L

AEmEEFERF 'BKFR) 1TV ABE

2021/12/3

(1>

HXEERICRITEHI/INT R IR
A A

3RS & 2o RS o 4y TR EUZESICRZASRIREZHICRZADHERNS, XIT
. ANPI=WERNEBESNZ & S HE O wmEe
—_— < 1 Ea-g/_\ \JL 'Y 1 Eag/—\ -

- fl\lj- ﬁﬂiﬂ‘ﬁfd Iii::nﬁﬂ + 7&24‘5&1 Iii::nﬁzﬂ %Ebh%

2022/1/14

Ty R—=ILEEARK

HESFH (LADL VEBE) o
ARIEAS BENeBxE (-}
RE)IZTFAS BB

B{LPFRA BEMRE

http://www.olt.ac.|p/is/shinkai/nishinomiya



http://www.oit.ac.jp/is/shinkai/nishinomiya/radio.html

1. FU®IC

PEXELAEBDINSRYIR

TX¥FLRAEBDNNTRY IR
RDENT F VA LBPEHREEZTLHI IRz, BREDT XU f@?[ \

. O
2z UTRO A S DI EASE VD, THF L RAZBOBRSH S A
AR MFBILI AT, AR— Mg, T F L ARBO N B Aji |
(A #i) 1I23ETBD, ZORTTIZBITFTAD BHAIZWS. 7TF A
VAR BHISIZAZE DB WL X1k, BIXZOED CHIAIZH#EAT %& 2
W5, ZOFEX, WOTEMIBILHTESLDT, 7THFLV AR S
WOFETHE>THRBIZEWDITRWZ 22k A. hitps:/atarimae.biz/archives/7971
EE%ET g /
B
B8O A—F A
XL AORR—} E—

B e

http://swansong3478.web.fc2.com/008100taikakus

E8EHR  [HENMEERICEITE/IT Ny 7R 2021/12/3 PEWEKFERY A T AFEE 2



DEIDEDINGRY IR

MWHDWRFELTWBZ EEFTY TY

CDEER>VYDRY EM?
. COREHNARYZETNIE, TVYZEEB->TWBRI ElCKD,
FNIEERY TIEBRVWDTFE.
e CORENVVEETNIE, REDZEZE->TWB I EICKRDFE

VIZ2TADESERDTY,

EBFEH [MHAUHERICEITZXT Yy I X] 2021/12/3 PEWEKFERY A T AFEE



1905F ¥Y)ER FHEDFE

TR F DER

1600 1700 1800 1900

B

75—
HULA

FEIT D

ey YAk

J7 55—
NOATTIL

19tHfeR(E IEEZF(IEMLIZ] EEX SN TV,

" m#8530°

513-03




. RIREXIEEERR - - - HRICEWE S DT

INFETOYBRFEEZERELET, HGRLER

RIAEXS 13185
EDES (SEVEEDHE
SRR BERBC K H>TRBS)

EHFHR [MHENUEmICEITENTFy o] 2021/12/3 BAEMBEKZEEY A T XFEE



2. FIRMEXIEERR - - - HRICOEWE S DF

HDZESTEIK ADRZHD L
HRDEDREIDZERZDIEE5D7?

NHK 1009 T&Z&EDwebXR—3I KD,
http://www.nhk.or.jp/meicho/famousbook/17_einstein/index.html#box01

EHFHR [MHENUEmICEITENTFy o] 2021/12/3 BAEMBEKZEEY A T XFEE



BRI FDERE

X

| «—> <
B HE- {Egzi

A IVICHBEERL
ANT BEEROT
Na%.

&

TR FNDEH RSN

ERBERROD
FH (18314F)

BRIOEBADANISER
La5HS [BRETF] &

HHERNS,

LTEEDHLSo

EHSKBEREHATE (Y7 AITILD
FiERX | ARt (1864F) . BiHE
BSHAEWMA/ERALTEREELTED
B_EETRT S

Sl

7O A)1Ib

BREISFEDICHKD
RS TImbh>TLE,

EROE (Bi) OZREICKINL. XD
EROEE A EE 95 (1888%F)

€ A .
P WS — AN TR
/TTTT\ | /TTTT\ |
/ \ / \
D/ B ___\\_\J./_ =K== 7 —_— B -
J j N \ k
[ \

’ ’ N

L D=
\[ \L/ a N

/ !
N4 i \\»._

T<@—>———

-q

x|y O@—>m|

*q

R

ANV
EEHER [HEUEERICEITENNT Ry IX] 2021/12/3 FAEmBE/KFEEY A T REEE



BEIF DR (YV7AXU ), 1864)

