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HONEYCOMB SPHERICAL FIGURE
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A FIGURE WITH POTENTIAL USE IN GLOBAL COORDINATE SYSTEMS, DISCRETE GLOBAL GRIDS, GLOBAL REFERENCING SYSTEMS AND TELECOMMUNICATIONS





The traditional designation of points on a globe by geographical latitudes and longitudes is a convention that has endured for centuries. A weakness of the convention, early seen on maps devised with the Mercator projection, was the distortion in representation of polar areas. These areas were of little interest and such maps have long served the needs of navigation and the mapping of major geographical features such as coastlines and rivers. In recent years the monitoring of dynamic physical phenomena by satellites, the comparison of measurements made by aircraft-borne and ground-based instruments and the handling of large masses of data generated by digital mapping has ushered in the need for referencing observations to grids better suited to data processing. There is a call for a framework that can deal with digital data, computational models of processes, images and drawings, as needed for efficient surveys and communication. 


Regular partitions of the platonic solids have been advanced as alternatives to the traditional coordinates. Most tessellation schemes of a spherical surface of the globe follow the trail blazed by Buckminster Fuller to generate coordinates for structural design of geodesic domes. Its basic figure is the spherical icosahedron, with twenty equilateral spherical triangles with a dihedral angle of 72o. Fuller’s algorithms were oriented to specific needs of geodesic dome construction and have been addressed, out of habit, to the broad theme of sphere tessellation. Such algorithms may not be ideal to tackle the problem of global referencing. because they lead to a non-uniform triangulation of the sphere.


It is suggested to the National Center for Geographic Information and Analysis of the University of California at Santa Barbara, that the Honeycomb Figure, presented in this article, may be a better starting point that the icosahedron, for tessellation of a spherical surface, as needed for a new international standard for a global referencing grid. The Honeycomb Figure, with unique uniformity, has:


540 vertices;


750 great circle arcs of equal length: 7( 975567, as sides of hexagons;


12 regular spherical pentagons with great circle arcs of 3(39545 as sides; 


260 spherical hexagons of four types, defined by their dihedral angles.


GEOMETRICAL DEFINITION OF THE HONEYCOMB FIGURE
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This figure has been found in nature. In 1985 the fullerenes, molecules that wrap carbon atoms into closed spherical shapes, were discovered by Professor Harold Kroto and Professor Richard Smalley. Fullerenes show promise as materials with extraordinary properties that could shape technologies for superconductivity, artificial diamonds, pharmaceuticals, and the host of applications described as nanotechnology. Carbon atoms cluster according to lowest energy configurations, a point that would have been appreciated by Buckminster Fuller himself as confirmation of his insights. This is demonstrated by recent research (Dr. Malcolm Heggie and Dr. Stephen Beuer Carbon Onions-Macromolecular Modelling on the T3D http://www.epcc.ed.ac.uk). The most frequent one is the C60 fullerene, with 60 carbon atoms on a soccer ball pattern, but the C540 fullerene, a shell with 540 carbon atoms has recently been identified. Its image suggests the Honeycomb Figure with its 540 vertices. The lowest energy configuration of carbon atoms of fullerenes may find a counterpart in an efficient standard for global referencing.


An industry group, OpenGIS Consortium, proposes the drafting of interface specifications to facilitate development of interoperable geospatial software. This and all matters that hinge on a standard for global referencing has become pressing as global telecommunications, wireless Internet, digital gazetteers and WWW- mapping applications and services, gather momentum. This article is addressed to them.


�
GEOMETRY OF THE HONEYCOMB FIGURE





The soccer ball figure has 60 vertices, 20 regular hexagons and 12 regular pentagons, all with 90 equal sides, the 23o16’53” .arc. The Honeycomb figure is derived from it in a procedure that inscribes in these hexagons and pentagons 750 arcs with equal length, 7o58’32”,  as sides of four types of spherical hexagons, and 12 pentagons or circles with radius 2o53’21”. 


                            SOCCER BALL                     HONEYCOMB


                               basic figure                        derived figure
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Given the uniformity of the tessellation, the Honeycomb figure has a repetitive pattern four types of hexagon, a,b,c,d, that enclose the entire surface of a  sphere with 260 hexagons and 12 pentagons (or circular caps).





REPETITIVE PATTERN IN HONEYCOMB FIGURE
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�
BASIC CONFIGURATION OF VERTICES IN THE HONEYCOMB FIGURE


The Honeycomb is derived from the soccer ball figure in a mathematical procedure that inserts arcs in its hexagons and pentagons to achieve simplicity in their subdivision. The Honeycomb figure is unique in that it has 750 arcs of equal length 7o975567, reached with a configuration of vertices 2,7,12,13,22,23,32,37,52 repeated sixty times over the surface of the sphere. The arcs and angles of this configuration are shown in the diagram below: They allow the spherical coordinates to be computed for these nine points, referred to the base point 567, and then computed for all 540 points of the Honeycomb figure by rotation and transformation.





� EMBED AutoCAD-r13  ���


CONSISTENCY CHECK OF THE HONEYCOMB FIGURE


The sum of the spherical excesses of all polygons on the surface of a sphere is equal to 4(


The Honeycomb has the following components:


number of faces						       spherical excess


					number		   each		    total


(20  ( (1 hexagon   type a ) 		  20		0.050622	1.012431


(20) ( (6 hexagons type b ) 		120		0.050625	6.075002


(30) ( (2 hexagons type c ) 		  60		0.050053	3.003153


(20) ( (3 hexagons type d ) 		  60		0.040054	2.403214


					260 hexagons


(12vertices) ( (1 pentagon/vertex)	 	  12 pentagons 	0.006048	0.072571


total faces				272 faces		            12.566371 = 4(


number of sides


Long_arcs with 7o975567, sides of hexagons


20 ( 33 long_arcs 			 = 660 long_arcs


30 ( 3 long_arcs				 =   90 long_arcs


Short_arcs with 3o395451, sides of pentagons inscribed in caps


(12vertices) ( (5 short_arcs/vertex) 	 =   60 short_arcs


total sides				    810 sides


number of vertices


20 ( 18 vertices  + 30 ( 6 vertices 		= 540 vertices


The number of components meets the requirement : [# sides] = [# vertices] + [# faces-2]


                                                                                    [810]    =     [540]     +  [272 - 2]


Spherical coordinates and Cartesian coordinates for all 540 vertices were computed
