Z wizyta u Plutona.
W poszukiwaniu nowych horyzontéw.




A co jest za tq gorq, zakretem, morzem?




Jak wyglgda Swiat?

Miller Mappemandi ¥ ’

ORBIS HABITABILIS av susrese PO

Mapa Swiata z roku 43 - przedruk mapy narysowanej ‘
przez Pomponiusza Mele - rzymskiego uczonego
uznawanego za ojca geografii. Mapa

zrekonstruowana w 1898 r. przez Konrada Millera



Horyzont Uktadu Stonecznego




Horyzont Uktadu Stonecznego

Johann Gottfried Galle
Sir William Hershel

John Couch Adams




Odkrycie Plutona

Wyznaczona masa
Neptuna wydawata sie
za mata do
wyttumaczenia
obserwowanych
perturbacji ruchu Urana.
Rozpoczety sie
poszukiwania kolejnej
planety.

Percival Lowell

R http://www.tinyblue.com .

TFof Breival Lowe,
recoghised as the
Featest avthority
onthe svbject, de-
clares there can be
1o dovbt that Iivin :
bein‘g(s Inhabit ovr §
neighpor world.
ByLili&nWhiting.



Odkrycie Plutona

LOWELL OBSERVATORY _VOL. LXXIX....No. 26347. %% w

Observation Circular

| VINTH PLANET DISCOYERED PROWBITION

THE DISCOVERY OF A SOLAR SYSTEM BODY APPARENTLY TRANS-NEPTUNIAN

S —————————|) B )\ ) SOL AR SYSTEM: B STAGG AS I

“Systematic search begun years ago supplementing Lowell's investigations for TransNeptunian planet

has revealed object which since seven weeks has in rate of motion and path consistently conformed to Trans- ON POST WAR Y
Neptunian body at approximate distance he assigned. Fifteenth magnitude. Position March twelve days

three hours GMT was seven seconds of time West from Delta Geminorum, agreeing with Lowell’s predicted

longitude.” 'cmcaﬂo Athletic Dire:

For ease in finding object was referred to Delta Geminorum.
Position March 12.14 G.M.T. R.A. 7h 15m 50% Dec. 22° ¢’ 49")

New "M c._m,d | Chief Dry Witness in'S
The finding of this object was a direct result of the search program set going in 1905 by Dr. J[S FAR B[Yﬂm NEP“]NE { With Earth and Neptane ! Ending in Committee

Lowell in connection with his theoretical work on the dynamical evidence of a planet beyond Nep- .
tune. (See L. 0. Memoirs, Vol. I, No. 1, “A ’l‘rans—l;‘leptunf?.n Planet,” 1914). The earlier search- T & — —_—
ing work, laborious and uncertam bewuse of the less efficient mstrumenta.l means, could be % we: |

resumed much more effectively early last year with the very efficient new Lawrence Lowell tele- SlghtEd Jaﬂ. 21 Aﬂel' 25 Earth—8,000 miles in diameter.  DRY MEMBER ‘ss‘"-
scope specially designed for this particular problem. Some weeks ago, on plates he made with » Neptune--32,000.

this instrument, Mr. C. W. Tombaugh, assistant on the staff, using the Blink Comparator, found  Y@ars Sea[ch Begun by New Planet—8,000 or more. { :

a very exceptional object, which since has been studied carefully. It has been photographed Distence from Sun: | Celler Is Accused of “Ins

regularly by Astronomer Lampland with the 42-inch reflector, and also observed visuall H Earth—One astronomical unit.
Astronomer E. C. Slipher and the writer with the laree refractor. ¥ by Late PefCWaI LOWE". Neptune—Thirty astronomical | Mrs. Peabody by Cha

