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Ewie oouH BaXHEULLNN apryMeHT

B NONb3y Hannyma TemHon MaTtepun gaet
KOCMOJI0T 4.

[lepennem K BBeAEHNIO OCHOBHbIX
NOHATUN KOCMONOTNN N PENATUBUCTCKOW
aACTPOMU3NKMN.
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BeuHbin aBurartenb b 3enbposunya

D+y - p+n
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[MoBTOp: AGN and QSO

E.Q. M87 =
Virgo A = Ileea A
o, = 500 km/s for
r = 18 pc, hence
v? = 302

M = m?/Gy =
(3.240.9) x 109 M
and

p ~ 10 = 107
Molpc 2 — 10 —
100 times higher
than in globular
clusters
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Ctpysa — pxert B agpe M87

Chandra X-Ray

VLA Radio HST Optical
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Redshift 1

http://www.pas.rochester.edu/%7Eafrank/A105/LectureXVI,
Adam Frank, Physics and Astronomy@U. of Rochester
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Redshift 2

:)\0—)\1:@_1

A1 ai

Not always identical with the conventional Doppler effect.
The redshifts can be measured. So we know the ratio of the

scale factors:

Z

a(lo)

a(tl)
where t; and ty are the moments of emission and
observation.

=14 z,
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Hubble’'s Law, 1929

Hod

)\0 C

— true only for
nearby objects

z < 1, but
already in the
“*Hubble flow”.
Hubble
parameter,
H=a/a.

+1000KM

S00KN

YELOCITY

DISTANCE

0

10% PARSELS 2110® PARSECS

F16. 9. The Formulation of the Velocity-Distance Relation.
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Big Bang

The strongest explosion: Big Bang and expanding Universe
(a Newtonian view).

Hukakune npndopbl HENOCPEACTBEHHO pa3beraHns He
BLNOAT!

Hubble law of expansion:
v = Hoyd, Hy ~ 70 km/s/Mpc .

SOty = 1/Hy ~ 1.4 x 10'Y yrs gives the time-scale of the
expansion of Universe.
ST0 YnCNo cnyvyamHo 0OBONbHO B/IM3KO K BO3PACTY Halle

BceneHHoOW, Tak Kak 3akOH paclunMpeHns CNoXHbI 1N3-3a
DE.
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HblIOTOHOBCKass KOCMOJIOTIUs

[TpnH4AB, YTO CpenHsasa NNOTHOCTbL BelecTBa p 0AHOpPOoOHA
Ha 6onbwmnx Mmacwtabax (R > 100 Mnk B COBPEMEHHOWA
BceneHHoW), Mbl HAX04MM Maccy B Npenenax paaunyca R,
M = 47pR3/3, n 3aKoHbl HbIOTOHA [al0T HaM COXpaHeHue
SHEpPrunu:

u2 GNM

2 R
YTO BbIMONHSIETCS, NOKA u = R < ¢, TaK YTO

= —const,

R)?  4nGnpR?
%— il gp — _const .
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YpaBHeHne ®dpugmaHa

[locTositHHas const B nocneoHuX ypaBHEHNSIX €CTb
NOMNPOCTY 3HEpPrus e 4VHNLbI MacCbl B MOMEHT t:

2
U GNM
Ey= 2 —

O 2 RO ?

TadK 4HTO MOXHO HaAlnumcaTtb

R)?  4nGnpR?

[oe k=—1, 0, +1, u TOrga aT0 BblpaXeHMe CoBNagaeT C
ypaBHeHneM dpunamaHa, ecnm Mbl ¢ 0603Ha4YMM Kak

pagnyc R:
a : _ SWGNg _ k_CQ
a)  3c2 a?
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KocMmonornyeckue napameTpbl

NapameTtp Xabbna ons npon3BONIbHOr0 MOMEHTa BPEMEHM
t
a
H=-.
a

OO6bl4YHO t) 0603Ha4YaeT B KOCMONOrum Bpems HabniogeHns
— Haly anoxy: Hy = (a/a)o.
OnpenenuMm rapameTp rnyioTHOCTH

E 3H?

() = , roe = .
e ae - pe STGN

3anuvuwem yp. dpunagmaHa kak

k2 2
HQZQHQ—QL, otkyma H(Q—1) = <

a/2
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[MapameTp Xab66na un (2

[Nockonbky Hy = (a/a)tenepb: Mbl BAANM, 4TO KOHCTaHTA &

B ypaBHeHUn DpuamaHa nonoXxXuTenbHa nnm
oTpuuartenbHa B 3aBUCUMOCTU OT (2.

Echm Q> 1,10k = 1.

[Tpn Q2 = 1, 3D-NPOCTPAHCTBO Nnockoe: k=0, anpu 2 < 1
nmeem k = —1.

Korga €2 # 1 u3 nocnenHero BblpaXXeHnUs MOXHO HanTK
MacwTabHbIlA pakTop a No HabnwogaembM Hy, .
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Elementary Cosmology

Click here for web

Scale factor evolution for Q = 2 — click here for files saved loca
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http://dau.itep.ru/lections/rtv2b.gif

Scale factor (2 =1, (2 =2

FRIEDMANH HMODEL OF EXPANDIHMG UNIUVERSE
Hubble constant = 6o .0 Onega nmatter = 2 .000 Onega lambda = O.000
fAge of the universe =— 8.660 Giga vyears

Scale factor R(t>ARC0O>»
5.0 |

L in=ar

Fr iednann

]
— - ) -
Flat, Lanbda=0

. . .

=0.0 40 .0 a0.0 ﬂﬂ.ﬂ . 100.0
Fress <{Enter?* to continue... Tine, Giga years
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Ewie oouH BaXHEULLNN apryMeHT

Formation of Structure
Smooth ” Structured

Structure forms by
gravitational instability

of primordial
density fluctuations
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CMB — WMAP sky
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WMAP globes
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Observed CMB

A primordial fluctuation spectrum in baryons consistent with
the CMB fluctuations measurements does not allow the
observed structure to form until today. Weakly interacting
particles can begin to form structure earlier, while the
baryonic matter is overwhelmed by photon pressure until
the time of recombination (“dark matter boost”).

PenvkToBoe n3nyyeHne HacToNbKO U3OTPONHO, YTO
BO3MYLUIEHWS NNOTHOCTN B BapuoHax He MOrnn ObiTb
6onblue 10, a BLIPACTX OHM MOT I TONbKO B (1 + z) pas,
raoe KpacHoe cMmeuweHmne z = 3000K/3K.

BoamyueHunsa pacTtyt cHadyana B TM — noaTtomMy oHa Tak
HY X Ha.
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Structure formation simulations

Movie1l: flat slice, click here for web

Movie1: flat slice, for files saved locally

Movie1: 3D cube, click here for web

Movie2: 3D cube, for files saved locally

See movies of “Millennium simulation” here:
http://www.mpa-garching.mpg.de/galform/virgo/millennium/
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http://dau.itep.ru/lections/strucform.avi
http://dau.itep.ru/lections/strucformcube.avi
http://www.mpa-garching.mpg.de/galform/virgo/millennium/

From us to Virgo cluster

[lyTewecTtBue K ckonneHuto ranakTuk Iesa = Virgo
Cluster:
http://www.ifa.hawaii.edu/"tully/outreach/vvla_9-25.mpg
Ha cauTe:
http://www.ifa.hawaii.edu/"tully/outreach/movie.html
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http://www.ifa.hawaii.edu/~tully/outreach/vv1a_9-25.mpg
http://www.ifa.hawaii.edu/~tully/outreach/movie.html

KoHelUu 2-u nekuun
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