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Abstract: Let M and M' be two prime Irings and ", 7" be two higher homomorphism of a I'ring M, for alln €
N in the present paper we show that under certain conditions of M, every Jordan (o, 1)-higher homomorphism of
a I-Ring M into a prime I"'-Ring M 'is either (o, t)-higher homomorphism or (o, 7)-anti-higher homomorphism.
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I.  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, b € M and a € I). Satisfying for all a, b,c e Mand o, B € I
(i) (a + b)ac = aac + bac

a(a+B)c=aoac+afc
ao. (b+¢)=aab + aoc

(ii) (aob)Bc=ao(bPc)
Then M is called a I'-ring. This definition is due to Barnes [1], [9].

A T'-ring M is called a prime if aI'MI'b = (0) implies a =0 or b= 0, where a, b € M, this definition
is due to [5].

A T'ring M is called semiprime if al'MI'a = (0) implies a = 0, such that a € M, this definition is due
to [7].

Let M be a 2-torsion free semiprime I'-ring and suppose that a, b € M if al'mI'b + bI'mI"a = 0 for all m
€ M, then al'mI’b = bI'mI"a = 0 this definition is due to [11].
Let M be I'-ring then M is called 2-torsion free if 2a = 0 implies a = 0, for every a € M, this definition is due to
[6].

Let o', 7' be two higher homomorphism of a I'-ring M then &', ©* are called commutative if 6' T = 7' &',
for all ieN, this definition is due to Barnes [1].
Let M be a I'-ring and d: M —— M be an additive mapping (that is d(a + b) = d(a) + d(b)) of a ['-ring M into
itself then d is called a derivation on M if :
d(aab) = d(a)ab + aad(b), for alla, b e Mand a € T.
d is called a Jordan derivation on M if d(aaa) = d(a)oa + aad(a), for all @ € M and a € T, [4], [10].
Let M be a I'-ring and f: M —— M be an additive map (that is f(a+b)=f(a)+f (b)), Then fis
called a generalized derivation if there exists a derivation d: M —— M such that
f(aab)=f(a)ab + aod(b), foralla,b € Mand o € T.

And f'is called a generalized Jordan derivation if there exists a Jordan derivation d: M —— M such that
f(aca) =f(a)oa + ao d(a), for alla € M and a € T, [2], [3].
Let 6 be an additive mapping of ['-ring M into a ["'-ring M', 0 is called a homomorphism if for all a, b € M and
ael
0(aab) =0(a)ad(b) [1].
And 0 is called a Jordan homomorphism if for alla, b € Manda € T’
0(aab + baa) = 6(a)ab(b) + 08(b)a O(a), [8].

Let F be an additive mapping of a I'-ring M into a I"-ring M', F is called a generalized homomorphism
if there exists a homomorphism 6 from a I'-ring M into a ["'-ring M/, such that
F(aab) = F(a)aB(b), for all a, b € M and o € I, where 0 is called a relating homomorphism, and F is called a
generalized Jordan homomorphism if there exists a Jordan homomorphism 6 from a I"-ring M into a ["'-ring M',
such that
F(aab + baa) = F(a)aB(b) + F(b)a 6(a), for all a, b € M and a € I', where 0 is called a relating Jordan
homomorphism, [8].

Let 8 = (¢)ien be a family of additive mappings, ¢,: M ——> M' then 0 is said to be a higher
homomorphism (resp. Jordan higher homomorphism) on a I'-ring M into a I'-ring M' if ¢y = I (the identity
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mapping on M) and  {(a0b)=) d(@)ap,(b) ep. ¢ (aub+baa)=
i=l1

Zn: (I)i (a)(x(l)i b)+ Zn: (I)i b )OL(I)i (a)), foralla, b e Mand o € I), [8].

Now, the main purpose of this paper is that every Jordan (o,t)-higher homomorphism of a I'-ring M
into a prime ["'-ring M' is either (o,t)-higher homomorphism or (o,t)-antihigher homomorphism and every
Jordan (o,t)-higher homomorphism from a I'-ring M into a 2-torsion free I'-ring M' is a Jordan triple (o,1)-
higher homomorphism.

