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NASA's next step should be a space station 

You were probably as excited as I when the 
Space Shuttle Columbia took off last April. 

But I had a question—where was it going? Why 
did we need a "space truck" if there is nowhere 
to park once we get out into space? What is the 
Shuttle really doing? 

I did some research and found out that the 
Shuttle was supposed to be traveling to a space 
station! The original plans that the National 
Aeronautics and Space Administration (NASA) 
made right after the Apollo Project success­
fully landed Neil Armstrong and Edwin Aldrin 
on the Moon were to build a space station. The 
Shuttle was planned as the transportation to 
and from the space station, after carrying the 
materials into orbit to construct the station 
itself. Scientists at NASA called this space 
station the Space Operations Center 
(SOC, for short), and have detailed 
blueprints for several possible 
types. They estimate that it will 
take 10 years to build the 
SOC; if we start this year, it 
could be finished by 1992. 

As exciting and impor­
tant as the other space proj­
ects are (the Voyager explo-
rat ion of Jupi te r and 
Saturn, the Solar Polar 
Mission, and the rest), they 
will lead nowhere if we do not 
build the SOC. 

As Carol White describes in her article on 
page 10, the whole idea of the space program is 
the colonization of space. The next step is a 
space station where astronauts can rest, refuel, 
and repair their ships. In fact, it will be much 
easier and cheaper to build the spacecraft 
themselves right at the space station. Without 
a space station, it is impossible to colonize the 
Moon or travel on to Mars. The Soviet Union is 
now building its own space station, which it 
hopes to have completed by 1985. The station 
will be manned by 12 astronauts and scientists. 

NASA scientists predict that 30 years after 
the first space station is built, millions of people 
will be visiting space. Tourists, explorers, sci­
entists, and engineers—these people will be the 
new Pilgrims, starting man's colonization of 

the solar system. 
If our nation starts right now to 
build the SOC, you and I can be 
among those space travelers. 

You can help by writing to 
President Ronald Reagan, 
The White House, 1600 Penn-

» sylvania Avenue NW, 
Washington, D.C. 20500. 
Encourage him to support 
the next step in space, the 
Space Operations Center! 

Dr. Steven Bardwell 

Ho Astronaut James Irwin saluting ; 
next to the lunar module and luna: 

Space Shuttle Columbia at liftoff in April. 
Center: Shuttle pilot Robert Crippen doing acrobatics in 
zero gravity. 
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Smoking marijuana 
damages brain cells Normal monkey brain cells 

New scientific experiments show that smok­
ing just one marijuana cigarette a day for 

several months damages brain cells. The dam­
aged cells lose their ability to communicate 
with each other. This causes abnormal brain 
waves and abnormal behavior. 

Dr. Robert Heath at Tulane University in 
New Orleans, Louisiana, experimented with 
monkeys, giving them marijuana smoke equal 
to one cigarette a day, five days a week, for 
three months. He then examined slices of their 
brains with a powerful electron microscope and 
found damage in the region between brain cells 
called the communication space, or synapse: 

The synapse is where the brain cells com­
municate with each other by electrochemical 
impulses. Each brain cell has a central body 
and many long extensions that look like tree 
branches. The tip of one cell's branch almost 
touches the tip of another cell's branch. When 
we are thinking or running or sleeping, our 
brain cells are controlling this activity through 
electrical waves, which constantly travel from 
cell to cell. 

When a cell needs to send an electrical 
message to another cell, it produces a tiny 
amount of chemical called a neurotransmitter 
at the tip of a branch. This chemical passes 

through the synapse space between the cells 
and carries the message to the next cell. There 
the chemical message changes back into an 
electrical message again. 

There are 10 billion nerve cells in the human 
brain, and each is connected to thousands of 
other cells. The millions of messages passing 
back and forth in this vast network of cells are 
the basis for normal mental activity. Any dam­
age at the synapse "message lines" could there­
fore destroy the entire working of the brain. 

The marijuana damage 
Dr. Heath found that the marijuana damaged 
the monkeys' brain cells at the synapse spaces. 
He found that the synapse spaces became 
larger. That is, the cells were more separated 
from their neighboring cells. The synapse space 
actually became one-third larger than normal. 

Not all of the brain is affected equally. The 
marijuana damage in the monkey brain cells 
was mainly in the part of the brain called the 
imbic system. T h e l i m b i c s y s t e m i s t h e p a r t 

of the brain that is important for memory, 
attention span, and emotional stability. Most 
of the marijuana chemical collected in the lim­
bic system, which was thus the part of the 
brain most affected by the marijuana damage. 

The synapse is the brain communication space. To transmit a message, a brain cell produces a 
chemical that passes through the synapse to the next cell. Marijuana damages monkey brain cells 
making the synapse space one-third larger than normal. 



Brain cells after treatment 
with marijuana 

The monkey brain tissue shown here is magnified 
80,000 times its original size. After a monkey is 
treated with moderate amounts of marijuana, the 
communication space between two nerve cells, 
called the synapse (SC in the photograph), widens 
and is filled in with unidentified dark material. 

When Dr. Heath tested for the normal elec­
tricity in the monkeys' brains, he found that 
the electrical brain waves were not normal. He 
concluded that the abnormal brain waves were 
caused by the damage he found in the synapse 
spaces between the cells. The animals also 
acted abnormally, which Dr. Heath concluded 
was caused by the brain cell damage. 

To test this idea, Dr. Heath measured the 
brain waves of some people who were given 
marijuana to smoke. Not surprisingly, he found 
that the electrical brain waves in these humans 
were also abnormal in the limbic brain area. 

Even when the monkeys who were exposed 
to marijuana for six months were kept off it for 
another nine months, they still had the same 
widening of their brain synapse spaces. Dr. 
Heath has thus shown that the effects of mari­
juana on the brain can last for at least nine 
months, and possibly for years after a person 
stops smoking. 

Doctors have observed for years that the 
mental effects of marijuana smoking are very 
bad. People who smoke marijuana often forget 
things—their memory is damaged. They can't 
concentrate—their attention span is damaged. 
They get very upset over unimportant things— 
they are emotionally unstable. 

Dr. Heath's experiments with monkeys and 
his brain-wave experiments with humans give 
the probable reason for these mental changes 
from marijuana in the brain cells. 

—by Ned Rosinsky, M.D. 

Hot off the wire... 
H eat traisfer in crystals. You have probably 

heard ;hat a basic law of the universe is 
entropy: t le universe will eventually die be­
cause all tl e energy will be evenly distributed 
as the "rar dom" vibration of molecules called 
heat. Now lew experiments with heat transfer 
in crystals have challenged this assumption. 
Scientists it IBM Laboratory in Yorktown 
Heights, Ni sw York cooled a crystal of germa­
nium to near absolute zero and sent a small 
pulse of heat through the crystal. Instead of 
the heat sp: eading evenly throughout the crys­
tal as expe ted, it traveled in an ordered pat­
tern, much ike a beam of light. 

