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Abstract

This research ig essentially an upgrade or extension of the results of Audu on wreath product of
permutation groups.

In this work, a generalization of the concept of wreath product is considered based on the notion
of an algebraic structure called Permutation group. Some basic procedures for computing wreath
products of groups, the construction of groups as wreath products of cyclic groups and a
generation of Sylow p-subgroups from resulting Cyclic groups are investigated.

I mainly applied the concei:)t of p-groups and wreath products of some groups of permutations to
construct some groups of prime power order by taking p to be an arbitrary but fixed prime

number, A a finite set with n elements and G a permutation group on A.
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CHAPTER ONE

1.1 Background

Recently, wreath product of groups has been used to explore some useful characteristics
of finite groups in connection with permutation designs and construction of lattices as
well as in the study of interconnection networks and the structure of some finite
permutation -groups.

This research also provides a theoretical frame work for generating various Sylow

subgroups from permutations in cyclic forms.

1.2 Problem Statement and Justification

Wreath product of groups first occurred in a not immediately recognizable form in a
paper by Alfred Loewy (http://thoughtmesh.net/publish/396.php) and since then, it has
become an increasingly important tool in group theory. However, very little work of
wreath product in p-groups has been researched. It is against this background that this
research is carried out to provide baseline information for further research activities in the

study area.

1.3 Objectives of the study
The main objective of this study is to construct p-groups via wreath products
Specific Objectives:
*  To write out some basic procedures for computing wreath product of groups
» To construct groups as wreath products of cyclic groups

* To generate sylow p-subgroups from resulting cyclic groups
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1.4 Scope of the study
The study is in four chapters. The first is the background of the study. Chapter two is a
review of related literature whiles chapter three consists of the main results and findings

and chapter four discusses the results and findings, conclusion and recommendations.

1.5 Definition of terms
1.5.1 Definition 1.1
A set G equipped with a binary operation say * is called a groupoid denoted by (G. *) or

just G.

1.5.2 Definition 1.2

A groupoid (G, *) such that * is associative is called a semi-group.

1.5.3 Definition 1.3

A semi-group (G, *) with an identity element 1s called a monoid.

1.5.4 Definition 1.4

A monoid (G, *) in which every element has an inverse is called a group.

1.5.5 Definition 1.5

A group is a p-group if the order is a prime or prime power.
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1.5.6 Definition 1.6
Direct product of a group is the Cartesian product of the underlying groups with

component-wise multiplication.

1.5.7 Definition 1.7

The semi direct product of a group H with a group G acting on H via homomorphism p
from G into the automorphism group of H is the Cartesian product GxH with the
multiplication (g, n).(h, m) = (gh, n"*m).

In short, it is a particular way in which a group can be put together from two subgroups,

one of which is a normal subgroup.

1.6 Preliminary Results
The following preliminary results will be required in the construction of p-groups as

proposed in this research work.

1.6.1 Group Action

If a group G is acting on a subgroup H of G, then G is equipped with the restriction of the
operation of H.

Let G be a group and €2 be a non-empty set. We say that G acts on Q (or that G
permutes€2) if to each gin G and each a €€ there corresponds a unique point
ag € Q) such that, for all « e Q and g,,g, in G we have that (ag,)g, =a(g,g,) and
al=a.

The image of an action is a permutation group.
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For instance, if we let H and K be two groups. We say that H acts on K as a group if

to each k in K there corresponds a unique element K’ in K such that for

h, h,,hin H and k ,k,,k in K

::>(kh' )": =k"‘}",kl =k and (klkz)h =k1hk2h

1.6.2 Theorem 1.1

UNIVERSITY FOR DEVELOPMENT STUDIES

Proof
(1)
¢
(i1)
(111)
(iv)

Let C and D be permutation groups on the sets I' and A respectively. Let C* be the set
of all maps of A into the permutation group C. That is C* ={f:A— C}. . For any

fisfr in C2let f,, f, in C* be defined for all & inA by (f, f,)(6) = f,(5)f,(J).
Thus, composition of functions is point-wise. With respect to this operation of

multiplication, C* acquires the structure of a group.
p q group

C* is non-empty and is closed with respect to multiplication.
If £,,f, in C*, then f,(3), f,(6) in C.
Hence, f,(5)f,(6)e C. This implies that (f,f,)e C and so f,f, e C*

Since multiplication is associative so also is the multiplication in C*
The identity element in C® is the map e:A—>C given by
e(8)=1 for all 6 €A and 1€C.

Every element f € C* is defined forall € A by f7'(8) = f(5)™ .

Thus, C* is a group with respect to the multiplication defined above.

(We denote this group by P)
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1.6.3 Lemma 1.1

Assume that D acts on P as follows: f/(8)= f(&d™") foralld e A, d € D. Then D acts
on P as a group.

Proof

Take f,f,,f, € Pand d,d,,d, € D then

@ (S (8)=f4d; )

= f(&Iz_‘dl_l)
= i (h)

(@) £1(8)= £,
= f(5)

(i) (f.,)(6) = f,£,(d™)
= fi(ad™) f, (™)
= £,"(6)£," (8)

Thus, D acts on P as a group

1.6.4 Theorem 1.2

Let D act on P as a group. Then the set of all ordered pairs (f,d) with f e Pand d e D
acquires the structure of a group when we define forall f,, f, e Pand d|,d, € D
(f1:d ) f2,dy) = (f.£,d," N d\dy)

Proof

(i) Closure property follows from the definition of multiplication

(i) Take f,,f,,.f, €Pand d,,d,,d, € D. Then
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[(fl ,d, )(fzdz )](fvds) = (ﬁfzdl—l)(dldz )(f3 *ds)
=L A" 14 d d,d;)
= (LAY A% Y4 d.4,)

Also, we have in the same manner that

S d Do) fyds)) = (f.d S s Kdyds)
={f(hAY TF Nehdal)
S0l kel A,
Hence, multiplication is associative
(iii) We know that for every f e P, f' = f. Now for every d € D, themap f — f* is
an automorphism of P. Also if e is the identity element in P, then e’ =e. Also,
(S =(f*)" Now
(f.d)ed) = (fe . d ) =(fe' ,d)=(f(e"),d) = (/,d)
Also, using the reverse order, we have that; (e,))(f,d) = (ef',1d) = (¢f.d) = (f,d)
Thus, the identity element exists
@) (£ ) A =(F(f) dd ™) = (f(f)dd ™" .dd ™) = (f(f ™) ,dd™" = (e,])
Also,
(f ) d)Sod) = () 1 d7 ) = () .d7d) = (" 1) = (e,)

Thus, when D acts on P, the set of all ordered pairs (f,d) with f € D,d € D is a group

if we define (f,,d,)(f,,d,) = (f.£;" Yd.d,)
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CHAPTER TWO
2.0 Literature Review

2.1 Introduction

In Mathematics, wreath product of groups is a specialized product of two groups, based
on a semi direct product. Wreath products are an important tool in the classification of
Permutation groups and also provide a way of constructing interesting examples of

groups.

2.2 According to Jaiyeola et al (2009) ‘on some algebraic properties of generalized

groups’ a generalized group G exhibits the following algebraic properties:

() For all x,y,ze G, (xy)z=x(yz)

(it) For each x € G there exists a unique e(x)e G such that xe(x)=e(x)x=x

(existence and uniqueness of identity element)

UNIVERSITY FOR DEVELOPMENT STUDIES

(iif) For each x € G, there exists a unique x™' € G such that xx™ = x"'x = e(x)

'\
}n‘ (existence of inverse element)

2.3 Molaei (2007)

Molaei (2007) in his work on generalized groups established the uniqueness of the
identity element of each element in a generalized group and where the identity element is
not unique for each element, then a group is formed.

Some of his results are stated below
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2.3.1 Theorem 2.1

For each element x in a generalized group G, there exists a uniquex™' € G.
Proof

Supposex € G,

then xe(x) = x(x™'x) = x(x"'e(x™)x) = (3 e(x ™ )x =[x "e(x)]x = (e(x)e(x™))x = x
and similarly, x = x(e(x™"))e(x) so the uniqueness of e(x) shows that
e(x)e(x) = e(x™) = e(x)

I7 SRl E ) S —— S (1)

Now let zx=xz=e(x) and yx=xy=e(x). then z(xy)=z(e(x)), so e(x)y = ze(x)

which shows that y = z from (1) above

2.3.2 Theorem 2.2
Let a generalized group G act on a set S. Then for every

xel§, theset I _={geG;gx=ux}is a generalized subgroup of G.

Proof: For g € I, we have:

gr =1z = (e(g)g)r =7 = e(g)(gr) ==
Se(glz=r=>elg) €1,,

i =g gr)=(g7'gr =elg)z =1
= el

U 91,92 € I,

then (g192) = g1 (gox) = e = 2.
Hence g B L.

Thus 1, is a generalized subgroup of ;.
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2.4 Cheryl E. Praeger and Csaba Schneider
In a paper titled “Ordered Triple Designs and Wreath Products of Groups”, Cheryl E

Praeger and Csaba Schneider obtained the following results:

Let I" be a finite set, L < Syml, / 22 an integer and H < S,. the wreath product
L wr H is the semi direct product

L' x H where for (x,,..,x,) € Ll and 6 €8, (X,,..,X,)" = (X, 15000 Xp 1 )-

The product action of L wr H is the actionof Lwr Hon I'f

defined by (7 ;.. ¥, JX;50s%, )0 = (¥ 4 R T

for all (y,5....7,) €T, (%5..,x,)0€ LwrH.

