Effects of Earth Atmosphere on
Astronomical Observations

1. Limited wavelength ranges
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1. Limited wavelength ranges

Transparent relatively in optical, radio
(and someinfrared) =» atmospheric “windows”

Optical window: 300 nmto 1.4 nm

Atmospheric Windows

O, (0zone) H,O, CG, ...
H=25km
) . Reflection in
Radio window : 8 mm to ~15 m—— jonosphere
H~100 km
Plasma frequmw http://csep10.phys.utk.edu/astr162/lect/light/windows.html
Q: * In addition to photons, the
y atmosphere also stops s
energetic charged particles m
-> cosmic rays(mainly p*, €) v | N
. . s F~ (VN 0
— (electronic transition) from space; E~10°°-10° eV bt pacile)

— (vibration; stretching)
— (bending)
— (rotation)

« Atmosphere» 1 m of lead

 High-speed particles, if v - -
=> v >c/n (=light speed in the
medium, n: refractive index)
- ? erenkovradiation




Cerenkovradiation

e » Even beyond earth’s atmosphere, thereis
/ /'//;/(7; \ . absorption
“ NREN \V/ . - [dust + gas] in the solar system, inthe
\\\\\\\;7 interstellar medium ,and
e circumstellar medium
w/,/' e /? S S Dust - strong absorption in visual and UV

A source emits spherica
wavefronts

" AR L
/m Gas - strong absorption in EUV and soft X-ray

http://dept.physics.upenn.edu/balloon/cerenkov_radiation.html
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2. Extinction
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2. 2ma>>\ b scattering#z A
Gray sky in acloudy day!
3. 2ma” A (dust,optical) P I 0ot A
b Interstellar reddening ( )




3. Refraction

Apparent Altitude

Angle of Refraction

0 35 21"
1 24 25
3 14' 24"
10 05'18"
30 01'41”
60 00" 34
90 0000

* Sun/maoon at zenith distance = 90°
(refraction™ 35'), but their sizes™ 30, so
when we seen center at horizon, they in fact

are below the horizon

4. Curvature

Curvature and refraction can be ignored if zenith
distance  45°

If we ignore curvature and refraction,

- Atmosphere = a series of plane parallel layers,
withthickness dz at height z.

dF =-kF, >secz|dZ

wherek =k (z,A ) isthe absorption coefficient

Zenith
dz secq Source If F, = flux outside atmosphere, then integrating
= z, we obtain flux at ground level (z=0)
dz | b F (z):FOexp[—secz}y(Z,I)dZ]
F +dF, | . _ '
Absorption coefficient At the zenith (Z _0)
K (zA) Y
z R (0) = R exp[- (k (z,! )dZ]
¢ * Zenith distance ’ F ©
Ground P logF, ) =logF, + secz ><Iog":—0
Since m =-25logF, +const
My
/ = m =m, +Dm, >secz
A mg m,, : observed from ground
m, : would have observed outside atmosphere
m A m,: absorption in terms of magnitude at zenith
\Z =0° Zenith
(cf.y=b+ax)
1 2 3 4 wcl

So, myand A m; can be estimated by measuring
m, (observable) at different { (known).




Foéoznsi J groejd , refraction and curvature haveto be Apparent zenith AT s
. . distance (degrees)
Definesimilarly, m =m,+ Dm, XM (z) 0 0130
where M (C ) istheair mass = absorption 50 OL55
(length) along the curved light-path 0 02'00
For small{ ,M (C )~ secC -
sec 70 02.90
Otherwise - determine empirically I 03.82
P look-up table 80 05.60
But air isnot static 85 10.40
=>» Try to observe as close to zenith as possible 87 15.36
88 19.79
5. Atmospheric Turbulences 5 : Effects of Astronomical

9
Causethe stellar imageto
« blink (scintillation) — variation of air m¢®
along line of sight
e movearound (‘seeing’) — variation of
refractive index along line of sight

“seeing” ( ) - apoint source, after
long exposures, issmeared into a‘seeing’ disk
Typically, seeing (disk) ~ afew arcsec across

| =

Distorted image Restored image of HST

Seeing - M74 (NGC 628)

http:/Aww.astr.ua.edt g.html

» Extended sources are not affected as much
( averagedout)
e.g. Planets® ~10"-30" would appear
‘steady’ but stars (point sources) ‘twinkle’.
Usually optical telescopes are seeing-limited
» AtradioA _, withvery small-scaleturbulences,
seeing/scintillation are not important
Radio telescopes ar e diffraction-limited
i.e., limited by the optics, rather than by
amosphere

Radio A _are affected by interplanetary and

ISM scintillation

To overcomerapid scintillation

b Fast (high-time-resolution) observations
RadioA P Hewishin 1960stried to study IS

scintillation

b Discovered pulsars

Optical A P ‘speckle’ imaging




Speckle Imaging
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http://www.ciw.edu/alycia/speckle.html




