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ON DISCOVERING PLANETS 

K enneth Rose

Throughout the first five months of 1964 the evening sky was 
dominated by a dazzling light. On the evening of the annual meet
ing of the Swedenborg Scientific Association it reached its maxi
mum brightness, being literally as bright as all the stars in the sky 
put together. An observant person with a fair memory for details 
might have remarked that this phenomenon had not been present 
during the springtime in earlier years.

During October, 1963, a similar bright light appeared, this 
one in the eastern sky rather than the west. Someone with a 
modest familiarity with the night sky might then have noticed that 
such a thing had not always been so close to the “ Great Square 
of Pegasus.”

Between these two times, both of these objects appeared in the 
sky at the same time, clearly refuting any idea that they might 
have been the same thing. They moved closer and closer to
gether, until on February 27 they passed quite close to each other. 
One of them continued to move farther away from the sun, but 
reversed its course in mid-April. The other receded toward the 
sun, and on the way passed by another object, less brilliant than 
the first two, but still easily visible in the twilight. The third 
actor in this drama never did get very far from the sun, but re
treated into its protective glare after a week of visibility.

By this time even a casual observer, with a poor memory and 
a great ignorance of the constellations, could notice that something 
interesting was going on. He could, in short, make a personal 
discovery that some things that look like stars are wont to wander 
inconsistently against the unchanging background supplied by 
thousands of well-behaved fixed stars.

Opportunities like this have occurred repeatedly throughout the 
time that man has dwelt on earth. The qualifications for being 
a planet discoverer have been met by thousands of people over the 
ages. And thus it is that no one is given credit for discovering 
the best-known planets, any more than any one is noted for the 
discover}' of the Mediterranean Sea.

The story of planet discovery, having no beginning and probably 
no end, has a very great middle, which has held me fascinated ever
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since I undertook to write this address. I found twenty men 
whose biographies must be included, as footnotes if not as chapters, 
and references to many advancements in science and mathematics 
that are inseparable from the history of planet discovery, both con
tributing to its advance and being motivated by its needs. I can
not begin to tell the story as it should be told, and must recom
mend to anyone who finds any interest in my skeletal outline that 
he read more on the subject himself. Every volume of the Ency
clopedia, has at least one pertinent article. To draw your atten
tion to some of them there are key words and names set in bold
face type in the remainder of these pages. Many of the same 
items can be found in the index of The World of Mathematics, 
edited by James R. Newman, a four-volume best-seller published 
by Simon and Schuster. These references include bibliographical 
suggestions that can lead a reader on endlessly. In preparing this 
paper I found it very difficult to stop reading and start writing.

I thought I had finished most of my reading when I looked up 
one last item— or rather one first item. The first occurrence in 
the history of this subject happened to be the un-discovery of a 
planet. A  very early philosopher made the observation that Phos
phorous, the brilliant star that rose before the sun, and Hesperus, 
the dazzling evening star, were not two different objects, but one 
planet, which was given the name Venus. This negative dis
covery is credited to Pythagoras of Samos in Pliny’s Natural 
History, Book II, Part vi, where it is also noted that Venus “ at 
both of its risings . . . scatters a genital dew with which it not 
only fills the conceptive organs of the earth but also stimulates 
those of all animals.”

This little-known fact about the current evening star caught my 
attention, and I could not put Natural History down without read
ing nearly all of the second of its thirty-seven books. Book II 
deals with cosmology, astronomy, meteorology, geography, and 
geology, and constitutes an excellent background for the whole 
planet story. I recommend to anyone seriously interested in this 
subject that he or she spend some time with this little book before 
continuing to read these pages. The book must be read with 
tender sympathy, considering the scientific knowledge available 
at the time of its publication— 77 A.D.
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Plinius Secundus Gaius, known as “ the Elder,” quotes freely 
and uncritically from 100 previous authors, adding his own ob
servations and comments. In the process, he seems to include 
some mutually contradictory “ facts,”  but these are usually treated 
as examples of what different people think. He dismisses super
stition in favor of scientific knowledge, but cautiously.

. . . private meteors, except those that occur either at a man’s first marriage 
or on his birthday, do not prophecy beyond ten years, nor public ones beyond 
the 30th year, except those occurring at the colonization of a town. (Book 
II, Part liii.)

Still, Natural History is no catalog of wild ideas, such as often 
follows in a modern book after the words, “ The ancients believed 
that. . . .” True, the wild ideas are there, but they are explained 
in a dignified and scientific manner!

Clearly it would not be possible for the whole of the sun to be eclipsed from 
the earth by the passage of the moon between them if the earth were larger 
than the moon. (Book II, Part viii.)

