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The Milky Way,
star clusters, nebulae and galaxies

The historical perspective:

1. From Galileo Galilei to Thomas Wright and Immanuel Kant

2. Catalogues of star clusters and nebulae:
From Messier's and Herschel's Catalogues to
the New General Catalogue

3. The Leviathan telescope and the first spiral nebulae

4. The advent of astrophotography:
From the Moon daguerrotype to the first photo of a spiral nebula

5. The Great Debate
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Image credit: National Geographic, Babak Tafreshi




Galaxy, galaxies — Etymology:
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(galaxias kyklos = milky circle)




Origine della Via Lattea (The Origin of the Milky Way), Tintoretto, c. 1575



1.

From Galileo Galilei to
Thomas Wright and Immanuel Kant
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Galileo Galilei (1564 - 1642)
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Galileo’s portrait by Tintoretto, 1607



In his book Sidereus nuncius (Starry messenger), published in 1610, Galileo Galilei
reports about his revolutionary discoveries (he made the first astronomical
observations of the sky using a telescope):

- craters and mountains on the Moon’s surface

- the phases of Venus

- four moons of Jupiter (later dubbed the Galilean moons)

- an extended structure around Saturn (later recognized to be a ring)
- dark spots on the Sun

- thousands of stars

- nebulae and star clusters (see next slides).

Watch the 1% chapter of the movie Eyes on the Skies (400 years of telescopes):
https://www.youtube.com/watch?v=RUaQFsDcJQ

He resolves the Milky Way light into individual stars unseen by the naked eye
and conjectures that the whole Milky Way band on the sky is made of faint and
distant stars. This idea is further developed by Thomas Wright, Immanuel Kant and
William Herschel (see next slides).

Some of the next slides show pages from the Galileo’s book (the Orion nebula, the
Beehive cluster, the Pleiades cluster): on them, symbols of stars visible by the naked
eye show a central dot, to distinguish them from many more stars seen by Galileo
through his telescope.



The Orion
constellation

B and

Nebulosa
Orionis

(The Orion
Nebula, M42)
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OBSERVAT. SIDEREAE

tortum offendes. Amplius (quod magis mirabilis) Stella
ab Altronomis fingulisin hancviquedié NEBVLOSAE
appellata, Seellularum mirum immodum confitarum gre
gesfunt; ex quarum radiorum commixtione, dumvna-
quegue ob exiliratem,{tw maximam d nobis remotionem,
oculorum aciem fugic, candor ille confurgit, quidenlior
pars ceeli , Stellarum, aut Solis radios retorquere valens,
huculque creditus cft. Nosexillis nonnullas obferuani-
mus ; & duarum Alterifmos lubnedtere voluimus.

In primo habes NEBVLOSAM Capitis Orionisappel-
latam,in qua Stellas vigintivnas numerauimus.

Secundus NEBYLOSAM PRAESEPE nuncupatam
continet,qua non vna tanti Stella eftifed congeries Stel-
lularum plurium quam quadraginta : nos prater Alelios
trigintalex notanimus in hunc , qui fequitur ordinem di-
fpofiras.

NEBVLOSA PRAESEPE.

-E
LO IONIS.
NEBVLOSA ORION 333* *# *"‘;}_
% ¥
% K RS
3 S IS
%* ¥ ok :
y O e
-}E* ** * '}t *
x +
¥ o * *
*
LS o
K %
I ’}é'z-gz

Notes:

- M42 is a diffuse emission nebula, located 1,350 light years away
- it is the nearest large region of ongoing star formation
- angular size: 1 degree (two full Moons), size of 25 light years

The Orion Nebula (M42)

(Galileo’s picture versus a modern photo
taken by the Hubble Space Telescope)

Image credit: NASA/HST



The star cluster Praesepe (Manger, or Beehive cluster, M44)
in the constellation of Cancer
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- Ptolemy (2™ century A.D.): “nebulous mass in the Breast of Cancer

- Galileo (in 1610) sees at this place 40 stars with his telescope

- M44 is one of the nearest open clusters, located 600 light years away

- 700 million years old, it contains around 1,000 stars with a total mass equivalent
to approximately of 500 Suns

