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Pressao atmosférica

E a forca (gravidade) exercida
por uma coluna da atmosfera

sobre 1m?2. Gravitational
force
Na Terra, a pressdo atmosférica a

nivel do mar é 1 atmosfera. *

1 m? column of
air (mass = 10* kg)

me = ps/ gs

1 atm = 101325 Pascal (Pa = N/m?
=1,01 x 10°Pa

/ps — 1M gs\
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THE ATMOSPHERES OF THE SOLAR SYSTEM

Mercurio ndo The Terrestrial Planets
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THE ATMOSPHERES OF THE SOLAR SYSTEM

The Gas and Ice Giants
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THE ATMOSPHERES OF THE SOLAR SYSTEM

The Terrestrial Planets
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Table 9.1 Some properties of the substantial planetary atmospheres

Planetary body Major gases/number fractions Escape
Os planetas gigantes tém maiores velocidades de el speed‘/
escape, permitindo manter espécies leves, que se v, = 2 km s~
deslocam aleatoriamente a velocidades mais altas. T

Venus CO, 0.96, N, 0.035 10.4

Earth N, 0.77, O, 0.21, Ar 0.009, H,O 0.01 11.2

Mars CO, 0.95, N, 0.027, Ar 0.016 5.0

Titan MoonofSaturn N, 0.95, CH, 0.047 2.64

Triton Moon of Neptune Mainly N,, some CH, 1.45

Pluto® TransNeptunian - Mainly N,, some CH, and CO 1.3

Jupiter” H, 0.863, He 0.135, CH, 0.0018 59.5

Saturn” H, 0.881, He 0.122, CH, 0.0045 35.5

Uranus” H, 0.83, He 0.15, CH, 0.016 21.3

Neptune” H, 0.83, He 0.15, CH, 0.022 23.5

“Pluto’s orbital eccentricity is large and its atmospheric properties vary as it goes around its orbit. The values are for the present, with Pluto not far from perihelion.
»The surface quantities for the giant planets are at the altitude where p = 10°Pa. The composition is for the total mass of atmosphere to greater depths.
¢ At the surface, at the equator, and including the effects of rotation.

(c) Discovering the Solar System



Table 9.1 Some properties of the substantial planetary atmospheres

Planetary body 4.Surface 5.Mean 6.Column
gravity’/  surface mass?/
 GMm s pressure/ 10*kgm ™ M. = Ps / g
9= 75 10°Pa
r
Venus 3.88 03 102
Earth 0.78 1.01 1.03
Mars 3.72 0.0056 0.015
Tl'[ElI'l Moon of Saturn 1.35 15 l 1
Triton Moon of Neptune ().78 2-4.5 %10 26-58 %10~
Pluto® TransNeptunian () 8 ~15 x 1072 1.9 x 1074
Jupiter? 24.7 | Asuperficie 247
Saturn? 10.4 | dosplanetas 104
b gigantes é
Uranus 8.8 | definida em 88
Neptuneb 11.1 i P=10°Pa 111

“Pluto’s orbital eccentricity is large and its atmospheric properties vary as it goes around its orbit. The values are for the present, with Pluto not far from perihelior
> The surface quantities for the giant planets are at the altitude where p = 10°Pa. The composition is for the total mass of atmosphere to greater depths.
¢ At the surface, at the equator, and including the effects of rotation.

4 Obtained by dividing the value in the fifth column by that in the fourth.
(c) Discovering the Solar System



Table 9.1 Some properties of the substantial planetary atmospheres

A direita calculei a temperatura de equilibrio

Planetary body /. Me.’fm para o respectivo albedo e distancia. Os valores
surface sdo diferentes da col. (7) de temperatura
temperature/ superficial, pois pode ter sido usado um albedo
K diferente, ou devido ao efeito da atmosfera

Teq Albedo
T, = Ty (1 — a)/* fo

Venus 740 eq — +0O op 2320,75

Earth 283 Podemos aplicar a lei do gas ideal, 255 0,30

Mars 218 que relaciona a temperatura, 216 0,16

Titan Moon of Satum 74 densidade e pressdo: 86 0,22

Triton Moon of Neptune 40 kT 35 0,76

Pluto® TransNeptunian 4() p . p 35 0,6

Jupiter? 165 m,, 110 0,34

b , , - , 82 0,34

Saturn . 132 M., € a massa médiaek é a 58 0.30

Uranus 76 onstante de Boltzmann !

