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Abstract

The purpose of this paper is to introduce some definitions, properties and basic results that show the relation between F-
bounded of linear operator in probabilistic Hilbert space and bounded operator in norm. In the paper, we prove that the
adjoint operator in probabilistic Hilbert space is bounded. The notion of the continuous operators in probabilistic Hilbert
space and some basic results are given. In addition, we note that every operator in probabilistic real Hilbert space is a
self-adjoint Operator.
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1. Introduction

K. Menger in [10], introduced the notion of probabilistic metric space and since then the theory of probabilistic spaces
has been developed in many directions [2], [3]. The notion of probabilistic inner product spaces can be considered as
the generalization of the inner product spaces. C. Sklar and B. Schweizer [12] introduced the definition of these spaces
in 1983. Similarly, in 1994 S.S., Change [4] introduced the definition of probabilistic inner product space (PIP-space).
Then, Yongfu Su in 2001 modified Change's definition in [13]. In 2007, we had also Yongfu su, X.Wang and J. GAO
[14] introducing the definition of probabilistic Hilbert space. In 2014 Radhi I. M. Ali and Dalia S. Ali defined the
adjoint operator on probabilistic Hilbert space [1]. Guillen. B; Lallena J.; and Sempi. C in [8] had studied the
boundedness of linear operators in probabilistic Normed spaces. Their contribution has been quite useful for us in
studying the boundedness of linear operator in probabilistic Hilbert space. In [16], the relation between fuzzy continuity
and fuzzy boundedness is studied. The definition and relationships between certain types of linear operators in the
classical Hilbert space have materialized in some books by some authors [9], [11]. Self-adjoint Operator has several
applications in the field of quantum mechanics and in the field of physical observables such as position, momentum,
angular momentum and spin [5], [6].

2. Basic definition

Definition 2.1 [7] (Distribution function)

A distribution function (d.f.) is a function F defined on the extended real line R: [—oo, +00] that is non-decreasing and
left-continuous, such as that F(—o) = 0 and F(4+o) = 1. The set of all d.f. will be denoted by A; the subset of A
formed by the proper d.f.s, i.e. by those d.f.s F for which.

lime,_o, F(t) = 0 and lim_,,, F(t) =1

Will be denoted by D.
A special element of A is the function which is defined by
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0,t<0
1,t>0

H(t) = {

Definition 2.2 [13] (modified probabilistic inner product space) Let E be a real linear space and let F:E X E —
D be a function, be a function then the modified probabilistic inner product space is the triple (E,F,x) where F is
assumed to satisfy the following conditions:

(MPIP-1)

Fyx(0) =0,

(MPIP-2)

Fyy =Fyx
(MPIP-3)

Fyx(® =H(®) ©x =0,

(MPIP-4)

t
Fay(3) >0
F}Lx,y(t) = H(t),A=0

1= Fyy(t/3+) A< 0
Where A is real number, Fx,y(t/)\ +)is the right hand limit of F, , at %
(MPIP-5)
If x and y are linearly independent then
Fuiyz(®) = (Fxz * Fy,)(©
Where
(Fxz * Fy) () = [, Fua(t — w)dFy (u)
Note that if x and y are linearly dependent then
x+y=x+oax=(1+a)x=AxWhereA=1+«

Fysz (i) A>0

Fx+y,z(t) = F)\x,z(t) = H({®),A=0
1-Fy,(Y3+) A<0

Which is (MPIP-4).
Then (E, F,*) is the modified probabilistic inner product space.

Remark 2.3 [7] For the definition of probabilistic inner product space, we must depend on distribution functions that
belong to A rather than A* because this notion should include that of classical inner product space since the inner
product space takes negative values; therefore, the set A provides this part.

For all F in A, define the distribution function F in A, for all t € R, as follows

E(t) = F(t),if t € R, but F(t) is symmetric
© = (1 — F(v)), if t € R\R*, but F(t) not symmetric.
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Where " (1 — F(t)) represents the left limit at t.

Definition 2.4 [14] Let (E, F,x)be a modified PIP-space, If

J2, Wy (®

Is convergent for all x,y € E. Then (E, F,*) is called a modified PIP-space with mathematical expectation.