II.  2-Jordan (c,t)-Higher Homomorphisms of a I'-Rings
Definition (2.1):
Let 6 = (¢)ien be a family of additive mappings of a I'-ring M into a I'-ring M' and o, be two
homomorphism of a I'-ring M, 0 is called a (c,t)-higher homomorphism if foralla, > e M, e 'andn € N

b, (acb) =" (o' @)at, (' (0).

Definition (2.2):

Let 0 = (¢;)icn be a family of additive mappings of a I'-ring M into a I'-ring M' and &,t be two
homomorphism of a I'-ring M, 0 is called Jordan (o,t)-higher homomorphism if for all a, b € M, a € I" and for
neN

,(@ob +b aa) =Y. (0" @) (7' B) + Y. 6,(c () (7' (@)

Definition (2.3):

Let 6 = (d)ien be a family of additive mappings of a I'-ring M into a I'-ring M' and o,t be two
homomorphism of a I'-ring M, 0 is called a Jordan triple (c,7)-higher homomorphism if forall a, b e M, o, €
INandn e N

¢,(a0bfa)= Z ¢,(c" (@), (a7 () S (7 (a))

Definition (2.4):
Let 6 = (¢)ien be a family of additive mappings of a I'-ring M into a I'-ring M' and o,t be two

homomorphism of a I'-ring M, 0 is called a(c,t)-anti-higher homomorphism if for all ¢, b € M, oo € "'and n €
N

b(aoh) =Y (0" () (7' (@)

Now, we present below an example of (o,t)-higher homomorphism and it is clearly is a Jordan (o,t)-higher
homomorphism.
Example (2.5):

Let Sy, S; be two rings and 6 = (6;);cn be a (o,7)-higher homomorphism of a ring S; into a ring S,,

let M = {(a,b): a, b € S}, M'={(a',b"): a', D' € S,} and '={(n,m): n,meZ},we define ¢ = (¢;);cn be a family of

additive mappings from a I'-ring M into a I'-ring M', by ¢,.((a,b))=(0,(a),0,()) for all a,b €8S, ,let o, 1 be two

homomorphisms of a I'-ring M such that
GT ((a, b)) = (Gn (a), c" (b )), ’L'T ((a, b)) = (’En (Cl), T" (b )) then ¢, is a (o,7)-higher homomorphism
and Jordan (c,t)-higher homomorphism of a I'-ring M into a ['-ring M'.

Lemma (2.6):
Let 0 = (¢y)icn be a Jordan (o,71)-higher homomorphism of a I'-ring M into a ['-ring M', then for all @, b, ¢ € M,

2

[ S TR N | i i _i_n- G i
o,Belandn e N ifoO =0,7T =7T,07 =07 ando't=10

www.iosrjournals.org 70 | Page



Jordan (g, 7)-Higher Homomorphisms of a I-Ring M into a I"- Ring M’

O daabBatapbaa)=Y b(c @b (o' BNAGE @)+
> 6, @)B(0e B (7' (@)
@ dacbfe+cabfa)= 40" @)ab (o' B)BE( ) +

Y. (0" @) (0'T G (7 @)

In particular, if M' is a 2-torsion free commutative I'-ring.

i) ¢ (aabPc)= Zn: o, (o' (@) o, (o' (B))BP (7' ()
v ¢ (aaboc +coboa)= Zn: o. (o' (@))ad, (" (b)) d, (7' (c)) +
> 4,0 @), (@7 ()b, (7 @)

Proof:
(i) Replac aPb+ bPa for b in the definition (2.2), we get:

¢ (ao(aBb+bpa)+(apb+bpa)oa)= il (I)i(ai(a))acl)i(ri(aﬂb +b fa))+
Z 0,(0"@ftb+b fa))ad,(7'(@))
- Z (0" (@), (7 @) 7' (b) + 7' (0) Br' (@) +
Z b,(0'(@)B0" (b) + 0" (b) fo (@))ad, (7' (@)
- Z (o' (a))a(jizlerj<a>ﬂd>j(ﬁ b))+ qu(aw‘ ()P (a»j +
Z(Z (07 (@B (T'c' (b)) + Z ¢(c” (b)ﬁ@(rjoj<a>ja¢i<ri<a>>
- Z 6,0 (@b, (07 (@) B (" () + gbi(ai(a»aq»i(oiri(b)mi(r” @)+