Neptune” g 7. 47 0,29

“Pluto’s orbital eccentricity is large and its atmospheric properties vary as it goes around its orbit. The values are for the present, with Pluto not far from perihelior
> The surface quantities for the giant planets are at the altitude where p = 10°Pa. The composition is for the total mass of atmosphere to greater depths.
¢ At the surface, at the equator, and including the effects of rotation.
4 Obtained by dividing the value in the fifth column by that in the fourth.
(c) Discovering the Solar System
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Via espectroscopia de planetas, podemos obter a

composica

Relative spectral flux
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Poténcia total (energia/tempo) emitida pelo planeta, Lou

Lout — Wabs + Wint

Poténcia / \

emitida pelo

planeta Poténcia absorvida

da radiacio solar

\

|

Poténcia emitida do
interior planetario

Apenas os planetas gigantes
Jupiter, Saturno e Netuno (e em
menor extensao Urano) apresentam
Lout/Wans > 1, 0 que indica uma
importante contribuicao do fluxo de

calor interno Wi.

Para os outros corpos Wint « Wps.

Table 9.2 L /W,

Planetary body o e
Venus 1.000
Earth 1.0002
Mars 1.000
Titan 1.000
Triton 1.000
Pluto” 1.000
Jupiter 1.67
Saturn L
Uranus 1.06
Neptune 2.62
Mercury® 1.000
Moon¢ 1.000

(c) Discovering the Solar System



Variacao da pressao P com a altura z

Altitude/ km

| l I I

P(z) = P,e#"

z: altura -
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Figure 9.6 Pressure versus altitude in the Earth’s atmosphere.



Ganhos e perdas de energia na atmosfera planetaria

Radiant power (arbitrary units)
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Estrutura da atmosfera T Exosphere

(c) Discovering the Solar System

Termosfera

Temperatura aumenta para maiores altitudes.
E aquecida pela radiacdo solar UV e raios-X.
Energia é perdida por emissao no
infravermelho.

Heterosphere

Increasing altitude

Thermosphere

lonosphere

Temperatura muda pouco. Mesosfera
Ganha energia pela absorcao de radiacao IV de

baixo e do Sol (especialmente UV) de cima. Perde
energia por emissao para baixo e para o espago

(devido a baixa densidade). S - Ground
Camada mais proxima a Troposfera Tropospm level
superficie, onde acontecem mudancas de Superficie

tempo e clima. Além da absorcao e emissao

de radiacao, transporta calor por conveccao.
Figure 9.8 A schematic profile of temperature versus altitude, and the major atmospheric domains.
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Estrutura da atmosfera ) Exosfera T Exosphere
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Figure 9.8 A schematic profile of temperature versus altitude, and the major atmospheric domains.
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Figure 9.9 Phase diagram of water. Note that water is unusual in that the solid + liquid line slopes to
the left, though this is barely apparent on the scale here. The triple point is at 273.16 K, 610 Pa.



Formacdo de nuvens

A formacao de goticulas de agua ou cristais de gelo é favorecida na presenca de
particulas microscopicas, como poeira, que atuam como nucleos de condensacao.
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ESPACO

Efeito estufa 70% da radiac3o solar é
absorvida e 30% é refletida (albedo 0,3). A
radiacao emitida pela superficie terrestre no
infravermelho é parcialmente absorvida pelos 3& Gage .
gases do efeito estufa e irradiada em todas as % STUFQEEFE,TO
direcOes. Parte dessa radiacao é dirigida para
baixo, aquecendo a superficie. | ATMOSFERA

Energia Calor liberado
Refletida (30%) para o espago
em condigdes
normais

4 %,
f Y
JHt

https://
www.climaemcurso.com.b
r/blog/2018/09/09/como-
ocorre-o-aquecimento-
global-2/
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Efeito estufa

Devido ao efeito estufa, a temperatura 1/4
T eq — T@(l — a)

superficial € maior que a temperatura

de equilibrio.

