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Who Needs Gravity Wells?

We are finally, laboriously, expensively, able to climb out of Terra's gravity well. So why travel all
the way to Mars and jump down a different gravity well? Once there, it's a complete reverse of
economies-of-scale -- nothing welcoming or profitable and little that can be easily got at if it's
not near the surface. Nor can any condition be easily amended -- gravity, radiation,
atmosphere, etc. Might as well have stayed in space and created a manageable habitat with
shirtsleeve conditions.

Quotes: (mostly from background panel prep)

Lois McMaster Bujold: “...It’s all tech-driven, underneath; history consists of advancing tech
arm-wrestling with primate biology” (Not on panel)

Manjula Menon:

For this panel, | found O'Neill's "islands in Space" as described in his High Frontier particularly
relevant. Notably, everything O'Neill proposed was framed through the lens of commercial
viability.

To highlight just a few things, O'Neill's model for a habitat was the attractive "Island 3" that he
envisioned in L5 as comfortable, family-friendly environment, a “moderate sized habitat” ~
"diameter of four miles, a length of twenty miles, and a total land area of five hundred square
miles, supporting a population of several million people" providing an earth like environment
including gravity, water, land, air, natural sunshine. Large rotating (to simulate gravity) cylinder
with windows outside of which are positioned mirrors that reflect sunlight to simulate an earth-
day, including sunrise, sunset, a night filed with stars. The habitat would feature valley areas,
mountains, villages with populations in the tens of thousands, lakes, forests, metropolises with
populations in the hundreds of thousands to millions. Other small cylinders outside of Island 3
in close proximity designed to grow crops. A thriving economy supported by zero-g industry,
asteroid and lunar mining operations. Mag-lev enabled transportation options, "magneplanes”,

"travelspheres", "commuterspheres". Etc. etc. etc. (this was a richly detailed design)
AK Llyr:
| think the size of the O'Neil habitat is beyond current Materials science.

Skipping that, | definitely see where moving any substantial materials from a planetary gravity
well is so far beyond our current science that it is more fantasy than Sci-Fi even.



Peter Glaskowsky:

| think the panel shouldn't be primarily about the hardware; what to do up there is more
interesting to me, but the hardware imposes limits on what can be done.

Gideon Marcus:

As | like to tell my students, the analog is not Columbus sailing off to the New World. It's asking
Columbus to sail to the middle of the Atlantic and build a city there.

Gerald D. Nordley:

My argument is that large "O'Neill habitats can, and probably will be, made by construction
robots that can copy themselves as well as "print" out and assemble what they need. mainly
from lunar regolith, and that the time frame for this is in the 2070s or so, maybe sooner. The
construction crews will probably telecommute except for a few people who really want to be
out there. My guess is that these will probably be financed as a real estate operation.

Medium habitat design by Gerry Nordley and Candy Lowe (enlarge to view)

Ten km, end to end. Max capacity about a couple of million, comfortable living for, say
200,000. Whatever category you want to call that. It will need to import water and air periodically to
make up for leaks and other losses, otherwise, with robotic labor, essentially self-sufficient.

https://en.wikipedia.org/wiki/Konstantin Tsiolkovsky "Tsiolkovsky describes a cylindrical space
ship: 100 meters long, 4 meters in diameter, rotating end-over-end about its "central transverse

diameter", with an endpoint velocity between 1 and 10 meters per second, producing an
angular velocity between (approximately) 0.2 and 2.0 rotations per minute, and a gravity level
between 0.002 and 0.2 g. These numbers were chosen to illustrate a concept, and should not
be taken too seriously. Nevertheless, they show that Tsiolkovsky understood the problems
associated with high angular velocities, and the practicality of artificial gravity levels of less than
one fullg." (Not on panel either)


https://en.wikipedia.org/wiki/Konstantin_Tsiolkovsky

Judy Johnson: (Moderator, to panelist in pre-con emails)

If instead of the O’Neill concept we want to focus on what might be practical within 3-4 decades
— using tech anticipated to be ready, at guesstimated costs, with one or more smallish tether
habs located at Lagrange points rather than geosynchronous orbits (less space junk, for one
thing) —then what do you offer? The idea is to interest venture capitalists and launch-facility
decision makers, and space enthusiasts generally, so as to get started with what can be done
now — form an org, choose leaders, gather references and allies.

