Finitary Permutation Groups

Combinatorics Study Group
Notes by Chris Pinnock

“You wonder and you wonder until

you wander out into Infinity,

where - if it is to be found

anywhere - Truth really exists.”

Marita Bonner,

On Being Young — A Woman — and Colored
in The Crisis Dec 1925.

A finitary permutation group is a natural generalization of a finite per-
mutation group. The structure of a transitive finitary permutation group
is surprisingly simple when its degree is infinite. Here we study primitivity,
following P. M. Neumann’s work in the 1970s. We also study generalized
solubility conditions on these groups. These notes arose from lectures aimed
at an audience who had seen some basic permutation group theory, but little
abstract group theory.

1 Definitions and Constructions

1.1 Introduction

Throughout, 2 is a set (usually but not always infinite) and Sym(€) is the
group of all permutations of €. One cannot hope to prove deep group-
theoretic theorems about subgroups of Sym(£2) when € is infinite; for since
any group G embeds as a regular subgroup of Sym(G), we would be proving
theorems about all groups. Thus we need to restrict our groups with a
finiteness condition. Here we discuss such a condition.



Infinite algebra tends to rely on the Axiom of Choice. I have indicated its
use throughout. It would be interesting to see what happens to the theory
of finitary permutation groups without such an axiom.

Definition Let g € Sym(Q2). The support of g on € is the set

suppg(g) = {w € Q1 wg # w},

that is, the set of elements of 2 which g does not fix. Clearly {2 = suppg(g)L
fixqg(g). Call g finitary on 2 is suppg(g) is finite, or equivalently if fixg(g) is
cofinite in €2. That is, if g “fixes most” of ().

Example. (1234) and (12)(34)(56) are finitary permutations of the natural
numbers N but [[77  (2n — 1, 2n) is not.

Lemma 1.1. Let g,h € Sym(R2). Then
1. suppg(gh) € suppg(g) U suppg(h),
2. suppq(g9~") = suppg(9g).

3. suppq(g) = 0 if and only if g = 1.

Proof. 1. Suppose that wgh # w and w ¢ suppg(g). Then wg = w, so
wh = (wg)h # w. Therefore w € suppg(h).

2. This follows since wg™! # w if and only if w # wg.

3. The permutation g fixes all the points of Q if and only if g = 1. O

Let FSym(€2) be the set of all finitary permutations. By 1.1, FSym({2) is
a subgroup of Sym(f2), called the finitary symmetric group on Q.

Exercise. Show that FSym(2) is a normal subgroup of Sym(f2).

Examples.
1. If |Q2] = n is finite then FSym(2) = Sym(§2) = S,.

2. Let (;)ier be a family of finite sets and for each i € I, let G; <
Sym(€2;). Let G be the direct product Dr;c;G; (that is, the set of all
sequences (g;)ie; with g; € G; such that all but finitely many of the g;
are 1). Let €2 be the disjoint union | |,.; €;. Then G is a finitary permu-
tation group on €2, where the components of GG act on the corresponding
components of €.

There are two more fundamental types of finitary permutation groups.
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1.2 Generalized Wreath Products

The development we follow here is from Robinson [11]. Let I be a linearly
ordered set (for example N with the natural ordering), let (£2;);c; be a family
of sets and for each i € I let H; be a transitive subgroup of Sym(£2;). Choose
an element 1; from each ; (note that we have used the Axiom of Choice
here when I is infinite). Let © be the set direct product of the €2; with
the respect to the elements 1;, namely the set of all sequences (w;);e; with
w; € Q; such that w; = 1; for all but finitely many i € I. Set 1 = (1;);e; (not
to be confused with the identity of a group).

Let x = (z;)ier and y = (y;)ies be elements of Q. Then for j € I we write
xr =y mod j if x; = y; for all + > j.

