E pur si muove,
- Galileo.
4. DISCOVERY OF PLANET PLUTO.

Planets are with us from the very beginning. The first time when enough conscious mind
looked at the sky, and started to ask first questions, must have taken place thousands of years ago.
After the Sun and the Moon, the next interesting objects in the sky were planets. From ancient
times there were five “moving stars” as they were called. Probably names of the week days originate
from this fact. In some languages, like for example Spanish, still names of days of the week are
closely matching names of planets. The country of origin of that is probably ancient Babylon, where
astronomy was highly developed.

Five planets inherited from Babylon and Egypt by Greece, then by Romans and finally by our
civilization, stayed with us for long years, as long as 15th century. That is when Polish astronomer
Copernicus first time placed them in the right order. Just to refresh our memory, at that time we had
the Sun, Moon, and “moving stars”, five of them: Mercury, Venus, Mars, Jupiter, Saturn. This was
the beginning. The next step was possible only when more advanced technology was applied. As for
the late 18th century in England , the telescope maker and organist William Herschel still had a kind
of Leonardo da Vinci's mind. In 1781 he spotted Uranus. With a curious mind and a long time
spent on sky watching, he was rewarded with this spectacular discovery.

Half a century must have passed, before the next step could have been made. Uranus was
very easy to observe. It is almost visible with the naked eye. Neptune on its turn was tricky. It is not
that easy to find a moving object, that is not that bright, and the disk is not that easily visible.

This is hard. The genius of two mathematicians, and the international effort was needed here. Back
in those days there was no photography, and all observations were made “by hand”. There are many
objects in the sky that look like planets when viewed through a small telescope. The observer was
supposed to check two things, disk-like appearance of the object, and the fact that the object is
moving in the sky. Since Neptune is not very bright, it was a very challenging task for the early 19th
century astronomers, and help was needed from mathematicians.

Since the discovery of Uranus, astronomers were able to observe small differences in the
predicted positions of Uranus in the sky. The observed positions of the planet were not matching
predictions. The theory was formed, that the reason for the situation is the impacting heavy object
supposedly a planet, located beyond the orbit of Uranus. The task of predicting the position of the
hypothetical planet was not an easy one. Two mathematicians solved the problem independently, in
England and in France, however they encountered problems convincing local astronomers. A third
country was needed to do the observations ( | still do not quite understand this ), and finally in
Berlin German astronomer J. Bodde spotted the planet in 1846. The planet was found this close to
the predicted place, that it can be considered one of the greatest achievements of 19th century math-
ematics ( please remember that days there was no computers and WINDOWS ). The success was of
this scale, that careful observations were performed. Everybody was hoping that by the same token,
as in the case of Uranus, Neptune’s positions for sure will not match predictions, and the next planet
would get discovered soon. Actually a wishful thinking kind of approach went that far, that indeed
some perturbations were supposedly observed. Some guys here and there tried to do the same, as
John Couch Adams and Urbain Leverrier in the case of Uranus. Observations, mathematical predic-
tions, calculations, and nothing. Many many years passed, some planet hunters dropped off, some
died, some said that maybe Neptune is the last planet. However one guy decided not to give up.
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For Percival Lowell the goal was to find the planet ‘X’ ( not only goal, he was also famous
for his observations of Mars ). He founded his private observatory in 1894 in Flagstaff Arizona, and
dedicated portion of his life searching for the planet beyond Neptune. A few times he was very
close to finalizing his ultimate dream. It looks like a few times PLuto was missed. It is very sad that
Percival Lowell died before PLuto was discovered. In spite of the fact that he himself did not dis-
cover the planet, he prepared the groundwork for the discovery. His observatory in Flagstaff Arizona,
was ready for the discovery with its new refractor and photographic technique of observations.

Clyde Tombaugh was hired for the search of the planet in 1929. The attitude of the young man was
needed for the success, he was 24. The idea of the search of the specific region predicted based on
mathematical calculations was rejected at that time, and was replaced with the brute force approach.
All the area of the sky around the ecliptic was being photographed, down to magnitude 16 ( stars
almost 10000 times fainter than the dimmest stars visible by the naked eye ). The pictures were later
scanned with use of the so called “blink comparator” during the day. The idea was, that if there was a
moving object it would show up by its movement. Of course everybody thought those days, that a
planet if discovered would be a big one. Probably the disk of the planet would be observable was
the assumption, like in the case of any other known planet so far.