Thus, if yeT then (y,,....,7,) el ,set @ =(y,....,7),
the stabiliser (Lwr H), in Lwr H of @ is the subgroup (Lr)' xH=L wrH,
where L, is a stabiliser of y in L. (It is easy to see that H normalises (L)’

and so (L)) x H is indeed a subgroup of Lwr H).
7 group

The subgroup L' is normal in Lwr H and is transitive on T* if and only if

L is transitiveon I’

Moreover no non-identity element of L wr H stabilises all points of I"’.
In other words, the product action of L wr Hon I'* is faithful. Therefore L wr H can be

considered as a permutation group on ",
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2.5 Agboola (2002) indicated that if H G, be the direct product of generalized

i=]

groups G, and let (g,,8,,———,&,) and (h,h,,———,h, ) bein H G, . Then [H G, ,®]
i=] i=l
is also a generalized group where ® is a multiplicative binary operation defined by:

(gl’g'!’—_—’gn)®(hl’h2’—-—:hn) = (glhlnghZ’___'gnhn) vgnh,‘ € G,‘yi = 1,2,—_-,71

Proof

It is clear that ® is closed and associative overHG, . Now for each g, €G,,e, €G,, is

i=1

the unique identity with respect to g, and so on

(gl!gl’___’gn)®(eg:’eg:’___?egn) :(eg,"eg25___’egt)®(g]’g2’___’gn)
=(g1vg1:"“agn)

This shows that (g,,g,,——-—.g,) € HG,. is the unique identity
i=]

with respect to (g,,g,,—-~,8,) € H G,
i=l
Lastly, for each (g,,g,,--—g,) € [ |G, , we have
i=1

(8,8:-——8,)®(g .8 ———g ) =(gg 1&g +—-—8.8 ")

= (eg| ’eg: - é'gn)
Using a similar argument, we have
(gl-l’gz-la___vgn-l)®(g|’gzs_——=gn) =, <8 = )
10
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This shows that (g,”,g, ,———g, ) is unique inverse of (g,g,,——-.g,) eHG,.
i=l

Accordingly, (H G, ,®) is a generalized group.
i=l

2.6 Ibrahim A. A and Audu M. S (2007)
Ibrahim A. A and Audu M. S in a paper titled “Wreath Product of Permutation Groups™
obtained the following results on Transitivity, Primitivity and faithfulness of W on

I'xA.

2.6.1 Transitivity of Won I'x A

Suppose that we take two arbitrary points («,,d,) and («,,8,) in I x A.
Va,,a,el and 6,6, € A, then W will be transitive on I' x A if there exists
fdeW,V f e Pandd € D such that (a,,5,)" =(a,,d,). This will hold if
(a,f(5,),6,d)=(a,,0,); ieif a f(6,)=a,,0d=0,.

Thus, such fd exists if C and D are transitive on I" and A respectively, which is the

necessary condition for W to be transitive on I'xA.

2.6.2 Faithfulness of W on I'xA

We recall that W is faithful on I'xA if the identity element of W is the only element that
fixes every point of I'xA. Now the identity element of W is | and thus if W is to be
faithful on I'xA, then for any (&,6) in ['xA, the stabilizer of W on (&,8), W4 s) must be
F(0)sDs= 1. Hence, F(8)s =1 and Dy =1 forall ¢ e I', 6 ¢ A. But af(8) = ¢, 6d = 6 for all

f(6) € F(8)s and for all d € Ds. This must imply that f(8) = 1 and d = 1. Thus, we deduce

11
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that W would be faithful on I'xA if the stabilizers of any Gel” and deA are the identity
elements in P and D respectively. Therefore, we conclude that W would be faithful on

I’xA if P or C and D are faithful on I" and A respectively.

2.6.3 Primitivity of W on I'xA

Recall that W would be primitive on ['xA if and only if given any (d, 6) in I'xA, Wgs).
the stabilizer of (&, &) is a maximal subgroup of W. In what follows, we provide this
necessary and sufficient condition for the Primitivity of W on ['xA.

Now W5 = F (8).Ds , where F (), is the set of those fin P such

that f (8) fixes a, and D; is the stabilizer of 6 under the action of D on A.

As F (8), does not include those f in P which do not stabilize a, we

have that F (8), <P.

We note that in general, P < W, P Dj is a subgroup of W and it 1s

proper unless D; = D. We therefore conclude that

Wes =F @D <PDz<PD=W

Hence W3 1s not a maximal subgroup of W. Thus W would be imprimitive

onI" x A in a natural way.

However, if Il = 1; that is, I" = {a} say, then Cr = C, = C.

In particular, af (6) = a for all f in P.

Thus, F (8), = P and hence F (8),D; = P D;. And if in addition, D is

primitive on A then Dj is maximal in D and hence

P D;s = F (6)uDs = W(a,0) will be maximal in W. That is, W will be primitive onT" x A.
Again, if |A| = 1; that is, A = {8} say, then D3 =D and

Wis) = F (8)dDs =F (6) D

1)
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And if in addition, C is primitive on I', then C, will be maximal in
C={f()| 6 €A, feP}. Correspondingly, F (8), will be maximal in P and
hence W, 5) will be maximal in W. That is, W will be primitive on I'<A.

In conclusion, we have shown that W is imprimitive onI” x Aina

natural way, unless [I| =1 and D is primitive on Aor |[A| =1 and C is

primitive on I

L3
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CHAPTER THREE

3.0 Results and Findings
3.1 Wreath Product

3.1.1 Definition 3.1

The wreath product of C by D denoted by W = CwrD is the semi-direct product of P by
D, so that, W = {(f,d)’f € P,d € D}, with multiplica tion in W defined as
(f1,d)(frrdy) =(f 1, Wdd )Y fi,f, € Pand d,d,eD

Henceforth, we write fd instead of (£, d) for elements of W.

3.1.2 Theorem 3.1
LetDactonPas f/(8)= f(&d™") where f € P,d e Dand 6 € A.

Let W be the group of all juxtaposed symbols fd, with f « P,d e D

W
X
.E
é
Ay
0
d
i
A
4
0
[
by
B
g

and multiplication given by (f,,d,)(f,,d,) = (f, f,d,” )(d,d,).

Then W is a group called the semi-direct product of P by D with the defined action.

3.1.3 Remarks 3.1

e If C and D are finite groups, then the wreath product W determined by an action
of D on a finite set is a finite group of order || =|C|" |D|

e P is a normal subgroup of W and D is a subgroup of W
e The actionof Won I'x A is given by

(a,p) fd =(af (B),Pd) where a €I’ and fe A

14
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3.2 Procedure for constructing wreath products of groups

The "wreath product” of two groups G and H is built as follows. Express H as a
permutation group, permuting n items. Make n copies of 5. Let H act on these n copies of
G, permuting them. Thus, the wreath product of G by H is the semi direct product of (the

direct product of n copies of G) by H.

Of course, the above procedure 1s undefined until we have specified how to express H as
a permutation group. The brainless way to do this is to regard H as permuting the
elements of H itself (the permutations being given by the Cayley’s table of H). This is

known as the "regular wreath product" of G by H. We will write this as G rwp H.

Another way is to express H as a permutation group of a small number of items, in as
pretty a way as possible. For instance, Cq can be expressed as(abcdef), oras(ab).(pq

r): the former is prettier, but the latter uses fewer items.

In the special cases in which H is a symmetric group, "in as pretty a way as possible" is

well defined: the symmetric group S, should be expressed as permutations of n items.

The cases where H is the symmetric group S, and is expressed as permutations of n items

give what is known as "permutation wreath products".

15
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3.3 Main Results

The main results obtained in constructing some p-groups by means of wreath product of

two permutation groups as introduced above are as follows:

3.3.1 Consider the Permutation Groups A; and B,
Ar={(1),(123),(132)} and B, = {(1),(4 56), (4 6 5)} acting on the sets

[=1{1,2,3} and A, = {4, 5, 6} respectively.
Let P=A4" ={f:A, > A}. For any f,,f, € A", then |P|=|4,|™ =3’ =27

Thus, P will have 27 mappings as below:

fiid->0),5->(0),6->()

Sy 14— (123), 5 - (123), 6 = (123)
[, 14> (132),5 > (132), 6 —» (132)
fi:4-(), 5> (123),6 - (132)
fi:4—>(1),5—>(132),6 > (123)

£y 24 = (123), 5 = (1), 6 = (132)
fr:4—-5((123),5>(132), 6 - (1)

Je 14— (132),5>(123),6 > (1)

£, 14 (132), 5> (1), 6 > (123)
Jo:4=>0),5=>(1), 6> (123)
fui4-=>0),5=>(01),6-—->(132)
fi::4>(123), 5> (123),6 = (1)
fis 14— (123), 5 — (123), 6 — (132)
Ju:4—>(132),5—>(132),6 > (1)
fis 14 = (132), 5 —> (132), 6 > (123)

16
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Jis 14— (1), 5> (123), 6 = (123)
fi 14— (132),5 > (123), 6 — (123)
Ju:4d—=>(1),5—>(132), 6 - (132)
fiv 14— (123), S = (132), 6 — (132)
Sr4=2(1),5->(123),6 > ()
fyid=>0),5—>132),6 > ()

[y 14— (123), 5> (1), 6 — (123)
T T4=3(1R3), 5 -+ (152 ¢ —4{125)
Faua s8> (132), 5§ =), 6=>({131)
Jas 34 -3 (132}, 5 —(123), 63 (132)
Sis 1 4>(123),5>(1), 6 > (1)
fir:4(132),5=>(1),6—>()

It can be verified that P is a group with respect to the operations:

(f,.1:)(0) = £,(8) f,(5), where 6 € A,.
We recall the definition of the action of B, on P as f . (6)=f(5,d™")

Where f € P,d € B, and 6, € A, then B, acts on P as a group («,,9,)
and (a,,0,) in I}, xA,.

