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Abstract: In set theory ZF system, there are specious strange conclusions when set of infinite sets are
interpreted into numbers. Axiom of infinity in ZF system confuses the difference between 6+1= 46
and &+1 &, Error of Cantor's set theory is the error of axiom of infinity. Weuse § +1=8ord+ 1 #
d) to establish two opposite sets of axioms SZF + and SZF-, which are contradictory systems, similar to
Euclidean geometry and non-Euclidean geometry axioms.

In set theory SZF system, after correcting the axiom of infinity, we can prove that "for any
definable predicate P (n), if it is true to finite n, then for any infinite number a, P(a) is also true.” Power
set axiom, axiom of separation, axiom of substitution, axiom of choice, axiom of foundation these
axioms have become provable propositions.

In fact, the four axioms and several definitions of "axiom of empty set, set axioms, union axioms,
and infinite axioms" are sufficient for the set theory system.

In Cantor’s set theory, there are ordinal numbers and uncountable ordinal numbers. There are no
uncountable ordinal numbers, so proof of uncountable ordinal number is false. The transfinite induction
in Cantor’s set theory is also false; in fact, transfinite induction is very simple, we can prove that: for any
definable predicate P (n), if it is true to finite n, then for any infinite number a, P(a) is also true.

In classical set theory system, all difficulties are from infinite difficulties. After we have solved the
axiom of infinity, infinity is as simple as finite.

1. Contradiction and reconstruction of axiom of infinity

1.1 Contradiction of axiom of infinity

We know that a set can be defined as a number and a finite set can be defined as a finite number ;

an infinite set can be defined as an infinite number.
For finite natural numbers, we can define with set: (1) 0=¢, 0+1={0},(2) n+1=nU{n},
For any finite number, there is N = {O-l- PATERE n —1} ;
The infinite axiom in the classical set theory ZF system:
Jof(Oew)A(New—>n+lew)], a)={0-1~2~--n----}.

Cantor’s ordinal number @, is the generalization of finite natural number, that is a set and a



number, but it is contradictory.
For finite set: n={0-1-2-----n—1},

Make limits on the both sides at the same time;

limn={0,12,---, iil?o(”‘z)’lii?o(”_l)}’

n—oo

Let §=limn, only §={0-1-2-----6—2-5—1} is obtained.

There are only two possibilities for successor of infinite numberd: o+1=dor o6+1=9.

)If §+1#5 then §-2#5-125#5+1,6={0-1.2-----6-2-6-1};
(INIf §+1=5,then 6 —2=06-1=6=0+1,6={0-1.2-----6}.

There is no doubt about Cantor's definition on ordinal numbers and finite sets are defined as finite

numbers; about an infinite set is defined as an infinite number (that is, infinity) @, we need to ask : What

is the successor (@) of this infinite set? w+1=w?Or w+1# w?

(1) If @ meets (1), thatis w=0,

then 0={0-1.2-----0—2- -1} (al)

And general axiom of infinity holds that: @ = {0-1- 2----n--- } (b1);

In form (al), @ has successors @+1 w+2,---, obviously there are predecessors
o-1Lw-2,---.

In form (bl), if @ is regarded as limit set of N, @w=Ilimn 2{0, 12,--,n, } @ only has

successors @w+1, w+2,--- and so on but do not have predecessors w—1, @ —2,---;
(al) and (b1) are inconsistent in form.
@ If @ meets(Il), o=w+1, @={0-1-2---- o}
wisthe oo inthe standard analysis, in the standard analysis co=o00+1,
w—N=0w—-2=0w—-1=0w=0w+1=00+2 =00+ N can be obtained immediately .

Thatis: w=w+1 ----(a2);

According to set operation, @={0-1-2----n----} , 0 +1=wU{e}={0-1-2-----a}, The

elements of these two sets are different.
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Thatis: o+1# ® (b2);

(a2) and (b2) are contradictory and obviously, @ isnot co.
Cantor’s definition on infinite ordinal number @ does not belong to any of the above cases and

we think that it is divorced from mathematics and a game of symbols of no practical significance.

