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Abstract S-semipermutable subgroup and weakly s-permutable subgroup are two
different generalizations of s-permutable subgroup. In this paper, we investigate the
influence of s-semipermutable and weakly s-permutable subgroups on the structure
of finite groups. We give some conditions of p-nilpotency and supersolvability under
assumption that some primary subgroups ( for example, maximal subgroups or minimal
subgroups of Sylow subgroups ) are either s-semipermutable or weakly s-permutable.
Meanwhile, some results are extended by using formation theory.
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1 Introduction

All groups considered in this paper will be finite. Our notation is standard and taken mainly
from B. Huppert [1] and W. Guo [2].

G always means a group, |G| is the order of G, m(G) denotes the set of all primes dividing
|G| and G,, is a Sylow p-subgroup of G for some p € n(G). Let F be a class of groups.
We call F a formation provided that (1) if G € F and H < G, then G/H € F, and (2) if
G/M and G/N are in F, then G/(M N N) is in F for any normal subgroups M, N of G.
A formation F is said to be saturated if G/®(G) € F implies that G € F. In this paper, U
will denote the class of all supersolvable groups. Clearly, i is a saturated formation.

Two subgroups H and K of G are said to be permutable if HK = KH. A subgroup H
of a group G is said to be s-permutable ( or s-quasinormal, 7m-quasinormal ) in G if H per-
mutes with all Sylow subgroups of G, i.e, HS = SH for any Sylow subgroup S of G. This
concept was introduced by Kegel [3] and was investigated by many authors. More recently,
Zhang and Wang [4] generalized s-permutable subgroups to s-semipermutable subgroups.

Definition 1.1. A subgroup H of a group G is said to be s-semipermutable in G if
HG, = G,H for any Sylow p-subgroup G, of G with (p,|H|) = 1.

Wang and Wang [5] proved the following theorem:
Theorem 1.2. Let G be a group and P a Sylow p-subgroup of G, where p is the smallest
prime dividing |G|. If all mazimal subgroups of P are s-semipermutable in G, then G is

p-nilpotent.

As another generalization of s-permutable subgroups, Skiba [6] introduced the following
concept:

Definition 1.3. A subgroup H of a group G is called weakly s-permutable in G if there
is a subnormal subgroup T of G such that G = HT and HNT < Hgq, where Hyq is the
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subgroup of H generated by all those subgroups of H which are s-quasinormal in G.

In fact, this concept is also a generalization of c-normal subgroups given in Wang [7]
( A subgroup H of a group G is said to be c-normal in G if there is a normal subgroup
K of G such that G = HK and H N K < Hg, where Hg denotes the core of H in G ).
There are examples to show that weakly s-permutable subgroups are not s-semipermutable
subgroups and in general the converse is also false. The aim of this article is to unify and
improve some earlier results using s-semipermutable and weakly s-permutable subgroups.

2 Preliminaries

Lemma 2.1. Suppose that H is an s-semipermutable subgroup of a group G and N is a
normal subgroup of G. Then
(1) H is s-semipermutable in K whenever H < K < G.
(2) If H is p-group for some prime p € ©(G), then HN/N is s-semipermutable in G/N.
(3) If H < O,(G), then H is s-permutable in G.

Proof: (a) is [3, Property 1], (b) is [3, Property 2], and (c) is [3, Lemma 3].

Lemma 2.2. ( [6], Lemma 2.10) Let H be a weakly s-permutable subgroup of a group G.
(1) If H < L <G, then H is weakly s-permutable in L.
(2) If N <G and N < H <G, then H/N is weakly s-permutable in G/N.
(3) If H is a w-subgroup and N is a normal ©’'-subgroup of G, then HN/N is weakly
s-permutable in G/N.

Lemma 2.3. ( [8], A, 1.2) Let U,V, and W be subgroups of a group G. Then the following
statements are equivalent:

1) UNVW = (UNV)UNW).

©2) UV NUW = UV NW).

Lemma 2.4. ( [9],Lemma 2.2) If P is an s-permutable p-subgroup of a group G for some
prime p, then Ng(P) > OP(QG).

Lemma 2.5. ( [5] Theorem 3.3) Let P be a Sylow p-subgroup of a group G, where p is
the smallest prime dividing |G|. If every mazimal subgroup of P is s-semipermutable in G,
then G is p-nilpotent.

