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Herscheluv model Galaxie

chybné predpoklady:
- vSechny hvézdy maji stejny zarivy vykon,
- prostorova hustota hvézd je stala,
- neexistuje zeslabovani svétla hvézd (mezihvézdna extinkce) —
nevédél o ni,
- dalekohledem dohlédneme na hranici Galaxie.

vysledek — model Galaxie o priméru 3 kpe, uprostied je Slunce

ay(i/83)

SN near
the center




Kapteynuv model Galaxie

Jacobus Kapteyn (1901 thru 1922):

* Used photographic star counts

» Estimated distances statistically based on
parallaxes & motions of nearby stars.

* Neglected interstellar absorption of starlight
(dust; assumed fainter stars just farther away).

Model:
 Flattened disk 15 kpc across & 3 kpc thick
* The Sun is located slightly off center

Broad question: Where are we in the
universe? What is our place?




Obloha, pozorovani v Galaxii

. « % Globular
Interstellar dust makes it vl
difficult to see very far within o cluster
the plane of the Galaxy, but
vou can still see objects above
the galacric plane.

Sun Disk of the

| Milky Way + Een:tcr
Earth Galaxy of Galaxy




Debata r. 1920 H. Shapley x H. D. Curtis

Co predstavuji mlhoviny ?




Debata r. 1920 H. Shapley x H. D. Curtis

1918 Shapley - vzdalenosti 93 kulovych hvézdokup pomoci pulzujicich
proménnych hvézd typu RR Lyr a W Vir;

Jroufaly a ukvapeny predpoklad® - system kulovych hvézdokup
= kostra Galaxie (stfed kostry souhlasi s centrem Galaxie)
— centrum Galaxie lezi ve sméru Strelce ve vzdalenosti 15 kpc;

— prumér Galaxie cca 100 kpc, Slunce v 1/3 mezi centrem a
okrajem

1920 Velka debata - o rozmérech Galaxie a povaze spiralnich mlhovin
Harlow Shapley x Heber Curtis

Curtis - odbornik na spiralni mlhoviny = vzdalené soustavy z milionu
hvézd:;
- obhajoval Kapteyniv model Galaxie (pramér cca 8,5 kpc);
- pfednost kratsi skale vzdalenosti, (mj. pro vzdalenost M 31
z jasnosti 12 pozorovanych ,nov® (150 kpc) => velikost
srovnatelna s rozmérem Shapleyho Galaxie;

- velké rychlosti vzdalovani spiralnich mlhovin (pfilis velké na to, aby
byly gravitaéné spjaty s Galaxii)

Shapley - Galaxie je nejméné o fad veétsi (nez Kapteynav model) @ pfedstavuje cely vesmir
Curtis — ve vesmiru jsou i jiné galaxie daleko od nasi Galaxie




Zavéry diskuse Shapley x H.D.Curtis -1920

H.Shapley:

pomoci studia kulovych hvézdokup zjistil polohu stredu Galaxie a
jeji rozméry

vesmir je tvoren naSi Galaxii, mlhavé oblacky jsou blizka
plynna mracCna

H.Curtis:

vesmir je slozen z mnoha galaxii jako je nase, Slunce lezi v blizkosti
sttedu jedné z galaxii




Luminosity (L

Urcéovani vzdalenosti — metoda cefeid

Cepheid variables:

* Found throughout the Galaxy

* Pulsation periods of 1 to 50 days

* Luminosity related to pulsation period
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RR Lyrae variables:
*0e’e * Found in globular clusters
* Pulsation periods less than a day
* All have about the same luminosity
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Nejblizsi hvézdy z okoli Slunce

Mejblizsi hvézdy. A na Slunce, dvojici alfa Centauri a Sirius, vSechny ostatni
tvari malo zafivi Cerveni trpaslici. Ostaine prave cerveni trpaslic) predStavuji
typicke hvezrdy vo vesmird. Vyjimkou neni ani SO256300.56 165258.

Pobli2 Siria se pak dokonce nachézi | jeden bily trpasiik,

Barnardova hvezda

® K8 gy roku

Slunce

aglfa Centaur:, Proaxima

4.3 sv. roku #

Sirius 9 S025300.5 165258

B.8-gv. roku Lalande 21185 ® 7.8 sv. roku

. & 8.3 sv. roku

Ross THd 08
5.7 sv. roku




Okoli Slunce do 3,3 pc
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Stavba Galaxie = Milky Way ?

