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A

The diversity of shapes and forms which meets the eye is overwhelming. 
They shape our environment: physical, mental,   intellectual. Theirs is a 
dynamic milieu; time induced transformation flowing with the change ofdynamic milieu; time induced transformation, flowing with the change of 
light, with the relative movement of the eye, with physical and biological 
transformation and the evolutionary development of the perceiving mind.



B

"Our study of natural form, "the essence of morphology", is part of that wider 
science of form which deals with the forms assumed by nature under all 
aspects and conditions, and in a still wider sense, with forms which are 
theoretically imaginable…..(On Growth and Form – D'Arcy Thompson), 
"Theoretically" to imply that we are dealing with causal- rational forms.













C

Abstract and physical 3-D space is not a passive vacuum. It is populated p y p p p p
with inter-relating and inter-connected entities, generating configurations  
represented as diagrams with a network characteristics and hyperbolic 
'force fields', and surface partitions, aptly described as sponge surface 
configurations. Diagrams of this kind can represent the structure of almost 
any plurality that may exist; from a reality of any battle field, cultural 
economical or political, to transportation and communication systems, to 
social patterns, cosmological arrays and patterns of perception, knowledge 
and thought .
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A periodic ordered network is formed by extended repetition 
of a locally symmetrical association of vertex figures. The 
resulting configuration of vertices and axes-edges could be 
described as a polyhedral network, with edges terminated 
at one or two vertices, each, and vertices joining n-edges 
together, featuring its bonding valency, so as to conform 

ith th f ll i l ti ith E V&V l t di fwith the following relation:  = , with E: V&Val.av. standing for 
the number of Edges, Vertices and average Valency value 
in a vertex, respectively. In the case of a periodic network, 
the same applies to its translation unit (T U ):the same applies to its translation unit (T.U.):

=
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networks come in dual pairs. Each network is uniquely determined by, and 
 reciprocal of its dual (complementary) companion.
ery dual pair of networks is associated with a continuous hyperbolical sponge 
face which subdivides the space between the two, into two complementary 

bb-spaces.
s trinity of the dual pair and the associated-reciprocal sponge surface is 
most conspicuous, all pervading geometric-topological phenomenon of our 3-

i t d ith it d d i ti d th thi lpace, associated with its order and organization and more than anything else 
ermines the way we perceive and comprehend its structure
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By defining as 'morphic' those processes which display a movement 
toward greater 3-dimensional spatial order, symmetry or form (Whyte-
1969) and morphology as the logical preoccupation with and1969) and morphology  as the logical preoccupation with and 
manipulation of those processes, than the research into the nature of 
networks and the associated sponge surfaces may be classified  as 
the essence of morphology.the essence of morphology.
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the vertex figure characteristics (geometric-symmetrical and 
topological) of a given network, tightly correspond to the 
topological-symmetrical characteristics of the close-pack 
cells of it's dual. By proxy it may be stated that all 
constituents of a given 'trinity' (the dual networks pair and 
the associated sponge surface) act under the same 
t l i l S t i l itopological – Symmetrical regime.          
-Connectivity value (C) of the two continuous dual 
network graphs is one and the same for both, and is the 
same as genus (g) value of the associated spongesame as genus-(g) value of the associated sponge 
surface: 
C=L-N+1=g (with L&N as the number of Line edges and
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-Each of the sponge surfaces may be mapped with a grid, representing 
eventually a sponge polyhedron which conforms with the Euler's 
heorem and formula, stating that: 
V-E+F=2(1-g), with g ≥ 2 (when V, E, F&g correspond to the number of 
Vertices, Edges, Faces and the genus value of the 2d-manifold, 

ti l )respectively).
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T-1

Nature is saturated with sponge structures on every possible 
scale of physical-biological reality. The term was first adopted 
in biology: "Sponge: any member of the phylum Porifera, 
sessile aquatic animals, with single cavity in the body, with 

Th fib k l t f h i lnumerous pores. The fibrous skeleton of such an animal, 
remarkable for its power of sucking up water". (Wordsworth 
dictionary).
Of course the term applied to 'spherical sponges' It turnsOf course the term applied to 'spherical sponges'. It turns
out that the key characteristic of porosity is attributable to a 
much wider morphological phenomenon.