Lemma 2.6. ( [10],Lemma 2.6) Let H be a solvable normal subgroup of a group G(H # 1).
If every minimal normal subgroup of G which is contained in H is not contained in ®(G),
then the Fitting subgroup F(H) of H is the direct product of minimal normal subgroups of
G which are contained in H.

Lemma 2.7. ( [6] Lemma 2.16) Let F be a saturated formation containing U, the class of
all supersolvable groups. Suppose that G is a group with a normal subgroup N such that
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G/N € F. If N is cyclic, then G € F.

Lemma 2.8. ( [11], Lemma 2.4) Let H be a normal subgroup of a group G such that G/H
is p-nilpotent and let P be a Sylow p-subgroup of H, where p is the smallest prime divisor
of |G|. If |P| < p* and G is Ays-free, then G is p-nilpotent.

Lemma 2.9.( [12], Lemma 3.16)Let F be the class of groups with Sylow tower of super-
solvable type. Also let P be a normal p-subgroup of a group G such that G/P € F. If G is
Ay-free and |P| < p?, then G € F.

3 Main results

Theorem 3.1. Let P be a Sylow p-subgroup of a group G, where p is the smallest prime
divisor of |G|. If every mazimal subgroup of P is either s-semipermutable or weakly s-
permutable in G, then G is p-nilpotent.

Proof: Suppose that the theorem is false and let G be a counterexample of minimal order.
We will derive a contradiction in several steps.

(i) G has a unique minimal normal subgroup N and G/N is p-nilpotent. Moreover
P(G)=1.
Let N be a minimal normal subgroup of G. Consider G/N. We will show that G/N
satisfies the hypothesis of the theorem. Let M/N be a maximal subgroup of PN/N.
It is easy to see M = P;N for some maximal subgroup P; of P. It follows that
PN N = PN N is a Sylow p-subgroup of N. If P; is s-semipermutable in G, then
M/N is s-semipermutable in G/N by Lemma 2.1. If P; is weakly s-permutable in G,
then there is a subnormal subgroup T of G such that G = Py/T and Py NT < (Py)sq-
So G/N=M/N -TN/N =P, N/N -TN/N. Since

(IN:P.AN|,|N:TNN|) =1,

we have
(PANN)(TNN)=N=NNG=NnNnPT.

By Lemma 2.3, (PLN)N (TN) = (P, NT)N. It follows that
(PN/N)N(TN/N) = (AN ATN)/N = (P, T)N/N < (P)sgN/N < (PLN/N)q.

Hence M/N is weakly s-permutable in G/N. Therefore, G/N satisfies the hypothesis
of the theorem. The choice of G yields that G/N is p-nilpotent. Consequently the
uniqueness of N and the fact that ®(G) = 1 are obvious.

(i) Op(G) =1.
If Oy (G) # 1, then N < O, (G) by step (1). since
G/Op(G) = (G/N)/(Op(G)/N)
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is p-nilpotent, hence G is p-nilpotent, a contradiction.

(i) Op(G) = 1.

If O,(G) # 1, Step (1) yields N < O,(G) and ®(0,(G)) < ®(G) = 1. Therefore, G
has a maximal subgroup M such that G = M N and G/N = M is p-nilpotent. Since
0,(G)N M is normalized by N and M, O,(G) N M is normal in G. The uniqueness of
N yields N = O,(G). Clearly, P = N(P N M). Furthermore P N M < P, thus there
exists a maximal subgroup P; of P such that PN M < P;. Hence P = NP;. By the
hypothesis, P is either s-semipermutable or weakly s-permutable in G. If we assume
P, is s-semipermutable in G, then P; M, is a group for ¢ # p. Hence

P < M,,Mylqg e n(M),q#p>=PM

is a group. Then PPM = M or G by maximality of M. If PPM = G, then P =
PNnP M = Pi(PNM) = Py, a contradiction. If PyM = M, then P, < M. Therefore,
PyNN =1 and N is of prime order. Then the p-nilpotency of G/N implies the p-
nilpotency of G, a contradiction. Therefore we may assume P; is weakly s-permutable
in G. Then there is a subnormal subgroup 7" of G such that G = P/T and P,NT <
(P1)se < Op(G) = N < OP(G) since N is the unique minimal normal subgroup of G.
Since |G : T'| is a number of p-power, OP(G) < T'. Hence