You may have to think about that one.

Only [Mercury] and the moon set in as many days as they have risen in; 
Venus ascends in 15 times as many days as she sets in, while Saturn . . . 
[etc.] So great is the variety of nature; but the reason is evident—bodies 
that strain up into the heat of the sun also have difficulty in descending. 
(Book II, Part xiv.)

This is part of the explanation of the motions of the planets “ below 
the sun” (i.e., Mercury and Venus), which Pliny says “ has been 
explained by nobody before ourselves.” This and other disserta
tions in the book remind me so forcibly of a technical report on a 
computer project, or a bulletin from the National Aeronautics and 
Space Administration, that I may never again be able to read 
scientific literature without wondering how well the best of it will 
withstand the test of time.

Pliny paints a vivid picture of a “ world” of fixed stars, with 
the “ earth”

suspended by its force in the centre of space, . . . the light substances being 
prevented by the heavy ones from flying up, while on the contrary the heavy 
substances are held from crashing down by the upward tendency of the light 
ones. (Book II, Part iv.)
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The description is presented in an orderly style, with clear ex
planations for all the misconceptions, as well as for such things as 
the 223-month cycle of eclipses (Book II, Part x .) and other 
scientific notions that have not been improved upon at all in 1900 
years.

The finality of Pliny’s treatment may help to account for the 
fact that no planets were discovered for sixteen centuries after 
his time. He specifically discouraged some of the steps pre
requisite to discovery, such as the reckoning of distances in the 
sky, “as though the measure of the heavens were merely regulated 
from a plumbline!”  (Book II, Part xxi.) He simultaneously 
praises and condemns Hipparchus, the greatest astronomer who 
preceded him, telling how he

detected a new star that came into existence during his lifetime; . . . and 
consequently he did a bold thing, that would be reprehensible even for God— 
he dared to schedule the stars for posterity, and tick off the heavenly bodies 
by name in a list, devising machinery by which to indicate their several posi
tions and magnitudes, in order that from that time onward it might be possi
ble easily to discern not only whether stars perish and are born, but whether 
some are in transit and in motion, and also whether they increase and de
crease in magnitude—thus bequeathing the heavens as a legacy to all man
kind, supposing anybody had been found to claim that inheritance! (Book 
II, Part xxiv.)

The story of modern astronomy opens with a recurrence of this 
blasphemous action. Tycho Brahe discovered a nova in the con
stellation Cassiopeia, and was thus spurred on in his task of chart
ing the fixed stars as a background for all future discoveries. His 
astonishing skill and ingenuity at this task are part of one of the 
many stories that make up the history of astronomy.

Brahe is best known for his support of Kepler— emotional, physi
cal, and financial. He bequeathed to him his meticulous tables of 
star and planet positions, never living to see what marvels would 
be worked with them. But he also made special contributions of 
his own. The accuracy of his measuring techniques enabled him 
to find the distance to the moon, using its apparent position in the 
sky from two separated points on earth. When a bright comet 
appeared in 1557 he tried to do the same with it, only to find it 
far, far beyond the moon.

The failure to measure the distance as planned was itself a great 
discovery. Even at Pliny’s time there had been differences of



THE NEW PHILOSOPHY [Ju ly ,

opinion as to whether comets were inside the earth’s atmosphere 
or out in the “ world.” The idea of terrestrial origin had taken 
strong precedence through the centuries, so that their appearances 
— dutifully recorded under the dictates of superstition— were often 
described in geographical terms rather than in relation to the stars. 
Brahe’s observation placed comets in the same category as planets: 
stars that wandered. They were even more capricious about it 
than the major planets, whose motions could at least be described 
in terms of epicycles. Indeed, there was no way of knowing at 
the time whether two comets might be a Phosphorous and Hes
perus, appearing at different times, but really the same object.

The man who did the most to eliminate the apparent caprice of 
the heavenly bodies was Johann Kepler. His story is far too long 
and too important to try to tell here, but we would note a few facts 
that contribute to his greater glory. It must not be forgotten that 
he had no distances to work with. Every one of Brahe’s measure
ments was only a direction in space, and was necessarily measured 
from the moving Earth. A  person familiar with the motions of 
Earth and Mars can now draw a diagram to show how this direc
tion changes— advancing and regressing rhythmically, but with no 
cycle quite like the previous one. How incomparably more diffi
cult it was to infer the motions of both planets at once from the 
directions!

