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Abstract. Let 4 be an abstract class (closed under isomorpic copies) of left R-modules.
In the first part of the paper some sufficient conditions under which ¥ is a precover class
are given. The next section studies the ¥-precovers which are ¢¥-covers. In the final part
the results obtained are applied to the hereditary torsion theories on the category on left
R-modules. Especially, several sufficient conditions for the existence of o-torsionfree and
o-torsionfree o-injective covers are presented.

Keywords: precover, cover, (pre)cover class of modules, hereditary torsion theory, rela-
tively injective modules
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Throughout this paper R denotes a ring with identity and o = (.7, %) a hereditary
torsion theory in the category of left R modules, R-mod. An R-module M is said to
be o-injective if Ext (T, M) = 0 for any o-torsion module 7.

In order to study the structure of a module, it is useful to approximate the module
using the so-called ¢¥-cover, where ¢ is a class of left R-modules. The crucial question
is the existence of such covers (cf. [9]). Associated to a torsion theory o there exist
two important classes of modules, the class of o-torsionfree modules and the class
of o-torsionfree o-injective modules (cf. [6], [7], [8]). In this note we consider the
problem of existence of covers for a general class of modules and we apply our results
to the case of the above mentioned two classes.

This work has been initiated while the first author was visiting the University of Alme-
ria. The first author has been partially supported by the Grant Agency of the Charles
University, grant #GAUK 10/97/B-MAT/MFF and also by the institutional grant CEZ
# J13/98: 113 200 007. The second author has been partially supported by PB98-1005
from DGES.
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1. AUXILIARY RESULTS

Recall that a class of modules is said to be abstract, if it is closed under isomorphic
copies, co-abstract, if its members are pairwise non-isomorphic, hereditary, if it is
abstract and closed under submodules and inductive, if it is closed under unions of
chains. We further say that the homomorphisms f: F' — M and g: G — M are
M -equivalent, if there is an isomorphism 7: F' — G such that gm = f.

Lemma 1.1. Let FF = & Fs be a direct sum of modules and f: F — M an
seD
arbitrary homomorphism. Then there is a subset D’ C D such that FF = U @V,

where U = @ Fs5, V C Ker f and for 6, € D', § # ¢, the homomorphisms f|F5
s€D’

and f|F6 are not M-equivalent.

Proof. For the sake of simplicity denote fs = f|F5 for every § € D and we
define an equivalence relation ~ on D in such a way that § ~ ¢ if and only if the
homomorphisms f5 and f. are M-equivalent. In this case we denote by n.5: F5 — F.
the isomorphism for which fem.s = fs5. For each § € D let Ds ={e € D | e ~ 6} be
the equivalence class containing ¢ and D§ = Ds \ {}. Now for every € € D we set
Ges = {x — mes(z) | © € F5} and we are going to verify that

b ngFg@(@ Gas).

e€Ds e€ D}

n
In order to show that the sum on the right is direct, let z + > y; € F5s+ > Ges
i=1 eeD}

be such that x € Fs, y; € Gg,5, where €1,...,¢e, € Dg are pairwise different and

n
x+ > y; = 0. There are elements x; € Fs such that y;, = z; — m,6(2;), ¢ =
i=1

I,...,nyand so z+ Y.y =+ >, x; — Y. me,5(w;) = 0, which yields z; = 0 for
i=1 i=1 i=1

n
every i = 1,...,n and consequently x = 0. Now if x + > y;, © € Fs, y; € F,,

i=1

{e1,...,en} C Dj, are arbitrary, then y; = 7., 5(z;) for suitable ; € F5,1=1,...,n,

hence x4+ > yi=ax+ > a; — (Z (x; — Tse, ($1)> e Fs® ( &) GE(;) and the above
i=1 i=1 '

=1 e€ D}
equality is proved.