Components of the Milky Way

Sun and Solar System lie in a spiral galaxy - most common
type in relatively isolated parts of the Universe.

- Spiral arms
igeis = where stars

supermassive are formed

black hole

Disk of

gas and stars

Halo - not visible here, containing stars but dominated by
dark matter. Extends out beyond the optical extent of the

galaxy. ASTR 3730: Fall 2003




Stavba Galaxie

From our vantage - out in the disk, easiest to see the
structure in the Milky Way in the infra-red.

North-Galactic-Pele -

" South Galactic Pole -

Map in Galactic co-ordinates. Infra-red radiation is not strongly

absorbed by dust, so looking here at cool stars throughout the
Milky Way.

ASTR 3730: Fall 2003




kordna

prickova vydut’

spiralni disk

Slunce 15 k

vydut’ - polomér 1,3 kpc
Slunce 26 pc od gal. rov.
8 kpc od stredu Galaxie

-~ Stavebni struktura Galaxie

30 kpc - prumér disku
halo Galaxie: vnitrni ¢ast 3krat
vice kovu nez ve vnéjsi casti

Slunce

populace II — staré hvézdy

4 I, ek Halo
- (kulovy podsystém)

Disk
(plochy podsystém)

. Kulové hvézdokupy




Galaxie — parametry

pocet hvézd ~ 10 '! pouze zhruba 2% dostupna pozorovani
prumeér plochého disku  ~ 30 kpc

tloust’ka disku « 1 kpc

Slunce lezi ~ 8 kpc od stredu disku
ob€zna rychlost ~ 250 km/s

ob¢ézna doba Slunce = 200 mil. rokt
hmotnost = 5,101 Mg

mezihvézdna hmota, as1 10% hmotnosti zarici latky, zeyména podél
galaktického rovniku

populace I - plocha populace, mladé objekty, asociace, otevirené
hvézdokupy, hvézdy z okoli naseho Slunce

populace II - sféricka populace, staré objekty, kulové hvézdokupy,
Cerveni obri

rozliseni populaci — stari, chemické sloZeni, prostorové rozloZeni,
pohybové vlastnosti




Populace v Galaxii

Property Population I
Orbits Circular
Shape spiral arms

Thickness(pc) 120

Metals (%) 3-4
Total Mass (M,,,) 2x10°
Age (yr) 108

Typical objects Open clusters,
HII regions,
OB stars

Intermediate
Elongated
disk

400

0.4-2

5x101°

10°

Sun

Population II
Very elliptical
spherical/halo
2000

0.4 or less

2x1010

1010

Globular clusters,
RR Lyrae stars




Rozdéleni hvézd podle populaci

galactic disk galactic disk




Kinematické vlastnosti hvézd v Galaxii

v,= 4,74 ur[km.s!]
c AMA [km.s!]
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Kinematické vlastnosti hvézd v Galaxii

A To NGP

Kinematics of the Galaxy:
The Rotating, Cylindrical
Coordinate System
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Galaxie

stavba Galaxie - jadro, spiralni ramena, halo

jadro studovano v infracerveném oboru (750 - 1 000) nm,

v kterém je mensi mezihvézdna absorpce,

existence spiralnich ramen objasnéna teorii hustotnich vin,
ramena - mista zvysSené hustoty, hvézdy zde setrvavaji delsi
dobu, hvézdy rameny prochazeji, nejde o stejné hvézdy

halo tvofeno Casticemi nepozorovatelnymi (napf. neutrina),
ovliviiyji rotaci Galaxie, spiralni ramena - mezihvézdny vodik
vyzatuje foton, f =1 420,4 MHz, na vinove délce

21,1 cm, pi1 zméné€ orientace spinu elektronu z paralelniho se
spinem protonu na antiparalelni pozorovani v radiovem
oboru molekul, napt. H20 - 1,4 cm, OH - (18, 18,6) cm,

S10 - 0,7 cm, MASER efekt , inverzni obsazeni energiovych
hladin, pfechod na metastabilni hladinu, vyzareni koherentni




Spiralni struktura Galaxie, zareni vodiku

Parallel spins: higher-energy configuration

|

wavelength = 21 cm

Photon,

Opposite spins: lower-energy configuration
Meutral atomic Hydrogen creates 21 cm radiation

Je teplota mracen HI1~100 K
dostatecna k prechodu z

paralelniho do antipar. spinu ?

