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Abstract. Let R be a ring with an endomorphism α. A ring R is a
skew power series McCoy ring if whenever any non-zero power series

f(x) =
∑∞

i=0 aix
i, g(x) =

∑∞
j=0 bjx

j ∈ R[[x;α]] satisfy f(x)g(x) = 0,

then there exists a non-zero element c ∈ R such that aic = 0, for all

i = 0, 1, . . .. We generalized the results of [2] and investigate the rela-
tions between the skew power series ring and the standard ring-theoretic

properties. Moreover, we obtain some characterizations for skew power

series ring R[[x;α]], to be McCoy, zip, strongly AB and has Property (A).

Keywords: Noetherian ring, α-compatible ring, Skew Power series McCoy

ring, Zip ring, Reversible ring.
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1. Introduction

Throughout the paper, all rings are associative with identity. Let α be a
ring endomorphism of R. We denote R[[x;α]] to be the skew power series rings
whose elements are the power series over R, the addition is defned as usual and
the multiplication satisfies in the relation xa = α(a)x for any a ∈ R.
For notations we use Ni`(R) and Cf(x) for the set of all nilpotent elements of
a ring R, the set in R consisting of all the “coefficients” of f(x) where f(x) is
a power series, respectively. By Z`(R), Zr (R) and Z (R), we mean respectively
the set of all left zero-divisors of R, the set of all right zero-divisors of R and
the set of all zero-divisors of R (i.e., Z (R) = Z`(R) ∪ Zr (R)).

A ring R is reversible whenever it satisfies the condition ab = 0⇔ ba = 0 for
a, b ∈ R. Note that for the class of reversible rings the set of all left annihilators
of any element a ∈ R coincide with set of its right annihilators. A ring R will
be called semicommutative if ab = 0 implies aRb = 0 for a, b ∈ R. Moreover,
a ring is known right (resp., left) duo if every right (resp., left) ideal is an
ideal. It is not hard to see that reversible as well (one-sided) duo rings are
semicommutative.

Following [4], a ring R is right McCoy if f(x)g(x) = 0, then f(x)c = 0 for
some non-zero c ∈ R, where f(x), g(x) are non-zero polynomials in R[x]. Left
McCoy rings are defined similary and they satisfy similar properties. A ring R
is called McCoy if it is both left and right McCoy.
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A ring R is skew power series-wise McCoy if whenever any non-zero power
series f(x), g(x) ∈ R[[x;α]] satisfy f(x)g(x) = 0, then f(x)c = 0 for some non-
zero c ∈ R. By [5], commutative rings need not to be skew power series-wise
McCoy. As a pioneer work on the relations between the zero-divisors of R
and R[[x]], Gilmer et al. in [6], Fields [5, Theorem 5], proved that if R is a
commutative Noetherian ring with identity in which (0) = Q1∩Q2∩· · ·∩Qn is a
shortest primary representation of (0) with

√
Qi = Pi, then f(x) =

∑∞
i=0 aix

i ∈
R[[x]] is a zero-divisor in R[[x]] if and only if there is a non-zero element r ∈ R
which satisfies rf(x) = 0. Later, Camillo and Nielsen, constructed an example
showing that formal power series rings over an associative noncommutative
McCoy ring R, need not be McCoy in general.

Our first main aim in this paper is to provide some rich classes of skew
power series McCoy rings. A detailed analysis of our main results is rewarded
with the generalization of the main result of [2, 5]. Moreover, we investigate
relations between skew power series McCoy property and other standard im-
portant ring-theoretic properties such as zip rings, strongly AB rings and rings
with Property (A).

2. Annihilators in Noetherian power series rings

Following [1, Definition 2.18] and [3, Definition 2.1], skew power series-wise
McCoy ring is defined as in the following:

Definition 2.1. A ring R is skew power series-wise McCoy if whenever any
non-zero power series f(x), g(x) ∈ R[[x;α]] satisfy f(x)g(x) = 0, then f(x)c = 0
for some non-zero c ∈ R.

