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ABSTRACT.

Using the hypotheses of Einstein (1905) and Lemaitre (1927) by a certain compression and explosion of real numbers
we construct a theoretical mathematical model which can show the permanent inflation of the universe from a ,,small”
to ,,big” state. Our model is limited to the time-dimension and the three space- dimensions. and a new apparatus of
exploded and compressed numbers was used [1]. We offer a justification of compression and explosion of real
numbers, model the inflation of the cube universe and perform computations in it.

INTRODUCTION

We imagine the universe in the abstract state, as the familiar three dimensional Euclidean space

—o < x < oo
R3 = {P = (x,y,z)l{—oo <y< 00},
—00 <z <
with its well known apparatus, among others
- the ordered field (R, <, +, ) of real numbers,
- the vector algebra of the multiplication ¢ - P = (cx.cy, cz), ¢ € R and addition
P, + P, = (xy +x,,¥1 + ¥, 21 + z,) with their consequences, for example the norm

1P = V2 + 57 + 22

d(Py, Py) = (t1 — %)% + (31 — ¥2)% + (21 — 2,)%,
- the concept of Cauchy — convergence and limit of functions, for example the sequence of real numbers
{xn )=, converges to the real number x, if for any positive ¢ there exist a threshold — number v, such that if
n > v then |x, — xq| <&, or lim,_, x,, = 0 means that for any real number K there exist a threshold -
number v, such that if n > v then x,, > K.

and distance

Moreover, a new apparatus of exploded and compressed numbers is used. (See [1]).

Here, we offer a justification of the compression and explosion of real numbers, represented by the number line. First
we need to determine the place of 0 (origo) then that of 1, which will determine the unit of distance - measurement. By
doing that, we have determined the place of each real number x. Let us call the direction towards 1 the positive
direction, the other the negative direction. But how does this method work in practise? Let us take the position of 0
from which we look at the three-dimensional space. In this step we focus on the positive direction, only. To find the
point x we send a point-like satellite from the origo in the positive direction. We are in the origo. How can we obtain
the information on x from the satellite? If we get it then, at time when the satellite reaches the point x, it is late. It is
because, by the time the information reaches the origo the satellite will be over x. So, the satellite has to give the sign ,,I
am in X earlier, from the point £. This is the compressed of x, denoted by x. So,

0.1) f=x.

Conversely, x is called the exploded &, denoted by

(0.2) x=¢.

Using these notations mutually, we have the inversion formulas:

(0.3) &= (&), where ¢ is an arbitrary compressed number,
and

(0.4) x = (x), where x is an arbitrary real number.
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Clearly,

(0.5) 0=0 and 0=0

but if x # 0 then

(0.6) || < Ix[, (x may be negative real number, too)
and if & # 0 then

(0.7) €] < |€].

If we accept that the universe was created by the,,Big Bang” (Lemaitre, 1927) then from the beginning to our days a
certain time, denoted by t,iverse = 13,7 - 10° year, passed. Assuming that there exists a supreme speed (Einstein,
1905), denoted by vgypreme. for any real number x we have that its compressed ¢ remains under the bound vs,preme *
tuniverse- NOwadays our universe seems to be enlarging. Nobody knows that the time of enlargement is finite or
infinite. If t,,,erse teNds to get closer to infinity, then the universe enlarges, eternally. (If the inflation of the universe
has a final time t;, fiation, then in the case of t > t,f14¢i0n the collapse of the universe is coming, perhaps.) Of course,
we can compute shorter time (0 <)t < tyniverse; from the beginning, too. In this case we have the compression -
parameter

(0.8) o(t) = Vsupreme * t
and
(0.9) 1§l <a(®)

is obtained. Hence, R, denotes the set of compresseds of real numbers, represented by the open interval (—o, o) of the
abstract number line. We may interpret this open interval as compressed number line. The o - compressed of the real
number x will be denoted by x,, . Considering a point P = (x,y, z) € R? we define its 0 — compressed, as

(0.10) By = (%0 Yo 20 ).