We also recall the definition W = A, wr B,, the semi-direct product of P by B, in that

order, that is, W ={(f,a’)|feP, de B} Now W is a group with respect to the

operation (f,d,)(fod,) = (/,/," Wd,d,), and

accordingly, d, = (1), d, = (456) and d, = (465) Then the elements of W are:

(.fldl)'(fzdl)‘ (f}dl)’(fddl)’ (del)’ (fﬁdl)’ (f?dl)’(fﬁdl)’ (f9dl)’(f‘|0dl)‘

(fud ) (Jad))s (f13d0), (1)), (f154)), (fied1)s (f17d)s(f16d)s (f10d))s (f ),
(f0d ) (Jnd))s (Fdy), (f25d))s (f35d,), (£1d)), (f24d,),(f3d,), (f.d,). (f5dy),
(fod2) (f1dy), (f3dy), (fody)s (S10d ) (f11dy), (F12d1) (f1sdy), (fi4dy)s (fisdy),
(f16d2): (f1ndy)s (f1ady)s (f1dy)s (S ) (fndy)s (f2dy)s (S5l )s (fady) (frsdy)
(f2d\)s (), (f1dy ) (f2dy), (f3d,),(fady)s (f5dy). (Fedy), (f7d,).(fid)),
(fod ) (fiod2) (J11d2) (f12dy), (fi3dy). (fudy)s (fi5dy).(Siedy)s (f17d2)s (fisdy)s

iy
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(-fIQdZ)’ (fZOdZ)’ (fZle)’ (f32d2)’ (f23d2 )’ (f24d2 )’ (fZSdZ )’ (fZGd?.)’ (f27d2 )(-fldJ)’
(f2d3),(f3dy)s (fidy) (fsdy), (fods ) (frdy)s (feds ) (fods)s (fody ) (f1d5)s
(f12d;):(f13d3)s (f14d5),([15d5), (630 (S17d5), (S15d3). (S5d3)s (freds)s (S2ndhs),
(f22d3)’(f23d3 )’ (f24d3 )’(f25d3 )’ (f26d3 )’ (f27d3)

Further, T, x A, = (8,6) = {(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)}
where T, = {1,2,3} and A=1{4,5,6} ¥V BeT,,6 €A,

Now define the action of Won I', x A, as

(B,0)fd =(ff(5),do) where Bel, and 6 € A,.

We obtain the following by the action of Won I', x A,

(1L4)/,d, = (1£,(4),6d,) = (1(1),4(D) = (1.4)
(1,5)1,d, = (1/,(5),4d,) = (1(1),5(1)) = (1,5)
(16)1,d, = (11,(6),d,) = (1(1),6(1)) = (1,6)
(24) fid, =(2/,(4),4d,) = (2(1),4())) = (2,4)
(2,5)fid, = (2/,(5),4d,) = 2(1).5(D)) = (2,5)
(2,6)1,d, =(21,(6),0d,) = (2(1),6(1)) = (2,6)
G4 fid, =3 (4).ad,) = (3(1),4(1)) = (3,4)

(3,5)/,d, = (3,(5),&d,) = (3(1),5(1)) = (3,5)
(3,6)£1d, = (3,(6),4d,) = (3(1),6(1)) = (3,6)

and in summary, we form the permutations below:

(T A, )14, =[(1,4),(1,5), (1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)J
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
T gAY = (1,4),(1,5),(L6), (2,4)’(2,5),(2,6),(3,4),(3,5),(3,6)]
(2,4),(2,5),(2,6),(3,4),(3,5),(3,6),(1,4),(1,5),(1,6)
(0 e A AL = (1,4),(1,5),(1,6),(2,4),(%5),(2,6),(3,4),(3,5),(3,6)]
(3,4),(3,5),(3,6),(1,4),(1,5),(1,6),(2,4),(2,5),(2,6)
0w A = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)J
(1,4),(2,5),(3,6),(2,4),(3,5),(1,6),(3,4),(1,5),(2,6)

18
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(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)

(IixA)fd, = b
(1,4),(3,5),(2,6),(2,4),(1,5),(3,6),(3,4),(2,5),(1,6)
T x4 )/ d = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
T (2,4),(1,5),(3,6),(3,4),(2,5),(1,6),(1,4),(3,5),(2,6)
(T xA ) fod, = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
PETUITTE L (2,4),(3,5),(1,6), (3,4),(1,5),(2,6), (1,4), (2,5),(3,6)
Wk = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
PR L(3,4),(2,5),(1,6), (1,4),(3,5),(2,6),(2,4),(1,5),(3,6) )
T %AV fod, = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
FETVTL(3,4),(1,5),(2,6), (1,4),(2,5),(3,6),(2,4), (3,5), (1,6)
(T xA ) F o, = f(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
PO (1,4),(1,5),(2,6), (1,6),(2,4),(3,5),(3,6), (3,4),(2,5)
(T x A d, = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
PRI (1,4),(1,5), (3,6),(2,4),(2,5), (1,6), (3,4),(3,5),(2,6)
(T xA)fud, = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
PRV L (2,4),(2,5),(1,6),(3,4),(3,5),(2,6), (1,4),(1,5),(3,6)
. (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
PR (2,4),(2,5),(3,6),(3,4),(3,5),(1,6),(1,4), (1,5),(2,6)
(B e AN (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
P (3,4),(3,5), (1,6), (1,4),(1,5), (2,6), (2,4),(2,5),(3,6)
(T xAVfd, = ((1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
FIET L (3,4),(3,9),(2,6),(1,4),(1,5), (3,6),(2,4),(2,5),(L,6)
T Al = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
PR (1,4),(2,5),(2,6),(2,4),(3,5),(3,6),(3,4),(1,5),(1,6)
(s B == (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
LT (3,4),(2,5),(2,6),(1,4),(3,5), (3,6),(2,4),(1,5),(1,6)
(T XAV fod, = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
PEUTETE L (1,4),(3,5),(3,6),(2,4),(1,5),(1,6),(3,4),(2,5),(2,6)
(T xA VS od = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6))
LT (2,4),(3,9),(3,6), (3,4),(1,5), (1,6), (1,4),(2,5),(2,6)
(T x A ) frod =((1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
PR (1,4),(2,5),(1,6),(2,4),(3,5), (2,6), (3,4),(1,5), (3,6)
(T Ao d =[(1,4),(1,5),(1,6),(2,4),(2‘5),(2,6),(3,4),(3,5),(3,6)
PR (1,4),(3,5),(1,6), (2,4),(1,5),(2,6), (3,4),(2,5), (3,6)
(T A ) fud =[(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5>,(3,6)
FUET O (1,4),(3,5),(1,6),(2,4), (1,5),(2,6),(3,4),(2.5),(3.6)
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(I, x A frd, =

(I xA)fnd =

(15 x&y) f 8y =[
I xA)fd, =
T, xA)fid, =
I, xA)f.d, =
(L5 ek, el =
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(L WA frds =

(rl 2 Ax)fsdz =

(T xA) fod, =

(L % A) f10d;

(L x A fd,

(I xA)f,d, =

(L xA)f1xd,
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(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(2,4),(1,5),(2,6),(3,4),(2,5),(3,6),(1,4),(3,5),(1,6)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(2,4),(3,5),(2,6),(3,4),(1,5),(3,6),(1,4),(2,5),(1,6)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(3,4),(1,5),(3,6),(1,4),(2,5),(1,6),(2,4),(3,5),(2,6)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5).(3,6)
(3,4),(2,5),(3.6).(1,4),(3,5),(1,6),(2,4),(1,5),(2,6)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(2,4),(1,5),(1,6),(3,4),(2,5),(2,6),(1.4),(3,5).(3,6)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3.,5), (3,6)J
(3.4),(1,5),(1,6).(1,4),(2.5),(2,6).,(2,4).(3,5),(3,6)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(1,5),(1,6),(1,4),(2,5),(2,6),(2,4),(3,5),(3,6), (3,4)}
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6).,(3,4),(3,5),(3,6)
(2,5),(2,6),(2,4),(3,5),(3,6), (3,4),(1,5),(1,6),(1,4))
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(3,5),(3,6).(3,4),(1,5),(1,6),(1,4),(2,5),(2,6),(2,4)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3.6)
(1,5),(2,6),(3,4),(2,5),(3,6),(1,4),(3,5),(1,6),(2,4)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(1,5),(3,6),(2,4),(2,5),(1,6),(3,4),(3,5),(2,6),(1,4)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6).(3,4),(3,5).(3,6)
(2,5),(1,6),(3,4),(3,5),(2,6),(1,4),(1,5),(2,6),(2,4)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(2,5),(3,6),(1,4),(3,5),(1,6),(2,4),(1,5),(2,6),(3,4)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5).(3,6)
(3,5),(2,6),(1,4),(1,5),(3,6),(2,4),(2,5),(1,6), (3,4)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(3,5),(1,6),(2,4),(1,5),(2,6),(3,4),(2,5),(3,6),(1,4)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6),(1,4)
(1,4),(1,5),(1,6),(2,4),(2.5),(2,6), (3,4),(3,5),(3,6)
(1,5),(1,6),(3,4),(2,5),(2,6),(1,4),(3,5),(3,6),(2,4)
(1,4),(1,5),(1,6),(2,4),(2.,5),(2,6).(3.4),(3,5),(3,6)
(2,5),(2,6),(1,4),(3,5),(3,6),(2,4),(1,5),(1,6),(3,4)

