KOPOTKI HOBIJOMJJIEHHA

UDC 512.5

J. Tang (Wuxi Inst. Technology, China),
L. Miao (School Math. Sci., Yangzhou Univ., China),
B. Gao (School Math. and Statistics, Yili Normal Univ., China)

SOME CONDITIONS FOR CYCLIC CHIEF FACTORS OF FINITE GROUPS *
JEAKI YMOBHU HA IUKJITYHI I'OJIOBHI ®PAKTOPU CKIHYEHHUX I'PYII

A subgroup H of a finite group G is called M-supplemented in G if there exists a subgroup B of G such that G = HB
and H; B is a proper subgroup of G for every maximal subgroup H; of H. The main purpose of the paper is to study the
influence of M -supplemented subgroups on the cyclic chief factors of finite groups.

Migrpyna H ckindenHoi rpynu G Ha3uBaeThesi M-monoBHeHOO B (G, sKmIo icHye minrpyna B rpymu G Taka, 1o
G = HB, a H B € pnacuor miarpynoio G s KokHOT MakcuManbHol miarpynu Hq1 B H. OCHOBHOIO METOIO CTarTi €
BUBYEHHS BIUIMBY M -JOMOBHEHUX MIJATrPYN HA [UKJIIYHI FOJOBHI (AaKTOPH CKIHYEHHHX IPYIL.

1. Introduction. All groups in this paper are finite. Most of the notation is standard and can be
found in [2, 7, 8]. In what follows, U denotes the formation of all supersoluble groups and N denotes
the formation of all nilpotent groups. The symbol A(p — 1) [12] stands for the formation of all
Abelian groups of exponent dividing p — 1 where p is a prime. F*(FE) stands for the generalized
Fitting subgroup of F, which coincides with the product of all normal quasinilpotent subgroups of E
[8] (Chapter X). Following Doerk and Hawkes [2], we use [A]B to denote the semidirect product of
the groups A and B, where B is an operator group of A. Z;(G) is the product of all such normal
subgroups H of G whose G-chief factors are cyclic [2].

Let F be a class of groups. If 1 € F, then we write G7 to denote the intersection of all normal
subgroups N of a group G with G/N € F. The class F is said to be a formation if either 7 = &
or 1 € F and every homomorphic image of G/G” belongs to F for any group G. The formation F
is said to be solubly saturated if G € F whenever G/®(N) € F for some soluble normal subgroup
N of a group G.

In this paper, as a continuation of the Theorem of [10], we mainly prove the following theorem.

Theorem 1.1. Let X = FE or X = F*(E) be two normal subgroups of a group G. Suppose
that every noncyclic Sylow subgroup P of X has a subgroup D such that 1 < |D| < |P| and every
subgroup H of P with order |D| is M-supplemented in G, then each chief factor of G below E is
cyclic.
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Definition 1.1. A4 subgroup H is called M-supplemented in a group G, if there exists a sub-
group B of G such that G = HB and H1B is a proper subgroup of G for every maximal
subgroup Hi of H.

Recall that a subgroup H is called weakly S-permutable in a group G [10], if there exists a
subnormal subgroup K of G such that G = HK and H N K < Hyg. In fact, the following example
indicates that the M -supplementation of subgroups cannot be deduced from Skiba’s result.

Example 1.1. Let G = Sy be the symmetric group of degree 4 and H = ((1234)) be a cyclic
subgroup of order 4. Then G = H A4 where A4 is the alternating group of degree 4. Obviously, H
is M -supplemented in G because the group H has an unique maximal subgroup. On the other hand,
we have Hy,g = 1. Otherwise, if H is S-permutable in GG, then H is normal in G, a contradiction.
If Hse = ((13)(24)) is S-permutable in G, then ((13)(24)) is normal in G, also is a contradiction.
Therefore H is not weakly S-permutable in G.

2. Proof of Theorem 1.1. In order to prove Theorem 1.1, we first list here some lemmas.

Lemma 2.1 ([9], Lemmas 2.1 and 2.2). Let G be a group. Then the following hold:

(1) If H< M <G and H is M-supplemented in G, then H is also M-supplemented in M.

(2) Let N < G and N < H < G. If H is M-supplemented in G, then H/N is M-sup-
plemented in G/N.

(3) Let K be a normal ©'-subgroup and H be a w-subgroup of G for a set w of primes. Then
H is M-supplemented in G if and only if HK /K is M-supplemented in G/ K.

(4) If P is a p-subgroup of G where p € w(G) and P is M-supplemented in G, then there
exists a subgroup B of G such that PN B = PN B = ®(P)N B and |G: PB| = p for every
maximal subgroup Py of P.

