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Abstract. Let N be a left near-ring and let o be a function of N. We intro-
duce the notion of two sided a-n-derivation and prove that a prime zero symmetric
near-ring involving a-n-derivations satisfying certain identities is a commutative
ring.Also, some examples are given to shown that the 3-primeness condition in
our results is not redundant.

1. Introduction

In this paper, N will denote a zero symmetric left near-ring with multi-
plicative center Z(N). We will write, for all z,y € N, [z,y] = zy — yx and
x oy = xy + yx for the Lie product and Jordan product, respectively. N is
2-torsion free, if whenever 2z = 0 implies z = 0. A near ring N is called
zero symmetric if 0.x = 0 for all z € N (recall that left distributivity yields
that .0 = 0). Recall that N is called a 3-prime near-ring, if tNy = {0} im-
plies =0 or y = 0. In this paper, unless otherwise specified, we will use
the word near-ring to mean zero symmetric left near-ring. An additive map-
ping d: N — N is said to be a derivation on N if d(zy) = zd(y) + d(x)y for
all x,y € N or equivalently, as noted in [17], that d(zy) = d(x)y + zd(y) for
all xz,y € N.

An additive mapping d: N — N is called a (a, 3)-derivation if there
exist functions «, 3: N — N such that d(zy) = d(z)a(y) + B(z)d(y) for all
z,y € N, furthermore, an additive mapping d: N — N is called a two-sided
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a-derivation if d is an (o, 1)-derivation as well as (1, «)-derivation (see [16]).
Moreover, if d commutes with «, then d is called a semiderivation.

E. C. Posner introduced a technique for investigating rings by the use of
derivations, to indicate how strongly a derivation is related to commutativity
in [15]. The study of derivations of near-rings was initiated by H. E. Bell
and G. Mason [4]. Over the last two decades, there has been a great deal of
work concerning commutativity of prime and semiprime rings and near-rings
with derivations satisfying certain differential identities (see the references
for a partial bibliography).

Let R be aring and n > 2 be an integer. A map D : R X Rx--xXR — R
is said to be an n-derivation of R if it is a derivation in each argument.
A 2-derivation of R is said to be a bi-derivation of R. Bresar et al. [8] gave
a characterization of bi-derivations of prime rings. More details about bi-
derivations and their applications can be found in (]9, Section 3]). Also,
the concepts of symmetric bi-derivation, permuting tri-derivations and per-
muting n-derivations have already been introduced in rings by G. Maksa,
M. A. Oztiirk and K. H. Park in [10], [11] and [13], respectively. These con-
cepts have been studied for near-rings in [3], [12] and [14]. Motivated by
these papers, we define the notion of two sided a-n-derivation and prove
that a prime near-ring involving a-n-derivations satisfying certain identities
is a commutative ring. Also, some examples are given to shown that the
3-primeness condition in our results is not redundant.

Here we initiate the concept of two sided a-n-derivation as follows:

DEFINITION 1. Let N be a near-ring and let n > 2 be a fixed pos-
itive integer. An n-additive (i.e. additive in each argument) mapping
D: NxNx---xN-—Nis called two sided a-n-derivation if there is

~

n-times
a function a: N — N such that the relations

D(z12), 22,23, ..., xn)=D(x1, 22,73, ..., 2p)a(x)) + 21 D(2), 22, 23, . . ., 1)
= D(z1,22,23, ..., 2Tn)7] + a(x1)D (2], x2, 23, ..., 1),
D(z1,207h, 23, ..., xn)=D(x1, 22,73, ..., ) a(xy) + 22D (21, T, T3, - . ., Tpy)
= D(z1,29,23,...,2,)Th +a(xe)D(x1, 2%, 23, ..., 2p),
D(x1,22,23, ..., TnT)
= D(x1, 22,23, ...,2p)a(x)) + 2, D (21,9, 73, ..., 7))
= D(z1,%9, 23, ..., 2n)2, + a(zy)D(z1, 29, T3, . .., T

hold for all ;=1 __n,%};—y , € N.
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2. Main results
LEMMA 1 [6, Lemma 1.1]. Let N be a 3-prime near-ring.
(i) If z€ Z(N) ~ {0} and xz € Z(N), then x € Z(N).
(ii) If N C Z(N), then N is a commutative ring.

(iii) If N admits a nonzero derivation d, then (zd(y) +d(x)y)z = xd(y)z +
d(x)yz for all z,y,z € N.