The new object was first reco o f HEdte ’ She Pr ed k
sl st P s @bx CAN0 g @ @rxhun o uuu New Planet—About fifty units. | ompt ' SP“'
new photographic telescope, the o &) P a.mm ety TG IR 2%
la.rge reﬂector, by Lampland) wha ‘hlm ll&ﬁb—z(ﬂ:-u o A I FRIDAY, MARCH M. 10042 PAGES  olli' GRASHE® s % % PRICE TWO CENTS b ? 3 3 & 3 . o
Its rate of motion he has measure| __ =
with results that appear to place
about 40 to 43 astronomical units
mained close to the ecliptic; the w
about 20 dIays of its stationary pc
per day. In its apparent path anc ; Bomb Village
havior of a Trans-Neptunian body, %s'mmnml EWS SIJIIMARH STHLL DANOING on ISCIEN"STS SPY‘ Presid enf A vm/
portunity yet to complete measur| IN JAPAN TO -----' \\ PUNH HUNTED  Second 1'.,,.230

site for use in the computation of| v et
to be desired and this lmportant wszpnwm nEAl TR e vy s ..i::

In brightness the object i 01 reente Willl ok v oo et
fractor—but without very good se( SuyinLondon | Tt
ary disk. Neither in brightness np R S TR
liminary attempts at comparative |bocro et | et
with refractor indicate it does not &5 ™ === a e il

|AstronomersBelieve.
1t’s Big and Cold. I

STl Achlevement of Century g e

H

- R. Stoner, ted from + The was celebr!
s i s [ s o Chinese style. It is U
its color is yellowish, more like tI :..‘.?:,:-‘-E?‘;"E .‘:::g_:.:‘:.:% 2 o ‘Mcc'ﬁ:« T. ““"‘::m';, ‘:{‘“:,fm’lﬁ"yp‘:'h‘:m ‘"‘"’;“{) "é: scientific :Z'.’:« %‘::f:-
suggest low albedo and high dens & AR T Ticrowel, ness. Sent Fran| mers at Lowell Observatory of a heretofore unknown trans- oS Cabirate way, M
observed path and its determined & e " [ LR l’Ne»mne e &s o d the attenion of the world |statt F: e Reve b Taenite
: b — ey L T g m ‘exas, col- | upon this nstitution.
S0t suly: thege-of 20 chlect heyoil EEase T LR SN e sy v e by S e

 cnston, 45d Dasiel Boose. ,,:u.e authorities at Harvard college who had been informed | s

v been
7 as that
While it is thus too early to si& | e S e R B U s Ul e gw:{«hlm;'m:
B e L
concern are felt—hecause of the = RS Rl Aad 0% Jraduate work ot | afterwards the neople on Mars Hill and the news representa- |" < Rithe .',,"f'” oh
before its status is fully demonstr = R e vas. oS (he maedt Urde o Wit wete ol o1 F o S atanat) Saaror o
existence known in time to permi ey : Tiaing ni | BY wire and phore mesages, caking
before it falls too low in the eveni il el o

discovery and pi
i Blind he “d tures of the newly found celﬂ!h!

%
arters | 5 t
odern in Pl.zuﬂ nnd it
1 :‘:rk:ly up-to-date equipmi
| been installed, was filled wit
Dlnll J body. &;n umﬂby prominent Fl
.b..n. usincss firms.
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Flagstaff, Arizona
March 13, 1930
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Pluton czy Rover?

;ole m AM

GRENTER THN| OTF
FARTH, FOUND /. L.

7
i N Dlscovery Bears Sentiment
Calculafio Lowell, In
and is Most lmportantl
Since That of Neptune.!

B | SAVANTS THINK IT MAY
BE BIGGER THAN JUPITER

(From

l
=——— | 0rb Sighted Jan. 1 by Deli- | i
ANDENBURG.
— cate Lens, Observatory

B S,GNS at Flagstaff Reports. ||

FLAGSTAFF, Ariz, .\rinrrh 13

!T Dl AN (AP) —In that little cluster of orbs
whinh reamnare anrase tha <ldsrial

Venetia Burney
24 marca 1930 .

Moose Hunt, kwiecier 1931 u



Daleko on jest?
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Daleko on jest?
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Malejqcy Pluton, odkrycie Charona. Niepotrzebna planeta.

James Christy

M

Masa (w masach

Rok L Autor oszacowania
Ziemi)

1915 5 Lowell (przewidywana
masa planety X)

1931 1 Nicholson i Mayall

1948 | 0.1(1/10) Kuiper

1976 0.01 (1/100) CrU|k§hank, Pilcher i
Morrison

Ve ER S TN ST 1978 | 0.0015 (1/650) Christy i Harrington

masy Neptuna podczas
przelotu Voyagera 2 2006 0.00218 (1/459) Buieiin.



