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Debata r. 1920 Shapley x Curtis

Co predstavuji mlhoviny ?




galaxie M 31 v souhvézdi Andromedy




Zavéry diskuse H.Shapley x H.D.Curtis - 1920
Harlow Shapley 1885 - 1972:

pomoci studia kulovych hvézdokup zjistil polohu
sttedu Galaxie a jeji rozmery

vesmir je tvoren nasi Galaxii, mlhave
oblacky jsou blizka plynna mracna

Herbert Doust Curtis 1872 - 1942:

vesmir je sloZzen z mnoha galaxii jako je nasSe,
Slunce lezi v blizkost1 stiedu jedn¢ z galaxii




Méreni radialnich rychlosti galaxii

Vesto Melvin Slipher Milton Lasell Humason
1875 - 1969 1891 - 1972




Lowell Observatory - V. M. Slipher:
prvni stanoveni radialni rychlosti mlhoviny M 31

4. prosince 1912, 14 hodinova expozici
— spektrum — radialni rychlost — 300 km.s"!
roku 1914 - 40 spekter mlhovin

u 15 urCena radialni rychlost




Lowell Observatory - V. M. Slipher:
Popular astronomy, 23, (1915), p. 21

Spektrograficka pozorovani mlhovin

SPECTROGERAPHIC OBSEREVATIONS OF NEBULAE.
By V. M. SLiPHER.

During the last two years the spectrographic work at Flagstaff has been
devoted largely to nebulae, While the observations were chiefly con-
cerned with the spiral nebulae they also include planetary and extended
nebulae and globular star clusters.

Nebuolar spectra may be broadly divided into two general types
(1) bright-line and (2) dark-line. The so-called gaseous nebulae are of
the first type; the spiral nebulae of the second type.




Lowell Observatory - V. M. Slipher:
Popular astronomy, 23, (1915), p. 21
Spektrograficka pozorovani mlhovin —

radialni rychlosti

In the table is a list of the spiral nebulae observed. As far as

possible their velocities are given, although in many cases they are
only rough provisional values.

NGC 221
&4 1

508

1023

1068

7331

3031
3115
3627
4363
4594
4736
4826
5194
5846

These nebulae are on

» the south side of the

Milky Way.

These are on the
north side of the
Milky Way




J. H. Reynolds: Motion 1n the spiral nebulae
Observatory No. 40, (1917) p. 131

Pohyb spiralnich mlhovin — radialni rychlosti

obtiZznost spektroskopickych pozorovani na
Mount Wilson

When we bear in mind that a displacement of o1 mm. on this
scale equals a radial velocity of something like go kma, per second,
and that the total exposure is 80 honrs spread over several nights,
it i evident that slight differences of temperature and tension in
the spectrograph, as well as the fact that the comparison-speetrum
is ooly exposed for a few seconds at the end of the exposure, are
quite sulficient to introdace a large probable error, In the case
of N.G.C, 4504 the result is in close agreament with that derived
br Slipher, but there wns no such agreement in the case of the
Andromeda Nebula, Slipher giving a velocity of — 300 kms, per
segcond, whereas Wolf's result 18 — 450 kmas. per sacond.




Lowell Observatory - V. M. Slipher:

Radial velocity observations of spiral nebulae
Observatory 40, (1917), p. 304.

Méreni radialnich rychlosti spiralnich mlhovin

Mr. Reynolds referred to observations of the velocity of the
Great Andromeda Nebula as bearing out his criticism. The
results of this object known to me are the following :—

—300  km. Slipher; from several plates.

— 404 »  Wright (Lick); from one plate,

— 300~-400 ,, Woll'; one plare, which he believed not “good enough
to give any security.” '

— 329 »  Pease (M¢t. Wilson); from one plate,

When we bear in mind that Wolf did not consider his plate

> .
“good enough,” we can, it seems to me, look npon these results
as 1n satisfactory agreement. |

25 radialnich rychlosti, 21 kladnych
(-300 + 1 100) km.s™!




Radial Velscity Observations of Spiral Nebule.

 GENTLEMEN,—

In the Observatory, No. 511, p. 131, Mr. Reynolds has a
letter which I fear might lead the reader to suppose that little
confidence should be placed in the velocity-observations of spiral
nebule such as I initiated in 1912 and have had in progress since
at the Lowell Observatory, and I beg space for a few remarks
upon this work.

Mr. Reynolds referred to observations of the velocity of the
Great Andromeda Nebula as bearing out his criticism. The
results of this object known to me are the following :—

—300  km, S8lipher; from several plates.

— 404 »  Wright (Lick); from one plate,

—300-400 ,,  Woll'; one plate, which he believed not ““good enough
to give any securily.” .

