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The New
Frontier

The Infinite
Ocean

13.7 Billion

Years Old

45 Billion
Light Years
Radius

: 8 Hubble Ultra Deep
Field, 2004




Space, the
final frontier.
These are the
voyages of the
starship
Enterprise. Its
five-year
mission: To
explore
strange new
worlds. To
seek out new
life and new
civilizations.
To boldly go
where no man
has gone
before ...



Astronomy’s Three Kingdoms

Planets
Known since antiquity — “wanderers”
Recognized as possibly Earth-like since Copernicus
Understood in some detail after telescope
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Stars
Known since antiquity — “fixed”
Recognized as possible suns since 16 ¢ (Bruno)
Understood after spectroscopy (19t century)

Galaxies
Known since at least 16" ¢ (Magellan)
Recognized as possible ‘island universes’ in 18t ¢

Understood since 1920s
These are the main divisions enshrined in all astronomy textbooks since the 1950s




Kingdom
Of

The
Planets

Distance Scale:
Light Minutes to
Light Hours




THE MOON

James Irwin at
Hadley Base,
Apollo 15, 1971




Mercury:

* Closest to the Sun
* A Violent History

» Geologically Dead

Mosaic of Mercury taken by
the Mariner 10 spacecraft
during its approach on 29
March 1974.



Venus

* Similar to Earth Size
* Dense CO2 Atmosphere

* 900 Degrees F

(Greenhouse Effect)

» Sulfuric Acid Clouds

» Geologically Active
(Volcanoes)

Magellan composite radar images. Magellan began mapping
the surface of Venus in September, 1990, and ended operations
October 12, 1994
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Mars — Evidence of Life?

Gullies on Mars, Mars Global Surveyor, 1997

Mars Pathfinder, 1998



View from Spirit at the top of Husband Hill August 23, 2005







Asteroid Eros from 34 Miles (NEAR-Shoemaker) October 16,
2000

" Touchdown
12 Feb 2001




Comet Tempel 1
Viewed by

Deep Impact

Spacecraft

19h55m (UT)
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Planets
A Gas Giant

1321 Earths
would fit inside
Jupiter!

Methane/
Ammonia

Clouds

Giant Storms




Saturn: Lord of the Rings

-

Voyager 1 image of Saturn November 6, 1980




Uranus — an Ice Giant. Discovered 1781

Voyager 2 - January
17, 1986



Neptune
An Ice
Giant
Discovered
1844

Voyager 2
August, 1989



More Worlds ...

Phobos from Mars Global Surveyor, 1998

> 130 known satellites in solar system



Planetary Rings

Saturn’s rings from Cassini Uranus rings, Voyager 2

—

Jupiter’s main ring, from Galileo

Neptune rings, Voyager 2



Pluto and its Moon

HST Image, FOC, February 21, 1994

Candidote

USNO Discovery JuIy 6, 1978 p Satlros

Discovery images of Pluto/Charon, taken with the 1.55-meter (61-inch) "o g
Kaj Strand Astrometric Reflector at the USNO Flagstaff Station:

Left: showing elongated image of Pluto, with Charon to the upper right
Right: showing "undistorted” image of Pluto with Charon

along line of sight with the planet

Pluto

May 15, 2005 May 18, 2005

Discovery made June 22, 1978; confirmation image July 6,
announcement July 6

HST Moons announced October 31, 2005



... and a Dwarf Planet

New Horizons
On the way!

Arrival 2015

S/2005 P 2

S/2005 P 1

Hubble Space Telescope two new satellites of Pluto announced October 31, 2005



Pluto e« Hubble Space Telescope ACS/HRC
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Edgeworth-Kuiper Belt Objects

Orbit of Binary |
X - : Kuiper Belt Object ‘ :
~Plnto's L »1998 WW31 |
'-:»9!!)11 Ly ) = ) !

