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BigkputTa B Teopii rpasiTauii Ta 3arajbHii TeOpii BUITHOCHOCTI
1583, I'aJinei; 1665, Hb10TOH;
1583 — I"'amneo ["anine oTpuMaB eKCHEPUMEHTAIBHO
dbopMyny 115 P10y KOJIMBaHb MasiTHUKA

*1604 - ["'amneo ["aniaen mpoBIB €KCIEPUMEHTH 3 MOXHUJIOK0
TUTOIIMHOKO Ta BBIB 3aKOH IMAIHHS T1J1a

*1607 - I'amineo ["anineit orpumMaB MaTeMaTUYHE (POPMYJIHO-
BaHHS 3aKOHY MaJIIHHS T1JI

1640 — I3maun bymanpayc 3anponoHyBaB 3aKOH OO€PHEHHX
KBaJApaTiB JJIsl CUJIM I'paBITallliiHOT B3a€EMO/I11

*1665 — Icaak HproTOH BBIB yHIBEpCalbHUI 3aKOH I'paBiTa-
[IMHOTO MPUTSITaHHSA TLJI 1 3aCTOCYBAB MO0 JI0 MOSCHEHHS
opO1TH Mics1s Ta mapadoaIYHUX TPACKTOPIN T

*1684 - Icaak Hpr0TOH J10BIB, 1110 3aKOH I'paBITalllIHOT B3aEMOJ11
IPUBOJNTH 10 3aKoHIB Kennepa mis pyxy miaHer



BigkputTa B Teopii rpasiTauii Ta 3arajbHii TeOpii BUITHOCHOCTI
1583, I'aJinei; 1665, Hb10TOH;
1787 — II’ep-Cumon Jlannac po3paxyBaB paalyc TLIa,
rpaBiTalllsl IKOro OU He J103BOJIMJIA CBITIY MOTr0 MOKUHYTH
1798 — I'enp1 KaBeH 111 BUMIPSIB IpaBITallliHY CTaTy
*1846 — YpOan Jlerep’e Ta [IxxoH Anamc, J0CHIIKYIOUH OpOITY

Ypany, HE3aJIE)KHO JOBEJH, 110 MYCUTh ICHYBaTH 1€ OJIHA
njaa”HeTta. HenTtyH OyB BIAKpUTHH y Epe10aY€HOMY MICIIL

1855 — JleBep’€ BUSBHUB, 1110 NIEpUreliii opoiTu MepKypito
00epTaETHCS Ha 35 KyTOBUX CEKYHIU HA CTOIITTS

1876 — Binpsam Kimddopa npunycTus, 1Mo pyx MaTepii MOXKe
OyTH 3yMOBJIECHUM 3MIHAMH IF€OMETPIT IPOCTOPY

1882 — CaitMmoH HprokoMO BCTaHOBHB, 1110 IIBHUJIKICTb 00€p-
TaHHs nepurelnio Mepkypis € 43 KyTOBI CEKYHIM Ha CTOJITTS

1887 — excriepuMeHT AnbOepTa MalikenbcoHa Ta EnBapaa
Mopi1i He BUSIBUB PyXy e(ipy



BigkputTa B Teopii rpasiTauii Ta 3arajbHii TeOpii BUITHOCHOCTI
1583, I'asisen; 1665, Hb10TOH; 1915, Ennmrenn
*1898 — AHpi IlyaHkape BKa3aB Ha BITHOCHICTh OJHOYACHOCTI

*1904 — Anpi [lyankape chopmyaroBaB NPUHLMIT BITHOCHOCTI 1151
€JIEKTPOMArHETU3MY

*1905 — Anp0Oept EliHIITENH 0mmy0I1KyBaB CIiellaibHY TEOPIIO
BiJHOCHOCTI Ta MMoKa3aB, 1110 E=mc?

*1915 — Anp0ept EiiHiuTelH ommy011KyBaB 3arajibHy TEOP10 BIJIHOC-
HocTi (3TB) 1 mosicHuB o0epTaHHs nepuresiro Mepkypis

*1916 — AnpOepT EfiHIITENH MOKa3aB, 110 MOJbOBE PIBHIHHS
3arajbHOI TEOP1i BIIHOCHOCTI JOIYCKA€ XBUIBOBI PO3B’SI3KU

* 1916 — Kapn IIBapummiiba 3anponoHyBaB PO3B'A30K
piBHsHBb 3TB, skuii MoXe XapaKTepru3yBaTH YOpHY AIPY

*1919 — Aptyp EaiHrToH cnocrepiraB rpaBiTalliiHe BIIXUJICHHS
cBiTiia CoHileM



DiscoveERyY oF Exranoinneg LUNIVERSE

The current Planck Mission results show the Hubble Constant to be
67.800.77 (km/sec)/Mpc.