If S is a subset of R3 then its ¢ — compressed is
(0.1) S, = {B,|P € S}.

If S is a line, plane, circle, ball, we are speaking about a sub — line, sub — plane, sub — circle, sub — ball and so on.
Moreover,

(0.12) R® ={B|P eR?}

is the compressed three — dimensional space, represented by the open cube
—oc<x<o

(0.13) R = {P = (x,v,2)| {—a <y< a} .
—0<z<o

The open cube R® may be extremely small. For example if t =10"* sec then (0.8) gives that o(t) ~ 3 -
10~2"millimetre, which is a measure for quantum mechanics. On the other hand computing with ¢ =~ t, i erse  the
o(t) =~ 13,7 - 10° light — year is obtained. This is an extremely big open cube in the abstract three dimensional
space R3. Athough the sizes of this open cube are finite, under today’s circumstances its border is not perceptible,
practically infinite. We are moving in the finite universe ]Rja but thinking in the infinite universe R3.

1.THE CUBE - UNIVERSE WITH SOME SUB - LINES

Figure- 1.1
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As the real compression is unknown for us, we choose a comfortable compression. So, we give the ¢ — compressed
of real number x:

Ea—t
edo—e 0

(1.2) Xy =0- tanhg(z -5 x>.—oo <x <o, (See(0.1).)

edt+e o

It is easy to check the validity of (0.6) and the first part of (0.5). For the ¢ — exploded of compressed number ¢ € R,
we give

$
(1.3) =g tanh—1§<= g . 1nig> ,—og<&<a. (See(0.2))

g

We may check the validity of (0.7) and the second part of (0.5) By the inverse connection given by (1.2) and (1.3) we
can check the inversion formulas (0.3) and (0.4).

Introducing the sub-addition

(1.4) x@py = X7 +5° <= x%) , XYER,
- < 5 1+a_2 ,
and sub-multiplication
—y0 .50 (=g, . -1%) . -1Y
(1.5) xOgyy=x° y”a (— o - tanh (a (tanh U) (tanh U))) X,y ER,

we give an algebraic structure for R;. By (1.4) and (1.5) we have an isomorphy between (R,<,+, -) and
(R, ,<,®,,0,). So, the latter is an ordered field, too.

It is remarkable that the sub-addition is similar to the Lorentz — addition of speed. On the other hand there exist an
essential difference: in the latter the speed of light ¢ appears instead of the compression — parameter o which has a
distance dimension. The isomorphy between the universe R3 and the universe Eagiven by the mappings

(x,y,2) — (za.za.za) x%,y,Z €R
and

€nd—(80.%7.09)  EnER,,

is rather general. For example, the sub-distance of points P, = (x,y;,2;) and
P, = (x3,¥2,2,) € R®_is defined by

(1.6) d,(P,P) =d(P,’.F,") ,
e

where for P = (x,y,z) € R® we say that

(1.7) Bo = (%9, 37 ,5%) € R?:

With respect to universe ]EU the compression — parameter o plays the role of . For example the point
Pyoraer = (0,0,0) € R® being on the border of R is outside universe R® . S0, dy(0, Pporaer) does not exist. But,
considering the point P = (x,0,0) , 0 < x < o we have that P € &30. So, by (1.6), (1.7), (0.5), (1.3) and (0.3) we can
write

4,(0,P) = d(0,P7) = |¥7l, =|o-tanh1 7] = @), =x

(4

Hence, limxza d,(0,P) =g &R,. (The point Py g0 = (0,0,0) is invisible in ]Rﬁa.)
x<o

Choosing the ¢ = 1 ,we give some examples for the geometry of universe ]Ril, demonstrated by Fig. 1.1. (A complete
discussion is in [2].) Compressing the linea

* 1 t
Xt =—
V6
. 1
L=<P=(x*y*z") € R} y Zﬁt ,—0<t< oo
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and writing that (x*); = x, (y*); =y and (z"), = z by (0.10) and (1.2) we have the sub line

t
x = tanh—

NG

t
y = tanh—
P =(x,v,z) € R3{ f_w<t<m
1+ 2tanh—

V6

2+ tanhﬁ

V6

Z =

which for t = 0 has the point (0,0,%), moreover its border-points are (—1,—1,—1) and (1,1,1). (See Fig. 1.1)

