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Doba predgalakticka

KaZdy novy objev prochazi tfemi stupni:
V prvém je smésny

V druhém je potiran

V tretim je samozrejmy

Artur Schopenhauer (1788 — 1860)
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Edwin Hubble

Zivot 1889 — 1953

@ v mladi Uspésny sportovec

e BS (1910) z Chicagské university
(astronomie, matematika, filozofie)

e MA (19147) z Oxfordu (teorie a
filozofie prava, pozdgji ¥panélstina)

@ ¢len , komory advokatl“, prestoze
neprovozoval praxi

o kariéra v armadé: |. svétova valka —
major, Il. svétova vilka — testovaci
zékladna v Aberdeenu (Maryland)

@ po smrti nemé&l poh¥eb a nic neni
znamo o jeho téle
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Edwin Hubble

prace 1917 — 1953

PhD (1917), Chicagska universita,
» Photographic investigations of
faint nebulae”

@ od 1919 zamé&stnan na Mount
Wilson (pobliz Pasadeny, CA)

@ pozoroval s tehdy nejvétsim 2.5 m
dalekohledem

@ prvni pozorovatel na b5 m
dalekohledu na Mount Palomaru

e morfologie a klasifikace galaxif

@ objev , extra-galaktickych“ mlhovin

@ objev rudého posuvu u galaxif
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Velka debata

Great debate, 26. dubna 1920

H. D. Curtis (novy

"@ Harlow Shapley (pomoci kulovych
hvézdokup v cizich galaxiich)

lokalizoval centrum
\ MIlécné drihy)

@ auditorium Smithsonian Museum of Natural History

@ debata o velikosti Vesmiru a o nasem mist& v ném

@ Shapley: cely Vesmir je tvofen jen nasi velkou Galaxii a ,,spiralni
mlhoviny“ jsou jen blizkd plynnd mraéna

@ Curtis: Vesmir je sloZzen z mnoha galaxii podobnych té na%i a ty
mohou byt identifikovany jako ,,spirdlni mlhoviny “. Slunce pak lezi
pobliz stfedu b&Zné galaxie.

@ pozorovand fakta zndma v té dobé jsou rozporuplnd

@ publikovana v Bulletin of the National Research Council, May 1921

@ dnes jiz vstoupila do legend
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Rok 1924

e 1. zimni a 8. letni Olympijské hry

@ prvni oblet kolem Zemé v letadlech

@ patentovana tofend zmrzlina

@ zaloZeno IBM

@ x M. Mastroianni, B. Mandelbrot, A. Hewish, 1 F. Kavka
@ objev Tutanchdmonova sarkofagu

o K. Absolon za&ind vyzkum v Dolnich Véstonicich

@ v Brné zahajeno vysilani Radiojourndlu, &asové signdly z Greenwiche
o premiéra L.JandZek: P¥ihody Lisky Bystrousky

@ 31. prosince oznamuje Edwin Hubble existenci vzdélenych
extra-galaktickych systémi.
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O ¢&lanku

Astrophysical Journal, 62, 409-433 (1925)

N.G.C. 6822, A REMOTE STELLAR SYSTEM®
By EDWIN HUBBLE

ABSTRACT

4 smdy of N.G.C. 6822.—The object is a very faint cluster of stars and nebulae,
about 20’ X 10", resembling the Magellanic Clouds. Detailed investigations confirm the
similarity and show that it extends to many structural features of these systems.
Familiar relations such as those connecting periods and luminosities of Cepheids,
luminosities of brightest stars involved in diffuse nebulae, and frequencies of the most
luminous stars in the systems are consistent when applied to N.G.C. 6822, the first
object definitely assigned to a region outside the galactic system.

Variable stars—LEleven of the fifteen variables found in the cluster are Cepheids.
A system of photographic magnitudes has been established from comparisons with the
two nearest Selected Areas; and periods, light-curves, and magnitudes have been
determined for the Cepheids. The periods range from 12 to 64 days and the magnitudes
at mamum, from 17.45 to 19.05. The perlod -luminosity relation is conspicuous, and
a comparison with Shapley’s general curve in Harvard Circular, No. 280, 1nd1ca.tes a
distance for N.G.C. 682z of 214,000 parsecs. m— M =21.653.