Pluton — cel misji miedzyplanetarne;.

Obraz Plutona z
teleskopu Hubble’a.

Pluto’s moons

D =]
Kerberos
Diameter =19 miles

Charon
Diaméter = 750 mil

Pluto = July 7, 2012 Y Pluton i Charon sg caty czas zwrdcone do
HST WFC3/UVIS F350LP v N 2 | q . . . .
siebie tymi samymi stronami.

Aphelium 49.319 j.a. (7311000000 km)
Peryhelium 29.656 j.a. (4437000000 km)
P&tos wielka 39.487 j.a. (5874000000 km)
Kerberos Okres orbitalny 247.94 lat
R .Plum | Srednia predkos¢ orbitalna 4.67 km/s
3 Nachylenie orbity 17.1405°

»
Charon

MARS KING ORBITE

50,000 miles
80,500 kilometers

JUPITER PIONFER 11 ~ SATURN VOYAGFR 2 NEPTUNEV




Misja do Plutona

Wiele misji planowanych
byto od konca lat 80-tych
XX W.:

Pluto Underground
Pluto 350

Mariner Mark Il
Pluto Fast Flyby
Pluto Kuiper Express

W grudniu 2000 r. NASA ogtasza
konkurs w ramach nowego
przedsiewziecia New Frontiers.

W listopadzie 2001 r. wytoniony
zostaje zwyciezca: New Horizons.



New Horizons — wystrzelenie.

* Long-Range Reconnaissance Imager (LORRI)
* Solar Wind At Pluto (SWAP)
* Pluto Energetic Particle Spectrometer

Science Investigation (PEPSSI) E‘_}, g
* Alice (spektrometr obrazujgcy w zakresie UV) Fn \ \uﬁ\ 5
* Ralph telescope : .7 )
* Venetia Burney Student Dust Counter (VBSDC)
* Radio Science Experiment (REX)

PEPSSI . REX

Wystrzelenie na rakiecie
Atlas V 19 stycznia 2006 r.

Sonda rozpedzona zostata
do 59000 km/h

Trzeci czton rakiety Star
48B takze osiggnat
predkosc ucieczki.




New Horizons — podroz miedzyplanetarna.

e 7 kwietnia 2006 r. — orbita Marsa
e 13 czerwca 2006 r. — przelot w odlegtosci okoto 100 000
km od planetoidy 132524 APL. Test teleskopu Ralph.

e 21-24 wrzesnia 2006 r. — pierwszy obraz Plutona
uzyskany w ramach testu instrumentu LORRI

e 28 lutego 2007 r. — najwieksze zblizenie do Jowisza (2.3
min km), zwiekszenie predkosci o 4 km/s.

9/21/2006 11:09 UT




New Horizons — podroz miedzyplanetarna.




Degradacja.

24 sierpnia 2006 r. Miedzynarodowa Unia Astronomiczna uchwalita rezolucje dotyczaca
wprowadzenia nowego typu obiektdw: , planeta kartowata”. Pluton przestat by¢ dziewiata
planetg Ukfadu Stonecznego.

fiE IS NOT OUR KIND. 6O
PLAY WITH YOUR BROTHERS

-0

HHHHH . 48 SR TiS(OKAY(EIUTO
7 \l_'

‘ BUT MoM. YoU LET M
PLAY WITH HIM BEFOREL
N

Proof that’
SIZE &
MATTERS



Trans-Neptunian Objects (TNO)

Edgeworth(1943) i Leonard (1930): W okolicach Plutona
znajduje sie duza liczba drobnych ciat stanowigcych
rezerwuar komet krétkookresowych.

Kuiper (1951): Pluton jest tak masywny, ze w jego
otoczeniu nie ma innych obiektow.

30 sierpnia 1992 David C. Levitt i Jane Luu odkrywaja
planetoide (15760) 1992 QB, , ktéra obiega Storice w

Sredniej odlegtosci 44 j.a.