(3) If calculate according to limit of standard analysis, n={0,1,2,---,n—1} is the limit form,

limn={0,1,2,---,lim(n-2),lim(n -1},

Nn—oo
Since,

limn=Ilim(n-1) =

0= {0, 1 2, ---,oo} can be obtained immediately
Namely, coe€ .

This is a cycle set, while classical ZF system cannot explain significance of it but regards it as a

singular set to be ruled out.

(4) o is an infinity, according to intuitive sequence of infinite, 2%, 3”shall be between ®° and

Size of infinities is as follows:

@

O <@ < <29 <3< K@Y <o e (ad)

In the calculus definition of ordinal numbers
B+a=sup{B+yly<a}l,
p-a=sup{B-yly<aj,
B =sup{f’ |y <aj.
It can be concluded that:

a):2w:3w:nw,

0=2°=3"=n° <20< @ < @° < O° < O ~werermmmmmmeenne- (bd)

These are some strange conclusions and (a4) contradicts with (b4)
(5) In Cantor’s set theory, it is easily to conclude that:



2°=w (Power operation theorem of Cantor’s ordinal number 2 = sup{Z" |n< a)} =)

In Cantor’s set theory, it is easy to conclude that: if two ordinal numbers are equal, their cardinal
numbers must be equal.

Thus: 2= = [2°|=| ) (a5);

In Cantor’s set theory, it is easy to conclude that: cardinal numbers of power set of natural numbers
are larger than cardinal numbers of set of natural numbers.

|2“| > || Cantor’s power set of natural numbers is an uncountable axiom ----------- (b5);

(ab) contradicts with (b5);
But in some papers, to avoid these contradictions, the power operation of ordinal numbers is simply
omitted or not discussed.
(6) Cantor defines all countable ordinals as a set

0} :{012 ..... a)2a)a)2a)32w3wa)wa)w }
If o, is a countable ordinal number, then @, € @, which is contradictory with axiom of
regularity, therefore, it can be inferred that: ¢, is a countable ordinal number.

=0, o =A@y} @, ={x:on()A|xId o, [}
And then a serious uncountable ordinal numbers are defined
O<W, <@, <@W <--

X € X does not necessarily lead to contradiction, above inferences on uncountability are false.

The above contradiction is essentially caused by the incorrect definition of the infinite, leading to the

entire ordinal error. We must thoroughly revise the 'infinite axiom',

We have introduced two infinite axioms, the standard infinite axiom and the non-standard infinite
axiom.( See Infinity and infinite induction---Tranclosed logic princiole and its inference(3))

1.2 Reconstruction of infinity axiom

Definition of the classical infinity: assume that N is set of all finite numbers, there isa ¢

larger than all finite numbers E, ¢ is infinite and it is called as infinity noted as: & = oo that is
N={O~1~2 ..... n}
A6[VEeN (6 >E)]

Or define with limit:

limx, =J, note as: & = .

n—o



According to above classical infinite limit,

limn=Ilimn+1,noteas limn=4¢,thatis: 36 (6+L=0),

n—ow n—o nN—ow
Above classical infinite limit definition can also be summarized as “classical axiom of infinity”,

that is:

Classical axiom of infinity: N = {O~1- 24000 n}

AS5[VE eN (6 > E)]A[o+1=14].
Classical infinite axiom:

N:{O-1-2 ----- n----}, 36[VEeN (6 > E)]A[6+1=4].
Compared to the classical infinity axiom, we propose anticlassical axiom,
Anti-classical infinite axiom
N:{O-1-2 ----- n----},36[VE e N (6 > E)IA[6+1#5];

"Classical infinite axiom™ and "anticlassical infinite axiom™ are contradictory and cannot be
established simultaneously in the same system.