As mentioned, McCoy’s theorem fails in the skew power series ring R[[x;α]]
over either commutative or noncommutative ring R. However, if we assume the
“Noetherian” hypothesis on the coefficient ring R, we obtain stronger condi-
tions on the coefficients of power series f(x) ∈ R[[x;α]]. The crucial for some of
our results is the following lemma, which might be useful in some other studies.

The poof of our results are inspired by the techniques developed in [2].

Lemma 2.2. Let R be a reversible right Noetherian α-compatible ring. If
f(x) =

∑∞
i=0 aix

i and g(x) =
∑∞
j=0 bjx

j be non-zero elements in R[[x;α]]

such that f(x)g(x) = 0, then there exist non-negative integers `0, `1, `2, . . . and
t0, t1, t2, . . . such that

a`00 a
`1
1 · · · a

`m−1

m−1 a
`m
m g(x) 6= 0 = a`00 a

`1
1 · · · a

`m−1

m−1 a
`m+1
m g(x)

and also

f(x)btnn b
tn−1

n−1 · · · b
t1
1 b

t0
0 6= 0 = f(x)btn+1

n b
tn−1

n−1 · · · b
t1
1 b

t0
0 .

Proof. Suppose f(x) =
∑∞
i=0 aix

i and g(x) =
∑∞
j=0 bjx

j be non-zero elements

in R[[x;α]] such that f(x)g(x) = 0. First we show by induction that there
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exists non-negative integers `i(i ≥ 0) such that a`00 a
`1
1 · · · a

`m−1

m−1 a
`m
m g(x) 6= 0

but a`00 a
`1
1 · · · a

`m−1

m−1 a
`m+1
m g(x) = 0. Since the ring R is right Noetherian, then

the right ideals Cf(x)R and Cg(x)R are finitely generated and hence there exist
finite subsets {a0, a1, . . . , am} = T ⊆ Cf(x) and {b0, b1, . . . , bn} = S ⊆ Cg(x)
such that Cf(x)R = TR and Cg(x)R = SR. We claim that aj+1

0 bj = 0 for
each 0 ≤ j ≤ n. By looking at the degree i term in the equation f(x)g(x) =

0, we get
∑i
j=0 ai−jα

i−j(bj) = 0, for each i ≥ 0. In particular, the degree
zero term implies that a0b0 = 0 and then by reversible property of a ring R
we have a0a1b0 = 0, since R is α-compatible we have a0a1α(b0) = 0. Then
multiplying a0b1 + a1α(b0) = 0 on the left-hand side by a0, we get a20b1 = 0.

Now, suppose by induction that aj+1
0 bj = 0 for each j < k. In particular,

ak0bj = 0, since R is reversible and α-compatible, we have ak0ak−jα
k−j(bj) = 0

for each j < k. Multypling the degree k term in f(x)g(x) = 0 on the left-hand

side by ak0 , yields that ak+1
0 bk = −

∑k
j=0 a

k
0ak−jα

k−j(bj) = 0, which finishes
the proof of our internal induction and the claim. Now, since Cg(x)R = SR,

this implies that an+1
0 g(x) = 0 but an0 g(x) 6= 0, which shows the existence

of the `0 for the base case of our iduction. Suppose, by induction, we have
constructed `0, `1, . . . , `m−1 satisfying the mentioned condition and set r =

a
`m−1

m−1 · · · a
`1
1 a

`0
0 . Then rg(x) 6= 0, since R is reversible and α-compatible, we

get g(x)r 6= 0. Now by taking g′(x) := g(x)r, we have f(x)g′(x) = 0 and by
the base case, there exists a non-negative integer `m such that a`mm g′(x) 6= 0
but a`m+1

m g′(x) = 0. Using again reversibility and α-compatiblity of a ring R,

we get a`00 a
`1
1 · · · a

`m−1

m−1 a
`m
m g(x) 6= 0 but a`00 a

`1
1 · · · a

`m−1

m−1 a
`m+1
m g(x) = 0, where

`0, `1, . . . , `m are non-negative integers, which completes our induction. The
same proof, with only small changes, works for the other statement. �

Theorem 2.3. Let R be a reversible right Noetherian ring. If R is an α-
compatible ring, then R is a skew right power series-wise McCoy ring.

