SRR A & Lk
FPLE 5 e 4818% > &8 65764
E-mail: yhchu@jupiter.ss.ncu.edu.tw

%~ ¥ (107&#57% 31p)


mailto:yhchu@jupiter.ss.ncu.edu.tw

g5k

ou%“" ’5\'5 },%l'ﬂmf?p‘f
7k B Ep Nl F]




Stens ol d S SR PEKE AL R HAR- 4397 d
R o L4459 85%d skeriead o HARP| A AR o T X
B iRt e35d » 9 (CH4) ’ PWEEE(NHB) ¥z
kE o BREMR UG L 3 L6 Y0325/

4 L z-rw?imjii,v‘ ’g’ﬁ 5T W o £ - K357 §
RG> FHd B FINETTE - pFRREHIT £48

PR A kX5 F $/0.198 5 109 o

LEchi | d BF22 38+ Q“z\gz% o H & i T’J 77
= ¥% evg 47"”’3"#" BRI s A
3 » ¥ ¥ 1}‘*"% NP LB (7 5L F BRI )T
AEFREAFRERY - 5 85 F > ¢ EHNC, HNCO,
HC3N CH3CN, NH2CHO, HCOOH HCOOCHS3, SO2, CS,
SO, H2CS, CH4, C2H2 2 2 C2HG -

http://mww.outof8.com/cooin/2004/8-28/163216-2.html



i} hp 38— Oorth 2 g Kuiper¥

- k&

Planetary

reqion
Sun f«‘o

Oort Cloud

Oort Cloud >

sL

(]

g3t o Oorth2 ¥ 97 iasELIOOO%%F 2o HLFx ) H282 R
THERITHITEL NS K E m&E-#p‘.B?‘r ’ l"% e0ort B 2 #-2 #R3TE & F0ort
.:-l,

1
R ’»‘Lg‘i‘ﬁ' BRES R frend » KFHFIE4 IR E LB R

Bt ErHA L e PO 55 o




=k R —

——

OortA- 2 & Kuiper+#

Kuiper# — * 1% ,1‘& pit N
((BFH =B TR )

Orbit of Binary
et - A A Kuiper Belt Object
TPlOtoS i e T T 1998 WW31
orbn \/ ) S
—

Kuiper Belt and outer
Solar System planetary orbits

The Oort Cloud
(comprising many
billions of comets)

Oort Cloud cutaway
drawing adapted from
Donald K. Yeoman's
illustraton (NASA, JPL)

Kuiper Belt Object - -
1998 WW31 orlgi?ré/a%l'feoihser

July 2001
August 2001 =——_
September 2001— -~

. !" February 2002
January 2002
N December 2001

¢ 2307% 1 & (Neptune)friuig 14 ¢ e 388
ek B (Ice Debris) 3% < B & =




Kuiper Belt? i &g

Kuiper Belt

_ ) Pluto’s orbit
Kuiper Belt Objects

Charon 1000 km

S

1996 2000 1895 1999 1998 1999

(20000)  yoge EB173 SMS5 TC36 WH24 DES
Varuna

ESO, ESA, Astrovirtel & G. Hahn (German Aerospace Center, DLR)

Relative Sizes of Large Kuiper Belt Objects

E Neptune’s orbit
ES0 PR Hrowo 27101 123 Aggus: 2001 i Purvpess Souhern Obeervinory :

http://www.solstation.com/stars/kuiper.htm

Kuiper Belt£1992# 4 A L & & R » i& "%“r'ﬁ,ﬁﬁl—k £ &305]50AUZ2 FF > H
ABRZF RSB AEHOSFT - ek 9% P BROEH) ) - F "R
D F PR B FRMUEIARFE o 7}*‘?73’\%-,?‘IEJKU|perBelttl $ 3 A8
*"F!Tfl%a FARI02ThA g HE AP gikfrgp Lo yéu‘vﬁ
LRIPEEZ DL HPL R > UE Sl ek 105500 2 X B AR

1E8R3 &hxﬁ%’ﬁlp\ chKuiper Belt® & 7 o




Kuiper Belt*¢iT 12 2 { i§if ehenx

ILJIIIIJlIIIJIIIIJlJIIJIJIIJ|JIIJ|JIII|JIIIIJIII|JIIIIJJIIlJJIIIJJIIlJF

H[°]

~ 60

Scattered disk

]
'z:Uc—|-J>cn—
nCZr>
MZzC—UOmM=———
m
0

- - —+——— Centaurs.,

-t . ’ ‘ ® =
- . S Chariklp , .o 2007 LK 1o
. - - MR -

—Jda - Chiron

* 4

Trans-Neptunian objects
https://en.wikipedia.org/wiki/Eris_(dwarf_planet)#/media/File:TheTransneptunians_73AU.svg
ﬁi&ﬁﬁ&@ﬁ&??%&ﬂﬁﬁﬁW?+4ﬁ’%ﬂﬁ&