— 1329 »  Peuase (Mt., Wilson); from one plate,

J

When we bear in mind that Wolf did not consider hig plate

i g:nurl enoug ;7 we can, it seems to me, look npon these results
as 1n satistactory agreement. |

. We would, indeed, be fortunate in science if the inaceuracy of
observation were never more than a small fraction of the quantity
observed, I am, Gentlemen,
Lowell Observatory, Yours faithfully,
Flagstafl, Arizona, V. M. SLIPHER,
1917, June 15,




Observator Mount Wilson
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Edwin Powell Hubble (1889 - 1953)

vasnivy Ctenaf - knihy Julese Verna

v mladi sportovec - skok do vysky, box,
studium Chicago BS (fyzika) - asistent u
R. A. Millikana, A. Michelsona

dalsi studium Oxford MA (pravo)

I. sv. valka - major v armad¢

r. 1919 - Mount Wilson, Pasadena

r. 1920 - disertace Photographia
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Edwin Powell Hubble - mladi
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Hubbleuv vyzkum galaxii na Mount Wllson

vyuziti
fotografickych
desek mlhovin




Hubbleuv vyzkumu galaxii

a. Vytvoreni klasifikace galaxii
b. Jednotlivé typy hvézd — cefeidy,novy

o o\

definitivni rozliSeni vnéjsich galaxii
c. Hubbleuv zakon




Vyzkum mlhovin jejich klasifikace Max
Wolf (1863 —1932) r. 1908




Hubbleova Kklasifikace galaxiir. 1936  Tke
Realm of the Nebulae

Spiralni

Eliptickeé
E3

Spiralni s prickou




Hubble objevil v rijnu 1923 klasickou cefeidu
v galaxii M 31 — urcil jeji vzdalenost

10. zari 1923 uplné zatmeéni v

Kalifornii,
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Objev cefeid — stanoveni vzdalenosti

V dopise v tinoru 1924 rivalovi H. Shapleymu uvadi: ,,Bude pro Vas
zajimave slyset, ze jsem objevil cefeidu v mlhoviné Andromedy
(M 31). V teto sezone jsem pozoroval mlhovinu tak casto, jak
to dovolovalo pocasi a za poslednich pét mésicu jsem objevil
devet nov a dve promenne hvezdy...

- svételna kitvka cefeidy

perioda pulsace P + pozorovana hvézdnou velikost m =

vzdalenost
- galaxie M 31 ..... 300 kpc

M=a+blogP , m-M=35logr-35

- spiralni mlhovina - hvézdna soustava nachazejici se mimo
nas1 Galaxii
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Mount Wilson E. Hubble:
ApJ, 56 ( 1922), p.162 - 199,

Contr. Mount Wilson Observ.,241,(1922), p.1 - 38
Obecny vyzkum difuznich galaktickych mlhovin

A GENERAL 5TUDY OF DIFFUSE GALACTIC NEBULAE®
By EDWIN HUBBRLE

ABSTRACT

Suggestad classification of mebulge.—Since the time of the Herschels, photography
and spectroscopy have revolutionized the study of nebulae. The classification here
!.qu;fsl.h! is based upon the fundamental differences between galactic and non-
gilactic nebulae. Galactic nebulae are subdivided into planetary and diffose (lumi-
nous and dark), and non-galactic into spiral, elongated {3Find14: and ovate), globular,
and irregular. The characteristics of each are discussed, The beliel expressed by
Curtis that all non-galactic nebulae are spirals is not justified by the facts,

Distribudion of difuse nebulae —As shown in Figure 1 li’mm nebulae are con-
centrated along two belts. Omne s the Milky Way and the other s approximutely
the belt of bright helium stars which defines the local cluster, Very few seem to
occur in the vast regions between the Milky Way clouds and the local cluster.




Vyzkum mlhovin

The classification proposed for general use, together with
typical objects for each class, 1s as follows:

Examples
I. Galactic nebulae ’
1. Planetary N.G.C. 7662
2. Diffuse
) Luminous M.G.C. 1076
by Dark Barnard 86
1I. Non-galactic nebulae
1. Spiral M 101 (N.G.C. 5457, 8)
2. Elongated
a) Spindle HV 24 (N.G.C. 4563)
by Owvate M 5o (N.G.C. 4621)
3. Globular M B (N.G.C. 4486)
4. Irregular N.G.C. 2366

rozdéleni mlhovin — galaktické a mimogalaktickeé

a) galaktickych mlhovin spojenych s Mleécnou drahou
b) mlhovin nachazejicich se ve vysokych Sitkach




Vyzkum mlhovin - Evropa
K. W. Wirtz: Astr.Nach. 222, (1924), 21

De Sitterova kosmologie a radialni pohyby

spiralnich mlhovin

De Sitters Kosmologie und die Radialbewegungen der Spiralnebel. Von C. Wirts.