So, Tombaugh night by night photographed the sky, and during the day he was looking at his
pictures “blinking them”. Millions of stars were searched, almost unbelievable task. Brute force
blind search kind of approach looking for the needle in the hail stack. The amazing thing is, that it
paid off. In 1930 he succeeded, he discovered the little planet that is the subject of my book.

The existence of the third planet not visible to the naked eye, was announced to the world on
13th of March 1930 ( PL's birthday and 149th anniversary of the discovery of Uranus ). It was an
incredible success. The new planet was discovered, so there must be a disk observable in the sky
through a telescope, that was the common way of thinking. The disks are visible for all other planets
in the Solar System, and that is the reason why the light of the planet looks stable in the sky, while
stars sometimes scintillate. This was the very first surprise in the long chain of “dropped down
jaws”. There was no disk. No disk ? No way, there must be a disk visible in a telescope, there was
one for Uranus and one for Neptune, so there should be one for Pluto. No disk, period. OK, maybe
the planet is small but very massive was the assumption. The common thinking was, that PLuto
should be responsible for all problems with the Neptune’s movements in the sky, so probably it is
massive. As somebody observed, since its discovery PLuto started to lose weight, as years went by
and better and better techniques of observations were used, the estimated mass of PLuto was
disappearing. More and more precise instruments and still no disk observable in the telescope.
Finally all the problems with Neptune’s positions were explained as errors in earlier observations,
so the main reason for keeping PLuto fat was gone. Based on the speed of this phenomenon of the
“weight loss”, it was observed that Pluto must disappear completely by the end of the century. | am
afraid this happened, PLuto finally was almost excluded from the family of planets.

In the meantime more and more facts about PLuto were collected. Its orbit was calculated
more precisely, and also there were first suggestions of the atmosphere. PLuto as most of the planets
in the Solar System moves around the Sun on the elliptical orbit , it is positioned on the very elon-
gated elliptical orbit though. | guess it is very well known fact that PLuto is not always the farthest
from the Sun in the Solar family of objects. It takes PLuto almost 250 years to go around the Sun;
during this time, for twenty years Neptune holds the title of the farthest planet from the Sun. In
February 1999 PLuto got back to its usual place, and became the farthest planet from the Sun again.
Twenty years between the year 1979 and the year 1999, PLuto was closer to the Sun than Neptune.
The perihelion, that is the closest point to the Sun on its orbit, PLuto reached in September of 1989.
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The orbit of PLuto is inclined to the main plane where all other planets move around

the Sun. Itis 17 degrees of inclination to the ecliptic to be precise, and that makes it the record
holder for big objects in the Solar System, and the second one is Mercury with only seven degrees.

Probably the biggest discovery for Pluto, after the discovery of the object itself, was the
discovery of its moon Charon. It looks like the only discovery of its kind in the history of as-
tronomy. In 1978 James Christy noticed that on some pictures, the image of Pluto is unusually
elongated on one side, and on some other pictures it is on the opposite side. The conclusion was,
that there must be a moon there. It is hard to believe, that in spite of the fact that PLuto is located in
the Solar System, the direct observation of the moon was not possible for such a long time. The
short distance of Charon from PLuto, plus the long distance to the double system from the Sun,

did not allow the ground based telescopes to see the satellite separately. The angular resolution of
ground based telescopes is almost exactly a bit too little to see Charon. The so called “seeing” for
ground based telescopes is on average around 0.5 arcsecond, that is also more or less the average
angular distance between these two objects in our sky. So in a sense it is possible to see both objects
separately in extremely good weather conditions ( like for example on top of Mauna Kea on Hawaii),
when “seeing” sometimes can be as good as 0.3 arcsecond or even less. The catch is that you must
know that there is a satellite in order to observe it. Nobody expected PLuto to have a satellite this
close and this big, so as a result nobody looked for it. Of course once Charon got discovered, a few
observatories during exceptional “seeing” were able to confirm the existence of PLuto’s brother.
Charon got discovered in 1978 on photographic pictures like PLuto itself, but accidently, say it was
jut a coincidence.

