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 Abstract 

    Mixing property  was classified  in the 

first book of topological dynamics  

written by  Gottschalk & Hedlund ,[4],  

( 1955 ) as one of the regionally  transitive 

properties . It is concerned with the 

existence of a compact subset K  of the 

phase group G   of a topological 

transformation group ),,( πGX  such that 

for every VU ,  non empty open subsets 

of X ,there exists a compact subset K  of  

G   such that, for every 

 φ≠∩⇒∈ VUgKg C ,  

        In this work  we introduced  new 
different types of mixing ,and   studied 
there relations with other transitive 
properties.  Moreover   we  studied some 
relations between them and recursion 
dynamical properties  such as periodicity , 
almost  periodicity and recurrence. we 
gave conditions to transfer some types of 
mixing under suitable homomorphism. 

 

    Introduction 

There are three types of studies in 
dynamics, local, global  ,and abstraction. The 
field of our work is the third one .It is a study 
of topological transformation  groups It is the 
study of the action of a topological on a 
topological space. 

In this work  we introduced  new 
different  types of mixing such as mixing at 
appoint, point mixing, point wise mixing, 
uniformly mixing ,regionally mixing 
,extensively mixing and regionally 
extensively mixing  ,and   studied these 
relations with some other dynamical 
properties, such as transitive at a point ,point 
transitive, point wise transitive, regionally 
transitive, uniformly transitive  , extensively 
transitive and regionally extensively transitive 
.  Moreover   we  studied some relations 
between them and minimal ,periodicity, and 
recursion dynamical properties  such as 
almost  periodicity and recurrence. we gave 
conditions to transfer some types of mixing 
under suitable homomorphism . 
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Section 1 

Preliminaries 

 In this section we recall the basic 
definitions and facts needed in this work . 

We assume that all our spaces are 2T  . 

(1-1)Definition:- [6] 

The group ),( ∗G  is said to be a 

topological group , if ),( GG τ  is a 

topological space , such that the function 

GGGf →×:  defined by 

1(gf 2, g 1) g= 1
2
−∗ g  is continuous  

(1-2)Examples:-  

1- ),( +R  is topological group with the 

usual  topology and usual addition .   

2- Every group with discrete topology is a 

topological group . 

3- Every subgroup of a topological group 

is a topological group . 

i.e.:- ),( +Z  is a topological group . 

(1-3)Definition:- [4] 

        A subset A  of ,*)(G  is said to be 

{left} {right} syndetic in ,*)(G   

provided that { AKG = } { KAG = } 

for some compact subset K  of G  . 

 (1-4)Definition:- [4]  

       The subset N  of a topological group 

,*)(G  is said to be Replete if for every 

compact subset K  of G  there exists 

Ggg ∈21,  such that NKgg ⊂21  . 

(1-5)Definition:- [4]  

         The subset A  of a topological group 

,*)(G  is said to be Extensive if the 

intersection of Replete semi group N  in G  

with A  is not empty set )( φ≠∩ NA  . 

(1-6)Definition:- [4] 

        A topological transformation group , or 
more briefly , a transformation group , is 

defined by the ordered triple ),,( πGX  

consisting of a non empty topological space 

X  , a topological group G  and a mapping 

XGX →×:π  such that :- 

(1) xex =π),(  , )( Xx ∈  where e  is 

the identity element of G  . 

(2) πππ ),(),),(( 2121 ggxggx =   

),;( 21 GggXx ∈∈  .  

(3)  π  is continuous . 

If ),,( πGX  is a transformation group , 

then X   is called the phase space , and G  is 
called the phase group , and π is called the 
action . 
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(1-7)Remark:-  

      The following statements are used to 
mean same thing as follows :-  

(a) ),,( πGX  is a topological transformation 

group . 

(b) ),( GX  is a transformation group . 

(c) ),( GX  is a transformation group under 

π  . 

(d) ),( GX  is a transformation group with 

respect to π  . 

(e) G  is a transformation group on X  under 
π  . 

(f) G  is a transformation group on X  with 
respect to π  . 