Similarly, the sub — line

( tanh —
X = tann—
V6
t
y = —tanh—
£1= P =(x,y,z) € R3 ‘/EZt,—OO<t<oo
1+ 2tanh—
_ V6
Z= 2t
2 4+ tanh—
V6
is obtained. It has the point (0,0%), moreover its border-points are (—1,1,—1) and (1,—1,1). (See Fig
identity
1)? 1 2t
(tanh—) +4tanh—=+1 1+ 2tanh—
V&) Ve _ V6 i<
2 (tanhi> +2tamh=42 2+ tanh 2%
V6 V6 G
proves, that L; U 21 is a subset of the sub — plane
-1<x<1
S, ={P=(ryzers{ t<y<1
_ X“H4Ax+1
T 2x242x+2

Figure-1.8

—o0 < x <

—0<y< ™

where S =<P=(x,y,2z) € R}

~— 1

1

z=2x+(5)
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2.THE INFLATION OF THE CUBE UNIVERSE

We start from a primitive cube universe with extremely small parameter o,. For the sake of comvenience we assume
that i r1a¢i0n IS NOt a final time. So, by (0.8) we can write
(2.1) lim¢soo(t) =0 and lim;,, o(t) = oo.
t>0

Using (1.2) and consdering the function
(2.2) Xo(t) = Vsupreme * L tanh——— ,0<t<oo, x ER

- Vsupreme't
we can see that for any arbitray but fixed real number x
(23) lime—o Xo(t) = 0.

t>0

Moreover, the fuction x, ) for positive x has the upper bound x, and for negative x has the lower bound x ,such that

(2.4) im0 X5(0) = X
holds.
Discussing the function x, ) we compute the firt and second derivatives
X
dx, -t
(2.5) =08 — Vsupreme | tanh al —— wpreme” ), 0<t <o,
dt Vsupreme't (cosh X )
Vsupreme-t,
and
X 2
(2 6) dzla(t) =—2. Vsupreme . Vsupreme-t .tanh X 0<t<oo
' dt? t cosh——— Vsupreme't ’ '
Vsupreme-t

As for any negative x we have that
(27) EU(C) = —|x_|U(t), 0<t< o,
in the following we may assume that x > 0.

By (2.5) we can see that

. dx, . dx,
(2.8) lime—o —d”t(t) = Vsupreme ~ and lim,_ o —d”t(t) =0.
t>0

Moreover by (2.6) we can easily prove

. A%t . d*x4(0)
(2.9) llmgg 72 =0 and lim;_, e 2 = 0.

By the left hand side of (2.1) we mention

Consequence 1: There is no smallest cube universe. The origin of cube universes is only a point of the abstract
universe R3.

Intoducing the proposition
(2.10) u=—>"— with x>0and 0 < t < oo,

Vsupreme't

and having that

tanhu — > 0 © sinh 2u > 2u,

u
(coshu)?
by (2.5) the inequality % > 0 is obtained. So, we have that the fuction x, ), with positive x (see (2.2)) is strictly
monotonic increasing on the open interval (0, o). As the fuction x, ) is continuous, we get

Consegence 2: If the time passes, the enlargement of cube universe continuously increases.
By the right hand side of (2.1) we mention

Consequence 3: There is no biggest cube universe. If the time t,,iyerse DECOMes increasingly long the cube universes
tend to get closer to the abstract universe R3.

2
Clearly, % < 0 (see (2.6) with x > 0 and 0 < t < ). So, we have that the fuction x, ), with positive x (see (2.2))
is concave on the open interval (0, o). Moreover, with respect to (2.3), (2.4) and (2.7) we have the following graph
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8]

S

I-d 4
-
=]

= 1 -
g \
Figurg—z.ll
(In Figure 2.11 the Vsypreme = 1% and |x| = 2 lightyear)

Considering (2.8) and (2.9) we mention

Consequence 4: If t,iverse 1S Near to 0 then the universe enlarges approximatey linearly and the speed of the
enlargement is approximately constant, namely it is almost vg,p,reme (Which is a little bit greater than the speed of light).

