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A. Einstein (1879 ς1955)

Geometrie prostoru = zdroje deformace 

25. listopadu 1915



hōŜŎƴł ǘŜƻǊƛŜ ǊŜƭŀǘƛǾƛǘȅ

A. Einstein (1879 ς1955)

DǊŀǾƛǘŀőƴƝ őƻőƪŀ9ƛƴǎǘŜƛƴǻǾ ƪǌƝȌ

Q2237+030 (Pegas)

5ŜŦƻǊƳŀŎŜ ǇǊƻǎǘƻǊƻőŀǎǳ όо5ύ5ŜŦƻǊƳŀŎŜ ǇǊƻǎǘƻǊƻőŀǎǳ όн5ύ

Geometrie prostoru = zdroje deformace A. Eddington(1882 ς1944)
F. W. Dyson(1868 ς1939)

¨ǇƭƴŞ ȊŀǘƳŠƴƝ {ƭǳƴŎŜ όмфмфύ



A. Einstein (1879 ς1955)

5ŜŦƻǊƳŀŎŜ ǇǊƻǎǘƻǊƻőŀǎǳ όо5ύ5ŜŦƻǊƳŀŎŜ ǇǊƻǎǘƻǊƻőŀǎǳ όн5ύ

hōŜŎƴł ǘŜƻǊƛŜ ǊŜƭŀǘƛǾƛǘȅ

н5 ƳŜŎƘŀƴƛŎƪŞ Ǿƭƴȅ



A. Einstein (1879 ς1955)

5ŜŦƻǊƳŀŎŜ ǇǊƻǎǘƻǊƻőŀǎǳ όо5ύ5ŜŦƻǊƳŀŎŜ ǇǊƻǎǘƻǊƻőŀǎǳ όн5ύ

hōŜŎƴł ǘŜƻǊƛŜ ǊŜƭŀǘƛǾƛǘȅ

н5 ƎǊŀǾƛǘŀőƴƝ Ǿƭƴȅ



о5 ƎǊŀǾƛǘŀőƴƝ Ǿƭƴȅ



DǊŀǾƛǘŀőƴƝ Ǿƭƴȅ όD²ύ
п5 ǇǌƝőƴł ǾƭƴŀΣ ǎŜ ǎǇƛƴŜƳ нΣ ŀƳǇƭƛǘǳŘŀ мл-18 ƳΣ ǑƝǌƝŎƝ ǎŜ ǊȅŎƘƭƻǎǘƝ ǎǾŠǘƭŀ ōŜȊ ŘƛǎǇŜǊȊŜ όǎƭŀōł ƛƴǘŜǊŀƪŎŜ ǎ ƭłǘƪƻǳ ҐҔ ǇƻȊƻǊƻǾŀƴƝ Ǉƻőłǘƪǳ ±ŜǎƳƝǊǳύΣ 
ƭƛƴŜłǊƴƝ ŀ ŜƭƛǇǘƛŎƪł ǇƻƭŀǊƛȊŀŎŜΣ ǇǌŜƴłǑƝ ŜƴŜǊƎƛƛ ŀ ƘȅōƴƻǎǘΣ ƛƴǘŜƴȊƛǘŀ ƪƭŜǎł ǵƳŠǊƴŠ мκr, zdroj GW ƳǳǎƝ ƳƝǘ ƪǾŀŘǊŀǘƛŎƪȇ ƳƻƳŜƴǘ 

[ƛƴŜłǊƴƝ ǇƻƭŀǊƛȊŀŎŜ9ƭƛǇǘƛŎƪł ǇƻƭŀǊƛȊŀŎŜп5 ǇǌƝőƴł Ǿƭƴŀ

~ƝǌƝŎƝ ǎŜ ǊȅŎƘƭƻǎǘƝ 
ǎǾŠǘƭŀ ōŜȊ ŘƛǎǇŜǊȊŜ

Spin 2

!ƳǇƭƛǘǳŘŀ όҒмл-18 m)

WłŘǊƻ ŀǘƻƳǳ Ғмл-15 m



.ƛƴłǊƴƝ ǎȅǎǘŞƳȅ ƘƳƻǘƴȇŎƘ ǘŠƭŜǎYǾŀƴǘƻǾŞ ŦƭǳƪǘǳŀŎŜ ƴŀ Ǉƻőłǘƪǳ ±ŜǎƳƝǊǳ

.ƛƴłǊƴƝ ǎǳǇŜǊƳŀǎƛǾƴƝőŜǊƴŞ ŘƝǊȅ Ǿ 
ƎŀƭŀƪǘƛŎƪȇŎƘ ƧłŘǊŜŎƘ

YƻƳǇŀƪǘƴƝ ōƛƴłǊƴƝ ǎȅǎǘŞƳȅ Ǿ ƴŀǑƝ 
Galaxii

YƻƳǇŀƪǘƴƝ ƻōƧŜƪǘȅ ȊŀŎƘȅŎŜƴŞ 
ǎǳǇŜǊƳŀǎƛǾƴƝőŜǊƴƻǳ ŘƝǊƻǳ

wƻǘǳƧƝŎƝ ƴŜǳǘǊƻƴƻǾŞ ƘǾŠȊŘȅ
Supernovy
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Perioda vlny ±Šƪ ±ŜǎƳƝǊǳRoky Hodiny Sekundy Milisekundy

