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A grande maioria das observacoes
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© Meteorology Today (Ahrens)

e FIGURE 1.2 The earth’s atmosphere as viewed from space. The
atmosphere is the thin blue region along the edge of the earth.




burro.cwru.edu/Academics/Astr201/Atmosphere/atmospherel.html
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Earth’s atmosphere Sonpeisiun (F
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H=RT_/M,g

(escala de
altura)

R: cte gases
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Quais sao 0s maiores
constituientes da atmosfera?



Constituintes da atmosfera

Argonio (0.9 %) Argon
Carbon dioxide All others (H,0, O,, ...)
(CO,: 0.04 % Vapor de agua é

variavel, ~1%

Nitrogénio (N, : 78 %)

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



www.cosmicdiary.org

Constituintes da atmosfera (€0:,H,0,0,,..]

Oxlgemo

Os constituintes menores (e
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Water vapor

Vapor de agua: uma das e

Oxygen
)

principais fontes de
opacidade na atmosfera

Air parcel

e— WA

Condensation

Evaporation

Ahrens)



Medida do conteudo de Vapor d’agua

O conteudo fracional (fractional content), razao de
mistura (mixing ratio), ou humidade especifica
(specific humidity) é:

~ 3
mass of H,O per m

T

o 3
mass of air per m-

*0<r<r(T) (saturagao) [r] = g/Kg

muito sensivel a
*Temperatura

z (altitude)
Latitude
*tempo



Massa de vapor de H,O por volume de ar saturado

a pressao normal em funcao da temperatura
a 30
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Mixing
ratio em
funcao da
latitude
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Concentragao de vapor de H,0

em fungao da altitude mass of H,O per m’

Fi=

mass of air per m’
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Altitude (km)
N

o
Z

10~ T 10
Mixing ratio (g kg_1)
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Quantidade de agua precipitavel

o0

Agua precipitavel acima N

de uma dada altura z, e w(z0) = H,0 dz2
0

onde Ny,o(z) €0 numero de moleculas / volume

For normal pressure and temperature Py and 7, respectively,

Nu,0 [1‘1‘1_3] = 4.3 x 10%

r(z)-
Py 1y



Coluna d'agua precipitavel

o0

hi,o0 [em] = po [gem™] / r(z)e”¥" dz,

<0

Onde p, é a densidade do ar em z,

r(z) varia rapidamente: a escala de altura do vapor
d'agua (3km) é << ar seco (8 km)



Keck (4.2km) spectrum of HD140283
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Keck (4.2km) vs. VAL G

HOAD-IRAF %2,1dEXPORT jorgeljorge-pc Mon 17:31:39 18-Mar-2013
Ehd14D283 uves, Flts]: RED_SCIEWCE_REDU 149, ap:l beam 1

T

=
=, (IR il Ul

present |
on |

Paranal § | I
(VLT) | ISM ;.
+ - NED |

‘ Stellar NaD | 1 .

LE90 SiE8l2 ., 8 55895 FIEE7 13

kavelength {ang=stroms!




Keck (4.2km) spectrum of HD140283
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Ozonio (O,)

A estrutura vertical do O, varia muito (latitude,
estacao do ano), mas tem um maximo ~20km
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“Smog” Ozone

Atmospheric Ozone

~

Stratospheric Ozone
(The Ozone Layer)

AL

Tropospheric Ozone

zlénlioltropos 2rico

*» Contains 90% of atmospheric
ozone
« Beneficial role: Acts as primary
UV radiation shield
* Current issues:
- Long-term global down-
ward trends
- Springtime Antarctic
ozone hole each year

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

0 510 15 20 25

Ozone Amount (pressure, mP)

Andrew Ryzhkov




Ozonio (O,)

O hemisferio norte tem uma maior
concentracao de ozonio que o hemisferio Sul

Monthly average GOME total ozone
oHELY ) KNMI/ESA

[
no data

H . EH B B 0 0O & m O O
<150 175 200 225 250 27Y5 800 925 950 375 400 425 450 475 >500DU




Ozonio (O,)

A quantidade total de O, tem um ciclo annual
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Figure 1. Annual Variation of Total Ozone for Each 10° of N Latitude
Variacao annual do oz6nio a cada 10 graus de latitude no hem. Norte



Ozonio: principal protecao contra a
radiagao UV solar

_é Absorgao da radiagao UV pela camada de 0zoénio (www.nasa.gov)
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Ozonio: principal
protecao a Terra
contra a UV do Sol

Absorgao da radiacao UV pela camada de 0zonio (www.nasa.go
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Sunscreen

Verificar se seu protetor solar
bloqueia UVA!