If tyniverse 1S Cl0OSE 10 Liyfiation-(Which in our case is going forward for ever) the enlargement has the bound x and the
speed of enlargement almost 0, but it is always greater than 0.

This means that for constant x the inflation of cube universe is slowly increasing.

Remark 1: If the t,,iperse 1S Close to 0, Fig. 2.11 shows some similarity to the enlargement of Einstein — de Sitter
universe. (See [3], p.95. Fig. 3.16.)

3. COMPUTATION IN THE CUBE UNIVERSE

We consider the cube universe with compression parameter ¢ = o (t) given by (0.8) and use the operations given by
(1.4) and (1.5). Moreover, we use the sub-subtraction

(3.1) XO,y=773,%YER,
o2
and sub-division
tanh~1%
(3.2) XQDsy=0" tanhm ,x,y(#0) €ER,.

Let f be a given familiar double variable function with its domain D, < R? and
Ry = {z ER|z=f(x,y),(x,y) € ]D)f}. Having a compression — parameter o we say that a point (x,y) € ]Rjabelongs

to the domain Dy (g ]Rja) of the double variable sub — function £, if (¥?,7?) € D;. Moreover,
R[a = {z ER|z= f(X°,¥%),, (x,¥) € ]D[a}- Shortly,
(33) fr(6) = fE,57),, (x,9) € Dy,

Theorem 1: If the point (x,y) € (]D)f N ID)fa) and the double variable function f is continuous at the point (x,y) then

(3.5) lim, o, za(xﬁy) = f(x,y).
Proof: It is already known that
(3.6) lim,,, X% =%, xER
is valid. (See, e.g. [4], Theorem 20.). Using (1.2), and (1.3) by (3.3) we have
1+% 1+2
g, g 0. g
FG°,5) A lnl—X>
za(x,y)=0tanhT'(=atanh (; 9y, -c<x,y<o0.
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By (3.6) we see, that lim,_,., (X%, ¥?) = (x,y). Moreover by the continuity of f, lim,_. f(%?,7°) = f(x,y) E R is

obtained. Hence lim, ., o f(’?:y ) = 0. Finally applying that lim,,_,, 2% = 1, by
£, tanhf o
octanh———— = f(¥°,9°) - ————«—

gives the statement (3.5). (If £(%9,¥%) = 0 then the statement is obtained by the first step.)

Corollary 1: Considering the double variable functions
faaaition (x' Y) =x+Yy 'fmultiplication(x' y) = XY, fsubraction (x' y) =x—yand fdivision(x' y) = it (y #0) and
assuming that (x.y) € &ZU the statement (3.5) yields

(3.7 lim, . (x®,y) = x + v, see (1.4),
(3.8) lim,_ 0 (x®sy) = x -y, see (1.5),
(3.9) limg_e (x Of ¥) = limg_o lx__xi =x—-y
a2
and
anh™1%
(3.10) limg_(x Qg y) = limg_,00 * tanh g ,y =0

o-tanh~ 1y
hold, respectively.

In the following we investigate the safety of computation in the cube universe ]Rﬁo .

Theorem 2: If ¢ is a given compression parameter and x a given real number such that
—%0 <x<o

then the approximation

(3.11) |x — x| <

holds.