This was the beginning of the real story with PLuto. Somehow the most exciting stories about
Pluto are related to its satellite. Shortly after the discovery, astronomers realized that the position of
the orbit of Charon is such, that eclipses of Charon by PLuto are just finished, or they will start
shortly. Luck again, Charon was discovered before eclipses, seven years before the start of the
eclipse season, and the eclipse season happens every 124 years. The eclipse season is a few years
long, and during this time one of the objects is passing in front of the other, or is hidden behind the
other one. The eclipse season took place between the years 1985 and 1991 ( details are described
later in the book ), and allowed astronomers to add many more details to the description of the little
world at the end of our planetary system. Charon is so big when compared to PLuto, that not only it
can partly cover PLuto, but also huge shadow is projected on PLuto’s surface. The diameter of
Charon is bigger than half of the diameter of PLuto, but only a bit . What astronomers were able to
see ( during eclipses ), is not directly the two objects and the shadow, but just the change of the
intensity of light of two combined objects. Just by checking the changes in the intensity of light,
astronomers were able to say very much about physical properties of the two different objects. For
example that two objects reflect light differently, PLuto is brighter and Charon is a bit dimmer.
Another interesting observation is that there are bright and dark spots on PLuto’s surface, big differ-
ences, not very typical for other objects in the Solar System. An even more interesting discovery
was, that there are seasonal changes on PLuto, related to changes in the atmosphere of PLuto, also
brighter polar caps were observed. Also it was discovered that PLuto and Charon are composed of
different materials. There is a very important fact that we should clearly mark here. PLuto was at its
closest point to the Sun during the eclipse season. It reached perihelion in 1989, during the eclipse
season, and because PLuto was that close, it was easier to observe all mentioned details ( coinci-
dence ). Because its axis of rotation is inclined to its orbit by 122 degrees, during its voyage around
the Sun PLuto shows us either its pole orits equator. Now the equator part is exposed to us.
During the discovery in 1930 the pole portion was visible from the Earth.
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Let us go back to the year 1930. PLuto was discovered during the day, from pictures taken on
a few nights of observations. Here is the discoverer himself describing what happened.

“In January 1930, | rephotographed Gemini. On the crystal night of 21 January, | took first
plate of the DELTA GEMINORUM region. Soon after | started the exposure, a strong Northeast
wind came up, and the 3rd magnitude guide star ( DELTA GEM. (WN)) was darting about wildly,
and swelled up to over 2 times the angular diameter of Jupiter ( around one arcminute (WN))-
completely fading away at times. | never saw worst seeing in my life before or since. | continued
the exposure until the end of the hour and quit for the night. The images were badly swollen, but
showed PLuto’s image in the right place- consistent with the shift on the 23 and 29 January
plates, which | detected at about 4:00 PM Mountain Time on 18 February 1930.”

Please read the book “The Struggles to Find The Ninth Planet” by the discoverer himself, if
you are interested in more details, the above text is from this book. It looks like something very
special took place on the night on 21st of January, or maybe it is just my imagination, but first time |
read the description of the event, | was under an impression like that.

Tombaugh's effort was a continuation of the effort started by Percival Lowell as early as
1905. In the period 1905 through 1907, the first photographic search was made with a 5 inch lens
having the usable field of 5 degrees along the Invariable Plane ( plane where most of the planets are
located in the Solar System ), which is inclined 1.6 degrees to the ecliptic. PL ( the symbol for
PLuto and also Percival Lowell’s initials ) scanned pairs of plates by laying one plate over the other (
1), and using a hand magnifier. At that time, PLuto was outside of the search strip, and also too faint
to be recorded .This was the first attempt to find PLuto.

In 1911, a photographic search was made mainly in the area of the constellation Libra. It was
done with 40-inch reflector, using exposures of ten minutes or less, but due to tangential come (
optical imperfection of the reflector ), the field was limited to one degree. After one year, this at-
tempt was abandoned. This was the second attempt in search of PLuto.

