnin’s characters of fmite group G can  be
displayed m = tzble called Artin’s characters table of G which
is denoted by Ar (G).
The first row i the - conjugate classes, the second row is the
number of elements m ezch comjugate classes the third row

CG (Cﬂmﬂ znd the rest rows
contzm the values of Artm’s characters.

iz the szize of the centralize

Table 1
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Proposition 3: [10]The Artin’s characters table of the Quatemion
group Qqwhen ne E'k_plr" ._p';: ..... ;‘ e Z'and p is prime

numberis given 23 follows:
.*;:[QEH_F* .ﬁ.--p"}= where [is the number of I'- classes of Coy

and & i 1 == A2 zre the Artin characters of the Quatemion

group Q. when m= Z'k_plr" Py ...D) Jure Z' and pis prime
number .
Definition 3:[8] Lzt T(G) be the subgroup of K (G) generated by

Artin's characters T (G) is normal subgroup I}ji (G) and denotes

the factor abelian g:ru}upi (G)TIG) by ACIG) which 1z called
Artin cokernel of G.
Definition 4:[T]L=t I be 2 matrix with entries m 2 principal
domam E. A k-minor of M & the determmant of ke<k sub matrix
preserving row and column crder.
Definition 5:[7]A k-th determinant divisor of M is the greatest
commen diviser (g.c.d) of 2l the k-mmors of M.This & denoted
byD, @)
Lemma 1:[7T]Let M. P and W be matrices with entries m 2
principal idezl domszin B, let P and W be mvertible matrices
JThen D, (PM W=D ;. (M) module the group of unites of E.
Theorem 3:[7]L=t M be ann = n matrix with entries i principal
1deal domam E., then thers exist two matrices P and W such that:

1. Pand W are mvertible.

2 PMW=D.

3 D iz dizgonal matrix.

4. ifwedenoteD ; by d; then there exists 2 natural number
m;

0<m<nsuchthat j>mimpliesd/ =0amd j<m implies

df =0 md 1<j<m mpliesd< @+
Definition 6:[T]Let M be matrix with entries m 2 principal

domam F. be equivalent to amatrix D = diag {d,. d. , .. .dy,
0,0, .., 0% such that 'i_,." dJ.-_l for 1% j=m
We call D the invariant factor matrix of b and 4, . d. , .

A, the mvariant factors of M.

Theorem 4:[7] Lzt K be 2 finitely generated medule over 2
principal domam B then K s the direct sum  of eyclic sub module

with an annihileting tdeal=d, = <d, = .. =d >, dJ.- d_).-_l for
=12, .. KL

Proposition 4:[8]JAC(G) iz 2 finitely generated Z- module Letm
be the number of all distinct ['-classes then An(3) and =*(G) are
of the rank 1. There exist an mvertible matrms M{G) with entries
i rational number suchThat: =GR G ANG) and the
implies M(G=ANG)(==(G)?

Theorem 35:[5]ACIG) = @ Cy; where d;=2D,(G)/ D,

(G) where | i3 the num’t;er of all distimet T-claszes.

Corollary 1:[8] AC(G}| =| det (WG
Lemma 2:[B]If A znd B are two matrices of degree m and t
respectively, then:

det (AEE) = (dst (A)) ‘. (det BN ™.
Lemma 3:[3]L=t A =nd B be two non-smgulsr matrices of rank
[znd m respectively, over 2 principal domazin B and let:

P, AW, = D(A) =diag{d, (A).d, (A),.. 4, (A)} mdP 1 AW, =
D(B)=diag{d,(B)d, (B)..d,, (B)}

The mvariant factor matrices of & and B then:

(P, @P, MASBI(W, @W, ) =DA)2DE)

and from this the invariant factor matrices of A ® B can be
obtained.

Proposition 5:[5]Let Hiand Hz be piand p2 - groups respectively
where p1 and pz are distinct primes and if M1 is the matrix from all

cyclic subgroups of R (H1) basis and Mz is the matrix which
expresses the T(H2) basis terms of R (H2) basis then the
matrix which expresses the T (H, x H 5 ) basis of R (H, x
H 5 ) basis isM &M 5 .