Even after Kepler’s work was finished, and a map of the solar 
system drawn, it was impossible to determine the scale. The use 
of the astronomical unit in astronomy is not prompted by any 
lack of units of length. Conversion to miles or the like is imprac
tical because it is not known just how long the A.U. is !

Our perspective can help us appreciate another feature of 
Kepler’s work. We know from his results that the orbit of Mars 
is an ellipse whose width (minor diameter) is 99 1/2% of its length 
(major diameter). When it is carefully constructed by laborious 
geometry, it looks as if it had been drawn with a compass, with the 
center 13 million miles from the sun. And yet, when Kepler tried 
to fit Brahe’s observations to just such an eccentric circle, he 
rejected the idea because he could not believe that his late friend 
could have measured so carelessly.

Finally let us note, to the credit of both Brahe and Kepler, that 
the latter did not see a telescope until after he had evolved his 
first two laws, nine years after Brahe’s death. Thus it was not

326
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even known that the planets present perceptible disks, in contrast 
to the stars, which appear as points of light under any magnifica
tion. The only known distinction was that the planets wander.

Armed with Kepler’s laws, and his own improvements on the 
telescope, astronomers reveled in discovery throughout the seven
teenth century. Galileo Galilei found four satellites revolving 
around Jupiter, their orbits in accord with Kepler’s laws, just as 
if the largest planet had its own “ solar system.”  Mercury and 
Venus were both observed in transit across the face of the sun 
(which Pliny had explained why they never did). Saturn gave 
Galileo great perplexity, first appearing as a triple planet and then 
having the two smaller companion bodies disappear. (This is a 
trick this planet plays on observers periodically; it will do it again 
in 1966.) Many others observed Saturn subsequently, but the 
quality of the optics they used forced them to rely heavily on their 
imagination in sketching what they saw. Then Gian Domenico 
Cassini discerned the true shape of the rings.

This same century saw the discovery of Jupiter’s great red spot, 
Mars’ strange markings, and five satellites of Saturn, but no new 
planets. Of course no one was looking for them. It was per
fectly plain that the sun’s family was complete, even when the 
heliocentric idea reduced the seven planets to a less interesting 
number six.

Galileo was bom before Kepler, but outlived him. In the his
torical picture, these two giants stood shoulder to shoulder, pro
viding Isaac Newton with a place to stand so that he could see 
farther than any other man. But even Newton’s story would have 
been very different without Edmund Halley.

Halley had been musing about comets, and wondering whether 
Kepler’s laws might describe even their strange behavior. He 
asked Newton whether he could possibly discern what path a body 
would follow in a field of gravitation under an inverse square 
law. Newton promptly replied that it would be one of the conic 
sections, remarking that he had worked it out some time before. 
Halley urged Newton to publish the results of his thoughts con
cerning gravity, the moon and falling objects, and gave him exten
sive assistance, including financial support and proofreading, to 
publish his Principia. Meanwhile, he delightedly applied New
ton’s answer to the comets, using parabolas as first approxima
tions of their paths for the sake of simplicity (a technique still
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used as new comets are discovered today). Of the twenty-four 
orbits that he analyzed, some seemed very much alike as well as 
periodically spaced, and he made the very bold conjecture that a 
comet had been returning to view with clocklike regularity, quite 
regardless of what human events it might have been portending. 
His research led him to the very satisfying conclusion that he him
self had seen in 1682 the very object that the Bayeux tapestry 
showed hanging over the scene of the Battle of Hastings six cen
turies earlier. He traced its appearances in an unbroken sequence 
back to 163 B.C., with some even earlier apparitions possibly 
attributable to the same object.

This identification eliminated a considerable number of astro
nomical objects previously supposed separate, and thus constituted 
an un-discovery; but it still added a great host to the ranks of the 
planets. Comets are still distinguished from full-fledged planets, 
but the differences between the two kinds of sun-children are 
slightly artificial. The total number of comets is now estimated 
to be well over 100,000, making them the most numerous denizens 
of the solar system.

Halley did not live to see the fulfillment of his unprecedented 
prediction of a comet’s return, but he died no less certain than 
if he had seen it. He can truly be called the discoverer of the 
comet that bears his name (next due in 1985), even though many 
others had seen it before he did. This point must be clear before 
we reach the climax of our story. Seeing and discovery cannot 
be equated, for each can occur without the other. Consider, for 
example, Flamsteed’s “ discovery” of 34 Tauri.