- Quaoar 2003 ELgy Sedna

Charon
1,250 km

)

Solar System planetary orbits

2005 FYq Pluto
~1,800 km 2,280 km

The Oort Cloud
(comprising many
billions of comets)

QOort Cloud cutaway

drawing adapted from

Donald K. Yeoman's . .

ilustraton (NASA, JPL) - 2003 UB333 Moon

~2,900 km 3,476 km

© 2005 Shky & Telescope
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JUPITER'S
MAJOR MOONS

SATURN'S
MAJOR MOONS
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To the edge of the Solar system ...

t=Bow Shock
- Hekosheath

2 Voyager 1

+==Tarmination Shock

Hebopause

Heliosphere

Voyager Interstellar Mission
On December 16, 2004 Voyager 1 passed
the termination shock at 8.7 billion miles
From the Sun (94 AU)

IBEX Mission, 2008



Yet More New Worlds ... Extrasolar Planets

— T — 7T —
10,000 E
2 . o 3
L] ¢ ©
.\\ . ¥ Oy e %
HD 114762 b H * e
0 L ) ¢ e .
1000 . % ..' .2 -
T : o %6t L etttV 0
< | — Jupiter o 830 ke e 9.
~ L ° L] » 00
E . . ..o 5 L] .o
w 100 —— Saturn / . 3
~ F ‘e ]
E 51 Pegb /
i HD 16141 b / a ]
e VT HD 49674 b
10 //\ 3
C 55Cnce E
r pArac v 3 &2
1 | — Earth E ‘
By 0o ansovl)ip oot Sl £ e TR e L ]
1990 1995 2000 2005
Epoch (years)
Fig. 1. Minimum mass of the known extrasolar planets orbiting solar-type stars, in Earth masses as a A :
function of the year of the discovery. The masses of Jupiter, Saturn, Neptune, and the Earth are marked NASA's first
for comparison (blue lines). A few benchmark cases (red dots) are labeled: the probable brown-dwarf mission capable

companion to HD 114762 (65), 51 Peg b (2), HD 49674 b (66), and the record-holders, recently indi -size
discovered very low mass companions to 55 Cnc and y Ara (77, 72). Data are as of June 2005. oHiding Ealn-sl2e.
and smaller planets




T
£ i‘:f.ﬁ‘.'.;j' 3 A Few nghi Year

.. ;-s 19@ 0.0.0 Ltght_?(..

s VP ' 4 g.;' 3! ; : .! Cae®

. vy ..: . o - .....". < \ -.. * ae ‘- ’ 2"







A Star is Born!

Giant Molecular Clouds

The “Pillars of Creation”
Eagle Nebula,

Hubble Space
Telescope

HST and Spitzer

Image of Orion
Nebula




Failed Stars — Brown Dwarfs

Brown Dwarf Gliese 229B

Discovery Image Wide Field Planetary Camera 2 Jiies
October 27, 1994 November 17, 1995 upiter

PRC95-48 - ST Scl OPO - November 29, 1995
T. Nakajima and S. Kulkarni (CalTech), S. Durrance and D. Golimowski (JHU), NASA

. | ————
"\
Palomar Observatory Hubble Space Telescope Brown Dwarf 3

Earth s‘
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Sun o
Sirius |
Pollux

Jupiter is about 1 pixel in size

Earth is invisible at this scale Arctu rus




s

Betelgeuse : ~ Antares
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Death of a Star Like the Sun
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DEATH OF
' A MASSIVE
STAR

Supernova

Remnant —
Star Exploded
In 1054 AD

HST mosaic of
Crab Nebula




DEATH OF
A
MASSIVE
STAR

Pulsar — A
Rapidly Rotating
Neutron Star

Chandra X-ray
wide field view
of Crab Nebula
April 6, 2001




DEATH OF
A MASSIVE
STAR

Kepler's
Supernova
Remnant

Observed 1604

CHANDRA X-RAY CHANDRA X-RAY HUBBLE OPTICAL SPITZER INFRARED
(HIGH ENERGY) (Low ENERGY)




