MATHEMATICAL
GAMES

The pleasures of doing science

and technology in the planiverse

by Martin Gardner

“Planiversal scientists are not a very
common breed.”
—ALEXANDER KEEWATIN DEWDNEY

s far as anyone knows the only ex-
A isting universe is the one we live
in, with its three dimensions of
space aind one of time. It is not hard to
imagine, as many science-fiction writers
have, that intelligent organisms could
live in a four-dimensional space, but
two dimensions offer such limited de-
grees of freedom that it has long been
assumed intelligent two-space life forms
could not exist. Two notable attempts
have nonetheless been made to describe
such organisms.

In 1884 Edwin Abbott Abbott, a Lon-
don clergyman, published his satirical
novel Flatland. Unfortunately the book
leaves the reader almost entirely in the
dark about Flatland’s physical laws and
the technology developed by its inhabi-
tants, but the situation was greatly im-

proved in 1907 when Charles Howard
Hinton published An Episode of Flat-
land. Although the style and the charac-
ters were flat even for a three-dimen-
sional world, Hinton’s story provided
the first glimpses of the possible science
and technology of the two-dimensional
one. His eccentric book is, alas, long out
of print, but you can read about it in the
chapter “Flatlands” in my book The Un-
expected Hanging and Other Mathemati-
cal Diversions (Simon & Schuster, 1969).

In “Flatlands” I wrote: “It is amusing
to speculate on two-dimensional physics
and the kinds of simple mechanical de-
vices that would be feasible in a flat
world.” This remark caught the atten-
tion of Alexander Keewatin Dewdney,
a computer scientist at the University
of Western Ontario. Some of his ear-
ly speculations on the subject were set
down in 1978 in a university report and
in 1979 in “Exploring the Planiverse,”
an article in Journal of Recreational

NINE
FOUR NeHES
SQUARE -
INCHES NG
[N
< [ =
M
ARC T I\:\\il |
LIGHT = 5 [ RN
- . N L
—————— ; PN
| ——— T . o
; e ——— 1 oI
| . — 3~ T
|-- ONE FOOT A i R
e TWO FEET $ i
ke THREE FEET >
THREE
WO INCHES
INCHES ___— |
ONE T
INCH __ —— |
—T |
— ! | |
— _: : |

An inverse-square law for our world (top) and its linear analogue for the planar world (bottom)
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Mathematics (Vol. 12, No. 1, pages 16—
20; September). Later in 1979 Dewdney
also privately published “Two-dimen-
sional Science and Technology,” a 97-
page tour de force. It is hard to believe,
but Dewdney actually lays the ground-
work for what he calls a planiverse: a
possible two-dimensional world. Com-
plete with its own laws of chemistry,
physics, astronomy and biology, the
planiverse is closely analogous to our
own universe (which he calls the steri-
verse) and is apparently free of contra-
dictions. I should add that this remark-
able achievement is an amusing hobby
for a mathematician whose serious con-
tributions have appeared in some 30 pa-
pers in technical journals.

Dewdney’s planiverse resembles Hin-
ton’s in having an earth that he calls (as
Hinton did) Astria. Astria is a disklike
planet that rotates in planar space. The
Astrians, walking upright on the rim of
the planet, can distinguish east and west
and up and down. Naturally there is no
north or south. The “axis” of Astria isa
point at the center of the circular planet.
You can think of such a flat planet as
being truly two-dimensional or you can
give it a very slight thickness and imag-
ine it as moving between two frictionless
planes.

As in our world, gravity in a plani-
verse is a force between objects that va-
ries directly with the product of their
masses, but it varies inversely with the
linear distance between them, not with
the square of that distance. On the as-
sumption that forces such as light and
gravity in a planiverse move in straight
lines, it is easy to see that the intensity of
such forces must vary inversely with lin-
ear distance. The familiar textbook fig-
ure demonstrating that in our world the
intensity of light varies inversely with
the square of distance is shown at the
top of the illustration at the left. The
obvious planar analogue is shown at
the bottom of the illustration.

To keep his whimsical project from
“degenerating into idle speculation”
Dewdney adopts two basic principles.
The “principle of similarity” states that
the planiverse must be as much like the
steriverse as possible: a motion not in-
fluenced by outside forces follows
a straight line, the flat analogue of a
sphere is a circle and so on. The “princi-
ple of modification” states that in those
cases where one is forced to choose be-
tween conflicting hypotheses, each one
equally similar to a steriversal theory,
the more fundamental one must be cho-
sen and the other modified. To deter-
mine which hypothesis is more funda-
mental Dewdney relies on the hierarchy
in which physics is more fundamental
than chemistry, chemistry more funda-

. mental than biology and so on.

To illustrate the interplay between
levels of theory Dewdney considers the
evolution of the planiversal hoist in the
top illustration on page 21. The engi-



WHAT'S NEWS
IN PATENTS?

A continuing series
on progress

by GE inventors.

Last year, General Electric inventors
were awarded over 600 patents, adding to
GE'’s unsurpassed total of over fifty thousand
U.S. patents, past and present. Here, GE
reports on some recent patents—
and on the inventors who won them.

Faust and a enknecht:
High and fast vs.
low and slow.

There’s no such thing as an all-
purpose aircraft engine.

Take the turbojet. It performs
magnificently at high speeds and alti-
tudes. But for flying lower and slower,
the turbofan is a better choice.