(g) G  is a transformation group of X  under 
π  . 

(h) G  is a transformation group of X  with 
respect to π  . 

(i) G  act as a transformation group on X  
under π  . 

(j) G  act as a transformation group on X  
with respect to π  . 

(k) G  act as a transformation group of X  
under π  . 

(l) G  act as a transformation group of X  
with respect to π  .  

(1-8)Definitions:- [8] 

1- ),( GX  is called Dynamical  system , 

If X  is a metric space , RG =  . 

2- ),( GX   is called Continuous Flow , 

If RG =  . 

 3- ),( GX  is called Discrete Flow or 

(cascade) , If ZG =  . 

(1-9)Definition:- [8] 

        Every homeomorphism XXf →:  

induced a discrete flow ),,( πZX  denoted 

by ),( fX  where : 

)(...)(),( xffffxfnx n οοοοπ ==  

. 

                                               n-times 

(1-10)Definition:- [8] 

       If ),,( πGX  is a topological 

transformation group , then :- 

1- By g-transition 
gπ  , Gg ∈∀  we mean 

the function  }){( gX ×π  from X  onto 

X  . 

2- 
eπ    is the identity map on X  .  

3- If Grg ∈,   , then 
rgrg ∗= ποππ  . 

4- If Gg ∈  , then 
gπ  is a one to one , 

onto , and 
11)(

−

=− gg ππ   . 

5- The transition projection of ),( GX  is 

TG →:λ  such that 
gg πλ =)( , 

Gg ∈∀  is homomorphism . 

6- The set }:{ GgT g ∈= π  is called 

transition group . 
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 7- By x-motion under G  xπ  , Xx ∈∀  we 

mean  the function )}({ Gx ×π  from G  into 

X  . 

8- The motion injection of ),( GX  is the map 

MX →:θ  such that xx πθ =)(  , 

Xx ∈∀  . 

9- The image of G  under xπ   is the orbit of 

x  under G  and denoted by  )(Gxπ  or xG  

.  

i.e.:- , the orbit of x  is the set 

 
}:)({}:),{(}:{ GggGggxGgxgxG x ∈=∈=∈= ππ

. 

10- The closure of xG  )(xG  is called the 

orbit closure of x  under G  .  

11- The set }:{ XxM x ∈= π is called 

motion space . 

(1-11)Example:-  

        In the topological transformation group 

),,( πZR  The orbit of the point 5/1  in 

]1,0[  , where f  is a function from ]1,0[  into 

itself defined by ]1,0[,)( ∈∀= xxfx  

is :- 

,...}5/1,5/1,5/1,25/1,125/1{...,5/1 4=Z  

under Z  . 

The orbit closure 5/1  is :- 

}1,0{,...}5/1,5/1,5/1,5/1,125/1{...,5/1 4 ∪=Z  

 (1-12)Definition:- [4] 

         If ),( GX  is a transformation 

group and K   is subset of X  . K  is 

called invariant subset of X  under G  if 

and only if KKG ⊂  , where :- 

},:),{( GgKkgkKG ∈∈= π   

(1-13)Definition:- [4] 

        If ),( GX  is a transformation 

group . A subset A  of X  is called 

minimal under G  , if φ≠A  , closed 

and invariant under G  , and A  does not 
contain a proper subset which is non 
empty closed and invariant  

under G  . 

(1-14)Definition:- [8] 

          If  ),( GX  is a transformation 

group and U   is open subset of X  . The 
set 

},:),{( GgUuguUG ∈∈= π  

is called a tube . 

(1-15)Definition:- [4] 

          If Xx ∈  ,  then x  is said to be 

recurrent under G  if for each U  a 
neighborhood of x  there exists an 

extensive subset A  of G  such that 

UxA ⊂  . 