Remarks 1: [1]In general if m= 2h.p1r1. > .....p;“ such that

P; are prime numbers P #2 and g.c.d ( Pj, Pj)=1 hand I;

are any positive integer numbers for all i=1,2,...,n then we can
write Cm as the from :

Cn=C_, xC , xC  x:--xC

2 Py P’ Pn

0] By the proposition 5 we get

M(Cm)z

M(C,)®M(C ,)®M(C,,)®--®M(C ,)

1 2 n

We can write M(Cm) in the form:

B M(Cm)= B
1 1
h.times S

1

(0]

1

R, (C,) h.times :

1

(0]

1

h.times :
(0] (0] 1 1
o] o) 0O 1

whic_h is (ri+1) ...... (mt+1)(h+1)x(ri+1)...... (m+1)(h+1) square
matrix,
R2(Cm) is the matrix obtained by omitting the last two rows

{0,0, .o ,1,1} and {0,0, .- ,O,l} and the last two columns
{1,---,1,0,1,---,1,0,---,1,0} and {1,1,---,1}> from the tensor

product.
M(C,)®M(C,)®M(C,,)®@M(C,,)
(i) By lemma 3 we have :

1- P(Cm)=
P(C,)®P(C,,)P®(C,,)®®P(C,,)
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2- W(Cm)=
W(C,)®W(C ,)®W(C ,)®--®W(C_,)
Proposition 6:[10]If m=2". p& . pZ ---.. plr, such that

p; 's are all distinct primes, p; # 2and g.cd (p;, pj) =1 for
all i:1,2,---,r_1 , h and ri any positive integers then

1111 )
{E . ] h +1times
1111
2R,(C,,) 0101
1111
oot i h+ltimes
1111
M(Qu) = 0101
1111
{E . ] h +1times
00 0000111111
00 000 00101
00 01110011
00 01111001
which is

[(ri+1)(rz2+1)---(rn+1) (h+2)+2] X [(ra+1)(r2+1)---(re+1) (h+2)+2]
square matrix .
R2(Ca2m) is similar to the matrix in the remark 1

Proposition 7:[10]If m=2" . p} - pZ ----- pr, such that

p,'s are all distinct primes, P # 2 and g.cd (p;, pj)=1

forall i=1,2,--,n, hand r; any positive integers then the matrices
P(Qzm) and W(Qzm) are taking the forms :

0 0]
0 0
P(C;y) o
P@Q,, )= 0 o and
-1 1
0 0 -1
00 .0 1 -1
0 0 0 0 1 |
I 00 0
00
l, D
W@, )= 060
0 11 11100
00 00001010
0 +0 -1 -1 -1-100 1]

k=[r+1(ry 1) (r, =1} h+2)]—1 md I{ iz the
identity matrix of the order Lk they  are
[(r+0r +0) e (r, +1IMA+2)+ 2] =

[(rn+1)(ry + 1) (ry = DA+ 2) + 2] squarematrix .
Theorem 6:[10]If 5 = 2 # Spl P e P such that P,
‘s are 2ll distinct primes, p =2 md ged (p  p ) =1 foral

i=12,-n , h md r any positive integers then the ecyclic
decomposition of AC(Qm) 15
(5 1My 1o, #1021
AC(Qu) D G

=1
3. Results

In this section we find the general form of The Cyclic
decomposition and the Artin's characters table of the group (Qzm

w Cs)when m= 2“,p1f1_p;2,m_p;n ,h,re Z*and p is prime number.
Proposition 8:The general from of the Artin's characters table of
the group (Qzmx Cs)when m= zh,plﬁ,p;zw,p;n ,h,re Z*and p is
prime number is give as follows:

Ar(Q2".pi.p2.....po XCa)=

Table 2

T- classes of (Qu){T} T classes of (Qea{2) T-classes of (Quafz)

I LI el 4 B ] W] A wd] - e 0F] BA| el ] EA| - vz [
classes

c:_;‘ 1 1. m|m 1 1412 m m 1 INER m m
P 16| Im| . 8| 16| 16 16 164 Sm| 16 16 | L 16 [~ | & | 1§
m'[q m n m|m : n :

Oy

Sy AA4r(Qa) U U

2r{(Qu) 1r(Qs) !