Let h € Hj, x = (x;)ic; € Q and define hq as follows. If z = 1 mod j,
then (zhq); = x;h and (vhg); = x; when i # j. If  # 1 mod j then zhq = .
This gives a one-to-one homomorphism H; — Sym(2), h — hq. Let P; be
the image of this homomorphism. The wreath product of the family (H;)er
is

W =Wrie/H; = (P i€ ), < Sym(Q).
Lemma 1.2. Using the notation above:
1. W does not depend on the choice of the elements 1;.
2. W is transitive on ).

3. Let I = N with the natural ordering and let each H; be a finite permu-
tation group. Then

W = Wi H; = Hy Wr H Wr H, Wr ... < FSym(Q).
4. Let I = {1 <2} and let Hy and Hy be finite permutation groups. Then
W = Hy Wr Hy, the wreath product of Peter Cameron’s notes.

Proof. This is left as an exercise (see [11] volume 2, pages 18-19 for some of
the details). Note that in 3, if h € H; then

[suppq (ha)| = |suppg, (2)[[2i-1] - - |€o]-
Ul

Exercise. Show that if in Lemma 2 part 3 one takes I = N with the reverse
ordering, then W = ... Wr Hy, Wr H; Wr H,, is not finitary.
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1.3 Alternating Groups

Let g € FSym(2). One can write ¢g as a finite product of finite orbits and
thus as a finite product of transpositions (zy) where z # y, for example
(1234) = (12)(13)(14).

Lemma /Definition 1.3. Let g € FSym(Q).

1. If g has a decomposition into m transpositions and a decomposition
into n transpositions then m = n mod 2. Denote this common value
modulo 2 by o(g).

2. 0 :FSym(Q) — Z/27 is a group homomorphism called the sign map.

The second part of 1.3 holds since sums of even integers are even, sums
of odd integers are even and the sum of an odd integer and an even integer
is even. We call g odd if o(g) = 1 and even if o(g) = 0.

The kernel of o is called the alternating group on €, denoted Alt(2).
That is,

Alt(Q2) = {g € FSym(Q) : g is even }.

If [©2] > 2 then FSym(€2)/ Alt(Q?) = Z/2Z and for |Q2] = 1, we have 1 =
Alt(2) = FSym(§2) = Sym(2).

Recall that a group G is simple if it has precisely two normal subgroups,
necessarily G and 1, and G # 1.

Theorem 1.4 (Galois). For |2 > 5, the group Alt(Q2) is simple.

The infinite simple finitary permutation groups are known (see 2.6 below).
The Classification of Finite Simple Groups gives us the finite ones.

2 Primitivity and Imprimitivity

Throughout this section G is a transitive subgroup of FSym(Q2) and  is an
infinite set, unless stated otherwise.

2.1 Primitivity

A G-congruence on ) is an equivalence relation which G preserves. A G-
block of €2 is a subset I' C 2 such that for every g € G either I'g = T" or
I'gNT = (. The equivalence classes of a G-congruence form a family of



disjoint G-blocks whose union is 2. Such a family of blocks is called a G-
system of imprimativity of €. Conversely, given one G-block I', the set of
translates {I'g : g € G} is a G-system of imprimitivity of €2, from which one
can recover a (G-congruence.

The group G is primitive if the only G-congruences on ) are the diagonal
one {(w,w) :w € Q} and the universal one {Q2}. Clearly G is primitive if
and only if the only G-blocks on €2 are the singletons and 2. We say G is
imprimitive otherwise.

There is not much to say about primitive finitary permutation groups of
infinite degree, except that they are rare.

Theorem 2.1 (The Jordan-Wielandt Theorem). Let G be a primitive
subgroup of FSym(QY). Then G = Alt(Q2) or FSym(Q2).

For a proof of 2.1, see [15] Satz 9.4.

2.2 Imprimitivity

We now study imprimitive groups. The following work is due to P. M. Neu-
mann in his papers [4, 5]. At around the same time, D. Segal developed
similar ideas in [8, 9].

Lemma 2.2. Let G < FSym(Q2). Then any proper G-block of 2 is finite.

