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Building a geodesic dome has never been easier.
Professional Dome Plans

Third Edition Whether you're a professional home builder, a do-it-yourself type or you
aready own a dome home but would like a matching outbuilding or
shop, Professional Dome Plans gives you the tools you'll need to
successfully build a geodesic dome. The detailed shop drawings and
simple formulas explain it all — every length, every angle, every board.
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dreamers. If you're planning § | m=— %
to construct your own dome, the detailed shop drawings & | - ;
and terse suggestions will be well worth the asking RS e e o
price." * ’ o

"Mother Earth News" January, 1990 Full Review

. . . Click drawing to enlarge.
* The comment that it's "well worth the asking price"

reflects the original 1990 price of $34.95. Regrettably, we are unable to continue to develop and deliver the plans for that price. A
personal license is now $54.95 for unlimited personal use and a commercial license is $184.95 plus a modest royalty.

W kSH-"'*- "Anyone who has ever been intimidated by the desire to build a geodesic dome will be relieved to
Or know that the cavalry has arrived... Professional Dome Plans, has brought the other-worldly science of
wm , building geodesic domes down to earth where it belongs — firmly within the abilities of the
M ' r] J‘[ JI 1:!1 U do-it-yourselfer... The simplicity of the book suggests careful thought from Hill. The drawings are

i clear and easy to understand.. What it all adds up to in the end is a book that cuts through the complex
geodesc math, reducing it to the unimportant obstacle that it is, clearing the way for the important task of building adome."

"Canadian Workshop" March, 1989 Full Review

B RN MARRI J'I-lll

* "Canadian Workshop" changed its name to " Canadian Home Workshop" in May of 1998. It's still the same great magazine, just
with anew name.

Pro.l:essi on al "Designed to give a simple understanding of a complex building procedure, Professional Dome
- Plansisacollection of drawings and diagrams that aims to make dome building self-explanatory...
Bl,"lder_ Jeffery O. Hill isaformer plant manager at Oregon Dome where he helped produce commercial and
residential domes. To Hill's credit, the plan book is thorough.™

"Professional Builder" Mid-March, 1989 Full Review

Sample Drawings

Click drawingsto enlarge.
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PROFESSIONAL DOME PLANS Third Edition 3.01

Copyright © 1987, 1988, 2002 by Jeffrey O. Hill
All rights reserved.

gy < Click Here > to download a PDF version of the book's full text and 7 sample drawingsin 8 1/2" x 14" format. Y ou must
have Adobe Acrobat Reader in order to view this document. If you do not, please download it now.

FULL TEXT & INDEX

Building a geodesic dome as a do-it-yourself project can be areal challenge. It’ s difficult to know where to begin even for those
with considerable building experience. If you dig deep enough, you can find plenty of information describing the geometry of
domes, although most of it is rather technical and theoretical and often lacks the kind of practical hands on advice needed to turn
theory into afinished product.

This plan book is designed to fill that void by focusing amost entirely on simple, detailed shop drawings that show how geodesic
domes are built with virtually no need for higher math. In fact, the only math you'll see in these plans are the 4 basic functions
used in alist of formulas for calculating the length of various parts.

The underlying geometry describes carbon 60, the third stable form of pure carbon after graphite and diamond called
buckminsterfullerene or buckyballs. Its shape is a 3 frequency (3v) icosahedron which is an industry-standard for dome homes. I
that sounds complicated, and I’ m pretty sure it does, | guarantee you it doesn’t matter. Understanding the complex geodesic math
involved in the design of domesis completely unnecessary when it comes to the actual process of building one. All you'll need
are basic woodworking skills and alittle patience. With that, you should have little trouble building your own dome.

TERMS

HEXagons and PENTagons: 3v icosa domes are made up of two basic shapes of isosceles triangles arranged in groups. There are
five groups of six panels each, called Hex groups, and six groups of five panels each, called Pent groups. These are easy to
imagine by using a classic black and white soccer ball. The white patches are Hex groups and the black patches are Pent groups.
By putting one Pent group on top and cutting an imaginary plane under the other five Pent groups that surround it, you will see
the approximate 3/8 sphere described in these plans.

A CHORD istheline that defines the side of atriangular panel. All chords intersect the imaginary sphere at both ends to create
nodes and a soccer ball shape with flat triangular facets.

CHORD FACTORS are numbers that represent ratios that are multiplied by the dome diameter (DD) to calculate the length of
chords. They are always stated as the DD x the number. An example would be: 540" x .2048135683 = 110.5993269" or 110
19/32" which isthe A chord for a45" dome.

Sometimes dome books use chord factors referenced to the true radius or diameter of the sphere the dome is based on. While
technically accurate, these numbers are alittle difficult to work with because you can’t easily measure the true radius or diameter
of a3v dome. Thisis because the true center of the sphere lies below the floor plane that divides the dome into useful structures.
While the chord factors used here are related to the true diameter, they are referenced to the diameter at floor level. Thisisa
number twice the radius from the center of the floor to any corner (p. 9). No two corners are opposite each other in astraight line
however soin a40' domethereisno 40’ line but rather a 20’ radius that scribesa 40’ circle.

Even though the diameter is never really measured, it still serves as a perfect benchmark to ratio many other dimensions from.
For example: the radius of a40’ domeis40’ x .5 or 20'. Similarly, the true diameter of a40’ domeis40’ x 1.015063688 or 40’ 7
7/32". Thiswill work with all scalable dimensions if you have the right ratios.

Incidentally, nearly all measurements are given in inches rather than feet with the exception being explanations like the one
above. Decimal calculations done in feet add the complication of converting the remainder to inches which is just another
opportunity for error.

STRUTS are the individual boards that make up the sides of the panels. Their lengths are found by multiplying the DD x a chord
factor minus a constant that allows for the angled cross-section of the adjacent strut.

http://www.domeplans.com/text.html (1 of 8) [9/5/2004 5:23:29 PM]


mailto:info@domeplans.com

Professional Dome Plans -- Building geodesic domes made easy.

The labeling of struts corresponds to the group they’ re associated with. H stands for Hex and P for Pent followed by A, B or C
added in a clockwise direction beginning with the base: HA, HB and HC for Hex panels, and PA, PB and PC for Pents.

BACKERS are the boards that fill in the panels and provide backing for the Sheetrock® . They are labeled withaP or H
followed by 1, 2, 3 etc. from largest to smallest.

RISER WALL S aretypically short walls that sit directly under the lower Pent groups. In domes smaller than 45 they are
necessary to allow adequate height for entry through the natural openings. By raising the dome they also provide more usable
floor space on the second floor.

Theratios provided in the Elevation drawing (p.11) give an idea of the effect of different riser wall heights on interior space.
Simply multiply the DD x the ratio of a selected node and you will get its height, excluding the riser wall, for any size dome.
Now add whatever riser wall height you want and you'll see exactly where that node will be on the second floor. This can be very
helpful in deciding where to put skylightsin case you might want to see something other than sky.

SHEAR PANEL S are rectangular stress skin panels that are bolted and strapped to the ends of the riser walls and to the
foundation. They prevent the riser walls from being pushed over by the dome by holding them in aridged vertical position.
Standard Shear Panels sit in line with the exterior walls and should be incorporated into the walls' design. The suggested size
represents the minimum. The larger the area of shear the stronger and safer the design.

Extension Shear Panels project from the dome perpendicular to the openings and provide a base to build extensions on. In this
arrangement they form a buttress which is very effective in resisting the overturning forces of the dome.

The TENSION RING isthe line of struts that surrounds the dome just above the natural openings. Thisiswhere the

compressional forces of live and dead |oads are transformed into tension and constrained by the straps in a circle around the

dome. The give and take of compression and tension is of course far more complicated than that, but the conclusion is the same.

The tension ring holds the dome together and is one of the most critical linksin the system. Great care should be taken to see that

it's secure. In fact it’ s probably wise (although it's not always done) to double the A strut in the Hex panels over the openings. I
This gives you a double strut around the entire dome. At the cost of 5 boards it seems asmall priceto pay for the added security.

To properly install straps, you need solid material beneath all the nails, so without a second strut you will need to add blocking

anyway .

FORMAT

DOME DRAWINGS: The two drawings on pages 10 and 11 show atop view and an elevation of an approximate 40' dome on a
3 1/2' riser wall. They are consistent except for adlightly different placement of skylight panels and no shear panelsin the top
view. Ratios are given for several dimensions which should give you some feel for the proportions of different sized domes.

In the elevation, dotted lines, which normally represent hidden lines, are instead used to show panels visible only from the inside.
The little numbers at the vertex of each panel match numbers on the individual panel drawings to indicate their genera type and
location.

In the lower Pent groups you'll notice that the two Bottom Side Pent panels have the backerslaid out parallel to the A strut rather
than perpendicular. Often domes are built with all the Pent panels constructed identically as Standard Pent panels. With larger
domes or in heavy snow loads, you should consider using this alternate parallel layout. Structurally, the bottom three Pent panels
arereally more of awall the dome sits on than part of the dome itself. Running the backers in this more or less vertical
arrangement, in the Bottom Side Pents, makes much better use of their load bearing capacity and greatly improves the panels
resistance to buckling under stress.

PANEL DRAWINGS: All panels are drawn skin side up with the skin removed. Possible plywood layouts are shown on the next
page. Panels are aso all shown framed as 2x6 with backers on 24" centers although 2x4 domes and big domesin heavy snow
loads may be safer when built with 16" centers.

Asfor 2x4 versus 2x6 construction, | would advise not to build any serious dome home with 2x4s. A good case can be made for
the relative strength and energy efficiency of 2x4sin domes versus 2x6s in a conventional structure, but it's an apples and
oranges argument. The real comparison is dome to dome and in that case 2x6 is better in nearly every way, if perhaps atrifle
more expensive in material. Local building officias, who are often unfamiliar with dome construction methods, are also much
lesslikely to have a 2x6 dome violate their comfort zone.

All parts measurements are taken from the outer surface of the framing at the outside upper edge of the panels as defined by the
chord lines. This allows for the dome to be made from any dimension lumber from 2x2s to 2x12s, without changing the lengths
of the parts.

Triangular skylight drawings are shown with the 2x4 curb removed and drawn truncated in the center. A cross-section of this
detail appears at the upper left of each drawing. Rectangular Velux® skylights are flush mounted without curbs.
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Bolt hole layouts are intended to be universal and work, in most cases, with any panel of the same basic size and shape. The
exceptions are with afew Velux skylights and are noted on the drawings.

PLYWOOD DRAWINGS: These drawings show possible ways of cutting plywood skins from 4x8 and occasionally 4x10
plywood. When cutting skins for a dome other than the ones pictured, follow the basic style shown here. Make sure any seams
between plywood pieces fall on backing and are glued and stapled. In panelized stress skin domes, the skin carries a good deal of
the load, so breaks in the skin are potential breaksin the load transfer.

RISER WALL DRAWINGS: Riser walls are drawn with an additional end view to make them clearer. The bottom plates and
studs are not shown separately because they have only simple angles evident from the main drawings.

Theriser walls pictured for the three domes drawn are sized to position the A Strut in the Hex panels over the openings about 36"
off the second floor. This alows for a nice view from a skylight.

Riser walls can be amost any height as long as the shear panels are proportionate. A good rule of thumb is the shear panel should
be at least aswide asitistall.

It's actually best to incorporate the shear panels right into the exterior walls. This way the effective area of shear will increase
where any plywood laps beyond the minimum framing of the shear panel itself.

When building on a concrete slab, make sure you carefully locate and incorporate the bottom straps into the foundation when it is
poured. No matter how strongly built your riser walls and shear panels are, they’ re useless unless properly attached to the
foundation.

It'salso possibleto use no riser wall at al. Thisisainteresting aternative for domes over 45’ built on atight budget. It’s often
less expensive to build these domes per square foot because there are fewer and larger components for the same usable floor
space. 45’ is about as small as you can go with this design though, in that you need a minimum height for the exterior doors.

If you choose to use this simplified design you will need a bottom plate under the dome beveled to the same angle as the riser
wall top.

STRUT & BACKER CROSS-SECTIONS: Struts, because they must be beveled on both edges, always require awider initial
piece of lumber than backers. If for instance, backers are made from full 2x6s, then their accompanying struts will have to be cut
down from 2x8s. Similarly if struts start out as 2x6s and are minimally milled, they will end up slightly smaller and the backers
will need to be ripped down to match. The drawings on page 8 show both options for 2x4, 2x6 and 2x8 domes.

PARTS DRAWINGS: These drawings are the real heart of the plans. They appear with every panel and show a simplified view
of its most complicated parts (simple blocks are omitted).

Boards are shown asif lying flat on your radial arm saw table. They are to rough scale with the lengths truncated to save space.
Very dight angles have been exaggerated for clarity. Degree marks are omitted as unnecessary.

Angles are given in reference to the saw with S indicating the Swing of the arm and T being the Tilt of the head. B indicates the
Beve of your table saw and appears with the end view.

Dimensions of backersthat vary only in length are shown in alist above or below the drawings with only the longest backer
shown.

Identifying labels are placed on the same end of the boards as they appear in the scale drawings. The little arrows show the side
of the boards the skin is attached to. Make sure you apply these labels and arrows to every board as you go about cutting. If you
don't, | guarantee you that you won't be able to tell them apart especially with the Hex struts.

ANGLES: Angles are always displayed to the second decimal and are never rounded off. This makes matching the 10 digit
equivalents listed with the formulas easy. Y ou may never need to use any of these precision numbers but if you ever want to
calculate some new part, they can be avery useful starting point.

DIMENSIONS: Dimensions are rounded generally to the nearest 1/32" with very slight adjustments made to allow for matching
struts that round in opposite directions.

Thislevel of accuracy may seem extreme, but it’s my experience that people are capable of making all the necessary mistakes
without help from sloppy dimensions. Just seeing numbers like 110 19/32" tends to make one work more carefully. Then too,
domes are far less forgiving than most wooden structures. Even small errors will accumulate making the last panels difficult to
install.

The lengths of parts for arbitrary-sized domes can be calculated using 12 simple, although very precise formulas, on page 6. They
al use the same approach — DD x aratio minus a constant or two to get the final length.

There are also 4 tables that list strut and backer lengths precal culated for 49 dome sizes from 12’ to 60" with backer lengths
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figured for both 16" and 24" centers.
FABRICATION

GLUING: Consider gluing if the dome you're building is over 35’ or will be subjected to heavy loads. The method of dome
building shown in these plans relies heavily on the skin to transfer stress from panel to panel. When bound to the struts with glue,
this capacity is greatly increased. Shear panels must be glued in any case, even if you choose not to glue the entire dome.

Glue should be waterproof and "structural”, of the resorcinol phenolic resin type. Construction adhesives, while better than
nothing, will creep under constant stress over time. Structural glueswon't.

NAILING & STAPLING: Nail the framing with a pneumatic nail gun. Hot dip galvanized, full round head, 3 /2" by .120" spiral
shank nails should work well. These nails are very long and thin. This allows good penetration when shooting at an angle at the
strut ends. The .120" shank also minimizes the chance of splitting the ends of the struts. Another advantage of air nailing is that
it's much faster. Also, if you have adightly warped strut, as sometimes happens, you can set one nail as a pivot point and then
with abig Crescent® wrench twist the strut into position just beyond the right spot with one hand, then fasten it quickly with the
other and it will relax back to a perfect alignment.

Nail the framing on 2x6 domes with 5 nails in the panel corners where the struts meet and 4 in both ends of the backersif using
.120" shank nails.

When backers run perpendicular to the A, strut they should be snugged up and fastened first from the inside on the sharp end with
small staples or nails. Thisinsures atight fit which allows the backers to key in place because of the bevel of the struts.

Flush all framing on the skin side pushing any error to the inside of the panel. This guarantees an intimate glue joint with minimal
bridging between parts.

When attaching skins | prefer to use staples. If gluing the skins, space staples 3" on center around the perimeter and on both sides
of any seamsand 5" on center everywhere else. If not gluing, space them even tighter. If any staples remain above the panel
surface, tap them down flush with a hammer to insure a good glue joint. Also make sure the crown of the staple does not run
parallel to the grain of the top ply of the plywood. Y ou want the crown to cross the grain and pull the plywood down.

Nail and staple guns can be rented from most general rental companies. A Senco® SN65 or FramePro 650 FRH will work well
for framing. A Senco® SNS45 or SNS50 stapler with N-19-BAB staples can be used for skins. If you have difficulty finding 3
1/2" by .120" gun nailslocally, you can find them at mazenails.com. in Peru, lllinois, USA.

JIGS: When building just one or two domes, making elaborate production jigsis unrealistic and unnecessary. Well cut struts with
cleanly fastened corners will have the proper cords and should produce a nearly perfect dome if the struts are straight. Bowed
struts, on the other hand, will cause alot of problems. Even a 1/4" belly in the sides of two adjacent panels will push the panels
apart 1/2" at thetips. If you do get one end together, the other end will usually get worse. Errors like this can be overpowered
sometimes during assembly, but it’s not much fun.

A simple jig made from three dead straight 2x4s nailed to the surface of awork table, snug around a panel, will help keep the
struts straight while installing the backers and attaching the skin.

LUMBER: For any larger dome lumber should be #1 grade for struts and at least #2 & better for backers. Where skinswill be
glued and the inside finished, it should aso be kiln dried. Air dried lumber will work aslong asit’ s well seasoned with a moisture
content as low as KD. Green or wet lumber will not support a good glue joint and tends to warp asit dries.

PLYWOOD: Plywood should be at aminimum 1/2" 5 ply CDX or the equivaent, and glued down when running paralel to the
backers. Never use 3 ply or 4 ply plywood in this arrangement. It's very weak across the grain and will be spongy under foot,
especialy on 24" centers.

BOLT HOLES: Bolt holes are laid out from the vertex down both equal sidesfor the B and C Struts. For the A struts they’relaid
out from the center to both ends. Thisis because in the case of A Struts, HAs match PAs but must also match themselves. An HA
to HA paring will double any error made in laying out the bolt holes from one end. Layout done from the center will minimize
this problem.

Center is most accurately found by measuring it twice from both ends of the strut. If both lines are not in exactly the same spot, a
line splitting the difference will be the center.

Bolt holes can be jigged by drilling holes for guidesin the center of a 2x4 and clamping it flush to the top of the framing. Just
make sure you mark the vertex end in the case of B and C Struts and always flush that end. With A Struts, lay the jig holes out
from center and match that mark to a center line made on the struts themselves.

Bolt holes should be drilled 1 3/4" down the outside face of the struts at 90° to their surface. Thistransfers stressin asdirect a

- path as possible from skin to skin. Holes should be 5/8" when predrilled to alow for adjustments. I
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Bolt placement and spacing are somewhat arbitrary. The layoutsillustrated follow a deliberately conservative pattern of a bolt
approximately every 24" beginning and ending about 10" or less from the tips. The purpose hereis not only to transfer loads, but
is aso to prevent Sheetrock® cracking. With domes, the joints in the Sheetrock® unavoidably fall right on the joints between the
panels creating aweak spot. In a45’ dome this amounts to more than 700" of joint. That's alot of potential for damage, so afew
extra bolts are worth the price.

HARDWARE: Bolts can be 1/2" x 4" grade 2. Washers can be 1/2" heavy flat washers but 3/8" malleable iron washers work alot
better. Their holeisjust alittle over 3/8" so 1/2" bolts (which are actually under 1/2") will fit through them most of the time
without reaming. The difference isin the amount of torque they will take. Flat washers will bend in a cup shape under stress and
noticeably crush the wood underneath them. Malleable iron washers, which have at |east three times the bearing surface, will feel
tight long before you natice any crushed wood. This allows you to torque the bolts closer to specs. and get the struts tighter
together.

STRAPS: The size and strength of straps used depends on the size of dome you build and the loads you expect. Single 3' long
Simpson MTS37 straps, or the equivalent in strength, have been used on 45 domes in snow loads below 30 Ibs. In heavier snow
loads, a second ring of straps should be installed at the next ring of struts up from the tension ring.

ASSEMBLY

Raising adomeisfairly straightforward. Domes are sometimes raised by prefabricating the lower five Pent groups on the ground
and then tilting them up as one piece. While this works well enough for smaller 2x4 domes, it would be difficult and certainly
dangerous with a 60’ 2x6 dome. With larger domes you may want to begin with just the bottom three Pent panelsand go one at a
time from then on. In any case, make sure to brace everything well asyou go. A domeis not self supporting until the first forty
panels are up and form a complete tension ring.

Bolts should be tightened as you go along except for the two Hex to Hex seams in the Hex group that meets the last Pent Panel.
Leaving these bolts alittle loose alows you to flex the dome open slightly with two long poles and dlip the final Pent pandl in
more easily. After the domeisup it's agood ideato go around and retorque the bolts one last time before you cover them up.
Sometimes afew just get missed otherwise.

Take time to finish one step before racing on to the next. Riser walls and shear panels, if used, should be completely strapped to
the foundation prior to raising the dome. This guarantees that no movement takes place before the straps are called on to take up
load.

Strapping should be installed on the dome itself as soon as the tension ring is finished. Thisis because tension straps alow avery
slight movement of the panels as they load up. As you add additional panels, the straps will come under tension and seat,
alowing no further movement. If you wait until after the dome is up to install the straps, it will actually be the bolts at the tension
ring that are taking the stress and not the straps. Now add a roof, Sheetrock® and about two feet of snow, and you may get a
minor movement of the panels as the straps take up the additional load. The result at worst will likely be nothing more than
hairline cracks over the openings but they’ re worth avoiding if you can.

SMALL SCALE DOMES

These plans focus mainly on building large scale domes which is reflected in the use of full-dimension lumber in all of the
drawings and tables. Small scale domes for use as a back yard storage building or potting shed don't really need this heavy
lumber and can be sensibly built making panels from thinner lumber such as 1x4s. Y ou can easily calculate the parts for these
domes using the formulas on page 6. They need only minor modifications that account for the smaller cross-section of the
lumber.

To figure struts, use the same ratios but reduce the following constant by the percentage your lumber is thinner than standard 1
1/2" lumber. For instance: 3/4" lumber is 1/2 as thick as standard lumber so you would divide the constant by 2. 1/2" lumber is
1/3 asthick so you would divide the constant by 3, and so on.

To figure backers you again use the same ratios and reduce the first constant by the percentage your lumber is thinner. The
second constant, however, should remain the same. Its only purpose is to calculate the change in the length of a backer relative to
its position on layout. No cross-sectional dimensions are involved in this process so it is unaffected by lumber thickness.

FORMULAS

Calculating the length of strutsis straightforward. The dome diameter (DD) isfirst multiplied by aratio to figure the entire length
of apanel’sside or chord. A constant, which allows for the angled cross-section of the adjacent strut, is then subtracted to
produce the finished strut length.

Calculating backersis alittle more complicated. In the case of backers running parallel to any strut, the DD isfirst multiplied by
aratio to establish the chord. A constant is than subtracted that allows for the angled cross-section of both intersecting struts as if
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they crossed at both ends. A second constant is then subtracted for every inch the backer is away from the base line on layout.
That isif the backer you want is 13 1/2" from the edge, you would multiply the second constant by 13.5 and subtract.

If the backers are perpendicular to the A Strut, the DD isfirst multiplied by aratio that establishes aline that bisects the panel
through the vertex. A constant is then subtracted that allows for the cross-section of the A Strut plus the intersection of the B and
C Struts. This produces a number equal to the length of the first center backer. Subsequent backers are figured by subtracting a
second constant for every inch they are from the center line on layout. Remember that since the reference line is to the center of
the panel, and not the edge of abacker, a 3/4" allowance must be made on the first layout. That is, on 16’ centerslaid out on
center, the second backer would be 15 1/4" from center not 16". Laid out off center, the first backer would be 7 /4" from the
reference line, not 8".

Building adomeisreally not that different from any other building project. In the beginning there are always two big questions:
1. What do the parts look like?
2. How do they go together?

If you know the answers to these two questions, your odds of success are pretty good. To that end, | hope you find these plans
helpful.

j-0. hill

Most formulas and data have been zeroed in the sample version.

HEX STRUTS

HA = DD x .2048135683 - 1.732050808"

HB = DD x .0000000000 - 0.000000000"

HC = DD x .0000000000 - 0.000000000"

HEX BACKERS

Perpendicular to the A Strut = DD x .0000000000 - 0.000000000" - (0.00000000" per inch of layout)
Parallel to the A Strut = DD x .0000000000 - 0.000000000" - (0.000000000" per inch of layout)
Parallel to the B or C Struts = DD x .0000000000 - 0.000000000" - (0.000000000" per inch of layout)
PENT STRUTS

PA = DD x .0000000000 - 0.000000000"

PB = DD x .000000000 - 0.000000000"

PC = DD x .000000000 - 0.000000000"

PENT BACKERS

Perpendicular to the A Strut = DD x .000000000 - 0.000000000" - (0.000000000" per inch of layout)
Parallel to the A Strut = DD x .0000000000 - 0.000000000" - (0.000000000" per inch of layout)
Parallel to the B or C Struts = DD x .000000000 - 0.000000000" - (0.000000000" per inch of layout)

REFERENCE ANGLES

0.000000000° 00.0000000° 00.00000000°
0.00000000° 00.00000000° 29.29158251°
0.000000000° 00.00000000° 00.00° ...
0.000000000° 00.0000000° 00.0000000°
6.789275306° 00.00000000° 31.41683498°
0.000000000° 00.00000000° 00.00000000°
7.22886028° 00.00000000° 00.00000000°
0.000000000° 00.00° ... 00.00000000°
0.000000000° 00.00000000° (00.00000000°
0.000000000° 00.00000000° 00.00000000°
0.00000000° 00.00000000° 00.00° ...
0.000000000° 00.00° ... 00.00° ...
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0.000000000° 00.00000000° 00.00° ...
0.00000000° 00.00000000°
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Top View

Elevation

39’ Standard Pent

plywood layout for above

39" Bottom Side Pent

plywood layout for above

39" Pent for Sierra Plastics P35 Skylight
plywood layout for above

39’ Pent for Velux Mode 104 Skylights
plywood layout for above

39 Standard Hex

plywood layout for above

39" Hex for Sierra Plastics H35 Skylight
plywood layout for above

39’ Hex for Velux Model 304 Skylights
plywood layout for above

39’ Hex for Velux Model 104 Skylights
plywood layout for above

18/18 & 27/27 Riser Wallsfor 39' Dome
18/27 & 27/18 Riser Wallsfor 39' Dome
Standard & Extension Shear Panelsfor 39° Dome

& 32. Table of Pent backers perpendicular to the A Strut.

Table of Pent backers parallel to the A Strut
45’ Standard Pent

plywood layout for above

45' Bottom Side Pent

plywood layout for above

45' Pent for Sierra Plastics P45 Skylight
plywood layout for above

45 Pent for Velux Model 306 Skylights
plywood layout for above

45’ Standard Hex

plywood layout for above

45’ Hex for Sierra Plastics H45 Skylight
plywood layout for above

45' Hex for Velux Model 108 Skylights
plywood layout for above

45 Hex for Velux Model 308 Skylights
plywood layout for above

18/18 & 27/27 Riser Wallsfor 45 Dome
18/27 & 27/18 Riser Wallsfor 45 Dome
Standard & Extension Shear Panelsfor 45 Dome

& 54. Table of Hex backers perpendicular to the A Strut.

Table of strut lengths for both Hex and Pent panels.
50" Standard Pent

plywood layout for above

50’ Bottom Side Pent

plywood layout for above

50" Pent for Sierra Plastics P60 Skylight

plywood layout for above

50" Pent for Velux Model 306 Skylights

plywood layout for above

50" Pent for Velux Model 108 Skylights
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65. plywood layout for above

66. 50" Standard Hex

67. plywood layout for above

68. 50" Hex for Sierra Plastics H60 Skylight
69. plywood layout for above

70. 50" Hex for Velux Model 108 Skylights
71. plywood layout for above

72.50" Hex for Velux Model 308 Skylights
73. plywood layout for above

74.18/18 & 27/27 Riser Wallsfor 50° Dome
75.18/27 & 27/18 Riser Wallsfor 50' Dome
76. Standard & Extension Shear Panelsfor 50' Dome

Sheetrock® is aregistered trademark of United States Gypsum Company. Velux® is aregistered trademark of Velux-America
Inc. Senco® is aregistered trademark of Senco Products Inc. Crescent® is aregistered trademark of Cooper Industries Inc.

Copyright 2002, Jefirey O. Hill Home Full Text Links Order Plans License Contact Us
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License Agreements and Disclaimer
Please read the license agreements car efully. There aretwo versions.

1. A Personal License which allows you to build an unlimited number of domes for your personal use for $54.95 U.S.

or

2. A Commercial License which allows the same unlimited personal use but also allows you to build domes commercially for
$184.95 U.S. plus avery modest royalty.

To move on to the Order Page you must first acknowledge with a check mark in the box at the bottom of this page that
you haveread and under stand the terms and conditions of the license agreements. When you arrive at the Order Page
you may choose the version you prefer while placing your book order.

License Agreement (Personal)

Introduction.

Thisisa License Agreement (the " Agreement"), effective as of thisdate (the " Effective Date" ), between
Precision Structures LLC (the" Licensor™) of 2565 Potter Street, Eugene, Oregon 97405, and you (the
"Licensee"). Licensor and Licensee shall be collectively referred to as" the parties.”

Licensor isthe owner of certain proprietary rightsto thewritten work Professional Dome Plans, Third
Edition ("theWork.") Licensee desiresto license certain rightsin the Work therefore the parties agree as
follows:

TheWork.
TheWork refersto all proprietary rights, including but not limited to copyrights.

Grant of Rights - Personal License.
Licensor grantsto Licensee a nonexclusive, nontransferable, non-commercial licenseto usethe Work in
building an unlimited number of domesfor Licensee's personal use.

Per sonal and Non-commer cial Use Limitation.

TheWork isfor Licensee's personal and non-commercial use. Licensee may not modify, copy, distribute,
transmit, display, reproduce, publish, license, create derivative works from, transfer or sell the Work or any
portion of it.

Reservation of Rights.
Licensor expressy reservesall rightsother than those being conveyed or granted in this Agreement.

Term.
This Agreement shall commence upon the Effective Date and shall expire simultaneoudly with the expiration
of the copyright of the Work unless sooner terminated pursuant to a provision of this Agreement.

License Fee.
Asa nonrefundable, nonrecoupable fee for executing thislicense, Licensee agreesto pay to Licensor upon
execution of this Agreement the sum of $54.95 U.S.

Limitation of Licensor Liability.

Licensor's maximum liability to Licensee under this agreement, regardless on what basisliability is asserted,
shall in no event exceed the total amount paid to Licensor under this Agreement. Licensor shall not beliable
to Licenseefor any incidental, consequential, punitive or special damages.

Compliance with Intellectual Property Laws.

Thelicense granted in this Agreement is conditioned on Licensee's compliance with the provisions of all
applicable laws and regulations, including but not limited to intellectual property laws of the United States
and any foreign country. All copies of the Work aswell asall promotional material shall bear appropriate
proprietary notices.

Licensor'sRight to Terminate.
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Licensor shall havetheright to terminate this Agreement for the following reasons:
(a) Licensee assigns or sublicensesthe Work in violation of the Agreement;

or

(b) Licensee breaches any other term of the Agreement.

Effect of Termination.
After termination of thislicense, all rights granted to the Licensee under this Agreement shall terminate and
revert to Licensor, and Licensee will refrain from further use of the Work.

Attorneys Feesand Expenses.
The prevailing party shall havetheright to collect from the other party itsreasonable costs and necessary
disbursements and attorneys feesincurred in enforcing this Agreement.

Dispute Resolution - Alternative Dispute Resolution.

If adisputearisesand cannot beresolved by the parties, either party may make a written demand for formal
resolution of the dispute. The written request will specify the scope of the dispute. Within 30 days after such
written notice, the parties agree to meet, for one day, with an impartial mediator and consider dispute
resolution alternatives other than litigation. If an alter native method of disputeresolution isnot agreed upon
within 30 days of the one-day mediation, either side may start litigation proceedings.

Governing Law.
This Agreement shall be governed in accor dance with the laws of the State of Oregon and of the United States
of America.

Jurisdiction.

The parties consent to the exclusive jurisdiction and venue of the federal and state courtslocated in Lane
County, Oregon, United States of Americain any action arising out of or relating to this Agreement. The
partieswaive any other venueto which either party might be entitled by domicile or otherwise.

Waiver.
Thefailureto exercise any right provided in this Agreement shall not be a waiver of prior or subsequent
rights.

Invalidity.
If any provision of this Agreement isinvalid under applicable statute or rule of law, it isto be considered
omitted and the remaining provisions of this Agreement shall in no way be affected.

Entire Under standing.

This Agreement expresses the complete under standing of the parties and supersedesall prior representations,
agreements and under standings, whether written or oral. This Agreement may not be altered except by a
written document signed by both parties.

Notices.
Any notice or communication required or permitted to be given under this Agreement shall be sufficiently
given when received by certified mail, or sent by facsimile transmission or overnight courier.

No Joint Venture.

Nothing contained in this Agreement shall be construed to place the partiesin therelationship of agent,
employee, franchisee, officer, partnersor joint ventures. Neither party may create nor assume any obligation
on behalf of the other.

Assignability.
Licensee may not assign or transfer itsrightsor obligations pursuant to this Agreement. Any assignment or
transfer in violation of this section shall be void.

Execution.
Each party executing this agreement personally or on behalf of a corporation warrantsthat the party is
authorized to enter this Agreement and that this Agreement isbinding on the party.

License Agreement (Commercial)

Introduction.

ThisisaLicense Agreement (the " Agreement"), effective as of thisdate (the " Effective Date" ), between
Precision StructuresLLC (the" Licensor™) of 2565 Potter Street, Eugene, Oregon 97405, and you (the
"Licensee"). Licensor and Licensee shall be collectively referred to as" the parties.”
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Licensor isthe owner of certain proprietary rightsto thewritten work Professional Dome Plans, Third
Edition ("theWork.") Licensee desiresto license certain rightsin the Work therefore the parties agree as
follows:

TheWork.
TheWork refersto all proprietary rights, including but not limited to copyrights.

Grant of Rights- Commercial License.

Licensor grantsto commercial Licensee a nonexclusive, nontransfer able, non-commer cial licenseto usethe
Work in building an unlimited number of domesfor Licensee's personal use. In addition, Licensor grantsto
Licensee a nonexclusive, nontransferable, commercial licenseto usethe Work in building an unlimited
number of domesfor Licensee's customers provided Licensee paysthe Royalties as set out below.

Use Limitation.

Licensee may not modify, copy, distribute, transmit, display, reproduce, publish, license, create derivative
worksfrom, transfer or sell the Work or any portion of it. However, Licensee may make a working copy of
pagesto be used as cutting lists provided that said copiesare used for no other purpose and ar e destroyed
after use.

Reservation of Rights.
Licensor expressy reservesall rightsother than those being conveyed or granted in this Agreement.

Term.
This Agreement shall commence upon the Effective Date and shall expire simultaneoudly with the expiration
of the copyright of the Work unless sooner terminated pursuant to a provision of this Agreement.

License Fee.
Asanonrefundable, nonrecoupable fee for executing thislicense, Licensee agreesto pay to Licensor upon
execution of this Agreement the sum of either:

() $184.95 U.S. if purchased asan original Commercial License,

or

(b) $130.00 U.S. if purchased as an upgrade from an existing Personal License, and ther eafter to pay
promptly other sums payable under the terms of this Agreement.

Royalties.
All royalties (" Royalties") provided for under this Agreement shall accrue when the respective domesare
contracted, built, sold, billed or paid for, whichever occursfirst.

Licensed Work Royalty.

Commercial Licensee agreesto pay a Royalty of ten cents U.S. ($.10) per squarefoot on thearea of acirclein
squar e feet scribed by theradius of the dome at ground level on each dome built for a customer. The formula
used will be: Pi timesthe radius squared where Pi equals 3.14.

(diameter + 2)2 (3.14) ($0.10) = Royalty Payment

For example:

1. Theroyalty due on a 40-foot dome with a radius of 20 feet would be (20')2 = 400" x 3.14 = 1256 7. ft.
and 1256 sq. ft. x $.10 per sq. ft. = $125.60.

2. Theroyalty due on a 12-foot dome with aradius of 6 feet would be (6')2 = 36' x 3.14 = 113 sq. ft. and 113
sq. ft. x $.10 per sq. ft. = $11.30.

Paymentsto Licensor.

Within thirty days after the Royalty accrues, Licensee shall pay to Licensor at the address set out above or at
the web site domeplans.com the Royalty described in the preceding paragraph. All payments shall be paid in
United States currency drawn on a United States bank. The acceptance by Licensor of any of royalties paid
shall not preclude Licensor questioning the correctness at any time of any payments.

Audit.

Licensee shall keep accurate books of account and records covering all transactions relating to the license
granted in this Agreement, and Licensor or itsduly authorized representatives shall have the right upon five
daysprior written notice, and during normal business hours, to inspect and audit Licensee' srecordsrelating
to the Work licensed under this Agreement. If theresultsindicate an under payment, Licensee shall promptly
reimburse Licensor for all costs of the audit along with the amount due with interest on such sums. Interest
shall accrue from the date the payment was originally due, and theinterest rate shall be 1.5% per month, or
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the maximum rate per mitted by law, whichever isless. All books of account and records shall be made
available and kept availablefor at least two years after Royalties accrue under this Agreement.

L ate Payment.

Timeis of the essence with respect to all paymentsto be made by Licensee under this Agreement. If Licensee
islatein any payment provided for in this Agreement, Licensee shall pay interest on the payment from the
date due until paid at arate of 1.5% per month, or the maximum rate permitted by law, whichever isless.

Limitation of Licensor Liability.

Licensor's maximum liability to Licensee under this agreement, regardless on what basisliability is asserted,
shall in no event exceed the total amount paid to Licensor under this Agreement. Licensor shall not be liable
to Licenseefor any incidental, consequential, punitive or special damages.

Compliance with Intellectual Property L aws.

Thelicense granted in this Agreement is conditioned on Licensee's compliance with the provisions of all
applicable laws and regulations, including but not limited to intellectual property laws of the United States
and any foreign country. All copies of the Work aswell asall promotional material shall bear appropriate
proprietary notices.

Licensor's Right to Terminate.
Licensor shall havetheright to terminate this Agreement for the following reasons:

(a) Licenseefailsto pay Royaltieswhen due and such failureisnot cured within thirty days after written
notice from the Licensor;

(b) Licensee assigns or sublicensesthe Work in violation of the Agreement; or
(c) Licensee breaches any other term of the Agreement.

Effect of Termination.
After termination of thislicense, all rights granted to the Licensee under this Agreement shall terminate and
revert to Licensor, and Licensee will refrain from further use of the Work.

Attorneys Feesand Expenses.
The prevailing party shall havetheright to collect from the other party its reasonable costs and necessary
disbursements and attorneys feesincurred in enforcing this Agreement.

Dispute Resolution - Alter native Dispute Resolution.

If adisputearises and cannot beresolved by the parties, either party may make a written demand for formal
resolution of the dispute. Thewritten request will specify the scope of the dispute. Within 30 days after such
written notice, the parties agree to meet, for one day, with an impartial mediator and consider dispute
resolution alter natives other than litigation. If an alter native method of dispute resolution isnot agreed upon
within 30 days of the one-day mediation, either side may start litigation proceedings.

Governing Law.
This Agreement shall be gover ned in accordance with the laws of the State of Oregon and of the United States
of America.

Jurisdiction.

The parties consent to the exclusive jurisdiction and venue of the federal and state courtslocated in Lane
County, Oregon, United States of Americain any action arising out of or relating to this Agreement. The
parties waive any other venueto which either party might be entitled by domicile or otherwise.

Waiver.
Thefailureto exercise any right provided in this Agreement shall not be a waiver of prior or subsequent
rights.

Invalidity.
If any provision of this Agreement isinvalid under applicable statute or rule of law, it isto be considered
omitted and the remaining provisions of this Agreement shall in no way be affected.

Entire Under standing.

This Agreement expresses the complete under standing of the parties and supersedesall prior representations,
agreements and under standings, whether written or oral. This Agreement may not be altered except by a
written document signed by both parties.

—
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Notices.
Any notice or communication required or permitted to be given under this Agreement shall be sufficiently
given when received by certified mail, or sent by facsimile transmission or overnight courier.

No Joint Venture.

Nothing contained in this Agreement shall be construed to place the partiesin the relationship of agent,
employee, franchisee, officer, partnersor joint ventures. Neither party may create nor assume any obligation
on behalf of the other.

Assignability.
Licensee may not assign or transfer itsrightsor obligations pursuant to this Agreement without the prior
written consent of Licensor. Any assignment or transfer in violation of this section shall be void.

Execution.

Each party executing this agreement personally or on behalf of a cor poration warrantsthat the party is
authorized to enter this Agreement personally or on behalf of such corporation and that this Agreement is
binding on the party.

Notice.

LICENSOR MAKESNO REPRESENTATIONSABOUT THE SUITABILITY OF THE INFORMATION
CONTAINED IN THE DOCUMENTS AND GRAPHICS PUBLISHED AS PART OF THE BOOK PROFESSIONAL
DOME PLANS, THIRD EDITION (" THE WORK") FOR ANY PURPOSE. THE WORK ISPROVIDED "ASIS"
WITHOUT WARRANTY OF ANY KIND. LICENSOR HEREBY DISCLAIMSALL WARRANTIESAND
CONDITIONSWITH REGARD TO THE WORK, INCLUDING ALL WARRANTIES AND CONDITIONS OF
MERCHANTABILITY, WHETHER EXPRESS, IMPLIED OR STATUTORY, FITNESSFOR A PARTICULAR
PURPOSE, TITLE AND NONINFRINGEMENT. LICENSOR SHALL IN NO EVENT BE LIABLE FOR ANY
SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGESOR ANY DAMAGESWHATSOEVER RESULTING
FROM LOSSOF USE, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OF INFORMATION AVAILABLE IN THE
WORK.

O I haveread and | under stand the terms and conditions of the license agr eements.

Copyright 2002, Jeffrey O. Hill Home Full Text Links Order Plans License Contact Us
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LICENSOR MAKES NO REPRESENTATIONS ABOUT THE
SUITABILITY OF THE INFORMATION CONTAINED IN THE
DOCUMENTS AND GRAPHICS PUBLISHED AS PART OF
PROFESSIONAL DOME PLANS, THIRD EDITION (“THE WORK?”)
FOR ANY PURPOSE. THE WORK IS PROVIDED "AS I1S" WITHOUT
WARRANTY OF ANY KIND. LICENSOR HEREBY DISCLAIMS ALL
WARRANTIES AND CONDITIONS WITH REGARD TO THE WORK,
INCLUDING ALL WARRANTIES AND CONDITIONS OF
MERCHANTABILITY, WHETHER EXPRESS, IMPLIED OR
STATUTORY, FITNESS FOR A PARTICULAR PURPOSE, TITLE
AND NONINFRINGEMENT. LICENSOR SHALL IN NO EVENT BE
LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL
DAMAGES OR ANY DAMAGES WHATSOEVER, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE
OF INFORMATION IN THE WORK.

Building a dome as a do-it-yourself project can be a
real challenge. It’s difficult to know where to begin
even for those with considerable building experience.
If you dig deep enough, you can find plenty of
information describing the geometry of domes,
although most of it is rather technical and theoretical
and often lacks the kind of practical hands on advice
needed to turn theory into a finished product.

This plan book is designed to fill that void by
focusing almost entirely on simple, detailed shop
drawings that show how domes are built with virtually
no need for higher math. In fact, the only math you’ll
see in these plans are the 4 basic functions used in a
list of formulas for calculating the length of various
parts.

The underlying geometry describes carbon 60, the
third stable form of pure carbon after graphite and
diamond called buckminsterfullerene or buckyballs. Its
shape is a 3 frequency (3v) icosahedron which is an
industry-standard for dome homes. If that sounds
complicated, and I’m pretty sure it does, I guarantee
you it doesn’t matter. Understanding the complex
geodesic math involved in the design of domes is
completely unnecessary when it comes to the actual
process of building one. All you’ll need are basic
woodworking skills and a little patience. With that,
you should have little trouble building your own dome.

TERMS

HEXagons and PENTagons: 3v icosa domes are made
up of two basic shapes of isosceles triangles arranged
in groups. There are five groups of six panels each,
called Hex groups, and six groups of five panels each,
called Pent groups. These are easy to imagine by using
a classic black and white soccer ball. The white
patches are Hex groups and the black patches are Pent
groups. By putting one Pent group on top and cutting
an imaginary plane under the other five Pent groups
that surround it, you will see the approximate 3/8
sphere described in these plans.

A CHORD is the line that defines the side of a
triangular panel. All chords intersect the imaginary
sphere at both ends to create nodes and a soccer ball
shape with flat triangular facets.

COHRD FACTORS are numbers that represent ratios
that are multiplied by the dome diameter (DD) to
calculate the length of chords. They are always stated
as the DD x the number. An example would be: 540~

x 2048135683 = 110.5993269” or 110 19/32” which
is the A chord for a 45’ dome.

Sometimes dome books wuse chord factors
referenced to the true radius or diameter of the sphere
the dome is based on. While technically accurate, these
numbers are a little difficult to work with because you
can’t easily measure the true radius or diameter of a 3v
dome. This is because the true center of the sphere lies
below the floor plane that divides the dome into useful
structures. While the chord factors used here are
related to the true diameter, they are referenced to the
diameter at floor level. This is a number twice the
radius from the center of the floor to any corner (p. 9).
No two corners are opposite each other in a straight
line however so in a 40’ dome there is no 40’ line but
rather a 20’ radius that scribes a 40’ circle.

Even though the diameter is never really measured,
it still serves as a perfect benchmark to ratio many
other dimensions from. For example: the radius of a
40’ dome is 40’ x .5 or 20°. Similarly, the true
diameter of a 40° dome is 40’ x 1.015063688 or 40° 7
7/32”. This will work with all scalable dimensions if
you have the right ratios.

Incidentally, nearly all measurements are given in
inches rather than feet with the exception being
explanations like the one above. Decimal calculations
done in feet add the complication of converting the
remainder to inches which is just another opportunity
for error.

STRUTS are the individual boards that make up the
sides of the panels. Their lengths are found by
multiplying the DD x a chord factor minus a constant
that allows for the angled cross-section of the adjacent
strut.

The labeling of struts corresponds to the group
they’re associated with. H stands for Hex and P for

1



Pent followed by A, B or C added in a clockwise
direction beginning with the base: HA, HB and HC for
Hex panels, and PA, PB and PC for Pents.

BACKERS are the boards that fill in the panels and
provide backing for the Sheetrock®. They are labeled
with a P or H followed by 1, 2, 3 etc. from largest to
smallest.

RISER WALLS are typically short walls that sit
directly under the lower Pent groups. In domes smaller
than 45’ they are necessary to allow adequate height
for entry through the natural openings. By raising the
dome they also provide more usable floor space on the
second floor.

The ratios provided in the Elevation drawing (p.11)
give an idea of the effect of different riser wall heights
on interior space. Simply multiply the DD x the ratio
of a selected node and you will get its height,
excluding the riser wall, for any size dome. Now add
whatever riser wall height you want and you’ll see
exactly where that node will be on the second floor.
This can be very helpful in deciding where to put
skylights in case you might want to see something
other than sky.

SHEAR PANELS are rectangular stress skin panels
that are bolted and strapped to the ends of the riser
walls and to the foundation. They prevent the riser
walls from being pushed over by the dome by holding
them in a ridged vertical position. Standard Shear
Panels sit in line with the exterior walls and should be
incorporated into the walls’ design. The suggested size
represents the minimum. The larger the area of shear
the stronger and safer the design.

Extension Shear Panels project from the dome
perpendicular to the openings and provide a base to
build extensions on. In this arrangement they form a
buttress which is very effective in resisting the
overturning forces of the dome.

The TENSION RING is the line of struts that
surrounds the dome just above the natural openings.
This is where the compressional forces of live and
dead loads are transformed into tension and
constrained by the straps in a circle around the dome.
The give and take of compression and tension is of
course far more complicated than that, but the
conclusion is the same. The tension ring holds the
dome together and is one of the most critical links in
the system. Great care should be taken to see that it’s
secure. In fact it’s probably wise (although it’s not
always done) to double the A strut in the Hex panels
over the openings. This gives you a double strut
around the entire dome. At the cost of 5 boards it
seems a small price to pay for the added security. To
properly install straps, you need solid material beneath
all the nails, so without a second strut you will need to
add blocking anyway .

FORMAT

DOME DRAWINGS: The two drawings on pages 10
and 11 show a top view and an elevation of an
approximate 40° dome on a 3 1/2’ riser wall. They are
consistent except for a slightly different placement of
skylight panels and no shear panels in the top view.
Ratios are given for several dimensions which should
give you some feel for the proportions of different
sized domes.

In the elevation, dotted lines, which normally
represent hidden lines, are instead used to show panels

visible only from the inside. The little numbers at the
vertex of each panel match numbers on the individual
panel drawings to indicate their general type and
location.

In the lower Pent groups you’ll notice that the two
Bottom Side Pent panels have the backers laid out
parallel to the A strut rather than perpendicular. Often
domes are built with all the Pent panels constructed
identically as Standard Pent panels. With larger domes
or in heavy snow loads, you should consider using this
alternate parallel layout. Structurally, the bottom three
Pent panels are really more of a wall the dome sits on
than part of the dome itself. Running the backers in
this more or less vertical arrangement, in the Bottom
Side Pents, makes much better use of their load
bearing capacity and greatly improves the panels’
resistance to buckling under stress.

PANEL DRAWINGS: All panels are drawn skin side
up with the skin removed. Possible plywood layouts
are shown on the next page. Panels are also all shown
framed as 2x6 with backers on 24” centers although
2x4 domes and big domes in heavy snow loads may be
safer when built with 16” centers.

As for 2x4 versus 2x6 construction, I would advise
not to build any serious dome home with 2x4s. A good
case can be made for the relative strength and energy
efficiency of 2x4s in domes versus 2x6s in a
conventional structure, but it’s an apples and oranges
argument. The real comparison is dome to dome and in
that case 2x6 is better in nearly every way, if perhaps a
trifle more expensive in material. Local building
officials, who are often unfamiliar with dome
construction methods, are also much less likely to have
a 2x6 dome violate their comfort zone.

All parts measurements are taken from the outer
surface of the framing at the outside upper edge of the




panels as defined by the chord lines. This allows for
the dome to be made from any dimension lumber from
2x2s to 2x12s, without changing the lengths of the
parts.

Triangular skylight drawings are shown with the
2x4 curb removed and drawn truncated in the center. A
cross-section of this detail appears at the upper left of
each drawing. Rectangular Velux® skylights are flush
mounted without curbs.

Bolt hole layouts are intended to be universal and
work, in most cases, with any panel of the same basic
size and shape. The exceptions are with a few Velux
skylights and are noted on the drawings.

PLYWOOD DRAWINGS: These drawings show
possible ways of cutting plywood skins from 4x8 and
occasionally 4x10 plywood. When cutting skins for a
dome other than the ones pictured, follow the basic
style shown here. Make sure any seams between
plywood pieces fall on backing and are glued and
stapled. In panelized stress skin domes, the skin carries
a good deal of the load, so breaks in the skin are
potential breaks in the load transfer.

RISER WALL DRAWINGS: Riser walls are drawn
with an additional end view to make them clearer. The
bottom plates and studs are not shown separately
because they have only simple angles evident from the
main drawings.

The riser walls pictured for the three domes drawn
are sized to position the A Strut in the Hex panels over
the openings about 36” off the second floor. This
allows for a nice view from a skylight.

Riser walls can be almost any height as long as the
shear panels are proportionate. A good rule of thumb is
the shear panel should be at least as wide as it is tall.

It’s actually best to incorporate the shear panels
right into the exterior walls. This way the effective
area of shear will increase where any plywood laps
beyond the minimum framing of the shear panel itself.

When building on a concrete slab, make sure you
carefully locate and incorporate the bottom straps into
the foundation when it is poured. No matter how
strongly built your riser walls and shear panels are,
they’re useless unless properly attached to the
foundation.

It’s also possible to use no riser wall at all. This is a
interesting alternative for domes over 45’ built on a
tight budget. It’s often less expensive to build these
domes per square foot because there are fewer and
larger components for the same usable floor space. 45’
is about as small as you can go with this design
though, in that you need a minimum height for the
exterior doors.

If you choose to use this simplified design you will
need a bottom plate under the dome beveled to the
same angle as the riser wall top.

STRUT & BACKER CROSS-SECTIONS:  Struts,
because they must be beveled on both edges, always
require a wider initial piece of lumber than backers. If
for instance, backers are made from full 2x6s, then
their accompanying struts will have to be cut down
from 2x8s. Similarly if struts start out as 2x6s and are
minimally milled, they will end up slightly smaller and
the backers will need to be ripped down to match. The
drawings on page 8 show both options for 2x4, 2x6
and 2x8 domes.

PARTS DRAWINGS: These drawings are the real
heart of the plans. They appear with every panel and
show a simplified view of its most complicated parts
(simple blocks are omitted).

Boards are shown as if lying flat on your radial arm
saw table. They are to rough scale with the lengths
truncated to save space. Very slight angles have been
exaggerated for clarity. Degree marks are omitted as
unnecessary.

Angles are given in reference to the saw with S
indicating the Swing of the arm and T being the Tilt of
the head. B indicates the Bevel of your table saw and
appears with the end view.

Dimensions of backers that vary only in length are
shown in a list above or below the drawings with only
the longest backer shown.

Identifying labels are placed on the same end of the
boards as they appear in the scale drawings. The little
arrows show the side of the boards the skin is attached
to. Make sure you apply these labels and arrows to
every board as you go about cutting. If you don’t, I
guarantee you that you won’t be able to tell them apart
especially with the Hex struts.

ANGLES: Angles are always displayed to the second
decimal and are never rounded off. This makes
matching the 10 digit equivalents listed with the
formulas easy. You may never need to use any of these
precision numbers but if you ever want to calculate
some new part, they can be a very useful starting point.

DIMENSIONS: Dimensions are rounded generally to
the nearest 1/32” with very slight adjustments made to
allow for matching struts that round in opposite
directions.

This level of accuracy may seem extreme, but it’s
my experience that people are capable of making all
the necessary mistakes without help from sloppy
dimensions. Just seeing numbers like 110 19/32” tends
to make one work more carefully. Then too, domes are
far less forgiving than most wooden structures. Even
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small errors will accumulate making the last panels
difficult to install.

The lengths of parts for arbitrary-sized domes can
be calculated using 12 simple, although very precise
formulas, on page 6. They all use the same approach
— DD x a ratio minus a constant or two to get the
final length.

There are also 4 tables that list strut and backer
lengths precalculated for 49 dome sizes from 12’ to
60’ with backer lengths figured for both 16 and 24”
centers.

FABRICATION

GLUING: Consider gluing if the dome you’re
building is over 35 or will be subjected to heavy
loads. The method of dome building shown in these
plans relies heavily on the skin to transfer stress from
panel to panel. When bound to the struts with glue, this
capacity is greatly increased. Shear panels must be
glued in any case, even if you choose not to glue the
entire dome.

Glue should be waterproof and “structural”, of the
resorcinol phenolic resin type. Construction adhesives,
while better than nothing, will creep under constant
stress over time. Structural glues won’t.

NAILING & STAPLING: Nail the framing with a
pneumatic nail gun. Hot dip galvanized, full round
head, 3 1/2” by .120” spiral shank nails should work
well. These nails are very long and thin. This allows
good penetration when shooting at an angle at the strut
ends. The .120” shank also minimizes the chance of
splitting the ends of the struts. Another advantage of
air nailing is that it’s much faster. Also, if you have a
slightly warped strut, as sometimes happens, you can
set one nail as a pivot point and then with a big
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Crescent® wrench twist the strut into position just
beyond the right spot with one hand, then fasten it
quickly with the other and it will relax back to a
perfect alignment.

Nail the framing on 2x6 domes with 5 nails in the
panel corners where the struts meet and 4 in both ends
of the backers if using .120” shank nails.

When backers run perpendicular to the A, strut they
should be snugged up and fastened first from the inside
on the sharp end with small staples or nails. This
insures a tight fit which allows the backers to key in
place because of the bevel of the struts.

Flush all framing on the skin side pushing any error
to the inside of the panel. This guarantees an intimate
glue joint with minimal bridging between parts.

When attaching skins I prefer to use staples. If
gluing the skins, space staples 3 on center around the
perimeter and on both sides of any seams and 5 on
center everywhere else. If not gluing, space them even
tighter. If any staples remain above the panel surface,
tap them down flush with a hammer to insure a good
glue joint. Also make sure the crown of the staple does
not run parallel to the grain of the top ply of the
plywood. You want the crown to cross the grain and
pull the plywood down.

Nail and staple guns can be rented from most
general rental companies. A Senco® SN65 or
FramePro 650 FRH will work well for framing. A
Senco® SNS45 or SNS50 stapler with N-19-BAB
staples can be used for skins. If you have difficulty
finding 3 1/2” by .120” gun nails locally, you can find
them at mazenails.com. in Peru, Illinois, USA.

JIGS: When building just one or two domes, making
elaborate  production jigs is unrealistic and
unnecessary. Well cut struts with cleanly fastened
corners will have the proper chords and should

produce a nearly perfect dome if the struts are straight.
Bowed struts, on the other hand, will cause a lot of
problems. Even a 1/4” belly in the sides of two
adjacent panels will push the panels apart 1/2” at the
tips. If you do get one end together, the other end will
usually get worse. Errors like this can be overpowered
sometimes during assembly, but it’s not much fun.

A simple jig made from three dead straight 2x4s
nailed to the surface of a work table, snug around a
panel, will help keep the struts straight while installing
the backers and attaching the skin.

LUMBER: For any larger dome lumber should be #1
grade for struts and at least #2 & better for backers.
Where skins will be glued and the inside finished, it
should also be kiln dried. Air dried lumber will work
as long as it’s well seasoned with a moisture content as
low as KD. Green or wet lumber will not support a
good glue joint and tends to warp as it dries.

PLYWOOD: Plywood should be at a minimum 1/2” 5
ply CDX or the equivalent, and glued down when
running parallel to the backers. Never use 3 ply or 4
ply plywood in this arrangement. It’s very weak across
the grain and will be spongy under foot, especially on
24” centers.

BOLT HOLES: Bolt holes are laid out from the vertex
down both equal sides for the B and C Struts. For the
A struts they’re laid out from the center to both ends.
This is because in the case of A Struts, HAs match PAs
but must also match themselves. An HA to HA paring
will double any error made in laying out the bolt holes
from one end. Layout done from the center will
minimize this problem.

Center is most accurately found by measuring it
twice from both ends of the strut. If both lines are not




in exactly the same spot, a line splitting the difference
will be the center.

Bolt holes can be jigged by drilling holes for guides
in the center of a 2x4 and clamping it flush to the top
of the framing. Just make sure you mark the vertex end
in the case of B and C Struts and always flush that end.
With A Struts, lay the jig holes out from center and
match that mark to a center line made on the struts
themselves.

Bolt holes should be drilled 1 3/4” down the outside
face of the struts at 90° to their surface. This transfers
stress in as direct a path as possible from skin to skin.
Holes should be 5/8” when predrilled to allow for
adjustments.

Bolt placement and spacing are somewhat arbitrary.
The layouts illustrated follow a deliberately
conservative pattern of a bolt approximately every 24”
beginning and ending about 10” or less from the tips.
The purpose here is not only to transfer loads, but is
also to prevent Sheetrock® cracking. With domes, the
joints in the Sheetrock® unavoidably fall right on the
joints between the panels creating a weak spot. In a 45°
dome this amounts to more than 700’ of joint. That’s a
lot of potential for damage, so a few extra bolts are
worth the price.

HARDWARE: Bolts can be 1/2” x 4” grade 2.
Washers can be 1/2” heavy flat washers but 3/8”
malleable iron washers work a lot better. Their hole is
just a little over 3/8” so 1/2” bolts (which are actually
under 1/2”) will fit through them most of the time
without reaming. The difference is in the amount of
torque they will take. Flat washers will bend in a cup
shape under stress and noticeably crush the wood
underneath them. Malleable iron washers, which have
at least three times the bearing surface, will feel tight
long before you notice any crushed wood. This allows

you to torque the bolts closer to specs. and get the
struts tighter together.

STRAPS: The size and strength of straps used
depends on the size of dome you build and the loads
you expect. Single 3° long Simpson MTS37 straps, or
the equivalent in strength, have been used on 45’
domes in snow loads below 30 Ibs. In heavier snow
loads, a second ring of straps should be installed at the
next ring of struts up from the tension ring.

ASSEMBLY

Raising a dome is fairly straightforward. Domes are
sometimes raised by prefabricating the lower five Pent
groups on the ground and then tilting them up as one
piece. While this works well enough for smaller 2x4
domes, it would be difficult and certainly dangerous
with a 60’ 2x6 dome. With larger domes you may want
to begin with just the bottom three Pent panels and go
one at a time from then on. In any case, make sure to
brace everything well as you go. A dome is not self
supporting until the first forty panels are up and form a
complete tension ring.

Bolts should be tightened as you go along except
for the two Hex to Hex seams in the Hex group that
meets the last Pent Panel. Leaving these bolts a little
loose allows you to flex the dome open slightly with
two long poles and slip the final Pent panel in more
easily. After the dome is up it’s a good idea to go
around and retorque the bolts one last time before you
cover them up. Sometimes a few just get missed
otherwise.

Take time to finish one step before racing on to the
next. Riser walls and shear panels, if used, should be
completely strapped to the foundation prior to raising

the dome. This guarantees that no movement takes
place before the straps are called on to take up load.

Strapping should be installed on the dome itself as
soon as the tension ring is finished. This is because
tension straps allow a very slight movement of the
panels as they load up. As you add additional panels,
the straps will come under tension and seat, allowing
no further movement. If you wait until after the dome
is up to install the straps, it will actually be the bolts at
the tension ring that are taking the stress and not the
straps. Now add a roof, Sheetrock® and about two feet
of snow, and you may get a minor movement of the
panels as the straps take up the additional load. The
result at worst will likely be nothing more than hairline
cracks over the openings but they’re worth avoiding if
you can.

SMALL SCALE DOMES

These plans focus mainly on building large scale
domes which is reflected in the use of full-dimension
lumber in all of the drawings and tables. Small scale
domes for use as a back yard storage building or
potting shed don’t really need this heavy lumber and
can be sensibly built making panels from thinner
lumber such as 1x4s. You can easily calculate the parts
for these domes using the formulas on page 6. They
need only minor modifications that account for the
smaller cross-section of the lumber.

To figure struts, use the same ratios but reduce the
following constant by the percentage your lumber is
thinner than standard 1 1/2” lumber. For instance: 3/4”
lumber is 1/2 as thick as standard lumber so you would
divide the constant by 2. 1/2” lumber is 1/3 as thick so
you would divide the constant by 3, and so on.

To figure backers, you again use the same ratios
and reduce the first constant by the percentage your
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lumber is thinner. The second constant, however,
should remain the same. Its only purpose is to calculate
the change in the length of a backer relative to its
position on layout. No cross-sectional dimensions are
involved in this process so it is unaffected by lumber
thickness.

FORMULAS

Calculating the length of struts is straightforward.
The dome diameter (DD) is first multiplied by a ratio
to figure the entire length of a panel’s side or chord. A
constant, which allows for the angled cross-section of
the adjacent strut, is then subtracted to produce the
finished strut length.

Calculating backers is a little more complicated. In
the case of backers running parallel to any strut, the
DD is first multiplied by a ratio to establish the chord.
A constant is than subtracted that allows for the angled
cross-section of both intersecting struts as if they
crossed at both ends. A second constant is then
subtracted for every inch the backer is away from the
base line on layout. That is if the backer you want is 13
1/2” from the edge, you would multiply the second
constant by 13.5 and subtract.

If the backers are perpendicular to the A Strut, the
DD is first multiplied by a ratio that establishes a line
that bisects the panel through the vertex. A constant is
then subtracted that allows for the cross-section of the
A Strut plus the intersection of the B and C Struts. This
produces a number equal to the length of the first
center backer. Subsequent backers are figured by
subtracting a second constant for every inch they are
from the center line on layout. Remember that since
the reference line is to the center of the panel, and not
the edge of a backer, a 3/4” allowance must be made
on the first layout. That is, on 16’ centers laid out on
6

center, the second backer would be 15 1/4” from center
not 16”. Laid out off center, the first backer would be 7
1/4” from the reference line, not 8”.

Building a dome is really not that different from any
other building project. In the beginning there are
always two big questions:

1. What do the parts look like?

2. How do they go together?

If you know the answers to these two questions
your odds of success are pretty good. To that end, I
hope you find these plans helpful.

j-o. hill

Most formulas and data have been zeroed in the
sample version.

HEX STRUTS
HA =DD x .2048135683 — 1.732050808”

HB = DD x .0000000000 — 0.000000000
HC = DD x .0000000000 - 0.000000000”

HEX BACKERS

Perpendicular to the A Strut= DD x .0000000000 —
0.000000000” — (0.00000000” per inch of layout)

Parallel to the A Strut = DD x .0000000000 —
0.000000000” — (0.000000000” per inch of layout)

Parallel to the B or C Struts = DD x .0000000000 —
0.000000000” — (0.000000000” per inch of layout)

PENT STRUTS

PA = DD x .0000000000 — 0.000000000™
PB = DD x .000000000 — 0.000000000”
PC = DD x .000000000 — 0.000000000”

PENT BACKERS

Perpendicular to the A Strut = DD x .000000000 —
0.000000000” — (0.000000000” per inch of layout)

Parallel to the A Strut = DD x .0000000000 —
0.000000000” — (0.000000000” per inch of layout)

Parallel to the B or C Struts = DD x .000000000 —
0.000000000” — (0.000000000” per inch of layout)

REFERENCE ANGLES

0.000000000°
0.00000000°

0.000000000°
0.000000000°
6.789275306°
0.000000000°
7.22886028°

0.000000000°
0.000000000°
0.000000000°
0.00000000°

0.000000000°
0.000000000°
0.00000000°

00.0000000°
00.00000000°
00.00000000°
00.0000000°
00.00000000°
00.00000000°
00.00000000°
00.00°...
00.00000000°
00.00000000°
00.00000000°
00.00°...
00.00000000°
00.00000000°

00.00000000°
29.29158251°
00.00°...
00.0000000°
31.41683498°
00.00000000°
00.00000000°
00.00000000°
00.00000000°
00.00000000°
00.00°...
00.00°...
00.00°...
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To inquire about how to buy Sierra Skylights, contact:
Sierra Plastics Inc.
7601 4th St.
White City, OR 97503
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www.mazenails.com
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License Agreements

Please read the license agreements carefully.
There are two versions.

(1) A Personal License which allows you to build an
unlimited number of domes for personal use for $54.95
u.S.

and

(2) A Commercial License which allows the same
personal use but also allows you to build domes
commercially for $184.95 U.S. plus a very modest royalty.

License Agreement (Personal)

Introduction.

This is a License Agreement (the "Agreement"),
effective as of this date (the "Effective Date"), between
Precision Structures LLC (the "Licensor") of 2565 Potter
Street, Eugene, Oregon 97405, and you (the "Licensee").
Licensor and Licensee shall be collectively referred to as
"the parties."

Licensor is the owner of certain proprietary rights to
the written work Professional Dome Plans, Third Edition
("the Work.") Licensee desires to license certain rights in
the Work therefore the parties agree as follows:

The Work.
The Work refers to all proprietary rights, including but
not limited to copyrights.

Grant of Rights - Personal License:

Licensor grants to Licensee a nonexclusive,
nontransferable, non-commercial license to use the Work
in building an unlimited number of domes for Licensee's
personal use.

Personal and Non-commercial Use Limitation.

The Work is for Licensee's personal and non-
commercial use. Licensee may not modify, copy, distribute,
transmit, display, reproduce, publish, license, create
derivative works from, transfer or sell the Work or any
portion of it.

Reservation of Rights.
Licensor expressly reserves all rights other than those
being conveyed or granted in this Agreement.

Term.

This Agreement shall commence upon the Effective
Date and shall expire simultaneously with the expiration of
the copyright of the Work unless sooner terminated
pursuant to a provision of this Agreement.

License Fee.

As a nonrefundable, nonrecoupable fee for executing
this license, Licensee agrees to pay to Licensor upon
execution of this Agreement the sum of $54.95 U.S.

Limitation of Licensor Liability.

Licensor's maximum liability to Licensee under this
agreement, regardless on what basis liability is asserted,
shall in no event exceed the total amount paid to Licensor
under this Agreement. Licensor shall not be liable to
Licensee for any incidental, consequential, punitive or
special damages.

Compliance with Intellectual Property Laws.

The license granted in this Agreement is conditioned
on Licensee's compliance with the provisions of all
applicable laws and regulations, including but not limited to
intellectual property laws of the United States and any
foreign country. All copies of the Work as well as all
promotional material shall bear appropriate proprietary
notices.

Licensor's Right to Terminate.
Licensor shall have the right to terminate this
Agreement for the following reasons:

(a) Licensee assigns or sublicenses the Work in
violation of the Agreement;

or

(b) Licensee breaches any other term of the
Agreement.

Effect of Termination.
After termination of this license, all rights granted to
the Licensee under this Agreement shall terminate and

revert to Licensor, and Licensee will refrain from further
use of the Work.

Attorneys' Fees and Expenses.

The prevailing party shall have the right to collect from
the other party its reasonable costs and necessary
disbursements and attorneys' fees incurred in enforcing
this Agreement.

Dispute Resolution - Alternative Dispute
Resolution.

If a dispute arises and cannot be resolved by the
parties, either party may make a written demand for formal
resolution of the dispute. The written request will specify
the scope of the dispute. Within 30 days after such written
notice, the parties agree to meet, for one day, with an
impartial mediator and consider dispute resolution
alternatives other than litigation. If an alternative method
of dispute resolution is not agreed upon within 30 days of
the one-day mediation, either side may start litigation
proceedings.

Governing Law.

This Agreement shall be governed in accordance with
the laws of the State of Oregon and of the United States of
America.

Jurisdiction.

The parties consent to the exclusive jurisdiction and
venue of the federal and state courts located in Lane
County, Oregon, United States of America in any action
arising out of or relating to this Agreement. The parties
waive any other venue to which either party might be
entitled by domicile or otherwise.

Waiver.

The failure to exercise any right provided in this
Agreement shall not be a waiver of prior or subsequent
rights.

Invalidity.

If any provision of this Agreement is invalid under
applicable statute or rule of law, it is to be considered
omitted and the remaining provisions of this Agreement
shall in no way be affected.



Entire Understanding.

This Agreement expresses the complete
understanding of the parties and supersedes all prior
representations, agreements and understandings, whether
written or oral. This Agreement may not be altered except
by a written document signed by both parties.

