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1. Introduction.

The notion of a [’-ring was first introduced by Nobusawa [1]. The class of
['-rings contains not only all rings but also all Hestenes ternary rings. Recently,
Coppage and Luh [2] introduced the notions of the right Jacobson radical and other
radicals and obtained some basic radical properties and their inclusion relations.
The left Jacobson radical can be defined similarly and it is naturally asked if the
right Jacobson radical coincides with the left one. In [2], they say, “ It is unlikely
that the left Jacobson radical is equal to the right onme”, but they show that if a
I-ring satisfies the descending chain conditions on both left ideals and right ones
then the right Jacobson radical and the left one coincide.

The aim of this note is to prove that the right Jacobson radical and the left

one coincide without assuming any condition on a /’-ring.

2. Preliminaries.

Let M and " be additive abelian groups. If for all a,0,ceM and 7,0el" the
following conditions are satisfied,

(1) arbeM,

(2) (a+bd)yc=ayrc+byc, aly+d)b=arb+adb, ay(b+c)=ayb+ayc,

(3) (aybysc=ay(bic),
then M is called a I’-ring. If A and B are subsets of a /"-ring M and O<!’, we
denote AGB, the subset of M consisting of all finite sums of the form X:ay:b;
where a;€4, ;¢ B, and r;e0. For singleton subsets we abbreviate this notation,
for example, {¢}0@B=a®B.

A right (left) ideal of a I'-ring M is an additive subgroup / of M such that
IrMci (Mricl). 1If Iis both a right and a left ideal, then we say that [ is an
ideal, or a two-sided ideal of M.

In the following we give the definition of the right operator ring R.
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Let M be a I'-ring and F be the free abelian group generated by ["XM.
Then

A= (2 7;117;(7‘{, .i:fq;>€}7 ’ ae A/[j o Mgy == 0}

is a subgroup of F. Let R=FJA, the factor group, and denote the coset (7, z)+A
by [y, z]. It can be verified easily that [a, z]+[a, y]=[e, x+y] and [a, z]+[B, x]=
[a+p, z] for all @, pel” and =z, ye M. We define a multiplication in R by

2ila, 22 LB vil= e e, By -
Then R forms a ring. If we define a composition on MX R into M by
adilas, x]= Yoz for weM, Yo, xile R,

then M is a right R-module, and we call R the right operator ring of a /’-ring M.

For subsets NCM, @ </', we denote by [@, N] the set of all finite sums
2ilre, ®:] in R, where y;€®, x;e N Thus, in particular, R=[[", M]. For PCR we
define P¥*={aeM|[I",a)=[1",{e}]c P}. 1t follows that if P is a right (left) ideal
of R, then P* is a right (left) ideal of M. Also for any collection ¢ of sets in
R, O pecP¥=(NpecP)*.

Similarly we can define the left operator ring L of M. For NCM, @<, we
denote by [N, @] the set of all finite sums Yz, ;] in L with 26N and a;e®. In
particular, L=[M, I']. For Q€L we define @'={aeM|[a, ']=[{a}, I']<@Q}. It fol-
lows that if @ is a right (left) ideal of L, then @' is a right (lcft) ideal of M.
Also, for any collection @ of sets in L,

Neea @ =(Ngea Q)"

For all notions relevant to ring theory we refer to [5] and for all other notions
to the /'-ring we refer to [2] and [3].

3. Jacobson radicals.

Let M be a ["-ring and R be its right operator ring and L be its left operator
ring.

The right Jacobson radical of R, written as J(R), is defined as the set of all
elements of R which annihilate all the irreducible right R-modules. If G is a
right R-module, Annp(GG) is defined as the set {re R| Gr=0}. Thus, we have J.(R)
= N Anng(G), where this intersection runs over all irreducible right K-modules G.

Similarly, for the left operator ring L we have J(L)= N Ann,(S), where this
intersection runs over all irreducible right L-modules S and Ann,;(S)={leL | S[=0}.

Ordinary ring theory shows
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THeOREM 1. J(L)=],(L), where J,(L) denotes the left Jacobson radical of L
and f(L) denotes the right Jacobson radical of L.

In [3], the author introduced the notion of right /-ring M-module (merely,
we refer to them as right M-modules), and gave the definition of the right Jacobson
radical of a I-ring M in the following :

DeriniTiON. The right Jacobson radical of a I'-ring M, written as J.(M), is
the set of all elements of M which annihilate all the irreducible right M-modules.
If M has no irreducible right M-modules, we put /(M)=M.

It was shown in [3] that /(M) coincided with the right Jacobson radical
defined by using quasi-regularity in [2]. In [3], we proved the following :

Tueorem 2. ([3] Theorem 3.1, also [2] Theorem 8.2)
If M is a I'ring and R is the right operator ring of M, then
JA(M)=JAR)*.
We can define the left Jacobson radical /(M) of a I'-ring M and by the similar
fashions as in the right Jacobson radical we have

TueoreMm 3. If M is a ['-ring and L is the left operator ring of M, then
J{M)=J(L)".