Let D’ C D be any set of representatives of the equivalence classes under ~.
Setting U = @ Fsand V = @ ( @ G.s), we obviously have FF = U @ V, where

deD’ d€ED’" e€Dj
V C Ker f by the definition of the relation ~. Finally, the M-equivalence of f; and
f- means that 6 ~ ¢, which is impossible for §,& € D', § # ¢. O
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Definition 1.2. Let ¢ be an abstract class of modules andlet 4’ = {G, | @ € A}
be a co-abstract subset of 4. If M € R-mod is arbitrary, then for every o € A and
g € Hom(G4, M) we denote by G4 an isomorphic copy of G. For all subsets B C A

and H, C Hom(Gqo, M) we take the direct sum ¥ = @ ( éh Gag> and denote
a€eB *geH,
by {X, | v € C} the set of all modules from ¢ which lie between Y and E(Y") for

some Y, where E(Y) is a fixed injective envelope of Y. Now for each v € C and
each ¢ € Hom(X,,, M) we take an isomorphic copy X,4 of X, together with the
isomorphism 9,,: X, — X4 and we finally set

(1) G=Gu= @<®g€Hom(X.y,M) XW)'

yeE

Moreover, ¢ = @ Gy — M will denote the natural evaluation homomorphism
induced by the maps giJ': Xy — M.

Lemma 1.3. Let ¥4 be an abstract class of modules and ¥’ a co-abstract subset
of 4. Further, let M € R-mod be an arbitrary module, let ¢: G — M be as in the
preceding definition and let f: F — M with F' € 4 be an arbitrary homomorphism.

If F contains an essential submodule F' = @ Fs, where each Fs is isomorphic to a
seD’

member of 4', and for any 6, € D', § # ¢, the homomorphisms f|F5 and f|F5 are
not M-equivalent, then there is a homomorphism g: F — G such that pg = f.

Proof. As above, we will use the brief notation f5 = f|F5 for each 6 € D'.
If {Go | @ € A} is any list of elements of ¢’ then for each § € D’ there is an
isomorphism 04s: Fs — G which induces isomorphism ¢qs: F5 — G, 2072 Since
the equality f50;51 = feegg for some 0 # ¢ in D’ yields a contradiction f5 = fsﬂggﬂatg,

the isomorphisms ¢,s induce isomorphism ¢': F/ - Y, Y = @ G, 5071 This
sepr T«
isomorphism extends to isomorphism ¢: F' — X, for a suitable X, € ¢ lying

between Y and its injective envelope E(Y). Denoting h = fi~': X, — M and
tyn * Xy — G the canonical embedding, we can take g: F' — G as g = typ¥yn¥.
Then we have ©g = i p Y ynY = hw;hlwwhw = hty = f and the proof is complete.

O

Let ¢: FF— M and v: G — M be homomorphisms. We define an ordering < on
the class of all pairs (F, ) in such a way that we put (F, ) < (G, ) if and only if
F<Gand¢|F:<p.

Recall that for an abstract class ¢4 of modules a homomorphism ¢: G — M,
G € Y9, is a 4-precover of the module M, if for each F' € ¢ and each homomorphism
f: F — M there is a homomorphism ¢g: F — G such that g = f. A ¢-precover ¢
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of M is called a ¢ -cowver, if each endomorphism g of G with pg = ¢ is an automor-
phism of G.

Lemma 1.4. Let%¥ be an abstract class of modules and ¢: F — M a-precover
of the module M. If f: F — F is a non-surjective monomorphism such that ¢ f = ¢,
then there is a ¢¥-precover vo: Fy — M of M such that (F,¢) < (Fo, o) and an
isomorphism o: F — Fy such that pgo = @.

Proof. Using “standard” arguments, we can replace f(F') in F by F and we
obtain Fy = FUY, where Y is a copy of F'\ f(F). Defining o as the identity map
onY and as f~! on f(F) and ¢g as ¢ on Y and as ¢f on F, one can easily verify
all the properties stated. ]

Lemma 1.5. Let ¥ be an abstract class of modules and
G L M

A

F—*- M
be a commutative diagram with F,G € ¢. If ¢ is a ¥-precover of M, then so is .

