@43 &

2022 &£ H67% F 27 #1: 3241 ~ 3246

¢ O R ) 2b

2022F EBAFF AR TIERRMEBAN =l B A 1) 8 i W =

I 2.5 T2

7z

1. LR R BB K R, JEAT 100871,
2. RSB R SCE KRR BATZE AT, dbat 100871

E-mail: xian.chen@pku.edu.cn

“HRL X —HE IR T 18T AD. Y, T MY AR R
KRR (John Michell) 1V F 1824 FAP 57 i (Pierre-Simon
Laplace)#8 N AT 47 51 J1 e B e U &, 1831555
HER R AR AT W B85S, 20200 24F 1 & R,
TRAATFFE B 28 A Bl 1) S8 B4 S B B SO SR ) Tl
Blf A2 b, 20140 B ZSIRH DLR PB4 44K 55 SRR 5T
HERER IR, JEA2 2, B JRA7 3UK i DL/R Yy H
B 7 T 5 BRI B S ST A

PR A LS A A TR A TR, W AS K
SRR R SCF IR R A, I HAZ BBk ALk oA n]
53emWe? 5T A IR 2 AR BRI AR i 2 A
T ER20224 BT AR E R TR AR 5
AR )AL, 28 50 ek A L BRI I 5 T 42 7 P 358
ST AT, 2 BB E— i, B E 2 R
RS T BRI RAE X, JFERaas 5%
X I F T B FERR =TT .

1 SHSEm Y

s WU SR I SR SERE, B IR ZI MR 5 A28k
T FHRE ST, BeA IR I A UL A I [ 124 [B] AR L 57
HESER). TR AeR B R A A 0 2 e B T
SR, I ES R TR R A — YRR Tk i
B 72012240, B SRR T 1 150 2 1R 2R B Rt i 24
X2 WL, ARy 12 ] 2 PR D 2 T AR e iz A A8 Ak,
FUREA TR B DU 2 2 A AR SRR A W AP 7. Xl
IS TR B SRR OCR, T 2020 X R
THRERVFI. T SHXHERE 5 B A B 28 B R b — 2%
1E, N7 128 25 il 5 B 2 AR ZICR. SR, T
FAXSIE EL 2N AR E L R GEMUR 23 IR A P SR, B
1A RN TR I 23 ISR 0™ A T PRBE. RS it
G APEIRTEAREE, BRATCLRAEM R IR, BRI
B2 B IR IR AR 0 AR

SRR FAT B B2 S 2 1 IR RRRSL, X BN
RTINS [ ER R B Bk BT X I 1) B
BT 19165, |7 SRS I —4F LR, 8RB L

© 2022 (PIEFEE) At

SCIENCE CHINA PRESS

CrossMark

& click for updates

M L AEmEER R YA
B A, FH T AR
BEX G REWERLS. LENE
5 B A Rt RIS TE.

FLPH(Karl Schwarzschild)' HR 4% K 0730 1937 )5 Rk 45 T 4
F LRI 25 S5 AR A, AR, XMEESR
TER Rk R—— SR TR R R HU. B8 B AR
PEAEAE EUCE YIRS AN FVASCE AN 64, DABCT & N
HAPE20 AR JE AT X e 45 SRR TR, TA A3 U o5 it
Wl EMI A, NRYHESEAE. JEk, BTN
(Arthur Eddington)FI##545(Georges Henri Joseph Edouard
Lemaitre) & 38 5 FL VG A2 A0 19 & BICH: 2 AR AR E UG X 3
B, TTLGE S AR DS RR, — B AREE o) SRR IR
THL AR, X B ES A BAE Rk, B — L hRsR
R, YRR T I AR BEHEARE L. BN & HR
PRATREAE A e sl i A L, FRAT I AT LIAE R AR SN fy bof 28
PR B GE M, T EA bR ) —FE Y
PERT. XA R KRR TR AT, ThradkE
FHTE.