3 (0" @) (" Y (@) + Y (0" B (7 @by (7 @)

) .2 . .2 . PR . . PR P
Sll’lCe O_l 261’ Tl :Tl’ O-ITI :o_]TH 1 and Gl TIZTIGI
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= Zn: ¢,(c' (@), (o't (@) B (7' (b)) + Zn: (0 (@), (a't" (b)) Bo,(7'(a)) +
= = ()
Z 00" (@), (o't (b))od,(z'(a)) + Z ¢0,(c' ) S, (c'T" (@))ad,(7'(a))

On thl:a other hand:
G (a(aBb+bBa)+(apfb+bpa)oa)=q¢ (acafb+aobPa+apfboa+bfaoca)

= 4,0 @)ab (o' @) B (B) + Y 0(o BN (o' (@)ad (7' (a)) +
o, (aabpfa +apfboa) (2

Comparing (1) and (2), we get:

¢,(aabfa+apboa)= Z ¢,(c" (@)ad; (o't (0) B (7' (@) +

> 0,0 @), ("7 B (' (@)

(i) Replace a + ¢ for a in the definition (2.3), we get:

b,(a+e)ab Bla+e)) =Y b(o'(a+e )b (0'r B) Ao (e (a+e))
=Y 00" (@) + 0Dt (o' 0N (@) + ()
=Y 00 @b (0T BNYE @)+ Y b (0@ (o' BNAA(T ) +

i ¢,(c' (), (' BN B (7' (@) + Z ¢,(c' () (a' " BN A (7)) D)

On ;l_le other hand:
O ((@+c)abB(a+c))=¢ (aabBa+aab fc +cobPa+cobfa)

=3 06 @)ab (0T BN 4. (@) + 3 00 Db (oT BN () +
¢, (aabfc +cabfa)

..(2)
Comparing (1) and (2), we get:

¢,(aab fic +cabfa)= Z ¢,(c" (@) (7" BB (7'(c)) +

> 0,0 @) (o'T (BB @)

(iii) By (ii) since M' is a 2-torsion free commutative I'-ring

¢ (aabBc+cabPBa)=2¢ (aabBc)
= 0,0 @) (o' ()P, (7€)

(iv) Replace B for a in (ii), we get:
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b (@abac +cabaa) = d,(c @)od (0" (b)od, (7' (€)) +

i 8.0 ©)od, (o'7" (B))audy(r' (@)
Definition (2.7): i=l

Let 6 = (¢)icn be a Jordan (o,t)-higher homomorphism from a I'-ring M into a ["'-ring M', then for all a, b € M,
o € I'and n € N, we define G,(a,b),: MxXI'xM —— M' by:

G,(@.b), =4(aab)~ " (o' @)od, (' (1))

Now, we present the properties of Gu(a , b),
Lemma (2.8):
Let 6 = (¢)icn be a Jordan (o,t)-higher homomorphism from a I'-ring M into a ["'-ring M', then for all a, b, ¢ €
M,o,B el andn € N:
(i)  Gula + b,c)e = Gu(a,c)o + Gu(b,0)q
(i) Gu(a,b+c)o=Gu(a,0)o + Gu(a,)a
(iii) Gn(a,b)q-p = Gu(a,b)q + Gu(a,b)p
Proof:

O Gylath.c), =4,(a+b)ac) = b,(c' @ +b)a ()
—4,(@ac +boc)= Y (0 @)t (7€) - Y 40" 6o, (7€)

~4,@ac)~ Y (0" @b (@) +§,bac) - Y (0" 0)ad ()

= Gp(a,c)o + Gu(b,0)o

@ G@b+e), =g @b +c) - Y (o @)ad,F' (b +))
=§,(@ab +ace))~ Y (0 @)ad (7' B~ Y. (o' @)ad (7))

~4,@ab) = Y. (0 @)ad (P B) + 4, (@oe)) - Y (@)t (7€)

= Gp(a,b)q + Gu(a,c)q

i) G, (a,b0)y5 = (a(a+p))- Z ¢,(c" (@)(a+P)o, (7' (b))

=, (@aob)— Z ¢;(c"(@)ad, (7' (b)) + ¢, (aBb) — Z ¢;(c'(@)Bd, (7' ()
= Gy(a,b), + Gn(a,lg[l .