Proof. Choose a block I' C Q. Pick w; € I' and wy € Q\ I'. Since G is

transitive, there is ¢ € G such that w;g = wy. Thus I'g NT = (). Therefore

I’ C suppg(g), which is finite. O
The following theorem is a modification of 1.4 in Peter’s notes.

Theorem 2.3 (The Fundamental Theorem of Imprimitivity). Let T
be a proper block of G and A be the set of translates {T'g: g € G}. Then
the permutation group H induced on A is finitary. If Gy is the permutation
group induced on I by its setwise stabilizer in G, then ) can be identified
with I' x Q0 so that G — Gy Wr H. Also Gy is a finite permutation group.

Proof. Since G is finitary, H acts finitarily on the set of translates A. O
There are two cases of imprimitivity to look at.

Case 1. G has a maximal proper! block I'y. Call such a group G almost
primitive.

Lthroughout, “proper block” means proper non-singleton block.



The following theorem explains the name “almost primitive”.

Proposition 2.4. Let G be an almost primitive subgroup of FSym(Q2). Then
G has a quotient H which is isomorphic to one of Alt(2) or FSym(2). More
precisely, G — Go Wr H where Gy is a finite permutation group and H is a
primitive finitary permutation group of infinite degree.

Proof. Let ' be a maximal proper G-block of 2 and Gy, H, A be as in 2.3.
Let © be a H-block of A. Let I'g be the union of all elements of ©. Then I'y
is a block of GG in ). Since each translate of I is also a maximal proper G-
block of 2 and I'y contains a translate of I, it follows that I'y is one translate
of I' or the whole of €2. Thus © is singleton or is A. In other words, H is
primitive. The rest of the result follows from 2.3. O

Case 2. If G is imprimitive and has no maximal proper block then call G
totally tmprimitive.

Proposition 2.5. Let G be a totally imprimitive subgroup of FSym(S).

1. Let A be a finite subset of 2. Then there is a proper block T' of G such
that A CT.

2. 19 = Xy

The second part of 2.5 says that any transitive finitary permutation group
of uncountable degree is either primitive or almost primitive. We can use
Proposition 2.5 to construct arbitrarily large G-blocks of 2. This is a justi-
fication for the name “totally imprimitive”.

Proof. Using the Axiom of Choice, there is a strictly ascending chain I'y C
I'' Ty C...of blocks. Put © = [J;°, ;. Now © is a countable union of
finite sets and is infinite. Thus |©] = 8;. Also © is a block. By 2.2, © = Q)
and hence |Q2] = Ro. Since A is a finite subset of €, there is j such that
AQF] TakeF:Fj. U

Given a proper block I of a totally imprimitive subgroup G of FSym(£2),
we have G — Gy Wr H, where H acts finitarily on the infinite set A =
{T'g : g € G} asin 2.3. If H is primitive or A has a maximal proper H-block
then €2 has a maximal proper G-block, a contradiction. Thus H is totally
imprimitive. Inductively, we see that G embeds into a generalized wreath
product Gy Wr G; Wr G, Wr ... of finite permutation groups G;.



2.3 A consequence of the Jordan-Wielandt Theorem

By Galois” Theorem 1.4, the infinite alternating groups are simple. These
groups are the only infinite simple finitary permutation groups.

Theorem 2.6 (Mihles/Tyskevic). Let G be an infinite simple finitary per-
mutation group. Then G = Alt(S2) for some infinite set €.

Proof. Let (€););er be the orbits of G. The point stabilizer N; of Q; is a
normal subgroup of G. Now one of the N; # G. By simplicity, V; = 1. Put
) =();. Then G acts transitively and faithfully on (2.

If G is primitive then by the Jordan-Wielandt theorem we have G =
Alt(2). When G is almost primitive, G has an image containing Alt(©) as
a normal subgroup for some infinite set ©. By simplicity, G = Alt(O).

