Beiträge zur Algebra und Geometrie Contributions to Algebra and Geometry Volume 47 (2006), No. 1, 137-146.

A Note on Extending Hopf Actions to Rings of Quotients of Module Algebras

Christian Lomp^∗

Centro de Matemática da Universidade do Porto, R. Campo Alegre 687 4169-007 Porto, Portugal

Abstract. Given a Hopf algebra H and an H-module algebra A it is often important to be able to extend the H-action from A to a localisation of A. In this paper we discuss sufficient conditions to extend Hopf actions as well as to characterise those localisations where the action can be extended. Our particular interest lies in the maximal ring of quotients of A.

1. Introduction

Let k be a commutative ring and H a k-Hopf algebra. We are interested in studying under which conditions the H-action on an H-module algebra A can be extended to a localisation of A. Sufficient conditions to extend H-actions were found by Sidorov [9], Montgomery [6] and Selvan [8]. Given a Gabriel topology F on A such that A is torsionfree with respect to F, we are going to show that the H-action can be extended to a torsion theoretic ring of quotient Q_F (A) of A if and only if Q_F (A) coincides with the ring of quotients with respect to the Gabriel topology F_H which has a basis of H-stable F-dense left ideals. We compare Sidorov, Montgomery and Selvan’s condition with a condition by Louden and show that if the embedding A → A#H is compatible in the sense of Louden with a Gabriel topology F and A is non-singular, then the H-action can be extended

∗CMUP is supported by Fundação para a Ciência e a Tecnologia through Programa Operacional Ciência, Tecnologia e Inovação (POCTI) and Programa Operacional Sociedade da Informação (POSI) of Quadro Comunit ario de Apoio III (2000–2006) with European union fundings (FEDER) and national fundings.

0138-4821/93 $ 2.50 © 2006 Heldermann Verlag

138 Ch. Lomp: Extending Hopf Actions to Rings of Quotients . . .

to the maximal ring of quotients of A. More precisely we show that the H-action can be extended from A to Q_{max}(A) if and only if Q_{max}(A) coincides with the ring of quotients of A with respect to the torsion theory cogenerated by the injective hull of A in A#H-Mod.

Throughout H will denote a k-Hopf algebra and A a left H-module algebra. The smash product of A and H is denoted by A#H.

1.1.

We first need two technical basic lemmas on Hopf algebras and their actions.

Lemma 1. Let H be flat as k-module. Then A#H is a flat left A-module and, if H has a bijective antipode, then A#H is also a flat right A-module.

Proof. Let M ∈ Mod − A, then M ⊗_A A#H ≃ M ⊗ H as k-modules. Since − ⊗ H is exact, also − ⊗_A A#H is exact. If H has a bijective antipode then A#H ≃ H ⊗ A as right A-module (see the proof of [6, 7.2.11] that does not use the fact that k is a field). If M ∈ A−Mod, then A#H⊗_A ≃ H ⊗A⊗_A M ≃ H ⊗M as k-modules. As H ⊗ − is exact, also A#H ⊗_A − is exact. □

1.2.

The next lemma is known for Hopf algebras over fields, but applies also to arbitrary Hopf algebras over rings.

Lemma 2. Assume that H has a bijective antipode. For any left A#H-modules M, N the following hold:

(1) Hom_{A−} (M, N) is a left H-module with H-action given by

(h · f) : m → � (h) h_2 · (S^{−1}(h_1) · m)f

for all h ∈ H and f ∈ Hom_{A−} (M, N).

(2) ∀g ∈ Hom_{A−} (M, N), f ∈ Hom_{A−} (N, L) and h ∈ H:

h · (f ∘ g) = � (h) (h_1 · f) ∘ (h_2 · g).

(3) S := End_{A−} (M) is a left H-module algebra with S^H = End_{A#H} (M). (4) Biend_{A−} (M) = End_{−S} (M) is a left H-module algebra whose H-action is given by (h · φ) : m → � (h) h_1 · φ(S(h_2) · m)

for φ ∈ Biend_{A−} (M).

(5) The natural homomorphism A −→ Biend_{A−} (M) with a → L_a : [m → am] is a homomorphism of left H-module algebras with kernel Ann_A (M).

Ch. Lomp: Extending Hopf Actions to Rings of Quotients . . . 139

Proof. (1) It is a routine check that (m)(h · f) = � (h) h_2 · (S^{−1}(h_1) · m)f makes Hom_{A−} (M, N) a left H-module.

