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SKBaTopuasbHblie KOOpAUHaTDbI
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Equatorial coordinates-2
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Equatorial coordinates-3

Bright Stars Visible from Michigan, Plotted by Right Ascension and Declination
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Pozitions of thezestars ae plotted acourately to within a degree. Note that this chart covers
rnore than half the sky , so that net a1l of these stars can be seen at once,
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Galactic coordinates

For more distant objects more natural system is the
Galactic one: longitude (measures from the center of our
Galaxy — Milky Way) and latitude (from the plane drawn in

the ‘middle’ of Milky Way).
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Milky Way infrared

Twao Micron All Sky Survey Image Mosalc: Infrared Processing and Analysis Center/Caltech & University of Massac)
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Measuring radiation

Luminosity L is just the power emitted by an object: L = dt
Flux S in astrophysics is the power coming per unit time per
unit area of a detector S = % (called illumination in some

branches of laboratory physics).
Exposition (fluence) F — the integral energy coming per unit

area of a detector, I = § A ¢ useful for bursting objects.
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Forms used for describing spectra

1) The photon number spectrum N(FE), or N(v), with

E = hv, units of photons per second per cm? per unit
energy.

2) The differential energy flux density S(F) = EN(F),
written also as S, = hvN(v). The notation F, is often used
for the flux instead of S, but | will use the letter F' for the
fluence.

3) The second moment of N(E) is the so called vS,
distribution, (or vF, distribution), vS, o« E*?N(E), which
peaks where the maximum radiation power comes (per
decade of the photon energy).
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Intensity

A very Iimportant quantity is
intensity (brightness) I it is the
flux density per solid angle:

o dE
 dtd AdS)

or spectral intensity g/
d / = /
b &

dvdt dA df)

Novosibirsk - Prosper — p. 11



Intensity

A very Iimportant quantity is
intensity (brightness) I it is the
flux density per solid angle:

o dE
 dtd AdS)

or spectral intensity g/
d / = /
I, = d —
dudtdﬂ b/

OK for dA normal to beam
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Intensity

A very Iimportant quantity is
intensity (brightness) I it is the
flux density per solid angle:

L de
 dtdAdS

or spectral intensity

d
I, = ¢
dudtdQ

OK }GmA normal to beam, else
dA cos 6
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Intensity-2

I,, . Here the subscript v refers to frequency. The
observations and experiments always work with I,,, but the
physics is actually described by the occupation number

f(p).

One can see that I, and f are simply connected:

I pr@Cp_ gprC :gth
’ (27T h)3 (27 h)* \?

(here dp/dv = 27h/c, and g = 2 for photons). I, has the
meaning of energy coming through the area \? in unit time
per unit frequency interval, so

1] = erg/cm?sHz = erg/cm?.
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Stellar magnitudes

A traditional way of measuring fluxes in astronomy is the
stellar magnitude (mag):

m1 —mo = —2.5(1gS1 — lg.Sp) = —2.51g(.51/S0)

— a zero point (ZP) my must be defined at some standard
star (usually Vega = « Lyrae). All m’s and S’s here may have
subscripts (v, or U, B, V etc. for filters).

Absolute stellar magnitude M is mag at the standard
distance d of 10 parsecs. Since S « d~* the distance
moqulus is

m— M = —=2.5]lg S(d) — g S(10pcC)]

— +5[l(d/10pC)] = 5lgdp — 5.
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Importance of units

The role of units used for measuring distances and other
physical parameters of celestial objects is very important.
Let us consider one example from old astronomy

One astronomical unit 1 AU ~ 1.5 x 10'3 cm — the mean
distance of Earth from Sun.
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Measuring angles

Ancient astronomers  knew
distance of Venus from the
Sun in AU with a reasonable
accuracy, because Iin AU
everything reduces to
measuring angles and time,
but in terrestrial units they were
wrong by orders of magnitude.

Earth

=

So if you measure the angle a between the Sun and Venus at
the moment of their maximum departure (elongation) you
have the distance Sun-Venus equal to sin o AU.

Novosibirsk - Prosper — p. 15



Parallax

Every January, distant stars Every July,
we see this: we see this:

.. the position of &
nearbly star appears
ta shift against the
background of
more distant

Stars.
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Trigonometric Parallax

Measure the change in the apparent
position of the star as the viewers position
changes

d = 1AU/ tan(6)

If 6 = 1" then d= 206265 AU = 1pc
One can measure up to 40 pc from Earth
Up to 100 pc with Hipparcos satellite




Astronomical Unit, AU

Modern determinations

Very precise measurements of the relative positions of the
iInner planets can be made by radar and by telemetry from
space probes. As with all radar measurements, these rely
on measuring the time taken for light to be reflected from an
object.