The hea; beam can be focused, diffracted, 
and reflectei just like a beam of light! In fact, 
pictures show the energy bouncing back and 
forth through the crystal like light in a box of 
mirrors. THs shows that not only is heat a 
more organ zed form of energy than had been 
thought, bu that we must rethink our idea of a 
crystal as ; imply a set of springs (chemical 
bonds) and balls (atoms) connected together. 

A photograph of a puke of heat energy traveling 
through a crystal of germanium that has been 
cooled to low emperatures. The bright regions cor­
respond to a t 'mperature rise. The photo was taken 
by physicists Gregory Northrop and James Wolfe 
at the University of Illinois. 



Hot off the wire... Hot off the wire... Hot off the wire... 
R eturn to Saturn. Voyager 2, the sister ship 

to Voyager 1, will make its closest approach 
to Saturn on Tuesday evening, August 25. Sci­
entists have used the information supplied by 
Voyager 1 to reprogram Voyager 2's computers 
so that the robot spaceship will take a closer 
look at some of the most puzzling features of 
the Saturnian system that were discovered by 
Voyager 1, such as the braided F ring and the 
moon Enceladus, which is much smoother than 
the other moons. 

The underside of Saturn's rings taken by Voyager 1, 
7^0,000 kilometers from Saturn. 

Pluto: the double planet. Scientists now be­
lieve that Pluto is actually two planets, not 

one, which raises new questions about the 
origins of the solar system. The planet farthest 
from the Sun, Pluto is so small and so far away 
that nobody could see it until about 50 years 
ago, when telescopes were made more power­
ful. But now we have a new telescopic method 
that shows that Pluto and its companion 
Charon are nearly the same size. Charon, which 
was discovered in 1978 and called a moon of 
Pluto, proved to be about one-half as wide as 
Pluto and almost one-eighth as massive. By 
comparison, Earth is 80 times heavier than its 
Moon. 

Pluto and Charon form only a dim blob of 
light through an ordinary telescope. To get a 
better look, astronomers take time-lapse pho­
tographs-. But during a long exposure, the tur­
bulence in the Earth's atmosphere causes the 
image to wiggle around, making the picture 
blur. 

Speckle interferometry uses a computer to 
overcome this blurriness problem. Many short-
exposure pictures are fed into a computer. The 
blurriness can be partly removed, leaving a 
clearer image. 

A team of French astronomers used this 
method to photograph Pluto and Charon. They 

Hot off the wire... Hot off t 

found that they are really a system of two 
planets! 

Space and fusion budget cuts. President Rea­
gan's proposed budget for the fiscal year 

1982 would set back the nation's space and 
fusion programs. 

In space, the administration has proposed 
cutting the National Aeronautics and Space 
Administration (NASA) budget by $603.5 mil­
lion, about 10 percent of the total budget of $6 
billion. Unless Congress votes to add money to 
the NASA budget, the cuts will force cancella­
tion or delay of several important projects: 

The Solar Polar Mission will be canceled. 
This mission, planned jointly by NASA and the 
European Space Agency, would send up two 
spacecraft to observe the Sun at close range, 
one at each pole. The Halley's Comet probe 
has also been canceled. This is a once-in-76-
years opportunity to learn more about the 
oldest material in the solar system. In addition, 
the Large Space Telescope and the Gamma 
Ray Observatory have been delayed from 1986 
to 1988. These high-powered observatory in­
struments, to be flown on the Space Shuttle, 
would improve our observations of the universe 
by more than 200-fold. 

There are also delays in the Venus Orbiting 
Imaging Radar Mission to map the clouded 
planet, the Upper Atmosphere Research Sat­
ellites Experiment to measure the chemistry 
and magnetism of Earth's atmosphere, and the 
Galileo Mission to send an unmanned probe to 
the surface of Jupiter. Other projects being cut 
include the National Oceanic Satellite Sys­
tem, the Technology Transfer Program, and 
programs in geology and agriculture. 

At the height of the Apollo Project, which 
put a man on the Moon in 8 years, NASA's 
budget was $14 billion in 1981 dollars. This 
means that Reagan has proposed a NASA 
budget for 1982 that is less than half that of 
1965. 

The Reagan administration has recom­
mended cutting the fusion budget from $525 
million to $460 million. This will delay the 
beginning of the engineering phase of the fu­
sion program and contradict the law passed in 
1980, called the Magnetic Fusion Energy Engi­
neering Act of 1980. This law tells the govern­
ment to build a fusion engineering device by 
1990 and a commercial prototype fusion reactor 
by 2000. The law also had a price tag for fusion 
in 1982 of $525 million. 

3 wire... Hot off the wire... 



This section of the magazine is 
reserved for your letters, news of 
Young Scientist Club activities, 
and the puzzles, experiments, and 
ideas you send us. Write to The 
Young Scientist, Fusion Energy 
Foundation, Suite 1711, 250 
West 57th St., New York, N.Y. 
10019. 

From Erik Norris 
Olathe, Kansas: 
Professor Von Puzzle, I have a puz­
zle for you. A millionaire died and 
in his will he said he would give all 
his money to anybody who could 
put 10 trees in 5 rows of 4. 

Professor Von Puzzle: 
Thanks. It's a good puzzle. For 
Erik's answer, see page 24. 

From Jason Bosowski 
Tollana, Connecticut: 
I am doing a report on nuclear 
energy. If you can, could you send 
me a diagram of a nuclear reactor, 
a nuclear pellet, or a picture show­
ing how a nuclear reactor works? 

From Anne Jungclaus 
Martinsville, Indiana: 
1 am interested in nuclear fusion as 
a Science Fair project I have some 
idea of how it works. I am going to 
build a scale model of the Liver-

more nuclear reactor to illustrate 
the principle of how laser beams 
develop enough heat for the fusion 
process to take place. 

I would like to simulate the pro­
cess and the energy given off by 
using glowing radium, as used on 
watches and clocks. Bombarding 
the radium with a stream of bright 
light (to represent the laser beams) 
I believe would make the radium 
glow brighter, indicating the reac­
tion. I know any true fusion reaction 
isn't possible to duplicate, but 1 
believe using a mild radioactive 
substance to simulate the process 
would make a better project 

From Nader Hanna 
Huntington Beach, California: 
My science class receives The 
Young Scientist magazine. We be­
lieve in the fusion energy move­
ment We also believe that progress 
is the only direction helpful to man­
kind. That is why we turn to you. 
My eighth-grade science class and 
1 would like to build a fusion energy 
reactor in the simplest form. 

The Editor: 
You should all read this issue's 
Experiment section, in which we 
describe how two 13-year-old 
young scientists built a model tok-
amak. We'll continue to report on 
fusion research in every issue of 
The Young Scientist. And the next 
issue will have an article on nuclear 
power and how it works. 

From Melissa Landis, 14 
Kearney, Nebraska: 
I really enjoy The Young Scientist 
Science is my favorite subject, and 
I'm really glad to have a science 
magazine like this. 

Some of the kids in my school 
are taking drugs. Could you have 
an article explaining more about 
how drugs can hurt you? 

I also think it would be good to 
have a section on different careers 
in science, telling what you should 
study in school to become a sci­
entist. 1 want to be a psychiatrist 
when I grow up, and I know 1 have 
to learn all about medicine and 
biology now. What do you have to 
do to become a fusion scientist, or 
an astronaut? 