(2) Let h ∈ H, f ∈ Hom_{A−} (M, N), g ∈ Hom_{A−} (N, L) and m ∈ M. Then � (h) (m)(h_1 · f) ∘ (h_2 · g) = � (h) h_4 · [S^{−1}(h_3) · h_2 · (S^{−1}(h_1) · m)f]g = � (h) h_2 · ((S^{−1}(h_1) · m)f)g = (m)(h · (f ∘ g)).

(3) follows from (1, 2) and from (m)[h · id_M ] = � (h) h_1 · (S(h_2) · m) = ϵ(h)m, i.e.

h · id_M = ϵ(h)id_M .

(4) Can be shown analogously to (1–3).

(5) We just need to show that the homomorphism j : A → Biend_{A−} (M) sending a ∈ A to the biendomorphism L_a is H-linear. Let a ∈ A, h ∈ H, m ∈ M. Then

(h · a)m = � (h) h_1 · (a(S(h_2) · m)) = (h · L_a)(m),

thus j(h · a) = h · j(a). □

2. Torsion theoretical localisation

We fix the following notation: for any subset I ⊆ A and element a ∈ A set

Ia^{−1} := {b ∈ A | ba ∈ I}.

2.1.

A filter F of left ideals of a ring A is called Gabriel topology, if the following conditions are fulfilled:

(i) ∀I ∈ F, a ∈ A : Ia^{−1} ∈ F.

(ii) ∀J ⊆ A : [{∃I ∈ F, ∀a ∈ I : Ja^{−1} ∈ F} ⇒ J ∈ F]. We refer to left ideals I ∈ F also as F-dense left ideals.

2.2.

There exists a bijection between Gabriel topologies F and hereditary torsion theories τ, where τ corresponds to the Gabriel topology

F_τ := {I ⊆ A | A/I ist τ-torsion}

and F corresponds to the torsion theory whose torsion class is

{M ∈ A − Mod | ∀m ∈ M : Ann_R (m) ∈ F}.

140 Ch. Lomp: Extending Hopf Actions to Rings of Quotients . . .

2.3.

Let F be a Gabriel topology of A and τ the torsion theory corresponding to F. Let M be a left A-module and set M := M/τ(M). Let E(M) be the injective hull of M in A-Mod. The quotient module Q_F (M) of M is defined as the submodule M ⊆ Q_F (M) ⊆ E(M) such that Q_F (M)/M = τ(E(M)/M).

It is well-known that Q_F (M) can be described as the direct limit of the Homgroups:

Q_F (M) ≃ lim−→ Hom_A (I, M) and also as Q_F (M) = {x ∈ E(M) | ∃I ∈ F : Ix ⊆ M} (see [10, IX.2.2]).

Q_F (A) is a ring for M = A. We are interested to extend the H-action of a module algebra A to its quotient ring Q_F (A).

2.4.

Let F be a Gabriel topology of A. To extend the H-action from A to Q_F (A) it would be nice if F had a bases of H-stable ideals. Let I be a left ideal of A, then denote by I_H the largest H-stable left ideal of A which contains I. Define F_H := {I ∈ F | I_H ∈ F}. It is not hard to see that F_H is again a filter, but in general it is not clear whether F_H is a Gabriel filter ( (Ia^{−1})_H might be zero for example). In case H is finitely generated as k-module we get: Lemma 3. F_H is a Gabriel topology provided H is finitely generated as k-module. Proof. The proof is like in [8, Lemma 2.1.7] where the lemma had been stated for Hopf algebras over fields. The base field does not play any role in the proof. We include the proof for the reader’s convenience: Let {b_1, . . . , b_n} be a generating set of H as k-module. Let I ∈ F_H and a ∈ A. We have to show that each Ia^{−1} contains an H-stable F-dense left ideal. Since H is finitely generated we have:

K := n� i=1 I_H (b_i · a)^{−1} = � h∈H I_H (h · a)^{−1} ⊆ Ia^{−1}.

As a finite intersection of F-dense left ideals: K ∈ F. Moreover K(H · a) ⊆ I_H . Let g ∈ H, 1 ≤ i ≤ n and k ∈ K. Then

(g · k)(b_i · a) = � (g) g_1 · (k · (S(g_2)b_i · a)) ⊆ I_H ,

i.e. g · k ∈ I_H (b_i · a)^{−1} for all i. Hence g · k ∈ K for all g ∈ H, i.e. K is H-stable. Thus K ∈ F_H and K ⊆ (Ia^{−1})_H ⊆ Ia^{−1}.