Please look at my HomeTown presentation and see if that seems more useful. And, a much
smaller starter version would be even better. For the purposes of my novel, | designed originally
for a small city of 1000 to 2000 population, but the concepts would work equally well for a
population of 50-100 people.

Gerry gave me the most help with the gravity/tether/twirl physics, and lately | tried to get the
people who helped me with the original CAD/CAM to do it again now for a smaller version, with
no success. Still looking, and willing to pay for this. Also want to present design for a spaceship
to prospect for useful asteroids. Attached please find an email with my wheedle.

Among the many things the O’Neill Summer Institute achieved was to do the basic parameters
such as cubic needed of agriculture per human for food and air-renewal. All can be shifted and
modernized but it’s a start, a reference. Mainly, | intend that every surface inside will support
something green and growing, and every basic mecon will have a basement and attic devoted to
crops, tended by little robots roving through the pipes under the walkways.

Judy Johnson — Background for HomeTown (WIP working title “Enuf”)

Here's the chart | was looking for from the Summer Study, below; it's based on the O'Neil L5 settlement
studies and their population, but it's all well hashed over and nobody argues with their figures much.

TABLE 3-4.- SUMMARY OF QUANTITATIVE ENVIRONMENTAL DESIGN

CRITERIA
Population: men, women, children 10,000
Community and residential
. 47
projected area per person,m”2
Agriculture, 20
projected area per person, m”2
Community and residential,
823
volume per person, m”3
Agriculture, 915

volume per person, m"3



So, using the formula from Wikipedia, use the formula to figure volume of habitat if its radius is
250m. Then divide by total volume (823+915) to get possible population.

65450000 volume of hab in meters if radius is 250 (4/3)*(3.1416)*(250*250%250)
1738
37658.23 maximum possible population

Well, check this out —it’s way more than I'd want to put in it, because need to sell surplus
production for foreign exchange. But villains will want to cram even more peoplein.

Volume formulas

Shape Equation Variables
A r =radius of sphere
A sphere: g‘ﬂ”}“a which is the integral of the Surface Area of

a sphere


http://en.wikipedia.org/wiki/Sphere
http://en.wikipedia.org/wiki/Integral
http://en.wikipedia.org/wiki/Surface_Area
http://en.wikipedia.org/wiki/Sphere

A single mecon, 3-D version. Click on the page and, after it activates, you ought to be able to twirl it to see all
angles. I'll show it during the panel, since it doesn't seem to work except as a standalone pdf. I combined several
pdfs for this document.
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(Hab image‘is not to scale in the
preceding cover page, of course.)
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Actually, it is an
artist’s concept of
recently discovered,

carbon-rich
Beta Pictoris system
(Credit:
NASA/FUSE/
Lynette Cook)

But the idea is that no
planet is all that safe
from its neighbors

»

Y NEPTUNE

I began researching in about 1985 to conceptualize an
inner-Solar-System self-sustaining Space Colony that
had Earth-normal gravity and a “shirtsleeve”
environment for ordinary people. I wanted to show

that it was perfectly possible to contrive that the
Human Species might survive its youth, by establishing
backup populations elsewhere than only on Terra.



The choice was between

using graphene cables

(derived from carbon

nanotubes - buckeyballs)

as opposed to a smaller

pair of asteroids tethered

by %tam!ess steel cables Shell thickness vs tether size and total mass. : .1 km diameter
derived from ore from M-
type asteroids; i.e., the
innards scooped out of outside radius
these ones. That was my gfstemid shell
original scheme, the idea .

being to use “off-the-shelf” _ 1/2 km diameter
capability of the very near
future - if we just had
cheap space access, such S or bundle”
habs could be turnkey- [ IR, S in meters
ready mere decades from 5
now. But material .
scientists are confident 5E11 1E12 1.5E12 2E12I 2.5E12I 3E12I 3.5E12I 4E12I 4—.5E12I
that nanotube techno!ogv total mass of tethered asteroids

will be useable RSN (Real "bundle thickness" the radius of a bundle with total cross sectional area of all the cables, not dissimiler to the earlier design witt
Soon Now), and with it the cables bundled toaether in the center. except no space between cables.

