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Kosmologicky posuv

Uloha 13.3 Kterd z emisnich car v nasledujict tabulee muzeme z povrehn Zemé pozorovat

v optickém oborn spektra n kvasarn s nasledujicim rudym posuvem
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Tabulka hlavnich emisnich car n aktivnich galaxii a kvasaru:

lleseni:

v optick® ¢asti spektra.

Ne 1II, ¢) ¢ary L, az (

vyklad vzniku car

| [21.6 nm Hgs
NV [24.0 nm O I11
C IV 1549 nm O 111
C I 1909 nmm o N 1l
Mg 1T 2798 nm H,.
()11 2.7 nm NI
Ne I 3868 nm S 11
H; 1102 nm S 11
H-, 131.1 mm

186, 1
195.9
H00,7
64,8
606,53
658,41
6717
6731

11111
11111
1111
11Tl
11111
11111
11111
11111

Pri vybérn vhodnveh éar vvjdeme ze vztahu (z
¢ary od Ne 111, b) ¢arv C 11l az po ¢arn

Tedv v pripade a) vSechny

+1) A = Ay,

kde Ap musi byt

r . |
- Mpu «
absorption
* v (helow 395%939)
— Ly ahsorptio
oV

o 1500 absorption =2 b

=" *— Ly fomest —

E absosption NV S WOy |

5 1000 [/ cn| .

0 Ly By Y civ Cm]

= xyhOwv

] y e L |

¢° 500 |l B hand

i = Aband

= —

) D I P P - | - P P B P PR -
3000 3500 4000 4500 Lslele] 5500 E000 &500 Tooo 7500 8000 8500
, A




Kosmologicky rudy posuv

Uloha 13.4 Ve spektru kvasaru byl optickou spektroskopii zjistén rudy posuv z = 2,5, Které
emisni ¢arv bvly pfi tomto zjisténi pouzity? Viz tabulka pfedehazejicet dlohy.

Redend:  Vyuzijeme vztah (24 1) N = A, Nejvhodnéjsi a nejéastdji pouzivanon ¢arou
je La

Uloha 13.5 Ve spektrn kvasaru 3C 273 byly zjistény siroké intenzivoi emisni ¢arv o naméie-
nveh vinovyeh délkach 761, 3nm, 563.9nm a 5034 nin. Uréete, kterém prvku nalezi. Stanovte
vzdalenost kvasaru. Jaky je jeho zarivy vvkon, jestlize hustota zafiveho toku zjisténa v hornich
vrstvach atmosféry Zemd je rovna 6,2 - 100 W . m—2,

Resend:  Pouzitim vztahu (z + 1)A = A, zjistime, 7e jde postupné o ¢ary Ha, Hs H,
vodiku. Vzdalenost je r cz/H = 640Mpec. Zarivy vyvkon kvasaru stanovime ze w:mlm
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Hubbleuv - Lemaitruv zakon

Uloha 13.19 U kvasaru PC 12473406 bvly ve spektru identihkovany emisni vodikové ¢ary,
mimo jinyeh také cara L, Ay = 121,6 nm. Detekovana na Zemi ma ¢ira vinovou délku A, =
721 4nm. Urcete rvehlost vzdalovani kvasaru.

el = " :2_
Regent:  Pii hodnoté z = 22221 — 4 93 je rvehlost v = ¢BS22L =1 — 0 95¢.
' A ' (142341

Un spectre de quasar lointain :
PC 1247+3406, z=4.897

B~ PC 1247+3406

Schneider et al. 1991, AJ 102, 837




Hubbleuv - Lemaitruv zakon

g ‘ p— .o . . e T : . . .. . i . .
Uloha 13.17 Radiovy zdroj v jadie aktivni galaxie ma ahlovou velikost 0,0017, kosmologicky
rdyv posuva je z = 0,5. Urcéete linearni rozméry zdroje v pe.

el S 2 ; (14-2)2—1 : P
Redeni: Ryehlost vzdalovani stanovime ze vztaln v = Ll—jiﬂ — (.38c. Vzdalenost
. [14+Z
urcime z Hubbleova zakona v = & = 1500 Mpe. Skutecna linearni velikost zdroje je D =

10~21.5 «10% = 1.5 108 AlJ =T 5pe.