IXI3

Proof: Using (1.2) it is easy to see that
(3.12) |x - xa| =0 (le tanh%) , X €ER
We use the series

— 221(22" — 1)B,, ™
tanh :z— Zn—l' <=,
anhu 2 @) u |ul >
where B,), is the m-th Bernoulli — number (B, = 1,B; = —%,BZ = é,B4 = —%...). Denoting
_
(3.13) U=
by (3.12) we can write
x| 221(22"-1)Byp _
(3.14) |x — x| —a(x Y 1U;IT(M))!ZMZH 1) =
_ _GZ 22n(22i1 —1)B,, x[?nt =
4 o?"=1(2n)!
n=
— @_ UZ 272" — DBy |x|2n 1 =
" 302 . g21(2n)! N
3 |x|3 |x|5 i 22k+6(22k+6 _ l)sz+6 zk
" 302 g4 0%k (2k + 6)!
k=0
We may express the Bernoulli- numbers by the Riemann ,,¢”” function:
(3.15) {(s) = Z,‘leé, 1<s <o, (seel[5]).Itisknown that
(3.16) By, = 2(=1)™+1 5 C@ L 123, (see [6])

(27‘[)2”
is valid. Moreover, B,,,,; =0 , n=123 ...

We investigate the sign of

6 Z 22k+6(22k+6 _ 1)B2k+6 ka
o2k(2k + 6)! '
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Applying (3.15) an

nd (3
o i( (24746 — 1) . Z(Zq L 4i+6> (5)47]_ (248 _ 1). 2( q4%+3) (£)4p+2 _

(3.16) we can write

n—4-p+6 o 7-L-4p+8 o
=0

<

[oe]

S o1 1 xy? 1
— 4p+6 4p+8
- z 4p+6 J @wr -1 z :q4p+6 T2 (E) @**° -1 z :q4p+8 >

P=0 q=1 q=1

2\ P 1 -1
() Q)| @ =D Y ome |- @7 =D | Y s | | > 0

p:O q:l q:l

Hence,
had 22k+6(2k+6

x|5 - 1)B
uz )Bai 16 X2k >0,
ot 0%k (2k + 6)!

s0, by (3.14) the estimation (3.11) holds. )

Corollary 2: Let € be a (small) positive number. If
3 3
—3e0?% < x < {/3e0?
then the estimation |x — x| < & holds.

Theorem 3: If ¢ is a given compression parameter, x and y are given real numbers such that
—o<x+y<o
then the approximation

3
(3-15) |(x + y) - (&O'(-BO'XU) < %
holds.
Proof: Using (1.4) and (1.2) we can write
&O’ + y{T
(x+y) - (&7@@7) = (x+y) - LB Xy, =

o2

tanh X + tanh Y
o o

1 + tanh X, tanhz
o o

+
=x+y)—o =(x+y)—o-tanhx

Hence,

|(x +y) - (&T@JXJN — (Ix +yl canh |x -UF YI).

The continuation of the proof is carried out in the same way as in the proof of Theorem 2. More exactly, considering
(3.12), (3.13), (3.14) and so on, in place of x we write (x + y).

Finally, the approximation (3.15) is obtained.

Theorem 3: If o is a given compression parameter, x and y are given real numbers such that
—0<xy<o

then the approximation

(3.16) |Gc- ) - (2,00y, )| <24
holds.

Proof: Using (1.5) with (0.4) and (1.2) we can write

(x-y) = (_,T@aya) =@ y)-xy=

_ Yo Xy y
—(x-y)—atanhT —O’(—o_ ta h—)

X - X
_ U(I yl tanhI yl).
o g
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The continuation of the proof is carried out in the same way as in the proof of Theorem 2.
More exactly, considering (3.12) , (3.13) , (3.14) and so on, in place of x we write (x - y).
Finally, the approximation (3.16) is obtained. (Istennek Hala! 2016.12.11.(15.33) Szalay Istvan).

We remark that similar results are valid for the x, ©, Y, (see 3.1) and x, @, y, (see (3.2), too.

Consequence 5: The equation (0.8) with Theorems 2, 3 and 4 yields that if the t,,,;yerse 1S big €nough then being in the
cube universe we can compute the familiar addition, multiplication, subtraction and division, too. For example, if the
compression parameter o = 13,7-10° then the calculator f, —570ES says that 157400 = 13,7-10° -

tanh 13,71‘109 = 1. (Of course, we know that 1,5 .14 < 1.)
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