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| Los relojes y las reglas del guardia, el ciclista y el
* son distintos (relatividad). Mas diferentes cuanto ma\
" velocidad relativa. Con respecto a la luz siempre ha de &
"-ﬁiynca se puede alcanzar esa velocidad, que es :
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N objetos materiales rigidos

N inmatericdes.. ..



Campo-eléctrico-de una cargo




» EL cambrio-env el campo- eléctrico- no- se notow
instantineamente: se propaga o velocidad c.
- S el cambio- ey periddico- (carga enw péndulo
o- girando) generamoy una onda electromag-
nética (leyes de Maxwell).




‘. . l‘g‘l-? r-.- ,-..: - '.:—_ g - ¥

U'l--_—

Rl

generan y propag
”’*_# m

.1""

i

lhtodasl

l"

F

"

l._u-

- i il ™ L
* 2 15 'b'r' -."'.i. 3
i Ee L 1
_;I.‘ - ‘!1'-}%.":, ; '_'
¥ ,\_ .

. e N e
Solo Valgla su natura}‘e \

: .l,.ﬂ"" I,"

medio en que,_ase\pr pag

-

'." ey
1‘.' q .



i1

ras medidas

i J Ly '

.



Las leyes del electromagnetismo
satisfacen el Principio de  wumm
Relatividad Especial

fundamentales: la de la
Gravitacion Universal de
Newton.



NASA/TPL-Caltech/SSI

Gravitacién Universal: la gravedad es wnav
fuerzo atractiva entre objetos conw masa que
dwmcowdcuadmdo—dalwdutwym

10—39
gobierna el Universo.

La Gravitacion Universal estd incompleta:
no nos dice qué pasa cuando las masas se
mueven.






La nueva teoria parte de un nuevo principio:

Principio de Equivalencia
(de la gravedad y la inercia)

(Simon Stevin 1586, Galileo Galilei 1638, Newton 1687,
Lorand Eotvos, 1885, Robert H. Dicke 1964...)
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PRINCIPIO DE
| EQUIVALENCIA
.+ Todaslay cosas caer igualen .

caumpo; gravitatorio: vease . %
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1 las med1da;—~-
| se mueve en

CONCLUSION

la, gravedad altera -
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Una estrella crea un T padio de
(44 4
pozo de energia
gravitatoria
a su alrededor
con esta forma:

S1 se contrae, la superficie
esta mas al fondo del pozo

y hace falta mas energia para
salir.

singularidad de Newton




o magu!]eros

© Pero, jrealmentéexisten?

| g'o'sus‘upermaswos
“en nucl®os de galaxms
M~ 1 000 000 MS



Evidencia: el agujero negro
supermasivo de la Via Lactea

European Soutern Observatory



Evidencia: el agujero negro
supermasivo de la Via Lactea

European Soutern Observatory




UCLA
Galactic Center Group

W.M. Keck Observatory
Laser Team

Stellar Orbits in the Central Parsec

A 2.2 micron animation of the stellar orbits in the central 0.5 arcsec. Images taken from the years 1995

through 2016 are used to track specific stars orbiting the proposed black hole at the center of the Galaxy.
These orbits, and a simple application of Kepler's Laws, provide the best evidence yet for a supermassive
black hole, which has a mass of 4 million times the mass of the Sun. Especially important is the star S0-2
as it has has been observed for more than one full orbital period, which is only 16.17 years.



UCLA
Galactic Center Group

W.M. Keck Observatory
Laser Team

3D Movie of Stellar Orbits in the Central Parsec

Stellar orbits that have revealed the existence of a supermassive black hole that is 4 million times the mass of the sun and that lies at the
center of the Galaxy ~25,000 light years away. The Galactic center also plays host to an unexpected population of young, massive stars,
whose orbits can provide insight into their origin as well as the hostile environment surrounding a supermassive black hole.

The movie shows a 3-dimensional visualization of the stellar orbits in the Galactic center based on data obtained by the W. M. Keck
Telescopes between 1995 and 2012. Stars with the best determined orbits are shown with full ellipses and trails behind each star span
~15-20 years. These stars are color-coded to represent their spectral type: Early-type (young) stars are shown in teal green, late-type (old)
stars are shown in orange, and those with unknown spectral type are shown in magenta.

Stars without ellipses are from a statistical sample and follow the observed radial distributions for the early (white) or late (yellow/orange)
type stars. These stars are embedded in a model representation of the inner Milky Way provided by NCSA/AVL to provide context for the
visualization.

The movie begins at the very center of the Galaxy, ~0.015 pc from the supermassive black hole, in the year 1893, and pulls away to a

distance of 0.2 pc as the movie reaches the year 2013, ending from the viewing angle of Earth.
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GW151226

GW170817

GW150914

GW170814

LIGO/Virgo/NASA/Leo Singer
(Milky Way image: Axel Mellinger]