T-2

With t l ti f th i i i d it i i ht t l iWith some extrapolation of the perceiving mind it is right to claim 
that the sponge phenomenon, with its porosity and 
permeability characteristics, is central to the physical 
morphological nature of the human habitat and representsmorphological nature of the human habitat, and represents 
its defining imagery.
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ignificant venture into the field of periodic sponge surfaces and 
hedra dictates a systematic exploration of the uniform space lattice 
ain.
me as a shocking surprise to realize that in spite of the great efforts of the last 

t i i th l ti f th t t f tt dcenturies or so, in the exploration of the structure of matter and space 
allography included), no systematic effort was committed to exhaustively 
re the network domain in the "abstract realm of the theoretically 
nable"nable".
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ial density (in terms of a/a3) of the space lattice (the number of edges of 
). As a referential basis we should have in 3aper cubic volume of aength of 

that the spatial density of the tetravalent diamond lattice is ~ 1,299a/a3; p y , ;
of the hexavalent cubic lattice is 3,000 a/a3 and that of the dodecavalent 
lattice is ~ 8,485 a/a3 (By density we refer to the lowest possible value for 

tinct topology). It is of great theoretical interest and probably even of 
tical importance how far down and up can the density values descend 

spire.
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Although it is still too early to establish all the possible interrelations, 
it seems that the parameters -Val.; Den.; CT.U. or gT.U.  and ∑ α, 
are capturing the essence of the related topological-geometricalare capturing the essence of the related topological geometrical 
phenomenon.





M

Although it is still too early to establish all theAlthough it is still too early to establish all the 
possible interrelations, it seems that the parameters -
Val.; Den.; CT.U. or gT.U. and ∑ α, are capturing the 
essence of the related topological-geometricalessence of the related topological geometrical 
phenomenon.
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An assumption is formed that we are dealing with 
probably not more than few hundreds of uniformprobably not more than few hundreds of uniform 
space lattices in 3-D space and in view of the 
valency limiting values and symmetry constraints 
it seems that an exhaustive systematic search of y
these configurations is tenable.
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Uniform Trivalent Space Lattices
A.F. Wells in his monumental work on Structural Inorganic 
Chemistry (-1962) started that "The theory of these nets doesChemistry ( 1962) started that…. The theory of these nets does 
not appear to be known and in fact no attempt to derive them 
systematically seems to have been made until comparatively 
recently (P.100). As a result of these "recent" attempts he lists y ( ) p
three, 3-D 3- connected nets... "in which all the smallest circuits 
are 10-gons"… One of these was announced again by A.F. Wells 
in 1977 and rediscovered by Toshikazu Sunada (Feb. notices of y (
the American Mathematical society – 2008).
Looking into the issue (Jan-2008) it was quite surprising to 
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Uniform Dodecavalent and higher valency Space Lattices or: how far 
alency and spatial density values can go.

Uniform dodecavalent 'octet' based space lattices exist in more than one 
opological version, but all come to same spatial density of 8,485281374 
/a3.

The infinite sponge polyhedron 3  gives rise to a uniform dodecavalent 
12 34) l tti th d it f hi h i 10 73918545 / 3 (!)12-34) space lattice, the density of which is 10,73918545a/a3 (!)
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onclusion the networks in 3-D space represent two basically differentonclusion, the networks in 3 D space represent two basically different 
otypes: 

works which could be characterized as consisting of a trinity of spatially 
ociated features of a dual pair of space lattices and the reciprocalociated features of a dual pair of space lattices and the reciprocal 
erbolic surface partition, subdividing the space between the two,
entangled networks, in themselves representing few classes, the nature of 
duals and the associated partition surfaces are still to be explored. p p

cerning the 'Trinity Networks' (1), on the basis of their symmetry constraints 
d space and the  resulting valency range in a vertex (Val.=3÷12), a 
lusion was drawn that their domain of all 'theoretically imaginable' uniform 
e lattices is limited in scope to the extent that enables their exhaustive 

ematic identification and enumeration. So far nearly 180 such uniform 
e lattices were identified with their density ranging from 0,24023 a/a3 (for 
rivalent) to 10,7392  a/a3 (for the dodecavalent) 