(1-16)Definition:- [4] 

        If ),( GX  is a transformation 

group and Xx ∈  . The period of x  

under G  is defined to be the greatest 

subset P  of G  such that xxP =  . 
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(1-17)Example:-  

         Suppose that RX ⊂= ]1,0[  with 

usual topology and ]1,0[]1,0[: →f  

defined by xxf −= 1)(  , then f  is 

homeomorphism . So  

2
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2
1
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=

fffff

fff

f

n

     

                        n-times 

Then the period of point 
2
1

 is Z  because 

it's fixed . The period of 
2
1≠x  is Z2  . 

(1-18)Definition:- [4] 

          Let Xx ∈  . The transformation 

group G  is said to be periodic at x  and the 

point x  is said to be periodic under G  

provided that the period of G  at x  is a 

syndetic subset of G  . The transformation 

group G  is said to point wise periodic 

provided that G  is periodic at every point 
of X  . 

(1-19)Example:-  

    If ),,( fZX  is a transformation group, 

where X  is a unit circle defined by : 

 }3600:),1{( ο≤≤= θθX  and f  

is an action of Z  on X  defined by : 

),1(),()( ψθθ nfrfx nn +==  . If 

),1( θ=x  and ο30
6

== πψ  . Then 

there exists 12 points in the orbit of x  under 

f  . i.e.:-  the orbit of x  is 

)11,1(),...,2,1(),,1(),,1( ψθψθψθθ +++  . 

Then this point is periodic under f  and by 

period ZA 12=  which is the set 
,...}24,12,0,12,24{..., −−  subset of 

Z  and there exists compact subset K  of G  
such that }12,...,2,1,0{=K  and 

ZKZ =+12  .  
So Z12  is syndetic set and it's greatest 
syndetic set such that xZx =12)(  . 

(1-20)Definition:- [8] 

         If ),( GX  is a transformation group 

and Xx ∈  , then x  is said to be almost 

periodic under G  , if for each U  a 
neighborhood of x  there exists a syndetic 

subset A  of G  such that UxA ⊂  . 

(1-21)Definition:- [1] 

        The map 

),,(),,(:),( σπψϕ HYGX →  is 

called a homomorphism between the two 
topological transformation groups 

),,( πGX  and ),,( σHY  if 

YX →:ϕ  is continuous and 

HG →:ψ is continuous 

homomorphism , if 

σψϕϕπ )),)(,(())),(( gxgx =  . 

Or the following diagram commutative . 
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(1-22)Definition:- [1] 

         The homomorphism ),( ψϕ  between 

two transformation groups ),,( 11 πGX  

and ),,( 22 πGY  is said to be :- 

1- Indomorphism if 
),,(),,(:),( 1111 ππψϕ GXGX →  . 

2- Epimorphism if ψϕ,  are onto . 

3- Monomorphism if ψϕ,  are one to one . 

4- Isomorphism if ψϕ,  are one to one and 

onto . The Isomorphism is called 
Automorphism if 

),,(),,(:),( 1111 ππψϕ GXGX →  

. 

  

 (1-23)Example:-  

        If ),],1,0([ 1πZ  and ),],1,0([ 2πZ  are 

transformation groups where :- 

nxfnx =1),( π  for every ]1,0[∈x  and 

Zn ∈  , where ]1,0[]1,0[: →f  , 
3)( xfx =  

nxgnx =2),( π  for every ]1,0[∈x  and 

Zn ∈  , where ]1,0[]1,0[: →g  , 
2)( xgx =  . We note that ),( ee  is not 

homomorphism because  

4
22

9
1

)
2
1

()
2
1

()2,
2
1

())2(,)
2
1

((

)
2
1

()
2
1

())2,
2
1

((

===

==

ggee

ffe

ο

ο

ππ

π  

That is the following diagram is not commutative: 

X ×  G →π  X 

 

 

ϕ      ψ            ϕ  

 

]1,0[]1,0[ 1→× πZ  

 

 e        e                  e    
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Section 2 

Certain mixing properties 

 In this section we study and introduce 
several types of mixing properties.  

(2-1)Definitions:-[4]                              

 1-Let Xx ∈  .The transformation group 
),( GX  is said to be transitive at x  and the 

point x  is said to be transitive under ),( GX   

provided that if U  is a non empty open subset 

of X  ,then there exists Gt ∈  such that 

Uxt ∈  . The transformation group ),( GX  

is said to be {point wise}{point} transitive 
provided that ),( GX  is transitive at 

{every}{some} point of X  . 