Nebulae—Five diffuse nebulae are involved in the cluster. The four brlghtest
show emission spectra similar to those of the diffuse galactic nebulae. A radial velocity
of +25 km/sec., uncorrected for solar motion, has been derived from one slit spectro-
gram of the brightest nebula. The mean diameter of the diffuse nebulae, about 40
parsecs, is comparable with those of the largest nebulae in other systems. In addition

tn the diffoes nahnlas epyara] R
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Klicové momenty ¢lanku

shrnuti historickych
pozorovani, od Barnarda
do soucasnosti

analyza nalezenych
svételnych k¥ivek 15-ti
proménnych hvézd
(odhad vzdalenosti)

spektroskopie péti
difiznich mlhovin
distribuce hvézd podle
magnitudy

analyza plosné
magnitudy kolem centra
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Historickd pozorovani

N.G.C. 6822 (Barnardova mlhovina)

»a faint irregular cluster of stars*
podobného vzhledu jako Magellanova
mracna

objevena Barnardem (1884), 13 cm
reflektor, velmi slaba, vzhled v 15 cm
reflektoru je kometarni (proménna
mlhovina)

66 cm reflektor na McCormick:
nepozorovatelnd

1906, prvni fotografie od Wolfa

na Mt. Wilson pozorovédna v letech
1921 (Duncan), 1923/24, 1925
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<|’ be [ R— @ nalezeno 11 Cefeid, periody 16 a%
i i | | 64 dni, magnitudy v maximu 17.45
\ | / "N az19.05
yH AN - o fotometricka kalibrace na blizkém
J \\—JIJ poli, statistické nejistoty méreni v

magnitudach jsou 0.1 (max. 0.4)

@ moZné systematické odchylky:
refrakce a extinkce svétla, protazeni
obrazu (pozn. max. vy$ka nad
obzorem pouze 40°)
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@ zbyvajici 4 hvézdy jsou
pravdépodobné dlouhoperiodické
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Relace svitivost — perioda
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¥16. z.~Period-luminosity relation among Cepheids in N.G.C. 6822. The con-
tinuous line represents the correlation curve, m{maz) = 21.40—2.1g log P. The broken
curve indicates the corresponding portion of Shapley’s general period-luminosity curve
reduced to the scale of photographic magnitudes.

e m— M~ logr—=,

@ (pozn. relace perioda —
svitivost objevena
H. Leavittovou roku 1911)
e m(max.) =
21.401 — 2.193log P
(prdmérna residua +0.06 na
drovni méficich chyb)

e m(max.) — M(median) =

21.26 +0.02
2

vzdalenost 214 tisic parseki
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@ nalezeno 10 mlhovin promitajicich se
nebo patficich do N.G.C. 6822

@ bezstérbinova spektroskopie pro 8
mlhovin odhaluje &iry H (Balmer),
N (i zakazané)

@ primérny primér péti mlhovin je 37°
(41 parseki) — srovnatelné s
Barnardovou smyt¢kou obepinajici Orion

@ Stérbinové spektrum pro jednu mlhovinu dava radidlni rychlosti
+16 km/s a +34 km/s (neopraveno o pohyb Slunce)

@ spektrum ukazuje na emisni mlhoviny kolem horkych hvézd (B0)

@ svitivosti téchto nejjasnéjSich hvézd jsou srovnatelné s hvézdami v
nasi Galaxii
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Negalaktické mlhoviny

@ hypotéza: 5 objektl kometarniho vzhledu, jejich velikost se méni s
expoziénim &asem, pravdépodobné jde o centra kulovych hvézdokup

o celkovd magnituda je mensi (16) nez otekdvana ve srovnani s

galaktickymi kulovymi hv&zdokupami (14), ale srovnatelna s t&mi v
mraénech Magellana