- angular size: 1.5 degrees (3 times the full Moon), size of 80 light years

: -
Image credit: Sloan Digital Sky Survey
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Notes:

- M44 is one of the nearest open clusters, located 450 light years away
- 100 million years old, it contains over 1,000 stars

- angular size: 2 degrees (4 times the full Moon), size of 80 light years

" Pleiades by Elihu Vedder (1885)

The Pleiades (The Seven Sisters, M45)
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de la V@‘_‘fgctea (The birth of the Milky Way), Peter Paul Rubens, c_:.'léi_%?._
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Thomas Wright
(1711-1786)

1750:

An original theory or
new hypothesis of
the Universe

A N

ORIGINAL THEORY

o R
NEW HYPOTHESIS
OF THE

YVeiNCIY KR S E

LAWS of NATURE,

AND SEOLVING BY
MATHEMATICAL PRINCIPLES
T HE
General PHAENOMENA of the VisiBLE CREATION -
AMND PARTICULARLY
iR A I A T F A,
Compris'd in Nine Familiar LETTERS from the AUTHOR to his Friexn,

And Hllufirated with upwards of Thirty Graven and Mezzotinto Plates,
By the Belt MasTERs,

By THOMAS WRIGHT, of DurnaM.

One San by Day, by Night ten Thoufand fine,
And Kpkt wr decp inte the Dirry, Dr. Youns.
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Thomas Wright's

New hypothesis of the Universe
(1750):

The appearance of the Milky Way
explained as:

"an optical effect due to our
Immersion in what locally
approximates to a flat layer of
stars.”
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Developing Wright's ideas further:
this locally flat layer of stars could be
part of a larger, globally non-flat
system, possibly a spherical shell.
More spherical shells could be
nested inside each other.



Wright conjectures that many faint
nebulae are actually distant galaxies:

“... the many cloudy spots,
just perceivable by us, ...,
in which tho' visibly
luminous spaces,
no one star or particular
constituent body
can possibly be distinguished;

those in all likelihood may be external |

52'

creation,
bordering upon the known one,
too remote for even our telescopes to
reach.”
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Kant’s ... Theory of the Heavens (1755):

Immanuel Kant speculates that the Milky Way might be a rotating body of a
huge number of stars, held together by gravitational forces akin to the Solar
System but on much larger scales (the Newton’s theory of gravity, successfully
explaining the planetary mechanics within our Solar System, emerges in
1680s).

The resulting disk of stars would be seen as a band on the sky from our
perspective inside the disk.

He also conjectures that some of the nebulae visible in the night sky might be
separate "galaxies" themselves, similar to our own. He refers to these
"extragalactic nebulae" as "island universes".

-

Image credit: Bruno Gilli/ESO - http://www.eso.org/public/images/milkyway/



2.
Catalogues of star clusters and nebulae:

From Messier's and Herschel's Catalogues
to the New General Catalogue



Charles Messier (1730-1817):

Catalog of nebulae and star clusters
(1%t version: 1774 - 45 objects,

final version: 1781 — 103 objects,

+ 7 objects added later)

Messier is a “comet hunter”. He creates his
catalog with the goal to make identification of
newly arriving comets easier.

Observations are made from Hotel du Cluny,
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Messier’s drawing ot the Orion nebula (M42)
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Messier’s drawing of
the Andromeda nebula M31
(today known as

The Andromeda galaxy)
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A modern photo of

. the Andromeda galaxy

Image credit: By Adam Evans - M31,

the Andromeda Galaxy
https://commons.wikimedia.org/w/index.php?
curid=12654493
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Messier 45 (M 45):
The Pleiades (Seven Sisters)
star cluster

The Pleiades and the Moon

http://www.derekscope.co.uk/moon-pleiades/

SUBARU

The Pleiades and
the comet Lovejoy C/2014 Q2

(Photo by Rick Bryant on 1/17/15)

The Nebra disk with Pleiades, 1600 B.C.
https://en.wikipedia.org/wiki/Nebra_sky disk




A nebula, a galaxy or a star cluster ?