PNT< (Pl)sg SOP(G)ﬂpl <TnN~k,

and so Py NT = (Py)s¢ = OP(G) N P;. Consequently, G = POP(G) implies that
(P1)s¢ < G by Lemma 2.4. By the minimality of N, we have (P1)s¢ = N or
(P)s¢ = 1. If (P)s¢ = N, then N < P, and P = NP, = P;, a contradiction.
Thus P, NT = (P1)s¢ = 1, and so |T|, = p. Then T is p-nilpotent. Let T,/ be the
normal p-complement of 7. Then T, is subnormal in G and T, is a p’-Hall subgroup
of G. It follows that T}, is the normal p-complement of G, a contradiction.

(iv) The final contradiction.

If P has a maximal subgroup P; which is weakly s-permutable in G, then there is a
subnormal subgroup T of G such that G = P\T and P, NT < (P1)s¢ < 0p(G) = 1.
Then P, NT = 1. Hence |T|, = p. Therefore, T is p-nilpotent. Thus G is p-
nilpotent, a contradiction. Now we may assume that all maximal subgroups of P are
s-semipermutable in G. Then G is p-nilpotent by Lemma 2.5, a contradiction.

Corollary 3.2. Let p be a prime dividing the order of a group G, where p is the small-
est prime divisor of |G| and H a normal subgroup of G such that G/H is p-nilpotent. If
there exists a Sylow p-subgroup P of H such that every mazimal subgroup of P is either
s-semipermutable or weakly s-permutable in G, then G is p-nilpotent.

Proof: By Lemma 2.1 and 2.2, every maximal subgroup of P is either s-semipermutable or
weakly s-permutable in H. By Theorem 3.1, H is p-nilpotent. Now, let H,/ be the normal p-
complement of H. Then H, < G. Assume H, # 1 and consider G/H,,. Applying Lemma
2.1 and 2.2 it is easy to see that G/H,, satisfies the hypotheses for the normal subgroup
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H/H, . Therefore by induction G/H, is p-nilpotent and so G is p-nilpotent. Hence we
may assume H, =1 and therefore H = P is a p-group. Since G/H is p-nilpotent, we can
consider K/H be the normal p-complement of G/H. By Schur-Zassenhaus’s theorem, there
exists a Hall p’-subgroup K, of K such that K = HK,. A new application of Theorem
3.1 yields K is p-nilpotent and so K = H x K. Hence K, is a normal p-complement of
G. This completes the proof.

Corollary 3.3. ( [12], Theorem 3.4) Let G be a group and P a Sylow p-subgroup of G,
where p is the smallest prime dividing |G|. If all mazimal subgroups of P are c-normal in
G, then G is p-nilpotent.

Corollary 3.4. Suppose that every mazimal subgroup of any Sylow subgroup of a group
G 1is either s-semipermutable or weakly s-permutable in G, then G is a Sylow tower group
of supersolvable type.

Proof: Let p be the smallest prime dividing |G| and P a Sylow p-subgroup of G. Then
every maximal subgroup of P is either s-semipermutable or weakly s-permutable in G. By
Theorem 3.1, G is p-nilpotent. Let U be the normal p-complement of G. By Lemma 2.1
and 2.2, U satisfies the hypothesis of the Corollary. Therefore it follows by induction that
U, and hence G is a Sylow tower group of supersolvable type.

Theorem 3.5. Let F be a saturated formation containing U, the class of all supersoluble

groups. A group G € F if and only if there is a normal subgroup H of G such that G/H € F
and every mazximal subgroup of any Sylow subgroup of H is either s-semipermutable or
weakly s-permutable in G.

Proof: The necessity is obvious. We only need to prove the sufficiency. Suppose that the
assertion is false and let G be a counterexample of minimal order.

(i) By Lemma 2.1 and 2.2, every maximal subgroup of any Sylow subgroup of H is either
s-quasinormally embedded or weakly s-permutable in H. By Corollary 3.4, H is a
Sylow tower group of supersolvable type. Let p be the largest prime divisor of |H| and
let P be a Sylow p-subgroup of H. Then P is normal in G. Let N be a minimal normal
subgroup of G contained in P. We consider G/N. It is easy to see that (G/N, H/N)
satisfies the hypothesis of the Theorem. By the minimality of G, we have G/N € F.
Since F is a saturated formation, IV is the unique minimal normal subgroup of G
contained in P and N £ ®(G). By Lemma 2.6, it follows that P = F(P) = N.