Could an engine be designed to
operate in both modes? Many have
worked on answering that question.

One recent answer comes from
GE engineers Kemp Faust and Con-
rad Wagenknecht.

Their brainchild is U.S. Patent
Number 4,175,384 —“Individual
Bypass Injector Valves for a Double
Bypass Variable Cycle Engine.”

Their system splits an engine’s
internal airflow into three streams
that exit from a single, variable
exhaust nozzle. The airflow is divided
and selectively modulated by a vari-
able area bypass injector. The system
helps provide excellent efficiency at
both cruising and high Mach speeds;
low and high altitudes.

In the search for more versatile
engines, Faust and Wagenknecht are
part of a GE tradition of progress.
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Cline and Anthony:
Migratory metals.

“Impurities” in silicon wafers are
what give the ubiquitous semicon-
ductor its unique qualities.

It was two GE physicists, Har-
vey Cline and Tom Anthony, who de-
vised one of the fastest and most pre-
cise techniques of introducing such
impurities by thermomigration.

In thermomigration, one side of
a silicon wafer is cooled, the other is
heated. Metal-bearing liquid droplets
migrate through the silicon from cold
side to hot, leaving the metal dis-
persed throughout the silicon.

Cline and Anthony’s patent,
Number 4,184,897 —“Droplet Migra-
tion Doping Using Carrier Droplets,”

| covers a process for depositing metals

like antimony, arsenic and phos-
phorus. As a result, thermomigration
can now be used to fabricate the
N-type (electron-rich) portions of
semiconductors.

Clineand Anthonyare nostrang-
ers to progress. Between them, they
hold many patents—more than fifty
on thermomigration alone.

Gerer éﬁd almer:
Leveling the peaks.

Many electric meters can't tell time.
They register nothing more than total
power consumption.

Too bad. Time-telling meters
make it possible for utilities to charge
one rate for peak use; a lower one for
off-peak use. That tends to flatten the
peaks of daily demand.

Enter two General Electric en-
gineers, Warren Germer and Ansell
Palmer. They've devised a program-
mable meter that can tell both time of
day and day of the week. (Weekend
peaks differ from weekday ones.)
Their patent, Number 4,199,717 —
“Time-of-Day Demand Metering Sys-
tem,” is quite a breakthrough.

Heart of Germer and Palmer’s
meter is a unique large-scale inte-
grated circuit designed for this job
alone. Incorporating a digital clock,
the circuit can discriminate between
peak and off-peak consumption and
record both. It even stays on schedule
during a power interruption.

Thousands of the new meters
are now part of power company test
programs, giving many customers a
real incentive to level out power use
and reduce their electric bills.

To learn more about GE research, write
General Electric, Section 11, Fairfield, CT 06431.

We've got a patent
On progress.

GENERAL €3 ELECTRIC
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AFTER YOU COMPARE IT

FOR MILES PER GALLON,
COMPARE IT FOR

_COMFORT PER MILE.

2 10730

Load up Renault Le Car, and take advantage of more luggage
space than you'll find in either a Ford Fiesta or Honda Civic.*

Settle into the anatomically-contoured seats, and luxuriate in
more passenger room than either a Civic or a Datsun 210.+

Pick out a really rough road, and watch Le Car’s four-wheel in-
dependent suspension and standard steel-belted Michelin radials soak
up jolts and bumps so well, they give you a smooth, level ride Motor
Trend says “would do credit to far larger, more expensive cars.”

Just visit one of the hundreds of Renault dealers from coast to
coast, and take Le Car for a test-drive.

When you read the mileage estimates, you'll know how much a
car costs to drive. But only after you test it on the road will you
know whether or not it's worth driving. @

*Remember: Compare these 1980 EPA estimates to estimated mpg for other cars. Your mileage may vary due to speed, trip length or weather.
Your highway mileage will probably be lower. Califomia excluded.  *Based on 1980 EPA data.

RENAULT LECAR

WE BUILD MORE INTO ECONOMY CARS THAN JUST ECONOMY.
Imported by 'l American Motors
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neer who designed it first gave it arms
thinner than those in the illustration,
but when a metallurgist pointed out
that planar materials fracture more eas-
ily than their three-space counterparts,
the engineer made the arms thicker.
Later a theoretical chemist, invoking
the principles of similarity and modi-
fication at a deeper level, calculated
that the planiversal molecular forces
are much stronger than had been sus-
pected, and so the engineer went back
to thinner armes.

The principle of similarity leads
Dewdney to posit that the planiverse is a
three-dimensional continuum of space-
time containing matter composed of
molecules, atoms and fundamental par-
ticles. Energy is propagated by waves,
and it is quantized. Light exists in all its
wavelengths and is refracted by planar
lenses, making possible planiversal eyes,
planiversal telescopes and planiversal
microscopes. The planiverse shares with
the steriverse such basic precepts as
causality, the first and second laws of
thermodynamics and laws concerning
inertia, work, friction, magnetism and
elasticity.

Dewdney assumes that his planiverse
began with a big bang and is currently
expanding. An elementary calculation
based on the inverse-linear gravity law
shows that regardless of the amount of
mass in the planiverse the expansion
must eventually halt, so that a contract-
ing phase will begin. The Astrian night
sky will of course be a semicircle along
which are scattered twinkling points of
light. If the stars have proper motions,
they will continually be occulting one
another. If Astria has a sister planet, it
will over a period of time occult every
star in the sky.