If G is totally imprimitive then choose 1 # g € G and put A = suppg(g).
There is a proper block I' containing A by 2.5. Now for any z € G we have
(I'z) g = I'z. Thus the intersection S of the stabilizers of the 'z, as = ranges
through G, is non-trivial. Also S << G. Since T is a proper block, S # G.
Thus G cannot be simple. The result follows. O

3 An application

A group G has finite Prifer rank n if every finitely generated subgroup of GG
can be generated by n elements, and n is the least integer with this property.
If no such n exists we say that G has infinite Priifer rank. Note that if G has
finite Priifer rank then so does its subgroups and images.

Theorem 3.1 ([7]). Let G be a transitive subgroup of FSym(Q2) and suppose
that G has finite Prifer rank. Then the set Q2 is finite.

In order to prove this theorem, it is enough to compute the rank of two
types of group.

Lemma 3.2. Let p be a prime and §2 be an infinite set.
1. The rank of C,gn), the direct product of n copies of Cp, is n.

2. FSym(Q2) and Alt(Q2) have infinite rank.



Proof. 1. Let G = C’I(,”). Then the rank of G is simply the dimension of G as
a vector space over I, which is n.

2. The group C,§”> embeds into Sym(p") and each Sym(p") embeds into
FSym(Q2). Thus FSym(2) has infinite rank. To see that Alt(€2) has infinite
rank, note that Sym(p") embeds into Alt(p" + 2). O

Exercise. Let g,h € Sym(Q). Suppose that suppg(g) N supp Q(h) = 0.
Show that gh = hg.

The Proof of 3.1: We suppose that ) is infinite. By 3.2, FSym({2) and
Alt(€2) have infinite rank. Thus by 2.1 and 2.4, G is totally imprimitive.

Since G is locally finite, we can choose an element g € GG of prime order
p. Put A = suppg(g). Now A is a finite non-empty set. By 2.5, we can
choose a G-congruence with blocks (€2;);e; such that A C 4, say.

Using the transitivity of G, there is x; € G such that Qyx; = ;. Now
for every ¢ € I, we have suppq(¢g*) = Ax; C ;. Thus the ¢* commute.
Furthermore, it is easy to see that (¢g%i|i € I) = C’I(,I). Now [ is an infinite
set, so C’I(;I) has infinite rank by 3.2. Thus GG does not have finite rank. This
is a contradiction. Hence €2 must be finite. O

T

4 The commutator subgroup
and soluble groups

4.1 The shifting property

A transitive finitary permutation group G on an infinite set €2 has the prop-
erty that for any finite subset A of €2, one can find a permutation in G that
moves A away from itself completely. This result is a form of Neumann’s
Lemma. In order to prove this, we use a result due to B. H. Neumann and
two facts which we leave as exercises. For a different proof, see Cameron [1]
Theorem 6.2.

Lemma 4.1 (B. H. Neumann [3]). Let n be a positive integer and let G
be a group. Suppose that G is the union of n cosets of subgroups Cy,Csy, ..., C,:

i=1

Then the index of at least one of these subgroups in G does not exceed n.
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Exercise. Let G < Sym(€2) and let a € Q2. The stabilizer of o in G is
Go={9€G:ag=a}.
1. Show that G, is a subgroup of G.
2. Show that (G : G,) = |aG]|.

3. Let G be transitive. Prove that for o, 5 € Q the set {g € G : ag = 3}
is a right coset of G,,.

Theorem 4.2 (P. M. Neumann). Let G < FSym(Q)), with G transitive
and Q infinite. Suppose that A is a finite subset of Q). Then there is g € G
such that AgN A = ().

Proof. Suppose that Ag N A # () for every ¢ € G. Then for every g € G
there are elements 01,05 € A such that d;g = d5. Thus

G= |J {geG:ag=20}.

01,020€A

Now for any 01,09 € A, the set {g € G : 419 = d2} is a coset of the stabilizer
Gs,. Since A is finite, G is the union of a finite family of cosets of stabilizers
Gs, for 6 € A. By Lemma 4.1, at least one of the GG5 has finite index in G.
But then 0G is finite, contradicting the transitivity of G' on the infinite set
Q. O

Exercise. Some proofs of the Jordan-Wielandt Theorem use the above
result 4.2. Suppose that the Jordan-Wielandt Theorem is true by other
means and use the results of section 2 to prove 4.2.