e Welt de Sitters ist eine sphiirische Raum-Zeit-
Welt, ein vierdimensionales Kontinuum sus Raum wnd ima-
ginlirer Leit, das die Oberfliche ciner Kugel in fGnl Dimen-
stonen bildet.: De Sitfers Weltraum ist masseleer, alle Masse

fortgefegt an eine der Beobachtung nicht zugiingliche Stelle |
des Raumes, in einen Massenhorizont oder in einen Ring |

peripherischer Materie, notwendig, um die Leere innerhalb
sulrecht zu erhalten. KEiwséeiws ein Hbchstmall an Materie
enthaltende und oe Sifters Welt bilden die beiden Grenzfille,

zwischen die die wirkliche Welt sich einordnet. W, o Siver,
MN 78.3, 1018; A. 5 Eddmgion, Math. theory of relativity,
Cambridge 19s3. Chapt. L1, V; vgl. ferner die anschauliche
graphische Darstellung der de Sifisrschen Welt bei /A Wepl,
Naturwiss. 12 (1924), p. 201.

In ae Sitters Welt, System B, tritt nun ein Philnomen
ein, das der astronomischen Beobachtung zuginglich ist. Mit
wachsendem Abstand vom Koordinatenursprung verluufen die

natirlichen Erscheinungen immer langsamer, immer lang-
-k

Carl Wilhelm Wirtz 1876 — 1939
neznal vzdalenosti, predpokladal jejich stejné velikosti
slabsi mlhoviny s mensSimi uhlovymi rozmeéry se
vyznaCuji vétSimi radialnimi rychlostmi




Vyzkum mlhovin v Evropé

K. Lundmark: MNRAS 85, (1925), 865 Pohyby a
vzdalenosti spiralnich mlhovin.

The Motions and the Distances of Spiral Nebule,
By Knut Lundmark, Ph.D, (Plates 18, 19.)

At present there are several different WAy in which the distances
of the spiral nebule can be estimated. The different methods to be
used are properly divided into a direct and an indirect group. The
former includes the rather few methods where no assumption is
made concerning the physical nature of the spiral nebuls. The latter
embraces the many different methods where some assumption is made,
for instance, that the spirals are agglomerations of stars, replicas of
our stellar system, masses of gases or dust, or that individual objects
observed in the splmln, such as nove, wph. ids, ordinary stars, and
gaseous or dark nebule have, on the average, the same properties as
the correaponding objects in the stellar ayetem,

K. Lundmark 1889 — 1958
¢im vEtsi vzdalenosti mlhovin, tim
mensi jejich uhlovy prumér




Vlastnosti cefeid

* souvisi s mlhovinami
e neexistuje vyrazna absorpce svétla

* Jsou stejne v celém vesmiru

k 1.1.1925 Hubble: ,,vnejsi casti
mlhovin Ize rozloZit na jednotlive
hvezdy “

M 31 36 cefeid, 46 nov

M 33 47 cefeid

ziskano L 200 fotografickych
desek mlhovin




Mount Wilson — E. P. Hubble
Apl 62, (1925), p.409 - 433
NGC 6822 vzdalena hvézdna soustava

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

ABRSTRACT

A stpdy af N.G.C. 6822 —The object Is a very faint cluster of stars and nebulae,
about 20" % 1o, resembling the Magellanic Clowds. Detailed investigations confirm the
similarity and show that it exteads to many structural features of these svslems,
Familiar miations such a8 those connecting periods and lminosities of Cepheids,
luminosities of brightest stars involved in diffuse nebulae, and frequencies of the most
hominous stars in the systems are consistent when apphed to N.G.C, 6322, the frst
ohject definitely assi to & region oulsice the galactic system. :

Variable stars~—FEleven of the biteea vamables loand o the cluster ure heids,
A system of photographic magnitudes has been established from comparisons with the
two omesrest Selected Areas; and periods, light-curves, and magnitudes have been
determined for the Cepheids. The penods range from 12 to 64 days and the magnitudes
at maximom, from 1745 o g.os. The perod-luminosity relation s conspicuous, and
s comparison with Shapley’s general curve in Horsard Circalar, No. 250, indicatces a
distance for N.G.C. 6822 of 214,000 parsecs. m—AM = 21.63.




galaxie NGC 6822




Mount Wilson — E. P. Hubble

AplJ 63, (1926), p.236 - 274
Spiralni mlhovina — hvézdna soustava M 33

A SPIRAL NEBULA AS A STELLAR SYSTEM
MESSIER 3¥

By EDWIN HUBBLE

ABSTRACT

The spiral mebula Messier 33.—This object is the fainter of the two paked-eye

spirnls. Its great angular dinmeter and high degree of resolution, mnlsuug that 1I; 18
ane of the nearest objects of its kind, offer exceptional opportunities for detailed in-
vestigation.

Resolution.—Critical tests made with the roo-inch reflector, the highest resolving-
power available, show no difference between the photographic images of the so-called
condensations in Messier 33 and the images of -:m:lmrj' gnln.::tu: stars. Moreover, the
application of ordinary methods of stellar research leads to consistent results, similar
to those found in other systems of stars.