John Flamsteed took up the same task as Hipparchus and 
Brahe, but with the inestimable aid of the telescope. He improved 
on Brahe’s accuracy twentyfold, and extended his catalog to 3000 
stars, many of them invisible to Brahe’s keen eyesight. Among 
them was the one he numbered 34 in the constellation Taurus. He 
charted its position with his customary accuracy in 1690, and had 
no more reason to look for it again than he did for any of the 
others. But this same “ star” was discovered almost a century 
later, when John Frederick William Herschel both saw it and 
realized what it was.

Before this happened, however, there were several incidents that 
challenged the validity of Newton’s supposedly universal laws. 
The timing of eclipses of Jupiter’s satellites seemed to go astray
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in 1676. The explanation of the discrepancy was the discovery 
of the speed of light. The rings around Saturn seemed like a 
magnificent exception to the law of gravity, when it was calculated 
what stresses would be set up in a solid object of that shape and 
size by its own attraction for itself. The realization that the 
rings were made up of tiny particles revolving around the planet 
at different speeds turned the exception into a countless number 
of examples to support the law’s validity.

One of the significant contradictions to Newton’s and Kepler’s 
laws was recognized immediately as only an appearance. Halley 
found that the period of his comet was subject to variations of 
as much as fifteen months. But this only showed one of the 
subtleties of Newtonian mechanics. His hypothesis that gravity 
acts between any two particles in the universe implied that Jupiter 
or Saturn could deflect the path of a comet just by passing fairly 
close to it.

The kind of orbit described by Kepler could be realized only 
by a lone, spherical planet revolving around a spherical sun. The 
effects of other planets, non-sphericity, and other influences set up 
mathematical problems insurmountable even by the calculus that 
Newton had invented to cope with gravity and orbits. It was 
about a century after the publication of the Principia that Joseph 
Louis Lagrange and Pierre Simon de Laplace brought these 
problems under control with the intricacies of perturbation theory.

At this same time there appeared on the stage of this drama a 
comic, a buffoon— a parody of a law destined to play a part as 
influential as that of the stately principles produced by history’s 
finest mathematicians. This “ law” was stated by Johann Daniel 
Titius, but, like the Copernican system, it was named for its 
evangelical champion rather than its primogenitor. It was Johann 
Elert Bode who preached throughout the astronomical world that 
the mean distances of the planets from the sun follow a sequence 
in which the differences between successive numbers double at 
each step. The observation was necessarily based on a small 
statistical sample; espousing it also called for ignoring certain facts. 
The difference between Venus’ and Earth’s mean distances is 
slightly smaller than that for Venus and Mercury, and the gap 
between Mars and Jupiter is almost exactly seven times as large 
as the one between Earth and Mars. Nonetheless, with apologies 
inserted to cover up these little antinomies, including a “ missing
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planet” between Mars and Jupiter, the law was well known and 
well used. It served to support some astonishing discoveries 
before it crumbled beneath their weight!

The mathematical sequence .4 +  2n (.3) extends indefinitely in 
both directions as n takes on positive and negative values. To 
match these numbers to the planets’ mean distances (in astronomi
cal units), the terms involving negative values of n were removed, 
and replaced by the limit toward which they converge. The re
sulting sequence, and how well it matched the distances of the 
known planets, are shown below:

n .4 +  2n (.3) Bode Known Planets
— .4 .387 Mercury

- 3 .4375
- 2 .475
-  1 .55

0 .7 .7 .723 Venus
1 1.0 1.0 1.000 Earth
2 1.6 1.6 1.524 Mars
3 2.8 2.8 ?
4 5.2 5.2 5.203 Jupiter
5 10.0 10.0 9.539 Saturn
6 19.6 19.6 p
7 38.8
8 77.2

The peak of the career of Bode’s law came after the discovery
of Uranus. This, the first actual discovery of a planet, was 
quite accidental, although it must be said that the observer was 
looking for something. William Herschel wanted to find double 
stars to help him measure distances outside the solar system. A  
strange object he happened to see might well have been a star 
with a hazy corona, but he checked it again later and found that 
it had moved!

It is characteristic of the human memory to catalog things 
according to past experience. Even something that has never 
been seen before is noted as “ looking like” something else. And 
so Herschel inevitably thought of his discovery as that of a most 
unusual comet It took some time for the truth to dawn on the 
world that this was actually another planet—a good-sized one, 
following Kepler’s laws adequately—and placed 19.191 astronomi-



1964] ON DISCOVERING PLANETS 331

cal units from the sun, just where Bode’s Law indicated it 
should be!