Remark (2.9):

Note that 6 = (¢:)ien is a (o,7)-higher homomorphism from a I'-ring M into a I'-ring M' if and only if
Gu(a,b)y=0foralla,be M,aa e I'" andn € N.

Lemma (2.10):
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Let 6 = (¢)icn be a Jordan (o,t)-higher homomorphism of a 2-torsion free I'-ring M into a I'-ring M', such that

2 i _n—i

o" ZGH,THGHZGH ,OT =7'c'and o' 7' =7'0" , then for all a, b, m € M, o, B € T" and
neN

O G,(c"(@),0" (1)), B, (" (M)BG, (7" (B).7"(@)), +
G, (6" (b),0" (@)),B4, (" ()G, (" (@), " (b)), =0
@ G,(c"(@),0"()),ad,(c" (M)aG, (7" (B).7"(@)), +
G, (6" (b),0" (@), 0, (0" (M))0G, (" (@), 7" (), =0
@ G,(0"(@),0"(b),a0,(c" (M)aG, (7" (B).7" (@), +
G, (6" (b).0" (@),ad, (6" (M)aG, (7" (@), 7" (b)), =0.

Proof:
(i) We prove by using the induction, we can assume that:

G,(0°(a),0°(0)), B (c” (m)BG (7" (D), 7" (a)), +
CTS(O'S(b),O'S(61))()LI3(I)S((TS(l’Il))BCTS(Z'S(Cl),Z'S(b))OL =0 forall @, b, meR, and s,n € N, s

<n.

Let w = aabfmPbaa + baafmBaab, since O is a Jordan (o,t)-higher homomorphism
(W) = dp(ac(bPmPBb)oa + bo(aPmPa)ab)

= Z, ¢;(a' (@)t (o'7" " (bPmBD))ad, (7' (a)) +
Z, ¢,(a' (B))ad, (o't (aPpmBa))ad, (7' (b))

= 21 ¢,(c" (a))a@dg-(aj (G BB (0T (T (m))Bo (7 (o 'r" (b )))]aq)i(fi(a)) ;
i >>°°f§¢j<0j<0J’f“‘j<m>»ﬁ¢j(ajr“‘j(ojr“‘%m)))m(ri(ajf-j (a)))]oui)i(fi )

= Z} ¢,(c"'(@)ag,(a (a't" (BB (a'7" (a'z" ()P, (r'(a'7" (b)) oy (' (@) +
; o,(c' (B))ad, (o' (o' (@)Bd, (o' 7" (o' (m)Bd, (7' (o7 (@) ad, (7' (b))

= Z 0.0 (@)ad,(a' (o' (b)) (o't (o'r" (m))BjZ;:%(Tj(ajr“’j (b)) (7(@)) +

3 00" 0))ab (0'(6'r (@)pé, (o' (o' (mYBY. 4 (' @))a (1)
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=0,(0"(@)ag,(c"(a"(b))Bg,(c" (" (m) ))BZ(I) (0’7" b))y (7' (@) +

Zd)(a (@))ad,(c' (7" (0))Po, (0’7" (" '(m))l32¢ o' (b)) (7' (a) +
(D

¢,(a"(b)ag, (0" (o"(@)Pg,(c"(c” (m)))BZ(I)j(rj(ij”'j (@)od(7'(b))+

Z¢ (b))ad, (0" (0’7" (@)Bdy (0’7" (a7 m))BZ(I) (0’7" (@)))ad,(r' ()

On the other hand:
On(W) = du((aab)BmPB(baa) + (baa)BmP(aab))

= Z, ¢,(c" (aab))Bo,(c'r" (m)Bd, (7' (baa)) +
Z} ¢,(c" (baa))Be,(c'z" (m))Bo,(7'(ach))

