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Abstract In [8], the condition of commutativity was relaxed and certain results of [7] regarding regular rings,
feebly Baer rings and weakly complemented rings were proved for reversible rings. We further ease some
conditions and prove these results for nearrings with no non-zero nilpotent elements.
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1 Introduction

The terminology of feebly Baer rings and modules was given by M. L. Knox, R. Levy, W. Wm. McGovern and J.
Shapiro [7]. The feebly Baer rings were also studied by Al-Ezeh [1,2] under the name almost p.p. rings. In [7], it
is proved that a commutative ring R is weakly complemented if and only if the ring of quotients of R is a feebly
Baer ring, if and only if the ring of quotients of R is weakly complemented. The commutativity condition was
eased by M.T. Kosan, T.K. Lee and Y. Zhou [8] and they proved these results for reversible rings (ab = 0 implies
ba = 0). Further, they also proved some relations between regular rings, feebly Baer rings and modules under the
same condition. This motivated us to investigate these results for more generalized structures nearrings, which
are non-commutative with respect to multiplication and has only left distributive law, under the condition having
no non-zero nilpotents elements. But in the absence of one distributive law, the results of rings and modules
cannot be generalized as it is for nearrings. The nearring settings complicate the things and it becomes necessary
to use some other substructures in nearrings instead of ideals and modules as is also evident from [5]. In place of
feebly Baer modules, here we use feebly Baer N -groups in nearrings. With some modifications, we are able to
prove that a nearring N is regular if and only if every right N -group is feebly Baer, if and only if every cyclic right
N -group is feebly Baer. We also prove some relations between the regular nearrings and feebly Baer nearrings.
Following the terminology of [8], a nearring with all idempotents central will be called an abelian nearring. The
main results, we prove in this paper are as follows:

(i) For a regular nearring N , the feebly Baerness of N - groups and cyclic N -groups coincides.
(ii) If N is feebly Baer and right quasi morphic, then it is regular.
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Feebly Baer N -groups and Nearrings 677

(iii) Every feebly Baer and right morphic nearring satisfying intersection-factor-property (IFP) is unit regular.
The converse is also true in the case of abelian nearrings.

(iv) N is strongly regular if and only if N is feebly Baer and right centrally morphic.
(v) For abelian nearrings, any right N -group M is feebly Baer if and only if right N [x]-group M[x] is feebly

Baer, where N [x] is a nearring of polynomials in variable x .
(vi) If a nearring N has no non-zero nilpotent elements, then the nearring of quotients S N of N is feebly Baer if

and only if N is weakly complemented (if i j = 0 in N , then there exist finitely generated ideals I and J of
N such that i ∈ I , j ∈ J , I J = {0} and I + J contains a non-zero divisor of N ), if and only if the nearring
of quotients S N of N is weakly complemented.

2 Feebly Baer N-groups

Throughout this paper, N is a zerosymmetric left nearring with identity 1. Let M be an additive group. Then M
is said to be a right N -group if there exists a map M × N → M satisfying (i) m(n1 + n2) = mn1 + mn2, (i i)
m(n1n2) = (mn1)n2 and (i i i) (m1 + m2)z = m1z + m2z for all m, m1, m2 ∈ M , n1, n2 ∈ N and z belongs
to multiplicative center of nearring N . Here afterwards, a right N -group will be called N -group. An N -group is
said to be cyclic if there exists an element m ∈ M such that M = m N . A non-empty normal subgroup M ′ of
M is said to be a right N -subgroup of M if m′n ∈ M ′ and, a right N -ideal of M if (m + m′)n − mn ∈ M ′ for
all m ∈ M , m′ ∈ M ′ and n ∈ N [10]. A right N -subgroup A is said to be a semi-direct summand of N if there
exists a right N -ideal B of N such that N = A ⊕ B. For an N -group, right annihilator of m ∈ M in N is denoted
by rN (m). We follow the definitions of right ideal, left ideal and ideal of a left nearring N from [10]. For n ∈ N ,
〈n〉r and 〈n〉 denote right N -ideal and ideal of N generated by n respectively (see [4]).

Lemma 1 Suppose that M is an N-group over a zerosymmetric nearring N. Then the following statements are
equivalent:

(i) If mn = 0 for some m ∈ M and n ∈ N, then there exists an idempotent e in N such that me = 0 and
en′ = n for some n′ ∈ N.

(ii) rN (m) = ⋃

i

{
ei N : e2

i = ei ∈ rN (m)
}
.

Proof (i) ⇒ (i i) Suppose that (i) holds and mn = 0. Then, there exists an idempotent e in N such that me = 0
and en′ = n for some n′ ∈ N . Thus, n ∈ eN implying that rN (m) ⊆ eN ⊆ ⋃

i

{
ei N : e2

i = ei ∈ rN (m)
}
. On

other hand, n ∈ ⋃
i

{
ei N : e2

i = ei ∈ rN (m)
}
, thus n = ei n′ for some n′ ∈ N . So mn = (mei )n′ = 0.

(i i) ⇒ (i) For any m ∈ M and n ∈ N , let mn = 0, then (ii) yields that n ∈ eN for some idempotent e in N
which implies that me = 0 and en′ = n for some n′ ∈ N . 
�
Definition 1 An N -group MN is called feebly Baer if every element of M satisfies the equivalent conditions of
Lemma 1 and the nearring N is feebly Baer if NN is a feebly Baer N -group.

