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Betelgeuse
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o’ A Astrometry
Radial velocity (R,) +21.91[8 km/s
Proper motion (u) RA:24.95 +
0.08!°] maslyr
Dec.:9.56 +
’ 0.150°] mas/yr
\*—"' Parallax (m) 5.07 +1.108] mas
, BYSFI
0k N Distance 643 + 146/° |y
- (197 = 45[°] pc)
‘ Details
LR @B SIHL \ |
TN B +5.0110
_, / LA Mass 1.6 _3_9[ 1M,
Radius 887 +203""1 R,
Luminosity 90 000 —

150 000["2] L,
Surface gravity (logg)  -0.5[1%] cgs

Temperature 35901101 K
Metallicity [Fe/H] +0.05[14] dex
Rotational velocity 50151 km/s
(vsin i)

Age 8.0 — 8.5 myr
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Taken from the 22 November 1919 edition
of the lllustrated London News.

Coverage|in the (more excitable)
New YorkLlimes.

LIGHTS ALL ASKEW
"IN THE HRAVAXS

Men of Science More or Less
Agog Over Results of Eclipse
Observations.

EINSTEIN THEORY TRIUMPHS

Stars Not Where They Seemed
or Were Calculated to be,
but Nobody Need Worry.

A BOOK FOR 12 WISE MEN

No More in All the Worid Could
Comprehend It, Said Einsteln When
His Daring Publishers Accepted It.

»
A Aclual Positio A ren! Position
of the Star ~ T ¥ S e Star ‘-
Dislonce from the Earth ; /
fo the Slello Beck¢round /
is more than | 1
95,.000.000,.000,.000 miles. | !

This Diedrem shows the
proportional Displacement
of the Stors in relotion o
the disfance from the Sun,

Py The omount of Displacement
4 is exagqeroted aboul 600 Times

Apporent Posilion: 4
Achuel Posilion: =

THE SUN

Dislance from <
the Earth o ;
93,000.000 miles” |

THE SUN

Showing Path of Tolal Eclipae of Moy T8-29, 1919,
o ' lalions,

<
and posiliona of the hwo baervalion3

Tew

- - « A
THE ORSERVATION STATION (g

AT SOPRAL, IN BRAZILS = The Corona




He was an early advocate of Einstein's Genera
Relativity, and an Iinteresting anecdote wel
llustrates his humour and personal intellectua

Arthur Stanley Eddington
(1882-1944)

investment: Ludwig Silberstein, a physicist who
thought of himself as an expert on relativity,
approached Eddington at the Royal Society's (6
November) 1919 meeting where he had
defended Einstein's Relativity with his Brazil-
Principe Solar Eclipse calculations with some
degree of scepticism and ruefully charged
Arthur as one who claimed to be one of three
men who actually understood the theory
(Silberstein, of course, was Including himself
and Einstein as the other two). When Eddington
refrained from replying, he insisted Arthur not
be "so shy", whereupon Eddington replied,

"Oh, no! | was wondering who the third one
might bel”


http://en.wikipedia.org/wiki/Ludwig_Silberstein
http://en.wikipedia.org/wiki/Royal_Society
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MAGINE THAT SPACE 1S A GIANT SHEET OF RUBBER.,,

THE MORE MASS, THE MORE
THAT SPACE GETS BENT AND
DISTORTED BY GRAVITY,

THINGS TUAT HAVE MAGS
CAUSE THAT RUBBER SHEET
TO BEND, LIKE A BOWLING

BALL ON A TRAMPOLINE.

—

JORGE CHAM 82016

W et

FOR EXAMPLE, THE REASON THE EARTH GOES AROUND THE orr ] STt
SUN 1S THAT THE Sl 1S VERY MASGIVE, CAUSING A BiG '
DISTORTION OF THE SPACE AROUND (T,

Black Hole

IE YOU JST TRY TO MOVE i A GTRAIGHT LN e
AROUND SuCH A BiG DISTORTION, YOU WILL FND e e e

YOURSELE ACTUALLY MOVING IN A CIRCLE. AROUND, WST A BENDING OF THE SPACE.

Sy

_eRAvwmoNALMvavess ARE PRODUCED i : \
WHENEVER MASSES ACCEL - ———ly

s TORTION e T EVERYIHNG WITH MASS e B
CHANGING THE PISTORTION OF SPACE 47 AND/OR ENGRY CAN MG e S N

Ja—

«»
Potential Singularity Y

UtahFreePress.com

(F YOU AND | STARTED TO L
DANCE AROUND EACH OTHER, L
WE WOULD ALSO CAuce B
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The fifst black holé candidate discovered
in 1972, is part of an x-ray binary system,
orbiting ‘its visible companion HDE 226868.

Mass Transfer

\

@RIFARIAN

Accretion Disk

Cygnus X-1 HDE 226868
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S2 orbit around Sgr A*
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4% 10 hight days
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St 1994.32 199553
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http://www.extinctionshift.com/SignificantFindings08.htm
http://www.brighthub.com/science/space/articles/13435.aspx#
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Core of Galaxy NGC 426l

Hubble Space Telescope
Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

380 Arc Seconds z 17 Arc Seconds =
88,000 LIGHT-YEARS 400 LIGHTYEARS
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https://www.youtube.com/watch?v=qZZ9jRan9eo
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LIGO (511 : L—Y—FBHEARXIR)

Laser Interferemeter Gravitational-Wave Observatory  (19925F FH#&E?)

https://mediaassets.caltech.edu/gwave
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https://mediaassets.caltech.edu/gwave

LIGO (511 : L—Y—FBHEARXIR)

Laser Interferemeter Gravitational-Wave Observatory  (19925F FH#&E?)