- Z ¢,(c'(aab))B¢, (0’7" (m))B£§¢j(a"rj(a))a¢j(rf (b)) + g‘bj("jfj(b Dad(7 (@) -
¢,('(ach)) ]+ Z( JZ]: 4(0” (@)ag(T'o' (b)) +; 4(0” (b)) (r'o(a)) -
¢,(0"(a0b)) ]B(bi(ajf“j(m))Bd)i(ri(aab))

- Z (' (acb))Bo, <ajr“j(m)ﬁji@(ol'f(a))ada(ﬁ (k) + Z (' (a0b )P, (' (m))p-
gdg(crjfj(b Nady(z’ (@) —Z, ¢,(0" (acb)Boy(a'z"" (m)Bo(7'(ach)) +

>, 40" @)ab (7 (I (' ()P (acb) + Y 0" (Bt (7 @)oo' (m)p
0.7 (a0b) - (0 b i o' (m)Pf (7 aab)
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-2 40" (@ab DB, (07" MG aub)) ~ X (' @)y (B) -
> 4,(c*(@ab )P (07" ()&, (' (aab)) ~ Y4 (or B arh (7 @) +
> (0" @) (70’ GV ('™ (M) (7 (aab)+

i ¢.(c” (b)), (7'0(@)Bd, (07" (m)Po, (7' (ach)
= —1?1;,1(0“ (aab)B, (6" (M)BG, (7" (@), 7" (b)), -

z ¢,(c" (@ah ), ((o'r" (m)BG,(7'(@). 7' (b)), -

4; (0" (aab))Bd, (0" (m)BG, (z"(b), 7" (@), -

Z ¢,(c" (@ah )P, (0’7" ()BG, (7' (a). 7' (b)), +

4, (0" (@)ad, (z"0" (B)BY, (0" (m)B, (r" (aab)) +
Z ¢.(c" (@)ad,(r'c" (BB (o"'r" (m))Bo, (7' (b ) +
§.(c™ B0, (z"™ @)B, (0" ()R, (" (acib) +

i 0,(c" (), (7'c" (@)Bd, ('r" (m))Bo, (7' (ach))
(2)

2 . . . .
i i

Compare (1), (2) and since o" IGH, "o" =o" , Gi’[n_i = ’L’iO'i and o'tv=7o
0=—¢,(c" (@ab))B¢,((c" (m)BG,(z"(a),7" (b)), —
¢, (0" (aab))Be, (6" (m)BG, (z"(b), 7" (a)), +
¢, (0" (@)ag, (" ()P, (0" (m)B(¢, (z" (aab)) -

D (@ @)t () +4,5)euh (07 @), (" (), (<" ) ~
gdwi (07" (@))ad,(z' () —Zl ¢:(c" (aab )P, (0’7" (M)BG,(7'(a),7'(B)), -

Z ,(0" (@b )Bo, ('™ (m)BG,(7'(b), 7' (@), +

Z ,(0" (@)@, (7' (0B, (07" (m))B(, (' (aah)) ~

gd’j(ﬂ(a%ni G, (7'(a)) + Z:: 0.(c" (0o, (7' (@), (o7 ())B(&, (' (aah)) —

2@(rj<ojr“‘j(a)>)a¢j(ri(b)))
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=—¢,(c"(aab))Be, (" (M)BG, (7" (a),7" (b)), -
¢, (" (aab))B, (6" (m)BG, (z"(b),7"(a)), +
¢, (c"(@)ad, (o (b))BY, (" (m)BG, (z"(b),7"(a)), +
¢, (" (0))ag, (" (@)B9, (" (M)BG, (" (a),7" (b)), —

> 6,(0"(@ab )P, (0’7" (PG (7' (@' b)), -
> 6,(0"@ab DB, (o7 (MIBG((). 7 @), +
HZ 0,(c @ad, ('’ (0)po, (T ()G, (' (b).7'(@)), +