Proof. First notice that, as Ni`(R) is an ideal of a reversible ring R, then
by Levitzki’s Theorem, Ni`(R) is a nilpotent ideal of reversible right Noe-
therian ring R. Hence there exists an integer t such that (Ni`(R))t = 0 but
Ni`(R))t−1 6= 0. Now, let f(x) =

∑∞
i=0 aix

i and g(x) =
∑∞
j=0 bjx

j be non-zero

elements in R[[x;α]] such that f(x)g(x) = 0. Now, we have the following two
cases:

Case (1): If f(x) =
∑∞
i=0 aix

i ∈ Ni`(R)[[x;α]], then ai ∈ Ni`(R), i ≥ 0.
Using (Ni`(R))t = 0, then we have ai(Ni`(R))t−1 = 0. Now, taking a non-
zero element c ∈ (Ni`(R))t−1, so aic = 0. since R is α-compatible, we get
f(x)c = 0, as desired.

Case (2): If f(x) 6∈ Ni`(R)[[x;α]], then Cf \ S ⊆ Ni`(R), where

S = {al0, al1, al2, . . . | ali 6∈ Ni`(R), li < l(i+ 1), for all i = 0, 1, 2, . . .}.
It is not hard to see that there exists a non-negative integer p such that we have
g(x)(Ni`(R))p 6= 0 but g(x)(Ni`(R))p+1 = 0. Let 0 6= g′(x) =

∑∞
k=0 dkx

k ∈
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g(x)(Ni`(R))p. Then we have f(x)g′(x) = 0, since R is reversible and α-
compatible by using g(x)(Ni`(R))p+1 = 0, we get (

∑∞
i=0 alix

li)g′(x) = 0. As R
is right Noetherian, then there exists a finite subset T = {al0, al1, al2, . . . , alt} of
S such that SR = TR and t is the smallest non-negative integer relative to this
property. The proof is complete if we show that there exists a non-zero c = ab
for a ∈ R and b ∈ (Ni`(R))p such that Tc = 0. Now by Lemma 2.2, there

exists a non-negative integer nl0 such that g′(x)anl0

l0 6= 0 but g′(x)anl0+1
l0 =

0. Then dkα
k(al0)nl0+1 = 0 for every k ≥ 0. Since R is α-compatible we

have dk(al0)nl0+1 = 0 for every k ≥ 0. By reversible property of R, we get
al0dka

nl0

l0 = 0, since R is α-compatible we have al0g
′(x)anl0

l0 = 0.
Multiplying f(x)g′(x) = 0 on the right-hand side by anl0

l0 , we get

0 = f(x)g′(x)anl0

l0 = (al1x
l1 + al2x

l2 + · · · )g′(x)anl0

l0 .

Again by using Lemma 2.2, there is an integer nl1 such that anl1

l1 g′(x)an0

l0 6=
0 but anl1+1

l1 g′(x)anl0

l0 = 0. Hence by using reversibility and α-compatiblity
of R, we get g′(x)anl0

l0 anl1

l1 6= 0 but al1g
′(x)anl0

l0 anl1

l1 = 0. Now, multiplying
0 = f(x)g′(x)anl0

l0 on the right-hand side by anl1

l1 , we get

0 = f(x)g′(x)anl0

l0 anl1

l1 = (al2x
l1 + al3x

l2 + · · · )g′(x)anl0

l0 anl1

l1 .