We can assume that Astria revolves
around a sun and rotates to create day
and night. In a planiverse, Dewdney
discovered, the only stable orbit that
continually retraces the same path is
a perfect circle. Other stable orbits
roughly elliptical in shape are possible,
but the axis of the ellipse rotates in
such a way that the orbit never exact-
ly closes. Whether planiversal gravity
would allow a moon to have a stable or-
bit around Astria remains to be deter-
mined. The difficulty is due to the sun’s
gravity, and resolving the question calls
for work on the planar analogue of what
our astronomers know as the three-body
problem.

Dewdney analyzes in detail the nature
of Astrian weather, with its analogues
of our seasons, winds, clouds and rain.
An Astrian river would be indistinguish-
able from a lake except that it might
have faster currents. One peculiar fea-
ture of Astrian geology is that water
cannot flow around a rock as it does on
the earth. As a result rainwater steadi-
ly accumulates behind any rock on a
slope, tending to push the rock downbhill:
the gentler the slope is, the more water

A planiversal hoist

accumulates and the stronger the push
is. Dewdney concludes that given peri-
odic rainfall the Astrian surface would
be unusually flat and uniform. Another
consequence of the inability of water to
move sideways on Astria is that it would
become trapped in pockets within the
soil, tending to create large areas of
treacherous quicksand in the hollows of
the planet. One hopes, Dewdney writes,
that rainfall is infrequent on Astria.
Wind too would have much severer ef-
fects on Astria than on the earth because
like rain it cannot “go around” objects.

Dewdney devotes many pages to con-
structing a plausible chemistry for his
planiverse, modeling it as much as possi-
ble on three-dimensional matter and the
laws of quantum mechanics. The illus-
tration below shows Dewdney’s period-

ic table for the first 16 planiversal ele-
ments. Because the first two are so much
like their counterparts in our world, they
are called hydrogen and helium. The
next 10 have composite names to sug-
gest the steriversal elements they most
resemble; for example, lithrogen com-
bines the properties of lithium and ni-
trogen. The next four are named after
Hinton, Abbott and the young lovers in
Hinton’s novel, Harold Wall and Laura
Cartwright.

In the flat world atoms combine natu-
rally to form molecules, but of course
only bonding that can be diagrammed
by a planar graph is allowed. (This result
follows by analogy from the fact that
intersecting bonds do not exist in steri-
versal chemistry.) As in our world, two
asymmetric molecules can be mirror

ATOMIC NAME SYMBOL SHELL STRUCTURE VALENCE
NUMBER 1s 25 2p 3s 3p 3d 4s 4p ...
1 HYDROGEN H 1 1
2 HELIUM He 2 2
3 LITROGEN Lt 2 1 1
4 BEROXYGEN Bx 2 2 2
5 FLUORON FI 2 2 1 [ 3
6 NEOCARBON Ne |2 2 2 | 4
7 SODALINUM Sa 2 2 2 1 | 1
8 MAGNILICON Mc 2 2 2 2 | 2
9 ALUPHORUS Ap 2 2 2 2 1 3
10 SULFICON Sp 2 2 2 2 2 4
1 CHLOPHORUS Cp 2 2 2 2 2 1 5
12 ARGOFUR Af 2 2 2 2 2 2 6
13 HINTONIUM Hn 2 2 2 2 2 2 1 1
14 ABBOGEN Ab 2 2 2 2 2 2 2 | 2
15 HAROLDIUM Wa 2 2 2 2 2 2 2 1 3
16 LAURANIUM La 2 2 2 2 2 2 2 2 4
Periodic table for the first 16 planiversal elements
21
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Hinton’s Astrian (left), Dewdney’s Astrian (center) and an Astrian bug-eyed monster (right)

images of each other, so that neither one
can be “turned over” to become identi-
cal with the other. There are striking
parallels between planiversal chemistry
and the behavior of steriversal mono-
layers on crystal surfaces [see “Two-
dimensional Matter,” by J. G. Dash;
SCIENTIFIC AMERICAN, May, 1973]. In
our world molecules can form 230 dis-
tinct crystallographic groups, but in the
planiverse they can form only 17. I am
obliged to pass over Dewdney’s specula-
tions about the diffusion of molecules,
electrical and magnetic laws, analogues
of Maxwell’s equations and other sub-
jects too technical to summarize here.

Dewdney assumes that animals on
Astria are composed of cells that cluster
to form bones, muscles and connective
tissues similar to those found in steriver-
sal biology. He has little difficulty show-
ing how these bones and muscles can be
structured to move appendages in such
a way that the animals can crawl, walk,
fly and swim. Indeed, some of these
movements are easier in a planiverse
than in our world. For example, a steri-
versal animal with two legs has consid-
erable difficulty balancing while walk-
ing, whereas in the planiverse if an ani-
mal has both legs on the ground, there
is no way it can fall over. Moreover, a
flying planiversal animal cannot have
wings and does not need them to fly; if
the body of the animal is aerodynami-
cally shaped, it can act as a wing (since
air can go around it only in the plane).
The flying animal could be propelled by
a flapping tail.