110 objects in the Messier’s Catalogue of nebulae and star clusters
(images in this mosaic contain modern photos of Messier’s objects)

Image credit: By Michael A. Phillips - http://astromaphillil4.blogspot.com.br/p/m.html official blog, CC BY 4.0,
https://commons.wikimedia.org/w/index.php?curid=38121043




Note:

The stars clusters, nebulae and galaxies contained in the Messier’s catalog are
often

referred to, even today, by their numbers in this catalog, preceded by capital M (for
Messier), for example:

M 1 = the Crab nebula

M 13 = the Great globular cluster in the constellation of Hercules
M 31 = the Great Andromeda nebula (the Andromeda galaxy)

M 33 = the Triangulum galaxy

M 42 = the Orion nebula

M 44 = the Praesepe (Beehive) cluster

M 45 = the Pleiades (Seven sisters) cluster
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Comparing angular'sizes of the Moon and
nearby nebulae & galaxies

Image credit:
https://stargazerslounge.com/topic/208533-comparing-the-size-of-deep-sky-objects/

1 - Moon, 2 — Andromeda galaxy (M31), 3 — Triangulum galaxy (M33), 4 — Orion nebula (M 42), 5 — Lagoon nebula (M 5),
6 — Pinwheel galaxy (M 101), 7 — Sculptor (Silver coin) galaxy (NGC 253), 8 — Veil nebula (NGC 6960), 9 — SN1006,

10 — Helix nebula (NGC 7293), 11 — Sombrero galaxy (M 104), 12 — Crab nebula (M 1), 13 — Comet Hale-Bopp.
Color coding: galaxies — star forming nebulae - supernova remnants - planetary nebulae




Star forming mebulae in the Orion-constellation, seen above Pico del Teide volcano
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Orion’s Belt & Sword over Teide’s peak (Tenerite)

d.nasa.gov/apod/ap160328.html


http://apo/

Image credit: Stephen Rahn / Tom Buckley-Houston

The Moon (half a degree angular size) and the Andromeda galaxy (M31) (3 degrees).

The image is a collage of two separate photos: 1) an ordinary camera photo of the sky showing the Moon, Venus and Mercury;
2) a UV photo of the Andromeda galaxy taken by the NASA's GALEX space telescope. Angular sizes are respected, positions are not.
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William Herschel:
(1738 - 1822)

Catalogue of nebulae and clusters of stars

1786: 1,000 entries (Note:
1789: 2,000 entries in 1781, Herschel discovers Uranus,

1802: 2,500 entries the 7" planet of our Solar system)
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Herschel's Great Fourty-Foot telescope, 1789
(48-in/120-cm mirror, 12-m focal length;
the largest mirror until 1845)

Image credit: By
http://wellcomeimages.org/indexplus/image/V0002731.htmIWellcome
Collection gallery (2018-04-03):
https://wellcomecollection.org/works/hs76suwh CC-BY-4.0, CC BY 2.0,
https://commons.wikimedia.org/w/index.php?curid=59410576



William Herschel's model of the Milky Way, 1784

(in: Account of Some Observations Tending to Investigate the Construction of the Heavens (Philosophical
Transactions of the Royal Society of London, Vol. 74, 1784)




William Herschel's model of the Milky Way, 1785

- the first attempt to describe the shape of the Milky Way
and the position of the Solar system in it; based on “star

gauging” (star counts) in more than 600 directions
(note: interstellar extinction due to dust is not known at that time; it will not be
discovered until 1930)

- W. H. also measures proper motions of 19 stars, finding
that the Sun is moving towards the constellation of
Hercules

Ll ——




John Herschel:
(son of William Herschel)

General catalogue of nebulae
and clusters of stars (GC)

1864: 5,079 objects

. . L. E. -'Jlrifﬂ PhD.

John Dryer:

New General catalogue of nebulae
and clusters of stars (NGC)

1888: 7,840 objects

Index Catalogues (IC)
1895 & 1908: additional 5,386 objects



3.