PR BARERER, (HAREASHYIEEAEHE. 1
EMFEALE AR, A — A5 B R ek Joie i e
PRIEBR, AR AL, FEXCE, BTN AR
A, PRI A 5 A7 0. BRI — 8 A AT miig? 20
TH2R60 AR, EEEEA . WK 5 P Wi(Roger Penrose,
H20204F 4 DUR YT ER2 ) P SRR AE SR T Jie Lk ]
T FATFH P ) BIR ET A E TR, T X EH T
EIENINEISj1 e s e waE 27/p: =22 SN VT MR 137 S By Ll A
R AR Z A L .

TOHEACZ HT Y IR S AR SRR i &, e AR

www.scichina.com  csb.scichina.com


http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2022-0792&amp;domain=pdf&amp;date_stamp=2022-08-26

M4 %0 & 2022598 H67k £27H

B JLra s 3, H HAR B 7R BRI B . Al
i A YR XA E A R TC B . 19714F
S RIRTTFE 53K IE . X —4F, FE4x(Stephen William Hawk-
ing) 2 TR AE R, Xik B HiHJocob D. Beken-
stein)' ! IR F IR 5 HO A H IS MINE, I T1973
AR T IR A, LR E T R A AT B B 42 0T,
19744, FE&PIFUKIE Y, H2 2R A0S Rk 2 TR
AL A R (R AR AT R R SRR A
A A N d T8 A AN ] AR ) £ 3 BT o LA 23
TR ER, FILRAE T 5pn &2 80

By E, B TS JEAT e A
R, PSR BRI BLE e X B AC S i, K
P98 T IR PR B B BR A . O R R SRR ST R
<L BB, R T SO HE R T
I SRR, B IR AN RHR B A, TG —

s

2 ElERAR

WA A PR 0 A B ST, RIRA T RS
78 AN AR D B 25 GBS SR T A T 1R, SR
PRIRNFGE Z BT A2 BBk BN AT 12 6, EHTIF20
28 5 2 LR P SRR RS2 AE 9. RSk, ik
BRSNS E M SSUE, AR T3 T B4
PIUERE, FERFAN T B ENE 5 OR SOWIMAE BARBE . 3SR AT
HEF S8 =) 1T

FH P EIE AR, S —E RN RR 2 g2
BRI, T SRS MR H e, 20 L 0 ) B 0% ) R A
WRARE. MKHEAZREEEZRREE RGBT
PR AR, Lo LR P % 8 = 1003 A5 A2 A (6 LR R K,
H o R R R AE—A, TR n iR R AT AR R A
5177, {H201H 2030454 QBN BE 7 2R S 24 4 8k iy ZE -~ (Subrah-
manyan Chandrasekhar, $i19834F#% U1 /R P3040 * L 90, 7F
HFEIERET, P EEEA LR, XN RIEURE
— B R B P i S — R PR —— R AR R, FF
IR TCL 551 b, HEE i,

B 28R TR S I T R SRR
MRS A, (B2 R RIS Sl % 8 & B i &) LY.
A REAETE, SRR SR ZE R UL 3 T R G b A 5
I THRAE PN I 2 A B R RO 2 T B A T RO e
A NBRE. 25— BRI R S, I HAE R
B RS+ 0y AR i 2 BTk, AR se i k2
KA Z AV IR AR B E SR, —~ 1 e e o
T X Gy RfR R i b 2K

TS B RO AN T8 A WA TE Y. 19324F,
A s (James  Chadwick, #K19354F i DRI K )
)5, Bl (Lev Davidovich Landau, #19624Fi#% Il /R4 #H

3242

RO T AW AR h B RS, PR,
RICFFK B8 (Wilhelm Heinrich Walter Baade)#12% /& i (Fritz
Zwicky) Bt & IR b B 0T DUAE R T E R A AP
FFH AT, R ERE RN P ot
— i F R E R Z TR, R R
BT R ZE RN, AT AR R e AR, 2
RN, 19394F, BAIEER(Julius Robert Oppenheimer)
2 N HIE I v 2 A o — 0 BR—— B A R R
FEH PRI RWICEAGE |, T BB, 2L, T
P T 2R Re BRI T TR E—1
A N5 AR A LI 4.