Temperatura Temperatura A direita calculei
superficial de equilibrio AT 3 temperatura
(K) (K) Tsup — Teq de equilibrio
Teq Albedo para o
respectivo
Venus 740 232 0,75 +508  albedo e
Earth 288 255 0,30 +33  distancia. Os
Mars 218 216 0,16 ~9 valores s3o
Titan Moon of Saturn 94 86 0,22 +8 diferentes da
Triton Moon of Neptune 40 temperatura
s P 35 0,76 ~5 superficial, pois
Pluto® TransNeptunian 4() 35 0,6 ~g pode ter sido
Jupiter? 165 110 0,34 455 usadoum
Saturn® 135 82 0,34 ic3 albedo
Uranus” 76 58 0,30 diferente, ou

+18 devido ao efeito

b
Neptune 72 47 0,29 +725  estufa

(c) Discovering the Solar System



Retencao da atmosfera: velocidade de escape

Planetary body Major gases/number fractions Escape
Precisamos comparar a velocidade das moléculas speed®/
na exosfera planetaria com a velocidade de v, = 2GM iy !
escape, que é a minima para escapar da atmosfera r

Venus CO, 0.96, N, 0.035 10.4

Earth N, 0.77, O, 0.21, Ar 0.009, H,O 0.01 11.2

Mars CO, 0.95, N, 0.027, Ar 0.016 5.0

Titan N, 0.95, CH, 0.047 2.64

Triton Mainly N,, some CH, 1.45

Pluto® Mainly N,, some CH, and CO 1.3

Jupiter” H, 0.863, He 0.135, CH, 0.0018 59.5

Saturn” H, 0.881, He 0.122, CH, 0.0045 35.5

Uranus” H, 0.83, He 0.15, CH, 0.016 21.3

Neptune” H, 0.83, He 0.15, CH, 0.022 23.5

“Pluto’s orbital eccentricity is large and its atmospheric properties vary as it goes around its orbit. The values are for the present, with Pluto not far from perihelion.
»The surface quantities for the giant planets are at the altitude where p = 10°Pa. The composition is for the total mass of atmosphere to greater depths.
¢ At the surface, at the equator, and including the effects of rotation.

(c) Discovering the Solar System



Velocidades das particulas: distribuicao de Maxwell-Boltzmann

Probabilidade de ter velocidade entre v e v+dv, é f(v)dv

4 m, 3/2 ks: cte. Boltzmann

f(v) = ’026_mvz/2kBT T: temperatura
ﬁ QkBT m: massa da espécie

\ Vp fgof(v)dv = 1

i VFITIS
> L Velocidade 2kgT
E ' ' . s i
L - ©p
i o mais provavel -
0 | |
O |
o B O, at T = 300 K
) [3k5T
| : Urms — b
] . m
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Velocity v (m/s)
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_Thermodynamics_Electricity_and_Magnetism_(OpenStax)/02%3A_The_Kinetic_Theory_of Gases/2.05%3A_Distribution_of Molecular_Speeds



Velocidades das particulas: distribuicao de Maxwell-Boltzmann

Probabilidade de ter velocidade entre v e v+dv, é f(v)dv

3/2 ks: cte. Boltzmann
d m 9 —ma?/2kT -
V€ T: temperatura
ﬁ szT m: massa da espécie

0
s f[) flv)dv =1
Ty =14

;
. 2kt
Vp1 s Up =
Vp2 m

Para maiores T - maiores v,

Probability

Velocity v (m/s)

https://phys.libretexts.org/Bookshelves/University_Physics/Book%3A_University_Physics_(OpenStax)/Book%3A_University Physics_II_-
_Thermodynamics_Electricity_and_Magnetism_(OpenStax)/02%3A_The_Kinetic_Theory_of Gases/2.05%3A_Distribution_of Molecular_Speeds



Velocidades das particulas: distribuicao de Maxwell-Boltzmann

Probabilidade de ter velocidade entre v e v+dv, é f(v)dv

3/2 ke: cte. Boltzmann
4 m 9 —ma?/2kT -
f('v) v e T: temperatura
ﬁ szT m: massa da espécie

fgof(v)dv = 1

T =208,15 K (25 °C) [— 4He
zoNe 2kBT
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VAr 40pr p m

Probability
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One-sixth escape speed of some bodies
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| | |
O escape acumulado nos ultimos 4,6 Gyr é

desprezivel se v, (linhas) < V¢/6 (pontos)
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Figure 9.12 The most probable speed v, versus temperature 7 for some major atmospheric gases.
Planetary bodies are at the temperatures at the base of their exospheres. (c) Discovering the Solar System

O

b
W
O



Circulacao geral da atmosfera
- 0 aquecimento da superficie € maior no equador - circulacao
geral para transportar calor em dire¢ao aos polos.

- Supondo Terra sem rotacao e coberta uniformemente de agua -
Célula de Hadley

| {- Polar region

Sub olar region '
i e —B0°N

Mid latitudes

—-30°N
Subtropics

Equator —

------

Hadley cell

(a) Cold k /

o FIGURE 10.1 Diagram (a) shows the general circulation of air on a nonrotating earth uniformly covered with water and
with the sun directly above the equator. (Vertical air motions are highly exaggerated in the vertical.) Diagram (b) shows the names
that apply to the different regions of the world and their approximate latitudes. (c) Meteorology Today

ggos —Polar region



Devido a rotacao, a circulacao
geral é mais complexa Célula polar

60° N

Alta T

Célula de média latituded

30° N
Célula de Hadle

Zona de
Convergéncia
Intertropical o°

et

Célula de Hadle

30°S
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60° S

https://en.wikipedia.org/wiki/Atmospheric_circulation#/ Ceélula polva'r -
media/File:Earth_Global_Circulation_-_en.svg



A atmosfera da Terra
e uma fina
camada

de gases

gue rodeia
a lerrae
gue é retida

pela sua
gravidade




A atmosfera é muito fina em

comparacao com o tamanho
da Terra

Troposfera: ~8 km
Raio médio: 6371 km

© Meteorology Today (Ahrens)

FIGURE 1.2 The earth’s atmosphere as viewed from space. The 'f{__ i
atmosphere is the thin blue region along the edge of the earth.



Perfil de
temperatura da
atmosfera terrestre

Luz solar UV e raios X
agquecem e ionizam gases

Concentracao de ozonio
diminui
Aquecida por absorcao

de luz UV pelo ozonio

Aquecida pela superficie
e convecao
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Earth’s atmosphere

100-100-100.6 TSSO CD) o & 0 Pressao:

120
o decresce
. exponencialmente
com a altura z
90
s ID(Z) =
E" exp(-z/H)
3

H: altura de escala
(H=kT_/m g)

60
504
40
30
20

Composicao
guimica constante
até ~90 km

o
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temperature (°C) pressure (millibars)
© 2007 Encyclopadia Britannica, Inc.



H= kTm/m g 30 | | Above 99.9%
ou
H=RT_/M_g

(altura de escala) 20

R: cte gases (8.23
J Kt mol?)

T _:temp. media
(0°C=273,15K)

M,: massa mol.
média (0.029kg)

g: acel. gravidade

Altitude (mi)

—
o

0 100 300 500 700 900
H = 8km Pressure (mb)

Altitude (km)



Constituintes da atmosfera
Argonio (0.9 %) Argon

Carbon dioxide

(CO,: 0.04 %

(H,0, 0,, ...)

Vapor de agua NeO <3
é variavel, ~1% €U sao0 o5

principais
constituintes
e sua
proporcao
relativa é
constante
entre 0-90 km

All others

Nitrogénio (N, : 78 %)



Constituintes da atmosfera (€0,,H0, ..)

Oxigénio Qutros

1%

Os constituintes menores (e
variaveis) sao importantes fontes
de opacidade na atmosfera, -
espeualmente no mfravermelho
.(efe}to estufa) . -

- Ultraviolet
Ga nma: r.J/ Vi nifaned Microwzves

n
1zl 9 SUl o—mm Raclio yweaves

W

e ,"'

www.cosmicdiary.org



Ozonio (0,)
A concentracao de O, varia muito (latitude, estacao do ano),
mas tem maximo em ~20km. Protege contra radiacao UV.

Atmospheric Ozone

» Contains 90% of atmospheric

\ ozone
« Beneficial role: Acts as primaryf
UV radiation shield

Stratospheric Ozone  Current issues:

(The Ozone Layer) - Long-term global down-
ward trends

- Springtime Antarctic
ozone hole each year

N
&)

N\

+ Contains 10% of atmospheric
ozone
» Harmful impact: Toxic effects
on humans and vegetation
* Current issues:
- Episodes of high surface
ozone in urban and rural

zlénlioltropos arico s

.
&)

Altitude (kilometers)
N
<

—
o

Tropospheric Ozone

“Smog” Ozone

Y0

U 9 10 1 2025
Ozone Amount (pressure, mP) Andrew Ryzhkov
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Didxido de carbono  CO,

Importante fonte de absorcao no infravermelho

Distribuicao
Sl m | |a r ao Solar radiation powers

the climate system.
O,eN,

CO, éa2a
Some solar radiation
fo nte do is reflected by

the Earth and the
EfEItO atmosphere.
estufa

1a é o H,0 | %‘ AJMOSP

P ———————

3aéoCH, [ &ﬁ
{ About half the solar radiation

is absorbed by the

Earth’s surface and warms it. Infrared radiation is
emitted from the Earth’s

surface.




CO, e aguecimento global

400
™" CO, nos Ultimos 1000 anos
B Mathia
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o FIGURE 1.6 Carbon dioxide values in parts per million during
the past 1000 years from ice cores in Antarctica (blue line) and from
Mauna Loa Observatory in Hawaii (red line). (Data courtesy of Carbon
Dioxide Information Analysis Center, Oak Ridge National Laboratory.)

lce cores

CO, concentration (ppm)

© Meteorology Today (Ahrens)



CO, e aquecimento global

Continuo aumento de CO,
desde a revolucao industrial
— aumento da temperatura
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Consequéncias do aquecimento global: Clima extremo.
Perda de

geleiras e
nevados

Huascaran (Ancash,
Peru) JM, 24/7/2023

Huascaran Mountain
7/9/2009

https://pt.wikipedia.org/wiki/Huascar%C3%A1n




Consequéncias

do aquecimento |~ -
global:

Perda de
geleiras e
nevados

Yanamarey
ANCASH 2005 g

El nevado peruano que esta condenadoa 5, /12/2017
desaparecer en 10 anos

https://elcomercio.pe/peru/ancash/yanamarey-nevado-peruano-condenado-desaparecer-10-anos-noticia-478289-noticia/



Absorcao por
moléculas na
atmosfera
terrestre

A contribuicao
principal para
absorcao no
infravermelho é do
CO, e vapor de agua

-

Absor ptivity

02 03 04 06 081 LS 2 3 4 56 810 2
Wavelength (micrometers)

Absorptivity of various gases of the atmosphere and the
atmosphere as a whole as a function of the wavelength of radiation.
An absorptivity of zero means no absorption while a value of one
means complete absorption. The dominant absorbers of infrared
radiation are water vapor (H,0) and carbon dioxide (CO,). Oxygen (0,)
and ozone (0,) absorb much of the sun's ultraviolet radiation.

bandas de absorcao atmosférica
(bandas teluricas)




No visivel, onde
o Sol emite boa
parte de sua
energia, a
atmosfera é mais
transparente e
muito opaca no
infravermelho.

Dos 33 graus de
aquecimento
global, ~21 é por
H,O. A parte do
CO, é menor,
mas esta em
aumento

Spectral Intensity

Percent

Radiation Transmitted by the Atmosphere

2 1 10 70
Downgoing Solar Radiation Upgoing Thermal Radiation
70-75% Transmitted 15-30% Transmitted

Infrared

v

e

c

£ Carbon Dioxide

o

E- - | ) . A Oxygen and Ozone

L? Y ¢ th Methane

O H .

g . l i " Nitrous Oxide
k Rayleigh Scattering

0.2 1 10 20

Wavelength (um)

https://commons.wikimedia.org/wiki/File:Atmospheric_Transmission.png



Difusao da Radiacao:
espalhamento Rayleigh (d < A) e Mie(d > A)
* Causado por moléculas e aerossois em suspensao

* Ainfluéncia das particulas do ar depende da altitude, mas
0s aerossois dependem de ventos, clima, estacdo, ativ.
vulcdnica, poluicdo industrial...




Espalhamento Rayleigh

* Para particulas menores ao comprimento de onda
A da luz

25

13

* onde n: indice de refragao; Rayleigh Scattering Oives the

atmosphere its blue color

* N: densidade moléculas

—
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Rayleigh scattering gives the
atmosphere its blue color
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Espalhamento Mie

* Espalhamento por particulas maiores ao
comprimento de onda A da luz

* Nao depende muito do comprimento de onda
1.0 — Mie

o
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I
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Mormalized irradiance

Rayleigh
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Espalhamento Mie

Some light
penetrates
to
| r cloud base
White light is scattered in all directions

® 2007 Thomson Higher Education



Outros fatores atmosféricos:
Turbuléncia atmosférica
% : :}%3\‘ T“ R o

lu..r__‘

Vincent
van Gogh



Geracao de turbuléncia na
atmosfera terrestre

Fig. 2.13. Schematic representation of the generation of turbulence in the at-
mosphere by different obstacles. The amplitude of the temperature fluctuations
depends on the amplitude of the turbulence and on the deviation of the actual
temperature gradient from the adiabatic gradient. The scales L;, L2, L3 are char-
acteristic of the external scales of turbulence caused by wind around the obstacles
1, 2 and 3

Turbuléncia atmosférica causada pelo relevo



Outros efeitos atmosféricos:

Camada de inversao
* Fator na escolha de um sitio astrondmico de solo

r o
3
>
>

* Camada de inversao, ~ 2km,

mas pode ocorrer a menores z




Camada de inversao

TTT T T 1 TTI T 1Trrrzt

Camada de inversao sobre
0 oceano pacifico em
volta da ilha de Havai

e
..........

Temperature [C]

2.16. Inversion layer apove tne racinc Oceau, uear the isl:
0° N). This is a subsidence inversion, caused by reheatin
r layers; the latter movement itself is caused by the gen
mosphere observed in Hadley cells. (Sounding balloon me:
unicated by P. Bely and the Hilo Weather Bureau, Hawaij

www.gemini.edu



Evolucao inicial de atmosfera terrestre

A proto-Terra pode ter tido uma atmosfera primaria
temporaria (p.ex. H,) mas foi perdida com a alta temp. por
colisdes. A ultima grande colisao deu origem a Lua.

Depois, atmosfera secundaria por
gases de vulcoes (CO,, H,0) e da
desgaseificacao (CH4, Hz, H,0, N,
NHs) por aquecimento de material
por colisoes (asteroides e cometas).
Dependendo do material e temp,,
também CO e CO, e menos CH,

Earth’s Earliest Atmospheres
Apos esfriamento - agua liquida e

oceanos
Editors: David Deamer and Jack W. Szostak

Additional Perspectives on The Origins of Life available at www.cshperspectives.org

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2944365/pdf/cshperspect-ORI-a004895.pdf

Kevin Zahnle', Laura Schaefer?, and Bruce Fegley?



Vulcoes, fendas e sistemas hidrotérmicos: CO, e H,0

Active volcanoes Dormant volcanoes Hydrothermal systems/
CO2to S5t~ .01-10 CO; to St~ 10-1000 Calderas
CO2 to St ~ 10-1000
co, H;0 PLUME wege
S 2
HCl HF 0; CO, H20
high i St low temperature
vell_t‘fi\egass:ng vent degassing BOILING POINT FUMAROLES/
co ¥ .~ FUMAROLES STEAMING GROUND
- < HCO; SPRINGS 7 /) HOT SPRINGS o, diffuse degassing

HCO3 SPRINGS H.s HOTSPRINGS

':\decompressional degassing ’ i HYDROTHERMAL -2\ SO
«———free vapor phase ) S SYSTEM HCO5 7. ¢

SOZ.O Soh 'S0, CO; S0, dissociation ‘7 ,5 meteoric
reactions S

co water
SILICIC MAGMA g\ EPHEMERAL g 2

. e
o
.

RESERVOIR magma mixing SILICIC RESERVOIR

c02 COZ Coz

5 § i

exso!ution _of exsolution of exsolution of
CO,-rich fluids parental melts with CO,-rich fluids CO5-rich fluids

dissolved volatiles MANTLE
not to scale

Human activities produce ~100 times more CO, than volcanoes!



Possivel evolucao da atmosfera terrestre
100
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Methane
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A atmosfera de Marte




A atmosfera de Marte € muito menor que a da Terra.

Também, a composicao quimica é EARTH MARS
muito diferente. A atmosfera de =
Marte é principalmente de CO..

~0.006 atm

95%

2
NITROGEN

3%

Ar
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0 5%
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21%
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g CO DN
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(c) Discovering the Solar System

Figure 10.8 The globally averaged vertical structure of the Martian atmosphere when its dust content is
low. The two curves in the thermosphere correspond to extremes of low and high solar activity.



A atmosfera de
Vénus.

Vénus é
permanentemente
coberto de nuvens
de acido sulfurico
(H,S0,)

Nuvens na atmosfera de
Vénus em 1979.
Observacdes em ultravioleta
pela sonda Pioneer Venus
Orbiter.




Também, a composicao quimica é
muito diferente. A atmosfera de
Vénus é principalmente CO,.

Efeito estufa por CO,, H,0 e didxido
de enxofre (SO,)

Venus
SO,

CCCCCC
IIIIIII

NITROGEN

CLOUDSOF o
SULFURIC

| ACID

A atmosfera de Vénus € mais espessa que a da Terra.
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Figure 10.10 The vertical structure of the Venusian atmosphere. (c) biscovering the Solar System



Vénus tem baixa rotacao - circulacao simples (2 células de Hadley)

Northern

Sunlight
warms the
equatorial
regions Northern
polar cell

twa convection cells

Northern CD
(a) Atmospheric circulation on Venus; temperate ‘Ew

Morthern
tropical cell
Mid-latitude cell
= Earth
rotates
rapidly
Hadley cell PN P .
Intertropical , e sun"ght Southern
cone e T S — : warms the tropical cell
equatorial —
Hadley cell reqions Southern % 2y
temperate cell C)
"""" Southern
Mid-latitude cell \_, W"ﬁ"%’ pular cell
e —————— (b) Atmospheric circulation on Earth:
i six convection cells

Polarcell



Efeito estufa em Vénus » Terra. Temperatura superficial em
Vénus é de 477 C (750 K).

Efeito estufa descontrolado (runaway) ha 3 Gyr?. Aumento
de luminosidade solar - evaporacao de oceanos - maior

vapor de agua - maior efeito estufa - maior temperatura
—> evaporacao total de oceanos em apenas ~100 Myr.