Lemma 2 Let M ′ be a right N-subgroup of an N-group M. Then the following statements are true:

(i) M ′ is feebly Baer, if M is feebly Baer.
(ii) Let Mi ∈ I be any chain of feebly Baer right N-subgroups of M, then

⋃

i
Mi is again a feebly Baer N-group.

(iii) An N-group MN is said to be torsionfree if rN (m) = 0 for all 0 �= m ∈ M. Suppose that N is a nearring
with no non-trivial idempotents, then MN is feebly Baer if and only if it is torsionfree.

Proof (i) and (ii) are obvious.
(iii) Firstly suppose that M is feebly Baer. Let mn = 0 for some non-zero m ∈ M and n ∈ N , then by

Lemma 1, there exists an idempotent e ∈ N such that me = 0 and en′ = n for some n′ ∈ N . But N has no
non-trivial idempotents so if e = 0, then n = 0; and if e = 1, then m = 0, which shows that both the cases give
contradiction to our assumption. Hence rN (m) = 0 for all 0 �= m ∈ M ; that is, M is torsionfree. Conversely, if
MN is torsionfree, then rN (m) = 0; that is, mn = 0 implies that n = 0. Hence for all 0 �= m ∈ M , the condition
(i) of Lemma 1 is satisfied with e = 0 and n′ = 0. If m = 0, then we can take e = 1. 
�
Definition 2 An N -group MN is called p.p. N -group if and only if for any m ∈ M , rN (m) = eN for some
idempotent e in N . For example, every torsionfree right N -group is a p.p. N -group.
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678 R. P. Sharma, S. Chandel

Proposition 3 An N-group M is a p.p. N-group if and only if it is feebly Baer with rN (m) = eN for some
e ∈ N.

Proof Suppose that for any m ∈ M , rN (m) = nN for some n ∈ N . Since by Lemma 1, rN (m) =⋃

i

{
ei N : e2

i = ei ∈ rN (m)
}
, we have n ∈ eN for some idempotent e ∈ rN (m) and hence rN (m) = eN .

The converse is obvious. 
�

3 Feebly Baer N-groups over regular nearings

In this section, we discuss various relations between feebly Baer, regular, weakly and strongly regular nearrings,
their homomorphic images and feebly Baer N -groups and p.p. N -groups. First, we give the definitions of
aforementioned terms.

Definition 3 A nearring N is said to be regular if for any a ∈ N , there exists b ∈ N such that aba = a. If b is
a unit in N , then N is called unit regular. An N -group M is regular if for any m ∈ M , m = m(m f ) for some
f ∈ Hom N (M, N ). A weakly regular nearring is defined in [3] as having the property that n ∈ 〈n〉r n for every
n ∈ N . An N -group M is called cyclically presented if M ∼= N/〈n〉r for some n ∈ N .

We note that strictly semisimplicity of a nearring N coincides with the property that every N -group is p.p.
N -group in case N is abelian.

Theorem 4 If nearring N is strictly semisimple, then every N-group becomes p.p. N-group. The converse is
true in case of abelian nearrings.

Proof Suppose that N is strictly semisimple, then rN (m) is a right N -subgroup of N , for every m in an N -group
M , which is cyclic and generated by an idempotent (see [6]). Hence, MN is a p.p. N -group. For converse,
suppose that every N -group is p.p. N -group. Then, for any right N -ideal A of N , M = N/A becomes a p.p.
N -group. Therefore, for 1 = 1 + A ∈ M , we have A = rN (1) = eN for some idempotent e in N . Let
B = rN (e) = (1 − e)N , then N = A + B with A ∩ B = {0}, proving that N is strictly semisimple. 
�

Next we have theorem giving equivalent condition for a regular nearring N to be feebly Baer.

Theorem 5 The following statements are equivalent for a nearring N:

(i) Every N-group is feebly Baer.
(ii) Every cyclic N-group is feebly Baer.

(iii) Every cyclic semi-direct summand of N is feebly Baer.
(iv) N is a regular nearring.

Proof (i) ⇒ (i i) ⇒ (i i i) are obvious.
(i i i) ⇒ (iv) Let a ∈ N such that aN is a cyclic semi-direct summand of N , then there exists a right

N -ideal B of N such that N = aN ⊕ B. Since 1 ∈ N , we have 1 = an + b for some n ∈ N and b ∈ B.
Thus a = 1.a = (an + b)a − ana + ana which implies that a − ana = (an + b)a − ana ∈ B. Also
a − ana = a(1 − na) ∈ aN , therefore, a − ana ∈ A ∩ B = {0}. Hence a = ana for some n ∈ N ; that is, N is
a regular nearring.

(iv) ⇒ (i) Let M be an N -group and ma = 0 for some m ∈ M and a ∈ N . By (iv), for any a ∈ N , there
exists some b ∈ N such that a = aba, so e = ab becomes idempotent element of N . Also, me = m(ab) =
(ma)b = 0b = 0 and ea = aba = a. Hence MN is feebly Baer. 
�

As an easy consequence of the above theorem, we have

Corollary 6 (i) The homomorphic image of a regular nearring is a feebly Baer nearring.
(i i) If N is a regular nearring then every simple N-group is feebly Baer.

