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* 1543: publicacdo de "De
Revolutionibus Orbium
Coelestium' de Nicolau

Copérnico

1609: Galileu vé que a
nebulosidade sdao estrelas nao

resolvidas

Mas € sO no séc. XX que temos

tecnologia pra comecar a mapear

a distribuicao de estrelas




~”Ga1ax1a e um termo do

- seculo XX

%Antes 6 ”Umverso era
apenas o s1stema de estrelas -

- '..f-"'»ao nosso redor

B U hiversfbs-ﬁilha" T homaS

 Wright (1711- 1786)

‘«‘*_Immanuel Kant (1 724 1804).*-

"_F1gura em L Belkora, 2003

~ Figure1.5 Wright's “Plenum of Creations.”” Wright attempted to show,

~ in cross-section view, a number of “creations” filling the immensity of =

~ space. The eye symbols at the centers of the spheres represent the

~ “divine Presence.” In some cases, the stars are grouped in nested spheres £

= \".’ff?b: or shells around their respective centers. (Adapted, with permission,
from Hoskin (1971).)




Figure 3.6 Two views of spherical “creation.” (Reproduced with
permission from Hoskin (1971).)

Figure 3.7 An alternative “creation” imagined by Wright; the stars lie
not in a spherical shell, but in one or more rings around the divine
center. (Reproduced with permission from Hoskin (1971).)

"Thomas erght (22 September 1711 »-_---25 February 1786) was an Enghsh astronomer, mathematician,

1nstrurnent maker archltect and garden d651gner He was the first to descrlbe the shape of the Mllky'_:: -
gre Way and to speculate that farnt nebulae Were d1stant galax1es 24 BelkOI‘ a, 2003] :




Figure 3.8 A disk of stars, or galaxy, viewed face-on (left view) and
edge-on (right view). The middle view is for an intermediate viewing
angle. (Credit: Layne Lundstrom.)

- _t'- ”I easrly persuaded myself that these [ nebul_ons”.]: stars V'Can' be nothing else than a mass of

== many ﬁxed stars

-~ 1f “a system of ﬁxed stars Whlch are related in the1r pos1t10ns to a common plane, as we
have delmeated the Mllky Way to be, be so far removed from us that the individual stars of
~ which it C0n81sts are no longer sensibly dlstmgulshable even by the telescope [...]itsucha &
- »';.world of flxed Stars is beheld at such an immense distance from the eye [ £ then this &
f_,-.;world will appear [ ] c1rcular 1f its plane 1s presented dlrectly to the eye, and elllpt1cal 1f 1t
~  isseen from the 51de or 0b11que1y The feebleness of its light, [...] will clearly dlStmgulSh

such a phenomenon When 1t IS presented from all the stars that are seen smgle




Entre 1758 e 1782, Charles Messier (Frances|730 - 1817) compilou uma lista de
aproximadamente | 10 objetos difusos que eram dificeis de se distinguir de cometas com os
telescopios da epoca. Apenas em 1924 com E. Hubble foi comprovado que alguns desses
objetos eram galaxias além da nossa.

. /3
http://messier.seds.org



http://messier.seds.org/xtra/history/CMessier.html
http://messier.seds.org/xtra/history/biograph.html

Figure 42 Herschel’s 7-foot focal length telescope, of aperture about 6
inches. This was the instrument Herschel was using in 1779 when he met
William Watson in the street in front of his house. He was using it in 1781,
too, when he discovered the planet Uranus. (Credit: Layne Lundstréom.)
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Gregorian Newtonian Herschelian

Figure 44 Types of telescope. In the Gregorian type of reflecting tele-
scope, shown at left, light from the primary mirror is reflected to a
curved secondary mirror, and from there to the eyepiece at the bottom
= of the telescope structure. The secondary mirror blocks a small part of

; the incoming light, but does not distort the image formed by the tele-

Figure 4.9 Herschel's 40-foot focal length reflecting telescope, of
aperture 49 inches. (Credit: Royal Astronomical Society.)
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Herschel

- Figure 48 Milky Way from “star-gages.” (Credit: Royal Astronomical
e Society.)

= . prlmelro mapeamento da Galax1a felto por Contagem de estrelas &

?}_f_,jjicerresponde a um avanc;o rad1ca1 da area e fo1 ut1hzado quase 100 anosf_.-{;' -




“Ifit turns out, as I
hope, that further
calculations confirm
this result, this would

constitute the
important discovery

that Alpha Lyrae is at

a distance from the
s'olar__.system of1 |
million solar
p_di’sta_hcves;f’ |

Figure 5.8 Struve’s model of the Milky Way, as described verbally in his
Etudes d’Astronomie Stellaire (1847). The Milky Way system of stars, in his
conception, is thin in one direction but extends to unknown reaches in
the other direction. Struve described the distribution of stars mathemati-
cally, envisioning them as very densely packed in a thin central layer,
surrounded by layers of decreasing density. (Credit: Layne Lundstrom.)

Pa_ralaxe medida dé-_Véga':'O.l 25 ~(.}Valo‘r_ atual de 0 .130)




Wilhelm
Struve, 1847

Scale

Figure 4.6 A simple type of wire micrometer as used in the late 1700s
~ and early 1800s. The observer positions the telescope so that a fixed
- wire, which is visible through the eyepiece of the telescope, appears at

) , ) , , ~ the same location as a star or other object of interest. The position of a
Figure 5.2 The transit telescope. A typical transit telescope is supported . . .

