ATMOSFERAS
PLANETARIAS

Bien fuera del
equilibrio...

Las atmosferas son conglomerados de particulas en procura del equilibrio.

Clasificacion:

* “Planetas” terrestres: Venus, Tierra,
Marte, Titan

» Atmosferas tenues: Mercurio, Luna, lo,
Triton, Pluton

* Planetas jovianos

1. PLANETAS TERRESTRES

» Atmésferas secundarias, las originales
fueron barridas por el viento solar TTauri
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EXOSFERA: casi no hay colisiones entre las moléculas

TERMOSFERA: todos los gases absorben rayos X

ESTRATOSFERA: no hay conveccion, se requiere un buen absorbente

de UV

TROPOSFERA: moléculas con mas de 2 atomos son buenas
absorbentes de IR
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FIGURE 10.8 Temperature profiles for Venus, Earth, and Mars. Note that
Venus and Earth are considerably warmer than they would be without the
fect. (Th and not shown, are

;unlnuivdr alike.)
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Figure 2. A key diagnostic of an phere’s overall ch is its

temperature as a function of altitude. For example, based on its temperature
profile, Earth's atmosphere divides into several distinet layers (horizontal
bands) that the other planets do not share. In addition, the upper
atmospheres of Venus and Earth exhibit a striking diurnal cycle (day-night
pairs of curves ), Arrows indicate the cooler surface temperatures that would
occur in the absence of any greenhouse warming.
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RADIACION SOLAR RECIBIDA EN EL TOPE DE LA ATMOSFERA'Y

EN LA SUPERFICIE TERRESTRE
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RADIACION TERRESTRE
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Talile 1. The atmospheres of Earth, Venus, and Mars contais
many of the same gases — but in very different absoluse and
relative abundances. Some values are lower limits only,

the past escape of gas to space and other factors.
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Winds, Weather

Patterns
Mercury | Atoms of helium, sodium, None: too little Nong
oxygen, potassium atmosphere
Venus 96% COZ, 35% N, 90 bars Slow winds, no Sulfuric acid
violent storms clouds
Earth 7% Ny, 21% 0, 1 bar Winds, hurricanes H,0 clouds,
1% argon, H,0 (variable) pollution
Moon Atoms of sodium, 105 bar None: too little None
potassium atmosphere
Mars 95% C0, 2.7% Ny, 0,007 bar Winds, dust storms H,0 and CO,
1.6% argon clouds, dust
*1 b ~ the pressure at sea vl on Earsh
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Densidad

* La densidad de una atmosfera es el
resultado del balance entre los procesos
de GENERACION y PERDIDA

» Marte cesoé su actividad volcanica:
atmosfera tenue
* Venus debe tener actividad volcanica

reciente pues presenta una atmosfera
muy densa

Figure 16, On Earth, carbon dioxide cycles berween land and sky.
Gaseous CO, is removed from the atmosphere to form sea-floor
sediments; plate tectonism causes these sediments to be subducted
into the upper mantle, and subduction-zone volcanism later releases
the CO, back into the atmosphere, A balance thus exists between the
loss of atmospheric CO, and its resupply, though the gas’s actual
abundance in the atmosphere may vary over time.

»La atmosfera de las primeras épocas de la historia de la
Tierra estarfa formada por vapor de agua, diéxido de
carbono(CO,) y nitrégeno, junto a muy pequefias cantidades de
hidrégeno (H,), H,S, SO, y montxido de carbono pero con
ausencia de oxigeno.

»Era una atmdsfera ligeramente reductora hasta que la
actividad fotosintética de los seres vivos introdujo oxigeno y
0zono (a partir de hace unos 2 500 o 2000 millones de afios) y
hace unos 1000 millones de afios la atmdsfera llego a tener
una composicion similar a la actual.
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FGURE 10.12 Circulation cells. Heat rises above the equator, setting up a

fow of warm air toward the poles at high alttudes and a flow of cool air
toward the equator near the surface. The planet’s rotation is neglected for
the moment
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CIRCULACION: generada por la INSOLACION y la ROTACION (Coriolis)

La alta atmosfera de Venus circula con un periodo de 4 dias provocada por
la diferencia de temperatura entre el dia y la noche. Esta rotacion frena al
planeta pudiendo ser la causa de la escasa velocidad de rotacion.

Generacion de nubes:

« La temperatura superficial genera conveccion

» La conveccion es la responsable de la
formacion de nubes (liquido o cristales)

* Venus estéa cubierto de nubes de H2SO4
debido a sus altas temperaturas que generan
una fuerte conveccion

« No posee estratosfera que absoba UV por lo
tanto pierde H,O. A su vez el SO, se
combina en el suelo.

» Debe tener actividad volcénica

« Otra forma de generar nubes: viento sobre
montafias como en Marte
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Figure 5. Patches of frost surround the Viking 2 lander in this view taken in
1977 during the spacecraft’s first Martian winter. Here the key layer is
perhaps no more than a fow hundredths of a milli

probably arose from water vapor transparted to t

Dne aggregates precipitated onto the
froze out of the atmosphere and adhered to them.