M s ) i)

%

[

Bz

Proof : Let ge(Q2mxCa) ;0=(q,1) or g=(q,2)

or g=(q,22)or g=(q,z%) q€Qam,1,2,22,23= Cs

Case (I):

If H is a cyclic subgroup of Qzm x{1},then:

1.H=((x, D)2. H=((y, 1))

3. H=((xy, D))

And {[* the principal character of H, ®; Artin characters
of Qamwhere1 < j <'| + 2 then by using Theorem 2

1. H=((x, D))
0] If g=(1,1) and geH

Ca,c, (9)
@, (1)) =2 ()
o SHC I
16m a4m . 4Co, Q)
= A= A= L — ) =4.D (1
T AT R = I

since HNCL(1,)={(1,1)}

m
(i) ifg= (X ! I)and geH
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Coumc, (9)
(D(j,l)(g) :%'(P(g)
tom | 4dm . 4Co. 0

() = 40,(x")

= 1=
Cu(@)  [Cul0)

since HNCL(g)={g},¢(g)=1

iy ifg= (X", 1),i % Mand i # 2Mand gen

[Cope. @

o)

Cy(x™)

8m

(D(j,l)(g) ‘CH (g)‘

(p(9) +9(97) =

1+1 =

4.2m _4Con(a)
Cu (9) Cp (9)

since HNCL(g )={g.g"'} and {(g)=4*(g *)=1,9=(q,1),9€ Qom
and q# xm ,q#l

(iv) if g € H
={(LD,(y.). (2.3 D}

() If g=(1,1)

1+1 (p(9) +9(g™) = 4.0,(q)

Since HNCL(g)= @ 2. H= ((y,1)

HNCL(1,)={(1,)}

D1y (9) = %«p(g)
= me.lz 4m = 4.0, (1)
Gy  1f g=(X", 1 )=(y21) and ge H

D10 (9) = Ww(g)

_ 167”‘.1= am=4.d, ,(x")

Since HNCL(g)={g} .¢(9)=1

(iii) g=(y,l) or g=(y4,1) and geH

Co,,.c, (9)
C. (9)

16
= Z'(1+1) =42=40,,(y)

D.19(9) = (@(9)+o(g ™)

since HNCL(g )={g,g™} and {P(g)={P(g H)=1
Otherwise

D 1.11(9) =0 since HNCL(g)-0

3= H=((xy, DY ={(L,1),(xy, D,((xy)% D.((xy), D}
(i) If g=(1,1) HNCL(1,D={(1,D)}

Coc, (9)
16m

= T].: 4m = 4.CD|+2 (1)

q)(|+2,1) (g) =

(i) if g= (X", 1)=((xy)2)=(y2.1) and ge H

Cauc, (@)
|CH (g)|
16m

:T.l: 4m = 4.CD|+2(Xm)

q)(l+2,l)(g) = »(9)

Since HNCL(g)={g} .¢(9)=1
(iii) If g=(xy,I) or g=((xy)3,1) =(xy?,1) and geH

Cqpnnc, (9))
I\ (9)|

16
=+ =42=40,(xy)

D1..1(9) = (P(9) +9(g™)

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

(D(I+2,1) (g) = 0 since HNCL(g)=0

Case (I1):
If H is a cyclic subgroup of Qam x{z?},then:

LR D)=((x,22)  2.H=(@D = ((y.2°))
3. H=((xy, 1)) = <(xy, 22>

And > the principal character of H, ®; Artin characters of Qzm
where1 < J <'| + 2 then by using Theorem 2

