Extension of Dimension
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Definition of dimension
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I, Euclid's--
Concept signifying breadth of space or diagram

Dots don’t include a part

Lines are length which don’t include width
Surfaces include only length and width
Solids include length, width and height
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I, Descartes’- - -
The number of humerical values to locate a point

Dots mean zero dimension
Lines mean one dimension
Surfaces mean two dimensions
Solids mean three dimensions
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[s the space we live in three dimensions?
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» From a fixed point , a position could be
pinpointed by the three numerical values of the
directions, height, width and depth.

» Therefore, it is three dimensions that the space
we live in.
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Does the space of four dimensions exist ?
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» We challenged revealing the existence more than
four dimensions by using diagram.

» First of all, to explain on more than four
dimensions, we’ll give a lecture on triangle number,
hex number, gnomon, tetrahedron number and
rhombic dodecahedral number in the space of three
dimensions.
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Ghomon
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» Primitive Greeks think of parts used to create a
bigger diagram than an original one as a gnomon.
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Triangle number
— AR
» As the figure 2.13,

the total number of increasing one after one
horizontally to make equilateral triangular form
IS called a triangle number.
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Triangle number
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The n-th triangle number is represented by 4n
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Hex number
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» As the figure 2.26, the number of the shape is
called a hex number.

The n-th hex number is as follows.

hex. =1+6.] , =1-3n+3n’
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Three dimensions
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» Pile up the hex, piling up the hex makes the
Pyramid-Hex.
AsS you can see, it is a cubic humber.
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Why does the Pyramid ¢ Hex
become a cubic number?
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—-rom the figure 2.31, the hexagon used to make a

nex number Is the projection of the cube .

n addition, by piling up the numbers corresponding to
two-dimensional number, you can create three-
dimensional numbers.
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Make “shell” to create the next cube by using
the hex number.



Tetrahedron number
Y 1 A 2L

» For instance,

Stacking triangular number, you can make a

triangular pyramid. That is called a tetrahedron
number.

The n-th tetrahedron number is as follows.
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Rhombic dodecahedral number
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» What is three dimensional version of the hex
number with the center? It is the figure 2.45.
This is called a rhombic dodecahedral number.
The n-th rhombic dodecahedral number is as

follows.
Rho = (2n-1)(2n* —2n+1)

_—

R

HOLDEANY 7 ZARD
SRITCRRIIMITZA S
P X2.45M % 5 TH
5, ZIZE® T _H
BELPIENS, n&k
HoZzE B+ —misEix
ROMY TH S,




Bend the chain number

?T#m

a2 thir %

When the one-dimensional chain number (odd)
IS bent , the gnomon is made. And by
arranging it, the square is made. The hex
number being bent as well, “shell” is created,
and by stacking it, cube is made. Similarly, in
the space of four-dimension , the rhombic
dodecahedral number being bent, the shell is
made, and by stacking it, Tesseract can be

made.
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Four dimensions
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When we pile up the tetrahedral number,
Five ER number is created ;

Five ER is the simplest figure in the four
dimensions, equivalent to the regular
polyhedron.

The n-th Five ER number is as follows.

Ptop,, = %Tetn x(N+3) = 2—14 n(n+1)(n+2)(n+3)
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Extend dimensions further and further
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» Stacking one dimension, we can get two
dimensions. Stacking two dimensions, we can
get three dimensions. So we can get four
dimensions when we stack three dimensions!

» Although we can’t see or imagine the space
more than four dimensions directly, it is said

mathematics suggests that there exist
dimensions infinitely.
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