Lemma 2.2 ([3], Theorem 1.8.17). Let N be a nontrivial soluble normal subgroup of a group G.
If NN ®(G) = 1, then the Fitting subgroup F(N) of N is the direct product of minimal normal
subgroups of G which are contained in N.

Lemma 2.3 ([10], Lemma 1). Given a normal p-subgroup E of a group G, if E < Zy(G),
then (G/Ca(E))A®~) < 0,(G/Ca(E)).

Lemma 2.4 ([10], Lemma 2). Given a normal subgroup E of a group G, if every G-chief factor
of F*(E) is cyclic, then so is every G-chief factor of E.

Lemma 2.5 ([1], Lemma 3.5). Let P be a normal p-subgroup of a group G. If each subgroup
of P of order p is complemented in G, then P < Zy(G).

Proof of Theorem 1.1. Suppose that this theorem is false and consider a counterexample (G, E)
for which |G||E| is minimal. Take a Sylow p-subgroup P of E, where p is the smallest prime
divisor of the order of E, and put C = Cg(P). If X = E, then we have following claims.

(1) FE is supersoluble and F # G.

Corollary 3.3 of [9] shows that F is supersoluble and hence F # G by the choice of G.

(2) If T is a Hall subgroup of E, then the hypotheses of Theorem 1.1 hold for (7, T"). Further-
more, if 7" is normal in G, then the hypotheses of the theorem hold for (G,T') and (G/T,E/T).
The claim follows directly from Lemma 2.1.

(3) If T is a nontrivial normal Hall subgroup of E, then T'= F.

Suppose that 1 # T # E. Since T is a characteristic subgroup of F, it follows that T is
normal in G, and by (2) the hypotheses of Theorem 1.1 hold for (G/T, E/T) and (G,T'). Then
E/T < Zy(G/T) and T < Zy/(G) by the choice of (G, E). So, E < Z;;(G). This contradiction
shows that 7' = F.
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4 E=P.

Suppose that E # P. By (1), there exists a normal Hall p’-subgroup V of E and 1 #V # E,
which contradicts (3). Consequently, £ = P and P is noncyclic.

S [D|>p.

Suppose that |D| = p. Then every minimal subgroup of P is M-supplemented in G. Indeed,
every minimal subgroup of P is complemented in G and so by Lemma 2.5, £ < Z,(G), a
contradiction.

(6) |N| < |D| for any minimal normal subgroup N of G contained in E.

Assume that |D| < |N|. Suppose H < N and H is a subgroup of N with order |D|. By
hypotheses, there exists a subgroup B of GG such that G = HB and H1B < G for every maximal
subgroup H; of H. Clearly, G = HB = NBand NNB JIG.If NNB = N, then G = B, a
contradiction. If N N B =1, then H = N, also is a contradiction.

(7) If N is a minimal normal subgroup of GG contained in F, then the hypotheses are still true
for (G/N,E/N).

If |D| = |N|, then N is M-supplemented in G. There exists a subgroup B of G such
that G = NB and TB < G for every maximal subgroup 7' of N. Clearly, N « TB and |G:
TB| = p. Hence |N| = p, contrary to (5). So we may assume that | N| < |D|, then every subgroup
H/N of P/N with order |D|/|N| is M-supplemented in G/N by Lemma 2.1(2). It follows that
the hypotheses are still true for (G/N, E/N).

8) PNo(G) #1.

If PN ®(G) = 1, then by Lemma 2.2, P = R; X ... x R; with minimal normal subgroups
Ry, ..., R; of G contained in P. Let L be any minimal normal subgroup of G contained in P. We
get |[D| > |L| by (6). Now we suppose that L < H < P with |H| = |D|. By hypotheses, there
exists B < G such that G = HB and H;B < G for every maximal subgroup H; of H. Since |G :
H;B| = p by Lemma 2.1(4) and P N ®(G) = 1, there exists a maximal subgroup H; of H with
L ﬁ H; and hence H = LH; as wellas G = HB = LH;B and L N H;B < G. As L is minimal
normal in G, we get L ¢ H;B and thus |L| = |G: H;B| = p, otherwise, if L < H;B, then
H;B = LH;B = HB = G, a contradiction. By hypotheses and (7), (G/L,E/L) satisfies the
condition of Theorem 1.1. The minimal choice of G implies that £/L < Z;;(G/L) and hence
E < Zy(G), a contradiction.

9) ®(P) # 1.

By (8), P N ®(G) # 1. Then there exists a minimal normal subgroup L of G contained in
PN ®(G) and L is an elementary Abelian p-group.