Successful prophecy is an excellent test of a theory, and this 
incredible confirmation brought the law into very high repute. 
The “ missing planet”  became an object much to be sought after, 
and a campaign was undertaken to find it. The task was a large 
one, calling for great cooperation among many astronomers. While 
a keen organizer was dividing the ecliptic into portions for different 
observatories to scan, Guiseppe Piazzi found the planet by acci
dent, in much the same way as Herschel had found Uranus. He 
lost it again before orbital elements could be derived for it, but Karl 
Friedrich Gauss perfected a new method of orbital analysis just 
in time to recapture it.

The distance of Ceres is 2.767 astronomical units, and so its 
discovery was the second great triumph for Bode’s Law in twenty 
years. Nonetheless, it did prove embarrassing to some others: to 
the Lillienthal Detectives, whose committee effort was outmoded 
before it was really under way; to Georg Wilhelm Friedrich 
Hegel, who had just completed a learned treatise explaining why 
there could be no more than seven planets; and to the discoverer 
himself, who, after he was convinced that this was not a comet, 
had to report that he had found a “ major planet”  some 160 miles 
in diameter. Later measurements showed it to be larger, but still 
a miniature as planets go.

Even Bode’s exultation was dealt a severe blow the following 
year, when, as a by-product of the search for the missing Ceres, 
Heinrich Wilhelm Matthias Olbers found another planet, with a 
mean distance of 2.670 miles. Two more turned up in approxi
mately the same region in the next five years, and the spirit of 
Pliny the Elder walked the earth as everyone tried to explain this 
outlandish anomaly.

To add to the distress of astronomers everywhere, Uranus was 
misbehaving. Its orbital elements had been determined from re
peated observations, and backward extrapolation revealed that it 
had been seen many times before it was discovered. It was not 
only Flamsteed’s 34 Tauri, but another “ star” he had catalogued 
twenty-five years later. It had appeared on many charts as a 
star where subsequent observations found no star to be. Still, the 
old sightings did not quite agree with the “ modern” ones (c. 
1800), and things kept growing worse.
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The doubts cast upon the universality of the principles of celes
tial mechanics threatened astronomy with total collapse. We have 
mentioned the unknown scale of the universe; there were other 
difficulties akin to it on a higher level. Every scientific theory 
rests on assumptions, which are confirmed by examples but never 
proved. When one assumption turns out to be invalid, a great 
many theories based upon it may also fall. And so astronomers 
wondered, Could Kepler and Newton have been wrong? Was the 
marvellous consistency of their laws with observations only a 
coincidence? It could not be!

A  less disturbing thought was that the laws might be more 
subtle than had been supposed. The inverse square law for gravi
tation had been substantiated only for distances up to 10 astro
nomical units, and Uranus was almost twice that far from the sun. 
Even without an abrupt change, the force of gravity could be quite 
different at that distance. Mathematicians were quite familiar 
with functions that differed imperceptibly from inverse square 
variation at first, only to swing far from it for large numbers.

This idea, while it was considered at the time, was given a cool 
reception. The unjustified success of Bode’s Law had convinced 
people that simple laws could indeed describe the behavior of celes
tial bodies. One of the men who finally solved the riddle asserted 
while in the process that an altered law of gravitation was for him 
“a last resort to which [he] would not turn until all other poten
tial causes for the discrepancies had been investigated and re
jected.”  (Morton Grosser, The Discovery of Neptune, p. 100.)

The idea that turned out to be right was rejected and explained 
away by some as enthusiastically as it was espoused by others. 
This was the possibility that Uranus was being deflected by a 
more remote planet, not in defiance of the law of gravitation but 
in perfect conformity with it. In 1831 Louis Francois Wartmann 
even thought that he had seen a trans-Uranian planet, but he dared 
not put forth such an idea on the basis of a very few observations. 
He was encouraged in 1835 when Niccolo Cacciatore had a simi
lar experience, but the two of them together did not convince the 
world at large.

In 1835, Halley’s comet appeared again. It had already illus
trated what the gravity of the planets could do, and it added an
other refinement by appearing an entire day late, even with the 
perturbations by Jupiter and Saturn taken into account. This
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might have confirmed some in the idea that the universe was going 
haywire, but it gave others hope. Perhaps this visitor, which still 
seemed to exhibit a dramatic sense of timing, had been deflected 
by an ulterior planet.

The story of the resolution of this great riddle is the most 
dramatic part of this whole subject. Its scientific aspects are 
inextricably woven into a story of human feelings— of prejudice 
and stubbornness and patriotism and pride and humility, and of 
other emotions counterfeiting all of these. Here again I must ask 
the really interested reader to stop and devour a book on the 
subject. Morton Grosser in The Discovery of Neptune (Harvard 
University Press) devotes 143 small pages to this unbelievable 
adventure. He tries to give enough background to permit the 
reader to judge who contributed to the success of the project and 
who hindered it. I dare not even outline the exchange between 
John Couch Adams and the astronomer royal George Biddell 
Airy, lest my own reactions become mingled with the facts and 
threaten to prejudice you.