In order to distinguish the different operation results of classic infinite axiom and anti-classical
axiom, we introduce the following definitions:

Definition1.2.1 Standard limit and non-standard limit

We rule:

(1) If satisfy classical infinite axiom I6[VE €N (0 > E)]A[0+1=05], remember ¢ as

oo =limn,thencalled limn is standard limit ;

(2) If satisfy non-classical infinite axiom 35 [ VE € N (6 > E)]A[0+1# ], remember & as

@ = plimn, thencalled xlimn is non-standard limit .

n—oo n—o

Finite set n= {O, 12,--- (n—l)} ,when n— oo,
@) limn={0,1,2,---,lim(n—2),lim(n—1)} is an infinite set,
w:{oala 2,"',%};

@ wulimn={0,1,2,---, ulim(n—2), ulim(n—=1)} is an infinite set,

n—oo n—oo n—oo



@={012@-1}.

Based on the above analysis, we propose the following two axioms.
Definition 1.2.2 Classical infinite axiom and anti-classical infinite axiom
1. Classical infinite axiom (Standard infinite axiom ZF6-)

(1 Jisaset, (2) If n isaset , n"=nU{n}isaset, (3) limn alsois a set;
n—oo
(co=limn,co=00+1)
n—o0

2. Anti-classical infinite axiom ( non-standard infinite axiom ZF6+ )

(1) Qisaset, (2) If n isaset , n"=nU{n}isaset, (3) wlimnalso is a set;

n—o

(m=plimn, @+w+l)

nN—oo

Example 1.2.1 Difference between standard infinity and non-standard infinity

1
(1) In standard infinity, infinity oo is a number, infinitesimal is 0, — =0, there is no bit for any

(e8]
number at infinity, a_ does not exist.
x:O_alazaa...an...
(2) In non-standard infinity, Multi-level non-standard infinity---,@ —1, @, @ +1,---, infinitesimal
1 1 1 o . o
.. y—, ,--+ both are numbers; there are many infinite bits at infinity for hyperreal
og-1 o o+1
numbers

x=023,8,-a,-a,,a,

Classical infinite axiom is also called standard infinite axiom, anti-classical infinite axiom is also called
non-standard infinite axiom, they are recorded in the set theory system as ZF6- and ZF6+.

2. Non—-Cantor set theory system SZF

In Cantor set theory, cycle set refers to sets in form of X € X, also called singular set. A cycle set is

a normal phenomenon that occurs when a set is mapped into a number and does not need to be excluded

Example 2.1 Assume that all sets containing a real number{x} corresponds to a real number Yy,

thatis: y=f(x), f(x)={x},



set{x}: {2}, {g}, 7, 23, ...
Corresponds to a real number : {2}:%, {g}:%, {7}=—=, {\/E}zl——\/_, .........

If: function f (X) :1—%x,{2} :l,{7} = —%{\E} :1—%\/5,--- and so on.

Ask: is there is set X € X ? Convert to above mapping relation, that is : is there X = f(x) ?

x=1—£x,x:§.
3 4

That is : § :{§}, namely, there exists set § IS E )
4 4 4 4

Similarly, we can get a cycle set by mapping the set of real numbers containing two elements, set
of real numbers containing multiple elements, and even the set of real numbers containing infinite
elements into a real number

Set of natural numbers {0,1,2,---,n—1} corresponds to a number f (n), f(n) =n, that is:
0}=1, {0,1}=2. {0,1,2}=3, {0,123} =4, ...
f(n)={0,1,2---,n-1},n={0,1,2,---,n-1},

limn=Ilim(n-1)=c0.

oo:{O,l, 2,---,00},

That is oo €00, can be obtained immediately.
oo oo which a cycle set cannot be explained by classical ZF system and regarded as a singular set
needing to be excluded. A cycle set does not cause contradiction and it makes no sense to exclude it.
Thus, we delete axiom of regularity in following SZF system.
We use non-standard infinite axiom (SZF6+) and the standard infinite axiom (SZF6-) to substitute

the infinite axiom ZF6 in ZF and construct two set theory systems SZF+and SZF- respectively.