4.2 Soluble and Nilpotent Groups

Let G be any group and z,y € G. The commutator of x and y is [z,y] =
r Yy lzy. Let H, K < G. The commutator of H and K is

[H,K] = ([h,k]: h € H k € K).

The (1st) derived subgroup of G is G' = G = [G,G]. For every non-
negative integer n there is an n-th derived subgroup, G™, defined inductively
as follows. Let G(© = G. Then given G, define GtV to be the group
(GOY = [GO. GO for i > 0.



Note that G is a normal subgroup of G for all i > 0. Also G’ is the
smallest, by inclusion, normal subgroup N of G such that G/N is abelian.
Thus G is abelian if and only if G' = 1. We call G perfect if G' = G. If
G™ =1 for some integer n then we say that G is soluble (of derived length
<n).

Let Z(G) be the (1st) centre of G, that is

Z(G)={x€ G :xg9g=gxVgeG}.

For every nonnegative integer n, there is an n-th centre (,(G) of G defined
as follows:
Put (o(G) = 1. Then given (;(G), define (;11(G) to be the normal sub-

group of GG such that
@)y ()
Gi(G) G(G@) )

Note that Z(G) = (1(G) and G is abelian if and only if (;(G) = G. The
group G is called centerless if (1(G) = 1. If (,(G) = G for some integer ¢
then G is nilpotent (of class < ¢).

Clearly, an abelian group is nilpotent and a nilpotent group is soluble.
The converses are not true. For Sym(3) is a centerless soluble group and Ds,
the dihedral group of order 8, is nilpotent but is not abelian.

Proposition 4.3. Let G be an abelian transitive subgroup of FSym(2). Then
Q is finite.

Proof. We may assume that G # 1. We show that G is regular; that is, if
1 # g € G then fixq(g) = 0. For then suppg(g) = 2 for any 1 # g € G and
thus €2 is finite.

Suppose that 1 # g € G and that w € fixq(g). Let h € G. Then

(wh)g = wgh = wh.
Thus wh € fixq(g). Hence Q2 = wG = fixg(g). But then g = 1. Since g # 1,
we have fixg(g) = 0, as required. O

Exercise. Let G be a transitive subgroup of FSym(§2) where 2 is an infinite
set. Show that G is centerless (and hence cannot be nilpotent).
We shall prove 4.3 for soluble groups later.

Proposition 4.4. Let G < FSym(Q) where § is infinite. Let N <1 G. If G
is transitive and G/N cannot be represented as a finitary permutation group
of infinite degree, then N is transitive.
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Proof. The orbits of N on 2 form a G-system of imprimitivity of  (that is,
they are the equivalence classes of a G-congruence), say (£2;):er.

Suppose that NV is not transitive. Then each €; is a proper block of € and
so each €); is finite. Now G permutes these blocks transitively and finitarily
(see 2.3) and N stabilizes these blocks. Thus G/N acts transitively and
finitarily on the blocks 2;. Moreover, since each €; is finite, and 2 is infinite
and the union of the Q;, it follows that G /N can be represented as a transitive
finitary permutation group of infinite degree. This is a contradiction. Thus
N is transitive. 0

Corollary 4.5. Let G < FSym(Q)) where Q is infinite. If G is transitive
then the commutator subgroup G’ is transitive.

Proof. By 4.3, G/G' cannot be represented as a finitary transitive permuta-
tion group of infinite degree. By 4.4, G’ is transitive. O

We now show that G’ is a “relatively large” subgroup of a transitive
finitary permutation group G of infinite degree. In particular, G’ is the
minimal normal transitive subgroup of G.

Theorem 4.6 (P. M. Neumann). Let G < FSym(2) where Q is infinite.
1. Suppose that N < G with N transitive. Then G' < N.
2. If G is transitive then G’ is perfect.