1 H=((x, D)) = <(x, 22>

0] If g=(1,1) or g=(1,z) and geH
Ca,nc, (9)]
D0 (1) =22 (Q)
0 ca@ 7
dc, (@
__tm  dam 4 sz().(p(l)zZ.CDj(l)
C.(tD ™ [C.OD 2, )
since HNCL(L,)={(1,1),(1,29)}
(ii) ifg=(X", ) and geH
Capnnc, (9)
D (9) =2 (q)
0 Cuta)
4C, (x"
16m 4.4m 1- ‘ Qun ( ).(p(g):2.CDj(Xm)

TCa@ T Cn @ 2o, 0)
since HNCL(9)={g}.¢(9)=1
iy itg=(X',1),i # Mand i # 2Mand gen

) 4y __8m
o ()= , - 1+1) =
(2(9) (o) ((9)+o(g™)) \CH(g)\( +1)
4c,.,
%mn - ((:')) (@) +p(g™) =20, (@)
H x)

since HNCL(g )={g.g"'} and {P(9)=4(9 *)=1,9=(q,1),4€ Qam
and g = X",g=#1
(iv) if g H Since HNCL(g)= ¢
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2. H= (D) ={@n,y.h.02A0.05), @ Ay 29.04
22),(y*.2%)}
(i) If g=(1,1) or g=(1,22) HNCL(1,)={(1,1), (1,22}
[Cape. (9))
q)(|+1,2)(g)— ‘CH(Q)‘ »(9)

_t6m
;) (g)=20=20,(9) " s

1=2m=20,,Q)
Gy 1f g= (X", 1)=21) or g=(y2,22) and ge H
Co,.c, (9)

|CH (9)|
16m

:?.1: Zm = 2.CD|+1(Xm)

D1, (9)= »(9)

Since HNCL(g)={g} ,¢(0)=1
(iii)  g=(y.1) or g=(y3,1) or g=(y,z?) or g=(y?, z%) and geH

oy, (9)
C.i (9)

16
= E.(l+1) =22=290,,(y)

D112(9) (p(9)+(g™)

since HNCL(g )={g.g "'} and €P(g)={P(g *)=1
Otherwise
®,,2(9)=0

3- H= (xy, D) ={(L.D.(xy.).((xy)2 D, (%D, (1,
2%),((xy)%, 22).((xy)*.2)}

since HNCL(g)=0

® Ifg=(1,1)org=(1,2%) HNCL(1,)={(1,),(1,29)}
Cq,..c. (9))
) — 1 eem™ma PEOL
(I+2,2)(g) ‘CH (g)‘ ¢(g)
16m

= ?1= 2m = 2.q)|+2 (1)

) 1fg= (X7, D=y n=p20 or
g= (Xm ' 22 )=((xy)%,2%)=(y?,z%) and ge H
Cayc, (9))

IC\ (9)
16m

:?.l: 2m = 2.CD|+2(Xm)

(D(I+2,2)(g) = -p(9)

Since HNCL(g)={g} .¢(9)=1
(i) 1fg=(xy.I) or g=((xy)*1) =(xyI) or g=(xy.2%)
or g=((xy)*, z%) =(xy?, z%) and geH

Co,c, (9)
C.i (9)

= %(1+1) =22= 2-(1)|+2 (Xy)

(D(|+2,2)(g) = '(¢7(g)+§0(94))

since HNCL(g )={g,g} and {P(g)={P(g H)=1
Otherwise

®(|+2’2) (g) - 0 since HﬂCL(g):Q
Case (l11):

2%),(xy,

If H is a cyclic subgroup of (Qzmx{z}),then:
LH=((e 2)=((x,2%)) =((x, 2°))

2. W= 2) = ((y,2%)) = ((y,2%))
3. H=((xy,2)) = <(xy, 22)> = <(Xy,23)>

And € the principal character of H, ®; Artin characters of
Qamwhere 1 < j <'| + 2 then by using Theorem 2

1L.H=((x, 2))

(i) If g=(1,1) or g=(1,2)or g=(1,2%) or g=(1,2°) and geH

Co,nc. (9)]

Qom*Cy

D, . =— " .