Do dzisiaj odkryto juz 1650 obiektow poza orbitg Neptuna




Degradacja Plutona.

Im |20 |30 |40 |50 |50 |?0 a[AU
o e b r e b e b Preee b U b B Lo o L

i [°]

— 60 Scattered disk

'z:m:—ﬂ::-m —
nCcCzrocC ——
mzcHom= ——

Cen

" Charik Y

(;hiron .

D 1000km H 3.0 40 50 60

Largest known trans-Neptunian objects (TNOs)

Dysnomia
e

v .
. e
Charon ‘
/ ‘
: €

Eris Pluto Makemake Haumea

(O >

Quaoar Varuna

—— Trans-Neptunian objects

5 stycznia 2005 r.
odkryta zostata
Eris. Obiekt
wiekszy od
Plutona.

Coraz trudniej
byto broni¢ pozyciji
Plutona jako
planety.

W koricu Plutona
zdegradowano, ale
cafa sytuacja
przypominata
wydarzenia sprzed
150 lat...




Historia lubi sie powtarzac.

Szukano kolejnej planety, bo
,brakowato” jej miedzy Marsem
i Jowiszem.

Giuseppe Piazzi odkrywa nowy
obiekt (planete)
1 stycznia 1801 r.

THE PLANET HYGEA.

M.«Gasparis, of Naples, who discovered this planet on April 12,
1849, has furnished the following elements of its orbit, derived from
several observations : —

Epoch, May 1, 1849.

oy,
Mean anomaly, . : ; 2 : 326 34 92944
Longitude of perihelion, . s : . 242 47 3.44
v node, g s : ; 285 32 29.72
Inclination, . i 5 ; : . 346 51.27

Mean daily motion, 59011.3784

This newly discovered planet belongs to the same group with As-
trea, Hebe, Iris, Flora, and Metis, all of which are, as will be seen
below, of very recent discovery. The planets known from high an-
tiquity are Mercury, Venus, Earth, Mars, Jupiter, and Saturn. To
these, in 1781, was added Uranus, or Herschel, as it is sometimes
called, from the name of its discoverer. Early in the present century,
astronomers became convinced that a planet existed between Mars
and Jupiter, and an association of twenty-four observers was formed
to examine the whole heavens. But, early in January, 1801, the
present planet Ceres was accidentally discovered by Piazzi, in Sicily.
In March, 1802, Pallas was discovered by Olbers, in Bremen, and
this was followed, in 1804, by the discovery of Juno, and, in 1807,

by that of Vesta. On December 8, 1845, Astrea was discovered by W 1849 od kryto dZIeSIQty obiekt mIQdZy
Professor Hencke, and on July 1, 1847, he also discovered Hebe. . .
Iris was discovered. August 13, 1847, and Flora, October 18 of the Marsem | JOWlszem-

same year, both by Mr. Hind. Metis was, we believe, discovered by

Mr. Graham, in Ireland, on April 25, 1848. The recent extraordi-

nary discovery of Neptune is familiar to all. The total number of ./ . . .
primary planets discovered, up to the present time, is, it will be seen, Dzis Znamy ich kilkaset tysiecy...

18. Many of them are never visible to the naked eye. — Fditors.



New Horizons — zblizanie do celu.

6 grudnia 2014 r. — ostateczne
wybudzenie satelity przed
zblizeniem do Plutona.

NH LORRI OPNAY CAMPAIGN 2

2015-01-25 02:01:00 UTC
DISTANCE TO PLUTO: 202876224 km
{(PROPER MOTION)

15 stycznia 2015 r., po zakonczeniu

serii manewrow korygujgcych

orbite, mozna juz byto okresli¢

kalendarz wydarzen na nastepne

miesigce. Uktad Pluton-Charon sfotografowany 29 czerwca 2015 r.




New Horizons — z wizytq u Plutona

Trzy dni (potowa okresu orbitalnego uktadu Pluton-
Charon) przed zblizeniem rozpoczeto mapowanie
powierzchni z wysokg rozdzielczoscig (do 40
km/piksel). Kazdy obszar byt fotografowany dwa razy
w poszukiwaniu oznak aktywnosci powierzchniowej.