* * * * * * *

Whether you choose to look into the book or not, I would like 
to stress the magnitude of the task performed independently by 
John Couch Adams (a contemporary of the U. S. presidents of 
the same name, but not, as far as I know, related to them) and 
Urbain Joseph Leverrier. As Kepler inferred planetary positions 
from line-of-sight directions, these men had to infer everything 
about a totally unknown planet from its gentle effect on another. 
You recall that Kepler would have stopped sooner if he believed 
Brahe could have been off by eight minutes of arc in his observa
tions. Adams and Leverrier were trying to explain a difference 
one quarter as large! “ If, in 1844, the real and theoretical (tabu
lar) Uranus, 2' apart, could have been placed side by side in the 
sky, they would have appeared to even the sharpest naked eye as 
a single planet.”  ( The Discovery of Neptune, p. 100.)

How long has it been since you tried to solve three equations 
in three unknowns? If you cannot remember, you cannot begin 
to appreciate the magnitude of the problem of inverse perturba
tions. Unknown: the mass of the planet, its distance, whether its 
orbit was round or elongated, coplanar with Uranus’ or tilted, its 
own complementary deflections from an idealized orbit as it and
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Uranus attracted each other— in short, everything about it. An 
assumed set of values could be checked without serious difficulty 
( although I personally know very few people who would be willing 
to undertake even that task). But to approach the answer by 
“ trial and error” is fantastically difficult when a dozen or so vari
ables can all be changed. The facts had to emerge from the equa
tions, not go into them. Grosser’s book is not strongly mathe
matical in nature, but it does give a general idea of this problem.

One alternative was to wait for Uranus to go around a few 
times to provide more data. But at 84 years per revolution, this 
could only give a heritage for future generations. The drives of 
curiosity and trust in Newton’s laws were too strong. The prob
lem had to be solved.

When the whole picture is seen, it is perhaps less surprising 
that two men discovered Neptune at the same time. Those who 
wish to confirm themselves in favor of nature (D L W  351 ff.) may 
call Providence’s strategic placement of Halley’s comet a coinci
dence, and go on to say that the urgency of this question condi
tioned the world to its solution. The same may be true of 
logarithms, calculus, the periodic table, and other discoveries 
that were made simultaneously by two people. Indeed, one of the 
things that makes me most curious about the remote possibility of 
space exploration is a desire to know whether Neptune has been 
discovered by the inhabitants of Mars— or even of Uranus! It 
should be noted that Neptune is not visible to the naked eye, even 
from its nearest neighbors in space, unless atmospheres and eye
sight are better adapted to viewing than ours on Earth.

Be that as it may, it is certain that Neptune was discovered by 
two people in the same way. Both used Bode’s Law in the begin
ning, to simplify calculations within reason, but discarded it as 
they drew closer to victory. Both had immeasurable difficulty 
convincing anyone to look for the new planet, even when they had 
narrowed the field of search down to a very small area. The ques
tion of who first made the discovery raged across the English 
Channel for some time, characterized by what Jean Baptiste Biot 
called a “narrow spirit of geographical selfishness so wrongly called 
patriotism.”  (The Discovery of Neptune, p. 142.) It is a hollow 
question, for there is no doubt whatever of the independence of 
Adams and Leverrier upon each other. They both discovered



1964] ON DISCOVERING PLANETS 335

Neptune first, and in a manner most creditable among human 
accomplishments.

If, however, a reader is fond of controversy, he will be glad to 
know that Wartmann and Cacciatore were both right! They had 
seen Neptune, and the only one of them who lived to realize it 
was the one who had been too timid to announce his discovery 
until the other had repeated it. Not only that, but Joseph Jerome 
Le Français de Lalande had committed the greatest blunder of 
the whole story in 1795. This was after the discovery of Uranus, 
and before Hegel’s pronouncement against an eighth planet, so 
that he had no excuse. On May 8 he routinely charted the posi
tion of an eighth magnitude “ star.”  A  check two nights later 
showed it to be in a different position, and so he rejected the first 
reading and entered the second with a mark to indicate that it was 
doubtful! He did not even publish both sightings; the rejected 
one was found in his records after his death. In that indispensable 
but inefficient channel of all discovery, the human mind, he had 
written off a true discovery as a mistake!