The International Astronomical Union (IAU) currently
accepted best estimate (2009) of the value of the
astronomical unit in metres is

AU = 149597870700(3) m ~ 1.5 x 103 cm.
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Parsecs

The unit for interstellar distances, parsec: 1 pc = 206265
AU~ 3 x 10'® cm, is again derived from measuring angles
(parallax), it is the distance from which 1 AU is visible at the
angle of 1 sec of arc (since 1 radian = 206265 arcsecs).
Eventually this leads to angular and parallactic distances.
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Kepler-Einstein

Discovery of Kepler’s laws and hence of the Newton’s
gravity.

In one of his popular papers, Einstein gave the most brilliant
account of that story.

Novosibirsk - Prosper — p. 20



Kepler: use Mars as a lighthouse

One cannot directly measure
the distance Sun-Mars, because
Mars moves outside the
terrestrial orbit. The idea of
Kepler essentially was to use
a rotating frame of reference
where Mars is at rest and to
find from terrestrial observations
(made by Tycho Brahe)

the position of Earth corresponding to two elongations of our
planet as viewed from Mars - then one can find all angles and
the distance Sun-Mars in AU.

Novosibirsk - Prosper — p. 21



Kepler’'s laws

This resulted in the great Kepler’'s laws. The most important
Is the 3rd Kepler’'s law, that the square of the period of
planet’s revolution around the Sun is proportional to the
cube of its orbit semimajor axis. This great discovery led
Newton to the formulation of classical dynamics and to the
law of gravity.

For a circular orbit of the radius r around a star of mass M
we have for the speed u:

u? = GnM/r,

from Newton’s mechanics.
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Kepler’'s laws-2

This derivation is OK while u? ~ |¢| < c%. If the period is P,
then v = 27 /P and

7"3/7'72 — M/M@

if »is in AU, P in years. And this is the 3rd Kepler’'s law. Note
that Gn does not enter in the units that we used, and it is
convenient to take the solar mass M as a unit of mass M.
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Solar mass in grams

How accurate is the mass of the Sun M, ~ 1.9884 x 1033 in
grams? We get it from 1 AU in cm (radar location of planets
and asteroids with a very high accuracy, better than 10='1)
and P =1 year ~ 3.16 x 107 in seconds (accuracy is much
higher than 3 digits in 3.16).

1) Laboratory measurements of

Gn = (6.6742 +0.0010) x 108 cm?3/(g-s?), according to
Particle Data Group (2004): it is the lowest accuracy among
fundamental constants.

So we cannot get M, in grams (or kg) with accuracy higher
than ~ 0.2 x 102 which is absolutely not sufficient for
computing the orbits of interplanetary missions etc. But
everything is OK in the units AU, year, M.
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Fifth force?

2) Yukawa type deviations from Newton’s law of gravity are
possible in principle: instead of

¢ =GNM/r
one can have
- GnM

T

¢ (1 +aexp(—ur))

and « can be as high 0.1 - 0.3 if uis ~ 1km™'! (See, e.g.
Sugimoto 1972, Blinnikov 1978, Hoskins et al. 1985.)
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M., accurate ~ 20% ?

Astrophysics is a science for testing models: in the General
Relativity (GR) model (which reduces to pure Newtonian
gravity for small speeds u) we know My In grams with
accuracy of laboratory G. In the model-free case we know

M with accuracy ~ 20 % (the same is true for the mass of
Earth!).
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Elementary Cosmography

Angular size halved
— distance doubled.
Flux 1/4, brightness not
changed.




Distances: angular diameter

Standard ruler length
R:0=R/d— ds=R/6
(for small 0)




Distances: photometric

Standard candle power

' L v J2
L. F —_— 47Td2 /4 dph —

A F' "

The same flux if the
brightness is I: F =

0?1 = wIR?/d.
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Distances

The photometric or luminosity distance is defined as

B L
Ph ™ yr

where L is the absolute luminosity of the source and F' is
the flux measured by the observer (the energy per unit time
per unit area of some detector).