Proof is obvious. (]

2. EXISTENCE OF PRECOVERS

If 4 is an abstract class of modules such that every left R-module has a ¢-precover,
then it is usual to say that ¢ is a precover class. In other words this means that for
each M € R-mod there is a module G € ¢ and a homomorphism f: F — M such
that every homomorphism f: F — M, F € ¢, factors through ¢, i.e. f = pg for
some homomorphism g: F — G. Rada and Saorin [5, Theorem 3.4] observed that to
ensure that every module has a &-precover it suffices to consider any (co-abstract)
subset ¥’ C ¢ having the property that every homomorphism f: FF — M, F € 4,
factors through a direct sum of members of 4’. We start this section with the simple
proof of this fact, namely of [5, Corollary 3.7]. Anyway, this result show that “small”
classes ¥ of modules are precover classes in the sense that ¢ consists of all direct
sums of members of a (co-abstract) subset ¢’ of ¢ and their isomorphic copies. For
such classes it is usual to use the notation ¥ = Coprod(¥4’). On the other hand,
large classes, e.g. ¥ = R-mod, are also precover classes (the identity map 1, for
every module M € R-mod). So, we shall continue in this section with some sufficient

conditions for precover classes.
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Proposition 2.1. If¥’ is any (co-abstract) set of modules, then ¢ = Coprod(¥¢”)
is a precover class.

Proof. We are going to verify that for every module M the homomorphism
¢: G — M from Definition 1.2 is a Coprod(¥’)-precover of M. So, let f: F — M,

F = @ Fj5, where F;s is an isomorphic copy of a member of 4’ for each 6 € D, be
5€D
arbitrary. By Lemma 1.1 there is a subset D’ of D such that ' = U & V, where

U= @ Fsand V CKer f. By Lemma 1.3 there is h: U — G such that ph = f|U
éeD’
and consequently for g = h @ 0: F — G we obviously have pg = f. O
We say that a class 4 of modules is ¥4 -cohereditary, if it is closed under factor-
modules by submodules lying in ¢. Further, submodule N of a module M is said to
be ¥-pure in M, if the factor-module M/N lies in ¥.

Theorem 2.2. Let ¥ be a ¥-cohereditary class of modules closed under direct
sums and such that the set of ¢¥-pure submodules of any module lying in ¢ is
inductive. If 4’ is a co-abstract subset of the class & such that each F' € 4 contains
an essential submodule isomorphic to a member of Coprod(¥’), then ¥ is a precover
class.

Proof. Let M € R-mod be arbitrary and let ¢: G — M be as in Definition 1.2.
To show that ¢ is a ¥-precover of the module M, let f: FF — M, F € 4, be an
arbitrary homomorphism. The hypothesis yields the existence of a maximal ¢-pure
submodule of F' contained in Ker f and as can be easily verified, we may without loss
of generality assume that Ker f contains no non-zero submodule which is ¢-pure in F'.
By hypothesis and Lemma 1.1 the module F' contains an essential submodule F’ of

the form F/ = U @V, where U = @ Fs with no f|F;, f|F., §,e € D', § # ¢, M-
éeD’
equivalent and V' C Ker f. Further, V € ¢, 4 being abstract and closed under direct

sums, and consequently V' is &-pure in F' owing to the fact that ¢ is ¥-cohereditary.
Thus V =0, F’ = U is essential in I’ and it suffices to use Lemma 1.3. O

Recall that an abstract class ¢4 of modules is said to be closed under extensions,
if G € 4 whenever there is H < G such that both H and G/H belong to ¥.

Theorem 2.3. Let ¢ be an abstract, ¥-cohereditary and inductive class of
modules closed under direct sums and extensions. If 4’ is a co-abstract subset of
the class ¢ such that each F' € & contains an essential submodule isomorphic to a
member of Coprod(¥’), then ¢ is a precover class.

Proof. Let M € R-mod be arbitrary, ¢: G — M as in Definition 1.2 and
let f: F— M, F €%, be an arbitrary homomorphism. By hypothesis there is an

195



essential submodule F/ € 4 of F which can be by virtue of Lemma 1.1 written in
the form F/ =U @V, V CKer f, V € 4. The class ¢ is inductive and so there is a
submodule V'’ C Ker f maximal with respect to V' C V' and V'’ € ¢. By hypothesis,
the factor-module F' = F/V' belongs to ¢ and f induces f: F — M naturally in
such a way that fr = f, m being the canonical projection F — F. Similarly to
the case of F' there is an essential submodule F/ = U & V of F with V C Ker f.
Then V = V/V', where V C Ker f and V € ¢ owing to the fact that ¢ is closed
under extensions. Now the maximality of V' yields V = 0 and an application of
Lemma 1.3 gives the existence of a homomorphism §: F — G with ¢ = f, from
which the assertion follows easily. (|

Proposition 2.4. Let % be an abstract class of modules closed under injective
hulls. If M is an injective module, then a homomorphism ¢: G — M is a ¥-
precover of M if and only if for every H € ¢, H injective, and every homomorphism
f: H — M there is a homomorphism g : H — G such that ¢g = f.

