J. Austral. Math. Soc. (Series A) 26 (1978), 198-208

AUTOMORPHISMS OF PERMUTATIONAL WREATH PRODUCTS

A. MOHAMMADI HASSANABADI

(Received 28 October 1976; revised 18 October 1977)

Communicated by M. F. Newman

Abstract

Ore (1942) studied the automorphisms of finite monomial groups and Holmes (1956, pp. 23-93)
has given the form of the automorphisms of the restricted monomial groups in the infinite case.
The automorphism group of a standard wreath product has been studied by Houghton (1962)
and Segal (1973, Chapter 4). Monomial groups and standard wreath products are both special
cases of permutational wreath product. Here we investigate the automorphisms of the permu-
tational wreath product and consider to what extent the results holding in the special cases
remain true for the general construction. Our results extend those of Bunt (1968).

Subject classification (Amer. Math. Soc. (MOS) 1970): 20 F 25, 20 F 55.

1. The structure of the automorphism group

Given non-trivial groups A4 and B and a subgroup H of B, let X = B/H be the
set of right cosets of H in B. Let F be the group of all functions from X to 4 with

multiplication fg(x) = f(x)g(x) for all f,geF and x€X. F is the unrestricted
direct product of isomorphic copies of 4, there being one copy of A for each xe€ X.

If fe F and be B, we define f® F by: f%(x) = f(xb™"), for all xe X. Then the split
extension W of F by B, with the relation b=1fb = f® for all fe F, be B, is called
the unrestricted permutational wreath product of 4 and B with respect to H.
We write W= AWr(H)B.

A function f€F is said to have finite support if f(x) =1 for all but a finite

number of x€ X. If E is the subgroup of F consisting of all the elements fe F of
finite support, then the split extension ¥V of E by B, with the relation b~1fb = f*

for all fe E, be B, is the restricted permutational wreath product of A and B with
198
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respect to H. We write V = Awr(H) B. We write PWP for permutational wreath
product. The subgroups F and E are called the base groups of the associated
permutational wreath products.

If H =1, our PWP is simply the standard wreath product, and if B is a normal
subgroup of the symmetric group on X, then the PWP is a monomial group in
the sense of Crouch (1955).

Suppose the group B acts transitively on a set X. If H = stab x, is the stabilizer
of xy€ X, then X can be identified with the set B/H and we shall write W= AWr B
and V = A wr B for the PWP’s W= AWr(H)B and V = Awr(H) B, respectively.

Two facts concerning the standard wreath products are (i) that the base group
is characteristic, except in a few cases (see Neumann, 1964), and (ii) that all the
complements of the base group are conjugate in the unrestricted case (see Houghton
1962; 1972). With these two facts, the automorphism group of the unrestricted
standard wreath product W of two groups 4 and B can be completely described.
Houghton (1962) shows that the automorphism group can be expressed as a
product KI, B*, where K is the subgroup of Aut(W) consisting of those auto-
morphisms which leave B elementwise fixed, I, is the subgroup of Aut (W) con-
sisting of those inner automorphisms corresponding to transformation by elements
of the base group F, and B* is a subgroup of Aut (W) isomorphic to Aut (B).

We now investigate the automorphisms of the PWP. We write W to denote W
or ¥ and F to denote F or E as appropriate.

Let Autz (W) = {acAut(W): F*= F}. The elements of Autz(W) inducing
the identity on W/F~ B will induce monomorphisms from B to W. If « is such an
automorphism, then B* is of the form {bf,: b€ B} with f, € F, and is a complement
of Fin W. Let B(W) consist of all « € Auty (W) which send B to a conjugate BY,
for some g €F, that is, B(W) = {a € Autz(W): B* = B? for some g€ F}.

We remark that in the restricted case we do not require B* to be conjugate
to Bin W=V,

In this paper we will show that B(W¥) is an extension of KI, by J, where K and I
are certain subgroups of B(W¥) and J is a certain subgroup of Aut (B), the descrip-
tion of which will be given. We consider the question of when B(W) = Autz (W),
which leads us to consider conditions for all the complements of F to be conjugate
in W. We note that B(W) = Aut (W) (or Autz (W) when F is not a characteristic
subgroup) in the standard wreath product. We will show that the same is true for the
monomial groups in many cases. The question of when Autz (W) = Aut (W) will
not be considered in detail here, but we note that the base group of a general PWP is
not in general characteristic. In Mohammadi Hassanabadi (1976) we have used
the methods of Neumann (1964) to show that the base group of a monomial group
is always characteristic except when | X| =2 and 4 is a special dihedral group,
that is, A is a dihedral group whose normal abelian subgroup of index 2 contains
unique square roots of all its elements,
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In the standard wreath product of two groups 4 and B, all the automorphisms
BeAut(B) can be extended to automorphisms of the wreath product by defining
(Bf)E" = bAfF°, where f#°(x) = f(x#7") for all x € B. In the PWP this no longer holds,
in general.