Proof (i) Suppose that N is a regular nearring. Then for any f (a) ∈ f (N ), there exists b ∈ N such that
f (a) = f (aba) = f (a) f (b) f (a), that is, f (N ) is regular nearring hence by Theorem 5, f (N ) is feebly Baer.

(i i) True by Theorem 5. 
�
A partial converse of the above results is proved below.

123



Feebly Baer N -groups and Nearrings 679

Proposition 7 (i) If every homomorphic image of a feebly Baer nearring N is feebly Baer, then N is weakly
regular.

(i i) For an abelian nearring N, if every simple N-group is feebly Baer, then N is weakly regular.

Proof (i) For any a ∈ N , define N = N/〈a〉r , which is an N -group. Let a = 1 + 〈a〉r , then aa = 0. Since N is
feebly Baer, so there exists an idempotent e ∈ N such that ae = 0 and ea′ = a for some a′ ∈ N . Thus e ∈ 〈a〉r
hence a = ea ∈ 〈a〉r a, proving that N is weakly regular.

(i i) Suppose that N is not weakly regular. Then a /∈ 〈a〉r a for some a ∈ N . Let
� = {Ii ⊆ N : Ii

,
s are right N -ideals of N and 〈a2〉r ⊆ Ii � 〈a〉r }

be non-empty and partially ordered set with respect to the inclusion of subsets. Let C = {Ii ∈ �} be a chain

in �, then
⋃

i
Ii becomes a right N -ideal of N and 〈a2〉r ⊆

(
⋃

i
Ii

)

� 〈a〉r , as 〈a2〉r ⊆ Ii � 〈a〉r for all i ,

which implies that
⋃

i
Ii is in �. Thus by Zorn’s lemma we can choose I ∈ �, a maximal element in � such that

〈a2〉r ⊆ I � 〈a〉r . Then 〈a〉r/I becomes simple N -group hence feebly Baer. Note that aa = 0 in 〈a〉r/I where
a = a + I , then there exists an idempotent e ∈ N such that ae = 0 and ea′ = a for some a′ ∈ N . Thus ae ∈ I
hence a = ea = ae ∈ I , a contradiction to our assumption. 
�

The regular property of a nearring N is stronger than feebly Baerness of its cycllically presented and singular
cyclic N -groups.

Theorem 8 For any regular nearring N, we have

(i) Every cycllically presented N-group is feebly Baer.
(ii) Every singular cyclic N-group is feebly Baer.

On the other hand, if (i) or (i i) are satisfied, then N is weakly regular.

Proof For any regular nearring N , (i) and (i i) follow from Theorem 5.
Now assume that (i) is true, then for any n ∈ N , define N = N/〈n〉r , which is an N -group. Let 1 = 1 +〈n〉r

then 1n = 0. Since N is feebly Baer, so there exists an idempotent e in N such that 1e = 0 and en′ = n for some
n′ ∈ N . Thus e ∈ 〈n〉r and hence n = en ∈ 〈n〉r n implying that N is weakly regular.

For second half, assume that (i i) is true, let n ∈ N , then by Zorn’s lemma, there exists a right N -ideal L of
N which is maximal with respect to property that 〈n〉r ∩ L = {0}. Thus 〈n〉r ⊕ L is an essential right N -ideal
in NN , hence N = N/(〈n〉r ⊕ L) becomes a singular N−group. Taking 1 = 1 + (〈n〉r ⊕ L), we have 1n = 0.
Since N is feebly Baer, so there exists an idempotent e in N such that 1e = 0 and en′ = n for some n′ ∈ N .
Thus, e ∈ 〈n〉r ⊕ L and hence n = en ∈ (〈n〉r ⊕ L)n ∈ 〈n〉r n ⊕ L; that is, n −〈n〉r n ∈ L . But n −〈n〉r n ∈ 〈n〉r ,
hence n − 〈n〉r n ∈ 〈n〉r ∩ L = {0} implying that n ∈ 〈n〉r n. Hence N is weakly regular. 
�
Definition 4 An element a ∈ N is said to be right quasi morphic if there exist b and c in N such that rN (a) = bN
and aN = rN (c). N is right quasi morphic if its every element is right quasi morphic. Further, a is said to be
right morphic if there exists b ∈ N such that rN (a) = bN and aN = rN (b). Similarly, N is right morphic if its
every element is right quasi morphic. If b is central in N , then N is said to be right centrally morphic. A strongly
regular nearring is a regular nearring which is abelian.

Lemma 9 The following statements are true for any nearring N:

(i) Every unit u is right morphic in N and uN = N.
(ii) For any a ∈ N, rN (a) = rN (ua) and urN (a) = rN (au−1) for any unit u in N.

(iii) If a is right morphic in N, then so is au and ua for any unit u in N.

Proof (i) If u is a unit in N , then rN (u) = {n ∈ N : un = 0} gives n = 0 as u−1 exists in N . Define a
map f : N → uN by n f = un, which is an onto N -homomorphism. Thus by First Theorem on N -
isomorphism, we have N/rN (u) ∼= uN ; that is, N ∼= uN . Hence for any unit u in N , we have rN (u) = 0
and rN (0) = N = uN , proving that u is right morphic in N .