Notices. Any notice or communication required or
permitted to be given under this Agreement shall be
sufficiently given when received by certified mail, or sent by
facsimile transmission or overnight courier.

No Joint Venture.

Nothing contained in this Agreement shall be
construed to place the parties in the relationship of agent,
employee, franchisee, officer, partners or joint ventures.
Neither party may create nor assume any obligation on
behalf of the other.

Assignability.

Licensee may not assign or transfer its rights or
obligations pursuant to this Agreement. Any assignment or
transfer in violation of this section shall be void.

Execution.

Each party executing this agreement personally or on
behalf of a corporation warrants that the party is authorized
to enter this Agreement and that this Agreement is binding
on the party.

License Agreement (Commercial)

Introduction.

This is a License Agreement (the "Agreement"),
effective as of this date (the "Effective Date"), between
Precision Structures LLC (the "Licensor") of 2565 Potter
Street, Eugene, Oregon 97405, and you (the "Licensee").
Licensor and Licensee shall be collectively referred to as
"the parties."

Licensor is the owner of certain proprietary rights to
the written work Professional Dome Plans, Third Edition
("the Work.") Licensee desires to license certain rights in
the Work therefore the parties agree as follows:

The Work.
The Work refers to all proprietary rights, including but
not limited to copyrights.

Grant of Rights - Commercial License:

Licensor grants to commercial Licensee a
nonexclusive, nontransferable, non-commercial license to
use the Work in building an unlimited number of domes for
Licensee's personal use. In addition, Licensor grants to
Licensee a nonexclusive, nontransferable, commercial
license to use the Work in building an unlimited number of
domes for Licensee's customers provided Licensee pays
the Royalties as set out below.

Use Limitation.

Licensee may not modify, copy, distribute, transmit,
display, reproduce, publish, license, create derivative
works from, transfer or sell the Work or any portion of it.
However, Licensee may make a working copy of pages to
be used in a shop setting as cutting lists provided that said
copies are used for no other purpose and are destroyed
after use.

Reservation of Rights.
Licensor expressly reserves all rights other than those
being conveyed or granted in this Agreement.

Term.

This Agreement shall commence upon the Effective
Date and shall expire simultaneously with the expiration of
the copyright of the Work unless sooner terminated
pursuant to a provision of this Agreement.

License Fee.

As a nonrefundable, nonrecoupable fee for executing
this license, Licensee agrees to pay to Licensor upon
execution of this Agreement the sum of either:

(a) $184.95 U.S. if purchased as an original
Commercial License,

or

(b) $130.00 U.S. if purchased as an upgrade from
an existing Personal License,

and thereafter to pay promptly other sums payable
under the terms of this Agreement.

Royalties.

All royalties ("Royalties") provided for under this
Agreement shall accrue when the respective domes are
contracted, built, sold, billed or paid for, whichever occurs
first.

Licensed Work Royalty.

Commercial Licensee agrees to pay a Royalty of ten
cents U.S. ($.10) per square foot on the area of a circle in
square feet scribed by the radius of the dome at ground
level on each dome built for a customer. The formula used
will be: Pi (r) times the radius squared where r equals
3.14.

For example:

(1) The royalty due on a 40-foot dome with a radius of

20 feet would be 20' 2 = 400" x 3.14 = 1256 sq. ft. and
1256 sq. ft. x $.10 per sq. ft. = $125.60.

(2) The royalty due on a 12-foot dome with a radius of

6 feet would be 6' 2 = 36'x 3.14 = 113 sq. ft. and 113 sq.
ft. x $.10 per sq. ft. = $11.30.

Payments to Licensor.

Within thirty days after the Royalty accrues, Licensee
shall pay to Licensor at the address set out above or at the
web site domeplans.com the Royalty described in the
preceding paragraph. All payments shall be paid in United
States currency drawn on a United States bank. The
acceptance by Licensor of any of royalties paid shall not
preclude Licensor questioning the correctness at any time
of any payments.

Audit.

Licensee shall keep accurate books of account and
records covering all transactions relating to the license
granted in this Agreement, and Licensor or its duly
authorized representatives shall have the right upon five
days prior written notice, and during normal business
hours, to inspect and audit Licensee's records relating to
the Work licensed under this Agreement. If the results
indicate an underpayment, Licensee shall promptly
reimburse Licensor for all costs of the audit along with the



amount due with interest on such sums. Interest shall
accrue from the date the payment was originally due, and
the interest rate shall be 1.5% per month, or the maximum
rate permitted by law, whichever is less. All books of
account and records shall be made available and kept
available for at least two years after Royalties accrue under
this Agreement.

Late Payment.

Time is of the essence with respect to all payments to
be made by Licensee under this Agreement. If Licensee is
late in any payment provided for in this Agreement,
Licensee shall pay interest on the payment from the date
due until paid at a rate of 1.5% per month, or the maximum
rate permitted by law, whichever is less.

Limitation of Licensor Liability.

Licensor's maximum liability to Licensee under this
agreement, regardless on what basis liability is asserted,
shall in no event exceed the total amount paid to Licensor
under this Agreement. Licensor shall not be liable to
Licensee for any incidental, consequential, punitive or
special damages.

Compliance with Intellectual Property Laws.

The license granted in this Agreement is conditioned
on Licensee's compliance with the provisions of all
applicable laws and regulations, including but not limited to
intellectual property laws of the United States and any
foreign country. All copies of the Work as well as all
promotional material shall bear appropriate proprietary
notices.

Licensor's Right to Terminate.
Licensor shall have the right to terminate this
Agreement for the following reasons:

(a) Licensee fails to pay Royalties when due and such
failure is not cured within thirty days after written notice
from the Licensor;

(b) Licensee assigns or sublicenses the Work in
violation of the Agreement; or

(c) Licensee breaches any other term of the
Agreement.

Effect of Termination.

After termination of this license, all rights granted to
the Licensee under this Agreement shall terminate and
revert to Licensor, and Licensee will refrain from further
use of the Work.

Attorneys' Fees and Expenses.

The prevailing party shall have the right to collect from
the other party its reasonable costs and necessary
disbursements and attorneys' fees incurred in enforcing
this Agreement.

Dispute Resolution - Alternative Dispute
Resolution.

If a dispute arises and cannot be resolved by the
parties, either party may make a written demand for formal
resolution of the dispute. The written request will specify
the scope of the dispute. Within 30 days after such written
notice, the parties agree to meet, for one day, with an
impartial mediator and consider dispute resolution
alternatives other than litigation. If an alternative method
of dispute resolution is not agreed upon within 30 days of
the one-day mediation, either side may start litigation
proceedings.

Governing Law.

This Agreement shall be governed in accordance with
the laws of the State of Oregon and of the United States of
America.

Jurisdiction.

The parties consent to the exclusive jurisdiction and
venue of the federal and state courts located in Lane
County, Oregon, United States of America in any action
arising out of or relating to this Agreement. The parties
waive any other venue to which either party might be
entitled by domicile or otherwise.

Waiver.

The failure to exercise any right provided in this
Agreement shall not be a waiver of prior or subsequent
rights.

Invalidity.

If any provision of this Agreement is invalid under
applicable statute or rule of law, it is to be considered
omitted and the remaining provisions of this Agreement
shall in no way be affected.

Entire Understanding.

This Agreement expresses the complete
understanding of the parties and supersedes all prior
representations, agreements and understandings, whether
written or oral. This Agreement may not be altered except
by a written document signed by both parties.

Notices.

Any notice or communication required or permitted to
be given under this Agreement shall be sufficiently given
when received by certified mail, or sent by facsimile
transmission or overnight courier.

No Joint Venture.

Nothing contained in this Agreement shall be
construed to place the parties in the relationship of agent,
employee, franchisee, officer, partners or joint ventures.
Neither party may create nor assume any obligation on
behalf of the other.

Assignability.

Licensee may not assign or transfer its rights or
obligations pursuant to this Agreement without the prior
written consent of Licensor. Any assignment or transfer in
violation of this section shall be void.

Execution.

Each party executing this agreement personally or on
behalf of a corporation warrants that the party is authorized
to enter this Agreement personally or on behalf of such
corporation and that this Agreement is binding on the party.
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L] "Professional Dome Plans is a book for builders, not dreamers. If you're planning to construct your
EAlﬂHER mg own dome, the detailed shop drawings and terse suggestions will be well worth the asking price.* As
Hill dryly remarks, when describing his penchant for rounding dimensions to the nearest

thirty-second of an inch, ‘This level of accuracy may seem extreme, but it’s my experience that people are capable of making all
the necessary mistakes without help from sloppy dimensions."

"Mother Earth News' January, 1990

* The comment that it's "well worth the asking price" reflects the original 1990 price of $34.95. Regrettably, we are unable to
continue to develop and deliver the plans for that price. A personal license is now $54.95 for unlimited personal use and a
commercia licenseis $184.95 plus a modest royalty.

W ksh-" =% " Anyone who has ever been intimidated by the desire to build a geodesic dome will be relieved to

Or know that the cavalry has arrived. A recent publication from Jeffrey Hill of Precision Structures,

wm ., ; | Oregon, titled Professional Dome Plans, has brought the other-worldly science of building geodesic
rl I -

{ HFHJLJI LHUJ domes down to earth where it belongs — firmly within the abilities of the do-it-yourselfer.

= B PR ARl

Beginning with afew explanatory pages of terms and materials, Hill heads straight to the heart of the
matter, offering precise scale drawings of 39', 45" and 50 domes and their riser walls. These three sizes account for
approximately 80% of all residential dome construction. And to satisfy the builder who has a desire for a dome size other than the
three drawn within the book, or who wishes to use nonstandard size lumber (the dome plansin the book all use 1 1/2" thick
lumber), Hill has been considerate enough to supply tables that list precalcul ated parts for 49 sizes of dome, from 12’ to 60’ in
diameter, and 12 simple formulas for calculating most parts for any size dome.

The simplicity of the book suggests careful thought from Hill. The drawings are clear and easy to understand, showing the
assembled panels and their plywood skins, and separate cutting lists for the individual parts, aswell. These drawingsillustrate all
the boards and their angles as they would appear lying flat on aradia arm saw table, lending a perspective that makes cutting the
compound angles nearly fool proof.

What it all adds up to in the end, is abook that cuts through the complex geodesic math, reducing it to the unimportant obstacle
that it is, clearing the way for the important task of building a dome.”

"Canadian Workshop" March, 1989

* "Canadian Workshop" changed its name to " Canadian Home Workshop" in May of 1998. It's still the same great magazine, just
with anew name.

PI' ofessi on al "Designed to give asimple understanding of a complex building procedure, Professional Dome
= Plansis a collection of drawings and diagrams that aims to make dome building self-explanatory.
Bl" Ider_ The book is written for those who understand woodworking, but a solid grasp of geometry will also
be helpful.

Jeffrey O. Hill isaformer plant manager at Oregon Dome where he hel ped produce commercial and residential domes. To Hill's
credit, the plan book is thorough. After introducing the methodology of building a dome, three featured dome plans are shown. A
foundation view, atop view and an elevation are diagrammed, each with akey to understanding the building formulas. These
plans are for domes measuring 39 feet, 45 feet and 50 feet in diameter.

The book is divided into several topics: terms, which define the major components and parts; format, or how the plans are set up
and in what order; and assembly, which describes raising a dome. Though the book could have been written alittle more clearly,
Hill callsit a*basic book that really takes al the mysteries out of dome building.’

Following the dome plans, standard pentagon and hexagon construction shapes — the two components essential to domes — are
diagrammed individually. Drawings also show how to include a skylight into the pent or hex form.

Riser wall plans (riser walls sit under a dome if more height is needed) are next, followed by a chart for constructing 49 different
dome sizes. A solid understanding of geometry will help if you are building a dome a different size than shown in the book,

http://www.domeplans.com/reviews.html (1 of 2) [9/5/2004 5:23:46 PM]
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Professional Dome Plans -- Building geodesic domes made easy.

though Hill says the book ‘ makes it easy for anyone to build domes without an advanced math degree.’

To make the plans easier to read, they are diagrammed lying flat on aradial-arm-saw table. According to Hill, this makes cutting
the compound angles of the plans virtually foolproof."

"Professional Builder" Mid-March, 1989

Copyright 2002, Jefirey O. Hill Home Full Text Links OrderPlans License Contact Us
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Dome Related Links

Professional Dome Plans — a book of detailed shop drawings and simple formulas for building 3v icosa, wood framed,
panelized geodesic domes. Thisis aso, of course, alink to the Home Page of this very web site.

The Buckminster Fuller Institute— awell maintained hub for those interested in the ideas of Buckminster Fuller and geodesic
domes.

Applied Syner getics — Geodesic dome design freeware called DOME that calculates spherical vertex coordinates, symmetry

triangle topological abundance, and chord factors. It supports class | (alternate) and class |1 (triacon) breakdowns for
Icosahedron, Octahedron and Tetrahedron polyhedron types.

Desert Domes — this very useful site provides a calculator for figuring strut lengths for any size 2, 3, 4, 5, or 6 frequency icosa
dome — especialy helpful if you're interested in conduit domes.

Geodesic Domes — Lots of information including an extensive list of geodesic dome manufacturers, vendors and consultants.

The R. Buckminster Fuller FAQ — Thisisthe Frequently Asked Questions and Answers Resource on R. Buckminster Fuller.

It isbased primarily on the history of the discussions, interests, and needs of the readers of the BITNET mailing list Geodesic and
its USENET gateway hit.listserv.geodesic.

Dome Home Companion — Lots of links and an interesting and lively discussion group.

Mathworld — A deep link in a heavy duty math site with areas covering Astronomy, Chemistry, Mathematics and Physics —
tough going but interesting browsing.

Spencer Hunter's Homepage — A gopher site with an eclectic mix of interesting and useful sites.

Homesteading and Green Living

ecobusinesslinks.com — A huge directory with thousands of reviewed green websites for amore sustainable living. Very well
organized and easy to navigate.

littlecountryvillage.com — Homesteading, frugal living, cottage gardening, easy meal recipes and much more.

Family Homesteading Advocate — Simple living resources for the natural family. Homeschool, herbal health, natural foods,
organic gardening, homebirth and alot more.

Ener gy Efficiency and Renewable Energy Network — A U.S. Government site with extensive resources.

Backwoods Home M agazine — Practical ideas for self-reliant living. They offer informative articles on awide range of subjects
including building, alternative energy, farming, gardening, food and cooking, country living and more.

Home Designers

globalhouseplans.com — Choose from thousands of innovative house plans. From cottages to executive homes, they offer plans
designed by the Nation's leading Designers and Architects, compiled into a user friendly, on-line collection.

Weinmaster Home Design — Easy to use, house plans web site offering a wide range of home designs. Whether you are
looking for starter or executive homes, you can find some very nice plans here.

Rick Garner Designer — Unique Designs for Unique People. Trusted & Proven Professional Home Designs.

souther ndesigner.com — "Quality, not quantity” — The Southern Designer is a collection of house plans, garage plans and
multifamily designs by leading professional U.S. and Canadian designers. Quality plansin an easy to navigate and informative

http://www.domeplans.com/links.html (1 of 2) [9/5/2004 5:23:47 PM]


mailto:info@domeplans.com
http://www.littlecountryvillage.com/

Professional Dome Plans -- Building geodesic domes made easy.

format.

Genera Building Information

doityour self.com — A huge site with articles on hundreds of subjects for the do-it-yourselfer. Very well organized and easy to
navigate considering the wealth of information.

infofor building.com — A site tailored to the do-it-yourself owner builder. Includes an interesting tutorial that takes you through
the process of building a home from beginning to end.

sierraplastics.com — Providers of triangular skylights that precisely mirror the geometry of 3v icosa geodesic dome panels.

mazenails.com — A good source for 3 1/2" by .120", spiral shank, galvanized gun nails.

Copyright 2002, Jeffrey O. Hill Home Full Text Links OrderPlans License Contact Us
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Download Adobe Reader

Thank you for your interest in Adobe® Reader® — free software for viewing and printing
Adobe Portable Document Format (PDF) files. Created from applications like Adobe
Acrobat® 6.0, Adobe Photoshop® Album photo software, and more, Adobe PDF files can be

viewed on most major operating systems. Adobe Reader 6.0 is the newest version of the
familiar Adobe Acrobat Reader software. It also replaces Adobe Acrobat eBook Reader,

software for viewing high-fidelity eBooks on your notebook or desktop computer.

IMPORTANT: Review the system requirements before downloading and installing Adobe
Reader 6.0.

To distribute Adobe Reader software or place an "Includes Adobe Reader” logo on your
printed material, see details.

Step 1 of 2

Choose your language and platform. Your selection will determine the version of
softwar e that you will download.

Language Platform
IEninsh |Choose a platform
Step 2 of 2

The platform and language combination specified will deter mine the version of Adobe
Reader that you will receive.

@® Full version: You will receive the full-featured version of Adobe Reader software.
Recommended for broadband users.

O Basic version: You will receive a compact version of Adobe Reader software without
al available options. This version will transfer more quickly over dial-up connections.

By downloading software from the Adobe Web site, you agree to the terms of our license
agreements. Please read the following license agreements before downl oading:

Adobe Reader license agreement.
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BECOME A MEMBER WELCOME TO THE NEW EFI WEBSITE
Support BFI and We are in the midst of amajor overhaul of BFI's online presence! Asyou click through the site you may
become a notice some pages from our old site mixed in with new material and a new look. All of our extensive
member! resources on Buckminster Fuller and hiswork are still online, and will be soon joined by our new community
and publishing platform, and a new online store!
There has never
been a better time
to become a

L. MEWS & EVENTS
member of the institute. In

celebration of the stamp release we
are offering a series of special
collectible membership premiums.
Click hereto find out more!

STORE

http://www.bfi.org/ (1 of 5) [9/5/2004 5:25:01 PM]


http://www.bfi.org/about_this_website.htm
http://www.bfi.org/search.html
http://www.bfi.org/membership.html
http://www.bfi.org/news/index.htm
http://www.bfi.org/community.htm
http://www.bfi.org/option.htm
http://www.bfi.org/introduction_to_bmf.htm
http://www.bfi.org/domes/index.html
http://www.bfi.org/synergetics.htm
http://www.bfi.org/designsc.htm
http://www.bfi.org/membership.html
http://www.bfi.org/membership.html

The Buckminster Fuller Institute

New storeitems! Click here for

information on how to order by mail
or phone.

Our Spaceship Earth Satellite M ap,
$15.

Grunch* of Giants (*Gross Universal

Cash Heist), $15.
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Celebrate the Bucky Stamp!

On July 12, 2004, Fuller's 109th birthday, the U.S.
Postal Service isreleasing acommemorative
Buckminster Fuller Stamp! 2004 was chosen as the
year to release the stamp as it marks the 50th
anniversary of Fuller's patent for the Geodesic Dome.

The image by Boris Artzybasheff originally appeared
on the cover of TIME Magazine on January 10th, 1964
(and you can read an excerpt from the origina article,
"The Dymaxion American").

Specia thanks go out to BFI Board Member Thomas
Zung, who spearheaded this effort! For more on this
historic event, read Zung's article, "Story of the
Stamp,” from our newsletter Trimtab.

New! Further Reading: BFI Board member Greg
Watson's stamp release op-ed piece, Heed The
Peaceful Revolutionary's Call.

The First Day Issue Ceremony at Stanford University on Monday July 12 was a great success! Thanksto all
who joined us!

Bucky fans celebrated the release of the postage stamp all across the country...

In Palo Alto, CA at Stanford University, home of the Fuller Archives:

Former astronaut Dr. Buzz Aldrin, left, and Allegra Fuller Snyder have a chat
o after the unveiling of a new postage stamp at Stanford, July 12th.
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In Carbondale, IL at Fuller'sformer Dome Home;
In Rockland Maine at The Farnsworth Art Museum;
In San Diego, CA in Horton Square;

In St. Louis, MO at the Missouri Botanical Gardens;
and in New York City at the Center for Architecture:

Longtime Fuller colleague Herman Wolf joined usin NY C from
Bridgeport, CT.

From left, the NY C ceremony speakers: Raschelle Miley, USPS;
Jonathan Marvel, Rogers& Marvel Architects, Fuller's great-nephew;
Joshua Arnow, BFI Board president; Elizabeth Thompson, BFI Acting
| Executive Director.

Press cover age of the stamp release
Check out stories on the stamp from Wired News, Metafilter, Gothamist, and many others!

President's M essage
Read BFI Board President Joshua Arnow's thoughts on the stamp, our move and BFI's exciting future.

The Buckminster Fuller Institute Opensin Brooklyn!
reprinted from BFI newsletter Trimtab, Vol.17 no.2
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The Buckminster Fuller Institute

| nteracti ve geo-stories about the state

of the Earth, our communities, and
possible futures.

TRIMTAB

Read recent issues
of our newsletter

The Spring 2004 issue is now online,

in PDF format. Y ou will need the
| Adobe Reader installed to read it. |

Read the archives of Trimtab.

Become a member and receive
Trimtab by mail or e-mail!
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Our new addressis:
Buckminster Fuller Institute
181 N. 11th Street

Suite 402

Brooklyn, NY 11211
718-290-9280

Fax: 718-290-9281
Toll-Free: 800-967-6277

BFI’s core operations moved to beautiful new premises this April, capping off an intensive 24-month long
strategic planning process initiated at the January 2002 Board meeting. Approved at the Board meeting in
January of 2004, our move to New Y ork enables BFI to evolve into a more mission-critical “Interactive
Network of Innovational Comprehensive Designers.” BFI simply had to capture the value of situating itself in
astrategic location and hiring executive level staff. Sebastopol served usincredibly well as atemporary and
convenient re-tooling site while we began the very hard work of reorienting our focus once the Fuller Archive
moved to Stanford.

BFI's rooftop dome-raising Open House in May, 2004. Across
the street is a Williamsburg landmark, the Russian Orthodox
Church's "Green Onion dome!"

Read more about our new office in the rest of this article from our newsletter Trimtab.

Planetwor k Journal Launches
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The Buckminster Fuller Institute

e http://journal .planetwork.net/
=" o1 ,
- - -% A Fuller-aligned quarterly online publication for in-depth articles by those
- T, - engaged in applying new technology to benefit the public interest. The
. o N inaugural issue features articles by BFI colleagues: Bonnie DeVarco, "Earth as
e /,f( 4 A Lens. Global Collaboration, GeoCommunication, and The Birth of

EcoSentience." and Hardin Tibbs, "Interactivity and The Open Society."

BFI Board member Carl Frankel's new book: Out of the Labyrinth

http://www.outofthel abyrinth.com/

Out of the Labyrinth combines a visionary framework, a personal narrative, and cultural
criticism into a story about where we have gone wrong as a culture and what we must do
| -- and become -- to set things right.

-« "Blends story and philosophy into a dazzling concoction that offers powerful guidance to
“-. usall." -- Thom Hartmann, author, The Last Hours of Ancient Sunlight

Nano Exhibit at LACMA

- g Bl The Nano exhibit at the Los Angeles County Museum of Art's Boone Children's Gallery is loaded
~~ with Bucky inspiration. It runs until September 6, 2004.
~ 7/

H The Nano exhibit was featured last week on The News Hour with Jim Lehrer!

Smithsonian Cour se Postponed

Buckminster Fuller's Comprehensive Anticipatory Design Science course at the Smithsonian in Washington,
D.C. has been postponed until September; stay tuned for updates!
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Applied Synergetics - Geodesic Domes

(%1“
{

'Applied Synergetics

>
.

Geodesic Domes Geodesic Dome Design Software

Download WinDome 4.80

DOME is an open source utility for generating the coordinates of a geodesic dome
WinDome Readme or sphere. Versions are available for 32-bit Windows platforms, Linux/Unix and
MacOS. Full source code is available per the GNU General Public License.
DOME 4.80 Features:

« Command-line Input.

« Generates data files in the following output formats:

Download DOME for Linux

DOME for Linux Readme

Download Console DOME

Console DOME Readme o Drawing Exchange Format (DXF) for import into CAD packages

e EER A o E‘ersistence of Vision Raytracer (POV) format for creating photo-realistic
images.

VRML Dome Gallery o Virtual Reality Mark-up Language (WRL) files for interactive Web

viewing. Now Conforms to VRML97 Specifications.
o ASCII Report (DAT) format including chord, axial and face angle data.
o ASCII Import Format (PRN) for use with spreadsheets, etc.
Add to Guesthbook « Supports Tetrahedron, Octahedron & Icosahedron Polyhedron types
« Generates Symmetry Triangles and Full Spheres for Class | & Il Structures
« "Buckyball" Structuring (now includes all three polyhedron types).
« Elliptical Geodesics

Geodesic Dome Resources

Design Science University

View Guestbook

Discussion Forum

News « Geodesic Parabolic Dome Design.
FAQ « Defines and a makefile for Non-Borland C compilation (i.e. Unix, Linux, etc.).

« Functions for calculating Point, Edge & Face Coordinates
« A DXFtoPOV console utility.
Design Science Workshop « WinDome provides a GUI front-end to the application.

If you like DOME & WinDome and wish to help in it's development, please consider
a donation via PayPal. For more info on donations please click here.

PayPal
DOMATE PayPal,

DOMATE

DOME will output a "camera-ready" POV-Ray script file. POV-Ray is also freeware,
so if you have the requisite hardware, then pictures such as the ones on the gallery
page are just a heartbeat away on your own computer.

Download WinDome for Windows: windome48.zip 268K zip
Download Console Version: dome48.zip 175K zip

Download Unix/Linux Version: dome 4 80.tgz 55K tarball

Download MacOS Version: dome46.sit.bin 165K bin

NOTE: The Mac compilation of DOME was generously provided by Marc St-Jean.
Marc has tested the compile under 68k emulation mode on a PowerPC. | do not
have access to a Mac, so | am unable to personally verify the operation of the Mac
version. For this same reason, | am unable to provide support for the Mac version or
compile a package for Version 4.80. | hope to support MacOS users in the future by
providing a Java port.

DOME & WinDome is freeware according to the terms of the standard GNU license
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Applied Synergetics - Geodesic Domes

agreement.

Planned Development...

Planned features include:

INI Files for customized input of parameters and POV-ray data
Non-Spherical structure design

Buckyball Faces

Buckyball Topology Calculations

Space frame support

Dihedral angle calculations

"Flat" Network layouts of geodesic designs.

Java Cross Platform Port

It is never to late to contribute your ideas. Drop me an e-mail with your suggestions
and | will do my best to incorporate them in the next release. You can also leave
comments in my guestbook.

-

Contact Rick Bono at: rjpono@applied-synergetics.com c

MAIL

Copyright (c) 2002 - Applied Synergetics. All Rights Reserved
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Desert Domes - Home

Desert Domes

Making the world a "Fuller" place

HOME

DOME CALCULATOR
DOME FORMULAS
BAMBOO DOMES
CONDUIT DOME TIPS
FAQ

DOMES FOR SALE
PHOTO GALLERIES
LINKS

ABOUT ME

BIBLIOGRAPHY Welcome to Desert Domes!

I'm Gerlach, Nevadaliving in atrailer park while
we build the dome structure that will be the base of
the man this year for Burning Man. If you send an
e-mail, and | don't reply, it's because I'm in the
desert... If you are going to Burning Man this year,
drop by for avisit at 5:30 and Esplanade (look for
the red dome)

If you have been here before, | hope you like the
new look. | have added a bibliography and a page
about me, along with afew other odds and ends.

In the future, look for an elliptical dome calculator,
and more in depth information on geodesic
geometry.

After many years of hard work and no sleep, |
finaly graduated from college with a bachelor's
degree in mechanical engineering. I'min the real
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Desert Domes - Home

world now, and I'm not sure | likeit. I'm back in
the Bay Area, and I'm looking for ajob, so if you
know any companies looking for someone like me,
please e-mail me.

| first became interested in geodesic domes while
participating in my fisrt Burning Man, and this site
iIsaresult of that interest. Nearly everything |
know about domes can be found in afew books
which | have listed in the bibliography section of
thissite. The rest comes from experience.

After 4 years, | am finally returning home. If you
are planning on going to Burning Man, and you
want to stop by to say hi, just come by our camp,
The Catadomes and Kiddie Korral at 5:30 and
Esplanade. If you built adome using this site, I'd
like to come over to visit you! Please e-mail your
addresses, and I'll make yours a stop on the dome
tour!!!

Reset on February 23, 2004

_ © 2002 Desert Domes | | Oakland, California
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GEODESIC DOMES

GEODESIC DOMES

History | Geometry | Providers | Prototypes | Resources

Synergetics on the Web
maintained by Kirby Urner
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The R. Buckminster Fuller FAQ
Christopher J. Fearnley, cjff@CJFearnley.com

v.1.4.0, 6 November 2002

Thisisthe Frequently Asked Questions and Answers (FAQ) Resource on R. Buckminster
Fuller. It isbased primarily on the history of the discussions, interests, and needs of the readers of
the BITNET mailing list Geodesic and its USENET gateway bi t . | i st serv. geodesi c (I will
use theword "GEODESC" or sometimes simply ""the list" to refer to these two gatewayed
discussion areas). Some of the information could be in error (especially addresses and phone
numbers). Please send all errors and suggestions to the FAQ maintainer, Chris Fearnley (
cif@CJFearnley.com).

1. Introduction

2. Synergetics

2.1 What is atetrahedron (tetra), octahedron (octa), and an icosahedron (icosa)?
2.2 What is " "synergy?"

2.3 What is Fuller's definition of ~"Universe?”

2.4 What isthe ""Isotropic Vector Matrix" (IVM)?

2.5 What is an octet truss?

2.6 What isthe "vector equilibrium” (VE)?

2.7 What isthe "jitterbug"?

2.8 What is a sphere?

2.9 What is Fuller's concept of " space?"

210 What isa " system?"

2.11 What isthe " "minimal system?"

2.12 What are the A and B quanta modules?

2.13 What isthe "omnidirectional halo?"

2.14 What does Fuller mean by 4D?

2.15 Does synergetics provide an extension or modification of the " scientific method?"
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2.16 Are there connections between synergetics and fullerenes (besides the name, of
course)?

2.17 Why use synergetics conversion factors and other irrational s?

2.18 What is "“precession?"

2.19 What is the equation for finding the volume of apyramid?[ St eve Mat her ]

2.20 How to communicate synergetically?
2.21 Modeling suggestions?
2.22 \What applications of synergetics are being discovered?

2.23 |sit possible to develop an operational pi?
2.24 What are Koski's and Kgjikawa's modul es?
2.25 What is Richard Hawkins' curV E model?
2.26 Fuller's Synergetics and Sex |dentity.

2.27 Tipsfor reading Synergetics.

3. Fuller's Ideas About Human Society: Critical
Path

3.1 What is the Design Science Revolution?

3.2 What isthe " cosmic accounting system?" --- Fuller's Economics.
3.3 What is the World Game?

3.4 What were Fuller's views on religion and God?

3.5 What isthe Global Energy Grid idea?

3.6 Whatisa " trimtab?"

3.7 Was Bucky a socialist?

3.8 What were Fuller's views on Education?

3.9 What is the difference between ""Class|" and " "Class 1" evolution?

3.10 How to house humanity? And other reflections on Making the World work.

3.11 Was Bucky an ““optimist" or a "pessimist"?
3.12 What about Fuller's plan for a nationless world?

4. Geodesic Domes

4.1 What is a geodesic dome?
4.2 Dome Math: What you've all been waiting for!!!
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» 4.3 How to build a geodesic dome?
o 4.4Did Fuller invent the Dome?
« 4.5 Dome References

5. Other Inventions

o 5.1 What isatensegrity model?

o 5.2What are ""cloud nines?"'

e 5.3 Whatis dymaxion?

e 5.4 What wasthe "Dymaxion Car?"

« 55Whatisa foggun?

« 5.6 What was Fuller's "“floating city?"

o 5.7 What was the Old Man's River City Project (circular cities)?
o 5.8 What was the Dymaxion Deployment Unit?

e 5.9 What isthe Dymaxion Map?

e 5.10 What was the Dymaxion House?

6. Miscellany

o 6.1 What are “fullerenes’ and ""buckybal|s?"

e 6.2What is Biosphere|1?

« 6.3 What were Fuller's early years like?

e 6.4 Was Fuller formally educated?

« 6.5 Bibliography: Culled from many postings

6.6 Organizations and Corporations mentioned on GEODESIC (incomplete and dated)

« 6.7 Computer tools (may or may not be useful to dome design or synergetics modeling).

e 6.8 Fuller's failures."

e 6.9 Where would you encourage your best friend to start in the Fuller literature? (For
maximum ease of mastery) [ Jef f Pert h]

e 6.10 Quotes and Coinages.

e 6.11 Bucky: humanitarian or cold-hearted technocrat --- The value of a man?

e 6.12 What was the nature of Fuller's involvement with Werner Erhardt, EST and the World
Hunger Project?[ Lance Fl et cher]]

e 6.13 What were relations like between Fuller and his Students?
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6.14 What is GENESIS [1?

6.15 Could Fuller's proposed Very Large Structures work?
6.16 Why did Fuller apply for patents?

6.17 Isthere a Bucky CD-ROM available?

6.18 Why is overspecialization dangerous?

6.19 Letters from Bucky to Mark A. Burginger.

/. Net Resources

7.1 The current version of the FAQ is on the Web
7.2 On-line Discussion Forums
7.3 Web Resources

Next Previous Contents
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The DomeHome Companion Website

=Oflg Welcome to the

DomeHome
Pictures

submitted by
subscribers...

DomeHome Companion

Browse

some links

to dome-related
sites and other

resources... Web S|te

Browse the
Archives...
past
DomeHome
postings.

A Web presence

for subscribers of

the DomeHome Email List

Web hosting is
courtesy of our
friends at
Addy &
Associates

Many thanks! What is the DomeHome Email List?

DomeHome is an e-mail list for geodesic dome home enthusiasts
everywhere, dedicated to the discussion of geodesic domes as homes/living
areas, and is maintained as a public service by Hoflin Publishing (publishers
of DOME magazine).

DomeHome isamoder ated list, meaning that all messages posted by
subscribers are reviewed and forwarded by a moderator — not for purposes
of censorship, but to make sure that subscribers do not become targets of
unwanted e-mail advertising.

This DomeHome Companion Web siteis a place where List members can
post pictures of the things we talk about in e-mail — and a central location
for dome-related resources.

http://www.domegroup.org/ (1 of 4) [9/5/2004 5:25:14 PM]
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The DomeHome Companion Website

To sign up, send an e-mail message to the address:

Inthe BODY of your message (the subject lineisignored), include:
SUBSCRIBE DomeHome-H

If you already receive "enough” e-mail, but would like to sample the
conversations on our List, you can subscribe in digest form, in which you
would receive only one e-mail message per day, a compilation of that day's

messages.
To subscribe in digest form, in the BODY of your message, type:
SUBSCRIBE DIGEST DomeHome-H

To unsubscribe from the List, follow the same process, but include this text
in your message:

UNSUBSCRIBE DomeHome-H

Or, if you like, you can join the DomeHome List by filling in the form at
. Choose DomeHome-H from the long list of Lists.

Stormy's Top Ten Reasons To Build Or Liveln A Dome
10. Aninsatiable desire to taunt hurricanes
9. Ultimate Christmas decoration: a big Santa hat
8. Lost your 90-degree builders square
7. Want to live on Icosadodecahedron Road
6. Need a place for the composting toilet
5. You like it when it rains indoors

4. Want to see mother-in-law's face when told,
"we're building a house from akit"

3. Wanted square house, but ran out of money for the corners
2. Never figured out square-peg-in-round-hole game as child

And the Number One Reason To Build Or Liveln A Dome:

1. Need ahouse to match his—énd-hers Volkswagen Beetles!
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Thanks to Stormy Henderson

Everything
the power of the world
doesisdoneinacircle. The
sky isround, and. . .theearthis
round like aball, and so are dl the stars.
The wind, in its greatest power, whirls. Birds
make their nestsin circles, for theirsis the same
religion asours. The sun comes forth and goes
down again in acircle. The moon does the same,
and both areround. Even the seasonsform a
great circle in their changing and always come
back again to where they were. Thelife of a
man is a circle from childhood to child-
hood, and so it isin everything
where power moves.
— Black Elk

Check out the DomeHome Survey Results
...our subscribers describe their Dream Houses.

Buckminster Fuller and
Japanese-American sculptor | samu

Noguchi were contemporaries and friends.
Here's a short description of some pictures
you can see here, captured and digitized
from a PBS special (clicking on any of these
links will open the picture in a separate
window... no need to use the Back button):
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A picture of Noguchi and Fuller talking...
A bust of Fuller by Noguchi...

A picture of Fuller standing next to his
Dymaxion Car...

Fuller's head and shoulders standing in front
of one of hislarger domes...

Fuller with amodel of his Dymaxion
House...

_ﬂ%!;_l *9) Made With A Mac
u@.BBEdﬂ Made With A Mac

This Web site is maintained voluntarily by DomeHome List Moderator
J. Michael Rowland,

and is not related to Hoflin Publishing.
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Spencer Hunter's Homepage

Gopher-like Menu

(DIR) About this gopher and nyself.

(FILE) NILST tine.

(HTML) UTC st andard

(DIR) Reference gophers, etc.

(DIR) Educational gophers, etc.

(DR) Community gophers, etc.

(DR) Newsworthy gophers, etc.

(DIR) Socially responsible gophers, etc.

(DIR) You link to mne and I'Il link to yours.

(DIR) Sone ftp/software sites.
(DIR) Sanpl e navigational tools.
(DR In nenory of Dr. Johnson +
(HTM.) Send a comment, if you nust!
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EcoBusinessLinks
Environmental

Directory

The First Green Directory
through wind credits. We walk our
talk! Serving You and Mother Earth Since

1998!

Add Your Website

Contact

Department Stores &
Malls

Find solar panels, organic cotton, solar houses, wind generators, organic food, solar water heating panels... EcoBusinessLinks

Looking for cheap solar panels, a solar house, organic cotton, a vegetarian

date,

organic food, an organic farm or a sustainable community?
This and much more in thousands of reviewed green websites from EcoBusinessLinks.

Free Recycled Goods

Welcome at

EcoBusinessLinks!

New Categories
Yurts
Environmental Testing

Second Hand

Carbon Emissions Offsetting

Bookstores

Body Care

Bodycare

Feminine Hygiene

Natural Soap

Baby Care &
Toys

Attachment Parenting

Baby Products

Cloth Diapers

Free & Recycled !
Natural Candles

Sustainable Farming Associations

Garden Offices

Printing & Packaging B2B
Small Wind Turbine Gallery
Edible Wild Plants - Foraging

Image Galleries
Small Wind Turbines

Green Furniture Galleryl
Strawbale Houses
Dome Houses

Cob Houses

Diaper Services USA &
Canada

Nappy Services
Europe

Food

Online Food Stores

F
o
Im

Organic Herb Stores

Cooking Hardware

Solar Cookers

Pet Food Stores

Seed Stores

Apparel &
Access.

Bags & Accessories

Clothing

Organic Cotton

Earth Sheltered Houses
Masonry Stoves

Event Calendars

Renewable Energy

Sustain. Building 1 Calendar 2
Food Safety

EcoTourism

Electric Vehicles

Sustainable Agriculture NEW
Simple Living Events

Environmental Jobs!

Featured Site

Green Planet Homes

This Canadian company builds

ecologically sustainable homes and
specializes in straw bale houses but

will also renovate sustainably.

Towards ZERO emissions!
Fuel Efficient Vehicles

Now starting at 215 mpg and 1 gr. CO emissions!

Featured Model
Honda Civic Hybrid

48 mpg

New global fuel cell vehicle study is

now available (free)

Daily EcoNews
Planet Ark

Enviro. News Network
Solar News

Overview
Press@Yahoo

Solar Access REN
WindPowerOnline.com

H2FC Fuel Cell News
Fuel Cell Today
Europe Enviro. News
Forests News
Organic Industry
News

Other EcoNews
AmazonWatch

GE Food Alert
Electric Vehicles
Clean Vehicles
News-UK

Monthly
EcoNews

Enviro. Building News
PositiveNews (email
only)

Ecological

Footprint
& Pollution

Calculators

Green

Single?
Click herel

Clothing
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Find solar panels, organic cotton, solar houses, wind generators, organic food, solar water heating panels... EcoBusinessLinks

Organic Wool Clothes

Fabrics

Hemp Products

Shoes

Home
Air Purifiers

Arts & Crafts

Bedding

Candles New

Clean Energy

Cleaning Products

Composting Toilets

Cooking Hardware

Furniture

Lighting
Office
Office Products

Recycled Paper

Transport
Electric Vehicles

Campaigns

M&M/Mars Fair Trade Chocolate Campaign
Clean Clothes Campaign

National Campaign for Sustainable Agriculture
The Global Campaign for Agrarian Reform

/= Sierra Club Campaign Center

? Greenpeace Action Center

C EAN CAR EcoBusinessLinks Campaign Center
CAMPAIGN

Some Great (Positive) Articles & Stories

How enlightened businesspeople are changing the world at the local level
Buddhist monks helping 1000's setting up organic farming in Thailand

Car Rentals

Natural Soap Making

Food Sources
Going Local

Europe installed more MW wind energy in 2002 than the total installed capacity of the
USA!
When will the USA wake up?
Read new Stanford Univ. study: 25% of USA can produce as cheaply as gas or coal!

Further information: American Wind Energy Association European Wind Energy

Food Co-ops

Online Organic Food

Organic Baby Food

Organic Herbs

Restaurants

Food Resources
Organic Food Info

Vegetarian Food Info

Vegan Food Info

Macrobiotic Food Info

Veg. Recipes

Organic/Natural/Vegan
Food Manufacturers

Edible Wild Plants

Ecological Footprint &
Pollution Calculators

Carbon Offsetting NEW

Veg & Eco Dating

Green Weddings

Simple Living

Communities and
EcoVillages

Environmental Jobs

Local Currencies

Association
Awards
OMPLACE
> Camil
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& irct ol
Fos | Recognized ard Respected
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CONSCIOUS
LIVING
AWARD

Some of the Kind Folks Who Link To EcoBusinessLinks
Last update: 08/31/04

Total number of sustainable links: 2809

Proudly serving Mother Earth since 1998!
DISCLAIMER

Please note that these pages are meant strictly for informational purposes to those

seeking retailers/wholesalers/manufacturers/providers of or information about ecological

products and/or services. Inclusion or exclusion from these pages does not imply a
recommendation or lack thereof by EcoBusinessLinks and/or its collaborator(s) for any
particular company or organization.

This site is best viewed with Internet Explorer 4.x or greater
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Frugal Living, Cottage Style Gardening, and Homesteading

BIVNG [IHE. EOTTAGE [BFE [ERUGALLY

Frugal Living, Homesteading, and Cottage Style, With
The Old-fashioned Charm of Yesteryear!

Read The New July Issue of Heart & Home Newsletter

Find The Grants You Need

Looking for a grant to help with your needs? This
website lists all the governments grants that are
available to you.

The Catalog of Federal Domestic Assistance
(CFDA)
The website is: http://www.cfda.gov/

Tips:
To keep outdoor light bulbs from You can simply enter a keyword & search the
rusting and becoming hard to remove, entire database to find the programs that you
coat the threads with petroleum jelly might qualify for. Then they give you the phone
before you put them in! number & contact information for the person
you should get in touch with for that particular
Also - put a layer around the inside rim program. The great thing is, because you will
of a paint can before closing the lid. It need to submit a proposal for the grant & let
will come right off when your open the the agency know why they should pick you for
next time and it will still be fresh. it, the site offers many guides and sample
proposals to help you get started! There is also
a top 10 list to help you see what grants other
people are looking for to help you get an idea
of where to begin your search.
A few things that | found:
* Rural Businesses grants
* Promotion of the arts grants
* Higher Education Challenge Grants
* Teacher Next Door Initiative (for teachers who need
a new home)
* Rural Housing Preservation Grants If your life is
taking a new path, take a few moments to see if
you can get some help along the way!
~ He who kneels before God can stand before anyone.
Newsletter Go Carts Frugal Tips Garden Ponds Queen Village
Past Issues Link Directory Income Ideas Cottage Gardens About Us
How-to Articles Homesteads 4 Sale Radio Show Home Email
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Family Homesteading Advocate

Simple Living for the Urban and Rural Homesteader

The Forums are now up and running!
Go to the Forums to find/offer help with your

homesteading needs.

Our purpose is to provide SOME OF OUR ARTICLES...

information, resources and
support
to help improve your natural,
self-sufficient lifestyle,
whether you homestead in
the city or the country!

Successful Whole Wheat
Bread Baking - Have you

tried to make whole wheat
bread but found the results
less than appealing?

Goats Milk Cheese - What to
do with ALL that milk!

S A

General Tips for Freezing

. . . Meals - Tips, ideas and recipes
live simply, more self-reliant g help teach and save time

and closer when cooking several meals at
to nature enjoy the fellowship once.

with other "homesteaders"
that
you will find here.

May all who desire to

Home Preparedness - Learn
how to be prepared for
emergencies.

Lots more great articles and information is provided on
the page links in the left hand column!
Check it out!

What is "Homesteading™ really?

(hom'sted-A home or dwelling, esp. a house with the ground and buildings
immediately connected with it)

Homesteading! The word for us has come to mean something far different
from the concept we first embraced. Mention the word and what probably
comes to mind is a fair chunk of land, a cozy home, animals grazing in the
field, huge gardens, pantries stocked with home preserved food, etc.
Nowadays that's not a total possibility for some folks. Homesteading to me
brings a vision of a home, any home, anywhere with people living and
working together for a simple, healthy, holistic, satisfied lifestyle.

Read on and stay tuned. You'll meet all kinds of folks "just doin" it."  Urban
and rural, living in apartments or wind swept mountain tops and everywhere
in-between.

Keep the faith, Tony & Kelly Frohnauer

Mission Statement: This website was birthed from our continuing
commitment and conviction to simple, self-sufficient living and a holistic
lifestyle. Our hope and desire is that through our experiences, both the
failures and the successes, we can be an encouragement to others who have
the same convictions and to ultimately plead the cause for all of us who are
"just doin" it".

Inside the Family Homesteading Advocate...

You will find informative articles, how-to tips, helpful products and interesting
links relating to many areas of simple, natural living and self-sufficiency.
Some of our pages will have regular feature authors such as our goat raising
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Family Homesteading Advocate

articles by Bea Frankland, our long time friend and local goat farmer! You can
find her articles on the Raising Small Livestock page.

lden

We encourage submissions of articles, tips, personal stories, recipes, and
anything relating to simple family living. Our desire is for the Family
Homesteading Advocate to be a publication "by the people for the people”.
Articles will be updated and changed regularly

so please Bookmark this site and check back often!
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Need
Homeschooling

Materials? HOMESTEADING FORUMS

Click here ~3}——Join our Community at the FORUMS~—{—~
to see the The place to interact with other folks who are
Used Curriculum “just doin" it"!
Listings! Topics started....
Homesteading Communities
Join our Natural Blrthlng

Homeschooling
Homesteading Tips
Recycling
...... more!
CLICK HERE
If you have a Topic that you would like to see started
just let us know and we will set it up!

Homeschooling
Community at the
forums!

Yisit www.Lehmans.com!

*books *cannin *solar power ey
*cheese/butter ’Iéghréng ”waterppumps ﬁd( her
*housewares *stoves *and much more! C

Visit Lehman's for all your homesteading needs. Gas powered refridgerators,
pre-electric lights, homestead tools and a whole lot more. They also have a good list of
helpful how-to books.

FAMILY TRﬂDEﬂ[ﬂt@

HOME | ABOUT US | BIRTH, BABIES & BREASTFEEDING | FORUMS |

links that aren't
working or anything
else that is confusing
or annoying please
don't hesitate to let us
know!!! ENJOY!!!

Send us your

stories
If you have an
idea, tip, story,
favorite link,
resource or
anything that you
would like to
share with our
readers, please
contact us and
we will consider it
for publication.
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Want a more self-sufficient lifestyle for you and your family? Backwoods Home
Magazine can help you achieve it. Everyissue is packed with solid, practical, hands-on
information on a wide range of self-reliance topics.

Win « BHM CD A&ntho

fi Friend cbout the Backwoods Home

Magozine website?

Read online from the current issue:

Solar power 101: Inverters

By Jeffrey Yago, P.E., CEM

This third installment of our continuing

course on solar electric power system basics
will address power inverters. Since all solar
photovoltaic modules generate DC electricity,
unless all of the lights and appliances being
powered are DC, an alternative energy power
system will need to include an inverter. This
device is used to convert the DC electricity from
the solar modules and batteries into AC
electricity.

Common sense about burglary prevention
By Massad Ayoob

Your smart, professional burglars case their
jobs carefully and hit empty homes. The ones
who hit when you are there have to be
considered dangerous. Either they know you
and your loved ones are at home and are
prepared to deal with you forcibly, or they are so
incredibly stupid or spaced out that they are
dangerous to themselves and others.

You cannot, of course, use deadly force
merely because the intruder is in your house.
But, if he attacks you after forcing his way into
your home, he is bought and paid for. The best
thing, of course, is to keep him from getting in at
all.

Read more articles from the Current Issue or
read features in Adobe PDF format
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Create B0 herb
related projects

vinegars, oils, &
teas.

including creams,

Win a FREE CD!
Our Latest Tell-A-Friend Winner:

Feedback

Andrea Elvin of Pickerington, Ohio BHM welcomes your letters. We are
especially interested in your non-political
letters that talk about how you live your

self-reliant life.

We've had 93 winners so far. You could be the
next to win a CD anthology. Here's How!

Updated August 29

Click Here To Read Or Write Letters

Get Powered Up!

Certified energy manager Jeff Yago
answers your questions on our new

Home Energy Information

page. You'll also find quick links
to online articles and more.

Click here

Stop back often.
You'll find something new on our
home page every few days.

Hardyville, USA

The Hardy Awards
by Claire Wolfe

It's been another stellar year in the history of the Hardyville Freedom Film Festival (a Hardy County
institution since 2004). The competition was fierce. Famous stars and directors vied for the coveted Hardy
Awards. Which was pretty amazing, what with several of those celebrities busy being dead.

The gossip, backbiting, politicking, and campaigning were fierce. At least they were fierce around the
judges' table at the Hog Trough Grill and Feed. At one point Nat and Dora's disagreements came to a head -
rather literally -- when she flung a bloody-rare steak, complete with sizzling platter, at his skull. (The steak
toss might have been considered assault with a deadly weapon, but Nat salted and devoured the evidence.)

Previous Column - SKScapades

Duffy's View

Voting for Bush to fight terrorism
by Dave Duffy

Only a month ago | decided | would sit out my first presidential election ever because | didn't like either
Senator Kerry or President Bush. But after some soul searching, and after assessing the important issues
over which a President has a lot of control, I've decided to vote after all, and I'll be voting for President Bush.
The main issue that has prompted my change of heart is the War on Terrorism. Yesterday'’s terrorist murder
of Russian school children reinforced my belief that it is a full scale international war that must be won, and |
think Bush is a far more resolute war time leader than Kerry would be.

http://www.backwoodshome.com/ (2 of 7) [9/5/2004 5:25:40 PM]


http://www.backwoodshome.com/linkspage.html
http://www.backwoodshome.com/countrymoments.html
http://www.backwoodshome.com/radioshow.html
http://www.backwoodshome.com/staff.html
http://www.backwoodshome.com/docs/contactus.html
http://www.backwoodshome.com/docs/contactus.html
http://www.backwoodshome.com/docs/writerguidelines.html
http://www.backwoodshome.com/docs/privacy.html
http://www.backwoodshome.com/dview.html
http://www.backwoodshome.com/sview.html
http://www.backwoodshome.com/columns.html
http://www.backwoodshome.com/banners.html
http://www.backwoodshome.com/advs/sads.pl?banner=he16
http://www.backwoodshome.com/tellafriend.html
http://www.backwoodshome.com/tellafriend.html
http://www.backwoodshome.com/feedback.html
http://www.backwoodshome.com/feedback.html
http://www.backwoodshome.com/feedback.html
http://www.backwoodshome.com/energy.html
http://www.backwoodshome.com/columns/wolfe040901.html
http://www.backwoodshome.com/columns/wolfe040815.html
http://www.backwoodshome.com/columns/duffysview.html

Self reliance, self sufficiency, country living, how-to, independence, independent & alternative energy and much more

BHM Encore

Every once in a while, one of the articles we publish touches so many nerves we receive an avalanch of
letters about it, both pro and con. Don Chance's article on horsemeat was the most recent article to raise the
hackles of many, many readers. You'll find many of their letters on our web site Feedback page as well as in
the letters section of the current issue.

For those of you who missed it, we offer it here again. And if you have any comments on it, one way or
the other, send them along to Editor and Publisher Dave Duffy at editor@backwoodshome.com

Hungry enough to eat a horse???
by Don Chance

Okay, it's not everyday dining fare, | agree. But, tell someone you're having horse steaks for supper,
grilled to perfection and garnished with plenty of fresh herbs and vegetables, and you're likely to get the
same reaction as if you had casually mentioned you're serving up your own leg.

But is setting the table with horse meat really that offensive an idea?

BHM Web Site Exclusive

Stairs: the next level
by Skip Thomsen

A staircase can be so visually inviting that it beckons one to try it out—to see where it leads. A properly
done staircase is comfortable to walk and visually interesting. A staircase can be designed to have a landing
that affords a unique view of a room below or out of a special window. But too often, staircases are basically
boring, many are uncomfortable or tiring to walk, some are even downright dangerous. Many perfectly legal
and structurally correct staircases are intimidating by being too steep, dark, or narrow. Maybe even all of the
above.

So what are the ingredients of the perfect staircase design? The basic components are safety, comfort,
eye-appeal, and visual and functional integration into the design of the room or building. Often, these
elements are simple to put into practice. Sometimes they take some careful thought and even a bit of

creativity.
September 24-26: Fredricksburg, Texas
Renewable Energy Roundup and Green Living Fair
512-326-3391
www.theroundup.org
Stop by the BHM booth to say hello and chat or just to
take advantage of some spectacular deals we'll be offering.

Road Trip

The Wisconsin energy show and other places

by Dave Duffy

My family and I just returned to Oregon from Wisconsin after exhibiting the magazine at the 2004
Midwest Renewable Energy Association (MREA) annual energy show. The show was a resounding success
for Backwoods Home Magazine...
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The Affordable Lifetime
Whole Sheebang! Subscription
Special

Save $355.85

Includes 2 new Books
& our 4-year Anthology CD

You'll get
11 Print Anthologies Order a Lifetime subscription to

12 CD Anthologies BHM and we'll send you The Whole
PLUS Sheebang, advertised to the left,
A FREE 2-Year subscription to absolutely FREE!
Backwoods Home Magazine

Plus you’ll get all our future
Only 3 payments of $69 anthologies sent to you FREE

Save $196.35! Only $500

Click here for details Click here for details

BHM Web Site Exclusive
Brood X by Rev. J.D. Hooker

Though | was still in my early thirties at the time, | clearly remember fishing during the last big 17-year
hatch. At that time I'd simply gather up a large quantity of already dead locusts from where they'd fallen
around the tree trunks and, after threading a locust on to a relatively large #1-size hook attached to a tapered
leader, I'd flip-cast the bug into a shaded area right up near the bank. If | didn't get a strike within the first few
seconds, I'd give my rod a little twitch causing the bug to move only a couple of inches. This nearly always
triggered an actual attack by a frenziedly feeding fish.

BHM Web Site Exclusive

Getting Logs by Dorothy Ainsworth

Attention: Would-be loggers. There have been changes in policy at the United States Forest Service and
the Bureau of Land Management. | have just found out that the procedure to obtain logs through the USFS or
BLM has changed drastically because of the NEPA (National Environmental Protection Agency). You can no
longer go into a ranger station like | did and simply get a permit to cut your own logs in a given area. Now you
have to go through a "process".

BHM Web Site Exclusive
Ayoob on Firearms

Firearms handling refresher Part Ill: Rifles by Massad Ayoob

Always remember that training is a good investment in anything serious. Your local fish and wildlife
department, or your local gun shop, can probably steer you to certified instructors. So can the National Rifle
Association, at their toll-free number 1-877-NRA-2000. Jeff Cooper’s Gunsite has an excellent course they
call “General Rifle,” and Clint Smith’s Thunder Ranch still offers the course that made “Urban Rifle” a byword
in training. Another good source is the Firearms Academy of Seattle where the pictures that accompany this
article were taken. | particularly recommend the rifle classes FAS offers taught by Georges Rahbani. The
graduates rave about the program.

Previously: Part I: Handguns, Part II: Shotguns
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Recipe of the Week
from Backwoods Home Cooking

-~ % Boston brown bread

From Our Seventh Year Anthology

Here are some cucumber pickles to make at home By Olivia Miller

Preserving produce by “pickling” is one of the oldest and most delightful ways to save your summer
harvst for your winter table. The word “pickle” applies to any food preserved in brine and/ or vinegar, with or
without bacterial fermentation, and with or without the addition of spices and sugar.

Read this article

From Our Eleventh Year Anthology CD

Build this sturdy large-capacity food dehydrator By Charles Sanders

Drying of food as a means of preservation has been around for a long time. Populations in suitably dry
climates all around the globe have dried meat, fish, fruit, and vegetables in times of plenty as a way to
provide for the leaner months of the year. My grandmother used to tell us of when she was a child, helping to
spread apple slices on the top of a tin-shed roof for drying. An aunt once described stringing fresh young
bean pods on a long heavy thread and hanging them to dry, coming up with what they called leather-britches
beans. Obviously, these were simple and imperfect food drying systems, but they do show ways in which
food can be dried at home.

Read this article

Super Special Anthology Sales

Get a FREE 1 year subscription to FREE Toolbar for Internet Explorer
Backwoods Home Magazine
| “Eﬂvl Qm-lbmknmdshm ll ummh

when you buy our Eight Anthology Great features. Customizable. Get yours now!
Special or our CD Anthology Special Click for details.

Click Here for more info
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Featured Writer

Determined woman builds distinctive vertical log studio

Self reliance, self sufficiency, country living, how-to, independence, independent & alternative energy and much more

By Dorothy Ainsworth

For a novice, there's no thrill like the tactile kinetic experience of driving a
16-penny nail home in three blows, then burying its head with two extra whacks for
no reason. There was evidence of beginner's overkill everywhere. Electrical cord
repairs looked like snakes that had swallowed gophers. A job wasn't finished until
all the nails were gone. There were no gimmicks or shortcuts in the learning
process. | sweated and strained and scarred. But the satisfaction of sawing a
clean square cut with a hand saw rivaled sewing a fine seam or baking a perfect
loaf of bread, and eventually the results became just as predictable.

More by Dorothy Ainsworth:

Never underestimate a woman

Dorothy Ainsworth update: Out of the ashes

Dorothy Ainsworth makes her valiant comeback

Start a post-construction cleaning business

Make a quilt out of Levis

A river rock shower

Build a log crib
This coop is for the birds

Dorothy Ainsworth responds to critics
The “Curious Guy” and the “Offended Woman”

o Newly Revised!
: Now 296 pages!!

BHM's
Emergency Preparedness
and Survival Guide

Choose the 296 page book,
e the expanded CD-ROM, or both!

i
£
T
E

ijiteg

Click Here for more information.

In The BHM Book Store

Fences for Pasture & Garden

Brewing the World's Great Beers

Making Rag Rugs

GunProof Your Children

Storey's Guide to Raising Chickens

Herbal Tea Gardens

365 ways to RELAX mind, body & soul

The Self Reliant Homestead
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Back Issue Special

12 15 selected issues for only $29.95.
Save $45.05!

Click here for details

From Past Issues

Used bookstores can be sucessful in the
hinterlands
By Jennifer Stein Barker

A Native American feast
By Jackie Clay

Tools and hardware for the backwoods home
By James Ballou

Finding the best dog for the country life
By Anita Evangelista

Five building tricks for super strong framing
By Don Fallick

Southern cooking that doesn't just whistle Dixie
By Richard Blunt

Everybody talks about lightning — and vyes, there
are things you can do about it
By Albert H. Carlson

America's earliest First Ladies were fascinating
By John Silveira
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Sex and Sins in the Cemetery

12 Selected lssues &
ast Only $29.00 v

Oatails taily

Backwoods Home Magazine strives for accuracy in its articles and honesty
in its advertisements, but the publisher and editors assume no responsibility for
injuries or loss incurred by anyone utilizing the information in the articles,
responding to the ads or following any of the links posted on this website.

Please click here to read our privacy policy.

www.backwoodshome.com designed and maintained by Oliver Del Signore
© Copyright 1998 - 2004 Backwoods Home Magazine
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Globalhouseplans.com: House Plans & Garage Plans

house plans home plans floor plans garage plans home design architecture house designs
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houseplans.com

B GL0°: SoARCH

Plans In Our Database

¢ Country/Farm House
Plans

» European Home Plans
Victorian House Plans
Colonial Floor Plans
Cape Cod House Plans
Traditional Home Plans
e Contemporary Home
Plans

» Mediterranean Home
Plans

» Recreationa Floor Plans
Ranch Home Plans
Hillside House Plans

1 1/2 Story Floor Plans
Split Entry House Plans
In-Law Suites

Split Level Home Plans
Log House Plans

Grade Level Entry Plans

* Wheelchair Accessible
Plans

Premium House Plans from the Nation's leading Architects and Designers

Search for Plan #:

Square Footage Range: (sg. ft) Nl o Beihneie
01 O2 O3 4 05+

View Garage Plans

to
House Width Range: (ft)

Number of Stories:

- O1 O2 O3+ JWalk-out Mew House Plans b
House Depth Range: (ft) Attached Garage: Price Guarantees 3
to ® No Preference O Yes O No Find & Buider N

House Plan Types:
I Include All Plans |

[ Bonus Room
[JMaster Bedroom on Main Floor

ADVANCED SEARCH
click here

We invite you to browse through our online catalog to view the vast selection of house plans and
garage plans available, including some of the most unique house plansin the country. This
distinctive collection of outstanding home plansis offered by Globalhouseplans.com on behalf of
North America's leading Architects and Designers.

Bookmark This Page Mow P

Number of results per page: Home Builders b

©6012024

Our commitment to service, combined with our exceptional house plans, garage plans and
affordable pricesisthe reason we are one of North America's leading House Plan Companies.
Finding the right house plan to build your ultimate dream home could be a difficult task without the
right resource. It's avery big decision, and you want the knowledge and assurance that selection
and excellence of choice are provided. If you are looking for home plans, floor plans, house floor
plans, garage plans, house designs and home design, you have come to the right place.

If you have any questions on any of our house plans and garage plans, please do not hesitate to call
us at 1-800-645-1477
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Globalhouseplans.com: House Plans & Garage Plans

House Floor Plans Copyright © 2000-2004 globalhouseplans.com. All rights reserved. Link To Us
Home Plans Disclaimer
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More House plans
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House plans, garage plans and home designs online

home plans house plans floor plans home design garage plans architecture house designs

HOME PLAN Superstore

HOME MY PLANS ORDER INFO CONTACT ADVANCED SEARCH ABOUT FAQ LINKS SITEMAP

Log In To My Home Plans September 5th, 2004
Featured Home Plan HOME PLAN SEARCH Garage Floor Plans

Search for Plan #: SEARCH

View Garage Floor Plans

View Home Plan ‘

Plansin our Collection
Country/Farm House Plans

European Home Plans
Victorian Floor Plans
Colonial House Plans
Cape Cod Home Plans
Traditional Floor Plans
Contemporary Home Plans
M editerranean Home Plans

CANADIAN HOUSE PLANS G0

PRICE GUARANTEE GO

BOOKMARK THIS PAGE NOow (U

Include All Plans

FIND A BUILDER

e

HOME BUILDERS
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* Recreational House Plans SEARCH
» Ranch Home Plans  CLEAR
* HillsideH Pl : . . . .
lllsde House lans When looking for house plans, turn to one of North America's leadersin the field, Weinmaster and
* 11/2 Story Home Plans Associates. With a solid commitment to excellence and affordability, we have created unique
* Split Entry Floor Plans residential designs, which trandate into beautiful homes. We invite you to browse through our
o |n-Law Suites online selection of builder ready house blueprints to view the wide range of home designs
« Split Level House Plans available, such as Victorian, country, rancher, cottage, cabin and recreational styles, aswell as

duplexes and garages.

Log House Plans

Grade Level Entry Plans Whether you are looking for a starter house plan or an executive home plan, you can find the
o Wheelchair Accessible perfect one here. Accuracy is crucia when it comes to house design. With combined experiencein
Home Plans the home building field, Weinmaster and Associates has a detailed knowledge of all the house
_ building trades to create award-winning house floor plans. Our home building blueprints offer
everything you will need to transform your dreamsinto reality. Our focus is on superior structure,
efficiency and beauty.

Link ToUs
4
’ ~7  Home N
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More House plans houseplans.com
House Plans
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House plans, garage plans and home designs online

Copyright © 2004 Weinmaster and Associates.
All house plans and illustrations contained in this publication are the exclusive property of
Weinmaster and Associates and reproduction in whole or in part is strictly prohibited by law.

All construction house plans ordered through Weinmaster and Associates are provided as-is. Weinmaster and Associates disclaims all other warranties, express or implied, including
merchantability or fitness of purpose. Construction blueprints may not be returned for credit and/or refund under any circumstances. Weinmaster and Associates is not liable for incidental,
special, consequential, or indirect damages of any kind, including, but not limited to, loss of anticipated profits, business opportunity, or other economic loss arising out of the use of services
or any construction plans received from Weinmaster and Associates even if Weinmaster and Associates has been advised of the possibility of such damage. It is the customer's responsibility
to ensure the accuracy, compliance with applicable statute or regulation, and fitness of purpose of any plans or construction information received from Weinmaster and Associates prior to
use thereof. In the event any liability is imposed on Weinmaster and Associates, Weinmaster and Associate's liability to you or any third party shall not exceed the price paid for Weinmaster
and Associate's product.
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House plans & custom home design by Rick Garner

House Plans-Small House Plans-Home Design-Floor Plans-Custom Home Plans-House Floor Plans-House Design-New House Construction-Country House

Order Toll Free 877-977-9485

E Rick Garner Designer

Stock House Plans and Custom Home Design

Plans
Detailed Site Map

Stock House Plans~Updated 08-25-04

| Plan Search

New Stock House Plans

Collections

Link Partners

EQuick Search

Main House Plan Search
Small House Plans
House Plans 1500-2000
House Plans 2000-2499
House Plans 2500-3000
House Plans Over 3000
Garage Plans
Vacation Plans
Multi-Family Plans
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Scroll down for available new plan options!

Cabin Plans
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Construction Information
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Small Country Home Plans
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Large Country Home Plans
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Plans
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Plans
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~Featured Floor Plan~

More Stock House Plans Here!

The Southern
DESIGNER

Featuring Leading Designer's Best

Selling & New House plans,Garage

plans, Vacation plans, Cabin plans
and Multifamily Plans!

View plans in reverse with the touch of
a button! Compare plans, view similar
plans, view rear elevations, view
photos, alternate elevations and more!
Join our Client's Corner and create
your Personalized, Printable Plan
Book!
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House plans & custom home design by Rick Garner

The French Collection
New House Plans!

Elnformation
About Our House Plans
About Our Company
Design & Order FAQ's
What is Included
Home Design Price
Schedule
Home Plan Modifications
Custom Home Plans
Home Plan Definitions
Copyright Information
House Plan Elevations
Order House Floor Plans
Contact Us
House & Home Links

Plan RG-1005-10

This NEW home plan features 2 bedrooms, 1 bath, spacious living area, large
bedrooms,covered front porch and more!
Total Living: 1042 sq. ft.

See More Featured Homes!

Order Your FREE Rick Garner Designer
2004 Catalog featuring new stock house plans
in full color. Click here to order now!

F

Order House Plans!
For Information on our
home designs and to
Order by Phone:
1-877-977-9485

Masr@

Cliartey's

GREENHOUSE & GARDEN

Mississippi Residents
Visit this link for local
subdivision information,
builders, plans and more!

ﬁ%momotional Presentation Plans MNGW Study Plans

Rick Garner Designer realizes the importance of marketing
and advertising newly build homes. We now offer to all
builder clients Personalized Promotional Presentation Plan
Sheets as a marketing tool for you to offer prospective home
buyers.

Our presentation sheets can be used on the construction site
for distribution to potential home buyers as well as for ads in
local publications, for realtors to distribute, mail outs and
much more.

For more information click here.

Our study plans are reduced versions of our complete
construction plans (9x15) available for your review. A study set
enables you to see the layout in more detail and to see the home
from all four sides. This plan set will be stamped "Not for
Construction” as it does not include a license to build the home.
These are available for all of our designs and can be purchased
by contacting our office at 877-977-9485 to place your order or
you can order online. The cost of our study plans will be
credited to your blueprint package order when you purchase
the construction sets.

Plan ordering Information NEW Free Catalog

All sales final. No Refunds~No Exchanges. All orders ship
within 24 hours of receipt. It is important that you check your
lot dimensions before ordering. Be sure to order all the plan
sets you will need to build your new home by using our
Blueprint Calculator.

Our new catalog has arrived. See many new plans in our full color
publication featuring best selling and new house plans from our
design gallery. To receive your FREE copy of this publication click

here.

%

PROFESSIRAL MEMAEN

American Institute
. o f Building Design
HNAHEBE

Rick Garner is Professional Member of the AIBD, NAHB & NCBDC.
Mr. Garner is President of the Mississippi Chapter of the American Institute of Building Design.
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House plans & custom home design by Rick Garner

ousc,
home

Order a guide to building
your new home.

= Affiliate and Partner
Programs
Rick Garner Designer is
always happy to link to other
professional and quality
home related websites. If
you would like to exchange
links email us for

consideration.

We also offer an exceptional
commission program for
those of you interested in

offering our house plans on
your website. email us for

additional information.

Vote for this site!

Custom Home Audio
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EWe want to hear from youl!
If you have ordered one of our homes before
or would like to comment on our site please
take a minute and email us. We would like

your comments for our new "Testimonials"
page which we are developing for this website.

Be sure to visit our Link Partner Page
for great online home resources!

Shop Smart - Buy Wholesale |

Sawve 30-50% buying Factory Direct! Never pay retail again! B J
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Copyright 2001©, 2002©, 2003©, 2004©

= Rick Garner Designer
370 Towne Center Blvd., Ridgeland, MS 39157
All Rights Reserved. No Section of this website may be
duplicated in any way without permission from Rick Garner.
All stock house plans on this home design website are
copyright protected.
This home plan site designed and maintained by Resinet Marketing

" Internet Marketing Exclusively for Residential Designers’
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:{ Shopping Cart
i

=14 Shipping Status

HOME DESIGNER
el COLLECTIONS

NEWEST
PLANS

What's Included

MOST

GARAGE
POPULAR| PLANS

DESIGNER " EMAIL
LOGIN us

About Us

’ Clients Corner

e Sign Into Your Account

e Become a Member
o My Planbook
o Free Plan Catalog

'7 Information

o What to Expect

e FAQ's

« Plan Modifications
o Plan Order Terms
o Planning Definitions
o Copyright Info

o Client Privacy Policy

() Quick Search

Square Footage
House Plans 1000-1500
House Plans 1501-2000
House Plans 2001-2500
House Plans 2501-3000
House Plans 3001-3500
House Plans 3501-4000
House Plans 4001-4500

House Plans 4501 and up

Easy Plan Search for House
Plans By Style
Country House Plans
Traditional House Plans
French House Plans
Acadian House Plans
A-Frame House Plans
Bungalo House Plans
Cape Cod House Plans
Colonial House Plans
Contemporary House Plans
Cottage House Plans
Craftsman House Plans
Early American House Plans
European House Plans
Florida House Plans
Georgian House Plans
Mediterranean Home Designs
Prarie Home Designs
Ranch Home Designs
Spanish Home Plans
Victorian Home Designs

Easy House Plan Search By !