The next search was performed with use of the borrowed 9-inch camera from Swarthmore
College. Nearly 1,000 plates were taken over the considerable area of the sky in the period
1914-1916. Only two of those plates contained the image of PLuto near the plate limit. The Lowell
Observatory owned at that time a Carl Zeiss Blink-Comparator for scanning the pairs of plates, but
the images of PLuto were missed ! This was the third attempt. If PLuto was discovered at that time,
this book would have never been written ( this will be explained later ). Clyde Tombaugh was
shocked when he learned, that these two plates were taken on March 19 and April 7 1915, almost at
the worst possible time for detection ( PLuto was very close to its stationary point, and was very
hard to be detected by its movement in the sky ). Tombaugh in his systematic search, in which he
was finally successful, used the so called opposition point search approach. The area of the search in
his approach was always apposite to the Sun. Thanks to this approach he was guaranteed that the
object that he was looking for, would always move in the sky ( would never be stationary ), and
would be visible at its best ( pictures taken around midnight when the sky is very dark, and from the
closest distance from the Earth ).

In 1915 Lowell drastically revised the preferred region of the search to eastern Taurus. This
region is in the Milky Way, and the plates were extremely rich in stars, and that slowed down the
rate of scanning. Unfortunately Lowell died suddenly of a stroke at the age of 61, and no more
planet searching was done for the next 13 years.
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THE DISCOVERY OF PLUTO ORIGINAL DOCUMENT

5
LLOWELL OBSERVATORY '

Observation Gircular

THE DISCOVERY OF A SOLAR SYSTEM BODY APPARENTLY TRANS-NEPTUNIAN

The message sent last night (March 12) to Harvand Observatory for distribution to asfron-
omers read a5 follows:

*Syulematic search begnn Fears ago enpplementing LowelPs investigntions for TransNeptunian plamet
hna revenled object which sluce seven woeke has in rute of motion and path eonsietently conformed ta Trans-
Neplunian body al approximate dietance he assigned. Fifteenlh magnitnde, Posltion March twelve days
three howrs GMT was seven seconds of time Wese from Delin Geminorom, ngreeing with Lowell's predicted

longitude.”
For eage in finding object waa referred to Delta Geminorom.
{l‘ouil.i.un March 1214 GM.T. BA, v 15m 300 Dee 22° &' IH“‘)

The finding of ihis object was a direct result of the scarch program set going in 1905 by Dr.
Lowell in eonnection with his theoretical work on the dynamical evidence of a planet bevond Nep-
tune. {See L. 0. Memoivz, Vol. I, No. 1, “A Trans-Neptunian Planet,” 1914), The earlicr search-
ing worls, laborions and uncertain because of the less efficient instrumental means, could be
resumed much more effectively early last year with the very efficient new Lawrence Lowell tele-
senpe specially designed for this particolar problem. Some weeks ngo, on plates he made with
this instrument, Mr. C. W. Tombaugh, assistant on the staff, uging the Blink Comparator, found
a very exeeplional object, which sinee has been siudied earefully. If has been photographed
regularly by Astronomer Lampland with the 42inch reflector, and also observed visually by
Astronpmer E. C. Slipher and the writer with the larre refractor,

The new object was fivsl recorded on the dearch plates of Jangary 21 (1930), 23rd, and 20th,
and since Febroary 19 it has been followed closely. RBesides the mumerous plates of it with the
new phoiographic telescope, the ohject har been recorded on more than a seore of plates with the
large reflector, by Lampland, who is messuring both series of plates for positions of the object
Tta rate of motion he has meapured for the available material at intervals between observations
with results that appear to plaee the ohject outside Neptune's orbit at an indieated distanee of
ahout 40 to 43 asironomica]l units. During the period of more than T weeks the object has re-
mained close to the ecliplic; the while it has passed from 12 days after opposition point to within
abouat 20 days of its stationary poeint. Tis rate of retrogression, March 10 fo 11, was about 30"
per day. In its appareni path and in lts rate of motion it conforms closely fo the expected he-
havior of a Trans-Neptunian body, at about Lowell's predicted distance. There has not been op-
portunity yet fo complete measurements and accurate reductions of positions of the object requd-
gile for use in lhe computation of the orbit, but it is realized that the orbital elements are much
to be desired and this imporiant work is in hand.