(ii) Since N < G, we may take a maximal Ny of N such that Ny < G,,, where G, is a Sylow
p-subgroup of G. Then N; is either s-semipermutable or weakly s-permutable in G.
If N; is weakly s-permutable in G, then there is a subnormal subgroup 7" of G such
that G = N1T and NyNT < (N1)sg. Thus G = NT and N = NNN,T = N;(NNT).
This implies that NNT # 1. But since NN7T is normal in G and N is minimal normal
in G, NNT = N. It follows that T = G and so Ny = (N1)s¢ is s-permutable in G.
By Lemma 2.4, OP(G) < Ng(N1). Thus N7 < G,0P(G) = G. It follows that Ny =1
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and so |N| = p. By Lemma 2.7, G € F, a contradiction. If N is s-semipermutable in
G, then Nj is s-permutable in G by Lemma 2.1 and it follows the same contradiction.

Corollary 3.6. ( [10], Theorem 3.3) Let H be a normal subgroup of a group G such that
G/H is supersolvable. If every mazimal subgroup of any Sylow subgroup of H is c-normal
in G, then G is supersolvable.

Theorem 3.7. Let p is the smallest prime dividing the order of a group |G| and P a
Sylow p-subgroup of G. If G is Ay-free and every 2-mazimal subgroups of P is either s-
semipermutable or weakly s-permutable in G, then G is p-nilpotent.

Proof. Suppose that the theorem is false and let G be a counterexample of minimal order.
We will derive a contradiction in several steps.

(i) By Lemma 2.8, |P| > p® and so every 2-maximal subgroups P, of P is non-identity.

(ii) G is not a non-abelian simple group.

Suppose G is simple. Let P, a 2-maximal subgroup of P. If P, is weakly s-permutable
in G, then there is a subnormal subgroup T of G such that G = P,T and P, NT <
(P2)sa < Op(G) = 1. Since G is simple, we have P, = P,NT = P,NG = 1. By Lemma
2.8, GG is p-nilpotent, a contradiction. Hence we may assume P, is s-semipermutable
in G. Suppose @ is a Sylow g-subgroup with ¢ # p. Then P,Q9 = Q9P, for any
g € G. Since G is simple, we have G = P»Q from [1, VI, 4.10], a contradiction.

(iii) G has a unique minimal normal subgroup N such that G/N is p-nilpotent, moreover
o(G) =1.

(iv) Oy (G) =1.

(v) Op(G) = 1.

If O,(G) # 1, Step (3) yields N < O,(G) and ®(0,(G)) < ®(G) = 1. Therefore,
G has a maximal subgroup M such that G = MN and G/N = M is p-nilpotent.
Since O,(G) N M is normalized by N and M, hence by G, the uniqueness of N yields
N = 0,(G). Clearly, P = N(PNM). Furthermore PNM < P. If PNM is a maximal
subgroup of P, then N is a subgroup of order p. By applying [16, Lemma 2.8], we
obtain that N < Z(G). Since G/N is p-nilpotent, it follows that G is p-nilpotent, a
contradiction. Therefore PN M is contained in a 2-maximal subgroup P, of P. By the
hypothesis, P, is either s-semipermutable or weakly s-permutable in G. If we assume
P, is s-semipermutable in G, then P»M, is a group for ¢ # p. Hence

Py < My, Mylqg € 7(M),q #p >= P.M

is a group. Then P,M = M or G by maximality of M. If P,M = G, then P =
PNP,M = P,(PNM) = Py, a contradiction. If P,M = M, then P, < M. Therefore,
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P, NN = 1. Since P = NP, we have |[N| = p?>. Then the p-nilpotency of G/N
implies the p-nilpotency of G by Lemma 2.8, a contradiction. Now we suppose P; is
weakly s-permutable in G. Then there is a subgroup T of G such that G = P,T and
P,NT < (P2)sq. From Lemma 2.4 we have OP(G) < Ng((P2)sc). Since (P2)s¢ is
subnormal in G,

PNT< (PQ)SG < OP(G) = N.

Thus, (Py)sg < Py N N, where p; is a maximal subgroup of P which contains Ps.
Then

(Po)sc < ((P2)sc)€ = (P2)sc)?" P = ((Py)s)? < (PANN)Y =P NN < N.