Proof. Only the sufficiency requires verification. So, let ' € ¢ and h: F — M
be arbitrary. If i: FF — FE(F) = H is the canonical embedding, then there is
f: H— M with fi = h, M being injective. By hypothesis, there is g: H — G such
that g = f. Thus ¢gi = fi = h and we are through. O

We say that a co-abstract set ¢’ is closed under injective hulls, if 4’ with each its
element contains a copy of its injective hull.

Theorem 2.5. Let ¥ be a hereditary class of modules closed under direct sums
and injective hulls and let 4’ be a co-abstract subset of 4 closed under injective
hulls. If, for each F' € ¢4, F injective, the set of ¥-pure submodules is inductive
and F contains an essential submodule isomorphic to a member of Coprod(¥’), then
every injective module has a ¢&-precover.

Proof. Let M € R-mod be injective and let ¢: G — M be as in Definition 1.2.
By Proposition 2.4 it suffices to test the homomorphism ¢ by the injective elements
of 4 only. So, let f: FF — M, F € ¢ injective, be an arbitrary homomorphism.
By hypothesis and Lemma 1.1 there is an essential submodule F/ = U &V of F
such that V' C Ker f and U = € Fs where no different f’Fg, f|FE, d,e € D', are
M-equivalent. e’

If V =0 then an application of Lemma 1.3 finishes the proof. Assuming V # 0
we shall adopt the notation of Lemma 1.1 and its proof. So, there are 6 # ¢ in D
with 0 ~ ¢ and consequently G.s5 = F; is isomorphic to a member of ¢’. Moreover,
since F' is injective, we may assume that Fs and consequently G5 are also injective.
Then F = G.5 @ L where L can be taken as the injective hull of the direct sum of
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all remaining F5 and Geg and so L € & by the hypotheses. Thus the isomorphism
F/Ges = L shows that G5 is a ¥-pure submodule of F' contained in Ker f. So, the
hypothesis yields the existence of a maximal ¢-pure submodule K of F' contained
in Ker f. Denoting FF = F/K and 7: F — F the canonical projection, there is a
natural homomorphism f: F — M with fr = f. Now if 4 is the embedding of F
into its injective envelope H = E(F) then the injectivity of M yields the extension
f*: H — M of f, f*i = f. By hypothesis and Lemma 1.1 the module H contains
an essential submodule H' = U @ V with V = Ker f*. Now it remains to verify that
V =0, since in that case Lemma 1.3 yields the existence of §: H — G with pg = f*
and consequently pgit = f*ir = fr = f.

Proving indirectly let us assume that V' # 0. As in the case V # 0 we can find
a non-zero submodule L C Ker f* which is 4-pure in H. Then 0 # LN F C Ker f
and % > % < % yields that L N F is 4-pure in F, 4 being a hereditary class
of modules. Thus we have obtained a ¥-pure submodule 0 # LN F = S/K of
F = F/K contained in Ker f. Hence S C Ker f, K C S and S is ¢-pure in F since
F/S 2 F/K/S/K € ¢. This contradicts the maximality of K and completes the

proof of the theorem. O
Theorem 2.6. If¥ is a hereditary class of modules, then every module has a
@ -precover if an only if every injective module has a &-precover.

Proof. Only the sufficiency requires verification. So, let M € R-mod be
arbitrary and let 8: M — E(M) be its injective hull. If ¢: FF — E(M) is a
@-precover of E(M), then it is easy to see that in the pullback diagram

GL M

/| E
F —2 E(M)

the homomorphism f is injective, hence G € 4 by hypothesis and it is easy to see
that the homomorphism ¢: G — M is a ¥-precover of the module M. O

3. PRECOVERS THAT ARE COVERS

Theorem 3.1. Let¥ be an abstract class of modules. If p: F' — M is a 4-cover
of the module M then in every commutative diagram
F 2> M

2 1

GLM
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where 1 is a ¢ -precover of M, the homomorphism f is injective. The converse holds
if the class ¢ is inductive.