Now let J be a left ideal of A and I ∈ F_H such that Ja^{−1} ∈ F_H for all a ∈ I. Without loss of generality we may assume that I is H-stable. Then (Ja^{−1})_H ∈ F and K :=

�_n i=1(J(b_i · a)^{−1})_H ∈ F for all a ∈ I. Hence K(H · a) ⊆ J and, since all (J(b_i · a)^{−1})_H are H-stable, we also have K is H-stable. It follows from H · a ⊆ I and I H-stable that KI is H-stable, i.e. Ka ⊆ KI ⊆ J_H . Thus K ⊆ J_H a^{−1} for all a ∈ I. Since F is a Gabriel topology we have J_H ∈ F. □

Ch. Lomp: Extending Hopf Actions to Rings of Quotients . . . 141

2.5.

If F_H is a Gabriel topology, then τ_H (M) is H-stable for any left A#H-module M, because if m ∈ τ_H (M) then there exists an H-stable left ideal I of A such that Im = 0. For any h ∈ H and x ∈ I we have

x(h · m) = � (h) S(h_1) · ((h_2 · x)m) ∈ H · ((H · I)m) = 0,

since I is H-stable. Hence h · m ∈ τ_H (M) for any h ∈ H. Note that τ_H (A) is then an H-stable twosided ideal of A and A = A/τ_H (A) is a left H-module algebra. By construction, A ⊆ Q_{FH} (A) and as we will see Q_{FH} (A) is a left H-module algebra.

2.6.

We are now in a position to prove our first result.

Theorem 1. Assume that H is finitely generated as k-module and has a bijective antipode. The following statements are equivalent for a left H-module algebra A with Gabriel topology F.

(a) Q_F (A) is a left H-module algebra, τ(A) is H-stable and A/τ(A) is a submodule algebra of Q_F (A), (b) Q_F (A) = Q_{FH} (A) and τ(A) = τ_H (A), where τ denotes the torsion radical associated to F.

Proof. (a)⇒(b) Let {b_1, . . . , b_n} be a generating set of H as k-module. Let A := A/τ(A). By Lemma 3 F_H is a Gabriel topology and since F_H ⊆ F holds we get Q_{FH} (A) ⊆ Q_F (A). We will show Q_F (A) ⊆ Q_{FH} (A). Let q ∈ Q_F (A). Denote by Aq^{−1} := {a ∈ A | aq ∈ A}. Then for any b_k we have A(b_k · q)^{−1} ∈ F. Set I :=

�_n

k=1 A(b_k · q)^{−1}. Since for all h ∈ H with h =

�_n k=1 r_kb_k and for all x ∈ I : x(h · q) =

�_n k=1 r_kx(b_k · q) ∈ A, we have I(H · q) ⊆ A. Moreover I is H-stable, since for all x ∈ I, h ∈ H and 1 ≤ k ≤ n

(h · x)(b_k · q) = � (h) h_1 · (x(S(h_2)b_k · q)) ⊂ H · (I(H · q)) ⊂ A,

as A is an H-module by hypothesis. Thus h·x ∈ A(b_k ·q)^{−1}. Since k was arbitrary, h · x ∈ I, i.e. I is H-stable. Consequently I ∈ F_H . As Iq ⊆ A, q ∈ Q_{FH} (A). (b)⇒(a) Without loss of generality we might assume τ(A) = τ_H (A) = 0. Then one gets:

Q_F (A) = Q_{FH} (A) ≃ lim−→_{I∈FH} Hom_{A−} (I, A) ≃ lim−→_{IH ∈FH} Hom_{A−} (I_H , A).

By Lemma 2(1) the k-modules Hom_{A−} (I_H , A) are left H-modules. Therefore the direct limit of those H-modules is again a left H-module. The module algebra property follows from Lemma 2(2). □

142 Ch. Lomp: Extending Hopf Actions to Rings of Quotients . . .

2.7.

We are going to investigate some sufficient conditions to extend the H-action to Q_F (A). Selvan has termed a Gabriel topology F to be H-invariant if F = F_H holds. Obviously a Gabriel topology is H-invariant if and only if it posses a coinitial subset of H-stable left ideals. As Theorem 1 shows, F being H-invariant is a sufficient condition for extending the H-action to Q_F (A).

2.8.