&g ‘#"H.%i’ ﬁiﬁﬁiﬁﬂfé‘*ﬁ‘#‘ Ry kP HE R

D 1000km H 3.0 40 50 60

4*?’* thX F4EFL 5 X X § %] {7 & Centaur Minor Planets - ¥
4 EF A B K WRASE 0 AT P BHITE S
B fLE R TSI A 1A K 5§ 44000 5




Kuiper Belt¥¢iT i 2 { ifig et

https://en.wikipedia.org/wiki/Centaur_(minor_planet)#/media/File:Kuiper_belt_plot_objects_of_outer_solar_system.png

Positions of objects in the outer within 60
(AU) from the Sun. as of January 1, 2015.
(6,178) - (J), (S), (U) and (N) >
(44,000) (>1,000) ]
(9)



https://en.wikipedia.org/wiki/Solar_System
https://en.wikipedia.org/wiki/astronomical_unit
https://en.wikipedia.org/wiki/Epoch_(astronomy)
https://en.wikipedia.org/wiki/Sun
https://en.wikipedia.org/wiki/Jupiter_trojan
https://en.wikipedia.org/wiki/Jupiter
https://en.wikipedia.org/wiki/Saturn
https://en.wikipedia.org/wiki/Uranus
https://en.wikipedia.org/wiki/Neptune
https://en.wikipedia.org/wiki/Centaur_(minor_planet)
https://en.wikipedia.org/wiki/Kuiper_belt
https://en.wikipedia.org/wiki/Scattered_disc
https://en.wikipedia.org/wiki/Neptune_trojan
https://en.wikipedia.org/wiki/Neptune_trojan

aKuiper# ¢ e+ 4| £ & X ¥ —Quaoar

"Quaoar" Compared by Diameter
with Other Solar System Bodies

"Quaoar":
800
miles

Artists View

"Quaoar's" Orbit e Ll

path 0 N e 20:38 UT

et T = . -
«Quatals orp, : ' i _ 19:58 UT \
S : h 7. —
P ; 10 o e o X
’ & b4 D < S s . :

2002 # A% R

Kuiper Belt Object “Quaoar” Hubble Space Telescope = ACS
NASA and M. Brown (Caltech) = STScl-PRC02-17b




Buffy(2004XR190) — 13}
g, SEFH 4408, i
PHEEATR, FEEE- B
S0AU, 2 HEEHZR
B eh- X o WANBuffy2 3
HEfug, PETIEG
Buffys # st ik p ¥ — 3§
HRIT * [BenfE & en0ort A= 2
PR, A EEME
& g, ®Buffyssla g
A dlER, 25

Eris Pluto

planet (dwarf)* planet (dwarf)™
1,488 mi 1,430 mi

2,306 km

1,800 km**

Easterbun

2003 EL61

ny

2003
UB313




a2 Kuiper# ¢ — i %

Erisenit ;¢ 45
2003UB313(> #
Xena) » #%Kuiper¥
- oo A&d K
"""i‘ﬁf_‘:"\; “ ',J ]__20053
7% IR 22006
EF28E A H L
PRI X 5 1860+-
250%'2 » LR3I R
£ % 530%- & w
PR E-418F> F K
5460%¢e » 54k o Y

2 E AP0
203UB3137% 3 — B
Z K %7 Rk D
# % Dysnomia o gt
RO R ALPE
T TR TR DT
% o

\

\

\

Kulper belt

N

-
N

A " - -
' ~

Varuna * ;
(AN

Ly/
\ / /
Y Quaoar, & Jupiter \

/
\./

A
N"‘me» N

\Pmo Orcu /, et

A X §Y-Eris

Largest known Kuiper Belt objects

“Gabrielle™
”
< < .
<R
b Charon
3 ’
N < 13
\

“Xena” Pluto 2005 FY9
(2003 UB313)

<

2003 EL61

Hubble* i# 4% » Aug 30, 2006

Eris

\b Orbit of

7 i Dysnomia

S
Dysnomia

43.000mi N
70.000km E

https://www.nasa.gov/mission_pages/hubble/news/eris.html




L% Sedna—:i&F T3 O0rtA-Z2 & X 2 F

o Inner iz 10 Outer
Solar System Solar System

42003 ¢ Hubble*

i 459734 #& 2 Sedna g
#1385 11,400E 5 iF
P L% T6AU > i P BLO3TAU
» 2w B R 12k 0 p i Hp
10. 3] B+