Let a€Aut(4) and define a*: W— W by: (bf)* = bf* for all beB, feF,
where f*"(x) = (f(x)) for all xe X. Then o* € Aut (W). The group A* of all such
automorphisms «* is isomorphic to Aut(4). The subgroup of F consisting of all
constant functions, that is, functions fe F with f(x) = f(x") for ali x,x'€X, is
called the diagonal subgroup of F and is denoted by D.

THEOREM 1.1. (a) B(W) is an extension of KL, by J, where

(i) K is the subgroup of B(W) consisting of those automorphisms of W which
leave B elementwise fixed;

(ii) in the unrestricted case I, is the subgroup of B(W) corresponding to the inner
automorphisms induced by elements of F;

(i)’ in the restricted case, 1, is the subgroup of B(V) corresponding to the inner
automorphisms i, induced by the elements g of F and such that, g~ g€ E for
allbe B;

(iii) J is the subgroup of Aut(B) consisting of all the automorphisms of B, which
can be induced by elements of B(W).

(b) In the unrestricted case, the subgroup K is a split extension of K; by A¥*,
where A*>~ Aut(A) is as defined earlier, and K, consists of all elements of K which
leave the diagonal subgroup D elementwise fixed.

ProoF. (a) If e B(W), then B*~ B. For be B, b*=b' (mod F), where b’ €B,
say, b* = b'fy, and fy, € F. Define B: B—> B by: b# = b’ for all be B. Then since
Fx = F and W/F~ B, we have, for each be B, (bF)* = b*F =b'f,, F=b'F = bfF,
and since a € Aut (W), it follows that 8 € Aut (B). We say B is the automorphism of
B induced by «. Now define a map ¢: B(W)—Aut(B) by: for acB(W), let
(o) ¢ = the automorphism of B induced by «. It follows that ¢ is a homomorphism.
Let M = Ker(p) be the kernel of ¢; then M = {yeB(W): b*ebF for all be B}.
If J is the image of B(W) under ¢, then B(W) is an extension of M by J.

Take yeM, and let y|p = 0. Then B® = {bf,: be B}, and so there exists an
element g € F such that, bo = g~1bg for all be B and with g~?geE for all beB in
the restricted case. If i, is the inner automorphism defined by wi-1 = gwg=? for
allwe W, then b7%-1 = b for all b€ B. Thus yi,-1€ K, and so y € KI,. Hence M = KI,.

The proof of (b) is the same as for the standard wreath product and is given in
Houghton (1962).
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2. The complements of the base groups

To consider the question of when B(W) = Autz (W), we need to decide when
all the complements of the base group F are conjugate. A subgroup C of W is
a complement of F, if W= CF = BF and FnC = 1. So in general, a complement
of Fin W has the form {bf,: b€ B) with f, € F. 1t follows since bfy ¢f, = beftf,€C,
that f,, = f3 f, for all b,ce B.

Given a complement C of Fin W, C is isomorphic to B, via an isomorphism
o: b—bf,, for all be B. A map o: b—bf,, for all be B, is an isomorphism if and
only if f,, = f% f, for all b, ce B. Such a map will be called a section.

Let W= AWr(H)B or Awr(H) B. Given a section o: b—>bf;, put ha = f,,(H)
for all he H. Then « is a map from H to A, and for h, h’ € H, we have

(hh') o = frp(H) = [ (H) fu(H) = f(HE ) fy(H) = fu(H) fu(H) = ho. .

So aeHom (H, A), where Hom (H, A) denotes the set of all homomorphisms
from H to A.

Let o: b—>bf, be any section and let geF. Then ¢': b—>g1bf, g for all beB
is also a section. We say ¢ and o’ are conjugate. Similarly if « and «” are homo-
morphisms from H to A related by ha’ = a~1.ha.a for some a€ A, we say « and o
are conjugate. Conjugate sections give rise to conjugate homomorphisms. In fact
Houghton (1975) has the following result.