M K AAEIT304E 5. 19674F, Il /R (Jocelyn Bell)7E i
K1 (Antony Hewish, 3K19744F54 U RYIFEERO 48 ST
NG BRSO, (AR R BN T kb 2. DUDK il S, 3
T RARTE B F 3, (R ENTSE AR B R A 8.0 ) FUA#,
ML AR 2 5. RGP DRI R R AR s, Bk 22
R TE. X RIS IR TIT e SR T2 E A BESR
FHPENEET TR, BB BAR AR T.
HIt, 24201H2860~704E B RHE (Riccardo Giacconi, $20024F
W ULJR ey VA G (X R T 1 R 31—t X Bk
T8, I H M XETZnR B A PR AR AU 3 R A L BRI R
MRZIE, ANE&6ER ARG R eI se R 2
HRIAT. A0 RIGEEX- 11X WA IR, RICHFFI R
FT e et AR B b AT T 2 BB, &3
Hor PR RGBT T AR, S b, X
SRR L7 33 B 4 e BR A 7 1 2 9 PR B 22
RV BRI T, RBERICEFIEZIAT X AE
HRAE R, B R0 R R E S A
2T Jak, ARl B R P e AT . LEKRH
EIFUER L5 R SRR AR A I R R,

RS2 G R DN - BN 55 52 (AT FEAE I — T LUAE
PO AR ERIHTL AT KUK, 2520120 604X 2 5 A PRI AF
FEENTHPNGE T, MR CERZHAS. Z8JaHH
HARERC LA, Br TSN 2R, ©2BTK
WRERNEI. BEKEE L AGERE SR, BF
FHHORMGRIRGRDOCE R IR, 19634, Jifi%F¢(Maarten
Schmidt)!"“HiFIA H 26 B AIR3C273 10 55 & ST St BT B
ARA MR BRSSO RS UL 2 B AR A 7E VR I (1) T 7
X AGE N RARAT BRI B IR R, B — R R
IANEEAS B R — RIS, (BN bR Z Y RE R Ak S5 -2
ERMEERERIEAA. HEATOERLUG, BORBZMR
SCONESE A, 28 2R REIRCR H SIS A BT BT B)
Gl SRR G RN, R A i SRR B KB
FILE T EEILALAE, FIRR o8 R i i Fi .

FERAREIR R AR T, R R i R A R
ST B A ROSCEFIHGHARTER, R



Z TR P EAEE R B — W . B R
F M TL/R (Donald  Lynden-Bell)! "yt 5 H T — M5
i, MIERRMIERKESHERRZD, UEZRTLO
W A7 AE R AT R, R ASOAEAR, AR A I 7 ) 5
8. K354k /R (Andrezej Soltan) Wi 4t T3
A0 2R P R R BT ) ORI T i

B DR TR AR T RSO R AR AR R
AT B GE0, XE—TURE N5, B RIR
MAKNT, iR IR T EEHE B, LIRS R
SKH TIPS, FSH50000 5T i ZR IR ) JE P e 2 A
BIBh s, BN, oMt R FRATAE20 mIFAh
BRI/ NI, BARRISCHFR 20128 704K T
LR T oK QARSI B, LR STl & 28
(charge-coupled device, CCD)XFIT4B5E ZRAYH LA T RSN
TN, (LRI 1 e A PR 5 |y A P A R SR IR A
—p .

LTHE20HE22904E AR, MaFh RS B i DAL RT IR A
Mz ) o R, ERINE 1 IS8R A% OAE B AU Y R dis
S, XA UL B R AR ORI XN A R T R
JEE, MTACIE T BB DUR BRI, JEA21 AT, Haifi 1k
SR G ) B LT A A AR R SO g 1,
BEATIT LG BRI R AR, TEBENT R A —1
FB T SR, I LI 2 0 2 K P A9 4007 451202
(Z LR 7720204 B i DR W B2 ).