1.Primitive symbol
(1 Set: V={JxY,z,---u,v,---A B,C,---}:
(2) Belongto : €;

(3) Logical symbol: —,—,<>,A,Vv,3,V,;

(4) Predicate: A(X), B(X),---A(X,¥),B(X,Y),--;

(5) Transfinite calculus limn, zlimn;

n— n—oo



(6) Parentheses: {}; (, ).

2.Formation rule of set

(1) Empty set J isaset;

(2) If X, y aresets, then {X, Yy} isaset;

(3) If x y aresets,then xUy isaset.

3.Definition

(1) Unionset: AU Bdef =(Vx)(xe Av xeB);

(2) Successor set: x'def =xU{x} :

(3) Subset: xcy def=(WW)(vex—vey);

(4) Ordered pair set: (X, y) def = {{X}, {x, y}};

(5) Set of direct product: uxv def ={(x, y)|(xeu)A(yeV) }:

(6) Power set: g(y)def =(VX)(X € po(y) <> X Y).

4. Axiom of set.

ZF1: axiom of extensionality, if elements in two sets are the same, then these two sets are equal,
that is:

xeV F (VA)(VB)(VX)(xe A«<>xeB) > (A=B);
ZF2: axiom of empty set, we can construct a set ¢J without any element, that is:
xeV F 3AD)(VX)—~(x e D);
ZF3: axiom of pair set, if X,y are sets, we can construct a set only including set X,y , thatis:
xeV F (Vy)(V2)[Au)(VX)(Xeu <> (X=yv X=12));

ZF4 Axiom of union: For any given set X, there is a set y which has as members all of the
members of all of the members of X. that is:

xeV F Vx3yvz(ze y <> 3u(z eu AU e X))
(noteas y=def Ux)
ZF5: axiom of power set, if Y isa set, we constructaset A including all subsets of Y, that is:

xeV F (VY)FA)(VX)(xe A<>Xxc y), noteas A=gp(Y);



(Axiom of power set is provable)

ZF7: Axiom of separation. A(X) is a property on set V. On V , a subset satisfying property
A(X) can be constructed, namely:

xeVEF @NWX)(xel <> AX));

(under transconsistent logic, we can substitute “axiom of separation” with following
“comprehension axiom™.)

ZF8: Axiom of substitution. If z is a set, make use of function A(X,Yy) to construct set t,
that is:

xeV F (YX)(Ay)A(X, y) = (V2)(3t)(Vu)(u et <> (AV)(V € z A A(V,1)));

5.Classical infinite axiom and anti-classical infinite axiom

ZF6-. Classical infinite axiom (Standard infinite axiom)

(1) isaset, (2) If n isaset , n"=nU{n}isaset, (3) limn alsois a set;
nN—oo
(co=limn,co=00+1)
N—o0

ZF6+. Anti-classical infinite axiom ( non-standard infinite axiom )

(1 Jisaset, (2) If n isaset , n"=nU{n}isaset, (3) wmlimnalso is a set;

nN—oo

(=ulimn, @#w+l)

n—o

ZF6-. standard infinite axiom, construct an infinite set including original set and all successor set as
elements, that is:

xeV F (Joo)(co=limn)A((0eoAanew) >n" ex);

Noteas co=limn, co={0-1-2-3:+++-00----}.

nN—oo

ZF6+. Non-standard axiom of infinity, we can construct an infinite set including original set and all
successor sets, that is:

xeVE Ja)(w=ulimnA((Oemarnew) >n" cw).

n—oo

Note @ =ulimn, @={01.2-3---@ }.

n—oo

Definition 2.1 Axiom system of set theory SZF
(1) The axiom system composed of axioms ZF1, ZF2, ZF3, ZF4, ZF5, ZF7, ZF8 in addition with
standard infinite axiom ZF6 is called the standard set axiom system, expressed as SZF-;

(2) The axiom system composed of axioms ZF1, ZF2, ZF3, ZF4, ZF5, ZF7, ZF8, in addition with



non-standard infinite axiom ZF6 + is called non-standard set axiom system, expressed as SZF +.

