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HEEREPFA=ENBEEE., | & Einstein IEiSH, Birkhoff EIRRIE T TN BN E
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Albert Einstein predicted the existence of gravitational waves in 1916 in his general theory
of relativity.



Massive accelerating objects would disrupt space-time in such a way that 'waves' of
undulating space-time would propagate in all directions away from the source. 'RIPPES' in

space-time.
FEERRLOCRER, BHEXERRNGESR, UKSINETEURNER,
925 Based on what generates them:
Continuous
Compact Binary Inspiral
Binary Neutron Star (BNS)

.

Neutron Star-Black Hole Binary (NSBH)

Stochastic
Burst.

3.2. LS IEHIE
3.2.1. LIGO



ALI1G0 © o ®

Laser Interferometer

Gravitational-Wave Observatory
Supported by the National Science Foundation

Operated by Caltech and MIT

LIGO (Laser Interferometer Gravitational-wave Observatory)& ¢T38 | iR E
The world's largest gravitational wave observatory.

3.2.1.1. LIGORYi&it/EzE ]

S| RIERT B S/ = RN LEERF (differential displacement) , BAZEK

If the beams travel exactly the same distance, their light waves will be perfectly aligned so
that they result in total destructive interference. But the gravitational waves cause

space itself to stretch in one direction and simultaneously compress in a perpendicular
direction. In LIGO, this causes one arm of the interferometer to get longer while the other
gets shorter, then vice versa, back and forth as long as the wave is passing.

Basic Michelson Interferometer

A
|

>

Beam Splitter

MRE TR ENE = BUENRE.

When the peaks of two waves meet, their peaks add up. When the peaks of one wave



meet the valleys of another identical wave, they cancel out.

Constructive Destructive
interference interference

FERRERMZE BRI R SCAIRI LR o
a flicker appears as the beams experience a range of interference depending on how they
are meeting up in any given moment.

3.2.1.2. AMEFRRIRIGHE

TEREL: Longer is better
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Z = 216nm

idZmin{%,k:LZ&...} >

=d>2x10""m
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Basic Michelson
Interferometer with 4 km
Fabry Perot Cavities

N
4 km

EESEI’
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JAY

BHERNERZARE = ARSI HEEIRIHKEZML., LIGO :: RHKEI3000%, BANKIEIXE]
T1200km . B XAE RS RTSIEEEERMEIEIRIEFCER.

2. IRFARK: BHEAZ+FHEEIN

TEAEMHERER 173, REMFERL, HE. B —PARRIFRREEINZEED,

40kgRIIR F AL BERFIRER TN,

Metal masses N
(1t & 2" pendulums) i

“Main Chain”
Side

“Reaction Chain”
Side

Penultimate mass
(3" pendulum) -

Reaction

/ mass

0.4 mm fused
silica fibers

Test mass
(4t pendulum)

FHEL S WU
Blue: LIGO Hanford, southeasternWashington, the United State.



Red: LIGO Livingston, Louisiana, the United State.
AR RZEBRNEE RS, BEfIs (JLFE, 1BZE10ms) BZE5|
HEARE) . BEEEBEREM MR EEE, RERITATUZRARRZENTRE, MRF
HEMTMMRERRERNERES . IMEATARTHESZSNEZOATINER, —P
REF—THRFELIES, REBETHRBESINRESFAIRER,
LIGOSENRX &

VIRGO, Pisa, Italy, with arms 3 km long

KARGA, inside of the Kamioka minewith arms 3 km long,
(also home to the Super Kamiokande neutrino detector)

‘ G ; 25
LN 4 \
\\! v { ’??‘ - . ‘d N
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B lE R ER F Lol EiRah;

FIEERARE RETH TR IO
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2233 1100 /MBS (40 K) WIIEEHS, & LIGO WETEWETZHEETEEN (KSE
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3.2.1.3. IFMpL R
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UFRZESHIEREERY, BIZHFIR (B—RME RS BIR13CH 142K Fim)

3.2.2. LISA. XZFit¥I5Xtkit%l

WHTEEERSA (Laser Interferometer Space Antenna, LISA) Z—NH NASA ] ESA
BIERS| EERMITR, TTRIF2015FE/LNIETT, XREEBALE—ERZHIIS| KR
X&. 82011 %F 4 A 26H, NASAFIESAEGR, ZTES|RBFESIRMESEMIELE
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‘RETH' EHERFRREEZ R T 2014 F 3 BEEPRIFEARZN—RERFIN LRE,
2015 & 7 BERLIARZRE, UHENESHNERTES|ERNITY . EEMRZE 2035
FalfF, BN 10 hirESitIkiE L, SE IPERAIE, 3 FIEBMMIBKAN
17 A ABH Fih=AF%mIN, BRTESINERNERE", FR5|INRN=ERN, &
TRIIE, FHEREMDENGHAR., “RKE—S"ET 2019 & 12 B 20 HXIH&L ST,
FHLM 7 RBFHAB xR

2016 &, HERZFRREE TEETES|FEERNKRITE” . EMERSE LISA itkl, “Xik
TTXEY 3 BRAFERMUKERHL, ®ITFPEE KA B £BEE 300 AR, “KRit
W BEMNRBEMHRETESEXR, 3P IELTHRBREFEFTS. 2019 F 8 A 31

H, REEFZTES| NERUEAIRDERR—S"BINES, InSs& ARt E—5
EEBEnE I,

3.3. At A AMNZSHARERTRIA XHEWTIL?

[~ XABSHIEELAILN, BHRARZEAIREE,

‘I ERNZFURER T EEFNEIRYIEFER, IZZREEXIIEICYIE, 15512
BMNERNIE, ERFEZRENENICS 5| NERERKFBEEX ZEHNMNE. ~
("for his services to Theoretical Physics, and especially for his discovery of the law of the

photoelectric effect.")!



https://www.ligo.caltech.edu/

B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration), Phys. Rev. Lett. 116, 061102,
11,February 2016, https://doi.org/10.1103/PhysRevLett.116.061102

https://www.nobelprize.org/prizes/physics/1921/summary/
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