Bl RIS E 5, 53— AN IR A 20 2 S8 5
MR R, RCHFEI, SRR BERA RS BN E
RIWULBUL LI Z—, (RERBT R AR 28 A 5
OEA B AE B A BEHLE 3h ) Bk, X
R TE B 8~ M P Y 23 (B RUBE L G —Biv by 5 — g
T E B0 2R), R B PR TR A o A R A AL 5
16 EREAMEAER, R, XA~ % B DA REITAE K
Jo 2 BB M E ST B R 25T, T ZE B e 2 R K
“EBRG T LA

H T AR R RIS R RIS, KRR
e ik 22 1 458 1) 27 A0 (L R SOR o AR T
IR R, REEAE HRBERFML. JE 21205, KA
K4 F FGREIK K BIT 5% (Sloan Digital Sky Survey, SDSS)I%)
ARAEARF K CFEF A RE T L e i B R R 2E 2 AR T3
. ARRANMTETIE R KT 6 8 b & B T — B2 2%
SRR, BT HR B B LA R R B R B AP AT
L3OfCAFRTI T CYRTF R AR IR 2 10124F). (PARTE L Se e
BT RE, il RS — U R T i SRR R AR MEAE
32 T P R T PR 3 e R R AR RS SO 8 Yy ). 3RAT
7 JIT SR A 3 it R Do o SR T A AR i 3 T
ARACHYPRIXE, X34 ] A8 A B AU A 72 AR T REZ B 5 T
KIGEHFGEDE.

MR, WAVFZ 5 SRR S [ B R A R SOOI =B i
AR BT e, BB IR SO0 TR (T 5% R (A B st [
FAEAR), LEFRATRENSE AR IE A B 2 1 2R, R IR
BT AT 1E 5 G SR 8 T R TR = ) < rp 45 o i R
P2 RN T B R R A L XS R AR AR
AT LR FLAR AR MG, LEX T Z A5 i B e 5% 1 25 A]
SRR LR E, AR TRNEEERZONER, £2
BT FE M AE RS R A S I B R P EEAN IE—S R T
R P i3 e I e R — 5 T S T R B T L
A IEMIER AL, T TR PR T SR, S —
Jr TR KRR K 5 R R EGIFBRRAER, W T
JORA T A DG ) 2 — 3.

AR A4, T BT 5] Tk
FHHFET | S Pe KRB, F RG] s
WBIRAAIEFAE, RnT LASis | ik 4 & B T IR ATsT
B S — DG A NIRRIAS B, 85 | 8 2 i 28
THRZ L RBHE30~401%, AR IFTTEZEER T KHEHE
10015, ImE T AR R IR 0 1E B AR, X Rh
TSR IR Y SRR s AL B AR T R MR A Bk R
(Rt AT Py SN R e B AN 1 B s A =), T
AR PR TR 1 O SRR, BT AT RER N T
BV —HR . S TR R AR TR, BeER T aTT
TRERI B HE AR T INSEHE . HREF LA T — 35|
TIE M A T (35 E A Cosmic  ExplorerAIEK M (1 Einstein
Telescope).

Iy — TR RS2 G B AR 20194, hEERE G it
P, EE JIE R A XA ) S (A L R B 5 R A T IS B RM8T
RO B T PR P R . iR AN — R A SRR A 5
M BRI T R R ERIAEE. 20224F, I A
A TERR R B R BT SRR A I . i e e, B
KAt — LU G| 13 B S AT, SRR
AR, I HAS I A B A 1) ST Yy P AR

LSRR 5 R S0 B RIRER R, IR SRS T
Y RE B E I BE R K 2 ER 2 A BN, TEfR
P BIE B ER MRS, PSRN T el
MBS, KRR T R G ST ) BNE AR X N R
R, ZXMHESIEE, BERE. ZY. BIE Ty
TR RE R AR I T B2 8, SR B
A T7EAS 1 4R ) o () B2, S R TS R T T
5B S J U IR ZIR R R, st kit T TR
2550 BRI R I L.