The Gabriel topology F turns the additive group of A into a topological group by considering F-dense left ideals as a base of the neighborhoods of 0. Sidorov in [9] and Montgomery in [6] showed that if every element h of the Hopf algebra acts continuously (with respect to the topology induced by F) on the algebra A, then one can extend the action to Q_F (A). More precisely, a k-endomorphism f ∈ End_R (A) is called F-continuous if preimages of F-dense left ideals are Fdense. One says that H acts F-continuously on A if all endomorphisms L_h of A with L_h(a) := ha are F-continuous.

It is straightforward that if F is an H-invariant Gabriel topology then H acts F-continuously since for any h ∈ H and I ∈ F, I_H ∈ F and hI_H ⊆ I, i.e. I_H ⊆ L^{−1}_h (I). On the other hand, if H is finitely generated as k-module and acts F-continuously on A, then

�_n i=1 L^{−1}_{hi} (I) ⊆ I_H for any I ∈ F and generating set h_1, . . . , h_n.

2.9.

Actually Sidorov proved in [9] that any F-continuous local action of a Hopf algebra on A can be extended to a global action on Q_F (A). Sidorov says that H acts locally on A if the action of an element h ∈ H is defined on some F-dense left ideal.

2.10.

Conditions on compatibility of torsion theories and ring extensions had been studied in [2], [5], [4] and [1].

One says that F is compatible with the embedding A → A#H, if

F̃ := {I ⊆ A#H | I ∩ (A#1) ∈ F}

is a Gabriel topology on A#H.

Louden calls a Gabriel topology τ A#H-good in case the associated filter F is compatible with the embedding A → A#H (see [5, p. 517]).

We have the following relation between an F-continuous action and a compatible topology:

Theorem 2. Let H be a k-Hopf algebra with bijective antipode. If H acts Fcontinuously on A then F and A → A#H are compatible.

Ch. Lomp: Extending Hopf Actions to Rings of Quotients . . . 143

Proof. Let τ be the torsion radical associated to F and let M ∈ A#H-Mod. Let m ∈ τ(M) then there exists I ∈ F with Im = 0. Let h ∈ H with Δ(h) = �_n

k=1 h_k ⊗h^′_k. By hypothesis, for all 1 ≤ k ≤ n there is I_k ∈ F with S^{−1}(h^′_k)I_k ⊆ I. Set J := I_1 ∩ · · · ∩ I_n ∈ F, then for all x ∈ J:

x(hm) = n� k=1 h_k[(S^{−1}(h^′_k)x)m] ∈ n� k=1 h_k(Im) = 0.

Hence hm ∈ τ(M), i.e. τ(M) is H-stable and a left A#H-module. By [5, Theorem 2.5] F and A → A#H are compatible. □

2.11.

The following is a special case of [5, Theorem 2.7]:

Theorem 3. Let H be flat as k-module and let F be a Gabriel topology on A. If F is compatible with A → A#H, then Q_F (A) is a left A#H-module. Proof. Let B := A#H and let I be a left ideal of A. Since B_A is flat, B⊗_AI ≃ B·I as left B-modules. Let τ be the torsion radical associated to F. By [5, Theorem 2.5], τ(A) is a left B-module. Moreover by the adjunction of B ⊗_A −:

Hom_{A−} (I, A) ≃ Hom_{B−} (B ⊗_A I, A) ≃ Hom_{B−} (B · I, A),

where A := A/τ(A) and f ∈ Hom_{A−} (I, A) is mapped to the B-homomorphism f̃ ∈ Hom_{B−} (BI, A) with bx → b · (x)f. For all Ĩ ∈ F̃ is I ∩ A ∈ F and hence B · (I ∩ A) ∈ F̃, i.e. {B · I | I ∈ F} is a basis for F̃. In particular:

Q_F (A) ≃ lim−→_{I∈F} Hom_{B−} (B · I, A) = lim−→~_{I∈}~_F Hom_{B−} (Ĩ, A)

shows that Q_F (A) has a left B-module structure. □

2.12.

Note that if the Gabriel topology is induced by a torsion theory of a left A#Hmodule which is injective as left A-module and contains A, then Q_F (A) is also a left H-module algebra. Recall that the torsion theory cogenerated by a injective module M is defined as the torsion class given by

τ := {X ∈ A − Mod | Hom_{A−} (X, M) = 0}.

Lemma 4. Assume that H has a bijective antipode. Let M ∈ A#H − Mod with_AM injective and A ⊆ M. Then Q_F (A) is a H-module algebra with A as submodule algebra where F is the Gabriel topology of the torsion theory cogenerated by M.

