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Abstract

The concepts of generalized higher derivations, Jordan generalized higher
derivations, and Jordan generalized triple higher derivations on I'-ring M into IT'M-
modules X are presented. We prove that every Jordan generalized higher derivation
of I'-ring M into 2-torsion free 'M-module X, such that acbpc=apbac, for all a, b, ¢
eM and a,B T, is Jordan generalized triple higher derivation of M into X.
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1. Introduction

Let M and I be two additive abelian groups. Suppose that there is a mapping from MxI'xM—M (
the image of (a,a,b) being denoted by aab, a,pEM and o €I) satisfying the following for all a,b,ceM,
o,BEL:
i) (a+b)ac= aac+ bac
a(a +p )c = aac + apc
ao(b+c)=aab+aac
il) (aa b)pc = aa(bpc)

Then M is called a I'-ring. This definition is due to Barnes [1], where every ring is a I'-ring. M is
said to be 2-torsion free if 2a = 0 implies a=0 for all acM. Besides, M is called a prime I'-ring if for all
a,beM, aMI'Mb = (0) implies either a=0 or b=0. M is called a semiprime if aMI'Ma = (0) with a€M
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implies a=0. Note that every prime I'-ring is obviously a semiprime [2].

Let M be a I'-ring and X be an additive abelian group. X is a left 'M- module if there exists a
mapping MxI'xX —X (sending (m,a,X) into max where meM , o,feland x€X) satisfying the
following, for all m,m;,m,eM, a,BeT” and x,X1,X, €X [3]:

i) (M+m, ox= myox+myax
il) m(o+p )x=mox+mp x

1i1) moy x;+Xp J=mox;+mox,
iv) (Myomg)B x= myo(myf x)

X is called a right 'M- module if there exists a mapping XxI'xM —X. X is called a 'M-module if X
is both a left and right 'M- module. X is called a left prime (right prime) if al’MI'b=(0) then a=0 or
b=0, aeM, beX (aeX,beM respectively) and X is a prime if it is both a left and right prime. X is
called a semipeime if al'MI'a =(0) where a€X implies a=0. X is called 2-torsion free if 2x=0 implies
x=0 for all xeX [3].

Paul and Halder [3] defined a left derivation and a Jordan left derivation of I'-ring M onto I'M-
module X as follows: d:M—X is a left derivation if d(aab) = aad(b) + ba d(a), and a Jordan left
derivation d(aca)=2aad(a). Also Paul and Halder proved that every Jordan left derivation of I'-ring M
into TM-module is a left derivation. Salih [4] defined derivation and Jordan derivation on a TM-
module as follows:
d:M—Xis a derivation if d(aab) = d(a)ab + aad(b) , and a Jordan derivation
d(ax a) = d(a)aa + aad(a)

They also proved that every Jordan derivation of a I"-ring M into 'M-module X is a derivation . In
addition, Salih [5] defined the generalized derivation and the Jordan generalized derivation of a I"-ring
M into T'M-module X as follows :

f: M — X is an additive mapping of M into a 'M-module X, then f is called a

generalized derivation of M into X if there exists a derivation d:M—X such that for every a,beM,
o€l

f(aab)= f (a)ab + aad(b), then f is called a Jordan generalized derivation of M into X if there exists a
Jordan derivation d:M— X such that for every aeM, a€rl.

f (aca)= f(a)oa + aad(a) . Salih [5] also proved that every Jordan generalized derivation of a I'-ring M
into a 2-tortion free prime 'M-module X is a generalized derivation of M into X.

In this paper we present the concepts of higher derivations and Jordan higher derivations of a T"-ring
M into TM-module X. We also prove that every Jordan higher derivation of a I'-ring M into a 2-
torsion free prime I'M-module X is a higher derivation of M into X.

We need the following lemma
Lemma 1.1: [6]

Let M be a 2-torsion free semiprime I'-ring and suppose that a,beM, if al'mI’b + bI’'mI"a = O for all
meM, then al’'mI'b = bI'mI"a = 0.

2. Generalized Higher derivations on I'-ring into 'M-module

The generalized higher derivations, Jordan generalized higher derivations and Jordan generalized
triple higher derivations on a I'-ring into a I'M-module are introduced. We begin with the following
definition:

Definitions 2.1

Let M be a I'-ring and F=(f))icn be a family of additive mappings of M into a TM-module X, such
that fo=id, then F is called a generalized higher derivation of M into X if there exists a higher
derivations D=(d;)icn Of M into X, if for every a,beM, ael and neN.

fi(aob)= Z fi(a)ad;(b) (i)
i+j=n
F is said to be a Jordan generalized higher derivation of M into X if there exist Jordan higher
derivations D=(d;)icn Of M into X if for every acM, ael” and neN.