3 fRARORE

SORBFT DAL [ I, A O BRI
KA ERBITEITE, A BB L1945 Tofita
B R LIC A . SR, SRLE A T

3243



M4 %0 & 2022598 H67k £27H

HFR AT SR G k25| TR AR, e T — KAt feE
7R T R R S AN (A A R

FEAR Y e BB TR R 1 R A B VIR &R e,
R 2R v O 1 R DR Jo e RIS 0 110 T e L T
TRRVT g 3 (Karl Guthe Jansky) JC = [R] & UK. 26 YR it 5
RELTRTFR ZHROSS, TRSC5GEBCHE PR B A R LI A,
BT RN kR, 5L, RE I E R
AR w5 R S R ABISE .

TR 1928 BRI TR S L B A Sy B R R T
FIIESR. TR R A S B 2 1 Il RO ML
FRIMIF R 22 TR, JUHOR MR (BR19744F3# DR
P E )5 N R R E LR, [ dns —A> 1A
YT RO/ N BRI B (A L R BRI ) O T RE. (E
R, LAafUREOR TR B AL T V5 R iR
FEEN T BIT UG HEAR T, AERL T HHEHLETZ 334 (computed
tomography, CT)FIf#4IL4R(magnetic resonance imagining,
MRI)AY & B.

RAYI H B R AR o B AT 55 2 — 2 BB A ik &
AR EATRGER A eI, H A0 R 5T i MR g
(inspiral) MRS T 1. AT SRR BRI A Rk
K —EBIS T, T4 LIRS RFR R . £
FE R RISEE, I HAT AR RN TR 2R TL.

R 2 BN R GG X L, T HRBRGRE S —&
FREE PR T X A SR A PR, R S0 SR 5 X g
LRMRATTR, A T AR AR R 7 B XA L R HOR . X
ARG Z M T &R BRAEaU. AT BT RE
BEAEHRIN B RO FRYBR R, ROCHZILRIE R T w5t
RIXGF AT XFUASAEA D) 2555 Skl
27T L EX LGSR 2 h i Rgis T, TR
IR T — PRI B . IR BBl e R IR

KR$E = T REIAR I 22 e PR e .

PRSI 1k (TSR BB SR bR 2 BARGIAR 25, IR
R N = A I R . = SN G152 N1 =7 G 9
S R T ATHLIES | PRI 255 B CORIEAS (L fm =
10" m), BIERNTHEAT T — RIS 18 S bR TR Y
FSIFIY MISEEG, & e T i# ilquantum non-demolition. back-
action evasion¥FMEAS, DL RAFEOGENIIL R G RO Tk
& XBEIS A BRC LW A RN B TFHIFITM
Wz R AL

TR A o R K B R B T, RO ER
TR T R s i B A TR AR s LR
Bl HbR, SXESEENSR T LT A R)LE A AR I
W10 pm(1 pm=10""7 m)ZAT B9 fE R ALk, BRI — H
b, BRLAAE BORGOM & ORI, SRR Sk
TIRHFEG, SRR BA A W BE A HOGE TR . KA
R ORGSOl A E A

4 PEHYLE

S LR, S SR — BT SR (R 5,
I FLASA L S R A Sy, Aok, 9 1
PRI KA SRR AR A, L R E A AL
WA RS BRR BTE UE SE SE MR R. JE L RAE
TSR, TR R BOLLF IR . B X
SRATATERE, RIS . <R A
SRS, L T A sl M e 6 o L2 o TR
RUERE . BT RE X A R s . Rt X
SRR eXTP . KAEAELT MBS . “Ah R K 3E %
2SI BRI, AR R R 5
BRI, A S~204R A4 B [ 7% 5 TSR B K 3
BRFCH T — AN AL,

it REMAEAFBEEFHARA. IHERR. EARE, TERFRERRAXGHAERAR R, T EAFREDYILH
RPTE KRB R R0, R E R 8 4R F 3 4(11873022, 11991053)40 [E K & 5 #F & 11 %1 (2021 YFC2203002) % B