Inner ex&ﬂ: Orbit of

of qul:Chud A Sedna




Nov. 14th, 2003 6:32 (UT] 8:03 (UT) 9:38 (UT]

a0 BIB RGO

WRIEBRIBEZR o X
1% - ﬁ,ﬁ— FIFE 4 n,-,i:iﬁr*’:‘

. Qort#-2 ¢ o 4 & B-400F > &

sooticomies (B e U SRR %a 18002 2 » f ik 5 20%
in diameter N ) ‘_-.\-‘\__; ,--_ ?VE 3 5. 65X 1L R s I‘ﬁm
. M F%E-?*&..&mlolfﬁﬁ‘“@

) 9 v v Quaoar=n1250= 2

Quaoar Pluto Moon N :\Earth

9591;\:1:,\;'\]]3’3’12#B /4,&
(800 miles) (1400 miles) (2100 miles) (8000 miles)




% 4 7 & -Planet X

2007 TG422
2013 RF98
2004VN112

Y 2012VP113

2012GB174

https://www.caltech.edu/news/caltech-researchers-find-evidence-real-ninth-planet-49523
4o MR BB 7 (2016)F - 4 3 AL FIER] 0 BET BEAE S BB %) 600AU 2 Ay
HER2R0@REA208) SFFA-ELVPRELA248 > FEA108
¢hE 4 X 48 > 1210,000-20,0004# ik #F 355 1 24 - 32 P B4 A 200-1200AU2 7
BoF 5060 HES ENPEL PR i EG e AP BRI WEFRYE > & F
HPORMXAMUB0R ML N > FRAFF o HpFF T TR EHIER

FEF Aot F AR EF > 150007 ¢ gLt > BB A B BAF B F TG o
AEURBRAC e BRIV OIRRET R R BI EE) BYE X IHE
ARG NS OB TR LA LT TR G o P E X I R ART L RER
| FER F (A EZ ¥4 72 Nine Planet)) > B # %/% 3 & (1846& 78R3 . 1
BERER)ER I E(1906# FF Rl 3 & > 19302 ABBIF) LK > A 8% = <43 BR]
FEE AMPE R VR FRERERAZFRATFE Ao

(Batygin and.Brown (2016, The Astronomical Journal, 151:22, doi:10.3847/0004-6256/151/2/22)

,» Planet Nine




7 & -Planet X

https://en.wikipedia.org/wiki/2015_BP519#/media/File:Planet_nine-etnos_now-new3.png

£ (2018)£5% 16 & & f1* et qrfled2
RERKEIIYEHE  FRAEATIERN
i 110k s 3 2015BPs o tn % R (FRAL 5 Caju)
= SR 0 FFRBER F AT 4 Fh
BE > £33 MWE £ 5400-7002 2 -
28912 > 3% B 35-824AUZ F >
N B 3R % B 55AURL ) Mg 4 &
% & ph s 450AU > #uig g & 5092 5 i
EESAR - 2 WEXF4L FRES P
Fw x o omgiyg » g iR(e ) /L5 B
—Eiﬁ{i _u*r(__p)o

Becker et al., 2018, draft) http://earthsky.org/space/new-evidence-planet-9-2015-bp519-caju



THE INNER SOLAR SYSTEM

This animation shows the motion of the inner part of the
solar system over a two-vear time period. The sun is at
the center and the orbits of the planets Mercury, Venus,
Earth and Mars are shown in light blue (the locations of
each planet are shown as large crossed circles). Comets
are shown as blue squares (numbered periodic comets are
filled squares, other comets are outline squares). Main-
belt minor planets are displaved as green circles, near-
Earth minor planets are shown as red circles.

The individual frames were generated on an OpenVMS svatem, using
the PGPLOT graphics hbrary. The animation was put together on a
RS O5 4053 ayvstem using Interail,

http://cfa-www.harvard.edu/iau/Animations/Animations.html
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THE MIDDLE SOLAR SYSTEM

This animation shows the motion of the middle part of the
solar system over a two-vear time period. The sun is at the
center and the orbits of the planets Mercury, Venus, Earth
Mars and Jupiter are shown in light blue (the locations of
each planet are shown as large crossed cireles). Comets
are shown as blue squares (numbered periodic comets are
filled squares, other comets are outline squares). Main-
belt minor planets are displayed as green circles, near-
Earth minor planets are shown as red circles.

The individual frames were generated on an UpenV S svstem, using
the PGPLOT graphics hibrary. The animation was put together on a
RIS O 403 svatemn uzing nterzil,

http://cfa-www.harvard.edu/iau/Animations/Animations.html
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THE OUTER SOLAR SYSTEM

This animation shows the motion of the outer part of the
solar system over a 100-year time period. The sun is at
the center and the orbits of the planets Jupiter, Saturn
Uranus and Neptune are shown in light blue (the locations
of each planet are shown as large crossed circles).