36



Mahmood et al. Iragi Journal of Science, 2020,Special Issue, pp: 35-44

f(aca)= ). f(a)ad(a) .. (i)
i+j=n
F is called a Jordan generalized triple higher derivation of M into X if there exist Jordan higher
triple derivations D=(d;)icn Of M into X if for every a,beM, a,[1I" and neN.

f.(acbBa)= Z fi(a)ad;(b)Bdi(a) ... (iii)
i+j+l=n
The following is an example of the generalized higher derivation of M into X:
Example 2.2
Let R be a ring, f=(fi)icn be a generalized higher derivations of R into an R-module Y associated

m
with d =(d;)icn, Which is a higher derivation of R into R-module Y. Let M=M»(R), F—{[O] smis

an integer number ;, then M is a I'-ring and X = My(Y). We use the usual addition and

multiplication on matrices. We define
F=(Fy)icn be a family of additive mapping of M into a I'M-module X such that
F.(a b)= (f.(a) f.(b)) associated with D=(D;); n be a family of additive mappings of M into a T'M-
module X such that D,(a b) = (d,(a) d.(b)). Then F is a generalized higher derivation of M into X.
It is clear that every higher derivation of a I'-ring M into a ’'M-module X is a Jordan higher

derivation of M into X, but the converse is not true in general, as shown by the following example:
Example 2.3

Let M be aT'-ring, X be a 'M-module and let ac X such that al'a=(0) and xaapx=0, for all xeM, a,
Bel, but xaafy # 0, for some x,yeM, x#y. Also, let D=(d;); ~ be a family of mappings on M into a
I'M-module X defined by the following relation, for each neN:

dy(x)=nxoa +aox, forall xeM, ael’,aeX.

Let F=(f)icn be a family of mappings on M into a I'M-module X, defined by the following, for each
neN:
fu(x)= nxaa, for all xeM, ael’, acX.

It is clear that F is a Jordan generalized higher derivation of M into X but not a higher derivation of
M into X.
Now, we give some properties of the generalized higher derivation on a [ /-ring into a TM-module.
Lemma 2.4

Let M be aI'-ring and F=(f;);-n be a Jordan generalized higher derivation of M into a 2-torsion free
I'M-module X. Then for all a,b,ceM ,a,pe T, and neN, the following statements hold:

i) fo(aab+baa) = Z fi(a)oud;(b)+di(b)ad;(a)
i+j=n

ii) fo(acbPa+apboa) = i+ jri=n  fi(a) adi(b) Bdi(a)+ fi(a) Bd;(b)ad(a)

i) f,(acbaa) = Z fi(a) ad;(b) ad(a)

i+]+l=n

iv) f,(aobac+cabaa) = Z f(a)ad;(b)ad,(c) + fi(c)ad\(b)ad,(a)

i+j+l=n

v) f, (aabBc+cabpfa) = Z fi(a) ad;(b) B di(c)+ fi(c) ad;(b) B di(a)

i+j+l=n
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i) f.((a+b) a(a+b)) = z fi(a+b) ad;(a+b)

i+j=n

= Z f(a) ad,(a)+ di(a) ad(b) + fi(b) ad;(a) + fi(b) ad(b)
i+j=n
On the other hand:
f.((a+b) a(a+b)) = f,(aca+aab+baa+bab)
= f,(aca+ bab) + f,(aab+baa)

= Z fi(a) ad;(a)+ fi(b) ad;(b)+ f,(acb+baa)
i+j=n
By comparing (1) and (2) we get:

fo(aab+baa)= Z fi(a) ad(b)+ fi(b)ad;(a)
i+j=n
ii) By replacing aBb+bfa for b in (i) we have:
f.(aa(aBb+bBa)+ (aBb+bpa) aa)

= Z f(a)ad;(aBb+bBa)+ fi(apb+bpa) ad;(a)

i+j=n

=Z fi(a) a Z dp(a) Bdn(b)+dy(b) Bd(a) ]+ Z (Z fi(a) Bdi(b) +d(b) Bdi(a) | ad(a)

i+j=n p+h=I i+j=n \r+t=i

= Z fi(a) adj(a) Bdn(b)+ di(a)ad;(b) Bdn(a) + Z f(a) Bdi(b) ad(a)+ d:(b) Bd(a) adi(a)

i+]+h=n r+t+l=n
On the other hand:
f.(ao(aBb+bBa)+ (aBb+bBa) aa)
= f,(acaBb+aabBa+apbaa+bPaaa)