From Jamie Plouff, 14 
Tulsa, Oklahoma: 
1 would greatly appreciate it if you 
could please send me information 
on nuclear fusion and what is cur­
rently going on to perfect this future 
power source. I have a great inter­
est in fusion and have been consid­
ering it for a career. 

David Cherry (upper left) dem­
onstrating his model rockets. 
From David S. Cherry, 10 
Englewood, New Jersey: 
Just recently there was a science 
fair at Lincoln Early School. My 
project was an exhibition of rockets. 
My hobby just happens to be build­
ing model rockets, so I thought that 
maybe I could enter a showing of 
rockets. The way I set my project 
up was by using dowels as stands 
for my rockets and wrote a little bit 
about each rocket. I won second 
prize in the physical sciences. 

The names of the rockets were 
the Renegade, the Cruise Missile, 
Starlab, and the Space Shuttle. All 
of the models, except for the Space 
Shuttle, can actually be launched 
with solid fuel engines, and will go 
1,000 feet in the air. 

From Ethan Cerami, 10 
Englewood, New Jersey: 
On June 12, 1981 there was a 
Science Fair at Lincoln School 
My project was about human anat­
omy. I constructed a model of a 
human body. I wrote and illustrated 
a report about the senses and the 
systems in the body. 

I studied the senses of hearing, 
eyesight, taste, smell, and touch. I 
also learned about the digestive, 
circulatory, respiratory, excretory, 
skeletal and muscular systems. 1 
won second prize in the biological 
sciences. My prize was an electric 
microscope. 
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by Dr. Steven Bardwell 

E~ eonardo da Vinci, who lived from 1452 to 
1519, during the Renaissance, is one of the 

1 " most famous artists in history. His fame 
as a scientist, however, is newer, because only 
in the last 20 years have his notebooks of 
scientific research been discovered. 

Many people have doubted Leonardo's abil­
ity as a scientist because his drawings and 
paintings frequently show what they call "un­
realistic" portrayals of objects. This is espe­
cially true of his drawings of water. 

When my 12-year-old son saw the drawing 
of a waterfall shown in Figure 1 at a recent 
exhibition of Leonardo's work at the Metropol­
itan Museum of Art in New York City, he 
exclaimed, "But this isn't what a waterfall 
looks like!" 

Figure 1 
A page from Leonardo's notebook, showing the 
results of several experiments with water. The two 
smaller diagrams above show two kinds of wakes 
(flow) made as the water moves past an obstacle. 
The lower diagram shows the complex wake made 
by a jet of water pouring into a pool of unmoving 
water. 

The waterfall in Figure 1 was drawn in 
about 1506, as part of Leonardo's design for a 
water-development project for the Italian city 
of Milan. Ten years later, near the end of his 
life, he used the drawing to complete a set of 
drawings called the "Deluge Series." Another 
drawing in this series, shown in Figure 2, is 
even more "unrealistic." 

Several art historians have been perplexed 
by these pictures. One, for example, wrote that 
Leonardo's scientific side must have "been 
ashamed of anything so obviously untrue to 
natural appearances." As a physicist, however, 
I had the exact opposite reaction: Leonardo had 
discovered the basic features of fluid flow 450 
years before they were discovered by modern 
hydrodynamicists! 

Leonardo's hydrodynamics 
Just three years ago, in 1978, scientists discov­
ered that fluids (liquids or gases) flowing 
around obstacles form two types of wake: a 
flat, two-dimensional stack of vortices and a 
three-dimensional braid of larger vortices. It 
took very careful experiments to discover these 
facts and then elaborate the properties of these 
flows. 

Figure 2 
In this drawing from his "Deluge series," Leonardo 
shows the power and destructiveness of moving 
water. The rain and wind have sliced away a section 
of the sedimentary rock and thrown it into the lake 
below. Note the vortices that the rain, wind, and 
clouds form. 

6 



otacf How real are they? 

Look at the photographs of streams of he­
lium and nitrogen gas flowing past each other 
in opposite directions in Figures 3 and 4. Figure 
3 shows the gases flowing at about the same 
speed, producing a smooth interface of two-
dimensional vortices. In Figure 4 these smooth, 
two-dimensional vortices are breaking up, at a 
much higher relative velocity. But note that a 
much larger, three-dimensional vortex is form­
ing at the right of the photograph! 

To a physicist familiar with these "new" 
results in fluid mechanics, Leonardo's drawings 
of water look very real. For example, look at 
Leonardo's drawings of water flowing around 
an obstacle in Figure 5 (next page). Leonardo 
made detailed studies of the flow of fluids 
around obstacles as preparation for construct­
ing a vast canal, tunnel, and dam system for 
the region around Florence and Milan in Italy. 

In Figures 5 and 6, Leonardo dissects the 

Figure 3 
This modern laboratory photograph Shows the type of structure 
formed by relatively slow-moving fluids (here helium and nitrogen 
gases). The wake is called two-dimensional because it is flat. 

Figure 4 
When these two fluids (helium and nitrogen) move more rapidly, they 

form a three-dimensional wake. The wake is now a twisted braid, 
made by twisting two streams of fluid (the top and bottom parts in 
Figure 3). 

motion of a fii id wake caused by water flowing 
around an obs ;acle and discovers the two parts 
of this motion In Figure 5 (a), he shows a two-
dimensional s ack of vortices, which is charac­
teristic of wat jr flowing at a slower speed with 
all of it traveling together. In Figure 5 (b), 
Leonardo drs.ws a three-dimensional roll, 
braids of water curling off the edge of the 
barrier, in this case the wall of the canal. These 
three-dimensk nal braids of vortices, like the 
one photographed in Figure 4, are the wakes 
formed by mo: -e rapid, uneven flows—different 
parts of the water are flowing at different 
speeds. 

Even more remarkable, Leonardo dissects 
these flows in the smaller diagrams shown in 
Figure 6. The two types of wake are shown 
several times. At the top, Leonardo shows a 
side view of th i internal structure of the three-
dimensional bi aid; at the bottom, he shows the 

same structure from above. 
His outline of the flow lines 
shows the characteristic loos­
ening of the braid as the water 
flows farther from the barrier. 

Leonardo remarks on the 
physics of this twofold divi­
sion in the types of wakes: 
"Observe the motion of the 
surface of the water which re­
sembles that of hair, and has 
two motions, of which one 
goes on with the flow of the 
surface, and the other forms 
the lines of the eddies; thus, 
the water forms eddying 
whirlpools one part of which 
is due to the impetus of the 
principal current and the 
other to the incidental motion 
and return flow." 

The question of causality 
How could Leonardo have dis­
covered the composition of 
fluid flow, when it has taken 
modern scientists years of so-



Figure 5 
This page from Leonardo's notebook shows two 
kinds of wakes very clearly: The top drawing shows 
the flat, two-dimensional curls that form the slow 
wake, and the bottom drawing shows the braided, 
three-dimensional kind of wake. Leonardo under­
stood how all fluid motions that we now call tur­
bulent are a combination of these two types of 
wakes. 