(ii) If y ∈ rN (a), then ay = 0 if and only if (ua)y = 0 if and only if y ∈ rN (ua). For second part, let y ∈ urN (a),
then y = ux for any x ∈ rN (a) implies that (au−1)(ux) = 0 = a(u−1 y) and so y ∈ rN (au−1). Conversely,
suppose that y ∈ rN (au−1) then (au−1)y = 0 = a(u−1 y) implying that u−1 y ∈ rN (a); that is , y ∈ urN (a).
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(iii) Let a ∈ N be right morphic element in N . Then there exists b ∈ N such that rN (a) = bN and aN = rN (b).
For any unit u in N , by (i), uN = N = u−1 N . So (au)N = a(uN ) = aN = rN (b) = rN (u−1b) (by (ii))
and (u−1b)N = u−1(bN ) = u−1rN (a) = rN (au) (by (ii)), proving that au is right morphic in N . Similarly,
ua can be proved right morphic in N .


�
Lemma 10 The following statements are true for a strongly regular nearring N:

(i) N has no non-zero nilpotents elements.
(ii) N is reversible; that is, if ab = 0 then ba = 0 and hence satisfies IFP (Intersection Factor Property).

(iii) Every regular N-group is feebly Baer.

Proof (i) and (i i) are obvious.
(ii) Let MN be a regular N -group such that ma = 0 for some m ∈ M and a ∈ N . Then by definition of regular

N -group, we have m = m(m f ) for some f ∈ Hom N (M, N ) which gives that m f = (m(m f )) f = (m f )2;
that is, m f is an idempotent in N . Define e = 1 − m f , then e becomes an idempotent in N such that
me = m(1 − m f ) = m − m(m f ) = 0 and ea = ae = a(1 − m f ) = a − a(m f ) = a − (m f )a =
a − (ma) f = a − (0) f = a − 0 = a. Hence, MN is feebly Baer.


�
By using above results, we have

Theorem 11 The following statements are true for a nearring N:

(i) If N is feebly Baer and right quasi morphic, then it is regular.
(ii) Every feebly Baer and right morphic nearring satisfying IFP is unit regular. The converse is also true in the

case of abelian nearrings.
(iii) N is strongly regular if and only if N is feebly Baer and right centrally morphic.

Proof (i) Suppose that N is feebly Baer and right quasi morphic. As N is right quasi morphic, for any a ∈ N ,
there exist b, c ∈ N such that rN (a) = bN and aN = rN (c), which implies that ab = 0 = ca. Since N
is feebly Baer, so there exists an idempotent e in N such that ae = 0 and eb′ = b for some b′ ∈ N . Here
bN = rN (a) = rN (a(1 − e)) ⊇ eN ⊇ bN which implies that rN (a) = eN showing that right annihilator
of each element of N is generated by an idempotent of N . In particular, aN = rN (c) is generated by an
idempotent; that is, there exists an idempotent e′ in N such that aN = e′N . Therefore, there exist some
n, n′ ∈ N such that a = e′n and e′ = an′ implies that e′a = e′n = a as e′ is an idempotent in N and also
e′a = an′a hence an′a = a for some n′ ∈ N .

(ii) Suppose that N is feebly Baer and right morphic. For any a ∈ N , there exists b ∈ N such that rN (a) = bN
and aN = rN (b) which implies that ab = 0 = ba. By (i), there exist idempotents ea, eb ∈ N such that
aN = ea N and bN = eb N . Hence anaa = a and bnbb = b, where ea = ana and eb = bnb for some
na, nb ∈ N . Let u = b + naea . We shall prove that u is a unit in N by proving that rN (u) = 0 (see
Lemma 9) which gives that 1=uv for some v ∈ N . If we define a map f ′ : N → vN by n f ′ = vn then
N ∼= vN , so 1 = vy for some y ∈ N . But u = uvy = y showing that uv = vu = 1. Suppose that
y ∈ rN (u), then uy = 0 = (bnbu)y = (bnb(b + naea))y = (bnbb + bnbnaea)y = (bnbb)y = by by
using IFP and bnbb = b; that is, y ∈ rN (b) = aN so y can be written as an for some n ∈ N . Note
that 0 = a.0 = a(uy) = a(b + naea)y = (anaea)y = (ana)an = an = y proving that rN (u) = 0.
Also aua = a(b + naea)a = anaa = a, showing that N is a unit regular nearring. Conversely in abelian
nearring, every idempotent is right morphic. For, if e is an idempotent element in N then 1 − e is also
an idempotent of N . We know that (1 − e)N ⊆ rN (e). Conversely, let y ∈ rN (e) then ey = 0 = ye
hence y = y(1 − e) = (1 − e)y ∈ (1 − e)N thus (1 − e)N = rN (e). Note that (1 − e)e = 0 gives
that eN ⊆ rN (1 − e). Conversely, suppose that y ∈ rN (1 − e) then (1 − e)y = 0 = y(1 − e) giving
that y = ye ∈ eN . Hence, e is right morphic in N . Note that by Theorem 5, N is feebly Baer and by
Lemma 9(i i i), for any right morphic element a, au and ua are right morphic in N for every unit u ∈ N .
Since e = au is a idempotent in N hence right morphic in N so eu−1 = a is right morphic in N , proving
that N is right morphic.