= Z fi(a)ad,(a)Bd.(b)+fi(b)Bd,(a)ad.(a)+f.(acbBa+aBbaa)
j+r+t=n
By comparing (1) and (2) we get:

fn(aabBa+aBbaa) = Z fi(a)ad:(b) Bdi(a)+ fi(a) Bd(b) ad(a)

i+r+t=n
i) By replacing o for B in (ii) we have:
fo(aabaa+aabaa) = 2 f,(acbaa) = 2 Z fi(a) ad,(b) ad(a)

i+r+t=n
Since X is a 2-torsion free, then:

f.(aabaa) = Z fi(a) ad,(b) ad(a)

i+r+t=n

iv) By replacing a+c for a in (iii) we get:
f.((a+c)aba(a+c)) = Z fi(a+c) ad,(b)ad;(a+c) = Z fi(a)ad,(b)ad(a)+ fi(a)ad.(b)ad:(c)

i+r+t=n i+r+t=n

+ fi(c)ad(b)ad;(a) +fi(c) ad.(b)ad(c)
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On the other hand:
f.((a+c)aba(a+c))= f,(aabaa+aaboc+cabaa+cabac)

= Z fi(a)ad,(b)ad,(a)+ fi(c)ad,(b)ad,(c) + f,(acbac+cabaa)

i+r+t=n
By comparing (1) and (2) we get:

fo(aabac+cabaa) = Z fi(a)ad,(b) ad.(c)+ fi(c)ad.(b)od:(a)
i+r+t=n
v) By replacing a+c for a in Definition 1.1 (iii) we get:

fo((a+c)abB(a+c)) = Z fi(a+c)ad,(b)Bd(a+c)

i+r+t=n

= Z fi(a)ad.(b)Bd:(a)+fi(a)a)d(b)Bd:(c) + fi(c)ad(b)Bd:(a)+fi(c)ad.(b)Bd:(c)

i+r+t=n
On the other hand:
fo((a+c)abB(a+c)) = f,(aabpa+aabfc+cabBa+cabfc)

= Z fi(a)ad,(b)pBdi(a)+fi(c)ad(b)Bd:(c)+f,(aabPc+cabfa)
i+r+t=n
By comparing (1) and (2) we get:

fo(aabBc+cabpfa) = Z fi(a)ad,(b)Bd:(c)+fi(c)ad.(b) Bdi(a)
i+r4t=n

Definition 2.5

- (2)

(2)

Let F=(f));cn be a Jordan generalized higher derivation of a I'-ring M into a 'M-module X associated
with D=(d;);cy of M into X . For every neN, for each a,beM and for each aerl, we define y,(a,b), by:

dn(a,b)e = fa(aab)- Z fi(a)ad.(b)

i+r=n
In the following lemma, we give the properties of §,(a,b),.
Lemma 2.6

Let F=(f;)icn be a Jordan generalized higher derivation of a I'-ring M into a T'M-module X. Then for

alla,beM, a,feland neN:

|) (Sn(arb)oc= - 6n(bla) a

ii) dn(a+b,c)e=64(a,c) o+ 6n(b,C) «

i) 0,(a,b+c)e=8n(a,b) o+ n(a,C) «

iv) On(a,b)ep= On(a,b) o+ 84(a,b)p

proof

i) By Lemma 3.4(i) and since f, is additive mapping for each neN then:

fo(aab+baa) = Z fi(a)ad,(b)+fi(b)ad,(a)

i+r=n

f.(aab) + f (baa) = Z fi(a) ad (b)+ Z fi(b)ad(a)

i4r=n i+r=n

f.(aab) - Z fi(a)ad,(b) =- f,(baa) + Z fi(b)ad,(a) &n(a,b)s=-6n(b,a)q

i+r=n i+r=n

ii) 6n(a+b,c), = fo((a+b)ac) - Z fi(a+b)ad,(c)

i+r=n

= f,(aoc+bac) - Z fi(a)ad,(c)+fi(b)ad,(c)

i+r=n
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= fu(aac)- Z fi(a)ad,(c) + f,(bac) - Z fi(b)ad,(c) = 8,(a,c) + 8n(b,C) o