THEOREM 2.1. The set of conjugacy classes of complements of the base group F
in the wreath product W = AWr (H) B is bijective with the set of conjugacy classes
of homomorphisms from H to A.

Thusthe complements of the base group Fare all conjugate and therefore conjugate
to B if and only if Hom (H, 4) is trivial, in which case Autz (W) = B(W).

In the restricted case we have a different situation. Let C = {bf,: b€ B} be a
complement of E in V¥ (then of course C is a complement of F in W). The question
of which conjugacy classes of Hom (H, 4) will arise in correspondence to these
complements was asked by Houghton (1975). Let L be the set of all conjugacy
classes of Hom (H, 4) which can arise. If 4 is abelian, L is a subgroup of the
group Hom (H, A). In general, we shall say L is trivial or write L = 1 if L consists
of a single conjugacy class. Houghton (1975) showed that if the kernels of all
homomorphisms «: H->A are normal in the normalizer N of H in B, and if
N/H is infinite, then L is trivial. We note that for B(V) = Autgz (V) to be true it is
enough to have L trivial.

THEOREM 2.2. Let B = Ax or Sx), the alternating or finitary permutation group
of an infinite set X. Then L is trivial.
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PRrOOF. Let x,€ X be a fixed point of X, and let H = stabx,. Take « to be any
element of L and suppose a: b— bf; is a section corresponding to «. Then we have
fo€E for all be B, and f,(H) = ha for all h€ H. Take any element A in H and let
x,y€ X be fixed by h. Then b = (x,xy) € B, and we have hb = bh, and 5o fy), = fps-

Then f} f1(x) = £} f5(x), that is, f,(x) fu(x) = fu(x0).f5(x), Which gives

Sn() = fo®) 7 fux0) fo(%)-

So f,,(x) is conjugate to f;(x,) for all x e X\ supp (h). Since f}, € E, we have fj,(x) = 1
for almost all x€ X, and since the support of 4 is finite, f,(x) = 1 for almost all
xeX\supp(h). So there exists xeX\supp(h) such that f,(x)=1. Thus
J1(x0) =f1,(H) = ha = 1. Since h was an arbitrary element of H, we get Ha=1.
Hence « is trivial and so L is trivial.

We note that Theorem 2.2 is true for B = *Sy = {s€Sx: |supp(s)| <o} where
Sx is the symmetric group on X and « is any cardinal number with ¥, < a<| X].
In fact it is true for any transitive group B acting on X such that the centraliser
of each element of H intersects infinitely many right cosets of H in B.

We recall from Theorem 2.1 that if Hom (H, 4) = 1 then all the complements
of the base group F are conjugate in W. Also that if L = 1, then all the complements
of E are conjugate in W. In the case of standard wreath product H =1 and so
trivially Hom (H, A) = 1. At the other extreme, considering the situation for the
monomial groups, if H = stabx, for some fixed x,€ X, then Hom(H, 4) =1
unless 4 contains elements of order 2, see Scott (1964, pp. 315-318).

When L =1, all the complements of E are conjugate to B in W. We now
consider the question of when all the complements of E are conjugate in V.

Let X be a set and B a group acting on X transitively. A subset S of X is called
almost invariant with respect to B if Sb and S differ by a finite number of elements,
for all b€ B. The number of ends of X with respect to B is the least upper bound
of the number of infinite almost invariant subsets in partitions of X into almost
invariant subsets of X with respect to B (see Houghton, 1972, 1973, 1975; Cohen,
1972).

Suppose L = 1 and let C be a complement of E in V. Then C is a complement of
F in W, so there exists g € F such that C = B?. So the complements of E in V are
all of the form B? with ge F and BY< V, that is, g~%g€ E for all b€ B.

The proof of the following lemma is the same as of Lemma 4.3 of Houghton (1972).

LeEMMA 2.3. Suppose {a;: i€l} is the set of distinct values taken by geF. If
X;={x€X:g(x)=a;}, theng=Pg€E, forallbe B, ifand only if U, ., X;bn (X\ X))
is finite for all be B.
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THEOREM 2.4. Every complement of E in V is conjugate to B in V if and only if
L =1ande(X) = 0or 1, where e(X) means the number of ends of X with respect to B.