2- The transformation group ),( GX  is said to 

be (regionally) transitive provided that if U  

and V  are non empty open subsets of X  , 

then there exists Gt ∈  such that 
φ≠∩VUt  . 

3- Let Xx ∈  . The transformation group 

),( GX  is said to be extensively transitive at 

x  and the point x  is said to be extensively 

transitive under ),( GX  provided that if U  

is a non empty open subset of X  , then there 

exists an extensive subset A  of G  such that 

UxA ⊂  . The transformation group 

),( GX  is said to be {point wise} {point} 

extensively transitive provided that 

),( GX is extensively transitive at 

{every}{some} Point of X  . 

 4- The transformation group ),( GX  is said 

to be universally transitive provided that if 

Xyx ∈,  ,then there exists Gt ∈  such 

that yxt =  . it's clear that , if ),( GX  is 

universally transitive , then it's point wise 
transitive . 

5- The transformation group ),( GX  is said 

to be extensively (regionally) transitive 

provided that if U  and V  are non empty 
open subsets of X  , then there exists an 

extensive subset A  of G  such that At ∈  

implies φ≠∩VUt  . 

(2-2)Propositions:-  [7] 

1- If ),( GX  is a point transitive , then it is 

(regionally) transitive . 

2- If ),( GX   is a point wise transitive  , 

then it is (regionally) transitive. 

(2-3)Remarks:-  

        If ),( GX  is an extensively transitive 

at x  , then:- 

1- For every open subset V  of X  , there 

exists an extensive subset A  of G  such that 

φ≠∩VAU x  (where xU  is a 

neighborhood of x )  ⇔  

φ≠∩∋⊂∈∃ VtUGAt x  . 

2- For every neighborhood xU  of x  in X  , 

there exists an extensive subset A  of G  

such that xUxA ⊂  . And consequently we 

get the following remark :- 
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(2-4)Remark:-  

         If x  is an extensively transitive point of a 

transformation group ),( GX  , then x  is 

recurrent point under G . 

(2-5)Proposition:- [3]  

          If ),( GX  is a transformation group 

, X  is locally compact 2T  and Xx ∈  , then 

x  is almost periodic under G  if and only if 

xG  is compact minimal subset of X  . 

Proof:-  

          )(⇒  Let X  be almost periodic under 

G  , and U  be a compact neighborhood of 
X  , then there exists a compact subset K  of 

G  such that GAK =  , where 

}{ UxggA ∈=  ( A  is syndetic) , then 

UKxgKxG =⊂  which is compact 

xGUKxG ⇒⊂⇒  is compact . Now 

if xGy ∈  , then as above 

UKxGy ⊂∈  , thus φ≠∩UyG  

and U  arbitrary neighborhood of x  x⇒  is 
a limit point of 

xGyGxGyGxyG ⇒=⇒∈⇒  

minimal . 

          )(⇐  Suppose that xG  is compact 

minimal subset of X  , and let U  be an open 

neighborhood of X  . Since UGxG −  is 

closed , invariant proper subset of xG  and 

xG  minimal , then φ=−UGxG   . 

Then FUGxG ∃⇒⊂  finite subset of G  
such  

 that UFxG ⊂ . 

 Let }{ UxgGgA ∈∈=  , then 

uhxgGhUuGg =∋∈∈∃∈∀ ,,,  

thus AghUxgh ∈⇒∈ −− 11
 and 

AAFGAFg ⇒=⇒∈  is syndetic 

⇒  x  almost periodic . 

(2-6)Definition:- 

Let Xx ∈  . The transformation 

group ),( GX  is said to be mixing at x  

and the point x  is said to be mixing under 

),( GX  provided that if U  is a non empty 

open subset of X  , then there exists a 

compact subset  K  of G  such that 

KGt −∈  implies Uxt ∈  . The 

transformation group ),( GX  is said to be 

{point wise} {point} mixing provided that 

),( GX  is mixing at {every} {some} point 

of  X  . 