BigkputTa B Teopii rpasiTauii Ta 3arajbHii TeOpii BUITHOCHOCTI
1583, I'asisen; 1665, Hb10TOH; 1915, Ennmrenn

*1922 — Onekcanap OpiiMaH TEOPETUYHO ITOKa3aB MOXKJIUBICTh
HECTaIllOHAPHOTO PO3B’S3KY PIBHSAHB 3arajbHO1 T€Opii BITHOCHOCTI
1927 — XKopx JlemeTp He3aI€KHO OTPUMAB HECTALIIOHAPHI PO3B’SI3KU
piBHsiHB 3TB

*1929 — EnBiH 1'a00,1 BUSIBUB J1HINHY 3aJIEKHICTh YEPBOHOT'O 3CYBY
TaJIAaKTUK B1J BIACTAH1 10 HUX

*1937 — ®pin LIBiKI BUCYHYB TIIIOTE3Y, 110 FAJIAKTUKH MOXKYTh JISTH
K IpaBITaLliH] J1H3U

1957 — JIxoH Binnep nokazas nopymeHHs 3TB mo0iu3y cunrysp-
HOCTEH Ta NOTpeOy B KBAHTOBIN Teopii rpaBiTarlli

*1964 — Ipsin llanipo nepeadadynB 3aTPUMKY PyXy CBITJIOBOTO
IMITyJIbCa BHACJIIJOK JI11 rpaBiTamii (3aikcoBaHa HUM ke B 1968)



BigkputTa B Teopii rpasiTauii Ta 3arajbHii TeOpii BUITHOCHOCTI

1583, I'asisen; 1665, Hb10TOH; 1915, Ennmrenn

1969 — JI>)xo3ed Bebep 3anmycTuB y A110 NEPUIUI JETEKTOP
rpaBiTallIiHUX XBUJIb

*1976 — PobOepT Becot Ta Maprtin JIeBiH 3adikcyBaiv rpaBiTallliHUNA
4epBOHMH 3CyB 3 TOUHICTIO J10 0,007%

*1978 — Paccen Xaic ta /[xxo3ed Teinop BIAKPHUIM ITyJIbCAp HOBOIO
TUMY, 110 J1aJI0 HOB1 MOKJIMBOCT1 Y BUBYEHHI rpasiTalii (HobemiBchka
npemis 1993 p.)

*1979 — Jlenic Boam, Pooept Kapcpen ta Peli BelimaH Biakpuiv
kBazap Q0957+561, Ha sikHM TajlakTUKA JI1€ SIK TpaBliTallliiHa J1H3a
*1992 — 3 inimaruBu Kina Topna, Ponansna JlpiBepa ta Palinepa
Batica po3noudascs npoekT LIGO (Laser Interferometer Gravitational-
Wave Observatory )

*1993 — 3acHOBaHO MI>KHApOHUKM HayKOBUM IpoekT VIRGO
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grlasa, Danisel A. Russell



3BYKOBI XBUI

m /A graph of pressure ver-
sus time for a periodic sound
wave, the vowel “ah.”

n/A similar graph for a non-
periodic wave, “sh.”
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The Sound of the Big Bang
John G. Cramer

Professor of Physics
University of Washington







JxepenaMu rpaBITAllIiHUX XBUIIb €:
N (%Y’
MOJBIMHI 31pKH, ( )

BHUOYXHY HaJIHOBHUX,

YOPHI JIpH AK1
IOIJIMHAKOTHh MAaCUBHI
00’€KTH Y1 OCIIATIOIOTH

Core of Galaxy NGC4261 HST - WFPC2

PRC95-47 - ST Scl OPO - December 4, 1995

H. Ford and L. Ferrarese (JHU), NASA He ﬁTp O HHi 3 ip KI/I ’ ﬂKi
00epTarThCs

Benukuit BUOyX
(pEH1KTOB1 I'PABITOHU )




Cnpo0Ou BUsIBJIEHHSI TPaBiTAIMHUX XBUJIb: JIa3epHi iIHTepdepomMeTpu
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CnpoOu BUsIBJICHHSI TPABITAIMHUX XBUJIb: TEXHOJOTIYHI MPO0JeMu

I'1ubokuii Bakyym (<10 I1a )

Jlazepu nmocTiiiHol aii 3
NOTYKHICTIO MOPSAAKY JeCATKIB
BT Ta HAA3BUYAUHO BY3bKHM
YaCTOTHHMM Jiama30HOM;