PRrOOF. Let C be a complement of E in V, then as above C = B? for some g€ F.
Let {X;: icI} be the partition of X corresponding to g as in Lemma 2.3. Now
e(X) =0 if and only if X is finite and V = W. Suppose e(X) = 1. If all X; are
finite then 7 is infinite and taking infinite unions of X;’s we can partition X into
two infinite almost invariant subsets. So there exists i such that X; is infinite and
X; = X\ X, is finite. Let k € F be defined by k(X) = a;. Then

k=g(x) =k(x)7g(x) =1

unless x € X, which is finite. So k-1g€ E and C = BY = Bkk™'¢ = Bk,

Conversely if e(X) > 1, then there exists an infinite almost invariant subset S of X’
such that S’ = X\ S is infinite. Let g€ F be such that g(S) = a, g(S’) = 1. Then
B is a complement of E in V. But if BY = B* for some k€ E, then B% ™ = B,
that is (gk—1)® = gk~ for all be B, that is, gk—1€ D. This gives g€ DE which is a
contradiction. So B? is not conjugate to Bin V.

Finally in this section we note that in the case where B(W)# Autz (W), then
for ye M = {a € B(W): b*bF for all b€ B}, y|5 = o is a section. This belongs to
a conjugacy class of sections, all of which arise as the restrictions of yi, to B,
where g runs over F. All elements of Hom (H, A) correspond to sections, but not
all elements of Hom (H, A) necessarily correspond to automorphisms.

If b— bf,, is a section with f, e Z(F) for all b€ B, then defining y by: (bf)” = bf.f,
for all be B, feF, gives an automorphism of W of the above type. Thus if Z(A4)
is the centre of A4, then all the elements of Hom (H, Z(A)) correspond to auto-
morphisms of W, In general each automorphism y € M corresponds to a homo-
morphism o« € Hom (H, 4), and the set of all those automorphisms y e M which
correspond to the trivial homomorphism form a subgroup (K1) of M. However,
this may not be normal in M.

As we mentioned at the beginning, not all the automorphisms BeAut(B)
extend to automorphisms of the general PWP W =AWrB or AwrB. Let
B* = {B*c Aut(W): B*|z = B Aut(B)}, that is, B* is isomorphic to the sub-
group of Aut(B) whose elements extend to automorphisms of W. We note that
B*< Aut(W). We now consider the Subgroups B*, I, and K of Aut(W).

3. The subgroups B* and I,
The subgraup B*

~ Let J be. the’ subgroup of Aut(B) consxstmg of thosc automorphxsms of B.
induced by  automorphisms of B(W). In general, B* is “not isomorphic to J;
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however if B*~J, then B(W) = KI, B*. In the standard wreath product, this is
the case. In fact Jx~ B*~ Aut(B), and Aut(W) = KI, B*. The following is well
known (see Wielandt, 1959/60).

THEOREM 3.1. Let | X|# 6 and suppose Ax < B< Sx. Then every automorphism of
B is induced by an inner automorphism of Sx, that is, if 6€Aut(B), then there
exists an element s€ Sy such that b® = b® for all be B.

Thus if | X|# 6, we immediately have the following.

COROLLARY 3.2. If Ax < B, then B*~ Aut(B).

ProOF. Let S€Aut(B), then as in Theorem 3.1, there exists an element s€Sx
such that b# = b* for all be B. Then define 8*: W— W by: (bf)f* = b*f* for all
bfe W, where f5(x) = f(x*"") as usual. We have f*c F (s being a permutation of X),
and so B* is well defined. It follows easily that 8* € Aut (W).

Let x,€ X and H = stabx,, then for monomial groups we have:
THEOREM 3.3. If | X|#2 or 6 and if A is any group with Hom (H, A), (or L in the
restricted cases) trivial then Aut(W) = KI, S* is a split extension of KI, by S*,

where K and I, are as before and S * = Aut (Sx)~ Sx. Also in the unrestricted case
we have:

Aut (W)

KI,=A*Kp I, Kp I, S*

Kp 1y

where A*> Aut(A) and Ky, = {yeK: f7 = f, for all fe D}.
Considering B* in general, we have:
THEOREM 3.4. Given BeAut(B), then B is induced by an automorphism of W,

if there exists o.€ Aut(F) such that (f°) = (f9)®® for all fe F and be B (*).

https://doi.org/10.1017/51446788700011691 Published online by Cambridge University Press


https://doi.org/10.1017/S1446788700011691

(8] Automorphisms of permutational wreath products 205

Conversely, if A is abelian and Be Aut(B) is induced by an automorphism
B* € Autz (W), then there exists a€ Aut(F) such that the relation (*) holds.

PROOF. Suppose there exists « € Aut (F) with (*) holding. Then define 8* :W—~> W
by: ()" = bff for all bfe W. Then B* is easily seen to be a well-defined
automorphism of W.