(.2 (9) |CH (1’|)| »(9)
__16m ,_ 44m '1:4\CQM(1)\'¢ o
Cu (L) C<(”)>(J,|)‘ 4c<x>(1)‘ i

since HNCL(g)={(1,),(1,2),(1,29,(1,2%)}

(i) If g=(1,1) or g=(x1) or g=(x™z) or g=(1,z)or g=(x"z?) or
g=(1,2%)or g=(1,2%) or g=(x",z%) and geH

(@) if g=(1,1) or g=(1,2) or g=(1,z%) or g=(1,z%) and geH.

Cao,c. (9)

1 (9) = 0(0)

(1.3 \CH(Q)‘ ¢

_ 16m ., 44m :4‘CQM(1)‘_¢(1):CDJ(1)
‘CH (g)‘ ‘C<(x,z)> (g)‘ 4C<X> (1)‘

since HNCL(9)={g}.¢(9)=1
(0)If g=(x™,1) or g=(x™,z) or g=(x™,z?) or g=(x™,z% ) and geH

Cauc, (@)

@ ;5(9) = C.. (9)] »(9)
16m 4.4m 4\CQZm(Xm)\

= A= A= . ™ =d. (x™
Cu@l @l e, o T

since HNCL(9)={g},¢(9)=1
i) Fg={(x', 1), (x", 2),(x", 2%),(X', 2*)} i#m, i#2m and geH

‘CQz xC, (g)‘ ~ 8m
@ =t . 1y) 1+1
(JV3)(g) ‘CH (g)‘ (@) +0(g7) ‘CH (g)‘( D
42m 4, (0) )

(1+1) = _ o
C.(0) ) 4., ((9)+0(g™)=2;(a)

since HNCL(g )={g,g"} and {P(9)=Y*(g *)=1,9=(q,2)=(q,2°).q€
Qemand g X" ,q#1

(iv) if g¢H Since HNCL(g)= ¢ ®,(g)=0

2. H=((Y, 2)) ={(@.0D.02D.05D.(1.2).:2). (2.2,

(1,22),(y.2%,(y2.2%),(y*,2%), (1,2%),(y.2),(y2.2%),(y*, %)}
0] If g=(1,1) or g=(1,2) or g=(1,2? ) or g=(1,2° )and geH
HNCL(g)={(1,1),(1,2),(1,2%) ,(1,2)}

Coc, (@)
C. (9))
16m

ZF:I.: m =.CD|+1(1)

cD(|+1,3)(g) = »(9)
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(ii) i g= (X", 1)=020) or g= (2.2) or g=(22) o
g=(y%z%) and ge H

Cq,xc, (9)
q)(m,s)(g):i‘ ‘ZHC(Q)‘ "(0(9)
16m m
=75 1=M= @, (x")

Since HNCL(g)={g} .¢(9)=1
(iiiy  g=(y,Dor g= (y,z)or g=(y,z?) or g=(y,z%) or g=(y3,12)or
9= (¥3,2) or g= (y3,2%) or g= (y3,z%) and geH

Co,.c. (9))
Ci (9)]

16
= ) =2=0,,(y)

D15(9) = (@(9) + (g ™)

since HNCL(g )={g.g} and (P(g)=(D(g =1
Otherwise

D,15(9)=0 since HNCL@=0 3H= ((XY,Z))

={(L1),(xy. 1), ()2 D=(y2 ). (xy)*, D=(xy*1),(1,2),(xy.2),
((xy)%.2)),((xy)*2),(1.2%),(xy.2%).((xy)*,29)).((xy)*, 2°).(1,2°) (xy.Z%)
((xy)%,29)).((xy)*,2%)}

0] If g=(11) or g=(1,2) or g=(1,z2) or g=(1,2%
HNCL(g)={g}

Cauc, (@)

q)(I+2,3) (g) = |CH (g)| @(g)
16
1m0

i) 1fg= (X", D=(xy)2n=021)

or 9:((Xy)2,z):(y2,z)or g:((Xy)Z,ZZ):(yZ,ZZ)
or g=((xy)?2%)=(y%z%) and ge H

CQ2m><C4 (g)
(D(|+2,3)(9) = W
_16m

= F-lz m=a®,,(x")