Najlepsza rozdzielczos¢ obrazéw z LORRI powinna

osiggnac¢ 50 m/piksel.

14 lipca 2015 r. 0 11:49 UTC sonda
New Horizons przeleciata w
odlegtosci 12 472 km od powierzchni
(13 658 km od centrum) Plutona.

Najmniejsza odlegtos¢ do Charona: 28
800 km.

Wzgledna predkos¢ wynosita 13.78
km/s

Charon-Earth
Occultation
14:20:00

Pluto-Earth
Occultation
15:00 12:52:27

/ =

Charon-Sun

Occultation Pluto-Sun

14:17:40 Occultation
12:51:25

Charon C/A

12:03:50 fll“:g (;;A
Orbital Period 29451 km

Charon 6.4 d (center) o

Styx 20.2d 13.87km/s  (center)
Nix 2494 12,500 km

Kerberos ~ 32.1d (surface)
Hydra 38.2d 13.78 km/s

«— Kerberos

S/C trajectory time ticks: 10 min
Time: S/C time in UTC
Occultation: center time

Position and lighting at Pluto C/A

Sun
? Earth

0.24°









Powierzchnia

Reflectance Map
(LORRI)

Combined Map

Coleta de
Dados

/ Colles

Zheng F
Montes

Cthulhu
Regio

Natural Color Map
(Ralph)

Columbia
Colles

Challenger
Colles




Powierzchnia

Widoczne sg obszary o
réoznym wieku.

Rownina Sputnika ma
okoto 100 mln lat,
podczas gdy pokryte
kraterami obszary majg
pare mld lat.

Widoczne sg wyrazne
Slady osadzania sie, na
gorzystych obszarach,
lodu azotowego z mgiet.




Powierzchnia
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Powierzchnia

Rozdzielczo$¢ 1.3 km






Azotowe mgty

Temperatura powierzchni:
33 - 55K, srednio 44 K (-229 °C)

Temperatura topnienia azotu: -210 °C




Atmosfera

Alice Solar Occultation

Normalized Count Rate

Sunset » Sunrise

-500 0 )
Elapsed Seconds

Methane on Pluto

Infrared Spectral Image

N.’i»‘;‘/

W najwyzszych warstwach atmosfery
Swiatto jest absorbowane gtownie
przez czgsteczkowy azot. Blizej
powierzchni pojawia sie wptyw
metanu i inne weglowodory.

Atmosfera zostata zarejestrowana do
odlegtosci 1600 km od powierzchni.




Charon




Dwa swiaty




Pozostafte ksiezyce

Pluto = July 7, 2012
HST WFC3/UVIS F350LP

Kerberos
Pluto

Charon

jJ

50,000 miles
80,500 kilometers

Pozostate ksiezyce:

Kerberos 31 km
Styx od 8 do 28 km

Nix 56 x 26 km

Hydra 58 x 34 km




Przesuwanie horyzontow. Co dalej?

Clyde Tombaugh 1930
HST 1996

HST 1994

HST 2011

HST 2002-2003

New Horizons 9 kwietnia 2015
New Horizons 12 maja
New Horizons 2 czerwca
New Horizons 15 czewca
New Horizons 1 lipca
New Horizons 3 lipca
New Horizons 8 lipca
New Horizons 10 lipca
New Horizons 11 lipca
New Horizons 13-15 lipca




Kolejny cel

New Horizons New Horizons Full Trajectory - Pluto Flyby

New-Honzons
Plute

Pluto,

Velocity Relative to Pluto (km/s). 13.77

New Horizons Full Trajectory - Overhead View
Distance from Sun.(AU): 33.45  Heliocentric Velocity (km/s): 14.49

2014 MUy,

, Ly ey R odlegtosc¢: 42 j.a.
Distance from Earth (AU): 33.14 7 Yew Horizons . : i 3 -. 22N rozmiar: 30-45 km
EEEZ?JLOEQzLUEIéQL(’Jh%?Ss) 09:11:10 ' i‘, " ; : ¥ o - .. .- - leyta: StYCZEﬁ 2019 r.

18 Sep 2015 08:00:00 UTC







