L essons and 1ssues
In optical astronomy

750 nm 400 nm
1,7eV 3,1eV

Martin Muhlegger

13.12.2002

13.12.2002 Martin Mihlegger



Lessons and issues in optical astronomy index

|.Radiation mechanisms in the visible spectrum
I|.Objects in optical astronomy

lll.Special effects observable in the visible spectrum
I\VV.Outlook on future projects

V. Resources and References

2 13.12.2002 Martin Mihlegger



Lessons and issues in optical astronomy |. Radiation mechanisms in the visible spectrum

1. Black body radiation

Planck’s radiation formula;

(Oscillating atoms act as dipoles)

Example: Our Sun / Stars
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Lessons and issues in optical astronomy |. Radiation mechanisms in the visible spectrum

2. lonisation and Recombination

E/eV 1

=> at least 13,6 eV 91,2 nm required for ionisation

043 g Continuum "
-0.85\:1:1\ o + =>UV- X-Ray or -quants needed
Paschen Brackett
-3.4 1 2
Balmer
—» Recombination emits photons
-13.6 1
v Lyman

Examples: - Hll-Regions (ionised by O3 up to B1 Stars)
- AGN (X-Ray source in center of galaxy)
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Lessons and issues in optical astronomy |. Radiation mechanisms in the visible spectrum
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Spectrum of NGC 4151 (a Seyfert galaxy)
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M42, Orion nebula

The Trapezium Cluster
(NTT + SOFI) +ES+

ESO PR Photo 222/01 (7 June 2001) © European Southern Observatory Biks
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Lessons and issues in optical astronomy |. Radiation mechanisms in the visible spectrum

3. Reflection

Moon / Planets Nebula
Light from the Sun is reflected by objects in Light of source stars does not suffice to ionise the
the solar system. Hydrogen. A>91,2 nm

=> Light from B2- down to N- Stars is reflected

Example: Saturn with its rings Example: M45, Plejades

Saturn - Nordic Optical Telescope
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Lessons and issues in optical astronomy |. Radiation mechanisms in the visible spectrum

4. Synchrotron Radiation

Any accelerated charge in a magnetic field emits radiation.

k a
k B
Cosmic magnetic fields originate from neutron stars Example: M1, The crab nebula
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Lessons and issues in optical astronomy

Il. Objects in optical astronomy — 1. Stars

Spectral classification (Harvard-Classification)

Formerly arranged according to the
intensity of H-lines, named A,B,C,...

Today: sequence of descending temperature
=>0-B-A-F-G-K-M

more precisely: additional numbers,
e.qg.01-02..08-09-B0-B1-B2...

Our Sun is a G2- Star.

Mnemonics for this scheme:
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Lessons and issues in optical astronomy Il. Objects in optical astronomy + 1. Stars

Temperature {K)

30,000 25,000 10,000 5000 6000 5000 4000 3000

Wien’s displacement law:

Strength ——

A, =T3 with b=2,8978-10 " m K
05 BO AD FOSP?(:Lm] ty;}e(] KO MO M7

Class  Temperature range [K] max - Fange[nmj Colour equivalent Apparent colour

O 50000 — 28000 58 — 103 uv bluish

B 28000 — 10000 103 - 290 uv whiteblue

A 10000 — 7500 290 — 386 uv white

F 7500 — 6000 386 — 483 UV —light green light yellow

G 6000 — 5000 483 — 580 Light green —orange yellow

K 5000 — 3500 580 — 828 Orange— IR reddish

M 3500 — 2500 828 — 1159 IR o red
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Lessons and issues in optical astronomy Il. Objects in optical astronomy + 1. Stars

The Hertzsprung-Russell-Diagram (HRD)
( Ejnar Hertzsprung and Henry Norris Russell 1911-1913)

1000000

- More than 90% of the stars lie on the main sequence. .

g
, . 2 4 %ﬂ
- Stefan-Boltzmann'slaw: L =41 R"- o Teﬁ £
1
=> Red Giants and White Dwarfs
[I'.'[Il-.
- Position in HRD corresponds to the age of the star. “-‘m‘wm : =
I i Temperatre (K)
The "Hertzsprung-Russell” Diagram of Stars
SO PR Photo 27102 (29 Nevesnber 2002 ) © Buropean Southeny Obseevarory RS
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Lessons and issues in optical astronomy Il. Objects in optical astronomy + 2. Galaxies

The Hubble Classification of Galaxies
( from Edwin Powell Hubble (1889-1953) )

Ellipticals: Eg \;\g’igtir:):nlO(a-b)/a Ed win H Ub}b le's
Classification
Spirals: »=quick“ rotation Scheme -
SB: Barred Spiral -
) ) Ellipticals \
Irregulars: two galaxies affecting each other ; /5/
E0O E3 E5 E7 )

_.__.m-.i.\ Spirals

- "
. 2 -

Correlation to age of galaxy ?
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Lessons and issues in optical astronomy Il. Objects in optical astronomy + 2. Galaxies

M104 (NGC 4594, Sombrero)
Distance: 50 Mly
Type: Sb

M82 (NGC 3034, Cigar Galaxy)
Distance: 12 Mly
Type: Irr

M87 (NGC 4468, Virgo A)
Distance: 60 Mly
Type: E1

M95 (NGC 3351)
Distance: 38 Mly
Type: Shb
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Lessons and issues in optical astronomy Il. Objects in optical astronomy + 2. Galaxies

Spectral classification of Galaxies

First done by W.W.Morgan
& N.U.Mayall in 1957
(47 Galaxies)

Light from the whole
galaxy is spectroscopied
like single stars

=> information about
star populations existent
in the galaxy
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Lessons and issues in optical astronomy I1l. Special effects observable in the visible spectrum

1. Gravitational lenses

According to Einsteins GRT light can be
bended by very massive objects.

Some mass distributions in space
act as a magnifying glass

=> Galaxies from farther away than the
lensing object can be observed.

=> Looking back further in the past of
the universe becomes possible.
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Lessons and issues in optical astronomy I1l. Special effects observable in the visible spectrum

2. Double stars (binaries)
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Lessons and issues in optical astronomy I1l. Special effects observable in the visible spectrum

3. Active galactic nuclei (AGN)

Active galaxies:

nonthermal radiation (synchrotron) or thermal at
high energies

Characteristics of AGN:
high luminosity (>10* erg/s)
nonthermal emission lines
UV-, IR-, and Radioflux higher than expected
a small variable region (days < < years)

jets
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Lessons and issues in optical astronomy I1l. Special effects observable in the visible spectrum

Seyfert galaxies
first observed by Carl Seyfert in 1943
Type I broad emission lines => velocities from 5000 to 10000 km/s
Type Il: only narrow emission lines => velocities from 200 to 400 km/s

BL-Lacertae objects
high variability in luminosity
no emission lines
highly polarized nonthermal radiation

Radio galaxies
radio jets at high luminosity

Quasars
appear in optical like a star (QSO)

high redshift 0,1 <z <4

Blazars
punctual source
no absorption lines => no matter between source and observer
variation time scales much higher than for normal quasars => high s
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Lessons and issues in optical astronomy

I1l. Special effects observable in the visible spectrum

A unified AGN model
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Lessons and issues in optical astronomy I1l. Special effects observable in the visible spectrum

Black Hole mass - bulge Relation

Proposed in 2000 by R. van der Marel

BH masses measured by HST - STIS

=> Simultaneous formation of galaxies
and their Black Holes.
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Lessons and issues in optical astronomy IV. Outlook on future projects

Science with VLTI

Proxima Centauri
Distance: 1,3 pc
Radius: 108 m => Radius ~ 500 mas

Baseline: 102,4m => Resolution ~ 1,5 mas
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Lessons and issues in optical astronomy

V. Resources and References

General literature:

Astrophysical Concepts — M.Harwit, 3" edition, New York 1998

ABC-Lexikon Astronomie — H.Zimmermann & A.Weigert, Heidelberg,Berlin 1995
Einfihrung in Astronomie und Astrophysik — A.Hanslmeier, Heidelberg 2002
Einfuhrung in die Astrophysik — V. Schonfelder, Garching 1996

Taschenbuch der Physik — H.Stocker, Frankfurt am Main 2000

On ,Synchrotron radiation*:
Bergmann Schaefer Lehrbuch der Experimentalphysik Band3 Optik — H.Niedrig Kapitel 12.12
9. Auflage Berlin, 1993

On ,Spectral classification of galaxies":
A Spectral Classification of Galaxies - W.W. Morgan & N.U. Mayall, 1957
published in PASP (Publications of the Astronomical Society of the Pacific) Volume 69

On stars and galaxies in general
Galactic Astronomy — J.Binney & M.Merrifield, Princeton 1998

On gravitational lensing:

On 1Science with VLTI
Scientific Objectives of the VLT Interferometer + F.Paresce,
ESO, Garching 2001; available on

A collection of Messier objects:
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