Proof. Since ¢ is a ¥-precover of the module M, there is a homomorphism
g: G — F such that oh = . But then phf = ¥ f = ¢ yields that hy is an
automorphism of F' and consequently f is a monomorphism.

To prove the converse we will say, for the sake of brevity, that a &-precover ¢ of
the module M has the property (x) if it satisfies the condition of the theorem, i.e. if
for any ¥-precover ¢: G — M of M, every homomorphism f: F' — G making the
diagram (*) commmutative is injective.

Take any set X with F' C X, |F| < |X]|, and consider the family ¥ = {(Fp, ¢0)},
where Fy C X and @o: Fy — M is a ¥-precover of the module M having the
property (x). Since (F,¢) € X, ¥ is non-empty and we can define the natural
order < on ¥ in such a way that {(Fo, o)} < {(F1,p1)} if and only if Fy C Fy and
©1|Fo = ¢o.

Let us verify, that Zorn’s lemma can be applied. If {(F;,¢;) | i € I} C 3 is any
chain, set F* = |J F; and define ¢*: f* — M via p*(z) = ¢;(z) whenever = € F;.
Obviously, F* ng(l and F* € 4 by the hypothesis. To show that ¢* is a ¥-precover
of M it suffices to apply Lemma 1.5 to the commutative diagram

FiLM

L

F* ¥, M
with the inclusion map ¢;, ¢ € I. In order to verify the property (x), consider the
commutative diagram

*

F, Y 2 .M

o H
G G ¥, M
and assume that Ker g # 0. Then Ker gN F; # 0 for a suitable ¢ € I. Since ¢*1; = ¢;
and ©¥g; = ¥gi; = ¢*1; = ¢;, the homomorphism g; is injective by the property (x),
owing to the fact that (F;,¢;) € ¥. On the other hand, F;N Kerg; = 0, which
contradicts the choice of i € I, and consequently (F*, ¢p*) € 3.

Now we are going to verify that ¢ is a ¢-cover of the module M. Proving indirectly,
let us assume that there exists an endomorphism f of the module F such that pf = ¢,
f is injective, but not surjective. By Lemma 1.4 and Zorn’s lemma there is a maximal
element (F*,¢*) of ¥ such that (F,¢) < (F*,¢*). By the property (x) there exists
a monomorphism f;: F* — F with fio = ¢*. Now the composition of f; with the
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inclusion map ¢: F — F™* yields an injective non-surjective endomorphism ¢ f; of F™*
such that p*cf1 = pf1 = ¢*. To obtain the final contradiction with the maximality
of (F*,¢*) it suffices now to apply Lemma 1.4. O

As a consequence of this theorem we can easily derive the result [9, Theorem 2.2.8]
on the existence of ¢¥- covers.

Corollary 3.2. Let ¥ be an abstract class of modules closed under direct limits.
If a module M has a &-precover, then it has a ¢-cover.

Proof. Using [9, Lemma 2.2.10] we see that there exists a ¢-precover of M
having the property (x) and Theorem 3.1 applies. O

Theorem 3.3. Let ¢¥ be an abstract and inductive class of modules and let
w: F — M be a 9-precover of the module M. If each endomorphism f of F' with
of = o is injective and f(F) is essential in F, then ¢ is a 4-cover of M.

Proof. Similarly as in the preceding proof we shall consider a set X with
F C X, |F| < |X| and the family ¥ = {(Fo, o)} with FF C Fy C X, F essential
in Fy, and @g: Fy — M a ¥-precover of the module M. The collection ¥ is non-
empty since (F, ) € X, and it is ordered by the relation < where (Fy, o) < (F1,¢1)
if and only if Fy C F; and ¢1|F0 = .

If {(Fi,¢:) | i € I} is a chain in 3, then we set F* = |J F; and ¢*(z) = ¢;(x)
whenever x € F;. Then F* € ¢ by hypothesis, ¢* is a %—prefolver of M by Lemma 1.5
and so (F*,p*) € X, F being obviously essential in F™*.