20
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(T, x4A)f.4d, =
([, xA ) fisdy =
(T, xA) f6d, =
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([, xA)fi.d, =
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T xA)fd, =
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(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(2,5),(2,6).(3,4),(3,5),(3,6),(1,4),(1,5),(1,6), (2,4))
(1,4),(1,5),(1,6),(2,4),(2.,5),(2,6),(3,4),(3,5),(3.6)
(3,5),(3.,6),(1,4),(1,5),(1,6), (2,4),(2,5),(2,6),(3,4))
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5), (3,6)
(3,5),(3,6),(2,4),(1,5),(1,6),(3,4),(2,5),(2.6), (1,4)}
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5).(3.6)
(1,5),(2,6),(2,4),(2,5),(3,6),(3,:4), (3,3), (1.6),(1,4)J
(1,4),(1,5).(1,6),(2,4),(2.,5),(2,6),(3,4),(3,5),(3,6)
(3,5),(2,6),(2,4),(1,5),(3,6),(3,4),(2,5),(1,6),(1,4)
(1,4), (1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(1,5),(3,6),(3,4),(2,5),(1,6),(1,4),(3,5),(2,6),(2,4)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(2.5),(3,6),(3,4),(3,5),(1,6),(1,4),(1,5),(2,6),(2,4)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3.,6)
(1,5),(2,6),(1,4),(2,5),(3,6),(2,4),(3,5),(1,6),(3,4),
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(1,5),(3,6),(1,4),(2,5),(1,6),(2,4),(3,5),(2,6),(3,4)

T xA) fud, = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
PUTETE L (2,5),(1,6),(2,4),(3,5),(2,6), (3,4),(1,5),(3,6), (1,4)
T xA)fud, = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
PR (2,5),(3,6),(2,4),(3,5).(1,6), (3,4),(1,5),(2,6),(1,4)
(Cx A foud, = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6))
PR {(3,5),(2,6),(3:4), (1,5),(2,6),(1,4),(2,5).(3,6),(2,4)
T xA)fud, = (1,4),(1,5),(],6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6))
PR (3,9),(2,6), (3,4),(1,5),(3,6), (1,4),(2,5),(1,6),(2,4)
T %A ) fud, = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)]
PRI A (2,9),(1,6),(1,4), (3,5),(2,6),(2,4),(1,5),(3,6),(3,4)
T xA)fd :((1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6))
PP (3,9),(1,6), (1,4), (1,5),(2,6),(2,4),(2,5), (3,6), (3,4)
(T xA)fod, = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)]
TR (1,6),(1,4),(1,5),(2,6),(2,4),(2,5),(3,6), (3,4),(3.5)
T x5 fod, = (1,4),(1,5),(1,6),(2,4),(2,5),(2,6).(3,4),(3.5),(3,6)J
PR (2,6),(2,4),(2,5),(3,6),(3,4),(3,5),(1,6), (1,4),(1,5)
(T xA)od, = (1,4),(1,5),(1,6),(2,4).(2,5),(2,6),(3,4),(3,5),(3,6)J

P (3,6),(3,4),(3,5),(1,6), (1,4),(1,5),(2,6),(2,4), (2,5)
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(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(1,6).(2,4),(3,5),(2,6),(3,4),(1,5),(3,6),(1,4),(2,5)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(1,6),(3,4),(2.5),(2,6),(1,4),(3,5),(3,6),(2,4),(1,5)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(2,6),(1,4),(3,5),(3,6),(2,4),(1,5),(1,6),(3,4),(2,6)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)

(2,6),(3,4),(1,5),(3,6),(1,4),(2,5),(1,6),(2,4),(3,5)

(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4), (3,5),(3,6)

(3,6),(2,4),(1,5),(1,6),(3,4),(2,5),(2,6),(1,4),(3,5) )
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(3,6),(1,4),(2,5),(1,6),(2,4),(3,5),(2,6),(3,4),(1,5)

((1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)

(1,6),(1,4),(2,5),(2,6),(2,4),(3,5),(3,6),(3,4),(1,5)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3.,5),(3,6)
(1,6),(1,4),(3,5),(2,6),(2,4),(1,5),(3,6),(3,4),(2,5)
(1,4),(1,5), (1,6),(2,4),(2.5),(2,6),(3,4),(3,5),(3,6)
(2,6),(2,4),(1,5),(3,6),(3,4),(2,5),(1,6),(1,4),(3,5)

((1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)

(2,6),(2,:4),(3,5),(3,6),(3.4),(1,5),(1,6), (1,4),(2,5)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3.4),(3,5),(3.6)
(3,6),(3.4),(1,5),(1,6),(1,4),(2,5),(2,6),(2,4),(3,5)
(1,4),(1,5),(1,6).(2,4),(2,5),(2,6),(3.4),(3.5),(3.6)
(3,6),(3,4),(2,5),(1,6),(1,4),(3,5),(2,6),(2,4),(1,5)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(1,6),(2.4),(2,5),(2,6),(3,4),(3.5),(3,6), (1,4),(1,5)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(3,6),(2.4),(2,5),(1,6),(3:4).(3,5),(2,6), (1,4),(1,5)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6).(3,4),(3,5),(3,6)
(1,6),(3,4),(3,5),(2.6), (1,4),(1,5),(3,6),(2.4),(2.,5)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3.5),(3,6)
(2,6),(3:4),(3,5),(3,6),(1,4),(1,5), (1,6),(2:4).(2.5)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)

\(1,6),(2,4),(1,5),(2,6),(3,4),(2,5),(3,6),(1,4),(3,5)

(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(1,6),(3,4),(1,5),(2,6),(1,4),(2,5),(3,6),(2,4),(3,5)
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(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(2,6),(1,4),(2,5),(3,6),(2,4),(3,5),(1,6),(3,4),(1,5)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(2,6),(3,4),(2,9),(3,6),(1,4),(3,5),(1,6),(2,4),(1,5)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(3,6),(1,4),(3,5),(1,6),(2,4),(1,5),(2,6),(3,4),(2,5) )
((1,4),(1,5), (1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6) )
(3,6),(2,4),(3,5),(1,6),(3,4),(1,5),(2,6),(1,4),(2,5)
(1,4),(1,5),(1,6),(2,4),(2,5),(2,6),(3,4),(3,5),(3,6)
(2,6),(1,4),(1,5),(3,6),(2,4),(2,5),(1,6),(3,4),(3,5)

(I xA) fpdy = (

(rl X Al )f24d3

(I, xA) fysdy =

(T xA)) frdy =

(rl x Al)f27d3 =

Renaming the symbols we have:

14)->1,05->2,0,6)—>3,(24)—>4,(2,5) > 5,(2,6)>6,34)>7,
(3,5)—>8,(36)>9

The permutation group in cyclic form is obtained as:

G =1{1),(147),(174),(258),(285),(369),(396),(123456789),
(126459783),(126783459),(129786453),(129453786),
(123789456),(132465798),(132798465),(135468792),
(135792468),(13846279%5),(138795462),(153486729),
(153729486),(156723489),(159483726),(159726483),
(156489723),(162495738),(162738495),(168492735),
(168735492),(165832498),(165498732),(183426759),
(183759426),(186753429),(186429753),(189423756),
(189756423),(192768435),(192435768),(195438762),
(195762438),(198432765),(198765432),(147)398),(147)285),
(147)369),(147)258),(174)285),(174)(369),(174)396),(174)2538),
(285)369),(285)396),(258)369),(258)(396),(126)(378)(459),

(129)(345)678),(123)456)(789),(147)285)(396),(147)285)(369),

23




www.udsspace.udsa.edu.gh

(147)(258)396),(147)(258)369),(159)(267)(348),(156)(237)(489),
(153)297)486),(168)249)(357), (162)(387)(549),(165)273)(498),
(174)(285)396),(174)(285)369),(174)258)(396),(174)258)369),
(186)(294)375),(183)264)257),(189)234)567),(195)276)384),
(198)(243)(576),(192)354)(687), (132)(465)(798),(135)279)468),

(138)(246)579)}

Gy is a p-group of order 81 given by |G,| =81 =3*
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3.3.2 Consider the permutation groups A; and B;

A, = {(1),(12345),(13524),(14253),(15432)}

B, ={(1),(67)} acting on the sets T', = {1,2,3,4,5} and A, ={6,7} respectively.
Let P=A," ={f:A, > A,}. Then |P|=|4,
The mappings are :
fi:6> 1), 7->(1)

f, 16— (12345), 7 —> (12345)
[y 16— (13524), 7 —> (13524)
[ 16 — (14253), 7 — (14253)
fs:6 = (15432), 7 — (15432)
fo 16— (1), 7 — (12345)
fr:6 > (1), 7> (13524)

fi 16> (1), 7> (14253)

fo 16> (1), 7> (15432)

Sio 16> (12345), 7> (1)

fi 16— (12345), 7 > (13524)
fin 16 > (12345), 7 — (14253)
fi5 16> (12345), 7 — (15432)
fia 16> (13524), 7 > (1)

fis 16 > (13524), 7 — (12345)
fis 16 = (13524), 7 — (14253)
fi; 16 > (13524), 7 — (15432)
St 6 =¥ (14253), 7 =»{1)

Jis 16— (14253), 7 — (12345)
Sy 16— (14253), 7 — (13524)
[y 16— (14253), 7 — (15432)
fr 16> (15432), 7 = (1)

Sy 16— (15432), 7 — (12345)
I 16 —>(15432), 7 —» (13524)
fos 16 — (15432), 7 — (14253)

A, - i
%= 52 =05
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It can be verified that P is a group with respect to the operation:

(1 /2)(8) = £1(8)/1(8), where 5 € A,.