Calculations also show that Astrian
animals probably have much lower
metabolic rates than terrestrial animals
because relatively little heat is lost
through the perimeter of their body.
Furthermore, animal bones can be thin-
ner on Astria than they are on the earth,
because they have less weight to sup-
port. Of course, no Astrian animal can
have an open tube extending from its
mouth to its anus, because if it did, it
would be cut in two.

In the appendix to his book The Struc-
ture and Evolution of the Universe (Har-
per, 1959) G. J. Whitrow argues that
intelligence could not evolve in two-
space because of the severe restrictions
two dimensions impose on nerve con-
nections. “In three or more dimensions,”
he writes, “any number of [nerve] cells
can be connected with [one another] in
pairs without intersection of the joins,
but in two dimensions the maximum
number of cells for which this is possible
is only four.” Dewdney easily demolish-
es this argument, pointing out that if
nerve cells are allowed to fire nerve im-
pulses through “crossover points,” they
can form flat networks as complex as
any in the steriverse. Planiversal minds
would operate more slowly than steri-
versal ones, however, because in the
two-dimensional networks the pulses
would encounter more interruptions.
(There are comparable results in the the-
ory of two-dimensional automatons.)

Dewdney sketches in detail the anato-
my of an Astrian female fish with a sac
of unfertilized eggs between its two tail

muscles. The fish has an external skele-
ton; and nourishment is provided by the
internal circulation of food vesicles. If a
cell is isolated, food enters it through a
membrane that can have only one open-
ing at a time. If the cell is in contact with
other cells, as in a tissue, it can have
more than one opening at a time because
the surrounding cells are able to keep it
intact. We can of course see every inter-
nal organ of the fish or of any other
planiversal life form, just as a four-
dimensional animal could see all our
internal organs.

Dewdney follows Hinton in depicting
his Astrian people schematically, as tri-
angles with two arms and two legs. Hin-
ton’s Astrians, however, always face in
the same direction: males to the east and
females to the west. In both sexes the
arms are on the front side, and there is a
single eye at the top of the triangle, as is
shown at the left in the top illustration
on this page. Dewdney’s Astrians are bi-
laterally symmetrical, with an arm, a leg
and an eye on each side, as is shown
at the center of the illustration. Hence
these Astrians, like terrestrial birds or
horses, can see in opposite directions.
Naturally the only way for one Astrian
to pass another is to crawl or leap over
him. My conception of an Astrian bug-
eyed monster is shown at theright in the
illustration. This creature’s appendages
serve as either arms or legs, depending
on which way it is facing, and its two
eyes provide binocular vision. With only
one eye an Astrian would have a large-
ly one-dimensional visual world, giving
him a rather narrow perception of reali-
ty. On the other hand, parts of objects
in the planiverse might be distinguished
by their color, and an illusion of depth
might be created by the focusing of the
lens of the eye.

On Astria building a house or mowing
alawn requires less work than it does on
the earth because the amount of materi-
al involved is considerably smaller. As
Dewdney points out, however, there are
still formidable problems to be dealt
with in a two-dimensional world: “As-
suming that the surface of the planet is
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absolutely essential to support life-giv-
ing plants and animals, it is clear that
very little of the Astrian surface can be
disturbed without inviting the biological
destruction of the planet. For example,
here on earth we may build a modest
highway through the middle of sever-
al acres of rich farmland and destroy
no more than a small percentage of
it. A corresponding highway on Astria
will destroy all the ‘acreage’ it passes
over....Similarly, extensive cities would
quickly use up the Astrian countryside.
It would seem that the only alternative
for the Astrian technological society is
to go underground.” A typical subterra-
nean house with a living room, two bed-
rooms and a storage room is shown in
the bottom illustration on the opposite
page. Collapsible chairs and tables are
stored in recesses in the floors to make
the rooms easier to walk through.

The many simple three-dimensional
mechanical elements that have obvious
analogues on Astria include rods, levers,
inclined planes, springs, hinges, ropes
and cables. Wheels can be rolled along
the ground, but there is no way to turn
them on a fixed axle. Screws are impos-
sible. Ropes cannot be knotted; on the
other hand, they never tangle. Tubes and
pipes must have partitions, to keep their
sides in place, and the partitions have
to be opened (but never all of them at
once) to allow anything to pass through.
It is remarkable that in spite of these se-
vere constraints many flat mechanical
devices can be built that will work. A
faucet designed by Dewdney is shown
in the middle illustration at the right.
To operate it the handle is lifted. This
action pulls the valve away from the
wall of the spout, allowing the water to
flow out. When the handle is released,
the spring pushes the valve back.

The device shown in the bottom illus-
tration at the right serves to open and
close a door (or a wall). Pulling down
the lever at the right forces the wedge
at the bottom to the left, thereby allow-
ing the door to swing upward (carrying
the wedge and the levers with it) on a
hinge at the top. The door is opened
from the left by pushing up on the other
lever. The door can be lowered from ei-
ther side and the wedge moved back to
stabilize the wall by moving a lever in
the appropriate direction. This device
and the faucet are both mechanisms
with permanent planiversal hinges: cir-
cular knobs that rotate inside hollows
but cannot be removed from them.

The illustration on page 26 depicts a
planiversal steam engine whose opera-
tion parallels that of a steriversal en-
gine. Steam under pressure is admitted
into the cylinder of the engine through
asliding valve that forms one of its walls
(top). The steam pressure causes a pis-
ton to move to the right until steam can
escape into a reservoir chamber above
it. The subsequent loss of pressure al-
lows the compound leaf spring at the
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Basic planiversal mechanical elements

An Astrian faucet

An Astrian door-opening mechanism
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We did.