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

(iiiy  If g=(xy.1) or g= ((xy)3,1) or g= (xy,z) or g= ((xy)3z) or
9= (xy,z?) or

(iv) 9= ((xy)%z%) or g= (xy,z%) or g= ((xy)?z%) and geH

Ca,ec. (9)]
IC\ (9)

16
=E-(1+1) =2=®,,(xy)

»(9)

D.25(9) = (@(9) +(g7™)

since HNCL(g )={g,g} and {P(g)=(P(g *)=1
Otherwise

D53 (9) = Osince HNCL(g)-0

N I

h n
Proposition 9:1f M=2" - P - P,? -+++ p,: y such that p,

's are all distinct primes, p, =2and g.c.d (pi ) pj) =1for all

i=1,2,---,n, h and ri any positive integers then:

M(Qzn) | M(Qzr) | M(Qzn)
M(Q,,xC,)=| O M(Qzn) | M(Q;)
0 0 M (Qzn)

Which is
[3(ri+1)(r2+1)---(ra+1)(h+2)+6]%[3(r1+1)(r2+1)---(ra+1)(h+2)+6]
square matrix M (Qzm) is similar to the matrix of the proposition

6

Proof :By Proposition 8 we obtain the Artin's characters Table
Ar(QzmxCs) of the group (QamxCs4) when m=
2h n oAb r N . .

PPy pn ,h,re Z*and p is prime number and from the
Proposition8 we get the rational valued characters table

(;(QmeC4)) of the group (QamxCs) when m=

2", P32 ... Py hre Z*and p is prime number.

Thus, by definition of M(G) we can find the matrix M(Q2mxCa)
h I

when 2. lrl. ;2 .....p;" ,h,re Z*and p is prime number.

M (Qu xC,) = Ar(Qn % C,) - (2(Qy X))

M(Q;n) | M(Q,) | M(Q,y)
= 0 M (sz) M (sz) =M (sz ><C4)
0 0 M(Q.,)
Example 1:

Consider the group (Q4sxCa), we can find the matrix M(Q4sxCa)
by using:
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M (Q48 X C4) =M (Q3_24 X C4) = Ar (Q3 2 X C4) ! (=(Q3_24 X C4 ))71

2222222201010 2222220202010 0112220202221 111
022220221111 022220221111022220221111
0022200211011002220021111002220021111
000220000000000220001212121000220001111
0000200002020000200002012000020000101
0000022211110000022211121000002221111
00000022111000000022112121000000221111
00000002212122000000022212120000000212111
00000000222200000000221212000000001111
0000000002020000000002012000000000101
0011110212002 1200222121220022002121212110011

00111101 120020022 2222100120021 12121121001
000000000000222222221111222222221111

000000000000022220221111022220221111
0000000000000022200210121002220021111
0000000000000002200022210002200012111
000000000000000020000202000020000101
0000000000000000022210121000002221111
0000000000000000002212121212000000221111
000000000000000000021221212000000021111
0000000000000000000022220000000012111
000000000000000000000202000000000101
000000000000001222220001002122202120011

000000000000002221212220010021121212212001
000000000000000000000000222222221111

000000000000000000000000022220221111
000000000000000000000000002220021111
0000000000000000000000000002200012111
000000000000000000000000000020000101
000000000000000000000000000002221111
000000000000000000000000000000221111
0000000000000000000000000000000212111
0000000000000000000000000000000012111
000000000000000000000000000000000101
000000000000000000000000002112121220011
000000000000000000000000002121212121212001

Proposition 10:1f m=2". pf: . p% ..... p;, such that p;'s are all

QG-

distinct primes, p, = 2and g.c.d (pi, pj)zlfor all i=1,2,---n, h

and ri any positive integers then the matrices P(Q2mxCs) and
W(Q2mxCa) are taking the forms :

P(Q.n) | —P(Q.p) 0
P(QZm x C4) = 0 P(sz) - P(sz)
0 0 P(Q.m)

Which is
[3(re+1)(r2+1)-(rat+1)(h+2)+6]%[3(r1+1)(r2+1)---(r+1)(h+2)+6]
square matrix .