Figure 6 
The experiments on this page of Leonardo's note­
book show more complex wakes that are combina­
tions of the two fundamental types. Leonardo says 
in his accompanying text that all fluid motion is 
"built up" out of the flat and braided kind of 
vortices. 

phisticated experiments to discover it? Al­
though the two types of wake are visible only 
in these very careful experiments, they are 
actually the mathematical and physical basis 
for all fluid flow. How did Leonardo know this? 

What makes a drawing look "real"? Should 
it imitate a photograph, motion accurately fro­
zen at one instant of time? Or should the 
drawing, to look "real," capture the causality, 
the reason behind the process? What happens 
when the instantaneous picture contradicts the 
causality? Is this how we "see" anyhow, by 
breaking processes up into tiny instantaneous 
pictures? It is not the eyes that see, but the 
brain, which is itself an ongoing process. How 
can the viewer "see" what never appears in any 
instantaneous picture? How can what is never 
there, the causality, be more real than what is 
there at each instant of time? 

Elsewhere in his notebooks, Leonardo says, 
"If you understand the reason, you don't need 
experiments." The problem that every scientist 
faces is that without an understanding of the 
reason, you won't know what experiments to 
perform. In Leonardo's water studies he draws 
the results from very carefully prepared exper­
iments. These are then combined with more 
typical wakes to show what is really occurring 
in the flow. 

Leonardo brought this science and art of 
causality to great heights. The drawings derive 
their power from his ability to pose the paradox 
investigated by the Greek philosopher Plato in 
the fourth century B.C.: What is real—what 
the eyes "see," or the cause behind the process 
that is seen? Leonardo's drawings solve that 
paradox by forcing the viewer to form a hy­
pothesis of underlying causality. They force the 
viewer to see reality as it really is, not as it 
looks. 

A self-portrait 
of the great artist 

and scientist, 
Leonardo da Vinci 
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Dr. Robert Frosch, now president of the 
American Association of Engineering Socie­
ties, was the administrator of the National 
Aeronautics and Space Administration 
(NASA) from 1977 until January 1981. 

Question: What did NASA accomplish while 
you directed it? 
Frosch: One obviously important accom­
plishment was carrying the Space Shuttle, or 
Space Transportation System, from the 
stage of initial testing through to launch 
readiness; that is, working out all the engi­
neering problems of such a large-scale proj­
ect. I think we did very, very well. NASA 
does very radical things in a very conserva­
tive way. The successful first flight of Col­
umbia was extremely stable and right on 
target, with extra margins for safety and 
capability. A second important accomplish­
ment was in the area of applications—com­
munications, remote sensing, Landsat satel­
lites, and so on. 

Question: What NASA programs will be 
affected by the budget cuts? 
Frosch: Even before the budget cuts, there 
were several things missing that we should 
have. We need a vigorous Halley's Comet 
mission. The rate of improvement in deep-
space technology, such as solar electric pro­
pulsion systems, is inadequate. NASA 
doesn't suffer from not having important 
ideas. There are lists of things we wanted to 

do in X-ray and ultraviolet astron­
omy and planetary 

exploration. 
We 





D uring the early morning hours of April 
12, millions of Americans sat thrilled 
before their television sets as Columbia, 

the first Space Shuttle orbiter, began its trium­
phant flight. More than a million people trav­
eled to Cape Canaveral to be on the spot for the 
historic occasion. A new era had opened for 
man. Space was now an "airplane trip" away. 

Twenty years before, President John F. 
Kennedy had demanded that America rise to 
the challenge of colonizing space. On May 25, 
1961, he said to Congress: 

"I believe that this nation Should commit 
itself to achieving the goal, before this decade 
is out, of landing a man on the Moon and 
returning him safely to the Earth. No single 
space project in this period will be more im­
pressive to mankind, or more irriportant for the 
long-range exploration of space; and none will 
be so difficult or expensive to accomplish." 

Eight years later, on July 16, 1969, 600 
million people—one-fifth of the world's popula­
tion—watched the Apollo 11 astronauts, Mi­
chael Collins, Neil Armstrong, and Edwin Ald-
rin, lift off from Cape Canaveral. Four days 
later, on July 20, 1969, the world watched 
Armstrong and Aldrin step onto the surface of 
the Moon. Now we are on the verge of coloniz­
ing space. We are setting forth on the vast 
ocean of space to establish new living space and 
acquire new sources of wealth, just as Christo­

pher Columbas and his crew set out on the 
Atlantic Ocezn 500 years ago. Seeking a new 
route to India, they discovered America. 

Colonizati m, then as now, is a four-stage 
process (see box on page 14), in which different 
sets of proble ns have to be solved: 
1. Exploratio I and reconnaissance 
2. Launching manned scouting parties 
3. Establishiig beachheads for planetary ex­

ploration 
4. Expanding the economy and solving the 

technology al problems to build self-suffi­
cient colon es 
Today we can confidently predict that by 

the year 2057, the centennial of the Space Age, 
man will have established colonies in space that 
will be sustained by their own agricultural 
production, where vast mining and manufac-

i jns will go on. 



The Space Operations 
Now that the Space Shuttle has begun flying, 
the next step in colonizing space is to use the 
Shuttle to build a large space station, the Space 
Operations Center (SOC), in low Earth orbit. 
The Shuttle will carry the equipment and ma­
terials to construct the SOC and then serve as 
the "truck" to deliver food, fuel, oxygen, and 
equipment to the men and women living on the 
SOC. 

NASA has begun designing the SOC, and 
several different plans are being developed. One 
would be to use the Shuttle's External Tanks, 
which are now discarded, as the main parts of 
the SOC. This is how Skylab, our first experi­
ment in living in space, was built—from old 
Apollo parts. Another possible design is a huge 
wheel rotating to create artificial gravity at the 

can make important new advances in technol­
ogy. It is also an ideal place for nuclear plants. 

Ehricke says that the Moon not only will 
become a vast industrial complex, but also will 
have its own large farms to support large 
numbers of colonists. He concludes, "the Moon 
will be a springboard for extensive cultivation 
of other worlds in this solar system." 

Well before the year 2000, we must be into 
phase three of our space colonization program. 
By that time, space flight should be almost as 
common as intercontinental air travel is today. 
By then we can expect nearby space to become 
the ideal location for scientific laboratory work 
and engineering testing because of the vacuum, 
gravity-free conditions. 

The success of the Space Shuttle opens up 
this possibility because it vastly cheapens the 
cost of space travel, with parts that can be 
reused. Unlike other earlier spacecraft, the 
Shuttle does not burn up as it reenters the 
atmosphere. Its tiles absorb and redistribute 
the heat without letting the ship itself be dam­
aged. In fact, Columbia has been planned to 
complete 100 space flights. 

Yet at the same time that the Shuttle rep­
resents a great step forward, it illustrates one 
of the major problems in space flight. Although 
the Shuttle with its fuel and extra fuel tanks 
and engines weighs 1.99 million kilograms at 
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Center 
rim. This station would be one-half mile in 
diameter and weigh about 500,000 tons. 