Continuing this process finite number of times, we can find integers nl0, nl1, . . . , nlt
such that anlt

lt g
′(x)anl0

l0 anl1

l1 · · · a
nl(t−1)

l(t−1) 6= 0 but anlt+1
lt g′(x)anl0

l0 anl1

l1 · · · a
nl(t−1)

l(t−1) =

0. Hence by using reversibility and and α-compatiblity of R, we get the infor-
mation that g′(x)anl0

l0 anl1

l1 · · · a
nl(t−1)

l(t−1) a
nlt

lt 6= 0 = altg
′(x)anl0

l0 anl1

l1 · · · a
nl(t−1)

l(t−1) a
nlt

lt .

Now, letting 0 6= c ∈ C
g′(x)a

nl0
l0 a

nl1
l1 ···a

nl(t−1)

l(t−1)
a
nlt
lt

, we get Tc = 0. Since R is

α-compatible Tαi(c) = 0 and hence f(x)c = 0, showing that R is right power
series-wise McCoy ring. �

Corollary 2.4. [2, Theorem 2.2] Let R be a reversible right Noetherian ring.
Then R is a right power series-wise McCoy ring.

Theorem 2.5. Let R be a Noetherian reversible ring. If R is an α-compatible

ring, then for each f(x) =
∞∑
i=1

aix
i ∈ R[[x;α]], these conditions are equivalent:

(1) f(x) is a zero-divisor in R[[x;α]];
(2) f(x) ∈ P [[x;α]] for some prime ideal P of R;
(3) There is a non-zero element c ∈ R such that f(x)c = 0.

Proof. (1) =⇒ (2) We have Z(R) =
⋃n
i=1 Pi, where Pi = annR(ai) for some

ai ∈ R. Suppose f(x) ∈ Z(R[[x;α]]). Then by Theorem 2.3, there exists a
non-zero element r ∈ R such that f(x)r = 0 = rf(x). Taking I = 〈Cf 〉, then
we get I ⊆ Z(R) =

⋃n
i=1 Pi. Hence by [7, Theorem 4], there exsists an integer

1 ≤ k ≤ n such that I ⊆ Pk. So I[[x;α]] ⊆ Pk[[x;α]] and therefore by the
definition of I, we get f(x) ∈ Pk[[x;α]], as desired.
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(2) =⇒ (3) Since by [7, Theorem 5], we have Pi = annR(ai) for some ai ∈ R,
then the result follows.

(3) =⇒ (1) Obvious. �

Corollary 2.6. [2, Theorem 2.3] Let R be a Noetherian reversible ring. Then

for each f(x) =
∞∑
i=1

aix
i ∈ R[[x]], these conditions are equivalent:

(1) f(x) is a zero-divisor in R[[x]];
(2) f(x) ∈ Pk[[x]] for some 1 ≤ k ≤ n, with Pk prime;
(3) There is a non-zero element c ∈ R such that f(x)c = 0.

Theorem 2.7. Let R be a right duo right Noetherian ring. If R is an α-
compatible ring, then R is a skew right power series-wise McCoy ring.

Proof. First notice that Ni`(R) is a nilpotent ideal of a right duo right Noe-
therian ring R and then there exists an integer t such that (Ni`(R))t = 0 but
(Ni`(R))t−1 6= 0. Now, let f(x) =

∑∞
i=0 aix

i and g(x) =
∑∞
j=0 bjx

j be non-

zero elements in R[[x;α]] such that f(x)g(x) = 0. Without loss of generality we
can assume that b0 6= 0. We only consider the case where f(x) 6∈ Ni`(R)[[x;α]].
Since R is right Noetherian, then the right ideal CfR is finitely generated and
hence there exists a finite subset {a0, a1, . . . , at} = T ⊆ Cf such that we have
CfR = TR whereas CfR 6= T ′R for {a0, a1, . . . , at−1} = T ′ ( T . We claim
that there exists a non-zero c ∈ R such that bjc 6= 0 for some bj ∈ Cg(x) but
f(x)bjc = 0. We will proceeed by induction on |T |(the cardinality of T ). If
|T | = 1, then T = {a0} and hence a0R = CfR. On the other hand since
a0b0 = 0 as a constant term in the equation f(x)g(x) = 0. Now from semi-
commutative property of R we get a0rb0 = 0 for each r ∈ R. Then Cfb0 = 0,
since R is α-compatible we have aiα

i(b0) = 0, i ≥ 0 and hence f(x)b0 = 0, as
desired. So the base case of our induction is stablished.