(rlﬁﬁ$®!$ﬁﬁﬁ ~

RDABDHFBREAP SRR L2, ERHESGER7 PV, BIEEEX7 b, pldl
MFHE, R P, c3HELET S, Fi, VEBOENTLET S,

V-E = d4np, (2.20)

V-B = 0, (2.21)

10F 47 ‘

VxB-_—~ = ~j, (2.22)

10B
VXE+--"— = 0 2.23
8 +cc’)t ’ (2:23)
AR, &7 Pvi

E. B, 2

E=|E |, B=|B |, V=| % (2.24)
E, B, 2

~ ~ d::

EEET,  ExERZPLVOARTENRIZZET. Lz T,

OE. _ 9Ey
OE. OE, OE. x &
V- E=—+4+ 24+, VxE=| 9= _ 9L (2.25)
oz dy 0z oF,  OE.
dx ady
hEERS,

y

EHFHR [MHENUEmICEITENTFy o] 2021/12/3 BAEMBEKZEEY A T XFEE



Eﬁﬁ%"‘d _CEE L T:%ﬁlan'i

=il ERCEZ(GEADB0 (IRE) FaD?

))))))) T—FIILDEFE?
EHIERBDIFO TRGK () LEBREHT
IRENVDEAS. KHDBE T —FTIVHGRAS?
m— BHGEHEDREN [HE] THDEIE,
= h\S BB DILRIEDH?
Y P ~+ [
R0 ADDIE/ N 435 R 73 FEAE A
L4 — D& FE 3B % 20km
POLICE ICRZ%, D1FE 7
- (R EHD)

BHE 140km BHE120km

BEEE [ENEERICHITZ/.5 Ry o 2] 2021/12/3 WEEHEAZEY A T REE (o)



2DDFRBDEA

K HENERER - YIEREE, EDXSITEETT DA
MNEHATH (EQOKXSBREZERNSETH) AU
TSR TIEWIF R W,

K HEE—EDRIE : EEFONDEEIL, EDLS
HEEZEANSETERIUTH S,

LI

BRLGEDMGD HEED [JEE] THaHCII,

SIS NS RICIFDICRIEDN?
s/ o ~
a8 srorointn|  CHRFAITREERRE R
T\ L4 — DR (385 20km
~ EEEER . ICRZ3. DIFEE ?
T ° e (R ISAEXTHIBEHD) . -
5% 1 40km B 1 20km ANETHSD

e L. TEKEFEYA T B 10



FRIDEAFIIERAFICE >TRERLES
FEODEH TS, FRATBHIAICLI>TELRS,
FFE DEH I THTHIC TR B.

Ry
50
cm
%B%E-r f&ﬁd)kb‘ﬂfl'yl‘ﬁ]@i'éﬂ?fﬁf’&ﬁét\ﬂ#/I~
= PRBENTIOTHIERIDODERZEA. TDR K
— . WEBEEE AT NI ES RV, RORE $H
ﬁj%fjf%ggrgﬂggfs@&ﬁ?ét S5RTH—ELDOT. Oy D AEET T2

99797 2458EFE T ADICHIRD1F LY EL
S DD B, DFDbO vcADIEEEETH IS
<HERFZEZATUWND.

EIVWTWAADRFHIDEHRFIL, FFIEULTWBAALD HEWN

11



NHK 10040 de#2E TEdERER) £2E (20124F) =
S EORNGE

12



SFARMEXS T EIEEE [0S YR

= PV CWLWDSADFEDEHA A (&, 52IELU TVWDAKD HELN.

dt’ = ;dt

1 —(v/c)?

- erd)/IG)/%O)%?%;j(&)% éJ (Ex% #j-l.' ]740-4])
------ ZKPETC =ZmDAEIC BHELELS REFEHPE:---

SE[BBZIICLNDBEIC, 30 0FEHHE D CLVE.

—> v = 0.9999499¢

B2 (3 IEHRDI99.995% THILNTLYE.

RKENTL ALY V([EEITOJEE |



RN FDFRISENCED TN !