= -
, B .‘-’3':77?'\ 2
S )

. LIGO Hanford

A

~ GEO600
{ ]

aN e
JLIGO Livingston SVIRGO "ug

Operational
Under Construction {

B By
" 3 X “;
Planned \ Fog : (N
: 4 ""7{” e
P 5 ¢
e ‘

Gravii‘%tional Wave Observatories




KAGRA (<5

FRIE Ly
(i B R 7 88 7 # ]8T )

XMA% \ LS >R

A=IN=h=Ah>F

WIRHS
10004 — ML

» RBURRE )R EiER)

Kamioka Gravitational wave detector, (Large-scale Cryogenic Gravitational wave Telescope)

ABERRENREER

ERFEDARES  Hifgf 3km

EiRiEZ B EFEA TR

HEIREND /NS L\ B B FRES M (C
& SB[ Fh L

2 ~N1 FR250F (20K) £T

/'T: Jj.:\l]
BMBZ/NSL<TBEH
¢®WTthﬁ7 17

Y P —

Bm(CAEd S
MM%¢%WME%ﬁmE<E
3

http://gwcenter.icrr.u-tokyo.ac.jp/plan/history



http://gwcenter.icrr.u-tokyo.ac.jp/plan/history

EE?JJ&EE/U&:j- €7ﬁ£$ﬁ

KAGRA (<5 : XEERENRERIR)

AERRENRERR

SR
(i B 1R 788 7 7R [ 6T )

S H LSk

A—N—A=AH>F 7E
(o[ (o) LY
\ WIEDS

10004— ML

Kanazawa

5
Cy

\pf

’

DEe

\iré)saka “
a8

EH &8 (KPR K) 2018/10/31 @ REPEZEK

waQan: AT
¥ .AICHI Shlzuoka
S\ - i }
SHIZUOKA!/



BREE &5 — SR

KAGRA (<5 : RBURRENREER)

Emu’ﬁmf
@ LATM@®S

(*30 =
*%9
ORI
a8 %

KAGRA

o ) a3 € *

t[o\@ﬁ% prfA(ﬁ d’r_l
N
Ay NARLabs v
- @ i

BB &8 (KBRTK) 2018/10/31 @ REPEZFEK

71



KAGR (M<S 2 REERENREER)

<

2015%8H

Seiji Kawamura Kieran Craig
Martynov Denis

Hisaaki Shinkai




ENBNRLZERRT 571"/ 1LIGOFE
2016F2A11H

“We had detected gravitational waves. We did it. ”
“Bal3, ENRERLELEE. ©OEITFREDE.”

https://www.youtube.com/watch?v=aEPIwWEJmZyE
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Animation of the inspiral and collision of two black holes consistent with the masses and spins of GW170104. The top part of the movie shows the black hole horizons (surfaces of "no return"). The initial two
black holes orbit each other, until they merge and form one larger remnant black hole. The shown black holes are spinning, and angular momentum is exchanged among the two black holes and with the orbit. This results
in a quite dramatic change in the orientation of the orbital plane, clearly visible in the movie. Furthermore, the spin-axes of the black holes change, as visible through the colored patch on each black hole horizon, which
indicates the north pole.

The lower part of the movie shows the two distinct gravitational waves (called 'polarizations') that the merger is emitting into the direction of the camera. The modulations of the polarizations depend sensitively on the
orientation of the orbital plane, and thus encode information about the orientation of the orbital plane and its change during the inspiral. Presently, LIGO can only measure one of the polarizations and therefore obtains
only limited information about the orientation of the binary. This disadvantage will be remedied with the advent of additional gravitational wave detectors in Italy, Japan and India.

Finally, the slowed-down replay of the merger at the end of the movie makes it possible to observe the distortion of the newly formed remnant black hole, which decays quickly. Furthermore, the remnant black hole is
"kicked" by the emitted gravitational waves, and moves upward. (Credit: A. Babul/H. Pfeiffer/CITA/SXS.) - See more at: http://ligo.org/detections/GW170104.php#sthash.NZPaW2LT.dpuf

http://ligo.org/detections/GW170104.php
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On August 17,2017, 12:41 UTC,
LIGO (US) and Virgo (Europe) detect
gravitational waves from the merger
of two neutron stars, each around

1.5 times the mass of our Sun. This is
the first detection of spacetime ripples
from neutron stars

GW170817

FIRST Cosmic EVENT OBSERVED
IN GRAVITATIONAL WAVES AND LIGHT

Colliding Neutron Stars Mark New Beginning of Discoveries

Collision creates light across the

entire electromagnetic spectrum.

Joint observations independently confirm
Einstein's General Theory of Relativity,
help measure the age of the Universe,
and provide clues to the origins of

heavy elements like gold and platinum

Within two seconds, NASA's

Fermi Gamma-ray Space Telescope

detects a short gamma-ray burst from a
region-of the sky overlapping the LIGO/Virgo
position. Optical telescope observations
pinpoint the origin of this signal to NGC 4993,
a galaxy located 130 million light years distant

ALIGO
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