DEATH OF
A MASSIVE
STAR

1999 Supernova 1987A

Large Magellanic
Cloud

160,000 Light Years
Distant

2007




DEATH OF A VERY MASSIVE STAR

4,000,000
SOLAR
MASSES

AO>rr w
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CENTER OF MILKY WAY GALAXY

Center of the Milky Way Galaxy
Chandra X-ray Observatory
Hubble Space Telescope

Arched ¢ ' :
Filaments - | . Spitzer Space Telescope
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A Gamma-Ray View

Milky Way Center Geminga
Pulsar \

sl s i VA i A
e e N ol A vy P

f Crab/'

Vela Pulsar Pulsar

ek
Blazar 3C454.3

The Fermi Gamma-ray Large Area Space Telescope (GLAST)

All-sky view reveals bright emission in the plane of the Milky Way (center),
bright pulsars and super-massive black holes.

Credit: NASA/DOE/International LAT Team



Classification of Galaxies

February 9, 1948

elliptical nebuloe

£0 £3 £7

Hubble ‘tuning fork’ classification
From Realm of the Nebulae (1936)




SPIRAL GALAXIES




ELLIPTICAL GALAXIES

NGC 4649
51 MILLION LIGHT YEARS

FROM EARTH




LENTICULAR GALAXIES

CENTAURUS A

AN ACTIVE GALAXY

10 MILLION LIGHT

YEARS FROM EARTH



COLLIDING GALAXIES

CARTWHEEL
GALAXY

400 MILLION
LIGHT YEARS
FROM EARTH




ACTIVE GALAXIES

CENTAURUS A

M 87



GALAXY GROUPS

, B Shock Wave in Stephan’s Quintet Spitzer Space Telescope * IRAC
Galaxy Group Stephan’s Quintet - HCG 92 ; Visible: Calar Alto Observatory

Hubble Space Telescope . WFC3/UVIS/I R NASA / JPL-Caltech / Max-Planck Institute / P. Appleton (SSC/Caltech) ssc2006-08a

NASA, ESA, and the Hubble SM4 ERO Team STScl-PRC09-25d




GALAXY CLUSTERS
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Gravitationa| Lens in Galaxy Cluster Abell 1689 _C HUBBLESITE.org
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Corona Borealis

Distribution

of Galaxies
(2-MASS)

Supercluster (0.072) Supercluster

Hercules
Supercluster (0.037)

Ursa Major Supercluster

Ophiuchus
Cluster (0.028)

Abell 634
Cluster (0.025)

Abell 569
Cluster (0.019)

Taurus Molecular
Cloud

Perseus-Pisces o A
Supercluster (0.017+) M31 !

(1 Mpc) .

Pisces-Cetus

Supercluster (0.063) Milky Way-

Center

(0.061) Coma Cluster (0.023)

Virgo Cluster (16 Mpc)

Pavo-Indus
Supercluster (0.015

Sculptor Supercluster (0.054

Leo Supercluster (0.032)
Shapley Concentration (0.048+)

Centaurus Cluster (0.02)

e IRAS dipole

. CMB dipole

Hydra Cluster

(0.01)

Columba
Cluster (0.034)

Norma &
Great Attractor

0.016
LMC ( )

~ Fornax Cluster (20 Mpc)
Horolo?lum
Supercluster (0.067)




Billions of Light Years Distant

..

Hubble Ultra Deep Field - Infrared
Hubble Space Telescope « WFC3/IR

NASA, ESA, G. lllingworth (UCO/Lick Observatory and University of California, Santa Cruz), and the HUDF09 Team STScl-PRC10-02




To the Beginning of Time

John Mather
NASA 2006 Nobelist

Cosmic Background Radiation data from COBE Satellite, 1992

The cosmic microwave background fluctuations are extremely faint
(red is hotter), only one part in 100,000 compared to the 2.73 degree
Kelvin average temperature of the radiation field.