Variable stars.~Forty-two variable stars have been found in the spiral, in addition
to the three previously known; thirty-five of these are typical Cepheids with periods
ranging from thirteen to seventy days, and Iﬁnlnﬂmphh. mn.p;l:l.l.l,u &4 ot maxima, from
1.0 to to.1. O the remalning ten varab four are irregular, one 18 pmhq.hl}r in
eclinsing binary. while the tvies of five are as vet undete ed.




Mount Wilson — E. P. Hubble
Spiralni mlhovina — hvézdna soustava M 33 Apl

63, (1926), p.236 - 274
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Fic. 1.—Mean light-curves for four Cepheids in Messier 33. The magnitudes are 1f.0 18. 5 19.0
photographic. Fii, 2. ~Period-luminosity relation among

Cepheids in Messier 33. Photographic magni-
tudes at maximum (abscissae) are plotted
against logarithme of period in days,




E. P. Hubble r. 1926

TABLE VII
ABSOLUTE DIMERSIONS OF MESSIER 33 AND THE MacrErrasme Croups

Maciitasye CLoohs
MEssTER 15 —
Distance™. . ..... cq:- 263,000 34,500 31,600
Taotal magnitude.....| =15.1 pv.} -=10. § PE- —15. 5 PE.
Diameter. . ..o 4600 4300 2000
\?ﬂlume,..,.,.,,,.,.i 5109 4.2 10 4 23108
Density. ..o vavivnres 9.3 10.0 8.5

* Distances and diameters are ressed ip parsecs, volumes in cobic parsecs, and
demsitles in absolute magnitudes per cubic parsec,

1 The total magniiade of Messker 15 is expressed in visual absclute magnitudes, but,
since the hﬁghtﬂlunh&clpiqlmliﬂhﬂhln;hhw:thiﬂtmhlﬁnm-
graphic megnitude will not be very different.




Observatory Mount Wilson M. Humason:
Radial Velocities in Two Nebulae ASP 39 (1927), p.

317.
Radialni rychlosti dvou mlhovin

Two low dispersion spectrograms of the knot were obtained in
May and June 1927, with a two-prism spectrograph having a
camera of 3 inches focal length, at the Cassegraun focus of the
100-inch reflector. Exposures of 4 and 5 hours registered four
emission lines but no trace of continuous spectrum. The lines,
with their relative intensities, are as follows: Ni(15), Ns(3),
Hg{3), H¥(2). The radial velocities measured from the two
plates are + 189 km [sec for the shorter exposure and 4229 km/

sec for the longer. The weighted mean, +216 km/sec, 15 be-
lieved to represent the order of the velocity of the nebula as a
whaole.




Mount Wilson - M. L. Humason 1929

Proceedings National Academy of Sciences vol.
15, 1929, p. 167 - 168

Velka radialni rychlost NGC 7619

Vou. 15, 1929 ASTRONOMY: M. L. HUMASON 167

THE LARGE RADIAL VELOCITY OF N. G. C. 7619

By MiLTon L. HuMasoN
Mount WiLsoN OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON

Communicated January 17, 1929

radialni rychlost 3 779 km.s"!




Mount Wilson - M. L. Humason 1929
Proceedings National Academy of Sciences vol.
15, 1929, p. 167 - 168

Velka radialni rychlost
NGC 7619

During the past year two spectrograms of N. G. C. 7619 were obtained
with Cassegrain spectrograph VI attached to the 100-inch telescope.
This spectrograph has a 24-inch collimating lens, two prisms, and a 3-inch
camera, and gives a dispersion of 183 A per millimeter at A 4500. The
exposure times for the spectrograms were 33" and 45", respectively
The radial velocity from these plates has been measured by Miss Mac-
Cormack, of the computing division, and by myself, the weighted mean
value being +3779 km./sec. The velocity of this nebula is, therefore,
twice as large as any hitherto observed, the highest previously known
being that of N. G. C. 584, for which Slipher obtained + 1800 km./sec.
Individual velocities from the two plates are 43828 km. /sec. for the shorter
exposure, and 43754 km./sec. for the longer, which is much the better of
the two exposures and 1s given double weight.




E. P. Hubble:

Proceedings National

Academy of Sciences
vol. 15, 1929, p. 168 - 173

Vztah mezi vzdalenosti a
radialni rychlosti
extragalaktickych mlhovin

A RELATION BETWEEN DISTANCE AND RADIAL VELOCITY
AMONG EXTRA-GALACTIC NEBULAE

By Epwiy HuBeLE
Mount WoLsoN OBsERVATORY, CARNEGIE INSTITUTION OF WASHINGTON

Communicated January 17, 1920




E. P. Hubble r. 1929

TABLE 1

NEBULAE WHosE Distances Have BEEN ESTIMATED FROM STARS INVOLVED OR FROM

oBIECT
S. Mag.
L. Mag.
N.G. C. 6822
o0R

221

224
5457
4736
5104
4449
4214
3031
3627
4826
5236
1068
2055
1331
4258
4151
4382
472
4484
4649