€)=

BF—1—hM)/
(REF=a2—M)/)
Ia—F> @ Sa—=—a1—pJ)/
FHFD1D
EFD{hR)

FHEPARETHFRT AL
51-1’ ~/7’)§-(:550

Sa2—FF100A730D
2.2 TRHIERITIHDT
600mMIFELDESDHTEL)
(ga’f‘cb\ ......

LAUARERESTRITY
B31—FIFSHH50E
BEICHBUADT.20km
HHIAT[BEZEIRTTH
RETHEETZS,

EHFHR [MHENUEmICEITENTFy o] 2021/12/3 BAEMBEKZEEY A T XFEE 14



ISS(EF#HE 7.8km
1FEEEFIDE, . . .

0.01067# ithzk &K D B5REIDEE < 73%

EHFHR [MHENUEmICEITENTFy o] 2021/12/3 BAEMBEKZEEY A T XFEE




REEORBEDFWHIEV S !

RS (XERRI00km (#H5& 250 m)
1000065@IFEFEIT D&, . . .

0.000012517#teR K DFENRE L RS

BEEE [ENEERICHITZ/.5 Ry o 2] 2021/12/3 WEEHEAZEY A T REE 16



2.4 BRDENEINFRY IR

BWiZ THHFEODOEESTHENTWS) EWSINTRY IR

IR 5.

b 7226, HHEKDO ANlZa s v FOF
L, a7 v bONIHERDORETDAET L DB HEL 2 HHIT 5.
Fat BN TW3 | &3

e BWC THHFORESTIENTWS] EWHSNSTKFYIX

a WEIAENTNZD D, #HERrous v b2 EAUTE
H, By b oHERE RAVUIHIERIZEE —v TEHIWTWS Z

=D

c o, BEWESL LD [1H3

N

FlX v T

—

Fal D EH T & DB ED & Bl

SRS 5.

04y NEEE v T

M7y ~DRFETD

JEH 5 #EK D KFET D HE H

BRI EE v T
LV TUWLS,

EMATIEL LD
EES5HIELLY

ERFHA [MAUMERICHEITZ Ty I X]

(dEL TR D

2021/12/3 FEmEKEEY A T XERE

17



2.4 BEOENREINSRKRYIR
BWiC "THFOREtIENTWS] EWVWSINTRKRYIR

R O4 vy NOE
DB%ET & BEEt
4%
D 50% TEI< a/r vy b Tl
AN HERD 1 #1% 0.87 #I2, HERD 28X 1.73C% 5.
3 ) o L
g WERD S 1T ICRESRAERIE, Ory MO
R CIX 173 IR CxET 5. 72206 uas v M
X, HERDO 1 ITEL o TWBEEZ LA,
2
1.73 % | EfRIZ, Oy L 1B EIZEEBINEFTD,
HWERTIT 173 BHBECXET 5. 72050 HERMAD,
18 07y hO1IBIZEL o TWBREEZ LI LI 5.
e
0 #» (km)

0% 30 5 km 60 75 km
% 3.16 [ FHFORETOAEPENLTHAE] W) FRITELLHIE LW,

ERFHA [MAUMERICHEITZ Ty I X] 2021/12/3 PBEMEKRFEY A T RFEE

18



2.4 BRDENEINZFY IR
WMEDIET Ky 5 R

. WFDINTZ REvI R
a MTFDHEEBPWNT, ADBNKED 0% DAY — FTRIa 7 v
MIZHE > TFHKITICH 7.
K, TCIIHIERLTRE-TE .

\

HHyHiD B Dz ¥ T—ERIZIR

J

b Bl vy FTHRITHIX, B 5 BMHFORETDOHEATE W L E
HI L TWi=.
c FNTIX, HIERKFRET 30 EFE-> TR TNy, HERIZHE -
TWEEPHRTIEE, EEL0850DD.
N\
%

SRODAIEFEL

ERFHA [MAUMERICHEITZ Ty I X] 2021/12/3 PBEMEKRFEY A T RFEE

19



2.4 BRDENEINZFY IR
WMEDIET Ky 5 R

IR
DREFET
30 4F

28 4F

R[]

(F) ory I hs 3ETLICRESRERS,
HWIERERRI T, O4E, 184E, 274EIZZELT:

184F 1%, 284, 294F, 30FII%fET 5.

‘\
e

97 4F o

18 4¢
15 4F

9 4F

S —
NN 3
N a7 v P DOKFE
W
R =]
“ N
N
N
N
N
N
N
N
" N
o N
o N
" N

. N
. .
. N
. .
. N
. D
. N
. h
. :!
.
.
.
N
.
N
.
.
.