Without Sunscreen
Sunscreen

Without
Sunscreen

ACTIVE
INGREDIENT

Non-nano, uncoated
Zinc Oxide

Titanium Dioxide
Octocrylene

Octisalate

Octinoxate

Avobenzone

UVB UVA

Protection = Protection



Destruicao do Ozbnio

* Constituintes
menores (Cl,
NO) destroem
o0

3 09 &
e Os cloroflour- v \\\\/O
carbonetos, ggc;;oc,,} C'?,:} Gm"e
CFCs, podem A e
alcancar a O Qp 99

e St ra tO Sfe ra e Oxygen atom (O) Chiorine monoxide (CIO) Oxygen molecule (O5)
destroir ozonio = CIO + 0~ Cl +0,

Cl+ 03 CIO + Op ==
Net: O + O3 = 20>

Ozone Destruction Cycle 1

Oxygen molecule (O2) Chlorine atom (Cl) Ozone (O3)




Didxido de carbono CO,

* Importante fonte de absorcao no infravermelho

Tem
distribuicao
similar ao
O,eN,

~ Some solar radiation
Razao de is reflected by

the Earth and the

mistura N30 i

depende da '
gé About half the solar radiation

altura
is absorbed by the

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

Solar radiation powers
the climate system.



CO, e aquecimento global

Luz visivel atravessa a atmos e esquenta a
superficie. Os gases (CO,, H,0 & CH,) na atmos
absorvem a luz IR refletida, re-emitindo-a em

direcdes aleatorias.

Sooe e . COzé a segunda
fonte (apos H,0) do
aguecimento global



CO, e aquecimento global
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.. CO, nos dltimos 1000 anos
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o FIGURE .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.)
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Temperature Anomaly (°C)

CO, e aquecimento global

Global Land—Ocean Temperature Index
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Global surface warming (°C)

CO, e aguecimento global

Atmospheric Carbon Dioxide History
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Impacto na ' - J

Astronomia

Aumento de £
. 2
CO,: maiores §
bandas de $
absorcao na
atmosfera

Atmospheric Carbon Dioxide History

380 e
! 2006 Value=380/

02 03 04 06 08 ) LS 2 3 4 S 6 810 2
Wavelength (micrometers)

0 0.45% per year

a0l Increase recently

(ppmv)

Absorptivity of various gases of the atmosphere and the
atmosphere as a whole as a function of the wavelength of radiation.

38% increase ] S
- An absorptivity of zero means no absorption while a value of one

g 320 - Since Industrial
5 Revolution | means complete absorption. The dominant absorbers of infrared
3" 300 - | radiation are water vapor (H,0) and carbon dioxide (CO,). Oxygen (0,)
sl { and ozone (0,) absorb much of the sun’s ultraviolet radiation.
L Pre-industrial \4251:553275 | ~ , -
| % Greenland e Core 22008 4 bandas de absorcao atmosférica
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Impacto na Astronomia?

PRoJECTED PATTERNS OF PRECIPITATION CHANGES
Dec-Feb Jun-Aug
multi-model ___A1E DJF multi-model = i JJA

DR
--------

.
.......
T

©IPCC 2007: WG1-AR4

Figure SPM.7. Relative changes in precipitation (in percent) for the period 2090-2099, relative to 1980-1999. Values are multi-model
averages based on the SRES A1B scenario for December to February (left) and June to August (right). White areas are where less than
66% of the models agree in the sign of the change and stippled areas are where more than 90% of the models agree in the sign of the
change. {Figure 10.9}



jons

*Acima de 60km, radiacao solar UV ioniza a atmosfera

A lonizacgao varia com altitude, iluminacao solar, ativ. solar

*A altas latitudes, “cascatas” de eletrons entram nos polos
magneticos, causam as auroras

N
stream of solar wind particles /-\ /aurora
7 \Changed particle

belts

Not to scale




lons : Auroras




jons

*Reacoes tipicas:

Oy +hv — OF + ¢~

Oy +hy — OT+0+e™

 Variacao da dens. eletronica:

Camada z(km) Ne[cm]

D 60 103

E 100 105 -
F 150-300 2x10%

> 2000 104
D quase desaparece a noite
Interfere nas ondas de radio




Absorcao da Radiacao
A absorcao da.atmosfera pode ser total ou parcial
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Transicoes Atomicas e Moleculares

Phecton
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Bandas de absorcao atmosféricas

bandas teluricas
A fisica atdm. e mol. fornece coef. Kk ou o para c/especie
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,s- Espectro solar

e bandas teluricas
Top of the atmosphere
2.0 \
Sea level
. 9 Black body emission at 6000 K
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vy Cas e
bandas
teluricas

Na regiao do
infravermelho
proximo H,0
causa fortes
bandas de
absorcao na
atmosfera
terrestre
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Fig. 2.5. Telluric absorption and spectroscopy: the spectrum of the star v Cas. The
spectrum was obtained using the 3.6 m Canada-France-Hawaii telescope at the sum-
mit of na Kea, Hawaii, USA. (4200 m), with a Fourier transform interferometer
(cf. Sect. 5.3.4), in the near infrared atmospheric transmission window, with a res-
olution of Ae = 0.5cm™". (Chalabaev A., Maillard J.-P., Ap. J. 294, 640, 1984.)
Atmospheric absorption bands are indicated, together with photometric windows
I,J and K (cf. Sect. 3.3). The star has both a continuum and emission lines (mainly
H recombination lines). The inset shows the 3-4 Paschen o line (5331.6 cm™') ex-
tracted from a heavily absorbed part of the spectrum: the spectrum of v Cas was
divided by that of a reference star (o Leo) to eliminate atmospheric bands. As o
Leo (spectral type B7) also has hydrogen lines, the absolute value of Pa is not sig-
nificant. Observation of Pa would be impossible at lower altitude. (With the kind




Mauna Kea com H20

16 18 20..22 2% J6 28

Imm(lmm) e 3mm

10,12 14

E:




Transmissao

o o &} g

Transmissdo

© L
» @
!‘
Lo I
. 7-
O 8 -
oo

Water Vapor Mauna Kea vs OPD

|
h Mauna Kea

H0%30mm Y
L : . L s L :
A 1.0, TU15 L 20,
llllllllll (km)
TramnsmissS&s SAllrmos RErica do it O -l ed s
':_,--C:ill_ll‘"la - = '\-\.-'-an-::-r UEQIJEI e 1 e

Nn(Imm ,3mm)

h(10mm)

h OPD/LNA

Barbosa(2000)

1. o
-C:-nrnp rne-rrl:-:l- -l:lﬂ- -n-ru:la lj_u.rn)

Comp imento de onda Qam )

OPD/LNA
h(20mm)

Barbosa(2000)




Profundidade optica

A profundidade optica ao longo de uma linha vertical, de
um constituinte i com taxa de mistura r;(z) € dada por:

T(A, 20) = 17y 1i(2) po(2)ki(A)dz

~()

A atenuacao de um raio incidente de intensidade |, (topo
atmosfera) recebido a uma altitude z, e fazendo um angulo 0
com 0 zénite é:

o

I(z0) _ .. ] 1 |
[()(DC-) L . %TZ(A ZU)

COS

% #

Onde a soma é sobre todas as espécies que absorvem



Atenuacao da radiacao com a altitude

Energy [eV]

~l
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Fig. 2.4. Attenuation of electromagnetic radiation by the atmosphere. Curves give
the altitude 2o (right-hand scale) or the residual fraction of the atmosphere, in mass,
above zo (left-hand scale), for three values of the ratio [(z0,A,8 = 0°)/Io(o0, A).
Chacaltaya is a site in the Andes (altitude ~ 6 000 m)



Plasma lonosférico

e Camadas ionizadas

tem indice de o Night Day
refracao n - ‘\ }
relacionada a dens. ™ \\\ \\
eletronica Ne gsiﬂ N
*’=1l-oflo  E I
— 1-(&/}@)2 Egg Sl F2-Region}
150 F1-Region| 1
° Vp[H Z] — wp /271- - E-Region | |
. D-Region
:9 X103N e1/2 o Plasma density(1e0Ithronfcm'3) o