(iii) Suppose that N is feebly Baer and right centrally morphic. Since N is feebly Baer, so it is regular by
Theorem 5. Now it only remains to prove that idempotents are central. Let e be an idempotent in N . Then
since N is right centrally morphic so there exists b ∈ N such that rN (e) = bN = Nb and eN = rN (b).
Note that e(1 − e) = 0 gives that 1 − e ∈ rN (e) = bN = Nb thus n(1 − e) ∈ bN = rN (e); that is,
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en(1−e) = 0 implying that en = ene. Also rN (b) = {n ∈ N : bn = 0} = eN ; that is, be = 0 = eb = bne
for all n ∈ N , then ne ∈ rN (b) = eN hence ne = en′ for some n′. Therefore, en = ene = ne; that is,
e is central. Conversely, since if N is strongly regular, then for all a ∈ N there exists a unit u in N such
that a = aua; that is, N is unit regular [9, Proposition 5]. Hence, N is feebly Baer (by Theorem 5) and by
(i i), N is right morphic. Thus by (i), for any a ∈ N , there exists b ∈ N such that rN (a) = bN = eN and
aN = rN (b) for some idempotent e ∈ N . It is only left to prove that rN (e) = aN . Since ae = 0 = ean,
because e is central, which implies that aN ⊆ rN (e). For converse, suppose that y ∈ rN (e). Since b ∈ eN ,
thus b can be written as en for some n ∈ N . Also N satisfies IFP, so we have eny = 0 = by so that
y ∈ rN (b) = aN implying that rN (e) ⊆ aN . Hence, N is right centrally morphic.


�

4 Feebly Baer N-groups over Abelian nearrings

Throughout this section, N is an abelian nearring which is commutative w.r.t. addition. The main results of this
section are regarding (i) the feebly Baerness of N -group M/I , where I is a right N -ideal of M and (ii) the feebly
Baerness of polynomial extension and power series extension of N -group M .

For abelian nearrings, the following result provides the single idempotent e ∈ N for finite number of mi n j = 0
where mi ∈ M and n j ∈ N when MN is feebly Baer.

Lemma 12 The following statements are equivalent for an N- group M:

(i) MN is feebly Baer.
(ii) If msnt = 0 where ms ∈ M and nt ∈ N for s = 0, 1, ..., n and t = 0, 1, ..., k then there exists an idempotent

e ∈ N such that ms = mse and nt = (1 − e)nt for all s and t.

Proof (i) ⇒ (i i) We use induction on s. Let MN be feebly Baer, so there exist idempotents et ∈ N such
that m0 = m0et and nt = (1 − et )nt for all t . Set e = e0e1...ek so we have e2 = e because N is abelian
thus m0 = m0e and ent = e(1 − et )nt = 0; that is, nt = (1 − e)nt for all t . Hence (ii) is true for s = 0.
Suppose that s ≥ 1 and for induction, we assume that there exist idempotents e1, e2 ∈ N such that ms = mse1
and nt = (1 − e1)nt for all s = 0, 1, ..., n − 1 and t = 0, 1, ..., k; mn = mne2 and nt = (1 − e2)nt for all
t = 0, 1, ..., k. Set f = e1+e2−e1e2 so we have f 2 = f , e1 f = e1, e2 f = e2 and (1−e1)(1−e2) = 1− f . Thus
(1− f )nt = (1−e1)((1−e2)nt ) = (1−e1)nt = nt and mn f = (mne2) f = mn(e2 f ) = mne2 = mn . Moreover,
for all s = 0, 1, ..., n − 1, mi f = (mi e1) f = mi (e1 f ) = mi e1 = mi . Hence (ii) holds for s = 0, 1, ..., n.

(i i) ⇒ (i) Let mn = 0 for some m ∈ M and n ∈ N , then there exists an idempotent e ∈ N such that m = me
and n = (1−e)n. Define 1−e = f , then f becomes idempotent in N such that m f = 0 and f n = (1−e)n = n
for some n ∈ N . Hence, MN is feebly Baer. 
�

Using Lemma 12, we have

Theorem 13 Suppose that M is an N-group and I its right N-ideal. Then the following statements are true:

(i) The direct sum of any two feebly Baer right N-ideals is again feebly Baer.
(ii) If I and M/I both are feebly Baer, then so is M.

Proof (i) We know that the union of any chain of feebly Baer right N -ideals of an N -group is again feebly
Baer N -group so we only have to prove that direct sum of two feebly Baer N -groups is again feebly Baer. Let
M = M1 + M2 where M1 and M2 are feebly Baer right N−ideals of M . Suppose that mn = 0 for some m ∈ M
and n ∈ N . Since m can be written as m1 + m2, where m1 ∈ M1 and m2 ∈ M2, then m1n = m2n = 0. Hence
by Lemma 12, there exists an idempotent e ∈ N such that m1e = m1, m2e = m2 and en = 0. Thus we have
me = (m1 + m2)e = m1e + m2e = m1 + m2 = m and n = (1 − e)n.