Mean LoMmwosiTiEs I8 A CLusTER

L r v m, M,

0.032 + 170 1.5 —~16.0

0.034 + 200 0.5 17.2

0,214 — 130 0.0 12.7

0.263 - 70 7.0 15.1

0.275 — 185 8.8 13.4

s 0.275 — 220 5.0 17.9
17.0 0.45 + 200 9.9 18.3
17.3 0.5 + 200 8.4 15.1
17.3 0.5 + 270 7.4 16.1
17.8 0.63 + 200 9.5 14.5
18.3 0.8 4 300 11.3 13.2
18.5 0.9 - 30 8.3 16.4
18.5 0.9 + 650 9.1 15.7
18.5 0.9 + 150 9.0 15.7
18.5 0.9 + 500 10.4 14.4
18.7 1.0 + 920 9.1 15.9
19.0 1.1 4 450 0.6 15.6
19.0 1.1 + 500 10.4 14.8
19.5 1.4 + 500 8.7 17.0
20.0 1.7 + 960 12.0 14.2
2.0 + 500 10.0 16.5

2.0 + 850 8.8 17.7

2.0 + 800 9.7 16.8

2.0 " 41090 9.5 17.0




TAELE 2

E. P. Hubble r. 1929

NEBULAE WHosE DisTancEs ARE EsSTIMATED FrOM RApIAL VELOCITIES

OBTECT
N.G.C. 278
404
684

836
1023

1700
2081
20683
2841
3034
3115
3308
a37e
3480
3521
3623
4111
4526

4565
4504
5005
HB66

+ 650

+ 1800
-+ 1300

4
sEE 82832888y

]

++++++++ F A+ A+
858888388

'l
—110
— 85
+ 75
+115
- 10
4220
- 10
+ 65
— 20
—105
+105

I ++ +++
3

I

a BEEEBE

.
b3
=8 R

r

1.52

-t oclf
3 e s
=] Cn
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-I
12.0
11.1
10.9
11.1
10.2
12.5
10.7

9.9

0.4

9.0

0.5
10.0
9.4
11.2
10.1
9.0
10.1
11.1
11.0
9.1
11.1
11.7
10.5

'HI
-13.9
16.8
15.7
13.8

12.8
15.0
14.3
16.1
15.5

15.5
16.2
16.4
14.0

15.4
16.0
16.1
14.3

15.9
17.6
156.5
=14.5

-15.3




E. P. Hubble r. 1929

] YEWQITY

DASTANCE e
©o* PARSECS - 2.10% PARSECS

FIGURE 1

do 500 kpc — pouzity cefeidy, u VGtSlCh vzdalenosti
novy, modii obr1, 90 % radialnich rychlosti stanovil
Slipher, zbytek Humason

rychlost NGC 7619 3 779 km.s! v obr. neni !




E. P. Hubble r. 1929

prvni predstaveni problému, navrh dalSiho vyzkumu,

The results establish a roughly linear relation between velocities and
distances among nebulae for which velocities have been previously pub-
lished, and the relation appears to dominate the distribution of velocities.
In order to investigate the matter on a much larger scale, Mr. Humason
at Mount Wilson has initiated a program of determining wvelocities
of the most distant nebulae that can be observed with confidence.

., Vysledky stanovuji priblizné linearni vztah mezi rychlostmi a
vzdalenostmi mlhovin, pro které byly drive publikovdny
radialni rychlosti a vztah se jevi previadajici v rozlozeni
rychlosti. Aby se podarilo rozresit probléem pro mnohem vetsi
vzdalenosti Humason na Mount Wilson zahajil program
stanoveni rychlosti nejvzdalenéjsich galaxii, jenz mohou byt

spolehlive pozorovany. *




Hubbleuv zakon r. 1929

oznaceni

e jednotlivé galaxie - plna Cara

o skupiny galaxii - preruSovana Cara

+ prumer pro 22 galaxii s nepfesné znamou
vzdalenosti

+ 1000 KM

500K

T VEWOCITY
\
\
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o 0* PARSECS ' ': 2210 ® PARSECLS
FIGURE 1
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E. P. Hubble r. 1929

Nepiesnosti - chyby v praci:

1. Zavislost perioda — zarivy vykon stanovena
nepresné, ve skutecnosti cefeidy byly mmohem
jasn¢)si, nez se predpokladalo r. 1929, odliSné
zavislosti pro ruzne typy cefeid

2. Ve vzdalenych galaxiich v nékterych ptipadech
provedena Spatna 1dentifikace objektil, zaména
hvézdy — oblasti H 11
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Wiliam de Sitter 1911 - 1960

holandsky astronom, O magnitudach, prumérech a vzddalenostech

extragalaktickych mlhovin a jejich pozorovanych radialnich
rychlostech r. 1930

BULLETIN OF THE ASTRONOMICAL INSTITUTES
OF THE NETHERLANDS.