HIGH-REDSHIFT RADIO GALAXIES

3C 280 z=0.996

3C 265 z=0.811
o
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3C 247 z=0.749"




Radiova galaxie Centaurus A - NGC 5128

r =4,0 Mpc
'V, = 547 km.s™!
* . ¢, sraZzka-galaxii

uprostied ¢erna dira 5.107 M
pozoravani klasickych cefeid — r
aktivni jadro galaxie 1034 W




Radiova galaxie Centaurus A

L=107W

Cen A v rtg. oboru
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relativistické elektrony - mag. pole — synchrotronni zar.




Hubbleuv - Lemaitruv zakon

Uloha 13.11 V kupé galaxii ¢itajici asi 10 000 galaxii v souhvézdi Vlas Berenicin, byl u 100

nejjasndéisich galaxii spektroskopicky zjistén prumérny rudy posuv (z) = 0,0232. Pii znalosti

Hubbleovy konstanty H = 75km - s~ - Mpe™" urcete vzdalenost kupy galaxii.

3 5 - 5 - - d FE Ty AT _T - g S T |
Redeni: Ryvehlost vedaloviani je v = c2 = 6960 km - s, vzdalenost r =v/H = 93 Mpe.
: ; ]
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Cerna dira v jadre Galaxie
Uloha 13.9 Odhadnéte hinotnost cernd diry v jadre Galaxie, jestlize bvlo zjisténo, ze obézné
doby hvézd obihajicich ve vzdalenosti 275 AU od jadra jsou 2,8 roku.
Redend:  Hmotnost centralniho télesa — ¢erné diry uréime z 111, Keplerova zakona v pres-

; ~ R3 (2732 ~ 16 7
ném tvaru M = 75 (T) = 2.6 -10° M,

B o B Tadle | Estlinaiss ol he
? coimsl deih e [hom il
; it b o e siclle orbiel e
£ i ami. T icpiita] valess
: - TI piang fnon [l Sl ol i
i > r d (it cenlcy off ESreao-
E S mis! ddeins 3 Shlmoc
=l 3 ! ol & Tipe Thady  daslaatiia
F i i P j wilh Tratasnnl ehoorinntes
05081 i) Bl ai i i e thain 30 are Halxl hoe
Faadlun |pse)
. o M5z | Wi
Fig. 7 Esdescl mises as o fonctasn of refs The maiees P e imchval- o0-1 41 406
il ' s erliinl meslion aghes ol wilh one aaoiher and the exilies el
I o veliocly dispeiiim moanssinoss The salid line slesws the be B2 50-16 3007
ldsck bl plos henmens clasiz sl haved oo the cols memiurenenia L0189 34 408
The aew orlite] maces sicesiacs the contial dark mim Semity by 4 oiders | —
f magnitade dismitically ireagibeaing the cmic Go o cenlial st e 3 + {14 T
sk !‘I:Ik . v I :I'ﬂ-miﬂ e 1 In_ll | |'g I_|+|. ':j Ij_l:l".-‘;-':
! L ! 1
L
.‘ aa r -
s s

=14 |

(L] [ B ] - -fa
B Trees Eg- a® e

Fia. I fap & 1" w17 clcon] image cenleal un B aari sl pediios o S A* dhivamiig de D0 jeriiime of =me
il U e (il bive Boon Rifimsad aver the domsries nl the Feck seneed ol abads. Thies of the aes b alaribed
daiw s -1 SO-18 and 50010 () The shdeeal o Exiio o st ol thee slisd wilh cilalad] milelai Fach slas e

labele] Ty Ha Sl s ceh el




14

Cerna dira v jadre M 87
Uloha 13.15 Emisni ¢ary plvnu ve stiedu giganticke elipticke galaxie M 87, NGC 4486 bvlv
zkonmany spektrografem na Hubbleove kosmickém dalekohledn. Ze spektralni diagnostiky

carv O 11 372.7nm bvla uréena obézna rvehlost 500km - s71 plvou pii polomérn 0,257, Od-
hadnéte hmotnost centralni oblasti uvniti prstence. Za predpokladu, Zze se jedna o éernon dirn

nrcéete jeji Schwarzschildav polomér. U galaxie M 87 byla zjisténa hodnota z = 0,004,
Reseni:  Nejprve z Hubbleova f 1kona stanovime vzdalenost r = ﬁ = & = 16 Mpe. | Thlovy
polomér prevedeme, oo = 1,2 - 107 % rad. Skuteény polomér prstence je R —ar=>59-10"n

Pri zanedbani E1111:_1H1u~4:"t latky vné disku a jejim stéricko-svmetrickém rozlozeni muzeme psat
= F' 3 ( o ] » ¥ .