From Theorem 1 and Theorem 3, we have
THEOREM 4. JM)=J(L)' =].(L)".

4. Irreducible right R-modules and irreducible right L-modules.

We show the following theorem. The major part of its proof, i.e., the exist-
ence of [G, "] owes to Luh ([4] Theorem 1).

Tueorem 5. There exists an injection ¢ from the set _f of all irreducible
right R-modules to the set @ of all irreducible right L-modules.

Proor. Let G be an arbitrary irreducible right R-module. Let A be the free
abelian additive group generated by the set of ordered pairs (g,7), where geG,
rel’, and let B the subgroup of elements Xmi(g;, r:)¢A, where m; are integers
such that Xmugilys, r]1=0 for all zeM. Denote by [G,I'] the factor group A/B
and, without causing any ambiguity, by [g,7] the coset (g,7)+B. Every element
in [G, '] therefore can be expressed as a finite sum Yigs, ;). [G, '] forms a right
L-module with the definition

2o, rid Zlws, Bil= Da Lodyi, 251, B5]
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for Yilgi, 7:)elG, I') and T Lz Bjlel.

To see that [G, I'] is irreducible, let ¥.[gs, yi] be an arbitrary non-zero element
in [G, I"l. Then the set G’'={Ylrs, ]| xeM} is a non-zero R-submodule of G.
Since G is irreducible, G’=G. Tor any 5[0/, 7/1e[G, "], we may write g;/=
Yigidlri, x;] where z;e M. Thus, T lef,r/1= LA Sy 25 v/ 1= Zdos, vl Zdxs v
€ Yulgs, yi)L. Hence, [G, 7] is irreducible.

Let ¢ be a mapping from .4 to @ sending an arbitrary irreducible right R-
module G to [G, "] If [G,I']=[G’, "), then G[I", M]=G'[I",M]. Since G and G’
are irreducible right R-modules, we get G=G[/, M] and G'=G'[I', M]. Thus,
G=G’, and the proof is completed.

Conversely, we have

THEOREM 6. There exists an injection ¢ from the set g3 of all irreducible
right L-modules to the set 4 of all irreducible right R-modules.

The proof is precisely analogous to that for Theorem 5 and so we omit it.

5. The proof of that J,(M)=J(M).

Let .4 be the st of all irreducible right R-modules and @ be the set of all
irreducible right L-modules. Let G be an arbitrary element of ([ and [G, "] be
its corresponding element in @, which is shown in the proof of Theorem 5. Let
S be an arbitrary element of @ and [S, M] be its corresponding element in .1,

which is assured by Theorem 6. Then we have

,r(M) = r(R)* =(N ae. 41477,72]{'((;‘))* = e 4/}71}1[3(()2)*
and
TM)Y=T(LYy =], (LYY =(NseadAnni(S))" = NseaAnmn(S)*.

By the definitions we get
Anng(GY*={xe M|[I', ] Anng(G)}
={xeM|GII", z]=0}
and
Anni (G, ') ={xe M | [z, I')< Ann (G, I'])}
={zeM|[G, I"[z, =0}
={xeM|[G[I", 2], "=0}.
Clearly, [G[T, z), I']=0 if and only if G[I, 2][1", M]=G[I", x]R=0. Also, G[I', x]
=0 implies G[I", z]R=0. Conversely, if G[I',z]R=0, then G[J', z]=0. For let
J={geG | gR=0}, then J is a R-submodule of G. Since G is irreducible, / must be
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Gor 0. If /=G, then GR=JR=0, a contradiction. Thus, / must be 0. Hence,
if G[I',z]R=0, then G[I", x]<]=0.

Therefore, we have

Annp(GYy*=Ann (G, ["])*.
Thus, we have
JAM)= NgeaAnny(GY* = NgeaAnni((G, I
D NseaAnny(S)t =J(M).
By the definitions we get
Anny(S)t={rxe M| [z, I'I< Anny(S)}

={xe M| S[x, I']=0}
and
Anng((S, M)*={xe M| [I", x]1< Anng((S, M)}

={we M|[S, M][1', x]1=0}
={weM|[SIM, I, £]=0}.

Clearly, [S[M, ['], ]==0 if and only if S[M, I"|[x, [']=0, which is equivalent to
Slx, I''=0, for S[M, I']=S. Therefore, we have

Aunn(S)* =Anng([S, M))*.
Thus, we have

JUM)=FAL) = NsegAnni(S)" = NsegAnng((S, M*
2 NaeadAnng(G)*=71,(M).

Therefore, we obtain that J,(M)=/J(M) and the proof is completed.
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