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ABSTRACT

Let B be a ring Galois extension of BG with Galois group G such

that BG is a projective separable CG-algebra where C is the center of

B. Then it is shown that G = AutBG(B) and K = h1i where K = fg 2

G j g(c) = c for all c 2 Cg if and only if either B is an indecomposable

DeMeyer-Kanzaki Galois extension of BG or B = BGe � BG(1 � e)

where e and 1 � e are minimal central idempotents in B. This is a

generalization of the case for Galois algebras. Moreover, the class of

indecomposable Galois extentions are also studied.
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1. Introduction

Let B be a �eld Galois extension of BG with Galois group G. It is well known

that G = AutBG(B), the BG-automorphism of B. In [1], this fact was extended to

an indecomposable commutative Galois extension (with no idempotents but 0 and 1).

Recently, the converse problem for a Galois algebra was studied ([10], Theorem 4.6). Let

B be a Galois algebra over a commutative ring R with Galois group G. Then G = AutR(B)

1



if and only if either B is indecomposable commutative or B = Re � R(1 � e) where B is

commutative, e and 1�e are minimal idempotents of B. The purpose of the present paper

is to generalize this result to a Galois extension (not necessarily a Galois algebra). Let B

be a Galois extension of BG with Galois group G such that BG is projective separable over

CG where C is the center of B, and K = fg 2 G j g(c) = c for all c 2 Cg. In section 3, we

shall show that G = AutBG(B) and K = h1i if and only if either B is an indecomposable

DeMeyer-Kanzaki Galois extension of BG or B = BGe�BG(1� e) where e and 1� e are

minimal central idempotents in B, where B is called a DeMeyer-Kanzaki Galois extension

if B is an Azumaya algebra over C and C is a Galois algebra over CG with Galois group

induced by and isomorphic with G ([2], [6]). We note that K = h1i and BG is projective

separable over CG for the Galois algebra case. We also generalize the structure theorem

for an indecomposable Galois algebra as given by F. R. DeMeyer ([3], Theorem 1). Let

B be an indecomposable Galois extension of BG with Galois group G such that BG is

separable over CG. Then B is a Hirata Galois extension of BGC with Galois group K

(that is, B is a Galois and a Hirata separable extension), and BGC is a DeMeyer-Kanzaki

Galois extension of BG with Galois group G=K. Then, in section 4, some properties of

an indecomposable Galois extension are given. In section 5, the Galois correspondence is

shown for the Hirata Galois extension B of BGC as given in section 3.

This paper was written under the support of a Caterpillar Fellowship at Bradley

University. The authors would like to thank Caterpillar Inc. for the support.

2. Basic De�nitions and Notations

Let B be a ring with 1, G a �nite automorphism group of B, C the center of B, BG

the set of elements in B �xed under each element in G, and A a subring of B with the same

identity 1. We call B a separable extension of A if there exist fai; bi in B, i = 1; 2; :::;m for

some integer mg such that
P

aibi = 1, and
P

bai 
 bi =
P

ai 
 bib for all b in B where 


is over A. An Azumaya algebra is a separable extension of its center. We call B a Galois

2



extension of BG with Galois group G if there exist elements fai; bi in B, i = 1; 2; :::;mg

for some integer m such that
Pm

i=1 aig(bi) = �1;g for each g 2 G ([2]). Such a set fai; big is

called a G-Galois system for B. A ring B is called a Galois algebra over R if B is a Galois

extension of R which is contained in C, and B is called a central Galois algebra if B is a

Galois extension of C ([9]). A Galois extension B of BG with Galois group G is called a

DeMeyer-Kanzaki Galois extension if B is an Azumaya algebra over C which is a Galois

algebra over CG with Galois group induced by and isomorphic with G ([2], [6]). A ring B

is called a Hirata separable extension of A if B
AB is isomorphic to a direct summand of

a �nite direct sum of B as a B-bimodule, and B is called a Hirata Galois extension if it is

a Galois and a Hirata separable extension of BG ([8]). A ring B is called indecomposable

if it contains no central idempotents but 0 and 1.

Throughout this paper, we assume that B is a Galois extension of BG with Galois

group G, C the center of B, VB(B
G) the commutator subring of BG in B, K = fg 2

G j g(c) = c for all c 2 Cg, and G(A) = fg 2 G j g(a) = a for all a 2 Ag for a subring A of

B.