We recall the definition of the action of B, on P as f'(8,)= f(6,d™")

Where f e P,d € B, and § € A,, then B, acts on P as a group («,,0,)

and (a,,0,) in ', xA,.

We also recall the definition W = A, wr B,, the semi-direct product of P by B; in that

order, that is, W={(f,d)|feP, 6,€A,}. Now W is a group with respect to the

operation (£,d,)(fod,) = (f,.£," Nd.d,), and

accordingly, d, = (1), d, =(6,7). Then the elements of W are:

(fid ) (f2d ), (f3d,):(fid)), (fsd ), (fod ), (fd)) (Sid, ), (fod), (o))

(fud)) (fud)), (fsd ), (fud))s (f15d ), (fisd))s (f12d0)s (S15d))s (fiod1)s (fr0d))s
(fZIdI)’(fZZdI)’ (fZJdl)’(fZ4dl )’ (fZSdl)’(ﬁd2)5 (deZ )’(fZClZ)‘ (f4d2)’(f5d2)’
(fed ) (f1d,), (fsd,),(fody)s (Fiody)(f11d3)s (f1ady), (f15dy), (frady)s (f15d,)s
(f16d:2):(f1d5), (f1gd2 ) (frody), (Sody)s (f0nd)s (f22dy 1 (F5 )y (F10dy )i (f3545)

Further, T, x A, = ($,9) = {(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7) }
where T, = {1,2,3,4,5) and A=1{6,7} ¥V BeT,,6 € A,

Now define the actionof Won I', x A, as

(8,60)fd =(5f(5),d6) where feT, and 6 € A,.
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We obtain the following by the action of Won I, x A,

(1,6) f,d, =(11,(6),d,) = (1(1),6()) = (1,6)
W7 fd, = 1£,(7).d,) = AD),7(1)) = (1,7)
(2,6) f,d, =(21,(6).d,) = (2(1),6(1)) = (2,6)
2N fd, =@21(D,d) =21),7(01) = (2,7)
(3,6)/.d, =(3,(6).d,) = (3(1),6(1)) = (3,6)
B/, =31(D.d))=(G1),7(1) =(3,7)

(4,6)/1d, =(4/,(6),d,) = (4(1),6(1)) = (4,6)
4N fd, =(41(7).d) = (41),7(1)) = (4.7)
(5,6)/1d, = (5£,(6).d,) = (5(1).,6(1)) = (5,6)
(5,Nfid, =(5£,(7),d)) = (5(1),7(M) = (5,7)

and in summary, we form the permutations as below:

(T, xA,)fd =((1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)J

(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)

(T, xA,) f,d, = (1,6),(1,7),(2,6),(2,7), (3,6),(3,7),(4,6),(4,7),(5,6),(5,7)

(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7), (1,6),(1,7)

(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(I, xA,)/,d, = -

(3,6),(3,7),(4,6),(4,7),(5,6),(5,7),(1,6),(1,7),(2,6),(2,7)
(T AN = (1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)

(4,6),(4,7),(5,6),(5,7),(1,6),(1,7),(2,6),(2,7),(3,6),(3,7)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6), (5,7)
(5,6),(5,7),(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7)
(1,6),(1,7),(2,6),(2,7),(3,6).(3,7),(4,6),(4,7),(5,6),(5,7)
(1,6),(2,7),(2,6),(3,7),(3,6),(4,7),(4.,6),(5,7),(5,6),(1,7)

(I, xA)fd, =

(I, xA,) fed,

T, xA,)f.d, = (1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
TR L(14,6),(3,7),(2,6),(4,7),(3,6),(5,7), (4,6), (1L7),(5,6),(2,7)
(T x A, fod, = (1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
PUUET L (1,6),(4,7),(2,6),(5,7),(3,6),(1,7),(4,6),02,7),(5,6),(3,7) )

(16),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(16),(5,7),(2,6),(1,7),(3,6),(2,7),(4,6),(3,7),(5,6),(4,7)
(1,6),(1,7),(2,6),(2,7),(3,6), (3,7),(4,6),(4,7),(5,6),(5,7)

(2,6),(1,7), (3,6),(2,7),(4,6),(3,7),(5,6),(4,7),(1,6),(5,7)}

T, xA)fd, =

(I, xA,) fod, = [
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(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)

i XA2).flldl =
(2,6),(3,7),(3,6),(4,7),(4,6),(5,7),(5,6).(1,7),(1,6),(2,7)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
Ty xAy) fudy =
(2,6),(4,7),(3,6),(5,7),(4,6),(1,7),(5,6),(2,7),(1,6),(3,7)

(1,6),(1,7),(2,6),(2.7),(3,6).(3,7),(4,6),(4,7),(5,6),(5,7)
(2,6),(5,7),(3,6),(1,7),(4,6),(2,7),(5,6),(3,7),(1,6),(4,7)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(3,6),(1,7),(4,6),(2,7),(5,6),(3,7),(1,6),(4,7),(2,6),(5,7)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6), (4,7),(5,6).(5,7)
L(3,6),(2,7),(4,6),(3,7),(5,6),(4,7),(1,6),(5,7),(2,6),(1,7) )
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(3,6),(4,7),(4,6),(5,7),(5,6),(1,7),(1,6), (2,7),(2,6),(3,7)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(3,6),(5,7),(4,6),(1,7),(5,6),(2,7),(1,6),(3,7),(2,6),(4,7)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(4,6),(1,7),(5,6),(2,7),(1,6), (3,7),(2,6),(4,7),(3,6),(5,7))
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(4,6),(2,7),(5,6),(3,7),(1,6),(4,7),(2,6),(5,7),(3,6),(1,7)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(4,6),(3,7),(5,6),(4,7),(1,6),(5,7),<2,6),(1,7),(3,6),(2,7)J
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(4,6),(5,7),(5,6),(1,7),(1,6),(2,7),(2,6),(3,7),(3,6),(4,7)]
T x AV nd (1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4.7),(5,6).(5,7)
PR (5,6),(1,7),(1,6),(2,7),(2,6),(3,7),(3,6), (4,7),(4,6),(5,7)

sy fod, <[ BOATLEORDBOEILEOADLEO.6)

(5,6),(2,7),(1,6),(3,7),(2,6),(4,7),(3,6).(5,7),(4,6),(1,7)

(I, xA,)/,d, =
(I, xA,) fid, =
([, xA,) /154, =

(I; x4A,) fi6d, =

(I, xA,) f1:4,

(rz X AZ).flSdl =

(I, xA,) f154,

(rz 2 AZ)fZOdl -

(rl 2 A2).](‘Zldl
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(T xANd, = (1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)

2 X B2 S = (5,6),(3,7),(1,6),(4,7),(2,6),(5,7),(3,6).(1,7),(4,6),(2,7)
-

(I“2 xAz)fzsd| B (1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)

(5,6),(4,7),(1,6),(5,7),(2,6),(1,7),(3,6),(2,7),(4,6),(3,7)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(1,7),(1,6),(2,7),(2,6),(3,7),(3,6),(4,7),(4,6),(5,7), (5,6))
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5.,6), (5,7)]
(2,7),(2,6),(3,7),(3,6),(4,7),(4,6),(5,7).(5,6),(1,7),(1,6)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4.,6),(4,7),(5,6), (5,7 )'J

(L, XAz)fldz =[
(L e, ) =(
(15 %l ) 1se, =(

(3,7),(3,6),(4,7),(4,6),(5,7),(5,6),(1,7),(1,6),(2,7),(2,6)

28




UNIVERSITY FOR DEVELOPKENT STUDIES

(I, xA,)fd, =

(I, xA,) fd,

([, x4A,) fd, =

(I, x A2)]‘7‘1'2 =

(T, xA,) fed, =

(TyxA,) fod, = (

(T, xAy) frod, =

([, xAz) fud,

(T, x4,)f,d, =

(T, x4, ) ad,

([ % &) fiudds =
([, xA,) fisd, =
([, xA) fied; =
([, xA,}f,d, =
(T, xA,) fied, =
(T %ds )7 iy =
(T; %A fpd, =