So, we may assume lenght(T)= k ≥ 2 and that the claim is true for all
smaller values by inductive assumption. Now, we consider the following two
cases:

Case (1): If akg(x) = 0. since R is α-compatible we have akα
k(bj) = 0, j ≥ 0.

Then by semicommutative property of R, we have akrkg(x) = 0 for each
rk ∈ R. Now, since lenght(T)= k ≥ 2, by the definition of the subset
T we have ak+l = a′k+l + aktk for each l = 1, 2, . . ., where a′k+l is an el-
ement of a right ideal generated by {a0, a1, . . . , ak−1} and tk ∈ R. Now

let f ′(x) =
∑k−1
i=1 aix

i +
∑∞
j=k+1 a

′
jx
j . Clearly f ′(x)g(x) = 0 and T1 =

{a0, a1, . . . , ak−1} is a generator set for the right ideal Cf ′R. Since lenght(T1) =
k − 1, then by inductive assumption there exist c1 ∈ R and bj1 ∈ Cg(x) such

that bj1c1 6= 0 but aiα
i((bj1c1)) = 0, ai ∈ Cf ′(x). Now from akrkg(x) = 0 we

have akrkα
k((bj1c1)) = 0 and hence we get f(x)(bj1c1) = 0, as needed.

Case (2): If akg(x) 6= 0. Now, take the set T = {a0, a1, . . . , ak−1, ak}. It
suffices to prove that rR(T ) ∩ bjR 6= 0 for some bj ∈ Cg(x). By Lemma 2.2,

there exists an integer n0 such that an0
0 g(x) 6= 0 but an0+1

0 g(x) = 0. Let j be a
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minimal integer such that an0
0 bj 6= 0. Since R is right duo, there exists r0 ∈ R

such that an0
0 bj = bjr0. Now taking 0 6= g0(x) = g(x)r0, we get f(x)g0(x) = 0.

Since R is right Noetherian, Cg(x)R has a finite generator set and hence by
doing above process finite times, we may assume that a0g

′
0(x) = 0, where

0 6= g′0(x) = g(x)d for d ∈ R. Then (
∑∞
i=1 aix

i)g′0(x) = 0. Now, by a similar
way as above, we can find an element r1 ∈ R such that 0 6= g′1(x) = g′0(x)r1
but a1g

′
1(x) = 0 and hence (

∑∞
i=2 aix

i)g′0(x) = 0. After doing finite times in
this way, we can find 0 6= g′k(x) = g(x)v where v ∈ R such that aig

′
k(x) = 0 for

each 0 ≤ i ≤ k. Now taking 0 6= bjv ∈ Cg′k(x), then Sbjv = 0, as needed. �

Corollary 2.8. [2, Theorem 2.4] Let R be a right duo right Noetherian ring.
Then R is a right power series-wise McCoy ring.

Theorem 2.9. Let R be a Noetherian duo ring. If R is an α-compatible ring.

Then for each f(x) =
∞∑
i=1

aix
i ∈ R[[x;α]], these conditions are equivalent:

(1) f(x) is a zero-divisor in R[[x;α]];
(2) f(x) ∈ Pk[[x;α]] for some 1 ≤ k ≤ n, with Pk prime;
(3) There is a non-zero element c ∈ R such that f(x)c = 0.