Now it} a reality.

You can’t blame a guy for
being concerned when he sees
alot of wasted energy going
up a factory smokestack.
Especially when he’s riding in
a carpool, doing his bit to
conserve energy. Fortunately,
though, the man is a Garrett
engineer. And the sight of that
smokestack is enough to start
him thinking about putting
all that untapped heat to work.
A heat exchanger is design-
ed and implemented to fit
inside the stack of a furnace.
It works like this: Gases rising
through the stack (up to
1500° F) are used to deliver
“free” preheated air to the
burner. The result is 25% less
fuel oil required to heat the
furnace. Depending on how you
look at it, that’s quite an energy
discovery. It’s one reason
why, when it comes to making
engines and systems more
efficient, more companies are
turning to Garrett.

We earned our wings in
aerospace, then built ourselves
into an industrial giant by
keeping our feet on the ground.
And our hands on a technology
base just shy of awesome.

But what’s most important is
the way we’re structured to
put that asset to work for you.

Our engineers work in
teams. No one is isolated to
some remote piece of the puzzle.
They work together, designing
from the top, down. It’s called
synergy. The results have been
impressive.

For gas transmission
companies, process industries,
and other operators of large
gas turbines up to the 100,000
horsepower range, Garrett’s
heavy duty regenerators
can reduce fuel consumption
by as much as 30%.

Using low emission, fluid-
ized bed technology, we're
developing a way to power gas
turbines with America’s most
abundant resource, coal. At the
same time,Garrett is pioneering

Garrett

in the use of ceramic turbine
components to withstand the
higher temperatures needed for
the greatest turbine efficiency.

We’re working in other
areas, too. In everything from
nuclear power to mass transit,
from processing plants to the
high seas. Everywhere doing
much the same thing —finding
ways to make engines and
systems work harder. But the
real frontier for us is you.

If youre wondering how
we can make your enterprise
work harder, write our
President, Jack Teske, for
more information. You'll find
him at The Garrett Corporation,
Dept. 1, P.O. Box 92248,

Los Angeles, California 90009.
Or drop by. But please,
remember the heat America
loses. And on your way out,
don’t forget to close the door.

The Garrett Corporation ';_
One of The Signal Companies ¥

The aerospace company with its feet on the ground.
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A planiversal steam engine
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right of the cylinder to drive the piston
back to the left (botrom). The sliding
valve is closed as the steam escapes into
the reservoir, but as the piston moves
back it reopens, pulled to the right by a
spring-loaded arm.

The illustration on the opposite page
depicts Dewdney’singenious mechanism
for unlocking a door with a key. This
planiversal lock consists of three slot-
ted tumblers (a) that line up when a key
is inserted (b) so that their lower halves
move as a unit when the key is pushed
(¢). The pushing of the key is transmitted
through a lever arm to the master latch,
which pushes down on a slave latch
until the door is free to swing to the
right (d). The bar on the lever arm and
the lip on the slave latch make the lock
difficult to pick. Simple and compound
leaf springs serve to return all the parts
of the lock except the lever arm to
their original position when the door is
opened and the key is removed. When
the door closes, it strikes the bar on the
lever arm, thereby returning that piece
to its original position as well. This flat
lock could actually be employed in the
steriverse; one simply inserts a key with-
out twisting it. “It is amusing to think,”
writes Dewdney, “that the rather exotic
design pressures created by the planiver-
sal environment could cause us to think
about mechanisms in such a different
way that entirely novel solutions to old
problems arise. The resulting designs,
if steriversally practical, are invariably
space-saving.”

Thousands of challenging planiver-
sal problems remain unsolved. Is there
a way, Dewdney wonders, to design
a two-dimensional windup motor with
flat springs or rubber bands that would
store energy? What is the most efficient
design for a planiversal clock, tele-
phone, book, typewriter, car, elevator
or computer? Will some machines need
a substitute for the wheel and axle? Will
some need electric power?

There is a curious pleasure in trying
to invent machines for what Dewdney
calls “a universe both similar to and
yet strangely different from ours.” As
he puts it, “from a small number of
assumptions many phenomena seem to
unfurl, giving one the sense of a kind
of separate existence of this two-dimen-
sional world. One finds oneself speak-
ing, willy-nilly, of the planiverse as
opposed to a planiverse. ... [For] those
who engage in it positively, there is a
kind of strange enjoyment, like [that of]
an explorer who enters a land where
his own perceptions play a major role
in the landscape that greets his eyes.”

Some philosophical aspects of this ex-
ploration are not trivial. In constructing
a planiverse one sees immediately that it
cannot be built without a host of axioms
Leibniz called the “compossible” ele-
ments of any possible world, which al-
low a logically consistent structure. Yet
as Dewdney points out, science in our



universe is based mainly on observa-
tions and experiments, and it is not easy
to find any underlying axioms. In con-
structing a planiverse we have nothing
to observe. We can only perform ge-
danken experiments (thought experi-
ments) about what might be observed.
“The experimentalist’s loss,” observes
Dewdney, “is the theoretician’s gain.”