Standard set theory system SZF —, (o +1 = w);

Non-standard set theory system SZF + (@ +1 # @).

Set theory system SZF {

Power set axiom, axiom of separation, axiom of substitution, axiom of choice, axiom of foundation;
In ZF systems, these axioms do not work in finite sets, but only in infinite sets.

In set theory SZF system, we correct axiom of infinity; later we can prove that “for any definable
predicate P (n), if it is true to finite n, then for any infinite number a, P (a) is also true.”. Power set axiom,
axiom of separation, axiom of substitution, axiom of choice, axiom of foundation all have become
provable propositions.

In fact, axiom of empty set, axiom of set, axiom of union and axiom of infinity these four axioms
and several definitions are sufficient for set theory system. To preserve the historical appearance of set
theory, we reserve these axioms. We will prove these propositions with infinite induction and will not
discuss here.

With standard infinite axiom and non-standard infinite axiom, we have constructed two set-theoretic
systems, SZF-, SZF+, respectively. These two systems, similar to Euclidean geometry and
non-Euclidean geometry axiom systems are contradictory systems.

We use non-standard infinite axiom (ZF6+) and the standard infinite axiom (ZF-) to construct two
set theory systems SZF+ and SZF- respectively. These two systems which are similar to Euclidean
geometry and non-Euclidean geometry axioms are mutually contradictory systems. Next we discuss
ordinal numbers, cardinal numbers, infinite induction and continuum hypothesis in two systems

respectively.

Note:In the following discussion on axiom system of standard set SZF -, "@"is used for
marking.

3. Ordinal numbers And Infinite induction of
Non—-standard Set Theory (SZF+#)

3.1 Ordinal number

In axiom system of non-standard set theory SZF+, natural numbers can be generalized to transfinite
natural numbers, namely ordinal numbers.
Definition3.1.1  Ordinal numbers

(1) O is an ordinal number, denoted as 0;

(2) If n isan ordinal number, then n+1def = nU{n} is an ordinal number;

(3)When n—o00, @ = ulimn is an ordinal number;

nN—oo



(4) If o isan ordinal number, then o +1def = U{a}is an ordinal number.

Numbers formed by (1) and (2) are finite numbers, also called standard natural numbers; numbers
formed by (3) and (4) are infinite numbers, also called non-standard natural numbers; ordinal numbers
which are generalized by standard natural numbers are also named transfinite natural numbers.

Limitof n={0-1.2-----n—1}, @ = ulimn, get:

n—o

It contains the subtraction of ordinal numbers. In the axiom system of non-standard set theory SZF+,
the infinite ordinal number has not only the successor but also the predecessor, which is different from
Cantor’s infinite ordinal number.

n-1, n—2,---,n—k, -, n*=1, n*=2,---,n*—k, ---....etc. are all functions on natural
numbers.
When h>w, o-1 @-2,-,o-k - @*-1, @ —2,---,0*—k, -~ are all ordinal

numbers.

Different types of ordinal numbers lineages:

oo+l 20,20+1---,3w,3w+1,------

@’ o’ +1,- 2%, 20" +1,---,30° 35" +1,- -+

@’ @+, 20°,20° +1,--+,3w°

27,27 41,0+ 227, 2% 27 +1,-++,3% 27, 3% 27 +1, -+

37,37 +1,-+ 2x37,2x37 +1,+++,3x37,3x 37 +1, -+

plimCkn+m) =ka +m, xglim(kn® + m=ka& " +m,

n—oo nN—o0

wlim(kp" +m=kp” +m, glim(kn" + M=ka” +m,

nN—o0 n—o0

...and so on are all ordinal numbers (k,m, pe N).