LEMMA 2 [4, Lemma 3(iv)]. Let N be a 2-torsion free 3-prime near-ring.
If N admits a derivation d such that d*> =0, then d = 0.

In a left near-ring N, right distributive law does not hold in general.
However, we can prove the following partial distributive properties in N.

LEMMA 3. Let D be a two sided a-n-derivation. Then N satisfies the
following partial distributive law: for all x,y,z,2;;=2..» € N, we have

(D(z,z9,23,...,20)a(y) + 2D(y, 2,23, . . ., ) a(2)
= D(x,x9,23,...,Tn)(yz) + D (y, 2,3, ..., 2,)(2).
PROOF. By the defining property of D, we get
D(xyz,x9,x3,...,2n) = D(xy, 29,23, ..., 2n)(2) + xyD(z, 22,23, ..., Tp)
= (D(JT, L2, T3y 7xn)a(y) + CBD(y, L2,T3;. .. 7xn)) Oé(Z)
+xzyD(z,x9,x3,...,Tp).
On the other hand,
D(zyz,x9,x3,...,2,) = D(x,29,x3,...,25)a(yz) + xD(yz, x2,x3,...,Zp)

= D(x,x9,x3,...,2n)a(yz) + xD(y,x9, T3, ..., Tn)a(2)

+ $yD(Z,332,£B3, s amn)‘

From the two expressions of D(xyz,x9,z3,...,2,), we find that for all
T,Y,2,Tii=2..n eEN

(D(ZE,$2,£B3, s 7xn)a(y) + I'D(y,.'L‘Q,J?g, s amn)) Oé(Z)

= D(x,x9,x3,...,2y)a(yz) + xD(y, x2, x3,...,2p)a(z). O

THEOREM 1. Let N be a 3-prime near-ring. If N admits a nonzero
two sided a-n-derivation D such that D(N,N,...,N) C Z(N), then N is a
commutative Ting.

Acta Mathematica Hungarica 157, 2019



468 L. OUKHTITE and A. RAJI

PROOF. Assume that D(z1,xz9,...,2,) € Z(N) for all x1,29,...,2,€N;
hence

(1)

D(zy,z2,...,zn)a(2) = a(z)D(zy, x2, ..., xy) for all x,y, 2, x;i=2.n € N.
In view of Lemma 3, (1) shows that

(2) D(z,xa,...,x5)a(yz) + 2D(y, x2, ..., Tyn)0(2)

= a(z)D(x,xa,...,xn)a(y) + a(2)zD(y, z2, ..., Tn)

for all z,y,z,x;=2.» € N. Replacing = by a(z) in (2), we obtain

(3) D(a(z),z2,...,xn)a(yz) = a(z)D(a(z), 2, ..., zn)a(y)
for all y, z, x; ;—2.., € N. This equation can be written as

(4) D(a(z),x2,...,zy)(a(yz) —a(z)a(y)) =0 for ally,z,2; ;=2 n € N.

In view of D(«(z),x2,...,x,) € Z(N), it follows that

()
D(a(z),x2,...,2n)N(a(yz) —a(z)a(y)) = {0} for all y,z,x;=2 n € N.

Since N is 3-prime, then (5) shows that

(6)
D(a(z),x2,...,2,) =0 or a(yz) =a(z)a(y) forall y,z x;=2 , € N.

a) Assume that a(yz) = a(z)a(y) for all y,z € N. In this case and by
the hypothesis given, equation (2) reduces to D(y, za,. .., xy)[z, a(z)] = 0 for
all x,y,2,;,—2.n € N. Now, left multiplying by ¢, where ¢ € N, and using
again D(y,z2,...,x,) € Z(N) we get D(y,xa,...,z,)t[x,a(z)] =0 for all
x,Y, 2, t, Tii=2. n € N. Accordingly,

D(y,xa,...,xn)N[z,a(2)] = {0} forall x,y, 2, x;i=2. n € N.

In view of the 3-primeness of N and D # 0, the preceding equation shows
that a(z) € Z(N) for all z € N and therefore a(yz) = a(z)a(y) = a(y)a(z)
for all y,z € N.