It follows that ((P2)sq)¢ = L or ((Py)sq)® = PINN = N. If (P2)sq)® = PLNN = N,
then N < P, and P = NP, = Py, a contradiction. If ((P2)sg) =1, then P,NT =1
and so |T'|, = p*>. Hence T is p-nilpotent by Lemma 2.8. Since 7T is subnormal in G,
we have G is p-nilpotent, a contradiction.

(vi) The final contradiction.

If we suppose NP < G, then NP satisfies the hypothesis of the theorem. The choice
of G yields that N is p-nilpotent, a contradiction with steps (2) and (3). Therefore we
may assume G = NP. Since G/N is a p-subgroup, we may assume G has a normal
subgroup M such that |G : M| = p and N < M. Hence the maximal subgroups of
Sylow p-subgroup P N M of M are the 2-maximal subgroups of Sylow p-subgroup P
of G. By Lemma 2.1 and 2.2, every maximal subgroup of Sylow p-subgroup PN M is
either s-semipermutable or weakly s-permutable in M. Now applying Theorem 3.1,
we get M is p-nilpotent, and so G is p-nilpotent, a contradiction.

Corollary 3.8. ( [12], Theorem 3.2) Let p be the smallest prime dividing the order of a
group |G| and P a Sylow p-subgroup of G. If G is As-free and every 2-mazimal subgroups
of P is c-normal in G, then G is p-nilpotent.

Corollary 3.9. Let p be the smallest prime dividing the order of a group G and G is
Ay-free. Assume that H is a normal subgroup of G such that G/H is p-nilpotent. If there
exists a Sylow p-subgroup P of H such that every 2-mazimal subgroup of P is either s-
semipermutale or weakly s-permutable in G, then G is p-nilpotent.

Using similar arguments as in the proof of Theorem 3.5 and Lemma 2.9, we also obtain
the following.

Theorem 3.10. Let F be the class of groups with Sylow tower of supersolvable type and G is
Ay-free. Then G € F if and only if there is a normal subgroup H of G such that G/H € F
and every 2-maximal subgroup of any Sylow subgroup of H is either s-semipermutale or
weakly s-permutable in G.

Theorem 3.11. Let F be a saturated formation containing U, the class of all supersoluble
groups. A group G € F if and only if there is a normal subgroup E of G such that G/E € F
and every cyclic subgroup < x > of any Sylow subgroup of E with prime order or order 4 (if
the Sylow 2-subgroups are non-abelian) is either s-semipermutable or weakly s-permutable
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Proof: We need only to prove the sufficiency part since the necessity part is evident.
Suppose that the assertion is false and let G be a counterexample of minimal order. Then

(i)

(iii)

(iv)

F is solvable.

Let K be any proper subgroup of E. Then |K| < |G| and K/K € U. Let < 2 > be
any cyclic subgroup of any Sylow subgroup of K with prime order or order 4(if the
Sylow 2-subgroups are non-abelian). It is clear that < z > is also a cyclic subgroup
of a Sylow subgroup of E with prime order or order 4. By the hypothesis, < x >
is either s-semipermutable or weakly s-permutable in G. By Lemma 2.1 and 2.2,
< x > is either s-semipermutable or weakly s-permutable in K. This shows that the
hypothesis still holds for (U, K). By the choice of G, K is supersolvable. By [12,
Theorem 3.11.9], E is solvable.

G7 is a p-group, where G7 is the F-residual of G. Moreover G /®(G7) is a chief
factor of G and exp(G”7) = p or exp(G7) =4 (if p=2 and G is non-abelian ).
Since G/E € F, G < E. Let M be a maximal subgroup of G such that G* ¢ M
(that is, M is an F-abnormal maximal subgroup of G). Then G = ME. We claim
that the hypothesis holds for (F, M). In fact,

M/MNE~ME/E=G/EeF

and by the similar argument as above, we can prove that the hypothesis holds for
(F, M). By the choice of G, M € F. Thus (2) holds by [12,Theorem 3.4.2].