there will be no worries Title: asteroids ri = 150 m, 100 steel cables, taper 3.17 Title: asteroids ri = 150, 100 carbon nanotube cables

carbon nanotube
bundle thickness

i shell outside cable cable Total shell outside cable cable Total
about tensile strength. Ar  radius radius mass mass Ar  radius radius mass mass

Dr. Nordley pointed out (m) (m) (m) 10%g 10%9kg (m) m) 10%g 109 kg
i 10 160 051 12 10

(m)
2 274 160 014 0024 262
that large hollow cables 20 170 073 25 561 170 020 0.050 53.6

were much safer in the 20 170 0.73 . 56.1 20 170 020 0.050 53.6
event of meteor strikes; —— = = e =
even if a cable were holed

in one or more places, the W PLUTO
rest would retain integrity.

He has done some of the

studies for Tethers

Unlimited --

http://www.tethers.com/ .




Gravity by Tether Twirl ‘

version 3.1 15 July 2010
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Dr. G. David Nordley
originally intended to
be an astronomer and
majored in physics at
Macalester College, in
St. Paul, MN with that

in mind. But, faced
with the reality of the
draft after graduation,
he joined the US Air
Force as an airman
basic in 1969.

He spent some time in
radar intercept control
and battle
management,
including tours in
Alaska and Korea, but
worked mainly as an
astronautical
engineer, managing
satellite operations,
engineering, and
advanced propulsion
research.
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In the latter capacity, Gerry met and became inspired to write by physicist and author Dr. Robert
L. Forward. He retired as a major at the end of 1989 and began submitting stories in 1990, using
the "G. David" form of his name for fiction (though lately it has migrated to articles as well) and
Gerald D. for technical papers, the intent being to separate the work in computer author searches.



http://en.wikipedia.org/wiki/Robert_L._Forward
http://en.wikipedia.org/wiki/Robert_L._Forward

The mirror captures sunlight and
Ships can dock on the outer reflects it, 24/7, into the domes
waistline of the asteroids or at capping the asteroids, each dome
the de-spinner at center appearing to be overhead for the
bottom. ' inhabitants.

Brady Thomes, Technical Designer - see http://the-brade.deviantart.com/gallery/#3D -- I am particularly
keen to make certain that Brady receives credit for any use of his work. In order to be certain that the
dimensions and human proportions were actually valid in my worldbuilding of HomeTown, I tried building it in
CatiaV, a 3D CAD/CAM system, as a student project. I soon saw that I was unlikely to develop enough skill to
“do it right” so I enlisted Brady, an expert. This worldbuilding effort is an open universe for other writers, but
please acknowledge and credit us.

The idea is that were I to write that my protag sprinted off in this or that direction, and somebody with
better math worked it out, I would get helpful emails to the effect of, "Do you really mean to have him walking
on water, or is this an oops?” But when everything is built up from scratch, with exact dimensions generated
by the CAD/CAM, including the human figurines, well, WYSIWYG -- really.




If there is undue heat buildup within the
Cables are hollow and habs, water from the Home Sea can be
used to travel back and piped along the cable walls and re-

forth, and also to run circulated as coolant
pipelines.

These asteroids are M-type (mostly metal) and have been moved by mass drivers within
Near-Earth Orbit to position them to service other expeditions within the Solar System.

As each asteroid travels, the prospector robot crafts fetch useful volatiles from smaller

| asteroids and extinct comets, and the basic units are injection molded and assembled into their

honeycomb structures in near-zero-gee by self-replicating robots. Upon arrival, two (or more)
asteroids are cabled together, centrifugal spin is applied using computer controlled steam-
nuclear engines - the water in each asteroid goes “down"”, the air goes “up” and the hab floats
in the middle.
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The shadow positions b e | ey . .
. . : Within the remaining
in this 3D CAD/CAM \ /

shell, tunnels lead to
five small nuclear-
steam plants, to
generate electricity and
use steam-exhaust
rocket propulsion to
move the asteroids into
position and achieve
and maintain their twirl.
Highly redundant
computing capacity
keeps it all in sync.

rendering are
cockeyed because
only half the shell is
present (just in case
somebody notices).

W NEPTUNE ¥ PLUTO

The robots doing nearly all the mining, refining, building and assembling are self-
replicating using asteroid materials, loosely supervised by teleoperators elsewhere in
the Solar System. http:/ /telerobotics.stanford.edu/publications/index.html is a
start on background for this.