For z,y,2,x;i—2. ., € N, we have

D(zyz,x9,...,xy) = D(xy,xo,...,25)z + a(zy)D(z,xa, ..., 2y)
= (D(:E, 9y, Tn)y + a(x)D(y, 2, . .. ,azn)) z+a(z)a(y)D(z,xa,. .., Ty).
On the other hand,

D(zyz,x9,...,xy) = D(x,29,...,2,)yz + a(x)D(yz,xa, ..., Tp)
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= D(z,z2,...,20)yz + a(z)(D(y, 22, ..., xp)2 + a(y)D(z, 22, ..., 2p))
= D(z,x9,...,20)yz + a(x)D(y,z2,...,x5)z + a(z)a(y)D(z,z2, ..., Ty)

Comparing the above two values of D(zyz, xo,...,x,), we conclude that
D(xy,xao,...,xn)z = (D(a:', X9y, Tn)y + a(x)D(y, 2, . .. ,xn)) z
= D(x,x2,...,29)yz + a(x)D(y,x2,... ,25)z for all z,y,2,2; =2, € N.
Using the hypothesis of the statement we get
D(xy,xa,...,x,)z = zD(xy,x2,...,Tp).
Accordingly,
(7) D(z,xa,...,2n)yz + a(x)D(y,z2, ..., 2n)2
=zD(x,x9,...,2n)y + za(x)D(y, z2, ..., xy)

Since a(x) € Z(N) and D(y,x2,...,x,) € Z(N) for all z,y, =2, € N,
then (7) yields

(8) D(z,z2,...,2n)yz = 2D(z,z2,...,2,)y for all x,y, 2,z =2 n € N.

Consequently, D(z,x2,...,2,)[y, 2] = 0 for all z,y, 2, 2; =2, € N in such a
way that

(9) D(z,x9,...,2y)N|y, 2] = {0} for all z,y, 2, x;=2. ., € N.

Since D # 0, the 3-primeness of N assures that N C Z(N). Hence N is a
commutative ring by Lemma 1(ii).

b) Assume there exist yg, zo € N such that a(yozo) # a(zo0)a(yo), hence
by (6) we conclude that D(a(zp), x2,...,x,) = 0 for all ; ;=2 _,, € N. In this
case, returning to equation (2) and replacing x by D(uq,us,...,u,) where
Uji=1..n € IV, we obtain

D(D(ur,ug, ..., up), 2, ..., 2y) (a(yz) — a(z)a(y)) =0
and thus
D(D(uy,ug, ..., up), T2, ..., 2n) N(a(yz) — a(z)a(y)) = {0}

for all y, z,u; i=1..n, Tii=2..n € N. Since N is a 3-prime, the latter relation
forces

(10) D(D(ul,u2,...,un),xg,...,xn) =0 or (a(yz) —a(z)a(y)) =0
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for all y, 2, w; j=1..n, Tii=2..n, € N. Inlight of a(yoz0) # a(20)a(yo), then (10)
reduces to

(11) D(D(Ul,UQ, ceyUp), T, ,azn) =0 for all w;;=1..n,Tii=2.n € N.
Replacing u; by u? in (11), u € N, we get
0= D(D(uu,u2, ceyUp )y X2y ,xn)
= D(D(u,ug,...,up)a(u) + uD(u,ug, ..., up), T2, ..., Tn)
= D(D(u,u2, coup)a(u), g, .. ,xn) + D(UD(U,UQ, ceyUp), T, . ,xn)

Setting I = D(D(u,ug, cooup)a(u), T, .. ,xn) and I] = D(uD(u,ug, e
Up), T2, . .. ,azn) . We have

I= D(D(u,uQ, ceyUp), T, ,a:n) o?(u)
+ D(u,uq, ... ,un)D(a(u),xQ, . ,xn)
which by virtue of (11) leads to
(1_?): D(u,ug, ..., up)D(a(u),za,...,z,) for all u,u;i=o. n, =2, EN.
Similarly, one can easily see that
(13) II = D(u,z,...,25)D(u,ug, ..., uy,) for all u,u; =2 5, ;=2 n € N.
Adding (12) and (13), we obtain
D(u,us,... ,un)(D(a(u),xg, cesXn) + D(u, x2, . .. ,ajn)) =0.
Replacing u by 2 in the last equation and using the fact that
D(a(z0),x2,...,xy) =0
for all z; ;—2.., € N, we obtain
D(zp,u2,...,uy)D(20,22,...,2,) =0 for all u; ;=2 n,ii=2.n € N
so that
D(zp,u2, ... ,un)ND(z20,ug,...,u,) ={0} for all u; ;=2 , € N.
Since N is 3-prime, the last relation shows that
(14) D(zy,uz,...,up) =0 forall uj;—o n € N.
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Substituting a(zp) for = in (2), we get
a(z0)D(y, xa, ..., xn)a(2) = a(z)a(z0)D(y, x2, . . ., xp)
for all y, z,x; =2, » € N and thus
D(y,xa,...,xn)[a(2),a(20)] =0 forall y,z,2=2 n€N.