Proof. 1. Let g,h € G. We show that [g,h] € N. Put A = suppg(g) U
suppg(h). By 4.2, there is # € N such that AN Az = (). Now suppg,(¢®) and
suppgq(h®) are subsets of Az and suppg(g~!), suppg(h~') and suppg(gh) are
subsets of A. Thus ¢° and h® commute with ¢!, h~! and gh. Let

¢ =g, al[h, 2]l(gh) ", «].

Then
c=(z Yz e N

since NN is a normal subgroup of G, and
¢ = g 'g"h 'hgh((gh)™")"
_ g—lh—lghgazhx (gh —l)m
= [g.h)(gh(gh)™")" = [9, h].
That is, [g,h] € N. Therefore G' < N.
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2. By 4.5, " and G" = (G') are transitive. By part 1, G' < G”.
Therefore G’ = G”, as required. O

Corollary 4.7 (J. Wiegold [14]). Let G < FSym(Q2) where Q is infinite.
If G is transitive, then G is not soluble.

5 Local conditions

5.1 Definition of Local Properties

The study of soluble subgroups of FSym(£2) when €2 is infinite is not interest-
ing by 4.7. Here we study subgroups of FSym(2) that have a “local soluble
structure” rather than a “global soluble structure”.

Let P be a property of groups. A group G is locally-P if every finitely
generated subgroup of G has the property P.

Examples.

1. A locally abelian group G is abelian. For if z,y € G then (x,y) is
abelian. Thus z and y commute for all x,y € G.

2. Let Q be any set. Every subgroup of FSym(€) is locally finite. For
if z1,29,...,2, € FSym(Q2) then the support of any element that is a
product of the z; is contained in the finite set |J;_, suppg(x;). Thus
(x1,...,x,) can be regarded as a subgroup of Sym(|J;_, suppg(z;)) and
thus is finite.

5.2 Locally Soluble Groups

Locally soluble transitive finitary permutation groups of infinite degree exist.
For example, let G be the group Wr;2,C; where C; is the cyclic group of order
i. Then G is locally soluble and is a transitive subgroup of FSym({2, 3,4, ...}).
Locally soluble finitary permutations groups satisfy a global generalized sol-
ubility condition.

Theorem 5.1 (P. M. Neumann). Let G < FSym(2) and suppose that G
1s locally soluble. Then G is hyperabelian of height < w. That is, there is a
series
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of G with each G, <G, the union |, .y Gn = G and each factor Gy41/G, is
abelian.

In 5.1, w is the first infinite ordinal. Note that for 2 infinite, neither
Alt(Q2) nor FSym(€2) can be locally soluble. Thus G has to be totally im-
primitive on any infinite orbit €2. One uses similar results to 2.5 to prove that
the permutation group on () induced by G is hyperabelian of height < w.
If € is finite then the induced permutation group of GG on €2 is soluble and
in particular is hyperabelian of height < w. Since G embeds into the direct
product of the groups induced from G on the orbits of G, it follows that G
is hyperabelian of height < w.

5.3 Locally Nilpotent Groups

Let p be a prime. A p-group is a group in which every element has order a
power of p. A finite p-group is nilpotent and thus a locally finite p-group is
locally nilpotent. Note that there are centerless infinite p-groups.

Let G = Wry,«)Cs. Now G is a transitive subgroup of FSym(N). It is a
locally finite 2-group and thus is locally nilpotent. In fact, given any prime p
and a sequence (a, )nen of natural numbers, the wreath product Wr,,enCpen is
a transitive p-subgroup of FSym(N). Moreover, given two different sequences
(an)nen and (by)nen, the groups WryenCpen and Wr,enCppn are not isomor-
phic. The number of sequences of natural numbers if 2%. It follows that
there are at least 2% transitive finitary locally nilpotent p-groups of infinite
degree.

The only locally nilpotent finitary transitive permutation groups of infi-
nite degree are p-groups.

Theorem 5.2 (D. A. Suprunenko). Let G be a transitive subgroup of FSym(2)
where € is infinite. If G s locally nilpotent, then G is a p-group for some
prime p.