The Leviathan telescope and
the first spiral nebulae



To be compared to:

Galileo’s telescopes:
1.5-cm (1609); 2.6-cm (1612)

Leviathan Telescope 37 om 620

William Herschel’s

(w/ 72-inch / 1.8-m mirror) — the largest telescope of its time 40-foot telescope:
] 48-inch / 1.2-m (1789)
Parsonstown, Ireland (1845): o-inch Hale teescaps
spiral nebulae discovered 00-inch /1.5-m (1908)
—_— Hooker tel
by William Parsons (lord Rosse) 100-inch / 2.6-m (1917)

R _ o _ Hale telescope

ST et L ST s oo 200-inch / 5-m (1949)

' e ' it - Hubble Space Telescope (HST)
94-inch / 2.4-m (1990)

Keck Telescopes
2 x 10-m (equivalent to a single 14-
~m telescope) (1993 + 1996)

Very Large Telescope (VLT)
4 x 8.2-m (equivalent to a single 16-
% mtelescope) (1998)

' James Webb Space Telescope
?’ (JWST) 6.5-m (2022)

ey _.-:F "
"_.j_“‘-_f*;f-' Extremely Large Telescope (ELT),
"~ & 39-m (2027)




Lord Rosse's drawings of M51, his "Question Mark” "Spiral Nebula™

left: Rosse's drawing
(1846) - of the first “spiral

nebula”, M51 (recognized as a
nebula already by Messier in his 1781
catalogue)

Right: a 20-th century
photo of M51 (now called
; “Whirlpool galaxy”)
http://messier.seds.org/more/m051_rosse.html (See aISO |tS HST image _
next slide)

Lord Rosse's drawing of M99 William Parsons’ (Lord Rosse’s)
drawings of spiral nebulae seen

through his Leviathan telescope:
M51 (1846)
M99 (1848)

But the true nature of spiral nebulae, today called
spiral galaxies (large systems composed of stars
and lying outside our own Galaxy, as independent
stellar islands), remains unknown until 1924.

http://messier.seds.org/more/m099_rosse.html




Whirlpool Galaxy = Mg1

Fiefage

NASA, ESA, 5. Beckwith (3TScl), and The Hubble Heritage Team (STScl/AURA) « Hubble Space Telescope ACS + STScl-PRC05-12a
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Starry Night Scavenger Hun Image Credit: Vincent van Gogh;
Digital Collage & Copyright: Ronnie Warner




Camille Flammarion:

Popular Astronomy, mtre (le quart de s e g
e re I;.;-,_.”- TN _:_ 6. 1l
1880 quant ces caleuls 1 la otalié de '
ronva pas moins de dir Bagil 1
le nombre que I'on a

That’s where van de la nébuleuse, dont ot

msignifiaute, et dans laque!

Gogh could have s el bt
- 4 I'élendue de ceffe neDUCEs -

seen pictures of un amas d'étoiles, lenticulire

parts, long desept a Renat cenis (U5 Ml NERULEUSES
a. i i aleme de Iy ¥

S pl ral ne bu Iae . are Soledl » colle-ci est égaled 1 TRe. = 1. Nibulonss des Chivgs de thatee, — 3. Anuas dy Touean,



4,

The advent of astrophotography



Louis Daguerre, 1838:
The first photography of human beings (Paris, Boulevard du Temple).
Exposure time: 5 minutes



John Draper, 1840:

The first astrophotography -
a dageurreotype of the
Moon.




Henry Draper, 1880: The first photo of a nebula ever taken — the Orion nebula.
A 51-minutes exposure with 11-inch (28 cm) Alvan Clark’s reflecting telescope.



Andrew Common, 1883: a photograph of the Orion nebula, the first to show that a
long exposure could record stars and nebulae invisible to the human eye (a 60-minute
exposure with a 36-inch (91 cm) telescope).




|Isaac Roberts, 1888:

The first photography of a “spiral nebula”.
The Great Andromeda nebula

(today known as The Andromeda galaxy).

Exposure taken with a 20-inch reflecting
telescope.




S.