Consider the commutative diagram

F %2 . M

I

*

-2 .M

Al H

F %2 . M

where (F*, ¢*) is a maximal element of X, ¢ is the embedding and f; is an arbitrary
homomorphism making the bottom square commutative. Now ¢fi1c = ¢p*t = ¢ and
consequently fi¢ is injective by hypothesis. Further, for y € Ker f1 N ¢(F) we have
y = (z) for some x € F, and so f1(y) = fit(x) = 0 yields y = 0, which means that
Ker f1 Nu(F) = 0. Thus Ker f; = 0, ¢(F) being essential in F*. Moreover, Im(f1¢)
is essential in F' by hypothesis and so is Im f; in view of the obvious inclusion
Im (f1¢) C Im fy.
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Our next step is to show that f; is an epimorphism. If not, then ¢f; is a non-
surjective monomorphism of F* such that ¢*ifi = ¢f1 = ¢* and consequently
Lemma 1.4 yields a contradiction with the maximality of (F*, ¢*).

To complete the proof it suffices to consider the commutative diagram

*

-2 .M

Al H

F %2 . M

A

F %2 . M

Since ¢f f1 = ¢f1 = ¢, ff1 is an epimorphism by the preceding part, and so is f,
as we wished to show. (I

Let ¢4 be an abstract class of modules. We say that a proper submodule N of a
module M is almost &-pure in M, if the factor-module M/N contains a non-zero
submodule from ¢. Furthermore, we say that a module U is almost ¢ -hereditary, if
every non-zero submodule of U contains a non-zero submodule from ¢. Finally, the
class ¥ is called almost ¢ -hereditary, if every module U € ¥ is almost ¥-hereditary.

Theorem 3.4. Let ¢ be an abstract inductive class of modules and let ¢ : F' —
M be a 9-precover of the module M. If F' is almost ¢&-hereditary and Ker ¢ contains
no non-zero submodule almost ¥-pure in F, then ¢ is a 4-cover of M.

Proof. The idea of the proof is to verify that any endomorphism f of the
module F' such that ¢f = ¢ is injective with essential image and then apply the
preceding theorem.

First, F/Ker f 2 Im f < F yields that Im f contains a non-zero element from ¢,
hence Ker f is almost ¥-pure in F' and Ker f = 0 by hypothesis, owing to the
obvious inclusion Ker f C Ker ¢. Continuing indirectly, let us suppose that f(F) is
not essential in F'. Thus there is a non-zero submodule K of F with f(F)NK = 0 and
we may without loss of generality assume that K € ¢, F' being almost ¢-hereditary.
Setting S = {& — f(z) | # € K} we have x — f(z) = 0 if and only if x = f(x) €
KN f(F) =0, and the mapping g: K — S given by g(z) =z — f(x), x € K, is an
isomorphism. Thus S = K lies in the class ¢ and obviously S C Ker . Further,
SN f(F) = 0since for z — f(z) = f(y), x € K,y € F, we have z = f(z + y) €
KN f(F)=0,and so Im f @ < % By hypothesis, Im f contains a non-zero
submodule from ¢, hence 0 # S C Ker ¢ is almost ¢-pure in F, which contradicts
the hypothesis. O
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4. APPLICATIONS

Recall that a hereditary torsion theory o = (7, %) for the category R-mod con-
sists of two abstract classes .7 and .%#, the o-torsion class and the o-torsionfree
class, respectively, such that Hom(7, F) = 0 whenever T € .7 and F € %, the
class 7 is closed under submodules, factor modules, extensions and direct sums,
the class .% is closed under submodules, extensions and direct product and for each
module M there exists an exact sequence 0 — T — M — F — 0 such that T' € .
and F' € #. With each hereditary torsion theory we associate a Gabriel filter of left
ideals Z ={I < R | R/I € 7} and the torsion part o(M) = T of the module M
consists of all elements a € M with (0 : a) € . The torsion theory o is said to
be of finite type, if the filter £ contains a cofinal subset of finitely generated left
ideals. For more details see e.g. [3] or [1]. The following two consequences of the
above theory can be found in [7, Theorem| and [2, Theorem 1].

Corollary 4.1. Ifo = (J,%) is a hereditary torsion theory of finite type for
R-mod, then every module has a o-torsionfree cover.