How to Order

Sorry, your browser doesn't support Java. If it did, you would
be seeing a cool applet right now... ; Msg in no java browsers

Warning: odbc_prepare(): supplied argument isnot avalid
ODBC-Link resource in
c:\inetpub\virtual\souther ndesigner\lib\dbi_odbc.php on line
62

Welcome to The Southern Designer!
Stock Plans Updated 08-25-04

3% Detailed Site Map S8R
Offering leading residential designs for new construction
~We are Designer owned and operated~
You will receive the best client services and accurate information
on all of our home designs.
~Use the search box to the right to find your new plans!~

Or look to the left & scroll for easy searching options

Select house plans, garage plans, cabin plans, vacation plans &
multifamily plans from leading professional designers
Be sure to bookmark this page!

Sign up for the SouthernDesigner.Com Mailing List!
Receive updates on new plans & specials!

Email Address: _

Cabin Plans

We are pleased to offer our newest Cabin Plan
section featuring cabin plans

from Great House Design. Click above to view
this wonderful collection of plans!

B Garage Plans
Looking for a garage plan? Browse our collection
of great garage plans!

Multifamily Plans
A fine collection of duplex, apartment,
= townhouse & rancher plans.

Newly Added House Plans
New plans are featured daily on our website.
Click the link above to see what's new!

Vacation Homes

Looking for the perfect plan for your new
vacation home? Click the link above to find your
new getaway!

The Southern Designer Promise
We offer each customer quality home designs, garage plans,
vacation plans, cabin plans & multifamily plans (apartments,
townhouses, duplex plans, ranchers) in an easy to view format
from established, professional US and Canadian Designers &
Architects. Our US Designers & Architects are professional
members of the AIBD or AIA with many years of experience. We
are designer owned and operated which means you are working
with knowledgeable people who can easily assist you in all of
your home planning questions and selections. We are also a
family owned establishment which only furthers our desire to see
that your home planning experience with us is professional,
prompt and of exceptional service. Please let us know what you
think of our website and if you have any suggestions or questions
feel free to email us anytime and we will be happy to assist.
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Calculate the estimated cost to

build a plan before you buy it!

’éi’ Our Backyard ﬁ‘ gvf Construction

Information
Visit The Southern Designer's |The Southern Designer has
Backyard for links to great made arrangements to offer you
backyard websites! professional information on new

Greenhouses, play houses, home construction, builder
gazebos, swings, sheds and  (locators, mortgage information
more! and more.

LI |
- -

Build
100% construction loan financing to build your own home! NO
down payment, NO payments while you build. Unique
owner-builder program allows you to control your own
home-building project. Imagine saving $25K to $70K on your next
home-building project, you could with BuildMax. Click Here

Kustomized Audio
m
Mtnls-Source Multi Zooe
Home Andis )
Custom Home Audio

Mississippi Residents
Click here for new construction information

IDIVISIONS. COM

" Camily Eriendly site™

Recognizea ard Respectad onthe Wiodd Uidde sk

This Site Best Viewed
In Internet Explorer

Disclaimer: All house plans ordered through Southerndesigner.com are offered
as-is and the Southerndesigner.com disclaims all other warranties, expressed or
implied. Stock house plans may not be returned or exchanged under any
circumstances. All sales are final. Southerndesigner.com is not liable for incidental,
special, consequential, or indirect damages of any kind, including, but not limited to,
loss of anticipated profits, business opportunity, or other loss arising out of the use
of services or any stock plan received from Southerndesigner.com. It is the
responsibility of each customer to ensure the accuracy, compliance with applicable
statute or regulation, and fitness of purpose of any plans or information received
from Southerndesigner.com prior to the usage thereof.

House Plans ~ Garage Plans ~ Home Plans ~ Duplex Plans ~
House Floor Plans ~ Multifamily ~ Townhouses ~ Ranchers ~
Condos ~ Apartment Building Plans ~ Developers ~
Builders~Architects~ Residential Designers~Builder
Plans~Blueprints~ Housing Developers~ Residential
Developments~ Vacation plans~ Cabin plans

All content is copyright © 2004 by The Southern Designer.

Website design & marketing by Resinet Marketing
All Sales Final
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Do It Yourself Home Improvement, Repair, Remodeling and Hardware Store

Showcases

Community
and Links

Do It Yourselflcom Forums

Home Improvement How To's - Our "Home Improvement How-To

Info and Home Repair Tips" help answer basic questions... in Do It
Yourself projects. Click here on any Topic on the bottom of this

page for step by step instructions and information.

Community Forums

Our Community Forums are hosted by home improvement and repair
experts. They are dedicated to provide you the info you need to do any
Home Repair or Home Improvement project right. Ask Questions and Get
Answers! Now featuring over 100 topics of interest to DoltY our selfers!

The Do-It-Yourself Video Special

Use the best homerepair tool available - knowledge to complete projects
RIGHT THE FIRST TIME. Many of our homeimprovement articlesare
generated from thisClassic TV Series. Save $8.00 OFF on our most popular
videos. Choose from Exterior Home I mprovement Projects, Interior Home

Improvement Projects, Real Estate and Home Repair Videos.

How Should You Pay for a Home Remodeling Project?
With Interest Rates Still at Historic L ows, why not lock in a Low Cost
Home Improvement Loan Today! Within minutes you will have lenders

compete for your business.

DoltYourself.com is proud to be featured in Time
Magazine's 50 Best Websites! Click here for more!

Our founder and president recently appeared
on Ask Andrea, a nationally syndicated home
improvement radio show. To listen to the
interview click here.
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Go
Shopping

el JfourEntrewebsie

Click Any Link Above For Home Improvement and Home Repair Info

Meed A
Contractor

Loan
Center

Interactive
Project + Design

Extend Growing Seasons

UV Covered Grow Racks ~ C0lOrSmart b
4 Adjustable Shelves Behr
Al 35285 Coordinateand

Value
SALE
§$69.95

{ Freight-Free
in the USA

preview beforeyou
paint.

Need a Contractor ?

If you don't have the time to Do It Y ourself, or need a bit
more experience before you tackle ahome improvement
project, why not have it done by a prescreened, qualified
contractor in your area?

I Real Estate

Want a FREE issue of Family Handyman
magazine? Click Here!

For a FREE issue of American Woodworker
Magazine Click Here!

Invisible Killers in the Home:i i
Virtually everyone has one ||
type or another of mold |5
somewhere in their home. :
Although not all molds
produce toxic biproducts, !
exposure to non-toxic mold | ! |
types can pose a health risk {11
to people with allergies or
asthma. The threat doesn't -

stop there, other biological contaminants that can
make it into your home include bacteria, mildew,
viruses, pet dander, dust, mites, cockroaches, and
pollen. Learn how to safeguard your home from
these dangeroud contaminants. Read all about in
our do-it-yourself feature of the month.

CLICK HERE to buy our HOME-TESTING KITS

Also This Month...

How home improvement projects can pay big
dividends. Find out what areas of the home give
the biggest return when it comes time to sell. Click

Choose a Balmer Molding, Medallion, or Fireplace
Mantel

Thinking of Buying or Selling a Home?
Get Matched With Top Performing Real Estate Agents
in Your Area. Free Service- No Obligation
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Do It Yourself Home Improvement, Repair, Remodeling and Hardware Store

Click Any Link For Home Improvement - Home Repair Info

Interior Home Improvements
Attics, Basements, Bathroom Remodeling, Building and

Remodeling Contractors, Cabinetry and Built-Ins, Ceilings, Ceramic

Tile, Doors, Fireplaces and Hearths, Insulation, Kitchen
Remodeling, Lumber, Paneling, Skylights, Walls, Weatherizing,
Windows and Woodworking

Exterior Home Improvements
Brick, Slate and Stone, Cement Concrete Stucco Clay, Chimneys,
Decks, Garages, Gutters, Roofing, Sunrooms and Waterproofing

Decorating and Painting

Accessories, Blinds, Shades and Shutters, Carpeting, Decorating
for Children, Decorating with Color, Draperies and Top Treatments,
Faux and Texture Finishing, Furniture, Glass and Mirrors, Holiday
Decorating, Interior Decorating, Laminate Floors, Paint Applicators
and Tools, Paint Preparation, Painting Exteriors, Painting Interiors,
Patching and Plastering, Upholstery, Vinyl Floor Coverings,
Wallpaper and Wallcoverings, Wood Finishing and Wood Floors

Electrical and Electronics

Accent Lighting, Basic Electric, Computers, Home Automation,
Home Entertainment, Home Security Alarms, Lighting Exteriors,
Lighting Interiors and Voice and Data Communications

Plumbing, Air and Heat

Air Conditioning, Dehumidifiers and Humidifiers, Drainage and
Sewage, Duct Work, Faucets and Sinks, Garbage Disposals,
General Plumbing, Heat Pumps, Heating - Electric Plus, Heating -
Gas and Oil, Toilets, Ventilation, Water Filters and Conservation,
Water Heaters and Wells and Septic Systems

Cars, Trucks and Boats

Auto Buying and Selling, Auto Finance and
Insurance, Auto Maintenance and Care, Auto Repair,
Marine, Boating and Sailing, Motorcycles, ATV's,
and Go Carts, and Trucks, RV's and Motor Homes

Gardens and Outdoors

Fences, Fertilizer, Compost and Soil, Flowers,
Fruits, Garden Maintenance, Garden Projects,
Greenhouses, Hot Tubs and Spas, Lawns and
Ground Cover, Outdoor Living, Outdoor Pest
Control, Outdoor Power Equipment, Ponds and
Water Gardens, Pools, Shrubs and Trees,
Vegetables and Herbs, and Wildlife Issues

Hardware and Tools
Fasteners, Garden Tools, Hand Tools, Locks, Power
Tools, and Welding and Iron Work

Household and Cleaning

Appliances - Electric, Appliances - Gas, Appliances
- Small, Cleaning and Stain Removal, Closets and
Organizers, Home Canning and Preserving, Home
Safety and Testing, Indoor Pest Control, Mold and
Mildew Removal, and Pet Care

Lifestyle and Recreation

Bicycles, Crafts and Hobbies, Dieting and Weight
Loss, Education, Employment, Exercise and Fitness
, Food and Recipes, Health, Lifestyle and Living,
Parenting, Seniors and Disabilities, Sports, and
Travel

Real Estate and Finance

Appraisals and Inspections, Architecture
Residential, Banking and Credit, Buying New
Homes, Buying Resale Homes, Closing on a House,
Dealing with Real Estate Agents, Emergency
Preparedness, Enjoying Your Home, Finance,
Foreclosures, Home Business and Home Office,
Home Equity, Making Home Offers, Mobile Homes,
Mortgages, Non-Residential Architecture,
Refinance, and Selling a House

Hardware Store - Advertising - Community Forums - Need A Contractor - Glossary - Links - Media

- Mortgage Savings - Search Content - Site Map

ﬁ DoltYourself.com® was founded in 1995 and is the leading independent home
improvement website.All contents are copyrighted and DoltYourself.com is a

registered trademark ofDoltYourself.com Incorporated. You are welcome to view
this site for your own,non-commercial purposes, AS IS, subject to our disclaimer

p;ééf‘g#,'r}-}.and conditions of use.We have a strict Privacy Policy and do not share your

[ITT-mMrMinformation with outsiders. Pleasesubscribe to our Free Newsletter.You may send

this page to afriend.

Do It Yourselffcom

Problems regarding the website operations should be directed to webmaster@doityourself.com. Questions of a Do It Yourself

nature, not directly related to purchasing products from DoltYourself.com should be submitted to our "DoltYourself.com
Community Forums". Would you like information about Loans, Refinance or Mortgages? Need a Pre-Qualified Local Contractor?

Copyright © 1995-2004 DoltYourself.com Inc. All rights reserved. You may freely link to this site.

Visit FreeAdvice.com For Free Legal Information - Visit AttorneyPages.com to Find an Attorney
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Construction information for the owner-builder and contractor from infoforbuilding.com

e e

info forbuilding

Makingit easierto build your home,

CONSTRUCTION FORMS | HOUSE PLANS = CONSTRUCTION SCHEDULES | PHOTOS | ASK THE GENERAL

-

Home Building Information for the
Owner-Builder

Whether you're a contractor,
seasoned owner-builder or anovice,
we believe that InfoforBuilding.com
can provide the "tools" that you will
need to succeed in any construction
project.

Our goal isto help you build your
home and save thousands of dollars
in the process. Contracting a home
involves education, preparation,
organization, and most importantly
determination. We have the toolsto
help make your project a success.

Download a FREE contractor
guestionnaire form in PDF format.
Download Now!

Y S/

e o

Construction Schedules
Download a pre-construction
schedule and more!

Construction Questions?
Ask the General

The general contractor that is...go
ahead it's FREE!

Photos
Owner builder photos from

excavation to final inspection.

Documents & Forms
Construction forms & documents

Calculator/Estimator
Owner Builder Calculator-Calculate

your saving as the project contractor.

Owner-Builder Article:
"|s a hydronic baseboard heating

practical today?'

The Five Phases of Home Construction from infoforbuilding .com:

ereconstrucrioy PHASE  PHASE  PHASE  PHASE  PHASE

L o

Construction Forms and Documents

Manage you project like a professional construction manager. Our Professional Series
Construction Documents™ (PSCD) are used by builders and home owners throughout
the industry. They have been developed by legal and construction management
professionals and are updated regularly to meet today's changing construction
environment.

Our documents can be purchased separately or in packages. We have combined our
documents into packages to provide the best value and to meet the varying needs of
owner-builders, homeowners and contractors. We a'so have free forms and construction
calculators to help with different aspects of your project.

I nstant download!
Forms and packages that are purchased by credit card are automatically emailed to you
for instant download.

[Paypalle

. VERIFIED _
i) =B

Accepted through Paypal ™, the most reliable online payment service available.

¢ BBBONLINE
m RELIABILITY
PROGRAM

'A proud member of the Better Business Bureau"

In order to facilitate quick downloads the forms have been zipped and require WinZip™
utility to open. WinZip™ can be downloaded for free at www.winzip.com

Document Formats

Our forms are saved in .pdf, MS Excel, Quattro Pro, and .doc format. The legal
agreements and lien waivers are in .doc format so that they can be customized. The
calculators are Excel or Quattro pro format. PDF files require Adobe Acrobat Reader™
click here for free download.
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Construction information for the owner-builder and contractor from infoforbuilding.com

How to hire a Contractor
This practical article tells how to
find a contractor for your project.

Construction Dictionary
visit our online construction

dictionary.

.

;

Individual Form

Construction Schedule

New Home I nspection List

Release of Lien Forms

Description of Materials

Owner-Builder Calculator

Subcontractor Agreement

Owner/Contractor Agreement

Contract Change Order

Certificate of Substantial
Completion

Daily Construction Site Report
.

i
FREE DOWNLOADS!

Contractor Questionnaire
Areyou trying to find the right
contractor but don't know what
guestions to ask? Here are the
guestions...and the right answers.
Contractor Questionnaire in PDF

Concrete Estimator

Download our free flatwork
estimator. It is an in-depth cal culator
great for estimating driveways,
sidewalks, patios, and basement
dlabs. It's available in Quattro Pro
and Excel. Enjoy!

Concrete estimator-Excel

Concrete estimator-Quattro Pro

Pre-Construction Schedule
Here is a pre-construction schedule

|

= BASIC
\- Owner-Builder,

This package contains the basics to manage your project. The Basic package is best
suited to owner-builders with some construction management experience who understand
subcontractor sequencing, construction costs and construction methods. Click on each
document for a sample view and complete description. The following are included:

- Description of materials

-_Subcontractor agreement

- Release of lien forms

Basic Owner-builder package-$24.95 save $8 over individually purchased items.

Add to Cart

'
. 2
i g \H"‘-\-\

" STANDARD)
- Ofrner,-“ﬂtﬂc_lgj

Y _—

The Standard Owner-builder package contains al the items in the Basic owner-builder
package plus:
- Construction schedule

Standard Owner-builder package-$34.95 save $19 over individually purchased items.

Add to Cart

]

— DELUXE;
= lwner_-Buﬂerr

The Deluxe Owner-builder package contains al the items in the Standard owner-builder
package plus:

- Owner-builder calculator

- Contract Change Order

- Daily Construction Site Report NEW!

.::ﬁ‘“"; I

-
s

Deluxe Owner-builder package-$49.95 save $36 over individually purchased items.

Add to Cart
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in bar chart form (Gantt). It shows
all of the items that must be
complete before you can start the
onsite building process.

Download in PDF

Footing and Foundation Estimator
Download our free footing estimator.
It isan in-depth calculator great for
estimating footings or foundation
walls. Itisavailablein MS Excdl.
Have Fun!

Foundation estimator-Excel

Footing Estimator-Excel
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Home Building Links
Resources for the Owner Builder

Linkspage - links to great
information on other construction
sites.

Home plans

Learn about Scheduling

Alternative Building Links
Links and information to interesting
and alternative building methods:

Straw bale

Earthship

Adobe

Insulated concrete

Domes

Log homes

Steel buildings

Design Help
Information about the important
elements of your home

Kitchens & baths

Decks & patios

Greenhouses & outbuildings

N

Construction information for the owner-builder and contractor from infoforbuilding.com

= BASIC

The Basic Builder package is designed for owners who plan to hire a contractor to build
their home. It contains the following items:

- Owner/contractor agreement

- Description of materials

- New home Inspection list

Basic Builder package-$29.95 save $20 over individually purchased items.

Add to Cart
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i

The Standard Builder package contains the items in the Basic builder package plus:
- Construction schedule

Standard Builder package-$39.95 save $26 over individually purchased items.

Add to Cart
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:‘-__
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BEEUX, Ei
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The DeI uxe Builder package contains the items in the Standard builder package plus:
- Contract Change Order NEW!

- Certificate of Substantial Completion NEW!

Deluxe Builder package-$49.95 save $36 over individually purchased items.

Add to Cart
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Plastic Skylights - www.sierraplastics.com Search

Y

(o)
snapfish
You searched the web for Plastic Skylights Top ten bidded listings are below,

AlA Industires Skylights

AIA manufactures plastic dome skylights in any size, and will sell direct.
www.aiaindustries.com... Get your money now,

Replacement Skylight & Dome Manufacturer deposited directly into

Acrylic & polycarbonate domed skylights for residential & commercial. Round, square, your checking account.
circular, rectangular & custom shaped plastic skylights. Available in clear, tinted or Your job is your credit.
translucent white.

www.globalplastics.ca...

Plastic Dome Tubular Skylight by Velux

Payday Loans

Click here

Sun Tunnel Flexible Tubular skylight systems are industry leaders in natural indoor lighting.
Installs in as little as two hours. In stock, ready to ship.
www.bigfrogmountain.com...

Duo-Gard - Plastic Skylights

Design/Build skylights integrate natural light, advanced translucent technology, aesthetics,
economy for high performance in new and existing facilities. Windows, walls, canopies,
walkways.

www.duo-gard.com...

Get a Quote On Any Construction Material

Over 3,000 pages of current labor and material costs for construction. Search by keyword
through the largest construction cost estimating database on the Web, including plastic
skylight.

www.get-a-quote.net...

Find Plastic Skylights with Free WebSearch Tools

Click here to download WebSearch Tools and search 15 engines for Plastic Skylights at
once now with FREE Pop-up Blocker, Yellow/White Pages, Free Games, Maps, Skins,
Cursors and more!

download.websearch.com...

Find Plastic Skylights on Crawler.com with Free WebSearch Tools

Click here to download WebSearch Tools and search 15 engines for Plastic Skylights at
once now with FREE Pop-up Blocker, Yellow/White Pages, Free Games, Maps, Skins,
Cursors and more!

download.websearch.com...

Find Plastic Skylights on 2020Search.com

If youre having trouble finding Plastic Skylights here, 2020Search provides relevant results
from the top search engines on the internet. Your result is a click away at 2020Search.com.
ws1.2020search.com...

Find Plastic Skylights at UpSpiral.com

Having trouble finding information on Plastic Skylights?UpSpiral will provide you with the
results you are looking for by drawing on the best search engines the Internet has to offer.
www.upspiral.com...

Find the Best Sites For Plastic Skylights With Starware

Starware search is an excellent resource for quality sites on Plastic Skylights and much
more! Starware also provides related listings for Plastic Skylights.
http://search.starware.com/search.php?product=gsea...

Previous 10 -- Next 10
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Maze Nails Home Page - Maze Group: (800) 435-5949 - nails, stainless, hot-dipped, galvanized, collated, siding, decking, screws.

MAZE NAILS - INDEPENDENT NAIL - TREMONT NAIL - --

Tée Warkd's Laasul vﬁaiﬂ# a{ Sf-l-ﬂ:.ﬁf!# Neails] et

MAZE NEWS | FREE CATALOG | MAZE DEALER LOCATOR

+  CONTACTUS |+ LINKS ~ GUESTBOOK |

Click Here to See
Hot-Dipped Galvanized our NEW Video
Specification Sheets .
presentation!

What To Do For ACQ

The"MAZE GROUP" is E
comprised of three
well-known U.S. nail mills - e

with more than 400 years of Proudly Made-n-the-USA
combined experience in nail
manufacturing. The "Maze Group" of nail mills
makes all sorts of popular SPECIALTY NAILS!
Come by all of our sitesto get more specific
information on our wide line of MADE-IN-USA
nails, fasteners and screws.

e MAZE NAILS: Pery, lllinois -
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Welcome to Applied Synergetics

Applied Synergetics is dedicated to the development of technological solutions to problems
encountered in a wide array of fields and industries.

This website is currently under construction so please check back often as information on our

Products products and services will be added continuously.

Services
Projects
Research
Web Hosting
Open Source
FAQ
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What is DOME?

DOME is a program which calculates the properties of a geodesic dome symmetry
triangle. DOME calculates spherical vertex coordinates, symmetry triangle
topological abundance, and chord factors. DOME supports class | (alternate) and
class Il (triacon) breakdowns for Icosahedron, Octahedron and Tetrahedron
polyhedron types. DOME also supports "Buckyball" formations as well as elliptical
geodesics and geodesic parabolic dishes.

Why DOME?

WinDome is a Windows version of the original command-line DOME program.
DOME began as a set of geodesic math test algorithims for use in investigating
properties of generalized geodesic structures. This continues to be the main
purpose of my development of the DOME code. DOME should serve as a basic tool
for those interested in geodesic dome design and modeling. All source code is also
included in this package and is freely modifiable under the conditions of the GNU

General Public License.

System Requirements

WinDome has been complied using Microsoft Visual C++ 5.0 as a 32-bit MFC
application. WinDome will should run fine in Windows 95, 98, ME, NT, 2000 or XP.
Dome frequency is limited by the amount of memory available. WinDome 4.80 is in
Beta.

Changes From Previous Release Version 4.60

Added parabolic dish functions

« Rewrote several functions into modules.
« Added Windows GUI front-end.
Upgraded VRML output to the VRML97 specification
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Installation

WinDome has been compiled statically so that it is a self-contained program. Simply
create a folder called WinDome and copy the WinDome.exe file into it. You can then
create a shortcut to access the program at your convenience.

Usage

Select the Dome properties, specify a file name and press "Execute"”.

File Formats

DOME currently supports five file formats:

« DXF - DXF face data which can be input into most computer aided design
packages. Each polyhedron face is saved on a seperate level if spherical data
generation is requested. DXF data for Buckyballs are saved as LINE data.
The default DXF data for all other structures is 3D POLYFACE data. This can
be changed to LINE data with the -w option. Note that not all applications
support DXF line data. In these cases, use polyface instead.

« DAT - An ASCII report format. Shows only symmetry triangle parameters. This
format displays chord factors, face angles and axial angles. Not available for
Buckyballs.

« PRN - An ASCIl comma delimited format. Contains vertex coordinate and
chord coordinate data. Suitable for parsing into custom routines and
spreadsheets. Only data for the symmetry triangle is saved. Not available for
Buckyballs.

« POV - POV-ray script file. Generates spheres for vertexia, cylinders for chords
and triangles for faces. Faces are not saved when using the Buckyball option.
The POV script consists of two files. The .POV file contains the scene
description while the dome.inc file contains the dome geometry. Note that
DOME references "up" as the z-axis while POV references the y-axis. The
Sky statement in the camera definition compensates for this.

« WRL - VRML file for use with a VRML enabled browser such as the Cortona
plugin from ParallelGraphics. Only wire-frame output is available with
Buckyball option. WinDome supports the VRML97 Specification.

Elliptical Structures

DOME allows the creation of elliptical geodesic structures. The -en switch enables
this feature. The "n" parameter is the elliptical eccentricity. This value is simply the
ratio of the ellipse major axis to ellipse minor axis. A circle has an eccentricity of 1.0.
Dome allows eccentricity values greater than 0.0 but less than 2.0. An eccentricity
less than 1.0 results in an ellipse having a semimajor axis = 1.0 and aligned along
the x-axis. Likewise, an eccentricity greater than results in an ellipse having a
semiminor axis = 1.0 and major axis aligned along the z-axis.

Parabolic Structures

WinDome now includes functions which allow the design of geodesic parabolic
dishes. Select the parabolic radio button and then specify the focus and radius of
the dish.
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The parabolic functions work with:

« Class | or Class Il geodesic
« All supported polyhedron types.
The following restrictions apply to the use of parabolics:
« A DXF filename must be included with the parabolic switches.
« The -w wireframe option should not be used.

« The ratio of focal length to dish diameter (f/d) must be greater than or equal
0.25.

« No other output file type aside from the 3DFACE DXF file is supported at this
time.

« Frequency is based on a spherical formation. Large values of f/d will reduce
the number of faces used in the structure. Compensate by further increasing
the frequency.

WinDome produces a DXF file containing the dish face data and an ASCII text file
named parabolic.txt containing the raw data for each face. The following data is
output:

« Index data for each triangle vertex (A, B, C see map.qgif)
« Chord lengths for each triangle side (a, b, ¢)
« Face angles (A, B, C).

This data is given for each polyhedron face. In the case of the class | icosahedron
20 faces will be output. The class Il structure will use up to 60 triangles. Many of
these faces may not contain data as this is dependent on the truncation used.

The enclosed file map.gif contains a graphical representation one polyhedron face
as well as the nomenclature used for each triangle.

The units used for the focus location will determine the units of chord length. If -d6 is
used where 6 is the focal length in feet, then the chord lengths will be output in feet
as well.

The parabolic.txt file is designed to be read by a spreadsheet application such as
Microsoft Excel. When importing this file into a spreadsheet, set the field delimiter to
'tab’, the text delimiter to "™ and make sure that the first three columns are read as
text fields.

Other Goodies

See the Applied Synergetics Homepage for image samples and links to other
Synergetics Web sites. The latest WinDome & DOME info can be found here.

Other Platforms

Check the DOME web page for versions which support other platforms.

UNIX Portability

Several defines have now been added to the DOME & DXFtoPOV source code to
allow porting to UNIX machines. A Unix/LINUX makefile developed by Chris
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Fearnley has now been included to improve g++ compilation.

Source Code Comments

Releases of DOME prior to 4.0 had all the source code in one file. DOME 4.60 has
the source code split across several files:

Releases of DOME prior to 4.0 had all the source code in one file.
DOME & WinDome 4.80 has the source code split across several files:

dome.txt - this file

dome.cpp - Source code for main program loop.

geodesic.h - Header file containing variables, structures and class
member function prototypes.

geodesic.cpp - Source code for geodesic class member functions. Most of
the work is done by these routines.

dxfsave.cpp - Geodesic class DXF save routines.

povsave.cpp - Geodesic class POV save routines.

wrlsave.cpp - Geodesic class WRL (VRML) save routines.
cartesian.cpp - cartesian & spherical coordinate conversion & data structures
cartesian.h - header for cartesian.cpp

chords.cpp - class containing chord data structures

chords.h - header for chord.cpp

command.cpp - class implementing input parameter data structures
command.h - header for command.cpp

faces.cpp - class containing triangle face data structures

faces.h - header for faces.cpp

labels.cpp - class containing vertex label data structures

labels.h - header for labels.cpp

points.cpp - class containing vertex position data structures
points.h - header for points.cpp

ThetaTruncation.cpp - class for collecting truncation data

ThetaTruncation.h - header for ThetaTruncation.cpp

WinDome also includes the Visual C++ 5.0 project files for the GUI.

DOME Updates

The next major release of DOME will include:

Provide Buckyball topological abundance in reports
Buckyball face data
Dihedral Face Angles

http://www.applied-synergetics.com/ashp/html/windome_readme.html (4 of 5) [9/5/2004 5:26:46 PM]



Applied Synergetics - WinDome Readme

« INI file input for customizing POV-ray and other settings.
« Enhanced non-spherical support

« Space frame support

« Graphical Display

Feel free to contact me at ribono@applied-synergetics.com for suggestions, bug
reports or questions.

Copyright Information

DOME 4.80 Beta 1, Copyright (C) 1995 - 2002 Richard J. Bono This program is free
software; you can redistribute it and/or modify it under the terms of the GNU
General Public License as published by the Free Software Foundation; either
version 2 of the License, or any later version. This program is distributed in the hope
that it will be useful, but WITHOUT ANY WARRANTY:; without even the implied
warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
See the GNU General Public License for more details. You should have received a
copy of the GNU General Public License along with this program; if not, write to the
Free Software Foundation, Inc., 675 Mass Ave, Cambridge, MA 02139, USA.
Please direct inquiries, comments and modifications to:

Richard J. Bono

44 Augusta Rd.
Brownsville, TX 78521

email: rjbono@applied-synergetics.com
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What is DOME?

DOME is a program which calculates the properties of a geodesic dome symmetry
triangle. DOME calculates spherical vertex coordinates, symmetry triangle
topological abundance, and chord factors. DOME supports class | (alternate) and
class Il (triacon) breakdowns for Icosahedron, Octahedron and Tetrahedron
polyhedron types. DOME also supports "Buckyball" formations as well as elliptical
geodesics & geodesic parabolic dishes.

Why DOME?

DOME began as a set of geodesic math test algorithims for use in investigating
properties of generalized geodesic structures. This continues to be the main
purpose of my development of the DOME code. DOME should serve as a basic tool
for those interested in geodesic dome design and modeling. All source code is also
included in this package and is freely modifiable under the conditions of the GNU

General Public License.

System Requirements

Dome frequency is limited by the amount of memory available.

Changes From Previous Release Version 4.60

« Rewrote several functions into modules.
« Added Windows GUI front-end.
« Upgraded VRML output to the VRML97 specification

Usage

DOME is run as a console application. The program will terminate with an error
message if there is not enough memory to allocate array space for the coordinate
matrix. If this occurs, re-run DOME and request a smaller subdivision frequency.
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Only even frequencies are allowed when using class Il.

Usage: dome [-fnnn] [-cn] [-pX] [-s or -sb] [-en] [-V] [-w] [-h]
[filename.xxx]

Where: -fnnn is geodesic frequency (default nnn=2) -cn is
class type (n=1 or 2; default n=1) -px sets the polyhedron
type where x is: i for icosahedron (default) o for octahedron t
for tetrahedron -s generate full sphere data (default:
symmetry triangle) -sb generate a buckyball. Must use class
| with frequency equal to a multiple of three. -en enable
elliptical formation (default: n=1 circle) n=elliptical
eccentricity (n > 0.0 and n &lt; 2.0) -v verbose data display at
run-time -dn enables parabolid and specifies focus location
-rn sets Outer radius of paraboloid. -w enable wire-frame
VRML or DXF output (default: face data) -h displays a help
screen filename.xxx is a standard DOS filename where xxx
is: DXF, DAT, WRL, POV or PRN

Examples of Usage

A 5 frequency, class |, icosahedron sphere in DXF format (note class | & icosa
are the defaults): dome -f5 myfile.dxf

A 3 frequency buckyball in POV format: dome -f3 -sb myfile.pov
A 10 frequency, class Il, octahedron symmetry triangle in DXF format:

dome -f10 -c2 -po myfile.dxf

File Formats

DOME currently supports five file formats:

DXF - DXF face data which can be input into most computer aided design
packages. Each polyhedron face is saved on a seperate level if spherical data
generation is requested. DXF data for Buckyballs are saved as LINE data.
The default DXF data for all other structures is 3D POLYFACE data. This can
be changed to LINE data with the -w option. Note that not all applications
support DXF line data. In these cases, use polyface instead.

DAT - An ASCII report format. Shows only symmetry triangle parameters. This
format displays chord factors, face angles and axial angles. Not available for
Buckyballs.

PRN - An ASCIl comma delimited format. Contains vertex coordinate and
chord coordinate data. Suitable for parsing into custom routines and
spreadsheets. Only data for the symmetry triangle is saved. Not available for
Buckyballs.

POV - POV-ray script file. Generates spheres for vertexia, cylinders for chords
and triangles for faces. Faces are not saved when using the Buckyball option.
The POV script consists of two files. The .POV file contains the scene
description while the dome.inc file contains the dome geometry. Note that
DOME references "up" as the z-axis while POV references the y-axis. The
Sky statement in the camera definition compensates for this.

WRL - VRML file for use with a VRML enabled browser such as the Cortona
plugin from ParallelGraphics. Only wire-frame output is available with
Buckyball option. WinDome supports the VRML97 Specification.
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Elliptical Structures

DOME allows the creation of elliptical geodesic structures. The -en switch enables
this feature. The "n" parameter is the elliptical eccentricity. This value is simply the
ratio of the ellipse major axis to ellipse minor axis. A circle has an eccentricity of
1.0.

Dome allows eccentricity values greater than 0.0 but less than 2.0. An eccentricity
less than 1.0 results in an ellipse having a semimajor axis = 1.0 and aligned along
the x-axis. Likewise, an eccentricity greater than results in an ellipse having a
semiminor axis = 1.0 and major axis aligned along the z-axis.

Parabolic Structures

Dome now includes functions which allow the design of geodesic parabolic dishes.
Two command line switches have been added to enable parabolics:

« dn where n = the distance from the dish center to the focus.
« n Where n = the radius of the dish. This defaults to 2 x focus.

The parabolic functions work with:
« Class | or Class Il geodesic
« All supported polyhedron types.
The following restrictions apply to the use of parabolics:
« A DXF filename must be included with the parabolic switches.
« The -w wireframe option should not be used.

« The ratio of focal length to dish diameter (f/d) must be greater than or equal
0.25.

« No other output file type aside from the 3DFACE DXF file is supported at this
time.

« Frequency is based on a spherical formation. Large values of f/d will reduce
the number of faces used in the structure. Compensate by further increasing
the frequency.

Dome produces a DXF file containing the dish face data and an ASCII text file
named parabolic.txt containing the raw data for each face. The following data is
output:

« Index data for each triangle vertex (A, B, C see map.qgif)
« Chord lengths for each triangle side (a, b, ¢)
« Face angles (A, B, C).

This data is given for each polyhedron face. In the case of the class | icosahedron
20 faces will be output. The class Il structure will use up to 60 triangles. Many of
these faces may not contain data as this is dependent on the truncation used.

The enclosed file map.qgif contains a graphical representation one polyhedron face
as well as the nomenclature used for each triangle.

The units used for the focus location will determine the units of chord length. If -d6 is
used where 6 is the focal length in feet, then the chord lengths will be output in feet
as well.

The parabolic.txt file is designed to be read by a spreadsheet application such as
Microsoft Excel. When importing this file into a spreadsheet, set the field delimiter to
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'tab’, the text delimiter to "™ and make sure that the first three columns are read as

text fields.

Other Goodies

See the Applied Synergetics Homepage for image samples and links to other
Synergetics Web sites. The latest DOME info can be found here.

DXFtoPOV is a short utility which converts DXF line entities to POV-ray script. This
is useful when using a CAD program to modify a DXF file. The modified DXF file
can then be rendered using POV-ray. See the source code for more implementation

comments.

Unix/Linux Install

Open the tarball and type make to build the dome executable. Change directory to
dxftopov and type make to build the dxftopov utility.

Other Platforms

Check the DOME web page for versions which support other platforms.

Source Code Comments

Releases of DOME prior to 4.0 had all the source code in one file. DOME 4.60 has

the source code split across several files:

« dome.txt - this file

« dome.cpp - Source code for main program loop.

« geodesic.h - Header file containing variables, structures and class

member function prototypes.

« geodesic.cpp - Source code for geodesic class member functions. Most of

the work is done by these routines.

« dxfsave.cpp - Geodesic class DXF save routines.

« povsave.cpp - Geodesic class POV save routines.

« wrlsave.cpp - Geodesic class WRL (VRML) save routines.

« cartesian.cpp - cartesian & spherical coordinate conversion & data structures

« cartesian.h - header for cartesian.cpp

« chords.cpp - class containing chord data structures

« chords.h - header for chord.cpp

« command.cpp - class implementing input parameter data structures

« command.h - header for command.cpp

« faces.cpp - class containing triangle face data structures

« faces.h - header for faces.cpp

« labels.cpp - class containing vertex label data structures
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labels.h - header for labels.cpp

points.cpp - class containing vertex position data structures

« points.h - header for points.cpp
« ThetaTruncation.cpp - class for collecting truncation data

« ThetaTruncation.h - header for ThetaTruncation.cpp

DOME Updates

The next major release of DOME will include:
« Provide Buckyball topological abundance in reports
« Buckyball face data
« Dihedral Face Angles
« INI file input for customizing POV-ray and other settings.
« Enhanced non-spherical support
« Space frame support
« Graphical Display

Feel free to contact me at rijbono@applied-synergetics.com for suggestions, bug
reports or questions.

Copyright Information

DOME 4.80 Beta 1, Copyright (C) 1995 - 2002 Richard J. Bono This program is free
software; you can redistribute it and/or modify it under the terms of the GNU
General Public License as published by the Free Software Foundation; either
version 2 of the License, or any later version. This program is distributed in the hope
that it will be useful, but WITHOUT ANY WARRANTY:; without even the implied
warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
See the GNU General Public License for more details. You should have received a
copy of the GNU General Public License along with this program; if not, write to the
Free Software Foundation, Inc., 675 Mass Ave, Cambridge, MA 02139, USA.
Please direct inquiries, comments and modifications to:

Richard J. Bono
44 Augusta Rd.
Brownsville, TX 78521

email: rjbono@applied-synergetics.com
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Geodesic Dome Design

Dome

Version 4.80
October 8, 2002

What is DOME?

DOME is a program which calculates the properties of a geodesic dome symmetry
triangle. DOME calculates spherical vertex coordinates, symmetry triangle
topological abundance, and chord factors. DOME supports class | (alternate) and
class Il (triacon) breakdowns for Icosahedron, Octahedron and Tetrahedron
polyhedron types. DOME also supports "Buckyball" formations as well as elliptical
geodesics & geodesic parabolic dishes.

Why DOME?

DOME began as a set of geodesic math test algorithims for use in investigating
properties of generalized geodesic structures. This continues to be the main
purpose of my development of the DOME code. DOME should serve as a basic tool
for those interested in geodesic dome design and modeling. All source code is also
included in this package and is freely modifiable under the conditions of the GNU

General Public License.

System Requirements

Dome frequency is limited by the amount of memory available.

Changes From Previous Release Version 4.60

« Rewrote several functions into modules.
« Added Windows GUI front-end.
« Upgraded VRML output to the VRML97 specification

Usage

DOME is run as a console application. The program will terminate with an error
message if there is not enough memory to allocate array space for the coordinate
matrix. If this occurs, re-run DOME and request a smaller subdivision frequency.
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Only even frequencies are allowed when using class Il.

Usage: dome [-fnnn] [-cn] [-pX] [-s or -sb] [-en] [-V] [-w] [-h]
[filename.xxx]

Where: -fnnn is geodesic frequency (default nnn=2) -cn is
class type (n=1 or 2; default n=1) -px sets the polyhedron
type where x is: i for icosahedron (default) o for octahedron t
for tetrahedron -s generate full sphere data (default:
symmetry triangle) -sb generate a buckyball. Must use class
| with frequency equal to a multiple of three. -en enable
elliptical formation (default: n=1 circle) n=elliptical
eccentricity (n > 0.0 and n &lt; 2.0) -v verbose data display at
run-time -dn enables parabolid and specifies focus location
-rn sets Outer radius of paraboloid. -w enable wire-frame
VRML or DXF output (default: face data) -h displays a help
screen filename.xxx is a standard DOS filename where xxx
is: DXF, DAT, WRL, POV or PRN

Examples of Usage

« A5 frequency, class I, icosahedron sphere in DXF format (note class | & icosa
are the defaults): dome -f5 myfile.dxf

« A 3 frequency buckyball in POV format: dome -f3 -sb myfile.pov
« A 10 frequency, class Il, octahedron symmetry triangle in DXF format:

dome -f10 -c2 -po myfile.dxf

File Formats

DOME currently supports five file formats:

« DXF - DXF face data which can be input into most computer aided design
packages. Each polyhedron face is saved on a seperate level if spherical data
generation is requested. DXF data for Buckyballs are saved as LINE data.
The default DXF data for all other structures is 3D POLYFACE data. This can
be changed to LINE data with the -w option. Note that not all applications
support DXF line data. In these cases, use polyface instead.

« DAT - An ASCII report format. Shows only symmetry triangle parameters. This
format displays chord factors, face angles and axial angles. Not available for
Buckyballs.

« PRN - An ASCIl comma delimited format. Contains vertex coordinate and
chord coordinate data. Suitable for parsing into custom routines and
spreadsheets. Only data for the symmetry triangle is saved. Not available for
Buckyballs.

« POV - POV-ray script file. Generates spheres for vertexia, cylinders for chords
and triangles for faces. Faces are not saved when using the Buckyball option.
The POV script consists of two files. The .POV file contains the scene
description while the dome.inc file contains the dome geometry. Note that
DOME references "up" as the z-axis while POV references the y-axis. The
Sky statement in the camera definition compensates for this.

« WRL - VRML file for use with a VRML enabled browser such as the Cortona
plugin from ParallelGraphics. Only wire-frame output is available with
Buckyball option. WinDome supports the VRML97 Specification.
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Elliptical Structures

DOME allows the creation of elliptical geodesic structures. The -en switch enables
this feature. The "n" parameter is the elliptical eccentricity. This value is simply the
ratio of the ellipse major axis to ellipse minor axis. A circle has an eccentricity of
1.0.

Dome allows eccentricity values greater than 0.0 but less than 2.0. An eccentricity
less than 1.0 results in an ellipse having a semimajor axis = 1.0 and aligned along
the x-axis. Likewise, an eccentricity greater than results in an ellipse having a
semiminor axis = 1.0 and major axis aligned along the z-axis.

Parabolic Structures

Dome now includes functions which allow the design of geodesic parabolic dishes.
Two command line switches have been added to enable parabolics:

« dn where n = the distance from the dish center to the focus.
« n Where n = the radius of the dish. This defaults to 2 x focus.

The parabolic functions work with:
« Class | or Class Il geodesic
« All supported polyhedron types.
The following restrictions apply to the use of parabolics:
« A DXF filename must be included with the parabolic switches.
« The -w wireframe option should not be used.

« The ratio of focal length to dish diameter (f/d) must be greater than or equal
0.25.

« No other output file type aside from the 3DFACE DXF file is supported at this
time.

« Frequency is based on a spherical formation. Large values of f/d will reduce
the number of faces used in the structure. Compensate by further increasing
the frequency.

Dome produces a DXF file containing the dish face data and an ASCII text file
named parabolic.txt containing the raw data for each face. The following data is
output:

« Index data for each triangle vertex (A, B, C see map.qgif)
« Chord lengths for each triangle side (a, b, ¢)
« Face angles (A, B, C).

This data is given for each polyhedron face. In the case of the class | icosahedron
20 faces will be output. The class Il structure will use up to 60 triangles. Many of
these faces may not contain data as this is dependent on the truncation used.

The enclosed file map.qgif contains a graphical representation one polyhedron face
as well as the nomenclature used for each triangle.

The units used for the focus location will determine the units of chord length. If -d6 is
used where 6 is the focal length in feet, then the chord lengths will be output in feet
as well.

The parabolic.txt file is designed to be read by a spreadsheet application such as
Microsoft Excel. When importing this file into a spreadsheet, set the field delimiter to
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'tab’, the text delimiter to "™ and make sure that the first three columns are read as

text fields.

Other Goodies

See the Applied Synergetics Homepage for image samples and links to other
Synergetics Web sites. The latest DOME info can be found here.

DXFtoPOV is a short utility which converts DXF line entities to POV-ray script. This
is useful when using a CAD program to modify a DXF file. The modified DXF file
can then be rendered using POV-ray. See the source code for more implementation
comments.

Windows Console Install

Unzip the program and then change to the Dome48 folder in a DOS command
window. Change directory to dxftopov and type make to build the dxftopov utility.

Other Platforms

Check the DOME web page for versions which support other platforms including
32-bit Windows & Linux.

Source Code Comments
Releases of DOME prior to 4.0 had all the source code in one file. DOME 4.60 has
the source code split across several files:
« dome.txt - this file
« dome.cpp - Source code for main program loop.
« geodesic.h - Header file containing variables, structures and class
member function prototypes.
« geodesic.cpp - Source code for geodesic class member functions. Most of
the work is done by these routines.
« dxfsave.cpp - Geodesic class DXF save routines.
« povsave.cpp - Geodesic class POV save routines.
« wrlsave.cpp - Geodesic class WRL (VRML) save routines.
« cartesian.cpp - cartesian & spherical coordinate conversion & data structures
« cartesian.h - header for cartesian.cpp
« chords.cpp - class containing chord data structures
« chords.h - header for chord.cpp
« command.cpp - class implementing input parameter data structures
« command.h - header for command.cpp
« faces.cpp - class containing triangle face data structures

« faces.h - header for faces.cpp
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« labels.cpp - class containing vertex label data structures

« labels.h - header for labels.cpp

« points.cpp - class containing vertex position data structures
« points.h - header for points.cpp

« ThetaTruncation.cpp - class for collecting truncation data

« ThetaTruncation.h - header for ThetaTruncation.cpp

DOME Updates

The next major release of DOME will include:
« Provide Buckyball topological abundance in reports
« Buckyball face data
« Dihedral Face Angles
« INI file input for customizing POV-ray and other settings.
« Enhanced non-spherical support
« Space frame support
« Graphical Display

Feel free to contact me at ribono@applied-synergetics.com for suggestions, bug
reports or questions.

Copyright Information

DOME 4.80 Beta 1, Copyright (C) 1995 - 2002 Richard J. Bono This program is free
software; you can redistribute it and/or modify it under the terms of the GNU
General Public License as published by the Free Software Foundation; either
version 2 of the License, or any later version. This program is distributed in the hope
that it will be useful, but WITHOUT ANY WARRANTY:; without even the implied
warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
See the GNU General Public License for more details. You should have received a
copy of the GNU General Public License along with this program; if not, write to the
Free Software Foundation, Inc., 675 Mass Ave, Cambridge, MA 02139, USA.
Please direct inquiries, comments and modifications to:

Richard J. Bono

44 Augusta Rd.
Brownsville, TX 78521

email: rjbono@applied-synergetics.com
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« Parabolic Geodesic Solar reflectors.

« Oregon Domes, Inc. - Dome Kits, Aluminum Frames.

« American Ingenuity - Modular Dome Homes Kits.

« DomeHome Companion

« Envisioneering - Components, domes, Trusses

« Growing Spaces, Inc. - Greenhouses

« KingDomes - Domes, Kits

« Walt's Dome Page - Good Dome Modeling and Building info.

« Dome Glossary
« Kirby Urner's Geodesic Dome Page

« Robert Conroy's Structural Elements

« Geodesic Club House

« Geodesic Domes & Homes Dome Homes.

« Pacific Domes Portable Geodesic Domes.

« Eric Weisstein's World of Mathematics entry Geodesic Domes.

« Rodrigo A. Sigueira's Geodesic Dome Page.

« Design and Implementation for a Geodesic Dome.

« Build your own backyard Geodesic Dome Observatory.

« Desert Domes.

« Burning Man Waterproof Dome Plans.

« David Anderson's "Monkey House" (Don't let the name fool you!).

« Trevor Blake's Geodesic Model Building Technigues.

« Geodesic Greenhouse Building Instructions.

« Professional Dome Plans

Note: These links are for information only. | do not claim to endorse any of the

products they may offer.
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Take a look at Chris Fearnley's page for more POV-Ray examples and
downloadable scripts. Kirby Urner's Geodesic Dome page has a wealth of Geodesic
Dome resources. Also try the Design Science University.
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About The Design Science University...

In his book, "Utopia or Oblivion: The Prospects for Humanity", R. Buckminster Fuller
describes his recommendations for a curriculum of Design Science. This page is
devoted to bringing this comprehensivist curriculum to the Web.

Design Science University - Course Catalog

The course catalog for Design Science University are listed on the right. The subject
areas are divided into "schools" and provide links to information on the World Wide
Web as well as sources for additional reading materials. The information provided
ranges from references to tutorials for the subjects at hand. A recommended set of
optional reading materials for each subject is also available.

Also see MIT's Open Courseware initiative. Within a few years their entire
curriculum will be available on-line making the DSU a dream realized.

Search Now:

Search New and Used
a_m_g;on.cum.
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Povray Dome Gallery
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EAQ

Design Science Workshop
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avs Applied Synergetics

For those wondering about the donations link...

DOME has always been and will always remain free software. I'm proud to say
that DOME has been under the GNU General Public License since Version
2.18 back in 1995. Some would say back before "Open-Source" was cool.
Since that time, DOME and the Applied Synergetics Home page have been
hosted at my cost. I've been happy to do so and | plan to continue to do so as
long as | am able.

The addition of the donations option is meant to allow the DOME user
community a chance to help me continue to offer DOME, WinDome and the
Applied Synergetics Home Page and encourage development of new versions
of DOME.

Donations are strictly optional, but are highly appreciated!

PayRal

DOMATE

Back to Geodesic Dome Page

Contact Rick Bono at: rjbono@applied-synergetics.com c

MAIL

Copyright (c) 2002 - Applied Synergetics. All Rights Reserved
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POV-Ray - The Persistence of Vision Raytracer

Download Documentation Resources Community Support Search

-
Welcome to povray.org £/
—
The Persistence of Vision Raytracer is a high-quality, totally free tool for creating stunning co
three-dimensional graphics. It isavailablein official versions for Windows, Mac OS/Mac OS X and i86 —)
Linux. The source code is available for those wanting to do their own ports. co
co
POV COMP 2004 —
—
The POV-Team is pleased to announce POV COMP 2004, a new POV raytracing competition that will
run from now until mid-October. Thefirst prize is araytracer's dream machine worth more than —
US$10,000. It comes equipped with dual 64-bit processors, eight gigabytes of RAM, one terabyte of disk et
space, two flat-panel monitors and an NVIDIA Quadro FX 3000 video card. =
For more information, visit the competition site - www.povcomp.com. c:_-_‘-_,‘-' "
=~

What's New Hall of Fame

"Villarceau Circles"

POVRAY.ORG's 10th anniversary

It was ten years ago today - on 18 August
1994 - that the POVRAY .ORG domain was
registered. We've been on the internet
continuously since then. Back in those days
it was fairly unusua for afree software
project to have its own domain and/or
server and the logistics of setting one up
were entirely different than they are now.

EIMORAY

A wireframe modeller for
POV-Ray version 3.x

The POV-Team would like to extend its
thanks to all those who have helped to make
this happen, including Walnut Creek
CDROM for providing our original hosting,
the FreeBSD folks for early support and the
immensely stable OS we run on, Digimark
for providing DNSfor al thistime, and
Netplex Internet for providing fast and

reliable hosting for many years and Webmaster's Pick @ zazzle
generally being darn cool folks.

[August 18, 2004]

POV-Ray responseto claims
benchmarked isrigged

We have posted a response to
unsubstantianted claims made by a
hardware review site that our benchmark

may be 'tweaked' to suit a particular CPU
manufacturer. While it seems unbelievable
to us that someone could make such aclaim
when our source code is openly available,
nevertheless it has happened. Our response
includes some useful pointsto consider for
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anyone who wants to write hardware

POV-Ray - The Persistence of Vision Raytracer

performance reviews. o
[August 16, 2004] |
POVWIN v3.6 RC2 (64-bit edition)

available

POV -Ray for Windows/64 version 3.6.0 ; .

RC2 is now available from our beta page. g S (‘ﬁf : _
Thisfully native 64-bit edition of POVWIN e A e
requires an AM D64 (or compatible) gt i ;1-% MR
processor running Windows XP/64 (or any . SRR jk';‘ : \;i 1.
other 64-bit Microsoft operating system R VAN

targeted at the AMDG64). It will not install or
function on any 32-bit operating system,
even if it is hosted on a 64-bit processor.

[July 12, 2004]

Older news
POV-Ray With Subdivision available
POV -Ray v3.6.0 source code released
Discontinuity Animation System
Ready for Development
povanim : atool to export from
Blender to POV-Ray
Tools and Includes - New Releases
and Updates
POV-Ray 3.6.0 released
Tools and Includes - New Releases
and Updates
Results of Fractal Raytracing Contest
New Planet and Terrain generator
written in Java
POV -Ray v3.6 beta 2 available

POV -Ray Short Code Contest 3
winners

Discontinuity' animation tool
rel eased.

Rune's "story of the POV-Ray logo”

QT-based POV editor for
X-Windows

POV-Tree 1.4 available

Unattended POV install/de-install
utility

POV-Ray v3.6 beta 1 available
SMPOQV 4.00 released with scripting
interface

Tessel Sphere-1.1.0-rc9 released
'Lawnmaker' tool

Friedrich Lohmueller's Insert Menu
add-on updated

povray.org is

hosted by
[ |
Copyright © 2003-2004 Persistence of Vision Raytracer Py Lid. NETPLE

'FOV-Ray' and Paersisfance of Vision Hayfracer' are trademarks of Persistence of Vision Hayfracer Fiy. Lid
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GNU Emacs Manual - GNU GENERAL PUBLIC LICENSE

Go to the previous, next section.

GNU GENERAL PUBLIC LICENSE

Version 2, June 1991

Copyright (C 1989, 1991 Free Software Foundation, Inc.
675 Mass Ave, Canbridge, MA 02139, USA

Everyone is permtted to copy and distribute verbati m copies
of this |license docunent, but changing it is not all owed.

Preamble

The licenses for most software are designed to take away your freedom to share and change it. By
contrast, the GNU General Public License isintended to guarantee your freedom to share and
change free software--to make sure the software is free for all its users. This General Public
License applies to most of the Free Software Foundation's software and to any other program
whose authors commit to using it. (Some other Free Software Foundation software is covered by
the GNU Library General Public License instead.) Y ou can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public
Licenses are designed to make sure that you have the freedom to distribute copies of free software
(and charge for this service if you wish), that you receive source code or can get it if you want it,
that you can change the software or use pieces of it in new free programs; and that you know you
can do these things.

To protect your rights, we need to make restrictions that forbid anyone to deny you these rights or
to ask you to surrender the rights. These restrictions translate to certain responsibilities for you if
you distribute copies of the software, or if you modify it.

For example, if you distribute copies of such a program, whether gratis or for afee, you must give
the recipients all the rights that you have. Y ou must make sure that they, too, receive or can get the
source code. And you must show them these terms so they know their rights.

We protect your rights with two steps: (1) copyright the software, and (2) offer you thislicense
which gives you legal permission to copy, distribute and/or modify the software.

Also, for each author's protection and ours, we want to make certain that everyone understands that
there is no warranty for this free software. If the software is modified by someone else and passed
on, we want its recipients to know that what they have is not the original, so that any problems
introduced by others will not reflect on the original authors' reputations.

Finally, any free program is threatened constantly by software patents. We wish to avoid the
danger that redistributors of afree program will individually obtain patent licenses, in effect
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making the program proprietary. To prevent this, we have made it clear that any patent must be
licensed for everyone's free use or not licensed at all.

The precise terms and conditions for copying, distribution and modification follow.

TERMS AND CONDITIONS FOR COPYING,
DISTRIBUTION AND MODIFICATION

1. ThisLicense appliesto any program or other work which contains a notice placed by the
copyright holder saying it may be distributed under the terms of this General Public License.
The "Program”, below, refersto any such program or work, and a "work based on the
Program™ means either the Program or any derivative work under copyright law: that isto
say, awork containing the Program or a portion of it, either verbatim or with modifications
and/or trandated into another language. (Hereinafter, trandation isincluded without
limitation in the term "modification™.) Each licensee is addressed as "you".

Activities other than copying, distribution and modification are not covered by this License;
they are outside its scope. The act of running the Program is not restricted, and the output
from the Program is covered only if its contents constitute awork based on the Program
(independent of having been made by running the Program). Whether that is true depends on
what the Program does.

2. You may copy and distribute verbatim copies of the Program's source code as you receiveit,
in any medium, provided that you conspicuously and appropriately publish on each copy an
appropriate copyright notice and disclaimer of warranty; keep intact all the notices that refer
to this License and to the absence of any warranty; and give any other recipients of the
Program a copy of this License along with the Program.

Y ou may charge afee for the physical act of transferring a copy, and you may at your option
offer warranty protection in exchange for afee.

3. You may modify your copy or copies of the Program or any portion of it, thus forming a
work based on the Program, and copy and distribute such modifications or work under the
terms of Section 1 above, provided that you also meet all of these conditions:

1. You must cause the modified files to carry prominent notices stating that you changed
the files and the date of any change.

2. 'You must cause any work that you distribute or publish, that in whole or in part
contains or is derived from the Program or any part thereof, to be licensed as awhole
at no chargeto all third parties under the terms of this License.

3. If the modified program normally reads commands interactively when run, you must
cause it, when started running for such interactive use in the most ordinary way, to
print or display an announcement including an appropriate copyright notice and a
notice that there is no warranty (or else, saying that you provide a warranty) and that
users may redistribute the program under these conditions, and telling the user how to
view acopy of this License. (Exception: if the Program itself isinteractive but does
not normally print such an announcement, your work based on the Program is not
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required to print an announcement.)

These requirements apply to the modified work as awhole. If identifiable sections of that
work are not derived from the Program, and can be reasonably considered independent and
separate works in themselves, then this License, and its terms, do not apply to those sections
when you distribute them as separate works. But when you distribute the same sections as
part of awhole which isawork based on the Program, the distribution of the whole must be
on the terms of this License, whose permissions for other licensees extend to the entire
whole, and thus to each and every part regardless of who wrote it.

Thus, it is not the intent of this section to claim rights or contest your rights to work written
entirely by you; rather, the intent isto exercise the right to control the distribution of
derivative or collective works based on the Program.

In addition, mere aggregation of another work not based on the Program with the Program
(or with awork based on the Program) on a volume of a storage or distribution medium does
not bring the other work under the scope of this License.

4. You may copy and distribute the Program (or awork based on it, under Section 2) in object
code or executable form under the terms of Sections 1 and 2 above provided that you also do
one of the following:

1. Accompany it with the complete corresponding machine-readable source code, which
must be distributed under the terms of Sections 1 and 2 above on a medium
customarily used for software interchange; or,

2. Accompany it with awritten offer, valid for at |east three years, to give any third
party, for a charge no more than your cost of physically performing source
distribution, a complete machine-readable copy of the corresponding source code, to
be distributed under the terms of Sections 1 and 2 above on a medium customarily
used for software interchange; or,

3. Accompany it with the information you received as to the offer to distribute
corresponding source code. (This alternative is alowed only for noncommercial
distribution and only if you received the program in object code or executable form
with such an offer, in accord with Subsection b above.)

The source code for awork means the preferred form of the work for making modifications
to it. For an executable work, complete source code means all the source code for all
modulesit contains, plus any associated interface definition files, plus the scripts used to
control compilation and installation of the executable. However, as a special exception, the
source code distributed need not include anything that is normally distributed (in either
source or binary form) with the major components (compiler, kernel, and so on) of the
operating system on which the executable runs, unless that component itself accompanies
the executable.

If distribution of executable or object code is made by offering access to copy from a
designated place, then offering equivalent access to copy the source code from the same
place counts as distribution of the source code, even though third parties are not compelled
to copy the source along with the object code.
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5. You may not copy, modify, sublicense, or distribute the Program except as expressly
provided under this License. Any attempt otherwise to copy, modify, sublicense or distribute
the Program is void, and will automatically terminate your rights under this License.
However, parties who have received copies, or rights, from you under this License will not
have their licenses terminated so long as such parties remain in full compliance.

6. You are not required to accept this License, since you have not signed it. However, nothing
else grants you permission to modify or distribute the Program or its derivative works.
These actions are prohibited by law if you do not accept this License. Therefore, by
modifying or distributing the Program (or any work based on the Program), you indicate
your acceptance of this License to do so, and all itsterms and conditions for copying,
distributing or modifying the Program or works based on it.

7. Each time you redistribute the Program (or any work based on the Program), the recipient
automatically receives alicense from the original licensor to copy, distribute or modify the
Program subject to these terms and conditions. Y ou may not impose any further restrictions
on the recipients exercise of the rights granted herein. Y ou are not responsible for enforcing
compliance by third partiesto this License.

8. If, asa consequence of a court judgment or allegation of patent infringement or for any other
reason (not limited to patent issues), conditions are imposed on you (whether by court order,
agreement or otherwise) that contradict the conditions of this License, they do not excuse
you from the conditions of this License. If you cannot distribute so as to satisfy
simultaneously your obligations under this License and any other pertinent obligations, then
as a conseguence you may not distribute the Program at al. For example, if a patent license
would not permit royalty-free redistribution of the Program by all those who receive copies
directly or indirectly through you, then the only way you could satisfy both it and this
License would be to refrain entirely from distribution of the Program.

If any portion of this section is held invalid or unenforceable under any particular
circumstance, the balance of the section isintended to apply and the section asawholeis
intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any patents or other property
right claims or to contest validity of any such claims; this section has the sole purpose of
protecting the integrity of the free software distribution system, which is implemented by
public license practices. Many people have made generous contributions to the wide range
of software distributed through that system in reliance on consistent application of that
system; it is up to the author/donor to decide if he or sheiswilling to distribute software
through any other system and a licensee cannot impose that choice.

This section isintended to make thoroughly clear what is believed to be a consequence of
the rest of this License.

9. If the distribution and/or use of the Program is restricted in certain countries either by
patents or by copyrighted interfaces, the original copyright holder who places the Program
under this License may add an explicit geographical distribution limitation excluding those
countries, so that distribution is permitted only in or among countries not thus excluded. In
such case, this License incorporates the limitation as if written in the body of this License.
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10.

11.

12.

13.

The Free Software Foundation may publish revised and/or new versions of the General
Public License from time to time. Such new versions will be similar in spirit to the present
version, but may differ in detail to address new problems or concerns.

Each version is given adistinguishing version number. If the Program specifies aversion
number of this License which appliesto it and "any later version”, you have the option of
following the terms and conditions either of that version or of any later version published by
the Free Software Foundation. If the Program does not specify aversion number of this
License, you may choose any version ever published by the Free Software Foundation.

If you wish to incorporate parts of the Program into other free programs whose distribution
conditions are different, write to the author to ask for permission. For software whichis
copyrighted by the Free Software Foundation, write to the Free Software Foundation; we
sometimes make exceptions for this. Our decision will be guided by the two goals of
preserving the free status of all derivatives of our free software and of promoting the sharing
and reuse of software generally.

NO WARRANTY

BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE ISNO
WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE
COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM "AS
IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE
RISK ASTO THE QUALITY AND PERFORMANCE OF THE PROGRAM ISWITH
YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TOIN
WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY
MODIFY AND/OR REDISTRIBUTE THE PROGRAM ASPERMITTED ABOVE, BE
LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL,
INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR
INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF
DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY
YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH
ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS
BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS
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How to Apply These Terms to Your New
Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the
best way to achieve thisisto make it free software which everyone can redistribute and change
under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each
source file to most effectively convey the exclusion of warranty; and each file should have at least
the "copyright" line and a pointer to where the full notice is found.

one line to give the programis nane and an idea of what it does.
Copyright (C 19yy nane of author

This programis free software; you can redistribute it and/or
nodify it under the ternms of the GNU General Public License

as published by the Free Software Foundation; either version 2
of the License, or (at your option) any |ater version.

This programis distributed in the hope that it wll be useful,
but W THOUT ANY WARRANTY; w thout even the inplied warranty of
MERCHANTABI LI TY or FI TNESS FOR A PARTI CULAR PURPCSE. See the

G\NU General Public License for nore details.

You shoul d have received a copy of the GNU General Public License
along with this program if not, wite to the Free Software
Foundation, Inc., 675 Mass Ave, Canbridge, MA 02139, USA

Also add information on how to contact you by electronic and paper mail.

If the program is interactive, make it output a short notice like thiswhen it startsin an interactive
mode:

Gnonovi si on version 69, Copyright (C 19yy nane of author

Gnhonovi sion conmes with ABSCOLUTELY NO WARRANTY; for details
type showw . This is free software, and you are wel cone
to redistribute it under certain conditions; type show c'
for details.

The hypothetical commands “show w' and “show ¢' should show the appropriate parts of the
General Public License. Of course, the commands you use may be called something other than
“show w' and “show c'; they could even be mouse-clicks or menu items--whatever suits your
program.

Y ou should also get your employer (if you work as a programmer) or your school, if any, to sign a
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"copyright disclaimer" for the program, if necessary. Here is a sample; alter the names:

Yoyodyne, Inc., hereby disclains all copyright
i nterest in the program  Gionovi si on'

(whi ch makes passes at conpilers) witten

by Janes Hacker.

signature of Ty Coon, 1 April 1989
Ty Coon, President of Vice

This General Public License does not permit incorporating your program into proprietary
programs. If your program is a subroutine library, you may consider it more useful to permit
linking proprietary applications with the library. If thisis what you want to do, use the GNU
Library General Public License instead of this License.

Go to the previous, next section.
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Desert Domes - The Dome Calculator

Desert Domes

Making the world a "Fuller” place

HOME
DOME CALCULATOR

DOME FORMULAS

BAMBOO DOMES 3 V 4V

CONDUIT DOME TIPS 2V 5 V
FAQ

DOME CALCULATOR J_

DOMES FOR SALE

PHOTO GALLERIES I V 6V
LINKS

ABOUT ME

BIBLIOGRAPHY
Check out the new FAQ page!

Go to the Reverse Dome Calculator if you know one of the strut lengths, and you want to calculate the
radius and the lengths of the other struts.

Need some Cool Neon wire to decorate your dome? Don't know what that is?
Click here!

_ © 2002 Desert Domes | | Oakland, California
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Desert Domes

Making the world a "Fuller" place

HOME
DOME CALCULATOR
DOME FORMULAS

DOME FORMULAS J-

I've gotten several requests for the formulas behind the dome calculator, so here they are!

BAMBOO DOMES First of all, you need this simple formula:
el Nali{ime[elV IS dome radius = strut length/strut factor

FAQ
. which isthe same as:
DOMES FOR SALE
= i *
PHOTO GALLERIES strut length = dome radius * strut factor
LINKS
Now all you need are the strut factors!
ABOUT ME
BIBLIOGRAPHY Strut| Strut factor [Dome |Sphere
A 1.05146 25 30
A A
5-way connectors| 6 12
A
4-way connectors | 5 0
Strut| Strut factor [Dome|Sphere
A .61803 35 60 B B

B .54653 30 60

4-way connectors | 10 0

5-way connectors| 6 12

6-way connectors | 10 20

Strut| Strut factor 3/8’5/8 Sphere

A 34862 (30 ’; 60
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B 40355 (40 (55| 90

C 41241 (50|80 | 120

4-way connectors (15 (15| O

5-way connectors | 6 | 6 | 12

6-way connectors |25 (40 | 80

Strut| Strut factor [Dome|Sphere

A .25318 30 60

B .29524 30 60

C .29453 60 | 120

D .31287 70 | 120

E 32492 30 60

F .29859 30 60

4-way connectors | 20 0

5-way connectors| 6 12

6-way connectors | 65 | 150

Strut | Strut Factor [Dome [Sphere

A | .19814743 | 30 60

23179025 | 30 60

.22568578 | 60 | 120

24724201 | 60 | 120

25516701 | 70 | 120

.24508578 | 90 | 120

.26159810 | 40 60

I QM| m  OlO| ®@

.23159760 | 30 60

| | .24534642 | 20 30

4-way connectors | ?7? 0

5-way connectors| 6 12

6-way connectors | ?? 7
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Strut
Strut Factor Dome Sphere

A 1625672 30 | 60
B [1904769| 30 | 60
C |1819083| 60 | 120
D |.2028197| 90 | 180
E
F
G
H

1873834 30 | 60
L1980126 60 | 120
.2059077| 120 | 240
.2153537| 60 | 120

[ L2166282 60 | 120

4-way ” 0
connectors o

o-way 6 | 12
connectors

6-way o o
connectors o

_ © 2002 Desert Domes | | Oakland, California
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Desert Domes - Bamboo Domes

Desert Domes

Making the world a "Fuller" place

HOME BAMBOO DOMES J-

DOME CALCULATOR Thisis page 95 of "Domebook Two", a book that was published in the 70's and is very hard to find. It was written by Pacific
DOME FORMULAS Domes (not the same as Pacific Domes), and | was able to find it at the local library.

Bﬁw‘BDD DGMES e r—e— e e — PR

Bamboo grows fast, is free material for adome framework. It might be possible to suspend atent skin or mosquito netting

CONDUIT DOME TIPS inside, or pull astretch cloth over the outside and shoot foam. Tools. a pocket knife and string. The following instructions

FAQ were prepared by R. Buckminster Fuller. | haven't tried this yet.
DOMES FDR SﬁLE I:‘:_—;—-:t:-—.-—--.._...—:t—--— —_— e e — e —
PHOTO GALLERIES

) Dome Assembly
LINKS

9 The geodesic dome, as shown in the assembly diagrams, contains two different joints: a B joint which occurs at the vertices

ABOUT ME he geodesic d sh h bly d diff hich h

s of all pentagons formed, and an R joint which occurs at all other points.
BIBLIOGRAPHY The spans from joint to joint are BB, BR, or RR. The arc factors of these lengths are:

BB=.26030616, BR=.31030984, RR=.32636688.
For these factors, the radius of the domeis 1.00. To construct a 22' dome (11' radius) the lengths of the arcs would be as
follows. BB=2.86', BR=3.41', RR=3.59'.

o ———— e = e e i)

Cutting and Measuring the Members

There are only two different lengths of members used in the erection.
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.