In brighiness the object is only about 15th magnitude. Examination of it in the larpe re-
fractor—but without very good seeing conditions—has not revealed certain indication of & planet-
ary didk. Neither in brightness nor apparent size is the ohject comparable with Neptune. Pre-

d liminary allempis at eomparative color tests pholographically with large reflector and visually
with refractor indicate it does not have the blue color of Neptune and Uranus, but hint rather that
ita eolor is vellowish, more like the inner planets, Such indications as we have of ihe ohjeet
suggest low albedo and high density. Thus far our knmwledge of it is hased largely upon lis
observed puth and ity determined rates of motion. These with its position and distance appear
tﬂadlg;unly those of an ohject beyond Neptune, and one apparently folfilling Lowell's theoratical

ndings.

While it is thus (oo early to say much about this remarkable object and much caution and
concern ave felt—beeanse of the necessary interpretations involved—in announcing its diseovery
before its status is fully demongtrated; yet it has appeared a clear duty to sclence to make its
exigtence known in time to permit other astronomers to obgerve it while in favorable position
before it falls too low in the evening =l for effective ohservation.

—V. M. SLIPHER.

Flag=tail, Arizona
March 13, 1930

ﬁ;&dc& . TE”‘”@C‘M@Q

Please notice the beautiful well placed signature of the discoverer ( this will be explaihed later) , as
well as the information about three points in the sky where PLuto was first noticed, positions of
Pluto for days 21st, 23rd and 29th of January 1930 ( please notice also DELTA GEMINORUM ).
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Below the coincidences related to the discovery of PLuto, and coincidences related to discov-
eries of details about PLuto system are listed.

1. Firstin along search of the planet, PLuto was missed on photographic plates in the years
1914-1916. If PLuto was discovered at that time, it would be too far from the ecliptic and this book
would have never been written ( this will be explained later ).

2. The director of the Lowell Observatory V.M. Slipher started the search himself in April
1929 in the Gemini region. He blinked a few photographic plates himself, and missed PLuto ! ( this
fact is not well exposed in books, since it was the director of the observatory himself ). If PLuto
was discovered by Slipher in 1929 this book would have never been written ( PLuto was too far
from the ecliptic at that time ). Later Clyde T. continued the search for the planet. PLuto was
discovered many months later, after almost a full circle of pictures around the sky (45 million stars
on the photographic plates “blinked” !!'!' ) , when Clyde T. was back in Gemini region again.

3. The discoverer ( Clyde Tombaugh ) was under impression that something very special
happened on the night of 21st of January of 1930, exactly at the time when he was taking picture of
the very first “discovery point” of PLuto. The strong wind, that he experienced only one time in his
lifetime as he described that later in his book, just a coincidence ( or maybe just my imagination ).
The fact is that the quality of the picture taken on 21st of January was very bad ( this is not my
imagination ).

4. The telescope used by C.T. for his famous discovery, was a 13-inch refractor with a focal
length equal 1700 mm. Therefore on photographic plates used for taking pictures the scale was equal
30 mm for one degree. It is very easy to calculate that by using 17 by 14 inch plates, the sky was
covered seven degrees north and seven degrees south from the ecliptic. The inclination of the orbit of
Mercury is equal seven degrees, and it was the highest value known. All known planets in the year
1930, before the discovery would fit in this area. However, PLuto has inclination equal 17 degrees.
Nobody expected this high value of inclination. As a result PLuto could have been outside of the
area of the sky where it was searched for. It just happened that it was inside, in spite of the fact that
the probability was higher for PLuto being outside (!). Please think about it. The probability for
being inside the search area is equal 7/17, and for Pluto positioned outside of the search strip is
equal (17-7)/17 = 10/17. Pure luck, Pluto was at the right place at the right time. Of course if PLuto
was not there it would not be found by Clyde Tombaugh.

5. The discovery of PLuto took place very, very close to ecliptic, as a result all three original
discovery points are in the area eclipsable by the Sun. PLuto could have been discovered somewhere
else in the sky, farther from the ecliptic. The probability of discovering PLuto only ten arcminutes
from the ecliptic | estimate to 1/6 ( 10 arcminutes divided by 60 arcminutes in one degree ) multi-
plied by 17 ( inclination of PLuto’s orbit to the ecliptic in degrees ), this is around one in one hun-
dred. Please note that neither Uranus nor Neptune were discovered this close to ecliptic, in spite of
the fact that the probability was much higher for these planets, since their inclinations to ecliptic are
much lower ( 0.8 degrees for Uranus, 1.8 degrees for Neptune, while PLuto’s inclination is 17 ).