The angular diameter distance d4 = dy, only in a static flat

space. They differ in an expanding universe.
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Luminosity L is crucial

CBETMMOCTb O0NXHa BbiTb BbICOKOW. A caMble MOLLHbIE
3BE3bl — CBEPXHOBbIE. HTO 3TO Takoe?

B Hawen Manaktuke, okono 10 3séan.

Kaxngbln roq 3akaH4MBaeT 3BONMIOLMIO MPUMEPHO O4HA
3Be3na.

[loyemy naneko He BCce N3 HUX (a TobKo ~ 1/50)
B3PbIBAOTCS Kak CBEPXHOBbIE?

Y10 ocTaétcd nocne B3pbiBa?

Kak 06 bACHUTbL CBEYEHME CaMbIX MOLUHbIX CBEPXHOBbIX?
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B3pbiBaloLwimecs 3se3nbl

— HOBblE€ N CBEPXHOBDbIE.

HOBAXA 3Be3na (nova) — 370
apKas BCrbllWKa Ha

~ 10 — 12 mag, Npu4em
CBETUMOCTb OOCTUraeT
L ~ 10°Le, roe Le —
ceeTumocTb ConHua.
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3Be30Hble BeJINYUHDbI

[lo Tpaonunn, 4eM MeHbLIE M
(mag, magnitude), Tem Bblilwe bneck
3Be3abl. Hanpumep Bera m = 0.
Cnabble 3B€3bl, BUOHbIE INa3y

m ~ 5. PasHunua m; — ms = 5 —3T0

pa3nnyme B notokax B 100 pas.

3B&30Had Benm4mnHa SBnsaeTcs

norapncgoMmyeckon mepowu
CBETOBOro noTtoka.
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BCcnbILLWKWY HOBbIX

— 3TO B3pPbIB BOOOPOAA HA
NOBEpPXHOCTN BEeNoro Kkapnuka B
LNBONHOW CUCTEME.
BoibpacbiBaeTcs manas oons
Maccbl 3Be3abl < 1074M..

:Stella Nova” no JlaTblHM 3HA4YUT
HOoBasA 3Be34a” — TaK aAymanwu
OPEBHNE YBUOEB BCMbILWKY, HO HA

ooooooooooooooooooooooo



Tycho “Nova” 1572




SNR Tycho in X-rays (Chandra)




CBEPXHOBbIE

(Supernova = SN, Supernovae =
SNe) — cBeTumocTb L ~ 101°L, n
BblLLE.

OT0 0OHUN N3 Hambonee CUnbHbIX
B3pbIBOB BO BceneHHON.
PaspyliaeTtcs n BblbpacbiBaeTCS
60/1b1aS YaCTb MaCCbl 3Be3pbil.




OTKpbiTUE CBEPXHOBbIX

SN2005cs in M51 (see center of right image).
Discovered by Woltgang Kloehr, June 28, 2005
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CeBepxHoBas B ranaktuke Centaurus-A

Click below for web:

doTo, KpuBas bnecka, cnektpbl, © S.Perlmutter

SN Movie: for files saved locally, © S.Perlmutter
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http://dau.itep.ru/lections/saulsm.qt.mov

SN Light Curves - Kpusble 6necka
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SN1987A B BMO

at Ay .

L
s ™

~© Anglo-Australian Observatory.:
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SN1998bu in M96




SNIl 2001du in NGC1365

SNell are close to spiral arms




SNla 1994D in NGC4526

SNela may be away of spiral arms




as A Chandra
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SNR 1006

movie — click here for web||movie — for files saved locally
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http://dau.itep.ru/lections/sn1006_expansion2.mov

Most Luminous SNe
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SN 20069y — cBepxmoLLHasA cBepxXHOBas

Ofek et
al. 2007,
ApdL, astro-
ph/0612408)

Smith et al.
2007, Sep. 10
Apd, astro-
ph/0612617)

&)
D
7))
o
e
©
Al

|

NGC 1260 nucleus
E <

SN 2006gy
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Extragalactic Distance Ladder

The Hubble Constant

SBF [Tullv—Fisher]

T
h“‘
e
h‘.