Proof. Since A ⊆ M, M is a cyclic module over its endomorphism ring End_A (M), and by [10, IX.3.3] there exists a ring isomorphism Ψ : Q_F (A) ≃ Biend_{A−} (M). From Lemma 2(4,5) it follows that Biend_{A−} (M) is a left H-module algebra with A isomorphic to a subalgebra by the mapping a → L_a : [x → ax]. The isomorphism Ψ induces a left H-module algebra structure on Q_F (A). From the proof of [10, IX.3.3] one sees Ψ(a) = L_a for all a ∈ A, i.e. the embedding A ⊆ Q_F (A) is left H-linear and A is a submodule algebra of Q_F (A). □

144 Ch. Lomp: Extending Hopf Actions to Rings of Quotients . . .

3. The maximal ring of quotients

Let Q_{max}(A) be the left maximal ring of quotients of A. It is known that Q_{max}(A) is left self-injective and von Neumann regular if A is left non-singular. The question arises as to whether the H-action can be extended from A to Q_{max}(A). It has been shown in [3] that for a semiprime Goldie PI module algebra A with central invariants and a semisimple Hopf algebra H the action can be extended to Q_{max}(A) (which in this case is equal to the classical ring of quotients of A) if and only if A#H is semiprime. In this case Q_{max}(A) is the localisation of A by the regular elements of A^H . The main theorem of [3] showed that for any commutative reduced module algebra A and semisimple Hopf algebra H over a field of characteristic 0 the smash product A#H is semiprime. Hence if A is an integral domain for example and H a semisimple Hopf algebra H over a field of characteristic 0 the Hopf action can be extended to the quotient field Q_{max}(A) of A (the extension is trivial since in this case Q_{max}(A) is the field obtained by inverting the non-zero elements of the ring of invariants of A).

In a paper by Rumynin [7] it had been claimed that for any semisimple Hopf algebra, the action on a module algebra can be extended to its maximal ring of quotients. Unfortunately there is a gap in the proof of this claim (that had been also confirmed by Rumynin). In the sequel we will follow Rumynin’s basic idea and compare the maximal ring of quotients with the quotient ring of A relative to the Gabriel topology induced by the injective hull E(A) of A in A#H-Mod. Let L denote the Gabriel topology associated to the torsion theory cogenerated by E(A) in A#H-Mod and let D denote the Gabiel topology associated to the Lambek torsion theory, i.e. the torsion theory cogenerated by the injective hull ^A of A in A-Mod. In what follows let H be a flat k-Hopf algebra with bijective antipode.

3.1.

From Theorem 3 and Lemma 4 we conclude

Corollary 1. If D and A → A#H are compatible and A is left non-singular, then the H-action can be extended from A to Q_{max}(A).

Proof. If A is left non-singular, then the left singular ideal of A is zero and Q_{max}(A) = E(A) is injective as left A-module. Hence A is torsionfree with respect to the torsion theory cogenerated by Q_{max}(A). Moreover by Theorem 3, Q_{max}(A) is a left A#H-module. By Lemma 4, Q_{max}(A) is a left H-module algebra with submodule algebra A. □

This corollary allows us to extend the H-action provided the embedding A → A#H and the Lambek torsion theory are compatible. In the last part of this paper we are comparing the Lambek torsion theory with the torsion theory cogenerated by the injective hull of A as A#H-module.

Ch. Lomp: Extending Hopf Actions to Rings of Quotients . . . 145

3.2.

We will need the following fact whose proof can be found for instance in [7, Lemma 2.4]: If S ⊆ T is a ring extension with T_S flat, then every injective left T -module is also injective as left S-module.

In particular if A#H_A is flat then E(A) becomes an injective left A-module and ^A will be a direct summand of E(A).

Let H, A, E(A), ^A, D and L be as above.

Lemma 5. L ⊆ D and L_H = D_H hold.

Proof. By Lemma 1, A#H_A is flat and hence E(A) is injective as left A-module. Since A ⊆ E(A) and A is essential in ^A we have that ^A is isomorphic to a direct summand of E(A). Hence L ⊆ D.