i+r=n i+r=n

i) 6,(a,b+c)q = fo(aa(b+c)) - Z fi(a)ad,(b+c) = f,(aab+aac) - Z fi(a)ad,(b)+ fi(a)ad,(c)

i+r=n i+r=n

= fn(aab) - Z fi(a)adr(b)+fn(aaC)-Z fi(a)ad.(c)

i+r=n i+r=n

= 6n(arb)a+ 6n(arc)a
iv) 8n(a,b)asp = fla(o+p)b) - Z fi(a)(a+B)d:(b)

i+r=n

=f,(aab+apfb) - Z fi(a)ad(b)+fi(a)Bd(b) = f,(aab) - Z fi(a)ad,(b)+f.(aBb)- Z fi(a)pd.(b)
i+r=n i+r=n i+j+r=n
= 6n(a,b)y + 6n(a,b)g

We present the following remark.

Remark 2.7

Note that F=(f)cnis a higher generalized derivation of a I-ring M into a 'M-module X if and only if

dn(a,b)y =0 for all a,beM, a,f el and neN.

3. Main Results

We prove some lemmas which make us able to give the next results.

Lemma 3.1.

Let F=(f;)icn be a Jordan generalized higher derivation of a I-ring M into a ’'M-module X. Assume
that neN, a,b,meM, and o, T, if §:(a,b),=0 for every t<n, then:
i) &ala,b)e BmP[a,bla + [a,b]a BMBwn(a,b)s =0
i) &.(a,b)e amala,b], + [a,b], ama y(a,b), =0
i)  da(a,b)g amala,b]g + [a,blg ama yn(a,b)g =0
Where y,(a,b), = d,(aab)- Z di(a)ad,(b)

1+r=n

Proof
i) Since maa, aab, baaeM and aampBa, bamBbeM, it follows that aabfmpBbaa + baafmfBaab =
aa(bpmpb)aa + ba(afmfa)ab
Since f, is additive mappings for each neN and by lemma 3.4 (v), we obtain:
f, (aobBmpBbaa+baafmpBaab)

= Z f(aabBmpBbaa) +f(baaPmpPaab)

S+t=n

= Z fi(a)ad(b)Bd:(m)Bd,(b)ad(a)+ fi(b)ad (a)Bd:(m)Bd,(a)ad(b)

i+r+t+q+l=n
and since: f,(aabpmpBbaa+baaBmpaab)
=f,((aab)BmpB(baa)+(baa)pmpB(aab))

= Z fi(aab)Bd,(m)Bd:(baa) + fi(baa)Bd(m)Bd(aab)
i+r+s=n
By the inductive assumption, we can substitute d.(uav) for:

Z fi(u)adi(v)

i+l=r
when r<n, for u=a,b and v=b,a, thus an easy computation gives:
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’ Z h fiu)ad,(v)Bds(m)Bd,(v)ads(u)- Z fi(uav)Bdi(m)Bdy(vau)
ithsstepehen T4444:N
=-(8n(u,V)omPBvau+uavBmp y,(v,u)q)
Thus, by comparing both expressions of:
fo(aabBmpBbaa+baafmpPaab)
we obtain:

[ 6n(a,b)SmPBbaa+aabPmpPBy,(b,a).+8,(b,a)BmPBaab+baafmpBy,(a,b)e ]:0

By Lemma 2.6(i), we get:
- [ 6n(a,b)ofmPBbaa-d,(a,b)fmPaacb+baaBmpPBy,(a,b),- aabPmpPy,(a,b), j:O

- { 6n(a,b)y PmPB(baa-aab) + (baa-aab) BmPwy,(a,b)y | =0

8n(a,b)omP[a,blq + [a,blfmPwn(a,b) =0
ii) Since f, is an additive mapping and by lemma 2.4 (iv), we get:
f, (adboamabaa+baacmoaab)

= Z fi(a)adi(b)ods(m)ad,(b)a)dk(a)
i+l+5+p+h=n
+ fi(b)ad(a)ods(m)ad,(a)ads(b) (1)
and since:
fo((aab)ama(baa)+(baa)amao(aab))