3. The Generalization

In this section, let B be a Galois extension of BG with Galois group G such that BG is

separable over CG. We shall show that G = AutBG(B) and K = h1i if and only if either B

is an indecomposable DeMeyer-Kanzaki Galois extension of BG or B = BGe�BG(1� e)

where e and 1�e are minimal central idempotents in B. This generalizes the case for Galois

algebras ([10], Theorem 4.6). We begin with a lemma to determine which automorphism

in AutBG(B) is not in G.

Lemma 3.1. Let B be a Galois extension of BG with Galois group G and � 2

AutBG(B). If e 6= 0 is a central idempotent in B such that �jBe is identity and �jB(1�e)

is not identity, then � 62 G.
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Proof. See the proof of Lemma 4.1 in [10].

In [3], it was shown that an indecomposable Galois algebra B with Galois group G

is a composition of two Galois extensions: (1) B is a central Galois algebra with Galois

group K, and (2) C is a commutative Galois algebra over CG with Galois group G=K

([3], Theorem 1). We want to generalize the above result to an indecomposable Galois

extension.

Theorem 3.2. Let B be an indecomposable Galois extension of BG with Galois

group G such that BG is separable over CG. Then (1) B is a Hirata Galois extension of

BGC with Galois group K, and (2) BGC is a DeMeyer-Kanzaki Galois extension of BG

with Galois group G=K.

Proof. (1) By hypothesis, B is a Galois extension of BG such that BG is separable

over CG. Hence B is a separable CG-algebra. Thus B is an Azumaya C-algebra and C is

a separable CG-algebra ([4], Theorem 3.8, page 55). But C contains no idempotents but

0 and 1, so C is a Galois algebra over CG with Galois group G=K ([4], Proposition 1.2(1),

page 80). Hence, noting that C � BGC � BK , we have that BGC and BK are Galois

extensions of BG with Galois group G=K with the same Galois system as C. Therefore

BGC = BK . Moreover, since B is a Galois extension of BG with Galois group G, B is a

Galois extension of BK with Galois group K. But BGC = BK , so B is a Galois extension

of BGC with Galois group K. Furthermore, we want to show that B is a Hirata separable

extension of BGC. In fact, since B is a Galois extension of BGC, B is a �nitely generated

and projective right BGC-module. But B is an Azumaya C-algebra, so B is a Hirata

separable extension of BGC ([5], Theorem 1). Thus B is a Hirata Galois extension of

BGC with Galois group K.

(2) Let Z be the center of BGC. Noting that C is a Galois algebra over CG with

Galois group G=K and that C � Z � BGC, we conclude that Z is Galois extension of
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ZG=K (= ZG) with Galois group G=K with the same Galois system as C, that is, BGC is

a Galois extension of BG with Galois group G=K such that Z is a Galois algebra over ZG

with Galois group induced by and isomorphic with G=K. Moreover, since BG is separable

over CG, we can see that BGC is separable over CG. Hence BGC is an Azumaya Z-algebra.

Thus BGC is a DeMeyer-Kanzaki Galois extension of BG with Galois group G=K.

Next Lemma shows that there are at most two central minimal idempotent in B when

jGj, the order of G, is 2.

Lemma 3.3. Let B be a Galois extension of BG with Galois group G and a projective

separable CG-algebra. If G = AutBG(B) and jGj = 2, then B contains at most two minimal

central idempotents.

Proof. We �rst claim that CG contains no idempotents but 0 and 1. In fact, let

e 2 CG such that e2 = e 6= 0; 1 and G = f1; gg. Then B = Be � B(1 � e) such that

g(e) = e. Hence g(Be) = Be and g(B(1 � e)) = B(1 � e). Since g 6= 1 in G, gjBe 6= 1 or

gjB(1�e) 6= 1. Without loss of generality, assume gjBe 6= 1. Then � = gjBe�1 2 AutBG(B)

but � 62 G by Lemma 3.1. Thus jAutBG(B)j > jGj. This is a contradiction; and so CG

contains no idempotents but 0 and 1. Next we show that B contains at most two minimal

central idempotents. By hypothesis, B is a projective separable CG-algebra, so it is a

�nitely generated CG-module ([4], Proposition 2.1, page 47) and an Azumaya algebra over

C ([4], Theorem 3.8, page 55). Hence C is a direct summand of B ([4], Lemma 3.1, page