R B . 5
T o —1 = __..—_.__L ) ]

e | . .
— 1/2RB -l S
= A ! /2 B8 DVERL.#.

OVERLAP

MEASURING POINTS

—_—

e - — -

12" ‘ _
};DUERLAF‘ 1/2 BR .

- IEII ‘
N 1/2RR OVERLAP

For a5/8 dome, 80 B members are required.

A line of color can be drawn around the bamboo members at each measuring point. Use blue for the B points and use red for
the R points.

iy ———ye—e e

e e ]

Cross Assembly
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The B cross consists of two B memberswhose lengthsare:  The R cross consists of two R members whose lengths are:
1/2 BB plus 1/2 BR plus 12" extra at each end. 1/2 BR plus /2 RR plus 12" extra at each end.

With 12" extra on the end of each stick, there'll be a 24" overlap when the crosses are assembl ed.

== | —— — ey P — I - PP

Cross Tying
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Place members at right angles to each other and tie firmly, but not too tight. During assembly of the dome, the
crosses will twist into proper position as shown.

In al cases, when looking at a cross with the acute angles at the sides and the obtuse angles at the top and bottom, the
member going from the upper right hand corner to the lower left hand corner always passes over the other member.

——r—— e ——v— ey it

Stage 1 Assembly

The first stage in the assembly of the dome is the construction of the pentagons at the top of the dome. This process employs
5 B crosses.

B
1 |
Step A: Tietogether two B crosses as shown in in the diagram. Note that the end measuring
points have the same designation as the cross to which they are connected.
B
LEAVE
)JN‘IIED
B -L;
— = Step B: Add two more B
crosses in the same manner as

E;J j shownin step A.
B
|
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Step C: Add fifth B cross between the untied legs. In order to insert this cross, all crosses
will be twisted so that aregular pentagon is formed.

 —— ey~ eyt

Stage 2 Assembly

The second stage consists of closing the five triangles around the pentagon. Use five R crosses.
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Again, the end measuring points always have the same designation as the cross to which they are connected.
At this point, the structure will tend to bow. Turn the figure so that it is concave downward.
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Lift the assembled figure off the ground to facilitate the addition of new crosses. Use five bi-ped props.
Each prop consists of two bamboo sticks about 7 feet long, tied together near the top with a cord about a
foot long. These props will then support the dome at equidistant points from it's apex; first at the five
vertices at the top of the pentagon, later at five corresponding points on the top five hexagons.

For the third stage, use ten R crosses as shown.
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== | — — = —— e e
Stage 4
1S
- -é/]/\ *\
A%
NN
\ AT"“ ! 7‘
/ >\
B 7/__
N ¢ B
The fourth stage uses 5 B crosses which close the five hexagons.
[ e —— | —— — e — e ————— e
Stage 5
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== | = — ——— — = —————=  — —— _—
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Stage 7,8

To complete the 5/8 dome requires two stages. The seventh stage uses ten R crosses and the eighth stage uses ten R crosses
and ten B crosses. On the last twenty crosses, all members pointing towards the ground should be cut off 12" from the cross
central point.

o ———— e = e e i)

_ © 2002 Desert Domes | | Oakland, California
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Desert Domes - Conduit Dome Tips

Desert Domes

Making the world a "Fuller" place

T CONDUIT DOME nPsJ_
DOME CALCULATOR
Conduit, or EMT seemsto be the material of choice for domes at
DOME FORMULAS Burning Man. Conduit is easy to work with, relatively inexpensive, and
. . plated so painting isn't necessary. This page will provide tips for making
BAMBOO DOMES conduit framed domes.
CONDUIT DOME TIPS
STEP 1: Deciding on a frequency
FAQ Thefirst thing you need to do is figure out what type of dome you want
. to build. If thisisyour first dome, the 2 or 3 frequency domes are
DOMES FOR SALE recommended. These domes require afewer number of struts, and
- - therefore less confusion.
PHOTO GALLERIES
LINKS STEP 2: What Size?
_ Once you have decided what kind of dome you are going to build, you
ABOUT ME need to decide on a size. Sometimesit is better to work out how long
i your longest or shortest strut will be and work from there. Y ou can use
BIBLIOGRAPHY the Reverse Dome Calculator when thisis the case.

STEP 3: Calculating Strut Lengths

Thisiswhere the Dome Calculator comes in. Go to the calculator and
plug in the radius that you decided on for your dome. If it's been along
time since your last math class, radiusis the the distance from the center
to the edge of acircle or sphere. In this case, the radiusis the ceiling
height for the even frequency domes. For the odd frequency domes, the
ceiling will be higher than the radius that you put in (unless you are
building the 3/8 3v dome, in that case the ceiling will be lower).

1v dome builders: Cut all your pipe the same length and skip to Step 5.

Step 4: Eliminating Waste

This part is tedious, but worth the effort because it will save you money
and you won't have to feel bad about throwing away tons of wasted pipe.
Y ou will have to repeat steps 2, 3, and 4 to do thisright. It may take a
while, but | would think you were abad person if you didn't at least try.
Conduit isusually sold in 10" lengths, so your job isto figure out how to
cut those pieces eliminating as much waste as possible. Make sure to add
14" for each strut to allow for drilling. For al you 2v dome builders, it's
easy because there are only two lengths involved. The magic numbers for
a2v dome cut from 10" conduit piecesare A =5.3', and B = 4.7". These
numbers allow for holed drilled %" away from the ends. 2v people may
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now skip to step 5. Therest of you: Still with me? Play with the numbers
until you can get the maximum number of struts using the minimum
number of conduit pieces. Youmay try 2A'sand1C,or 1 A,1C,and 1
F. Don't forget that different numbers of struts are required. Don't get
stuck with more or less than what you need. | never said this was the easy
part...

Step 5: Cutting the struts

Cut the tubes according to the strut factors plus 1¥2". Thisallows for
drilling the holes %" from the ends. Cut the struts using either a hacksaw
or apipe cutter. If you use a hacksaw, 16 or 18 tooth blades work best.
When making many cuts, it's always best to use ajig so al the struts are
exactly the same length.

SUPPORT BLOCK
CUT OFF WITH W MAIL
HERE VISE GUIDE STOP
/" BLOCK

b_l\ /J - va _'LL.
| == ==
a0

STEP 6: Flattening the ends

OK, there are afew ways to do this part. Y ou can either pound the ends
flat with a hammer, which could be really time consuming, or nearly
impossible if you are assmall as| am. Y ou can also use avise, but make
sureit'safairly large one so it doesn't break after afew squishes. The
way | liketo doitisto use apress. The pressin the pictureisal ton
arbor press bought at Harbor Freight Tools. It wasreally cheap, but only
lasted about 20 squishes. The 3 ton press worked alot better, but it
started to bend after about 150 squishes. If you can afford it, a hydraulic
press seems like the way to go. If you flatten the ends with a curved die
like the one shown below, the ends will be stronger and therefore less
likely to bend under load. (click image to enlarge) Please notice the weld
along the side of the conduit. If you flatten the end with the weld on the
side, the conduit will be likely to split there. It can also split if theweld is
in the center of the flat part. | personally haven't had this happen, but |
spend good money on dome parts, and would rather not learn the hard
way. Keep in mind that the flattened ends need to be in the same plane. If
you take afew minutes to construct asimplejig for this, I promise you
won't regret it.
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STRAIGHT

CURVED

) O

Step 7: Drilling Holes

To drill thefirst hole in each strut, cut aV grooveina2 X 4 six inches
longer than the longest strut. Clamp it to adrill presswith C clamps. Use
astop block so that all of the holes are the correct distance from the end
of the pipe (32" from center of hole to edge of pipe). Use a 3/8" drill bit
(you may need to buy several). Titanium costs more, but lasts the
longest. This gives about %2" from the edge of the hole to the edge of the
pipe. To drill the second hole, you will need to measure the exact
hole-to-hole (aka strut) length, along the 2 X 4 and drill a3/8" hole there.
Screw in a7/16 carriage bolt that hasits head cut off with a hacksaw. It
will be tight since the hole is smaller than the bolt, but trust me on this
one. Y ou can use avise-grip or apipe wrench to screw it in. File the
cut-off stump to a slight taper so the holes in the pipe will easily dlip over
it. Clamp the 2 X 4 back to the drill press so that when the first holeis
placed over the cut-off bolt, the other end can be placed under the drill in
the correct position. Pull the drill down so it just touches the pipe, and
double check your measurements. If they are correct, continue drilling
with confidence. If not, you know what to do. Continue this process with
all lengths moving the pin as necessary. It would also be a good idea to
mark the table and the jig when you get it set so you can tell if itis
moving.
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STOP

BLOCK
3/4" - ]!

- DRILL
=" r'
MOVABLE A
PIM

N

Fal E—_"; -
A N,
ARSI \i AR RNRENRENRRE])
2X 4 JIG

Step 8: Bending the Struts

Now the struts need to be bent to the correct angles. Y ou can do this by
clamping the end into a vise and bending the tube to a stop block. If any
of the flattened ends are split, bend the pipe toward the split side so the
split will be on the inside of the dome. The accuracy of the bend is not as
important as drilling the holes, so don't hurt yourself on thisone. | repest,
the accuracy is not that crucial, don't spend all day deciding if you need
to bend an extra degree or not! When the dome goes up for the first time,
the struts will bend to the exact angles on their own.

The bending angles are as follows:

1v dome: bend 32° on each end

2v dome: bend A's 18°, and B's 16° on each end

3v dome: bend A's 10°, B's and C's 12° on each end
4v dome: bend all struts 7°-9° on each end

5v dome: bend all struts 6°-7° on each end

6v dome: bend all struts 5°-6° on each end
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DESIRED
ANGLE

Step 9: Painting

The ends of the struts all need to be painted, because otherwise they will
rust. Since you are painting anyway, why not color-code! I'm abig fan of
color-coding, and when you try to assemble the dome you'll find out

why. To make it even easier on yourself while you're in the desert, make
amodel using the same colors as in your dome. When you get to Burning
Man, you can set the model down, lay out all of the struts, and sit back
and relax while other people put it together for you. Well, not really, but
it will makeit alot easier to put the dome together if you have amodel as
areference.

Step 10: Break Time!

Take a break, cause that was hard work. If your camp is anything like
ours, you can't take a break because you just finished the prep work for
the dome 3 hours before it's time to leave for the desert...

Step 11: Assembly

Ahhh, the moment you've al been waiting for. Bet you're alittle nervous
if it'syour first time. Don't be. If you followed these instructions
carefully, your dome should go up smoothly.

Domes can either be built from the top down or bottom up, depending on
the size of the dome, and your tallest ladder. Building from the top down
eliminates the need for a ladder, but you better have alot of people
helping. As the dome goes up, you will need one person at every vertex
holding it up. If any of your poles get bent during this process, you better
hope you listened to me before and made extras. Bottom to top assembly
is much safer on the dome, but it means you have to bring ladders and/or
scaffolding tall enough to reach the top of the dome. | noticed severad
domes last year without tops. Build the dome in layers whether you are
going from top to bottom or vise versa. Don't get ahead of yourself. If
you build in layers, the dome will pretty much support itself as it goes up.
It might be a good idea to designate one person as the parts person. All
this person has to do is lay out the next layer of struts on the ground for
the assembly crew. This prevents over anxious builders from getting
ahead of the rest of the crew. Don't tighten the bolts until all of the struts
arein place. The struts will shift into their proper alignments as the dome

http://www.desertdomes.com/tips.html (5 of 7) [9/5/2004 5:31:33 PM]



Desert Domes - Conduit Dome Tips

isbuilt, and they can't do that if the bolts are tight. Remember the dome
doesn't get it's strength until the last strut isin place and al the bolts are
tightened.

Here are the assembly diagrams for domes 2-6.

2v dome

3v dome

4v dome

5v dome

6v dome

If you are building your dome from the bottom up, here is some useful
information:

Y ou will need to lay out the appropriate number of strutsin acircle to get
started. The numbers are given below.

1v dome - 5 struts

2v dome - 10 struts

3v 3/8 dome - 15 struts

3v 5/8 dome - 15 struts

4v dome - 20 struts

5v 3/8 dome - 25 struts

5v 5/8 dome - 25 struts

6v dome - 30 struts

Step 12: Staking Down

Please don't forget this part. If you cover your dome before you stake it
down, you will not be a happy camper when it catches wind and smashes
into the cars parked a couple of feet away. Rebar bent into candycane
shapes work really well for stakes. Make sure they are at least 2 feet
long. Pound them in about every other vertex along the bottom.

Step 13: Covering your dome

The whole purpose of this IS for shade right? If not, you can stop here.
Parachutes make really nice dome coverings because al havetodois
pull the parachute over the dome and tie it down. The only problem with
parachutes is that they were made to catch wind... Need | say more?

Y ou've gotten this far, you can make a covering. Be creative on this one.
Y ou can use bed sheets, canvas, or anything else you can think of.
Reinforce al pointsthat will be connected to the dome or they will tear
with the slightest gust of wind.

Woo Hoo! Now that your dome is finished, you can sit back and relax, or
wander around knowing that you have areally cool shelter to return to.
Be sure to come and see us at Camp Sunscreen for arelaxing sunscreen
massage. If you know where you and your dome will be, please e-mail
me with your address so | can come check out your masterpiece and also
take pictures for the photo gallery.

See yaon the playal
Tara

Here are some other dome building tips pages.

My friend and fellow Camp Sunscreen camper's dome tips page - there
are lots of pictures and very good tips

Michael Gourlay's Dome Page - Michael is another fellow Burning Man
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attendee

_ © 2002 Desert Domes | | Oakland, California
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Desert Domes

Making the world a "Fuller" place

HOME FAQ L

DOME CALCULATOR

Aretheresults of the dome calculator given in feet, inches, or
DOME FORMULAS meter s?
. . The results of the dome calculator are the same unit of measure
BAMBOO DOMES you used for the radius. If you enter the radius in feet, the strut
— M |engths will bein feet. The dome calculator simply multiplies
CONDUIT DOME TIPS your number by constants, so the unit doesn't matter.

FAQ What does 3/8 and 5/8 mean?
. The odd frequency domes are not exactly half of a sphere. They
DOMES FOR SALE can either be alittle more or less than half. 3/8 and 5/8 are not

PHOTO GALLERIES exact numbers, they are mainly for reference.

How do you put these thingstogether? And what isthe
LINKS meaning of that triangle next to the strut lengths?

_ All of the domes on this site are based on the icosahedron. The 1v
ABOUT ME domeis actually an icosahedron with the bottom 5 struts

~ removed. The triangles on the Dome Calculator pages represent
BIBLIOGRAPHY oneicosaface. | created assembly diagramsfor all of the domes
except the 1v, and the links to them are as follows:

2v dome

3v dome

4v dome

5v dome

6v dome

If you are building your dome from the bottom up, here is some
useful information:

Y ou will need to lay out the appropriate number of strutsin a
circle to get started. The numbers are given below.

1v dome - 5 struts

2v dome - 10 struts

3v 3/8 dome - 15 struts

3v 5/8 dome - 15 struts

4v dome - 20 struts

5v 3/8 dome - 25 struts

5v 5/8 dome - 25 struts

6v dome - 30 struts

Arethelengths given from vertex to vertex?
Y es, the lengths given are from vertex to vertex. If you are
building a dome out of metal pipe by flattening the ends and
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drilling holes, you will need to add about 3/4" to each end for a
total of 1.5" for each strut. If you are building a dome using
connectors, you will need to subtract twice the length of the
connector (one for each end) from each strut.

The dome calculator isgreat, but | want to build a dome
using feet as my unit of measure. How do you go from
decimalsto feet or inches?

Here's awalkthrough:

If you want to build adome with a 12 ft. radius, you would put 12
in the calculator. For the 3V dome (just an example), you get:

A =4.183

B =4.842

C=4.945

For the A strut, the 4 just means 4 ft. The .183 is alittle harder to
figure out. Y ou want to convert the .183 from feet to inches, so
multiply .183 by 12 (12 inchesin afoot).

183 X 12 = 2.196 inches

Now you have 4ft and 2.196 inches, amost there. Now you want
to convert the 2.196 inches into 8ths of an inch (I don't think you
have to go all the way to 16ths of an inch, unless you enjoy being
tortured). Y ou can do this by multiplying .196 by 8.

196 X 8 = 1.568 (round thisup to 2)

Thisgivesyou 2/8" or 1/4", so the new measurement is4' 2 1/4"
Y ou should be able to do the other ones now.

Decimal Equivaents:
12500 = 1/8
25000 = 1/4
37500 = 3/8
50000 = 1/2
.62500 = 5/8
.75000 = 3/4
.87500 = 7/8

It would be nice if we could buy pvc in meters because it would
be alot easier to use the decimal measurements.
Example: 12 meter radius dome (3V)

A =4.183
B =4.842
C=4.945

A =4 meters and 18.3 centimeters (or 183 millimeters)

B = 4 meters and 84.2 centimeters
C =4 meters and 94.5 centimeters

What are 4, 5, and 6-way connectors? Do | need those?
Y ou don't need connectorsif you are building a dome out of
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metal conduit with the ends flattened and drilled (or something
similar). The 4, 5, and 6 way connectors are just the points where
that number of struts come together. The 4 way connectors are all
on the bottom, and the 5-ways are where the A's come together.
Therest of the connections are all 6-way. There'sareally fine
example of what connectors are on this page. It takes alittle

while to load, but worth it. Y ou have to scroll al the way down to
see the connectors.

How do you build a dome out of a bunch of flat pieces?
Well, the pieces are not exactly flat. The struts will need to be
bent alittle on each end to allow the dome shape to form. The
bending angles are as follows:

1v dome: bend 32° on each end

2v dome: bend A's 18°, and B's 16° on each end

3v dome: bend A's 10°, B'sand C's 12° on each end

4v dome: bend all struts 7°-9° on each end

5v dome: bend all struts 6°-7° on each end

6v dome: bend all struts 5°-6° on each end

| want to build a model first, but I don't know what to use for
materials. Can you help?

| recommend using 1/8" wooden dowels and 1/8" (inner
diameter) clear vinyl tubing. Y ou should be able to find these at
any hardware store. Just make sure to buy the 1/8" inner diameter
tubing. You will also need very small nuts and bolts to hold the
tubing together. Just ask the salesperson at the hardware store,
and they should be able to help you. Cut the tubing into one and a
half inch (1.5") pieces, and punch small holesin the center with a
leather punch. Y ou will also need some 1" pieces of tubing for
the 4 and 5 way connectors, but punch the holes on one end of
these pieces instead of in the center. For the 6 way connectors,
you will need 3 pieces of tubing with holes punched in the
centers. Put the bolt through all three pieces, screw the nut on,
and tighten it. It should look the picture in the diagram linked
below. For the 4 way connectors, you will need one 1.5" piece,
and two 1" pieces (remember, punch the holes on one end for
these, and not in the center). Put the bolt and nut in, and tighten.
For the 5 way connectors, use five 1" pieces and bolt them
together. Thisis an example of the 6-way connector for this

model.

I'm going to Burning Man thisyear, and | was wondering
what kind of dome you recommend.

| know | used to say that PV C was the way to go, but now the
answer is definitely metal conduit. Got to the new Conduit Dome
Tips page for more info! PVC islight and alittle cheaper, but it
doesn't hold up as well. If you paint the ends of the struts on your
conduit dome so they don't rust, the dome could last forever.
(well, not really but you see what I'm getting at) For smaller
domes 1/2" conduit is OK, but don't make the struts any longer
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than 4'. For larger domes, don't show up at Burning Man with
anything less that 3/4" conduit. Y ou don't want to be that camp
with the once beautiful dome that just got pulverized by the high
desert winds. | know, it happened to me before (long story).
Spend the extra money, you won't regret it when the dust storm
comes and your structure is the only one left standing. Always
bring extra pieces pre-cut and drilled just in case... There always
seems to be one pole short, bent, or just plain messed up.

But | really really want to build a PVC dome, how do | doit?
If you have your heart set on PV C, here's a short explanation of
the connectors. They are just short (4-5") pieces of conduit
slipped into each end of the pvc. Make sureit's atight fit, you can
try them out at the hardware store before you buy them. A couple
of sheet rock screws secures the piecesin the PVC. The ends of
the conduit are flattened and bent dlightly, then aholeisdrilled in
each one. Don't forget the sheet rock screws to hold the conduit
inside the PVC. They are very important, and speaking from
experience, don't leave ANY out (long story, same one from
above). Two screwsin each end. Yes, longer bolts will be
necessary for the 5 and 6 way connections. | think | bought 2"
long bolts, and they were ailmost long enough. | think 3" would
be plenty long enough.

How do you secureyour dometo the desert floor?

For tie downs, we used rebar (at least 2 ft.) bent to resemble a
candy cane. Every other point on the bottom of the dome got a
stake over the conduit that lays on the ground. Pound them all the
way in, you don't want any of your fellow playa people getting
hurt.
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DOMES FOR SALE J_

I've decided to start selling dome frames online for people who
are either not mechanically inclined or simply not willing to do it
themselves. | do not plan to ship these unless you really, really
want meto. The price of shipping would be too high in my
opinion for thisto be worthwhile. If you live in the San Francisco
Bay Area, you can simply drop by and pick up your dome when
itisready. | have compiled alist of common sized domes and
their prices. If there is adome that you would like that is not
listed below, just e-mail me and | can give you a price gquote.

Since the prices are entirely dependent on the price of steel, they
are subject to change. A 50% deposit for all domesis required.
Payments can be made by cash, check, or credit card.

Unfortunately, we are no longer accepting ordersfor domes
for Burning Man. All orders taken at this time will not be
processed until after September 7. | have been hired by the
Burning Man organization to build the dome under the man, so
all of my time from the first week of August until Burning Man
will be devoted to that.

17' Diameter 2v Dome $550 ($275 deposit)

24' Diameter 3v Dome (5/8) $1350 ($675 deposit)
32 Diameter 4v Dome  $2000 ($1000 deposit)

Prices arefor 3/4" conduit frame domes. Domes come with all
nuts, bolts and washers needed for assembly.
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Burning Man Domes Burning Man '97 Burning Man '98 Burning Man '99
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Desert Domes

Making the world a "Fuller" place

HOME
DOME CALCULATOR
DOME FORMULAS
. ) The Buckminster Fuller Institute
BAMBOO DOMES Online Edition of A Fuller Explanation
ol IEnlelY MY The Bucky Fuller Travelling Miracle Medicine Show

LINKS J_

Sites Dedicated to Buckminster Fuller

FAQ Geodesic Dome Sites

DOMES FOR SALE Design and Implementation for a Geodesic Dome

PHOTO GALLERIES Mathworld's Geodesic Page
Earl's Geodesic Domes - Has some really useful information on

LINKS modifying dome geometry to alow for doors

ABOUT ME Cardboard Domes - This site shows you everything you need to
know about making cardboard domes for Burning Man

BIBLIOGRAPHY Hoberman Associates

Applied Synergetics Home Page
Beezer's PlayDome Page - Tire Domes

Hexayurts
How to make a2V newspaper dome

Welcome To Zometool

Detail Plans for a Geodesic Dome Observatory

Geodesic Structures by Steve Miller - This site also includes
plydomes
Geodesics Unlimited

Geodesic Domes at Kibbutz L otan

Links to geodesic and alternative building

Professional Dome Plans

Math Sites

The Math Studio
Natural Math Multiplication

Polyhedreality
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Burning Man

The Burning Man Project - Official Site
Camp Roaller Disco
Space Lounge - Has conduit dome plans online

Earth Friendly Web Sites

Earthship
Studio of Indigenous Designs

Energy Efficient Building Association

Green Design Network
Woodwise - Help protect the world's forests
Sierra Solar Systems

Friends' Web Pages

Da Funhouse
Bradley Green

Catalogs

Cool Neon - The ONLY place to order flexible neon wire!
American Science and Surplus - Really cool catalog!
Edmund Scientific
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ABOUT ME J_

| recently graduated in mechanical engineering at the University
of Louisiana at Lafayette, and I'm looking forward to actually
finding ajob. If you know anyone who is looking for someone
like me, please e-mail me and | can send them my resume'. | just
moved to Oakland, California, so | would liketo find ajob here
in the Bay Area. | am from Louisiana, and am proud to call
myself acajun. | thought I might take this opportunity to clear up
afew misconceptions about cajun people. We do not bite the
heads off of aligators like in The Waterboy. We do eat alligator
on occasion, but thetruth is, it's not all that great. New Orleans
isn't the only city in Louisiana, and we do not al live there. We
don't all have a"cajun" accent. Some of us do, some of us don't.
Cajun food is not meant to make you lunge for the nearest glass
of water as soon as you take a bite. Making food spicy doesn't
make it cgjun. If you want to try authentic cgjun food, you will
have to go to Louisianato get it.

OK. Now that I've gotten that off my chest, | guess | need to
explain how this whole geodesic dome thing started. | went to
Burning Man for the first timein 1996 and was not fully
prepared for the SUN. | had been living in San Francisco for two
years and had not seen the sun very much during that time. If
you live there or have ever visited, you know what I'm talking
about. Anyway, we spent all of our days following the shade and
waiting for the sun to go down. | explored around a bit and
noticed that the people who had domes were able to find shade
al thetime. What a concept! | decided that | was going to build
adome for our camp the next year. Of course | went straight to
my computer when | got home and searched the internet for
information on how to make a geodesic dome. There were pages
about domes, but none of them gave me the information that |
needed. The next day | went to the San Francisco Public Library,
and found what | was looking for. While | wasin the process of
learning how to build my first dome, | started working on a
website that would teach other people how to build their own
domes. It started out with just afew pages, and gradually
escalated to what you see today. Thisis acompletely free
website, and will be aslong as | can afford it. Thank you for all
of the wonderful e-mailsthat you sent over the years, (I do read
all of them) and good luck with your domes!
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TaraLandry
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Desert Domes

Making the world a "Fuller" place

T BIBLIOGRAPHY J_

DOME CALCULATOR

DOME FORMULAS Geodesic Math and How to Use It by Hugh Kenner - Thisbook is
set to be re-released in October of this year, and you can

BAMBOO DOMES pre-order now! It'sin paperback form and priced moderately at
$13.27

CONDUIT DOME TIPS
Dome Builder's Handbook No. 2 by Wiliam Yarnell
FAQ Running Press; (October 1978)

DOMES FOR SALE ASIN: 0894710427

-~ c Domebook One
PHOTO GALLERIES e e PR e
LINKS Bolinas, CA, 1970
i Domebook 2
RS Pacific Domes - edited by Lloyd Khan
BIBLIOGRAPHY Bolinas, CA, 1971
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Desert Domes

Making the world a "Fuller” place

Catadomes and Kiddie Korral

DOME CALCULATOR
DOME FORMULAS
BAMBOO DOMES 5 30 and Espl an ade
CONDUIT DOME TIPS |

FAQ 4
DOMES FOR SALE
PHOTO GALLERIES
LINKS

ABOUT ME
BIBLIOGRAPHY

Kiddie Korral will be a pitstop for families on the go at
Burning Man. Ideal for any folks with arugrat in the 1-3 yr
range who want to take a break and hang out day or night
while cruising the Esplanade. All others can check out our
collection of dome building styles, including an elliptical
dome. Click here to see our camp garbage plan.

Don't forget to bring your skates for the Roller Disco!

Need some CoolNeon wire? Don't know what that is? Click herel
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HOME

DOME CALCULATOR pomeRedius

DOME FORMULAS

BAMBOO DOMES

CONDUIT DOME TIPS

FAQ Don't include units here. For example, if you want to build a dome that's 10’

DOMES FOR SALE
PHOTO GALLERIES

6" high, enter 10.5

LINKS Strut Length Dome|Sphere
)
ABOUT ME A = | o . .
BIBLIOGRAPHY
B 30 60
4-way connectors 10 0
5-way connectors 6 12
6-way connectors | 10 20

How to make a 2V newspaper dome
Assembly Diagram
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HOME :
—ap - Dome Radius:
DOME CALCULATOR
DOME FORMULAS \
BAMBOO DOMES \H
CONDUIT DOME TIPS
FAQ Don't include units here. For example, if you want to build a

DOMES FOR SALE dome that's 10' 6" high, enter 10.5

PHOTO GALLERIES
) Strut Length Dome|Sphere

LINKS
ABOUT ME

A 25 30 A A
BIBLIOGRAPHY

5-way connectors 6 12

A

4-way connectors 5 0
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HOME
DOME CALCULATOR
DOME FORMULAS

DOME CALCULATOR J_

BAMBOO DOMES Dome Radius:
CONDUIT DOME TIPS
FAQ
DOMES FOR SALE
PHOTO GALLERIES _ . . :
Don't include units here. For example, if you want to build a dome that's 10’

LINKS 6" high, enter 10.5
ABOUT ME
BIBLIOGRAPHY swut| Length  [3/8[5/8[Sphere

A 30|30| 60

B 40 55| 90

C 50|80 | 120

4-way connectors |15|15| O

5-way connectors |6 | 6 | 12

6-way connectors (25(40| 80

Assembly Diagram
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HOME
DOME CALCULATOR
DOME FORMULAS

DOME CALCULATOR J_

Dome Radius: :

BAMBOO DOMES e
) ) ,ﬁﬁ%ﬁx
CONDUIT DOME TIPS Y VAVAVG N
JWYAVAVAVAYNN
FAQ il’ﬁﬂ AAL‘H
Reset Form
DOMES FOR SALE 'vvv'v
PHOTO GALLERIES . . . : .
Don't include units here. For example, if you want to build a dome that's 10' 6" high, enter
LINKS 10.5
ABOUT ME
BIBLIOGRAPHY Check out the new FAQ page!
Strut Length ’Dome’Sphere
F

c c
F 30 60 E
4-way connectors | 20 | O o B c b b g B A
5-way connectors 6 12
A F F A

6-way connectors | 65 | 150

Assembly diagram
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Making the world a "Fuller" place

T DOME CALCULATOR J-

DOME CALCULATOR
DOME FORMULAS
BAMBOO DOMES
CONDUIT DOME TIPS
FAQ

DOMES FOR SALE
AR S Don'tinclude units here. For example, if you want to build a dome that's 10' 6" high, enter
LINKS 10.5

ABOUT ME

BIBLIOGRAPHY

pome Regius 1

Check out the new FAQ page!

Strut Length 3/8|5/8 |Sphere
4-way connectors |E 25 0
5-way connectors W 6 [ 12
6-way connectors @ 120[ ??

Assembly diagram

_ © 2002 Desert Domes | | Oakland, California

http://www.desertdomes.com/dome5calc.html [9/5/2004 5:32:29 PM]



Desert Domes - The 6v Dome Calculator

Desert Domes

Making the world a "Fuller" place

HOME

DOME CALCULATOR
DOME FORMULAS
BAMBOO DOMES

DOME CALCULATOR J-

Dome Radius:

CONDUIT DOME TIPS
FAQ

DOMES FOR SALE
PHOTO GALLERIES
LINKS

ABOUT ME

Reset Form

Don't include units here. For example, if you want to build a dome that's 10' 6" high, enter 10.5

BIBLIOGRAPHY Strut| Length  [Dome|Sphere

A 30 60

B 30 60

C 60 | 120
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D 90 | 180
E 30 60
F 60 | 120
G 130 | 240
H 65 | 120
I 60 | 120

4-way connectors | 30 0

5-way connectors 6 12

6-way connectors | 160 | ??
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HOME
DOME CALCULATOR

DOME FORMULAS

BAMBOO DOMES 3 V 4V

CONDUIT DOME TIPS 2V 5 V
FAQ

DOMES FOR SALE

PHOTO GALLERIES I V 6V
LINKS

ABOUT ME

DOME CALCULATOR J_

OGRAP
YL St il Need some Cool Neon wire to decorate your dome? Don't know what that is?

Click herel
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Cool Neon

RIDING THE PHAT LINE BETWEEN BUSINESS AND PLEASURE

GEIE

s AOHE

Come visit us at 5:30 and Esplanade
at the Catadomes and Kiddie Korral
SHIDDING]

%@_@ @Eﬂﬁ? Benjamin hasleft for The Playa.

é&'ﬁ Wewill beclosed for Labor Day weekend from September 3rd
through September 6th.
ELVES]

mm We discourage you from soldering on the playa. I1t'sa bad idea for
mﬂm many reasons. So do try to finish your projects before leaving.

DIRECTIO Check out the San Francisco Chronicle's big Burning Man article

(8-30-04). All the photos are of our campmates, and there is a sweet
plug for Cool Neon.

If you drop by our home; Catadomes and KiddieKorral at 5:30 &
Esplanade, please remember that we'll be off tech support duty, but
eager to see your amazing creations (look for thered dome).

The Funhouse Elves

Greetings, and welcome to the online home of Funhouse
Productions

Purveyors of Cool Neon electroluminescent fiber
Low Price Guarantee
Funhouse Productions will NOT be undersold!

We will SELL you the product for 10% LESS than the competitor's
price!

If you see Coolneon wire or accessories advertised on another
Web Site at a price that is lower than Funhouse Productions price
then you can take advantage of our Low Price Guarantee in one
of three ways:
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Cool Neon

1. If you are ordering from our website, just copy and paste the
URL (address) of the website that has the lower price, into the
"Special Instructions” field of the order form on our website. We'll
check it out immediately and we will ship your item at the lower
price.

2. Email us at:

3. Call us at 510-547-5878

We will need the following information:
a. The website address

b. Their part number and price

We'll check out the web site. Once we confirm their price we will
SELL you the product for 10% LESS than the competitor's price. If
their shipping charge is less, we will match their shipping charge!

Note: no matter what you pay for our products they will always
come with the highest level of friendly customer support, technical
assistance, and our guarantee.

Be sure to keep an eye on our fabulous, Cool Neon Specials page

for new, and exciting bargains.... The products on this page are
usually in short supply, so be sure to order quickly if something
catches your eye. This page is now being updated on a near daily
basis, so check back often for the really good deals!!!

Cool Neon is a new material you may have heard of. If you
haven’t seen it, we know you'll be delighted the first time you
make it glow. It looks like neon, but it doesn’t heat up with use
(hence the "cool" in the name -- and you thought we were just

being groovy!).

Cool Neon is a bright, glowing wire of phosphor (same as what's
in your TV) in a clear, flexible tube that’s just a tenth of an inch
wide. Totally safe and non-toxic, it's durable and lightweight; you
can bend it, shape it, even braid pieces of it together -- no
problem! It's perfect for safety lighting, wrapping around yourself
or your bicycle, home décor, night lights, and countless other
uses. Wherever it's dark, Cool Neon stuns! For more information,
go to our Products page. If you've experienced Cool Neon, we
don’t have to tell you it's truly magical. It really will take you to the
farthest reaches of your imagination. We'd love to help you get
there! checkout What's New

Funhouse Productions

1419 Mandela Parkway

Oakland, CA 94607

phone 510.547.5878 * fax 510.663.6462
email:

Authorized distributor and direct importer of LYTEC
electroluminescent wire

Elam USA Inc

P.0.BOX 1029
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Cool Neon

WAINSCOTT, NY 11975
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Innovative Geodesic Dome Homes and Shelters.

Dome Sized
16ft Dome
16ft Riser
20ft Dome
24ft Dome
30ft Dome
36ft Dome
44ft Dome
60ft Dome

IFIC DOMES

LTERS FOR FREEDOM WORLDWIDE

247 Granite Street Ashland, OR97520 1-BREB-488-8127

Pacific Domes -ldeal family dwelling guest house workshop or yoga studio.
Shelters Architecturally engineered steel frame handles heavy snow & hurricane winds.
Event Dome Durable covers are weathertight / windows, screens & wood stove set-up.
Playground Winterizing kits available.

Greenhouse
projection
Mandala

Features

Frame
Covers
Door
Windows
Wood Stove
Screens
Connecting
Interiors
Floors

Extras
Winter Liners
Insulation
Skylight
Air Chairs
Eco Toilet
Floating Bed

Pacific Domes is a family owned and operated business located in the
Siskiyou Mountains of southern Oregon. Since 1980 we have been
working on perfecting the function and beauty of our portable Geodesic
Domes. We combine the sacred geometry of R. Buckminster Fuller with

our progressively designed covers to bring you this futuristic Zen
Technical structure.
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The Home Dome

The Home Dome

Home Timetald Band Skating Writing Palymer Clay

3nathe Jellyfish

| built a 20" diameter geodesic dome using 3/4" electrical conduit (metal

» The Home Dome pipe). It will be my home at Burning Man.

Cutting Struts Follow the Photo Tour to see how the parts were made and for more
Drilling Struts photos of the finished dome.
Assembly Here's some diagrams that show how to cover a dome with tarps. | use
The Desert Nose costco tarps whic_h are12' x 16_' a Fhe price of 2 for $14. It leaves a hole at
the top, which isideal for ventillation. Attach another tarp over the hole
_ with three permanant ropes, plus one you use to attach it at night and to
Roller Disco 2002 pull the top tarp on or off. A 10" sgare top tarp is ideasize for an optimal
- 2v dome. or a 3v dome with a 16 foot diameter, etc.
- | built the dome based on figures produced by The Dome Calculator at
The Fishmobile http://www.desertdomes.com. Mineisa"3 frequency" dome, built to
about 3/8ths of a sphere.
Camp Nose Fish 2004

| covered it with a35' diameter olive drab Army surplus parachute which |
purchased through Ebay. | set up my tent inside the dome, and it nestles
nicely against the curved inside of the dome. | plan to cut remnant carpet
into triangles and place them on the floor.
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The Home Dome

Don't use a parachute for your dome!

The only thing that didn't work in my 2000 Burning Man
experience was trying to use a parachute for a covering. As
it turned out, a parachute has none of the right
characteristics and many of the worst possible
characteristics imaginable. Here's just a sampling of why |
think a parachute is the exact opposite of what you need for
adome covering:

« It catchesthe wind and applies extraforces to your
dome. Parachutes are designed to catch the most
wind possible by weight. What you want is for wind
to slip over your dome. A parachute presses against
the struts and forms lots of tiny parachutes trying
their best to slow your dome down with respect to
thewind... ;-)

« It catchesthe rain in pockets which form when the
material between the struts sags under the weight.
The water pours through these sagging resevairs,
drilling holes in the playa beneath, even right
through a carpet. Parachutes are not waterproof.

« It whips mercilessly in the wind causing enough
noise that you have to raise your voice substantially
to be heard. Parachutes are loud, but offer no
acoustic insulation! Gee, could it get any worse?
Yes! Read on...

« It getstangled when you try to put it on your dome.
Believeit or not, shingling panels of silver tarpsis
probably the best idea. Shingling means coving from
the bottom toward the top, and having higher tarps
overlap lower tarps. Water rolls off, and no one tarp
istoo big to handle, even in the wind. Parachutes are
unweildy.

« If al that isn't enough, a parachute is translucent and
traps air. In other words, your dome becomes an
oven during the day because the covering traps the
sun's energy in the air inside your dome. Parachutes
form ovens, not shade structures.

| also have a hammock and two awesome Lafuma reclining chairs, atable
and whatever else | have room to bring. | want to create a chill space
which isvisually private, shaded, but still with enough space to not feel
cramped. And during the night, it will be nice to lower the canopy for
privacy and warmth.

The desertdomes.com web site has an incredible FAQ about how to build
domes out of metal conduit. The FAQ surely saved me alot of time,
frustration and wasted material.

It took me two days to produce about 130 pieces. Thefirst day | cut the
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The Home Dome

pieces to length and flattened the ends of about 1/3 of the piecesusing a
manual press. The second day | flattened the rest of the pieces and drilled
holesin each end at just the right positions. Then | spray painted the ends
of each piece and let them all dry.

It took me three hours on the third day to assemble the dome from pieces
using 3/8" carriage bolts, fender washers, lock washers and nuts. | needed
a stepladder which was about 3' tall to finish the top but I'll figure out
something else to stand on for Burning Man.

Once assembled it is remarkably strong! You can climb on it, but | ask
that people avoid putting their weight on the middle of any of the pieces --
you can climb from vertex to vertex. The triangles at the bottom are
different sizes, but the largest is just big enough for me to wheel my bike
into. :-)

Thetotal cost of the materials for the dome was about $200, and you can
get a Parachute for about $40-$50. Steven's Creek Surplusin San Jose had
them for $40 at the time | wrote this page (7/5/2000). The rebar for the
stakes cost another $2.25 each and | needed 8. So the total cost was less
than $275.

Problems? Contact the webmaster: hoco@timefold.com

All information copyright 2000-2004 Howard Cohen. All rights reserved worldwide.
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Geodesic Dome Design by MiJa Gourlay

Design and

| mplementation for a

Geodesic Dome

Portable robust shade structure for Geodesika and
other hard core temporary outdoor scenarios.

covering misting VRML

Afterns Sem cam bibliography|Hexayurt

P ur p ose The stick figure people depicted in the cartoon images are about 6
feet (2 meters) tall.

Geodesikais afestival in the mountains
at the beginning of summer. Burning
Man isafestival in the desert at the end
of summer. It gets hot and sunny during
the day, so shade structures are crucial.
The larger and more portable, the better.
They should also be cheap, easy to
assemble, and stable enough to
withstand strong winds. A geodesic
dome fits that description.

Portable geodesic domes and other large
tent structures are commercially
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avallable. (Someinformation is

Geodesic Dome Design by MiJa Gourlay

provided below for some

manufacturers.) However, they tend to
be either expensive or flimsy, and definitely less fun and versatile than a home-made structure.

Some materials for the geodesic dome covers are translucent and white, and could have light
projections coming from either outside or inside.

Design

One of the benefits of ageodesic domeisthat they are made of triangles. Triangular structures can
not deform without deforming the edges, unlike parallelepipeds or other structures based on
polygons with more than 3 edges. For example, a triangle can not be squashed, but a rectangle can
be squashed into a parallelogram just by changesin angles at the vertices. The idea behind
geodesicsisto exploit geometry to obtain greater structural integrity. However, geodesic structures
have a drawback: In practice, it is difficult to align the vertices, and if there is misalignment, the
structural integrity is compromised. The smaller the number of edges, the less problems with
alignment, but the longer the edges. Longer edges require stronger materials to maintain their
integrity. The design presented here is an attempt to compromise on these i Ssues.

Geometry

20
8

19

24

13

18

Thisisthe bottom view of afrequency-2,
class-| (aka"aternate division")
geodesic dome. Each poleiscalled an
edge and each place where the poles
meet is called avertex. The thicker

edges are all of the same length,
which is 0.61803399 times the desired
radius. The thinner green edges are all of
the same length, which is 0.54653306
times the desired radius.

(Note that the ratio of the edge lengthsis
1.13082636 and that the sumis
1.16456705. Thiswill be useful to
remember later.)

For example, for a geodesic dome with a diameter of 30 feet (i.e. aradius of 15 feet), the edges
poles would be (15* 0.61803399)=9.27 feet long, and the edges
represented by the thin green poles would be (15* 0.54653306)=8.20 feet long.

represented by thick

In this design, there are 35 long edges, and 30 short edges. There are 26 vertices. 6 vertices (1,
12-16) have 5 edges. 10 vertices (2-11) have 6 edges. 10 vertices (17-26) have 4 edges.
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| have presented high-4 designs for alarger geodesic dome that alow the edges to be shorter,
although the number of edges is about quadruple of this design.

Entrance

For small geodesic domes (shorter than about 15 feet tall), the triangles at the bottom are too short
to walk through so having alarger entrance is desirable. To make an entrance, remove the radial
edges of one of the lower triangulated pentagons (such as all edges touching the vertex 12, i.e.
edgesV12-V2,V12-V7,V12-V17,V12-V 26, and V12-V 11). After removing the edges, the
geodesic dome will partially collapse at that region, so it will need to be reinforced.

To reinforce the entrance, add edges from the middle of the top two edges of the pentagon to the
bottom two vertices of the same pentagon (e.g. from vertex 26 to mid-way along the edge between
vertices 2 and 11, and from vertex 17 to mid-way between vertices 2 and 7).

The cartesian coordinate of a new vertex midway between vertices 2 and 7 is (0.606961, 0.25, 0.688191). The
vector from vertex 17 and that new 2-7 vertex is (0.344096, 0.059017, 0.688191). The length of that vector is
0.771681 dome radii.

redundant check: The cartesian coordinate of a new vertex midway between vertices 6 and 10 is (0.050203,
-0.654509, 0.688191). The vector from vertex 24 and that new 6-10 vertex is (0.050203, 0.345491, 0.688191). The
length of that vector is0.771681 dome radii. This matches the length computed above.

Implementation

The issuesinvolved in implementing a
geodesic dome include deciding what
materials to use, and how the pieces will
be connected together. The solution
should be as simple as possible, and use
as little material as possible.

Materials

Materials should be cheap, readily
avallable, easy to work with, and able to
withstand the environment where the
dome will be.

Frame

The poles could be made from thin steel conduit, also known as electrical metal tubing or EMT.
Conduit varietiesinclude variations in wall thickness, diameter, and material. The cheapest
feasible possibility isto use non-rigid zinc-coated or galvanized steel conduit. (Stedl rusts rapidly.

http://www.colorado-research.com/~gourlay/dome/ (3 of 13) [9/5/2004 5:33:19 PM]



Geodesic Dome Design by MiJa Gourlay

The coating is intended to reduce corrosion, but if the dome will be oft exposed to wetness, apply
primer or paint.) The diameter of conduit to use depends on the lengths of each edge: The edges
should not bend under the weight of the load they will bear. Longer edges will require larger
diameter poles.

If the edge lengths exceed 10 feet each, then a problem occurs: conduit poles are 10 feet long. In
order to construct edges which are longer than 10 feet, multiple conduit poles will have to be
joined for each edge. One method is to use two different diameters of pole, and insert the smaller
into the larger, creating a "telescoping” pole, similar to the legs of atripod or the barrels of a
collapsible hand telescope. Telescoping is abig hassle and reduces the integrity of the structure,
but it is easier than using a higher frequency geometry. Still, I have found that using telescoping
poles leads to an unsatisfactory structure.

Some people use PV C or ABS (kinds of plastic) pipesfor their domes. PV C islight and cheap, but
very flexible, even for very large diameters. The hubs are sometimes made of conduit, and the
PV C is attached to the hubs using pins or small bolts. In other cases, the hubs are simply made
using lashings or tape. Several people have had success with PVC, but | find it too flimsy for my
purposes. It is not possible to hang heavy things from PV C domes, not even from the vertices.
PV C domes can collapse if they bear much load. Some designs avoid this problem cleverly, but |
will not be discussing PV C frames.

Another edge material that has been used is fiberglass. Fiberglass poles, about 4 feet long, are
mass produced for use as broom handles, and if you are lucky enough to live near a manufacturer
of these poles, you might be able to obtain 65 of them to make a dome. These poles are strong,
light, and rigid. To connect them at the hubs, conduit can be used.

Covering

A parachute could be used to cover the dome. Round parachutes can be obtained from military
supply stores, in either white or green. | have seen nylon parachutes, and | have heard of cotton
ones. White parachutes are suitable for either back or front projection of images or laser light, but
let most light pass through so they make for aweful shade coverings. Parachutes require very little
effort to cover the dome, since they are circular and drape easily over the frame. Often, parachutes
have ties or grommets around their perimeter for attaching to the frame. Round parachutes also
have hemmed holesin their top which will let hot air escape. Parachutes catch wind efficiently,
and that can be undesirable if the dome is not firmly attached to the ground, weighted down, or
designed such that no air flow can get underneath the dome. Be careful using parachutes in windy
scenarios.

Mesh or other very breathable fabrics can be used as a covering. They lack the wind-catching
problems that parachutes have. Mesh fabrics can be expensive. Shop around to find inexpensive
fabric. Also, it isunlikely to find asingle, large, circular sheet of mesh fabric, so if this material is
used, away to drape it over the dome such that material is not wasted will have to be found, such
as cutting the material into triangular panels and sewing them together.

Parachutes and mesh coverings have a serious drawback -- they are not opague and do not
sufficiently block sunlight. This makes them look interesting at night when they are lit from inside
but during the daytime, the problem is horrible. Dark chutes improve the shade some, but a better
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solution would be to use an opaque cover, such as asilver tarpaulin, to cover the dome.

Drawbacks of tarpaulins include the fact that the fabric is slightly inflexible and that it makes an
annoying sound when blown in wind. To mitigate those problems, custom-fit covering patterns can

be cut from the tarps.

Tarps are not entirely opague but that can be improved by gluing aluminum foil to the tarp. Use
spray adhesive. After the adhesive dries, the foil can pedl off, but not easily. In fact, the foil coated
tarps can be folded, wrinkled, wadded up and abused without the foil tearing significantly. Plus the
shiney look of thefoil is neato.

Cost

Shop around for the place that sells conduit for the lowest price -- alot is required. In Boulder, the
pri cesorilfcPicad BrbaR AEAWO! ]! McGuckin's Hardware charges literally more than twice as much
f ey eppari e Sabneuisieses in the area. Sullivan's Hardware charged 25 percent more than

whaiogoulfl bpiteunrdaHpaPgpot or Eagle.
La@‘épﬁlﬂfﬁg?rﬁfﬂg% U8R leds flexible than smaller diameter poles.
: e more strength to the structure, and thereisa"rigid" variety of
Diameter Price conduit, but it is much more expensive and difficult to deal with.
(per 10-foot length)|note that there is a difference between “thick walled" conduit and
1/2inch |US$1.50 large diameter conduit. "Thick walls" refers to the actual
3/4inch |US$2.00 thickness of the metal, where the diameter of the pole refers to the
: circular cross section size. These two properties are somewhat
linch |[US$3.67 independent.
1 1/4 inch| US$4.80

Bolts (3/8 inch diameter shaft, 9/16 inch hex head, steel) cost
about US$0.25 each. Cost depends on length. Bolts 2 to 3 inches long are needed, depending on
the number of edges that meet at a vertex. The cost of corresponding nuts is about US$0.05 each.
Washers probably cost about US$0.02 each. For 26 vertices, the total cost of the bolt/washer/nut
combos is about US$9 including sales tax.

Hubs

The vertices, or hubs, could be implemented by pressing the pole ends flat and parallel, drilling a
hole near the end, bending the ends, and sliding a bolt through all of the pole ends at each vertex.

Sizes

The way parachutes sizes are advertised is by the diameter of the circle they make when laid flat.
Thisis not the same as the diameter of the hemisphere they cover.

If laid flat, the parachute should be circular, like a disc. When the parachute is draped over a
spherical dome, the diameter of the parachute should be equal to half of the circumference of a
sphere with the same diameter as the dome. Some simple geometry and math yields this
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relationship between the diameter of the parachute and the diameter of the dome:

diameter_dome = diameter_parachute* 2/ T

diameter _parachute = diameter _dome * T /2

E.g., aparachute to cover a 15-foot diameter dome would have a semi-circle arc that rises over the
top of the dome has an arc length of ﬂ-* (15 feet)/2=23.562 fest.

After the size of the dome is determined, the sizes of the poles is determined by using the factors
given above: Multiply theradius (i.e., half the diameter) of the dome by 0.61803399 for the long
poles, and by 0.54653306 for the short poles.

Accuracy

There are two principle aspects of constructing the dome pieces that require accuracy and
precision: Making sure that the pole ends are flat and parallel, and placing the vertex holesin the
right place.

A significant impediment to assembling the domeisiif the flattened ends of the edges are not
parallel. If the edge ends are not parallel, then when the pole ends are joined, the effective
thickness of the vertices will be much larger than necessary, requiring either alonger bolt, or
complicated maneuvers with C-clamps to hold the edges together while the bolts are inserted.
Much effort will be saved by making sure that the flattened edges are paralléel.

What determines the edge length, more so than the cut length of the poles, is the distance between
vertex holesin the poles. If the edges are the wrong length with an error of about 1/16 inch each,
then after 10 consecutive segments, the cumulative error can be 5/8 of an inch. Thisisaquite large
error, which would make it difficult to connect the edges together. However, machining these
edges to an accuracy of better than 1/16 inch is difficult.

In practice, the dome is somewhat flexible, so that if the vertex holes are not drilled precisely, it
will be possible to bend the dome to line up the vertex holes, although bending the dome into
shape is less elegant than simply driling the holesin the right place.

Flattening

In order to flatten the pole ends, several methods can be employed.
Flattening with a hydrolic press

Thisisthe most elegant method, if you have the means. If you do not have access to a metal shop,
then you can probably hire one to press and drill all of your poles for under $100.

Flattening with a sledge or spud bar
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Another method of flattening isto use alarge, heavy hammer to flatten the poles. Such hammers
are cheap, portable, fast, and require less effort than using avise.

A "spud" bar isthe back end of adevice used to split concrete. The splitting side has a blade, and
the back has aflat base, and the flat base can flatten poles with relatively little effort. This device
looks like a pipe with ablade at the end. The pipe has a length of about 4 to 5 feet. The device
weighs about 20 pounds, and costs around $20. One benefit of this device is that you can rig a pipe
sleeve mounted vertically to guide this hammer so that you only need to place the pole end under
the sleeve-guided hammer, then repeatedly lift and drop the hammer afew timesto flatten the
pole. Using a spud bar is much better than using a sledge hammer.

The major problems with using a hammer include these:

« Hammeringisvery loud.
Hammering can damage the surface used as a base.
The poles can be easily split along their seams.
It isdifficult to keep both sides of the pole uniform.
« Itisdifficult to make the flat pole-ends parallel.

Each of these problems have various solutions. Keep in mind that 130 pole ends will have to be
flattened, so elegant, simple solutions are desirable.

« Use ear protection to reduce the pain from the noise of hammering.

« Find awell made base for hammering. If you use a sidewalk or cement base, and the
sidewalk startsto crumble at the beginning, remember that there are 130 ends (or more) to
flatten, requiring thousands of hammer blows, so find another surface as the base. One good
option for abase is an anvil. Note that some vises have anvils on their behinds.

« Toreducethelikelihood of splitting the poles at their seams, work gently, flattening
gradually. Heavy blows that drastically and rapidly deform the pole are more likely to split
them.

o To keep theflat parts uniform, partially flatten one side, then turn the pole over and flatten
the other side. The pole might curve, in which case turn the pole over again, and carefully
whack out the curve. The hammer is heavy so let gravity do the work. Also let the recoil of
the hammer bring it back up. Work gently and slowly. Using a hammer isfairly fast work in
any case so thereis no need to rush it.

« Keeping theflat parts parallel is crucia. If using ahammer, flatten one end first, then find a
very heavy object (50 pounds or more) that has aflat bottom, and use that to hold the
flattened end straight and parallel to the ground before flattening the other end.

Flattening with a vise

One method is to use avise to flatten the poles. Using a vise will give precision in flattening the
pole. A viseis aso useful for many other tasks, such as holding poles while sawing or drilling
them. The major problems with using a vise to flatten are that alarge 5-inch vise costs about $60
(which is more expensive than a hammer), and that the force (or torque) required to flatten metal
polesis significant, so the process takes along time and alot of effort.
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A heavy duty vise with large jaws (5 inches or more) is desirable. It should be mounted onto a
stable, immobile, strong platform. If the vise is smply mounted to atable, even a heavy table,
pushing on the vise rod will move the table around. (Bending stedl, after all, requires alot of
force.)

The vise could be attached to a 2x12 length of board, then there would be alarge, sturdy platform
which could then be clamped to a much larger, immobile table. This allows the vise to be
semi-portable while still having a sturdy mount.

Also recommended is extending the vise rod by about 12 inches, perhaps by slipping alength of
conduit over the existing vise rod. The extralength will increase the torque applied to the vise,
which reduces the amount of force required. The amount of force required isinversely
proportional to the length of the vise rod (or rather, to the distance between the pivot point and the
point where the force is applied); If the length of the rod is doubled, the amount of force needed is
halved. Be careful, though; if the vise rod is too long then a modest force can produce enough
torque to destroy the threads on the vise screw. More than doubling the vise rod length is not
recommended.

Work incrementally. Make afirst pass, partialy flattening the length, starting at the end and
sgueezing about 1/2 of the pole at atime, working toward along the length, then make a second
pass to fully flatten. After one end is flattened, place the other end into the vise, close the jaws just
enough to grab the pole, then use alevel to align the flat end so that the two ends will be parallel
when they are both flat.

Flattening with both hammer and vise

A combination approach of using a hammer and avise is a good compromise. Using the hammer
for only one end of the pole, while using the vise to flatten the other end gives some of the ease
and speed of the hammer, while giving precision of the vise for keeping the ends parallel. Y et
another possibility is to use the hammer to flatten one end, then to use the vise to partialy flatten
the other end (just enough to make sure the rest of the flattening will indeed be parallel to the fully
flattened end), then finish flattening with the hammer. Still yet another compromise, one that |
prefer mogt, isto use a hammer to flatten the pole ends, then use avise to refine the work, to make
sure the pole ends have no "bubbles’.

Flattening hints

Making the ends as flat as possible will save time and effort during assembly. If the pole ends are
not as flat as they can be, even if there are "bubbles’ in the ends that are a millimeter wide, then
assembling the dome will be slower and will require more physical labor.

Drilling vertex holes

Placement of the vertex holes requires the most precision of al of the stepsin making the dome.
To make sure the holes are precisely in the right place, consider subtle length-modifying effects
(listed below), measure carefully, drill carefully and systematically, and allow for some play.
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Length modifier: Bending effects

When the ends of the poles are bent in order to mate up with each other at the vertices, the poles

are effectively JroRly-PeHENAAg tHESERIAG B EoHRARA RTARRVRS TOrhé RBRYPthEO
the distance bet J@g@rﬁt%é@wm iefityedpendymidtibp gbout 16 to 18 degrees, depending

on which pole yet-arebenedine:

(Derivation of length of
angle: The sum bEI‘It Pﬂﬂ | bend

of exterior

x | angle
anglesof a

polygonis

svotwall bent pole /

degrees. The —- S

polygon

forming the
: effective new

great circles of ( )

this dome is length of bent part d COS 9 I

10-sided. For a

10-sided

regular
edge will have
adjacent edge.

ol original pole

exterior angle —

will be 36

degrees. Each d 1 9

to bend by half [ COS( )]

that angle to

meet the shortened length
Thisworks for the geodesic polygons, but not for other angles, but the other angles are
approximately the same. For a more exact computation of angle, have alook at the list of vertex
coordinates by clicking on the bottom view schematic image.)

If the bend is made d inches before the target vertex point then the edge would be shortened by a
length of

2* d* (1- cos(18 degrees))
=d* 0.097886967 ,
where the factor of 2 comes from the fact that there will be bends at both ends of the conduit.
For d=1 inches, the length change due to bending is 3/32 inch.
For d=2 inches, the length change due to bending is 3/16 inch.
For d=3 inches, the length change due to bending is 9/32 inch.
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Length modifier: Drill hole padding

The edge lengths are the distances between vertices. The actual Iengths of the conduit for each
edge will have to include extralength to allow for room for the bolts to go through. The diameter
of the bolts will be around 1/4 inch or 1/2 inch. Leave extra space for making oversized holes and
to have amargin for structural integrity. About 1 or 1.5 inches should be sufficient. Thislengthis
outside of the distance between the vertex holes.

Drilling tips

Use a heavy-duty, industrial bit which is designed to drill through metal, preferably
zirconium-nitride coated, and apply lubrication (such as Tap Qil) to the drilling areato keep the
drill bit sharp.

Bending

The pole end will be bent at a place adistance "d" (the same distance "d" used in the calculation of
the bending effects, above) inside, from the center of the vertex holes. Thisis the place where the
bend will be.

Using the vise, bend the end of each pole. For the frequency-2, class-| dome, the bend angle
should be 18 degrees. Use a speed sgquare to measure the angle, locking the rotating arm at the 18
degree location for easy measurement. Do this at both ends of each pole. Make sure the bends are
in the same direction for each pole. |.e. the poles should end up mildly C-shaped, not mildly
Z-shaped.

Example

Details for how to build a 15-foot diameter, 7.5-foot tall steel conduit geodesic dome are givenin
"small dome details’.
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geometry for this model.

« Thanksto POVray for raytracing this model.

« Thanksto Vinay Guptafor telling me the flat-end-with-bolts vertex hub idea, and
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« Thanksto FleshLab for helping me maintain the large dome.
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Inspection for harassing me, without justification, for building the domesin my own back
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yard. These domes have no foundation, and are therefore not permanent structures, and do
not fall under the jurisdiction of the department of building inspection. To all of you who
discouraged me, underestimated me, or detracted from my attempts to be creative, you
deserve to miss out on a great experience. May your children surpass you.

Further browsing

« Synergetics On the Web has an awesome Java applet that helpsin designing geodesic dome
geometries. That page also explains geometry aspects of domesin aclear way.

e« TheBuckminster Fuller Institute has other useful information about The Man.

« The Applied Synergetics home page has information about geodesic domes and
Buckminster Fuller's work, including the full text of Fuller's opus of work, "Synergetics'.

« Burning Man isthe event which inspired me to build this dome.

« Geodes ka happensin Colorado each summer, and is like Burning Man but better, in that the
terrain is more beautiful and the people have fewer image issues.

« The children's book Geodesic Domes by Borin van Loon has the simplest explanation of
geodesic dome geometry and terminology | have ever seen, plusit has several paper cut-out
models of many varieties of geodesic structures including the "Bucky Ball" (which is not a
true geodesic, but which is famous since the early 1990's because of the carbon molecule,
buckminsterfullerine).

» Books about geodesic domes tend to be out of print. Check used book stores. If you find any

such books, | recommend that you buy them. If you have such books and do not want them,
please let me know and | will probably offer to buy them from you.

Dome designers, manufacturers and vendors

o KYNER SHELTERS - Netscape Enhanced Page

o Geodesic Dome Cover Plans for Do-lt-Y ourself Woodworkers, used as solar greenhouses, pool covers, pet shelters, hay shelters.

« Walt's Dome Page

o Structural Elements

« conduit domes

o 32 Structural Plans

o Patrick Salsbury's Home Page

o Geometry 1998
« Alternate Conduit Flattening M ethod

« Mark's (geodesic) Dome picture page

« Mark's (geodesic) Dome page

o American Ingenuity Domes

o http://www.agate.net/~insearch/Dom96Hom.html

o http://www.arachneweb.com/NewHouseShelter/

« Geodesic Dome

http://www.colorado-research.com/~gourlay/dome/ (11 of 13) [9/5/2004 5:33:19 PM]


http://www.critpath.org/bfi/
http://geodesika.org/
http://members.aol.com/kynerusa/nnpage.html
http://members.aol.com/mlcent/mlcent.html
http://members.aol.com/wvenable/index.html
http://phuture.sculptors.com/~salsbury/
http://pw1.netcom.com/~lernersj/Geometry/index.html
http://thematrix.com/~majcher/dome/clamp.html
http://www.agate.net/~insearch/Dom96Hom.html

Geodesic Dome Design by MiJa Gourlay

o Kettner & Associates Present: IDESA Geodesic Dome Aviaries

o JPEG image 638x574 pixels

« Geodesic Dome Home

« Applied Synergetics Home Page

o Buckminster Fuller Institute (BFI)

o Geodesic Domes - "Structures and Homes'

o Desert Domes

« Builders’Manufacturers of Geodesic Dome Homes and Structures

« Timberline Geodesic Domes

o For Geodesic Domes & Dome Homes In Tyler Texas se Geodesic Dome Homes In Whitehouse Texas

« Oregon Dome, Inc.

« affordable geodesic dome homes

o Geodesic Dome Frame Kits

« Welcome to Worldflower Garden Domes greenhouses for your garden and landscape
« JPEG image 280x289 pixels
o JPEG image 319x271 pixels

o JPEG image 280x292 pixels

« Welcome to Worldflower Garden Domes greenhouses for your garden and landscape

« geodome

« Dome

o The Explorer Building Group

« GeoDomes WoodWaorks, Inc.

o Circular Domes

« Re: geodesic dome greenhouses

o Geodesic Dome Picture Scrapbook - A step-by-step chronology.

o C & R Enterprises - Creative Design Engineering for Products

« Www.hoberman.com

« More Information

« DOME List, Magazine & Directory

« Thelnflatable Frameless Dome by Liquid Sod,Construction,Sports,Golf.

« GH ORGANIZATION

o marketZONE-Dome Mfgs
o CONSTRUCTIONSLAB & KINGDOMES C/O EINAR THORSTEINN

e The Monolithic Dome

o Natural Spaces Domes; Home!

o Lydick's Dome Page

e The Growing Dome

o Patent Server: 5566516 Detailed View

« Biospaces Home Page

« The Catadomes!
o Formactive

« GEODESIC DOMES

« Dome Manufactures
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« Synergetics Home Page.

« DOME GEOM

« Geodesic Dome Homes

« Geodesic Domes, Geodesic Domes, Geodesic Domes

« Altantic Geodesic Dome and Sphere Company

« Linksto geodesic and alternative building

The Universal Resource Locator for thisweb pageis
http://www.col orado-research.com/~gourlay/dome/

Dr. Michael J. Gourlay / gourlay at colorado-research dot com
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my 7m dome - now with photos

Up

my 7/m dome

HEW '

(Well, 6.7m diameter actually (22 feet))

The geometry of the dome is based on an icosahedron, by adding new vertices at the midpoints of
each edge, and then pushing these out to the circumscribing sphere. More edges are then added to
create amesh of triangles, with 4 for each original face of the icosahedron. The full polyhedron
would have 42 vertices, 80 faces and 120 edges.

There are 2 different edge lengths, 2.06m and 1.82m (about 6'9" and 6'), which in the full "sphere"
would be present in equal numbers (60 of each). This structure isonly a 1/2 sphere, and lacks the
(long) edges around the equator, and hence has 25 long poles, 30 short poles.

The entire sphere would have 12 5-way joints and 30 6-way joints. Breaking at the equator means
that this dome has 6 5-way joints (one at the central apex), 10 6-way joints and 10 2-way anchor
points. For the structure to be stable these anchor points need staking down.

In the completed dome, so long as forces are only applied to the joints, the structure exhibits great
rigidity and strength, since the poles or joints do not experience torque (bending) forces. (Thisis
not, however, the case during construction!)

The total length of aluminium tubing used is 103m or 343'. Thetotal area of the trianglesis 64.8 sq
metres (~700 sq feet). Thetotal mass is 43kg (961b), of which the tubes comprise 85%. The central
apex joint is capable of taking the weight of a person (80kg) swinging on the end of arope, and is
11' above the ground. The usable floor areafor a6' individual is approximately 20 sq m, 220 sq ft.
Total floor areais 32.6 sq m (~350 sq ft, or half the area of the dome, which would be an exact
relationship for atrue sphere)

The structure was raised for the first time on the afternoon of Sat 28 Sept 1996, and this took about
4 hours. It was taken down the following day in about 1 hour. Part of the time to put it up was due
to the need to drill larger holes to give the bolts (sorry, panel-head machine screws) more
clearance. 220 nuts/bolts is quite enough to make you sick of them! 2 nuts and no bolts were lost
during this process.
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My next project isto create a covering for the current framework-only design. Thejoints each
have auxiliary holes to alow the bolting on of fixing points, exterior or interior.

The dome and its creator:

Cross Eyed stareogram: (larger version)

During construction:
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al but the tubes;

[all the joints
on the ground]

A completed joint in close-up:
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Some nutter immedi

ately after materialization in the dome:
- : ':_ = Ty

After the dliens land:
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Last updated by markt@chaos.org.uk Fri 4 October 1996
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BURNING MAN 2004
AUG 30 - SEPT 6, 2004

Updated August 19, 2004

Black Rock City Weather
Get the weather report direct from First Camp
here at Black Rock City.

Getting to Black Rock City

Know where you're going? Here are the driving
directions to Black Rock City, no matter where
you're coming from. Need a ride? Offering one? Use
the Ride Share Board to set up a carpool to the

playa.
2004 Theme: Vault of Heaven

Burning Man's art theme for 2004 is Vault of
Heaven. Read about the theme, and how you can
articipate in The Observatory!

Prepare Yourself for Burning Man 2004!

Get all the information you need to understand,
enjoy and survive Burning Man 2004. Read the
2004 Event Survival Guide, the First Timer's Guide, PLAYA TiPs

and our Frequently Asked Questions.
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2004 Burning Man Tickets
Tickets are now only available at the front gate ...
come and join us in Black Rock City!

Camping Near Black Rock City o '.‘
If you need to camp out after the event, here's a r.fgal'«’
listing of local campgrounds.

Black Rock City Map
The 2004 Black Rock City Plan, showing this year's
street names, is now available for your viewing and

download. BRC PoLLs MARKE TPLACE

Playa Calendar
Plan your week at Burning Man by perusing our
playa calendar, and add your own event!

Department of Mutant Vehicles (DMV)

The mandatory Mutant Vehicle registration process
is now closed. Please be aware that non
pre-registered vehicles will not be licensed to drive
on the playa. Read the latest news about the review

process.

PARTICIPATE HERE

Theme Camps and Art Installations
The registration process for Theme Camps and Art
Installations is now closed. View the listings of 2004

theme camp placements, theme art and playa art.

Reqister Your Video Camera!

If you bring a video camera or video-capable digital
camera to the playa, it must be registered to help
protect everybody's privacy. Download and print out

the online registration form.

HOTLINE: 415 TO-FLAME
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Online edition of A Fuller Explanation

") RECYCLE-A-BIKE | BIKE SALE G®
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The Bucky Fuller Travelling Miracle Medicine Show

The Bucky Fuller Travelling Miracle Medicine Show

“"Guinea Pig B" (the introduction to Inventions)
In pages (169 pages) or all on one page (about 90K)

Bucky pictures

My wife's favorite part of How Little | Know

Please report any and every typographical error in the preceding files to me.

Copyleft © 1995 Christopher Rywalt.
crywat@westnet.com

Back to Chris Rywalt's home page.
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Earl's Geodesic Domes

Earl's Geodesic Domes

| was inspired to build a geodesic dome for atemporary living structure. Just to get afeel for the
wholeidea, i started by making a newspaper dome. With that a success, i went on to the real thing,

an 8-foot radius EMT dome. Flush with too much confidance, i volunteered to lead the creation of
a 16-foot radius EMT dome for Camp Recharge, of which i am a spectator participant. | am also
learning something about screw-in ground anchors along the way. Lastly, i have a geeky
explanation of one way to modify the geometry for alarger entrance triangle.

If you are considering building domes like these (do it! doit!), please go to the links page which
points you to the sites you really should read first. Then come back here and read my site
afterwards. The information hereis only intended to supplement what's already out there, is not
available without a prescription, is only at participating locations, and is void in Minnesota and
West Virginia.

| welcome feedback viaemail, even audio feedback. Send it to superdotfly@hotmail.com. Thanks!