(I, xA,) f,d, =[
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(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(4,7),(4,6),(5,7),(5,6),(1,7),(1,6),(2,7),(2,6),(3,7),(3,6)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(5,7),(5,6),(1,7),(1,6),(2,7),(2,6),(3,7),(3,6),(4,7),(4,6)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(1,6),(1,7),(2,6).(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5.,6),(5.7)
(1,7),(3,6),(2,7),(4,6),(3,7),(5,6),(4,7),(1,6),(5,7),(2,6)
(1,6),(1,7),(2,6),(2,7),(3.6),(3,7),(4,6),(4,7),(5,6),(5,7)
L(1,7),(4,6),(2,7),(5,6),(3,7),(1,6),(4,7),(2,6),(5,7),(3,6)
(1,6),(1,7),(2,6).(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(1,7),(5,6),(2,7),(1,6),(3,7),(2,6),(4,7),(3,6), (5,7),(4,6)]
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4.6),(4,7),(5.6).(5,7)
(2,7),(1,6),(3,7),(2,6),(4,7),(3,6),(5,7),(4,6),(1,7),(5,6)
(16),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7),(1,6),(1,7),(2,6)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6), (4,7),(5,6),(5,7)
(2,7),(4,6),(3,7),(5,6),(4,7),(1,6),(5,7).(2,6),(1,7),(3,6)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(2,7),(5,6),(3,7),(1,6),(4,7),(2.6),(5,7),(2,6),(1,7),(4.,6),
(1,6),(1,7),(2,6),(2,7),(3,6).(3,7),(4.6),(4,7),(5,6),(5.7)
(3,7),(1,6),(4,7),(2,6),(5,7),(3,6),(1,7),(4,6),(2,7),(5,6)
(16),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7), (5,6),(5,7))
(3,7),(2,6),(4,7),(3,6),(5,7),(4,6),(1,7).(5,6),(2,7),(1,6)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(3,7),(4,6),(4,7),(5,6),(5,7),(1,6),(1,7),(2,6),(2,7),(3,6)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(3,7,(5,6),(4,7),(1,6),(5,7),(2,6),(1,7),(3,6),(2,7), (4,6)
((1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(4,7),(1,6),(5,7),(2,6),(1,7),(3,6),(2,7),(4.,6),(3,7),(5,6)
((1,6),(17),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6),(5,7)
(4,7),(2,6),(5,7),(3,6),(1.7),(4.,6),(2,7),(5,6).(3,7),(1,6)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6).(4,7),(5,6),(5,7)
((4,7),(3,6),(5,7),(4,6),(1,7),(5,6), (2,7),(1,6),(3,7),(2,6)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4.,6),(4,7),(5,6).(5,7)
(4,7),(5,6),(5,7),(1,6),(1,7),(2,6),(2,7).(3,6),(3,7),(4.,6)
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(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6).(4,7),(5,6),(5,7)
(I, xA,)/d, =
(5,7),(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6),(4,7),(5,6)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6).(4,7),(5,6),(5,7)
(I, xA,) fd, = ;
(5,7),(2,6),(1,7),(3,6),(2,7),(4,6),(3,7),(5,6),(4,7), (1,6)
1.6),61,7),(2,6);(2,7),(3,6),(3,7); (4:6),(4,7),(5,6), (5,7
% s S o s (1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6).(4,7),(5,6),(5,7)
(5,7),(3,6),(1,7),(4,6),(2,7),(5,6),(3,7),(1,6),(4,7),(2,6)
(1,6),(1,7),(2,6),(2,7),(3,6),(3,7),(4,6).(4,7),(5,6),(5,7)
(rz :S Az)fzsdz = :
($7),(46),0.7),(56,27), 0.6, 37,26, (47),3:6)

Renaming the symbols we have:

1,6) - 1,(1,7) = 2,(2,6) — 3,(2,7) = 4,(3,6) = 5,(3,7) =» 6,(4,6) > 7,
(4,7) = 8,(5,6) = 9,(5,7) » 10

The permutations in cyclic form are:

G={(1),(13579),(15937),(17395)/{(19753),(210864),
(246810),(261048),(284106),(12345678910),(12569103478),
(12783491056),(12910785634),(14365871092),
(14589236710),(14710369258),(14927105836),
(16385107294),(16510943872),(16723894510),
(16947251038),(18310527496),(18529631074),
(18743109652),(18967452310),(11032547698),
(11054983276),(110763298454),(11098765432),
(13579)210864),(13579)246810),(13579)284106),
(13579)261048),(15937¥261048),(15937)(284106),
(15937)246810),(15937)210864),(17295)(246810),
(17395)261048),(17395)210864),(17395)284106),
(19753)210764),(19753)246810),(19753)(2610428),
(19753)284106),(12)34)(56)76)9 10), (15)29)3 6)(58)(7 10),

(1 6)(2 7)(3 8)(4 9)(5 10), (1 8)}(2 5)(3 10)(4 7)(6 9), (1 10)(2 3)(4 5)(6 7)(8 9)}
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Now,

Gy| = 50=2x5"

G, has a unique Sylow 5-Subgroup #, of order 25 given by
H,=1{(1),(13579),(15937),(17395),(19753),(210864),(246810),
(261048),(284106),(13579%210864),(13579)246810),
(13579)284106),(13579)(261048),(15937)2610438),
(15937)(284106),(15937)246810),(15937)(210864),
(17395)(246810),(17395)(2610438),
(17395)210864),(17395)284106),(19753)210764),

(19753)246810),(19753%261048),(19753)284106)}
Thus, |H,|=5" which is a p-group

3.3.3 Consider the permutation groups A; and B;

Ay=1{(1),(1234567),(1357246),(1473625),(1526374),

o
=
E
0
3
A
4
0
[
”
E

(1642753),(1765432)}
B3 = {(1),(8 9)} acting on the sets I's = {1,2,3,4,5} and A; ={8,9} respectively.

14,

Let P=A,> ={f:A, > A,}. Then |P| =4, =7" =49

After following the same procedure as in 3.3.1, we obtain the permutations in cyclic form

as:

G;={(1),(135791113),(2468101214),(159133711),(2610144812),
(171351139),(1814612410),(193115137),(2104126148),
(111731395),(2128414106),(113119753), (21412108 6 4),
(2468101214),(2610144812), (28146 124 10),

(2128414106),(2104126148),(2141210864),(135791113),
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(135791113)2610144812), (1357911 13)(281462 4 10),
(135791113),(2104126148),(135791113),(21284 14 106),
(135791113)(2141210864),(159133711),(159133711)
(2468101214), (1591337 11)(28 146 12 4 10),
(159133711)(2104126148),(159133711)(2128414106),
(159133711)(2141210864),(171351139),
(171351139)2468101214),(171351139)261014438 12),
(171351139)(2104126148),(171351139)(2128414106),
(171351139)(2141210864),(193115137),
(193115137)(2468101214), (19311513 7)(2610 1448 12),
(193115137)(2814612410),(193115137)(2128414106),
(193115137)(2141210864),(111731395),
(111731395)(2468101214),(111731395)(26101448 12),

(111731395)(2814612410),(111731395),2104126148),

UNIVERSITY FOR DEVELOPKENT STUDIES

(111731395)(2141210864), (113119753),

;‘ﬂ-_.\ (113119753)2468101214), (113119753)26101448 12),
-' (113119753)2814612410),(113119753)2104126148),
(113119753)2128414106), (1 2)(3 4)(5 6)(7 8)(9 10)(11 12)(1 3 14),
(1458912132367101114),(16914381125101347 12),
(1813611492714512310),(110312547294116138),
(1127413105211831496),(114111076321312985 4),
(1234567891011121314),(125691013143478 11 12),

. (12781314561112349 10),

(1291034111256131478),(12111278341314910506),
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(1213141112910785634),(1436587109121114132),
(147913258111436912),(1491236111458132710),
(1411147103613291258),(1413211149127105836),
(14)2 13)(36)(58)(7 10 )9 12)(11 14),(16510914 1343871211 2),
(1671213451011238914),(1611271238134914510),
(1613411291471251038), (16)(2 11)(3 8)(4 13)(5 10)(7 12)(9 14),
(1638510712914112134),(1871413651211431092),
(1892310114512136814),(18114714310136925 12),

(1 8)(29)(3 10)(4 11)(5 12)(6 13)(7 14), (181310512714 9211 4 13 6),
(1851292136310714114),(1109431211651413872),
(1101167231213894514),11013811694725143 12),

(1 10)(2 7)(3 12)(4 9)(5 14X(6 11)(8 13), (110514941383 127211 6),
(1107213851411631294),(1121187431413109652),

(11213145274967452314), (112)2 5)(3 14)(4 7)(6 9)(8 11)(10 13),

UNIVERSITY FOR DEVELOPMENT STUDIES

(1123145274961181310),(1125296131031474118),

—%\ (1129631411852131074),(1141312111098765432),
'. (1 14)23)45)(67)89)(1011)(1213),(1143254769811101312),
(1145498131232761110),(11476131254111032938),

(1149832111054131276)}

Now,

G,|=98=2x7?