M | Agua

« En Venus nunca condenso (si la hubo). La
UV destruyo las moléculas de H20
escapando el H2.

e En la Tierra el vapor de agua de las

-10 S Now 5 10 erupciones volcanicas saturo la atmosfera
T R PR T e provocando precipitaciones y los océanos.
Figure 20. Calculations show that the axial obliquity of Mars oscillates . L.
with a period of about 100,000 years, with even wider exeursions < En Marte al cesar la actividad volcanica el
et ke e e 8 agua no pudo retornar a la atmésfera.
polar regions and back out again.
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El agua en Marte

hars' "runaway refrigerator’ (reverse greenhouse)
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Throughout the middle of Martian geologic history, evidence sug-

gests that hic outflows huge floods
onto Chryse Planitia (“Plain of Gold®) from storage reservoirs in the
planet’s southern Similar events on the planet,

may have occurred within the past billion years.

Tope Very sarty in Martian hittory, the planet’s frazen outer crast, or
arpouphere, wat not et deep enough 1 prevent the whaleiale dis-
thaege of groundwasee from tha southern highlands onto the north
o plains and otier bow-tyieg basins. ABove: Evertually the cryo-
sphers thickened sesugh 19 trap the growsdwater bebeved 1o have
ben introduced into the usbsurtace over tie by mekting o1 the ke
o' buase. But huge revervain of fisid sporadically broke theough,
reating the gigantic outfiow chanssls seen today.
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Figure 9. Today liquid water does not exist anywhere on the Martian
surface, and the stabi i water ice depends largely on its subsurface
depth and latitude. For example, ice is unstable within about 30° of the
cquator (tan); aver time, near-surface materials at these latitudes have
probably lost amy water that might have been originally present
down to depths of more than 100 m, Farther to the north and sou
blic), ice could cxist within | m of the surface during | i
would be driven into the atmosphere as vapor at other times. In the
polar regions (dark blue), water ice is always stable down to kilometer
depths. This model assumes that the Martian atmosphere is well mixed
and carrics only enough water vapor to crcate a layer on the surface
sicrons thick
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Venus has runaway greenhouse effect and no water left. Earth has life
and liquid water keeping terperature balanced and most of ts CO, in
the rocks. Mars has unaway reffigeretor with water frozen n permafrost
|ayer and most of its CO, in the rocks or frozen on the surface.
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TABLE 4.4 Composton of Planets and Satelives with Tenuous Atmoapheres” .
Plasct Constituent Abundance (cm ™) Refsences
Mercury O 4w 10t ) 1
Na 3w 10t
He 6 10°
M %0 Impactos
n A (mprdernsd) Cometarios,
230 (thermal)y .
ca ~30 2 Viento Solar,
Mooe He 2% 10" (dayh4 = 10% (night) L34 Fotones
Ar 1.6 % 10" (day)-4 = 10° inight)
Na 0
K 16
Pluio Ny 5
o trace
CHy trace
b M 6 Gas sublimado
CHy trace P
en equilibrio
3 o o102 ? con fase sélida
50 trace
N B
K
(]
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Neptune

Figure 9. At certain times in Triton’s 688-year climate cycle the

Sun is almost dircetly over the equator (upper half), which causes .,
atmospheric gases to migrate toward a pair of polar caps. But at the Trlto n
seasonal extremes (lower half) one cap basks in constant sunlight and

disappears, while the other, in shadow, accumulates large deposits

of ice condensing from the atmosphere.
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Figure 15. Pluto’s surface is covered with a mixture of four
different kinds of ice — the same ones Triton has, with the
exception that carbon dioxide has not been found. Comparison
of this spectrum with that of Triton ( Figure 6) suggests that
Pluto has about twice as much methane on its surface, and
possibly less nitrogen ice, as Triton has,

Bipers & Ammmonda-water eutectic melt, & probuble outer solar
gptem kava, is mobile even at 176" K and flows bike cobd honey
o basabtic magma
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3. PLANETAS JOVIANOS

» Atmosferas primordiales, gases
capturados de la nebulosa solar
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Molecule  Sun Jupiter Saturn Uronus  Neptune

[ 864 97 5] 79
He 6 136 3 15 18
H,0 s ) — - -
CH, 007 021 02 2 3
NH, 002 007 003 @ — -
HS 0003 0008 — - -

Table 1. Percentage abundances (by number of molecules) for the giant
planets’ atmospheres below the clouds. Listed are six of the 11 most
abundant elements in the Sun (and the universe). The others are the noble
gases neon (Ne) and argon (Ar), and the metals silicon (Si), magnesium
(Mg), and iron (Fe), all of which are believed to reside in these planets’ cores.
Here Sun refers to a mixture with the same proportion of elements as the
primordial Sun, but cooled to planctary temperatures so that the clements
combine to form the compounds listed. Values for Jupiter are from the
Galileo probe; others are from remote sensing. All numbers are uncertain in
the least significant figure and more so for Jupiter's water content. Dashes
indicate unobserved compounds.
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