NGC4258 |

Local Group and
HST Cepheids

LMC Cepheids
Cluster Cepheids

Local Group
RR Lyrae
Globular Cluster RR L
RR Lyrae ) \,frae
Statistical m
Globular Cluster RR Lyrae
Statistical m B-W

SN 1987A
Light Echo

Galactic
Novae

Cepheid
B-W

Novosibirsk - Prosper — p. 49




Distance Ladder Cone

white dwarf
supernovae

rature (K)

Mﬁin-Sequence Fitting Distant Standards

Pafall_ax Cepheids |

Hubble’s Law

I - S O

Copyright @ 2007 Pearson Education, Inc., publishing as Pearson Addison-Wesiey.
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Extragalactic Distance Ladder

The Hubble Constant
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Extragalactic Distance Ladder.
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Hubble diagram, Feb 2004

for SN la (A.Riess et al.)

® HST Discovered -
< Ground Discovered -
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Hubble diagram SNLS

Hg

The bottom plot shows
ol P the residuals for g when
{ S ec-amoon | dpp(2) 1S for the best fit
g5 6a o o5 1 flat A-cosmology (2 =
SH Redshift 0.26, Q4 = 0.74). Dashed
line is for the flat zero
A model. Adopted with
corrections from (Astier et
al., 2006).

34

Mg - 5log,, (d/10 pc)

Novosibirsk - Prosper — p. 54



(2., €2)) cosmology, SNLS

68.3%, 95.5% and 99.7%
confidence levels for the
SNLS Hubble diagram
(solid  contours), the
SDSS  baryon acoustic
oscillations (Eisenstein
| et al. 2005, dotted lines),
V% e | and the joint confidence

05 AYERs
7o % g€

: ,o@/i/ o0 contours (dashed IineS)-
| \ (Astier et al., 2006)-
ol N
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(2., w) cosmology

Contours at 68.3%, 95.5%
and 99.7% confidence
05=Msg levels for the fit to
* S cosmology with equation
of state P = w€& for flat
3D space, from the SNLS
Hubble diagram alone,
from the SDSS baryon
acoustic oscillations alone
(Eisenstein et al. 2005),
06 and the joint confidence
contours. From (Astier et
al., 2006).
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Hubble diagram SNLS

Hg

The bottom plot shows
ol P the residuals for g when
{ aaramoo | dpp(z) 1S for the best fit
g5 6a o o5 1 flat A-cosmology (2 =
SH Redshift 0.26, Q4 = 0.74). Dashed
line is for the flat zero
A model. Adopted with
corrections from (Astier et
al., 2006).

34

Mg - 5log,, (d/10 pc)
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D.Rubin, E.V.Linder, M.Kowalski et al. ApJ 2009

0.0 e 00— RARREESSS RRRRESSSS RRRRzasss Easazasss

-0.5 -0.5+ .

= =

-1.0 1.0+

151 5L, Wsystwieuy e '
0.0 0.1 0.2 o 0.3 0.4 0.5 0.0 0.1 0.2 o 0.3 0.4 0.5

68.3%, 95.4%, and 99.7% conf. levels on a constant EOS w and €2,,, for the individual and
combined data sets. The left panel shows individual and combined probes in the flat
universe case; the right panel repeats the combined systematics contour, and also compares

to the statistical only contour, and to the systematics contour when simultaneously fitting for

Spatial curvature. Novosibirsk - Prosper — p. 58



Surface of Last Scattering

Fresent ?‘
Time

t=15x10"9 yr

Re dshi[’th = —

7 =108 yr
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Anisotroplies

=1000 T | " =3x10"S yr

Decouplin
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History of the CMBR




Structure formation simulations

http://www.mpa-garching.mpg.de/galform/data_vis/S2_960x640.avi
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http://www.mpa-garching.mpg.de/galform/data_vis/S2_960x640.avi

Yto Hac okpyxaeT: SDSS

SDSS = Sloan Digital Sky Survey, npoekT Ha Apache Point
obcepBaToOpUM C akKypaTHbIMU N3MEPEHUSIMU NOMOXEHNIA
(YyrnoBbIX KOOpPAWHAT) U CNEKTPOB (T.€. U KPaCHbIX
CMELLEHN z) COTEH TbICAY ranakTuk 1 KBa3apos.
IlaHHble BblkNaablBAOTCA B OTKPbITbIA OOCTYM. YToBble
KOOpPAWHATbl N z MO3BONSAOT NOCTPOUTb TPEXMEPHYIO
KapTUHY pacnpeneneHns BuanuMoro BewecTsa BO
BceneHHon. OTa kapTuHa nokasaHa B (pubMe:

http://astro.uchicago.edu/cosmus/projects/sloanmovie/aprili18.mov
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http://astro.uchicago.edu/cosmus/projects/sloanmovie/april18.mov

KoHeUu 3-u nekuun
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