Z ¢,(c" (©)ad,(r'c" (@)Bd;(c'c" (m))BG, (7' (@), 7' (b)),

——G 2 (0" (b),0"(@)), B, (" (m)BG, (7" (a). 7" (b)), —
G,(c"(a),0"(0)), B¢, (c"(m)BG,(z"(D),7"(a)), -

niGmai(bxa%a»aB@ ('™ (M)PG(7'(a).7' (b)), -

ZG (c'(a),0' (0)),B,(c'7" (m)BG, (7' (B),7' (),

——(G (c"(b),0"(a)), B, (a" (m)BG, (" (a),z" (D), ) +
G,(c"(a),0" (b)), B¢, (6" (m)BG,(z"(b),7"(a),) -

( Z b.(c' (), (@), po.(c' " (m))BG, (7' (a), 7' (b)), +

n—l . . . . . .
Z ¢, (0" (a),0" (D)) o (o'z" (m)BG;(7'(b),7'(a)),)
By_our hypothesis, we have:
G,(c"(a),0"(0)), B4, (c"(m)BG,(z"(b),7"(a)), +
G,(a"(b),0"(2) B4, (c" (m)PG, (7" (a),7" (b)), =0
(ii) Replace B by a in (i) proceeding in the same way as in the proof of (i) by the similar arguments, we

get (ii).
(iii) Interchanging o and B in (i), we get (iii).

Lemma (2.11):
Let 6 = (¢y)ien be a Jordan (o,t)-higher homomorphism from a I'-ring M into I'-ring M', then for all

a,b,meM, o, pelandn € N

O G,(0"(@),0"(1)),B4,(c" ()PG, (z"(b),7"(@)), =
G, (0" (b),0" (@), B, (0" (M)BG, (" (@), 2" (})), =0

i G,(0"(@),0"(b)),04,(c"(M)AG, (7" (b),7" (@), =
G, (0" (b),0"(@)), 0, (6" (oG, (" (@), 7" (b)), =0
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iy G,(0"(a),0" (b)) 04, (" (m)aG,(z"(b).7"(a)), =
G, (0" (b),0" (@))yag,(c"(m)aG, (7" (a),7" (0)); =0

Proof:
(i) Bylemma (2.10) (i), we have:

G,(c"(@),0"(b)),Be,(c"(M)BG, (z" (D), 7" (), +
G,(c"(0),0"(a)),B9,(c" (m)BG, (z"(a),7" (b)), =0

And by lemma (let M be a 2-torsion free semiprime I'-ring and suppose that a, b € M if al'mI'h + bI'ml"a
=0 for all m € M, then al'mI’b = bI'mI'a = 0), we get:

G,(c"(a),0" (b)), B4, (" (m)BG, (" (b),7" (), =
G,(c"(0),0"(a)),B9, (" (m)BG, (z"(a),7" (b)), =0

(ii) Replace B for o in (i), we get (ii).
(iii) Interchanging o and B in (i), we get (iii).

Theorem (2.12):
Let © = (¢)ien be a Jordan (o,t)-higher homomorphism from a I'-ring M into a prime I'-ring M, then for all a,
b,c,d,me M, a, Bel’andn € N

0 G,(0"(@),0"(b)),B (" (m)BG,(z"(d),7"(c)), =0
@ G,(c"(@),0" (b)), 04,(c"(m))aG, (z"(d),7"()), =0
i) G,(o"(a),0" (b)), 04,(c"(m))aG, (7"(d),r"(c)); =0

Proof:
(i) Replacing a+c¢ for a in lemma (2.11) (i), we get:

G,(c"(a+c),0"(b)),Be, (" (M)BG, (z"(b),7"(a +¢)), =0
G, (0" (@),0"(0)), B9, (" (m)BG, (z"(b),7"(a)), +
G,(0"(a),c"(0)), B9, (" (M)BG, (z"(b),7"(c)), +
G,(07(c),a"(0)), B9, (" (m)BG,(z"(b), 7" (), +
G,(07(c),a"(0)), B4, (" (m)BG,(z"(b),7"(c)), =0

By lemma (2.10)(i), we get:
G,(c"(a),c"(0)),Be,(a" (m)BG,(z"(b),7"(c)), +
G,(c"(c),0"(0)), B¢, (" (m)BG, (z"(),7"(a)), =0