J[3epkajia HAUBHUINOT AKOCTI,
KoeiumieHT BIAIOMBAHHSA AKHX
BIAPIZHAETHCA BiJl OAMHUL

~ Hagiiina izonsuis Bin
CEeCMIYHHUX XBHJIb;

dibTpanisa MymiB, AKa
A03BOJISIE BUAIJIUTH CUTHAJ Y
100 pasiB ciabmmii, HixkK
iHCTPYMEHTAJIbHUH IHYM




[IpoexT GEO (Himeuunna — Beaiuka bpuranist)

- 1975 y Makc-Ilnank-IncruryTi acrpodizuku B MoHXeHi mo4yas
NISATH JIa3epHUil iHTepdepoMeTp 3 MIedeM JA0BKHUHOK 3 M

- 1977 B yniBepcureri I'1a3ro — inreppepomerp 3 muieuem 10 m

- 1983 y Makc-Ilnank-IHcTuTyTi KBaHTOBOI onTHKH y ['apuiHry —
iHTepgepomerp 3 miaedyem 30 m e g —

- 1985-89 00’¢aHaHHsI ABOX Irpyn y
npoekt GEQO, nu1an intepgepo-
MeTpa 3 mjieyem y 3 kM

o

- 1995 nouarTok OynoBu iHTepdepo-
metpa GEO 600 3 niieuem y 600 m

- 2002 nepummii 3anyck GEO 600

YucenbHa 00poOKa, BUALIEHHSI CUTHAY 3 IIymMy — rpyna 3 Kapaidpd
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°Hp0eKT TAMA (HHOHIH)

Opraxizatopu:

NAO(National Astronomical Observatory).

ICRR(The Institute for Cosmic Ray Reserch).

The University of Tokyo.(Tsubono group) (Mio group)
ILS(Institute for Laser Science).

KEK(High Energy Accelerator Research Organization).
YITP(Yukawa Institute for Theoretical Physics).
MUE(Miyagi University of Education)

Inreppepomerp Padpi-Ilepo 3 naeunma 300 m,
Jazep noryxHictiol0 Bt

Efﬂ:-BEEnade?}F.Ter 1 _ gﬁdaréntﬁﬁ;n“lhiagrpﬁ 1.2(MC1, BM and BS) min diameter
Hh: Hear hirmar = lon Purmp (300 IFs)
m Eﬂfgﬂﬂ ETL':M § [| Gate Vake; 400 mim in diameter

I Gate Yalve 200 mmin diameter

@ Furmp Unit; TMP (1,000 175y and BP (2,000 i

Lazer Beam Duct (300 mlong, 400 mm in diameter)
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European Gravitational Observatory
IIpoext VIRGO (ITaﬂiﬂ-(I)paHuig)_

—~—w

Inrepdepomerp MaunkeabcoHa 3
IJIeYMMA T0BKUHOIO MO0 3 KM.
bararopa3oBi BifOUBaHHA 103B0O-
JATh 301bIINTH epheKkTUBHUT
OonTUYHUM mJagax a0 120 km

Yacroranit miamas3oH Big 10 mo 6,000 'ty Mae 103BOJIUTH BUSIBUTH XBUJI1 BIJ
HaJHOBHUX Ta MOABIMHUX cUCTEM y UyMallbKOMY HUISXY Ta 1HIIMX TaJaKTHUKaxX

Iepepi3 nyuxa (3 mm - 20 Mmm)
Jlazep CITF 10 Bt - 20 Bt
3epkana 144 mm
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Virgo Commissioning Runs Sensitivities
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Laser Interferometer Gravitational-wave Observatory — LIGO (CIIIA)

-1970 — moyaTok poOIT Haa IHTEPHEPOMETPUIHUMHU JIETEKTOPAMH
- 1979 NSF ¢1nancye po3po0OKy na3epHOro 1IHTephepoMeTpa B
Caltech 1 MIT

- 1990 NSF 3arBepmxye npoext LIGO

- 1994 nouarok OyaiBHULITBa B XeHpop/ 1 (BamiHrron) ta
JliBinrcroH1 (JIyi3iaHa)

- 1999 kinenp OyaiBHUILITBA

- 2000 nepimumidi cnuibHUM 3amyck 3 iHTepdepomerpamMu GEO600 1
TAMA300

- 2002 — poboumii 3anyckK

- 2010 — 3ynrHKa Ha MOJIEpPHI3alIlI0
- 2015 — 3amyck 13 IeCATUKPATHO 3011bIICHO Yy TIMBICTIO



Laser Interferometer Gravitational-wave Observatory — LIGO (CIIA)