Later we denote set of ordinal number with N™:



N* :{0.1.2....w.w‘+1....2w‘.3w....wz .wa....
w ....nw ....ww...wwm ...ww'..w ...}
We know that size of standard natural numbers can be compared since it has certain order, so when

it is generalized to ordinal numbers, does the ordinal number remain in its original order? The answer is

yes.

It is easy to know that when the ordinal number is regarded as a set, satisfying following relations
Ocle?2ec3e---co—-lcmewm+le---

ce2w-1ec2wec2w+le----c3we-cw’e-cw -

Simultaneously satisfying:
Oclc2c3c--co-lcoco+lc---

c2o-1c2wc2w+lc---c3wc-cw’C-Cm -

This is the same as the Cantor’s ordinal number and can be used to compare size of ordinal
numbers.

Definition3.1.2  Size comparison of ordinal numbers

Let f (@), g(@) be ordinal numbers containing @ ,

(1)If there exists standard natural number n, , ¥Yn(n>n, — f(n)>g(n)) , then
f(@)>9(@);

(2) If there exists standard natural number n,, vn(n >n, — f(n) <g(n)), then f (@) < g(@) ;

(3) If for any standard natural numbern, f(n)=g(n),then f(@)=g(w@).

Obviously, above definition is also true to any ordinal number.

Example 3.1.1 Size comparison of ordinal numbers
Sincewhen Nn>0, N+5>n+2,N*+7>n°+1,50 o+5>w+2, @ +7>w@° +1;
Sincewhen Nn>2, n°>n+2, n*>n’+3,50 @’>@+2, @ >w@’ +3;
Sincewhen n>1, n’>n>.N>n’n’>n",s0 @' >@°, @ >@°, @’ >

2 2
Sincewhen n>1, 2">n,2"">n%s0 2° >w, 2° " > w?:

Sincewhen n>1, 10">9">7">..->2" s0 107 >9” >77 >.-->27;

Sincewhen n>5, (n+1)">n">5">2" s0 (w+1)” >@” >57 >27.



It is easy to conclude:
Theorem3.1.1 Size and order of transfinite natural numbers
O<l<2<--n<--<w<w+l<--<w+nN<---<20<3w<---<Nw<--"

@ ST

<@ <@’< <@ < <27 <F < <N << @7 < <@ << BT <oee

Prove: (omit)

This arrangement of transfinite natural numbers is consistent with the algebraic operation of

standard natural numbers, and is consistent with intuition.

3.2 Infinite induction

Whether mathematical induction of transfinite natural numbers can be generalized to the set of
transfinite natural numbers, whether the generalized induction of transfinite natural numbers is the

Cantor’s infinite induction; the questions will be answered in the following.

Let N*:{O.l.2....w‘.w+1....2w.3w....w2.w‘s....
a"---n”w” - w” ---wz"’"'w---} is the set of transfinite natural numbers.

If for finite natural numbers, formula A(n) is true, then for infinite natural numbers, is formula

A(@) also true?

More generally: induction for standard natural numbers can be generalized to non-standard natural

numbers, that is :
Theorem3.2.1 Transfinite natural number induction

Assume that N is the variable of standard natural number ne N, « is the variable of
transfinite natural number ¢ € N* and A is a property defined by equality on the set of standard
natural numbers,

aeN" F AQ)A[A(N) > A(N)] > VaeNA) .
In set of transfinite natural numbers N~, induction is still true, so it is also called transfinite

natural number induction.