. . . ~ second, moveable wire, can be adjusted so that it appears to rest on the

between two heavy piers, and can rotate only on one axis to show objects i ooF .
on the observer's meridian. The transit telescope was designed for the second star. A scale attached to the micrometer indicates the separation
elevation of the telescope, and the time at which the object transited the ~ (Credit: Layne Lundstrém.)
observer's meridian (as seen by the passage of the object across the wire e SR
in the micrometer) gave its declination and right ascension. (Credit
Layne Lundstrom.)
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Figure 7.6 The “Kapteyn Universe.” Top panel: 1920 model of the
distribution of stars in our galaxy, derived by Kapteyn and his student

van Rhijn from an analysis of star-counts. The system is assumed to be
symmetric, so only the “top half’” of the galaxy is shown. The line AB
represents the plane of the Milky Way. The Sun is at S, the center of

the system. Distances are given along the x axis in parsecs; 1 parsec is




- ”Undoubtedly one of the greatest d1fﬁcult1es 1f not the -
greatest of all, in the way of obtammg an understarr(j[ln :

of the real d1str1but10r1 of stars in space, lies in our
uncertamty about the amount of loss suffered by the
11ght of the stars on its way to the observer

] C Kapteyn 1909

E em 1917 multo se dlscut1a sobre a zone of aVOIdance
| (Curtls) =




| . erght e Kant umversos—ﬂhas e as Varlas p0551b111dades do =
. ‘formato das nebulosas - -~ | -

V;'_-»e-;ﬁf_‘_',_-'.1111am Herschel 3 forma do Umverso Conhec1do por -
_"};‘-'_j;f_{ﬁcontagem de estrelas a posswel evoluc;ao de nebulosas em
%-.-'estrelas e 51stemas estelares ' -

f IIO séc. XIX Struve e Kapteyn procuraram colocar uma escalaj
e ;ffabsc)luta nos mapas dos sistemas estelares, e Huggms usou
= ‘fj_‘-"espectroscop1a para estudar nebulosas gasosas e estelares
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50 tribution of stars in color and luminosity. The x axis shows color from
g blue to red, or temperature decreasing to the right. The y axis shows
E the luminosity in units of the solar luminosity. Most stars have a color
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Figure 7.5 Cepheid variables. Cepheid (SEF-ee-id) variable stars, named
after the prototype star exhibiting the behavior, Delta Cephei, brighten
and dim in a regular pattern as they swell and shrink. At their maximum
size, they have their peak brightness. The fact that the maximum bright-
ness of a Cepheid variable is related to the period of time over which

the pattern repeats has led to the use of Cepheid variables as distance indi- Henrietta Leavitt (1908)

cators, as explained in the text. (Credit: Layne Lundstrom.)



~ Figure 8.2 Distribution of globular clusters with respect to the Galaxy.
~ Globular clusters fill the spherical space around the disk of our galaxy;
~ in other words, the center of the globular cluster distribution coincides
~ with the center of the galaxy, ““C.”” This is the situation imagined by
~ the Swedish astronomer Karl Bohlin, and later confirmed by an initially
skeptical Harlow Shapley. As viewed from the position of the Sun




Figure 8.3 Distribution of globular clusters mapped by Shapley. The
~ diagram is a kind of bird’s-eye-view of the Galaxy, showing the globular
~ clusters asymmetrically located in galactic longitude with respect to the
- sun. Shapley found that the center of the globular cluster distribution
~ (marked by a + symbol), which he correctly assumed matched the
~ center of the galaxy, lay tens of thousands of light-years from the Sun.
- (Note that the longitude system Shapley used is no longer the standard.)
~ (Credit: Layne Lundstrom.
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- luminosidade
méxima do RGB é av_
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diametro f1s1co é o -
_f'mesmo entre 0s .
f’-aglomerados
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"You W111 be mterested to hear that I have found a Cepheld
varlable m the Andromeda nebula (M31)” Edwm Hubble




Figure 9.3 Hubble’s classification of the galaxies. Hubble arranged the |
different types of nebulae he distinguished in a sequence, which he
believed corresponded to an evolutionary sequence. At the left are the |
elliptical nebulae, more or less egg-shaped, without spiral structure
The more round galaxies he called EO, and the more “squashed” E7
At the right are the normal spirals (top branch) and the barred spirals, |
in which the spiral arms emerge not from the center of the galaxy but |
from a prominent bar running through the center. The spiral (S) and |
spiral-barred (SB) galaxies are designated also by the letters a, b or c,
according to various morphological features such as the degree to =
which the arms appear “unwound.” (Credit: Layne Lundstrém.)
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Figure 9.4 First hints of an expanding universe. Hubble plotted the =
velocity of galaxies (measured from the redshift of lines in the galaxies’”
spectra) against their apparent magnitude, an estimate of their distance.




. Um s1stema de c1a531f1cac;ao para as nebulos ___,que est1mulou 0": ,
| '-f};estudo de suas or1gens e evoluc;ao = " =

,_'.-",Cefe1das foram descobertas em M31 fornecendo fortes

'7"?."f',}}f_'eV1denc1as das grandes dlstanc1as extra galactlcas e Colocando

4 "i~_‘?;>—fIdent1f1cou a relagao lmear entre dlstanc1a e Ve10c1dade de
f _j§__7,,j.frecessao de galax1as - - -

f"‘-‘Com base na observagao de 80000 nebulosas extragalactlcas
mostrou pela prlmelra veza 1sotrop1a do Umverso -




| % A 1dade do :-f‘mverso pelos .prlmelrosresultados de Hubble -

.-:;;'era de 1 8 bllhoes de anos 2!

. trabalho de Baade sebre as pOpulac;oes das* nebulosas
'j*f’?-@Q’;‘Jf;_'_;.acabou por demonstrar que as Cefeidas de Pop lsso = = =
,.{fﬂ".'-f_'_"f-l}.;"mtrmsecamente ma1s brllhantes do que as varidveis de P0p;. - &