If |D| = |L|, then we may choose a subgroup H < L. By hypotheses, H is M-supplemented
in G, i.e., there exists a subgroup B of G such that G = HB and T'B < G for every maximal
subgroup 1" of H. Since L < ®(G), we get G = HB = LB = B, a contradiction.

So we have |D| > |L| and fix H < P with L < H where |H| = |D|. By hypotheses, H is M-
supplemented in G, i.e., there exists a subgroup B of GG such that G = HB and T'B < G for every
maximal subgroup 7" of H. By Lemma 2.1(4), |G: TB| =pand HNB=TNB < ®(H) < ®(P).
Since L is a minimal normal subgroup of G and T'B is a maximal subgroup of G for every maximal
subgroup T of H, we have G = LTB or L < TB. If G = LTB for some maximal subgroup 7'
of H, we obtain G = T'B since L is contained in P N ®(G), a contradiction. Therefore L < T'B
for every maximal subgroup 7' of H. Moreover, if L £ T; for some maximal subgroup 7; of H,
then H = LT; and hence T;B = LT;B = HB = G, a contradiction. Therefore we have L < T for
every maximal subgroup 7" of H and hence L < ®(H) < ®(P), that is, ®(P) # 1.
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(10) Cg(P/®(P))/C is a p-group.
Firstly, we obtain ®(P) # 1 by (9). And then we suppose that this claim is false. Pick a p’-element
aC of Cq(P/®(P))/C, where a € Cq(P/®(P))\C. Put Gy = [P](G/C). Then aC is a nontrivial
p'-element of G/C, that is, aC is a p'-automorphism of the p-group P and aC € Cgq,(P/®(P)),
which contradicts Theorem 1.4 of [6] (Chapter 5). Hence, Co(P/®(P))/C is a p-group.

(11) P/O(P) £ Zu(G/D(P)).

Suppose that P/®(P) < Z(G/®(P)). Then (G/Cq(P/®(P)))*®~1) is a p-group by Lemma

2.3. Since

(G/Ca(P[@(P))A™D = (G/C/Ca(P/2(P))/C)AF™Y =
= (G/C) 7= VCa(P[®(P))/C/Ca(P/2(P))/C,

we get that (G/C)A®=1 is a p-group by (10). Take an arbitrary chief factor H/K of G below
®(P) and C = C(P) < Cg(H/K). Then

(G/Ca(H/K)AP~V =(G/C/Ca(H/K)/C)AP~1) =
= (G/C)*""NCq(H/K)/C/Ca(H/K)/C

and hence (G/Cq(H/K))*®~Y is a p-group since (G/C)AP~1 is a p-group. On the other hand, we
have O,(G/Cq(H/K)) = 1 by Lemma 3.9 of [3] (Chapter 1) and then (G/Cq(H/K))AP~1 =1,
So G/Cq(H/K) € A(p— 1) and hence |H/K| = p by Lemma 4.1 of [11] (Chapter 1). Therefore
P < Zy/(G). This contradiction completes the proof of (11).

The final contradiction. It follows form (7), (8), (9) that P/®(P) < Zy,(G/®(P)), which
contradicts (11).

If X = F*(E), then F*(E) < Z(G) by the proof in the case X = E, which by Lemma 2.4
implies that £ < Zy(G).

Theorem 1.1 is proved.

Note that if F is a solubly saturated formation and G/E € F, where every chief factor of G
below F is cyclic, then G € F (Lemma 3.3 in [4]). Therefore from Theorem 1.1 we get the following
corollary.

Corollary 2.1. Let F be a solubly saturated formation containing all supersoluble groups and
X < E normal subgroups of a group G such that G/E € F. Suppose that every noncyclic Sylow
subgroup P of X has a subgroup D such that 1 < |D| < |P| and every subgroup H of P with
order |H| = |D| is M-supplemented in G. If either X = E or X = F*(E), then G € F.

In detail, if F is a saturated formation containing A/, then both 7* and F,,* are solubly saturated
formations, where /* and F,* denote the class of all quasi-F-groups and the class of all p-quasi-
F-groups, respectively (Theorem A in [5]). Hence we get the following corollary.

Corollary 2.2. Let E be a normal subgroup of a group G such that G/ E is p-quasisupersoluble.
Suppose that every noncyclic Sylow subgroup P of X has a subgroup D such that 1 < |D| < |P|
and every subgroup H of P with order |H| = |D| is M-supplemented in G, where X = E or
X = F*(E). Then G is p-quasisupersoluble.
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