Theorem 2.5: [14] Let (E, F,*) be a modified probabilistic inner product space with mathematical expectation. Let
<xXy>= fjom tdFy,(t) ,Vx,y €E

Then (E, < >)is inner product space, so that (E, Il II) is inner product space o) that
(E, < >)is inner product space, so that (E, || II), is a normed space where || x |= /< Xx,x > Vx € E.

Definition 2.6 [15] Let (E, F,*) be a modified probabilistic inner product space, then:
1)  Asequence {x,}in E is said to be t-convergent to x € E if Ve > 0 and VA > 0 3dn, (e, A) such that

Fy—xxy-x(€) > 1 —2AVn > ng(gA).
2)  Asequence {x,}in E is called T —Cauchy convergent if that

F () >1—-2AVn,m > ny(eA).

Xn—XmXn—Xm

3) (E,F,x) is and such as that. to be T —complete if each T —Cauchy sequence in E is T —convergent in E.
Definition 2.7 [14] Let (E, F,*) be a modified probabilistic inner product space then a linear functional T defined on E is
said to be continuous if for all sequence {x,} < E that t-converges to x € E then T(x,) = T(x).

Theorem 2.8: [14] (Riesz representation theorem) Let (E, F,x) be a modified probabilistic Hilbert space, for any linear
continuous functional f (x) there exists a unique y € E such that:

f(x) = [ tdFy,(t) Vx €E

Theorem 2.9: [1] (adjoint operator on probabilistic Hilbert space) Let (E, F,+) be a modified probabilistic Hilbert
space, Let T be a continuous linear operator on (E, F,*) then there exists a unique T* € (E, F,*) linear operator such
that

<Tx,y>=<xT'y> Vx,y€eE

Theorem 2.10: [1] (properties of the adjoint operator) Let (E, F,*) be a modified probabilistic Hilbert space, let T* be
the adjoint operator of T, then T* has the following properties:

1) (TH*=T

2)  (aT)* =aT*

4) ()" =TT

Definition 2.11 [9] Let H be Hilbert space and let T: H —» H be bounded linear operator then T is:
1)  Self-adjoint operator if T = T".

2)  Unitary operator if TT* = 1= T"T.

3)  Isometric operator if T*T =1

Definition 2.12 [11] (bounded in norm) Let T be a linear operator defined on normed space E, then T is said to be
bounded in norm if there exists a constant M > 0 such that

ITxISKM| x| forallx € E
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3. Main results
This part, defines the self-adjoint operator in probabilistic Hilbert space; the relationship between this operator and the
other operators is also shown. We have been able to find the relation between the F-bounded operator and the bounded

operator in norm and are going to use it to prove that the adjoint operator is bounded. The notion of F-continuous
operator and some hasic results are given.

3.1. (Self-adjoint operator in probabilistic Hilbert space)

Definition 3.1.1 let (E, F,x) be a modified probabilistic Hilbert space with mathematical expectation and let T: (E, F,*
) = (E, F %) be a linear operator then T is:

1)  Self-adjoint operator if T = T™.

2)  Unitary operator if TT* = 1= T"T.

3)  Isometric operator if T*T = 1.

The following theorem shows that every operator in probabilistic Hilbert space is a Self-Adjoint operator.

Theorem 3.1.2: Let (E, F,*) be a modified probabilistic Hilbert space with mathematical expectation and let T: (E, F,*
) = (E, F ) be a linear operator then

1) T Is Self-adjoint operator.

2) I TxlI=ITx] forallx € E

Proof: (1) Since E is real linear space, and

<Tx,x>= [ tdFp, () <

Then
< Tx,x > is real for all x € E.

< Tx,x>=<Tx,x >
<Tx,x>-<Tx,x>=0

2 tdFpyy () = [% tdFypy () = 0
2 tdFp, () = [ tdFpey, (©) = 0
S, tdF g pegx (©) = 0

Since T, T* are linear

f_oooo tdF(T—T*)x,x =0
(T-TH)x=0Vx€EE

T-T"=0

T=T"

Then T is self-adjoint operator.

