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1. Introduction

Let G be a finite group generated by n elements and defined by m relators,
then G has a presentation

G= {xl""rxanl""’Rm} = F/R’

where F free on generators x,, -+, x, and R is the normal closure in F of Ry, -*+, R,,.
The deficiency of this presentation is n — m and the deficiency of G is the maximum
over all presentations for G.

The torsion part of R/[F, R] is a presentation invariant and is known as the
Schur multiplicator of G. The question as to how the number of generators of
the Schur multiplicator is related to the deficiency is as yet unanswered. Neumann
[3] asked if every finite group with trivial multiplicator has a presentation with
equal numbers of generators and relators. Swan [4] exhibited a family of soluble
groups with trivial multiplicator and unbounded deficiency. The question however
is still unanswered for finite nilpotent groups and in this paper we answer the
question in the affirmative for groups of order 3*, n < 6, as classified by James [1].

2. Preliminaries

In this section we develop some results concerning the deficiency of factor
groups of groups with zero deficiency. The following theorem (Theorem 2.1 [5])
is stated without proof,

THEOREM 2.1. Let G be a finite p-group with presentation G = F|R with F
free on x,,---,x, and suppose the vector space R/[F,R]R? has dimension m. If
we take any set of m elements R,, -+, R,,, of R, linearly independent in R modulo
[F,R]R? and let K = F|S where S is the normal closure of Ry, -+ ,R,, in F, then
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G is the maximal p-factor group of K, in the sense that if A is a finite p-group
which is a factor group of K then A is a factor group of G.

COROLLARY 2.2. Let M= {x;, "+, %, | R;,» -+, R;,} where R, -+, R, is a subset
of Ry,-,R,,. If M is a finite p-group then G = K.

PROOE. K is a factor group of M and hence K is a finite p-group.||
LeEMMA 2.3. Let

G = {xl""’xanl’"'9Rm} = F/R
and
G/N = {xl’.“’xanl’""Rm’Sb"';Sg} = F/S

thenifR;,, -+, R/ are linearly independent in S modulo [F, S|S” they are linearly
independent in R modulo [F, R]RP".

ProoF. The natural mapping R/[F, R]R? into S/[F, S]S” is a homomorphism
and hence a linear transformation of the respective vector spaces.”

THEOREM 2.4. Let G be a finite p-group with zero deficiency and N normal
subgroup of G contained in the derived group of G, then G/N has trivial multi-
plicator if and only if N = 1.

PrOOF. G, G/N and G/[G, G] have presentations
G= {xly""xanla "',Rn} = F/R’

G/N = {xy,"*,%,| Ry, ,R,, Sy, -+, S;} = F/S, with S;in [F, F]
and
G/[G,G] = {X4,*** %y | Ry, , Ry Sy, -+, Spp x;%%,7x;71} = F|T

respectively.

Now R, ---, R, are linearly independent in T modulo [F, T]T" and hence
by lemma 2.3 are linearly independent in modulo [F, S]S?. If G/N has trivial
multiplicator then the dimension of S/[F, S]S? is n whence, by theorem 2.1, G/N
is the maximal p-factor of G. However G is a finite p-group and threefore G/N = G,
ie. N=1.|

We now give an application of these results to specific p-groups considered
by Macdonald [2] with

THEOREM 2.5. Let G be the finite p-group, p = 3, with presentation

- - +8 2 B
G, ={a,b,c|c=a~'b-'ab,c lge = al™? che=t = p1+7* 7" P pr?_ ¥ 1}
— F/R,

where « = B> 0. Then G has trivial multiplicator and has a presentation
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Gz = {a, b,clc =q-! b“ab,c"lac = al—pa,cbc"l — bl+pﬂ}.

PRroOF. Suppose we show G; has trivial multiplicator; then since it is shown
in [2] that G, is a finite p-group the previous theorem gives the desired result.
Hence we have proved the theorem when we have shown G has trivial multiplicator.
To do this it is sufficient to show that the first set of relations are a consequence
of the second modulo [F, R] or that G, has a presentation

G3={a,b,clc:a“‘b"ab,c"ac=aI"a,cbc'1=b”"ﬁ,a-lc”ﬂa=c”p,b‘1c”ﬂb=c’ﬁ}
= F/R.

