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mas, do calculo anterior:
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Dilatagao Temporal

Contragdo Espacial



Efeitos mensuraveis?

* Aceleradores de particulas
* Raios cosmicos

* Sistema de posicionamento global (GPS)



Alguns paradoxos interessantes. ..
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Relatividade geral

O elevador de Einstein e
o Principio da equivaléncia
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FORCA DE INERCIA 2!
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Curation:

28 seconds
Ascent from
G000 meters

- B o il o
Duraticn Zeros G: 25 - 20 seconds Duration:
Max. cailing: 5300 meders 28 seconds
Descent 1o
5,000 meters

HOW DOES IT WORK?
4, Pull out Phase: 2G

1. Horzontal Flight: 16

2. Full up Fhase: 26

3. Zera G Injection Phase: 06 _
5. Mormal Flight: 13

{c] 2005 by IB-Marketing SmbH
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Se as descricoes sdo
mesmo completamente
equivalentes,
entao....
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* Desvio da luz pelo Sol

True position
i% of the star.

Apparent position

of the star. F'

The beam of ight from the staris
deflected by the gravitational field of

the sun. Consequently, for the observer (
o1 Earth the position of the star appears %

to have slufted from its true position.




lentes
gravitacionais

http://www-xray.ast.cam.ac.uk/xray _introduction/Clusters_intro.html
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Galaxy Cluster Abell 2218 HST « WFPC2
NASA, A. Fruchter and the ERO Team (STScl) « STScl-PRC00-08




hitp:/ /ircamera.as.arizona.edu/NatScito2 /Nafscioz /lectures/galaxydist.him






Vamos ver como esta ideia
pode ser Util em casos mais
concretos...
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As particulas se afastam e
depois de aproximam.

Deve, portanto, haver uma
forca de interacdo
entre elas!



Mas existe uma maneira mais
facil de explicar estas
deformagdes nas trajetorias,
SEM falar de forg¢a gravitacional
hem aceleracadol













































Uma outra opgdo
é mudar a geometrig,
ou Seja, nossa medida
de distancia !
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Nesta nova geomeftria,
ndo ha
necessidade de introduzir
uma forga gravitacionall









Estes efeitos sdo maiores
proximos a grandes massas



* Buracos negros

- Classicos
- Relativisticos
- Origem estelar ou cosmoldgica
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http:/ /www.phy.syr.edu/courses/modules/LIGHTCONE /schwarzschild,himl



Horizonte de eventos
ndo é uma barreiral



* efeitos de mare
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http:/ /quantumrelativity,calsci,com/Physics/SpaceAndTimez .himl



Radiacdo Hawking

* criagdo de pares particula-antiparticula
1
Mpn

 final (M — (): 21212

* faxa de criagdo ~



LASER INTERFEROMETER
GRAVITATIONAL-WAVE OBSERVATORY
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Figure 3: Schematic of gravitational-wave detector using laser interferometry.
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Figure 3. Some key results of our analysis of GW150914 comparing the reconstructed
gravitational-wave stroin {as seen by H1 ot Hanford] with the predictions of the best-
matching waveform computed from general relativity, over the three stages of the event:
inspiral, merger and ringdown. Also shown are the separation and velocity of the block holes,
and how they chonge as the merger event unfolds.
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FACT SHEET

observed by LIGO L1, H1
source type black hole (BH) binary
date 14 Sept 2015
time 09:50:45 UTC
0.75 to 1.9 Gly

likely distance

redshift

230 to 570 Mpc
0.054 to 0.136

signal-to-noise ratio
false alarm prob.

false alarm rate

24

< 1 in 5 million

< 1 in 200,000 yr

signal arrival time
delay

likely sky position

arrived in L1 7 ms
before H1

Southern Hemisphere




FACT SHEET

observed by LIGO L1, H1

source type black hole (BH) binary
date 14 Sept 2015

time  09:50:45 UTC

- likely distance 0:75't0"1.9'Gly

S~ 230 to 570 Mpc |
redshift ~  0.054

(Andrémeda: 2 Mly)

0.054 to 0.136

_— signal-to-noise ratio 24
S %

~__ false alarm prob. <1in 5 million |

false alarm rate < 1 in 200,000 yr

—

-~ signal arrival time arrivedinL17ms
S~ delay before H1

likely sky position  Southern Hemisphere



FACT SHEET

Source Masses Mo

total mass 60 to 70
primary BH 32 to 41
secondary BH 25 to 33

58 to 67

remnant BH

duration from 30 Hz ~ 200 ms N

*peak displacement of +0.002 fm \

N »\\;;;,ﬁ%%iﬂnterferometerﬁ arms

N ~_ radiated GW energy

~ peak GW luminosity

ey -y
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2535M0



FACT SHEET

Source Masses Mo

total mass 60 to 70
primary BH 32 to 41
secondary BH 25 to 33

58 to 67

remnant BH

duration from 30 Hz ~ 200 ms N

*peak displacement of +0.002 fm \

~__interferometers arms

_ radiated GW energy

~ peak GW luminosity

3.6 x 10°° ETQ;S'T‘(;\SQ x todo o univer:
2535M0



FACT SHEET

consistent with passes all tests
general relativity? performed
graviton mass bound < 1.2 x 1022 eV

coalescence rate of

2 to 400 Gpc3yr?
binary black holes 9 ML
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Conclusoes
(até agora)

* ¢ = cte: muito forte, mas é real!

* A relatividade de Einstein ainda esta sendo
testada

* Ainda ha muito o que fazer (vide
problemas da matéria e energia escuras)l

~ 96% do universol



lisa.org




lisa.org
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