The scientists, engineers, and technicians 
living in the SOC will perform experiments, 
build platforms for large telescopes and com­
munications satellites, and set up factories to 
make chemicals and alloys that are either too 
expensive or impossible to make in the gravity 
and atmosphere conditions of Earth. For ex­
ample, since a perfect vacuum is impossible on 
Earth, some of the molecules in the air always 

Scientists at Boeing Aerospace Company are work­
ing under contract ivith NASA to develop designs 
for an SOC. Here is one of their designs for SOC 
living quarters. 

liftoff, the orbiter itself weighs only 90,000 
kilograms. The rest of the weight is taken up 
by the equipment and fuel needed to launch the 
ship, which is 20 times as great as the mass of 
Orbiter Columbia itself. 

The problem: specific impulse 
For man to travel deep into space and build 
colonies there, it will be necessary to develop 
spaceships that can overcome this problem of 
chemical rockets needing so much weight for 
fuel, with relatively small payloads. Today's 
rockets are inadequate for carrying the colo­
nists and tons and tons of equipment that the 
thousands of people necessary to set up colonies 
will need. The first space colonies will not be 
self-sufficient, but will have to transport their 
tools, food, clothing, and even oxygen and 
water from Earth. 

Not only is the need to carry bulk a problem, 
but time is also a problem. If we wish to 
colonize Mars, for example, with present chem­
ically fueled rockets, the trip would take sev­
eral years. We must develop propulsion sys­
tems that have greater thrust than the 
chemical rockets using hydrogen fuel. 

Scientists use a measure called specific im­
pulse, which is measured in seconds, to deter­
mine the speed at which a propulsion system 
can move a payload: the higher the specific 



sneak in to contaminate pure materials. In 
addition, gravity causes materials to sediment 
out of solutions and sets up convection streams 
("winds") that stir gases or liquids, making 
certain chemical processes impossible. Experi­
ments on Skylab and the Soviet Salyut 6 
showed that in space we can make new metal 

impulse, the faster and more efficient is the 
rocket. The maximum specific impulse possible 
from burning a mixture of hydrogen and oxy­
gen as in the Space Shuttle is 456 seconds. A 
trip to Mars would take 2V2 months at the 
maximum speed possible using chemical rock­
ets, or 16,000 kilometers per hour—four times 
the speed of Apollo 11. 

A reasonable goal, to make the entire solar 
system open to colonization, is a rocket propul­
sion system that would allow space travel at 
320 kilometers per second, with a specific im­
pulse of 32,800 seconds. At this speed, we'd 
reach Mars in 3 days! And Titan and the other 
moons of Saturn, which are prime candidates 
for colonization, could be reached in 45 days. 

This is where industrial and technological 
developments here on Earth come in. We now 
have nuclear fission, which NASA research 
shows could be easily adapted to a rocket en­
gine with a specific impulse of about 2,000 
seconds. It would take about 40 days to reach 
Mars using a nuclear propulsion system. 

The solution: fusion power 
The real solution for the long term, however, is 
controlled nuclear fusion, which scientists pre­
dict should be available by the year 2000. Dr. 
Friedwardt Winterberg, a space and fusion 
scientist, predicts that we can reach Mars in a 

matter of onl r weeks, or even days, using the 
higher exhaus t velocity possible only with fu­
sion power. This means that the fuel that 
propels the rjcket must have a much larger 
energy densit r. It must burn at a much higher 
combustion U mperature than a chemical fuel, 
providing spei ific impulses as high as 1 million 
seconds! 

Winterber? says this is why we must de­
velop fusion p ower if we wish to explore space: 
"We need the: monuclear propulsion. In a ther­
monuclear res ction, the temperatures are not a 
few thousand degrees," as in chemical combus­
tion; they are typically a hundred million de­
grees. Using 'usion propulsion, we can get an 
exhaust veloc ty on the order of not just a few 
kilometers pi T second, but a few thousand 
kilometers pe • second." 

Winterber y's plan is to launch a fusion 
space rocket hat would be assembled in orbit 
from parts that have been carried up by the 
Space Shutth to an orbiting space station. 
Since the shij will be constructed in zero grav­
ity, it can be 1 uilt as large as necessary to carry 
all the suppli JS the colonists will need. Such a 
rocket can cai ry a payload of thousands or even 
millions of tens, which it would take from an 
Earth orbit into an orbit around Mars. Then 
man would descend onto the surface of Mars 
using chemici.l rockets. 

alloys as well as s iparate the parts of the blood 
more perfectly thi ough electrophoresis. 

Another exciting area for space processing 
is crystals, whicl are needed for computers, 
lasers, and many other technologies. A single 
crystal grown free of gravity stress is more 
perfect and symmetrical. 

The biomedicd experiments performed on 
the SOC will be extremely important to test 
our ability to live in low gravity for extended 
periods of time— vhich will be necessary if we 
colonize the Moon or make long journeys to the 
outer planets of the solar system. Scientists 
must learn whether the changes in the human 
body caused by z< ro gravity are permanent or 
dangerous. 

Finally, the mgineers and construction 
workers on the S( C will build the huge fusion 
rocketships man \ rill need to journey through­
out the solar syst ;m, carrying all the supplies 
necessary to set u > Earthlike cities everywhere 
he goes. 



Stage 3. Artist's drawing of a spacecraft being 
serviced in the hangar of an SOC, 

stage 4. An artist's idea of an industrial com­
plex on the Moon. 

The four stages 
of colonization 
1. A necessary period of exploration and 
reconnaissance, s u c h a s t h e e a r l y t r i P s o f 

the Portuguese seeking to find a new route 
around the African continent to India. To 
do this, they had to develop technology for 
navigation such as the compass and the 
astrolabe. For the space program, this first 
phase was the period in which we launched 
unmanned, robot spacecraft such as the 
first American satellite Explorer I, which 
discovered the Van Allen Belts of radiation 
circling the Earth. Basic questions about 
meteor damage and radiation levels had to 
be answered. Could man survive in zero 
gravity? We learned that meteors could be 
guarded against with shields since they are 
fairly rare, but that the Van Allen Belts 
make it necessary to build space stations 
either below 460 kilometers or above 3,400 
kilometers. 
2. Launching of manned scouting par­
ties, s u c n a s the 17 Apollo missions to the 
Moon and Columbus's trip to America. In 
this phase, man's ability to survive in space 
was tested, with more sophisticated experi­
ments made possible by human control of 
the equipment. 
3. Establishing a beachhead for plane­
tary exploration by building manned space 
stations in Earth orbit. This would provide 
logistical backup for colonizing the Moon, 
just as the early colonies in America de­
pended on supply lines from Europe. 
4. Expanding our economy an t* solving 
the technological problems here on Earth in 
order to sustain the early stages of lunar or 
planetary colonization, at the same time 
that the first permanent colonists are build­
ing their cities. Just as the United States 
after the Revolution concentrated on mech­
anized agriculture and the development of 
an iron industry in order to provide the 
equipment and supplies for civilizing the 
Western frontier, so must we develop 
thermonuclear fusion energy here on Earth 
to supply the energy and equipment for our 
space colonists. 
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It is therefore essential that we have thermo­
nuclear fusion power as a commercially viable 
energy source as quickly as possible, both to use 
as a rocket propulsion system and to create the 
unlimited amounts of energy from seawater 
here on Earth that are needed to supply electric­
ity for industry, which will produce equipment 
and supplies for the colonists. 