This could hardly be said to compensate for other parts of the 
story, where mistakes were taken to be discoveries. Bode’s Law 
might be so characterized, especially after the eighth and ninth 
planets appeared at distances of 30.071 and 39.457 units, stretching 
any approximation to .4 +  2n (.3) to the breaking point (see the 
preceding table).

The discovery of Pluto added to the credit due to Adams and 
Leverrier by showing that the problem they solved did not become 
easy even after their solution. By 1930 any college boy who had 
taken calculus could handily dispatch some of the problems that 
were virtually impossible before Newton’s time. But in that year, 
when Percival Low ell decided that yet another planet was per
turbing Neptune’s orbit, he did not find it in the same manner as 
his illustrious predecessors. The success of his quest was attrib
uted to the diligence of optical searching rather than to an analysis 
that narrowed the area to be scanned.

Lowell faced an additional difficulty in that he had to pick out 
the remote planet in a dense field of objects brighter than it. He 
had to distinguish it, not only from the fixed stars in the back
ground, but from a large number of minor planets in the fore
ground.

At the time of the great Uranian mystery, the search for planets
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between Mars and Jupiter had been reopened. Ceres, Pallas, 
Juno, and Vesta, it was thought, could well be members of a large 
family. It was hoped that it would be large enough to support 
the hypothesis that these minor planets (somewhat inappropriately 
designated asteroids) were fragments of a good-sized planet that 
had been properly placed according to Bode’s Law when it was 
all in one piece, but had somehow broken up.

The fifth member of this family was found just after Leverrier 
and Adams had discovered Neptune on paper, but before the night 
when Johann Gottfried Galle confirmed their conclusions by sight. 
Hundreds of other minor planets have been found with mean dis
tances between those of Mars and Jupiter (but with a total mass 
far smaller than that of the smallest major planet). There are 
two sparse regions in their grouping, that seem to be related to 
the Cassini divisions in Saturn’s rings. Perturbation theory sug
gests that the gaps are caused by the gravitation of Jupiter, or in 
the case of Saturn by its largest moon Titan.

Over 1500 minor planets have now been catalogued, and thou
sands of observations are awaiting the establishment of orbital 
elements by additional sightings. It may be thought that it is not 
worthwhile to continue this process. Such a plea, usually out of 
place in science, has been definitely refuted in this case. If obser
vations had ceased after 400 were registered, a great opportunity 
would have been missed. Number 433 was most unusual, and 
accordingly was given the masculine name Eros in contrast to the 
usual practice of using feminine names. The orbital elements of 
Eros indicated that it had passed within fourteen million miles of 
Earth four years before its discovery. Retrospect revealed that 
it had been photographed 21 times during that passage. Eros 
and a later discovery Geographos have been used as the best means 
of measuring distances in the solar system. Their close ap
proaches allow triangulation to determine distances far better than 
could be done with Mars, which comes no closer than 35 million 
miles.

Outside the main swarm of minor planets there roams a small 
subgroup of six called the Hilda group, and beyond them is one 
apparently lonesome sentry in an orbit considerably larger than 
that of any other minor planet known at the time of its discovery. 
The bothersome chore of naming the planets had one of its bad 
days when this one was christened Thule, the farthest out. Shortly
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later the whole family of Trojan planets appeared in orbits as 
far from the sun as Jupiter’s.

These must have surprised the namer of Thule, and yet their 
existence had been prophesied in 1772 when Lagrange made his 
keen analysis of the three-body problem. He showed the likeli
hood of a tiny planet’s falling into the same orbital path as a large 
one, but either preceding or following it by one sixth of a revolu
tion. It is considered quite likely that such bodies, possibly only 
inches in diameter, are accompanying our moon in its orbit around 
Earth. These may turn out to be the first denizens of the solar 
system to be discovered by a direct visit to their habitat.

Thus, while the discovery of Neptune was the climax, we are 
still in the middle of the story of planet discovery. No one is 
bold enough to think that even all the major ones have been 
located. Leverrier recognized this right away, being quick to 
deny that Neptune was the last planet, and rejecting names for 
it that implied as much. He, in fact, conducted a specific search 
for another planet, for which he chose a fitting name in advance. 
His theory was that Vulcan revolves in an intra-Mercurial orbit, 
so close to the sun that it cannot be seen from Earth. How, then, 
is it known to be there? The same way that Neptune was detected 
— by its perturbation of another planet. The orbit of Mercury 
has a strange quirk; its major axis turns 40 seconds of arc farther 
each year than can be accounted for by all known perturbations.

