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1. Die Grundlage
der allgemeinen Relativitdtstheorie;
von A, Finstein.

Die im nachfolgenden dargelegte Theorie bildet die denk-
bar weitgehendste Verallgemeinerung der heute allgemein als
,Relativitiitstheorie'' bezeichneten Theorie; die letztere nemne
ich im folgenden zur Unterscheidung von der ersteren , spezielle
Relativitiitstheorie* und setze sie als bekannt voraus. Die
Verallgemeinerung der Relativititstheorie wurde sehr er-
leichtert durch die Gestalt, welche der speziellen Relativitiits-
theorie durch Minkowski gegeben wurde, welcher Mathe-

matiker zuerst die formale Gleichwertigkeit der riaumlichen
Koordinaten und der Zeitkoordinate klar erkannte und far
den Aufbau der Theorie nutzbar machte. Die far die all-
gemeine Relativititstheorie ndtigen mathematischen Hilfs-
mittel lagen fertig bereit in dem ,,absoluten Differentialkalkal™,
welcher auf den Forschungen wvon Gauss, Riemann und
Christoffel iiber nichteuklidische Mannigfaltigkeiten ruht und
von Ricoi und Levi-Civita in ein System gebracht und
bereits auf Probleme der theoretischen Physik angewendet
wurde. Ich habe im Abschnitt B der vorliegendem Abhand-

lung alle fiir uns notigen, bei dem Physiker nicht als bekannt
vorauszusetzenden mathematischen Hilfsmittel in moglichst
einfacher und durchsichtiger Weise entwickelt, so daB ein
Studium mathematischer Literatur fiir das Verstindnis der
vorliegenden Abhandlung nicht erforderlich ist. Endlich sei
an dieser Stelle dankbar meines Freundes, des Mathematikers
Grossmann, gedacht, der mir durch seine Hilfe nicht nur
das Studium der einschligigen mathematischen Literatur er-
sparte, sondern mich auch beim Suchen nach den Feldgleichun-
gen der Gravitation unterstiitzte.

Anpalen der Physik. IV. Folge. 49. 50




‘ http://teoria-de-la-relatividad.blogspot.com.ar/2009/03/apendice-iv-el-manuscrito-original-de.html

http://www.alberteinstein.info/
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P El gran debate

" Heber Curtis
» Harlow Shapley

e Andromeday las otras nebulosas

) eran galaxias independientes o "universos-isla".
eLa Via Lactea comprendia la totalidad del « Mostré que habia mas novas en
UnIverso. ) Andrémeda que en la Via Lactea.
e Las galaxias como Andrémeday las nebulosas
espirales pertenecian a la Via Lactea.
¢ Si Andrémeda no fuese una parte de la Via
Lactea, entonces se hallaria a una distancia de
unos 108 afos-luz.

| BEiL

http://fcaglp.fcaglp.unlp.edu.ar/~egiorgi/cumulos/historica/debate.htm
https://archive.org/details/scaleofuniverse00shap
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} Telescopio reflector

espejo de 1,98 m de diametro.

1769

William Herschel

Realizé un conteo de estrellas en el campo
de vista de su telescopio. Cuando terminé
el proyecto, 20 afios después, habia
contado mas de 90.000 estrellas en 2400
areas de muestra. Durante estas
observaciones descubrié muchos objetos
interesantes como cumulos, nebulosas,
estrellas variables y estrellas dobles.
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11,4 anos-luz

0,00017421¢
0,6272 seg de arco

0,0000871¢

1 péarsec = 206.265 ua = 3,2616 afios luz = 3,0857 x 10 m Friedrich Bessel »




El gran refractor
38 cm de lente
Harvard

Telescopio reflector
8 pulgadas diametro espejo
Arequipa Peru
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PEl harem de Pickering

e A lo largo de casi 6 décadas,

se analizaron mas de 500000 placas
fotograficas, catalogando cerca de 10 millones
de estrellas.

e El primer catdlogo publicado en 1890
contenia la clasificacion de 10000 estrellas.
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http://www.cfa.harvard.edu/hco/plates.html
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Galaxy Zoo is a Zooniverse project. Our Projects
The Zooniverse is 3 collection of web-based Citizen Science projects that use the efforts and We currentiy have 12 projects on subjects ranging from
abilities of volunteers to help reseachers deal with the flood of data that confronts them astronomy, to ciimatology. to biology, to humanities

SRR 1111 10) (—

Few have witnessed what you're about to see

Experience a privileged glimpse of the distant universe as observed by the SDSS, the Hubble Space Telescope, and UKIRT

-
7
Em m We are trying something new! Come help us understand a very specific type of gal from start to end.

Classify Galaxies

To understand how galaxies formed we need your help
to classify them according to their shapes. If you're quick,
you may even be the first person to see the gala:

you're asked to clas:

How Do Galaxies Form? History of Galaxy Zoo

Roughly one hundred billion galaxies are scattered throughout our observable Universe,  The launch of this new version of Galaxy Zoo, the 4th, comes just a few weeks after the
m that might contain billions of stars. Many are remarkably site’s 5th birthday. It all started back in July 2007, with a data set made up of a million

each a glorious sy:
galaxies imaged by the Sloan Digital Sky Survey, who still provide some of the images in

beautiful, and the aim of Galaxy Zoo is to study them, assisting astronomers in

Galaxyzoo.org
Clasificar 1 milldn de galaxias del telescopio Hubble

http://www.galaxyzoo.org/
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Henrietta Leavitt

http://articles.adsabs.harvard.edu//full/1908AnHar..60...87L/0000100.000.html
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HARVARD COLLEGE OBSERVATORY.