The technologies we must develop to enable 
us to domesticate and make habitable other­
wise hostile environments are enormous. With­
out growth of our economy here on Earth, there 
is no way we can support the colonies on the 
Moon and Mars. But if we gear up to grow 
along with our space program, the possibilities 
are unlimited. 

The stars our heritage 
What will be the future of space travel? In the 
distant future, we may leave the solar system, 
seeking out Earthlike planets around distant 
stars. We should view the entire galaxy as our 
birthright. 

It is even possible that in a few hundred 
years our great-great-great-grandchildren will 
make flights to other stars. Dr. Winterberg 
estimates that man will colonize the whole of 
our galaxy: 

"The distance between the solar systems is 
about 10 light years, and a fusion craft would 
take perhaps 50 years to arrive at the next one. 
Suppose man 'migrates into the galaxy and 
travels from the first solar system in all direc­
tions to neighboring suns, taking 50 to 100 
years to arrive at each. Man remains in each 
new solar system about a thousand years, 
building up a new technological civilization. 
Then he moves on to the next system. 

"If we propagate about 10 light years each 
1,000 years, then we would spread with a mi­
gration velocity of one-hundredth of the veloc­
ity of light. Since the galaxy has a diameter of 
100,000 light years, that means that in 10 
million years, man will have colonized the 
entire galaxy." 

Why is it necessary for us to colonize space? 
After the initial success of the Apollo Project, 
many people attacked the space program as 
useless and a waste of money, claiming that 
the money should be spent on other more 
urgent needs. Many important projects were 
dropped from the space program. And even 
now, with the spectacular success of the Space 
Shuttle, budget cuts are planned for NASA. 

Many answers could be given to this ques­
tion. There are the technological spinoffs from 

the space program that have benefited the 
entire society, such as the development of the 
computer incustry and life-saving medical 
equipment. Tiere are the important mineral 
resources ava: lable in space—the entire planet 
of Mercury is i storehouse of heavy metals, for 
example. But these reasons don't go to the 
heart of the rc atter. 

Man's missicn 
To conque: • space is the lawful extension of 

man's missioi. to exert dominion over Nature. 
This is somet ling that the early NASA leaders 
understood ai d put into practice in their plans. 
Scientists thr jughout history have also under­
stood this. Mi,n has always looked to the heav­
ens to unders ;and the universe and his place in 
it. The great astronomer Johannes Kepler in 
the 17th centiry described the stars as God's 
finger writing in the sky to awaken man to an 
understandin r, of science. 

Some peoj le write about space as if it would 
be an escape from the problems of industrial 
society on Eirth to a simpler environment. 
This is ridiculous. Exploration and colonization 
of space can r ever work if it is thought of as an 
alternative t( continued scientific and indus­
trial development here on Earth. As we expand 
our frontiers .n space, we will be reaching new 
scientific frontiers here on Earth as well. 

Man cannot stand still. He either moves 
forward or c vilization itself is destroyed. As 
Fusion Energy Foundation founder Lyndon H. 
LaRouche, Jr,, said recently, the necessity for 
science is not just a practical question: 

"Even if we had achieved such abundance 
that we need id no new scientific discovery, no 
new technolo peal advances, in order to satisfy 
human needs to the full for an extended period 
of time, we would still need to conquer 
space. . . . 

"We must commit ourselves at this present 
threshold of c ontrolled thermonuclear fusion to 
the early, rat idly expanding mastery of space. 
We do this, not so much because of the benefit 
that scientif c discoveries made there will 
greatly impn ve our life on Earth. We will and 
must do so because we have the means to 
undertake th, it challenge, and for reason of the 
moral effects upon mankind generally of com­
mitting our species in practice to looking up 
from the day-to-day mud of life on this our 
home-planet, to go forth from this home of ours 
to perfect our mastery of the lawful ordering of 
the universe, eagerly seeking the meaningful 
chores we fin 1 imposed upon us to do there." 
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Welcome to the puzzle page, in the next issue of 
The Young Scientist, I'll give you the answers to 
these puzzles and explain some of the mathemat­
ical principles behind them. 

If you have puzzles that you think other young 
scientists would enjoy, send them in with your 
answers. Send them to me. Professor Von Puzzle, 
Fusion Energy Foundation, Suite 1711, 250 West 
57th St., Mew York, M.Y. 10019. 

Kepler's Third Law 
Given the time it takes for a planet to make one 
trip around the Sun, can you figure out how far 
that planet is from the Sun? And, given how far a 
planet is from the Sun, can you figure out how 
long it takes to make one trip around the Sun? 

This puzzle would be impossible to solve if it 
weren't for the work of the great astronomer 
Johannes Kepler, who laid the basis for modem 
astrophysics in the 17th century. The most im­
portant hypothesis he made in his study of the 
planets' motions was that motions in the heavens 
should be in harmony with motions he could see 
on Earth. Kepler knew, for example, that the tones 
of a musical scale could be represented by simple 
ratios. He also knew that snowflakes form into 
highly symmetrical hexagonal (six-sided) shapes. 
Everywhere that he looked in nature he found 
simple ratios, symmetries, and proportions. He 
assumed that these same general types of simple 
proportions should hold in the heavens as well. 

Based on his conviction, Kepler discovered 
three laws that describe the motions of all the 
planets quite accurately. To solve this puzzle, you 
will need to use Kepler's Third Law: 

The ratio of the cube of the distance of the 
planet from the Sun to the square of the time it 
takes the planet to go around the Sun is the 
same for every planet. 

The cube of a number is the product of 
multiplying it by itself 3 times, or N3 = N X N X 
N. So, in mathematical terms, Kepler's Third Law 
says, for example, 

(distance of Earth V 
from Sun / 

(Earth period)2 

Scientists use astronomical units, or A.G.S, to 
measure distances. The distance of Earth from 
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Franklin's hypotheses were not always 
correct, but his scientific method was. 

works, in order to make better and better 
hypotheses. This method is well demon­
strated in Franklin's book of electrical ex­
periments. One example is a letter Franklin 
wrote on "Observations and Suppositions, 
towards forming a new Hypothesis, for 
explaining the several Phaenomena of 
Thunder-Gusts." Franklin knew that light­
ning was electrical, just like the "electrical 
fire" he could produce in his laboratory. 

Franklin asked how it could be that so 
much electrical fire could be stored in clouds 
and appear as lightning. He also asked how 
water vapor could form into raindrops and 
fall to Earth. The answers Franklin arrives 

at, his hypotheses, are not 
completely correct in the 
light of modern knowl­
edge. However, the impor­
tant thing is that the 
method he used to develop 
these hypotheses is cor­
rect. 