G has a unique Sylow 7-Subgroup H, of order 49 given by:
H,={1),(135791113)(2468101214),(159133711)(26 10 14 48 12),
(171351139),(1814612410),(193115137)2104126148),

(111731395)2128414106),(113119753)2141210864),

33




) www.udsspace.udsa.edu.gh

(2468101214),(2610144812), (28146124 10), (21284 14 10 6),
(2104126148),(2141210864), (1357911 13),
(135791113)(2610144812),(135791113)(281462 4 10),
(135791113)(2104126148),(135791113)(2128414106),
(135791113)(2141210864),(159133711),(159133711)(2468 1012 14),
(159133711)(2814612410),(159133711)2104 12614 8),
(159133711)2128414106),(159133711)(2141210864), (17135113 9),
(171351139)(2468101214), (171351139)(2610144812),
(171351139)(2104126148), (17135113 9)(2128414106),
(171351139)(2141210864),(193115137),(193115137)(2468 1012 14),
(193115137)(2610144812), (19311513 7)(28146 124 10),
(193115137)(2128414106), (193 115137)(2141210864), (1 1173139 5),
(111731395)(2468101214),(111731395)26101448 12),

(111731395)(2814612410),(111731395)2104126 14 8),

i
=
E
0
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4
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(111731395)2141210864),(113119753),(113119753)2468 1012 14),

(113119753)2610144812),(113119753)(28 146124 10),

(113119753)(2104126148),(113119753)2128414106),

|HJ|=72 =49 is a p— group

3.3.4 Consider the permutation groups A4 and B,
As=1{(1),(12345),(13524),(14253),(15432)}
Ba={(1), (67 8), (6 8 7)} acting on the sets
Iy={1,2,3,4,5} and Ay= {6, 7, 8} respectively.

Ay

Let P=d5 ={f 18, >4,}. Then |B|=|4,|™ =5* =125
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" Applying the same procedure as in 3.3.1, obtain a permutation group in cyclic form as:

Gs={(1),(1471013)(2581114)3691215),(1713410¥2814511)3915612)
(1104137)(2115148)(3126159),(1131074)2141185)3151296),
(2581114)(3915612),(2581114)(3126159),(2581114)(3151296),
2814511)3691215),(28145111)}(3126159),(28155 11X3 15 12 9 6),
(2115148)3691215),(2115148)3691215),(2115148)3915612),
(2115148)(3151296),(2141185)3691215),(2141185)(3915612),
(2141185)3126159),(1471013)(3915612),(1471013)(3126159),
(1471013)(3151296),(1471013)(2814411),
(1471013)2814511)3126159),(1471013)(2814511)3 15129 6),
(1471013)(2115148),(1471013)2115148)39156 12),
(1471013)(2115148)3151296),(1471013)(2141185),
(1471013)(2141185)3915612),(147413)(2141185)(3126159),

(1713410)(3691215),(1713410)3126159), (17134 10)(3 151296),

UNIVERSITY FOR DEVELOPKMENT STUDIES

(1713410)2581114),(1713410)(3151296),(1713410)258 11 14),

—_.\ (1713410)(2581114)(3126159),
" (1713410)(2581114)3151296),(1713410)2115 1438),

(1713410)2115148)(3691215),(1713410)2115148)3151296),

(1713410)2141185),(1713410)2141185)3691215),

(1713410)(2141185)3126159),(1104137)(369 12 15),

(1104137)3915612), (110413 7)3151296), (110413 7)(258 11 14),

(110413 7)(2581114)3915612), (1104 137)258 11 14)(3 15 129 6),
. (1104137)2814511),(1104137)(28 145 11)(369 12 15),

(1104137)2814511)(3151296), (110413 7)(2 14 11 8 5),
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(1104137)(2141185)3691215), (110413 7)(214 118 5)(39 156 12),
(1131074)3691215),(11310714)39156 12),(1 13107 14)(3 12 6 15 9),
(1131074)(2581114),(1131074)258 11 14)(39 156 12),
(1131074)2581114)(3126159),(1131074)(28 145 11),
(1131074)2814511)(3691215),(1131074)28 14511)(3126159),
(1131074)2115148),(1131074)2115148)369 12 15),
(1131074)(2115148)(3915612)(3691215),(39 156 12),
(3126159),(3151296), (25811 14), (2814511),(2 11514 8),
(2141185),(1471013),(1713410), (1104 137), (113107 4),
(1471013)(2581114),(1471013)(258 11 14)(39 156 12),
(1471013)2581114)(3126159),(1471013)258 11 14)(3 15129 6),
(1471013)3691215),(1471013)(28145 11)(369 12 15),
(1471013)2115148)(3691215),(1471013)(214 118 5)(369 12 15),
(2581114)3691215),(11713410)258 11 14)(3 6912 15),
(1104137)(2581114)3691215),(1131074)258 11 14)(3 6 9 12 15),
(1713410)2814511)3691215),(1713410)28 141511)3126159),
(1713410)28141511)3151296),(1713410)39 156 12),
(1713410)2581114)3915612),(1713410)2115148)(39156 12),
(1713410)2141185)(3915612), (28145 11)39 156 12),
(1471013)2814511)(3915612),(1104137)28 11145 11)(39 15 6 12),
(1131074)2814511)3915612), (110413 7211514 8),
(1104137)(2115148)3691215), (110413 7)(2115148)(39156 12),
(1104137)2115148)3151296), (1104 13 7)(3 126 159),

(1104137)(2581114)(3126159),(1104137)2814511)(3126159),
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(1104137)(2141185)3126159),(2115148)(3126159),
(1471013)2115148)(3126159), (17134 10)2115148)(3 126159),
(1131074)(2115148)3126159),(1131074)(214 118 5),
(1131074)2141185)(3691215),(1131074)(2141185)3 9156 12),
(1131074)(2141185)3126159),(1131074)(3151296),
(1131074)(2581114)3151296), (113107 4)28 145 11)(3 1512 96),
(1131074)(2115148)(3151296),(2141185)(3151296),
(1471013)(2141185)3151296), (17134 10)(2 14 118 5)(3 1512 96),
(1104137)(2141185)(3151296),(12154537861011913 14 12),
(121578613141245310119),(1561014154891323711 12),
(156132310141571112489), (1 56)(23 13)(489)(7 11 12)(10 14 15),
(151210146481513297113),(151248157113101461329),
(151271131329481510146),(151513212101497 1164 8 3),

(151548371161014913212),(151510149483132127116),

UNIVERSITY FOR DEVELOPMENT STUDIES

(153)(21513)486)7119)(101412),(15371191321548610 14 12),

%\ (153101412486132157119),(18910234111213567 14 15),
:' (123)(456)(789)(101112)(131415),(15910143481213267 11 15),
(181541137146102913512),(111613831051572124149),(11412753
1311942151086),(126101115459131437812),
(12613143 10111578124 59), (126)(3 13 14)(4 59)(7 8 12)(10 11 15),
(129101134512131467815),(129)3 10 11)(4 5 12)(6 13 14)(7 8 15),
(129451278151011313146),(121213149101167834515),
(1213)378)(4515)(61011)(91314),(121278313149451510116),

(1215)(345)(678)X91011)(12 13 14), (1 8 9)(2 3 10)(4 11 12)(5 6 13)(7 14 15),
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(189411127141510231356),(181210264 111513597 143),
(181241115714310261359),(181271431359411151026),
(183)21210)4116)(51513)(7149),(183411671491021213515),
(18313515101271494116),(186411971412102151353),
(186714121353411910215),(186135310215714124119),
(111121389105672341415), (1 1112)(23 7)(4 14 15)(5 6 10)(8 9 13),
(111127231389414151056),(111151381210597264 14 3),
(111154143726105913812),(111151059414313812726),
(1113)(297)(4146)(51210)(81513),(111341467291051213815),
(111313815105127294146),(11197215136841412105 3),
(111910534141213867215),(11191386105372154 14 12),
(11415)(234)(567)8910)(111213),(11415423 756108913 11 12),
(1141575613 1112423 1089), (1 143)(26 4)(59 7)(8 12 10)(11 15 13),
(114375913111542610812),(1143108102426131115759),
(114642975121081513113),(114675121311342910815),
(114613113108157512429),(114975151311642121083),
(114910834212131167515),(114913116108375154212),
(123456789101112131415),
(123789131415456101112)(123101112456131415789),
(123131415101112789456),(126459781210111513 142),
(12981513146451210113),(121210116451513149783),
(121513141210119786453),(156489711121014151323),
(189714151356411121023),(111121056414151389723),

(1141513 11 1210807364 23), (159711 1813264812 10 14 3),
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(159132610143 7111548 12),
(159)(2613)(31014)(4812)71115)(159481271115101431326),
(156711121323489101415),(151213291014671134815),
(1515)(21213)348)(6711)(91014),(15386711910141213215),
(126781213143459101115),(1812135910267 143411 15),
(11115)267)(3414)(5910%81213),(11434267591081213 11 15),
(181513512102971464 113),(1815)(29 10)(3 4 11)(5 12 13)(6 7 14),
(181571461351241131029),(181510294113135127146),
(189135610237 14154 1112), (1 812)(26 10)(3 7 14)(4 11 15)(5 9 13),
(183714913515411610212),(18610215411913537 14 12),
(129131461011378154512),(1512)(2913)(3 7 11)(4 8 15)(6 10 13),
(111372913815414610512),(114610815429131137512),
(111641497212105151383),(111672121383414910515),

(111610515414913837212),(1116)21227)3 13 8)(4 14 9)(5 15 10),

UNIVERSITY FOR DEVELOPMENT STUDIES

(111124141572310561389),(111157261381241431059),

—%\ (111310512414613815729),(1119)(2157)3105)(41412)(613 8),
" (1212457831011613149),(151571161321248310149),

(183102124116135157149), (1 149)(2 124)(3 10 8)(5 15 7)(6 13 11),
(114121086421513119753),(114121311910867534215),
(11412)2154)375)(6108)9 13 11),(114124215753108613119),
(114151089423131112756),(114313111510812759426),
(1146)(294)3 13 11)(5127)(81510),(1149421275151083 13 11 6),
(121510119453131412786),(153132151014127119486),