E = H‘L‘r = =~ 2.10%kg = 10° M. Dosazenim do vztahu pro Schwarzschilduv
polomér Rg = 22 = ~'3. 1012 = ~ 10—p

spektrograf STIS: spektrum jadra M 87
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Cerna dirav M 87

Approaching

Hécedmg

prir=16pc=49.10" m,i=42°
v.sin i =460 km.s!, v, =690 km.s!
M=v2r/G=4.10¥kg = 2.10°Mj




Cerna dirav M 87

First M87 Event Horizon Telescope Results. 1.

The Shadow of the Supermassive Black Hole MBT* ApI‘il 11, 2017

The Event Horizon Telescope Collaboration

(See the end matter for the full List of authors.)
Received 2048 March I; revised 2009 March 12; accepted 2048 March 12; published 2009 April 10

Abstract
When surmounded by a mansparent emssion region, black holes are expected to reveal o dark shadow caused by
sravitational light bending and photon capture at the event honmzon. To mage and study this phenomenon. we have
assermbled the Event Homeon Telescope, a global very long baseline intarferometry armay observing at a wavelength of
1.3 mm. This allows s to reconstruct event-homzon-scale images of the supermassive black hole candidate in the center
of the giant clliptical galuxy MET. We have resolved the centrmal compact radio source a8 an asymmetnic bright emission
rng with a diameter of 42 = 3 pas, which 1 circular and encompasses a central depression in bnghmess with a flux
ratio = 10:1. The emission ring is recovered using different calibration and imaging schemes, with i diameter and
width emamning stable over four different observations carned out in different days. Ovenall, the observed 1mage
consistent with expectations for the shadow of a Kerr black hole as predicted by general relativity, The asymmetry in
brightness i the ring can be explaned in terms of relativistic beaming of the emission from a plasma ming close to
the speed of light around a black hole. We compare our images o an extensive Bbrary of ray-tuced seneral-relativiste
magnetohydrodynamic simulations of black holes and derive a central mass of M = (635 + 0.7) = 10° M., Our radio
wiave observations thus provide powerful evidence for the presence of supermassive black holes in centers of galaies
and as the central engines of acove galactic nuclel. They also present a new tool to explore gravily in its most extremoe
it and on & mass scale that was so far not aceessible.
Key words: accrenon, accretion disks — black hole physics — galaxies: active — galaxies: individual (MET)
galaxies: jeis — gravitation
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Cerna dira v M 87 - kolektiv autort

Tahk 1
Parsmeters of MET"

Parameter Estimate

Ring diameter * d 42 4 3 ms
Ring width * <2 pas
Crescent contrast ™ = 101
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Urcovani vzdalenosti M 100 — cefeidy,
klicovy projekt HST - kosmologie

Uloha 13.8 Dosud nejvzdalenéisi klasicke cefeidv (s tvpickvmi periodami 1 - 50 dnu) byly
objeveny za pomoct Hubbleova kosmickeho dalekohledu vogalaxii M O100, ktera je soncasti
bohate kupyv galaxii v souhvézdi Panny, Na obr. je znazornéna zavislost pozorovand vizualni
hvézdne velikosti a periody pulsace, tedyv zavislost perioda — zarfivy vwkon. Uzitim dvou cefeid
nejblize polozenveh k pfimkové zavislosti, na gratu oznacenyeh, stanovte jejich vzdalenost a
tudiz vzdalenost galaxie M 100.

Reseni: U prvni cefeidy m, = 26.3mag, log P = 1,39dne. Ze zavislosti My = —
2,80 log P—1,43 stanovime My = —5,3 mag. Dosazenim do vztahu logr = 140.2 (m, — My) =
732, r = 20 Mpe. U drubé cefeidy analogicky m, = 25,6 mag, log P = 1,61 dne, My = —
5,94 mag. Vzdalenost logr = 7,31 pe, tudiz 7 = 20 Mpe.