Leverrier’s search was doomed to failure, but Mercury’s mis
behavior was explained later. And, in keeping with the strange 
sequence of events in this story, the explanation took the very form 
that Adams and Leverrier had been loath to consider. The laws 
of Newton were extended to fantastic distances, in and beyond the 
solar system, without departure from their beautifully simple mathe
matical character. When Albert Einstein finally found a deviation 
from this law, it was at the lower end of the scale. The closest 
known planet was the one that suffered measurable effects of the 
influences brought to light in the special theory of relativity.

The possibility remains that another planet may be discovered 
closer to the sun than Mercury, or farther than Pluto, or anywhere 
in between. Science fiction writers occasionally postulate a planet 
in the same orbit as earth, but on the opposite side of the sun. 
This, however, is more fiction than science. The absence of per
turbations of the observable planets indicates rather strongly that
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any further planets in our solar system will be very small or very 
remote or both.

Planets of other suns are extremely difficult to observe, but in 
some cases their existence has been inferred from the motions and 
changes of brightness of certain stars. Some statisticians recently 
have estimated the number of habitable planets in the universe, and 
have arrived at very impressive figures on the basis of assumptions 
that I consider very narrow and provincial.

Meanwhile, in our own solar system, discoveries of planets of 
all kinds continue. New minor planets and comets keep appearing. 
You, in fact, discover a planet every time you see a meteor or 
“ shooting star.”  Unfortunately, it perishes just as you find it, 
but until that time it was a particle in orbit about the sun— fre
quently in the same orbit as some comet, as has been found to be 
the case for the various annual meteor showers.

The satellites of the planets have often been useful discoveries. 
They help astronomers learn about their parent planets, and open 
up new avenues of speculation. Recently it was suggested that 
the two small satellites of Mars may have been manufactured by 
the inhabitants of that planet, like the hundreds of objects that 
men have placed in orbit about Earth.

The story of planet discovery has been inseparable from the 
growth of mathematics and science, and these promise to continue 
also. The mathematics of the motion of artificial satellites still 
challenges man’s analytical ability. Inverse perturbation analysis, 
like that used by Adams and Leverrier, is presently being applied 
to satellite orbits to learn more about our own planet. Instru
mentation continues to develop, spurred on by such goals as the 
resolution of the particles in Saturn’s rings or the determination 
of Pluto’s diameter.

Some of the developments in the story of planet discovery have 
been, and doubtless will be, so dramatic that it is easy to imagine 
that the solar system itself is changing. W e must remind our
selves that the music of the spheres has been steady and serene 
throughout all the reorganizations from the geocentric (or even 
egocentric) system to the relativistic continuum. The scene of 
the whole story has been the spiritual world, where men’s minds 
dwell and communicate and respond to their natural environment. 
Each generation has understood the universe in its own way, and 
has not been aware of the inadequacies in its concepts. New ideas
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often appear to flaunt common sense, but they ultimately become 
the new common sense, exposing the fallacies in older ideas as they 
explain appearances in simpler and more beautiful terms.

The men who achieved the greatest advances in the mental ex
ploration of space were of many kinds, but they had two charac
teristics in common: doubt and faith. They doubted enough to 
keep their minds from being blocked by cherished ideas that might 
be antithetical to what they were trying to discover. They be
lieved with all their might that the universe was subject to laws 
of perfect order, and that any appearances of caprice could be 
resolved. They worked hard to achieve this, struggling with their 
own prejudices as well as with other people’s old ideas and incor
rect observations. And they emerged triumphant, reaping re
wards greater than any of the creature comforts that they denied 
themselves for the sake of their cause.

They discovered planets.

LECTURES ON TH E PH ILO SO PH Y  OF 
SW EDEN BO RG ’S PRIN CIPIA

George deCharms

L ecture V. L ight and H eat, the Ether and the A ir, 
the Formation of Seeds

W e have described how, according to the philosophy of the 
Principia, the natural sun was formed within the volume of the 
first aura— how, at the surface of an expanding center of first finites 
active, the bullae of the first aura were crushed, and reduced to 
a hard, resistant substance called third finites. These third finites 
formed a coating or crust around the central space of first finites, 
and by the impact of that active center were caused to vibrate at 
tremendous speed until they became a mass of fiery incandescent 
gas which appears to us as the sun. W e have seen also how, from 
the third finites as a covering, or shell, enclosing a minute center 
of second finites active, the second aura was formed, extending in 
a vast vortex around the sun, conveying but tempering the heat 
and the light of the sun to reception at the surface of the earth. 
Finally we have seen how, from the crust of flaming gas at the 
surface of the sun, the planets, satellites, and asteroids were thrown
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