Therefore, we get:
G,(c"(a),c" (b)), B, (c"(m)BG,(z"(b),7"(c)), B, (" (m))B
G,(c"(a),c" (b)),Be,(c" (m)BG, (" (),7"(c)), =0
=—-G,(0"(a),0"(b)),B9,(c"(M)BG,(z"(D),7"(c)), B, (c" (m))B

G,(c"(c),0" (b)), B¢, (c"(m)BG,(z"(b),7"(a)), =0

Hence, by the primness of M":

G,(c"(@),0"(b)),Be, (" (M)BG, (z"(5),7"(c)), =0 (D)

Now, replacing b +d for b in lemma (2.12) (i), we get:
G,(c"(a),c" (b +d)), B, (c" (m)BG,(z" (b +d),7"(a)), =0
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G, (6" (@),0"(0)),B9, (" (M)BG, (z"(b),7"(a)), +
G,(0%(a),c"(0)), B9, (" (M)BG, (z"(d), 7" (a)), +
G, (0" (@),0"(d)),B4, (" ()G, (z"(b), 7" (), +
G,(0"(a),0"(d)),Be, (" (m)BG,(z"(d),7"(a)), =0

By lemma (2.12) (i), we get:

G,(6"(a),c"(0)), B9, (" (m)BG, (z"(d), 7" (a)), +
G,(6"(a),0"(@)),B4, (" (m)BG, (z"(b),7"(a)), =0

Therefore, we get:

G,(c"(a),0" (b)), B, (c"(m)BG,(z"(d),7" (), B9, (c" (m))B

G,(c"(a),c" (b)),Be,(c"(m)BG, (" (d),7"(a)), =0

=—G,(0"(a),0" (b)), B4, (c"(M)BG,(z"(d),7"(a)), B¢, (c" (m))B
G,(0"(a),0"(d)),B¢,(c"(m))BG,(z"(),7"(a)), =0

Since M' is a prime I'-ring, then:

G, (0" (a),0" (1)), B, (0" (M)BG, (" (d),7"(a)), =0 s
thus, G, (0" (@)," (0)), B, (6" (M)PG, (" (b +d),7" (@ +¢)), =0
G, (0" (@),0" (b)), B, (0" (M)BG, (" (b), 7" (@), +

G, (6"(a),5" (b)), B, (" (M)BG, (" (b), 7" (), +

G, (6" (a),0" (b)), B, (" (M)BG, (" (d ), 7" (a)), +

G, (6" (@).a" (b)),B4, (6" ()G, (2" (d),7"(¢)), =0

By (1), (2) and lemma (2.12), we get:

G,(c"(@),0"(b)),B9,(c"(m)BG, (z"(d),7"(c)), =0.

(ii) Replace B for a in (1), we get (ii).
(iii) Replacing o+ for a in (ii), we get:

G,(0"(a),0"(0)),.s 04, (0" (M)A, (7°(d),7"(¢)) .y =0
G,(0"(a),0" (b)), 04,(c" (m)aG,(z"(d),7"(c)), +
G,(0"(a),c" (b)), 04,(c" (m)aG,(z"(d),7"(c)); +
G,(c"(@),0"(b))a9,(c" (m)aG, (z°(d), 7" (c)), +

G,(c"(a),c"(b))s09,(c"(m)aG, (7" (d),7"(c)); =0
By (i) and (ii), we get:

G,(c"(@),0" (b)), 504, (" (M)aG, (z"(d),7"(¢)) g5 =0
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G,(6"(a),c" (b)), 04,(c"(m)aG, (z"(d),7"(c)), +
G,(0"(a),c" (b)), 04,(c" (m)aG,(z"(d),7"(c)); +
G,(c"(@),0"(b))ya9,(c" (m)aG, (z°(d), 7" (c)), +

G,(c"(a),0"(b))s00,(c"(m)aG, (z"(d),7"(c)); =0
By (i) and (ii), we get:
G,(c"(a),0" (b)), a¢,(c"(m)aG,(z"(d),7"(c)); +

G,(c"(a),0"(b));04,(c"(m)aG, (7" (d),7"(c)), =0
Therefore, we have:

G, (6" (@),0" (b)), 04,(c"(m))aG, (z"(d),7"(c))yag, (o (m))a

G,(c"(a),0" (b)), 0¢,(c"(m)aG,(z"(d),7"(c)); =0

==G,(0"(@),0" (b)), a¢,(c"(m)aG,(z"(d),7"(c))yad,(c" (m))a
G,(c"(a),0"(b))s04,(c"(m))aG, (7" (d),7"(c)); =0

Since M' is a prime ["'-ring, then:

G,(c"(a),c" (b)), 04, (" (m)aG,(z"(d),7"(c)); =0.