And
W(Q,,) 0 0
W(Q,, xCy) = 0 W(Q,) 0
0 0 W(Qzn)
which is

[3(ra+1)(rz+1)---(rn+1)(h+2)+6]%[3(r1+1)(r2+1)---(r+1) (h+2)+6]
square matrix .

Proof :

By using the proposition 9 taking the matrix M(Qz2mxCs) and the
above forms P(Q2mxCs) and W(Q2mxCa) then we have :

P(Q2mxCa). M(Q2m*Cas).W(Q2mxCa) =

diag { 2,2,2,2,---,2 111111111}

D ——
[B(r+1)(rp +1)-- (1, +1)(h+2)—3]~time
=D(Q2mxCas)

which is
[3(ri+1)(r2+1)-+(rn+1)(h+2)+6]%[3(r1+1)(r2+1)---(ra+1)(h+2)+6]
square matrix .

Example 2:
To find the matrices P(QasxCa) and W(QsxCa) by the proposition
7 to find P(Qas) and W(Quas) :

1-100000000 00
01-1000000000
00 1-10000000°0
000 1-1000000°0
0000 1-1020000°0
ot 0 000 L0000
271000000 110000
0000000 1-100070
000000001 -1-11
00000000000 -1
0000000000 1-1
0000000000 0 1
(100 0 0 0 0 0 0 00 0]
010 00 O0O0O0OO0CO0DO
001 00 O0O0O0O0OO0CO0CDO
000100000000
00001 0 O0O0O0OO0COCDO
andW(Qaz,):OOO()OlOOOOOO
0000 O0OT1O0O0OO0COCDO
000 0 O0O0O0OT1O0OO0CO0CDO
000 0O0OO0OOT1O0O00O0
001 1 1 1 11 1100
000 0O0OUO0OTOTI1TO0T10
00-1-1-1-1-1-1-1001j

And by the propositibn 9 then:

P(Qus) | —P(Qus) 0
P(QgxC,=| O P(Qus) | —P(Que)
0 0 P(Q.s)
W (Q,s) 0 0
and W(Q,xC,)= 0 W(Q) 0
0 0 W(Q,s)

Example 3:To find D(QssxCa) and the cyclic decomposition of

the factor group

We find the matrices P(Q4sxCs) and W(Q4sxCa) as in example 2

and M(QasxCa) as in example 1,then :
P(Q48xCs).M(Qa8xC4s).W(QagxCs)=

diag{2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,1,11,1,1,1
,1,1,1}=D(Qus*C4)
Then by Theorem 5 we have

27

AC(D(QaexCs)= |6_L>1 C,

The following theorem gives the cyclic decomposition of the

factor group AC(D(QzmxCs)) when m= 2" pf&. pZ. . .p~
,h,re Z*and p is prime number .
Theorem 7:1f m= 2", P2 ..., hre Ztand p is prime

number then the cyclic decomposition of AC(Q2m*Ca) is :
3(R+1)(rp+1)---(r, +1)(h+2)-3

AC(D(QzmxCa))= @1 C,
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Proof :By using the proposition 9,we can find matrix M(Q2mxCas)
and by the proposition 10,we find P(QmxCs) and W(Q2zmxCa)

h
when m=2".p;*. P2 .....p;" h,re Z*and p is prime number:

P(Q2m*Cs). M(Q2m*Cs). W(Q2mxCa)=
diag{2,2,2,2,2,2,...,2,2,2,1,1,1,1,1,1,1,1,1}
Then ,by the theorem 6 we have :
3(R+1)(rp+1)---(r, +1)(h+2)-3

AC(D(Q2mxCa))= 691 C,

i=
Example 4:Consider the groups (Q7os7s00xCa) ,(Qeso00%Ca),then :

537

L. AC(Qyo87500<C4) = AC Qg7 xCa) = i€3C2

141

2. AC(QQSOOOX C4) = AC(Q 58 X C4) = gcz

2472
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