ALL STORIES NEW

Galaxy

MAGAZINE

AUGUST, 1963 = VOL. 21,

CONTENTS
NOVELETTES

HOT PLANET
by Hal Clement

THE PROBLEM MAKERS
by Robert P. Hoskins
SHORT STORIES
EARTHBOUND
by Lester del Rey
THE PAIN PEDDLERS
by Robert Silverberg

THE BIRDS OF LORRANE
by Bill Doede

NON-FACT ARTICLE

THE GREAT NEBRASKA SEA

by Allen Danzig

SERIAL — Conclusion

HERE GATHER THE STARS
by Clifford D. Simak

SCIENCE DEPARTMENT
FOR YOUR INFORMATION

by Willy Ley
FEATURES

THE EDITOR'S PAGE
by Frederik Pohl

GALAXY'S BOOKSHELF ...

by Theodore Sturgeon

NO. 6

Cover by PEDERSON illustrating HOT PLANET

46

184

k)

99

82

FREDERIK POHL
Editor

WILLY LEY
Science Editor

SOL COHEN
Publisher

DAVID PERTON
Production Manager

ROSEMARIE BIANCHINI
Art Director

DAVE GELLER ASSOC.
Advertising

GALAXY MAGAZINE is published
bi-monthly by Gataxy Publishing
Corporation. Main offices: 421
Hudson Street, New York 14,
N. Y. 50¢ per copy. Subscrip-
tion: (6 coples) $2.50 per year
In the United States, Canada
Mexico, South and Central
America and U. S. Possesslons.
Elsewhere $3.50. Second-class
postage paid at New York, N. Y,
Copyright, New York 1963, by
Galaxy Pubiishing Corporailon
Robert M. Guinn, President. Al
rights, Including translations
reserved, All material submitted
must be accompanied by self-
addressed stamped envelopes.
The publisher assumes no re-
sponsibility for unsolicited ma-
terlal. All stories printed In
this magazine are fiction, and
any similarity between charac-
ters and actual persons |Is
colncidental.

Printed In the U. S. A,
By The Guinn Co., Inc. N. Y.
Title Reg. U. S. Pat. Off.



your

¥ NN
S/l
HRJIRANA
! RMAL'A

ENIINEVAWE
/Y

82

AT R -

BY WILLY LEY

HE AVERAGE reader — as

distinct from the science-fic-
tion reader — has had a number
of terminology problems during
the past few years. His favorite
newspapers and magazines, in-
stead of talking about things one
could understand like sad-eyed
puppies and clean-cut little boys
who, unfortunately, are too stupid
to spell properly, has started talk-
ing of orbits, perigee and apogee,
inclination to the equator and
similar things. Quite a number of
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ople are convinced that these
are all brand new words, invented
either in Washington or in Hunts-
ville, Alabama. In reality they are
standard astronomical terms that
have been around since the early
part of the seventeenth century.

But recently talk about L-
points has started and though
this, too, is a standard astronomi-
cal term, I suspect that not even
all science-fiction readers are
quite sure just what an L-point is.

To begin at the beginning, the
L stands for Lagrange, full name
Joseph Louis Lagrange, who lived
from 1736 to 1813. Lagrange was
a mathematician with strong
astronomical leanings, and as his
name indicates he was a French-
man. Frenchmen have the repu-
tation of being people who stay
home, or at least in France, If this
is truly a national characteristic
of the French, then Lagrange was
an atypical Frenchman, To begin
with, he was born in Torino, or
Turin, in Italy and was educated
there; he also had his first posi-
tion in Italy, being appointed (at
the age of nineteen!) professor of
mathematics at the Artillery
School at Torino. While engaged
in the task of hammering some
mathematics into the skulls of fu-
ture artillery commanders he cor-
responded with the mathemati-
cian Leonhard Euler and laid the
foundation for the branch of
mathematics which later came to
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be called calculus of variations.

At the age of 28 he published a
mathematical treatise on the mo-
tion of the moon which was
awarded a prize by the French
Academy of Sciences. Two years
later, he followed up with a the-
ory of the motions of the satel-
lites of Jupiter which made such
an impression in Berlin that Fred-
erick the Great of Prussia ap-
pointed him director of the Berlin
Academy of Sciences. Lagrange
spent the next twenty years of
his life in Berlin until, finally, in
1787 Louis XVI of France in-
vited him to come to Paris. There
he spent the rest of his life, head-
ing a commission for the reform
of weights and measures, being
professor at the Ecole Polytech-
nique and finally becoming a sen-
ator and elevated to Count by
Napoleon I.

During his investigation of the
orbits of our own moon, as well
as the orbits of Jupiter's satellites,
Lagrange encountered a problem
which he did not solve: the so-
called three-body problem.

HE PROBLEM is very sim-

ply this:

Assume three bodies in space
— say a planet which has two
very large moons in orbit around
it. You know the mass of every
one of these three bodies. You
also know their relative positions,
and you know their orbital veloci-
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Fig. 1. The Lagrangian points in the earth-moon system.

ties at this moment. Now find a
set of simple and elegant equa-
tions which permit you to predict
the future motions of these bodies,
accounting for their mutual at-
tractions all the time.

Lagrange tried hard, buf failed;
and to this day nobody has been
able to come up with such a set
of equations.

Of course we can and do calcu-
late such cases — for example,
when it comes to predicting the
motion of a comet. But it has to
be done by way of endless step-
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by-step calculations which have
to be checked against observa-
tions all the time.

