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1 Introduction

Let X and Y represents compact Hausdroff spaces and C(X,Y) represents the space of all
continuous complex valued functions from X and Y. If X equals to ¥, we write C(X) for
C(X)Y). Assume that X @ Y is the tensor product of X and Y. Then each mapping 7:X—=X
produces a linear transformation €t from C(X.Y) itself denoted as €</ =/ °7 for every
f €CX.Y) and it is referred to as a composition operator on C(X,Y) induced by 7. Consider
U:X—C to be a mapping. The scalar multiplication then produces a linear transformation My
from C(X.Y) itself defined as Mo/ =9 for any f € C(X.Y) where the product of functions is
expressed point-wise and is known as a multiplication operator on C(X)Y). Let JuX-R
defined by 9:() =" gor a1l t € R and x € X where ' € Co(XOR) | Also TeR=R i defined
by (@) =T+ @ the self map .

Let G be a topological group with € as the identity, let X be a topological space and
U:G X X=X pe the continuous map such that

(i) Y(ex) =xforevery X €X

(i) O(s + tx) = 9(s,9(t.x)) forevery t.S EGx EX,
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Then the triple (G.X,9) is called a transformation group, X is a state space. If G = (R, +) the
corresponding transformation group is called a dynamical system. The transformation group

(R.X,9) is known as continuous dynamical system. If X is a Banach space and
9(tax + By) = ad(tx) + BI(LY), for t € RaB € C, xy € X the (R".X.9) is called a linear

dynamical system .
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The Bloch space, named for French mathematician Andre Bloch and abbreviated B in
complex analysis, is the space of holomorphic functions f defined on the open unit disc D in
the complex plane, such that the function (1 = 121%)1f'(#)| is bounded. B is a Banach space,

I f g =1£(O)] + sup(1— |z12)|f'(2)]
y z€D

with the norm defined b . This is known as the
Bloch norm and the Bloch space’s constituents are known as Bloch functions. We define the

(B = €HDY; sup (1~ 122 ()] < )

I fllg= |§|“<p1{(1 — 129 @

Se

The seminorm and the norm 1/ I sioch = 1f(O)| +1l f Il 5

The Bloch space is the set B with the norm II* Il stech
2 Dynamical system induced by tensor product of composition and multiplication
operators on tensor product of Bloch space of continuous functions

Let X be a Hausdorff topological space and C(X,E) be a collection of continuous functions
from X into E. Consider £ to be a collection of non-negative holomorphic functions on X. If
B is a set of Bloch functions on X such that for each X € X there is some b € B for which
b(x) > 0 we write B > 0. Let hc(X,E) represents the set of all holomorphic functions from X
into E. If B is a Bloch function system on X, then the pair (X.,B) is known as the Bloch
topological system. Each Bloch topological system (X.B) is associated with the Bloch space
of continuous E-valued functions defined as
CBo(X.E) ={f ® g € C(X.E) & C(X.E):bIf @ gl yanishes at infinity on X for each b € B}.
CBy(X.E) =/ ® g € C(X.E) ® C(X.E). p[f(x) ® g(x)] is bounded in E for all b € B},

Llet bEBGEh(XE) and [f®YECKE)®CKXE), If we  define
If&gll,= SUp|z|<1{(1 - |Z|2)|b’(z)| lfOlgOxEXy€EY,z€E D} then -1y can be
CBo(X.E) o CBy(XE)

regarded as @ seminorm on either
{I- bsb € B € he(XED}

and the family

seminorms defines a Hausdorff locally convex topology on

each of these spaces. This topology will be denoted by “* and the vector spaces CBo(X.E)

and CBo(X:E) endowed with @b are called the Bloch space of vector-valued continuous
functions. It has a basis of closed absolutely convex neighbourhoods of the origin of the form
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Nie=1f & g:/,9 € CBo(X.Y) 3N Qg llpe=1} Also CBoXE) s 4 closed subspace of

CBy(X.E)

Theorem 2.1. Let T:X—X and Y#X=C pe a continuous functions then ¢~/ @ Mo g
bounded for every t € RS & g € CBo(X) & CBo(X),

Proof. To prove that Cof © Mg
continuous at the origin.

We claim that € ® Ml"‘r)(Nb'C) S N, For, f &9 E€Nbeye have

is bounded. It is enough to prove that Cof @ Mg §

ICf @Mpglly = sup, Q=129 @Dlc.f Mo g0 |ix € X,y €Y,z € D}
= sup, {(1=12@I(f e D@9 MgMx € X,y €Y.z € D}
= slup {(1 — 1z @I f e le gl }
< sup {@= 1z DIf @I eh@)] g()I 3
= sup {(1= 12D @DIIf @119 as t-0}
=lf®gly =<1
Therefore lcr@Mogll, <1
Therefore Cof @ Mo g is continuous at the origin.
Therefore ¢ ® M5.9 is hounded.