Tpu inTepdepomerpu: aBa 3 nieuynma no 4 KM i OAMH — 2 KM.
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physics

http://journals.aps.org/prl/pdf/10.1103/PhysRevLett.116.061102

| Selected for a Viewpoint in Physics
PHYSICAL REVIEW LETTERS

PRL 116, 061102 {2016)

week endin

12 FEBRUARY 2016

£

" Observation of Gravitational Waves from a Binary Black Hole Merger

'-1
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Om September 14, 2015 a1 09:50:45 UTC the two detectors of the Laser Interferometer Gravitational-Wave
Observatory simultaneously observed a transient gravitational-wave signal. The signal sweeps upwards in
frequency from 335 1o 250 Hz with a peak gravitational-wave strain of 1.0 x 107! It matches the waveform
predicted by general relativity for the inspiral and merger of a pair of black holes and the nngdown of the
resulting single black hole. The signal was observed with a matched-filter signal-to-noise ratio of 24 and a
false alarm rate estimated to be less than 1 event per 203 000 years, equivalent to a significance greater
than 5.1#. The source lies at a luminosity distance {:t'-*—il[}'_"l'ﬁ Mpe comresponding to a redshift z = {}.Ugﬂ.
In the source frame, the initial black hole masses are 3677 M, and 2977M ., and the final black hole mass is
E:»l_*iMa, with J.L'F_*EME,C-’ radiated in gravitational waves. All uncertainties define (% credible intervals.
These observations demonstrate the existence of binary stellar-mass black hole systems. This is the first direct
detection of gravitational waves and the first observation of a binary black hole merger.
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L INTRODUCTION

In 1916, the year after the final formulation of the field
equations of general relativity, Albert Emstein predicted
the existence of gravitational waves. He found that
the lincarized weak-field equations had wave solutions:
transverse waves of spatial strain that travel at the speed of
light, generated by time variations of the mass quadrupole
moment of the source [1,2]. Einstein understood that
gravilational-wave amplitudes would be remarkably

The discovery of the binary pulsar system PSR B1913+16
by Hulse and Taylor |2(}] and subsequent observations of
its energy loss by Taylor and Weisberg [21] demonstrated
the existence of gravitational waves. This discovery,
along with emerging astrophysical understanding [22],
led to the recognition that direct observations of the
amplitude and phase of gravitational waves would enable
studies of additional relativistic systems and provide new
tests of general relativity, especially in the dynamic
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TABLE 1. Source parameters for GWI150914. We report
median values with 90% credible intervals that include statistical
errors, and systematic errors from averaging the results of
different waveform models. Masses are given in the source
frame; to convert to the detector frame multiply by (1 4 z2)
[90]. The source redshift assumes standard cosmology [91].

Primary black hole mass 3ﬁ_"j M
+
Secondary black hole mass zgszE‘

Final black hole mass
Final black hole spin

Luminosity distance

Source redshift ¢

http://journals.aps.org/prl/pdf/10.1103/PhysRevLett.116.061102
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QUANTUM PHYSICS

Viewpoint: Black Holes Produce
Complexity Fastest

May 9, 2016

Theoretical results suggest a precise speed limit on
the growth of complexity in quantum gravity, set by

fundamental laws and saturated by black holes. Read

Figure 1: Logic gates (blue) in a quantum circuit {red) act on a small number of qubits. The complexity
of the quantum state |&) of the qubits can be defined as the number of gates required to produce that
state from a simple reference state, chosen here as |0000). Brown and colleagues [1] argue that black
hole interiors can be interpreted as quantum circuits that produce complex quantum states at the

fastest rate allowed by quantum mechanics.



The big picture of gravitational wave astronomy
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[lmanoBanuit cnuibHUM NpoekT ESA ta NASA

LISA (Laser Interferometer Space Antenna)

3anyck: 2014p. — 2034 p.

TpusajicTb: M’ATH POKIB

Maca craHuiu : 1380 xr

OpoOira: 3emHa op0iTa, BiacraBannsi Bia 3emJi Ha 20°
Meta: BusiBjasiTu rpaBiTauidHi XBUJIi

Tpu cTaHuii HA BIACTAHAX 5 MiJIbHOHIB KIJIOMETPIB OHA BIJ
0JIHOI pa3oM YTBOPIOKOTH iHTepdepomeTp MalikeabCOHA,
BMMIipPIOI0OYH 3aTPUMKY IIPOMEHS Yepe3 CKOPOUYEHHS NMPOCTOPY
MPY NPOXOKEHHI rPaBiTAlIAHOT XBUJII.
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