1930 May 26 Volume V. No. 18s.

COMMUNICATION FROM THE OBSERVATORY AT LEIDEN.

On the magnitudes, diameters and distances of the extragalactic nebulae, and their
apparent radial velocities, by /7. de Sifter.

1. Lately several radial velocities of extragalactic
nebulae have been published, all of which are large
and positive. This makes the question of the distances
of these objects of particular importance. For a few
spirals, elliptical and irregular nebulae distances have
been determined from the variable. stars or novae
contained in them, or from the brightest stars, or by
other means, but for the great majority the distance
can only be determined from the apparent total
magnitude or the apparent diameter. If we suppose
that the spreading in the absolute magnitudes and the
linear diameters is small, and that there is no absorption
of light in space, these two determinations must agree,
and we must have 7,, = 7, the distances as determ-
ined from the magnitude and from the diameter being
respectively :

10g 7 = — ./
(1) L

logrs = log D —logd,

and consequently

(2) H= % + logd = '4—; + log D = constant,

magnitudes (m7) and the logarithms of the diameters
(log 2) of a large number of nebulae.

2. The most serious difficulty in the derivation of
the linear formulas (3) is the selection, which undoubt-
edly exists for the faint and small nebulae, making -
the average diameter of the faintest nebulae too large,
and the average brightness of the smallest ones too
great. The same thing occurs, in the opposite direction,
and in a smaller degree, at the bright and large end
of the curve. One remedy against this would be to
reject these extreme objects, but this would consider-
ably reduce the weight of the determination, so much
so that in some cases it would become practically
impossible. The way in which the material has been
treated -is the following. First the nebulae of each
class were arranged in order of increasing brightness,
and the means of the magnitude and the logarithm
of the diameter of every ten (or another number)
successive nebulae in this arrangement were formed.
Then the nebulae were arranged in order of increasing
diameter, and an equal number of means was again
formed. Then the mean was taken of the corresponding
means in the two arrangements, and through these




De Sitter r. 1930: O magnitudach, pruimérech, a

vzdalenostech extragalaktickych mlhovin a jejich
pozorovanych radialnich rychlostech

BULLETIN OF THE ASTRONOMICAL INSTITUTES
OF THE NETHERLANDS.

1930 May 26

Volume V.

No. 185,

COMMUNICATION FROM THE OBSERVATORY AT LEIDEN.

On the magnitudes, diameters and distances of the extragalactic nebulae, and their
apparent radial velocities, by /7. ade Sifter.

1, Lately several radial velocities of extragalactic
nebulae have been published, all of which are large
and positive. This makes the question of the distanceés
of these objects of particular importance. For a few
spirals, elliptical and irregular nebulae distances have
been determined from the variable stars or novac
contained in them, or from the brightest stars, or by
other means, but for the great majority the distance

magnitudes (my) and the logarithms of the diameters
(log a) of a large number of nebuiae.

2. The most serious difficulty in the derivation of
the hnear formulas (3) 1s the selection, which undoubt-
edly exists for the faint and small nebulae, making
the average diameter of the faintest nebulae too large,
and the average brightness of the smallest ones too

teoreticke dusledky rozpinani vesmiru




De Sitter x E. Hubble r. 1929

Hubble: ,, VZdy jsem predpokiadali, ze kdyz jsou
opublikovany predbezné vysledky a je vytycen
dalsi program vyzkumu, pravo prvniho provéreni
novych udaju patri tem, kteri skutecne realizovali
prvani vyzkum... "

Willem de Sitter 1872 - 1934




Hubble — Humason r. 1931
AplJ 74 (1931), p. 43 - 80
Vztah rychlost — vzdalenost pro extragalakticke
mlhoviny

THE VELOCITY-DISTANCE RELATION AMONG
EXTEA-GALACTIC NEBULAE®
By EDWIN HUBBLE axp MILTON L. HUMASON
ABSTRACT

Methods of determining distances of extra-galactic nebulae are discussed, and the
mean absolute magnitude s revised on the basis of (1) Shapley's revision of the zero-
point of the period-luminosity curve for Cepheids, and (2) more extenzive observations
of stars invelved in nebulas. The revised value is M (vis)= —14.0.

Hubble - vzdalenosti galaxii pomoci hvézd,
Humason - radialni rychlosti, indikatory vzdalenosti
cefeidy + jasné hvézdy, radialni rychlost 46 mlhovin




Hubble - Humason r. 1931

TABLE IV
VELOCITIES AND MAGNTIUDES
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Hubble - Humason r. 1931

Velocity
in km .-"E-E-;:.__'__
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IF16. 5.—The velocity-distance relation. The circles represent mean values for clus-
ters or groups of nebulae. The dots near the origin reprezent individual nebulae, which,
topether with the groups indicated by the lowest two circles, were used in the first
formulation of the velocity-distance relation.