Newspaper dome

8.5 foot radius frequency two dome

16 foot radius frequency four dome

About screw anchors

Modifying dome geometry for alarger entrance

Very useful links
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Cardboard Domes - Homepage: Constructing Cardboard Geodesic Domes That Will Survive Burning Man and the Black Rock Desert

i n Home Dome Composition Cardboard Triangles Wood Triangles Rebar & Gaskets
e -.F .
i)

Painting, Vents, Tape & Velcro Flooring Assembly SiteMap Contact Links

How to Build a Geodesic Dome out of
Cardboard

Thissite was
designed in
response to
people asking
us how we
made our
domes and
who were
interested in
making their
own.

The design 9
was borrowed .
fromal1973 Feegss &
edition of -
Popul ar
Mechanics
and was = e KBt
improved : T e A=

upon to meet :

therigors of =
the Black

Rock Desert.

These domes

have served

as an effective

shelter against

wind, extreme

heat and, once

painted,

rainfall. The

largest of the

three domes

in the picture

opposite

measures

approximately

12' 7" in
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diameter and
is about 6' 3"
high at its
center. We
recommend
building the
largest one.
All the
measurements
throughout
thisweb site
relate to the
largest size.
They are
fairly
inexpensive
to build as
recycled
cardboard is
the main
component
and, if
water-based
paint is used,
can be
burned. The
domes are
strong enough
to attach
decorative
pieces and
lighting
components
to theinside.
Assembly
time, on site,
is3to 4 hours
for 3 people
constructing
one dome
with the
appropriate
tools.

Fed freeto
contact us
with any
guestions or
comments
about dome
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construction
or the outline
of thisweb
site. If you do
end up
building one
or more of
these domes
for the Playa,
please let us
know where
we can find
you.
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Beezer's PlayDome Page

The PlayDome Page

Please download Java(tm).

The PlayDome described here is based on adesign by Curt Flowers. Curt has "granted permission

to use this idea and/or to reproduce and redistribute these plans for any private, non-commercial
use." (See page one of the plans for the full conditions on their use.)

The PlayDome pictured above was installed at the Arcadia Montessori Learning Center in
Tacoma, Washington on June 8, 1996. The 21 automobile tires have been bolted together to form a
little more than half of atruncated icosahedron, which is reminiscent of Buckminster Fuller's
geodesic domes, and is the same as the carbon-60 (C_60) molecule known as fullerene.

« Curt Flower's original plans for the PlayDome. Y ou have to take alook at these if you are
serious about constructing your own.

« My notes on modifications and additions to Curt's plans.
« Photos and commentary on the installation process.

« Some remarks on the geometry of a PlayDome.
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Beezer's PlayDome Page

« More mathematics - how to arrange the colors of thetires.

« A Playdome photo gallery.

Rob Beezer, BEEZER(at)UPS(dot)EDU.
Created: June 9, 1996, Updated: June 20, 1998.
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The
Hexayurt

Friday, August 13
2004

Welcome,
Burners! Looks
like we're getting
traffic from
people looking
for Burning Man
shelter and, well,
it'salot easier
and more
comfortable than
astandard conduit
geodesesic :-)

If you build a
hexayurt for use
at Burning Man,
or some similar
structure, please,
please send me
pictures and
performance
reports
afterwards. Please
pay particular
attention to the
construction
coreography -
how it went up,
and how it came
down.

And email meif
you've got
guestions - the
contact link above
works. Enjoy the
burn, I may yet
see you there!

June 20, 2004
Cameron tells me
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that he's posted a
link hereto
Architecture For
Humanity's
newdletter. If
you're visiting
because of that
link, greetings!

The "Hexayurt" is
avery small
shelter whichis
makes very
efficient use of
both materials
and labor. The
design completely
uses 4' by 8' sheet
goods producing
no waste, and
construction
requires only six
straight cuts
across the
diagonals of 4'x8'
sheets (to make
the roof

triangles).

A hexayurt can be
built using many
different kinds of
materials.
Plywood,
polystyrene,
cardboard, plastic
and even metal
might be
appropriate for
different
environments.

The desert
hexayurt in these
picturesisa
half-scale model
built from
hexacomb
cardboard, using
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areflective vapor
barrier for
insulation and
waterproofing.
Because it kept
out so much light
and heat, it was
possible to sleep
in the building
until around noon
in the Nevada
desert, and a 10
watt solar panel
connected to an
improvised
swamp cooler
actually helped
cool the building
significantly,
although not as
much as
evaporative
cooling with a
Spray gun.

Here are the
diagrams of the

full sized
hexayurt and the
gallery of images
of the desert

hexayurt. The
diagrams have
some reversed
text on them due
to an OS bug, but
| should have
fixed ones up
later today.

Finaly, heresa
blog thread to
discussthe
hexayurt - just
leave your
feedback as
comments, by
clicking that link,
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or.

Thank you for
your interest!

Sep 15 2003
Large Hexayurt
Diagrams - thisis
the full scale
hexayurt - 12
sheets of 4x8
sheet per unit, 8'
roof, 166 square
feet of floor
space, more
details later.

Sep 15 2003
Hexayurt
Diagrams now
online. | need to
prepare some
more images to
help with the
whole silver foil
skin, but these
giveall of the
necessary info on
the basic
structure.

A bug in the beta
of Panther which
| am running has
caused some of
the text to come
outin
mirror-writing.
I'll repost these
Images once that
bug isfixed. It's
an operating
system problem,
not a SketchUp
problem -
Mail.app does it
too!

Sep 9 2003
I'll be posting
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cutting and
construction
diagrams shortly,
but in the mean
time hereisthe

Gallery of
Hexayurt |mages
which givea
fairly good idea
of how the
structure works,
These are only
the take-down
images, as my
camerawith al of
the pictures of the
hexayurt being
assembled was
destroyed.

The Hexayurt isa
prototype for a
family of refugee
shelters. At the
moment, most
refugees wind up
in poly tarp
structures held up
by PV C pipe.
These structures
rot rapidly, offer
little protection
from the
elements, and in
the long run feel
like tents.

Tents are fun for
awhile, but few
people would
chooseto livein
onefor yearsat a
time.

The Hexayurt isa
first draft of a
different kind of
super-low-cost
housing. This
prototype is made
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from cardboard,
but the design
holds good for
any 4' x 8' sheet
goods, allowing
different
materials like
plywood or
styrofoam to be
used in different
climates.

The exterior is
made from a
reflective
insulating
material, which
lends both
insulation and
waterproofing.
Separating the
structural and
waterproofing
elements means a
much wider range
of structural
materials can be
used.

Findly, the
Hexayurt is made
to be portable on
acar, truck,
donkey, or at
worst, on the back
of humans. A
single adult can
carry the hut in
this picture
without undue
difficulty, and
two adults could
carry ahut for
many milesin a
singleday if the
need arose.

This prototype
was made with
materials given to
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me by three
companies. Pactiv
Corporation
donated their
Hexacomb board
material, which
forms the sides
and roof of the
hexayurt,
[nnovative
Enerqgy donated
Heatshield, the
reflective
insulation which
surronds the
structure, and 3M
donated the fibre
tape which holds
the structure
together.

SketchUp very
generously
provided me with
acopy of their
amazing 3D
sketching
program. | had
used the
time-limited
demo to make the
diagrams which
helped me explain
the project to the
people who gave
me the materials,
and all of the
construction
diagrams you can
see on the site
were made with
this amazing tool.

I'd like to thank
al four
companies. | was
completely
amazed and
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gratified by their
generosity and
genuine interest
in this project,
and | hope that
their time and
money will turn
out to bea
worthwhile
investment.
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Geodesic Clubhouse

Geodesic domes are made of interlocking geometric shapes--often triangles. Because loads are
spread over many triangles, these domes are especialy strong. Often made of aluminum bars and
plexiglass, they’re also light compared to ordinary domes.

Geodesic domes were popularized by an American inventor named Buckminster Fuller
(1895-1983). Look for the distinctive Bucky-ball shape in museums, greenhouses, alternative

of 766 triangles.

For a printable version of this project, click here.

Dome Talk

This project is quickly proving to be our most popular! We often get comments about how much fun families have had
building and playing in their own geodesic dome. We think this is wonderful and encourage anyone doing this project to take
photos and write us about your dome experience. Y ou can send them to us via email at web@yesmag.ca.

Here are the stories we have received so far...
Moville Cub Scouts Pack 259

Fam van Dinther

Académie de |la Capitale

Daisy Girl Scout Troop #316

Karen Pierce

Michael Kiesel

G. Ray Bodley High School

Fairland Elementary School Grade 5 Class

8th Brockville Scout Troop

St. Edwards School Grade 7 Class

John Bastian€lli’ s Cardboard Dome

Kris Fontes Grade 7 Art Class

Riverview Elementary School

AJCC Day Camp

The Montgomery Family

Cub Pack 411, Ethridge, Tennessee

The Terry Family

College Park Elementary Grade 2 Class (Fall 2000)
College Park Elementary Grade 2 Class (Fall 1998)
Onoway High School Grade 7 Class

Mr. Lisowyk’s Grade 6 Class

Y oung Scientist’s Club in Winnipeg

Leigh, Sue, Nick, Andrew, Greg, and Matthew from Halifax
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Materials

" newspaper

" doweling or broom handle
" tape

" marker pen

" stapler (and staples)

" measuring tape

Like areal engineer, you will probably need to rely on teamwork to get this project finished. Why? Because the dome tends
to flop over unlessit's supported, and stapling is a bit tricky unless you get help holding all the newspaper tubes together.
Using a piece of doweling makes stronger tubes that are harder to staple. Using a broom handle makes slightly weaker

tubesthat are easier to staple.

| nstructions

L A

1. Open up a sheet of newspaper. Roll the newspaper around the doweling diagonally from one corner to the other.

2. Cut a piece of tape and stick it to something (preferably not your head) for a minute. Hold the newspaper tube in one hand
and gently pull out the dowel with your other hand. If you rolled the newspaper really tightly, you may need to wiggle and
twist the dowel a bit. Use the piece of tape to keep the newspaper tube together.

3. Cut the tube to length. [Note: The ends of the tube are not very stiff. To make a stronger tube, make the tube the correct
length by cutting some off both ends.] Y ou need atotal of 35 newspaper tubes measuring 71 cm and 30 tubes measuring 66
cm. So get busy rolling, measuring, and cutting. Keep the two lengths separated.

4. Use the marker pen to put a mark on the longer newspaper tubes. Now you'll be able to tell the two lengths apart easily.
From now on, we will call the marked tubes As, the unmarked tubes Bs.

Mote: Black fubes
are the A fubas

5. Arrange 10 Asin acircle.
6. Overlap the ends of two tubes by 2 cm and staple together. Repeat this to form the base of the dome.
7. Lay dternating pairs of As and Bs radiating out from the central circle.
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8. Pick up two of the As and form atriangle with them and one of the As from the circle. Staple the joints firmly.

9. Do the same thing with the rest of the tube pairs. Y ou should end up with a circle of triangles poking into the air. Tall
triangles should alternate with short triangles.

10. Connect the triangles by stapling arow of Bs across the top.

11. Every point where four Bs come together, staple on another B pointing straight up.

12. Brace the Bs by using two As, one attached to each adjacent joint.
13. Connect the tubes by stapling arow of As across the top.
14. Finish the dome by adding the last five Bs. These tubes come from the five joints and meet in the middle.

Home | HTML Home | Ask Jude | Projects | Reviews | ROVs | Beyond YES Mag Copyright © 2004 Peter Piper

Subscriber Services | Contact Us | About Us | Privacy Policy Publishing Inc.
Last updated April 2, 2004.
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Welcome to Zome

'7 FAQ site search _ click!

& '
Begin your adventure now! emsmmm:

See Zome on Video! Win a FREE Explorer Kit!
That'sright. We are giving away a
free Zome Explorer Kit, a $69.95
value! Click on Enter to register to
win. Congrats to past winners,
Lindy L. of Nevada and Beverly S.

of Minnesotal

regquest a
CHLHICEH

edycater?

Zome educational construction toys -
experiment like never before! Architects,
artists, engineers, NASA scientists and
educators recognize the power of Zome,
using it as ateaching, aswell as aresearch
and modeling tool. But kids are the real
Zome wizards, creating fantastic everyday,
fun objects such as airplanes, bridges, animals and academic objects
like polygons, crystals, and school science projects as vast and
brilliant as the mind itself. In the classroom and homeschool, Zome
teaches algebra, scale, number sense, symmetry, proportion, geometry,
DNA structure, trigonometry, and lots more. For ages 6 to 106.

[ Shop Now | Educators | Fans | News | About | Retailers | Support | Multimedia ]
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Pure Discuvtry, Pure Fun!

GEYT ZOME NeWw!

T
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AWARD '+
WINNING %,
- -,

- % Oppenheim Toy Portfolio e
. Gold Seal Award 2000 =~

a * Wired Magazine
",  * Parents Choice
- Gold Award

We havejust received more Toy
Awards.
Please view Hot off the Press:. Zome,

the PR section of our web site
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ﬁg‘l\\i bundles

Teacher's
Bundle

“—— Kidslove
learning math
through play. A
full range of
lesson plans
help you to
design high
impact lessons
for the
elementary~high
school level.
968 Pieces
$149.95 GO ->

ScienceZone
Series Bundle
‘ :5 3 cool kitsin
= ONe: Crazy
S bubbles, DNA,
and Bucky
Ball.
$37.85 GO ->

]
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Welcome to Zome

Zomeis based on the 31-zone structural system, discovered by Steve Baer, Adventurer
Zomeworks Corporation, Albuguerque, NM, USA Kit
Copyright © 2001, 2002 Zometool, Inc. Made in the USA. Build domes,
No images or text may be used without written consent, crystals,
exemptions available for not-for-profit organizations, flowers,
please see our copyright page for details. bridges, DNA
- anything you
can imagine!
242 Pieces
$34.95 GO ->

GEY ZOME NOW!
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Detail Plans for a Geodesic Dome Observatory

Detail Plans for a Geodesic Dome Observatory

All rights reserved, Joe Garlitz 1997, jgarlitz@orednet.org

=

o

FIGURE 1 "wire_g.jpg"

INTRODUCTION

The "geodesic dome" design has been patented by the late Buckminster Fuller. No use of this design for monetary gain is of course
allowed. | make no claims on the geodesic design. However, the geometry of this dome and al cutting patterns presented here were
calculated by myself from basic geometric principles using DesignCad-3D (TM) and TurboCad-2D (TM).

DESIGN

The domeis straight forward to construct but it takes alot of attention to detail. The design is based on a geodesic composed of
pentagons and hexagons. At the top of the dome is a pentagon. 5 hexagons surround this pentagon. 5 pentagons are then arranged
around the perimeter in the niches formed by the hexagons. A second row of 5 hexagons is placed between the pentagons. Finally 5
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half-hexagons are placed beneath each of the pentagons. Studying the figures should make this clear.

FIGURE 2 "domfrm_g.jpg"

The entire dome is made of just two shapes; the triangle that forms the pentagons,
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FIGURE 3 "pent_tri.gif" ===

and the triangle that forms the hexagons. ===

FIGURE 3 "hex_tri.gif" ===

Note that the sides of the pentagons and hexagons are equal. In the dome shown here, the polygon side dimension is 2 feet. This
provides a dome diameter of 9 feet 4 inches. Thisfits well with the size of my 64 inch focal length newtonian and worked out well
with the size of the construction materials, i.e.. 4'x 8' sheets.
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This design can be scaled to any size dome. All angles are as shown here. All linear dimensions are scaled by what ever factor you
choose.

CONSTRUCTION

Cutting

Thetriangles are cut from 3" thick bead-board. The foam board cuts easily with a hot wire. Y ou can rig-up a"saw" using the wire
from an old electric heater element or using iron wire like bailing wire or re-bar tie wire. The wire is heated using an electric current.
A rheostat connected to the wire, powered by a car battery is probably the safest approach. An adjustable transformer can also be used
with relative safety for voltages below 20 volts.

**CAUTION**

House current can be used

BUT NOT DIRECTLY!

**CAUTION**
IF YOU DO NOT UNDERSTAND COMPLETELY HOW TO DO THIS SAFELY, DON'T!

**CAUTION**

Set up a cutting table large enough hold a 4x8 sheet and to make afull 4' cut. See figure 8 for a diagram of a cutting table. This setup
allows along straight and perpendicular cut.

Tension wirs :.-"‘

FIGURE 8 "cut_tabl.gif" ===
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The dome requires 30 pentagon triangles and 75 hexagon triangles. These are cut from seven 4'x 8' sheets of foam. Figures 9, 10 and
11 show the layout for cutting the sheets. Thislayout provides 29 pentagon triangles and 72 hexagon triangles. The remaining 3

hexagon triangles and the pentagon triangle can be made be cementing scraps together. The scrap triangles should be placed in the
areathat the will be cut out for the dlit.

FIGURE 9 "p_h-cut.gif" ===
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FIGURE 10 "p_h-cut2.gif" ===

2125 54—
21—a1 54

Hexagon Triangles - 14 per 4% &8' sheet

==y lmarf

Tru= DOlm=n=lon

Fm—— 21— 41782
Actual Cut Dimension

For 18"

— 225 B

Cut four sheets i
FIGURE 11 "hex_cut.gif" ===

In laying out the triangle cutting pattern, allowance must be made for the width of the cutting wire. Two dimensions are shown for the
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height of the trianglesin the cutting patterns. The smaller dimension is the actual triangle dimension. The larger dimension isto allow
for the cutting width. Figure 12 shows a close up of how to offset the triangles to allow for the cutting kerf.

FIGURE 12 "kerf.gif" ===

Since there is no room to separate the triangle bases, the triangle corners will be snubbed off. Thisis not a problem, since most of this
defect will be removed when tapering the triangle sides.

Triangle shaping
Thetriangles are three dimensional, thus the edges must be tapered to fit into the dome. The triangles are equilateral. The equal sides

form the "spokes" of the polygons; the base of the triangles form the polygon sides. Templates for tapering the triangles are shown in
the following figures. It isimportant not to confuse the sides and bases.
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FIGURE 4 "p_b-tmpl.gif" ===

Pentagon-triangle base taper template.

FIGURE 5 "p_s-tmpl gif" ===
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Pentagon-triangle side taper template; taper both sides.

FIGURE 6 "h_b-tmpl.gif" ===

Hexagon-triangle base taper template.
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FIGURE 7 "h_s-tmpl gif" ===

Hexagon-triangle side taper template; taper both sides.

Setup the cutting table for cutting the tapers. Figure 9 shows a setup to cut the taper on the triangle sides.

Ilze templates to set cutting angle

[mzide af triangle

; Outzide aof triangle

Set-up for cutting taper on triangle sides
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FIGURE 13 "cut_tapr.gif" ===

Note, that there is a narrow edge left uncut by this setup. Thisis necessary to allow a uniform cut along the entire side of the triangle.
The guide edge must be long enough to guide the triangle through the entire cut.

Cutting the taper is the most likely areato mess up.
« 1) Separate the hexagon triangles from the pentagon triangles.
« 2) Boldly mark one face of each triangle asthe inside.
« 3) Mark the base of each triangle.

« 4) Set the cutter using the CORRECT template and cut the base tapers first.
Note; Cut the triangles with the INSIDE face UP.

« 5) Reset the cutter using the correct template and cut the side tapers;
again with the INSIDE face UP.

The taper of the hexagon bases and the pentagon sides are the same. So cut the pentagon bases first, then the hexagon bases.
Then cut the pentagon sides, with this same angle. Finally cut the hexagon sides.

Use a course grit sandpaper on the cut-faces to remove any flashing left by the taper cutting.

Assembly

CAUTION, test all chemicals that you plan to use, on a scrap of foam. Many paints, adhesives, solvents, etc. will vaporize the
foam board. Water based adhesives and paints are generally ok. However, you will not live long enough for water based
adhesive to cure, if you try cementing one piece of foam to another. Carpenters glue is highly recommended for gluing fabric
and wood to the foam.

With the triangles finished, it is time to assembl e the pentagons and hexagons.
| used 3M "77" spray contact cement to glue the triangles together. This cement bonds stronger than the foam board, so you must be
careful to have the pieces properly placed before contact.

Y ou can make atrial fit by taping the triangles together with duct tape. It is easy enough to cement the triangles together. However the
last triangle of each polygon is more difficult. It is nearly impossible to get this last onein place without prematurely touching the
contact cement. Y ou can keep the cemented surfaces separated by putting a piece of paper between the cemented surfaces after the
contact cement has dried. When the triangle is then put in position, the paper is slipped out.

REMEMBER to make 5 half hexagons. It might be best to make these first as a good place to get some practice. Mark the
half-hexagons and set them aside.

Making all the hexagons by joining 2 half-hexagons together is a good way to avoid the problem of having to inserting the last
triangle. (This doesn't work for the pentagons, however.)

With 6 pentagons, 10 hexagons and 5 half-hexagons completed, the dome can be assembled.
An extraset of handsis VERY helpful here.

Mark the hexagons and pentagons made from the scrap triangles, use these where the dome dlit will be cut out.

Since the top of the dome will be cut out, start with a pentagon having scrap triangles. Cement 5 hexagons around this pentagon.
(Note, one of these hexagons will be cut for the dlit so it too should be one with scrap triangles).

Next, cement 5 pentagons in the notches formed by the hexagons, and then 5 hexagons in the notches formed by the pentagons.
Finally place the remaining hexagons around the dome, and cement the 5 half-hexagons in place to complete the dome. Study figure 2
to see how the hexagons and pentagons go together.

At some time it might be easier to do this by turning the whole thing upside-down.

Thisis probably a good place to mention that THE COMPLETED DOME WILL NOT GO THROUGH A SINGLE CAR GARAGE
DOOR.

Be sure you work where you can get the dome outside. | assembled my dome in two pieces; the upper half to the row of 5 pentagons,
and the lower half of the remaining 5 hexagons and half-hexagons. It is best to assembl e the whole dome in one piece, (but only if you
can get it out of the garage).
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With the dome completed you will notice that it does not sit flat on the floor. Y ou must trim the bottom to make it flat. This can be
done with the hot wire, if you are up to making this set up, or you can use a fine toothed saw and trim the bottom.

Reinforcing the Dome

The dome sits on aring made of particle board. Thisring will be the surface for the rollers to run on, allowing the dome to turn. The
ring iscut from a4'x 8 sheet of 3/8" or 1/2" particle board. Figure 14 shows the cutting pattern for the base ring.

{:,I_,'Elll w Cut pattern for dome base

4'x 8§ particle board [3/8™- 1/2"]

laminate 2 layers

A\
L,

T25.7 Dagraes af Arc
FIGURE 14 "base_cut.gif" ===

Cut the ring segments as shown. Then draw acircle just over 57-1/4" in radius on aflat surface. Lay out the segments on the work
surface just inside the drawn circle. It will take 7 and about 1/4 segments to complete alayer. With the segments together, uniformly
inside the circle mark the 8th piece and cut it to fit. Lay the second layer over thefirst, lapping the jointsin the first layer. Again mark
the last segment and cut it to fit. Set the top layer off and spread carpenters glue on the lower ring, replace the upper ring and weight it
down while the glue sets. Check the ring to make sureit is round and within the circle. When the glue is, set the ring can be trimmed
and trued to acircle by using arouter. The router is fastened to swing from the center of the base ring by a strap or wire. Routering
with this setup alows the inside of the base ring to be atrue circle. Thisisimportant so the horizontal guide rollersthat run on the
guide band will not bind. More on this later

When the base ring is ready, place the dome on the ring. Center the dome on the ring and glue the dome to the base ring using
carpenter's glue. (Note: if you haven't trimmed the bottom of dome, do it now so the dome will sit flat on the ring.)

To facilitate centering the dome, you might cut an access hole in the area where you will cut out the dome dlit. The hole should be only
large enough to allow you to get inside the dome.

The base ring must be reinforced to the dome. Thisis done by gluing plywood plates with gussets to the bottom row of triangles and
fastening the gussets to the base ring. Refer to figure 15 for details.
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Foam Triangle

Plywood Plate 1/8" - 3/16"

2ud Quszet

Guide Band

The gussets that fasten to the plywood triangles and the dome ring are cut from 2"x 4"s. The width and angle of the gussets must be
measured and cut to fit. There are several different angles that must be cut. It is best to glue and nail the plates to the gussets. The
plates can then be glued to the dome and the gussets screwed to the base ring.

There is aband of masonite fastened inside the base ring, also shown in figure 15. This band will provide a centering guide for the
dome as it rotates. Severa horizontal rollers placed around the dome will run on the outside of this guide band to keep the dome
centered. It also provides additional support to the base ring and gussets. The guide band is made of 6" wide by 8' long strips cut from
a4'x 8 sheet of 1/8" or 3/16" masonite. Two layers are laminated to form the band. It will take just over 3 and a 1/3 strips for each
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layer of the band. Place 3 strips inside the base ring, then measure and cut the final piece. Cutting it just a fraction too long, will allow
the band to "snap to" and hold itself in place. Cut the second layer of the band in the same way. Glue the two layers together over
lapping the joint of the first layer. Clothes pins can be used to clamp the two band layers together. Proper clamps, though, will be
needed at the butt joints to keep the joints tight and smooth.

The Dome Slit

The dome dlit is easily cut into dome working from the inside. Use a fine toothed hand saw. | cut the dlit 24" wide using the side of the
top pentagon as areference, and cutting down through the top and bottom of the adjoining hexagon sides. Thisis adequate for
telescopes 8" or less. A 30" dlit isrecommended for larger scopes. The dlit is cut past the very top of the dome so the tel escope can
have a clear view of the zenith. (Note, the frame as designed, is wide enough to accommodate the smaller radius at the wider dlit
edges.)

It isimportant that the sides of the dlit are cut parallel to each other and are parallel to the plane passing through the center of the dlit.
Resist the temptation to cut perpendicular to the surface of the dome where you are cutting. To keep the cut straight, fasten atemplate
of stiff paper or card board, the width and length of the dlit, over the areato be cut. Cut along the edge of the template and
perpendicular to its surface.

A rigid frameis constructed to reinforce the slit. The sides of the frame are made by laminating arcs cut from masonite. The arc of the
frameisjust alittle over 90°. Figure 16 shows the cut pattern for the dlit frame sides:

5lit frame cut pattern
4% §' masonite or particle board [1/4 - 3/8]

laminate & pieces per side. use 2 pieces for each of 3 lapers Jlnl,-’ﬁ?l }\ i

=)
,a'\.'m ' I|

53-—73’{32” |
—

Figure 16, Cut pattern for dlit frame sides
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Lay out two arcs end to end, place athird arc on top of these, centered on the joint. Cut afourth arc in half, and place the halves at
each end of the third arc. Finally, place two more arcs on the stack to complete the side. The pieces are glued together. When the glue
is set, make ends for the top and bottom of the slit frame, forming a "box™ of the sides, top and bottom. Y ou will want to smooth and
finish sand the sides before you assembl e the frame "box". This allows the two sides to be shaped together.

| Mm sides =

The frameis placed into the dlit cut-out in the dome. It is glued in place using carpenters wood glue. Adjust the frame, in and out so
you have the inside edge of the cut just covered. This leaves a substantial lip on the outside to protect from rain and snow.

It isagood ideato place areinforcing triangle plate and gusset under the bottom end of the slit box. The 2x4 gusset should extend
between the base ring and the bottom of the dlit frame. If you will use the dlit as an entrance, the bottom of the frame should be wide
enough to extend into the dome and rest fully on the 2x4 gusset under it. (Note, the dlit bottom should not be a step, but in any case
reinforce it because it will get stepped on.)
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The Dome Support Structure

The dome structure is basically completed at this point. The outside surface needs to be finished to protect it from the elements. Before
finishing the dome surface, the support structure should be constructed and prepared to accept the dome. The dome as constructed to
this point will weigh less than 100 Ibs. However, with the stucco finish, it will weigh 300 to 400 Ibs. Obvioudly, it will be much easier
to put the dome on its support before the outside surface is coated.

The under-structure must be designed to accommodate the specific type and size of scope the domeis housing. My newtonian is
mounted on afork close to the floor. The side wall isthus only 18" high to the bottom of the dome, with the bottom of the slit 30"
above the floor. Asaresult, | use the dlit for access.

Aoz through sl I

Figure 17, Access steps

A cassegrain will, of course, require amuch higher side wall. The access will most likely be through a door in the under-structure. The
dome can be supported on acircular structure like | built, or a structure of what ever shape and size suits the needs of the instruments
and the observer. Thisisleft as an exercise for the builder ;-)

The dome is supported on rollers mounted on the under-structure. | used synthetic "rubber" cart wheels available at departments stores
and building supply stores. Wide, small diameter rollers are preferable, but any sturdy wheel with a decent bearing surface will do.
Place at least 5 rollers around the perimeter of the under-structure to support the dome.

Guide rollers are place between the support rollers. These too are cart wheels. Thin, large diameter wheels are best for this purpose.
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Figure 18, Support & Guide Rollers

Dome Surface Finish

To make the Styrofoam surface durable, it must be coated with a weather resistant surface. Also, to keep the elements out of the
structure, adlit door and a perimeter seal must be fashioned. The door can be constructed after the surface is finished, so we will deal
with that later. The perimeter seal must be integrated into the finished surface. Figure 19 shows the detail for the seal.
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Foam Triangle

Flywood Plate

uzzet
::E::.:.: Guide Band
Trirn base of
triangles as
needed
Dome Ring

Rubber or fabric seal

| nder-structure

Figure 19, Perimeter Seal Detail

The seal material can be made from fabric such as canvas, and painted with the dome. However a better material, that will also be used
to seal the door panels, is rubber sheeting used to cover RV roofs. Y ou can probably buy a small piece from atrailer repair shop.

The seal is made of a number of strips, each about 12" long and 4" wide. After the dome has been set in place on itsrollers, the strips
are fastened to the outside edge of the dome ring, overlapping the strips 2"- 3" . Fabric can be glued with carpenter's wood glue.
Rubber can be cemented with the contact cement used to build the dome. Tacking the strips down to the ring with brads helps hold the
strips in place and gives them added strength. The bottom edge of the dome triangles can be trimmed smooth to the seal with very
course sand paper. This gives afinished look to the base and makes it easier to bring the stucco finish to the seal.

With the seal strips in place the dome surface is ready to finish. The surface of the foam is coated with athin layer of concrete
(stucco). Window screen isimbedded for reinforcement. | used fiberglass screen, however, if oneis going to use a CCD camerain an
areawith a significant amount of RFI, aluminum screen would provide a shield. NOTE: [If your observatory is at an exposed site, and
you use auminum screen, it would probably be wise to provide several grounding conductors from the dome reinforcing screening to
aground rod, allowing grounding of a possible lightening strike.]

The concreteis best if mixed from scratch. A very "rich” mix is made using the following:

by volume;
« 2 parts screened sand;
« 1 part portland cement;
o 1/4 part mason'slime.

The sand must be screened. Use window screen to sift out any large granules. It's best to start with "masons® sand. Thisis sand that
has been screened at the sand and gravel plant, but it will still contain alot of "boulders'. Y ou can useriver sand, but it must be
washed and drained first. To wash the sand place it in a bucket with a garden hose turned on full. Stir the sand with the water running
to lift and wash sediment and organics out over the top of the bucket. The sand must be drained or it will be too wet to give a proper
mix.
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Mix together the sand and the lime. Add just enough water to make a damp mix. After the sand and lime are well mixed, add the
cement (no water), and mix thoroughly. The mix will soften as you mix it, so resist the temptation to add water. To test the mix before
adding water, vigorously mix asmall area. If it softens, continue to mix the batch until it all softens. Add water only after mixing very
well and add in small amounts. The mortar isto be like soft butter or cake frosting, not thin or runny.

The lime makes the mix "buttery". It has a better effect if mixed with the sand before adding the cement. There is awide range you

can use to make the mortar and still get agood product. The cement can be asrich as 1:1 with the sand, and as lean as 1:3 and still give
agood sound concrete. If the mortar is not "squishy” soft, add alittle more lime. The best mortar is the mortar that works best, so
experiment.

Pre-mixed concrete can be used; use "mortar mix". This mix needs to be screened too. Y ou will probably find that it needs a bit of
masons lime added, to make the mortar soft enough to apply easily.

CAUTION: Both the lime and the cement are harsh basic (Caustic) materials. | have found that rubber kitchen gloves work well to
protect my hands. The heavy rubber construction gloves are too stiff to allow close work. Kitchen gloves don't last as long but are
much easier to work with and quite inexpensive.

There is one other ingredient that you might want to use in your mortar, a substance that looks and smells like carpenters wood glue,
(Elmer'sglue). It is called concrete bonder. you can use it in your mortar and on the dome. If your mortar is not sticking tightly to the
domewhen it is set, try using this material. Add some to the mix as the directions on the container indicate. Also mix some of the
bonder with water and paint it on the dome. Paint it ahead of your working area, so it will be damp but NOT wet.

Before beginning to lay up the mortar, place severa braces in the dome dlit to keep it from sagging under to weight of the mortar.
When the mortar is set it will be very strong and support the dome, but as you lay it on the foam, the dome dlit will sag if not braced;
(voice of experience).

Cut severa pieces of window screen basically large enough to cover atriangle. Try

“dry fitting" them to the dome. The screen should lap the seams between the triangles. ...............

See how the screen will adjust to the surface. Aluminum screen will stretch more easily L PRSI

than the fiberglass screen, since the strands are not bonded to each other. When you EOEMEDEIE
have a good feel for placing the screen without wrinkles or bubbles you are ready to o S
start laying on the mortar.

Starting at the bottom, work around the dome doing the bottom layer of triangles. | B0

Remember to keep the seams of the screen on the face of the triangles so the triangle | B0

seams are overlapped by the screen. Fit the screen around the bottom edge and onto the el .
perimeter seal. Y ou can cut slits into the screen to get a good fit. Run the mortar onto -1y Foam fiangle
the seal where it fastens to the base ring. Use plenty of mortar, shaping it around the

bottom of the triangles and onto the seal. Top

When laying on thefirst layer, fill inthe voids at the triangle seamsand any holedents | Bgig 0000

etc. Work the mortar on to the dome dlit frame. Run the screen up to the slit frameand | Bl 0000

bend it up aong the frame a1/2 inch or so. Cover the screen at the seam well with | B 00000
mortar, working it into the joint and onto the frame.

Screen gt

Work completely around the dome, one layer at atime, letting the mortar cure between First laver e
layers. Thiswill allow the weight of the mortar to be uniformly loaded ontothedome, | = 7 |-

and also alow the first layers to strengthen the dome as you put more and more weight [ ERICILEURIE
onit.

Once the mortar islaid on, the next trick to getting a sound surface is to cure the concrete slowly. Thisis done by keeping the new
mortar wet. As soon as the mortar skins over you can wet it down with afine mist. Avoid streams that might run down the surface, as
they can cut into the fresh mortar. After 5-6 hours the mortar will be fairly firm and can be watered more heavily. Do not let the
mortar dry out for at least 3-4 days. The longer it is wet, the stronger it will be. Y ou can use plastic sheeting to wrap the dome to hold
the moisture. Filmy painters drop cloth is cheap and works well.

Practice working with the mortar. If things aren't working out, you can strip off the mortar by pulling on the screen. Loose alittle sand
and cement to save your sanity and/or pride. A small pointing trowel works well around the base and along the dlit. A wide
plaster-board taping trowel works well on the open areas. Y ou can try using a cement finish trowel, but | have never gotten the hang of
using one. A wooden float will probably pull the mortar too much, but you might try one. Always keep the trowel at aslight angleto
your work. If you lay it flat, it will stick and pull the mortar off the dome. If you can find a contractor doing stucco work, go and watch
him/her work. It will never be as easy asthey make it ook, but can learn enough by watching to make the job alot easier.

As soon as the last of the dome is covered and the mortar is set, you can paint it. Use white rubberized mobil home roof paint. | tried a
fancy two layers system the first time; black under coat and a white top coat. The two layers didn't bond to each other and the top coat
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filled with "water blisters" as soon as the rains started. | would recommend any decent white rubber roof paint. You can getitin5 gal
pails at your favorite mart-mart store. Make the first coat heavy. | noticed that regardless of the kind of brush | used there was a
myriad of small bubblesthat dried in the paint leaving pin holes. So expect to paint two or three coats. The second and third coats do
not have to be heavy. Paint the entire dome, the dlit frame inside and out, and the perimeter seal. Y ou need to paint the dlit frame with
several heavy coats to prevent moisture from getting into the wood.

Y ou can finish the inside with plaster-board taping plaster if you are up for it. | just painted the inside with aflat black interior latex.
(Getsrea dark inside with it black when compared to the white before being painted.

Slit Door

The dlit door is made of masonite. The curvature of the dome gives enough strength to the masonite that a thickness of 1/4" is
adequate. To set acurve in the door, bent the masonite, sprinkled it lightly with water, then let it dry. The door on my domeis 8'
3-1/2" long. The door was made from an 8' strip, 25" wide. | "stretched" the piece by widening the gap at the hinges and using awide
end piece.

The door foldsin three pieces as shown in the photo. The Pieces are hinged with "piano" hinges. Use wide hinges if you need to
stretch your door length a bit. Paint the door with a good enamel to guarantee a weather tight coating on the masonite. The hinges are
sealed with rubber roofing used on travel trailers. It isawhite rubber sheet and makes a great seal, see figures below.

Dome & Access Door
213 open

Hinge

Silicone caulk

Its a bit tricky getting the stove bolts in place. Place the boltsin Stove bolts
the hinge, then fold it to keep the bolts from falling out. The
rubber strip can then be placed over the bolts. The rubber will hold the bolts while you feed them into the door. Cut the rubber 4to 5
inches longer than the width of the door. The over hang will keep rain from blowing into the hinge. Measure the width and cut the

rubber so it will fit snug but not tight when the hinge is open. Use plenty of silicone caulk between the door and the rubber.

The door isfitted with a garage door seal to provide a sea with the Rubber Hoze
dit frame. | used a"dlick” finished seal, and had areal problem
getting silicone to adhere. It acted like it was bleeding oil into the
silicone. If you can find aflat finish foam-type material, it might
work better. See the figure showing the seal and finish trim. | dlit a
rubber hose and used it to cover the door edges. Thistoo bled into
the silicone and made it difficult to get agood bond. | don't know
what to recommend here. Y ou might have to try a couple of
different materials.

[rog

Garage door zeal

Slit frame
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A couple more details need to be described. The two figures below show how the door opens. Notice that in the 2/3rds open position,
the first door section slides along the face of the third section. A couple of "glides" are fastened to the end of the first section to allow
it to slide without damaging the face of the third section. When full open, the door is supported by a stop to hold the door. Thereisa
hook at the top of the door to catch the end of the first section. Without the hook and the door-stop, the door wants to cascade down
the back of the dome. The stop also holds the door up where it can easily be pulled closed. | made the stop from a scrap of foam board.
It is attached with silicone and has a rubber "shoe" on its face. The hook is cut from an auminum extrusion. Storm doors, shower
doors etc. make a good source fro finding an appropriate extrusion shape. (Y ou can tell | spend alot of time scrounging materialsin
the "dump", eh, recycling center.)

To facilitate closing the door aropeis attached to the third section. Pulling the rope swings the folded door closed where it caught and
lower. It isthen unfolded. The door is held closed by "chest" latches. The latches are attached on the inside of the door at each end of
the hinges and at the extension of the bottom of the door. The latches are attached to catches on the inside of the dome dlit.

Draiar Stap

Door 2/3 open Door full open

Hinges

Pull 2
to cloze
doar

Croar stop

Since the door must be a bit longer than 8 (the length of the masonite board), to "stretch" the door, | used a couple of pieces of
aluminum extrusion to sandwich the door at each end as shown in the figure.
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Alurninnm

extruzions Filler Huioik:

Well that just about sums up the project.

Feel free to e-mail any questions or comments you might have, including proof reading comments.

This material is presented with the same spirit expressed by Mel Bartels, in presenting his Alt-Az dobsonian drive; i.e.. having been
helped aong the way by others, thisis offered freely to those who wish to useit for non-commercial purposes. Maybe it can assist
them in their pursuit of the beauty of the skies. Clear skies and dark backgrounds, Joe Garlitz
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In 1972 | first became interested in geodesic domes. There was
little information available at the time, beyond an article in
Popular Science for pool covers. A group of domebuildersin
California published Domebook 2 in 1972, which | bought right
away (Domebook 1 came out earlier, but must have been rare. |
have never seen acopy.). | studied it tirelessly, trying to get my
mind around figures based not on squares nor even with a gravity
orientation.

That book was jammed with useful data; however, | was alarmed
by the domes they were promoting. Although the geometry was a
challenge for me, | had worked as aroofer during summersin
high school and college, with shingles and flashing and roofing
cement, and knew alot more about roofing than anyonein
Domebook 2 seemed to know. They were building hemispherical
walls, with open seams facing the sky, and trying to seal them
with new plastic products. They were working with inadequate
budgets, and third rate materials, and making skylights out of
vinyl. (It isimportant to understand that though domes can be
made with a small amount of material compared to other
methods, the materials must be of high quality). The only
geodesic domes that had a chance were the offbeat metal and
concrete domes that the writer/builders themselves condemned
for their lack of aesthetic appeal. Aesthetics played a primary role
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in these domes. The builders were obvioudly artists; the book was
atour deforce of creative domebuilding, covering a surprising
amount of ground. Many domebuilders of today were inspired by
this book.

The design they were promoting, with dimension lumber frames
and sheathed with cut out, nailed on plywood triangles, is still the
most popular residential geodesic dome type, made with the
figures printed in that old Popular Science article for the pool
covers. The domes built today for homes are mostly refined
versions of the leaky hemispherical walls of the early days,
utterly dependent on composite shingles to shed water.

In the back of Domebook 2 was alist of Fuller's geodesic patents.

A few yearslater | sent for severa of them, and was thrilled by
the brilliance of the methods described. The ideaslaid down in
the patents were being ignored. The "Self-Strutted Geodesic
Plydome" grabbed me. | had worked with plywood in the
building trades, and had felt the strength potential in thin, bent
plywood, although | had not thought of how to exploit it very
well. The pictures of plydomesin The Dymaxion World of
Buckminster Fuller showed domes made of full sheets of quarter
inch plywood bolted together in an overlapping "shingle" pattern
that got me going on aresearch project that started in 1981, and
continued until recently, when | and my family moved into one.
The overlapping plywood sheets make domes that shed water as
soon as the dome is assembled. The basic building isinherently
watershedding, and no shingles are needed. The tensional
continuity is nearly perfect, unlike the primitive nailing on of
plywood triangles. The shell is so strong that often no frameis
needed; | have found a hex-pent frame to be advisable on my
larger diameter plydomes, fastened on the inside after assembly.
A hex- pent frame has 1/3 as many struts as a triangul ated frame,
and is used to increaserigidity. It is also handy for stapling on
bubbl epack insulation.

| found out that working from a patent can be a risky business-
the plydome patent was a minefield for me. The domes | built
were quite daring. | wanted to know just how strong a dome had
to be to be useful, and wanted to accentuate the tensile qualities,
which are beautifully described in Synergetics 1, in the context of
balloons (Section 760.00). When my largest dome was in a state
of partial collapse from a sudden heavy snow load, and | was
jacking the undamaged section out, | thought of asimple
mathematical formulato link geodesics to pneumatics. Fuller
mentioned the usefulness of 'failure point research’ in getting past
the excessive overbuilding and compressive, crystalline
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structuring that plagues geodesic construction. | ran with that
idea, and deliberately made domes that could possibly collapse.
Then | carefully added supplemental structuring to bring them to
usefulness, when possible. Some of them never got that far.

Almost all of my load testing has been with snowfalls. The 42'
dome weighed about 2 tons and after a 30" snowfall was carrying
10 tons of snow. That was before | installed athin 2v frame
within the 6v dome in the hopesit could bear a5’ load someday.

Insulating in our plydome home followed a similar failure point
pattern, where | am using an experimental approach based on
tight sealing and air chambers within the ideal aerodynamic
shape, with thoughtful use of vents. While experimenting with
domes the most frequent question posed to me was, "how will
you insulate them?' | studied the patents for the Dymaxion
Deployment Unit, the Dymaxion Dwelling Machine, and the
Fly's Eye (Critical Path) to understand the Bucky Fuller
approach. The method | came up with is most like the postwar
Dwelling Machine design (1940's) which used tightly sealed
chambers with arubber curtain hanging inside the airspace.
Metal connectors are minimal, and fastened in wood frames. The
rubber curtains are updated to 5/16 aluminized bubblepack
(Reflectix). Although the bottom part of the house is unfinished-

the insulation shows, and so it lacks the important inside air
chamber in the lower 3/8 of the sphere- but our house is using an
exceptionally small amount of fuel in the winter in Vermont, just
afew gallonsaday. Thisiswith an R value of lessthan 10. In the
summer we have no trees to shade the house, and afull exposure
al year. The metal ventilator works as a parasol to keep sun off
the top of the dome, and a rope operated trap door in the top of
the celling enables air movement in and out of the top of the
dome. This has been perfectly satisfactory for 3 years.

So far our plydome is working well. | am not offering it as akit
or plans, since | am not an engineer and doubt any engineer
would endorse my designs- meaning building codes will find
them unacceptable. Also, the processis familiar to me after years
of practice, but would be adifficult process for the beginner to
attempt.

Steve Miller

Created: February 2, 2001
Last Revised: May 21, 2002
© Steve Miller, 2002
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Geodesic Dome - Welcome to Geodesics Unlimited

ontact Geodesics Unlimited

ii eodesics Unlimited *

Domes Designed and Built §
-

Dome Design Service

Domes For Sale and Rent §

R

What Are Geodesic Domes

il

For Geodesic Domes
of ..f.lrlr H:..ﬁlpff, .'-‘.f'izi',
Mses and mnfzrr'.ﬁ“.

We'll si'lf_’r'fLEH ahd
manufacture
whatever you require
or find Someone
whe can.

http://www.geodesics-unlimited.com/index.htm [9/5/2004 5:55:12 PM]



http://www.geodesics-unlimited.com/geodesic_dome_contact.htm
http://www.geodesics-unlimited.com/geodesic_dome_about.htm
http://www.geodesics-unlimited.com/geodesic_dome_domesdesignandbuilt.htm
http://www.geodesics-unlimited.com/geodesic_dome_domedesignservice.htm
http://www.geodesics-unlimited.com/geodesic_dome_sale_rental.htm
http://www.geodesics-unlimited.com/geodesic_dome_whataregeodesicdomes.htm

Kibkutz kotan Center pox €cotowism and Creative €cology

Geodesic domes at Kibbutz Lotan, Arava Valley, Israel
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Y ou are here > Home > Geodesic Domes at L otan

i _Geodesic Domes at Kibbutz Lotan
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Join our Mail List

Today's Weather
Useful Eco Links

Round About Re-inventions

Q. How many inventors does it take to build a geodesic dome?
A. 3. One to do the math, one to put the pieces together, and one to
realize that it's all been done before...

In various places around L otan guests encounter one of the
strongest, simplest, easy-to-build structures you can find in
nature... Yet, it took the mathematical wizardry and creative
determination of 2 designers -- Walter Bauersfeld in Germany in
1922 and inventor-guru R. Buckminster "Bucky" Fuller in the
United States in the 1950's -- to bring domes back into the world of
modern construction.

L otan domes are an experiment in sustainabl e architecture. Pieces
of irrigation-pipe connect 250 date-palm branches (alocal,
renewable resource) in a pattern of 136 triangles; and a covering of
interwoven creepers and vines protects visitors from the hot, desert
sun.

When Bucky Fuller discovered that he could create a sphere by o
arranging triangles of various sizesin a special pattern, he believed

he had found the answer to the problem of global housing. Dressed
in suit and tie, Bucky attracted a following of hippy youth, science
fanatics, math geniuses, and political planners with the promise of
his GEODESIC DOMES.

Like all spheres, the geodesic sphereis efficient: it encloses more
space per unit of surface areathan any other 3 dimensional shape.
Having less surface area means that spheres -- or parts of spheres,
domes -- require fewer building materials and that they are less
likely to be damaged by high winds, rain, or sand storms. Less
surface area also meansthat there is less wall space through which
heat can escape, so domes tend to stay warmer and waste less
energy than rectangular buildings.

What sets geodesic spheres
apart from other spheresis
their super-strength. Because
they are made up of
triangles, geodesic spheres
are among the strongest,
most stable built structures
that exist. And, unlike
conventional buildings that
grow shakier as they grow
taller, domes get stronger
and more stable as they get bigger!
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Useful Alternative Building links

« To0 o back to the Alternative Building index page '+

o To0 o to the Straw Bale Construction page s

o Toview the 'Tiresn' Trash' page o5
« Read Lotan's latest eco update (July 2002) o

Contact info

Daphna Abell Tel: +972 8 6356935
Program Coordinator Fax: +972 8 6356937
lotan-programs@lotan.ardom.co.il Toll Free: 1800 2000 75

[ EcoKef ] [ Eco Workshops] [ Natural Health ] [Attractions] [ Lodging & Leisure]

Copyright © 2002 [Kibbutz Lotan Center for Ecotourism and Creative Ecology]. All rights reserved.
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Links to geodesic and alternative building

All drawings, photographs, texts and technologies shown on this site are the exclusive property of Guy Massicotte.
Tous les dessins, photographies, textes, et technologies présentés sur ce site sont la propriété exclusive de Guy Massicotte.

© Guy Massicotte, jan. 1997
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Multiplication: An Adventurein Number Sense

New! Natural Math® workshops in the Research Triangle Area, NC
March 7th "Multiplication adventure” report See pictures of fun activities, follow linksto

computer games and more!

Contents:
Why Would | Want to Play with This Stuff?

ﬁél ntroduction: Too Many Facts? The Facts You Do NOT Need to

Memorize

ﬁsM ultiplication Applet (Java)

ﬁﬁCd oringthe Monster Table

ﬁﬁimes Eleven and Arithmetic Progression

ﬁﬁwin Facts and Commutative L aw

ﬁﬁTimes Onefor Free

ﬁéTimesTen for Free

ﬁﬁimes Nine Patterns

ﬁﬁTimes Nine" Tricks"
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NM Multiplication: An Adventure in Number Sense

ﬁﬁTimas Five Pattern

ﬁéTimes Two
ﬁﬁOff Diagonal

ﬁsSummary of Patterns: No Need to Memorize...

ﬁﬁM ore Patternsto Discover!

Printables and Refer ence:

ﬁﬁPrintable Grid

ﬁéFacts You Do NOT Need to Memorize: The Hyperlinked Table

ﬁﬁPrintable Base 10 Multiplication Table (for coloring)

ﬁﬁPrintable Base 10 Multiplication Table (wallet size)

ﬁéBase 16 Multiplication Table

The picture we use as a bullet is an ancient Egyptian symbol for number 1,000,000
(one million)

Why Would | Want to Read This Stuff?
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The main reason why people read these materialsis for fun. However, there are many "applied"
uses for these pages:

« learn why you need to memorize only 13 multiplication facts (or less) in order to know the
wholetable

o learnalot of useful tricks and patterns that will help in fast mental arithmetic and will
develop your number sense

« follow suggested investigations to discover alot of algebraic patterns (it isworth at least as
much as taking the standard pre-algebra and algebra 1 courses)

« find getaways to advanced topics such as matrices or arithmetic progression
Each page in the unit consists of dialogs between a Student and a Mentor, as well asillustrations,

summaries and suggestions for further explorations and activities. Users can skip dialogsiif they
wish, going directly for the summaries and activities.

Dialog Example
Student: There are too many multiplication facts to memorize.

Mentor: If you want to know the multiplication table from 1 to 10, you may want to memorize 13
facts, at most. There are very easy tricks that will let you get the rest of the facts asfast asif you
remembered them.

Student: | think it is better when you are able to figure something out, rather than remembering it.
It takes too much time to memorize things, and then | forget them so easily!

Mentor: Also, you learn alot of useful stuff while you figure facts out.

Summary Example

? To multiply a number by nine, multiply it by ten and subtract the number.
= 8*9=80-8=72

Suggestion Example

as you can. Use graph paper, marbles, numbers, or anything else. How many

ﬂ Find a multiplication fact you like. Try to find as many ways to express this fact
=® = ways have you found? Share them with somebody.

The more types of manipulatives students use, the more knowledge and enjoyment they can get
from the unit. At the very least, students should have some kind of "counters" of several colors
(e.g., marbles, poker chips, several kinds of beans), graph paper, and severa pencils, markers or
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NM Multiplication: An Adventure in Number Sense

crayons. A page of graph paper can be printed out from here.

Pattern considered on these pages are only example. If people have a chance, they discover and
develop their own unique patterns and personal relationships with numbers, facts and concepts.
The more individual patterns each person can find, the better the person will feel about numbers
and math ideas. Therefore, it may be more important for students to find their own patterns than to
learn someone else's tricks and ideas.

Enjoy!

NEXT®

WHOME S=MAIL

© Copyright 1998 by Maria Droujkova and Dmitri Droujkov. All rights reserved. No part of these materials should ever be
used in any situation that involves compul sory teaching. See also copyright notes and student rights.
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George W. Hart

e-mail: geor ge@eor gehart.com _ j
http://www.georgehart.com/ ";Igrl‘f

85 Oak Street s e

Northport, NY
11768 USA

(631) 754-2722

Thisisatop-level table of contentsinto my several hundred web pages.
o Geometric sculpture (I am asculptor. Take alook and enjoy my work.)
0 Color postcards available

0 Limited edition acrylic sculptures

O My latest " sculpture barn raising” (whilel was artist-in-residence at MIT)

0 A 60-piece reconstructable sculpture

e M y Rapl dPr OtOtypi ng nge (collects RP models from several projects of mine.)

e Tripto Taiwan (uly 2004)

o The Zome Geometry book (Also an author, my latest book is now available.)
0 Advanced Zome construction projects

O Additional photos supplementing the book

0 Correctionsto thefirst printing

0 Zome Workshop information

« Encyclopedia of Polyhedra (An enormous continually expanding online reference, including...)

0 Polyhedra and Art through History (Thisisthe topic of the book | am currently writing.)

0 Classroom Project Ideas (Teachers ask me for these.)

0 Annotated Bibliography (Listsjust about everything ever written about polyhedra.)
« Pavilion of Polyhedreality --- fun images and linksto related web sites

« About me:
O Brief biography

My printed publications

H]
o Citations, press clippings about me, etc.
0O My SUNY Stony Brook web pages (I am currently a computer science professor there)
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George W. Hart --- Index
» Food-related topics:

0 My trilobiterecipe (really!) (A popular baking activity.)

0 Thelncompatible Food Triad (An open problem in theoretical epicureanism.)

o Multidimensional Analysis (My first book is about linear algebra and dimensional analysis.)

Check out this nice article about me by Ivars Peterson:
"Polyhedron Man," Science News, 22 Dec. 2001, p. 396.

Aboveisatypical view of my office, athough what hangs there is aways changing.

Here are some places where my sculpture is currently on public display, in case you want to go see
something in person

Northport Public Library, Northport, NY

Long Island Museum of Science and Technology

University of California at Berkeley, CS Dept., Soda Hall, Berkeley CA

Goudreau Museum, New Hyde Park, NY

Princeton University, Mathematics Dept., Fine Hall, Princeton, NJ
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Note: my gallery in New York, (The Vorpal Gallery) just closed. | have not yet looked for another
galery. Soif you are interested in seeing my work, contact me directly.

From October 1-29, 2003, | had a small exhibit on view
at the Northport Library, directly underneath my Bookball.

Hereisalist of some recent and upcoming events where you can meet me and/or see my sculpture.
Check out the photos of events which have posted pictures:

2003:
« Southwest Research Institute, San Antonio, TX, July 15

« Bridges/| SAMA 2003, Granada, Spain, July 23-25 (report/photos)

« MathFest 2003, Boulder, Colorado, August 1

« MathCamp 2003, University of Puget Sound, Tacoma, WA

o Artistin residence, MIT, Cambridge, MA, Oct 29 - Nov. 4. (photos)

« Joint Mathematics Conference, art exhibit, Phoenix, AZ, January 7-10
« University of Houston, Houston, TX, February 25

o G4G6, Atlanta, GA, March 2004

« Moravian College, Bethlehem, PA, April 15-16
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o ISAMA 2004, DePaul University, Chicago, IL, June 15-19

« Bridges 2004, Southwestern College, Winfield, KS, July 30-August 1
o MathCamp 2004, Colby College, Waterville, Maine

o University of Miami in Ohio, Oxford, OH, Oct 1-2

e B

This is me and the snub truncated icosahedron

giving atalk recently at Stony Brook University.
' (photo by Eric Demaine)
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(click image for explanation)

Copyright 1998, 1999, 2000, 2001, 2002, 2003, George W. Hart
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Earthship Biotecture - Putting Housing Back into the Hands of the People

A

ﬁinarthship

WLAY4 BIOTECTURE
v

[Search| (advanced search)

Contact Us! Solar Survival - Home of the Earthship EARTHSHIP STORE
Earthship Biotecture BUILDINGS-FEDUCATION--SYSTEMS

PO Box 1041 * INTERNATIONAL EARTHSHIP SUMMIT *

Taos, NM, USA 87571 BRIGHTON, ENGLAND - OCTOBER 29 - 31, 2004
biotecture@earthship.org

505.751.0462 (tel.)
505.751.1005 (fax)

$14.95

Topics Begin Here

* At a Glance by the
AP

* How to Proceed

* Intro Earthship

Options
* Earthshipsfor Sale

Home

BUILDINGS (6/0)
EDUCATION (14/0)
SYSTEMS (9/0)
BioDiesel (26/0)
TESTIMONIALS (15/0)  The Future of Housing: complete independence. complete comfort. complete civilization.

KNOWLEDGEBASE
Ly * Resume
*Forum Archives * Visit Us
(408/0)
Google Ads
Resources
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To Governor Bill Richardson e O Sweatshirts
O Tools

Admin Results

In Support of Sustainble Lifesetyle, 191 votes | 0 comments

from KTAO Solar Radio
read more (279 words) e
Post acomment [ Views: 57] My

Earthship

O | have an earthship
book/video

\ O My friend has an
Admin earthship book

By MICHAEL REDSTONE for the Missoulian O | am building my

Bitterroot Tour of Green Homes to emphasize energy efficiency

earthship
The Bitterroot Tour of Green Homes will visit five energy-efficient homes £ S O I will buy my
demonstrating alternative building technologies from 1 to 5 p.m. Saturday. earthship

O livein my earthship
The homes visited on the tour will include stress panel construction with agrid tie-in
solar system; two earthship designs with solar power and gray-water recycling systems; Results
and a straw bale home. 290 votes
read more (151 words)
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Fire Safety & BioDiesel Regulations

Admin

| just had atalk with a public information officer from afire department in
Washington who has been assigned to write a press release on biodiesel
homebrewers and on any safety issues that we present to fire fighting

personnel.
read more (643 words)
Post acomment [ Views: 192 ]

BioDiesel Production;: Common Sense

Admin

If one would only study the MSDS which, by law, must
come with every hazardous item sold, accidents would
be greatly reduced and common sense would be the order

of the day, and night.
read more (211 words)
Post acomment [ Views: 130 ]
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International Earthship Summit 2004

Admin

Brighton, England
October 29th-31st

Want to learn more about sustainable housing?
Water harvesting?

Independent, renewable power systems?
Recycled and natural building materials?

read more (267 words)
Post acomment [ Views. 943 ]

U.S. EPA: Scrap Tire Management

Admin

There are at least 300 million scrap tiresin stockpilesin the U.S. In addition,
approximately 281 million scrap tires were generated in 2001.

read more (211 words)
Post acomment [ Views. 220 ]
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Record number of U.S. tires being recycled

Admin

WASHINGTON (Reuters) -- A record 80 percent of old tires were recycled for -
other usesincluding fuel and playground equipment in 2003, accordingtoa &
U.S. industry report released Wednesday .

read more (270 words)
Post acomment [ Views. 184 ]

2nd Annual Lakota Hemp Days

Admin

You're Invited: Alex White Plume, his family, Hemphasis Magazine, the
South Dakota Industrial Hemp Council, and those involved with the Lakota
Hemp Project invite you to attend the 2nd Annual Lakota Hemp Days on
the Pine Ridge Reservation this August 25th through 29th.

read more (1606 words)
Post acomment [ Views: 194 ]

Soy diesal seeks market

Admin

Expensive, clean-burning, it could benefit state's farmers
By SHEILA B. LALWANI O
slalwani @journal sentinel.com .
aledonia - Living on 230 acres of lush green land, A. Royse Myers, awealthy and

retired businessman, could do alot of things with histime.

read more (938 words)
Post acomment [ Views:. 161 ]
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WoodWise

Co-op America’s WoodWise Program

Working te preserve foresis by reducing the demand for
wood products and promoling sustainable allernatives.

—=—— WoodWise Consumer Guide
5 Use our practical tips and resources to help pre-
serve forests invoureveryday life

. The Magazine PAPER Project

et Encourage magazine publishers to make eaviron-
menial commitments

Forest Issues
Learn more about the movement {0 preserve the
world's forests — and how you can be involved

Take Action: Ask Condé Students: Click here for
MasL uo print its magazines Carmpus PAPER Projec
Of1 recycled paper infarmation



http://www.woodwise.org/guide/guidehome.html
http://www.woodwise.org/paperproject/intro.html
http://www.woodwise.org/forestissues/intro.html
http://www.woodwise.org/takeaction/default.cfm
http://www.woodwise.org/paperproject/c.html
http://www.woodwise.org/contact.html
https://www.coopamerica.org/join/individual.cfm?source=WWWIF1&step=form
http://www.woodwise.org/about.html

WoodWise - Co-op America's WoodWise Program

Site maintained by Co—op Americ s, All content Copyright 5} Co-op American 2002
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Sierra Solar
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FirstWorld Communications, Inc.®

Thank you for ordering
FirstWorld shared web hosting service.
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bradleygreen.com Invitational HOME

Invitational Home Page and Outpost,- Placards, Portals and Projects. My Internet point-of-contact. File your
contact info with me. Applescript Database. Linksgate Portal System- Contribute URLS, Pool shared links.
Anon Salon, Burning Man,

bradleygreen.com

Your Name (real or ficticious, please) Your E-Mail Address (please)

Zodiac Sign? Location

Monitor Size- Write a note: (optional)
Pam Top ® Kiosk @
Smal ® 14" @
150 17" ®
Large @

Enter bradleygreen.com

http://www.bradleygreen.com/ [9/5/2004 5:55:59 PM]
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ENTER WORDS OR ITEM & SHOP BY SPECIALS
USE YOUR CATALOG S
W SHOP BY CATEGORY TO EXPRESS SHOP

F Adult and Kid Toys

» Arts and Crafts Welcome to our ever-changing pile of incredible stuff at
¥ Batteries and Power unbelievable prices!
P Communications and
Electronics
b Containers Items Just off the Truck New Items Added Every Week

F Drives and Wheels
P Electrical Parts

b Hardware

F House and Garden
P Kits and Modeals

F Lab Supplies and
Equipment

P Lamps, Sockets and Wiring
F Materials and Magnels

BIG Pencil Box * @

It looks like a super-sized pencil box, and it's
long enough to easily hold a 12" ruler and aslew
of desk supplies, but the 13-1/4" x 5" x 2-1/2"
plastic Spacemaker box is multi-talented. The
textured, transparent red lid snaps shut over a
translucent white bottom, and hides clutter in a

b Militaria car trunk, workshop, craft or sewing room, or

» Motors, Blowers and Pumps even akitchen drawer. Stackable!

» Office Supplies e

b Optics click for photo

b Out and About 31856 SPACEMAKER BOX $1.95/ Buy NMe
} School ltems EACH

F Swilches

F Tools

F Hobol Parts
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Back To Basics* @

It could have been called an Alabama Buzzer after Alabama
Vest, the man who invented it. Or a Clegghorn, after
Thaddeus Von Clegg, the clock master who fabricated the
first one. But the hand-crafted 4-3/4" long steel instrument
was a simple amusement, and the 1840s were a simple time.
So it's simply a kazoo.
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92395 KAZOO $2.50 / EACH Euy Me

Fine Writing :

Our each isapack of (3) Z-Line" mechanical pencilsin
assorted barrel colors -- probably one each in red, green
and blue. A cap with a pocket clip hides an eraser. They
come, and can be refilled, with 0.5 mm lead. And they're
cheap enough that you need several for home, and several
more for the office.
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35272 0.5MM PENCILS$0.95/ EACH Buy We

Cast Carvings! * ?

Y ou've found away to save money, you crafty little
artist! Now you can enhance your projects with
these incredibly priced, three-dimensional,
flat-backed Fairies of the Garden from Accent
Design's' Home Collection. The delicate polyresin
"carvings' just need your finishing touches -- that
would be glue, and paint, and imagination. So far,
we've seen Hyacinth, Poppy, Daffodil, Rose and
Daisy in both 2-1/4" and 3", but there may be
others. Package of (6), with at least (2) different.

® click for photo

35330 RESIN FAIRIES $2.95 / PKG(6) Euy Me

FAQ : Shipping Info : Contact Us : Printed Catalog : Retail Stores
Our Manifesto : Links: Link to Us: Privacy Statement :
| abwarehouse.com

© American Science & Surplus
1-847-647-0011
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Edmund Scientific's ScientificsOnline

| Can't find your favorite Science website? |

Night Owl night vision goggles, spotting scopes, rangefinders, microscopes, digital
microscopes, prepared microscope slides, magnifiers, weather instruments,
magnets, scales, robotics, air toys, radiometers, laser pointers, dissecting kits,
labware, solar cells, celestial guides, globes, fossils, rock tumblers, metal
detectors, unique lighting devices, chemistry sets, science fair components, and
hundreds of odd and unusual science toys.

Edmund Scientifics (the inventor of the famous Astroscan telescope) is a

leading supplier of science products including Celestron telescopes and binoculars,
For Science and Engineering Enthusiasts

Please visit our website at http://www.scientificsonline.com.
Please bookmark our new web address for future reference.

Edmund Industrial Optics is known worldwide for optical expertise in the
manufacturing and integration of optical components. Our product line includes
lenses, prisms and filters, which are ideal for industry, research and prototyping.
We have extensive selections of imaging lenses, cameras, illumination, and
lasers. Our commitment to OEM is backed by testing equipment, manufacturing

I d d facilities, special discounts and just-in-time shipping.
m u n Our website can now be found at http://www.edmundoptics.com. Please

industrialOprics™ bookmark our new web address for future reference.

Science Kit & Boreal Laboratories is a leading provider of science education

- -g®
SCIence Klt products to K-12 teachers, home-schoolers, and science hobbyists throughout the

United States. Our science education product lines cover a wide range of
Boreali disciplines including Biology, Chemistry, Earth Science, Elementary, Forensics,
Physics and Scientific Inquiry. We carry a diverse selection of Scholar Chemicals

.
La boraiones and General Laboratory Supplies. We also offer our own Boreal Microscope and
Teacher Developed, Classroom Tested product lines.
Please visit our website at http://www.sciencekit.com.
Please bookmark our new web address for future reference.

Anchor Optical Surplus offers only experimental grade lenses. These lenses are
seconds and overstocks and because of their low price and limited quantities they
are not supported with any technical data. Only limited supplies are available.

Our website can now be found at http://www.anchoroptical.com. Please

ANCHOR bookmark our new web address for future reference.

optical surplus
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Geodesic Dome

GEODESIC DOMES

HISTORY

The first contemporary geodesic dome on record is Walter
Bauersfeld's, who realized the utility of projecting the

constellations on the inner surface of an icosasphere,
Omnimax-style, thereby creating a breakthrough planetarium
in Jena, Germany, in 1922.

Fuller derived his geodesic dome from general principles
independently of Bauresfeld, just as he derived the octet
truss without knowing of Alexander Graham Bell's
implementation of this same naturally occuring phenomenon.

50 foot dome by Cascade Domes and Shelters

Fuller's geodesic spheres and domes emerged synergetically from his philosophical " explorations in the geometry of
thinking". In this self-discipline, the variably frequenced icosasphere links up with the jitterbug and sphere packing
concepts (see dome geometry).

The spherical high frequency icosahedron aso suggests a grid of triangles which may be used to

transfer global datafrom a sphere to an unfoldable icosahedron (another concept that would have

excited Bauersfeld). The geodesic dome and the Fuller Projection both derive from the same general BuclaWorks
A% _' ’ .

principles.

For further reading

o For more on Fuller's domes, see J. Baldwin's excellent page on domes at the WNET Bucky
web site. And read his book, Bucky Works.

¢ Kiyoshi Kuromiyare EPCOT
e James Fischer re EPCOT
o Picture of the South Pole dome (slated for replacement by the NSF)

FUTURE?
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Geodesic Dome

[im]

Fuller aniticipated that domes, along other aternative dwelling designs, would likely become artifacts within anew World
Livingry Service Industry. Economies of scale would give people affordable housing options, along with waysto
seamlessly connect with multimedia-based work-study telecommunication systems. The new dwelling machines would
deploy alongside more traditional neighborhood structures and different cultures would customize them to integrate with

local designs and routines.

Some models would feature a very high degree of energy autonomy, and their deployment in remote areas would be
without lasting disruption of the ecosystem -- a supporting tripod would make it unecessary to pour concrete, and
helicopter delivery and pickup would keep construction crews and equipment from despoiling the landscape.

For further reading

Pillow Dome and other Dwelling M achine Prototypes

Brainstorming on BuckyWorks

The Project Renaissance model for prototyping in the public sector

Synergetics, Inc.: acase study in the history of geodesic dome design

Air deliverable clinics and disease management units (DMUS) -- under devel opment

Domes | History | Geometry | Providers | Prototypes

Synergetics on the Web
maintained by Kirby Urner
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DOME GEOM

GEODESIC DOMES

THE GEOMETRY

DOMES ARE PARTS OF SPHERES

Geodesic domes are fractional parts of complete
geodesic spheres. Actual structures range from less
than 5% to 100% (afull sphere). The Spaceship

Earth Pavilion constructed by Tishman Construction

for AT&T at Disney's Epcot is the best-known
example of afull sphere.

DOMES HAVE VARIOUS FREQUENCIES

Geodesic spheres and domes
come in various frequencies.
The frequency of adome
relates to the number of
smaller triangles into which
it issubdivided. A high
frequency dome has more
triangular componentsand is
more smoothly curved and
sphere-like. If your web
browser is Java-enabled, you
can interact with the exhibit
on Frequency at right.
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DOMES RELATE TO SPHERE PACKING
Fuller realized that spheres packed
around a nuclear sphere in successive
layers give a cuboctahedral shape, which
may be distorted into an icosahedron or
octahedron viawhat he called the
[itterbug transformation.
5-frequency

animated GIF by Richard Hawkins

The network of rods between adjacent
spheresin ahollow icosahedral packing
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DOME GEOM

gives the framework for the classic

geodesic sphere. Geodesic domes may

also be based on other polyhedra, such as
the octahedron and tetrahedron.