(2-7)Proposition:-  

         The transformation group ),( GX  is 

mixing at the point x  of X  if and only if 

)( KGx − X=  where K  is a compact 

subset of G  . 

Proof:- 

          If x  is a mixing point of a 

transformation group ),( GX  , then for 

every open set V  in X  , 

φ≠∩− VKGx )(  ⇔  )( KGx −  

is dense in X  ⇔  )( KGx − X=  . 
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(2-8)Corollary:-  

          The transformation group ),( GX  is 

mixing at the point x  of X  if and only if 

)( KGU x − X=  where K  is a compact 

subset of G  and xU  is a neighborhood of x  

. 

That is , VU x ∀∀ , , 

φ≠∩− VKGU x )(  ⇔   

φ≠∩∋−∈∃ VtUKGt x  . 

Moreover , every point of xG  is 
mixing . 

(2-9) Proposition:- 

           If the transformation group ),( GX  is 

point wise mixing , then it is point wise 
transitive . 

Proof:- 

           Let ),( GX  be a point wise mixing 

transformation group and let Xx ∈  and U  
is a non empty open subset of X  . Since 

),( GX  is point wise mixing , then x  is 

mixing point . Then there exists a compact 

subset K  of G  such that KGt −∈  

implies Uxt ∈  . But Gt ∈  implies 

Uxt ∈  . So ),( GX  is point wise 

transitive . 

(2-10)Proposition:-  

         If the transformation group ),( GX  is 

mixing at Xx ∈  and X  is compact 

minimal , then x  is almost periodic under G  
. 

 Proof:- 

           Let Xx ∈  is mixing point and X  is 
compact minimal space . Since every mixing 
point is transitive point (by  
(2-8)proposition) and X  is compact minimal 
. Then x  is almost periodic (by  
(2-5)proposition) .     

(2-11)Definition:- [4] 

       The transformation group ),( GX  is said 

to be (regionally) mixing provided that if U  

and V  are non empty open subsets of X  , 

then there exists a compact subset K  of G  
such that KGt −∈  implies φ≠∩VUt  . 

(2-12)Proposition:- 

        If ),( GX  is a point wise mixing , then 

it's (regionally) mixing . 

Proof:- 

           Let ),( GX  be a point wise mixing and 

let U  and V  are non empty open subsets of 

X  . Since ),( GX  is point wise mixing 

.Then it's mixing at every point in U  and V  . 
That is , there exists a compact subset K  of 

G  such that KGt −∈  implies Vxt ∈  

, where Ux ∈  . But Utxt ∈  , for every 
KGt −∈  . So φ≠∩VUt  . Then 

),( GX  is (regionally) mixing .   

(2-13)Definition:-  

     The transformation group ),( GX  is said 

to be universally mixing provided that if 

Xyx ∈,  , then there exists a compact subset 

K  of G  such that KGt −∈  implies 

yxt =  . 
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(2-14)Remark:-  

       If ),( GX  is universally mixing , then 

,,, xtXyx ∃∈∀   

φφ ≠∩≠∩∋−∈ yyxyxxy tUUUtUKGt )(,)(  

(where xU  is a neighborhood of x  and yU  

is a neighborhood of y  and K  is a compact 

subset of G  ) . 

(2-15)Proposition:-  

          If ),( GX  is universally mixing . Then 

it's point wise mixing . 

Proof:-  

           Let ),( GX  be a universally mixing 

and let Xx ∈  and let U  be a non empty 

open subset  of X  . Since ),( GX  is 

universally mixing . Then for every Uy ∈  , 

there exists a compact subset K  of G  such 
that KGt −∈  implies yxt =  . That is , 

Uxt ∈  , for every KGt −∈  . Then 
),( GX  is point wise mixing . 

(2-16)Proposition:-  

        If ),( GX  is universally mixing . Then  

it's (regionally) mixing . 