CIRCULAR 173,

PERIODS OF 25 VARIABLE STARS IN THE SMALL MAGELLANIC
CLOUD,

The following statement regarding the periods of 25 variable stars in the —— =
Small Magellanic Cloud has been pn-)mrlt(lﬂh_\' Miss Laasto—"
A Catalogue of 1777 semsi-t—""" )
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Se denominan CEFEIDAS
por el nombre del
prototipo de esta clase, la
estrella Delta Cephei, la
cuarta en orden de brillo
de la constelacion de
Cefeo

#
A
A
A
o
A
A
o
4
A
A
A
4
A
A
A
o
A
A
o
4
A
A
A
4
A
A
A
o
A
A
o
4
A
A
A
4
A
A
A
o
A
A
o
4
A
A
A
4
A
A

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\'\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

T

I i T T T T T i i T T T T i T i T i i T T i i T U T T i i i T T T i T i T U T i




P A S S S N T A A S R R

’

A

\1®
l A
\'

A

PUBLIC ATIONS OF THE

STRUCTURE

1Y
STERS AND THE S0

HE GALACTIC SYsT

By HamioW SHAPLEY

GLOBULAR CLt
OF T

. MAY 29 1921 | BOSTON ‘SUNDAY ADVERTISER —New E

UNIVERSE THOUSAND TIMES BIGGER,
HARVARD ASTRQNOMER DISCOVERS
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Edwin Hubble
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dwin Hubble 1923
Carnegie Observatories
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perve-oiaTer S
FOR. EXTRA-GA DISTANCE
A RELATION BETWEEN DISTANCE AND RADIAL VELOCITY VELOCITY
AMONG EXTRA-GALACTIC NEBULAE KRG ¥ L 11
By Eowny Hussn \ “ I ! :
Movnr Woson Om <, o
Commusnicated January 17, 1009 NGO 2z :" ' i “. ' “‘ 1”.000 \*l»‘ "v‘
Determinations of the motion of the sun with respect to the extra- 125 mues P ¢ -
lactic nebulae have involved a K term of several hundred kilometers . (] .
which appears to be variable. Expl of this paradox have been \ s ’
sought in a correlation between apparent radial velocities and distances, | -‘-” s S
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Hubble, E. (1929). "A relation between distance and radial velocity among extra-galactic nebula
Academy of Sciences 15 (3): 168-73.

roceedings of the National



CENTRAL BLACK HOLE
MOLECULAR CLOUDS

GALICTICBULGE. g~ . sl S |~ SPIRALARMS

STAR-FORMING
REGIONS

GALACTIC PORTRAIT

This artist's impression, based on the latest
data from telescopes and simulations, shows
THE SU N . the Milky Way viewed from outside the Galaxy.

Ann Finkbeiner. Galaxy formation: The new Milky Way. A fresh look at our Galaxy points to a chaotic past and a violent end,” News
Feature, Nature 490: 24—27 (04 October 2012)
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STELLAR HALO SEGUE
The Galaxy’'s sparse, faint halo of stars is (
roughly spherical, some 200 kiloparsecs s
across and only about 109 solar masses. URSA MAJUR || DARKMATTER HM_[]
Stars in the outer halo are very old; those Dwarf galaxy. The Galaxy’s largest component is roughly
in the inner halo are slightly younger. spherical, several hundred kiloparsecs across,
about 1072 times the mass of the Sun —
and completely invisible.

Dwarf galaxy.

DISK

This most photogenic part of the Galaxy
contains the spiral arms, is 30-40 kiloparsecs
across and about 5 x 1010 solar masses.

DWARF GALAXIES THE SUN

The Large and Small
Magellanic Clouds

are the biggest known
dwarf galaxies, which
probably formed in the
denser clumps of the

dark-matter halo. About BUBBLES
:nw‘g uddc;f‘egnszrgeuzn; et 15 e Back-to-back jets of energy erupted from the
Ursa Major Il and ihe Galaxy's centra! black hole some 10 million
Sagittarius dwarf years ago, forming two bubbles of hot gas that
| = extend about 7,600 parsecs above and below
the galactic plane.

SAGITTARIUS STAR STREAM THE BIG PICTURE

The Sagittarius dwarf galaxy is being pulled apart Recent data are illuminating the Milky Way's
by the Milky Way's gravity, with its stars strung structure, including its bright disk and
out along its orbit. Many other streams from the fainter features surrounding it.
long-dead dwarfs loop through the outer halo.

Ann Finkbeiner. Galaxy formation: The new Milky Way. A fresh look at our Galaxy points to a chaotic past and a violent end,” News
Feature, Nature 490: 24—27 (04 October 2012)
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