Proof. It is similar to the proof of Theorem 2.5. �

Corollary 2.10. [2, Theorem 2.5] Let R be a Noetherian duo ring. Then for

each f(x) =
∞∑
i=1

aix
i ∈ R[[x]], these conditions are equivalent:

(1) f(x) is a zero-divisor in R[[x]];
(2) f(x) ∈ Pk[[x]] for some 1 ≤ k ≤ n, with Pk prime;
(3) There is a non-zero element c ∈ R such that f(x)c = 0.

Proposition 2.11. Let R be a skew right power series-wise McCoy Noetherian
ring. If R is an α-compatible ring, then the ring R is right zip if and only if
R[[x;α]] is a zip ring.

Proof. First suppose that R is right zip, S = R[[x;α]] and let X ⊆ S such
that rS(X) = 0. For an element f(x) =

∑∞
i=0 aix

i ∈ S, let Cf denotes the set
of all coefficients of f(x), and for a subset V of S, suppose that CV denotes
∪f∈V Cf . Thus rR(CX) = 0. Since R is right zip, there exists a finite subset
Y0 = {c0, c1, . . . , cl} of CX such that rR(Y0) = 0. For each ci ∈ Y0, there
exists fci(x) ∈ X such that some of the coefficients of fci(x) are ci, 0 ≤ i ≤ l.
For every 0 ≤ i ≤ l, there exists gi ∈ R[[x;α]] such that fci(x) = cix

ti + gi,
0 ≤ i ≤ l.
Put Y = {fc0 , fc1 , . . . , fcl}. We claim that rS(Y ) = 0. Assume on the contrary
that 0 6= g(x) ∈ rS(Y ). Then for each 0 ≤ i ≤ l, we have fci(x)g(x) = 0. Now,
define F (x) = fc0(x) + xt0fc1(x) + xt0+t1fc2(x) + · · · + xt0+t1+···+tl−1fcl(x).
Then F (x)g(x) = 0 in R[[x;α]]. As R is skew right power series-wise McCoy
ring, there exists 0 6= d ∈ R such that F (x)d = 0. On the other hand, CF (x) =
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{Cfc0 (x), α
t0(Cfc0 (x)), . . . , α

t0+t1+···+tl−1(Cfcl (x))}. As R is α-compatible, we

get d ∈ rR(Y0) = 0, a contradiction. Thus rS(Y ) = 0, as desired.
Conversely, suppose that S = R[[x;α]] is right zip. Let X be a subset of R

such that rR(X) = 0. If f(x) =
∑∞
i=0 aix

i ∈ rS(X), then ai ∈ rR(X) = 0 and
so f(x) = 0. Hence rS(X) = 0 and since S is right zip, there exists a finite set
Y ⊆ X such that rS(Y ) = 0. Hence rR(Y ) = rS(Y ) ∩ R = 0. Therefore R is
right zip ring. �

Corollary 2.12. (a) Let R be a reversible one-sided Noetherian ring. If R is
an α-compatible ring, then the ring R is right zip if and only if R[[x;α]] is a
right zip.

(b) Let R be a one-sided duo one-sided Noetherian ring. If R is an α-
compatible ring, then the ring R is right zip if and only if R[[x;α]] is right
zip.

Theorem 2.13. Let R be a Noetherian skew power series-wise McCoy ring.
Then R is strongly AB if and only if R[[x;α]] is strongly AB.

Proof. First suppose R is strongly right AB and J ⊆ R[[x;α]] such that
rR[[x;α]](J) 6= 0. Take non-zero g(x) ∈ rR[[x;α]](J). For an element f(x) ∈
R[[x;α]], let Cf denotes the set of all coefficients of f(x), and for a subset V of
S, suppose that CV denotes ∪f∈V Cf . It is easy to see that rR(CJ) = rR(RCJ),
where RCJ is a left ideal generated by CJ . As R is a Noetherian ring, there

exists finite subset {f0, f1, . . . , fk} ⊆ J such that RCJ =
∑k
i=0RCfi . As R is

a Noetherian ring, there exists finite subset {ai0, ai1, . . . , aiti} ⊆ Cfi , 0 ≤ i ≤ k,

such that RCfi =
∑ti
j=0Ra

i
j . Hence

rR(CJ) = rR(RCJ) = rR(

k∑
i=0

ti∑
j=0

Raij) = ∩ki=0 ∩
ti
j=0 rR(aij). (∗)