51); and so C contains only �nitely many minimal idempotents fei j i = 1; 2; � � � ; qg for

some integer q. We want to show that q � 2. Since g is an automorphism of B, g permutes

the minimal central idempotents fei j i = 1; 2; � � � ; qg. Hence g(e1) = ej for some j. We

have two cases. Case 1: g(e1) = e1. Then, noting that G = f1; gg, we have that e1 is

an idempotent in CG. But CG contains no idempotents but 0 and 1, so e1 = 1. Thus

q = 1. Case 2: g(e1) = ej for some j 6= 1. Then, noting that g is of order 2, we have that
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g(Be1 � Bej) = Be1 � Bej and gjBe1�Bej 6= 1. If q � 3, then we have a � 2 AutBG(B)

such that �jBe1�Bej = gjBe1�Bej 6= 1 and �j
�

P
i 6=1;j

Bei
= 1. But � 62 G by Lemma 3.1,

so this contradicts to the hypothesis that G = AutBG(B). Hence q � 2. Thus B contains

at most two minimal central idempotents.

We recall that a Galois extension B of BG with Galois group G is called a DeMeyer-

Kanzaki Galois extension if B is an Azumaya algebra over C and C is a Galois algebra

over CG with Galois group GjC �= G ([2],[6]). Now we show the main theorem.

Theorem 3.4. Let B be a Galois extension of BG with Galois group G such that

BG is a projective separable CG-algebra. Then, G = AutBG(B) and K = h1i if and

only if either B is an indecomposable DeMeyer-Kanzaki Galois extension of BG, or B =

BGe�BG(1� e) where e and 1� e are minimal central idempotents in B.

Proof. (=)) There are 2 cases:

Case 1: jGj > 2. Since G = AutBG(B) and jGj > 2, B is indecomposable ([10],

Lemma 4.3). Hence BGC is a DeMeyer-Kanzaki Galois extension of BG with Galois group

G=K by Theorem 3.2. By hypothesis, K = h1i, so BGC is a DeMeyer-Kanzaki Galois

extension of BG with Galois group GjBGC �= G. But B is also a Galois extension of BG

with Galois group G, so B = BGC, an indecomposable DeMeyer-Kanzaki Galois extension

of BG.

Case 2: jGj = 2. By Lemma 3.3, B contains either no central idempotents but 0

and 1, or exactly 2 minimal central idempotents. If B contains no central idempotents

but 0 and 1, then B is given by Case 1 again. If B contains exactly 2 minimal central

idempotents fe; 1 � eg, then B = Be � B(1 � e). Let G = f1; gg. Then g permutes

fe; 1� eg. We claim that g(e) = 1� e. In fact, assume that g(e) = e. Then g(Be) = Be

and g(B(1 � e)) = B(1 � e). Since g 6= 1 in G, either gjBe 6= 1 or gjB(1�e) 6= 1. Without
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loss of generality, assume gjBe 6= 1. Then � = gjBe � 1 2 AutBG(B) but � 62 G by Lemma

3.1. Thus jAutBG(B)j > jGj. This contradicts to the hypothesis that G = AutBG(B).

Hence g(e) = 1� e. Now we show that BG = fbe+ g(b)(1� e) j b 2 Bg. Since

g(be+ g(b)(1� e)) = g(b)(1� e) + g2(b)e = be+ g(b)(1� e);

fbe + g(b)(1 � e) j b 2 Bg � BG. Conversely, let b 2 BG. Since B = Be � B(1 � e),

b = b1e+ b2(1� e) for some b1; b2 2 B. Hence

b1e+ b2(1� e) = b = g(b) = g(b1e+ b2(1� e)) = g(b1)(1� e) + g(b2)e:

Since B = Be�B(1�e), we have that b2(1�e) = g(b1)(1�e). Hence b = b1e+b2(1�e) =

b1e+ g(b1)(1� e) 2 fbe+ g(b)(1� e) j b 2 Bg. Thus BG = fbe+ g(b)(1� e) j b 2 Bg. Now

for any x 2 B, x = ae+ b(1� e) for some a; b 2 B, so

x = ae+ b(1� e) =
�
ae+ g(a)(1� e)

�
e+
�
g(b)e+ b(1� e)

�
(1� e) 2 BGe�BG(1� e):

Thus B = BGe�BG(1� e) where e and 1� e are minimal central idempotents in B.