(186)(21510)(3135)(4119)(71412),(111941412721510531386),
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(123)(465)(798)(101211)(131514), (168101524911 13357 12 14),
(191441227155103813611),(112513921061473114158),
(115117621312843141095), (138101224611 1315579 14),
(131113158101257924614), (13 14)(246)(579)(8 10 12 )(11 13 15),
(135101214468 1315279 11), (1 3 11)(2 7 9)(4 6 14)(5 10 12)(8 13 15),
(131446279510128131511),(1351315210121479 1146 8),
(138)21012)(4611)(51315)(7914),(131479513151146210128),
(135)21315)(468)7911)(101214),(138461179141012213 15 5),
(131179213158461410125),(161110155491413387122),
(161413311101587125492),(162)(3 14 13)(49 5)(7 12 8)(10 15 11),
(165101514498133271211),(1614492712510158 13 3 11),
(162712813314495101511),(165133210151471211498),
(161149147122101551338),(162101511495133147 12 8),
(165)(2133)498)(71211)(101514),(161171221338491410155),
(161410158492133117125),(191110354121413687152),
(192)(31110)(4125)(6 14 13)(7158),(1957151113624 128103 14),
(198103241211136571514),(19241257158103 1113 6 14),
(1957151113624128103 14), (1 98)(2103)(4 12 11)(5 13 6)(7 15 14),
(191141214715210351368),(195136210314715114128),
(198412117151410321365),(191171521368412141035),
(192136141031171584125),(112141391110687354152),
(1122)387)(4155)(6 11 10)(9 14 13), (1128731413954 11106 2),
(112111398106573241514),(1122415573810611 139 14),

(112810624151113957314),(11211)(273)(4 1514)X5106)(8 13 9),
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(112144152735106813911),(11281395106273 144 15 11),
(112117321398415141065),(112141068415213911735),
(112213914106117384155), (1152)(354)(6 8 7)9 11 10)(12 14 13),
(115543876111091413122),(115876141312543111092),
(11514)(324)576)(8109)(111312),(1155761113122438109 14),
(115810924311131257614),(115144327651098131211),
(115276813121443510911),(1158131251092761443 11),
(115147651312114321098),(1152109114351312147638),
(115513122109147611438),(135468791110121413152),
(138791413155461110122),(131110125461413158792),
(131413151110128795462),(13246579810121113 15 14),
(132798131514465101211),(132101211465131514798),
(132131514101211798465),(165498712111015141332),

(198715141365412111032),(112111065415141398732),

i
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(115141312111098765432),(1657121113324981015 14),

(161113381015571224914), (16 14)249)(3 11 13)(5 7 12)(8 10 15),

(162495712810151113314),(168712141335491110152),
(168133510152712144911), (1 68)(210 15)3 5 13)(49 11)(7 12 14),
(168491171214101521335),(1357911131524681012 14),
(191113681035715241214), (112 14)(2 4 15)(3 5 7)(6 8 10)(9 11 13),
(115243576810911131214),(198136510327151441211),
(1911)(2715)(3510)(4 12 14)(6813),(1927158 136144125103 11),
(195103144128136271511),(191413611103871554122),

(1914)(2412)(3810)(5715X61113),(191471551361141221038),
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(191410384122136117155),(138131551012279144611),
(1611)2712)(3813)(4914)51015),(112273813914415510611),
(115510914428131227611),(112114151473210651398),
(112147351391141521068),(112210611415513914738),
(1128)(2106)(3147)(41511),(5139), (1125415873 11106141392),
(112573111392415810614),(1125106144158139273 11),
(1125)2139)3 11 7)(4158)(61410),(1311461479210125 1315 8),
(161471251331149210158),(192103114125136147158),
(1158)(2109)(3 114)(51312)6147),(115141098432131211765),
(115213121410911768435), (1 15 5)(2 13 12)(3 8 4)(6 11 7)(9 14 10),
(115843117614109213125), (11511109543 14128762),
(1151113128109576243 14),(1 15 11)(2 7 6)(3 14 4)(5 10 9)(8 13 12),
(115114314762109513128),(131410128462131511795),

(162133141015117128495),(195)(2136)(31410)(4 12 8)(7 15 11),

UNIVERSITY FOR DEVELOPKMENT STUDIES

(112841511731410621395)}

1 Now, |G,|=375=3x5"
J G4 has a unique Sylow 5-Subgroup H, of order 125 given by:

Hy={(1),(1471013)(2581114)(3691215),(1713410)28 145 11)3 9156 12),
(110413 7)(2115148)(3126159), (113107 4)(2 14118 5)(3 15129 6),
(2581114)(3915612),(2581114)3126159), (25811 14)(3151296),
(2814511)3691215),(2814511)(3126159),(2815511)3151296),
(2115148)(3691215),(2115148)(3691215),(2115148)(3915612),
(2115148)(3151296),(2141185)(3691215),(214 118539156 12),
(2141185)(3126159),(1471013)3915612),(1471013)3126159),
(1471013)(3151296),(1471013)(28 144 11),
(1471013)(2814511)(3126159),(1471013)(2814511)(3 151296),
(1471013)2115148),(1471013)2115148)(3915612),
(1471013)(2115148)(3151296),(1471013)(2141185),
(1471013)(2141185)(3915612),(147413)(2141185)(3126159),

i (1713410)3691215),(1713410)(3126159),(1713410)(3151296),
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(1713410)2581114),(1713410)3151296),(1713410)258 11 14),
(1713410)(2581114)(3126159),(1713410)(258 11 14)3151296),
(1713410)2115148),(1713410)2115148)(369 12 15),
(1713410)(2115148)(3151296),(1 7134 10)(2141185),
(1713410)2141185)3691215),(1713410)(2141185)(3126159),
(1104137)(3691215),(1104137)3915612),(1104137)(3151296),
(1104137)2581114),(1104137)258 11 14)(3 9 156 12),
(1104137)(2581114)(3151296), (110413 7)(28 145 11),
(1104137)(2814511)(3691215),(1104137)(2814511)(3151296),
(1104137)2141185), (110413 7)(2141185)(369 12 15),
(1104137)(2141185)(3915612),(1131074)(369 12 15),
(11310714)(3915612), (113107 14)(3126159), (1 13107 4)(2 58 11 14),
(1131074)(2581114)3915612),(1131074)2531114)(3126159),
(1131074)(2814511),(1131074)(2814511)(3 6912 15),
(1131074)2814511)3126159), (1 13107 4)(2 11 514 8),
(1131074)(2115148)(3691215),
(1131074)(2115148)(3915612)(3691215),(3915612),(3126159),
(3151296),(2581114), (28145 11),
(2115148),(2141185),(1471013),(1713410),(1104137), (113107 4),
(1471013)2581114), (147101325811 1439156 12),
(1471013)(2581114)(3126159),(1471013)(258 11 14)(3 1512 96),
(1471013)3691215),(1471013)(2814511)3691215),
(1471013)(2115148)3691215),(1471013)(2141185)(3691215),
(2581114)3691215),(11713410)25811 14)(369 12 15),
(1104137)(2581114)3691215),(1131074)(2583 11 14)(369 12 15),
(1713410)(2814511)(3691215),(1713410)(28141511%3126159),
(17134102814 1511)3151296), (171341039156 12),
(1713410)2581114)(3915612),(1713410)(2115148)39156 12),
(1713410)2141185)3915612),(2814511)(39156 12),
(1471013)(2814511)3915612),(1104137)(281114511)(39156 12),
(1131074)(2814511)(3915612),(1 10413 7)(2 11 5 14 8),
(1104137)(2115148)(3691215),(1104137)(2115148)39156 12),
(1104137)(2115148)(3151296),(1104137)(3126159),
(1104137)(2581114)(3126159),(110413 728 14511)(3126159),
(1104137)(2141185)(3126159),(2115148)3126159),
(1471013)(2115148)(3126159),(1713410)(2115148)(3126159),
(1131074)(2115148)(3126159),(1131074)2141185),
(1131074)(2141185)(3691215),(1131074)(2141185)(39156 12),
(1131074)(2141185)(3126159),(1131074)3151296),
(1131074)2581114)(3151296),(1131074)2814511)3151296),
(1131074)(2115148)(3151296), (21411 85)3 151296),
(1471013)(2141185)3151296),(1 7134 10)(2141185)3151296),
(1104137)(2141185)(3151296)}

Hy is a p-group of order 125 given by |H,|=125=5"

43




o
=
E
0
2
A
4
0
[
"
E

www.udsspace.udsa.edu.gh

CHAPTER FOUR
4.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS
4.1 Summary and Conclusion
In summary, the study sought to construct p-groups via wreath products.
It also sought to determine the formation of permutations in cyclic forms as well as
outlines the procedure for constructing wreath products of groups.
In conclusion, it is realized that p-groups are notified to be the fundamental tool in
understanding the structure of groups and in the classification of finite groups since they
arise both as subgroups and quotient groups.
Wreath products allow us to construct new groups since the result of a wreath product is

itself a group.
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4.2 Recommendation

Further research on this study is recommended in the study and construction of some
automata.

It is also recommended to investigate the use of wreath products by composers in the
creation of new music.

Intended research could also be carried out on the lamplighter group which is a group
constructed via wreath product and happens to be an example of a group of exponential
growth.

It is further recommended that future computations of the results of wreath products of p-
groups should be done using the GAP (Groups, Algorithms Programming) language to

ease the long stress of the manual way of obtaining the results.
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