III.  The Main Results
Theorem (3.1):
Every Jordan (o,t)-higher homomorphism from a I'-ring M into a prime I'-ring M' is either (o,T)-
higher homomorphism or (o,t)-anti-higher homomorphism.
Proof:
Let 0 = (¢)icn be a Jordan (o,7)-higher homomorphism of a I'-ring M into a prime I"'-ring M'.
Since M' is a prime ["'-ring, we get from theorem (2.12) (i)

(}H(CTH(CI),O'H(b))(X =0 or Gn(‘[n(d),‘[n(c))a =0, foralla, b,c,d e M, a, Bel'and n € N.
If Gn(z'"(d),z'“(c))a #0 foralle,d e M, acl and n e N then Gn(O'“(a),O'"(b))a =0 for all

a, b € M, ael’ and n € N, hence, we get 0 is a (o,7)-higher homomorphism from a I'-ring M into a prime I"'-
ring M'. But if Gn (Z’n d ),Z’n (c ))a =0 forall¢,d € M, ael" and n € N then 0 is a (o,t)-anti-higher

homomorphism from a I'-ring M into a prime ['-ring M’
Proposition (3.2):

Let 6 = ({y)icn be a Jordan (o,7)-higher homomorphism from a I'-ring M into 2-torsion free I'-ring M',
such that aabfc = aBboc, forall a, b, c € Mand a, Bel’, aa'bf'c = af'ba'c, for all a, b,c € M'and o', B' €
r, o = Gl, T = Tl, o'rT'=0't"" and o' 7' =7'C" then 0 is a Jordan triple (o,t)-higher
homomorphism.

Proof:

Replace b by afb + bPa in the definition (2.2), we get:
¢ (a a(aBb +bBa) +(@pb +bBa)aa)

= Z ¢,(0" (@), (z' (@B'b +bB'a)) + Z ¢,(c" @B'b+bP'a))a'¢,(z'(a))
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B Z ¢,(c" (@)t (r'@B' 7' (b)) + 7' B)P' 7'(@)) +
Z b.(c' @B ' (b)+0 (b)B o'(a)d'd, (' (a))
= i 0} (O'i (Cl))(x'[zll(h (o‘jz'j(a)B’d)j(rjz b))+ Zq)j(o-jz-j(b )B'(I)j(z.j2 (a))] +

y (2 00" @B BN+ Y h(o” B4 (a))ja'«biri(a))

i=1 \j=l

= 4,0 @) (0T @BD (e (5) + Db, (0 @)ald, (o' (0o, (" (@) +

S 00" @B, (0" B)ad, (7' @) + 4,0 GNP, (07 (@)t (7' (@)

) . ) . .. . iy
Since aobPc = afbac, for all a, b, c € M' and a, B € T, lon ZGI, 7' =Z’1, o't'=0't"" and

o't =7'0", we get

=Y 4@ @@ @F D G) + 2 00 @b (o' O 4,7 @) +

> (0 G (0T @', (@)

(1)
On the other hand:
¢ (ao(aBb +bBa)+(@PBdb +bPa)aa) = (aaaBb+aabBa+aPb aa +bPaca)
Since aobPa = aPfboa, for all a, b € M and o, Bel’
=@ (aaaPd +bPaaca)+2¢ (aabPa)
= 4@ @@ @B )+ X 4@ CIFUOT @U@+

2¢, (aabBa)
Compare (1) and (2), we get:

2¢,(aabPa) = Zi ¢,(c'(@)'d,(c'7"" (B)P'9, (7' ()

Since M' is a 2-torsion free I"'-ring, we obtain that 0 is a Jordan triple (o,t)-higher homomorphism from
aI'-ring M into a ["'-ring M".
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