. and with even greater resolution

Where COBE measured temperature variations to one part in 100,000,
WMAP measures those variations to less than one part in 1,000,000.
Colors indicate warmer (red) and cooler (blue).

2006 Data from the Wilkinson Mapping Anisotropy Probe



The Universe in a Beach Ball

Cosmic Microwave Background light
= 45.6 billion light years in radius

= 13.7 billion years in time
(These numbers are not equal because the universe
is expanding at the same time light is traveling.)

The 12 Inch
Beach Ball
Universe

Light from the First Stars
8.5 inch diameter

Earth is here

The Milky Way Galaxy
0.000005 inch diameter

Galaxies seen by the Hubble Telescope
Approx.5 inch diameter

\ The Light from outside CMB sphere

has not yet reached us.



RETURN TO EARTH!




Astronomy’s Three Kingdoms

Planets
Known since antiquity — “wanderers”
Recognized as possibly Earth-like since Copernicus
Understood in some detail after telescope
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Stars
Known since antiquity — “fixed”
Recognized as possible suns since 16 ¢ (Bruno)
Understood after spectroscopy (19t century)

Galaxies
Known since at least 16" ¢ (Magellan)
Recognized as possible ‘island universes’ in 18t ¢

Understood since 1920s
These are the main divisions enshrined in all astronomy textbooks since the 1950s




Chemistry —
Periodic Table of Elements

w|,. Periodic Table . .. . [k
ule] of the Elements [s]e [ [o [+ [%
NaIMOlue ws ve v 18 ——wi—— 18 1B |Al P Té-l(:l Ar
K |Ca Ga Se|Br | Kr
Ro | Sr In |Sn 1 | Xe
Cs | Ba T |Pb| Bi At | Bn
Fr | Ra 13

|

57

Ti=50 Zr=90 ? =180.
V=51 Nb=94  Ta=182.
Cr=52 Mo=96 W=186.
Mn=>55 Rh=104,4 Pt=197,4% |,
Fe—>56 Ru=—104,4 Ir=198.
Ni=Co=59 Pl=106,6 0s=199.
“H=1 Cu=63,4 Ag=108  Hg=200.
3 Be=94 Mg=24 Zn==65,2 Cd =112
B=11 Al=274 ?=68 Ur=116 Au=197?
: C=12 Si=28 ?=70 Sn=118
N=14 P=3 As=1T5 Sb=122 Bi=210%
0=16 S=232 Se="79,4 Te=128?
e F=—=19 Cl=35,5 Br=280 I =127
[ Li=7 Na=23 K=239 Rb=2854 Cs=133  Tl1=204.
Ca =40 Sr=—87,6 Ba=137 Pb=207.
=45 Co =92
?Er=>56 La =94
?Yt=60 Di=95
?In=1758 Th=118?
FIGURE 2.1 The first published form of Mendeleev’s periodic system, dated 17 Feb-

ruary 1869 and entitled “An Attempt at a System of Elements, Based on Their Atomic
‘Weight and Chemical Affinity.” Mendeleev had 50 of these images printed up under a
French title and 150 under a Russian one, which he mailed to various chemists. In order
to transform this image into a modern periodic system, it must first be rotated clockwise
90°, reflected, and then the halogens (the row beginning with F = 19) need to be placed
at the opposite extreme from the alkali metals (the row beginning with Li = 7). Notice
that spaces are left with question marks for elements that Mendeleev suspected existed.
Source: Mendeleev, Periodicheskii zakon. Klassiki nauki, 9.