@ spektra jsou bez emisnich &ar

o taktéZ jejich velikosti nesedi

o rozdily vysvétluje tak, Ze objekty se do
blizkosti N.G.C. 6822 jen promitaji

@ (pozn. dnes vime, Ze to kulové
hv&zdokupy jsou)
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Distribuce hvézd podle jasnosti

J \ . @ blink-mikroskopem byly po¢itany

] | - hv&zdy na ploge 3’ x 8’ od 15.8 do
] ! limitu 19.4 (celkem 945 hvézd)
|

.mmum it Magrr e |

| @ méfené pocty spojeny arou,

| I 260 v £ v
- i j tarkované Kapteynova funkce
I — | B ~ e svitivosti pro sluneéni okoli
| ‘ - ., ‘
| I 1 . © barevné indexy maji velké chyby, ale
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- — | t 155
i ]
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Celkova magnituda

@ pozorovdno mensim dalekohledem, aby nebyly rozliseny jednotlivé
hvézdy

o fotografickd plosnd magnituda 18.8 4 0.3 na &tveredni vtefinu (nebe
nad Mt. Wilson mélo asi 22.1)

o celkova pozorovand magnituda je 9.7

@ aproximace elipsoidem a x b x (a+ b)/2

@ primé&rnd hustota 8.8 hv&zdy na kubicky parsek (podobna se
sluneZnimu okoli), kolem stfedu je oviem 20 az 30 x v&tsi

o celkovd magnituda z elipsoidu obepinajiciho galaxii a s Kapteynovou
funkci a primérnou hustotou dédva —13.64

@ vizudlni uréeni davd —12, mozné chyby: barevné indexy, jiné sloZeni
sviticich objektli neZ ve slune¢nim okoli
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Na zavér

Conclusion

The present investigation identifies N.G.C. 6822 as an isolated
system of stars and nebulae of the same type as the Magellanic
Clouds, although somewhat smaller and much more distant. A
consistent structure is thus reared on the foundation of the Cepheid
criterion, in which the dimensions, luminosities, and densities, both
of the system as a whole and of its separate members, are of orders
of magnitude which are thoroughly familiar. The distance is the
cnly quantity of a new crder.

The principle of the uniformity of nature thus seems to rule
undisturbed in this remote region of space. This principle is the
fundamental assumption in all extrapolations beyond the limits of
known and observable data, and speculations which follow its guide
are legitimate until they become seli-contradictory. It is therefore
a matter of considerable importance that familiar relations are
found to be consistent when applied to the first system definitely
assigned to the regions ouiside the galactic system.

Of especial importance is the conclusion that the Cepheid
criterfon functions normally at this great distance. Cepheid vari-
ables have recently been found in the two largest of the spiral
nebulae, and the period-luminosity relation places them at distances
even more remote than N.G.C. 6822, This criterion secms to offer
the means of exploring extra-galactic space; N.G.C. 6822 furnishes
a critical test of its value for so ambitious an undertaking and the
results are definitely in its favor.
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Souvislosti

... kam vedou nitky

@ ukazal Ze N.G.C. 6822 je vzdaleny systém

@ tento ¢lanek byl prvni ze série t¥i vénujici se tomuto tématu

@ soubé&zné& pozoroval také M 31 a M 33

@ M 31 byla prvni galaxie v niZ identifikoval cefeidy

@ abstrakt ¢lanku oznamujiciho objev cefeid v M 31 a M 33 byl pfecten
31. prosince 1924 na 33. konferenci Americké astronomické
spole¢nosti.

@ musel si vybudovat framework

@ opiral se vysledky kolegy z Mt. Wilson (F. Seares)

o uriité v&dl i vysledcich svych kolegti (Curtis, Lundmark, Opik)

@ jediny byl schopen vyloutit zjevn& ¥patné pozorovani (van Mannen

pozoroval rotaci M 33)
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Vlastni pohyby v M 33

Lundmark (1921) Van Maannen (1923)
http://www.weblore.com/richard/adrian_van_mannen.htm
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http://apod.nasa.gov/apod/ap020123.html

5Dec2008  10:33: NS : Lelekovice @ 350m) =5 )
Bamard's galaxy (NGC 6822) . . . i ‘
Magnitude: 9.00
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