Total reflection
Para a camada F (N, = 2x10° cm3), 4,=23.5m (v,=12 MHz)



Ground-based observatorles

Plasma ionosferico

Continuo N, Bandas rot. e v-r
o 100% /
22 UV long. (<20nm
@8 50% - . 10-20m
EO UV proxim
s mm cutoff
0% | I I I | | 1 I | 1 1
0.1nm 1nm 10 nm 100 nm 1 i\): 100 1 mm 1cm 10 cm Tm 10m 100 m 1 km
e SU
Wavelength
JANELA JANELA
OPTICA-IV RADIO
Most of the
Visible Light Long- length
Gamma Rays, X-Rays and Ultraviolet °Lss|°:'al;'g° lal:)f:r;::%eycu’um :2:’:2:’:;_” observable R::ig::va:::sn
Light blocked by the upper atmosphere ﬁ?m Earth, atmospheric blocked.
(best observed from space). with some gasses (best
atmospheric observed
distortion. from space).




ALMA:

66 antennas working together at mm and submm

vl s


http://www.almaobservatory.org/en/technology/antennas

Emissao Atmosférica

* A atmosfera emite por fluorescéncia
(airglow) e termicamente

FLUORESCENCIA: recombinacdo dos elétrons e
ions criados nas reacdes diurnas de dissociacao
* Continuo: 1-3 Rayleigh Al

 Linhas: 500 R
1 Rayleigh (R) = 10° fotons cm= st strt
= 6.8x101" Wm-2um-tarcsec?(em =550nm) = 22 mag arcsec2

* Principais emissores: Ol, Nal, O,, OH, H
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Espectro do céu a noite (no 6tico)
Mauna Kea (Havai)
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Espectro do céu a noite (no o6tico e infravermelho)
_Observatorio de La Palma (Canary Islands)
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OH Meinel bands

OH é muito forte
- Nno vermelho-
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Fundo de céu para observacoes no
solo e no espaco proximo a Terra

Magnitude [arc sec™?)

e

L
W
T

27+

-

00 700

Wavelength [nm]

Fig. 2.8. Visible and ultravio-
let magnitudes of the sky back-
ground per square arc second, for
observations from the ground and
from space near the Earth. Let-
ters denote the spectral bands of
the photometric system (cf. 3.3),
corresponding to the points (e).
[After Courtés G., personal com-
munication; Smith H.E., Bur-
bridge E.M., Ap. J. 210, 629,
1979; Leinert C., Sp. Sci. Rev.
18, 281, 1975; Machetto F. et al,
ESA-SP 1028, 1980, European
Space Agency|



Some solar energy
is reflected out into

space by clouds,
aerosol gases and

‘ h e
Solar energy from the sun the atmosphere

passes through the atmosphere
and heats Earth's surface

ao
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On Some solar energy
Y is absorbed by the
Some solar energy 8 ©  atmosphere
is reflected by ©
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Emissao Térmica

« Atmosfera pode ser considerada um gas em ETL
até 40-60km
« Para 1t << 1 (profundidade otica fina), a intensidade
de radiacao a altitude z e distancia zenital 0 é:
. 1
[)\(Z) ~ T)\B)\(T)

cos @

onde B, é funcdo de Planck a temperatura média T
da atmosfera.

1<<1e B, nao é desprezivel:
- infravermelho proximo: 1 - 20 ym
- milimétrico: 0.5 -2 mm



e s _ 1
Emissao Termica  Ii(z) = nnBA(T)

Usando temperatura média 250K:

cos ¢

Fontes Table 2.3. Mean thermal emission of the atmosphere
astronomicas Spectral band

Tl [SINEEIAVEETY (cf. Sect. 3.3) L N Q
ordens de W“'——
magnitude (um] 3.4

mais fracas que apyregs s

emissao termica BEgaiks 0.15

do céu (problema BYEFIMAGE

parecido com [arcsec™?] 81 20

a emissao Intensity

fluorescente do GG NN 0.16 22.5

ceu). %1 Jansky = 1072* W m™2 Hz ™.



Fundo do céu no infravermelho:
emissao térmica vs. OH

|
=100y — ——
g =228K.— .
"9 e“:o.m
8 |
L, T
£ ‘ Emissao
— térmica
B $
S T ...... S——
10
b Wavelength [um]

Brilho de fundo do céu no infravermelho,
em altitude de Mauna Kea (4200m).