D 15 Sk

1 Schwarzschild K. Uber das Gravitationsfeld eines Massenpunktes nach der Einsteinschen Theorie. Berlin: Sitzungsberichte der Koéniglich

Preussischen Akademie der Wissenschaften, 1916. 189-196

Hawking S W. Black hole explosions? Nature, 1974, 248: 30-31

~N N R W

Company, 2008

Einstein A. On a stationary system with spherical symmetry consisting of many gravitating masses. Ann Math, 1939, 40: 922-936
Penrose R. Gravitational collapse and space-time singularities. Phys Rev Lett, 1965, 14: 57-59
Bekenstein J D. Black holes and entropy. Phys Rev D, 1973, 7: 2333-2346

Unruh W G, Wald R M. Information loss. Rep Prog Phys, 2017, 80: 092002
Susskind L. The Black Hole War: My Battle with Stephen Hawking to Make the World Safe for Quantum Mechanics. New York: Little, Brown and

8 Chandrasekhar S. The maximum mass of ideal white dwarfs. Astrophys J, 1931, 74: 81

3244


https://doi.org/10.2307/1968902
https://doi.org/10.1088/1361-6633/aa778e
http://arxiv.org/abs/1703.02140
https://doi.org/10.1086/143324

10
11
12
13
14

15
16
17
18

20
21
22
23
24

25
26
27
28

Oppenheimer J R, Snyder H. On continued gravitational contraction. Phys Rev, 1939, 56: 455-459

Hewish A, Bell S J, Pilkington J D H, et al. Observation of a rapidly pulsating radio source. Nature, 1968, 217: 709-713

Giacconi R, Gursky H, Paolini F R, et al. Evidence for X rays from sources outside the solar system. Phys Rev Lett, 1962, 9: 439-443
Webster B L, Murdin P. Cygnus X-1—A spectroscopic binary with a heavy companion? Nature, 1972, 235: 37-38

Bolton C T. Identification of Cygnus X-1 with HDE 226868. Nature, 1972, 235: 271-273

Miller-Jones J C A, Bahramian A, Orosz J A, et al. Cygnus X-1 contains a 21-solar mass black hole—Implications for massive star winds. Science,
2021, 371: 1046-1049

Schmidt M. 3C 273: A star-like object with large red-shift. Nature, 1963, 197: 1040

Shields G A. A brief history of active galactic nuclei. Publ Astron Soc Pac, 1999, 111: 661-678

Lynden-Bell D. Galactic nuclei as collapsed old quasars. Nature, 1969, 223: 690-694

Soltan A. Masses of quasars. Mon Not Roy Astron Soc, 1982, 200: 115-122

Kormendy J, Richstone D. Inward bound—The search for supermassive black holes in galactic nuclei. Annu Rev Astron Astrophys, 1995, 33: 581—
624

Genzel R, Thatte N, Krabbe A, et al. The dark mass concentration in the central parsec of the Milky Way. Astrophys J, 1996, 472: 153-172
Ghez A M, Salim S, Hornstein S D, et al. Stellar orbits around the galactic center black hole. Astrophys J, 2005, 620: 744-757

Kormendy J, Ho L C. Coevolution (or not) of supermassive black holes and host galaxies. Annu Rev Astron Astrophys, 2013, 51: 511-653
Fan X. Evolution of high-redshift quasars. New Astron Rev, 2006, 50: 665-671

van der Marel R P. Intermediate-mass black holes in the universe: A review of formation theories and observational constraints. In: Ho L C, ed.
Coevolution of Black Holes and Galaxies. Cambridge: Cambridge University Press, 2004. 37