= Z fi(aob)ad,(m)ad(boa)+fi(baa)ad.(m)od.(m)d(acb) .. (2)

i1t
Similarly, as in the proof of (i) and by comparing (1) and (2), we get:
- (0n(a,b)qamabaa - aabamay,(b,a), + d.(b,a);amaaab
+ boaoma y,(a,b), ) =0
By Lemma 2.6 (i), we have:
-(6n(a,b)eamabaa-d,(a,b)yomaaab+baacmony,(a,b)e-aabamony,(a,b),)=0
- (0n(a,b) , ama(baa-aab) + (baa-aab) ama y,(a,b),) =0
6n(a,b) o ama [a,b], + [a,b], ama y,(a,b), = 0
iii) By interchanging a and B in (i), we obtain (iii).
Lemma 3.2
Let F=(f;)icn be a Jordan generalized higher derivation of a -ring M into a 2-torsion free prime
I'M-module X. Then for all a,b,meM, o, el and neN, we have:
i) &n(a,b)e BmB[a,bl. = [a,b]o BMP yn(a,b)e =0
ii) dn(a,b), amala,bl, = [a,b], ama y,(a,b), =0
iii) dn(a,b)g amala,b]s = [a,blg ama yn(a,b)s =0
Proof
i) By Lemma 3.1 (i), we have:
8n(a,b)e BmB[a,blq + [a,blBMPBwi(a,b) o =0
by Lemma 1.1, we get:
8n(a,b)e BmB[a,b]y = [a,b]BMBwy,(a,b) =0
ii) By Lemma 3.1 (ii), we have:
6n(a,b), amala,bl, + [a,bl.ama y,(a,b) , =0
by Lemma 1.1, we get:
6n(a,b), amala,bl.= [a,b]eama y,(a,b) o =0
iii) By Lemma 3.1 (iii), we have:
&n(a,b)gamala,blg + [a,blg ama y,(a,b)s=0
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by Lemma 1.1, we have:
dn(a,b)gamala,blg = [a,blg ama y,(a,b)s=0.
Theorem 3.3
Let D=(d;)icn be a Jordan higher derivation of a -ring M into a 2-torsion free prime I'M-module X
. Then for all a,b,meM, a,B el and neN, we have:
|) 6n(arb)a BmB [c,d], =0
ii)d,(a,b) ama [c,d], =0
iii) da(a,b)e ama [c,d]s =0

Proof

i) By replacing a+c for a in Lemma 3.2(i), we get:
dn(a+c,b), PmPla+c,b]l, =0

8n(a,b)a BmB[a,blq + 84(a,b)a BMBIc,bly +8n(c,b)« BmBla,b],
+ dn(c,b)e BmB[c,b], =0

By Lemma 3.2 (i), we get:

8n(a,b)a BmB[a,b, = 84(c,b)« BmBIc,b],=0

Hence, §,(a,b), BmBc,bl, + dn(c,b)y BmPB[a,b].=0
Therefore, we get:

8n(a,b)a BmBlc,blfmPBwyn(a,b)ofmple,blq
=-6n(a,b)a BmpBlc,blfmPBwn(c,b)ofmP[a,bl,=0
Hence, by the primness of X, we have:

8n(a,b)e BmP[c,b]=0 (1)
Similarly, by replacing b+d for b in this equality, we get:
8n(a,b)e BmP[a,d]=0 - (2)

Thus: d,(a,b), BmpB[a+c, b+d],=0
8n(a,b)uBmPla,blatyn(a,b)ufmpla,dle+dn(a,b)ufmpBIc,bla
+Wa(a,b)ofmpc,d]=0

By (1), (2) and Lemma 3.2 (i), we get:

8n(a,b)a BmpIc,dl.=0

ii) By replacing a+c for a in Lemma 3.2 (ii), we get:

On(a+c,b)y amafa+c,b], =0

0n(a,b)e ama [a,b], + 84(a,b)e ama [c,bly + &n(c,b)e amala,bly
+d,(c,b)q ama [c,b], =0

By Lemma 3.2 (ii), we get: §,(a,b), amala,b], = §,(c,b), amalc,b],=0
hence y,(a,b), amalc,bl,+ yn(c,b), amala,b],=0.

Therefore, we get:

6n(a,b), ama[c,b],amay,(a,b),amalc,b],

=-J,(a,b), amalc,b];amayy,(c,b),amala,b],=0

By primness of X, we have:

On(a,b)y ama]c,b],=0 ..(1)
Similarly, by replacing b+d for b in this equality, we get:

6.(a,b)e amala,d],=0 .(2)
Thus:

6,(a,b)e ama [a+c, b+d],=0

O0n(a,b)g amala,b].+ d.(a,b), amala,d], + .(a,b), amafc,b], + 6,(a,b), amalc,d],=0
By (1), (2) and lemma 3.2(ii), we get: §,(a,b), ama(c,d],=0

iii) Finally, by replacing a+p for o in (ii), we get:

6n(a,b)esp amalc,d] qup =0

dn(a,b)e amalc,d]  + 84(a,b)s amalc,dlg + 6n(a,b)g amalc,d],
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+6,(a,b)g ama(c,d]g=0

By (i) and (ii), we get:

dn(a,b)amafc,d]g+ &,(a,b)sgamalc,d],=0
Therefore, we have:

dn(a,b)aamalc,d]gama y,(a,b),amalc,d]g

= - §n(a,b)samalc,d]gama y,(a,b)gamalc,d]=0
Hence, by the primness of X, we have:
&n(a,b)aamalc,d]=0

Theorem 3.4

Every Jordan generalized higher derivation of a [-ring M into a 2-torsion free prime 'M-module X
is a higher derivation of M into X.
Proof

Let F=(f,)icy be a Jordan higher derivation of a I-ring M into a 2-torsion free prime 'M-module X.
Since X is a prime, we get from Theorem 3.3 (i) that either §,(a,b),=0 or [c, d],=0 for all a,b,c,deM,
acl,and neN.

If [c,d],#0 for all c,deM and aerl. Then §,(a,b),=0 for all a,bcM, acl and neN. Hence, by Remark
2.7 we get that F is a generalized higher derivation of M into X.

But, if [c,d],=0 for all c,deM and ael, then M is commutative and, therefore, we have from
lemma 2.4(i):

f.(2aab) =2 Z fi(a)k;(a)d(b)
i++=n

Since X is a 2-torsion free, we obtain that F is a generalized higher derivation of M into X.
Proposition 3.5

Every Jordan generalized higher derivation of a I'-ring M into a 2-torsion free 'M-module X, such
that aabBc=aBbac, for all a,b,ceM and a,B €T, is a Jordan generalized triple higher derivation of M
into X.
Proof

Let F=(f;)icn be a Jordan generalized higher derivation of M into X.
By replacing b by ab+bBa in Lemma 2.4 (i), we get:
f.(aa(aBb+bBa)+ (aBb+bPa) aa)

= Z fi(a)ad,(aBb+bpa)+ fi(aBb+bBa)ad(a)

i+l=n

=Z fi(a)a Z d-(a)Bd(b)+ d.(b)Bd:(a) J

i+1=n r+s+t=|

+ Zh fo(a)Bdn(b)+ dy(b)Bdh(a) jad|(a)
ph=i

= Z Z fi(a)ad,(a)Bd(b)+ di(a)ad.(b)Bd:(a)

i+l=n  r+t=l

+Z Z fo(a)Bdn(b)ad(a)+d,(b)Bdn(a)ad(a)

i+l=n p+h=i

= Z fi(a)ad,(a)Bd(b)+di(a)ad.(b)Bd:(a) + fi(a)Bd,(b)ad(a)+di(b)Bd,(a)ad:(a) (1)

i+r+t=n
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On the other hand:
f.(aa(aBb+bBa)+ (aBb+bPa) aa)= f,(acapPb+aabBa+aBboa+bBaaa)

= Z fi(a)ad,(a)Bd:(b)+ fi(b)Bd.(a)ad:(a) + f.(acbPa+aBbaa) ... (2)
i+r+t=n

By comparing (1) and (2), and since aabBc=aBbac for all a,b,ceM and a,p €I, we get:

2f.(aabBa)

=2 z fi(a)adr(b)Bdt(a)

i+r+t=n

Since X is a 2-torsion free, we have: f,(aaba)

= Z fi(a)ad,(b)Bd:(a)

i+r+t=n

Refrences

1. Barnes,W. 1966. "On the I"-ring of Nobusawa", Pacific Journal of Math. 18(3): 411-422.

2. Ozturk, M. Sapanci, M. Syturk, M. and Kim, K. 2000. "Symmetric bi-derivation on prime gamma
rings", Sci. Math. 3(2): 273-281.

3. Paul, A. C. and Halder, A. K. 2009. "Jordan left derivations of two torsion free I'M-modules"

Journal of Physical Sciences, 13: 13-19.

Salih, S. M. 2014. "Jordan derivation of 'M-modules”, Magistra, 88(Th. XXVI Juni): 11-16.

5. Salih, S. M. 2016 "Jordan generalized derivation of T'M-modules”, Magistra, 98(Th. XXIX): 39-
45,

6. Chakraborty, S. and Paul, A. C. 2008. "On Jordan K-derivations of 2-torsion free prime I'y-rings"
Punjab university J. of Math., 40: 97-101.

E

44