((=) In case B is an indecomposable DeMeyer-Kanzaki Galois extension of BG. Then

B = BGC ([2], Lemma 2) and C is a commutative Galois algebra over CG with no idem-

potents but 0 and 1 and with Galois group G=K GjC �= G. Thus G �= GjC = AutCG(C)

([1], Theorem 3.5). Noting that B = BGC, we have that AutBG(B) �= AutCG(C) �= G.

Therefore G = AutBG(B). Moreover, since GjC �= G, K = h1i.

In case B = BGe� BG(1� e) where e and 1� e are minimal central idempotents in

B. Then B contains exactly 2 minimal central idempotents e and 1 � e. Thus for any

� 2 AutBG(B), � permutes fe; 1 � eg. If �(e) = e, then � = 1 2 G. Hence for any

� 6= 1 in AutBG(B), �(e) = 1� e. We have that �(ae+ b(1� e)) = a(1� e) + be for any

x = ae+ b(1� e) 2 B where a; b 2 BG. Therefore jAutBG(B)j = 2; and so G = AutBG(B)

and K = h1i.
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4. Indecomposable Galois Extensions

Throughout this section, we assume that B is an indecomposable Galois extension

of BG with Galois group G such that BG is a separable CG-algebra. Then Theorem 3.2

shows that B is a Hirata Galois extension of BGC with Galois group K and BGC is a

DeMeyer-Kanzaki Galois extension of BG with Galois group G=K. In this section, we

shall show a one-to-one correspondence between the following sets in B: (i) P = fBH jH

is a subgroup of Kg and (ii) Q = fA jA is a separable subalgebra of B over C such that

A =
P

g2H Jg for some subgroup H of Kg. Moreover, in case K 6= h1i, some properties of

the Hirata Galois extension B of BGC are also obtained. We need a property of jKj, the

order of K.

Lemma 4.1. The order of K is a unit in B.

Proof. By Theorem 3.2, BGC is a Galois extension of BG, and BG is a separable

CG-algebra by hypothesis, so BGC is a separable CG-algebra by the transitivity property

of separable extensions. Hence BGC is a separable subalgebra of the Azumaya C-algebra

B. Thus VB(B
GC) is a separable C-algebra ([4], Theorem 4.3, page 57). By Theorem 3.2

again, B is a Hirata Galois extension of BGC with Galois group K, so jKj is a unit in B

([8], Proposition 4(3)).

Lemma 4.2. Let H be a subgroup of K. Then (1) B is a Hirata Galois extension of

BH such that BH is a direct summand of B as a BH-bimodule, and (2) BH is a separable

algebra over CG.

Proof. (1) Since H is a subgroup of K, C � BH � B. Noting that B is a Galois

extension of BH with Galois group H, we have that B is a �nitely generated and projective

right BH -module. But B is an Azumaya C-algebra, so B is a Hirata separable extension

of BH ([5], Theorem 1). Thus B is a Hirata Galois extension of BH with Galois group H.
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Since H is a subgroup of K again, jHj is a unit in B by Lemma 4.1. This implies that BH

is a direct summand of B as a BH -bimodule.

(2) Since B is a Galois extension of BH , B is a projective separable extension of BH .

On the other hand, by hypothesis, B is a Galois extension of BG which is a separable

CG-algebra, so B is a separable CG-algebra. Now BH is a direct summand of B as a

BH -bimodule by part (1), so BH is a separable algebra over CG by the proof of Theorem

3.8 on page 55 in [4].

Next is the correspondence between P and Q.

Theorem 4.3. Let P = fBH jH is a subgroup of Kg and Q = fA jA is a separable

subalgebra of B over C such that A = �
P

g2H Jg for some subgroup H of Kg. Then

� : BH �! �
P

g2H Jg is a one-to-one correspondence between P and Q.

Proof. By Theorem 3.2, B is a Hirata separable extension of BGC. Let H be a

subgroup of K. Then BH is a separable algebra over CG by Lemma 4.2-(2). Hence

BH is a separable extension of BGC. Moreover, BH is a direct summand of B as a BH -

bimodule by Lemma 4.2-(1). This implies that the map � : BH �! VB(B
H) is a one-to-one

correspondence from P to the set of separable subalgebras of VB(B
G) over C ([7], Theorem

1). But B is a Galois extension of BH with Galois group H, so VB(B
H) = �

P
g2H Jg

([6], Proposition 1). Thus � : BH �! �
P

g2H Jg is a one-to-one correspondence between

P and Q.