A locally finite, locally nilpotent group G is a direct product of p-groups
([12] 12.1.1). The following lemma finishes the proof of 5.2.

Lemma 5.3. Let G = X x Y < FSym(Q2) and suppose that G is transitive.
If both X and Y are non-trivial, then ) is a finite set.

13



Proof. Let 1 #y € Y. Put A = suppg(y). Then A is finite and non-empty.
If x € X then x and y commute, so if w € A then

(wx)y = wyr # wx

and so wr € A. Thus Ax = A. Hence Q2 = AG =AXY =AY. Now A is a
union of X-orbits and so €2 is a union of finite X-orbits, since Q = J,, Az.
In exactly the same way, € is a union of finite Y-orbits, say J,.; 2. Since
A is finite, there exist 41,4y, .. .,4, such that A C |Ji_, Q;;. Therefore Q =
AY = Jj_; Q;, a finite set. O
We can generalize Suprunenko’s theorem.

Lemma 5.4. Let G < FSym(Q2) where Q) is infinite and G is transitive. Let
p be a prime. If G' is a p-group then G is a p-group.

Proof. Let g € G. Put A = suppg(g). By 4.2, there is x € G such that
AN Az ={. Since suppg(g*) C Az, the elements ¢g* and g commute. Thus
Ilg, z]] = |9%g| = |g|. The lemma follows. O

Theorem 5.5 ([6]). Let G < FSym(Q) where Q is infinite and G is tran-
sitive. Suppose that G has a locally nilpotent normal subgroup N such that
one of the following hold:

1. G/N is abelian;
G/N is soluble;
G/N s hypercentral;

G/N satisfies a non-trivial law;

SR SN

G/N has finite Priifer rank.
Then G is a p-group for some prime p.

Proof. The point here is that in cases 2, 3, 4 and 5, G/N cannot be repre-
sented as a transitive finitary permutation group of infinite degree (we discuss
some of these conditions in the next section). Hence N is transitive by 4.4.
Using 4.6, G’ < N. Thus G/N is abelian and we are in case 1. By 5.2, N is
a p-group for some prime p and so G’ is a p-group. By Lemma 5.4, G is a
p-group. Ul
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6 Further Results

In this section we list some more results which were not given in the lectures.

6.1 Results of Segal and Wiegold

In [9] Segal studies almost primitive groups, there called Class A groups. In
8], he generalizes 2.6 as follows:

Theorem 6.1. FEvery infinite simple factor of a finitary permutation group
15 1somorphic to a full alternating group.

Let G be a group. Define the i-th centre (;(G) as before but for any
ordinal 4, taking (;(G) = {U,., Gi(G) for limit ordinals /. We say that G is
hypercentral (of central height < «) if (,(G) = G. In [14], Wiegold proves
the following (in addition to 4.7).

Theorem 6.2. Let G < FSym(Q2). If G is hypercentral then G has finite
orbits in  and has central height < w.

6.2 More results of P. M. Neumann

Neumann simultaneously generalized results of Giorgetta and Wiegold and
proved the following.

Theorem 6.3 ([4]). If G < FSym(Q2) and G satisfies some non-trivial law
then all the G-orbits of 2 are finite. Consequently such a G is residually
finite and an FC-group.

In the same paper, he proves 5.1. Similar methods yield the following
result.

Theorem 6.4 ([4]). If there is a finite group which is not isomorphic to a
section of G then all orbits of G are finite or countable (and totally imprim-
itive). Moreover, there is a series

where G,, < G, the union |,y Gn = G and each G,41/G), embeds into a
restricted direct power of some finite group.

15



6.3 A result of Wehrfritz

Theorem 6.5 ([13]). Let H <G < FSym(2). Suppose that for some posi-
tive integer n there is a set X of generators of G such that | suppg(z)| < n
for every x € X. If H is a (P,L)%A-group then the orbits of H have length
< 2n.

For a detailed description of the local operator L and the poly operator
P, one should refer to Robinson [11]. Here 2 is the class of all abelian groups.
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