Proof:-  

           Let ),( GX  be a universally mixing 

and let U  and V  are non empty open 

subsets of X  . Since ),( GX  is universally 

mixing . So if Ux ∈ and Vy ∈  , then there 

exists a compact subset K  of G  such that 

KGt −∈  implies yxt =  . So Vxt ∈  

.  

 But Utxt ∈  , for every KGt −∈  . So 

φ≠∩VUt  , for every KGt −∈  .Then 

),( GX  is (regionally) mixing . 

(2-17)Definition:-  

           Let Xx ∈  . The transformation 

group ),( GX  is said to be extensively 

mixing at x  and the point x   is said to be 

extensively mixing under ),( GX  provided 

that if U  is a non empty open subset of X  , 

then there exists a compact subset K  of G  
such that there exists an extensive subset A  

of KG −  implies UxA ⊂  . The 

transformation group ),( GX  is said to be 

{point wise} {point} extensively mixing 

provided that ),( GX  is extensively mixing 

at {every} {some} point of X  . 

(2-18)Remarks:-  

       If ),( GX  is an extensively mixing at 

x  , then:- 

1- For every open subset V  of X  , there 

exists an extensive subset A  of KG −  

where K  is a compact subset of G  such that 

φ≠∩VAU x  (where xU  is a 

neighborhood of x )  ⇔  

φ≠∩∋−⊂∈∃ VtUKGAt x  . 

2- For every neighborhood xU  of x  in X  , 

there exists an extensive subset A  of 

KG −  where K  is a compact subset of 

G  such that xUxA ⊂ . 
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(2-19)Definition:-  

        The transformation group ),( GX  is 

said to be extensively (regionally) mixing 

provided that if U  and V  are non empty 
open subsets of X  , then there exists a 

compact subset K  of G  such that there 

exists an extensive subset A  of KG −  

such that At ∈  implies φ≠∩VUt  .  

(2-20)Proposition:- 

         If the transformation group ),( GX  

is a point wise extensively mixing , then it is 
extensively (regionally) mixing . 

Proof:- 

           Let ),( GX  be a point wise 

extensively mixing transformation group 

and let U  and V  are non empty open 

subsets of X . Take Ux ∈  , then there 

exists a compact subset K  of G  such that 
there exists an extensive subset A  of 

KG −  implies VxA ⊂  . But 

UAxA ⊂  . So φ≠∩VUA  . Then 

),( GX is extensively (regionally) mixing.  

(2-21)Proposition:-  

         If ),( ψϕ  is onto and ϕ  is one to 

one homomorphism from ),,( πGX  

into ),,( σHY  and X  is universally 

mixing under G  , then Y  is universally 
mixing under H  . 

 

 Proof:-  

          Suppose that Yyy ∈21,  and since 

ϕ   is onto , then there exists Xxx ∈21,  

such that 11 yx =ϕ  , 22 yx =ϕ  . Since 

X  is universally mixing , then there exists a 

compact subset K  of G  such that 

KGt −∈  implies 21 xtx = . So 

ψψϕϕϕ )(11122 tytxtxxy ====  . But 

ψψψψψ KHKGKGt −=−=−∈ )()(  and 

ψK  is compact in H  (because ψ  is 

continuous) implies ϕ)(12 tyy =  . Then 

Y  is universally mixing under H . 

(2-22)Proposition:-  

        If ),( ψϕ  is onto homomorphism from 

),,( πGX  into ),,( σHY  and x  is 

point mixing under G  , then ϕx  is point 

mixing under H  . 

Proof:-  

           Since x  is mixing point , then 

)( KGx − X=  and this means that 

)( KGxXY −== ϕ ϕϕ )( KGx −⊂ = 

)()( ψψϕψϕ KGxKGx −=− = )( ψϕ KHx −  

, where ψK  is compact subset of H , and 

since )( ψϕ KHx − Y⊂ , then 

)( ψϕ KHx − =Y  . Then ϕx  is mixing 

point . 
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(2-23)Corollary:-  

          If ),( ψϕ  is onto homomorphism 

from ),,( πGX  into ),,( σHY  and 

X  is point wise mixing , then Y  is point 
wise mixing . 