2. Since T is Self-Adjoint then T*T = TT"*
< T*Tx,x >=<TT*x,x > VX E€E

J'OOOO tdFT*TX,X(t) = fjooo tdFTT*x,x(t)

o tdF g (®) = [ tdFpeypey (D)
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<Tx,Tx >=<T")x,T'x >
II'Tx =1 T*x |l

|
Remark 3.1.3 let (E, F,*) be a modified probabilistic Hilbert space with mathematical expectation and let T: (E, F,*) —
(E, F %) be a linear operator then
1)  If Tisunitary, then T and T* are isometric operators.
2)  Tisunitary if and only if T* is unitary.
Proposition 3.1.4 Let (E, F,*) be a modified probabilistic Hilbert space with mathematical expectation, and let T: (E, F,*
) = (E, F *) be a linear operator, If T is self-adjoint operator that satisfies T2 = I then T is unitary and isometric.
Proof: If T is self-adjoint operator then T = T*, multiplying this equation by T from both sides, we get TT = T*T but

T2 =1then TT* =1 = T*T, hence T is unitary.
Also, since T? = 1 and T is self-adjoint Operator then T*T = I, hence T is isometric.

3.2. The boundedness of linear operators in probabilistic Hilbert space.

The idea of the following definition is similar to the idea of B-bounded, which is introduced in [8]; we have used the
distribution function in probabilistic Hilbert space (Fx‘y(t)) instead of the distribution function (v,(x)), which is
defined on probabilistic normed space.

Definition 3.2.1 (F-bounded operator) Let (E,F,x) be a modified probabilistic Hilbert space with mathematical
expectation , let T be a linear operator defined on (E, F,*) then T is said to be F-bounded Operator if there exists a
constant K > 0 ,such that

Frerx(t) = Fyy (%) forallx e E,t eR

Lemma 3.2.2: Let (E, F,x) be a modified probabilistic Hilbert space with mathematical expectation and if F and G are
two functions in A such that F(t) < G(t), then

JZ tdF(t) > [7 tdG(t)
Proof: Since F(t) < G(t), then by using the definition (2.1) and integration by parts, we get
JZ tdF(t) = [7 tdG(t)
|

Theorem 3.2.3: Let (E, F,*) be a modified Probabilistic Hilbert Space with mathematical expectation, let T be a linear
operator defined on (E, F,x), then T is F-bounded Operator if and only if T is bounded in norm on E.

Proof: Assume that T is F -bounded then
t
Fremx(t) = Fyy (E) forall x € E,where K > 0
Il Tx I2=< Tx, Tx > = [ td Fry7,(t)
By lemma (3.2.2), we have
fjooo td F TX,TX(t) = f_oooo td FX,X (%)
=K [ tdF,,(©

=K<xx>
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=KIlxI?
I Tx I’< K || x II> for all x € E, where K > 0 is a constant,

Il Tx I< VK Il x |

Then T is bounded in norm on E.
Assume that T is bounded in norm, then there exists a constant M > 0 such that

I Tx IS M I x|l forallx € E
Il Tx I2=< Tx, Tx > = [_td Fr, 1, (t)

<M [, td Fy, (O

o t
= [ P )
By lemma 3.2.2, we have

Frarx(t) = Fyx (ﬁ) for all x € E,where M > 0
Then T is F-bounded Operator.

]
Remark 3.2.4 Let (E, F,x) be a modified probabilistic Hilbert space with mathematical expectation, let T be a linear
operator defined on (E, F,*), and T* is the adjoint operator of T then:
1) If T is F-bounded operator then T* is F-bounded operator.

2)  If T is bounded in norm on E then T* is bounded in norm on E.
Proof: (1) Assume that T is F-bounded operator then

Fremx(t) = Fyy (%) forall x € E,where K > 0
By theorem (3.1.2)

t
FT*X,T*x(t) = Fx,x (E)

Then T* is F-bounded operator.
Proof (2) Let T is bounded in norm on E then for some M > 0, we have

ITxI<MIIxI

Il Tx I2< M2 || x II?