(i i) Let mn = 0 for some m ∈ M and n ∈ N . Then (m + I )n = 0 in M/I . Since M/I is feebly Baer, so there
exists an idempotent e ∈ N such that m+ I = (m+ I )e = me+ I and n = (1−e)n. Thus m−me = m(1−e) ∈ I
and (m(1 − e))n = m((1 − e)n) = mn = 0. Since I is feebly Baer, there exists an idempotent f ∈ N such that
m(1 − e) = m(1 − e) f and n = (1 − f )n = (1 − f )(1 − e)n. Setting g = e + f − e f , we have g2 = g such
that mg = (me)g = me = m and n = (1 − g)n, proving that MN is feebly Baer. 
�

For any nearring N , a nearring of polynomials in variable x denoted by

N [x] =
{

k∑

i=0

ni xi : k ≥ 0, ni ∈ M

}
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becomes nearring by defining addition:
∑

i
ni xi + ∑

i
ni

′xi = ∑

i
(ni + ni

′)xi and multiplication for any

k∑

i=0
ni xi ,

k′∑

j=0
n j

′x j ∈ N [x] as

(
k∑

i=0

ni xi

)⎛

⎝
k′
∑

j=0

n j
′x j

⎞

⎠ =
k+k′
∑

s=0

⎛

⎝
∑

i+ j=s

(ni n j
′)

⎞

⎠ xs

In the absence of right distributive law in nearring N , one should collect the coefficients of the same degree of

variable x before multiplication of two elements in N [x]. Similarly, we can define N [[x]] =
{ ∞∑

i=0
ni xi : ni ∈ N

}

,

a nearring of power series in variable x by addition and multplication as defined above. For any N -group M , the
polynomial extension of M denoted by

M[x] =
{

n∑

i=0

mi xi : n ≥ 0, mi ∈ M

}

becomes a right N [x]-group over N [x] by defining addition componentwise and scalar multiplication for any
n∑

i=0
mi xi ∈ M[x] and

k∑

j=0
n j x j ∈ N [x] as

(
n∑

i=0

mi xi

)⎛

⎝
k∑

j=0

n j x j

⎞

⎠ =
n+k∑

s=0

⎛

⎝
∑

i+ j=s

(mi n j )

⎞

⎠ xs

Similarly, the power series extension of M denoted by

M[[x]] =
{ ∞∑

i=0

mi xi : mi ∈ M

}

becomes a right N [[x]]-group over N [[x]] by defining addition componentwise and scalar multiplication for any
∞∑

i=0
mi xi ∈ M[x] and

∞∑
j=0

n j x j ∈ N [x] as

( ∞∑

i=0

mi xi

)⎛

⎝
∞∑

j=0

n j x j

⎞

⎠ =
∞∑

s=0

⎛

⎝
∑

i+ j=s

(mi n j )

⎞

⎠ xs .

Now, we prove a main result of this section.

Theorem 14 If N is an abelian nearring, then the following statements are equivalent for an N-group M:

(i) MN is a feebly Baer N-group.
(ii) M[x]N [x] is a feebly Baer N [x]-group.

(iii) If m(x)n(x) = 0, where m(x) ∈ M[x] and n(x) ∈ N [x], then there exists an idempotent e ∈ N such that
m(x) = m(x)e and en(x) = 0.

Proof (i) ⇒ (i i i) Let MN be feebly Baer. Suppose that m(x)n(x) = 0 for some m(x) =
n∑

i=0
mi xi ∈ M[x] and

n(x) =
k∑

j=0
n j x j ∈ N [x]. Then we shall prove that mi n j = 0 by induction on s = i + j . Note that m0n0 = 0

so result is true for s = 0. Suppose that each component in the coefficient of xs is zero. Now we will prove the
same for coefficient of xs+1; that is, if

m0ns+1 + m1ns + ... + ms+1n0 = 0 (1)
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then each component in (1) is zero. Since m0ns = m0ns−1 = ... = m0n0 = 0 by (1), so there exist idempotents
e0t ∈ N such that m0 = m0e0t and e0t ns−t = 0 for all t = 0, 1, ..., s. Setting e0 = e00e01...e0s , we have e2

0 = e0
such that m0 = m0e0 and e0ns−t = 0 for all t = 0, 1, ..., s. So from (1),

m0ns+1e0 + m1nse0 + ... + ms+1n0e0 = 0

which implies that m0ns+1e0 = m0ns+1 = 0. So we are left with

m1ns + m2ns−1... + ms+1n0 = 0

Again by repeating the same procedure, we have m1ns = 0 and so on. Hence, mi n j = 0 for all i = 0, 1, ..., n
and j = 0, 1, ..., k. Therefore by Lemma 12, there exists an idempotent e in N such that mi = mi e and en j = 0
for all i = 0, 1, ..., n and j = 0, 1, ..., k. Hence m(x) = m(x)e and en(x) = 0, proving (iii).

In order to show that (i i i) ⇒ (i) and (i i) and (i i i) are equivalent, it suffices to show that the idempotents of
N [x] are exactly the idempotents of N . For, let p(x) = n0 + n1x + ... + nk xk be an idempotent in N [x]. Then
(p(x))2 = p(x) which implies that n0 is an idempotent in N and hence central. Suppose that k ≥ 1 is the smallest
positive integer such that nk �= 0. Then 2n0nk = nk which further gives nk = 0, which is a contradiction. Hence,
p(x) = n0 ∈ N . 
�

As an easy consequence of above theorem, we have

Corollary 15 For an abelian nearring N, NN is feebly Baer if and only if N [x]N [x] is feebly Baer.

Finally, we prove a result similar to Theorem 14.