< x > is s-permutable in G for any element x € G7.
Let x € G7. Then the order of z is p or 4 by Step (2). By the hypothesis, < z > is
either s-semipermutable or weakly s-permutable in G. If < z > is s-semipermutable
in G, then < x > is s-permutable in G by Lemma 2.1 since < z >< GF < 0,(G). If
< x > is weakly s-permutable in G, then there is a subnormal subgroup 7" of G such
that G =<z >T and <z >NT << x >45. Hence

G =G"nNnG=G"n<z>T=<z>(G"'NT).
Since G7 /®(G7) is abelian, we have
(GTNT)®(GT)/®(GT) < G/B(GT).

Since G /®(G7) is a chief factor of G, G NT < ®(GF) or GF = (GT NT)®(GF) =
GINT. fGTNT < ®(G7), then < x >= GF < G. In this case, < = > is
s-permutable in G. If GF = GF NT, then T = G and so < = >=< & >4 iS
s-permutable in G.

GT/2(GT)| =p.

Assume that |G7 /®(G7)| # p and let L/®(G”) be any cyclic subgroup of G7 /®(G7).
Let x € L\®(G7). Then L =< x > ®(G”). Since < z > is s-permutable in G by
step (3), L/®(G7) is s-permutable in G/®(G7). It follows from [5, Lemma 2.11]
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that G¥ /®(G7) has a maximal subgroup which is normal in G/®(G7). But this is
impossible since G7 /®(G7) is a chief factor of G. Thus |G7 /®(GT)| = p.

(v) The final contradiction.

Since

(G/(GT))/(GT/®(GT)) = G/GT € F,

we have that G/®(G”) € F by Lemma 2.7. But ®(G7) < ®(G) and F is a saturated
formation, therefore G € F, the final contradiction.

Corollary 3.12. ( [13], Theorem 4.2) Let F be a saturated formation containing U, the
class of all supersoluble groups. If every cyclic subgroup of G¥ of prime order or order 4 is
c-normal in G, then G € F.

Corollary 3.13. If every cyclic subgroup of G of prime order or order 4 is weakly s-
permutable in G, then G is supersolvable.

Acknowledgements

The author expresses sincere thanks to the referee and the editor for their valuable comments
and suggestions towards the improvement of this paper. The project is supported by the
Natural Science Foundation of China (No: 10771180) and the Natural Science Foundation
of the Jiangsu Higher Education Institutions of China (No: 10KJD110004).

References

[1] Huppert, B. Fndliche Gruppen I. Berlin-NewYork: Springer-Verlag. 1967.

[2] Guo, W. The Theory of Classes of Groups. Beijing: Science Press-Kluwer Academic
Publishers. 2000.

[3] Kegel, O. H. Sylow Gruppen und Subnormalteiler Endlicher Gruppen. Math. Z., 1962.
78: 205-221.

[4] Zhang, Q. and Wang, L. The Influence of s-semipermutable Subgroups on the Structure
of a Finite gGroup. Acta Math. Sinica, 2005. 48: 81-88.

[5] Wang, L. and Wang, Y. On s-semipermutable Maximal and Minimal Subgroups of
Sylow p-groups of Finite Groups. Comm. Algebra, 2006. 34: 143-149.

[6] Skiba, A. N. On Weakly s-permutable Subgroups of Finite Groups. J. Algebra, 2007.
315: 192-209.

[7] Wang, Y. C-normality of Groups and Its Properties. J. Algebra, 1996. 180: 954-965.

[8] Doerk, K. and Hawkes, T. Finite Soluble Groups. Berlin-New York: de Gruyter. 1992.



136 Li Changwen

[9] Li, Y., Wang, Y. and Wei, H. On p-nilpotency of Finite Groups with Some Subgroups
m-Quasinormally Embedded. Acta. Math. Hungar, 2005. 108: 283-298.

[10] Li, D. and Guo, X. The Influence of c-normality of Subgroups on the Structure of
Finite Groups. J. Pure Appl. Algebra, 2000. 150: 53-60.

[11] Wei, H. and Wang, Y. On C' AS-subgroups of Finite Groups. Israel J. Math, 2007. 159:
175-188.

[12] Guo, X. and K. P, S. On c-normal Maximal and Minimal Subgroups of Sylow p-
subgroups of Finite Groups. Arch. Math, 2003. 80: 561-569.

[13] Ballester-Bolinches, A. and Wang, Y. Finite Groups with Some c-normal Minimal
Subgroups. J. Pure Appl. Algebra, 2000. 153: 121-127.