A Cepheid Varishle Star in M100




Kosmologie

Uloha 13.28 Odvodte v ramei klasicke fvzikv vztah mezi kritickon hustoton a Hubbleovon
konstanton. Odhadndéte stari vesmiru,

Regeni:  Zkoumejme sférickon oblast prostorn o hmotnosti M = konst-, p = p(t), R =
R(t). V ni se pohybuji ¢astice — galaxie o hmotnosti m, ¢astice na povrehu koule mé
rvehlost vg. Plati vztah pro celkovou mechanickon energii émLR (__""”” = W.. Odtud pro
hustotu energie w dostaneme l:f% = G% = w. V urfitém case t = &, l;"!r!“ podle Hubbleova
zakona vg = H R(t) a dale p = p(ty). Upravou obdrzime R (lHQ = iGﬂ'pj = w. V kritickém

P uii;v:iui rvehlosti

stavi pii R — o0 je g5 — oo plati %HE JG?TP}‘ =0, odtud pp. = E- ot

exXpanze vg = B dknd s pcm:‘?ii'fm Hnl bleova ,r" ikona vg = H R obdrzime t = H Prijmeme-li

‘
Hubbleovu konstantu H = 75km - Mp{' je t 2 10Y rokn.
R R ke® Y
£.0.58 e o i [ g =t
Rz v Z R - -'""'R‘. (4) - +3
.2
R &ré¢ ket

R
e |
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Kosmlcky dalekohled

§ Lyman Spitzer 1914 - 1997,
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Kosmicky dalekohled
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History of the Space Telescope*

Lyman Spitzer, Jr
Princeton University Observatory, Princeton, New Jersey, USA
(Received 1978 October 18)

I THE IDEA

The basic concept of the Space Telescope is essentially a simple one —a
large multipurpose telescope in orbit around the Earth, well above the
atmosphere. It is well known that such a telescope would have two very great
scientific advantages over instruments on the ground. First, its location in a
vacuum, out where the stars do not twinkle, would make it possible for the
sharpness of an image to be limited only by diffraction of light, rather than
by the variable refraction known to astronomers as ‘seeing’. Thus a telescope
with an aperture between 2 and 3 m should yield images about o-1 arcsec
in size, about a tenth of the images normally obtainable at good astronomical

with large reflecting telescopes in space. Among this list of scientific programs,
which includes some of the more interesting problems now visualized for the
Space Telescope, were:

(a) push back the frontiers of the Universe and determine galactic distances
by measuring very faint stars,

(b) analyse the structure of galaxies,

(c) explore systematically the structure of globular clusters,

(d) study the nature of planets, especially their surfaces and atmospheres.




HST - Hubbleuv kosmicky dalekohled
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Vypusténi Hubbleova kosmického dalekohledu

priubézna soucasna poloha:
http:hubblesite.org/the telescope/where.a.s hubble now/basic_version.php




HST - Hubbleuv kosmicky dalekohled

anténa

3 clana

sakundarni zecadie

slunaéni panaly

kryt tubusu

fubus
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slunetni senzor, 2SS

}-f,; primarni zrcadlo

slunaéni panely

modul pFistroji y é’S}i / anténa
zenzory navadéni :

Samotny nazav pristroje " Hubbluy kosmicky teleskop” nevystihwe presns jeho podstatu a
charakter. Ml bychom spise hovorit o automaticke observatori umisténé na abéima draze
Pristroj se sklada nejen ze samotneho dalekohledu, ale z cele rady dalsich a nezbytne nutnych
sy stemu. Mezi ni patri napriklad system orientace a stabilizace dalekohledu, pristroje

pro zobrazeni a analyzu zafeni, fidici systém, systém zalohovani a predavani napozorovanych
dat, telemetricky systém, enengeticky system atd.

Zakladni adaje: délka: 13,1 m, Sirka: 4.3 m, hmotnost: 11 800 kg

Opticky systém: primarni zrcadlo 2.4 m (sy stém Ritchey-Chrétien), sekundarni 0,34 m
Poéatedéni draha: 610 km, sklon 28,5 stupnid

Planovana zivotnost: 15 let (za pred pokladu servisnich misi raketoplanu)

Cena dalekohbedu: 1.5 mid. dolaru (skutecna cena bude ziejmé vy S&i)




Hubbleuv kosmicky dalekohled

doba ob&hu okolo Zem¢ 97 min
hmotnost pr1 startu 11 600 kg
spotieba elektrické energie 2400 W

prum¢r primarniho zrcadla 2,4 m

prumér sekundarniho zrcadla 34 cm

detekovany rozsah elektromagnetického zareni
120 nm — 2400 nm




HST - konstrukce, pristroje

Ritcheyuv-Chrétientv opticky systém, s otvorem v hlavnim
hyperbolickém zrcadle, paprsky — na hlavni zrcadlo,