Srovnani diagramu r. 1929 - 1931

Hubble’s Data (1929) Hubble & Humason (1931)

Faecemion Webor oy {lm o)

pi1 vzdalenost1 18krat vétsi nez vr. 1929 lze zavislost
rychlost - vzdalenost povazovat za obecnou
charakteristikou pozorovan¢ oblasti prostoru,

H [ 560 km.s"'Mpc!




De Sitter — Einstein r. 1932

PROCEEDINGS
NATIONAL ACADEMY OF SCIENCES

ON THE RELATION BETWEEN THE EXPANSION AND THE
MEAN DENSITY OF THE UNIVERSE

By A. EINSTEIN AND W. DE SITTER

Communicated by the Mount Wilson Observatory, January 25, 1932
In a recent note in the Gdttinger Nachrichten, Dr. O. Heckmann has
pointed out that the non-static solutions of the field equations of the gen-
eral theory of relativity with constant density do not necessarily imply a
positive curvature of three-dimensional space, but that this curvature
may also be negative or zero.

Hubble: ,,interpretace pozorovacich udaju nalezi
teoretikum...




Humason r. 1936 ApJ 83 (1936), p.10 — 23

Pozorovane radialni rychlosti
100 extragalaktickych mlhovin

THE APPARENT RADIAL VELOCITIES OF 100
EXTRA-GALACTIC NEBULAE®
M. L. HUMASON
ABSTRACT

New velocitres of oo nebiilae are given in Table 1. With the exception of &6, they are
all velocities of recession ranging from +30 km/sec, tor a member of the Vingo Cluster,
to 42,000 km/sec for a member of the Ursa Major Cluster No. 2,

Humason promeril dalSich 35 novych 1zolovanych
mlhovin, neClenu kup galaxii, celkem 100 galaxii




Humason r. 1936

TABLE 1
APPARENT VELOCITIES OF 100 EXTRA-GALACTIC NEBULAE

1946
NGO Pam | T YLy Sk, Rimames
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Humason r. 1936

TABLE I—Conlinued

190
NGE Pom Tvre VELocrTy =1 UETEY T
KA, [hec. | |
ML ! . | i
Anons....| 2o"55%g | 457 3" | 17.5 | E +1gooo::| (o
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3720 11 30.9 | 4710 | 11.7 | = + 11g0::| Go |
* Anon 3 tr 4d.5 | 50 1 |15.0 | E + I § 400 Lig UMa Cl. No. =

rekordni hodnota 42 000 km.s'! —

limitni moznost 100 palcoveho dalekohledu

Mount Wilson




Humasonr.

PLATE III
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Hubbleova konstanta, upresnovani
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Urcovani vzdalenosti pomoci cefeid HST

M=a+DblogP
r= (17,1 ::1,8) Mpc

Cepheid Variable Star in Galaxy M100 HST-WFPC2

Apgil 23




Hubbleovo vzdalené pole galaxii

I—‘Iu-bhl_e- Deep Fiéld: .

Pres 800 expozwnlch smmku,
Case Vlce nez 240 hodin. ~

2




Hubbleuv zakon -
urcovani vzdalenosti ve vesmiru

http://astronomy.swin.edu.au/~elenc/Calculators/redshitt.php




Puvodni Hubbleova zavislost rychlost — vzdalenost
v porovnani se sou¢asnou pro supernovy I a
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Hubbleuv zakon

v=H.r
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Rudy posuv a radialni rychlost

Redshift and radial velocity

In analogy with the torm ot the nonrelativistic of the Doppler
shitt expressed in terms of wavelengths,

&

..-"EI. — ..-":I [ . | .. ..'I
0_1r 5 a= Ag| 1+—= |
"’1'.|:| :.1 \ f A
astronomers detine the redshitt, =:
L A— A
A=dgll+z) — z=— 70
A0

This form is used tor all radial velocities, even it they re close
to the speed of light; remember when you use it that cz is

only = v, if ¥, = C.
The largest redshitt measured tor a galaxy to date is z = 6.4.
The largest in Hubble's original sample was z = 0.004.




Vesmir - pozorovani, kosmologicky princip

stfed vesmiru — historicky Zemeé (Aristoteles) -> Slunce -> ?
Kopernik — poloha Zemé neni ve vesmiru jedinecna

pol. 19. stol. — paralaxy hvézd — umistovani Slunce do prostoru mezi hveézdy ->
poloha v Galaxii -> Galaxie -> stifed vesmiru neexistuje!

zakladni paradigma kosmologie:

Zadny bod v prostoru nema privilegované postaveni!

Vlastnosti vesmiru v dostateéné velkém méritku budou stejné pro véechny pozorovatele.

'

Vesmir musi byt homogenni a izotropni!
(stejnorody a stejny ve vSech smeérech)




Kosmologicky princip - izotropie
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Kosmologicky princip - izotropie

Isotropy of the Universe on large scales: modern
measurements (continued)

A LA : I'I.lllul

= Isotropy on the scale

' represented by these
circles’s diameter means
that approximately the
same numbers of
galaxies are contained
within them, no matter
where on the sky we
put them, which is
evidently true in this
picture.