We have ¢ ?ac?”” = a whence the order of a divides (1- p“)”p — 1 and since we
know G is a finite p-group then a***# = 1. Similarly b*?# = 1. However with
a***? = pr?f = 1 then equation (2.27) of [2], with a and b transposed, gives
c®+ef = 1 whence ¢f = 1.

Similarly if G is the finite p-group, p = 3 with presentation
G={a, b,cI ¢=a~'b-'ab,c~'ac = a'"?" cbc-! = bl""p,a”a” === }
where o > > 0. Then G has trivial multiplicator and has a presentation

" -8
{a,b,clc = a-'b-lab,c='ac = a' "%, chc-! = b'P }

3. Groups of order 3", n < 6

The multiplicators for the groups of order 3", n < 6 were calculated by com-
puter and it was found that there are eleven non abelian groups with trivial multi-
plicator, seven of which are metacyclic and have been considered in [6]. The four
non metacyclic, non abelian groups with trivial multiplicator are, using the ter-
minology of [1],

G, =A¢(221)a= {a,b,clc =a='b='ab,c-'ac=a-%,cbc-'=b*a’=b=c3=1},
G,=A¢(321)a; ={a,b,clc=a-'b-'ab,c-lac=a-8%,chc*' =b*a*" =b’=c3=1},
G.,,=A6(321)a2={a,b,c]c-—-a'1b“ab,c"ac=a'",cbc'1 =b-%a?"=b=c3=1},

and
Gy = Ag(221)c = {a,b,c,d|c = a~'b~'ab,d = c~'a~'ca,c~'bc = b~?,

ad = da,bd = db,a® = b3,b° = ¢* = d? = 1}.

G,, G, and G; are special cases of theorem 2.5 so we need only consider G,.
Let H be the group with presentation

H = {a, b,c,d[c = a~'b-lab,d = c=*a~'ca,c'bc = b~%,a® = b3}.

Since b? is central then we have immediately that b° = 1, and cubing the relation

https://doi.org/10.1017/51446788700015482 Published online by Cambridge University Press


https://doi.org/10.1017/S1446788700015482

510 J. W. Wamsley 4]

cb*' = a~'b-'a gives ¢> = 1. Suppose that d is central then cubing cd = a~'ca
gives that d® = 1, hence we have shown that H = G; when we have shown d is
central. Writing [x, y] to denote x='y='xy we have

b-'db = b='[c,alb = [b~'cb,b~'ab] = [cb3,ac] = b~3[c,ac]b’[b?, ac]

=[c,ac] = ¢~ [c,alc = ¢~'dc
whence

(1) | [cb-1,d] =1.

Also we have that a® = b—'a%b = (ac)3, since a® is central, whence a? = cacac
= ca*cdc = ca~'ca’dc = c*da’dc, giving that a2dca-? =d-'c or a-'‘dca
= d-'c. However ¢® = 1 implies (cd)® = 1 which implies (dc)® =1 whence
a-'(dc)’a = (d-'c)*> or a-'c-'d-'a =d-'cd-'c giving d-'c='¢c-'d-'a
=d-'cd~'c or a~'d-'a = c-'d-!c yielding

@ [ca-',d] =1.

Finally we have a='ba = bc=! = ¢~'b* whence ba~'b-! = b~3ca-?, giving on
cubing that a=3 = ca~!ca-!, since b3 = a® is central, or a=2 = ca~'ca-'c
= c?da-2c. Hence c’da-%ca = 1 or c’daca=' = 1and daca-'c-! = 1, yielding
that d = cac~'a~! = acdc='a-'. This gives

(3) [ac,d] = 1.

Whence (1), (2) and (3) give that d is central and therefore H = G, giving a pre-
sentation for G with an equal number of generators. and relations. Note that the
presentation H may be modified to give a 2-generator, 2-relator presentation.

We have therefore shown that all groups of order 3", n £ 6, with trivial Schur
multiplicator have presentations with zero deficiency.
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