Joo td Py () < 7 td Fyy (ﬁ)
By theorem (3.1.2)

[t Py (6) < [ td F (5)
Il T*x II?P< M2 || x II?

I T*x <Ml x|l

Then T* is bounded in norm on E.
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3.3. The continuity of linear operators in probabilistic Hilbert space.
Definition 3.3.1 (F-continuous operator) Let (E,F,*) be a modified probabilistic Hilbert space with mathematical

expectation and let T: (E, F,x) — (E, F *) be a linear operator, then T is said to be F-continuous aty € E if for all e > 0
there exists corresponding & > 0 such that for all x € E we have.

1:Tx—Ty,Tx—Ty(e) 2 Fx—y,x—y(s)
If T is F-continuous at each point of E then T is F-continuous on (E, F,*).

Theorem 3.3.2: Let (E, F,*) be a modified probabilistic Hilbert space with mathematical expectation, and let T: (E, F,*
) = (E, F =) be a linear operator, then if T is F-continuous operator on (E, F,*) then T is continuous on E.

Proof: Since T is F-continuous on (E, F,*), then T is continuous at each point of E. Suppose that T is F-continuous at
X, € E, then for all e > 0 there exists corresponding & > 0 such that for all x € E, we have.

FTx—Txo,Tx—Txo (E) = FX—XO,X—XO (6)

Let {x,} be a sequence of elements of E i.e. {x,} € E that’s x,, is T- converges to x, thus for all § > 0,A > 0 there
exists ny (8, A) such that

Fy—xoxn—x0(8) > 1 —2AVn >ny(5,2) .

Then
FTxn—Txo,Txn—TXO (e) 2 Fxn—xoxn—xo (5) >1-AVn> Ng (8; 7\) .

Then T is continuous on E.
|

Theorem 3.3.3: Let (E, F,*) be a modified probabilistic Hilbert space with mathematical expectation and let T: (E, F,*
) = (E, F ) be a linear operator, then T is F-bounded operator if and only if T is F-continuous operator.

Proof: Assume that T is -the operator, t -bounded en there exists K > 0 such that for all x € E, t € R, we have
t
FTx,Tx(t) = Fx,x (E)

For have. €> 0, We can choose 8= for e=|t[>0 we have

Al

FTX—Ty,TX—Ty(e) 2 Fx—y,x—y(S)

In case |t| = 0, we have

FTX—Ty,TX—Ty(e) =0= Fx—y,x—y(S)

Then T is F-continuous operator on (E, F,*).

Conversely, assume that T is F-continuous operator on (E, F,), then T is F-continuous at 0, thus for all € > 0 there
exists corresponding & > 0 such that for all x € E, we have.

FTx,Tx(e) = Fx,x(S)

Ifx # 0,put e = |t|and § = —, t € R\ {0}, then

Frorx(t) = Fyy (&).

Incase t = 0, we have
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FTx,Tx(t) =0 =Fyx (&)

If x = 0 and t € R\{0}, then

Frerx(t) = H(t) = Fyy (%)

Incase t = 0, we have.

Fromx(D) = 0= Fyy (%)

Then T is F-bounded operator.
[

Theorem 3.3.4: Let (E, F,*) be a modified probabilistic Hilbert space with mathematical expectation and let T: (E, F ,*
) = (E, F ) be a linear operator, then T is F-continuous operator on (E, F,x) if and only if T is continuous in norm on
E.

Proof: Suppose that T is F-continuous operator on (E, F,*), then by theorem (3.3.2), T is continuous operator on
(E, F,*). Thus, for all sequence {x,} S E that t-converges to x € E we have T(x,) = T(x), by theorem (2.4), we get T is
continuous in norm on E.
Conversely, suppose that T is continuous in norm E, then T is bounded in norm on E. By theorem (3.2.3), we get T is F-
bounded operator , and, hence, by previous theorem (3.3.3), we have T is F-continuous operator on (E, F,*).

]

4. Conclusion

In this paper, we have defined some new types of linear operators on probabilistic Hilbert space and established the
relationship between them. The paper tries to prove the boundedness of the adjoint operator in probabilistic Hilbert
space.
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