6.10°%eV 32kT=hv
1420 MHz, A.=21,1cm T=x 0,05 K




Radiova astronomie: studium vodiku -
pozorovani spiralnich ramen

Atomic Hydrogen 21 cm Dickey-Lockman

Effelsberg Jodrell Bank

D =76m




Spiralni ramena v Galaxii




Vznik hvézd ve spiralnim ramenu Orionu




Spiralni struktura Galaxie

Optical:

HII-regions,

clusters of O, B stars
Problem: can’t see very

far in optical
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Vznik spiralni struktury u galaxii

Socreach!
@mE@m -

individual cars move through the traffic jam

incoming clouds

- and stars
densﬂy Wave

only the long-lived
stars make it out. stars farm

densi y'waue
(enhanced gravity)

@@@

30 million years 100 million years

C¥iferential rofation. stars near the center take less time to orbit the center than those farther
from the center. Differential rotation can create a spiral pattem in the disk in a shorttime.




Rotace Galaxie

Dark matter 11
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curve forthis galaxy.
The gravity of the visible matter in the Galaxy is not enough to explan the high orbital
speads of stars in the Galaxy, For example, the Sun is meving about 80 km/sectoo fast,
The part of therotation curve contributed by the wisible maner only is the bottom curve.
The disaepancy bervween thetwo curves is evidence for 2 dark matter halo.




Spiralni galaxie M 51

r=1 Mpc
* v, =547 km.s™!
vznik hveézd

rozloZeni molekularniho vodiku v
centru galaxie, atomarniho na okrajich.




Spiralni hustotni viny v galaxii M 51

Spiral Density Waves

since all the bright blue stars die befor:
leaving the spiral amm, the s piral densily
waves musl show up beller at ultraviolket

wavelengths, &




Rotace Galaxie
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Rotace Galaxie




Oortovy konstanty
Slunge v




Oortovy konstanty




Oortovy konstanty
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Model Galaxie s prickou




Model Galaxie s prickou

2008 — R. Benjamin
2 hlavni spiralni ramena:
» Scutum-Centaurus,
» Perseus
2 vedlejsi, mala ramena
« Norma
« Sagittarius

2012 — stale diskuse
napr. novy vnéjsi prstenec
(Monoceros Ring)

2013 — J. Urquhart — rozlozeni = 21
Milky Way Galaxy

mladych masivnich hvezd

=>4 ramena




Hvézdokupy v blizkosti stredu Galaxie

Arches Cluster Quintuplet Cluster

1 light year * _ ¢ " ' TR _"- Eisghtyears

Star Clusters Near the Center of the Galaxy | HST NICMOS
PRC99-30 » STScl OPO » D. Figer (STScl) and NASA

mlada husta hvézdokupa Arches (oblouky), 25 pc od Cerné diry




Pohled do stredu Galaxie
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Pohled do stredu Galaxie

galakticke jaderko — cca 1 pc, vyrony plynu a
netepelného radiového zareni - vysledek inter-
akce jedné ¢i dvou velmi hmotnych ¢ernych dér
s hvézdami a mezihvézdnou latkou — Sgr A* =
super-masivni ¢erna dira (4.10° M, 0.3 au)




Obézny pohyb hvézd kolem stredu Galaxie

Orbital motion and the center of the Milky Way

(continued)
radius (light hours)

10’ 10° 10° 10* 10°
III| I IIIIIII| | IIIIIII| I IIIIIII| I IIIIIII| |
_ Summary of
W L 2.87(0.15) x10° M{sun) poirt mass
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Pohyb hvézdy S2 kolem Cerné diry

NACO May 2002 %2 Orbit around SerA®

A
. 1902.23 1994.52 1995.53

1886.43

1997.54
1998.38
1889.47

.05"

(2 light-gavs)

2000.47

2001.50




Cerna dira v jadre Galaxie

orbital period 1

a =275 au, T = 2,8 roku, > M = 10° Mg







Galaxie v ruznych spektralnich oborech

Milky Way in different wavebands

Optical

g — l - p— e o 5
e e =

Radio at 408 MHz

Radio at 21cm (atomic hydrogen)

B o e e i

Infr-red




Galaxie na 21 cm

The 21-cm Sky

Microwave photons are
emitted by H atoms

Shows warm, neutral interstellar gas clouds up to
hundreds of light-years across.