Difusao da Radiacao:

espalhamento Rayleigh e Mie
e Causado por moléculas e aerosois em suspensao
* Ainfluéncia das particulas do ar depende da altitude, mas

0s aerosois dependem de ventos, clima, estacdo, ativ.
vulcdnica, poluicéo industrial...




Espalhamento Rayleigh

* Para particulas menores ao comprimento de onda
A da luz

* onde n: indice de refragcao; .

t

Rayleigh scattering gives the
atmosphere its blue color

N
o

e N: densidade moléculas

o

o

Percent Scaltering of Direct Sunlig
L)

o

450 500 550 600 650
Wavelength (nm)




Rayleigh scattering gives the
atmosphere its blue color

]
y

4
" 11
| (1]
LELE]

38

Percent Scattering of Direct Sunlight

LAY RIANET

500 550 600 650
Wavelength (nm)

‘‘‘‘‘‘‘

Hawall after obsefvmg run - | , =5 |
A intensidade do espalhamento Rayleigh depende do angulo 0 de incidéncia
3
o = 2
J =0R 4(1 + cos 9)4

Em z=2km, a 90° do Sol, A=7000A, brilho do céu é 107 daquele do disco solar



Espalhamento Mie

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

* Nao depende muito do comprimento de onda
1.0 — Mie

—

o
o
I

o
()
I

]

Normalized irradiance
o
N

|

Rayleigh

o
(N
l

|

o
(=}

L I L I LI I I UL | UL I L B I

400 450 500 550 600 650 700
Wavelength (nm)



Espalhamento Mie

penetrates!
- fo
cloud base

White light is scattered in all directions

®© 2007 Thomson Higher Education



Sky brightness [10°Bg]

10-

10

|

Possivel
observar
ao diaou
a noite

—

Wavelength [um]

Contribuicao ao
brilho do céu (no
dia) na regiao do
otico e
infravermelho

Fig. 2.11 (Lena, Observational
Astrophysics). Molecular scattering is
given for the altitude z = 2000m, at 909
from the Sun. The wavelength
dependence is A4. Thermal emission
IS also shown, assuming uniform
mean emissivity of 0.1.

The dashed line shows the possible
additional contribution due to aerosols,
varying as A'1. For comparison, (*)
marks the sky brightness measured at
0.5 arcmin from the Sun’s limb at Kitt
Peak (Arizona)
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Outros fatores atmosf
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Turbuléncia atmosf

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, L3z are char-
acteristic of the external scales of turbulence caused by wind around the obstacles
1,2 and 3

Turbuléncia atmosférica causada pelo relevo



A turbuléncia da atmosfera
terrestre afeta a qualidade de
Imagem

Lick Observatory, 1 m telescope Imagem

Efeito da turbuléncia atmosferica corregida
usando otica

N . adaptativa
' : e i 3
| , Wik
¢ e :o'

Long exposure Short exposure
image image




Resolucao angular
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Resolucao angular de um telescopio de
didmetro d no comprimento de onda A

.o

o[rad]=1,22 A /d

ForV =540nm:

a[n] = 0,136 /d[m] For K = 2,2p.m:
a[”] = 0,55 /d[m]
Um telescdpio com d = 14 cm alcanca no dtico

uma resolucao angular de 1”, da mesma ordem
que o limite imposto pelo seeing (~ 1”)




|

1.5 | | | | | | | |
l0og10(0.136/x)
l0g10(0.55/x)

1” (seeing) -

log resolucao(")

Diameter [m]

gnuplot> set xr [0.05:10]; plot logle(0.136/x), logle(@.55/x); set xlabel 'Diameter [m]'; set ylabel 'log resolucaoc(")’



Effects of atmospheric turbulence
} #

Plane
wavefronts

Successive
.._...(..;_ —_—— —O—— _—jj_j—f . wavefronts
{'} K

Turbulent
. Q & zone
9} O O
- --
W_m |
Corrugated |
wavefronts :
—_——e
|
!
I
, - r .
Figure 19.7. (a) The effect of atmospheric turbulence. Motion of star image

(b)
(b) The dancing effect of a star image when viewed with a
© Roy & Clarke small telescope.