Example3.2.1 It is easy to prove with finite natural number induction:

1 1 1 1 n .
- 4 44+ ——  —— istrue.
1.2 2.3 3.4 n(n+1) n+1

Namely: A(n)-------- Let A(n) be above formula,



1 1 o
+—F- 4 =
1.2 2.3 34 ala+l) a+l

is true,

Namely: A(«),
Example 3.2.2 Propositions which are true in standard natural numbers are true in non-standard
natural numbers, for instance, following propositions of standard natural numbers are true,
P+22+3F .40’ :[%n(n+1)]2;

1 1 1 1 3 1 1

7 v Tz Tt T °
2°-1 3-1 4°-1 n“"-1 4 2n 2(n+))

Above formula is also true to transfinite natural number (¢ is a transfinite natural number),
1
P+22+3+ 40’ :[Ea(OHl)]Z'

1 1 1 1 3 1 1

—t—t—— ot —— = :
2°-1 3-1 4°-1 a"-1 4 2a 2a+))

“Transfinite natural number induction” also can be regarded as non-standard form of “finite natural
number induction.

Finite natural number induction:
neN F A0)A[AN) - A(N")]— Vne NA(n),
Transfinite natural number induction:

aeN" F AQ)A[A(N) = A(N)] = Va e N"A):;

3.3 Infinite Sets under infinite induction
Example 3.3.1 Definite of finite set

(1)Natural number F(n)={0,1,2,3,---,n-1}.I1f F(n)=n,then Nn={0,1,2,3,---,n—1};
F@)={0}
F(2)={0,3,

F(3)={0,12},

F(n)={0,,2,3,---,n-13},



(2)Set of additional layer L(n)={---{{{O}}}---};

@=0,
L(1) ={0},

L(2)={0}}
L(3) ={{{0}}}

L) ={--{{0}}}.

(3)Power set of natural numbers ¢o(n) = ({0,1,2,3,---,n-1});
=0
»@) = p({0}) ={0.{0}} -

#(2) = ({0,1}) ={0.{0}. {1 {0.{1}}.
80(3) = p({o 1 2}) ={O,{O},{l},{2},{0,1},{0, 2}!{1! 2}1{0115 2}},

o(n) ={0.{0},{3.{2},---.{n—1},{0,1},{0, 2}, {1, 2},---,{0,1,2,3,---,n—-1}}.

n n
MIf a,a,,a,,---,a, aresets, unionset U(n) = Uai , direct product set D(n) = l_Iai are sets.

i=1 i=1

According to infinite induction, if ¥Yn(F(n)=H(n)) istrue, in non-standard analysis,

8, ={Ny, N}

a, :{n21’ nzz} ’

n
U(n)= Uai o LUTRLL'P2 P PPELEI P Y
i=1

D(n) = Hai =8 %8, ={(Myy, Nyy), (Mi Ny1), (Miy, M), (N5, )}

3
D(n):Hai =8 xa, X8,
i1



— {(nll’ n21’ n31)’ (an’ nZl’ n31)’ (nll’ n22’ nSl)’ (an’ n22’ n31)l }
(nll’ nZl’ n32)’ (an’ n217 n32)1 (nll’ n22’ n32)l (n127 n22’ n32)
pulimFE(n) = ulimH(n), F(@)=H (@) is also true.

Theorem 3.3.1 Infinite sets in non-standard analysis
(1) Set of infinite natural numbers

Foranyn, F(n)={0,1,2,3,---,n—1} isaset, so

ulimF(n)=ulim{0,1,2,3,---,n=1} is set, namely,

n—oo n—oo

F(@)={0,1,2,3;:-,a-1}
If F(n)=n,then

7={0,1,23 @1}

(2) Set of infinite additional layer

Forany n, L(n)={---{{{0O}}}--} isaset so

plimL(n)=plim{---{{{O}}}---} isaset, namely,

n—oo n—
n

L(@)={-{{0}}}}.