Comets: blue squares (filled for numbered periodic comets,
outline for other comets)

High-e objects: cyan triangles

Centaurs: orange triangles

Plutinos: white circles (Pluto itzelf is the large white crossed
circle)

"Classical™ TNOs: red circles

Scattered Disk Objects: magenta circles

The individual rames were generabed on an OpenVMS syatem, using

the PGPLOT graphics library. The animation was put together on a

RISC 05 4.03 svstem using InterGifl

http://cfa-www.harvard.edu/iau/Animations/Animations.html
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Near-Earth Asteroids

Total Discovered per Size Bin
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Near-Earth Asteroid Discoveries by Survey
All NEAs (as of 2018-May-25)

Number Discovered

https:/ /cneos.jpl.nasa.gov/ stats
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4,271
87,500,000,000

10,400,000,000,000

9,375,000,000,000,000

68,750,000,000,000,000

*1 BTU =252 (small) calories = 1,055 J = 2.93 x 10™-4 KWh.

http://www.iki.rssi.ru/solar/eng/comet/appenda.htm
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Cause of death

Motor vehicle accident
Homicide
Melanoma (58 €2 288 K7 i %)
Fire

Firearms (F##8)accident
Electrocution (f&EE)
Asteroid/comet impact
Passenger aircraft crash
Flood

Tornado

Venomous bite or sting
Food poisioning by botulism

(BERETE)

Chances

1in 100
1in 300
1in 300
1in 800
1in 2,500
1in 5,000

1in 20,000 <
1 in 20,000
1 in 30,000
1 in 60,000
1 in 100,000
1 in 3 million

(C.R. Chapman & D. Morrison, 1994, Nature 367, 33-40)

http://www.psi.edu/projects/ktimpact/ktimpact.html



SERFH L fﬁ FB."P?—P? T busd

v
je

i 7

—

ki

|
5B

F A SR 0 B2 wﬁmww
|17 8 €4 chp i iv% R A A g 2

 RPRFIIE AL Z-i"méé

http://www.windows.ucar.edu/tour/link=/comets/craterchains.html&edu=high



4

-’

S BRE B F RS
ST AT DEE

~ &{;ﬁt‘ﬁ;‘bﬁ%ﬁ aﬁf;}:\i’rﬁﬁjﬁg o

BB AR —

A )

*RAERLS R IRBES
B i ook Bz B

— R4 2R F ¢ X Hanp R
BoRERT -

— 3 B 3-5AUF FIP chlde* B R
¥ 5 PR E 208 o

—RTEnz ke 0 B HE R AARE A0

——

did

%

Wip e Rk - o




By S I Iy

|

Ve

As i F]

s X R(EE)RFR
~ L JJ‘"F%??‘,&,
—HEFRFAVLREREF BRI RRRESBESS
- FBRER
— 2o P EFAucE, £T, a2
s LR
v P AR AR

2 s RE B RR

~ fEE LR
— R, B AR DRBATE
“H

7~




k2 4 % Phanerozoic

#7124 i Cenozoic > p3#
% = % Quaternary
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? 37+ Miocene 5.3--23
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v ¥ % Cretaceous 65--14
* % % Jurassic LR B k- 145--208
= & & Triassic 208--248
+ 24 *Palaeozoic 00% ;% ¥4 $H 2 8
= ¥ % Permian (AORZE A B -l 243--290
% ¢ & Carboniferous 290--360
- & % Devonian UL R R k- 360--410
Z 7 % Silurian 410--438
% 1 % Ordovician A EE DYl 438--510
¥ 745 Cambrian 510--570
~ + % Precambrian
~ — X Proterozoic
7 & % Sinian 570--800-
800--2,500

* = &% Archaean
* = X Archaeozoic 2,500--4,600

i P



Continental Drift (0-240 MYA)
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Coral Reefs of the Mesozoic Era

Source: Corals of the World Online http://coral.aims.gov.au/speciesPages/html/key/reefs-mesozoic.html
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And Darkness Covered the Earth...
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Probing ground zero

Since April, scientists have been drilling into Chicxulub crater, where an asteroid impact 66
million years ago led to one of Earth’s biggest mass extinctions. Researchers are now sampling
rocks from a buried peak ring, Earth’s only preserved example.

Making the mounds

Impact shocks could make rocks behave like fluids, piling
deep crustal rocks on top of rocks of shallower origin.

1. Postimpact excavation and beginning of uplift

. =S M%
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Upper crust

Lower crust P } \

2. Central uplift
becomes unstable

N
VAR N

3. Uplift collapses to form peak ring

Peak ring
D PN

Buried treasure

Offshore from Progreso, Mexico, scientists will drill

into the crater's peak ring, partially seen by geophysical
remote sensing. Onshore wells have been drilled into
the crater before, but few were cored and none reached

the peak ring.
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