Atmosfera de Tita (lua de Saturno) . TITAN EARTH

~1.45 atm ad IE-1101

NZ NZ

96%

3.9%

HZ

HYDROGEN

0.5%

Ar, Ne, CH,CN,
C,H,. C,H,, €O,
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Figure 10.16 The vertical sgucture of Titan’s atmosphere.



Atmosphere of Titan Phase diagram of methane
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Figure 10.16 The vertical sgucture of Titan’s atmosphere.



A atmosfera dos planetas gigantes




THE ATMOSPHERES OF THE SOLAR SYSTEM

The Gas and Ice Giants
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Fonte de energia é do interior e da radiacao solar
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Figure 11.1 The vertical structure of the atmospheres of Jupiter and Saturn.



A Terra possui 3 células de circulacao em cada hemisfério,
enquanto Jupiter possui 8 células por hemisfério, devido a

sua rapida rotacao (P ~ 10 h; 9h50 equador e 9h56 no polo) e
pelo seu grande tamanho.

Earth Jupiter

https://www.jpl.nasa.gov/images/pia24965-atmospheric-circulation-cells-on-earth-and-jupiter

Artigo de revisao sobre circulacao atmosférica de planetas gigantes:
https://link.springer.com/article/10.1007/s11214-019-0631-9
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Observamos
bandas coloridas
nos planetas
gigantes. As
bandas brilhantes
mais claras sao
chamadas de
zonas (zones) e
as escuras de
cintos (belts). As
cores estao
relacionadas com
o0 movimento

convectivo.
Downwelling
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ao topo de regides convectivas.
Provavelmente sao formadas por nuvens
de cristais de NH:.
Upwelling oet Upwelling Os cintos sao regides onde a atmosfera
afunda para completar o ciclo convectivo.
Interior

Figure 11.2 An explanation of the belts and zones of Jupiter and Saturn.

(c) Discovering the Solar System



SATURN CLOUD FEATURES
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JUPITER CLOUD FEATURES
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A combination of wind speed, wind direction, atmospheric jets, and cloud
composition causes Jupiter's banded appearance. nasapuspace science nstmuTe

Layout of the belts and zones of Jupiter



Saturno esta mais longe do
Sol = mais frio - bandas
guimicamente menos
complexas - mais sutis e
menos coloridas que as de
Jupiter
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Planetas gigantes apresentam tempestades em formato de
grandes ovais vermelhos, brancos ou marrons.

O maior oval conhecido
é a grande mancha
vermelha de Jupiter,
gue é um enorme
anticiclone (circulacao
em grande escala de
ventos ao redor de
regiao de alta pressao).
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https://www.jpl.nasa.gov/news/jupiters-red-spot-is-likely-a-sunburn-not-a-blush

W Jet Propulsion Laboratory . _
California Institute of Technology The color of Jupiter's Great Red Spot is
) : . . likely a product of simple chemicals
Jupiter's Red Spot Is Likely @  (ammonia and acetylene) being broken

Sunburn, Not a Blush apart by UV sunlight in the planet's upper
atmosphere, according to a new analysis of
data from NASA's Cassini mission.

The team thinks the spot's great heights
both enable and enhance the reddening. Its
winds transport ammonia ice particles
higher into the atmosphere than usual,
where they are exposed to much more of
the sun's ultraviolet light.
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Astrobiologia. Dos 4 planetas rochosos,
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https://www.researchgate.net/figure/The-
reflectivity-of-the-solar-systems-three-
largest-terrestrial-planets-Venus-
top_fig8_259764628
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A atmosfera da Terra e Astrobiologia

No espectro atual da Terra (idade 4,6 Gyr) é possivel
observar a assinatura de vida em nosso planeta
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A assinatura da amazonia
(se for preservada) poderia
ser detectada por uma
civilizacao alienigena!
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FIGURE 7.5 Simulated spectrum of an Earth-twin planet observed from the UV to near-IR by a space coronagraph.

Spectral features from oxygen, water, ozone and CO- show the presence of a biosphere. SOURCE: NASA LUVOIR
report. J. Lustig-Yaeger (University of Washington).
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