From nebulae to galaxies:

“The Great Debate”



National Academy of Sciences, Washington, April 26", 1920:

A debate on the Scale of the Universe
between Harlow Shapley and Heber Curtis

(it later became known as “The Great Debate”)

L
Yt vy S S St HEWCOME CARLTOM Fecs 5 e SEOMmaE W, L ATHING, FaeT v el “ W

RECEIVED AT 2029 THATTUCK AYE, BERKELEY, CAUF.
43F YN 49 WL

PASADENA CALIF FEB 18 1920
DR HARLOW SHAPLEY
30 FACULTY CLUB BERKELEY CALIF
PROGRAM COMMITTEE NATIONAL ACADEMY PROPOSES DEBATE BETWEEN YOU AND
VHEBER CURTISON "SUBJECT BCALE OF UNIVERSE AT WASHINGTON MEETING APRIL
TmeNTY BIX Ok TnENTY BEVENTH FIATY FIVE MINUTES EACH HONIRARIUM FOR

EACH SPEAKER ONE HUNDRED FIFTY DOLLARS HOPE YOU WILL WIRE
ACCEPTANCE TO ABBOT BMITHONIAM [NSTITUTON AND IHFORM ME

GEORGE E HALE
TOSA FEB 19 1929




“Large galaxy” hypothesis VS “Island universes” hypothesis

“The Great Debate” of 1920

(see

Harlow Shapley (1885 - 1972) Heber Curtis (1872 - 1942)



https://en.wikipedia.org/wiki/Great_Debate_(astronomy

Models of our Galaxy in 1900-1920:
- diameter between 7,000 — 30,000 l.y.
- flattened (disk shaped)

- the Sun near its center

- possibly with spiral structure

"« (@Ealactic
Lian s+ Plane

Fig. 3—Arthur Eddington’s (1912) galaxy placed the Sun’s position 60 LY
above the center of the galactic plane, Image credit: Trimble, V., 1995

By 1920, our Galaxy represents the whole
known Universe. It is not clear whether
anything lies beyond it.

£ In general, astronomers at that time agree
that the Galaxy is a flattened disk of stars
with the Sun at or near its center (“S” in the
left “face-on” view of the disk, the cross in
the above “edge-on” view). The diameter of
the disk Is estimated, at that time, to be
30,000 light years at most (for comparison,
the distance to the nearest star is 4 l.y.; the
diameter of the outermost planet in the
Solar system, Neptune, is 0.001 Ly).

FiG. 2—Cornelius Easton's model of the Galaxy in 1900. He was the first to
give the Milky Way spiral arms.



Shapley suggests that our Galaxy is much bigger than
thought, with a diameter of 300,000 light years (the
modern value for the diameter of the stellar disk of our
Galaxy is close to 200,000 l.y.).

He also places the Sun and its planetary system far
(65,000 l.y.) from the Galaxy’s center
(the modern value is 27,000 l.y.)

He prefers to think that spiral nebulae are gaseous objects
inside our Galaxy.

Curtis believes that the Galaxy is much smaller, with a
diameter not exceeding 30,000 l.y. He keeps the Sun close
to the center. In his opinion, spiral nebulae are
extragalactic island universes made of stars — galaxies
like our own.

Shapley bases his suggestions on the observed
distribution of globular clusters for which he measures
distances using the period-luminosity relation of Cepheid
stars (the same relation Edwin Hubble used a few years
later to determine the distance of the Great Andromeda
nebula/galaxy). He notices that the center of the globular
cluster system is shifted with respect to what is considered
to be the center of our Galaxy (top image). He believes that
the two centers in reality coincide (bottom) which makes its
Galaxy larger and at the same time drives the Sun well off
its center.
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9.b

Galaxies - island universes
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The Andromeda nebula, photographed at the Yerkes Observatory around 1900.

Is it a gaseous nebula inside our Galaxy or an independent galaxy (a stellar
“island” external to our Galaxy)? Until 1924, nobody knows.
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'FINDS SPIRAL NEBULAE

ARE STELLAR SYSTEMS

Dr. Hubbell Confirms View That
They Are ‘Island Universes’

Similar to Our Own.

WASHINGTON, .Nov. 22—Confilrma-
tion of the view that the spiral ndbulae,
which appear In the heavens as whirl-
ing clouds, are in reality distant stellar
systems, or “island universes,’” has
been obtained by Dr. Edwin Hubbell of
the Carnegle Institution's Mount Wilson
obsarvatory. through investigationa car-
ried out with the observatory's powerful
telescopes.