9-frequency

DOMES COME IN CLASSES

Class|

For further reading

o Brainstorming on BuckyWorks

« ReEpcot "geosphere” [1][2][3][4]

The classic geodesic
sphere is composed of
20 curved triangles,
each of which
corresponds to one facet
of the icosahedron, a
20-faceted polyhedron.
Each of the 20 trianglesis curved becauseit is
subdivided into smaller triangles, the corners of
which are al pushed out to a constant distance from
the sphere's center. The pattern used for this
subdividing into smaller trianglesis used to classify
domesinto classes|, Il and I11.

« The Project Renaissance model for prototyping in the public sector

Domes | History | Geometry | Providers | Prototypes
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Synergetics on the Web
maintained by Kirby Urner
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The R. Buckminster Fuller FAQ: Introduction

Next Previous Contents

1. Introduction

Buckminster Fuller (1895-1983) is the renowned inventor of the geodesic dome, the world game,
and a new system of mathematics called synergetics. He was a polymath whose writings and
lectures touched upon every aspect of the human condition. He wasa " new-former" pointing out,
exploring and prototyping designs in numerous, previously uncharted areas of science and
humanity. His greatest writings were Critical Path, Synergetics (2 volumes), and posthumously
Cosmography. Since his physical death a class of recently discovered allotropes of carbon, the
fullerenes, have been named in his honor.

A note on the compilation of this material. | tried to preserve as much about the original authors as
possible. Some citations are in brackets before the text, othersfollow it. Most material is directly
taken from the mailing lists and newsgroups (with minor editing to correct typos, abit of
streamlining, etc,.).

BEWARE OF OUTDATED INFORMATION.

Please follow-up with discussion and questions to bit.listserv.geodesic or to one of the mailing lists
such the one described in section List Geodesic or in the section on Related Mailing Lists.

Next Previous Contents
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The R. Buckminster Fuller FAQ: Synergetics
Next Previous Contents

2. Synergetics

In its broadest sense synergeticsis Fuller's hypothesized coordinate system of Universe --- both in its physical
and metaphysical aspects. Fuller's system of epistemography and mathematical-physics attempts to disclose how
Nature actually operates --- her ~"operational mathematics." Fuller claimed that synergetics could be understood
by children (though they probably couldn't comprehend his books on the subject). He published this material in
his essay ~"Omni-directional Halo" (in No More Secondhand God), Synergetics. Explorations in the Geometry of
Thinking, Synergetics 2: Further Explorations in the Geometry of Thinking, and Cosmography. Cosmography is
probably the easiest to read for people unfamiliar with Fuller's prose style. An “interleaved" version of
Synergetics and Synergetics 2 is available on the Web at

http://www.rwgrayproj ects.com/synergetics/synergetics.html.

From my own study of synergetics, I'm convinced that Bucky did in fact identify the coordinate system used by
Nature. But | would add the caveat that he didn't get too far along in developing it. Fuller points to what the
coordinate system isin broad strokes. He gives many penetrating insights and new discoveries, but the
synergetics coordinate system needs alot more development (and integration) before it will be possible to use it
as the operative model in all of Science.

Tip to students of synergetics: Build models.
The essay Reading Synergetics. Some Tips offers useful help for anyone struggling to read Synergetics.

[ From Ki rby Urner]
Synergetics: A metaphoric language for communicating experiences using geometric concepts.

Thinking is the tuning infout of systems. Systems are spherical networks of interrelated points of interest. The
density of pointsisameasure of asystem's frequency” -- super high frequency systems approach sphericity.

The minimal system with the fewest possible pointsis atetrahedron -- four points make a primitive volume with
an inside and an outside. The canonical tetrahedron has a volume of one.

The tetrahedron may be sliced into 24 irregular tetrahedra (12 left handed, 12 right handed) called ~"A modules.”
The octahedron is comprised of 48 A and 48 B modules of equal volume = 4 x the volume of the tetrahedron. A
and B modules may be used to assembl e the cube (3 tetravolumes), rhombic dodecahedron (6 tetravolumes), and
the Coupler (1 tetravolume). The Coupler, with the same volume as the tetrahedron (1), is an irregular octahedron
that packs together to fill space without gaps.

Radiation is explosive outwardly while Gravitation is an implosive squeezing at 90 degrees to Radiation, i.e. is
circumferential. Metaphysically, Gravity networks points of interest into systems of interrelated thoughts while
Radiation drains away the sense of our systems and turns them into meaningless noise. Radiation is compression,
Gravity istension. Radiation is Entropy. Gravity is Love. Clearly thisis not Physics but a more metaphorical
language for communi cating experiences using geometric concepts. Thisis Synergetics.

[ Ed: | think Fuller's synergetics describes real physics. Though it istrue as Kirby points out that Bucky's
presentation is more ~descriptive” than ““hard" physics. | contend that because Fuller is “right on" in his
description, it isup to usto find the “hard" physicsinterpretation behind his * metaphors."]

[ Typed in by Kurt Przybilla]
[ From Synergetics [900. 20-900. 33] ]

900.20 Synergetics
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The R. Buckminster Fuller FAQ: Synergetics

900.21 Synergeticsis abook about models: humanly conceptual models; lucidly conceptual models; primitively
simple models; rationally intertransforming models; and the primitively simple numbers uniquely and holistically
identifying those models and their intertransformative, generalized and special case, number-val ue accountings.

900.30 Model vs. Form
900.31 Model is generalization; form is special case.

900.32 The brain in its coordination of the sensing of each special case experience apprehends forms. Forms are
special case. Models are generalizations of interrelationships. Models are inherently systemic. Forms are special
case systems. Mind can conceptualize models. Brains can apprehend forms.

900.33 Forms have size. Models are sizeless, representing conceptuality independent of size.
- Bucky, Synergetics 2

Bucky went far in describing experience in terms of the experientially derived model, discovering along the way
the synergetically surprising benefits to build structures based upon the special case structures designed using the
generalized principles understood using this evermore useful mentality.

[ From Synergetics [200.001-201.03]]

200.001 Definition: Synergetics

200.01 Synergetics promulgates a system of mensuration employing 60-degree vectorial coordination
comprehensive to both physics and chemistry, and to both arithmetic and geometry, in rational whole numbers.

200.02 Synergetics originates in the assumption that dimension must be physical; that conceptuality is
metaphysical and independent of size; and that atriangle is atriangle independent of size.

200.03 Since physical Universe is entirely energetic, all dimension must be energetic. Synergeticsis energetic
geometry since it identifies energy with number. Energetic geometry employs 60-degree coordination because
that is nature's way to closest-pack spheres.

200.04 Synergetics provides geometrical conceptuality in respect to energy quanta. In synergetics, the energy as
mass is constant, and nonlimit frequency is variable.

200.05 Vectors and tensors constitute all elementary definition.
201.00 Experientially Founded Mathematics

201.01 The mathematics involved in synergetics consists of topology combined with vectorial geometry.
Synergetics derives from experientially invoked mathematics. Experientially invoked mathematics shows how
we may measure and coordinate omnirationally, energetically, arithmetically, geometrically, chemically,
volumetrically, crystallographically, vectorially, topologically, and energy-quantum-wise in terms of the
tetrahedron.

201.02 Since the measurement of light's relative swiftness, which is far from instantaneous, the classical concepts
of instant Universe and the mathematicians instant lines have become both inadequate and invalid for inclusion
in synergetics.

201.03 Synergetics makes possible rational, whole-number, low-integer quantation of all the important
geometries of experience because the tetrahedron, the octahedron, the rhombic dodecahedron, the cube, and the
vector equilibrium embrace and comprise all the lattices of al the atoms.

-Bucky, Synergetics

The isotropic vector matrix provides amodel for thinking - for thought - a model more flexible than the
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squarebox X-Y-Z cubist mindframe, a clearly defined mathematical and physical model, an organic matrix based
on the closest packing of spheres, bubbles, atoms. A model which attempts to explain everything, much more that
any lingually linear metaphor can ever manage.

It provides a structure in which to think about any structure or system. Whether you want to discuss why people
first built dome shaped huts, why St. Peter's cathedral was the largest space man had domed until Bucky came
along, why planets and stars are spherical, the structure of the atom, the structure of complex carbon molecules
scientists worldwide are building, or dome homes we wish to build.

| dream of building many. The nicest is portable, made of the highest quality, light weight alloys, easily
affordable and assembles almost anywhere on the planet by the average human and friends in about a day. It will
utilize the best solar technology, all technology comprehensively integrated to improve living.

2.1 What is a tetrahedron (tetra), octahedron (octa), and
an icosahedron (icosa)?

These are the three omni-triangul ated, omni-symmetrical, stable, space structuresin Universe. The tetra has 4
vertices (crossings), 6 edges (vectors) and 4 faces (openings). The octa has 6 crossings, 12 vectors, and 8
openings. The icosa has 12 crossings, 30 vectors, and 20 openings. The Greeks called these three figures
“platonic solids." They are very important in synergetics.

[ From Vi ncent J. Matsko]

For those interested in group theory, from a group theoretical perspective, we can view the symmetry groups of
the tetrahedron and the octahedron as subgroups of the symmetry group of the icosahedron (with reflections
included) - so that, in a sense, the tetrahedron and octahedron are *children” of the icosahedron.

2.2 What is synergy?"

[ From Synergetics [101.01-102.00]]

““Synergy means behavior of whole systems unpredicted by the behavior of their parts taken separately.

“"Synergy means behavior of integral, aggregate, whole systems unpredicted by behaviors of any of their
components or subassemblies of their components taken separately from the whole."

[ From Bl aine A. D Am co.]

Fuller's clearest example of ~“behavior of whole systems unpredicted by the behavior of the parts" is mass
attraction. The Earth and the Moon maintain their relationship through an interattraction of their respective
masses. This mass attraction (gravity being a special case of mass attraction) is afunction of the mass of the two
bodies AND THEIR DISTANCE FROM ONE ANOTHER. The scientific law governing this attraction states
that if you halve the distance between the two bodies you quadruple the attraction and vice-versa (i.e. double the
distance and the attraction is 1/4 the original). This generalized principle (the law of mass attraction) is a synergy
because if either body is considered separately there is no attractive force to examine. The law of mass attraction
is mathematically exact and exists only as afunction of the whole system. It is therefore a Synergy.

2.3 What is Fuller's definition of "Universe?"

[ From Synergetics [301. 00-302.00]]

“Universeisthe aggregate of all humanity's consciously apprehended and communicated nonsimultaneous and
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only partialy overlapping experiences.

" "Aggregate’ means sum-totally but nonunitarily conceptual as of any one moment. "Consciousness means an
awareness of the otherness. “Apprehension’ means information furnished by those wave frequencies tunable
within man's limited sensoria spectrum. "Communicated' means informing self or others. "Nonsimultaneous
means not occurring at the sametime. "Overlapping' is used because every event has a duration, and their
initiatings and teminatings are most often of different duration. Neither the set of all “experiences nor the set of
all the words used to describe them are instantly reviewable nor are they of the same length. Experiences are
either involuntary (subjective) or voluntary (objective), and all experiences, both physical and metaphysical, are
finite because each begins and ends."

2.4 What is the 'Isotropic Vector Matrix" (IVM)?

[ From Synergetics [410.06]]

"So | then went on to say if all the energy conditions were everywhere the same, then all the vectors would be
the same length and all of them would interact at the same angle. | then explored experimentally to discover
whether this “isotropic vector matrix' as so employed in matrix calculus, played with empty sets of symbols on
flat sheets of paper, could be realized in actual modeling. ..." He than describes his kindergarten discovery of the
octet-truss (octahedrons + tetrahedronsin an all-space filling array).

[ From Synergetics [420.01]]

“"When the centers of equiradius spheresin closest packing are joined by most economical lines, i.e., by geodesic
vectorial lines, an isotropic vector matrix is disclosed -- “isotropic’ meaning “everywhere the same," “isotropic
vector' meaning “everywhere the same energy conditions.' This matrix constitutes an array of equilateral triangles
that corresponds with the comprehensive coordination of nature's most economical, most comfortable, structural
interrel ationships employing 60-degree association and disassociation. Remove the spheres and leave the vectors,
and you have the octahedron-tetrahedron complex, the octet truss, the isotropic vector matrix."

2.5 What I1s an octet truss?

[Mtch Am ano]

An Octetruss, to use the trademarked moniker, is an OCtahedral and TETrahedral complementary grid
implemented in such away asto form a structural truss. A trussis an engineering mechanism for dispersing loads
across arelatively long span, to enable coverage of large, primarily horizontal areas with a minimum of
underpinning supports (posts). Most trusses appear to be arranged to act independently of one another, whereas
the members of an Octetruss are al part of the whole unit. Octetruss is not the only such truss system. Other
geometries have been used to create omnidirectional truss systems; the more general name for any one of these
systemsisa space frame'.

It should be very well known that Alexander Graham Bell built Octahedral/Tetrahedral trusses and used them for
enormous kites and flying machines. | saw some very old films of Bell and one of his octet configuration kites; it
seemed to be one of his hobbies.

[ Hal Adans]

Most trade publications periodically have articles on space frames. Y ou might try ~"Architecture” a monthly
publication of the American Institute of Architects, " Engineering News Record" an engineering weekly. Y ou can
check the “"Art Index" which has an index of all articles from design publications. A good general structural book
is Why Buildings Stand Up by Mario Salvadori, published by McGraw Hill paperbacks.
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[ Bruce T. Lael] Thefollowing quote comesfrom Hugh Kenner's book Bucky: A Guided tour of
Buckminster Fuller, ¢.1973

...What are we to make, for instance, of Alexander Graham Bell's infatuation about the tetrahedron?

“"About two years after little Bucky's adventure with the toothpicks and the peas, the veteran inventor of
telephony perceived in the tetrahedron afigure of singular virtue. It is the three-dimensional equivalent of the
triangle, holding its form with invincible tenacity. It is the minimum space enclosure, with four identical sides
nothing simpler can be envisaged. Having of all space enclosures the maximum structure in proportion to its
content, it has therefore the maximum attainable strength. Bell's mind moved to performance per pound and to
aeronautics, and in the very summer before the Wrights flew he wrote in his son-in-law's National Geographic of
the virtues of atetrahedronal configuration in kites. Such akite will not easily lose lift, and Bell'sidea that the
future of aeronautics lay in adesign which wouldn't tend to kill the pilot in case of astall led him to hundreds of
experiments with kites composed of many tetrahedral cells, as many as 1300.

“"In 1905, such akite powered by afeeble breeze, lifted a man some thirty feet into the air ...

“...Hedid erect, on his Nova Scotiaisland, atetrahedronal tower, its seventy-two foot legs meeting tripod
fashion five stories above the ground. Each leg was subdivided into four-foot tetrahedral cells of half-inch pipe,
and each cell could support two tons without signs of distress. Bell had effected about 1907 one of the periodical
rediscoveries of the oc-tet configuration Bucky stumbled onto in kindergarten, and moreover hasused itin a
practical structure. He seems not to have applied for a patent and the tetrahedronal tower was dismantled after a
decade. Bucky had very possibly never heard of it when he came upon the principle yet again during his
geometrical work of the 1940's and wrote to his patent lawyer."

| wondered if hexagonal closest packing forms an IVM? Also, is a diamond
cubic structure the same as an IVM? [ St eve Mat her ]

HCP allows infinite permutations as successive layers of spheres do not need to lie over top a specific holein the
layer 2 down. HCP is not arestrictive enough packing method to generate the IVM per se.

The VM is equivalent to the face-centered cubic packing (FCC). | believe al diamond atoms occupy FCC
positions, but leave others empty. Buckminsterfullerene will pack into an IVM (appropriately), and, with
potassium wedged in some of the interstices, become a superconductor. (See section What are Fullerenes? and

Buckyballs for more on the fullerenes.) --- Kirby

What are some good ways to build sphere packing models?

[ From Bl aine A. D Am co.]

| use various sized Styrofoam (yes | know its not a green material) ballsin my classes. They are very easy to
work with.

[ From Chri s Fearnl ey]

Ping pong balls are wonderful. | use atacky tape type stuff to bind them together (this helps me to dis-assemble
and then re-assembl e them into new shapes). | got about two gross to work with - very fun and educational. |
prefer the sticky tape to glue, less messy, reversible and pliable to adjust for physical imperfections.

[Charlie Hendricksen]

Some years ago | took adelightful coursein “"Patternsin Nature." We made models of the various crystal
structures and geometric models using Duco cement and the plastic beads from bead chains from the import shop
(Pier One). Cheap, the right size (about 5mm), and best of al many colors.
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2.6 What is the vector equilibrium" (VE)?

[ From Synergetics [205.01]]

“"The geometrical model of energy configurationsin synergetics is developed from a symmetrical cluster of
spheres, in which each sphereisamodel of afield of energy all of whose forces tend to coordinate themselves,
shuntingly or pulsatively, and only momentarily in positive or negative asymmetrical patternsrelative to, but
never congruent with, the eternality of the vector equilibrium. The vectors connecting the centers of the adjacent
spheres are identical in length and angular relationship. The forces of the field of energy represented by each
sphere interoscillate through the symmetry of equilibrium to various asymmetries, never pausing at equilibrium.
The vector equilibrium itself is only areferential pattern of conceptual relationships at which nature never
pauses.”

2.7 What is the jitterbug"?

[ Making this model will greatly ease understanding of the jitterbug transformation described below. | use 6"
dowels joined together with surgical tubing. Cut the surgical tubing into 2" pieces. Use awasher to form a
four-valent, flexible vertex joining two pieces of the surgical tubing or insert one piece of 2" tubing into a hole
(you must cut it yourself) in another 2" piece of tubing to create the vertex. The diameter of the surgical tubing
should be very dlightly (1/16") smaller in diameter than the dowels. Y ou will need 24 such struts and 12 such
vertices. Geometers call the shape of the VE a " cuboctahedron."]

[ From Synergetics [460.01-460.05]]

“The “jitterbug' is the finitely closed, external vector structuring of a vector-equilibrium model constructed with
24 struts, each representing the push-pull, action-and-reaction, local compression vectors, all of them cohered
tensionally to one another's ends by flexible joints that carry only tension across themselves, so that the whole
system of only-locally-effective compression vectors is comprehensively cohered by omniembracing continuous
four dliced hexagonal cycles tension.

“"When the vector-equilibrium “jitterbug' assembly of eight triangles and six squares is opened, it may be
hand-held in the omnisymmetry conformation of the vector equilibrium “idealized nothingness of absolute
middleness.’ If one of the vector equilibrium's trianglesis held by both hands in the following manner - with that
triangle horizontal and parallel to and above atabletop; with one of its apexes pointed away from the holder and
the balance of the jitterbug system dangling symmetrically; with the opposite and lowest triangle, opposite to the
one held just parallel to and contacting the tabletop, with one of its apexes pointed toward the individual who is
handholding the jitterbug - and then the top triangle is deliberately lowered toward the triangle resting on the
table without allowing either the triangle on the table or the triangle in the operator's hands to rotate (keeping
hands clear of the rest of the system), the whole vector equilibrium array will be seen to be both rotating
equatorially, parallel to the table but not rotations its polar-axis triangles, the top one of which the operating
individual is hand-lowering, while carefully avoiding any horizontal rotation of, the top triangle in respect to
which its opposite triangle, resting frictionally on the table, is also neither rotating horizontally nor moving in any
direction at all.

“While the equatorial rotating results from the top triangl€e's rotationless lowering, it will also be seen that the
whole vector-equilibrium array is contracting symmetrically, that is, all of its 12 symmetrically radiated vertexes
move synchronously and symmetrically toward the common volumetric center of the spherically chorded vector
equilibrium. Asit contracts comprehensively and always symmetrically, it goes through a series of
geometrical-transformation stages. It becomes first an icosahedron and then an octahedron, with al of its vertexes
approaching one another symmetrically and without twisting its axis.

At the octahedron stage of omnisymmetrical contraction, all the vectors (strut edges) are doubled together in
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tight parallel, with the vector equilibrium's 24 struts now producing two 12-strut-edged octahedra congruent with
one another. If the top triangle of the composite octahedron (which is the triangle hand-held from the start, which
had never been rotated, but only lowered with each of its three vertexes approaching exactly perpendicularly
toward the table) is now rotated 60 degrees and |lowered further, the whole structural system will transform
swiftly into atetrahedron with it original 24 edges now quadrupled together in the six-edge pattern of the
tetrahedron, with four tetrahedra now congruent with one another. Organic chemists would describeit asa
guadrivalent tetrahedral structure.

“Finally, the model of the tetrahedron turns itself inside out and oscillates between inside and outside phases. It
does this as three of its four triangular faces hinge open around its base triangle like aflower bud's petals opening
and hinging beyond the horizontal plane closing the tetrahedron bud below the base triangle.”

[ From Bl aine A. D Am co.]

For afull (and quite mind boggling) discussion of these Jitterbug Transformers see " The Compl ete set of
Jitterbug Transformers and the analysis of their motion" by H.F. Verheyenin COMPUTERS, MATH AND
APPLICATIONS Vol 17, No. 1-3 pp. 203-250, 1989.

2.8 What is a sphere?

[ From Synergetics - typed in by Kurt Przybilla]

224.07 Sphere: The Greeks defined the sphere as a surface outwardly equidistant in al directions from a point.
As defined, the Greeks' sphere's surface was an absolute continuum, subdividing all the Universe outside it from
al the Universeinside it; wherefore, the Universe outside could be dispensed with and the interior eternally
conserved. We find local spherical systems of Universe are definite rather than infinite as presupposed by the
calculus's erroneous assumption of 360-degreeness of surface plane azimuth around every point on a sphere. All
spheres consist of a high-frequency constellation of event points, all of which are approximately equidistant from
one central event point. All the pointsin the surface of a sphere may be interconnected. Most economically
interconnected, they will subdivide the surface of the sphere into an omnitriangulated spherical web matrix. As
the frequency of triangular subdivisions of spherical constellation of omnitriangulated points approaches
subvisibility, the difference between the sums of the angles around all the vertex points and the numbers of
vertexes, multiplied by 360 degrees, remains constantly 720 degrees, which is the sum of the angles of two times
unity (of 360 degrees), which equals one tetrahedron.

2.9 What is Fuller's concept of "space?"

[ From Synergetics 2 [100. 62-100.63]]

[ One reason for human incomprehensibility of the findings of science] is our preoccupation with the sense of
static, fixed "~ space” as so much unoccupied geometry imposed by square, cubic, perpendicular, and parallel
attempts at coordination, rather than regarding ~“space" as being merely systemic angle-and-frequency
information that is presently non-tuned-in within the physical, sensorial range of tunability of the electromagnetic
sensing equipment with which we personally have been organically endowed.

" The somethingness here and the nothingness there of statically interarrayed " space” conceptioning is vacated as
we redlize that the infratunable is subvisible high-frequency eventing, which we speak of as matter, while the
ultratunable is radiation, which we speak of as space. The tunable is special case, sensorialy apprehensible
episoding.”

[ From Chri s Fearnl ey]

Spaceis " systemic angle-and-frequency information™ because like all awarenessit is patterned systemically and
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hence polyvertexially. It isinformation because the angle-and-frequency constituted system can be resolved into
bits, 20-questions-wise.

Space is " presently non-tuned-in within the physical, sensorial range" because we are presently not receiving
electromagnetic energy or information to our eyes, ears, nose, tongue or skin. But space isidentifiable asa
metaphysical system -- it is out there."

[ Kirby Urner's contributions.] Space, the Fina Untuned

Vis-a-viswhatever isin experience at the moment, is avast otherness, which is by definition not tuned. That is
space, the field of potential experience, | would say. Or maybe the field of ~"unmeant meanings" (no experience
of that at thistime). The trichotomy of " outside system, system, inside system" or " ultra-system-infra' isa
generic description of that system (e.g. belief system"). The ~"space of the untuned” or ““final frontier” of a
specific system is whatever that system cannot tune in. We all live in the space of our ignorance.

Space as " ultratunable radiation”

Before people knew about clusters of galaxies, or this galaxy for that matter, or ““outer space” in general, they
had yet to receive the energy through their instruments that would inform them of this “"space" and its contents.
The only way we have a concept of ~space” is owing to our receiving energy. Relates to your dwelling on
“experience" which Fuller equates with the “tuned" (vs untuned). What we tune is energetic. The far apartness of
the galaxies, their infrequency, is what made them so ultratunable (unexperiential) for such along time.

2.10 What is a 'system?"

[ From Synergetics [400.011-02]]

A system isthefirst subdivision of Universe. It divides all the Universe into six parts: first, all the universal
events occurring geometrically outside the system; second, all the universal events occurring geometrically inside
the system,; third, all the universal events occurring nonsimultaneously, remotely, and unrelatedly prior to the
system events; fourth, the Universe events occurring nonsimultaneously, remotely, and unrelatedly subsequent to
the system events; fifth, all the geometrically arrayed set of events constituting the system itself; and sixth, all the
Universe events occurring synchronously and or coincidentally to and with the systematic set of events uniquely
considered.

A system isthefirst subdivision of Universe into a conceivable entity separating all that is nonsimultaneously
and geometrically outside the system, ergo irrelevant, from all that is nonsimultaneously and geometrically inside
and irrelevant to the system; it is the remainder of Universe that conceptually constitutes the system's set of
conceptually tunable and geometrical interrelatibility of events. ...

“All systems are polyhedra. Systems having insideness and outsideness must return upon themselvesin a
plurality of directions and are therefore interiorally concave and exteriorally convex. Because concaveness
reflectively concentrates radiation impinging upon it and convexity diffuses radiation impinging upon it,
concavity and convexity are fundamentally different, and therefore every system has an always and only
coexisting inward and outward functionally differentialed complementarity. Any one system has only one
insideness and only one outsideness. ..."

2.11 What is the minimal system?"

The tetrahedron, of course.
[ From Gary Lawr ence Mir phy]

The minimum system is an entity distinct from the rest of universe. The division is between the consideration set
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and the irrelevant; there will be leaks because no system isan island ;-), but for design purposes, the boundary
defines the extent of energy interchange as represented by the concavity of the tetrahedral interior.

The four components[ of our friend the tetrahedron] arefour sub-tunable systems, only
resolvable as a single point, but a system none the less. Between these, we have Euler'srules for relative
abundance of topological features, so if we can identify four stellar partners, we can postulate 6 interaction pairs
and four interaction “facets;' we can also ook at the non-simultaneousness of the pair-interaction vertex stars as
potential leak points (in reality, each is probably involved in amyriad of other tetrally-thinkable systems) or in
Fuller's terms, shunting-off points.

2.12 What are the A and B quanta modules?

[ From Chri s Fearnl ey]

Take atetrahedron. Hold the opposite verticesin turn (two pairs). Spin the tetra. Use a ™ knife" to cut the tetra
where the ““great circle" from the spinning would cut it. Y ou now have the 24 A quanta modules of the tetra (12
positive, 12 negative in orientation). Take 1/8th of an octahedron (it's ssimple to see that the only way to do thisis
to extract the tetrahedron formed by the center of the octa and the three vertices that form one of its faces). Divide
thisinto 6 equal parts (put the octa face on the table and use the edge bisectors). Note the line from the center of
the octa to the center-face of the octain the 1/8th octa. (It will be on the inside of the last division into 6 parts.)
Find it's midpoint and slice the 1/48th octas along this midpoint, dividing the origina octainto 96 pieces. The
piece of the 1/96th octa that is 1/6th of the face of the octais our old friend the A module. The B module isthe
other part. They have the same volume though the shapes differ.

2.13 What is the omnidirectional halo?"

[ Thisrelates to Fuller's epistemography. From Synergetics [501.10-501.12]]

“Any conceptual thought is a system and is structured tetrahedrally. Thisis because al conceptuality is
polyhedral. The sums of al the angles around all the vertexes - even crocodile, or a 10,000-frequency geodesic
(which iswhat the Earth redlly is) - will always be 720 degrees less than the number of vertexes time 360
degrees.

“"The difference between nonconceptual, nonsimultaneous Universe and thinkability is always two tetrahedra:
one as macro, to compl ete the convex local ness outside the system, and one as micro, to complete the concave
localness inside the system, to add up to finite but nonconceptual Universe. Thus the thinkable system takeout
from Universe has a'left-out' outside irrelevancy tetrahedron and a'left-in' inside irrelevancy tetrahedron.

““You have to have the starkly nonvisible to provide the complementary tetrahedron to account for the visibility,
since concave and convex are not the same. That stark invisible reality of the nonconceptual macro- and
micro-tetrahedra also have to have this 720-degree elegance. But the invisible outside tetrahedron was equally
stark. The finite but nonconceptual inness and outness: that is the Omnidirectional Halo."

2.14 What does Fuller mean by 4D?

[ From Ki rby Urner]

Fuller used 4D to refer to the 4 rays from a central hub that omnisymmetrically define an expanding volume (e.g.
the four lines from the center of atetrahedron to its four vertices). The Cartesian system consists of 6 rays from
the origin defining an expanding cube. The expanding tetrahedron uses/defines volume more economically,
Bucky claimed.
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[Fromdifford J. Nel son]

The four dimensions refer to the movement of the four enclosing planes of atetrahedron, not to raysto the
vertexes.

2.15 Does synergetics provide an extension or
modification of the scientific method?"

I've been thinking lately: Does Bucky offer in SYNERGETICS an extension of the scientific method? The
definition of Universe * The aggregate of all humanity's consciously apprehended and communicated (to self or
others) experiences." Together with Fuller's notion of thinking as the systemic process of sorting experiences into
three broad sets: the macroscopic irrelevant, the microscopic irrelevant, the lucidly relevant set. Thisishis
omnidirectional halo. | think it provides a means of organizing our thinking to make it more effective. Isn't this
what the scientific method is supposed to do? Moreover, the dynamic nature of synergetics implies that we need
not get stuck permanently in paradigms as Thomas Kuhn suggests. Maybe synergeticsis transparadigmatic. --- C.
Fearnley

Most definitely. Fuller did not choose the name Comprehensive Anticipatory Design SCIENCE lightly. Like all
of Fuller's language the name was carefully chosen. | feel that your characterization of Synergetics as an
extension of the scientific method is absolutely true. In fact thisis one of Fuller's main criticisms of traditional
geometry, that it is not science; meaning that it isnot " ... setting in order the facts of experience” but farther
constructing an imaginary Universe out of non existent points, lines, and planes. --- Blaine A. D'Amico

2.16 Are there connections between synergetics and
fullerenes (besides the name, of course)?

The connections that | see between Synergetics and the Fullerenes are manifold. First, Carbon is a tetrahedronal
atom. It would seem logical that even if there were exceptions to Fuller's tetrahedronal concept of the shape of
space, Carbon would surely obey these geometric principles (if the principles are true.) Fuller's discussions of
tetrahedral bonding are remarkably similar to Linus Pauling'sillustrationsin ~ The Architecture of Molecules,"
for example. --- Blaine A. D'Amico

(See section What are Fullerenes? and Buckyballs for more on the fullerenes.)

2.17 Why use synergetics' conversion factors and other
iIrrationals?

[ From Synergetics [410.02]]

“The omnirational associating and disassociating of chemistry - always joining in whole low-order numbers, as
for instance H(2)O and never H(pi)O - persuaded methat if | could discover nature's comprehensive
coordination, it would prove to be omnirational despite academic geometry's fortuitous development and
employment of transcendental irrational numbers and other 'pure,’ nonexperimentally demonstrable,
incommensurable integer relationships.”

[ From M tch Am ano]

Why does he so often make use of square root of 2, and to approximations of pi? It seemsin fact that he actively
uses them, but only as approximations, and with a synergetic conversion factor.
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[ From Ki yoshi Kuroni ya]

| believe Fuller uses synergetic conversion factors simply as handy " fudge factors" and, if he had hisway in the
world, there would be no need for conversions, because everyone would use an entirely rational number
system--or even more, a system consisting entirely of whole numbers. The use of the square root of two, |
believe, issimply to illustrate principles of alloying, and like in the other case, could be dispensed with, if
everyone were used to proofs that only relied on whole numbers.

[ From Ki rby Urner]

Relevant here is that giant Scheherazade number -- abbrev. Sz -- Fuller suggests would rationalize trigonometry.
Adding lots of primes makes some sense, and a screen with that many pixels could certainly give us adequate
resolution to submolecular levels, al with whole number coordinates. Second-root-of-two would be a shorthand
symbol within a computational notation with a granular, integer underpinning. Given agrainy nature, with no
absolute positions as represented by continuing irrational numbers to umpteen digits, | can see how Fuller felt no
need to take the Number Theory idea of irrationality as a concept implemented in nature. But our symbols, our
“root of 2" notations, continue to be useful, just as they always have.

| don't think Sz numbers make the number theory idea of irrationals go away. The problem was never “"too few
primes” in our base. The proof that the 2nd root of 2 isirrational has nothing to do with primes, more with an
reductio ad absurdum showing it's neither true nor false that the root of 2 iseven or odd ... anyway, | don't think
Fuller is arguing that mathematicians have been wrong all these yearsin their own terms -- just that nature doesn't
need to continue pi or other fractions according to some infinite rules. No time for that.

[ From M tch Am ano]

Given that Synergetics rejectsirrationals, and given a modeling of nature based upon an integer representation
with a specific sub-molecular resolution, could we not calculate the square root of 2 as arational number?

Thisiswhat carpenters do every time they check the accuracy of a square layout by measuring from corner to
corner. The resolution of their measurementsis at a significantly higher level, in terms of fractional inches.

An example of measurement rationalization can be seen when moving from arelatively large base unit - the inch
- to arelatively small one - the millimeter. More of the numbers are represented as whole integers.

Thus, the operational square root of 2 is 1.40625" when measured in thirty-seconths of an inch on a1"x1" square,
or 37mm when measured in millimeters.

[ From Vi ncent J. Matsko]

Re: Theirrationality of the height of an equilateral triangle: Again, | think it a matter of perspective. One may
take an easy way out (I often do) and say that the square of the ratio of the height of an equilateral triangle to its
edgeis 3/4. Vaila, arational number! Or alternatively, sometimes an expression involving square roots may be
described as the solution of a quadratic equation with integer coefficients (i.e., the golden ratio isaroot of x"2 =
X+ 1).

Now on another level, thisis unsatisfactory, and | can't offer agood answer. Allow me a suggestion: change the
comparison. For example, what is the ratio of the volume of aregular tetrahedron to the volume of a cube when
both have the same edge length? Answer: irrational and irrelevant! Look through Fuller, and you never see (as
least not to my recollection) two such figures. One only encounters a tetrahedron and the circumscribing cube. In
this case, the ratio of the volumesis 1/3.

Thus, not every “‘ratio" is rational; it depends upon what one takes the ratio of. And setting a standard is not
simple. | believe, for example, that Williamsin his book about structure gives data for the Archimedean solids
relative to an edge length of one, which | find wholly unsatisfactory. Here is my choice for the “"basic" Platonic
solids: Begin with atetrahedron, circumscribe a cube, and for the octahedron, take the dual to the cube (in the
sense that the edge of duals perpendicularly bisect each other). Now the cube may in turn beinscribed in a
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dodecahedron, whose dual is an icosahedron. Now compute ratios of volumes of these figures, not those with
edge length of one! For it isthese figures which ""naturally" occur in concert with each other.

For those ratios involving icosahedra/dodecahedra, one must be satisfied with rationals and the golden ratio as
well. In fact, | am inclined to submit that the golden ratio be given honorary " rational" status!

[ From Chri s Fearnl ey]

This reminds me of the “"canonical form" problem in mathematics. | realized in college that the notion of
canonical form isridiculous. Who cares if you have a sgrt() in the denominator of afraction? Isn't afraction of
fractions still afraction? If expressions not in canonical form are ~"bad" then doesn't that taint the whole
derivation? Of course NOT! For synergetics calculations we are defining a new aesthetic for canonical form. One
that is more geometrically intuitive and hence explainable to young children. From this perspective, it doesn't
matter if we need to do “"ugly” calculations to get some result - just put it in canonical (synergetic) form at the
end. And by trying to do whole derivations entirely in synergetics (canonical) we accomplish the dual objectives
of getting a clear geometrical representation and it's the one Nature is actually using in her transformings and
intertransformings.

When reading synergeticsit struck me that perhaps there are two basic phases in the Universe - tetra and icosa.
Y our regular polyhedra hierarchy may be just another way of looking at the three fundamental geometrical forms
in Universe - my so-called canonical (rational) forms.

2.18 What is precession?"

[ From Chri s Fearnl ey]

| think the ssmplest first-order definition of precession is the side effects of a system in motion (generally
occurring at 90 degrees to the direction of motion).

[ Bl ai ne D Am co]

Bucky said that precessional effects are what most people label “"side effects.” i.e., | teach a person to fish so he
can feed his family (Direct effect). One of hisno longer hungry children now can focus in school and goes on to
become an important scientist (precessiona effect).

[ From Gerry Segal |

My college physics books defines precession as:
““acomplex motion executed by a rotating body subjected to torque, by a conical locus of the axis'
That's quite a mouthful. Bucky gets even more complex. In Synergetics [533.08], he defines precession as:

“the intereffect of individually operating cosmic systems upon one ancther. Since Universeisan
aggregate of individually operative systems, al of the intersystem effects of the Universe are
precessional, and the 180-degree imposed forces usually result in redirectional resultants of 90
degrees.”

A beautiful exampleisgivenin Synergetics[417.00]. Here two exact sets of 60 Closest-packed spheres (wedges)

are rotated 90-degrees and twisted (torque). An unexpected and marvelous result is a perfect 8 ball edged,
7-frequency tetrahedron that is formed.

| doubt that | have been successful in helping you understand precession. But | do know that if you take the time
and build the models you'll have an underlying sense of the meaning that provides the basis of understanding that
the written word only hints at.

[ From Leo Elliott]
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The clearest example | recall Bucky giving of the notion of ~ precession” was that from the viewpoint of a
waterbug or ajellyfish on the surface of the water, directly in the path of some big ship, which will send out
precessional waves sightly ahead of the bow, thereby alerting the astute bug or jellyfish that something big is
indeed on the way.

[ From David Worral | ]

Imagine a pebble dropped into a pond. The pebble goes to the bottom (closer to the centre of gravity of the
earth!) The wave created moves outwards, at 90 degrees, precessionally, to the pebble.

[ From Ki rby Urner]

“"Precession” in synergetics shows up as the relationship between two sides of the same generalized principle
coin. Gravity begets radiation begets gravity. Tension begets compression begets tension. Pull on two ends of a
rope, and its strands are squeezed even more tightly together. Where two very general aspects of nature always
and only co-exist, and their relationship is generally precessional.

Synergetics is unlike traditional physicsin itsinsistence on gravity as a circumferential pulling together (and
thereby implosive), versus aradial explosiveness emanating from the center -- a 90 degree relationship. The Sun
isagiant squeeze ball. Strands of thought are likewise circumferentially implosive, nonlinear hypertext
countervailing against vs the information explosion.

By extension, " precession” refers to nature's way of getting the job done at 90 degrees to human selfishness and
ignorance. We "“do the right things for the wrong reasons.” The graduating from Class |1 to Class | evolution
which Fuller anticipates involves our starting to do the right things for the right reasons, like you don't need the
Cold War to have the space program to have higher living standard spin-off technologies (goodies yielding at
90-degrees to ignorance and fear). We don't have time for that kind of bumbling anymore.

2.19 What is the equation for finding the volume of a
pyramid? [ St eve Nat her]

[ From Chri s Fearnl ey]

The issue of volume measure is dependent on the choice of the unit of volume. | recommend choosing the
tetrahedron as the unit of volume. Then by subdividing the octahedron and tetrahedron into “ building blocks'
fascinating relationships will be discovered. Try building some models too!

[ From Ki rby Urner]

| agree with ChrisF. -- using Fuller's regular P-lengthed tetrahedron as a unit of volume is a good beginning. A
regular P-edged octahedron will have 4 times the tetra's volume, while a cube with a P-lengthed diagonal will
have 3 times the tetra's volume. That means a cube of diagonal P has 3/4 the volume of an octahedron of edge P.
Say P=1. The corresponding cube of diagonal 1 has a volume of about 0.354 (conventional math), and so the
octahedron has a volume of 4/3 that, or 0.471 (again, conventional math). If we multiply both results by the
Synergetics Constant, we get a cube of volume 0.3750000 (precise) and an octahedron of volume 1/2. Those are
the nice volumes we'd like, given asimple edge of 1. Note that the tetrahedron of edge 1 has a volume of 1/8.
That's because of how the Synergetics Constant is derived. The so-called ™ prime vector" between any 2 adjacent
spheresin the icomatrix is of Cartesian length 2 (these are unit-radius spheres after all). So the Synergetics
Constant is the ratio between the volume of a prime vector diagonaled cube in Synergetics (=3) and the
corresponding cube in XY Z geometry (2nd-root of 2 to the third power).

[ From Martin Roller]

Kirby U ner wites:
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>By the way, there *is* a fornula that provides the vol une of
>*any* tetrahedron given its 6 edges as inputs. It's a nonster
>formul a, derived by Leonhard Euler. | doubt | could wite it
>under st andably in ASCII.

Let ABCD be atetrahedron with sides

a=AD b =BD c = CD
p BC, ¢ CA 1 AB.

The volume V of the tetrahedron can be computed from the determinant of a 5-by-5 matrix as follows (here *2
means taking squares).

| O r”*2 g2 a"2 1]
I I
| rn2 0 ph2 b"2 1]
I I
288 V*2 = | g2 p2 0 c”2 1]

I I

| ar2 b"2 ch2 0 1]

I I
| 1 1 1 1 0

[ From Ki rby Urner] Euler'sequation for any Tetrahedron w/ edges p,q,r,s,t,u,v:

M= (2qrt) "2
-[gh2(r N2+t A2-un2) N 2]
-[rh2(gh2+t ~2-vh2) N2
-t"A2(gnh2+rn"2-snh2) N2
substitute above M in equation below (V=Volume)

V= 1/12 [M+ (rA2+4t7A2-un2) (gh2+t A2-vA2) (gh2+r A2-572)] 1. 5

Thislooks alot more complicated than the determinant expression, but then a determinant is short-hand for a
long messy expression. Anyway, both give the same answers. Then you can multiply by the Synergetics Constant
to give the volume relative to a Tetrahedron defined by 4 adjacent unit-radius spheres of volume one.

2.20 How to communicate synergetically?

[ From Kevi n Sahr ]

[ Syner geti cs] seemsto have the potential to be used as a mathematical basis for -~ communicating
experiences’ or for otherwise describing them in a precise way.

Though | agree with thisin principle, I've never seen anyone actually useit for this purpose. For instance, can
anyone out there right now communicate an experience to me using Synergetics? Even a " toy" example would
be useful for discussion, but I'm thinking more along the lines of communicating some unique
thought/constellation of thoughts to me; something that could not be well communicated using ordinary english
sentences, but which would be unambiguously communicated to me by a set of geometrical relationships that,
say, could be stored in a computer.

[ From Chri s Fearnl ey]

| think these synergetics explanations are not meant to replace ordinary english, but to supplement it. | think
when you start (perhaps even at a metaphorical level) to examine the complex of interrelationshipsin an
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“english” story, you find deeper meaning. The synergetics patterns are there but our minds CAN (are capable of)
dealing with these synergetics patters at an ~ unconscious' level. By trying to enumerate the precise geometry,
you slow the normal geometric patterning - break the flow of thought. | suggest that by awareness of the inherent
synergetic side of thinking, we can (as sort-of a side effect) find new relationships and understand more deeply
the (initially obscured) relationshipsinherent in your " story." In other words synergetics probably does not
supply a (logicians) decision procedure for unfolding a story, but rather a "mystics" science for appreciating
relationships which before synergetics would have been left outside of cognition realization. In this synergetics
science previously “impossible" ideas can become clear. Now you asked for an example of synergetics
application to understanding stories. Perhaps a new paragraph isin order?

Just some random thoughts. Antivirals may cure AIDS: AZT may be the answer! Well, synergetics suggests that
we need to find ALL the relationships involved in our subject of concern. So we must look at the whole system.
We now discover that the human body is chock full of viruses and bacteria. So it becomes clear that just by
fighting the viral component of disease, we may be missing some vital components of disease. Perhaps AIDS is
not a bad virus, but a "good" virus that through some co-factor some problem develops that is unrelated to the
actual viral mechanisms. In sum, by looking at al the factors and keeping a clear sight of inside-outside
phenomena, we can begin to appreciate that the AZT craze of recent years, may be too simplistic aview of the
situation. So with recent reports suggesting that AZT is mostly ineffective in improving the quality of life of
AIDS patients. In conclusion, because synergetics asks us to consider the WHOLE complex of factorsin
inside-outside relationships, a disciplined thinker can be more skeptical of false eureka's and more sober when the
false theories of yesterday are debunked. English's problem is that it doesn't provide the discipline of thinking
that synergetics demands.

Hope that helps.
[ From Kevi n Sahr ]

| agree that synergeticsisimportant in the role you give it in your discussion and example, but | think reading
Synergetics makes clear that Fuller was very much interested in "trying to enumerate the precise geometry."
Synergetics consists of the types of principles you point out (i.e., look at the whole system, etc.), but it also
consists of some very precise geometric statements (ie., the A-module break-down of the tetrahedron mentioned
in the original post). So | guess | might re-phrase my original question: can anyone give me an example similar to
Chris AIDS example but applying, say, anything having to do with A and/or B (or, even T & E Quanta :-))
modules? Or maybe (alittle bit less esoteric) the Jitterbug?

[ From Ki rby Urner]

Is Synergetics actually useful for communicating experience? Fuller's writings suggest how bare bones
Synergetics supports fleshier metaphorsin Critical Path and Grunch of Giants -- Fuller considered them all one
magnum opus, viewed from different angles.

The non-simultaneity of only partially over lapping events, some far apart in time and space, makes the tuning in
of relations among these events adiscipline. Fuller felt he was revealing some of these larger patterns in Critical

Path. | find many of his visions tough to swallow, but that's another conversation. Like, where's the evidence for

submarine aircraft carriers?

Since reading Fuller, I've done mental gymnasticsto ~ feel" myself driving on the surface of a planet, stuck on by
gravity, but not oriented in an up/down Universe. Once in New Mexico, afelt | was hanging upside down (my
driving was unimpaired).

More, though, it's the word building associations, lying in the dark thinking of all the metaphysical
communications going around the world (networking, diplomacy, broadcasting, satellites, telephone, exchange
programs, advertising) as a circumferential countering of more physical explosions of violence (bomb blasts, big
and small, gun fire). Not that some communications, such asinflaming of nationalist, racist sentiments and
xenophobia, aren't also conducive to violence (wrong picture to think of communication as intrinsically
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beneficent -- can be entropic in the extreme).

Asfor whether ““precise” or " refined" synergetics, using A & B mods etc, is useful for communicating
experience... well, to communicate precise geometric models and pictures certainly -- my ability to visual the
face centered cubic lattice of crystallography, and to understand the design of geodesic spheres and the dymaxion
map certainly owes alot to synergetics. But | think Kevin's question is more about whether electronics, molecul ar
physics, quantum mechanics or the like may be illuminated by geometric descriptions -- isakind of ~"narrative
mathematics" possible, in which your read ""hard science" information more the way you read english syntax,
than reading the usual mathematical symbolry? Fuller makes many attempts to talk about quanta, electron
orbitals, energy transfer, stellar mechanics, using his language. | think we know what such narrative, or
operational mathematics might look like. The question is whether these models have any experiential validity.
Part of the problem, as Fuller saw it, is that geometric modeling of the physical world fell out of favor some
decades ago, when the math left experiential visualization in the dust. So getting back to geometric modelsis
tough with or without the help of a geometric narrative-style language.

[ From Chri s Fearnl ey]

Synergeticsis subtitled *"Explorations in the geometry of thinking" - not explorations in the geometrical shape of
an idea, argument, discussion. Fuller's geometry is very dynamical. It shifts even more quickly than science's
theories about the origin of life on Earth (grin). So if | understand correctly, you're asking for an example
describing how an intertransforming isotropic vector matrix pulsating through it's full periodicities (with A and B
models as an integral part of the whole apparatus) can model the evolving process of " casting out irrelevancies’
to focus thinking more-and-more on the system in question (the requested example). | think this would be
impossible to do in ageneral fashion. Perhaps one could examine their own thought patterns carefully enough to
see which thoughts correspond to which A-Module pulsations, but | think this would be difficult especially given
the fact that by examining the process of our thinking we alter it in unpredictable ways. | think Fuller's theories
on the dynamics of thinking can only be ““proven” with high-level, fundamental reasoning w.r.t. the nature of the
geometry itself and its “uncovering” of the mysteries of thinking (the process, the verbs not the nouns). By
exploring the fundamental logic of the basis of thinking in Synergetics, | convinced myself that in general Fuller
is right on the money," but | have been unable to apply hiswork in the static way in which you would like to
seeit. (See Fuller's essay " Omnidirectional Halo" in No More Secondhand God which is the essay which when
““unfolded" turned into Synergetics.)

[ From Kevi n Sahr]

Again, | think thiskind of thing isimportant, but ~~geometric modeling of the physical world" is not what | was
getting at - what I'm after is geometric modeling of the metaphysical world, the world of mind. A lot of people
are interested in Synergetics as throwing light on things which fall within the realm of the hard sciences (ie.,
molecular configuration (Buckyballs), civil engineering (octet trusses), etc.), and certainly | think Synergetics
will repay any time spent with it by practitionersin those fields. But, to come out of the closet, my own interest is
in mathematical models of how we think (and how we might think more effectively!), specifically those models
which are computer programmable. | think that Bucky saw Synergetics as very relevant to that type of " science,”
and | think he would have claimed that that relevance extends even to the more mathematically esoteric elements
of histheories. I'm just trying to figure-out what that relevance might be!

By the way, I'm not claiming that Bucky himself always saw such arelevancein all of the “"generalized
principles’ he discovered; often | think he was just catal oging such principlesin hopes they might be useful to
someone in the future. But | am claiming that | think Bucky would have argued that there must be some such
relevance for all these principles. And | think it's clear that he saw relevance in areas that | do not yet.

Again, to turn to the concrete. | apologize for not having the exact quote in front of me, but Bucky wrote in
Synergetics something to the effect that the Jitterbug recapitul ates the phenomenology of all experience. In what
way isthistrue? If thisis so, then shouldn't it be the case that we could take any experience (including any
thought or line of thought) and in some sense map it onto the Jitterbug?
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[ From Leo Elliott]

Interesting discussion on the nature of synergetics as science, as linguistics, and how Bucky may have conceived
their pattern-integrity. Interesting enough to make me pull out some ancient transcriptions of a 1976 ~"Being With
Bucky" gathering out in SF...

Like Kevin Sahr, | must confess that, as a non-scientific type, the appeal of Synergetics aways seemed to come
more from the notion, implied or explicit, that all Bucky's perusings and perambulations pertained at least as
much to the metaphysical asto the physical, that somehow "thought' itself was structured in the form of A and B
guanta modules, or their equivalents... As aformer devotee of The Urantia Book | used to get quite excited about
all thetriadic expressions of “universe reality' presented therein, things like ""thing/meaning/value" or
“fact/idea/relation” or “"origin/nature/destiny," an attraction | now view as part of abasic rhetorical appeal that
somehow reinforced, in a starry-eyed-seventies way, Fuller's own novel rhetoric.

| suppose that if the “return to modelability' that Bucky spoke of was part of hislife enterprise, then perhaps a
first step was a “return to speakability' -- and as any hereon who may have been fortunate enough to hear Bucky
live (for me only once) may attest, it was an experience of sitting on the edge of my chair for three hours,
straining to keep up with the thinking of a man three times my age, and at the end of which left wondering if
perhaps Bucky weren't receiving some kind of alien transmissions through his hearing aids. | still had that feeling
when listening to these tapes again, almost twenty years down the road.

Isit fair to say that Bucky's written grammar and syntax was at least as complex and intricate as his oral
presentation? | know Bucky took alot of flak from those whose eyes glazed over after the same sentence went
longer than two minutes or twenty -or-so lines, but somehow whenever | tried to find any grammatical or
syntactical error(s), none showed up, and while | never actually did so, | had the feeling that one could even
diagram his sentences. Thereis agreat photograph in E.J. Applewhite's Cosmic Fishing which shows a page of
galley proof, supposedly ready to go to press, which Bucky had filled the margins of with corrections and
revisions, never being content with saying something, on paper or in person, just the way he had said it even the
day before.

So in answer to queries for metaphysical specimens of synergetics, | can only think of Fuller's written works, and
his oral presentations as such have been preserved in various archives.

| also believe Bucky spoke of his "prayers being different every day, and how it also seemsillogical to remind
God of anything.” If any are interested | have a version or two of at least one specimen of the Bucky-version of
the Lord's Prayer, which at least on the tape -started out- as an " our father" type soliloquy, but which in typical
fashion mutated several paragraphs later into something else. | attach below my own specimen of fullerspeak,
written in the best syner-linguistics | could muster.

Isit also fair to say that Bucky's speaking and writing styles were as close to identical as any rhetoric in the
collective recollection?

Qur tetrahedron

who art in geonetry
hol | owed by thy concavity
thy convexity cone

thy system be done

on Uth

as it is in Universe.

Gve us this eternity

our daily integrity

and fore-give us our dis-integrations
as we fore-give those

who di s-integrate around us.
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And lead us only in -- to syntegration
and de-livery us fromentropi c nonof ocus
on material self-interest

uni verse within Universe

anen.

| he
13 May 1977

2.21 Modeling suggestions?

[From dif Wite]
Try this the next time you have some time, newspaper, a dowel and some masking tape.
All that newspaper laying around your house can be made into large structures that are surprising strong as well.

Simply roll a sheet of newspaper around a 1/2" dowel secure the end of the roll with abit of tape and slip out the
dowel and then repeat procedure to make another strut.

Using your stock of newly created struts, secure the ends to form joints using more masking tape. (Don't use alot
of tape at the ends.) Form triangles and then tetrahedrons along with octahedrons and you will begin to make a
large scale octet truss system that will quickly fill up your room.

Y ou will be amazed at how strong this system il

Thisisagreat activity for abunch of kids. Y ou can make all sorts of polyhedra quickly and cheaply. A
production line of strut makers, and joiners can really pump out the structures. My kids love this activity.

[ From Chri st opher Rywal t]

The other day | was wandering through Star Magic -- another one of those science toy-type stores -- when | was
about to complain that | never could find anything very interesting in such a store. Just as | began to speak,
however, my friend said, "~ Sure, you play with the useless stuff and walk right past that thing you've been
looking for for months." And he pointed me at alittle kit called a Vector Flexor. | don't know how many of you
have run into this, but its rather neat. It's basically colored sticks and rubber tubes, and the rubber tubes can be
assembled into an X shape and the sticks stuck into them to make a vector equilibrium. It's pretty cool, because it
can be made to jitterbug and it comes with a pretty detailed insert explaining what it is and even refers the buyer
to several of Bucky's books.

[FromMtch C. Am ano]

| note that, in Fuller's Octetruss patent, there is an implementation disclosed in which the struts are formed by the
overlapping edges of aluminum triangular plates with 3 flanges. | tinkered with an alternative (overlapping faces
& flanges) form of the same thing in paper. | decided that with a few extensions and mating piecesit could be a
real modeling kit; the major drawback being that the paper models were not self-aligning like plastic or metal
formed plates would be, so large models tended to show signs of twisting.

| then took some empty 1-gallon polyethylene water containers, stripped the labels off, cut off and layered the flat
sides, and melted them together carefully in a 375-450 degree oven, to get a~1/8th inch thick laminated sheet. |
cut and shaped a plastic prototype of an octet plate of my revised design. It's about 3cm high, and looks pretty
neat - but | think my wife would get X-( mad if | do it again soon: melted polyethylene smell even with the fans
on and windows open.
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2.22 \What applications of synergetics are being
discovered?

Here | want to include references to work that shows how useful Fuller's synergetics ideas are and have been - To
persuade the skeptical :)

[ From Ed Appl ewhi t e]
Satellite sensing data displayed for first time on geodesic triangular-tetrahedral grid

“Scientific American.” (January 1991) reported that researchers at the Los Alamos National Laboratory turned a
technique for modeling explosions into one that simulates climatic change.

"It relies on meshes made of half amillion tetrahedrons. . . .Every tetrahedron covers an area no wider than 30
kilometers. . . . In the event of a disturbance such as a hurricane, these meshes would twist. Conventional models
which use rigid meshes of rectangular bricks, typically lack the resolution to portray such comparatively local
phenomena.” (The graphics accompanying this article demonstrate the kind of applied geodesics that
Buckminster Fuller had in mind.)

What is Kirby Urner's storybording concept?

[ From Ki rby Urner]

What'd be nice to have isalarge inventory of artfully produced synergetics clips in the public domain which
personal workspace enthusiasts (e.g. me) could inload, edit/recombine, and outload to the network. Over time,
we'd build up quite alibrary. In the short term, | don't think Internet is the place to communicate these high
bandwidth scenarios so much as a place to verbally fantasize them or give info about how to get them through
other channels (e.g. the mail). Most redlistically, | think a CD-ROM of Synergetics Clip Art, stills, short
animations, pictures of artifacts, inventions, Bucky's prose and poetry, who's who contact lists etc would be the
ideal evolutionary tool to galvanize the incipient Design Scientists among us to get to work. As the dial-up and
downloading of visual video clips becomes more available, then we can move our collection to a more public
archives.

Again, | think these metaphysical assets should be public domain (even though the CD-ROM s themselves will
cost) to encourage users to incorporate them freely into works of their own, and to upload these for downloading
by othersin turn, and so on. That'll be the metaphysical/fantasy part: out in the real world, we'll be sharing our
storyboards with TV producers to get Hollywood-style storyboards enacted big time, on abigger scale. Any mass
infusion of domed domiciles would be televised for sure.

Best to work with the entertainment industry from the inside out, rather than expecting Design Science to take off
on the side some place, and have TV news people come running to " "the scene." No. The Design Science
revolution will start right in the studio, when the map behind Dan Rather's head stops looking so stupidly
distorted.

2.23 Is it possible to develop an operational pi?

[FromMtch C. Am ano]

| am trying to develop a procedure for giving the ratio of the circumference to the average radius of certain
circle-like polyhedrals, as a function of the number of outer chords on the polynomia edge. The constraints |
have (arbitrarily) placed require that the polyhedron be formed by a whole number of equivalent triangles placed
about a center point. The triangles have (at least) two identical edge lengths (of unit length) which are the radii of
acircle circumscribing the polyhedron, and one (outer) edge in common with the formed polyhedral.
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As an example: for a hexavertexion (hexagon) with an outer radius of 1, there are six equivalent triangles which
happen to be equilateral; the outer edge also has alength of 1. The frequency of subdivision is 6 (the number of
outer edges). The average diameter is 1+sgrt(3)/2. The approximation of pi for this case is 6/[1+sqrt(3)/2] =
3.2154... which itself isirrational, but at least it seems to have some relationship to the polyhedron.

[ From Robert L. Read]

Fromthe formula for regular polygons in CRC Standard Mathemati cal Tabl es_,
Editi on #27, page 122, the inner radius of a regular polygon

(the radius of the inscribed circle) is (r =1/2 * s * cot(180/n)), where
cot is cotangent, n is the nunber of sides, and s is the |length of

the chord on the outside edge. The radius of the circunscribed circle

is (R=1/2* s * ¢csc(180/n)), where csc is cosecant. Since the
circunference of the n-gonis (n * s), we can wite the ratio

of circunference to " "average radius'' (if you nean by that, as you
apparently do, the average of the maxi mum and m ni nrum which is not

obvi ously the sane as what you would get by cal culating the average

over an infinite nunber of rays via calculus, but it mght be) as:

n*s/ ((r +R / 2, which by algebra is equal to
2*n*s/ (r +R , which by substituting the above fornul ae is,

2*n*s/ (1/2 * s * cot(180/n) + 1/2 * s * c¢sc(180/n), and so
the s's can be crossed out of the top and bottom and we get:

2*n/ ( 0.5* cot(180/n) + 0.5 * ¢csc(180/n)), which is a function
only of n, which is what we desire, and can be cl eaned up to:

4*n [/ (cot(180/n) + csc(180/n))

whi ch, since cot and csc are kind of a pain we can replace with

sin and cos via identities that we should all renenber but happily

can be found on page 135 (cot x = cos(x) / sin(x) and csc(x) = 1/sin(x)).

Then with a little nore algebra we get the easy-to-use-if-you-have
-a-cal cul ator formul a:

circunference / av. radius (n) = (4 * n* sin (180 / n) / (1 + cos(180/n))
And, BTW, it works, | checked it at afew values.

[ From Ki rby Urner]

Nature is not using PI, nor are humans (part of nature). All computer-based and cal cul ator-based representations
of Pl are truncated to the number of digitsinternal storage permits. Even those gazillion digit Cray monsters
terminate (and besides, are not used in practice in any calculations). Bucky's argument that nature does not use
irrational numbersis pretty straightforward: you have never used an irrational number in your life: all
computations with root-of-two, pi, e and so forth are definite, terminated. We call them ~“approximations” just as
we say all lines are ""approximations' of perfectly straight ones. Bucky simply starts with what's right in front of
us, in our everyday experience, and says " not approximations of anything, thisiswhat simply is-- no perfectly
straight lines and no ultimate value of Pl actually exist or gets used for anything in nature.”
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So are we agreed that what Bucky was advocating was a “grainy-pi' using a super scheherezade number with tons
of primes folded in? Like, the Babylonians chose 360 because of its easy divisibility. People came up with
“"Grads" (on most calculators) dividing the circle into 100 degrees -- for the true die-hard decimal-heads. So
Bucky, in true Babylonian fashion, but acknowledging the new level of computing power we've attained,
suggested replacing 360 with a number with a great many more primes worked in. The idea would be to then
generate atable of trig functions that always " came out" to some rational number. The whole set-up would be
““grainy” but | think it was Bucky's contention that we would find such a system to be sufficient to cover nature's
““scalables’ -- i.e. we would have arational trigonometry of enough accuracy to do subatomics, architecture etc.

| have no clear understanding of what it would look like to carry this out in practice. Sounds like ajob for a
computer language. My question here though is: does anyone have a different understanding of what Bucky
meant? And, yes, what about the phenomenal utility of such numbers as e, sqrt(2) etc? Although here, again, my
earlier assertion isrelevant: our computers only carry out our symbolsto a finite number of numbers for
crunching purposes in any case, so the question " can we get along without computing with nonterminating
irrationals?" is moot in any case -- we get along fine right now.

[FromMtch C. Am ano]

Given that there is no infinite precision in practice and in Universe, we must decide what precision to use. The
most common approach is to just use however many digits our calculator gives us, which is usually too many,
and get a bigger calculator if its not enough. Generally, the precision we need is determined by the size of our
bolt-holes and the elasticity of the materials we're working with.

For any working environment we could define a necessary precision (higher for steel than wood, higher for wood
than plastic) and develop tables of fundamentals values, such as the ratio of circumference to diameter for an
n-gon, expressed as fractions in simplest form that would be accurate enough for that application. (The decimal
expansion could be used, but often we would find much simpler fractions that are accurate enough.) This would
have a certain pleasing simplicity, but, on the other hand, it has no really obvious advantage over an over-precise
description. However, it seems worth investigating, because if some pattern could be detected, then we would
gain not only an engineering tool, but atool for understanding, which is one of the wonderful things about many
of Fuller'sinventions.

[ From Vi ncent J. Mat sko]

It is possible, beginning with a hexagon, to perform the “irrational” approximations[t o pi ] by doubling the
number of sides each time (rather than increasing by one) so that the appropriate half-angle formulae may be
used to calculate sines and cosines without any knowledge of pi.

Re: The practicality of pi: | have done quite a bit of solid geometry (Fuller was inspirational for me), and | have
never had occasion to use pi. | think the natural choice of “"unit" for anglesto be "revolutions,” thus the range
0-360 degreesisjust the range 0-1. Now these numbers are "~ dimensionless,” being interpreted as the fraction of
the area of acircle that the sector cut out by the angle occupies.

Now let's take the discussion to three dimensions. We wish to have a measure of solid angle so that we may
discuss spacefilling ideas. So define the measure of a solid angle to be that fraction of a sphere (centered at the
vertex of the angle) cut out be the solid angle. If A, B, and C are the measures of the dihedral angles of a solid
angle, and the measure of the angleis Y2(A + B + C - 1/2). Example: Take the corner of a cube. Each dihedral
angle has measure 1/4 (i.e., 90 degrees). So the measure of the solid angle determined by a corner is 1/2(1/4 + 1/4
+ 1/4 - 1/2) = 1/8. Now in a cubic packing of space, 8 corners of the cube meet at a point, so it makes sense that
each corner should occupy " one-eighth of the space” about the vertex of that corner. (Thisformulafor a solid
angle is derived from a standard result (in the CRC, e.g.) for the area of a spherical triangle by changing the units
to revolutions and by dividing by the surface area of the sphere in question (so asto yield aratio rather than an
“absolute” area).)

Asfar as ageneralization goes: (1) for an n-hedral angle with dihedral angles A1,...,An, the formulafor the
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measure of the solid angleis 1/2(A1+ A2 + ... + An + 1 - n/2), which reduces to the above for n = 3. (2)
However, in higher dimensions, there is no simple formula. Coxeter addresses the issue briefly in his Regular
Polytopes, where he includes aformidable 4D formula derived by Schlafli. It's really rather nasty looking, if |
must say.

Thus, we may talk of solid anglesin 3D without needing to bring in pi, the results being, | believe, more
geometrically intuitive. And, being that Fuller's rather discrete geometry really never concernsitself with circles
or spheres (I suppose excepting sphere packings), pi is not really needed.

[ From Ki rby Urner]

I've come up with an algorithm for deriving pi that uses no trig, just Pythagoras. Involvesfilling a unit circle with
afractal pattern of similar triangles, thereby approaching pi as an area (vs circumference). The algorithm is
easiest expressed as a short computer program:

pi =2

hypot =270. 5

FOR n=1 TO 30
hei ght =1- (1- (hypot/ 2)~2)"0.5
newhypot =( hei ght *2+( hypot/2)"2)~0.5
newar ea=1/ 2* hei ght * hypot
pi =pi +2~( n+1) * newar ea
? pi
hypot =newhypot

The output of which (fromthe line reading '? pi') reads:

First 5 ternms:
828427124746190000
061467458920718000
121445152258052000
136548490545939000
140331156954753000
<stuff del eted>

WwWwwwnN

Last 7 terms:

141592653589789000
141592653589793000
141592653589793000
141592653589793000
141592653589793000
141592653589793000
141592653589793000

Asyou can seg, | reach the limits of my computer's accuracy (using this particular programming language) at
about 25 iterations.

There's some specific geometric reasoning that led to this algorithm of course, which involves starting with an
inscribed square (2 triangles) and successively bisecting outer edges (hypotenuses) to create a series of smaller
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and smaller similar triangles pushing into the unfilled arc regions. Asthe triangles get smaller, their numbers
multiply exponentially, hence the fractal-like (self-similar) nature of the algorithm.

Inscribe asquare in a circle. Now imagine the mid-edges of the square moving out to touch the circle, making 4

triangles using each of the square's edges as a base. Now have the outer mid-edges of those new triangles move

out to the circumference again, making more, smaller triangles. Repeat until the computer runs out of significant
digits.

Thisis not a picture of apie with narrower and narrower dlices, all converging at the center. It's a pie with big
sections at the center and smaller and smaller ones pressing out towards the edge of the circle.

This method may have aready been published many times, but | derived it from scratch I'm proud to say.
I've further simplified, or at least re-expressed, an algorithm for generating pi without using trig functions.

Those interested should rewrite using conventional notation. [] means subscript. * means " "raised to power" e.g.
2.5 means "2 to the one-half" or " 2nd root of 2." SIGMA means one of those Greek summation symbols (just a
fancy symbol for a programmer’'s DO-loop)...

(1) h[ 0] =2

(2) h[i+1]=(2-(4-h[i]*"2)".5)".5

(3) pi =SIGVA{ (27 ) *h[i]*(1-1/2*(4-h[i]"2)".5)}
where (i=0,1,2...)

[ Expansi on]

h[ 0] =2

h[ 1] =SQRT( 2)

h[ 2] =SQRT( 2- SQRT(2) )

h[ 3] =SQRT( 2- SQRT( 2+SQRT( 2))

h[ 4] =SQRT( 2- SQRT( 2+SQRT(2)))

h[ 5] =SQRT( 2- SQRT( 2+SQRT( 2+SQRT(2))))

h[ n] =SQRT( 2- SQRT( 2+SQRT( 2+SQRT(2+...))))) . . .

The above succession of terns derives from
h[ 0] =2
h[i +1] =SQRT(2- SQRT(4-h[i]"2))

Anot her way of expressing the continued radical:

i =0...n

k[ 0] =0

h[ 0] =2

K[i+1] =SQRT(2+k[i])
h[i+1] =SQRT(2-k[i])

In other words, you start with h[0]=2, then plug that in to the left side of expression (2) to get h[1], plug h[1] into
get h[2] and so on. Expression (3) is a summation of termsindexed on i wherei=0,1,2,3,4... and so on, aslong as
you want to continue. Note the term 27 -- a successive doubling with each new term in the series, reflective of
the doubling number of smaller and smaller triangles, the area of which is provided my the next two terms (a
base& ast;height expression).
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I've also simplified the computer program a bit:

area = 0
hypot =2
FOR n=0 TO 25
hei ght =1- (1- (hypot/2)"2)”"0. 5
ar ea=ar ea+2”n* hei ght * hypot
hypot =( hei ght ~2+( hypot/ 2)~2)"0. 5
ENDFOR
? area

After 25 iterations, area should = pi to 15 decimals.
[ From Ki yoshi Kurom ya]

| thought | would share part of an article (""Cosmic Noise") by George Johnson in today's New Y ork Times
(7/9194):

“In trying to construct a science of science, people like Dr. Chaitin and Dr. Landauer are questioning some of the
deepest assumptions of their craft. Since Newton, scientific laws have been expressed in the form of differential
equations, which have exact solutions, and with the so-called real numbers, which can be expressed as infinitely
long decimal expansions. Pi equals 3.14159 ....

“In practice, science inevitably falls short of thisideal of infinite precision. In quantum physics, the simplest
atom--hydrogen, with one proton and one electron--can be described precisely. But the equation for the helium
atom, with its additional proton--isintractable. We must make do with good approximations. Estimates of the
size of the shards of the Shoemaker-Levy comet vary so widely that some scientists predict there will be no
measurable impact on Jupiter at al.

" Science has long operated on the assumption that space is continuous, with infinitely many points between two
marks on aline. Mathematicians have calculated pi beyond a billion decimal places. But 61 decimal places are
enough to describe a circle girding the visible universe with a deviation of less than a single Planck length--a unit
10-to the twentieth power (1 followed by 20 zeroes) times smaller than a proton. this seems as close to perfectly
circular asareal circle can be. Do the rest of the decimal places have any meaning?

“"The mathematician Herman Weyl once said that the belief in an infinite continuum of numbers “taxes the
strength of our faith hardly less than the doctrines of the early Fathers of the Church or the Scholastic
philosophers of the Middle Ages.'