But, while Lagrange failed to
find an overall solution of the
three-body problem, he did find
a number of special cases where
there was a solution, provided the
bodies were in certain relative po-
sitions to each other. In fact, there
were five such positions . . . which
later were called the Lagrangian
points, or L-points.

For an example of the Lagran-
gian points let us look at the
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fig. 2. Motion of four bodies of equal masses
around a central body.

earth-moon system. (Fig. 1.) The
earth and the moon are two of
the three bodies. The third one
would be a hypothetical satellite;
and the problem would be to find
a position in which it would have
an easily predictable orbit. Two
of these points are the ones
known as equilaterals, positions
L, and L., where the satellite
would travel in the orbit of the
moon and would, of course, have
the same orbital period as the
moon.

But there are two more such
points which lie on the line con-
necting the center of the earth
with the center of the moon. One
of these two is closer to us than
the moon; the other is beyond the
moon. Now, if our moon did not
exist, a satellite moving at the dis-
tance of the L, point — about
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203,000 miles from the earth's
center — and another satellite
moving at the distance of the L.
point — about 280,000 miles
from the earth’s center — would
have different orbital periods.
The L, satellite would need less
time than our moon; the L. satel-
lite would need more time. But
because our moon is there the
satellites in these points would
have the same orbital period as
our moon.

One may try to visualize this
by imagining that our moon’s
gravitational force drags the L.
satellite along a bit faster than
it would move normally, and
keeps the L, satellite back so
that it does not move quite as
fast as it would by itself.

We now know that the L, and
L. positions are actually occupied
by dust clouds. The L, point is
not occupied, while an occupant
of the L. point could never be
seen from earth. (In the future
both the L, and L. points may be
occupied by radio relay satellites,
if we get more than one human
settlement on the moon. Because
of the fairly strong curvature of
the moon’s surface, two distant
lunar bases could not have direct
radio contact. But they could talk
to each other easily via relay
satellites, located in the L. point
for bases on the far side of the
moon, and in the L, point for
bases on the lunar hemisphere
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which is visible from the earth.)

EFORE I go on, one loose end
and one possible misunder-
standing have to be taken care of.
The possible misunderstanding
concerns the L, point. Everybody
knows that, between the earth
and the moon, there is a “neutral
point”, a point where the gravita-
tional fields of earth and moon
have the same strength. This neu-
tral point is not the same as the
L, point. In fact it is closer to the
moon, roughly 24,000 miles from
the lunar surface, or about 25,000
miles from the center of the
moon.

As for the “loose end”, as I
called it, it is the simple question
“where is L4?” Well, L, is also on
the line connecting the earth and
the moon. But it is on the other
side of the earth, below the bot-
tom of our diagram.

Now, these Lagrangian points
exist for every planet and its
moons. They also exist if you con-
sider the sun and a planet the two
bodies. In other words, we could
have equilaterals in the earth’s
orbit and in any other planetary
orbit. In the case of Jupiter the
equilateral points are known to
be occupied, both the advance
and the trailing position.

Quite recently Dr. W, B. Klem-
perer has done some more work
on the three-body problem. Like
Lagrange he failed to find a gen-
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Fig. 3. A “Klemperer rosette’’ of five orbin,

eral solution, but he succeeded in
extending Lagrange’s special
cases, which always dealt with
three bodies — though of course
all the L-points around one planet
might be occupied — to special
cases of many bodies.

You can have stable systems
for three, four, five, six, eight and
so forth bodies. They have to ful-
fill two conditions: they must or-
bit in the same plane; and they
must, at any moment, form a
regular polygon, Whether there is
a major mass in the center of
that polygon or not does not mat-
ter; the orbits would be stable
with or without a central mass.

One such possible arrangement
is shown in the second diagram.
Here we have four bodies, orbit-
ing in the same plane and in ellip-
tical orbits of the same size and
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eccentricity. The open circles
show the four bodies at their ex-
treme distances from the central
mass (which needn’t be there)
and they form a square. Some
time later, all four bodies have
moved the same distance along
their orbits, as indicated by the
closed circles, and they still form
a square. This system would be
stable. So would the five-body
system shown in Fig. 3. And a
64-body system, forming a 64-
cornered regular polygon, would
be stable too.

I said a short while ago that
two conditions must be fulfilled:
the bodies must form a regular
polygon at any moment and they
must move in the same plane. Do
they also have to have equal
masses, as indicated in the dia-
grams?

The answer is that they do not
have to have equal masses, pro-
vided another condition is ful-
filled. If we had a six-body sys-
tem, forming a regular hexagon,
the bodies could be of two differ-
ent masses, but then they would
need a regular arrangement. The
larger and the smaller bodies
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would have to alternate. In the
hexagonal system, bodies 1, 3 and
5 would have to have the same
mass and bodies 2, 4 and 6 also
would have to have the same
mass. But bodies 1, 3 and 5 could
be five times as massive as bodies
2,4 and 6.

These interesting arrangements
would not last if an additional
body wandered into the system
from the outside. For this reason
it is not very likely that such
systems actually exist.

But it would be careless to pro-
claim that they do not exist.
When Lagrange theoretized equi-
laterals back in 1772 no actual
case was known, and because of
such lack of confirmation in na-
ture his “points” were very nearly
forgotten. But then asteroid 1908-
TG was discovered by Max Wolf
in February, 1908, and when the
orbit was computed it was found
to move in the orbit of Jupiter.
Its running number and name be-
came 588-Achilles and it was the
first equilateral found.

Maybe a “Klemperer rosette”
will turn up, too!

— WILLY LEY
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