Of course both planets were not discovered on photographic plates, since there was no photography
in the late 18th century and early 19th century. However, based on the date of discovery we can
precisely calculate their positions for the moments of discoveries.

From the point of view of time, PLuto was in the proper area only for a “short while” in
comparison to its 248 years long time for one rotation around the Sun. To be more precise, only less
than two years there was a chance of catching Pluto in the area eclipsable by the Sun, so close to
ecliptic, and this happened (!).
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6. The discovery of PLuto in the sky took place very close to the star DELTA GEMINORUM
and this star is the brightest star of all in the area eclipsable by the Sun. In fact this star almost marks
the place in the sky where the orbit of PLuto, crosses the plane of the ecliptic. This is the so called
node of the orbit of PLuto. PLuto happened to be very close to its node during the discovery. Of
course there is one more node, on the opposite side of the sky. This position PLuto will reach in the
year 2054. There is no special star at the other node of PLuto’s orbit, the only node that is marked
by the star ( the brightest of all that the Sun can eclipse ) is the one where PLuto was discovered.

7. Clyde Tombaugh referred to the star DELTA GEMINORUM in his original discovery
document ( probably not realizing that the star is the brightest of all eclipsable by the Sun, since from
a scientific point of view it does not matter ). PLuto passed this close to the star shortly after the
discovery ( less than one arcminute ! The odds are equal 1/ 180 degrees * 60 minutes/ degree =
1/10800 !), that Clyde T. decided to expose this fact in his Observation Circular. Please read it
carefully - “...For ease in finding object was referred to Delta Geminorum...”.

8. In his document C. Tombaugh clearly mentioned three discovery points 21st, 23rd, 29th of
January 1930, in spite of the fact that he discovered Pluto blinking pictures taken on 23rd and 29th.
My guess is that the quality of the picture from 21st of January was very bad ( strong wind )

In his search C.T. was taking three pictures and was selecting the best two for blinking. Originally
only two pictures used to be taken, but in September 1929 Clyde T. all of the sudden started to take
three pictures, in order to be able to select the best two for blinking (?)).( You will understand later
why three pictures are so important from the point of view of my book. )

9. PLuto’s moon Charon was discovered in the year 1978 by accident, on photographic
plates. One can easily imagine that Charon would have not been discovered for a few more years, up
to the time of Hubble Telescope ( 1990 - after mutual eclipses in PLuto+Charon system ). This is a
big coincidence (!).

10. Charon was discovered just seven years before the eclipse season of PLuto+Charon
pair. If it was discovered a few years later, after the eclipse season, we would not know that the
maximum eclipse time is coincidentally related to the closest point of PLuto on its orbit around the
Sun. This book would have never been created in such a case (it will be explained in details later ) .
Thanks to mutual eclipses ( 1985 -1991 ) of PLuto+Charon many facts about both objects were
collected, including estimations of masses and sizes. Please remember that the eclipse session in the
PLuto+Charon system happens every 124 years.

11.The end of the century, and PLuto just passed through its closest point to the Sun called
perihelion, this took place on 5th of September of 1989. PLuto was visible better thanks to the
closer distance to the Sun, and allowed us to look closer at its structure. For twenty years ( 1979 -
1999 ) PLuto was our guest. It was closer to the Sun than Neptune, we must wait almost 240 years
for the next visit of PLuto.

12. One more thing that should be mentioned here. After the incredible success with math-
ematically predicted position of Neptune, and the discovery made based on that, many people tried
to calculate the position of the next planet. Of course PLuto is very small, and could have not per-
turbed positions of Neptune, and Uranus in the sky. On the other hand nobody knew that. Everybody
expected the new planet * X’ to be very similar to Neptune. Many people tried to calculate and
predict the position of the unknown planet. By coincidence, the data that Percival Lowell used for
his search, predicted the position of the planet ‘X’ not far from the place in the sky where PLuto
was really positioned. Some books expose this fact as a great success, this is too far going specula-
tion with facts for me.
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