Proof. First we show that every R-module has a o-torsionfree precover. Since
the class .% is hereditary, it suffices by virtue of Theorem 2.6 to show that every
injective module has an % -precover. For this reason we are going to verify the
hypotheses of Theorem 2.5. Clearly, .# is closed under direct sums and injective
hulls. If .%’ is a co-abstract set consisting of injective hulls of cyclic modules from
%, then obviously every injective module F' € .# contains an essential submodule
isomorphic to a member of Coprod(&#’). Since the set of F#-pure submodules of
any module is inductive by [3, Proposition 6.18], the proof of this part is complete.
Now if ¢p: G — M is an Z-precover of the module M, then Kery contains a
maximal Z-pure submodule K of G. Denoting F = G/K and ¢: F — M the
homomorphism naturally induced by v, Lemma 1.5 yields that ¢ is a o-precover
of M and Theorem 3.4 applies. O

Corollary 4.2. Over any commutative domain every module has a torsionfree
cover.

Proof is obvious. O

Let 0 = (,.%) be a hereditary torsion theory for R-mod and let .# denote the

class of o-torsionfree o-injective modules.

Lemma 4.3. Ifo is a hereditary torsion theory of finite type, then a o-torsionfree
module M is o-injective if the induced map Hom(R, M) — Hom(I, M) is an epimor-
phism for every finitely generated left ideal I from .Z.
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Proof. In view of the relative Baer’s criterion, we can investigate the commu-
tative diagram

with J € £ and f: J — M given. By hypothesis there is a finitely generated left
ideal I € £ with the inclusion map i: I — J and a homomorphism g: R — M such
that gui = f’, where f' = f | I = fi. For an arbitrary j € J wehave K = ([ : j) € &
and for each k € K we have k(f—gt)(j) = (f—gt)(kj) = Osince kj € I and f|I = gui.
Hence K(f — gt)(j) = 0, which means (f — g¢)(j) € o(M) = 0 and consequently
f = g, as desired. O

Lemma 4.4. Ifo = (,%) is a hereditary torsion theory of finite type, then
the class & of all o-torsionfree o-injective modules is inductive.

Proof. See [3, Proposition 42.9]. O

The following two corollaries partly generalize some results from [8, Corollary 2.10]
and [4, Proposition 2], respectively. Recall that a hereditary torsion theory o is called
exact if M € .# implies E(M)/M € .# and that o is called perfect if it is exact and
of finite type.

Corollary 4.5. Ifo = (7,%) is a perfect torsion theory for R-mod, then every

module has a o-torsionfree o-injective cover.

Proof. Using Theorem 2.3 we first show that every module has an .#-precover.
The class .# of all o-torsionfree o-injective modules is #-cohereditary by [3, Propo-
sition 44.1], it is inductive by Lemma 4.4 and it is easy to see that it is closed under
direct sums and extensions. Taking any co-abstract subset .#’ of .# consisting of
elements which are essential extensions of o-torsionfree cyclic modules, then using
[3, Proposition 10.11] it is a routine to check that each F' € .# contains an essen-
tial submodule isomorphic to a member of Coprod(.#’). Thus every module has
an #-precover and by virtue of inductivity and Lemma 1.5 we may assume that
for an arbitrary module M there exists an .#-precover ¢: F — M such that Ker o
contains no non-zero submodule .#-pure in F'. Considering the diagram (x) in The-
orem 3.1, the isomorphism F/Ker f = Im f yields that Ker f is o-closed in F' and
consequently .#-pure in F by [3, Proposition 10.11]. In view of the obvious inclusion
Ker f C Kery, Ker f =0 and ¢ is the .#-cover of M by Theorem 3.1. O
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Corollary 4.6. Ifo = (7,.%) is a centrally splitting torsion theory for R-mod,

then every module has a o-torsionfree o-injective cover.

Proof. The corresponding radical filter . has the smallest element I = Re,
e being a central idempotent, and so o is obviously of finite type. Let M € &
be arbitrary. Assuming o(E(M)/M) = K/M # 0, for each © € K \ M we have
Ix C M, ie. ex € M. Moreover, e(x —ex) = 0, so I(r —ex) = 0 and z = ez,
M being o-torsionfree. Hence x € M, which is a contradiction proving that every
o-torsionfree module is o-injective; an application of Corollary 4.1 completes the
proof. O
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