The number of spiral nebulae, the ob=
servatory officials have reported to the

institution, is very great, amounting to
hundreds of thousands, and theirga.p-
parent sizes range from small objects,
almost star-llke {in character, to the
great rebulae In Andromeda, which ex-
tends acroes an angle some 2 de ez in
the heavens, about six times e dla-
meter of the full moon.

were made photographically with the
80-inch and 100-inch reflectora of the
Mount Wilson observatory.”” the report'
sald, *'the extreme falntness of the stars
under examination making necessary the
use of these great telescopes. The re-
volving power of these instruments
breaks up the outer portions of the!
nebulae into swarms of stars, which

| may be studied Individually and com-

pared with those in our own systeni. |
- “From an investigation of the photo-
graphs thirty-six variable stars of the |
type referred to. known as Cepheld
variables, were dlscovered in the two
spirals, Andromeda and No. 33, of,

essler’s great catalogue of nebulae.
The study of the periods of these stars !
and the application of the relationship
between length of period and intrinsic!
brightnesa at once provided the means
nﬁj dettéu}mln.ing the distances of these
objects.

‘“*The results are striking in thelr con-
firmation of the view that these splral
nebulae are distant stellar systems.
Theg are found to be about ten times
as far away as the small Magellanic
cloud, or at n distance of the order of
1,000,000 light wears. Thla means that
quht traveling at the rate of 188,000
miles a second has required a milllon
¥ears to reach us from these nebulae
and that we are observing them by light
which left them in the Pliocene age
upon the earth.

“With a knowledge of the distances
nf thesa nebulane we find for their
diameters 45,000 light wyears for the
Andromeda mebulae and 15,000 1light

= e W A

13&&.11 for Messler 33. Theuqulntl-

o of e Mu‘lt.'ehmu,e are ﬁt‘}u wn%#

8 O e B 7 ik

arable with 51& mrrelromgln: values
or our local system of stara."

FUNDS FOR SCHENCK HOUSE

~William C. Redfield Says It Was
Built of Timbers of Old 8hlp. -

Willinm C.r Redfield, formerly BSecre-
tary of Commerce and now the Presl-
dent of the Netherland-Amerieca Founda-
tion, 17 East Forty-second Street, was
one of the many who were Interested
in the news printed in yesterday's
Tmves that an offer had been submitteéd
to Murray Hulbert, President of thé
Board of Aldermen, to sell to the city
for $10.000 the ola Schenck homestead
at Mill Basin, Brooklyn. which i{s_be-
lleved to be the oldest house in New
York Cilty.

Afr. Redfield, in a letter to Mr. Hul-
bert yesterday, said that the Schenck
house was bullt out of the timbers of
an ancient ship. The old beams are
visible andrtﬂt't? knees t;tfluntha old wessel
131 r TS,

s "i ﬁgﬁgsjtly ﬁouppathat funds may ba
made m'ajla.ttnlle, 1:: atrdar tctii?:} ﬂ#i;t:x-—
ceptional landmark of our -]

may be preserved,” wrote Mr. Rﬂﬂﬂel‘z
Mrs. Redfield 1s connected by marriagse
with the Schenck family.

**The inveatigations of Dr. Hubbell

Ehe New JJork Times
Published: November 23, 1924
Copyright @ The New York Times
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In October 1923 (a year before the announcement is published in the NYT), Edwin
Hubble finds a Cepheid variable star in the Andromeda nebula.

Using the Period-Luminosity relation for Cepheids
( ), he estimates the distance of the %
nebula to be 930,000 light years (37% of the modern value of 2.5 million l.y.), well beyond
our Galaxy periphery. The linear size of the known Universe thus grows by a factor of ~ 30
(and the corresponding volume by a factor of 30x30x30, or nearly 30,000). At the same
time, it appears clear that spiral nebulae (and perhaps some non-spiral ones) are indeed

external stellar islands as hypothesized by Kant in 1755, some 170 years eatrlier.
For the story of the Cepheid variables and their famous Period-Luminosity relation, watch:

Image credit: Carnegie Observatories /
Huntington Library
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https://en.wikipedia.org/wiki/Period-luminosity_relation
https://www.youtube.com/watch?v=QcChCeX2Vr
https://www.youtube.com/watch?v=QcChCeX2VrY
https://www.youtube.com/watch?v=E9gvk_OkrPw

Summary:
the timeline of main hypotheses and discoveries related to galaxies

1609 - Galileo Galilei builds a 1.5-cm aperture telescope and points it to the skies. Among others, he resolves some
parts of the Milky Way into individual stars. In 1610, he publishes Sidereus Nuncius (Starry Messenger) in which he
suggests that all the Milky Way light originates in myriads of distant stars, too faint to be seen individually.