I urge all who want to participate in
this delightful enterprise (or to learn
more about it) to obtain Dewdney’s
monograph. He tells me he will send it
postpaid for $5 to anyone in the U.S.
or Canada, with an additional mailing
charge for other countries. Checks or
money orders should be made out to
Dewdney and sent to him at the Depart-
ment of Computer Science, University
of Western Ontario, London, Ont., Can-
ada N6A 5B9. If enough people become
engaged in planning a planiverse, Dewd-
ney intends to publish their contribu-
tions on an annual basis.

A marvelous exhibit could be put on
of working models of planiversal ma-
chines, cut out of cardboard or sheet
metal and displayed on a surface that
slopes to simulate planiversal gravity.
One can also imagine beautiful card-
board exhibits of planiversal land-
scapes, cities and houses. Dewdney has
opened up a new game that demands
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knowledge of both science and mathe-
matics: the exploration of a vast fantasy
world about which at present almost
nothing is known.

It occurs to me that Astrians would
be able to play two-dimensional board
games but that such games would be as
awkward for them as three-dimensional
board games are for us. I imagine them,
then, playing a variety of linear games
on the analogue of our 8-by-8 chess-
board. Several games of this type are
shown in the illustration on page 31.
Part a shows the start of a checkers
game. Pieces move forward only, one
cell at a time, and jumps are compul-
sory. The linear game is equivalent to
a game of regular checkers with play
confined to the main diagonal of a stan-
dard board. It is easy to see how the
second player wins in rational play and
how in misére, or “giveaway,” checkers
the first player wins just as easily. Linear
checkers games become progressively
harder to analyze as longer boards are
introduced. For example, which player
wins standard linear checkers on the 11-
cell board when each player starts with
checkers on the first four cells at his end
of the board?

Part b in the illustration shows an
amusing Astrian analogue of chess. On
a linear board a bishop is meaningless
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A planiversal lock and key
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Casio C-80 $49.95

It's A Calculator for Business, Shoppers, Students

o New touch keys allow correct entry by any size finger
o Four function calculator (+/~/x/+)

® |ndicator shows math function in use

It's A Chronograph for Competitors and Sports Fans
e Times to 24 hours with 1/100th second accuracy

o Has time-out feature and also gives lap/split time

® Gives first and second place times

® Weighs only 1 ounce

It's A Dual Time Watch For Travellers, Pilots, Sailors
o Set second time zone in AM/PM or 24 hour time
eAccurate to +15 seconds per month

®Calendar with day of week and date

The Casio C-80 is the ultimate in technology. Its computer
brain is protected against shock by a tough polysulfone
plastic case. Average battery life is an amazing 15 months
Its mineral glass crystal resists scratches.

Buy with Confidence

We've become a leading media merchandiser by offering
advanced technology products, prompt delivery, and a 30-
day, no-risk, money-back guarantee. If this product isn't
everything you expect, simply return it in new condition in
30 days or less for a complete refund

Order Today

Charge customers can call toll free 24 hours a day. Order
product number 130

(800) 854-3831 s e
marketing

DW international

350-A Fischer Avenue Dept. A06.

Costa Mesa, California 92626 (714) 540-4444

Call our toll-free number for quickest service or send your
check, money order, or credit card info. Please allow time
for checks to clear. We accept VISA, M.C., AE., D.C.
charge cards. Add $2.50 for insured postage & handling for
first product & $1.00 for each additional product. Calif
residents add 6% sales tax.
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Basic Astronomy Library
for only $3.00
(a $61.75 value)
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Here's a carefully selected set of five books that will
rrovide ou with a basic, well-rounded astronomy

ibrary. First, a “must” for any astronomy reader, the
Illustrated Encyclopedia of Astronomy and Space.
Then, Jacqueline Mitton’s invaluable introduction to
the fundamentals, Astronomy: An Introduction for
the Amateur Astronomer. Next, a marvelously read-
able overview of the latest advances in the ‘“‘new
astronomy,” Walter Sullivan’s Black Holes. Then, the
Catalog of the Universe, which features more than
300 photographs. Finally, a useful guide that will
show you how to locate and identify more then 4,000
stars that are visible to the naked eye, Star Atlas.
Publisher’s price for five-book set: $61.75. Counts as 3
of your 3 books. To order, check Basic Astronomy

Library-A on your coupon.

or any 3 books for only $1.00 each(values to $53.85)

If you will join now for a trial period and agree to take 3 more books—at handsome discounts—over the next 12 months

Astronomy Book

=

85461. UNTIL THE SUN
DIES. Robert Jastrow. Ac-
count of the creation of the
universe and the evolution
of life. $8.95

The Realm
of thace—

~ Yerrestrial
Planets

73635-2. THE REALM OF
THE TERRESTRIAL
PLANETS. Zdenek Kopul.
Fully illustrated account of
recent planetary probes.
Counts as 2 of your 3
books. $19.95
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73015-2. PULSARS. Man-
chester and Taylor.
Hundreds of charts, tables
and illustrations. Counts as
2 of your 3 books.  $22.50

73940. THE RESTLESS
UNIVERSE. Henry L.
Shipman. A 450-page tour
of modern astronomy

$17.75

57833. THE LAROUSSE
GUIDE TO ASTRON-
OMY. David Baker. Packed
with color photos and illus-
trations. $15.95

34663. ASTRONOMY:
The Cosmic Journey. Wil-
liam K. Hartmann. Tour of
the universe and man’s ef-
forts to understand it. Over
600 photographs.  §17.95