Since D # 0, we conclude that
(15) a(z)a(zg) = a(zg)a(z) forall z € N.
Replacing y by zp in (2) and using (14), we arrive at

a(zpz) = a(z)a(zy) for all z € N.
Using (15), we find that

a(z0z) = a(zp)a(z) forall z € N.
Replacing z by yg, we get
(16) a(zoyo) = az0)a(yo)-

By hypothesis, we have D(zpyo,2,...,2n) € Z(N) for all z;;—s , € N.
This implies that D(zg,x2,...,zy)a(yo) + 20D (yo, 2, ... ,x) € Z(N). In-
voking (14), the last relation reduces to

(17) 20D (yo, z2, ..., xn) € Z(N) for all z;;—2 , € N.
In light of Lemma 1(i), equation (17) yields
20 € Z(N) or D(yo,x2,...,2p) =0 forall ;=2 , € N.

If zp € Z(N) then from (16) we find that a(zoyo) = a(yoz0) = a(z0)a(yo)
which contradicts a(yozo) # a(z0)(yo). Consequently, D(yo, x2,...,2,)=0
for all z; -2, n» € N. Replacing y and z by yo and 2o respectively in (2), we
arrive at

D(x,z9,...,25)((yo20) — a(z0)a(yo)) =0 for all z,x9,...,2, € N,
which, because of D # 0, yields
a(Yoz0) = a(z0)(¥o);

a contradiction to a(ypzo) # a(zo)a(yg). Therefore, the condition of the ex-
istence of two elements yg, zo € N such that a(ypzo) # a(z0)a(yp) cannot
occur, and hence N is a commutative ring. [
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THEOREM 2. Let N be a 2-torsion free 3-prime near-ring. If N admits
a nonzero derivation d and a nonzero two sided a-n-derivation D such that
[d(z), D(z1,2z2,...,2,)] =0 for all x,z;;=1,., € N, then N is a commuta-
tive ring.

PROOF. We are assuming that
(18)
d(z)D(z1,22,...,2,) = D(x1,22,...,2,)d(x) forall z,z;;=1 ., € N.

Replacing x by zy in (18) and using Lemma 1(iii), we obtain
d(l’)yD({Eh Zo,. .. 73371) + xd(y)D(xla Z2, ... 73371)
= D(x1,22,...,x,)d(x)y + D(x1,22,. .., 25)xd(y)

for all z,y,z; =1, , € N. Writing d(x) for = in the preceding relation and
invoking (18), we obtain

(19)

d2(a:)yD(3:1,x2, ceyTp) :d2(az)D(m1,x2, o)y forall x,y, x5 5=1, n €N.

Substituting yt for y in (19), we arrive at
d2(33)y[t,D(x1,x2, co,xn)| =0for all x,y,t, 2 =1 €N,
so that
d2(:z)N[t,D(:1:1,332, .., xn)] ={0} forall x,t,x;i=1. . € N.
Since N is 3-prime, then the latter relation implies that either
d*(x) =0 or [t,D(x1,29,...,2,)] =0 for all x,t,xii=1..n € N.

It follows that d> =0 or D(N,N,...,N)C Z(N). Since d # 0, then by
Lemma 2 the first situation cannot occurs; consequently D(N,N,...,N) C
Z(N). Applying Theorem 1, we obtain the desired conclusion. [

THEOREM 3. Let N be a 3-prime near-ring. If N admits a nonzero
two sided a-n-derivation D such that D([N,N],...,[N,N]) =0, then N is
a commutative Ting.

Proor. We are given that
(20)
D([z1,y1), [x2, ya], (3,43, - - - s [Tnsyn]) =0 for all z;,=1, . n,Yii=1,..n EN.

Replacing y1 by z1y1 in (20) we get
D( 1, [22, 2], [x3,y3), - - -+ [Tn, Un)) [21,91] = O for all @ ;=1 n,Yii=1,.n € N
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so that,
(21) D(xl7[x27y2]7[x3ay3]7'”7[xnayn])xlyl
= D( 1, [z2,y2], 23, Y3, - -, [@ny yn]) vaz1 for all @1, p, Yii=1,..n € N.