Next are some properties of the Hirata Galois extension B of BGC with Galois group

K. We recall that VB(B
G) is the commutator subring of BG in B. Let L = fg 2 G j g(a) =

a for all a 2 VB(B
G)g. Then we can see that L is a normal group of G and L � K.
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Lemma 4.4. By keeping the above notations, B is a Galois extension of BL with

Galois group L and BL is a Galois extension of BK with Galois group K=L.

Proof. Since BG and C are separable CG-algebras, BGC is a separable CG-algebra;

and so BGC is a separable C-algebra. Hence VB(B
G) (= VB(B

GC)) is a separable C-

algebra since B is an Azumaya C-algebra. Moreover, B is a Hirata Galois extension of

BGC with Galois group K by Theorem 3.2, and jKj is a unit in B by Lemma 4.1, so jLj is

a unit in B. Hence B is a Galois extension of BL with Galois group L and BL is a Galois

extension of BK (= BGC) with Galois group K=L.

Theorem 4.5. By keeping the above notations, BL = BG � VB(B
G) if and only if

VB(B
G) is a central Galois algebra with Galois group (K=L)jVB(BG)

�= K=L.

Proof. By Theorem 3.2, B is a Hirata Galois extension of BK with Galois group

K and BK = BGC. Noting that L � K, BK � BL � B, we have that VB(B
K) =

VB(B
GC) = VB(B

G). Hence L = fg 2 G j g(a) = a for all a 2 VB(B
G)g = fg 2

G j g(a) = a for all a 2 VB(B
K)g. Thus BL = BK � VB(B

K) if and only if VB(B
K) is a

central Galois algebra with Galois group (K=L)jVB(BK)
�= K=L ([8], Theorem 6), that is,

BL = (BGC) � VB(B
GC) = BG � C � VB(B

G) = BG � VB(B
G) if and only if VB(B

G) is a

central Galois algebra with Galois group (K=L)jVB(BG)
�= K=L.

The following are consequences for two special cases: (i) L = h1i and (ii) L = K.

Corollary 4.6. By keeping the notations of Theorem 4.5, (1) L = h1i; then, B = BG�

VB(B
G) if and only if VB(B

G) is a central Galois algebra with Galois group KjVB(BG)
�= K,

and (2) L = K; then, BK = BG � VB(B
G) = BGC which is a DeMeyer-Kanzaki Galois

extension of BG with Galois group G=K.

Proof. (1) Since L = h1i, part (1) is an immediate consequence of Theorem 4.5.
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(2) Since L = K, VB(B
G) � BL = BK . Noting that BK = BGC by Theorem 3.2, we

have that BGC � BG � VB(B
G) � BK = BGC. Hence BK = BG � VB(B

G) = BGC which

is a DeMeyer-Kanzaki Galois extension of BG with Galois group G=K by Theorem 3.2.

5. The Galois Correspondence

In this section, let B be an indecomposable Galois extension of BG with Galois group

G such that BG is a separable CG-algebra as given in section 4. Then Theorem 3.2 gives a

Galois correspondence between K and BK ; that is, G(BK) = K. In this section, we shall

show that there exists a Galois correspondence between the set of subgroups of K and

the set of separable extensions A of BGC in B such that VB(A) = �
P

g2G(A) Jg, where

G(A) = fg 2 G j g(a) = a for all a 2 Ag.

Lemma 5.1. Let C be the set of subgroups of K and D the set of separable extensions

A of BGC in B such that VB(A) = �
P

g2G(A) Jg. Then for any H 2 C, BH 2 D.

Proof. By Lemma 4.2-(2), BH is a separable algebra over CG, so BH is a separable

extension of BGC. Moreover, by the de�nition of G(BH), H � G(BH), so BG(BH) �

BH . Also, BG(BH) � BH by the de�nition of G(BH). Hence BG(BH) = BH . Thus

VB(B
H) = VB(B

G(BH)). Since B is a Galois extension of BG(BH) with Galois group

G(BH), VB(B
G(BH)) = �

P
g2G(BH) Jg ([6], Proposition 1). Hence

VB(B
H) = VB(B

G(BH)) = �
X

g2G(BH)

Jg:

Thus BH 2 D.