Otica adaptativa

Without adaptive optics

The binary star IW Tau is revealed
(Palomar 200 inch telescope)

through adaptive optics. The stars
have a 0.3 arc second separation.
The images were taken by Chas

Beichman and Angelle Tanner of
JPL.



Bright Star (Arcturus)
Lick Observatory, 1 m telescope

‘
.
' .
-
. v
. -

Long exposure Short exposure
image image

http://www.ucolick.org/~max/max-web/History_ AO_Max.htm

Escala de tempo da turbuléncia?

Coherence length is ~ 10cm at 0,5um

Turbulent layer wind speed is ~ 10 m/s

Portanto escala de tempo ~ 0,01 s (= 10ms).

Escala de tempo da turbuléncia no ético ~ 1 - 10ms



Seeing vs. Diffraction (angular resolution) limit

Airy disc, I4. The ratio, § = Is/14, 1s referred to as the Strehl index and it is not uncommon for it to
be no greater than a few per cent.

S

Intensity

Diffraction

/ pattern

Distance through image

Figure 19.8. The seeing disc of a star is superposed in the theoretical diffraction pattern in the image plane. The
© Roy & Clarke ratio of the peak intensities, I5/14 is referred to as the Strehl index.



Qualidade da correcao: Strehl ratio
Strehl ratio = |

=)

corrigida/ldifragﬁo

Diffraction

/ pattern

Distance through image

© Roy & Clarke



Ot| ca ad apta’[ i\Vq Centro da nossa Galéxia

flat wavefront
| atmospheric
turbutence
L~_~__ distorted wavefront
L:Y—A telescope
\
[
J' ||l .
AO System
] distorted
< wavefront
== corrected
A / wavefront
o : » :
R || R
deformable 1
mirror =
< beam-
splitter
wavefront
\ sensor |
/

-~

Keck/UCLA Galactie Center Group
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Stars orbiting the Galactic center

/

v1oN/s1afoad/snwsod/npa-odediyon-olise//:dn

Andrea Ghez

Orbits around the Galactic
center imply black hole of
4 million solar masses

29

Professor Ghez has actively disseminated her work to a wide variety of audiences through
more than 100 refereed papers and 200 invited talks, as well features in textbooks,
documentaries, and science exhibits. She has received numerous honors and awards
including the Crafoord Prize, a MacArthur Fellowship, election to the National Academy of
Sciences and the American Academy of Arts & Sciences, the Aaronson Award from the
University of Arizona, the Sackler Prize from Tel Aviv University, the American Physical
Society's Maria Goeppert-Mayer Award, the American Astronomical Society's Newton Lacy
Pierce Prize, a Sloan Fellowship, a Packard Fellowship, and several teaching awards. Her most
recent service work includes membership on the National Research Council's Board on
Physics & Astronomy, the THimyKVieter-Telescope's Science Advisory Committee, the Keck



Imagem de
sistema binario
(sem correcao)

Com otica

adaptativa

The binary star IW Tau is revealed
through adaptive optics. The stars
have a 0.3 arc second separation.
The images were taken by Chas

Beichman and Angelle Tanner of
1DI



Segmented mirror for Adaptive
cesiable misror for Optics

adaptive optics.
Individual hexagonal
segments (left) are
adjustable in piston, tip,
and tilt.

Piston

3

S

'-‘-l.)'-’!_’
==

L

Tilt

Segmented mirror

© To Measure the Sky, Chromey



Shack-Hartmann sensor for AO

(a)

Fig. 6.18 The Shack-
Hartmann sensor. (a) The
beam from a perfect
point source — all images
on the sensors are in the
null position. (b) A
distorted wavefront and
the resulting image
displacements from tilted
segments.