Kosmologicky princip - homogenita

Homogeneity of the Universe on large scales:
modern measurements (concluded)
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Homogeneity on the scale of
these circles’s diameter means
that approximately the same
numbers of galaxies are
contained within them, no
matter where we put them
within the Universe’s volume,
which is evidently true in this
picture.




Fyzikalni kosmologickeé modely
Newtonuv model vesmiru

vesmir je nekoneény, rovnomérné vyplnény hvézdami, které nekonaji 2Zadny
systematicky pohyb => homogenni, izotropni — v prostoru i ¢ase!

hezké .... alelll

vady Newtonova modelu = kosmologické paradoxy:
- gravitacni paradox - vysledné gravitacni pole nekoneé¢ného poctu
kosmickych objektt => gravitaéni sily se vykompenzuji,
ale potencialy -> =
feseni: prazdny vesmir

- fotometricky paradox — Olbersuv, Kepleruyv ... - kdyZ je hvézd
nekone¢né mnoho, proé¢ nevyplni oblohu?
reseni: - hvézdy ,neziji*, nezari nekonecné dlouho

- vesmir neni nekonecny v prostoru i case; svétlo ze stejné
vzdalenych mist k nam ,putuje” uréitou dobu=> ze
vzdalenéjsich oblasti svétlo nedolétlo

- vesmir se rozpina => kosmologicky ¢erveny posuv zareni;

shizeni intenzity zareni

Nejjednodussim dukazem vyvoje a ¢asovych zmén vesmiru je tma v noci.




Fyzikalni kosmologickeé modely

Standardni model

do poé. 20. st. — vesmir staticky a véény

1916 Albert Einstein: OTR

- rovnice obecne relativity G, = kT,
- matematicky popis faktu, Ze hmota kolem sebe zakfivuje prostor a ¢as
- k = 8mG/c* pro slaba pole Einsteinovy rovnice -> Newtonuv gravitaéni
zakon
- vesmir staticky => 1917 kosmologicka konstanta A
G+ Agyy = KTy,

1922 Alexandr Fridman - reSeni rovnic OTR vtz 1) popisujicich
vyvoj vesmiru v ¢ase => vesmir neni staticky, ale dynamicky!

1927 Georges Lemaitre - nezavislé potvrzeni Fridmanovych
vypoétl (potvrzenim objev rozpinani vesmiru)

1929 Edwin Hubble — objev vzdalovani se galaxii, rozpinani vesmiru

1931 Albert Einstein — kosmologicka konstanta = nejvétsi omyl zivota
(pozdéji kosm. konstanta rehabilitovana) 1




Obecna teorie relativity
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Obecna teorie relativity
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Obecna teorie relativity




Alexander Alexandrovi¢ Friedmann
1888 - 1925

rusky matematik, meteorolog, kosmolog, ¢lanky

O kiivosti prostoru 1922

O moznosti sveta s konstantni zapornou kvivosti 1924
Z€ vyvojovy nestacionarni model vesmiru (zakiiveny,
uzavieny, kone¢ny a bez hranic) je mozny 1

bez tzv. A Clenu

Georges Henri Lemaitre 1894 - 1966 § "

belgicky matematik, kosmolog, ¢lanek

Homogenni vesmir o konstantni hmotnosti

a rostoucim poloméru se zapocitanim

radialnich rychlosti extragalaktickych mlhovin 1927
existence nestacionarnich modelu vesmiru




Friedmannovy rovnice
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Friedmannovy modely vesmiru
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Vyvoj vesmiru
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(Smoot et al., 1997, Fig. 1)

Penzias & Wilson (1965):
“Measurement of Excess
Antenna Temperature at
4080 Mc/s”

= Cosmic Microwave
Sackground radiation (CMB)

CMB spectrum is
blackbody with temperature
Teoveg = 2.728 + 0.004 K.
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THE COSMIC MICROWAVE BACKGROUND
RADIATION

Nobel Lecture, 8 December, 1978
by

ROBERT W. WILSON

Bell Laboratories

Holmdel, N.J. US.A.

1. INTRODUCTION

Radio Astronomy has added greatly to our understanding of the structure
and dynamics of the universe. The cosmic microwave background radi-
ation, considered a relic of the explosion at the beginning of the universe
some 18 billion years ago, is one of the most powerful aids in determining
these features of the universe. This paper is about the discovery of the
cosmic microwave background radiation. It starts with a section on radio
astronomical measuring techniques. This is followed by the history of the
detection of the background radiation, its identification, and finally by a

summary of our present knm-vledge of its pmperties.
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Fig. 1 The 20 foot horn-reflector which was used to discover the Cosmic Microwave Back

eround Radiation.