Galaxie v gama oboru zareni
The Gamma-Ray Sky

Very energetic photons
are made by cosmic rays

N

Traces high gas densities and supernova remnants —
and also other galaxies with central activity.




Galaxie v ruznych spektralnich oborech

Mlecna draha v ruznych vinovych delkach [c) ADFIGSFC
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kontinuum
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vodik
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Galaxie v ruznych spektralnich oborech

360° views of starlight in the Galaxy

T . !E i

R Seas B SRR A 0 R

Visible light (and extinction), A = 0.54 um

Figure: NASA




Prehled zareni v ruznych spektralnich oborech

zareni teplota K charakteristické objekty
Y T>108 akre¢ni disky, jadro Galaxie, srazky
kompaktnich objekti, zbytky supernov
rentgenoveé (106-108) akre¢ni disky, neutronové hvézdy,
zbytky supernov, horka mra¢na plynti
ultrafialové (104-10°9) zbytky supernov, horké hvézdy, kvasary
optické (103 -10%) hvézdy, Slunce, planety, galaxie, reflexni a
emisni mlhoviny
infraCervene (10 - 107) cerveni obi1 a trpaslici, hvézdy T Tauri, planety,
komety, mezihvézdny prach, jadro Galaxie
radioveé T < 10 mrac¢na mezihvézdného vodiku H I, oblast1 v
blizkosti neutronovych hvézd a bilych

trpaslikt, reliktni zareni, Slunce




Vznik spiralni struktury u Galaxie

Differential rotation: greater
angular speeds closer to the
galactic center.




Vznik spiralni struktury u Galaxie




Vera Rubin: Méreni obé€zné rychlosti hvézd
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Temna hmota v galaxiich

« flat’ rotation curves:
- galaxies must contain
10 times more
non-visible matter!

dark matter




Rotace galaxii - Galaxie

1975 — Vera Rubin — objev diferencialni rotace => hvézdy na okraji
Galaxie maji cca stejnou obéznou rychlost => nevyhovuje ani model
pevné desky ani koncentrace latky k centru

konstantni rotaéni rychlost v okrajovych oblastech Galaxie => skryta hmota
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Diferencialni rotace galaxii a Galaxie

s Sa NGC 4378
= - r Sbc NGC 3145
= > g N K
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Cyklus hmoty v Galaxii

Recycling
Gas & Stars SESESEEE—.

atomic hydrogen clouds

g T . hot bubbles
t L
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Vznik hvézd v Galaxii

Galactic Star Formation

Halo, bulge: blue stars and Disk: blue stars and
emission nebulae absent emission nebulae present
= no star formation = star formation!




Spiral faj;@jigrjg density waves; they rotate more
slowly than the underlying stars m gas.
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Vznik hvézd v spirz’llnich ramenech

9 2 / \
- Molecular. -Emlssrun
clouds nebulae

#}4—‘— Blue stars

Spiral Arms

LA _ . : ' " ':'-‘;,_ 4 -
In th€*disk, spiral arms are'sites of rapid.star formation
due tt:*fﬁﬁ'ﬁgression of gas clou,déﬁg they bunch up.




Vznik hvézd v Galaxii

- : doubly doubly ionized
Where the Stars Form onized oxygen

atomic atamic
hydregen nydrogen

| atomic sy
I|I il i dro gen icnized
|
|
singly |
ionized | atomic atomic
OXyOEn ||I halium Relium

nitrogen

apparent brightnass

450 &00 550 B00
wavelength (nanomseters)

Young, hot stars ionize the surrounding gas; glowing
emission nebulae are signposts of star formation.




Cyklus hmoty v Galaxii

- Elements made in stars are mixed back into the gas:




