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Dark Matter and Dark Energy pie
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HST: Pa3amepbl betenbrense
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Red Giants: Betelgeuse disk visible!
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Betelgeuse spots (!)

arXiv:0910.4167: three-telescope interferometer IOTA
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Planetary Nebulae: Cat’s Eye




PN: Rosette
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PN: Spirograph 1C418
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3Bé30Hble HaceneHus, Stellar populations

Astronomers find a great variety of systems: detached and
contact binaries, symbiotic stars, binary X-ray sources, with
accretion onto neutron stars and black holes.

Types of stellar population: young (pop. |), and old (pop. II).
Young: star forming regions, HIl regions (ionized hydrogen),
SNe Il (supernovae of type Il), open stellar clusters, spiral
arms in spiral galaxies.

Old: globular clusters = waposble 3BE3OHbIE CKOMIEHUS,
elliptic galaxies.
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Globular Cluster M80
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Globular Cluster NGC104
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Globular Cluster NGC5139 =2 Cen

'@ Anglo-Australizh Observatory =
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Open Cluster M103
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Pleiades

Novosibirskl - Prosper — p. 16



Open Cluster M8 in Lagoon Nebula

by Yuuji Kitahara
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Trapezium in Orion

Trapezium cluster: visible and infrared light comparison.
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3BE34bl XUBYT B raflakTuKkax

["anaktuka M51 “BooosopoT”




Spiral NGC891 edge-on




MneuHbin nyTb Milky Way infrared

Twao Micron All Sky Survey Image Mosalc: Infrared Processing and Analysis Center/Caltech & University of Massac)
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Milky Way multiwave
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Milky Way multiwave-2

Atomic hydrogen (A21cm)
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Milky Way multiwave-3

Visible light
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CnupanbHbie U aNAUNTUYecKue




PenatmBucrtckue 3se3nbl

Binary pulsars

— Pairs of neutron stars,
demonstrate huge GR
effects, and their masses
are measured with

comparison to  other |8

stars).

Artist’s impression of the binary pulsar system PSR
J0737-3039. Credit: John Rowe Animation

Click here for web
or here for files saved locally
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http://dau.itep.ru/lections/PulsarsCurrent320x256.mpg.mpeg

Active Galaxies: Centaurus A
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Jet in Cen A centre




AGN and QSO

E.Q. M87 =
Virgo A = Ileea A
o, = 500 km/s for
r = 18 pc, hence
v? = 3072

M = r?/Gy =
(3.240.9) x 10° Mg
and

p ~ 10" Ms/pc 3
— 100 times higher
than in globular
clusters




Ctpysa — pxert B agpe M87

Chandra X-Ray

VLA Radio HST Optical
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Dark Matter

CHavana oTkpbIinn TEMHYIO
Mateputo (TM=DM), aTo He
TémHasa DHepruga (To=DE)!
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O1kpbiTE TemHOM MaTtepum (TM)

Virial paradox, Coma cluster




O1kpbiTE TemHOM MaTtepum (TM)

clusters: Virial paradox, coma




O1kpbiTE TemHOM MaTtepum (TM)

clusters: Virial paradox, virgo
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O1kpbiTE TemHOM MaTtepum (TM)

clusters: Virial paradox, vigo  X-ray gas trapped, virgo
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O1kpbiTE TemHOM MaTtepum (TM)

clusters: Virial paradox, vigo  X-ray gas trapped, virgo

Gravitational Lens in Abéll 2218 HST - WFPC2

PF95-14 - ST Scl OPO -« April 5, 1995 « W. Couch (UNSW), NASA
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O1kpbiTE TemHOM MaTtepum (TM)

clusters: Virial paradox, vigo  X-ray gas trapped, virgo

Gravitational Lens in Abéll 2218 HST - WFPC2

PF95-14 - ST Scl OPO -« April 5, 1995 « W. Couch (UNSW), NASA
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CkonieHnsa Kak rpaB/iMH3bl

NckaxxeHHble 0bpasbl 04eHb Oanekux ranakTumk
nony4yaroTcs M3-3a BANSAHNUS rpaBuUTaUMoOHHOro nons bonee
6NM3KOro CKONNEHNs ranakTuk — 3o eKT rpaBINH3bI.
OueHkK1 Maccbl CKOMNEHUA, MONYYEHHbIX NPWU TaKOW
MHTepnpeTaunn BbISBNSIOT O0NbWOE KONMNMYECTBO TEMHOWM
MaTepun B HEMMOXOM cornacum ¢ BUpmanbHON OLEHKON
Macchbl.
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Cluster 0024+1654

¥ .
Gravitational Lens HST - WFPC2
Galaxy Cluster 0024+1654

PRC96-10 - ST Scl OPO - April 24, 1996
W.N. Colley (Princeton University), E. Turner (Princeton University),
J.A. Tyson (AT&T Bell Labs) and NASA
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Einstein Ring




Lensing by SDSS J1004+4112

Gafaxy Cluster SDSS J1004+4112
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5 images of one QSO in SDSS J1004+4112
Y10 HEBEPHO HA PUCYHKE?

“~Gravitational Lensing Splits
Quasar Light into Five Images

-

Distant quasar

with host Light emitted from

galaxy quasar bends around
intervening galaxy cluster,

E'

producing lensed images*

*The red crescents represent lensing arcs —
Smeared images of background galaxies.
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