Mezcua M. Observational evidence for intermediate-mass black holes. Int J Mod Phys D, 2017, 26: 30021

Komossa S. Observational evidence for binary black holes and active double nuclei. Mem Soc Astron Italy, 2006, 77: 733

Abbott B P, Abbott R, Abbott T D, et al. Observation of gravitational waves from a binary black hole merger. Phys Rev Lett, 2016, 116: 061102
Blake M, Gu Y F, Hartnoll S A, et al. Snowmass White Paper: New ideas for many-body quantum systems from string theory and black holes.
2022, arXiv: 2203.04718

3245


https://doi.org/10.1103/PhysRev.56.455
https://doi.org/10.1038/217709a0
https://doi.org/10.1103/PhysRevLett.9.439
https://doi.org/10.1126/science.abb3363
http://arxiv.org/abs/2102.09091
https://doi.org/10.1086/316378
http://arxiv.org/abs/astro-ph/9903401
https://doi.org/10.1038/223690a0
https://doi.org/10.1093/mnras/200.1.115
https://doi.org/10.1146/annurev.aa.33.090195.003053
https://doi.org/10.1086/178051
https://doi.org/10.1086/427175
http://arxiv.org/abs/astro-ph/0306130
https://doi.org/10.1146/annurev-astro-082708-101811
http://arxiv.org/abs/1304.7762
https://doi.org/10.1016/j.newar.2006.06.077
https://doi.org/10.1103/PhysRevLett.116.061102
http://arxiv.org/abs/1602.03837
http://arxiv.org/abs/2203.04718

M4 %0 & 2022598 H67k £27H

Summary for “Jg4 ZEHF5E R

Why do we study black holes?

Xian Chen'”
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E-mail: xian.chen@pku.edu.cn

Black holes are arguably the most mysterious object in the universe. They are an important research subject in physics and
astronomy, as well as a favorite topic among the general public. The concept was conceived in the 18th century based on the
mathematical form of Newton’s gravitational theory. Now, more than 200 years later, black-hole research has evolved from
pure mathematical speculation to a “hard-core” science with sound theoretical and observational foundations. Many Noble
prizes in physics were, in some degree, related to black holes. In particular, not long into the 21st century, three Nobels
prizes in physics have been awarded to the studies directly related to black holes.

Why is an object seemingly so disconnected with daily life attracting so much attention from the scientific community?
By reviewing some of the most important breakthroughs over the history of studying black holes, I will try to show the
readers that black-hole research is important.

First, it has shaped our perception of space and time. The theory of general relativity predicts the existence, at least in
theory, of black holes. However, it cannot self-consistently explain the existence of a singularity which is bound to form at
the “center” of a black hole. The motivation of resolving the singularity problem has inspired the later studies of the
quantum nature of black holes, but has also led to the discovery of the paradox of information loss. The potential solution of
such a paradox has pointed to a more fundamental relationship between quantum mechanics and the nature of spacetime.

Second, it has inspired a chain of scientific discoveries. Here, I will focus on the discoveries made by astronomers. I will
show that the different approaches adopted by astronomers have given rise to a series of breakthroughs in black-hole
research. These discoveries not only proved that black holes exist in our university, but also have greatly enriched our
understanding of the formation and evolution of stars, galaxies, and even the whole universe.

Third, black-hole research has triggered major technological developments in various fields. I will show that the history
of discovering black holes is closely tied to the development of radio astronomy, X-ray detectors, measurement theory, as
well as quantum technology. In particular, the requirements raised by the observation of black holes have, in turn, driven
many technological breakthroughs. These breakthroughs have also resulted in inventions which have become important in
our daily life.

China is currently running and also planning many large-scale astronomy projects which list black holes as one of their
major targets. These projects will place China in the forefront of scientific exploration and technological innovation, and
probably open a new era of black-hole revolution.

black hole, physics, astronomy, gravitational wave
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