Theorem 16 Suppose that N is an abelian nearring. Then the following statements are equivalent for an N-group
M:

(i) M[[x]]N [[x]] is a feebly Baer N [[x]]-group.
(ii) If mi n j = 0, where mi ∈ M and n j ∈ N for i = 0, 1, ... and j = 0, 1, ..., then there exists an idempotent

e ∈ N such that mi = mi e and en j = 0 for all i = 0, 1, ... and j = 0, 1, ....
(iii) If mi (x)n j (x) = 0, where mi (x) ∈ M[[x]] and n j (x) ∈ N [[x]] for i = 0, 1, ... and j = 0, 1, ..., then there

exists an idempotent e ∈ N such that mi (x) = mi (x)e and en j (x) = 0 for i = 0, 1, ... and j = 0, 1, ....

Proof (i) ⇒ (i i) Let mi n j = 0, where mi ∈ M and n j ∈ N for i = 0, 1, ... and j = 0, 1, .... Accordingly define

m(x) =
(

n∑

i=0
mi xi

)

and n(x) =
(

k∑

j=0
n j x j

)

which implies that m(x)n(x) = 0. Hence by (i), m(x) = m(x)e(x)

and e(x)n(x) = 0 for some idempotent e(x) ∈ N [[x]]. But the idempotents of N [[x]] belong to N because N
is abelian so we have e = e(x) ∈ N . Thus m(x) = m(x)e and en(x) = 0 implying that mi = mi e and en j = 0
for all i = 0, 1, ... and j = 0, 1, ....

(i i) ⇒ (i) Suppose that m(x)n(x) = 0 for some m(x) =
∞∑

i=0
mi xi ∈ M[[x]] and n(x) =

∞∑
j=0

n j x j ∈ N [[x]].
On a similar argument in the previous theorem, we can say that mi n j = 0 for all i = 0, 1, ... and j = 0, 1, ....
Thus by (ii), there exists an idempotent e ∈ N such that mi = mi e and en j = 0 for all i and j . Hence
m(x) = m(x)e and en(x) = 0; that is, (M[[x]])N [[x]] is feebly Baer.

(i i) ⇒ (i i i) Note that (ii) implies that MN is feebly Baer. Define mi (x) =
( ∞∑

s=0
m(i)

s xs
)

∈ M[[x]] and

n(x) =
( ∞∑

t=0
n( j)

t x t
)

∈ N [[x]] such that mi (x)n j (x) = 0 for every i and j . On similar argument in previ-

ous theorem, this implies that m(i)
s n( j)

t = 0 for all s = 0, 1, ... and t = 0, 1, .... Since both the sequences
m(i)

s : i = 0, 1, ...; s = 0, 1, ... and n( j)
t : j = 0, 1, ...; t = 0, 1, ... are countable, by (ii), there exists an idempo-

tent e ∈ N such that m(i)
s = m(i)

s e and en( j)
t = 0 for i , j , s and t . Thus we have mi (x) = mi (x)e and en j (x) = 0

for all i = 0, 1, ... and j = 0, 1, ....
(i i i) ⇒ (i) True by definition of feebly Baer N -group. 
�
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5 Nearrings of quotients

Let S be a subsemigroup of N containing all non-zero divisors of N and N satisfies the left ore condition (for
any s ∈ S and n ∈ N , there exists s1 ∈ S and n1 ∈ N such that s1n = n1s). Since S is cancelable and N satisfies
left ore condition with respect to S, it follows from [10, Theorem 1.65] that the nearring of left quotients S N with
respect to subsemigroup S exists. This section contains two necessary and sufficient conditions for the nearring
of quotients S N of N to be feebly Baer and a result that Q = N × N is feebly Baer if and only if N is feebly
Baer.

Theorem 17 Suppose that N has no non-zero nilpotent elements, then the following conditions are equivalent
for a nearring satisfying the left ore condition with respect to subsemigroup S of N:

(i) S N is feebly Baer.
(ii) If ab = 0 in N, then there exist finitely generated ideals A and B of N such that a ∈ A, b ∈ B, AB = {0}

and A + B contains a non-zero divisor.
(iii) If γ δ = 0 in S N, then there exist finitely generated ideals I and J of S N such that γ ∈ I , δ ∈ J , I J = {0}

and I + J contains a non-zero divisor.

Proof S N has no non-zero nilpotent elements. For, let (s, n) ∈ S N such that (s, n)2 = 0 in S N . Since N satisfies
the left ore condition so for (s, n) ∈ S N , there exists (s1, n1) ∈ S N such that s1n = n1s; thus, n1n = 0 in N .
Since N satisfies IFP, so we have n1sn = 0 = s1n2 implying that n2 = 0 as s1 is a non-zero divisor of N . But
N has no non-zero nilpotent elements so we have n = 0; that is, (s, n) = 0 in S N .

(i) ⇒ (i i i) Suppose that γ δ = 0 in S N . Since S N is feebly Baer, hence there exists an idempotent ε ∈ S N
such that γ = γ ε and εδ = 0. Hence γ ∈ εS N = S Nε ⊆ 〈ε〉 = I and δ ∈ (1−ε)S N = S N (1−ε) ⊆ 〈1−ε〉 = J ,
where I = 〈ε〉 and J = 〈1 − ε〉 are ideals of S N , both finitely generated by ε and 1 − ε respectively. Note that
I J = {0} and 1 ∈ I + J having non-zero divisor.