From Michael D. Gordon,
A Well-Ordered Thing: Dmitrii Mendeleev
And the Shadow of the Periodic Table (2004)




The Standard Model of Particle Physics

@E‘:&fﬁiﬁmmx Model of Elementary Particles
{Syenbol)

Mass in
MY Three Generations of Matter(Fermions) (F(::)rce Céa:;ners) R
a e SONsS)
I 11 111 et
_ Electro-
Murray Gellman — 1969 Nobel Prize Q t T magnetism
For classification and interaction of u stable ~1350 % 131000 Infipite
Elementary particles a e
r
Elementary k
- s Strong
Pal'tIC|eS Interactions
‘ 110' cm
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- up © charm | top e
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Three Families of Matter

Sometimes called the “periodic table” of elementary particles



Classification in Biology
Five Kingdoms

A phylogeny of life on Earth based on the Whittaker five-kingdom system and the
symbiotic theory of the origin of eukaryotic cells

PLANTAE oiedony
(haplo-diploids) (diploids) FUNGI
MYCOPHYCOPHYTA (haploids,
ARTHROPODA dikaryons)
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3 \ \ ANNELIDA
\  TARDIGRADA
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. v
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5
Embryogenesis £
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PROTOCTISTA [ ooprva LATYHELMINTHES
MESOZOA CNIDOSPORIDIA
Meiosis PHAEOPHYTA PORIFERA 7 GAMOPHYTA
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CHRYSOPHYTA MYXOMYCOTA M . .
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Classification in Biology
Three Domains

@ Current Genome projects STRAMENOPILES
1 Ll o N . -
® Proposed Genome research -f; P EUKARYOTA
Z . & &
h, %% 5 & ALVEOLATES
r %2 %2088 &
i 1\ . . - A “’\
%, Ay Cug 0N N oo
P ; Zig, : ; ,
", ‘ 61!41 ddﬁ"'. - € Dinofage?
00?0 114 A | & Red A‘g‘“[iunl di.\‘t‘ﬂidf"m .
EUBACTERIA ’l"")/ ® 78/} Diu'wif:;mmofbue histolytied
Plant Chloroplasts “ . .- . iintumoebae invadens
ﬂ(f '1( I()a‘.:)' :::5 .Therm( n;'l(; UNGL Amocbamastigote
-yanobacleria g o Naegleria gruberi
marima 4 & .

Mycobacterium tuberculosis O

ysarus, b
! et " polycephalum
Agrobacterium tumefaciens @

Kinetoplast
®n od )plastids
Plant Mitochondria onids

Euglenoigs PROTISTA
Pseudomonas testosteroni ® i
T o @ Trichomonas foetus
Escherichia colil @ Aquifex Trichomonas vaginallis

pyrophilus
Py Vairimorpha necatrix

@
Pyrobaculum aerophium g P Giardia lamblia

Sulfolobus solfataricus

Methanococcus jannaschii 5} Halobacteria
Archaeoglobus fulgidus ~ Methanosarcina barkeri

ARCHAEA

Molecular biology had led to 3-domain classification system, based on
comparing sequences of ribosomal RNA (Woese)



Absolute Magnitude

Classification of Stars:
The H-R Diagram

Not just a classification scheme — o

An evolutionary sequence — phylogeny .3
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Russell Diagram, 1914
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Pluto and its Moon

HST Image, FOC, February 21, 1994

Candidote

USNO Discovery JuIy 6, 1978 p Satlros

Discovery images of Pluto/Charon, taken with the 1.55-meter (61-inch) "o g
Kaj Strand Astrometric Reflector at the USNO Flagstaff Station:

Left: showing elongated image of Pluto, with Charon to the upper right
Right: showing "undistorted” image of Pluto with Charon

along line of sight with the planet

Pluto

May 15, 2005 May 18, 2005

Discovery made June 22, 1978; confirmation image July 6,
announcement July 6

HST Moons announced October 31, 2005



Taxonomic Levels in Biology

Kingdom Animalia
Phylum/Division Chordata
Subphylum Vertebrata
Class Mammalia
Order Primates
Family Hominoidea
Genus Homo