Franklin's unifying 
conception in explaining 
thunderstorms is the role 
the electrical fire plays, 
both in the formation of 
clouds and their subse­



and then it is communicated by a snap, 
and becomes equally divided. 

• Electrical fire loves water, is strongly 
attracted by it, and they can subsist [ex­
ist] together. 

• Air is an electric per se [in itself], and 
when dry will not conduct the electrical 
fire 

• Water being electrified, the vapours aris­
ing from it will be equally electrified. . .. 
Every particle of matter electrified is 
repelled by every other particle equally 
electrified. 

Franklin then proposes that seawater, 
because of its salt content, is more easily 
electrified than fresh water. He concludes 
that: 
• Hence clouds formed by vapours raised 

from fresh waters within land . . . more 
speedily and easily deposite their water, 
having but little electrical fire to repel 
and keep the particles separate. So that 
the greatest part of the water raised from 
the land, is let fall on the land again; and 
winds blowing from the land to the sea 
are dry. . . . 

• But clouds formed by vapours raised 
from the sea, having both fires, and par­
ticularly a great quantity of the electri­
cal, support their water strongly, raise it 
high, and being moved by winds, may 
bring it over the middle of the broadest 
continent from the middle of the widest 
ocean. . . . 

• If they are driven by winds against moun­
tains, those mountains being less electri­
fied attract them, and on contact take 
away their electrical fire (and being cold, 
the common fire also;) hence the particles 
close toward the mountains and toward 
each other. . . . If [the air is] much loaded 
[with water vapour], the electrical fire is 
at once taken from the whole cloud; and, 
in leaving it, flashes brightly and cracks 
loudly; the particles instantly coalescing 
[uniting] for want of that fire, and falling 
in heavy shower.. . . 

• If a country be plain, having no moun­
tains to intercept the electrified clouds, 
yet it is not without means to make them 
deposite their water. For if an electrified 

cloud coming ft om the sea, meets in the 
air a cloud ra\sed from the land, and 
therefore not electrified; the first will 
flash its fire into the latter, and thereby 
both clouds shall be made suddenly to 
deposite water. .. The concussion or jerk 
given to the air, contributes also to shake 
down the water not only from these two 
clouds, but frort others near them. Hence 
the sudden fall of rain immediately after 
flashes of lightr ing. 

This exciting r ypothesis is just a sample 
of the riches theie are in Franklin's book, 
which can be found in local libraries. The 
book shows a truly great mind working out 
a plausible explar ation for one of the most 
awe-inspiring displays in nature. Un­
daunted by the sc intiness of the knowledge 
he had at hand, franklin applied it in an 
attempt to bring the fury of the storm 
under the control of human reason. 

(The next Ta e of Science will be on 
Franklin's hypothesis about the workings 
of the Leyden jar.) 

otion r 
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Building a model tokamak 
"How can I build a model fusion 
reactor?" is a frequent question from 
our readers. This issue's Experiment 
section describes how two boys built 
a simulated tokamak and used it to 
test out many basic hypotheses. 

l y l ichael Masterov and Yaroslav Shoikhet 
* * first learned about tokamaks and fusion 
power in December 1980, when their seventh-
grade science teacher at New York City Inter­
mediate School 187, Mr. Herb Friedman, 
taught a class on fusion energy based on the 

cover story in the premier issue of The Young 
Scientist. They were intrigued by the idea that 
man could create a source of unlimited, clean 
energy using seawater as a fuel and duplicating 
the process that goes on in the Sun and the 
stars to produce light and energy. 

After reading more about fusion research 
and the problems scientists are near solving to 
develop power-producing reactors, Michael and 
Yaroslav decided to build a model fusion device. 
Their idea was not just to make a stationary 
model reactor, but to make a working model 
that would simulate (imitate) the operations of 
a tokamak fusion reactor and solve the same 
kinds of problems that fusion scientists are 

A schematic and photograph of Michael and Yaroslav's tokamak project. 

Vertical generators 

When the heat in the 
reactor builds up to 

J,50 degrees, the 
computer control 

system turns on the 
heating coil. The coil 

heats the water in the 
boiler system to steam, 

and the steam powers 
a generator to make 

electricity. 



solving. They set out to heat simulated fusion 
fuel in a reactor system that would achieve 
breakeven—producing more energy than the 
energy it takes to get the fusion reaction going. 
The energy is produced when two atoms of 
hydrogen combine, or fuse, to form a single 
atom, releasing energy in the process. 

Since December, Michael and Yaroslav have 
spent all their spare time building a simulated 
tokamak power plant, constructing a computer 
to monitor the whole system, and modifying 
the components as they got new ideas to make 
the model perform better. 

Their latest model is a 3-foot, 2-inch toka­
mak power plant with a dome-shaped reactor 
chamber, a computer control panel with 1,050 
switches and probes connected to the various 
plant operations, and a heating coil connected 
to a boiler and vertical generator system. It is 
actually two projects in one: a simulated fusion 
reactor that produces heat and a steam power 
generating plant. Like a real power reactor, the 

Meet the experimenters 
Michael Masterov and Yaroslav 
Shoikhet, both 13, got interested in sci­
ence when they were very young. Mi­
chael became fascinated with a micro­
scope he saw in a shop window, while 
Yaroslav started off his scientific inter­
est when his father took the back cover 
off a radio. "I thought before that that 
there was a little person inside," he said. 

Both boys emigrated to America 
from the Soviet Union with their fami­
lies when they were 8 years old, and 
they met for the first time at school in 
science class. As a team they work well 
together; Michael tends to be more theo­
retical, while Yaroslav is the electronics 
expert. 

So far, their tokamak project has 
won first prizes in five competitions— 
the school science fair at Intermediate 
School 187; the school district science 
fair; the Manhattan borough science 
fair; a metropolitan New York fair 
called SEER (Student Exposition on En­
ergy Resources) sponsored by the Na­
tional Energy Foundation; and, most 
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knowledge of fusion and simpler physical pro­
cesses to hypothesize and then test out the 
major components of a working model of a 
steam-producing power plant. That meant, as 
they put it, "rigorous experimentation." 

"Every one of the units was redone many a 
time," their notebook says. "This entire system, 
part by part, was built and put together with 
one principle in mind: No such thing is good 
enough, every single thing must be the best 
possible. . .." 

"It isn't enough that we build a model of the 
tokamak," they wrote, "we also modified it. It 
wasn't easy. Most of the time was spent not on 
the finished pieces anyone ever saw but on the 
ones with the mistakes we had to learn to do 
things right from.. . . Even when we had a 
good working solution we didn't stop there. 
And several times we found our previous solu­
tion was obsolete. There were many other times 
when the improvements alone changed some 
things beyond recognition. And then it was 
back to the experimentation and the scientific 
method." 

How much did all this building and rebuild­
ing cost? Michael and Yaroslav estimate that 
they spent a total of $100, scavenging many 
parts from the trash—a toaster, hairdryer, 
iron, Christmas lights, for example—and buy­
ing others at New York City's famous Canal 
Street industrial junk shops. 

The experiment 
In a real tokamak experiment, strong magnetic 
fields are used to form a "bottle," confining the 
hydrogen fusion fuel to keep it in the center of 
the reactor chamber while it is being heated to 
temperatures of millions of degrees. 