“"Few scientists are ready to abandon differential equations and real numbers for the more realistic mathematics
Dr. Chaitin is proposing. but in seeking a foundation for science, everything is up for grabs, including the
universality of mathematics.

“"For centuries philosophers have debated whether mathematicsis invented or discovered. Taking amiddle
ground, the 19th-century mathematician Leopold Kronecker declared, "God made the integers; all elseisthe
work of man.'

TEinstein, it seems, went even further. Even the integers, he wrote, are obviously an invention of the human
mind, a self-created tool which ssimplifies the ordering of certain sensory experiences.”
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2.24 What are Koski's and Kajikawa's modules?

[ From Ki rby Urner]

David Koski is amaster of the self-similar tetrahedron fractal. He uses the golden ratio (phi -- not pi) to scale T
modules. Phi-scaled T-mods of various sizes actually pack together to make cubes, icosahedra and other 5-fold
symmetric solids. Even more shapes may be made if variant modules, each assembled from 6 of the 7 unique
edges of the golden cuboid* are admitted to the phi-scaled building-block inventory.

Y asushi Kgjikawa of the Synergetics Institute in Japan has a competing module set for assembling 5-fold
symmetric shapes, and a hypercard stack for the Macintosh to show how it works. Kajikawa's work was actually
published in Scientific American (Japanese edition only) whereas David Koski's work is as yet unpublished.

The literature of module sets, finding a minimum inventory of building blocks for assembling a wide variety of
shapes (ala Fuller's Mite, Kyte, Syte discussion) isfairly large. There's that dome architect from Iceland who's
into it, and that book on particle physics which tries to model quantum mechanics using polyhedra (Fuller pushed
in this direction of course).

2.25 What is Richard Hawkins' curVE model?

[ From Ri chard Hawki ns]

| have made a model based on the Vector Equilibrium using quadrants (90 degree arcs) in place of straight lines.
Visualize a cube with circular faces. All of the circumferentials (no radials in this model) are equidistant from the
center of gravity; facilitating motion. View the model as 4 groups of 6 quadrants each forming "circuits"
analogous to the 4 hexagona components of the VE (cuboctahedron). Locate a rotating armature (straight-line
structure) with its pivot point at the center of gravity and ends at opposing points on one of the 4 ““circuits." (|
have used 4 different colorsto help differentiate these in the model.) Animate the armature to make a complete
revolution (keyframes at the beginning of each quadrant) around each "circuit," aternating continuously through
the 4 different axes of rotation (4-D). Grouping another armature at 90 degrees centered to the first produced a
surprising (to me) result. For each revolution around a " circuit” by the first armature, the grouped armature
tracks opposing spherical triangles twice. It bobs and weaves! Sorry if thisverba description is not easy to
visualize.

One picture of thismodel is available by anonymous ftp switchboard.ftp.com:/bucky/curVE.jpg.

2.26 Fuller's Synergetics and Sex Identity.

[ From Chri s Fearnl ey]

In the Humanities Citation Index | found an article by Prudence Allen, R.S.M (Concordia University) in
International Philosophical Quarterly 32(1):3-16 entitled " Fuller's Synergetics and Sex Complementarity."

The article had several very interesting features. First, she provides a test-case example of Fuller's principle that
the minimum conceptual system is structured tetrahedrally.

Concept of Male Concept of Female Description

first vertex:
male female Primarily Biological second vertex: masculinity femininity Primarily Psychic (cultural) third vertex:
femininity masculinity " fourth vertex: man woman As individuality

Allen argues that this tetrahedron of Male and Female is both historically and philosophically tantalizing (if not
valid).
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Second, Allen looks at Fuller's concepts of complementarity and parity (and implicitly the concepts of system,
integrity, events, inter-relationships of eventsin a system - well, basically the whole of Fuller's epistemography)
in application to sex identity. She also evaluates severa of Fuller's references to male-female complementarity
(Synergetics: 1210, 511.12, 1076.11-12, 1024.15, and others). She quotes Fuller's article "~ Goddesses of the

Twenty-First Century” in Saturday Review 14:(2 March 1986). (Has anyone seen this article?)

“"Women are tensional and continuous. Each new female as well as male life comes from the womb of the
women. We have, then, the new female life as a series of expanding waves, the new ever emerging from within
the older wave. Women are continuous. ...

““Males are discontinuous. The new life is noncontiguous to the previous male life. Men are, then, islanded,
individual discontinuities.”

Finally, | noticed that Allen's article is a very interesting piece of scholarly applied synergetics and synergetics
philosophy. She really understands Fuller's philosophy of systems and its inherent complementarity, parity and
synergy. Her only real criticism was that Fuller didn't take the next step to viewing man as a person in community
and woman as a person in community. Although | don't recall any references to a philosophy of humansin
community in Synergetics (besides the electronic voting), | think we need to review Fuller's essaysin EKistics
before we can safely claim that Fuller didn't develop any specific thinking regarding communities. Overall, thisis
agood read for the Fuller scholar looking for philosophical applications to synergetics.

[ BTW there is another philosophical essay by Derek A Kelly "~ The

Phi | osophy of R Buckm nster Fuller'' in International Phil osphical
Quarterly 22(1982): 295-314. This |l ong essay di sappointed ne as the author
does not seemto have integrated all the pieces of Fuller's philosophy.

Vll, in nmy opinion (based on a very cursory exam nation) Kelly didn't
conmprehend the full nmeaning of Fuller's concepts. I'll have to read this one
nore carefully before passing final judgnent.]

2.27 Tips for reading Synergetics.

http://www.cjfearnley.com/synergetics.essay.html provides some tips for reading Synergetics.

Next Previous Contents
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Next Previous Contents

3. Fuller's Ideas About Human Society: Critical Path

Fuller was interested and made contributions on a wide range of issues in the area academics call the “social
sciences’. Much of thiswork addressed economics. He published several studies of industrial trends. There was the
famous 1940 issue of Fortune magazine which he inspired. In the 1960s the Design Science Decade Documents
were published. Fuller advocated the principle of ~ephemeralization” or doing ~~more with less." Fuller founded the
world game which explores the task of making the world work for 100% of humanity. His major publicationsin this
area are Critical Path and Grunch of Giants wherein he also gives a unique perspective of the history of humans on
Earth.

3.1 What is the Design Science Revolution?

The ""Design Science Revolution” references Fuller's program of applying the principles of science to solving the
problems of humanity in an aggressive, anticipatory and comprehensive manner. The principle of ephemeralization
shows we can accomplish more and more functionality with less and less energy, material and time investment, ~“we
are now able to do so much with so little that we can provide for the basic needs of 100% of humanity without
disadvantaging anyone." In contradistinction his ~“archenemy," Obnoxico Inc., which trys to make money out of thin
air (or rocks) with little or no appreciable benefit to humankind. Fuller suggests that by taking the design principles
of Universe (as described in Synergetics and el sewhere) and our consciously devel oped values, we can emerge from
the present-day "“dark ages' and prosper like never before in history.

Pat Salsbury has an excellent web page describing Comprehensive Anticipatory Design Science.

When will the Design Science Revolution begin?

[ From Chri s Fearnl ey] The Design Science Revolution has already begun

During the 1980s, under the smoke screen of republican conservatism conveniently provided by the mass media,
large numbers of individuals and groups have begun to organize the resources available to them to understand the
world and begin the process of working for 100% of humanity. Here are some events that suggest that Earth may be
entering the design science revolution as predicted by Buckminster Fuller: World Game grew to be an Institute,
World Resources Institute was formed (c. 1982), The World Watch Institute began publishing ayearly State of the
World Report, home computing explodes in numbers and quality and became ubiquitous, BBSing becomes an
institution for intercommunication,

[ Fr om Unknown]

Some of my colleagues have been doing realtime strategizing where NEWIDEA=""global design science
revolution." Fuller's hypothesis was that lag timesin social acceptance of new artifactsis afunction of anatura
gestation rate associated with different technological arenas e.g. novelty electronics proceed from drawing boardsto
end-usersin amatter of years, whereas adoption of fundamental changes in household architecture is measured in
decades. Obviously changes occur along different scales (geologic thru atomic). Some NEWIDEASs come with
glacial-paced agendas that no amount of clevernessin strategy will accelerate beyond atop limit.

[ From Ki rby Urner]
Storyboarding for Design Science Drama: Some Pro-Net Propaganda by Kirby Urner June 12, 1994

In Grunch of Giants, Bucky Fuller cast the community of networkersin the role of David versus the supranational
corporate Goliath. Asin any good tale, the archetypal opposition (compression) provides aforeground plot against a
contextual background of eternal principles (tension). Behind the scenes we ever rediscover what teachers call “the
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unity of opposites.” David and Goliath are two aspects of the same psyche. We have met the enemy and the enemy
isus.

The Internet is abuzz with rumors of huge conglomerates positioning for an all-out invasion. The funky, free and
informal usefulness of a shared, non-hierarchical, decentralized, self-monitoring culture will be conquered by a
culture of greed and aggressiveness. The world of commercial television, which has aready invaded public schools,
will storm into our peaceable kingdom to haul us as slavesin chains before our new corporate masters. We shall
once again be cast as consumers of dumbed down infotainment carefully purged any content that might offend the
sponsors. Everything will cost, nothing will be reusable or recopyable, and stories of these carefree days will be as
legends in the ears of our children. The evil Grunch will have won.

In Bucky'stale, the now omnipresent computer is on the side of Good. The global financial number cruncher keeps
crunching away and crunching away and always comes up with the same surprising answer: we humans now, today,
have the requisite physical and metaphysical assets in inventory to stage a great world play about the coming of age
of our species. Late night religious broadcasting of the hopeless poverty in our world, ever in need of our
guilt-derived dollars, might be supplanted by a new kind of program about actually ending death by starvation --
forever. Propsin our new world dramas:. domes hanging from helicopters; graphical dymaxion map displays,
computer monitors aglow with designs for livingry, ready for distribution on a massive scale, instead of killingry,
(already massively distributed).

What Bucky hoped is that our youthful, globally networked generation, so full of promise, would stand up to the
onrushing Goliath. He encouraged us to look at lawyer-capitalism's (LAWCAP's) shareholder enterprises as ghost
ships on automatic pilot, the great pirates who once steered them having long ago passed from the scene. Crews of
bewildered and superstitious bureaucrats still go through the motions, reciting their mindless mantras passed on as
wisdom. But LAWCAP's big picture accounts, steeped in Dark Ages obfuscation and contrived to sound paternal
and profound, are becoming less and less a source of comfort in these uncharted waters. The crew members are
beginning to awaken to the reality of their situation. They cling to our nets for survival.

Bucky knew the limited liability, legally irresponsible, soulless creatures of LAWCAP's accounting hadn't the
humanity nor intelligence to navigate successfully in cyberspace. LAWCAP reflexes are all out of synch with what
world game positions now need filling. The you-or-me never-enough-for-both great global tragedy is swiftly losing
market share. Hollywood-style media extravaganzas, now in storyboard phase, need a new kind of star. Newscasters
and media pundits with no knowledge of designer dwellings built for multimedia, no grasp of grand strategy maps
minus their political overlays, no sense of what it meansto surf freely through the Net, have alot of homework
ahead of them.

Our time is now. We, the global networkers, the world game players of today, have inherited the experimental
prototype community of tomorrow. A giant BuckyBall stands at the center of Disney's EPCOT, Grunch's central
shrine. The logo-language of corporate heraldry is destined to transform in the context of this world around web, a
hypertext tapestry into which al of our metaphysical assets will be interwoven. Employing the know-how wealth
amassed for us by our brilliant and courageous forbearers, we will make of this earth what the great pirates of old
never dared wish for, except maybe in their most private prayers: aworld in which our highest human values are
consistent with the roles we are destined to play -- agreat tragedy no longer. Let the show begin!

What about increased unemployment from DSR and automation
innovations?

[ Ross Keatinge's question and ny reply]

> | recently read an article in an Australian El ectronics

> magazi ne where the author is discussing unenpl oynent,

> redundancies etc and the general topic of technol ogy doing the
> work previously done by peopl e.

>

> Like the author of this article, I amvery nuch in favour of
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> using technology to do nore with | ess but amstruggling to

> conme up with an answer to the question of just what DOES

> happen to the factory worker replaced by a robot or the office
> clerk replaced by a conmputer?

| think it depends upon what you think the purpose of employment is. | think the goal of ajob isto eliminate that
job. Therefore, from my perspective unemployment is a virtue and the economy had better learn to appreciate and
value it. We need to solve this problem quickly because in the current economy Fuller's profesy of *“more with less®
is being conducted with a vengeance: even highly skilled people are finding their jobs and departments eliminated at
very high frequencies.

But what isthe individual to do in an economy that obeys Fuller's laws of empheralization, but does not (at this
point) support the " victims" of the modern economy. | think thisis where another Fuller principle comesin: What is
the purpose of humansin Universe? "~ To gather information and to solve problems." So it would behoove the
individual to aggressively take up the task of becoming a general problem-solver (say during your next period of
unemployment <grin>). Already it is clear the the economy does not really sport skills or experience; it seems that
only can-do problem-solving is rewarded. OK, but what happens when our problem-solver finishes their job? Well,
they go onto solve even more difficult problems. I think Fuller called this utopia. (Though the displaced factory
worker or office clerk may disagree. It is sad but the Universe seems to work the way it works and it does not seem
to support certain jobs or skills.)

[ From Ki rby Urner]

| think the missing puzzle piece vis-a-vis automation and unemployment in Fuller's thinking isin Education
Automation.

The goal is not to render humans useless but to free them to perform metaphysical tasks with their minds. Setting up
an economics to give people ""tenure" in a more metaphysically driven economy does not seem all that far-fetched,
given the information superhighway and all that rot.

Digital media are inherently copiable without limit, giving everyone access to tremendous cultural riches. But
making it expensive by making it scarceis still the only way we can figure to ““earn aliving." So the FBI will
continue warning us not to copy videos etc. But, in principle, we have what it takes, metaphysical resource wise, to
raise living standards in a Global University context.

What Bucky may have been saying, to the chagrin of LAWCAP [ LAWyer CAPitalism] , isthat a system which
does not hold basic living necessities hostage pending proof of your usefulness to society, but rather supplies a
workstation to all and lets each individual seek excellence (or not), will come out ahead in the innovation and
creativity department. There are lots of waysto meter adigital product's usefulness to others, and even to reward its
authors accordingly, but without forcing us into earning a living behaviors. So many digital properties are vitally
useful, but simply do not fit into the ““earning aliving from revenues on sales" framework. In fact, itsthe infinite
copiability of digital mediathat makes ““earning aliving from revenues on sales' a system that gets us actively
militating to inhibit technology, with handicapped CD copiers, dongles, other anti-copying schemes. We've made
photo-duplicating an item (leaving it for others to also use and duplicate) acrime called "Piracy.” Imagine a pirate
ship coming alongside, snapping polaroids of your treasure chest, and dashing off, cackling. Such is piracy. (Again,
I'm not personally into using alot of pirated software, but I've seen whole countries sustaining their economies on
same, without the foreign exchangeto "make it al legal" and question aLAWCAP new world order (i.e. the
GATT) that would permanently make metaphysical assets artificially, suffocatingly unaguirable in an economy
desperate for such assets).
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3.2 What is the "cosmic accounting system?" --- Fuller's
Economics.

[ Typed in by Pat Sal sbury.] Thefollowing isan excerpt from Critical Path by R. Buckminster
(""Bucky™) Fuller. (Copyright 1981, St. Martin's Press, NY -- pp. 262-263)

...We have pointed out that the geologist Francois de Chardenedes wrote for me a scenario of the technology of
nature's producing petroleum which disclosed that the amount of energy employed by nature as heat and pressure for
the amount of time required to produce each gallon of petroleum, if paid for at the rate at which the public utilities
now charge retail customers for electricity, must cost over amillion dollars a gallon. Combine that information with
the discovery that approximately 60 percent of the employed in U.S. America are working at tasks that are not
producing any life support. Jobs of inspectors-of-inspectors; jobs with insurance companies that induce people to bet
that their house is going to be destroyed by fire while the insurance company betsthat it isn't. All these are negative
preoccupations...jobs with the underwriting of insurance underwriters by other insurance underwriters -- people
checking up on one another in all the different departments of the Treasury, the Internal Revenue, FBI, CIA, and in
counterespionage. About 60 percent of al human activity in Americais not producing any physical life protection,
life support, or development accommodation, which physical life support alone constitutes real wealth.

“The mgjority of Americans reach their jobs by automobile, probably averaging four gallons aday -- thereby, each
is spending four million real cosmic-physical-Universe dollars aday without producing any physical Universe
life-support wealth accredited in the energy-time -- metabolic -- accounting system eternally governing regenerative
Universe. Humans are designed to learn how to survive only through trial-and-error-won knowledge. Long-known
errors are, however, no longer cosmically tolerated. The 350 trillion cosmic dollars a day wasted by the 60 percent
of no-wealth-producing human job-holders in the U.S.A., together with the $19 quadrillion a day wasted by the
no-weal th-producing human job-holders in all other automobiles-to-work countries, also can no longer be
cosmically tolerated.

“Today we have computers that enable us to answer some very big questionsif all the relevant datais fed into the
computer and all the questions are properly asked. Asfor instance, ~"Which would cost society the least: to carry on
as at present, trying politically to create more no-wealth-producing jobs, or paying everybody handsome fellowships
to stay at home and save all those million-dollar-each gallons of petroleum?' Stated evermore succinctly, the big
question will be: “"Which costs more -- paying all present job-holders a billionaire's lifelong $400,000-a-day
fellowship to stay at home, or having them each spend $4 million aday to commute to work?" Every computer will
declare it to be much less expensive to pay people not to go to work. The same computers will also quickly reveal
that there is no way in which each and every human could each day spend $400,000 staying at the most expensive
hotels and doing equally expensive things; they could rarely spend 4000 of the 1980-deflated dollars a day, which is
only 1 percent of abillionaire's daily income."

[ From Ross Keati nge]

The most fundamental message | have got from his writings is about wealth. | cringe when | hear or read about a
“worldwide recession’ and a “depressed economy'. | know it sounds like common sense but | find it difficult to get
peopleto realize that it isall our own doing. | work for a company which among other things does foreign exchange
dealing. I'm not directly involved in but | always find it amusing when they talk about "The Market' asif it is some
alien entity which we have no control over. There has been some currency crisesin recent times and | hear phases
like "Everybody is watching the market very closely today," or "I hope the dollar doesn't drop any further today."

| tend to see the population of the Earth as similar to a group of people living on an island with plenty of natural
resources but some are starving because the people can't get their act together even though they have the technology
to transport resources around the island. The latest “Time' has a bit about the huge stockpiles of food in Europe they
don't quite know what to do with (posted 1 Oct 1993).

[ From Ki rby Urner]
Bucky defined wealth as life support. Some feel wealth is what humans get credit for because it is produced through
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their work. Thisis aso the Marxist view: that only labor creates value. Given Bucky's definition, we see the sun and
ecosystems as weal th-producing, but outside the cash system. Most of our life support (wealth) is not owing to
human labor, but to automated, cybernetic, natural processes. Agriculture is hard work, but it wouldn't happen at all
without nature's contribution. Given Fuller's *"cosmic accounting” (looking at wealth production with or without
human components), it appears that no matter how hard we work, we individually get more life support than we
produce. We do not "“pay our own way" as a Species.

There's no way that you, born a helpless baby just decades ago, could possibly pay your debts to humanity for all the
assets you usein life, including the words you use free of charge. Humans don't pay the sun for powering the earth
or take much credit for all the automatic wealth creation that goes on around us constantly, cashlessly. Humans get
to work, yes, but they don't get to take credit for everything they produce. Ultimately we're distributing wealth to
children (average global age: 15) and generations yet unborn -- no way they can pay their own way.

| think the institution called The Library is fundamental to democracy and wonder what will happen to this
institution in the digital age. What does it mean to ““borrow" adigital asset when making a copy also leavesit on the
shelf? Trying to make information assets fit the mold of real estate assets when talking about " intellectual property"
isto seriously mix metaphors. Information assets are not English country estates.

Human language is more like an ecosystem asset than a capitalist one: we work with it without paying for the
privilege. But language is not just a pile of wordsin the dictionary. Language is sense, knowledge, away of ordering
experience. The question is: how quickly will certain intellectual assets cross the line from cash-accounted assets to
ecosystemic ones -- how quickly will our metaphysical work be subsumed within Language? How will language
masters be rewarded, if not with cash revenue from end users? Encryption and computerization offer the possibility
of trafficking in zillions of currencies. Y ou will gain access to assets you have demonstrated your ability to expertly
use. Same as now.

Fuller's point in Critical Path was that even many of those gainfully employed (not counting
disemployed-through-automation) are doing nothing very vital to the creation of sustainable life support systems.
Market pricing isjust the tip of the iceberg of a system of pushes and pulls. At the far end of the cheap jeansisthe
barrel of agun, pointed at people who cannot prove legal tenure to the land their ancestors farmed for generations.
The prices we pay have alot of brute force behind them, not just self-interested parties freely making choices.
Making cash scarce to keep it valuable, by making those who have it fear the miserable state of those who do not, is
a coercive system, not a freedom-loving one.

Cold cashisjust one of many "“currencies' -- the most liquidly convertible (provided it is one of the globally
acceptable “"hard" ones). I'm a big fan of wiring workstations to systems which dispense credits redeemable “'in
kind." E.g. hours spent completing multimedia session on Insects of the World gets you tickets to the science
museum and a $40 credit at a book store. The museum and bookstore are also receiving lots of non-cash
redeemables for their services. Not barter exactly, but not pure liquid either. Computers make it practical to
electronify wealth distribution games that accomplish the movement of goods in services in more channeled,
designed structures. Not big brother though, since no central planning authority -- just lots of dial-in “~games" with
costs and rewards, likely to attract those with a self-interest in playing. Those are the details. From a distance, it
looks like a planet full of professors on tenure, working hard, doing more metaphysical stuff than before.

[ Karl Vogel replies]

No one has deliberately set out to *"make" cash scarce. Earth does NOT give us everything we need without
requiring any productive work on our part; if we want food, we have to grow it or get it from someone who has
grown it. This can be done in one of two ways, peacefully through trade or otherwise.

[ Kevin Sahr replies]

| think these two viewpoints define the crux of the debate. And | (and | think Bucky) would have to agree more with
Kirby. Capitalism is based on scarcity, and those with a deeply vested interest in the status quo (or asimple fear of
change, which | think we all share to some extent), will fight any effortsto, say, develop cheap renewable sources of
energy which threaten the scarcity and thus the value of their sources of income. In the long run, we each
individually and as a society suffer from this. I've heard the argument that the mechanics of a free-market economy
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will eventually overcome such inertia, but | find the ideathat we live in anything even close to a free-market
economy to be absurd.

| find Bucky's vision of a society of scientist/artists who are self-fulfilled in the very act of creation/learning to be
inspiring. The problem, of course, is how we get from here to there. | do not claim to have the answer. However, |
think that the dawning of the information age is going to make it very difficult for people to, at the very least, delude
themselvesinto thinking that we do not live in an economy of enforced scarcity. Because information, by it's very
nature, only has value in a capitalist economy to the extent that it is deliberately ““made” scarce. If | have an HDTV
with adigital recorder capable of perfect reproduction of ~"Jurassic Park," and afiber optic link direct to a digital
copy of that movie, then someoneis going to have to introduce a deliberate " mechanism of scarcity" to keep me
from copying it. If | have acomputer on my desktop capable of creating, from a hardware/software standpoint, the
dinosaur sequences from “"Jurassic Park," then the only thing of real valuein JP is Steven Spielberg's creativity (and
that of the other artists that participated in it's making). Once Spielberg (or anyone else) no longer needs
Hollywood's money to make a movie like JP, and no longer needs their distribution channels (because everyone has
equal access to the net -- unless we CHOOSE to make access " "scarce') then what isto stop him from just making
his movies out of the sheer pleasure of it and giving copies freely to anyone who wants them? As we move closer
and closer to an ““information standard" of value in our economy, | think the old economic models we've been using
areinfor acrisis. I, for one, hopeit will be afatal crisis.

If everyone gives freely of themselves without expecting anything in return, we will all have more than we could
ever possibly dream. And because this makes so much sense, that must be where the universe is headed. To me
that's really what Bucky was all about. What a beautiful being!

[From Leo Elliott]

What has become really important (economically) is not the product (movie, book, code, net, etc.) of the artist
(scientist, Spielberg, et al.), but rather the ““enforced scarcity” youse have recently been batting around? What drives
the GRUNCH economy is not the production of goods and services, as standard economic theory might have it, but
rather the perpetual maintenance of scarcities, such that once an item becomes abundant and low-cost, then
production shifts to the new style, the movie sequel, the next year's model, etc.

What has come about is the denigration, to the point of debility, of what Bucky may have called the ability to
maintain secrets, industrial, military, or otherwise (recall histales of how civilization was advanced on the high seas
with one nation getting the jump on another, as via the development of guns with longer ranges, by always keeping
secret their more-with-lessing capabilities -- now these more-with-lessing capabilities seem to be developing,
mutating (dare | say evolving) faster than the old Giants' abilities to keep up with them, witness Aldrich Ames.)

Some may reference this to the Summer '93 issue of Whole Earth Review, wherein Stewart Brand prefaced Kevin
Kelly'sarticle on " Cyberspace, E-Money, and the Technologies of Disconnection” (pp. 40-59) as follows:

“This oneisaworld-changer. Personal encryption may be as revolutionary as personal computers in transforming
the web of human communications...

““Since | am alied with cypherpunks and their program, | feel cheerfully duty-bound to raise a question or two, such
as. 'If thereal world is awkward to work with and full of cops, and if €lectronic cyberspace is easy to work with and
has no effective cops (thanks to universal encryption) AND iswhere all the money is, what does that suggest about
the future of crime? "

Thusin some odd extension of value-added marxian economics, the old-model consumer of mainline value-added
products (folks who might pay the full ticket price to go see Jurassic Park in a bigscreen theater) becomes ever less
significant in the economic factoring to those who would add value by passing lesser imitations around (videos or
associated dino mdse)... which | think leads somewhere back towards Bucky's * ephemeralization” of economic
processes. The "“value added" manifest on the nets would simply be represented by the " passing on" of data, in the
hope/probability that it will assume ""added value" as info and/or entertainment on the receiving end.

[ From Mark Stowe]
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It is my strong personal recommendation that everyone unfamiliar with the game theory/evolutionary modeling of
altruistic behavior, would do well to read up in this area (an adequate if less than inspired starting point would be the
article on page 76 of the March 1994, Scientific American). Capitalism is currently anecessary evil in my view
because of the presence of " defectors:” those whose power grows at the expense of those who volunteer their labor.
Essentially my hope for the future lies with my belief that on-line communities provide unprecedented possibilities
for getting around this problem, because 1) they provide enormous power to organize boycotts and otherwise isolate
defectors and 2) they increase the power of the altruists by virtue of the fact that altruistic creationsin an on-line
community (helpful programs, enjoyable works of art) last much longer (the normal rules of entropy do not apply). |
think that the problem of cheatersin an on-line community as discussed in the article on page 90 of the same
Sci-Am issue can be overcome by a number of technological tricks.

3.3 What is the World Game?

[ Keyed in by Patrick G Sal sbury.] Thisisan excerpt from The Essential Whole Earth Catalog
(Doubleday & Company, Inc., Garden City, NY) p. 89

THE WORLD GAME

““To make the World work / for 100% of Humanity / In the shortest possible time / Through spontaneous
cooperation / Without ecological offense/ Or the disadvantage of anyone."

Buckminster Fuller initiated the World Game in 1969 as one means of accomplishing thisworthy goal. Theideais
that with enough data on world resources and their distribution (including accumulated technology and
problem-solving skills), the world's citizens will do what's best for al. Fuller assumed that once it was obvious that
there was enough of everything to go around, people would stop fighting wars and get to work making the world
work -- if not asa utopia at least not continuing the current suicidal path. World Game is still developing. Recent
Sessions use an enormous basketball-court-size map in order to more easily visualize various strategies as they are
suggested by participants. A formidable software database called Global Data Manager allows individualsto play
with the numbers on their PCs.

What is the World Game Institute?

[ Dane Wnberg of the World Gane Institute sent ne this contribution.]

World Game Institute is a non-profit, non-partisan, global education and research organization dedicated to
developing and disseminating problem solving and educational tools. World Game was conceived by world
renowned architect, philosopher and visionary, R. Buckminster Fuller as a creative problem solving tool whose goal
isto ““make the world work for 100% of humanity in the shortest possible time, through spontaneous cooperation
and without ecological offense or the disadvantage of anyone.”

Global Recall 2.0 -

A computer atlas featuring 300 world, regional and country maps and 600 data indicators for all countries; 18
essays on current global problems; a Solutions Lab section where you can describe your ideas for global
solutions and compare them to real-world data. Comprised of severa linked HyperCard stacks, available for
Macintosh computers. Regular data updates.

Global Data Manager -
Available for DOS or Macintosh (currently only for system 6), GDM displays data on population, food,

energy, education, natural resources, economics, etc. for the world, al continents and al countries. Separately
sold disks of data from World Bank, World Resources Institute, UN.

World Game Workshops -

Interactive global simulations conducted for elementary and high schools, community groups, universities and
corporations, adapted with an emphasis on world geography, history, current events, global issues, patterns of
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development, strategic options and sustainable solutions to local and global problems.
World View Map for the Playground -

A basketball court-sized world map is painted on elementary school playgrounds; includes an activities
manual for several subject areas.

World View Map for the Classroom -

A smaller roll-out version of the playground map for indoor use.

Wrld Gane Institute

3215 Race Street

Phi | adel phia, PA 19104-2597

Phone: (215)387-0220 Fax: (215)387-3009
Web: http://ww. worl dgane. or g/

>\W're interested in know ng nore about any World Gane group in Seattle.
>-- Kirby & Nick in
>Portl| and, Oregon

Contact: Chuck Di ngee

Paci fic Northwest Regional Representative

PO Box 2681,

Bel | i ngham WA 98227- 2681

Tel : (206) 647-5106  Fax: (206) 647-5106 (ext 77#)

Chuck was for many yearsin charge of putting on World Game workshops from the Philadelphia office.
[ Posted by Ian Wells] INTRODUCTION TO THE WORLD GAME INSTITUTE

The World Game Institute is a non-profit research and education organization dedicated to devel oping technol ogical
and interactive tools for global problem solving. Among our many products and programs are:

« Computer software products for researchers, primary and secondary schools, policy makers and others who
need global information at their fingertips to help them create problem solving strategies that work.

« Participatory workshops conducted for corporations, national governments, universities high schools and
world organizations that demonstrate in real terms the distribution of resources around the world, and methods
of using those resources to provide a quality standard of life for all humans without destroying the planet.

« Museum exhibits which display the status of resource distribution around the world, and which demonstrate
the impact of environmental, military and agricultural policy.

« Publications which disseminate research methods and solutions for global problems, and demonstrating
creative uses for the tools devel oped by the World Game Institute.

« Playground maps of the world, supplied with teacher's training manuals and activities to make global
education fun.

The World Game was created by R. Buckminster Fuller, the eminent geometer, architect and thinker, as a creative
aternative to war games. Participantsin World Game workshops learn to see the world in terms of one population
sharing the wealth of one planet, and ~“win" the Game when they meet the basic health, education, welfare and
survival needs of the world's population. In its more sophisticated versions, the World Game also actsas a
simulation and laboratory, used by policy makers, corporations and diplomats and world leaders to devise efficient
problem solving strategies.

& ast; & ast; & ast; The preceding was uploaded to CompuServe several months ago. The World Game Workshop,
while conceived by Fuller, does not resemble the original Workshops closely at all. Neither isthe World Game
Institute actively involved in disseminating information about Fuller or pursuing his ““synergetics' theory, per se.
His theories are a jumping off point for the Institute, but we are not solely involved in propagating his teachings
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aone.

Susan Caskey

What are the World Game Institutes "'games" like?

Did you know that some scientists have determined that the air could cleanse itself of all pollutantsin TWO
WEEKS if polluting stopped for that period of time?

Did you know that all nuclear warheads would be non-explosive in 18-22 years if no tritium was replaced in them?

Briefly, The World Game is a three hour experience including a1 1/2 hour trading simulation game played on a
dymaxion projection of the Earth. Lots of slides and music is used to make it entertaining as well as educational .
Fuller's intent was to design a game that would be an alternative to war games.

Although the game content deal's with many issues besides the environment such as hunger, nuclear proliferation,
and education, the ideas of cooperation and coordination are pervasive and based on up-to-the-moment data on all of
the issues.

Costs are dependent on number of workshopsto be held, distance traveled, etc. Figure around $3500 and up. But it
isworth it! Often our district will spend anywhere from $5000- $10,000 for a speaker for an evening seminar. So
don't flinch at the money yet.

Janet Whitaker Rio Salado Community College Phoenix, Arizona

What is Global Data Manager (GDM)?

To quote from the GDM manual: “"If information is power, Global Data Manager is a powerful tool. Its intended
purpose is to make accessible the vast amounts of statistical data upon which all fundamental resource allocation
decisionsin the world are made... Global Data Manager makes available for the first time, in an easy to use personal
data computer format, the vital statistics of the world. Its purposeisto integrate into one system the world's most
complete inventory of global datainto an easy to use, personal computer based, problem analysis and solving system
that is accessible to the researcher, policy maker, social activist, student, teacher, media and general public”

lan Wells Director, Social Impact Group Boston Computer Society

Does the World Game offer any solutions to the World Hunger Problem?

| just latched onto a copy of Ho-Ping: Food for Everyone, by Medard Gabel [ ED: Medard Gabel is the
executive director of the World Gane Institute.] ItisINCREDIBLE! It addressesthe
World's Food supply/distribution problems from a holistic, comprehensive, design science approach. That is, by
considering the ENTIRE planet, and 100% of humanity in all its study. --- Patrick Salsbury

3.4 What were Fuller's views on religion and God?

The following is a quote from pages 116 and 117 of Ideas and Integrities by R. Buckminster Fuller. (¢) 1963. The
actual passage is taken from something he wrote on Sunday, Nov. 7th, 1942. It isinteresting to note how accurate
the statements seem to be in our present time, despite their age. | got akick out of them in light of the recent
scandalsin religious circles and all the other goings on. The statements come from Chapter Six of the Book. Itis
entitled | Figure" and these two words are meant to proceed each of the ideas presented in the chapter. --- Patrick
Salsbury, 1-11-90

“...that the people are now more deeply conscious than ever before in history of the existence and functioning
principles of universal, inexorable physical laws; of the pervading, quietly counseling truth within each and every
one of us; of the power of love; and--each man by himself--of his own devel oping, dynamic relationship with his
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own conception of the Almightiness of the All-Knowing.

“...that our contemporaries just don't wear their faith on their sleeves anymore.

...that people have removed faith from their sleeves because they found out for themselves that faith is much too
important for careless display. Now they are willing to wait out the days and years for the truthful events,
encouraged individually from within; and the more frequently the dramatic phrases advertising love, patriotism,
fervent belief, morals, and good fellowship are plagiarized, appropriated and exhibited in the show windows of the
world by the propaganda whips for indirect and ulterior motives, no matter how meager the compromise--the more
do people withdraw within themselves and shun taking issue with the nauseating perversions, though eternally
exhibiting quiet indifference, nonchalance or even cultivating seemingly ignorant acceptance.”

How did Bucky's "Ever Rethinking the Lord's Prayer" go?

[Well, he cane up with a new version each night! But here is one version
posted by Leo Elliott.]

The following is atranscription from a 1976 ~'Being With Bucky," New Dimensions Tapes, side 15 (parsing and
punctuation by transcriptionist).

Qur God, who art in we even,

even we who know nost intimately

of our own weaknesses, failures, faults, and outright sins
our selfishness, fear and cupidity,

of our nonents of jeal ousy, rage and hate

secret cover-ups, lies and self-deceits
God even of we
Qur God -- our intuitively-apprehended conprehensive-adnoni sher

Omi - experienced is your identity,
t he everywhere and everywhen evolving omireality
i S your presence

and as the reality differs _uniquely_ from nonent to nonent
in respect to each individua

so do you speak to each

in exquisitely relevant, instructive terns

regardi ng that which the individual

can nost effectively do

not in behalf of self

but in behalf of all humanity

and Thus in support of the intellectual functioning of hunmans
thereby in | ocal universe support

of the eternal integrity of onmiregenerative universe

which is God.

As omni experience, you have given us
overwhel m ng mani f est

of your conplete know edge

your conpl et e conprehensi on

your conpl ete concern

your conpl ete wi sdom

your conplete responsibility

your conpl ete co-ordination

http://www.cjfearnley.com/fuller-fag-3.html (10 of 16) [9/5/2004 5:59:46 PM]



The R. Buckminster Fuller FAQ: Fuller's Ideas About Human Society: Critical Path

your conpl ete conpetence to cope
wi th any and all problens

and of your utter reliability

al ways so to do

Yours, dear God, is all the glory.

* * *

We oft-tines think of ourselves

as i ndependent individuals

able to get on by oursel ves

by our own wits

forgetting altogether

that we did not invent those wits

nor the incredibly conpl ex, 99.9% aut onat ed
bi ol ogi cal organi sns

nor the rest of the universe

wi th which they interfunction,

all of which is entirely

the prior conpetent conceptioning

only of God.

Yes dear God, yours _is_all the dory.

You are the totally nysterious

eternal integrity, both conprehensively

and incisively governing

t he omi -interconpl enentati on and omi -i nt eracconmodat i on
of all physical and netaphysical experiences

of ever and everywhere

separately and conpl exedly intertransformng

ommi - regenerative universe.

You are the synergetic integral of all truths.

We have absolute trust and faith in you

and we w sh of you

awe-inspiredly, thankfully, rejoicingly and lovingly --
for it's spontaneously feasible

for humans to be wishful of the truth

in awe of the truth

t hankful for the truth

torejoice in the truth

and to love the truth

and to love all the truths conbi ned

for all truths are omi-interaccomodative

as are all the

only mat hemati cal | y-statabl e generalized principles
di scovered by human m nds,

experinentally verified by science

to be externally governing

conplex interrel ationshi ps of physical universe.

* * *
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Truths and principles never contradict one another.
They are all concurrently omi-interaccommodati ve
and all the truths are netaphysical cognitions

by hunans

of special -case realizations

of eternally-valid generalized principles.

It is only through many repeated experiences and recognitions
of the eternal principles

their non-contradicting interaccomodati ons

t hat each individual human

progressively and only intuitively discovers the existence of
eternal principles and their special -case nmanifests

and the truths of everyday events

and all the truths, as our lives discover them

trend to integrate in synergetic perfection

beyond t he speci al -case experi enci ng

of inherently term nal

ergo inherently limted

human concepti oni ng, conprehensi on and comruni cation. ..

3.5 What is the Global Energy Grid idea?

[ From Critical Path by RBF, 1981, p. 206.]

It is engineeringly demonstrable that there is no known way to deliver energy safely from one part of the world to
another in larger quantities and in swifter manner than by high-voltage-conducted "electricity.' For the first half of
the twentieth century the limit-distance of technically practical deliverability of electricity was 350 miles. Asa
consequence of the post-World War 11 space program's employment and advancement of the invisible metallurgical,
chemical, and el ectronics more-with-lessing technology, twenty-five years ago it became technically feasible and
expedient to employ ultra-high-voltage and superconductivity, which can deliver electrical energy within aradial
range of 1500 miles from the system's dynamo generators.

“"To the World Game seminar of 1969 | presented my integrated, world-around, high-voltage electrical energy
network concept. Employing the new 1500-mile transmission reach, this network made it technically feasible to
span the Bering Straits to integrate the Alaskan U.S.A. and Canadian networks with Russia's grid, which had
recently been extended eastward into northern Siberia and Kamchatka to harness with hydroel ectric dams the several
powerful northwardly flowing rivers of northeasternmost U.S.S.R. This proposed network would interlink the
daylight half of the world with the nighttime half.

““Electrical-energy integration of the night and day regions of the Earth will bring all the capacity into use at all
times, thus overnight doubling the generating capacity of humanity because it will integrate all the most extreme
night and day peaks and valleys. From the Bering Straits, Europe and Africawill be integrated westwardly through
the U.S.S.R., and China, Southeast Asia; Indiawill become network integrated southwardly through the U.S.S.R.
Central and South Americawill be integrated southwardly through Canada, the U.S.A., and Mexico."

[From The GENI website.]

GENI, Global Energy Network International Global Energy Network Institute was founded in 1986 by Peter Meisen

to investigate the idea of Dr. R. Buckminster Fuller, proposing a global electric energy grid as the number one
priority to solve many of the world's most pressing problems.
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3.6 What is a trimtab?"

[From Blaine A. D Anmico.]

A Trimtab isatiny flap that controls the rudder on aship or airplane. When the rudder needs to be moved, thistiny
“trimtab” is adjusted which creates alow pressure area on one side and turns the rudder. Bucky used the word to
illustrate what the little individual can do to ""turn the great ship of state." He also noted that the ship has [ already]
passed the point where the turn is occurring. This might be a comfort to those on the bow wondering if we have
missed our chance to change course.

Bucky's gravestone says simply “"Call me TRIMTAB"

3.7 Was Bucky a socialist?

Not exactly. Though he did speak fondly of socialism (mainly the “"take care of everyone" and the " plan ahead"
ideas in socialism). The following exchange clarifies this a bit.

Blaine A. D'Amico: Fuller said nothing about redistribution. His Design Science revolution is based in raising the
living standard of the "have-nots and "have-lesses' without taking away from the haves. Thisis done through
ephemeralization ““more with less."

Patrick G. Salsbury: He did, however, discuss DISTRIBUTION, and how the intelligent application of that could
solve problems like global food shortages, etc.

3.8 What were Fuller's views on Education?

Fuller's book Education Automation is aprimary source.

[ From Robert L Lanons]

| am anamored with his writings on education. For someone that had so much difficulty with standard education
models he did quite well. | first read about his theory on " Education” in Operating manual for Spaceship Earth,
chapters 3,4 and 5 | believe. | have read his other books on education too. All lead to the same conclusion, that
education is active and must be sought, not something that you can sit down and drink up as someone poursit out to
you. We have modeled our educational theories after this and are now ““organically”" homeschooling our 5 children.
That iswhat we like most about Bucky.

3.9 What is the difference between Class I'" and Class
II'" evolution?

[ Critical Path, p. 229-30]

“"Class-two evolutionary trendings are all those events that seem to be resultant upon human initiative-taking or
political reforms that adjust to the changes wrought by the progressive introduction of environment- altering
artifacts. All the class-two evolutionary events tend to flatter human ego and persuade humanity to deceive itself by
taking credit for favorable changes in circumstances while blaming other humans or “acts of God' for unfavorable
changes. It therefore assumes that humanity is running the Universe wherefore, if its power-structure leaders decide
that isisvalid to cash in all of nature's available riches to further enrich the present rich or to protect them militarily
from attacks by their assumed enemies - al at the cost of terminating human presence on planet Earth - that isthe
power-structure leader's divine privilege.

“All the class-one evolutionary trending is utterly transcendental to any human vision, planning, manipulation, and
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corruption. Class-one evolution accounts for humans' presence on Earth. It accounts for their having always been
born naked, helpless for months, and inexperienced - ergo, ignorant, hungry, thirsty, curious, and therefore fated to
learn how to survive only through trial-and-error-won, progressive accumulation of experience. Class-one evolution
accounted for humanity's all-unexpected invention of verbal (aural, sound) communication, and thereby the
integration of the experience-won information of the many, whereby the integrated information of the many
increased the capability of humanity at large to cope with the exigencies of life. It is class-one evolution that led,
after the progressive integration of the total experience-won information, to the unpredicted invention of writing or
visual communication, by means of which the dead could speak to the living and within which total written
information history human mind from time to time discovered repetitive patterns, which in turn sometimes led to the
discovery of generalized scientific principles.”

3.10 How to house humanity? And other reflections on
Making the World work.

Housing humanity was Fuller's motivation for designing the Dymaxion House and the Geodesic Dome (See section
Geodesic Domes for more on the Dome). Fuller designed them because of the tremendous waste and inadequacy of

cube-based dwellings. Also see sections What was Fuller's "“floating city?' and Old Man's River City Project
(circular cities)? on re-designing cities.

[ From Ki rby Urner]

And I'm one of the lucky ones! I've got indoor plumbing and heat! No way we can supply the world's billions with
these assets using the sadly obsolete construction methods of yesteryear, perpetuated with cosmetic improvements
decade after decade. The USA living standard cannot be replicated globally, nor should it be, as inappropriate,
wasteful and Dark Aged asit isl May the Chinese do it better!

A story on the radio the other day said metal is becoming more popular anong construction workers in this age of
dwindling forests and climbing lumber prices. For one thing, you can screw instead of nail. Imagine, pro-metal
propaganda on the radio -- in Oregon! The lumber industry is fighting back, saying mines are at least as damaging to
the environment as logging. But Fuller's point was that the majority of the metals we need are already mined, and
can be recycled over and over (the dwellings will be designed with recycling in mind, kind of like the Germans have
been doing with some models of BMW).

The old housing stock won't disappear -- decades of remodeling await the avid remodelers. But | wish those of us
who are being pushed to the periphery by high housing costs had more to look forward to than mobile home courts.
I'm always passing these mobile homes on the backs of trucks on the freeway -- Caution Wide Load. Why do
helicopter deliveries from the local dealer to less paved over and bulldozed environs sound so far out and
“futuristic?' Fuller'slittle energy-harvesting, grid-autonomous units, constellated in remote little
campus-communities, would make ideal living and learning environments -- good places for children.

[From Leo Elliott]

“"Why do helicopter deliveries... sound so far out and “futuristic'?"

| think the most telling answer isimplied in aword contained in Kirby's next sentence:

“Fuller's little energy-harvesting, grid-autonomous units, constellated in remote little campus-communities..."

the key word being " grid-autonomous.” As per “Grunch of Giants, pushers do not like it when users decide they
want to ~“grow their own," be it homes, domes, education, or local support systems. Supposedly the dymaxion
bathroom, mentioned here previously, received rave reviews until the plumbers unions of the time found out that it
would be completely user-installable, thus depriving them of their ~ standard fees."

| would suspect that it has been this whole notion of de-centralized energy systems (centrifugal energy
flow/centripetal info flow) which has, over the years, aside from Fuller's personal suasions and disuasions, been the
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most threatening (to the giants") aspect of his overall program -- live anywhere you want, do what you want, all
paid for by the dole, which itself will be more than paid for by the return on investment of those marvel ous
discoveries and inventions made by the less-than-1% who would produce the most wonderful synergy-revealing
artifacts.

[ From Ki rby Urner]

Leo Elliott wites:

> | would suspect that it has been this whole notion of de-centralized energy
> systens... which has... been the nost threatening (to the "~ “giants'') aspect
> of [Fuller's] overall program

Perhaps, perhaps. But think of the business interests in favor too: a huge aftermarket in user-installables (similar to
computer component add-ons). Cellular phone and fax demands, satellite TV, the education and info-tainment
dialup video needs of remotely deployed home-schoolers, a growing sector of under/unemployed defense workers
with aerospace savvy... And the utility gridswill still have LA, Paris and Tokyo to power. Its not like a sprinkling of
grid-autonomous dust is going to spell “lights out' in the sprawling megal opolis already covering the planet.
Moreover, Fuller was hardly " anti-grid" what with his bi-hemispheric vision of same...

Recadll that ““the industry industry missed” (July 1932, Fortune magazine) was initially very appealing to
industrialists in the pre-war 30s, including such as GE -- was briefly subject of what we'd nowadays call "media
hype." The unions (along with the banks and county zoning boards) might have killed it, but the duck was lame to
begin with -- or at least thisiswhat Fuller saysin retrospect: ~ Fortune made the mistake of assuming "the industry
industry missed' had at last come of age... Evolution was clearly intent on postponing the inception of the livingry
service industry until humanity had graduated from its pre-twentieth century condition as a planet of remote
nations... all of which waited upon the completion of aworld-around network of ... telephones ... and jumbo jet

[ From Ki rby Urner]

Adequate shelter for al humansis possible. Not using forest products though. | think what tent life and Fuller's
homes have in common is energy-autonomy. With a Fuller unit, | can plunk down in the middle of nowhere. The
tripod of my Fly's Eye is adjustable for bumpy, slopey terrain. | didn't have to rip aroad through the wildernessto
get it here. | didn't have to pour afoundation or bulldoze or whatever. Say I'm a student of ecology. A university
consortium has these *"remote campus deployment™ units that programs rent for a few weeks or months. Whole little
communities deploy, doing minimal damage to the environment, make their studies (staying in touch with cellular
Internet etc.), and leave. The noisy helicopter part only comes at the beginning and the end, and maybe once a week
during the middle.

| say we look at cities as huge campuses (the ““city as campus' metaphor) and all humans as would-be studentsin a
Global University. Work-study options, life-long “"learning aliving" scenarios give you access to al kinds of
facilities, travel. Fuller computed that our global energy budget (solar derived) gave us enough to offer fellowships
to al those impoverished and living in shanty towns, minus any really good education. | think many familiesin the
Philippines would jump at the chance to enroll in the Global University. If you like the outdoors life, and growing
food, or fishing, well, that can be arranged.

3.11 Was Bucky an optimist" or a pessimist"?

[Fuller quote from 1928 typed in by Leo Elliott]

“A pessimist is one who "believes the world to be rapidly diminishing to complete materialism, and looks only to
the past with pleasure.

“An optimist is one who “believes in no fact of undel ectable presence and looks only to the future for happiness.

“Anindividua isone, who, happy in the present time, perceives the relative progression of the spheres. Being

http://www.cjfearnley.com/fuller-fag-3.html (15 of 16) [9/5/2004 5:59:46 PM]



The R. Buckminster Fuller FAQ: Fuller's Ideas About Human Society: Critical Path

unselfish, is he jealous of neither past nor future. Thus does he stay time."

3.12 What about Fuller's plan for a nationless world?

[From Kirby Urner.]
SOME THOUGHTS ON NATIONS FROM A FULLER FAN

Nationalism seems a bankrupt strategy for mapping ethnic/cultural distinctions to geography, which as too few
dimensions to accommodate the interweavings of affinity. For all their drawbacks, notice how corporations support
the trappings of nationhood, with logos, mottos, CEO-prezes, image/identity stuff, but without blocking off huge
areas of the map. Corporate cultures hang together globally with dispersed campus settings wired by commlinks and
frequent flyers. In this sense, | think Serbia, Inc. or Isragl, Inc. or Palestine, Inc. -- global networks with no huge
territorial claims -- would better accommodate the complex topology of ~“we" groupings.

Phasing in Fuller's nationless map doesn't mean declaring that nations don't exist, or waiting for some revolution.
We're just de-emphasizing their importance. And | still think USA has a bright future, not so much as aterritory asa
democratic system for providing goods and services. Governments are systems, inherently global. You can log in to
USA OS (USA operating system) from wherever. Much asit istoday -- | send email to mom & dad @usaid.gov in
Africa

To be aFullerian, philosophically, is, | believe, to say ~ enough with the silly nation-state idea already!" That doesn't
mean | don't pay taxes, or vote for thisor that. But I'm not interested in deciding the boundaries between Israel and
Syriaor Serbiaand Bosnia. That's ajigsaw puzzle that's hopeless to the core. Lets get folks into domes and such,
and online. With multimedia and afutureto live for, life will again seem too precious to waste in war to defend the
future of some obsolete institution called “"nation." That was the real purpose of the Spaceship Earth metaphor: not
to make earth seem mechanistic (Jeremy Rifkin's criticism) but to make it seem apolitical.

[Fromleo elliott]

No argument from me that nationalism presents some definitely grunchy, special case, anachronistic modes of
ownership, which seems to be the prime directive in these various hideous nationalistic horror theaters (Rwanda,
Bosnig, etc.). | might still have some reservations about there being a darker side to corporationalism that would lead
me to suspect that, benign as it may sometimes seem, it would hardly make the world apolitical -- maybe affect the
political dialog, but | doubt it would erase the greed or fear or whatever it isthat lies at the core of the mort-gaging
system of accounting which, imo, is squeezing the forward-lookingness out of more and more arenas. (I am still
debating whether to view Schindler-style commercialism as a testament that, even in the ultimate debasement of
dialog that war represents, that there is at least some common dialect of commerce that will still be spoken
(representing, presumably, some still-commonly-agreed-upon standards of value), or whether to view Schindler's
efforts as outrageous exploitation.)

Next Previous Contents
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Next Previous Contents

4. Geodesic Domes

Fuller invented the Geodesic Dome in the late 1940s to demonstrate some ideas about housing and ™ energetic-synergetic
geometry” which he had developed during WWII. This invention built on his two decade old quest to improve the housing
of humanity. It represents a brilliant demonstration of his synergetics principles; and in the right circumstances it could solve
some of the pressing housing problems of today (a housing crisis which Fuller predicted back in 1927).

4.1 What is a geodesic dome?

[ From Robert T. Bowers' paper on Dones |ast posted to GEODESIC in 1989.]

A geodesic domeis atype of structure shaped like a piece of a sphere or aball. This structure is comprised of a complex
network of triangles that form aroughly spherical surface. The more complex the network of triangles, the more closely the
dome approximates the shape of atrue sphere[ si c] .

By using triangles of various sizes, a sphere can be symmetrically divided by thirty-one great circles. A great circleisthe
largest circle that can be drawn around a sphere, like the lines of latitude [ ED: he means longitude] around the earth, or the
equator. Each of these lines divide the sphere into two halves, hence the term geodesic, which is from the Latin meaning
“earth dividing."

[ From M tch Am ano]

The dome is a structure with the highest ratio of enclosed areato external surface area, and in which al structural members
are equal contributors to the whole. There are many sizes of trianglesin ageodesic [ED: dome], depending on the frequency
of subdivision of the underlying spherical polyhedron. The cross section of ageodesic [ED: dome] approximates a
great-circleline.

Do domes really weigh less than their component materials?

[ From Pat Sal sbury]

Well, the structures weigh less when completed because of the air-mass inside the dome. When it's heated warmer than the
outside air, it has anet lifting effect (like a hot-air balloon).

Thisisamost unnoticeable in smaller structures, like houses, but, as with other things about geodesics, being as they're
based upon spheres, the effect increases geometrically with size. So you'd be able to notice it in a sports stadium, and a
sphere more than a half mile in diameter would be able to float in the air with only a 1 degree F difference in temperature!

What about underground concrete domes?

[ From Randy Burns. ]
Underground concrete domes are rather interesting
1) They can use chemical sealing and landscaping to avoid |eakage problems associated with wooden domes.

2) They are extremely strong. Britz [ see Dome References for more on Britz] has obtained extremely low insurance rates
on his structures. The insurance company tested one building by driving a D8 Caterpillar tractor on top of the house!

3) Thereslittle hassle involved in dealing with materials that were really standardized for use building boxes. The only
specialized tools are the forms, everything else can easily be used off the shelf.

4) They can be quite aesthetic. Britz has shown that you can build developments where the houses can't really see each
other.

5) They are cheap and easy to heat, cheap enough that you can build a much larger structure than you might using
conventional housing and use standard room divider technology to split the thing up into room.
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What are geotangent domes?

[ Keyed in by Patrick G Sal sbury.]
The following is quoted from "~ Scientific American" in the September 1989 issue. (Pages 102-104)
Surpassing the Buck (Geometry decrees a new dome)

| started with the universe--as an organization of energy systems of which all our experiences and possible experiences are
only local instances. | could have ended up with a pair of flying slippers.” -R. Buckminster Fuller

Buckminster Fuller never did design apair of flying slippers. Y et he became famous for an invention that seemed almost
magical: the geodesic dome, an assemblage of triangular trusses that grows stronger as it grows larger. Some dispute that
Fuller originated the geodesic dome; in Science a la Mode, physicist and author Tony Rothman argues that the Carl Zeiss
Optical Company built and patented the first geodesic dome in Germany during the 1920's. Nevertheless, in the wake of
Fuller's 1954 patent, thousands of domes sprung up as homes and civic centers--even as caps on oil-storage tanks.
Moreover, in aspirit that Fuller would have heartily applauded, hundreds of inventors have tinkered with dome designs,
looking for improved versions. Now one has found away to design a completely different sort of dome.

In May, J. Craig Y acoe, aretired engineer, won patent number 4,825,602 for a " geotangent dome," made up of pentagons
and hexagons, that promises to be more versatile that its geodesic predecessor. Since Fuller's dome is based on a sphere,
cutting it anywhere but precisely along its equator means that the triangles at the bottom will tilt inward or outward. In
contrast, Y acoe's dome, which has a circular base, follows the curve of an ellipsoid. Builders can consequently pick the
dimensions they need, Y acoe Says. And his design ensures that the polygons at the base of his dome aways meet the ground
at right angles, making it easier to build than a geodesic dome. He hopes these features will prove a winning combination.

Although Fuller predicted that a million domes would be built by the mid-1980's, the number is closer to 50,000. Domes are
nonetheless still going up in surprising places. A 265-foot-wide geodesic dome is part of anew pavilion at Walt Disney
World's Epcot Center in Florida. A bright blue 360-foot-high dome houses a shopping center in downtown Ankara, Turkey.
Stockholm, Sweden, boasts a 280-foot-high dome enclosing a new civic center.

Dome design is governed by some basic principles. A sphere can be covered with precisely 20 equilateral triangles; for a
geodesic dome, those triangles are carved into smaller ones of different sizes. But to cover a sphere or ellipsoid with various
sizes of pentagons and hexagons required another technique, Y acoe says.

Y acoe eventually realized that he could build a dome of polygonal panels guided by the principle that one point on each side
of every panel had to be tangent to (or touch) an imaginary circumscribed dome. With the assistance of William E. Davis, a
retired mathematician, he set out to describe the problem mathematically.

They began with aring of at least six congruent pentagons wrapped around the equator of an imaginary ellipse. The task:
find the lengths of the sides and the interior angles of the polygons that form the next ring.

To do so for an ellipsoidal dome, they imagined inscribing an ellipse inside each polygon. Each ellipse touched another at
one point; at these points, the sides of the polygons would also be tangent to a circumscribed ellipsoid. But where, precisely,
should the points be located? Y acoe and Davis guessed, then plugged the numbers into equations that describe ellipses and
intersecting planes. Aided by a personal computer, they methodically tested many guesses until the equations balanced.
Using the tangent points, Y acoe and Davis could then cal cul ate the dimensions and interior angles of the corresponding
polygons and so build the next ring of the dome.

After receiving the patent, Y acoe promptly set up a consulting firm to license his patents. He says dome-home builders have
shown considerable interest, as has Spitz, Inc., amaker of planetariums located near Y acoe in Chadds Ford, Pa. Y acoe has
also proposed that the National Aeronautics and Space Administration consider a geotangent structure as part of a space
station. -E.C.

What are the advantages (and disadvantages) of Dome Life?

asenon@su. edu (Al an Senbn) wites:
>| was once interested in the idea of living in a geodesic done hone and,
>to the best of ny recollection, these are sone of the advantages:
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>
>1. Heating and cooling the home becone nore efficient due to the fact
>that there are fewer (even no) corners where heat may be trapped. The
>overall air flowin a done is substantially better than in a
>conventionally constructed honme (straight walls and such).
>

...and there is less surface area per square foot of living space = | ess
heat | oss.

>2. Many done hone designs allow the option of using |arger |unber for
>t he done. 2x6's or 2x8's instead of the usual 2x4's, although this is
>an option in ANY hone, it seens to be nore conmonly done in donme hone
>const ructi on.

>

Al t hough for many areas of the US, there is no financial advantage to
usi ng 2x6 construction. A done with R 14 throughout can outperforma
wel | insul ated conventional house of conparable S/F.

>3. For those sol ar m nded people, the placenent of the solar collectors

>on the " "roof'' is less critical due to the curved nature of the top of
>t he structure.

>

>4. The inherent strength of the donme nakes it suitable for either
>eart h-bermed or even earth covered construction techniques. 1In the case

>of nore comon construction techni ques, the structural mnenbers

>di mensi ons usually need to be conpletely reworked in order to carry the
>extra wei ght.

>

>5. Hell, they LOOK pretty neat! This mght be a problemin certain
>areas which one of those |aws which say that all hones in an area _MJST_
>conformto certain guidelines concerning their architecture (bumrer,
>huh? :-)).

-9
[Based in part on a Brewer Eddy post]

The curved wallsin adome require either custom furnishings, 100% prefab design, or an " open spaces' approach. Each of
these would be an advantage or disadvantage in one person's eyes or another's.

Mass producing domesis easy, greatly reduces the cost and could solve many of the housing shortage problems worldwide
(especially emergency housing needs).

How to use solar panels in domes? [ Kerri Brochard]

[ From Tom Dosemagen]

| have a dome and tried to find solar panelsto be installed on the dome. | had no luck finding such abeast so | installed 320
square feet of panels on the ground close to the dome and ran all connections under ground into the basement. | live in south
central Wisconsin and my experience with solar is not the greatest. My system works fine, but in order for the system to
work the sun hasto shine. That doesn't happen alot here until late February or early March. My advice to people in our part
of country isto take the money you were going to spend on solar and invest it. Then take your interest money and pay for
conventional heat. My dome is 44 feet in diameter and with a 90% efficient furnace and my total heating bill for one season
isright around $350.00. My exterior walls are framed with 2x6's. With thicker dome walls I'm sure that | could lower my
heating costs by quite a bit.
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4.2 Dome Math: What you've all been waiting for!!!

Dome Theory

[ From Ki rby Urner.]

The edges of ageodesic dome are not all the same length. The angstrom measurements between neighboring carbon atoms
in afullerene are likewise not equal.

Domes comein three Classes (I, Il and 111). The classification system has to do with laying an equilateral triangle down on a
grid of smaller equilateral triangles, lining up corners with corners -- either aligning the triangle with the grid (1), turning it
90 degrees to bisect grid triangles (11), or rotating it discretely to have it cut skewly acrossthe grid (111).

20 of these triangles make an icosahedron which is then placed within a circumscribing sphere. The vertexes of the triangles
internal points, defined by the grid pattern, define radii with the circumscribing sphere's center. By pushing each vertex
further out along the segments so defined, until each is made equidistant from the center, an omnitriangul ated geodesic
sphere isformed (orthonormal projection | think cartographers call this). Again, resulting surface edge lengths are not all the
same length. The resulting mesh will always contain 12 sets of 5 triangles organized into pentagons, the rest into hexagons.

The Class | version of the algorithm above always creates 20F*2 surface facets where F=1 gives the icosahedron itself. The
external point population will be 10F*2+2. Since points plus facets = edges plus 2 (Euler), you will get 30F*2 edges. F is
what Fuller called the Frequency of the geodesic sphere and, in the Class | case, corresponds to the number of grid intervals
along any one of the 20 triangle edges.

Note: “"buckyballs" in the sense of ™ fullerenes" are not omnitriangulated (the edgesinternal to the 12 pentagons and n
hexagons have been removed) and come in infinitely more varieties than the above algorithm allows. The above agorithmis
limited to generating point groups with icosahedral symmetry -- aminority of the fullerenes are symmetrical in thisway,
although C60, the most prevalent, is aderivative of the Class | structure.

[ From Ben W Ii ans]

Andrew Norris wites:

>1/ G ven a dodecahedron wth the edges of length unity, what is
> the radius of the sphere that woul d encl ose this body?

>2/ For the above case, construct each pentagon out of triangles.
> \What are the angles required so that new center-node of the
> pent agon just touches the encl osing sphere?

Thisisjust a2 frequency (what-is-referred-to-in-Domebook 11-as) triacon geodesic sphere. Funny you should mention that:
Back in June when | first discovered this newsgroup, | got reinterested in my old hobby of building mathematical models
(and R B Fuller aswell). So | went through the laborious process of calculating the strut lengths to build a 2v triacon sphere
(what you just described above) out of toothpicks. | have it hanging up over my monitor right now. | wish | could show how
| used geometry and such to figure all the necessary lengths out. What | do is start out with a drawing of a dodecahedron
projected onto a plane -- if it is oriented correctly, you will get a 2-d figure that you can use to deduce the information you
want from it. (To get thisfigure, think of a dodecahedron made out of struts (such as toothpicks) standing on one of its edges
on a sheet of paper out in the sun with the sun directly overhead. The shadow on the paper will be thisfigure.) These are the
lengths | derived

E = length of edge of dodecahedron Distance of edge of dodecahedron from center:

Er = ( (3 + sqgrt(5))/4) * E
1/2 distance between non-adjacent vertices of face of dodecahedron:

b =( (sqrt(5)+1)/4 ) * E
given aface of dodecahedron, distance between vertex and opposite edge:

h=( ( sqgrt(5 + 2*sqrt(5)) )/ 2 ) * E
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distance from center of dodecahedron to one of its vertices (your question 1):

R=sqrt((9 + 3*sqrt(5))/8) * E
given aface of dodecahedron, distance from its center to an edge:

| =b/h * Er
distance from center of face of dodecahedron to center of dodecahedron:

m= Er/h * Er
given face of dodecahedron, distance from center to vertex:

t = h-|
length of one of those struts going from a vertex of dodecahedron up to point above center of face but on the enclosing
sphere:

S=sqrt(t*2 + (Rm"2)
Now, to derive the angles of one of those triangles whose side lengths | have just determined, you would need to do this:

Al = 2 * arcsin ((E/2)/S)

Thisisthe angle of the top corners of the 5 triangles which are arched above one of the faces of the dodecahedron. My
calculator gives me this angle in degrees. 67.66866319 Noticeit is dightly less than the 72 degreesit would be if they were
flat on the face of the dodecahedron. Now the other two angles of each of the triangles are simply derived via

A2 and A3 = (180 - Al) / 2
| get avalue of 56.1656684 degrees for these two angles.

What are the basics of Spherical Trigonometry?

On Sat, 18 Dec 1993 03:11:53 GV <sci mat ec5@QJOFT02. UTOLEDO. EDU> sai d:

>Hey all,

> A while back | asked about cal culating chord factors. | found the
>equation that without which | don't think I could have done it (by the way I
>was successful)-- it's a fornmula for calcul ating w any spherical right
>triangle. The forrmula is sina =sin A* sin c.

> A

> /|

> c / |b

> / |

> / |

> B--a--C

>"msure you're all famliar wit, but is there any other equation that would
>pe just as hel pful.
This is by Napier's rules. Here is Napier's circle: c-C
A-c B-c
b a

where -c means the complement (or 90 degrees - (minus) the arclength measure). A, B are angles, C istheright angle and a,

b, c are the sides opposite A, B, and C, respectively. There are two rules:
Rule 1:

The sine of any unknown part is equal to the product of the cosines of the two known opposite parts. Or sin = cos *
cos of the OPPOSITE parts.
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Rule 2:

The sine of any unknown part is equal to the product of the tangents of its two known adjacent parts. Or sin=tan *
tan of the ADJACENT parts.
Y our formulais the same because " c-c"=90-c and sin(90-c)=cos(c). Examples: sin(b)=tan(A-c)tan(a) or
sin(b)=cos(c-c)cos(B-c).

>
> St eve Mat her
Chris Fearnl ey

How to tesselate a sphere?

[ From an ol d conp. graphi cs FAQ posted by Christopher McRae 14 Apr 1993.] Onesimple
way isto do recursive subdivision into triangles. The base of the recursion is an octahedron, and then each level divides each
triangle into four smaller ones. Jon Leech| eech@s. unc. edu has posted a nice routine called sphere.c that generates
the coordinates. It'savailablefor FTPonft p. ee. | bl . gov and weedeat er . mat h. yal e. edu.

Chord Factors - the nitty gritty.

First choose atessellation of the sphere (icosa, octa, tetra, elliptical or really just about anything. Second use geometry and
spherical trig to determine the surface arclengths for the specific tessellation. Third observe that in any circle a central angle
cuts off an arc with the same exact measure. Next, calculate the chord factors: cf = 2sin(theta/2), where thetais the central
angle. Finally, multiply each chord factor by the radius of your dome.

Several dome books use the term "“alternate” to refer to Class | domes (actually it seems Joe Clinton in his paper on domes
has determined several methods for class | subdivisions - his method | isthe "alternate” form). The other popular
subdivisioning scheme is based on the rhombic triacontrahedron and is called "“triacon."”

[ From St eve Mat her]

Hey all, | have some questions to ask about the trigonometry behind geodesic domes. Remarkably, |'ve understood what I've
encountered so far, and am well on my way to calculating the the chord factors for a 5v icosa alternate (Why? when | can
look it up in abook? Well, | figured I'd prove to myself | can.) I've been able to find those aong the direct projection from
the icosahedron (are 0.198147431 w/central angle of 11.3716678 degrees, 0.231597598 w/central angle of 13.29940137,
and 0.245346417 w/central angle of 14.09281254 accurate beginnings for the outside?

[A big thanks to Steve for calculating and typing in all this for us!!! I'm not
certain about the results, but he did such a careful job that | suspect they are
correct. |I'msure soneone will check this nore carefully. Please |let me know of any
probl ens. ]

The letters begin at the bottom of the horizontal edges to the triangle, from ""a" to whatever letter (depending upon the
frequency --"a" isthe very bottom, as well as the sides.) The numbers are the chord factors.

Theway | calculated my factors was like this:

| took the frequency (f) and divided the degree of the central angle of that frequency. | then multiplied this number times the
number of rows down the row of lines are (check figure.) | took the sine of this number and multiplied it times the sine of
the face angle (the angle between the great circles) to find the sine of half of the angle across the row (whew-- is this making
any sense? =) | then multiply this angle times two and divide by the number of rows down (check second sentence and
figure.)

This gives me the angle of the geodesic | want. | then take these numbers and divide by two, take the sine and multiply by
two, to find the chord factor. These chord factors are multiplied times the radius to get their lengths.