Theorem 2.2. Let B(E) be the Banach algebra of all bounded linear operators on E. Let
C”(X.B(E)) be the space of bounded functions. Let G converges to c(te) jn C*(X,B(E))

and let P« be a sequence converging to b in CBo(X.E) Then the product bacal(Te,) converges
to bc(‘[t) in CBU(X'E) ® CB[)(X,E)

Proof. Let ¢a(7t.) converges to c(t) in ¢™(X,B(E)) and let Pa be a sequence converging to b
n CB[)(X,E)

To prove that baca(T:,) converges to be(te) jy CBo(XE) ® CBo(X.E) Now,
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I buea(w,) =bee) Iy = sup (1= 121%)|[buc(ri, — be(@] (2)]:z € D)
= |§|U<pl{(1 - |Z|2)|[bncn(rln)]](z) - ’bC(Tl)ll(Z)}
= |§|u<pl{(1 — |Z|2)|b§1(Z)Cn(T1n(Z)) + bn(Z)(CnTLn)’(Z)
—b'(2)c(t:(2)) — b(2)|c(z)] (2))}
= |§|”<pl{(1 — |21 |by(@)cn(Te,(2)) + bu(2) (cy7,,) (2)
- bn(z)(CTt)r(z) + bn(z)(c'{t)’(l) - b;l(Z)C(‘[t(Z))
+ by(2)c(t(2)) — b'(2)c(1,(2)) — b(2)[c(x)]'(2)];2 € D}
= |§|“5’1{(1 — 2| bu(2) en(Te,(2)) — br(2)c(T(2))
+ by(2)(cnte,) (2) — ba(2)(c1)'(2) + bu(2) (1) (2)
—b(@)|c(@)]' (@) + bp(2)c(t,(2)) — b'(2)c(x:(2)) ;2 € D}
= |§|“Pl[(1 — 12| (@||ealt1,(2)) — c(r(2))]]
+ |f|“<"1[(1 — 12)1ba@)||(calzs) — c(2)) )]
+sup[(1 — |2)|(ct) @) |bu(2) — b(2) ]
+ |~Z‘=‘|U<P1[(1 — 1zl )| (b, — b) ()]
=1l by Il len(te,(2) — c(ze(@)] + [ba(@)] 1l €n(7,) — c(z) 1 5
+ Il c(z) I glbn(2) — b(2)| + || I by — b Il 5—0
as (1, (@) —cl@@)]-0  Nenlre,) —c@) -0 Wby—bllp=0 oy

bu(2) = b(@)| >0 Therefore I brcn(z,) = be(w,) | 50 Therefore PeCa(Te.) converges to
be(tt) i CBo(X,E) ® CBy(X,E)

Theorem 2.3. Let V:RX CBo(R) & CBo(R)=C(R) ® C(R) pe the function defined by

V(trf X g) = (Cn & Mﬂt)(f X g) forallt € R and f ® g€ CB[)(IR) X CB[)(IR) then Vv is a

linear dynamical system on CBo(R) & CBo(R),

Proof. Since ¢ ® Mo s 4 tensor product on CBo(R) ® CBo(R) for 41 tER and
f®GECB(R) @ CBo(R) |t can be easily seen that VO.fF @9 =f®g and
V(is+tf®g9)=V(sV(f®g).

In order to show that V(t.f ® g) is a dynamical system on CBo(R) @ CBo(R)

. It is enough
to prove that V is continuous.
Let 99 and let (afa®da) pe a set in RXCBo(R) ® CBo(R) gych that

(tofa ® gu)=(tf ® ) we shall prove that, V(twf« ® g)=>V(tf ® 9) Now
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1V(tafa ® gu) V(L @ 9) Il 3=I Cr, ® My, )(foa ® gu) — (Cr, ® Mg )(f ® 9) Il 5

= sup ((1 - 12°)|[(Ce, fo) (M, 9a) — (Co.) (M5,9)] )3

= sup (1= 12)|[(fe 2 70) (92,90 () — [( e 1) @) (2

= sup (1= 12P)fo(7t) D9 (DGl@) + ful2e) D (D)9(2)

+ 90 () 9@ fulTe) T, (2) — F(1(2)0:(2)g'(2) — f(t:(2)) g (2)9:(2)
—9:(2)9(2)f (te(2))Ti(2)]}

= |§|”<pl{(1 — 1211 f (1) @)1, (D) gu(2) — fo{1:,)(2) g (2)D,(2)

+ o1, )(2)9:,(2) g () + fal(11,) (201,29 (2) — folT1,(2))0:,(2)9(2)
+ fo(10,(2))0:,(2) 9(2) + 91, () 9o(2) f o71,)T1,(2)

