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Abstract. We obtain a new and non-trivial characterization of periodic rings (that are those rings R
for which, for each element z in R, there exists two different integers m, n strictly greater than 1 with
the property 2™ = z") in terms of nilpotent elements which supplies recent results in this subject by
Cui-Danchev published in (J. Algebra & Appl., 2020) and by Abyzov—Tapkin published in (J. Algebra
& Appl.,, 2022). Concretely, we state and prove the slightly surprising fact that an arbitrary ring R is
periodic if, and only if, for every element x from R, there are integers m > 1 and n > 1 with m # n such
that the difference £™ — 2™ is a nilpotent.
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1. Introduction and Background

Everywhere in the text of this short note, as usual all rings R are assumed to be associative,
containing the identity element 1 which differs from the zero element 0 of R. Standardly,
Nil (R) stands for the set of all nilpotents in R and J(R) for the Jacobson radical of R.

It is well known that a ring R is called periodic if, for each r € R, there exist two distinct
natural numbers, say m # n, both depending on r such that ™ = ™. In particular, when
m = 1, that is, ™ = r, these rings are said to be potent.

For example, finite rings are always periodic. These rings are surely non-commutative as
the example of the upper triangular matrix ring Ts(Zsy) over the two elements field Zy shows —
the elements of this ring actually satisfy the equation r? = r*. However, in some specific
situations, periodic rings are necessarily commutative (see, e.g., [1]). In fact, for instance, the
ring R whose elements satisfy the equation 72 = r3 are always commutative, and even more
surprisingly the equality 72 = r holds for all 7 € R. Even more generally, if R is a ring for
which, for each z € R, there exist two positive integers m, n of opposite parity with m < n
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n=m+l — 2 holds for every element x of R, and thus

such that ™ = x™, then the equality z
R is definitely potent.

A necessary and sufficient condition for a ring to be periodic in terms of nilpotent elements
was obtained in [2], namely it was proved there that a ring R is periodic if, and only if, for
each a € R, the PI relation a — a* € Nil (R) holds for some integer k > 2 depending on a.
An important result was established in [3] in order to characterize these rings R for a fixed
integer k > 1 (it is worthwhile noticing that some further generalizations were established
in [4]).

That is why, in view of all facts presented above, it is rather logical in a connection with
periodical rings, to initiate the study of those rings R for which the Pl-identity 2™ — 2™ €
Nil (R) is fulfilled for an arbitrary element € R and two naturals m and n depending on it
(not considering they to be fixed). Concretely, if we consider the fixed case m = 2 and n = 3,
i.e., 22 — 2% € Nil(R) for all € R, by using the idea from [1] to replace z — x + 1, we will
arrive at the Pl-identity #2 — x € Nil (R) taking into account that 2 € Nil (R) as choosing
z=—1

And so, the purpose of the present brief article is to demonstrate that nothing new will
not arise and, in addition, to give a new surprising criterion for a ring to be periodic in light
of the described above results.

2. The Main Result

Our main motivating result is the following curious necessary and sufficient condition for
a ring to be periodic. Specifically, the following assertion is true.

Proposition 2.1. Let R be a ring. Then the following three points are equivalent:

(1) R is periodic.

(2) For any = € R, there exist two different i,7 € N\ {1} such that ' — 2/ € J(R) and
J(R) is nil.

(3) For any = € R, there exist two different i,j € N\ {1} such that * — 27 € Nil (R).

< Clearly (1) implies (2), and (2) implies (3) since J(R) C Nil (R), so it remains to show
the validity of the implication (3) = (1). To that goal, we may without loss of generality
assume that ¢ > j > 1. So, one observes that the following series of implications is true for
any x € R, that is,

(=) =0= (@ a7 —2)f =0= (k:=i—j+ 1)V (aF —2)T~D =,

which technical verification we leave to the interested reader for a direct check. We,
consequently, may apply our aforementioned criterion from [2]| to get the truthfulness of the
desired claim. >

In the spirit of [1], it is quite adequate to ask what happens with the ring R when the
integers ¢ and j are of opposite parity.

We end our scientific work with the following question of some interest and importance,
which is closely related to Proposition 2.1 and which was partly settled in [4].

PROBLEM 2.1: Suppose that [,m > 1 are fixed integers that are different each other.
Describe the structure of those rings R for which (either) one of the relation 2! — 2™ € Nil (R)
or ' + 2™ € Nil (R) holds for all z € R.

Maybe using the same or a similar idea for proof as in Proposition 2.1, these rings are
relevant to the generalized version of periodic rings, i.e., to rings satisfying the at least one
of the Pl-identities ™ = +x™ for some integers m, n with m # n which are greater than 1.
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Awnnoranus. B repMunax HUIBIIOTEHTHBIX 3JIEMEHTOB IIOJIyY€HA HOBasl HETPUBUAJbHAS XaPAKTEPU3AIUST
nepuoguuecknx kosen. (Tak HasplBarOT Kosbla R, B KOTOPBIX AIst JI060r0 3jeMeHTa T € R cymecTByioT j1Ba
PA3JIMIHBIX IEJbIX YUCJIA M U N, cTPoro Goapmue geMm 1, takue, 9to £ = z".) DTOT PE3YJIBTAT COMEPIKHUT
B cebe pesysbrar Llyit — langyeBa Ha 3Ty Temy, onybiaukoBanubiii B J. Algebra & Appl., 2020, u pe3syib-
TaT AbGpr3oBa — Tankuna, omybiukoBanubiilt B J. Algebra & Appl., 2022. Tounee roBopsi, yCTaHOBJIEH TaKOMA
HEOXKUJJAHHBIA (DAKT: IPOU3BOJILHOE KOJIBIO R OyJeT meproiuiecKuM B TOM U TOJIBKO B TOM CJIy4ae, KOrja JJist
sioboro ajieMenTa x u3 R, cymecTByIoT 1esble unciaa m > 1 u n > 1, m # n, Takue, 9ro pa3Hocts "' — " —
HUJIBIIOTEHTHBIN JIEMEHT.
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