Species Sapiens



Taxonomic Levels in Astronomy

Taxa Example

Kingdom Stellar

Family Star

Division Post-Main Sequence
Class Giant, Luminosity Class Il
Type F, G, K, M spectral type

Subtype RR Lyrae



Astronomy’s 18 Families

Protoplanetary

Protostellar

Protogalactic

Planet

Star

Galaxy

Circumplanetary

Circumstellar

Circumgalactic

Subplanetary | Substellar Subgalactic
Interplanetary |Interstellar Intergalactic
Medium Medium Medium
Planetary Stellar Galactic
Systems Systems Systems

Gravity is the basis for defining Families




The Proto-Family

Protoplanetary Protostellar Protogalactic

Beta Pictoris .
Evaporating Globules - M16 HST - WFPC2

PRC95-44c - ST Scl OPO - November 2, 1995
J. Hester and P. Scowen (AZ State Univ.), NASA

euzit et al. (Grenoble Obs.), ESO %
N B ‘ .- ; S ; ‘ s
Evaporating Gaseous Globules [S g SR T Y

(EGGs) in M 16

,1
'i

B i .
| ®- bt 1 BaS At

Young Galaxy Survey =~ HST - WFPC2
PRC96-29a - ST Scl OPO - September 4, 1996
R. Windhorst (Arizona State University), NASA

18 galactic building
Blocks that may

Merge to form a single
Galaxy, 11 billion LY away

Planetary formation in Orion
C. R. O'Dell and S. K. Wong, Rice U., WFPC2,
HST, NASA



The Central Family

Planets

Galaxies



The Circum-Family

Circumplanetary Circumstellar Circumgalactic

Hubble

Heritage

Globular Cluster
HST

HH1/HH2: Star Jets
Credit J. Hester (ASU), WFPC2 Team, NASA

Moons — Voyager 1



The Sub-Family

Subplanetary

Subgalactic

Palomar Observatory Hubble Space Telescope
Discovery Image Wide Field Planetary Camera 2
October 27, 1994 November 17, 1995

8 - ST Scl OPO - November 29, 1995
a and S. Kulkarni (CalTech), S. Durrance and D. Golimowski (JHU), NASA

Brown Dwarfs

Galaxy Building Blocks
Hubble Space Telescope - Wide Field Planetary Camera 2

1995 + R Winahorst (A/2ona 51 Uniersty) and NASA

Galaxy Building Blocks

Mathilde Gaspra Ida

Asteroids



The Inter-Family

Interplanetary Interstellar Intergalactic

Absorption spectra
Due to intergalactic

Gas - Ed Janssen, ESO
Rosette Emission Nebula

Credit: T. A. Rector, B. Wolpa,

Zodiacal Light — reflected from M. Hanna (AURA/NOAO/NSF)

Interplanetary dust particles
D. Malin

Crab Nebula — SN Remnant

Chandra X-ray wide field view
April 6, 2001



The Systems Family

Planetary systems Stellar systems Galactic systems
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Kuiper Belt and outer
Solar System planetary orbits

Pleiades Open Cluster
Credit & Copyright: David Malin

AAC, AATE, ROE, JRS Telescope oama Cluster of Galaxies

Credit & Copyright:
O. Lopez-Cruz (INAOEP) et al., AURA, NOAO, NSF

Cometary systems



Kingdom of the Planets
Family: Protoplanetary
Class P 1: Proplyd
Family: Planet
Class P 2: Terrestrial (rocky)
Class P 3: Gas Giant
Class P 4: Ice Giant
Class P 5: Pulsar Planet
Family: Circumplanetary
Class P 6: Planetary Satellite
Class P 7: Planetary Ring
Class P 8: Radiation Belt
Family: Subplanetary
Class P 9: Dwarf Planet
Class P 10: Meteoroid
Subfamily: Small Bodies Solar System
Class P 11: Minor Planet/
Asteroid
Class P 12: Comet
Class P 13: Trans-Neptunian
Objects
Family: Interplanetary Medium
Class P 14: Gas
Class P 15: Dust
Subfamily: Energetic Particles
Class P 16: Solar Wind
Class P 17: Anomalous