— odraz sekundarni zrcadlo — vyvedeni otvorem do
pristrojové Casti ke zpracovani

Pristrojova sekce slozena ze dvou Casti:
0sova pozice a Ctyri mimo osové pozice

v 0sové pozici Sirokouhlé planetarni kamery:
WFPC — WFPC2 — WFC3

v mimo osovych pozicich pfistroje - kamery, spektrografy
zabudovany modularné, servisni mise - snadna vymeéna




Pristroje HST - 1990

. WFPC: WF - sirokouhla kamera, velke zorne

pole, PC - planetarni kamera s velkou
ohniskovou vzdalenosti, velké zvétSeni

GHRS: Goddarduv spektrograf s vysokym
rozliSenim v ultrafialovém oboru

. FOC: Kamera slabych objektu v ultrafialovém

oboru

. FOS: Spektrograf slabych objekti
. HSP: Vysokorychlostni fotometr pro pozorovani

proménnych hvézd




Cinnost HST




Hubbleuv kosmicky dalekohled - iiloha

Urceni prace pro prevedeni HST z kruhove
obézné drahy h, = 500 km na h, = 600 km

4= (Wkl +Wp1)_(Wk2 +Wp2):
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HST na draze kolem Zemé




Sirokothlé planetarni kamery WFPC

WFPC 2: (110 -1 100) nm, 4 CCD prvky, 800
x 800 px, 48 filtru

vyména kamery - kvéten 2009,
WFPC/IR 3, (380 — 1 700) nm
2,3 x 2,1 arcmin




Space Telescope Imaging Spectrograph —
STIS 1997 - 2004, 2009 -

\7ysoké lf_ziéem
UV oblast
Stiredni rozliSeni
10 000

Nizké rozliseni
(164 — 1014) nm

1 R ~200 000

R ~ 5000 -

R ~ 750

Mrizky 67 — 3 600 vrypu/mm

blazeovany uhel (0,7 —14,7)°

16 difr. mrizek, 1

4 echelle vyssi ra

2 v I. fadu,
dy

Grating Sp. Range A Resolving
(A) Per | power
tlt
G750L 5240- 5030 | 530-1040
10270
G750M | 5450- 570 | 4870-9050
10140
G430L 2900-5700 | 2800 | 530-1040
G430M | 3020-5610 | 286 | 5390-10020
G230LB | 1680-3060 | 1380 | 620-1130
G230MB | 1640-3190 | 1155 | 5470-10630
G230L 1570-3180 | 1610 | 500-1010
G230M | 1640-3100 | 90 9110-17220
G140L 1150-1730 | 610 | 960-1440
GI140M | 1140-1740 | 55 11400-17400
E230M 1570-3110 | 800 | 30000
E230H 1620-3150 | 267 [ 14000
E140M 1150-1710 | 620 | 45800
E140H 1150-1700 | 210 | 114000




Hlavni vybrané vysledky 30 let HST

1. Slunecni soustava

2. Extrasolarni soustavy

3. Vznik a zanik hvézd

4. Cerné diry v jadrech galaxii

5. Upresnéni vzdalenosti ve vesmiru !

1 000 000 pozorovani
500 000 snimku ¢lanek — MFI — 20 let ¢innosti

30 000 ruznych poli




.|| Visible Light
Hubble

Vzdalena galaxie A1689-zD1

+|| Infrared Light
Hubble

Infrared Light
Spitzer

Distant Gravitationally Lensed Galaxy = Galaxy Cluster Abell 1689
Hubble Space Telescope = ACS/WFC NICMOS

NASA, ESA, and L. Bradley (JHU), R. Bouwens (UCSC), H. Ford (JHU), and G. lllingworth (UCSC) STScl-PRC08-08a

r = 4 miliardy pc, hvézdy vzniklé 250 milionu roku po
velkém tresku




Ulohy - FeSeni

CviCeni Slunecni soustava

2.7,2.11,2.12,2. 13, 2. 15, 2. 20

Kosmicka mechanika

3.1,3.2,3.3,3.5,3.9,3.10, 3. 12, 3. 13,
3.16,3.17,3.18, 3. 19, 3. 20