To simulate this magnetic confinement, Mi­
chael and Yaroslav first embedded a 110-volt 
motor (from a hair dryer) inside a plastic 
sphere (their modified tokamak machine) with 
plaster of paris. Then they placed five magnets 
on the inside wall of the sphere. Because the 
motor is an electromagnet, it reverses polarity 
as the current alternates. Therefore, when they 
turned the motor on, they could measure the 
magnetic force caused by the alternating at­
traction and repulsion of the motor's electro­
magnet. They did this by balancing this fluc­
tuating magnetic field against the steady 
magnetic field of the permanent magnet. 

Michael and Yaroslav note that it was not 
possible for them to create a strong field like 
that in a real reactor, but they did determine 
how to control the weak field they created by 
moving the magnets around and measuring the 
vibrations. 

The next step was to heat their "fusion 
fuel." To ignite a fusion reaction in a tokamak 
requires heating the hydrogen fuel to at least 
44 million degrees Celsius in an experimental 
reactor and about 100 million degrees in a 
working commercial reactor. (So far, experi­
mental tokamaks have achieved temperatures 
of 82 million degrees.) At these temperatures, 
the hydrogen gas is a plasma—a gas that is 
electrically charged. 

Michael and Yaroslav used two heating 
methods in their model, simulated lasers and 
simulated tesla sparking. They got the laser 
idea reading about laser fusion, although lasers 
are not used to heat the fuel in real tokamaks. 
The tesla idea came from an article Yaroslav 
read in Radio Electronics magazine about ex­
periments in the Soviet Union using a huge 
spark—called ball lightning—to ignite a fusion 
reaction in the laboratory. 

In order to approximate a laser, which 
makes light coherent, they focused seven small 
lights (Christmas lights) through crystals 
(from a chandelier) to concentrate the watts of 
power in one place. To simulate tesla heating, 
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they used the motor shaft in the sphere as a 
connection with a contact plate to rub against, 
creating a shower of sparks. Later they modi­
fied this, interweaving the wires to make a 
cable and thus bigger sparks. 

The flame from the the sparks was their 
simulated fusion fuel plasma. 

The power used to start the heating in their 
reactor is 5 watts from the simulated lasers 
and 2.5 watts from the sparking device per 
minute. When the heat builds up in the reactor 
chamber 6f their tokamak to 450 degrees, a 
temperature probe connected to the computer 
control system turns on the heating coil. The 
probe is a round disk with two extended plates 
that screw on to the sphere. 

Later they added a fan to the sphere to 
prevent a fire from starting from the sparks, 
and metal plates to ground the extra sparks. 
These plates reemitted the energy in heat, 
raising the temperature in the heating coil 
from 440 degrees to 450 degrees. 

Generating electricity 
To convert the heat created in the reactor into 
electricity, Michael and Yaroslav made a model 
of a conventional power plant where heat is 
used to make steam, which turns a turbine to 
create electricity. The insulated heating coil in 
their tokamak runs to a boiler system where it 
heats water to steam and the steam powers a 
generator. Much experimental work went into 
perfecting an efficient boiler system and gener­
ator. 

Michael and Yaroslav are particularly 
proud of their generator design—a vertical 
stacked generator with 11 parts. The turbine in 
the bottom generator produces 20 watts; the 
other 10 generators produce 10 watts each. 

Conventional generators are assembled hor­
izontally. Their hypothesis was that steam 
rises because its specific gravity is lighter than 
air and, therefore, if the generators were 
stacked vertically on top of each other they 
would be more efficient. They tested their hy­
pothesis and learned that the generators put 
out 5 watts more power when they were verti­
cal than when they were horizontal with the 
same steam input. 

Through more experimentation, Michael 
and Yaroslav decreased wattage consumption 
by the boiler apparatus by using a siphon 
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Answers 
The ant race 
The puzzle was an ant race: two 
ants moved at the same speed 
around two paper loops of the 
same length. But one ant got back 
to the starting point twice as fast as 
the other. The solution lies in the 
design of the loops. One was a 
Moebius strip! To see what a Moe-
bius strip looks like, take a strip of 
paper, give it a half-twist, and then 
use tape to make it into a loop: 

Now, if you trace a path down 
the center of this loop, you'll find 
that after one trip around, you end 
up at the original position, but on 
what .seems to be the other side of 
the paper, just like the puzzled ant 
who lost the race. Keep going 
around, and you'll arrive back at 
the starting point. This is what hap­
pened to the ant who lost the race. 

Actually, there is only one side 
to the Moebius strip, not two as in 
an ordinary loop. The Moebius strip 
is the simplest example of a one­
sided surface. Another of its prop­
erties is that you can cut it in half 
and it will remain a loop. 

Trace a line down the length of 
the strip before making it into a 
Moebius loop. Now cut down the 

length of the line. Do you think the 
same thing would happen if you 
put a full twist in the paper strip? 

Roadbuilding in Rom 
The problem was to find the short­
est road system connecting the 
three cities of Nur, Zu, and Clt in 
the plain of Flom. The answer looks 
like this: 

at 

The three lines meet at the 
point where they form three equal 
angles of 120 degrees. This is 
called Steiner's problem after the 
German mathematician who found 
this solution. (A full geometric 
proof can be found in the book 
What Is Mathematics, by Richard 
Courant and Herbert Robbins, Ox­
ford University Press paperback, 
1968.) 

One way to find the solution is 
to use soap bubbles! The soap film 
will form this solution for you. This 
is what is called a "minimal surface 
problem." Soap films always form 
in such a way as to use the least 
possible surface to cover a given 
space. 

Mix a solution of soap (not de­
tergent) and water, and add a few 
drops of glycerin, which you can 

buy at a drug store, to add stability 
to the soap films. Now get a sheet 
of bendable plastic and bend it into 
the shape of a (J. The idea is to fix 
two planes a few inches apart from 
each other. (Any thin, flexible plas­
tic will work. I used .060 gauge, 
low-density polyethylene obtained 
from a plastic supply store.) 

To make each of the three 
points representing Nur, Zu, and 
Clt, grasp a thin nail with pliers and 
heat it slightly. Then puncture the 
plastic by sticking the nail all the 
way through both sides of the CI. 
The bubbles will intersect in 120-
degree angles. 

You can also arrange four and 
five nails to find the shortest road 
system connecting these sites. 

Although scientists know that 
the soap film arranges itself in such 
a way as to form the minimal sur­
face solution to the problem, they 
don't know why. The astronomer 
and mathematician Johannes Ke­
pler asked a similar question re­
garding the formation of snow-
flakes in hexagonal shapes. A 
complete answer has not yet been 
found. Write to me if you think you 
know why. 

Answer to Erik Norris's puzzle on page 
5: a 5-pointed star 
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Congratulations! 

to Michael Masterov and Yaroslav Shoikhet of Intermediate School 187 in New York City for win­
ning first prize in the regional and national SEER science competitions, sponsored by the National 
Energy Foundation, for designing and constructing a simulated fusion tokamak power plant. 
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