Conversely, suppose A is abelian and Be Aut(B) is induced by B* € Autz (W).
Then (bf)#* = bBf,sf?, for all feF, be B, where figeF. B*cAutz (W) and so
B*|g = aeAut(F). Also for fe Fand be B,

U0 = (" = G716 = 13U oo = (£

since 4 and therefore F is abelian. So (*) holds and the proof is complete.

COROLLARY 3.5. If A is abelian, then B* is isomorphic to J and hence
B(W) = KI, B*

From the proof of Theorem 3.4 we have:

COROLLARY 3.6. Anelement 8 € Aut (B) extends to an automorphism B* € Autz (W)
if and only if there exists a € Aut(F) such that

(fOF* = (f%* = (f*®* forall feF, beB.

The following generalizes Lemma 1.4 of Bunt (1968). We recall that we are only
considering transitive action of B.

THEROEM 3.7. Let BeAut(B) and H =stabx, If H? = H® for some beB,
then B extends to B* € Aut(W).

ProoF. If y=x,b, then Hf = H%=staby. Define a map o: X—> X by:
xa = x,c?”", where x = yce X for some ceB. It is not difficult to verify that o
is a well-defined permutation on X. Also 8*: W—> W defined by: (bf)?* = b# f5*
for all bf e W, where f£*(x) = f(xo) for all x€ X, is a well-defined automorphism
of W which is an extension of .

The subgroup I,
Firstly note that as in the standard wreath product, we have Z(W) = Z(D),
where, as before, D is the diagonal subgroup of F and Z(G) means the centre of G.
(i) Define a map @: F—1I, by: gp = i, for all g€ F. This gives an epimorphism
with kernel Z(D). So in the unrestricted case, the subgroup I, = {i,: g€ F} is
isomorphic to F/Z(D).
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(i) In ¥ = Awr B = BE (suppose X is infinite). I, = {i,: geF and g~%g€E for
all be B}. By Lemma 2.3, I, is determined by the number of ends of X with respect
to B. In particular, let e(X) = 1 and suppose i, €I, for some g € F, then the partition
{X,: iel} of X corresponding to g has only one infinite component and so g is
constant almost everywhere on X. Thus in this case I, is isomorphic to DE/Z(D),
since g € Z( D) induces the identity automorphism. This is the case for the monomial
group ¥V = Sx E. However, for the monomial groups V = S(x, E and Ax E, if
geF then g2geE for all seSxy, or Ax and hence in these cases, again
L = {i,: ge F}~ F|Z(D).

4. The subgroup K

We recall that K = {ycAut(W): b” = b for all be B}. If be B, ye K and feF,
then (f%)7 = (f7)b. Let acAut(F) be such that (f*)? = (f?)*, for all be B and
feF. Then « can be extended to yeK by defining (bf)” = bf*, for all bfe W.
Hence the subgroup K is isomorphic to the group of those automorphisms of
the base group F which commute with the inner automorphisms induced by
elements of B. We note that A* is always a subgroup of K.

We shall consider the structure of K in the case of the restricted PWP. Let
Xy € X be a fixed point and H = stabx, as usual. Let

A, ={feE: f(x) =1 for all x# x,}.

If fed; and heH, then f2(xg) = f(xoh™) =f(x,) and f2(x) =f(x~h 1) =1 for
X% X,, since then xhA—'#x, So we have f* = f for all fe 4, and he H.

Since E = { f*: feA;, be B), we can express geF by g = f4 f5 ... fb, where
Jisfos - sSu€4; and by, b, ..., b, are in distinct cosets of H in B. For y € K, we have

g =P U ... (5 = UN=UPs... (FPh

Thus vy is determined by its effect on A, and so to determine y we only have to
consider the image of elements of 4; under y.

LeEMMA 4.1. For fe A, and y € K, f7 is constant on all the H-orbits of X.

Proor. For he H, fe A;, we have f* = f, as explained above. Take y €K, then
ST = (M = (f) for all he H, and so f¥(x) = f7(xh~?) for all he H, hence the
result.
Segal (1973, Chapter 4) has investigated the structure of the subgroup X for the
restricted-standard wreath product. Here we have a more general situation. In
_his. case the subgroup H (=stabxy) of B is trivial, and so there are no orbits, -
‘involved. - - e :
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As we noted earlier, each y € K is determined by its effect on A4, and for fe 4,,
[f7 is constant on all the H-orbits of X. Also, since we are considering the restricted
PWP, f7 takes value 1 on all the infinite H-orbits of X, for all feA,. Let T be a
transversal of the finite H-orbits and let, End (4) be the set of all endomorphisms
of A.