Judy R. Johnson, Ideas (J¥ Perry, pen name)
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Hometown makes its living by hauling water ice from out-gassed comets found in Near-Earth
orbit and as far away as the Asteroid Belt, a steady procession of frozen mudballs headed its
way, to be melted and processed in zero-gee space both in transit and near the hab. The water,
oxygen, hydrogen, ore, trace elements and other goodies extracted from it — all are for sale to
other space enterprises and expeditions, with very little depending on trade with Terra. The
floating algae-growing wheels are part of this, for food, drugs, and chemicals. This place is
alive!

Also for sale are housing, rest and recreation, repair facilities, resupply of life support and
equipment, and medical facilities. In particular, HomeTown offers an Earth-normal gravity for
human gestation, birth, rearing, and education of children. Other nearby habs may offer lower
gravity for geriatric facilities. Those are CAD/CAM generated human figures on the bridge,
automatically to scale.




Underneath the rings and spokes are the chemuca! and biochemical vats and pipelines. Some
manufacturing is done there, more inside the central hab, but generally not physically large, dirty or
| dangerous endeavors - those are better done in facilities out in nearby space, anyway. Small parts
can be supplied by photolithographic processes - that’s 3D fax — with data beamed from Terra
whenever necessary.

Since the sunlight is controllable by positioning the central mirrors between the habs, it can be
varied to suit, but here “outdoors” it will be some flavor of daylight 24/7. Inside the hab, time will
vary for each of the 12 sections — two hours difference, and every mecon has a wall panel that tracks
all this and much more. So there is never a time when “outdoors” is underutilized, and all the small
businesses keep their own local schedule, and there is always a pharmacy open somewhere in town,
always breakfast when your own timing wants it. The street vendors with their pushcarts come and
go on the boardwalks.




Homers batted over the fence may be fielded by belugas! We oht make a ball return setup, too:
they spit the ball into a net at dockside, see, and then the ball i ansported bv vacuum tube back
up to the diamond. Smallish bleachers and dugouts are behind th home plate, but 3D TV projected
onto the interior walls of the cavern would make viewing games from the Boardwalk preferable to
bleachers. If we had been able to come up with a CAD/CAM program actually on this laptop, we
could twirl and zoom the 3D images to see the baseball field anyway we like.

The boardwalk below accommodates café society, fishing, walks, whatever, with a climate
somewhere between seaside and large lakeside beaches. Serious runners and joggers would use
the tracks next to the asteroid wall.
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L ]
The openings in each facet can
be left open or closed - two
hex facets already mated
within the packing will have
hatches on each interior side,
bolted to each other, and this,
along with the honeycomb
packing, is what holds the
entire section together. No
welding, no trusses, no girders
- just honeycomb. Bees do it,

why can’t we?

The hatch bolts will be
eyebolts, so there are
attachment points from which
all else inside the mecons
depend. Again, no welding
necessary. Most facet
openings will be hatched semi-
permanently and sealed; the
actual doors are automatically
shutting airlocks. 7

.k',



Animation, oh my! Switch to PPT Slide Show view to see the action, or go to Brady's website .

This door works as a "Dead Man Switch.” Default for the airlock door mechanisms is shut; at least
three computers constantly need to be telling the ensemble that it is OK to be open so that the pipes
can be sealed together and transporting water, waste, atmosphere, and packages. Each mecon has
emergency supplies if cut off by some temporary glitch or the Really Big Emergency, and people
make dirty jokes about all the emergency drills they must do.

If necessary in case of collision/breakup, each of the 12 sections is designed to be self-supporting
for months, and the methane digesters can produce fuel for steam propulsion for slow travel. People
would be uncomfortable but if they survived the initial disaster they could be rescued.



http://the-brade.deviantart.com/gallery/
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The ecologists also oversee the agricultural production, which is not large fields but instead
scattered throughout the whole complex, mostly in the attics and basements of the mecon
living quarters, with a two-story apartment for living in between. Here, in this early stage of
the tech design, I was reassured that the proportions would work; it actually is humanly

livable, because the human figures are CAD/CAM generated - they CANNOT be out of synch.

Small robots travel through the square piping and thick floors to tend the crops without
disturbing the people in the two center apartment floors. You can choose whether to leave
openings at the edges of the floor so greenery can grow up from the basement or vines trail
down from the attic. Or have it sealed; up to you.
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