Here are the equations used:

f= frequency
n= nunber of rows
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A= face angl e
Al'l nunbers are in degrees

2 sin®1((sin((63.43494885/f)*n))*si nA))

(the extra™)" shouldn't be there. sorry, my computer's acting up, and for some reason | can't delete it.) That was the equation
for getting the geodesic. The chord factors are done from those by the following equation:

Angle= v 2sin (v/2)

2v icosa: b= 0.6257378602
a= 0. 5465330581
3v: c= 0.4240625600
b= 0. 4038282455
a= 0. 3669588162
4v: d= 0.3212440714
c= 0.3128689301
b= 0.2980880630
a= 0.2759044843
5v: e= 0.2581842991
d= 0. 2539357295
c= 0.2465769121
b= 0.2357285878
a= 0.2209776479
6V: f=0.2156929803
e= 0.2132468999
d= 0. 2090569265
c= 0.2029619174
b= 0.1947619676
a= 0.1842631079
Tv: g= 0.1851588097
f= 0.1836232302
e= 0.1810112024
d= 0.1772461840
c= 0.1722282186
b= 0. 1658460763
a= 0. 1579992952
8v: h= 0. 1621725970
g= 0.1611459677
f= 0.1594077788
e= 0.1569181915
d= 0. 1536238835
c= 0.1494619675
b= 0. 1443671359
a= 0.1382831736
9v: i = 0.1442501297
h= 0. 1435301153
g= 0.1423149814
f= 0.1405824320
e= 0. 1383022055

http://www.cjfearnley.com/fuller-fag-4.html (7 of 18) [9/5/2004 5:59:48 PM]



The R. Buckminster Fuller FAQ: Geodesic Domes

d= 0. 1354375402
c= 0.1319478012

= 0.1277927679
. 1229389715

|
oNoNe

10v: . 1298874025
. 1293630412
. 1284801673
. 1272255402
. 1255810391
. 1235242767
. 1210296754
. 1180702193
. 1146200925
. 1106583339

=5 — -
oNeoNolololoNoNoNoeNe

11v:

=~

. 1181213623
. 1177276963
. 1170660293
. 1161281074
. 1149025743
. 1133752524
. 1115296266
. 1093476232
. 1068107860
. 1039019434
. 1006074045

= — -
1
cNeoNoloNololNoNoNoeNeNe)

12v . 1083071374
. 1080040870
. 1074954030
. 1067757281
. 1058376643
. 1046719125
. 1032675068
. 1016121871
. 09969296006
. 09749689909
. 09501222476
. 09222967293

=  —— o —
L1 O O 1 B A 1|

ecNeooloNoloNoNolNoNeNoNe)

. 09999681431
. 09975856278
. 09935906240
. 09879471539
. 09806054042
. 09715024635
. 09605635362
. 09477038423
. 09328314541
. 09158513461
. 08966709201
. 08752071743
. 08513955025

13v me

«Q
1
eNeoNoloNololoNololNoNoNeNe

14v n= 0. 09286965560
. 09267896531

7
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. 09235948034
. 09190871293
. 09132321201
. 09059860431
. 08972966070
. 08871039868
. 08753423341
. 08619419334
. 08468321460
. 08299452818
. 08112214654
. 07906144555

=~

=5 — =
1
cNeoNoloNoloNoNoNoeNelNe)

15v o= 0. 08668999531
. 08653500116
. 08627549580
. 08590971508
. 08543520816
. 08484886148
. 08414693683
. 08332512917
. 08237865120
. 08130235310
. 07955142649
. 07873891823
. 07724141051
. 07559395328
. 07379316114

1
ecNeoNololololoNolloloNoNoNe oo

COct ahedr on geodesi cs:
alternate only

2v: b= 1. 0000000000 (exact)
a= 0. 7653668647
3v: c= 0.7071067812
b= 0. 6471948470
a= 0.5176380902
4v: d= 0.5411961001
c= 0.5176380902
b= 0.4701651493
a= 0.3901806440
5v: e= 0. 4370160244
d= 0. 4253582426
c= 0.4032283118
b= 0. 3667034258
a= 0.3128689301
6V: f= 0.3360254038
e= 0. 3594040993
d= 0. 3472963553
c= 0. 3280400675
b= 0. 2996195680
a= 0.2610523844
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TV: g= 0. 3146921227
f=0.3105694162
e= 0.3032077023
d= 0.2918376001
c= 0. 2754043542
b= 0.2528648441
a= 0. 2239289522

| hope | typed those all in right.

4.3 How to build a geodesic dome?

[ From Trevor Bl ake]

If there is any one Frequently Asked Question online in the 'Fuller School' (an unsupervised collection of mailing lists, Web
pages and other online forums relating to R. Buckminster Fuller ) itis "How do | build a geodesic dome?"

Trevor'sweb page, How t 0 Build a Geodesi c Done, isn't comprehensive but might get you started.

4.4 Did Fuller invent the Dome?

[ From LI oyd Kahn]

Fuller did not invent the geodesic dome. It was invented by Walter Bauersfeld of the Zeiss Optical Works in Jena, Germany
in 1922, and the first use of it was as a planetarium on the roof of Zeiss that year.

Geodesic Domes and Charts of the Heavens gives further background.

[ From Chri s Fearnl ey]

However, Fuller was awarded several patents for the dome. Among them are US patent #2682235 (1954), US patent
#288171 (1959), US patent #2905113 (1959), US patent #2914074 (1959), etc. Moreover, Fuller was the one who
popularized the technology and pointed out the dome's advantages and the reasons for its great strength.

Since Bauersfeld conceived of his structure merely as a planetarium projector (atruly impressive feat) whereas Fuller had a
more comprehensive vision of the geometrical and engineering significance of the dome. Which man should win history's
designation as "The inventor of the dome"? I'll let the historians and the pundits debate that one.

4.5 Dome References

Geodesic Dome websites

The locations of Dome websites changes frequently. The FAQ editor maintains alisting at
http://www.CJFearnley.com/buckyrefs.html#geodesicdomes. Kirby Urner maintains one at

http://www.grunch.net/synergeti cs’domes/domeman.html, and the Buckminster Fuller Institute maintains alist at
http://www.bfi.org/domes/makers.htm.

Dome Vendors

Thelist below has been enhanced by contributions from Joe Moore, Gary Lawrence Murphy, Garnet MacPhee, Robert
Holder, and Matthew V. J. Whalen. Thislist is alphabetical. AT& T's AnyWho service provides away to check for current

information about any company including these vendors.

Af f ordabl e Done Ceilings Inc Updat ed: Cct 2002
Mel bour ne, FL 32935 Tel :  321-259-759

http://www.cjfearnley.com/fuller-fag-4.html (10 of 18) [9/5/2004 5:59:48 PM]


http://www.box2321.com/synergetics/dome01.html

The R. Buckminster Fuller FAQ: Geodesic Domes

Al um num CGeodesi ¢ Donmes and Spheres Updat ed: Cct 2002
2111 Sout hwest 31st Avenue Edwi n O Tool e

Hol | ywood, FL 33021 Tel : 954-963- 2341 Fax:
Anmeri can Ceodesics, Inc. Updat ed: Cct 2002
1505 Webster St. Ben Rose

Ri chnond VA 23220- 2319 Tel : 804-643-3184

a. k.a. Sem spheres Buil di ng Systens

Anerican I ngenuity, Inc. Updat ed: Cct 2002
8777 Holiday Springs Road

Rockl edge, FL 32955-5805 Tel: 321-639-8777

Pl anning kit; Video;, EPS Foam covered w concrete Shells
http://ww. ai donmes. com

Appl i ed Geodesics, Inc. Updat ed: Nov 2002
P.O Box 61741

Vancouver, WA. 98660 Tel : 877-518-1110

http://ww. agi dones. cont

Asphalt Seal coati ng Products Updat ed: COct 2002
2111 Sw 31st Avenue

Hol | ywood, FL 33021 Tel : 305-625-9436

Astro-Tec Inc Updat ed: Cct 2002
550 El m Ri dge Avenue

Canal Fulton, OH 44614 Tel : 330 854 2209

http://ww. astro-tec. com

Charter Industries Inc Donme Strctrs Updat ed: Cct 2002
5325 Barclay Drive

Ral ei gh, NC 27606 Tel: 919-859-1872

Conmon Weal th Sol ar Svs. Updat ed: COct 2002
12433 Autumm Sun Lane

Ashl and VA, 23005 Tel : 804-798-5371

http://ww. cormonweal t hsol ar. com

Conser vat ek Updat ed: Nov 2002
498 Loop 336 E.

Conroe, TX 77301 Tel : 800-880-3663 Fax: 936-539-5355
http://ww. conservat ek. com

Deery Devel opnment | nc Updat ed: COct 2002
28101 South Yates Avenue

Beecher, IL 60401 Tel: 708-946-9292

Dore | nc Updat ed: Cct 2002
2550 University Avenue West

Sai nt Paul, MN 55114 Tel: 612-333-3663

htt p://ww. dorei ncor por at ed. com

Donelite of Arizona Updat ed: COct 2002
Phoeni x, AZ 85034 Tel : 602-264- 6631

http://ww. dorel i t eaz. coni

Donmes Anerica, |Inc. Updat ed: Cct 2002
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126 S. Villa Ave. Bob Casey

Villa Park, IL 60181 Tel :  630-993- 1801
Fax: (630) 993 1809

800- 323- 5548

http://ww. ar cat . coni ar cat cos/ cos32/ arc32021. cf m

Dormres Nor t hwest Updat ed: Nov 2002

335 Vedel wood Drive
Sandpoi nt, |daho 83864 Tel : 208- 255- 4840
http://ww. domesnort hwest . com

Dont ec I nternational Updat ed: COct 2002

4355 N Harol dsen Drive
| daho Falls, | D 83401 Tel : 208-522-5520
http://ww. dont ec. cont

Econ- O Done Updat ed: COct 2002

RR 1, Box 295B

Sul livan, IL 61951 Tel : 1-888- DOMVE- LUV (1-888-366-3588)

http: //ww. one- el even. net/ econodone/
fazechange@ne- el even. net

Energy Structures, Inc. Updat ed: Cct 2002
893 W son Avenue Joe & Kevin Fraw ey
St. Paul, MN 55106 Tel : 651-772- 3559 Fax: 612-772-1207

800- 334- 8144
http://ww.intlist.com

Fourth Di mensi on Housi ng Updat ed: Cct 2002
190 N. Livingston Bay Rd.

Camano |sl and, WA 98282 Tel : 360-387-1438
http://ww. ar chdone. cont 1-888-301- 7715
Geocon Manufacturing Inc Updat ed: Cct 2002
1502 Ant el ope Road

Wite City, OR 97503 Tel : 541 826 4545

Geodesi ¢ Dones and Hones Co. Updat ed: Cct 2002
P. 0. Box 575 Larry Knackst edt Ray Howar d
Wi t ehouse, TX 75791 Tel : 903-839-2000

http://ww. domrehones. com Fax: (903) 839 7228

(800) 825-2389

emai | : sal es@onehones. com

http://ww. dorehones. com

GeoDones Wodwor ks Updat ed: Cct 2002

6876 | ndi ana Avenue, Suite L Bob Davies & d enn Van Doren

Ri verside, CA 92501 Tel : 909-787-8800 Fax: 909-787-7089
Honme Pl anni ng Gui de; Wod kits
Geonetrica, Inc. Updat ed: Nov 2002

908 Town & Country Blvd., Suite 330
Houst on, TX 77024 Tel : 713-722-7555 Fax:
http://ww. geonetri ca. conf

713-722-0331

Geo Tech Systens. Inc. Updat ed: Nov 2002

Corporate Ofice
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775 Bunker Hi Il Rd.
South Tamaorth, NH 03883 Tel : 603-323-8180
http://ww. dones. t o/

Hexadorme Updat ed: Nov 2002
d encor | nternational

PO Box 519

Mount Conpass

South Australia 5210 Tel: (08) 8556 8701

http:// menbers. ozemai | . com au/ ~hexadone/

Good Karma Dones Updat ed: Nov 2002
James Lynch

3531 S.W 42nd street

Gkl ahoma City, OK 73119 Tel : 405-685- 4822

htt p: // www. goodkar madones. com

G owi ng Spaces Updat ed: Nov 2002
P.O Box 5518

Pagosa Springs, CO 81147 Tel : 800- 753- 9333

htt p: // geodesi c- gr eenhouse-kits.com

Hexadorme Updat ed: COct 2002
CGene Hopster

El Caj on, CA 92020 Tel : 619 440 0434

Key Done I nc. Updat ed: Cct 2002
10393 Sout hwest 186t h Pet er Vander kl aaw

M am , FL 33157 Tel : 305-233-9000

[From Bruce Carroll]: If your looking just for plans/blueprints, try Key
Dones, in Mama, FL (305)-665-3541. They have 3 different types of plans
(foam concrete, plywod on 2X4/6, and pl ywood panels).

KCS ( Ki ngDones) Updat ed: Cct 2002
P. O. Box 980427 Ei nar Thorstein
Houst on, TX 77098 Tel : Fax:

EDC Bookl et (European design, 163 solutions, kits, math)
http://ww. nmedi a. i s/ ki ngdone/

Littl ewood Geodesic Dones Updat ed: Nov 2002
3814a - 53a Street

Wet askiwin, Al berta

Canada T9A 2T7 Tel: (780) 352-2569 or 497-0513
http://ww. freenet. ednont on. ab. ca/ dones/

Monol ithic Constructors, Inc. Updat ed: Cct 2002
177 Dome Park Pl ace Tel (972)483-7423 - Fax (972)483-6662
Italy, TX 76651 Tel : 800-608-0001 Fax:

Vi deo; Free brochure; Concrete Dones
http://ww. nonol it hi cdone. com

Nat ural Spaces Dones Updat ed: Nov 2002
37955 Bridge Road, Denni s Johnson
North Branch, MN 55056 Tel : 800- 733- 7107 Fax:

Local Phone: 651 674 4292
"TAll About Dones''; Video;, Wod kits; Done buil ding classes
[ Tom Dosemagen] Inquire about their “~“ Al About Donmes'' book. Dennis has
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devel oped two different hub and strut systens for constructing dones.
The people at Natural Spaces, who have been in the done business
for over 20 years, feel that the best way to insulate a done is with
fi berglass insulation.

http://ww. nat ur al spacesdones. com

Nat ural Habitat Dones Updat ed: Cct 2002
N4981 County Road "S"

Pl ymouth, W 53073 Tel : 920 893 5308

http://ww. nat ur al habi t at dones. conl

New Age Construction Co. Updat ed: Nov 2002
13288- T Dones Ri dge

Duncanvill e, AL 35456 Tel : 205-758- 1996

htt p: // ww. newagedoneconstructi on. com

Nort hf ace Unverifi ed

999 Harrison Court Bruce Ham | ton

Ber kel ey, CA 94710 Tel : 415-527-9700 Fax:
Oregon Done, Inc. Updat ed: May 1999
25331 Jeans Rd. Roger & Linda Boot he

Veneta, OR 97487 Tel : 541-935-5444

Phone: (800) 572-8943
http://ww. dones. com

Paci fic Donmes Updat ed: Nov 2002
247 Granite Street
Ashl and, OR 97520 Tel : 1-541-488-7737

1- 888-488- 8127
http://ww. paci fi cdones. cont

P.D. Structures Updat ed: Nov 2002
180-4 Popl ar St. Robert G ay
Rochester, NY 14620 Tel : 585-256-3918

rwgr ay @ wgr aypr oj ects. com
http://ww. rwgrayproj ects. con’ conpany/ conpany. ht n
Pi | | ow Dones

Pond- Br ook Products Unverified

P. 0. Box 301 d adys Payne

Franklin Lakes, NJ 07412 Tel : Fax:
Hexa- Pent Done Pl ans

Precision Structures LLC Updat ed: Cct 2002
2565 Potter St.

Eugene, OR 97405 Tel : Fax:

Book; " Professional Dome Plans''; See Mdther Earth News, 1-90

A book of detailed shop drawi ngs and formulas for building wood franed,
3v icosa, panelized geodesic dones.

http://ww. donepl ans. com

Shadow Wbod Dones | nc Updat ed: Nov 2002
15250 Sout h Paradi se Lane
Mul i no, OR 97042 Tel : 503 829 6370

AnyWho Categories: Dome Structures

http://www.cjfearnley.com/fuller-fag-4.html (14 of 18) [9/5/2004 5:59:48 PM]



The R. Buckminster Fuller FAQ: Geodesic Domes

Shel ter Systens-OL Updat ed: Nov 2002
224 Wl nut St. Bob Gllis
Menl o Park, CA 95060 Tel : 650-323-6202 Fax: 650-323-1220

Large donme tents, greenhouses, etc.
http://ww. shel ter-systens. conl

Sol ardone | ndustries Ltd. Updat ed: Nov 2002
P. O Box 767

Sout hanpt on, SO16 7UA

Uni ted Ki ngdom Tel : +44 (0) 23 80 767676
http://ww. sol ar done. co. uk/

Starnet International Corp. Updat ed: Nov 2002

200 Hope St.

Longwood, FL 32750 Tel : 407-830- 1199 Fax: 407-830-1817
http://starnetint.com

Stronberg' s Chicks & Ganebirds Updat ed: Nov 2002

100 York Street

Pine River, 4, M 56474 Tel : 218-587-2222 Fax:

Starplate struts to build a done shed/ greenhouse up to 14" diam
http: //ww. st romber gschi ckens. cont st ar pl at e_bui | di ng_systeni starpl ate_i ndex. htm

Synapse Domes (name may be defunct) Updat ed: Nov 2002
Marshall Brasil and Scott Sins

Brasel & Sins Construction Co

1290 N 2 st

Lander, WY 82520

307-332-5773

Thi s conmpany may involve the principles from Synapse Dones. | have
not been able to verify. No websites could be found.

Tencor Updat ed: Nov 2002
PO Box 48008

150 West WAl nut Street, Suite 150

Gardena, CA 90248 Don Richter Tel: 310-523-2322
800- 421- 2263 wi thin US

Large al um num conmmer ci al dones

http://ww.tencor. conl

Ti mber | i ne Geodesics |Inc Updat ed: Nov 2002
2015 Bl ake Street Robert M Si nger
Ber kel ey, CA 94704 Tel : 510-849- 4481 Fax: 510-849- 3265

Cat al og; Video Tape; Wod kits
Tol | - Free: 800-366- 3466 (1-800- DOVE- HOVE)
http://ww. domrehone. cont

Utraflote Corp. Updat ed: Nov 2002
8558-T Katy Freeway, Suite 100

Houst on, TX 77024 1809 Tel : 713-461-2100 Fax: 713-461-2213
Western Poly Done Updat ed: Nov 2002
23430 Hi gh Bridge Road

Monroe, WA 98272 Tel : 360 794 4645

Wor | df | ower Garden Domes Updat ed: Nov 2002
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P.O Box 2103 Tel : 512 863 2762
CGeorgetown, Tx. 78627
htt p: // ww. gar dendone. coni

Sout hEast Dones. com & TacoDone. co are Divisions of:

Wor | d Mer chandi si ng Conpany Updat ed: Nov 2002
160 Bream Lane

Ki ngston, TN 37763

David Martin Tel : 865-376-2161
http://david.martiniii.tripod.conindex-2.htm

Other Dome References

DOME is (was?) a magazine about the geodesic dome (ISSN 1041-1607). Published quarterly by:

Hof I i n Publ i shing Ltd.

4401 Zephyr Street

Wheat Ri dge, Col orado 80033-3299

Phone 303/420-2222 (7:30 amto 3:30 pm Denver tine)

Thonmas Regi ster of American Manufacturers Updat ed: May 1999
One Penn Pl aza
New York, NY 10001 Tel : 212-695-0500 Fax:

See Vol unmes 1-10: Products & Services (in nost |ibraries)
Thomas' web page is at http://www.thomasregister.com/

Nat i onal Donme Counci l Updat ed: May 1999
1201 15th Street, N W
Washi ngt on, DC 20005 Tel : 800-368-5242, ext. 576

htt p: // ww. bui | di ngsyst ens. or g/ bt gdp. ht m
[ From Al ex Sooj ung- Ki m Pang]

The two Domebooks -- Domebook, and Domebook Two -- were published in the early 1970s and are now out of print. They
were written in much the same fashion as the Whole Earth Catalog, with readers sending in descriptions of their experiences
and problems with domes, and the book's staff arranging the pieces, working in photographs and line drawings, etc. They
are still often availablein libraries, or though university interlibrary-loan. The full citation is:

Lloyd Kahn, et al. Domebook (One). Los Gatos: Pacific Domes, 1970. Lloyd Kahn, et al. Domebook Two. Bolinas, CA:
Pacific, 1971. (Distributed by Random House)

[Editor: Warning: The math in these books is known to be inaccurate.]

There was also abook edited by John Prenis (or Prentis, maybe) called The Dome Builders Handbook (Philadel phia:
Running Dog Press, ca. 1975). There were two editions of this, as well.

Lloyd Kahn has published three other books that contain information on dome-building: Shelter (which described awide
variety of self-built homes from all over the world), Shelter 11 (ISBN 0-394-50219), and a pamphlet called Refried Domes
(Bolinas. Shelter Publications, 1990) (ISBN 0-936070-10-2). The latter contains the chord factors and angles for
8-frequency domes (critical information, and unavailable anywhere else asfar as | can tell), suggestions about construction,
and some second thoughts about domes as permanent shelter. If these books are not in your bookstore, you can order them
directly from

Shel ter Publications
Home Book Service
P.O Box 279

Bol i nas, CA 94924
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http://ww. shel t er pub. cont
If you're interested in learning something about the history of domes in the counterculture, look up Charles Jencks and
William Chaitkin, Architecture Today (New Y ork: Harry Abrams, 1982). The magazine Futurist has also published a couple
articles on domes in the last couple years.

Another book to look for Steve Baer, Dome Cookbook (Lama Publications, 1968); as | recall, it has tables for computing
strut lengths and some useful information about dome construction.

[ From Al ex Sooj ung- Ki m Pang, 25 Feb 1992]

Gene Hopster, How to Design and Build Your Done Hone
(Tucson: HP Books, 1981)

Edward M Duke, A Study of the Geodesic Done Applied
to Housing (Monticello: Council of Planning
Li brarians, 1973)

John Fontanetta, Building a Sol ar-Heated Geodesi ¢ G eenhouse
(Charlotte, VI: Garden Way, 1979)

[ From Garnet MacPhee in NOV 1989.]

There is a national association.

Nat i onal Associ ati on of Donme Hone Manufacturers
2506 Gross Point Road
Evanston, Illinois 60201

[ From Gary Lawr ence Murphy and Chris MRae]

Hugh Kenner's "~ Geodesic Math and How to Use It" Berkeley : University of California Press, c1976. xi, 172 p. :ill. ; 22
cm. (ISBN 0-520-02924-0) Thisis an excellent book for the hobbyist model builder, but also shows geometric derivations
for anumber of approachesto carving up the surface of a sphere into the smallest practical number of different shaped parts,
which isthe key matter in dome fabrication. The book also discusses tensegrity designs, athough | believe Hugh has since
release a volume devoted to tensegrity. For those without calculators :-), the appendix of the book lists the dome-vertex
values for many practical frequenciesin the basic polyhedral forms.

[ From Al ex Sooj ung- Ki m Pang, 25 Feb 1992]

A technically useful book is Edward Popko, Geodesics (Detroit: U. Detroit press, 1968). It has |ots of photographs, plans for
domes made from awhole host of materials, different assembly methods, etc..

[ From Matt hew O ark, 28 Apr 1993.] Enchanted West, Inc. manufactures lightweight, precision-molded,
fiberglass panels for building geodesic domes. Contact us at mclark@scf.nmsu.edu for more information.

[ Posted Dec 1991 by Randy Burns]

Another alternative is concrete, earth sheltered domes. These aren't necessarily geodesic structures. Still, they may well be
closer to nearing widespread commercial use than most geodesic structures.

Three Companies involved in this:

Ut opi a Designs, Eugene OR (founded by Norm Wat er bury)
These are definitely oriented to the do-it-yourselfer. They specialize in
selling forms and blueprints for domes build using inflatable forns.

Eart hShi ps, Eugene, OR
Thi s conmpany was founded by Richard Britz, author of the Edible Cty
Resource Manual . They specialize in turnkey structures and are nore
oriented towards | arger devel opnments. Britz does _wonderful _
architectural draw ngs.
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Monolithic Structures, lIdaho and Stockton CA
These folks are primarily involved in building large_ structures, nmainly
i ndustrial buildings and grain silo's.

[ More concrete conmpanies from Russell MIller. 1994]

The following three companies deal with concrete shell domes, some of which are geodesic, but none of which are
specifically “"Earth Sheltered.”

Anmerican I ngenuity inc. 40' dia kit: $13,058

8777 Hol i day Springs Road Vi deo = $8

Rockl edge, FI Address current as of: 1994-05
32955- 5805

407- 639- 8777
407- 639- 8778 (fax)

Key Dome Engi neering inc. Pl ans only

P. O Box 430253 Info pack = $5

South Mam, FL Address current as of: 1989
33143

Monolithic Constructors inc. 40' dia done kit: $2300

1 Domre Park Pl ace Vi deo avai l abl e

P. O Box 479 Address current as of: 1994-02
Italy, TX

76651- 0479

214- 483- 7454
214- 483- 6662 (fax)

Buil d Your Omn Geodesi c Mbdel : A.G S. Products
2111 SW 31 Avenue
Penmbr oke Park, FL 33009

[ From Ross Keatinge, 2 Cct 1993]
| know of two dome manufacturersin Australia:

"The Dome Company' at "Tapitallee' near Nowra NSW. They make house and garden domes 5, 7 and 10 metre diameter. |
think they also produce them in Kitsets so they may be able to help with hubs etc.

The contact is: Rob Lusher Phone (044) 460452
The Done Conpany
PO Box 3043
Nt h Nowr a
NSW 2541

Tapitalleeis arainforest retreat centre who run seminars on aternative technol ogies etc as well as personal growth type
stuff. I gather some of their buildings are domes. I'm thinking of spending some time there.

The ot her is: Br et cod Geodesi c Dones
27 Al awah Street
Bl ackt own NSW Phone (02) 621-7952

He makes al sorts of domes. Since his businessis selling completely built domes I'm not sure how helpful he would be.

Next Previous Contents

http://www.cjfearnley.com/fuller-fag-4.html (18 of 18) [9/5/2004 5:59:48 PM]



The R. Buckminster Fuller FAQ: Other Inventions

Next Previous Contents

5. Other Inventions

Fuller was atinkerer and made many small tools both to explain his principles and to perform useful tasks. All of his
patented inventions can be found in his book Inventions. The Patented Works of R. Buckminster Fuller. His second
most esteemed invention is " tensegrity” or tensional-integrity structures (See section Who was Kenneth Snelson and

what was his role in the invention of tensegrities? for Kenneth Snelson'srolein this).

5.1 What is a tensegrity model?

““The word 'tensegrity' is an invention: a contraction of ‘tensional integrity.'

[ From Synergetics [700.011]]

“Tensegrity describes a structural-relationship principle in which structural shape is guaranteed by the finitely closed,
comprehensively continuous, tensional behaviors of the system and not by the discontinuous and exclusively local
compressional member behaviors. Tensegrity provides the ability to yield increasingly without ultimately breaking or
coming asunder."

[From Bl aine A. D Am co.]

Fuller stated as a genera principle that ~tension and compression always and only coexist." There is no way to have
tension without corresponding compressional forces in the structure. A tensegrity is a continuous tension -
discontinuous compression structure. Thisis as distinguished from traditional structuring which is continuous
compression and discontinuous tension.

[ From Ki rby Urner]

Tensegrity structures employ tension primarily and compression secondarily. In pure tensegrity, compression members
(i.e. meta rods) do not touch one another but provide rigidity within a network of tensed cables. Not only domes, but
towers (and many scul ptures) have successfully employed tensegrity principles. For Fuller, tensegrities manifested his
philosophy: that nature uses tension primarily and compression secondarily (whereas humans often misguidedly do the
reverse). Although he devel oped geodesic structures for the Marine Corps and Strategic Air Command, none of these
were " “tensegrities” exactly. Tensegritoy, available from most museum giftshops and teacher supply catalogs, admirably
teaches about tensegrity.

How to Build Tensegrities?

[ From Daryl Bunce]

To me, one of the best tools for help with building Tensegrity systems was/is An Introduction to Tensegrity by Anthony
Pugh, LOC: TA658.2 P85x, copyright 1976, University of California Press, ISDN: 0-520-02996-8 (cloth/hard) or
0-520-03055-9 (paper), 121pp.

| suggest reading the first few pages of Appendix A then running out and purchasing some .75" dowel (see below) then
start on page 1.

For struts: dowel (wooden rods) 3 feet long (standard US size), with adiameter = .75 inches. Cut with a fine-toothed
saw into 9 inch lengths. Repeat until happy with amount (you'll need more, eventually). Take some 18-gauge wire brads
(those nails with virtually no head), about an inch to 1.5 inches long and blunt the points. Warning: Use of steel nails,
pins, etc. can be dangerous. Pound two nails into each strut end, with a wide gap between them and at least .5 inches
protruding from the wood:
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I
e 0
STRUT (yeah, right) e o] two brads, repeat for other end
I
/1

Repeat procedure for all ends of struts. Using rubber bands (#14, 2 inches, or #12,1.5 inches) hung over one brad/strut,
you should be able to model some Tensegrities. BTW: If there were only one brad at each end, the rubber bands have
more of atendency to slip off.

If your rubber bands are still slipping off, stretch one from one end to the other of the same strut before modeling. When
you are ready to incorporate this strut, unhook this band, slide a band from the other strut onto a brad on this strut, and
hook the original band back on over the new one. (Follow that?)

Most of the above was summarized from M. Pugh's book in one way or
anot her.

[ From chri s@OGNET. UCLA. EDU]

There is a company called Plastruct which makes little plastic components for building various sorts of models. They
arelocated in the City of Industry (I think (greater L.A. areq)), California. Any good hobby or architectural supply shop
in your area should have a catalog. | warn you, however, that their models are somewhat limited and the plastic tubes
used for struts tend to split.

There is also a company in England somewhere which actually owns the design upon which the Plastruct models are
based. The components they make are somewhat larger, | believe, and perhaps of higher quality.

If anyoneisreally interested in more details, | can dig up the names and numbers for you. In general, a good resource
for thiskind of information is the Thomas Register of American Manufacturers, which can be found in many large
libraries.

[ From M chael Justice, 23 Mar 1992]
Real Goods sells something called a " tensegritoy," which looks kinda cute. To quote from their latest micro-catal og:

EXPLORE ARCHI TECTURE BUCKY FULLER STYLE

Tensegritoy is an ingenious new construction puzzle that
provides fun and intellectual challenge for children over

ten. Based on R Buckm nster Fuller's ideas of tensegrity
(tension and integrity) over 100 intriguing shapes can be
built. The structures can bounce, roll, or seem ngly float
inthe air. Wth the colorful conmponents you can construct

a basic four-sided figure, a helix or a geodesic done, or

expl ore architecture and the arrangenent of DNA! The 32-page
illustrated instruction booklet provides |ots of howto ideas.
This is truly an affordabl e | earni ng experi ence.

90-412 TENSEGRI TOY . . . . $29

Rea Goodsisayuppie aternative energy / environmenta / whatever-we- can-make-a-buck-on" :-) mail-order house.
1-800-762-7325 for orders.

[From Patrick G Sal sbury]

WEell, Tensegrity Systems, Inc., manufactures the Tensegritoy (tm) and |'ve seen models built from combined sets that
are ameter or more in diameter.

[ From Ji m Fl anagan]

I have found that the cheapest/easiest method for making tensegrity strutsisto buy thousands of bamboo skewers, chop
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off the pointy bits, and bind two (or more, depending on the tension in the mode!) together with rubber bands thus:

then take another rubber band insert it between the two sticks at one end, then with half aturn drag it down to the other
end and hook it in there. One completed strut. With practice one person can make a good deal of these in an evening. A
hint for keeping the structure together while building is to use another band to keep a connection firm (sometimes a
connection will slip. Spectacular explosions attest to the amount of tension is held in one of these structures...).

/11
I
I
/1

If you use tan colored bands and tan sticks the aesthetic is better in my opinion. If you twist the bands more than once
(but an odd number) you get more tension (which is necessary for higher freg. structures).

[From Mtch Am ano]
Resour ces:

Check out a good boating supply shop. They make use of a number of tensile materials and fasteners.
Tension members:

Boating supply shops carry in bulk what might cost you $$$ to get pre-cut: rope, cables, and that elastic cloth
cordage (like the kind used in the Tensegritoy). The elastic cord cost about $13 for a 50 foot roll.

Tough Tension members:

Nylon coated steel cable, 3/32 inch, with crimpable aluminum cable sleeves. Use the sleeves to make loops in the
cable ends. Cable can be accurately measured by looping around two nails set in a block of wood and pulled
tight. Sleeves can be crimped on one at atime. The nylon coating makesit less likely to have wire splinters, and
makes for a neater finish.

Taking up dack:

Tiny turnbuckles. expensive at >50 cents a pop. Jm Flanagan's idea to increase the tension of the rubber bands by
twisting them will work here, too. Y ou just won't be able to twist up very much. Many forms of strain relief
hardware can aso be used to give springiness to inflexible cables.

Compression members:

Aluminum or brass tubing, 3/8 inch diameter. Aluminum costs about $1 a foot, while brass is about twice as
expensive. Neither is hard to cut, given amidget pipe cutter, about $5.

Fastening member stogether:

A hollow tube may be plugged with a variety of screw anchors, both metal and plastic. Then a small bolt or screw
stock can be securely mounted. Some washers are all thats needed to compl ete the connection if you chose to use
bolts. For screw stock, you also need nuts, and can use round-ended chromed nuts for afiner finishing. For both,
cable or rope loops can simply be looped on. Make sure the loop is smaller than the washer, or it might dlip.

[From Mtch Am ano]

Has anyone seen the in-line cable clamps used for utility-pole guy wires? The clamps do not have any perpendicular
bolts, and have a U loop on the ground side (which is tied down). The steel cable goes right through the unit unbroken
and untwisted, leaving a small stub of cable out the U loop end. The cable has no connection with the U loop itself - that
is part of the connector housing. Finally, the unit is about 6 or 7 (~15cm) inches long, cone shaped, and about an inch
and 3/4 thick (~8cm).
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Thereason | ask, is because it appears to be an ideal connector for a variety of tensegrities - one which | had
conceptualized but for which | had not found a good implementation. Does anyone know if similar units exist for other
size factors (esp. for desktop modeling), or know if the internal design relies on the use of pincers/teeth to grip? (The
latter would make the design less attractive for monofilament lines.)

I
I
I <---- steel cable
|
I

/ 1\
/ \
/ \ <---- conical housing
/ \
/ \
I I
l-1__ |-\ <--- apparent section of housing
|\ /|
| I <-- | <<------- end of steel cable, protruding
I l I
I I
\ / Cemmn s U | oop affixed to housing
\ /

In-line cable fixtures are commonly stocked by manufacturers and distributors of wire rope. A quick scan of my yellow
pages at that category identified a source of many sizes of the U-bolt style clamps used for antenna guy lines. Surely
such providers exist in most areas, and can steer you to the particular gadget you seek.

If not, here's the number of the place | contacted:
AYERS WIRE ROPE SERVICE, INC., JACKSON SC (803) 827-1419

Who was Kenneth Snelson and what was his role in the invention of
tensegrities?

Fuller began writing, speaking and thinking about coexistent tension and compression in the 1920's - see his first book
4D Time Lock. He complained of having no good model to explain these principles. Then Snelson attended several of
Fuller's lectures at Black Mountain College in the summer of 1948. In the winter of 1948 Snelson built the first
tensegrity structure consisting of two "~ X"-shaped figures one suspended above the other in a sea of tension. He showed
Fuller this model in the summer of 1949. After thisinitial contact both men devel oped the concept of tensegrity in
unique and independent ways. Snelson designed large magnificent tensegrity sculptures while Fuller built large
tensegrity spheres to demonstrate his synergetics (at that time he called it Energetic Geometry). Both Fuller and Snelson
patented thelr structures.

| think the quote below shows that both Fuller and Snelson acknowledged each other's contribution. Given Fuller's
disdain for footnotes and other forms of formal citations, he occasionally implied more credit than is his due. However,
it seemsto me that he documented Snelson's contribution sufficiently. Claims that Fuller stole Snelson's work are
unsubstantiated. Also, claims by some of Fuller's admirers that Snelson stole from Fuller, ignore the breakthrough in
design that Snelson contributed.

[ From Kenneth Shelson, an Exhibition organized by Douglas G. Schultz; essay by H.N. Fox, p.23]

“In aletter from Fuller to Snelson dated December 22, 1949, Fuller states, 'In all my public lectures| tell of your
original demonstration of discontinuous-pressure- (com-pressure) and continuous tension structural advantage; - in
which right makes light [ ?] in a prototype structure, - the ready reproduction of which properly incorporated in
fundamental structures, may advance the spontaneous good will and understanding of mankind by many centuries. The
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event was one of those 'it happens' events, but demonstrates how the important events happen where the atmosphere is
most favorable. If you had demonstrated this structure to an art audience it would not have rung the bell it rang in me,
who had been seeking this structure in Energetic Geometry. That you were excited by the later E.G. [ Ener geti c
CGeonet ry] , into spontaneous articul ation of the solution, also demonstrates the importance of good faith of
colleagues of this frontier. The name Kenneth Snelson will come to be known as atrue pioneer of the realized good life
and good will...""

5.2 What are cloud nines?"

[ "Cloud nines'' are floating geodesic spheres. The follow ng extract froma
paper posted to GEODESI C by Robert T. Bowers explains the idea.] "Whenconsidering a
geodesic sphere, the weight of the sphere is afunction of the surface of the sphere. The amount the sphereis lifted by
warm air isafunction of the volume of the sphere. In mathematical terms, weight is afunction of the radius squared,
while volumeis afunction of the radius cubed. Thisis very significant. Even as the radius of a sphere increases, thus
increasing the sphere's weight, the lift of the sphere increases more. If you image a sphere that could grow larger, asthe
sphere gained alittle weight, it would gain much lift.

“Buckminster Fuller proposed that as spheres of great size are considered, the amount of air enclosed grows huge
compared to the weight of the sphere. Of a sphere with aradius of 1320 feet, the weight of the enclosed air is 1000
times greater than the weight of the sphere's structure. If that volume of air was heated only one degree, the sphere
would begin to float!

“"Of course, domes of even greater sizes would be required if that sphere were to carry any additional weight. But it is
not inconceivable that floating geodesic spheres could carry aoft entire communities. Perhaps the concept of afloating
dome of one half amile diameter istoo much for most people to seriously consider. Regardless, it does demonstrate the
scope of projects that are made possible with geodesic domes.” -Robert T. Bowers Fuller quote from | Seem To Be A
Verb

Came across this small description which | thought might interest some people who haven't seen it before ...

Geodesic spheres larger than half-a-mile in diameter can be floated in the air, like clouds. Draped with polyethylene
curtains -- to retard night-time air intake -- the spheres would be light enough to remain aloft, at preferred altitudes.

““Cloud nines' one milein diameter could house thousands of people, whose weight would be negligible. Passengers
could pass from "“cloud" to ~"cloud," or from ~“cloud" to ground, as the ““clouds" float around the Earth or are anchored
to mountain tops. The ““clouds" could become food factories by impounding sunlight.”

-- David Paschall-Zimbel

5.3 What is dymaxion?"

“Dymaxion" isaname coined by afriend[ ED: an adverti si ng man actual | y] of Bucky'swhichisa
contraction of the words ~"DY namic" (or DY namism, depending on your sources), - MAXimum," and " ION;" three
words that he noticed Bucky used often in his speech when describing things.

Dymaxion, and also 4-D (4th Dimension) became trademarks of Bucky's and were frequently used on his products:
-The Dymaxion 4-D House -The Dymaxion Car -The Dymaxion Deployment Unit (war-relief housing) -The Dymaxion
Dwelling Machine (An improvement on the Dymaxion 4-D House) - Patrick G. Salsbury

5.4 What was the Dymaxion Car?"

“"The Dymaxion Car was ateardrop-shaped (least air resistance), 3-wheeled, rear-whedl (single) steering, 21 foot long,
Aluminum bodied auto, designed by Bucky to achieve maximum output and service with minimum material input. It
was about 6 feet tall (Kindalike abig van), seated the driver and 10 passengers, weighed less than 1000 |bs., went 120
miles/hr on a 90 horsepower engine, and got between 30-50 miles to the gallon of gas! (Depending on your sources,
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again.)

It was eventually supposed to be developed into aflying vehicle, held aloft on "jet-stilts" (downward facing thrusters
of some sort) so asto make al of ~"Spaceship Earth" accessible to humans and make it so they could have a house
ANYWHERE (on top of amountain, in adesert, etc. [ hi s Dynaxi on Houses were sel f-sust ai ni ng,
and didn't need to be tied into powersewer/water lines]/) and still get around to go to work or
whatnot. But only the car portion of the ""Dymaxion Omnidirectional Human Transport" (Flying car) was developed,
because at the time of development (1933-4), Jet technology was either non-existent, or not capable of the task.” -
Patrick G. Salsbury

There isa Dymaxion car in the William F. Harrah Automobile Museum in Reno, NV. Very strange-looking vehicle
indeed, and | was surprised to find out that it was from the 1930's. -Dan Howell dhowel | . escp8@er ox. com

5.5What is a fog gun?"

The ““fog gun” was an invention Bucky developed as awater saving alternative to the wastefulness of showers. While
Bucky was in the navy, he noted that, while standing on the deck of a ship, in the spray and mist of the sea, nothing
seems to stay on your skin for very long. Not even grease. He reasoned that it must have something to do with the
abrasive action of the tiny water droplets, so he developed a device that atomized the water (like a perfume bottle with
the little bulb that you sgueeze to get perfume mist) and gected it at high speed. He dubbed this the ““fog gun" and
found that it worked very well for cleaning a person off without soap (I'm not sure how he did hair, though) and without
wasting alot of water. (The “"gun" could clean afamily of four with 1 PINT of water!) -Pat Salsbury

5.6 What was Fuller's ‘floating city?"

Around 1967, Bucky Fuller was put in charge of the Triton project for the Dept. of Housing and Urban Devel opment
(HUD) (Y ou know, one of the current gov't departments under investigation for all sorts of scandals! ;) )

Triton was a concept for an anchored floating city that would be located just offshore and connected with bridges and
such to the mainland. It was a collection of tetrahedronal structures with apartments and such. The model 1ooked very
interesting!

Y ou can see some photos of the model in ~"The Artifacts of Buckminster Fuller," along with technical drawings of just
about everything else he ever designed! : ) -Pat Salsbury

[ Typed in by Charles Nicoll] Reprintedfrom Critical Path, (1981, St Martin's Press) by Buckminster
Fuller, p. 332.

“In the early 1960s | was commissioned by a Japanese patron to design one of my tetrahedronal floating cities for
Tokyo Bay.

“Three-quarters of our planet Earth is covered with water, most of which may float organic cities.

“"Floating cities pay no rent to landlords. They are situated on the water, which they desalinate and recirculate in many
useful and nonpolluting ways. They are ships with all an ocean ship's technical autonomy, but they are also ships that
will always be anchored. They don't have to go anywhere. Their shape and its human-life accommodations are not
compromised, as must be the shape of the living quarters of shipswhose hull shapes are constructed so that they may
dip, fishlike, at high speed through the water and high seas with maximum economy.

“"Floating cities are designed with the most buoyantly stable conformation of deep-sea bell-buoys. Their
omni-surface-terraced, slop-faced, tetrahedronal structuring is employed to avoid the lethal threat of precipitous falls by
humans from vertically sheer high-rising buildings.

“"The tetrahedron has the most surface with the least volume of all polyhedra. As such, it provides the most possible
‘outside’ living. Its sloping external surface is adequate for all its occupants to enjoy their own private, outside,
tiered-terracing, garden homes. These are most economically serviced from the common, omni-nearest-possible center
of volume of al polyhedra.
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“"All the mechanical organics of afloating city are situated low in its hull for maximum stability. All the shopping
centers and other communal service facilities are inside the structure; tennis courts and other athletic facilities are on the
top deck. When suitable, the floating cities are equipped with 'alongside’ or interiorly lagooned marinas for the safe
mooring of the sail- and powerboats of the floating-city occupants. When moored in protected waters, the floating cities
may be connected to the land by bridgeways.

““In 1966 my Japanese patron died, and the United States Department of Housing and Urban Development
commissioned me to carry out full design and economic analysis of the floating tetrahedronal city for potential U.S.A
use. With my associates | completed the design and study as well as a scaled-down model. The studies showed that the
fabricating and operating costs were such that a floating city could sustain a high standard of living, yet be
economically occupiable at arental so low as to be just above that rated as the 'poverty’ level by HUD authorities. The
secretary of HUD sent the drawings, engineering studies, and economic analysis to the Secretary of the Navy, who
ordered the Navy's Bureau of Shipsto analyze the project for its 'water-worthiness," stability, and organic capability.
The Bureau of Ships verified all our calculations and found the design to be practical and ‘water-worthy.' The Secretary
of the Navy then sent the project to the US Navy's Bureau of Y ards and Docks, where its fabrication and assembly
procedures and cost were analyzed on a basis of the 'floating city' being built in a shipyard as are aircraft carriers and
other vessels. The cost analysis of the Navy Department came out within 10 percent of our cost - which bore out its
occupiability at rental just above the poverty class.

“"At this point the city of Baltimore became interested in acquiring the first such floating city for anchorage just
offshore in Chesapeake Bay, adjacent to Baltimore's waterfront. At this time President Lyndon Johnson's Democratic
party went out of power. President Johnson took the model with him and installed it in hisLBJ Texas library. The city
of Baltimore's politicians went out of favor with the Nixon administration, and the whole project languished. The city of
Toronto, Ontario, Canada, and other cities of the U.S.A are interested in the possibility of acquiring such floating cities.
Chances of one being inaugurated are now improving.

“Inrelation to such floating citiesit is to be noted that they are completely designed under one authority, and when they
become obsolete, they are scrapped and melted and the materials go into subsequent production of a greatly advanced
model whose improvements are based on earlier experiences as well as the general interim advances of all technology.

“There are three types of floating cities: There is one for protected harbor waters, one for semiprotected waters, and
one for unprotected deep-seainstallations. The deep-seatype is supported by submarine pontoons positioned under the
turbulence, with their centers of buoyancy 100 feet below the ocean's surface. Structural columnsrise from the
submarine pontoons outwardly through the water to support the floating city high above the crests of the greatest waves,
which thus pass innocuously below the city's lowest flooring, asrivers flow under great bridges. The deap-sea, deeply
pontooned floating cities will be as motionlessin respect to our planet as are islanded or land-based cities.

“There are also deep-sea spherical and cylindrical geodesic floating cities whose hulls are positioned entirely below the
ocean surface turbulence. Only their vertical entrance towers penetrate outwardly through the disturbed surface waters.
The occupants of submarine cities with their vertical towers penetrating outwardly above water can be serviced by
helicopters landing on the tower-top platforms. Such pontooned or hulled submarine cities also can provide safe
mid-ocean docking for atomic-powered cargo- and passenger-carrying submarine transports. With their submarine hulls
locked together below the turbulence, a safe passageway can be opened between them.

“"Even in mild weather docking cannot be done on the open water surface of the ocean. Even the mildest 'old-sea or
ground swellswould roll any two ocean ships great tonnages into disastrous hull-smashing clashes. Relative mass
attraction is proportional to the product of the masses of the interchanges. When any two oceangoing steel vessels come
within ‘critical proximity,' their interattraction is fourfolded every time the distance between them is halved. This
chain-attraction-increasing force pulls them sideways toward one another, ultimately to touch and chew up one
another's skins - that is, unless one is maneuvered in time backward or forward away from the other. Land harbors are
essential for surface docking or inter-tie-up of ships of any size. There are relatively few big-ship harbors in the world.
Thisfact, and the world-around scarcity of such good harbors as Athens' Piraeus, France's Cherbourg, Italy's Venice,
the U.S.A's New York, or Tokyo's Y okohama, have greatly affected the geographical patterning of world history. The
new ability to transfer cargoes at sea could completely alter world economic balances and could bring ships once more
into economic competition with airplanes. The recent decades development of seventy-knot submerged speed of the
great atomic submarines, complemented by floating cities, could herald the beginning of a new era of subsurface
oceanic traffic.
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““In due time small cruising yachts also will be able to sail or power around the world in safe, one-day runs from one
protected floating city's harbor to the next."

[ From Ji m Fi egenschue, 12 Oct 1993]

If you are interested in studying and solving some of the practical problems of floating habitations (such as anchoring,
survival of storms, etc.) you might contact Sten Sjostrand, the architect who designed The Saigon Floating Hotel. The
first and to my knowledge still the only floating resort hotel in the world, it was built in Singapore for about $22 million
in 1987-8 US dollars. Another $5.5 million of furniture and accessories were added, plus a $2.5 million specia anchor
system, so thisis a serious professional project. The 7-story hotel has 200 guest rooms, a lavish lobby, a swimming
pool(!), atennis court, a night club, a sauna, a gymnasium, small shops, several restaurants, two cocktail bars, alibrary,
fully equipped conference rooms, post office, sewage treatment plants, facilities for mooring sail boats and yachts, an
underwater observatory, and a marine laboratory. Originally opened for business as the Four Seasons Barrier Reef
Resort in 1988 over the Australian Great Barrier Reef, it was abig draw for scuba divers. All waste- disposal machinery
is sedled off completely to protect the environment. It is currently owned by the Japanese company EIE, who operate it
offshore Saigon.

Y ou can possibly reach Sten Sjostrand through the Atlantis Project, which is currently raising funds to build a floating
city/nation to be called Oceania. Their newsletter, called Chain Breaker, islocated at 4132 S. Rainbow Blvd, Suite 387;
Las Vegas, Nevada 89103. Phone: 702 897-8418.

[FromBi Il Kovari K]

There's abook called “"Engineers Dreams" which depicts afloating city as amid-Atlantic airport plan from the 1940s.
Sometime in the 1970s the University of Hawaii designed a floating city, and you can get the book on interlibrary loan.
I know the Virginia Tech architecture school library hasit, if you can't find it anywhere else. Both the airport and the
Hawaii ideas dealt with structural engineering problems primarily.

There are important reasons to consider floating cities as resources for the not too distant future, | believe.

A very important need is for factories for processing renewable energy resources which would be too expensive or too
ecologically disruptive to collect on land. Of course, the most problematic aspect of renewable energy isits dispersed
nature. It must be collected and concentrated, and the process of doing that can raise costs to a non-competitive level
with fossil energy.

For many decades, biochemical engineers have looked to marine biomass resources as being possible to cultivate in
enormous quantities without creating ecological disruptions. As early as 1918 the Pasteur Institute was engaged in the
study of renewable liquid fuels like methyl and ethyl alcohol from kelp. They were able to produce about 10 gallons of
fuel alcohol per ton using an acid hydrolysis method. Thisis very old technology; better methods are available today.

In the late 1970s and early 80s tremendous new attention focused on renewable resources, and marine biomass was the
subject of agood deal of study. One of the most important was the Marine Biomass Energy Conversion Technology
Research Committee of the Japan Ocean Industries Association. In one study they found that a 50 kg / m2 per year was
the average productivity of both Sargassum and Laminariatype kelp. | don't know if they investigated the various
energy production scenarios or what their final figures are, but you could probably find out pretty quickly.

If we converted kelp to renewable liquid energy at the rate of 10 gallons per ton, what do we get? L ets assume one ton
(1,000 kg) is grown on 20 square meters and produces 10 gallons. To make a million gallons we need an area of 200
square kilometers. To make a billion gallons would take a 2,000 square mile area, and to replace just the gasoline used
inthe U.S. (100 billion gallons a year) with alcohol from marine biomass would take a 40,000 square kilometer area --
around the size of Ireland and Cuba. Of course, more efficient processes and enhanced production could decrease the
necessary size, but there would be little problem finding space in the ocean for an extra 40,000 kilometers somewhere.
Y ou would hope that the final cost of this liquid fuel was within atolerable range, lets say $1.20 (US prices) to $5.00
per gallon (European fuel prices).

OK, what about the waste products. When the kelp is hydrolized we get this goopy green leftover glop -- some of it
could go to other chemical processes and some could be returned to the sea, along with treated sewage from the city, to
fertilize the kelp beds for future harvests.
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How do you support the rest of the city? Ocean Therma Energy Conversion (OTEC) for electricity and fish farming
and hydroponics for food, other light manufacturing, some mining of deep sea minerals -- those are possibilities.

What isimpossible to make at sea? Probably heavy industrial processes, such as steel mills, aluminum refining, textiles,
etc.

Who would live there? Given the need for dignified employment in many developing nations, | would think that you
could find millions of people willing to become " kelpers.” If developing nations would divert financial resources out of
the petroleum sector and into sustainable development, it could vastly raise the standard of living of some of the poorest
people on earth and solve alarge portion of the environmental crisis at the same time.

Y ou can see (sguint hard, now) some of the visions of Huxley or Fuller or even Dwayne Andreas in play here, and we
can see the outline of areal solution to the world energy / environmental crisisin the development of floating cities that
produce renewable energy and food.

[ From St eve Mat her]

One possibility in ““floating cities" that | recently came acrossisthe “"Mining" Magnesium. Allegedly it can be obtained
from seawater. Volvo developed a car back in the eighties (unfortunately they only developed it, it never went into
production) that was made of a significant amounts of magnesium for its weight and because it avoided damaging
mining practices. It's called the Volvo LCP 2000. Allegedly it gets anywhere from 56 to 81 (tops, 100) mpg, and, being
adiesel, will run on nearly anything. For more info write Bob Austin of VVolvo of America Corporation, Rockleigh,
New Jersey, 07647; or call (201) 768-7300.

5.7 What was the Old Man's River City Project (circular
cities)?

Thiswas Fuller's design science approach to solving the housing crisisin East St. Louis.

Here are some excerpts from BF's CRITICAL PATH:

“"For eminently mobile man, cities have become obsolete in terms of yesterday's functions - warehousing both new and
formerly manufactured goods and housing immigrant factory workers...

0Old Man's River City, undertaken for East St. Louis, Illinois takes its name from the song first sung by Paul Robeson
fifty years ago, which dramatized the life of Afro-American blacks who lived along the south-of-St. louis banks of the
Mississippi River...

| originally came to East St. Louis to discuss the design and possible realization of the Old Man River's City, having
been asked to do so by East St. Louis community leaders themselves... It is moon-crater-shaped: the crater's truncated
cone top opening is a half-mile in diameter, rim-to-rim, while the truncated mountain itself isamile in diameter at its
base ring. The city has a one-mile-diameter geodesic, quarter-sphere transparent umbrella mounted high above it to
permit full, all-around viewing below the umbrella's bottom perimeter. The top of the dome roof is 1000 feet high. The
bottom rim of the umbrella dome is 500 feet above the surrounding terrain, while the crater-top esplanade, |ooks 250
feet radially inward from the unbrella's bottom, is at the same 500-foot height. From the esplanade the truncated
mountain cone slopes downwardly, inward and outward, to ground level 500 feet below.

“"The moon crater'sinward and outward, exterior-surface slopes each consist of fifty terraces - the terrace floors are
tiered vertically ten feet above or below one another. All the inwardly, downwardly sloping sides of the moon crater's
terraced cone are used for communal life; its outward-sloping, tree-planted terraces are entirely for private life
dwelling."

If you want al the details see CRITICAL PATH pages 315-323. [ C. Fearnley]
[ From Al ex Sooj ung- Ki m Pang. ]

The Old Man River project never got off the drawing boards. It was mainly the work of Washington University
architecture prof James Fitzgibbon. He had along relationship with Fuller, extending back to the early 1950s.
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Fitzgibbon had designed a domed city to be built on Frobisher Bay in Canadain 1956, and Old Man River was an
extension and expansion of that earlier plan. It was also designed to address problems that architects, planners, and
policy-makers considered central in the late 1960s and early 1970s, viz. racial segregation, urban decay, and economic
growth in the inner cities.

Old Man River would have provided housing and services for several thousand familiesin the most depressed section
of St. Louis. It would have been built and managed by a non-profit corporation, and taken something like 20 yearsto
complete; in Fitzgibbon's evocative phrase, it would have been not only good housing, but a “job machine," a huge
project creating new industries in the area by virtue of itsimmensity. Fuller claimed that it would be the incubator of a
new classless, raceless society. However, it never got anything close to the $1 billion required to build it, and the St.
Louis municipal government never seemed to have taken it serioudly.

[ See section Fuller's “failures.' for more commentary on this project.]

5.8 What was the Dymaxion Deployment Unit?

[ From Jay Rozen. ]

Alden Hatch, in his At Home in the Universe," describes BF's ""Dymaxion Deployment Unit" (DDU), acircular
structure which BF intended as cheap civilian housing. From 1940 to Pearl Harbor, they were manufactured for Allied
troops and sent all over the world.

[ From Pat Sal sbury]

For more pictures of the D.D.U., or the other stuff Bucky worked on, check * The Dymaxion World of Buckminster
Fuller." For blueprints and such, (not necessarily in asize that islegible all thetime! ;) ) try ~"The Artifacts of
Buckminster Fuller”

5.9 What is the Dymaxion Map?

The Dymaxion Map is Fuller's attempt to provide the best all-at-once view (therefore flat and not globe-shaped) of the
Whole Earth. His solution is based on projecting the globe onto an icosahedron and then unfolding the icosa (making it
flat). His design was awarded U.S. Patent 2,393,676 in 1946.

Details about the Dymaxion Map.

[ From Ki rby Urner]

It's an icosawith its 20 triangles subdivided to give new vertices, which are push out equi-radially to approximate a
sphere. Theicosais an intermediate stage between this high frequency icosa sphere and the final unfolding into aflat
projection.

[ From Chri stopher L. Weks]

Over my recent X-mas break from school, | had the opportunity to visit the semi-new St. Louis Science Center. Among
many interesting and some not-so interesting displays there was a dymaxion globe with magnetic panels holding the
map sectionsto it's surface. It was a great puzzle to take them all off and assemble them flat on the surface provided.
The display briefly noted that it was called a dymaxion map, and didn't mention Bucky at al. Thereis also an hourly(?)
laser show on a huge (three-story tall) dymaxion map. Again no mention of Bucky. But it is exposure.

[ From Sarah Luni

[ The] world map interface, which many of usfeel isreplete with desirable futuristic connotations, not to mention real
advantages.

minimal distortion including in high latitudes no sinus cuts into land masses apolitically polar-centric

hardwired in the literature to civilian deployment strategies on a scale that would arm-chair military masterminds feel
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right @ home

World Game sdllsits Global Recall software which shows data on the map -- the deflated, unfolded, orthonormal,
omnitriangul ated icosaspheric projection.

DISCLAIMER: | am not in any way connected or affiliated with the World Game Institute. Thisis not to be construed
as asales pitch by a party with adirect or even indirect financial interest in success of World Game, Inc.

5.10 What was the Dymaxion House?

[ From Ki rby Urner]

The Dymaxion House prototype, for instance, was more octagonal, suspended from a central " utility mast” -- a house
on apole.

Next Previous Contents
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6. Miscellany

6.1 What are fullerenes'" and buckyballs?"

SCIENCE magazine voted buckminsterfullerene “"Molecule of the Year" in 1991.
[ From Kenneth J. Fair.]

The exciting part of the discovery of C60 moleculesisthat they are only the third naturally occurring form of carbon to
be found (graphite and diamond of course being the first two). C60 was first isolated from graphite (I think) in 1985.

As Paul Houle writes, C60 is formed in the shape of a geodesic sphere (like the panels of a soccer ball), hence the name
““buckminsterfullerene” or *“buckyballs* for short. Each carbon has three sp2 hybrid orbitals and the fourth electron of
each carbon resides in adelocalized pi orbital that ranges over the entire ball (like benzene).

The physical appearance of C60 is very much similar to graphite, as are some of its physical properties. C60, unlike
graphite, can be dissolved in benzene to form atranslucent amber solution.

Other devel opments of buckyballs:

1) Radicalization - Besides just the pure C60 form, researchers at Rice have added hydrogen molecules to the carbon
junctures to form molecules such as C60H36. Also, work is progressing on making C60 radical groupings (smilar to
benzene -> phenol).

2) Property measurement - Although many of the properties of C60 are known, most of the properties of its compounds
are still hazy.

3) Higher molecules - Other stable forms with greater numbers of carbons have been isolated as well, including C70,
C72, and acouple of others| can't remember. All of these have geodesic shapes as classified by Buckminster Fuller and
look like lopsided versions of the normal C60 molecule.

4) lonization - One can trap metallic ions such as Fe++ and Mg++ in the cage of the C60 to make the molecule act asa
very largeion.

5) Superconductivity - Asfar as| know, the 18K Tc for C60 is the correct figure. This of course is much lower than
high-temperature superconductors, but this fact may be used in some way at alater date.

Kenneth J. Fair
[From Bl aine A. D Am co. ]

| promised acitation for the best Fullerene book to date. It istitled Fullerene C60; History, physics, Nanobiology,
Nanotechnology. North Holland Press by Djuro Koruga, Stuart Hameroff, James Withers, Raoulf Loutfy, and Malur
Sundareshan. The first chapter explores Fuller and Synergetics and the entire book is consistent with Fuller's
Cosmography. Take alook.

[ From Kevi n Sahr]

This thread began in sci.math. Gets to the heart of what mathematics algorithms underlie the Dymaxion Projection.

Kirby U ner wites:
>

> In article <2vs64v$av@ai a. ucs. or st. edu> sahr @ huj a. FSL. ORST. EDU ( Kevi n
Sahr) writes:

> >From sahr @ huj a. FSL. ORST. EDU (Kevi n Sahr)

> >Subj ect: Re: The Icosahedral Projection (& ancient cartography)
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> >Date: 11 Jul 1994 19:22:07 GV

>
> >In article <2vqmu9$3t o@mi f est. uwm edu> mar k@mmi f est. uwm edu ( Mark Hopki ns) >
>Writes:

>>

>, ..history/notivation del eted...

>>

>>(2) The |cosahedral Projection

>> This is a projection | discovered (redi scovered?) about 8 years ago. It

>>consi sts of 20 triangular plates that can be arranged in a variety of ways.
>>To date (to the best of my knowl edge) it is the only reconfigurable

>>pr oj ecti on.

>>

>, ..description deleted...

>>

>This projection you' ve discovered is extrenely simlar to R Buckm nster
>Ful l er's Dymaxi on Airocean World Map in both notivation and concepti on,

>t hough subtly (to nme, at least!) different in execution. Bucky's projection
>(which also individually projects each triangle of the spherical icosahedron)
>has the advantage that all great circle arcs parallel to any of the edges

>of a given icosahedron triangle are straight lines on the planar triangle,
>and di stances al ong these arcs are preserved on the planar triangle. It

>has t he di sadvantage (big, big :( here!) that it does not seemto be

>mat hematically wel | -defi ned.

>Kevi n

| believe the Fuller projection is mathematically well defined. The faces
of an icosa are subdivided into simlar equilateral triangles, which are
pushed outward along radii fromthe sphere center to the surface (orthogonal
projection). The mathematics for doing this, sane as for the dones, is

mat hematically expressed and conputer-inplenented. And yes, nore

wor k needs to be done to popularize this map and its nethods.

| don't believe your description of the projection method is correct; | don't think, for instance, that what you're saying
(assuming | get your drift) would preserve distances along the great-circle arcs. | think what Fuller did was a bit more
subtle than that; again | refer you to his " steel-straps and straws" illustration which appears in many of his books.

VVVVVVVVVVVVVVVVVVVYVYVYVYVYVYVYVYVYV

\Y

If you have any references or code for doing the Fuller projection | would be very interested in seeing it. The information
| have is from an unpublished paper by Robert W. Gray of IBM, ""Fuller's Dymaxion Map." In it he recounts how Fuller
developed what he called a " “three-way great circle grid” to use as a reference system for manually transcribing points of f
of aglobe onto a Dymaxion Map, and thisis the system which appearsin Fuller's 1946 patent of the Dymaxion Map.
However, before his death Fuller realized that when this grid was projected to the plane the intersections of the arcs did
not form points, but little triangles (Cosmography, pg. 236). Gray's version of the projection suggests taking the average
of the location of the vertexes of these little triangles to use as the projected point location. One of the things we are
exploring is how this averaging affects the properties of the projection at various scales.

| do believe that the projection could be implemented ~“precisely” to an arbitrary degree of precision by recursively
sub-dividing the spherical triangle until a point of interest lies within the specified precision of one of the sub-triangle
vertices and then using the corresponding vertex on the sub-divided planar triangle as the position of the planar location
of the point. But | need to spend more time looking for an analytic method of accelerating this procedure before it would
be sufficiently efficient for our use.

But, I am more than open to being proved wrong about the mathematical nature of Fuller's projection! If you have more
information | would appreciate hearing about it.

[ From Ki yoshi Kur om ya]
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Icosahedral projections (non-orthogonal) of the world have been proposed since the early years of the twentieth century.
Fuller's projection is orthogonal and optimizes size and shape distortions of the land areas. But most importantly, places
the vertices in such away that when the icosahedral projection is unfolded into a planar map, none of the sinuses cut into
any land areas. Therefore, it isthe only world projection that minimizes size and shape distortions by distributing in
egual proportion any existing pin-cushion distortion to the center of each of the twenty triangular faces.

In 1980, Chris Kitrick and Rob Grip, two engineersin Bucky's office devel oped the first computer generated projection
of the Dymaxion Map (the three-way grid was computer generated and then data transfered). The Grip-Kitrick map is
available from the Buckminster Fuller Institute in Santa Barbara, CA.

Thetriangular ““weaving pattern" of the three-way triangular great circle grid that you mention (on page 236 of
Cosmography), reconciles two basic ideas of synergetics: 1) that two lines cannot go through one point at the same time,
2) tensegrity models the reality that nothing in Universe touches anything else.

What are some of the properties of the fullerenes?

[ From Ki rby Urner.]

Buckminsterfullerene (C60) is becoming ever easier to get in quantity and shows many interesting optical properties. It
stops light -- the brighter the light the more effectively it stops it. Nano and pico-second laser pulses are effectively and
instantly opagued by small quantities of C60. A helmet visor treated with fullerene will instantly block an incoming laser
beam -- the stronger the ray, the faster the face glass turns dark (cooler than those " photosensitive" sunglasses)
(Patterson AFB in Ohio is studying such applications). Many other optical properties of the fullerenes are under study.

However, C60 remains forty times more expensive than gold. As Smalley put it “it'stheyield, stupid” -- i.e. the central
issue facing fullerene researchers, in Smalley's opinion, is how to get more of it. The Smalley team approach of using
parabolic mirrors to sun-generate fullerenes (to produce " sunnyballs") appears to be a potentially promising approach.
Concentrated sunlight has less of the damaging frequencies in high-powered lasers that apparently to inhibit fullerene
formation from vaporized carbon).

Fullerene is quite reactive and can be used as a building block in other structures. In some crystal formations, doped with
potassium for example, it conducts electricity with no resistance (is a superconductor).

[ From M tch Anmi ano]

[ One potentialy useful property is] C-60's peculiarly large capacity internal space - for instance, researching itsuse as a
carrier for other molecules or as amolecular filter material. Something recently in the news was a test-tube finding that
C-60 fitsinto a protein binding site on the HIV virus, thus preventing replication.

The buckyball attaches to amolecular binding site of an enzyme necessary for it's reproduction. Perhaps fitsin'isa
better term, since | am not certain the buckyball attaches in the same way a protein molecule would. | think it is more or
less the geometry of the thing that does the trick.

[From Kurt Przybilla. In reply to a question about boron and full erenes]
From: Encyclopedia of Applied Physics, Vol. 6 1993 VCH Publishers

p.520 A second method is the substitutional doping of an impurity atom with a different valence state for a carbon atom
on the surface of afullerene ball. Since a carbon atom is so small, and since the average nearest-neighbor C-C distance
ac-c on the C60 surfaceis only 1.44 A (angstrom) (Johnson et al., 1992), the only species that can be substituted for a
carbon atom on the C60 ball surface is boron, making the charged ball p type. Smalley and co-workers have
demonstrated that it is possible to replace more than one carbon atom by boron on a given ball (Smalley, 1991). Also for
graphite, the only substitutional dopant is boron, and for the same reasons as for C60. However, for diamond, which has
larger C-C nearest neighbor distance of ac-c+1.544 A, both boron and nitrogen can enter the lattice substitutionally
(Feild, 1979). It has also been reported that it is possible to place a potassium atom endoheronally inside the C60 ball
while at the same time substituting aa boron for a carbon atom on the surface of the ball (Smalley, 1991)."

The first method of doping deals with ~“endohedral” doping of rare earth, or alkali-metal ions. The third deals with
similar dopants introduced between adjacent balls (intercalation)

http://www.cjfearnley.com/fuller-fag-6.html (3 of 27) [9/5/2004 5:59:54 PM]



The R. Buckminster Fuller FAQ: Miscellany
There are over 20 pages of very good information in this source. | recommend it to all.

[From H Jeffrey Rosen]

Those of usinterested in Fullerenes will be thrilled by the publication of aletter to NATURE, the weekly international
science journal, in that periodical's May 5 issue.

It seemsthat NASA's Long Duration Exposure experiment, which orbited for nearly six years and was recovered for
analysis four years ago, showed traces of carbonaceous matter in a cratered aluminum panel - matter which has been
found to contain traces of Carbon 60 and other Fullerenes.

This news provides direct evidence that Fullerenes either exist spontaneously in Universe, or can be formed in space.

How can the non-triangulated buckyball be stable? <[ Christopher Rywalt]

[ From St eve Mat her]

The Buckyball is triangulated by the electron's “want" to be as far away from each other as possible. The triangulation is
along force lines between the three electron clouds (they are center bodied " planar” triangles) with the tensile parts as
the force lines and the clouds as the compression members.
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[ From Chri st opher Rywal t]

According to Richard Smalley -- thisis one thing he told us at Science Kick -- C60 has been found in the layer of earth
that marks the boundary between the Cretaceous and the Triassic periods. This layer isvery dark and isrich in carbon
and is what leads current science to believe the last of the dinosaurs were wiped out in massive fires. Thisisnot readly a
rare kind of rock formation; it's just not that easy to stumble on.

Also, Smalley told us that C60 -- as well as other fullerenes -- are formed from something as smple asacandle. The
explanation was that what's glowing in a candle is actually soot -- carbon -- which, asit reaches the “edge" of the
candle's ““flame," cools so that it no longer glows. If you wave your hand at the air over a candle flame, you're waving
away airborne carbon atoms, and among them, fullerenes.

[ From St eve Mat her]
C60 and C70 sublime considerably between 750 and 850C. They oxidize at 550 to 650C.

The larger fullerenes are more graphitic in that they have larger areas (20 of them) that are graphitic in properties (i.e.
hexagon sheets.) They are harder (sometimes impossible) to dissolve in aromatic solvents and their CRY STAL structure
ismore difficult to to break apart. The individual molecules, however are less stable the larger they get.

As such, they sublime (whole molecules) at a higher temperature, but oxidize at lower temperatures than smaller
fullerenes (such as C60 and C70.
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By sublime, | don't mean that the molecules break apart into their component atoms, those atoms forming a gas, but
rather the molecules break away from the crystal and form a gas.

In fact, one way to purify fullerenes, to get just the fullerenes one needs, is heating them up to 700 C, which breaks up
the crystal, and collecting the cooled soot from particular spots where it cools. Different fullerenes travel different
distances.

Further reading on fullerenes (although not the most recent) can be found in Fullerenes, ed. George S. Hammond and
Valerie J. Kuck, pub. American Chemical Society, 1992 and Buckminsterfullerenes, ed. W. Edward Billups and Marco
A. Cuifalini.

What are “buckytubes?"

Richard Smalley of Rice University believes these may hold promise in building an elevator to space as first proposed by
Arthur