1750 — Thomas Wright explains, in his Original theory or new hypothesis of the Universe, the Milky Way's appearance
as “an optical effect due to our immersion to what locally approximates to a flat layer of stars. He also speculates that
“many cloudy spots (= nebulae) may be external creations too remote for even our telescopes to reach”.

1755 - Immanuel Kant, in Universal natural history and theory of the heavens, speculates that the Milky Way might be
a rotating body of a huge number of stars, held together by gravitational forces in a similar way as the Sun and its
planets in the Solar System but on much larger scales. The resulting disk of stars would be seen as a band on the sky
from our perspective inside the disk. Kant also conjectures that some of the nebulae visible in the night sky might be
separate "galaxies” themselves, similar to our own. He refers to these "extragalactic nebulae” as "island universes”.

1785 — William Herschel presents the first scientific model of the Milky Way based on star counts in hundreds of
directions. The model is a flat disk with an irregular boundary; the Sun is located off-center.

1845 - William Parsons (lord Rosse) discovers several “spiral nebulae” with his 72-inch (1.8-m) Leviathan telescope,
the largest astronomical instrument built until then. The nature (composition) and distances of those nebulae remain
unknown.

1888 — Isaac Roberts takes the first photo of a spiral nebula (The Great Andromeda Nebula).

1912 - Vesto Slipher measures, for the first time, redshifts of a spiral nebula. Redshift can be converted to speed via
so-called Doppler formula.



1920 - “The Great Debate” is held between Harlow Shapley and Heber Curtis about the size of the Milky Way Galaxy
(at that time equivalent to the whole known Universe) as well as about the nature of spiral nebulae (gaseous or
starry?, internal or external to our Galaxy?).

1924 - Edwin Hubble settles The Great Debate issues by announcing the discovery of an inividual star within the
Great Andromeda nebula and the measurement of its distance (930,000 l.y., later corrected to 2.5 million l.y.). Soon,
other individual bright stars are resolved, and their distances measured, in the Great Andromeda nebulae and a few
other spiral nebulae. Spiral nebulae (henceforth called “spiral galaxies”) are identified as stellar islands external to our
Galaxy, confirming both the 1920 Curtis’ view and the 1755 Kant's conjecture.

1926 — Edwin Hubble presents the first morphological classification of galaxies (later known as the Hubble sequence
or the Hubble tuning fork), dividing them into elliptical galaxies, lenticular galaxies and spiral galaxies (this latter class
being in turn subdivided into normal spirals and barred spirals).

1927 - George Lemaitre for the first time interprets measurements of galactic redshifts (speeds) and distances as a
sign of an expanding Universe. In doing so, he relies on the General Theory of Relativity, a new theory of gravity,
formulated by Albert Einstein in 1915.

1929 - Edwin Hubble publishes, independently of Lemaitre’'s work, his own discovery of the expanding Universe. The
relation between distance and speed of galaxies becomes known as Hubble's law (or Hubble’s relation). The idea of
an expanding Universe naturally leads to a Universe with a beginning (now referred to as the Big Bang). Between 1929
to 1998 it was believed that the Universe had been expanding — since the Big Bang — in a decelerated fashion, the
expansion being slowed down by gravity of all the matter found within galaxies (initially, from 1924, galaxies were
believed to be essentially stellar systems; later on, starting from 1951, various forms of gas were discovered in them,
in addition to stars; since 1970s, existence of dark matter, an invisible component dominating masses of galaxies,
was established).

1998 — The expansion of the Universe is found to be accelerating rather than decelerating This is being explained by
the existence of dark energy, another invisible component of the Universe. It appears that 68% of the Universe’s
content is made of dark energy, 27% of dark matter and only 5% by baryonic matter.
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