Now we show that � : H �! BH is a one-to-one correspondence between C and D.

Theorem 5.2. Let � : C �! D by �(H) = BH . Then � is a bijection, and the

inverse of � is ��1 : A �! G(A).
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Proof. By Lemma 5.1, � is well de�ned. Now, let H;L 2 C such that �(H) =

�(L). Then BH = BL such that VB(B
H) = �

P
g2H Jg = VB(B

L) = �
P

g2L Jg ([6],

Proposition 1). Since B is a Hirata Galois extension of BGC with Galois groupK, Jg 6= f0g

for each g 2 K ([8], Theorem 2(iii)). But H;L � K, so �
P

g2H Jg = �
P

g2L Jg �

�
P

g2K Jg. This implies that H = L; and so � is a one-to-one. Next we claim that

� is onto. Let A 2 D. Then A is a separable extension of BGC such that VB(A) =

�
P

g2G(A) Jg. By Theorem 3.2, BK = BGC, so BGC (= BK) is a separable CG-algebra

by Lemma 4.2-(2). Thus A is a separable CG-algebra by the transitivity property of

separable extensions. Therefore A is a separable subalgebra of the Azumaya C-algebra

B; and so A = VB(VB(A)) by the double centralizer property for Azumaya algebras ([4],

Theorem 4.3, page 57). Moreover, since B is a Galois extension of BG(A) with Galois group

G(A), VB(B
G(A)) = �

P
g2G(A) Jg = VB(A). Noting that G(A) is a subgroup of K, we

have that BG(A) = �(G(A)) 2 D; and so VB(VB(B
G(A))) = BG(A) by the above argument.

Hence A = VB(VB(A)) = VB(VB(B
G(A))) = BG(A); that is, �(G(A)) = A. Thus � is onto.

Therefore � is a bijection with the inverse ��1 : A �! G(A).

Next, we want to show the Galois correspondence for the DeMeyer-Kanzaki Galois

extension BGC of BG with Galois group G=K. Let Z be the center of BGC. We �rst

claim that Z contains only �nitely many idempotents so that the Galois correspondence

theorem for Z as given by Villamayor and Zelinsky can be applied.

Lemma 5.3. Let B be an indecomposable Galois extension of BG with Galois group G

such that BG is a separable CG-algebra and Z the center of BGC. Then Z is a commutative

Galois algebra over ZG with Galois group G=K with only �nitely many idempotents.

Proof. By Theorem 3.2, B is a Galois extension of BGC with Galois group K, and

jKj is a unit in B by Lemma 4.1, so BGC is a direct summand of B as a BGC-bimodule.

Noting that B is an Azumaya C-algebra and C � BGC, we have that BGC is a �nitely
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generated C-module. But C contains no idempotents but 0 and 1, so BGC contains

only �nitely many central idempotents. On the other hand, by Theorem 3.2, BGC is a

DeMeyer-Kanzaki Galois extension of BG with Galois group G=K, so Z is a commutative

Galois algebra over ZG with Galois group G=K with only �nitely many idempotents.

By the Theorem in [11], Lemma 5.3 gives a one-to-one correspondence between the set

of the fat groups of subgroups of G=K and the set of separable subalgebras of Z over ZG

by H �! ZH , where H is the fat group of H. Next we derive the Galois correspondence

for the DeMeyer-Kanzaki Galois extension BGC of BG with Galois group G=K.

Theorem 5.4. Let E be the set of the fat groups of subgroups of G containing K and

F the set of separable extensions of BG in BGC. Then � : H �! (BGC)H is a one-to-one

correspondence between E and F .

Proof. Let FZ be the set of separable subalgebras of Z over ZG. Since Z is a

commutative Galois algebra over ZG with Galois group G=K with only �nitely many

idempotents by Lemma 5.3, H �! ZH is a one-to-one correspondence between E and FZ

([11], Theorem). Moreover, since BGZ (= BGC) is a DeMeyer-Kanzaki Galois extension of

BG with Galois group G=K by Theorem 3.2, A �! BGA for each A 2 FZ is a one-to-one

correspondence from FZ to F ([2], Lemma 2). But A = ZH for some subgroup H of G

containing K by the correspondence theorem for Z, so the composition of H �! ZH �!

BGZH gives a one-to-one correspondence H �! BGZH = (BGC)H between E and F .
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