Taking y; = y1t1 in (21), we obtain
D(xla [(L’Q, y2]7 [x?n ZUS]; teey [xrw yn]) xlyltl

= D(xh [x27y2]7 [3737?J3]7 ey [xnayn]) yltlxl

= D(xh [x27y2]7 [3737?J3]7 ey [xnayn]) ylxltl
for all t1,2;=1,... n,Yii=1,..n € N and thus

D(flfl, [x27y2]7 [x3ay3]7 ey [xnayn]) yl[xlatl] =0

for all t1,2;i=1,...n,Yii=1,..n € N. Accordingly,
(22) D(l‘l, [:B% yQ]a [:L‘?)a y3]> CRRE [:Bna yn]) N[IL‘l, tl] = {O}

for all t1, %=1, n,Yii=2,..n € N. By the 3-primeness of N, equation (22)
shows that

D(xla[x2ay2]7[x37y3]7"'J[xrmyn]) :0 or [xlatl] :0

for all t1,x;i=1,... ns Yii=2,..n € N, which implies that for each fixed 21 € N,
we have

(23) x1 € Z(N) or D(w1,[z2,y2), [z3, 93], -, [Tn,yn]) =0

for all Tii=2,...ny Yii=2,..n € N. Let xq1,t1,to € N. If z1 € Z(N), taking x1t;
instead of z1 in (20) and using (20) we get that

D(mla [$27y2]7 [I’g,yg], CRRE [xnayn]) [tlayl] =0.
Now substituting yito for y;, we obtain
D(.Tl, [3727,@2]7 [x37y3]7 sy [xrwyn]) yl[tlat2] =0.

Since y1, t1, t2 can be chosen arbitrarily and independently from the other
variables, using 3-primeness we have that

N C Z(N) or D(x1,[x,y2], [x3,u3], -, [Zn;ya]) =0

for all x; j—2 ... n,Yii=2,..n € N. Suppose that there exists an element x; € N
such that z1 € Z(N), then (23) shows that

D(z1,[z2,y2), [x3,y3), .- [@nyn]) =0 for all @;,-9 . n,¥ii=2,...n € N.
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Consequently, for each fixed element x; € N, we have N C Z(N) or

D(.CL‘l, [172, yg], [fL‘g, yg], e, [."L‘n, yn]) =0 forall Tii=2,..n>Yii=2,..n € N.
For the other products [x;, y;], i = 2,...,n, proceeding as above we establish
that

D(x1,x9,23,...,2,) =0 forall zj;—; , €N or NCZ(N).

Since D # 0 the latter relation reduces to N C Z(N), and therefore N is a
commutative ring by Lemma 1(ii). O

We now consider differential identities involving anti-commutators in-
stead of commutators. Our result is of a different kind, indeed the near-ring
cannot be a commutative ring.

THEOREM 4. Let N be a 2-torsion free 3-prime near-ring. Then
N admits no nonzero two sided a-n-derivation D such that D(xzy0yi,...,
Tn 0 Yn) =0 for all x; =1, n,Yii=1,..n € N.

PROOF. Assume that D is a nonzero two sided a-n-derivation such that
(24) D(zioy1,...,zn0y,) =0 forall ©;;—1, n,Yii=1,..n € N.
Replacing y; by z1y; in (24), we obtain

D(zy,220y2,...,xp0yp)(x10y1) =0 for all @ i=1 . n,Vii=1,.n €N
which may be written as
(25)  D(x1,220Y2,..., Ty 0 Yp)T1y1 = —D(T1,22 0 Y2, ..., Ty O Ypn)Y121

for all z; j=1,..n,Yii=1,..n € N. Writing y;t for y; in (25), t € N, and using
(25), we get for all t, 2 =1, n,Yii=1,.n € N

D(x1,m90y2, ..., Tn 0 Yp)y1(—x1)t = D(21,220 Y2, ..., Ty © Yp)y1t(—1).
Accordingly,
(26)

D(x1,220y2,..., 2y 0 yn)y1[—21,t]=0 for all t,2; -1, n,Yii=1,..n €N.