Proof:-  

          Easy . 

(2-24)Remark:-  

        If 
n
iii GX 1)},,{( =π  is a sequence of 

topological transformation groups , then 

),,( /

11

π∏∏
n

i

n

i GX  is a topological 

transformation group , where ∏
n

iX
1

 and 

∏
n

iG
1

 are finite product of phase spaces 

iX  and phase 

groups iG  and ∏∏∏ →×
n

i

n

i

n

i XGX
111

/ :π  

such that  ),,...,,,(( 321 nxxxx  

)),(,...,

),(,),(,),(()),...,,,( 332211
/

321

ππ
πππ

nn

n

gx

gxgxgxgggg = , 

where ∏∈
n

in Xxxxx
1

321 ),...,,,(  

and ∏∈
n

in Ggggg
1

321 ),...,,,(  . Its 

clear that , ),...,,,(/ πππππ =  . 

                                   n-times 

 (2-25)Definition:-  

        Let ∏∈
n

iXx
1

 . The transformation 

group ),,( /

11

π∏∏
n

i

n

i GX  is said to be 

mixing at x   and the point x  is said to be 

mixing under ),,( /

11

π∏∏
n

i

n

i GX  

provided that if U  is a nonempty open subset 

of ∏
n

iX
1

 , then there exists a compact 

subset K  of ∏
n

iG
1

 such that 

KGt
n

i −∈ ∏
1

  implies Uxt ∈  . 

Without losing of generality we can assume 

nUUUUU ××××= ...321  . The 

transformation group ),,( /

11

π∏∏
n

i

n

i GX  

is said to be {point wise} {point} mixing 

provided that ),,( /

11

π∏∏
n

i

n

i GX  is 

mixing at {every} {some} point of  ∏
n

iX
1

 .  

(2-26)Proposition:-  

 If n
iii GX 1)},,{( =π  is a sequence 

of point wise  mixing transformation groups , 

then ),,( /

11

π∏∏
n

i

n

i GX  is point wise 

mixing transformation group . 

Proof:-  

       Let 
n
iii GX 1)},,{( =π  be a sequence of 

point wise mixing transformation group and 
let  
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  },...3,2,1

,,...{

1

321

∏⊂

=∈××××=
n

i

iin

Xn

iTUUUUUU
, 

where ii XU ⊂  . Let 

∏∈=
n

in Xxxxxx
1

321 ),...,,,(  , 

where ii Xx ∈  . Since ii Xx ∈  then 

there exists a compact subsets iK  of  iG  

such that  iii KGt −∈  this implies that 

iii Utx ⊂  . Take ∏=
n

iKK
1

 , then 

∏∏ −∈=
n

i

n

in KGttttt
11

321 ),...,,,(  

. So 

),...,,,(

),...,,,)(,...,,,(

332211

321321

nn

nn

txtxtxtx

ttttxxxxxt ==
 

UUUUU n =⊂ ),...,,,( 321  . Then 

),,( /

11

π∏∏
n

i

n

i GX  is point wise 

mixing transformation group . 
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التع�دي ف�ي زم�ر ، غسان عز ال�دين ع�ارف ،  الدوري -[7]
رسالة ماجستير مقدمة إلى مجل�س كلي�ة التربي�ة ، التحوي�ت 

  ) .٢٠٠٤( جامعة تكريت –

محاض��رات ف��ي ال��ديناميكيا  ,  س��ليم ح��سن ,ألكتب��ي –[8]
   .٢٠٠٤لسنة /جامعة تكريت ، التبولوجية 

ف�����ي بع�����ض ، أس�����راء مني�����ر توفي�����ق ،  الناص�����ري -[9]
رس�الة ، عات ا@ص�غرية  ف�ي الديناميكي�ة التبولوجي�ة المجمو

 جامع�����ة -ماج�����ستير مقدم�����ة إل�����ى مجل�����س كلي�����ة التربي�����ة 
  ) .١٩٩٩(المستنصرية 

 

  