(i i i) ⇒ (i i) Let ab = 0 in N . By using (i i i), there exist finitely generated ideals I and J of S N such that
a ∈ I , b ∈ J , I J = {0} and I + J contains a non-zero divisor of S N . Since all non-zero divisors in S N are units
and hence I + J = S N . Thus there exist i, j ∈ N such that i ∈ I , j ∈ J and i + j is a non-zero divisor of N .
Now let A = 〈a〉 + 〈i〉 and B = 〈 j〉 + 〈b〉 so we have AB = {0} and i + j ∈ A + B is a non-zero divisor of N
where A and B are ideals of N , proving (ii).

(i i) ⇒ (i) Let (s1, n1)(s2, n2) = 0 in S N . Since N satisfies the left ore condition so for any (s2, n1) ∈ S N ,
there exists (s′

1, n′
1) ∈ S N such that s′

1n1 = n′
1s2; that is, n′

1n2 = 0 = n′
1s2n2 in N because N satisfies IFP.

Hence s′
1n1n2 = 0 implying that n1n2 = 0 in N because s1 is a non-zero divisor of N . By hypothesis, there exist

finitely generated ideals A and B of N such that n1 ∈ A, n2 ∈ B, AB = {0} and A + B contains a non-divisor q
of N . Define S A = {(s, a) : s ∈ S, a ∈ A} and S B = {(s, b) : s ∈ S, b ∈ B, }, hence both become ideals of S N .
Since q is a unit in S N , so for any (s, n) ∈ S N , we have (s, n) = (qs, qn) ∈ S(A + B) ⊆ S A + S B. Suppose
that γ ∈ S A ∩ S B so γ = (s, a) = (t, b) for some a ∈ A, b ∈ B and s, t ∈ S. Thus there exists (s4, n4) ∈ S N
such that s4s = n4t and s4a = n4b but s4a = n4b ∈ A ∩ B = {0}, hence γ = 0 proving that S N = S A ⊕ S B.
Let ε1 + ε2 = 1 ∈ S N where ε1 ∈ S A and ε2 ∈ S B. Note that ε1 = ε1.1 = ε1(ε1 + ε2) = ε1

2 + ε1ε2 which
implies that ε1 = ε1

2 because S AS B = {0}. Hence, we have an idempotent ε1 ∈ S N such that ε1(n2, s2) = 0 =
(n2, s2)ε1 implying that (n2, s2) = (n2, s2)(1 − ε1) and (n1, s1)ε2 = (n1, s1)(1 − ε1) = 0 which further gives
(n1, s1) = (n1, s1)ε1, proving that S N is feebly Baer. 
�

Finally, we prove some equivalent conditions for N to be feebly Baer nearring.

Theorem 18 Suppose that Q = N × N and I = {0} × N. Then the following statements are equivalent:

(i) Q is a feebly Baer nearring.
(ii) The Q-group IQ is a feebly Baer.

(iii) The Q-group (Q/I )Q is a feebly Baer.
(iv) N is a feebly Baer nearring.

Proof (i) ⇒ (i i) Obvious.
(i i) ⇒ (iv) Let ab = 0 in N . Then (0, a)(0, b) = (0, 0) in IQ . By (ii), there exists an idempotent (e1, e2)

in Q such that (0, a)(e1, e2) = (0, 0) and (e1, e2)(b1, b2) = (0, b) for some (b1, b2) ∈ Q. Thus ae2 = 0 and
e2b2 = b for some b2 ∈ N , where e2 is an idempotent of N . Hence, N is feebly Baer.

(iv) ⇒ (i) Suppose that (a1, b1)(a2, b2) = (0, 0) in Q. Then a1a2 = 0 and b1b2 = 0 in N . By (iv), there
exist idempotents e1 and e2 in N such that a1e1 = 0, e1a′

2 = a2, b1e2 = 0 and e2b′
2 = b2 for some a′

2, b′
2 in N
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implying that (a1, b1)(e1, e2) = (0, 0) and (e1, e2)(a′
2, b′

2) = (0, 0), where (e1, e2) becomes an idempotent in
Q, which shows that Q is feebly Baer.

(i i i) ⇒ (iv) Let ab = 0 in N . Then we have (a, 0)(b, 0) = ((a, a′) + I )(b, 0) for some a′ ∈ N which
implies that (a, 0)(b, 0) = (ab, 0) + I = (0, 0) + I = (0, 0) in (Q/I )Q . Since (Q/I )Q is feebly Baer, so
there exists an idempotent (e1, e2) ∈ Q such that (a, 0)(e1, e2) ∈ I and (e1, e2)(b′

1, b′
2) = (b, 0) for some

(b′
1, b′

2) ∈ Q. Note that e1 is an idempotent of N such that ae1 = 0 and e1b′
1 = b for some b′

1 ∈ N implying
that N is feebly Baer.

(iv) ⇒ (i i i) Let (a, 0)(b1, b2) = (0, 0) in (Q/I )Q . We have ab1 = 0. By hypothesis, there exists an
idempotent e ∈ N such that ae = 0 and eb′

1 = b1 for some b′ ∈ N . Note that (a, 0)(e, 1) = (ae, 0) and
(e, 1)(b′

1, b2) = (b1, b2) where (e, 1) is an idempotent of Q, proving that (Q/I )Q is feebly Baer. 
�
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