Taking —z instead of x1 in (26), we obtain

D(—x1,22092,...,2p 0 Yp)y1[x1,t) =0 for all t,z;—1,. n, Yii=1,.n €N
which leads to
D(—z1,230Y2,...,2y 0 yp)N[z1,t] = {0} for all ¢,z ;=1 n,Vii=2..n € N.

Acta Mathematica Hungarica 157, 2019



ON TWO SIDED a-n-DERIVATION IN 3-PRIME NEAR-RINGS 475
By view of the 3-primeness, we see that
(27) D(—x1,29099,...,xp0y,) =0 or [z1,t] =0

for all ¢, =1, n,Vii=2,.n €N, but, since D is n-additive, then D(—z1,
X2 0Y2, ..., Ty 0Yy) = 0 implies that D(z1, 220 ya,...,2, 0y,) = 0. There-
fore, equation (27) reduces to

D(x1,xz20y2,...,2p0Y,) =0 or [z1,t] =0 for all t,2; =1, n,Yii=2.. nEN.

This yields that for each fixed 1 € N, we have either

(28) D(z1,x20y2,...,zp0y,) =0 or z; € Z(N)

for all z; =2 . n,Yii=2..n € N. If z; € Z(N), then equation (24) becomes
D(z1y1 + 2191, 20Y2,..-,Tpoyn) =0 for all z; =2 . n,Yii=1,..n € N.

Using the fact that D is n-additive together with 2-torsion freeness of IV, we
get

D(z1y1, z20y2,...,2n0Yyn) =0 forall ;=2 n,Yii=1..n €N,
that is
D(z1,2202,...,2n 0 yn)y1 + a(x1)D(y1, 22 0Y2,. .., Tn 0 Yp) =0

for all ;=2 . n,Yii=1,..n € N. Now, replacing y; by z1y1 and using also
x1 € Z(N), we obtain

D(z1,290y2,...,xp0yy)y1x1 =0 for all Tii=2,...n> Yii=1,..n € N.
This equation can be written as
D(zy,220Y2,...,Tn 0yp) Nz = {0} for all ;=2 n,¥ii=2,.n € N.
Hence either 1 = 0 or
D(z1,220y2,...,2p0yy) =0 forall ;=2 n,Yii=2..n € N.

Therefore, in both the cases we find that D(xy,220y2,..., 2, 0y,) = 0 for
all ;=2 . n,Vii=2,..n € N. Accordingly equation (28) reduces to

D(z1,xz20y2,...,xp0y,) =0 for all &;—1, . n,Yii=2,.n € N.
Similarly, proceeding as above, it is obvious to verify that
D(zy,22,...,2,) =0 forall z;;—; , € N.

Therefore D = 0; a contradiction. [
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The following example demonstrates that the 3-primeness assumption is
essential in the hypotheses of the our theorems.

EXAMPLE 1. Let us consider

N = T,y €S,

o OO
o OO
ow 8

where S is a 2-torsion free noncommutative ring. It is easy to verify that N
is a non 3-prime near-ring. Define d,a: N — N by

00 =x 00wy 00 «x 00=x
dl00y| =100 = and |00y =1000
000 000 000 000
LetusdeﬁneD:iVxqu'x]\i%be
n-times
OOHQZZ'
D(Al,AQ,...,An): 00 Hyz s
00 O
where
00332'
A;=100 y foralli=1,...,n
000

It is obvious that d is a nonzero derivation of N, also D is a nonzero two
sided a-n-derivation. Moreover

D(Ay,As,...,Ay) € Z(N), D([A1,B1],[A2,Bs),...,[An, By]) =0,
[d(B),D(Al,AQ, e ,An)] = 0, D(Al e} Bl,AQ e} BQ, e ,An 9} Bn) =0

for all B, A;—1,..n, Biji=1,..n € N. However, N is not a commutative ring.

As an application of the previous theorems, we get the following corollar-
ies, whose d, d1, ds are derivations, semiderivations or two sided a-derivations
of N, respectively.

COROLLARY 1. Let N be a 3-prime near-ring and d a nonzero mapping
of N.

(i) If d(N) C Z(N), then N is a commutative ring.

(i) If d([z,y]) =0 for all z,y € N, then N is a commutative ring.
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COROLLARY 2. Let N be a 2-torsion free 3-prime near-ring.

(i) If N admits a nonzero mapping di and dy such that [dy(z),d2(y)] =0
for all x,y € N, then N is a commutative ring.

(i) N admits no nonzero mapping d such that d(xoy) =0 for all x,y

€ N.
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