Astronomical Observations
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e Electromagnetic (EM) radiation (from gamma rays to radio
waves) + cosmic rays + neutrinos + gravitational waves ...

Interactions between matter, between matter and
energies/photons. We detect photons.

e Diagnosed by photometry, spectroscopy, polarization, etc.

- line (absorption, emission) in a narrow range of frequency
e.g, hv+ H('S) = H(?P) (hv =10.2 eV or A=121.6 nm)

— continuum (absorption, emission) over a wide range of v
e.g., v+ H(!S) > H" + e~ (hv = 13.6 eVor A <91.2 nm)
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e Photometry

measurement of brightness of radiation (of a source, or a position in sky)
Astronomers use “magnitude” < flux density
At the V band (A¢g =550 nm; AA =86 nm), EY=Y = 3.64 x 10723 [Wm™% Hz™!]

FY=° =3.61x 107 [Wm™2 nm~1]; N; = 1000 |photons s~ cm™2 A~1|

e Spectroscopy
measurements of brightness distribution with wavelength or frequency

Spectrophotometry; Integral Field Unit (IFU); IF Spectrograph

e Polarimetry

measurements of the polarization level (polarized intensity/total intensity)
and position angle
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Relative Flux

Spectroscopy of hot stars
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» candela (cd; = candle In Latin; luminous intensity; power per solid
angle)
* lumen (Im; luminous flux; =1 cd - sr
LED bulb ~ 500 Im; classroom projector ~5000 Im
» illuminance (lux; = Im/m?)
clear day ~10,000 lux; office ~200 lux; a dark day ~100 lux;

twilight ~10 lux; moonless clear night 0.001 lux; full moon ~0.1 lux,;
my = 0 — 2.08 ulux; my = 6 — 8nlux;
IPhone 11 ~10 lux
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Observations of the ISM

e Difficult: typical temperature either too low or too high, so
observable usually only outside visible wavelengths.

Planck function (1901)

B, dv = 2hv n dv [ergs~! ecm™%sr™! Hz™1]
v o2 ohv/kpT_{ 8

B, dA = 2he” i dA[ergs™ ! cm™2sr~1 A1)
A 15 ghc/AkpT_{ 55 C S

Amax] = 2900 [um - K] ... Wien’s displacement law

Not possible until the second half of the 20t century (detector
technology, from space, etc.) °



Exercise

Calculate the brightness of a blackbody radiator with a
temperature of 6000 K at wavelength 500 nm.

A:2.6X1078Wm “rad 4 Hz !

Kraus p.3-19
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Exercise
The solar photosphere has a temperature of 6000 K.

The gas in molecular clouds has a typical temperature of 15 K.

The gas in intergalactic space of a galaxy cluster has a typical
temperature of 10 million K.

Estimate the wavelength range around which blackbody
radiation has the strongest intensity in the above cases.
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Blackbody radiation (Planck function) is continuum radiation.
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Fig. 1.1. The brightness, B,(T), of a black-body radiator at frequency, v, and temperature, T.
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Fig. 10.4. The shape of a stellar energy distribution can look very different
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the energy distribution,
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Fig. 10.7. The ultraviolet portion of the energy distribution for a Leo is strong and Code+ 76, Gray
should be used to model the star. Data from Code et al. (1976).

Chap 2 Observations 15



=71 T T T T
- ..orinlR
17
T e g
£
)
2
o)

. .
=
L
=
o -13+ -
o
X
=
T8 -15¢+ -
0
=
o WL 12
Q
& a7 "

I I I I I
-0.5 0 +0.5 +1.0 +1.5 +2.0

Stahler & Pallas

Wavelength log A (jum)

Figure 4.3 Spectral energy distribution of three stars in the p Ophiuchi dark cloud complex. The
dashed curve corresponds to a blackbody at 2300 K. From bottom to top, these broadband spectra
exemplify Class I, II, and III sources, respectively.

16
Chap 2 Observations



Formation of Spectra (Kirchhott’s law)
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HST HH46/47

HST HH24
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Continuum

Absorption --- bound-free (ionization); free-free
Emission --- (thermal) blackbody; bremsstrahlung
(non-thermal) synchrotron; Cherenkov

Matter € -2 energy =» what we observe

Thermodynamics (ISM cooling, heating, chemical reactions ...)
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Line
 Emission --- atom/ion/molecule already excited (by collisions
or absorption of a photon, stellar or else)

e Absorption --- atom initially in a lower state and absorbs a
background photon

Transition between 2 quantum levels
(electronic, rotational, vibrational, stretching...)

e Collision (u = [)or (I - u) (upwards or downwards)
spontaneous emission (u — [) (only downwards)
absorption (I — u) (only upwards)

e Diagnosis: line strength, central wavelength, shape, ... 2



About hydrogen ...
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