80250. STARS: Their Birth,

Life, and Death. /osif S.
Shklo vskii. $17.50

Club

(Publishers’ Prices shown)
! For The Amateur

seesrs PR

66560. OUTER SPACE
PHOTOGRAPHY FOR
THE AMATEUR. HenryE
Paul $10

42208. DICTIONARY OF
ASTRONOMY, SPACE,
AND ATMOSPHERIC
PHENOMENA. David F.
Tver et al. Over 2,000 en-
tries Includes star charts
and more than 150 illustra-
tions. $17.50
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79175-2. SOLAR SYSTEM.
Peter Ryan. Dramatic
paintings, special charts and
diagrams and over 100 pho-
tographs taken in space. A
unique, outsized
(8Y4"x11'%" )book Counts as
2 of your 3 books.  $19.95
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80200-2. STARS AND
CLUSTERS. Cecilia
Payne-Gaposchkin. Over
120 line drawings and 100
photos follow the life of a
star from protostar to black
hole. Counts as 2 of your 3
books. $22.50

59800. MAN DISCOVERS
THE GALAXIES. Richard
E. Berendzen et al. A study
of what is known about the
galaxies, and how we came
to know it. Over 200 illus-
trations. $15.95

37953. A CHOICE OF CA-
TASTROPHES. Isaac Asi-
mov. Supernovae, ice ages,
meteors, another Skylab.
many more. $11.95

79735. SPACESHIPS OF
THE MIND. Nigel Calder.
Proposals for man’s selfs
directed evolution, his colo-
nization of space, and the
restoration of the earth to a
more natural state. $14.95

36875. BROCA'S BRAIN:
Reflections On The Ro-
mance Of Science. Carl
Sagan. Lucid account of re-
cent astronomical discover-
ies. Debunks UFO’s and
other pseudoscientific
ideas. $12.95

63217. MURMURS OF
EARTH: The Voyager In-
terstellar Record. Carl
Sagan et al. The story of the
recorded messages carried
by the Voyager sspace
probe. 15.00

55001. THE ILLUS-
TRATED ENCYCLOPE-
DIA OF ASTRONOMY
AND SPACE. $17.95

66275-3. THE ORIGIN OF
THE SOLAR SYSTEM.
S.F. Dermott. Planet forma-
tion, galactic processes, gra-
vitational effects, and much
more. Counts as 3 of your 3
books. $39.00

44930-2. THE ENCYCLO-
PAEDIA OF IGNO-
RANCE. Edited by Duncan
and Weston-Smith. 58 inter-
nationally renowned scien-
tists hlghr%hllopics runFinE
from evolution to blac

holes. Counts as 2 of your 3
books. §30.00

47210-2. THE EXPLOD-
ING UNIVERSE. Nigel
Henbest. How new discov-
eries have changed our view
of stars, galaxies, planets,
black holes and more. Spec-
tacularly illustrated. Counts
as 2 of vour 3 books. $19.95

36400. BLACK HOLES:
The Edge of Space, The End
of Time. Walter Sullivan.

$17.95
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81403. SUN, MOON, AND
STANDING STONES.
John Edwin Wood. The lat-
est findings from re-
searchers in archaeology,
astronomy, climatology, and
physics. lllustrated. zl
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83850-3. THEORY OF RO-
TATING STARS. Jean-
Louis Tassoul. The entire
field of stellar rotation,
from the basic observation-
al data to theories on struc-
ture, stability and evolution
of rotating stars. Counts as 3
of your 3 books. $40.00

69303. PLANETARY EN-
COUNTERS. Robert M.
Powers. The case for all-out
exploration of our solar sys-
tem in this century. $13.95
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34661. ASTRONOMY: An
Introduction for the Ama-
teur Astronomer. Jacqueline
Mitton. $7.95

69327. PLANETS AND
MOONS. William J. Ka%
mann 111. $13

57373. KNOWLEDGE
AND WONDER: The Nat-
ural World as Man Knows
It. Victor F. Weisskopf. Re-
vised classic primer of
twentieth century science.
From astrophysics and cos-
mology to particle physics,
biochemistry and genetics.
With 70 illustrations. $15.00

36170-2. THE BIG BANG/
THE DEATH OF THE
SUN. Two books. First, the
creation of the galaxies,
stars, and planets, and their
probable fate. Then, the lat-
est ideas on the origin, me-
chanics, and influence of
our neareststar. Counts as 2
of your 3 books. $26.95

55116-2. IN SEARCH OF
ANCIENT ASTRONO-
MIES/THE NEW AS-
TRONOMY. Two books.
Counts as 2 of your 3
books. $22.95

and ...

34683-2. ASTRONOMY
OF THE ANCIENTS/
GALAXIES AND QUA-
SARS. Two books. Counts
as 2 of your 3 books. $25.50
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THE MORE YOU KNOW ABOUT MOPEDS
THE MORE YOU'LL WANT A VESPA.

For a rather enlightened group of people, mopeds have
become one of the smartest ways to get around the
problem of getting around.

While mopeds are a good idea, Vespa makes them even
better. Vespa’s two-passenger Grande, the new Si (say
“‘see”’), Bravo and Ciao (say “‘chow”’) give you more

of what you’re buying a moped for.