We claim that rR(
∑k
i=0

∑ti
j=0Ra

i
j) 6= 0. Put F (x) = f0+xt0f1+xt0+t1f2+· · ·+

xt0+t1+···+tk−1fk. Then F is contained in the left ideal of R[[x : α]] generated
by J . Hence F (x)g(x) = 0, because g(x) ∈ rR[[x;α]](J). Since R is skew power
series-wise McCoy, there exists 0 6= d ∈ R such that F (x)d = 0. Since

{a00, a01, . . . , a0t0 , α
t0(a10), αt0(a11), . . . , αt0(a1t1), αt0+t1(a20), . . . ,

αt0+t1+...+tk−1(ak0), . . . , αt0+t1+...+tk−1(aktk)} ⊆ CF (x)

and R is α-compatible, we get [
∑k
i=0

∑ti
j=0Ra

i
j ]d = 0.

As R is strongly right AB we get [
∑k
i=0

∑ti
j=0Ra

i
j ]Rr = 0 for some 0 6= r ∈ R.

Using this and (∗) we obtain that RCJRr = 0. As R is α-compatible, we
have RCJR[[x;α]]r = 0 and so JR[[x;α]]r = 0, which implies that R[[x;α]] is
strongly right AB.

Conversely, suppose R[[x;α]] is strongly right AB and J ⊆ R such that
rR(J) 6= 0. Since rR(J) = rR[[x;α]](J)∩R and rR(J) 6= 0, we have rR[[x;α]](J) 6=
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0. Then there exists a non-zero ideal K of R[[x;α]] such that K ⊆ rR[[x;α]](J),
since R[[x;α]] is strongly right AB. Then JCK = 0, where CK is the non-zero
ideal of R consisting of all coefficients of all elements in K. Therefore R is
strongly right AB. The proof of the left case is similar. �

Corollary 2.14. [2, Lemma 3.5] Let R be a Noetherian power series-wise
McCoy ring. Then R is strongly AB if and only if R[[x]] is strongly AB.

Corollary 2.15. (a) Let R be a reversible Noetherian ring. If R is an α-
compatible ring, then R is strongly AB if and only if R[[x;α]] is strongly AB.

(b) Let R be a duo Noetherian ring. If R is an α-compatible ring, then R is
strongly AB if and only if R[[x;α]] is strongly AB.

Proposition 2.16. Let R be a right Noetherian ring such that R[[x;α]] is
strongly right AB. If R is an α-compatible ring, then the ring R is right skew
power series-wise McCoy.

Proof. One follows the proof of Theorem 2.3, but since the needed changes
are not obvious we clarify them here. Notice that in Theorem 2.3, Ni`(R)
was an ideal of R for a reversible ring R, whereas when R[[x;α]] is strongly
right AB, then Ni`(R) need not be an ideal of R. Hence replacing either the
lower nilradical Ni`∗(R) or the upper nilradical Ni`∗(R) by Ni`(R) and using
Levitzki’s Theorem [9, Theorem 10.30], we get the desired result. �

Corollary 2.17. [2, Proposition 3.8] Let R be a right Noetherian ring such
that R[[x]] is strongly right AB. Then the ring R is right power series-wise
McCoy.

Corollary 2.18. Let R be a right Noetherian, α-compatible ring. Then the
power series ring R[[x, α]] is strongly right AB if and only if the ring R is skew
right power series-wise McCoy and strongly right AB.

Problem: Let α be an automorphism of R. Under what conditions re-
versible (duo) right Noetherian rings are skew right power series-wise McCoy
?
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