(23

(3) Infinite power set g(n) = ({0,1,2,3,---,n—-13});
Forany n, ¢(n)=({0,1,2,3,---,n—1}) isaset, so

ulimgo(n) = ulimp({0,1,2,3,---,n—1}) is aset, namely,

n—oo n—o0

@(ZD') = 80({0 ’1! 2’3! ' ",ZD'—].})

(4) Infinite union set, infinite direct product set;
n n

If a,a,,a,, -+, a,aresets, foranyn, U(n)= Uai ,D(n) = l_[ai are sets, therefore
i=1 i=1

Infinite union set and infinite direct product set

ulimuU (n) =,u|imUai , ulimD(n) =,u|im1_[ai are sets, namely,

n—w n—wo i n—w n—o T

U(a) =Oai D(@) =f[ai |



@®4. Ordinal numbers And Infinite induction of
Non-standard Set Theory (SZF-)

In axiom system of standard set theory SZF-, since

limn=ow, cw+n=00,

n—o

Calculate limitof n={0-1-2-----n—1}, get

Theorem4.1.1 In SZF-axiom system of the standard set theory, all infinite numbers are equal,

and there is only one infinite oo
coe=w—2=0w—-1=w=w+]l=0+N=200=Nc0="--

:CDZZCDBZCDn :ZOOZBOO:CDOO:CXJOO e

Later we denote set of ordinal numbers with N , while N is the set of natural numbers:

N :{0.1.2....00 }

In the axiom system (SZF-) of standard set theory, “transfinite natural number induction” changes to

following form,
Theorem4.2.1 Transfinite natural number induction

Assume that n is the variable of standard natural number, namely ne N, A is a property
defined on equality on the set of finite natural numbers,

F A(0) A[A(N) — A(N")] — A() .
In set of standard natural numbers, N ,if A(n) istrue, then A(co) is also true.

Example 4.2.1 It is easy to prove with finite natural number induction:

1 1 n
+— 4 =—;
1.2 2.3 34 n(n+1) n+1

1 1 1 1 3 1 1

2 12 4z Tt T :
22-1 3-1 4°-1 n“-1 4 2n 2(n+1)

For oo, infinite series is also true,

+ + o — +...:|iml:1,
12 23 3.4 i+ o n+1




1 1 1 1 .31 1 3
——t ottt = lim— - —— 1=—-
2°-1 3-1 4°-1 ic-1 >4 2n 2(n+1)” 4

According to infinite induction, if Yn(F(n) =H(n)) is true, in standard analysis,
limF(n)=limH(n), F(0) =H () isalso true.
n—o n—oo

Theorem 4.3.1 Infinite sets in standard analysis
(1)Set of infinite natural numbers

For n, F(n)={0,1,2,3,---,n—1}is a set, so
limF(n)=1im{0,1,2,3,---,n—=1} is aset, namely,

F(0) ={0,1,2,3,-+,00}

(2) Set of infinite additional layer

For n, L(n)={--{{{0}}} --}isaset, so

IinrDmL(n) = LI_TO{ ~{{{O}}}---}is a set, namely,

L(eo) ={---{{{0}}}--}.
(3) Infinite power set (n) = ({0,1,2,3,---,n—=13});

Forany n, ¢(n)=¢({0,123,---,n—-1})is aset, so

limgp(n)=Ilimp{0,1,2,3,---,n—1}) is a set, so

SO(OO) = 80({0 ’11 213! o ,oo})
If F(n)=n,then

0={0,1,2,3,---,00}.

(4)Infinite union set, infinite direct product set;

n n
Ifa,a,,a,,---,a,aresets, for n, U(n)= Uai , D(n)= l_Iai are sets, therefore
i=1 i=1
Infinite union set and infinite direct product sets

n n
: s i I | |
limU (n) rlgroli!la, , rlgrolo D(n) rIgrolli:l[a, are sets, namely

N—o0



U(oo):Oai,D(oo)zﬁai.

In a word, Axiom of infinity in ZF system is false. Axiom of infinity must be established with (5 +
1 =0o0rd+ 1#0). Theinfinite induction in Cantor’s set theory is also false; in fact, infinite induction is
very simple, For any definable predicate P (n), if it is true to finite n, then for any infinite number a, P(a)
is also true. After we have solved the axiom of infinity, infinity is as simple as finite.
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