For each x € X define a map e,: 4> A4 by: (f(xp) e, =f7(x) for all fe 4,. It is
clear that e, € End (A) and y is determined uniquely by ¥ = (e,). -

Routine arguments yield the following results.

LemMMA 4.2, Let yeK and y = (e,) . 1

(I) If ac A, then ae, = 1 for all but a finite number of x€T.

(D If x,y€T, x#y, then [de,, Ae,] = 1.

(1) If xeT and the B-stabilizer of x is not contained in H, then Ae, is abelian.

LEMMA 4.3. Let (e,), .  satisfy (), (I)) and (111) of Lemma 4.2. Then (e,)zcp = 7
Sor some y € End (E) with (f®)? = (f7)? for all feE and b€ B.

If the elements (e.),. p are such that (e;),.r =7 and y is invertible, then y€ K.
Hence K corresponds to all elements (e) . r which satisfy (I), (A1) and (I1I) of lemma
4.2 and such that vy is invertible, where (e,);. v = 7.

COROLLARY 4.4. If all the H-orbits of X are infinite except %, which is {xy}, then
K= Aut(A). Taking X infinite, this is the case for monomial groups.

Acknowledgments

This paper arose out of a thesis (Mohammadi Hassanabadi, 1976) presented to
the University of Wales for the degree of Philosophiae Doctor. I thank my
supervisor, Dr. Christopher H. Houghton, for his ever-ready help and encourage-
ment while I was doing this work and in the preparation of this paper. I also
thank the referee for his valuable comments.

References

A. 5. Bynr [A. Ja. Bunt] (1968), “O spynne aBToMopdhu3MoB o6o0wenHoro crnerenus” [On
the automorphism group of the generalised wreath product], Latvii. Matm. Ezegodnik
[Latvian Math. Yearbook], 81-88 (Izdat. ““Zinatne”, Riga).

Daniel E. Cohen (1972), Groups of Cohomological Dimension One (Lecture Notes in Mathe-
matics, 245, Springer-Verlag, Berlin, Heidelberg, New York, 1972).

Ralph B. Crouch (1955), ‘““Monomial groups™, Trans. Amer. Math. Soc. 80, 187-215.

C. V. Holmes (1956), “Contribution to the theory of groups”, Research Grant NSF-G1126,
Report No. §.

https://doi.org/10.1017/51446788700011691 Published online by Cambridge University Press


https://doi.org/10.1017/S1446788700011691

208 A. Mohammadi Hassanabadi [11]

C. H. Houghton (1962), “On the automorphism groups of certain wreath products”, Publ.
Math. Debrecen 9, 307-313.

C. H. Houghton (1972), “Ends of groups and the associated first cohomology groups”,
J. London Math. Soc. (2) 6, 81-92,

C. H. Houghton (1973), “Ends of groups and baseless subgroups of wreath products”
Compositio Math. 27, 205-211.

C. H. Houghton (1974), “Ends of locally compact groups and their coset spaces”, J. Austral
Math. Soc. 17, 274-284.

C. H. Houghton (1975), Wreath products of groupoids”, J. London Math. Soc. (2) 10, 179-188.

A. Mohammadi Hassanabadi (1976), PhD Thesis, University of Wales.

Peter M. Neumann (1964), “On the structure of standard wreath products of groups”, Math. Z.
84, 343-373.

Oystein Ore (1942), “Theory of monomial groups™, Trans. Amer. Math. Soc. 51, 15-64.

W. R. Scott (1964), Group Theory (Prentice-Hall, Englewood Cliffs, New Jersey}.

D. Segal (1973), PhD Thesis, University of London.

Ernst Specker (1949), “Die erste Cohomologiegruppen von Uberlagerungen und Homotopie-
Eigenschaften dreidimensionaler Mannigfaltigkeiten, Comment. Math. Helv. 23, 303-333.

Helmut Wielandt (1959/60), “Unendliche Permutationsgruppen”, Mimeographed Lecture
Notes, Universitit Tiibingen.

Department of Mathematics
Faculty of Science

The University of Isfahan
Isfahan, Iran

https://doi.org/10.1017/51446788700011691 Published online by Cambridge University Press


https://doi.org/10.1017/S1446788700011691