Obviously L ⊆ D implies L_H ⊆ D_H . Let I ∈ D_H , f ∈ Hom_{A−} (A/I, E(A)) and q = (1)f ∈ E(A). Then Iq = 0 and also I(Hq) = 0, since for all h ∈ H, x ∈ I:

x(hq) = � (h) h_2[(S^{−1}(h_1)x)q] = 0,

as I is H-stable. Now set K := A#Hq and let k := � i a_i(h_iq) ∈ A ∩ K with a_i ∈ A and h_i ∈ H. Since D is a Gabriel topology there exists an ideal J ∈ D with 0 ≠ Jk ⊆ I and 0 ≠ Ja_i ⊆ I for all i, but that is a contradiction to Jk = � i Ja_i(h_iq) ⊆ I(Hq) = 0. Hence K ∩ A = 0 and as A is essential as A#H-submodule of E(A) we get K = 0, i.e. q = 0 and f = 0. Thus I ∈ L and I ∈ L_H . □

3.3.

As a consequence of Lemma 5 and Lemma 4 we conclude:

Corollary 2. Q_L(A) is a left H-module algebra with submodule algebra A.

3.4.

It follows from the last corollary that if Q_{max}(A) = Q_L(A) then the H-action can be extend from A to Q_{max}(A). Our final result shows that those conditions are actually equivalent.

Theorem 4. Let H be a k-Hopf algebra with bijective antipode and assume H is finitely generated and flat as k-module. If A is left non-singular then the H-action can be extended from A to its maximal ring of quotients Q_{max}(A) if and only if Q_{max}(A) = Q_L(A) where L is the Gabriel topology associated to the torsion theory cogenerated by the injective hull E(A) of A in A#H-Mod.

Proof. Let {h_1, . . . , h_n} be a generating set for H. Since L_H ⊆ L we get Q_{LH} (A) ⊆ Q_L(A). Let q ∈ Q_L(A). Since Q_L(A) is a left H-module algebra by Lemma 4 we have h_iq ∈ Q_L(A) for all i and by 2.3 there exists D_i ∈ L such that

146 Ch. Lomp: Extending Hopf Actions to Rings of Quotients . . .

D_i(h_iq) ⊆ A. Set D :=

�_n i=1 D_i ∈ L^′ then D(Hq) ⊆ A. Moreover D is H-stable, because for all g ∈ H:

(gd)(h_iq) = � (g) g_1(d(S(g_2)h_iq) ⊆ A (1 ≤ i ≤ n).

Thus gd ∈ D_i implies gd ∈ D. This showed that D is H-stable and therefore D ∈ L_H . Since Dq ⊆ A we get q ∈ Q_{LH} (A), i.e. Q_L(A) = Q_{LH} (A). By Lemma 5 D_H = L_H holds and Q_L(A) = Q_{DH} (A) follows.

We have L ⊆ D and Q_L(A) ⊆ Q_D(A) = Q_{max}(A). Moreover A is torsionfree with respect to both torsion theories. It follows now by Theorem 1, that the action can be extended to Q_{max}(A) if and only if Q_{max}(A) = Q_{DH} (A) = Q_L(A). □

References

[1] Bueso, J. L.; Jara, P.; Verschoren, A.: Compatibility, stability, and sheaves.

Pure Appl. Math. 185 Marcel Dekker, New York 1995. Zbl 0815.16001 [2] Golan, J. S.: Torsion Theories. Longman Scientific and Technical, New York 1986. Zbl 0657.16017 [3] Lomp, C.: When is a smash product semiprime ? – a partial answer. J.

Algebra 275 (2004), 339–355. Zbl pre02105799 [4] Louden, K.: Maximal Quotient Rings of Ring Extensions. Pac. J. Math.

62(2) (1976), 489–496. Zbl 0308.16002 [5] Louden, K.: Torsion Theories and Ring extensions. Commun. Algebra 4(6) (1976), 503–532. Zbl 0325.16002 [6] Montgomery, S.: Hopf Algebras and Their Actions on Rings. CBMS Regional Conference Series in Mathematics 82, Am. Math. Soc., Providence 1992. Zbl 0793.16029 [7] Rumynin, D.: Maximal Quotient Algebra of a Hopf-Module Algebra. Algebra and Logic 32(5) (1993), 300–308. Zbl 0822.16027 [8] Selvan, V.: Study of torsion theories of Hopf module algebras and their smash products. PhD thesis, The Ramanujan Inst. Adv. Studies Math., University of Madras, India, 1994.

[9] Sidorov, A. V.: Globalization of local actions of coalgebras. Algebra and Logic 35(2) (1996), 105–119. Zbl 0901.16020 [10] Stenström, B.: Rings of Quotients. Die Grundlehren der mathematischen Wissenschaften 217, Springer-Verlag, 1975. Zbl 0296.16001

Received January 19, 2005