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FIG. 1 a, Galileo long-wavelength-visible and near-lnfrared spec

the Earth over a relatively cloud-free region of the Pacific Ocean, north
of Borneo. The mcndence and emission angles are 77° and 57° respec-
tively. The (b’\ —X’y_ ) 0-0 band of O, at 0.76 ym is evident, along
with a number “of H70 features. Using several cloud-free regions of
varying airmass, we estimate an O, vertical column density of 1.5 km-
amagat + 25%. b and ¢, Infrared spectra of the Earth in the 2.4-5.2 um
region. The strong vz CO, band is seen at the 4.3 um, and water vapour
bands are found, but not indicated, in the 3.0 um region. The v; band
of nitrous oxide, N;0, is apparent at the edge of the CO, band near
4.5 um, and N,O combination bands are also seen near 4.0 um. The
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methane (0010) vibrational transition is evident at 3.31 um. A crude
estimate’® of the CH, and N,O column abundances is, for both species,
of the order of 1 cm-amagate (=1 cm path at STP),

NATURE - VOL 365 - 21 OCTOBER 1993
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FIG. 4 A frequency-time spectrogram of the radio signals
detected by the Galileo plasma wave instrument. The
intensities are coded in the sequence blue—green--yellow

red, with blue lowest and red highest. Several natural
sources of radio emission are shown in a, including auro
ral kilometric radiation (AKR). Modulated emission at
f>4 MHz is shown with an expanded time scale in b.
Modulated patterns of this type are characteristic of the
transmission of information, and would be highly unusual
for a naturally occurring radio source. (ut, universal time;
R is distance of Galileo from Earth in units of Earth's
radius, Rg; 1T, local time.)

-y
O

Frequency (MHz)

18:20 18:30 18:40 18:50
1355 12.4 1.5 10.6




RAOY—1BICLDARGRARERRE
= 1990528 14H 7o S DABREMIHT SET _

@40AU ,
» 8 %/ L —

s —ILE—HUN 2 N / ~ @’E&
WIROERE b - 58
Pale Blue Dot , | . \ &
L PSP Tee | B

$91871&* e » { &
(KIGHPOETEETD) '
-.. o ik ( (1977945 L) |
" .‘ asahi.com 20134E9 5138

VENUS



RAII-TIL—Fyhk

JUPITER

n..‘

EART

VENUS

SATURN

NEPTUNE



71 ——1. SR Ltk e B
&7 A 208 (BABR) 25 AACH LI EEE-TLS

View from Saturn (Cassini)
900 million miles away



INEZT)LERE



INERT LY —2
s KW BRARELTHEETESEEfFEEBEE LN
HENZLIN  EEXRDENSDITITVYIRT
THEx9I HD(THWE REORHZENVE)
s SMADEFR O RKEER
. CO,Ic& DEEMENBALLEDNENGET S,
“hlE. CO,DBEHEMCO, | kDL A" —EHEL
ZkBREED LR THREINTLES o, L
MoT. CHOBDEENMBFEREL TLIbEES
273KLL EIZTELEWNEOIERIDENDTIVY
2 (S b IR A5, /\E AT LY — D SIS B
ERiH2.




INEART LY —2  RAIDER

» FELEIR

s REREMNESFEE (E/KEL674K) T2 5L,

BT RITERRT S

n BRICHFNETHRETESOEKRELULLDTIZYIRX

NAFTE(EEE CNIFLEDOE

w nERESNR
B i’lﬂi/ﬂ4xh\34OK€tZétﬂmL

Z=&ERL)

KEMNEHL.

AZEBEDKEINIEZ S, TOKESIIASEEL.
IKENTRELEEITE=H0NTKMNLGLLG S,

= Recent Venus

s 10EERICIEEENDIKNGELIEOTILNDELVDE

i

EREDOKBEHREICRHALEERMHEE




I ZEDEERELE/ \l:“97“)w“—‘
,/ °0

Jupiter  Saturn- ~ Uranus Neptune

-

Kepler 62f

Gliese 667Cc

: .Stellér Mass (solar‘m'a'usses)-

.-0.1‘_ . RN By 2 "
SOOI S R O R e L 10

Image Credit: Chester Harman « g o H oy = . : ]
Planets: PHL at UPR Arecibo. NASA!IPL/APUAnz()na . .. D,lstanc.e‘fro_m Star (AU) . 7 . &

Kasting, Kopparapu, Raminez & Harman: arXiv:1312.1328



B A XDNERXTILERE DTFHEESR

s GKEIZ2Z NI HMIKFEFED1~2(5DXRE
s TITS—DROOYNRERBEM G, SRIKERIRDE
ZELTHTE
s 1114 % (MR LETOKRKBZTISVIAD1 ~4{FEDELD)

s 5.7+2.2-1.7 % (2 E#H200~400B D1 D)

Table 1. Occurrence of small planets in the habitable zone

HZ definition dinner 9douter FP,inner FP,outer 7(:HZ (%)

Simple 0.5 2 4 0.25 22
Kasting (1993) 095 137 1.11 0.53 5.8

Kopparapu et al. (2013) 099 1.70 1.02 0.35 8.6
Zsom et al. (2013) 0.38 6.92
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“Observations of Mars in 1924 made
at the Lowell Observatory: II
spectrum observations of Mars’’
PASP 36(1924)261

reflection spectrum. The Martian spectra of the dark regions
so far do not give anv certain evidence of the typical reflection
spectrum of chlorophyl. The amount and types of vegetation

required to make the effect noticeable 1s being investigated by
suitable terrestrial exposures.
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= Scientific American April 2008
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O;: The Occulting Ozone Observatory

O3: The Occulting Ozone Observatory
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Robert Vanderbei!, Mark W. Thomson?, Stefan R. Martin?, K. Balasubramamian?, Steven H. Pravdo?, Yuka Fujii3, Yasushi Suto?

Princeton University, 2let Propulsion Laboratory, 3University of Tokyo
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Rayleigh scattering above surface scattering by surface

F .q: retlected flux, F.: incident stellar flux
R,: Rayleigh scattering optical depth
f.: cloud fraction, c,: cloud albedo, a,: surface albedo

Rayleigh scattering assumed to occur below
half the available atmosphere



INGARYYDETILARIRNL

Absorption lines

F)\ (Z AN’ ) (1+bH (X)) exp ( Z T/\.mol>

mol
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Rayleigh scattering terms

Red-edge due to chlorophyll (softened Heaviside)
H(A) =1+ exp (80(0.72 — A/um))|
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