N
N
.

N
N
N
D
D
N

.
.
N
.
.
.
/ 6 |

34
izl 1

()

4 64 8 M 12 B4R

R
DRFET
30 4F

274
i
21 4
18 4F
15 4F

’
’
.
.
.
’
’
.
’
l

.
.
.
’
.
.
.
’
’
.
.
.
’
’
.
.
’
’
’

.
.
.
.
.
’
’
’
.

R[]

(F)  WEkHs S SESLICRESNERL,
oy MNEET, 9ERIOEEXE

184 $AHZ LI A.
17 4¢
W6
EERNLE::
T O\u4
- \U3 4
N2
11 4¢
BERNIE:2
T 9%

04 v b OEET

ik v
(E5)

4 64 8 MAE 12 B4R

317 MNFONRTFy 72 A0 HWISETLIEFE2ELTWT, EWICHFOREHIBWEEK DD
b, BFUHESH L X123y vy MIES TW 2 REBEEIE .

ER%H

(XM ICH T H/87 Py 7 X

2021/12/3

AEmEKEERY A T XEBRE

20



¥

EBH#%H

I, HiEE
HOANZR S L

Py

R ad 28
LER A4 e
- o
w2 " :
e %3
¥ b e
: .\"3; -3 7
S = 2,
54 =
- - . "_‘
Z ]
£ B
o -
Y i_- -~
|
i ~TRE
A o™ T
w.lie
S
e
R gt e A
LA Y SRR D
e
A ;‘,._-_—_'.

GROED N LFY

- LAGAD b DLIVERD o | JRWUELL

'_'v"—’>\—

3.4 HEZ7H "AEGEROED b AF VR [5] Offifz. IkEnd EEAMRHE 30 km/s D
LTI AD6AS EHANEATHRZ, IEE->Tw3 A96HiR
e RAS.

AT HIERICH T B /85 Ky 7 R 2021/12/3 BEEHBKFEY A T RHERE 21



INETOYEFEREET, HRLCER !

PR EXT 4 IR ER
HEDIRE ([SHEWVISEDHFE
FEIDEH A (FEREB(C K> TELRD,




3. —REXEER - - - MUWEDHZDAZE

—iﬂxd‘@ s[:l- ‘Efgoﬂ:ﬂ
BB NIF TOREDHE
'EENELDONEHDIERTH B

SEZNIEPORE S

DRSS L_:L)i\:\i% DH=F
FBIDEH A (FETAZFICK > TERD]

23




— AR IR (= mEe)

*

* FFIRAEXTEIESRIK, HREE) T D EEFE
RERDI/RS CEFTERDL O,

* I0RE & (Kqalh 7




— AR IR (= mEe)

*

* FFIRAEXTEIESRIK, HREE) T D EEFE
RERDIKRS Z EFTERGHA O,

* I0RE & (Kqalh 7

I l.//\\\_ 9 O)/u\%gé%i

5 WILRERE (S, EZETLULTCLWBILAR—Y Tl

r

I|m||

MBRENTUES,
=DIRE (S )HEOIEE (FMRE

EETRBIRES LWL T 7))




| — AT SRR (EHDIER)

"EAMRES, BHEETLTVSILA—Y TRIBRT 3,
= NORAE (& WETRE (SHRE)

HEREFULSWDILN—FFZEETIDEZFEN IDT,
SETENEIEHTIENTEEN

SHETEALN,

g NI,
SHDOERE, BZEOHDOHNDESTHD.

o TElRZDXMF = T —AEXIEE




—AKEXT I IEER (512 metric)

Mo TERFZE DR F =) — VERMF
4 Rooebgte—izib L7c

3 3
2 ' ' L J_ .V L v
ds” =Y Y guw(zr)dx'dx” = g,,dx"dx
=0 r=0

git  Gtx Gty Gtz

g 4 1 g xry g Tz
Gyy Yzz
92

|~
I~
O
~
77

F22(flat spacetime) Tlg,

ds* = —c’dt* + dx® + dy® + d2?

= —c’dt* + dr® + r*(d6* + sin” §dp?)