—91(2) 92 f (T(2))T1(2) + 91, (2) 9 o(2) f (1e(2)71(2)
—f@(@))9:(2)g'(2) — f(1:(2)) g (2)0(2) — 9:(2)9(2) f (te(2))Ti(2)]}
=l gu— g 8lf (T, D0, D] +11 g I 519, D|[folze,) — FED] ()]

+ 196, M 8l f et () (ga — D @] +19: 1 5lg@D]|[foalze) — FD](2)]
+ 1l falze,) — F@D 1 Bl0e (D ga(@)] +11 £F(@) I 5|9, (2|9 — 9) (2)| >0

as 929 and fa(m =) Therefore V(Lf @ 9) is a dynamical system on
CBo(R) @ CBo(R)

Next we have to prove that V is linear. That is to prove that
Vita(f @ 9) + U N =aV(tf & g) + V(LI ® )
for all tERABEC, f®g and L ®J ECBo(R) & CBo(R)  Therefore V(tf ® 9) is a

linear dynamical system on CBo(R) & CBo(R),

Theorem 2.4. Let =:X~X and Y#X~C pe a continuous functions then Mo f @ Czg is
bounded for every t € R, f ® g € CBy(X) ® CBo(X)

Proof. To prove that Mo ® €79
continuous at the origin.

We claim that (Mo, ® C) (W) SN For £ ® 9 € M \ye have
I Msf®@Ceglly, = |S|up1{(1 —1219)|b' @D||Ms f (O C.g);x € X,y €Y,z € D}
= sup (1= 1z @If @1 ()] as 03

is bounded. It is enough to prove that Mo f & Crg IS

=l fRgly=s1
Therefore I Msf @ Cug b= 1. Therefore Myf & Crg is continuous at the origin.
Therefore M2 ® €29 s hounded.

Theorem 25. Let V:RX CBo(R) & CBo(R)=>C(R) & C(R) pe the function defined by
V(t,f & g) = Ml‘?r ® CTr(f ® g) for all tER and f X g€ CBy(R) & CBy(R) then V is a

linear dynamical system on CBo(R) & CBo(R),
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Proof. Mo ®Cn is a tensor product on C(R) ® C(R) for every t€R and
f & g € CBy(R) @ CBo(R) We have VOfr®gp=®g and

Vis+tf®9) =V V(Lf & g)).

In order to show that V(t.f ® g) is a dynamical system on CBo(R) & CBo(R),

It is enough to prove that V is Continuous. Now
19(tofe ® gu) —V(EF @ g) =l (My, ® C:, )(foe ® gu) — (Mo, ® C.)(f ® 9) Il 5

= sup (1= 12| [Ms, ) (€1, 9) — (Ma ) (C: )] ]
= sup (1= 1ZP|[@0f g o 7)) = 1@ g > I )y
= |;|u<p1[ (1 — 121 @Orf o) @9t )T ()} + 9T (D (9:.(2) fu(2)

+ fa(@)9:,(2)} — O:f) ()9 (t)Ti(2)} — g(r(D)WIU(Df (2) + f ()92} ]

= |;|u<p1[ (1 — 1211902 f (2 gu(T0,(2))T1(2) + Gu(T0,(2))I1(2) fu(2)

+ 9o(10,) @) fo(2)9,(2) — 9:(2) [ (2)g (2:(2))Te(2) — g(2:(2))9:(2) f (2)
—g(Te () f(2)9:(2) ]
= sup (1 — [2D)19:,(2) f (@) Gi(T:, ()71, (2) — 90, (2) f (2) g1 (2))T0,(2)

+ 90, (D f (2971, (2)T0,(2) + 9o(71(2))0: (D f () — 9a(2:,(2))0: (D) f (2)

+ (T, (D)9, (Df (2) + 9o(0e (D)) f o(2)9:(2) — 970, () f(2) D, (2)
+ 9T, (D)) [ (2)9:,(2) = (D) f () g (te(2))Te(2)

—9(@(D))9(Df (2) — 9(1:(D))f (I (D]}

=0, DIIfo(2) = F@I 1 galze) 15 + [galze, e )] fa— 11 5
+1ga(@e D fa(@) = FDI 19, 1 5 + 190, DIf ()] 1 galTe,) — g(z) 5

+ [9.,@| 11 £ 11 5l g(70,(2) — g2 + |F @] 19, N 5l ga(Te,(2)) — 9(2:(2)))]

-0

as faof and 9)=9GD) Trerefore V(EF ® 9) is a dynamical system on
CBy(R) & CBy(R)

Next we have to prove that V is linear. That is to prove that
Vita(f ® g +pERN) =aV(tf @ g) +pV(LI®)) forall tER a,fEC, fR g and
[ ® ] € CBy(R) & CBy(R)

Therefore V(t.f ® 9) is a linear dynamical system on CBo(R) @ CBo(R)

Note 2.6. All results in this section hold if we replace CBu(X.E) a5 a substitute of CBo(X.E),
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