-
( | ( lQ;
":T
( B =
u
I
t.'nl_
( . I
B
Image
Lenslet
position
array
. Sensors

(b)

© To Measure the Sky, Chromey



WEFS stars must be nearby

9 Isoplanatic area

Light paths
from different
objects pass
through almost
identical layers
of turbulence

Light path
affected by
quite different
layers of
turbulence

Atmospheric
turbulence

. . Figure 1.1.53. The isoplanatic area.
© Kitchin



WEFS stars must be bright

0.22

02}
0.18 |-
0.16 |-
0.14 -
0.12

0.1
0.08 -

Strehl ratio

0.06 -

0.02 |-

O | 1 |
14 15 16 17

Magnitude m,

Fig. 6.20 Sensitivity of adaptive optics. Ordinate: Strehl ratio . for an image corrected at A =
2.2 pm (spectral band K'). in average turbulence conditions. Abscissa: Magnitude my of the source
used by the wavefront analyser (hence analysis wavelength A, = 0.55 jum). We assume here that
the sensor is equipped with a detector with high quantum efficiency (CCD, n = 0.6) and a very
low readout noise (2e— rms). From Gendron E., doctoral thesis, 1995

© Lena



No stars in your field?
Create your own star!

Nasmyth Focus
Laser Guide Star

__Laser Launchi
Adaptive OptICS \ aser Launcning

& Telescope

DAY e = R

L E § s ==

Laser Room? '
k.‘-,\..‘ t—

-
— o 4
N X \

. he T .. SN {
"N SRR . ) e — Y

o AN N -/ _\Q, —~— |
LR T e

e — oy S :

S o —p

(C) Takaetsu Endo
http://subarutelescope.org/Pressrelease/2005/07/



VLT laser




Spotters no
observatorio
Gemini

Two aircraft spotters make sure no aircrafts SN
pass close to the laser beam.

http://www.paulanthonywilson.com/blog/why-do-some-
telescopes-use-laser-beams/



Outros fatores atmosféricos:

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

e Camada de inversao, ~ 2km,

Mas pode ocorrer a menores 7

e Thermal inversion

S3o0 Paulo, 6af, 23 maio 2008, 08h30m www.estadao.com.br



Camada de inversao

lllllllll

* Camada de inversao :

sobre o oceano pacifico

em volta da ilha de Havai

Temperature [C]

2.16. Inversion layer apove tne racific Ocean, 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:
nicated by P. Bely and the Hilo Weather Bureau, Hawaii

www.gemini.edu
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Mauna Kea Weather conditions

Current Conditions
Temp 1.9C
RH 60 %
Wind W 7 mph
Road Open

Observations

STN DATE TIME TEMP DPNT RH WSPD PK WSPD WDIR PRES RAIN PW Seeing

HST HST oc 0c Y% mph mph dir mb mm mm arcsec Trends

CFHT/GEM 10/02/13 01:31 1.9
UKIRT 10/02/13 01:27 1.9
IRTF 10/02/13 01:28 0.0
SUBARU 10/02/13 01:28 0.8
KECK 10/02/13 01:30 2.1
JCMT 10/02/13 01:26 2.5
CSO 10/02/13 01:30 9.3

7 11 w 617 0.00 0.50 Meteogram
NW 615 Meteogram
NW Meteogram

o B O O On

621 Meteogram
620
N 625 Meteogram
N 626 Tau
SMA 10/02/13 01:17 34 ENE 624 0.0 Trend
VLBA 10/02/13 01:26 5.2 NNW 654 0 Meteogram
HP 10/02/13 01:30 9.3 1.3 WNW 727 0 Meteogram

UNITS UTC | HST °C|K|F mph | Kts | mps dir mb mm Tau|mm arcsec

n
N © © &5 O -

o & &
(o] (o))
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Escolha de um sitio astronOmico

Auséncia de nuvens (ligada a camada de inversao)

Qualidade fotométrica (estab. transparéncia atmos.)

Transparéncia no IV e mm (vapor H,O atmosférico)

Qualidade da imagem (variacdes na temperatura e
indice de refracao do ar)



Escolha de um sitio astronOmico
FriOWL Version 2.1 (2006)

uthern Observatory & University of Fribourg (Switzerland) .

Colors

AAAAAAAA

0
562.7
1,125,
1,688,
2,250,
2,813
3,376.
3,938,
4,501

. 5,064
5,627

-1,719

Altitude

3.815
0,354

precipitable
H,O

14.89
20,427
25,963
315

37.036
42,572
43,109

93645



Escolha de um sitio astronOmico

Cloud coverage;

L

BEST SITES:s _;,é_;:?;;'%?"‘? -
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summits .ON 3

+ low é, E Pe

cloudiness + po, chile. }%/J
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water vapor



Seo solo nao for bom, podemos ir 30.espaco .
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