—AKEXT I IEER (512 metric)

MO TERFZEDHOIF =) =¥ VR a]F
RITEbmtEx —hg{b UTe

*

LWUJED‘D%:IEE?EI—E g/,u/

3 3
=Y Y g, (x)dz"dx" = g,,dx"dx”
g/ g/

YSIFETIEEY TS AD D> fcZRE THRII T HTIcIC
EE?’J‘BZD_LD ETEE@%SZ'CEH%@“%

p=0r=0
é I —

T |

N

( )2 _/ / g."I..';'Iif g.'l;.'y g;_zg.';
Gua X {

HE A <MHJ7?§ MIBFEE, V- Iy 9
— Tr Yy zy 7_ - \ 7. g: ]
CDEIN A EE I g0 U TRTENTES, 1:\%1_.[%( AAD L&

TA2 21842 FENIE SRTZE+EFED4RTOEDY) g (i - 75\ L\ \J\ & .
eHECHEXTHS,

( Jit gtz Gty Gtz

—cdt? + dz? + dy® + d2°
2 1,2 2 20002 1 w2 O] A2
—c*dt” + dr® + r*(df° + sin” 6dp”)

Marcel Grossmann



—ARTEXT I IBEE [Einsteinsiz=t)

4+

ENEDOAEN (1915)
CRDIH D NE S DEEBERDD T/ 1D D & LN 'S

AV 191 VHBRTIVIL IRILF—EEBETVVIL
<ZER]DFEH> <E/SDRH>

59(”3((9;/9;3,,, + ()/1.9,«31/ — a{)’g/l,z/)

= 8u- I’ f/lf o 03 I ';/[(1 + ool v — F/[O-d Y

ca- v Vo

71/1.1/ — (/) -+ p)u'/,t.uz/ - PY v

= O,0% — 8%, + %, I, — T4,

ab aj v ab vb™ ap

!
— 9” )Ru.b




—AKTEXTEIREm [EinsteinAiz=t)
4

ENEDOAEN (1915)
ZRIDEHN D HE/ DBBERDD «T/ 1D D LMD

o u, v EIWNFITARTDEBEDS (t,z,y,2) ZRLTWT, ZORXLHIZE

BRI 10 RO TTRATH 5,

o "WHDBHFET IR NS, REBHES EPED (OEd) 20U
WoTHI ) Z0ERAZ 1D ELDEFELVWRTH S,

o —MAHNGRIZ, MVWENGOVHBRZHLALT 5. NRELXZDIE, av
N7 P TEVREPTFEHREETDH 5.




— AT EIR/mDFTE [KED#E])
ot T H R 128)

KED:GEBRBENDREIE (JLNXUI, 1854)
100ETH74#9N 3. 2250t TRerr NXS5iEkk, .
—>—>FE2DFET277#, RKETI153%, HEKTIOH,

ZDHDOKET10M D DERBAH O] BE.

D DAL ? ? 7

19155, P41 514VH, TS
[EH D O—fxEX R ZERT 5 &,
"A3MDmZEES)) NETE.

r2-38/[, BEDLE®D, Fz5NT
LEo7y
— g HE XS IR SR (K 1E L LY




— A EXIEIEFRD TS [EDehn' D]
*

HIIEFEEEET DN, EVLVKAEDED T,

FZEDEMCKD, N> TED ZECED.

Apparent position of star Actual position of star

N Asymptotes 1919, I5+ YV hkVh,

~

Apparent =« _ /

p;)sition B - / Py ] 1:5 3.] Iy E ﬁ% *IJ 1 l./-t, 5‘6 0)
of star T~ / N -7 > =
T -0 Apparent direction { Wb\ D %ﬁﬁ S'Sg‘ (O ) 875$9\% )

of light ray

T

— g tEXIPEIERR X IE L LY




Taken from the 22 November 1919 edition
of the lllustrated London News.

Coverage|in the (more excitable)
New Yorkilimes.

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.
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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 MASS
CAUSE THAT RUBBER SMEET
TO BEND, LIKE A BOWLING

BALL ON A TRAMPOLINE.

sl

JORGE CHAM © 2016

W et

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

\| ~ o
S, \
<X e BE
Black Hole
AROGD S0cH A B DISTORTION, J0u WiLL FIND THATIC HOW ORBITG WORK: THERE'S Mo
YOURSELE ACTUALLY MOVING IN A CRCLE. AROUND, JUST A BENDING OF THE SPACE.