Zipping around town at up to 160 miles per gallon they

add distinctive finesse to making your appointed rounds.

You’ll appreciate their stylish size and maneuverability
whether motoring to your favorite sporting event or
neighborhood merchant.

Vespa mopeds are superbly designed to take every ride
in stride. Each features unitized frame construction for
strength and comfort, separate belt and chain drive
system for convenience and quiet dependability, forced-
air rotary induction engine for durability and efficiency
plus an exclusive variable-ratio belt drive for extra power
when you need it.

For extra confidence we offer an unlimited mileage 12-
month warranty.

Over 30 years of engineering excellence and experience
have supplied over 2 million Vespa mopeds and 6 million
Vespa scooters to people all over the world.

We invite you to see the superior Vespa value for yourself.
Visit your local Vespa dealer now for an insightful and de-
lightful demonstration ride. Look in the Yellow Pages or
write us for nearest location.

The more you know, the more you’ll go for a Vespa moped.

Mileage is based on CUNA Standards. Yours may vary. The Vespa
Grande is built for two persons. Two-passenger operation is not
permitted in some states. Check local laws for oper-
ation and ownership. Ask your Vespa dealer about
Vespa Limited Warranty. Vespa of America,
Consumer Relations, 355 Valley Drive,

Brisbane, CA 94005.

PIAGGIO GROUP

vespa,
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and a queen is the same as arook, and so
the pieces are limited to kings, knights
and rooks. The only rule modification
needed is that a knight moves two cells
in either direction and can jump an in-
tervening piece of either color. If the
game is played rationally, will either
White or Black win or will the game end
in a draw? The question is surprisingly
tricky to answer.

Linear go, played on the same board,
is by no means trivial. The version 1
shall describe was invented 10 years ago
by James Marston Henle, a mathemati-
cian who is now at Smith College. Called
pinch by Henle, it is published here for
the first time.

In the game of pinch players take
turns placing black and white stones on
the cells of the linear board, and when-
ever the stones of one player surround
the stones of the other, the surrounded
stones are removed. For example, both
sets of white stones shown in part ¢ of
the illustration are surrounded. Pinch is
played according to the following two
rules.

Rule 1: No stone can be placed on a
cell where it is surrounded unless the
move serves to surround a set of enemy
stones. Hence in the situation shown in
part d of the illustration White cannot
play on cells 1, 3 or 8, but he can play on
cell 6 because this move serves to sur-
round cell 5.

Rule 2: A stone cannot be placed on a
cell from which a stone was removed on
the last play if the purpose of the move
is to surround something. A player must
wait at least one turn before making
such a move. For example, in part e of
the illustration assume that Black plays
on cell 3 and removes the white stones
on cells 4 and 5. White cannot play on
cell 4 (to surround cell 3) for his next
move, but he may do so for any later
move. He can play on cell 5, however,

because even though a stone was just
removed from that cell, the move does
not serve to surround anything. This
rule is designed to decrease the number
of stalemates, as is the similar rule in go.

Two-cell pinch is a trivial win for the
second player. The three- and four-cell
games are easy wins for the first player if
he takes the center in the three-cell game
and one of the two central cells in the
four-cell one. The five-cell game is won
by the second player and the six- and
seven-cell games are won by the first
player. The eight-cell game jumps to
such a high level of complexity that it
becomes very exciting to play. Fortunes
often change rapidly, and in most situa-
tions the winning player has only one
winning move.

Next month I shall disclose which
player has the win in eight-cell pinch
and answer questions about the other
three linear games.

ES[ month’s problem was to deter-
mine whether the three models of
a 4-group were examples of the cyclic 4-
group or the Klein 4-group. All three are
Klein 4-groups. An easy test for deter-
mining the character of a given 4-group
is checking to see whether each opera-
tion in the group is its own inverse. If it
is, the group is a Klein 4-group.

The two groups of order 4 provide the
most basic example of the way simple
groups, the building blocks of all finite
groups, do not behave like primes. Both
4-groups include the same set of simple
subgroups: the identity group and three
order-2 groups, each consisting of the
identity operation and one of the other
three operations. Yet the two 4-groups
are not the same. In other words, al-
though the product of a set of primes is
always a unique number, the same set of
simple groups can combine to create
more than one composite group.

1 2 3 4 5 6 7 8
- — — ...
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Linear checkers (), chess (b) and go (c, d, e)
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‘A chronicle
of human
adaptation
and change...

stretching from our species’
origins some 10 million
years ago to the threshold
of the modern world.”
—Publishers Weekly

An indisputably authoritative
world-wide survey of archaeol-
ogy including the dramatic new
discoveries and dating methods
that help pinpoint the origins and
development of civilization.

The Cambridge
[onevel :|n'(i in o

A rchaeology

e Cambridge
Encyclopediaof

Archaeology

Edited by ANDREW SHERRATT -
Text by over 50 outstanding
international scholars « Over 400
maps, drawings and photos.

Explorers Book Club Main
Selection - History Book
Club Alternate - Book-of-
the-Month Club Dividend -
Preferred Choice Bookplan
Selection

A Crown/Cambridge
University Press Book

$35.00, now at your bookstore, or send
check or money order to Crown Publish-
ers, One Park Ave., N.Y, N.Y. 10016.
Please add $1.50 postage and handling
charge. N.Y. and N.J. residents, add
sales tax
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