Cosmic Ray

Kingdom of the Stars
Family: Protostellar
Class S 1: Protostar
Family: Star
Subfamily: Pre-Main Sequence
Class S 2: T-Tauri
Class S 3: Herbig Ae/Be
Subfamily: Main Sequence
(H burning - Lum Class V)
Class S 4: Upper Main Sequence
Class S 5: Lower Main Sequence
Class S 6: Subdwarf
Subfamily: Post-Main Sequence
(He burning and higher elements)
Class S 7: Subgiant (Lum Class I'V)
Class S 8: Giant (Lum Class III)
Class S 9 : Bright Giant (Lum Class II)
Class S 10 Supergiant (Lum. Class I)
Subfamily: Evolutionary Endpoints
Class S 11 Supernova
Class S 12 White Dwarf
Class S 13 Neutron Star
Class S 14 Black Hole
Family: Circumstellar
Class S 15: Debris disk
Class S 16: Shell (dying stars)
Class S 17: Planetary Nebula
Class S 18: Nova Remnant
Class S 19: Core Collapse Supernova
Remnant
Class S 20: Stellar Jet
Class S 21: Herbig-Haro Object
[See also Planetary System, P 18]

Kingdom of the Galaxies
Family: Protogalactic
Class G 1: Protogalactic Cloud

Family: Galaxy
Subfamily: Normal
Class G 2 Elliptical
Class G 3 Lenticular
Class G 4 Spiral
Class G 5 Irregular
Subfamily: Active
Class G 6 Seyfert
Class G 7 Radio Galaxy
Class G 8 Quasar
Class G 9 Blazar
Family: Circumgalactic
Class G 10 Galactic Ring
Class G 11 Galactic Jet
Class G 12 Galactic Halo
Family: Subgalactic
Class G 13 Failed Galaxies
Family: Intergalactic Medium
Subfamily: Gas
Class G 14 Gas

Class G 15 Lyman alpha
blobs

Subfamily: Dust
Class G 16 Dust

Subfamily: Energetic Particles
Class G 17 Galactic Wind

Class G 18 Extragalactic
Cosmic Rays

8 Nn<=Z0Z0HW®MH1w >

nuommwwnr>r Qo



Astronom

's 83 Classes (cont.) Preliminary

Family: Systems

Class P 18: Planetary System
Class P 19: Asteroid Groups
Class P 20: Meteor streams

Subfamily: Trans-Neptunian Systems
Class P 21: Edgeworth/

Kuiper Belt

Class P 22: Scattered Disk
Class P 23: Oort Cloud

Family: Substellar
Class S 22: brown dwarf
Family: Interstellar Medium
Subfamily: Gas (99%]
Class S 23: Cool Atomic Cloud (H I)
Class S 24: Hot Ionized Cloud (H II)
Class S 25: Molecular Cloud (H2)
Class S 26: White Dwarf Supernova
Remnant
Subfamily: Dust (1%)
Class S 27: Dark Nebulae
Class S 28: Reflection Nebulae
Subfamily: Energetic Particles
Class S 29: Stellar Wind
Class S 30: Galactic Cosmic Rays
Family: Systems
Class S 31: Binary
Class S 32: Multiple Star
Class S 33: Association (OB)
Class S 34: Open Cluster
Class S 35: Globular Cluster
Class S 36: Population

Family: Systems
Class G 19 Binary
Class G 20 Interacting
Class G 21 Group
Class G 22 Cluster
Class G 23 Supercluster
Class G 24 Filaments & Voids




The Three Kingdom System

3 Kingdoms

18 Families \
83 Classes \

Numerous Types
& Subtypes