VITATIONAL WAVES ARE PRODUCED & ,

EVERYTHNG WITH MASS \

WHENEVER MAGSES ACCELERATE, =

CHANGING THE DISTORTION OF SPACE. -, EVERYTUNG WITH MASE | — S
T W“sﬁﬂ GRAVITATIONAL WAVES. D — N >
A N F YOU AND | STARTED TO \
et ——— Ay ~ Q\\\& < % DANCE AROUND EACH OTHER, Lo
~ L N\ =™ WE WOULD ALSO CAUsE Nl

L8]
Potential Singularity Y

UtahFreePress.com
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PHYSICS TODAY

June 2020 ¢ volume 73, number 6 A publlcatlon of the American Instltute of Physlcs
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Electron
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Physics Today 2020 July
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Surface

Ocean surface

Fig. 1| llustration of how in the future relativistic geodesy might be done with clocks. The geoid is an
equipotential surface of the Earth's gravitational potential, indicated by the black line. While the mean
ocean surface is closely aligned with the geoid, the surface of land can significantly differ. Placing one
clock at sea level and one at an inland location allows to determine the geoid height via a frequency
comparison between the clocks.

K.Bongs & Y.Singh, Nature Photonics 14 (2020) 408
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Theaﬁi‘ét black hole eandidate discovered
in 1972, is part of an x-ray binary system,
orbiting ‘its visible companion HDE 226868.

FILELA B Q

@RIFARIALN

SOOO%E% Accretion Disk

Mass Transfer

\

Cygnus X-1 HDE 226868



Declination [n "

0.15

72V 79— DFERES LTOHISDH?

0.1
O |

0.0%
—————

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

188223

Pariod 15.2 ysors
Inciination 45 Deq
Eccentricity 0.87

Semimajor Axda 0.118"

...............................

iy
wmi

o | B0 DROMULVERNS

m | BULWEBNRTHDIEHDOHND

Right Ascension In "

ZTUTULWS RN
= E CHE <

N=|
L \/JIIIJ

(5

BRI

http://www.skyandtelescope.com/astronomy-news/black-hole-spews-atoms/

B% accretion disk)



72V 79— DFERES LTOHISDH?

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
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VLBI = Very Long Baseline Interferometer
VERA = VLBI Exploration of Radio Astrometry

http://veraserver.mtk.nao.ac.jp/system/index.html
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First M87 Event Horizon Telescope Results. I.
The Shadow of the Supermassive Black Hole
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Abstract

When surrounded by a transparent emission region, black holes are expected to reveal a dark shadow caused by
gravitational light bending and photon capture at the event horizon. To image and study this phenomenon, we have
asscmbled the Event Horizon Telescope, a global very long bascline interferometry array observing at a wavelength of
1.3 mm. This allows us to reconstruct event-horizon-scale images of the supermassive black hole candidate in the center
of the giant elliptical galaxy M87. We have resolved the central compact radio source as an asymmeiric bright emission
ring with a diameter of 42 + 3 jas, which is circular and encompasses a central depression in brightness with a flux
ratio >10:1. The emission ring is recovered using different calibration and imaging schemes, with its diameter and
width remaining stable over four different observations carried out in different days. Overall, the observed image is
consistent with expectations for the shadow of a Kerr black hole as predicted by general relativity. The asymmetry in
brightness in the ring can be explained in terms of relativistic beaming of the emission from a plasma rotating close to
the speed of light around a black hole. We compare our images to an extensive library of ray-traced general-relativistic
magnetohydrodynamic simulations of black holes and derive a central mass of M = (6.5 £ 0.7) x 10° M,.. Our radio-
wave observations thus provide powerful evidence for the presence of supermassive black holes in centers of galaxies
and as the central engines of active galactic nuclei. They also present a new tool to explore gravity in its most extreme
limit and on a mass scale that was so far not accessible.

0 1 2 3 4 D §
Brightness Temperature (10” K)

Figure 3. Top: EHT image of M87" from observations on 2017 April 11 as a
representative example of the images collected in the 2017 campaign. The
image is the average of three different imaging methods after convolving each
with a circular Gaussian kernel to give matched resolutions. The largest of the
three kernels (20 pas FWHM) is shown in the lower right. The image is shown
in units of brightness temperature, T, = SX*/2kg (2, where S is the flux density,
A is the observing wavelength, kg is the Boltzmann constant, and €2 is the solid
angle of the resolution element. Bottom: similar images taken over different
days showing the stability of the basic image structure and the equivalence
among different days. North is up and east is to the left.

Figure 1. Eight stations of the EHT 2017 campaign over six geographic
locations as viewed from the eauatorial plane. Solid baselines represent mutual
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