Frekvence 10-16    10-14      10-12     10-10     10-8       10-6       10-4        10-2        100       102
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Polarizace 
ǊŜƭƛƪǘƴƝƘƻ ȊłǌŜƴƝ

2ŀǎƻǾłƴƝ ǇǳƭȊŀǊǻ±ŜǎƳƝǊƴŞ 
interferometry

tƻȊŜƳƴƝ 
interferometry

{ǇŜƪǘǊǳƳ ƎǊŀǾƛǘŀőƴƝŎƘ Ǿƭƴ



{ǇŜƪǘǊǳƳ ƎǊŀǾƛǘŀőƴƝŎƘ Ǿƭƴ

http://gwplotter.com/

.ƛƴłǊƴƝ ǎǳǇŜǊƳŀǎƛǾƴƝőŜǊƴŞ ŘƝǊȅ Ǿ 
ƎŀƭŀƪǘƛŎƪȇŎƘ ƧłŘǊŜŎƘ

YǾŀƴǘƻǾŞ ŦƭǳƪǘǳŀŎŜ ƴŀ Ǉƻőłǘƪǳ ±ŜǎƳƝǊǳ

wƻǘǳƧƝŎƝ ƴŜǳǘǊƻƴƻǾŞ ƘǾŠȊŘȅ
Supernovy

YƻƳǇŀƪǘƴƝ ōƛƴłǊƴƝ ǎȅǎǘŞƳȅ Ǿ ƴŀǑƝ 
Galaxii

YƻƳǇŀƪǘƴƝ ƻōƧŜƪǘȅ ȊŀŎƘȅŎŜƴŞ 
ǎǳǇŜǊƳŀǎƛǾƴƝőŜǊƴƻǳ ŘƝǊƻǳ
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IƛǎǘƻǊƛŜ ŘŜǘŜƪŎŜ ƎǊŀǾƛǘŀőƴƝŎƘ Ǿƭƴ ŀ ŘŜǘŜƪǘƻǊȅ

Joseph Weber (1919 ς2000)

Å Citlivost okolo 10-18 Hz-1ŀ ǇƻǳȊŜ ǇǊƻ ǵȊƪȇ ǊƻȊǎŀƘ ŦǊŜƪǾŜƴŎƝ

YƻǊŜƭŀǘƛǾƴƝ ƳŠǌŜƴƝ Ȋ ŘǾƻǳ ǎǘŀƴƛŎΗ



R. A. Hulse J. H. Taylor 1993

bŜǇǌƝƳȇ ŘǻƪŀȊ ƎǊŀǾƛǘŀőƴƝŎƘ Ǿƭƴ

tǊƻŘƭƻǳȌŜƴƝ ǇŜǊƛƻŘȅ тсΣр ҡǎ Ȋŀ Ǌƻƪ
tǌƛōƭƝȌŜƴƝ ƻōƧŜƪǘǻ оΣр Ƴ Ȋŀ Ǌƻƪ



/ƻ ǘŜŘȅ ƘƭŜŘłƳŜ όҐ ǎƴŀȌƝƳŜ ǎŜ ȊƳŠǌƛǘύΚ

Ondrej Nepela(1972)



LƴǘŜǊŦŜǊƻƳŜǘǊƛŎƪŞ ŘŜǘŜƪǘƻǊȅ D²

!ƳǇƭƛǘǳŘŀ όҒмл-18 m)

KAGRAGEO 600

Virgo

Za 1 msǎǾŠǘƭƻ ǳǊŀȊƝ олл ƪƳ

3 km ramena

3 km ramena

5ŜǘŜƪŎŜ ŦǊŜƪǾŜƴŎƝ мл0ŀȌ мл4 Hz

200 W (1064 nm)



Laser Interferometer Gravitational -wave Observatory (LIGO)

LIGO Hanford LIGO Livingston

нул ƻŘǊŀȊǻUHV 10-7 Pa



tǊǾƴƝ ŘŜǘŜƪŎŜ D²мрлфмп1 Mpc = 3,26 mil. Ly

410 Mpc = 1,33 mld. Ly



tǊǾƴƝ ŘŜǘŜƪŎŜ D²мрлфмп

2017





DŀƭŀȄƛŜ bD/ пффо όǎƻǳƘǾŠȊŘƝ IȅŘǊŀύ

Dt = 1,9s

130 mil. Ly=

134 mil. Ly

Kilonova



Dt = 1,9s

130 mil. Ly=
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r-proces

bǳƪƭŜƻǎȅƴǘŞȊŀ

B. D. Metzger, arXiv:1710.05931, (2017)
A. Cameron, PASP, vol. 69, (1957)  
M. R. Drout et al., Science 10.1126/science.aaq0049 (2017) 



Hmotnost Slunce
1,99 Ҏ1030 kg 

tǊǾƴƝ ŀ ŘǊǳƘŞ ƳŠǌƛŎƝ ƻƪƴƻ
2015 & 2017



1 Mpc = 3,26 Mly
1 Ly= 9,46 Ҏ1012 km 

tǊǾƴƝ ŀ ŘǊǳƘŞ ƳŠǌƛŎƝ ƻƪƴƻ
2015 & 2017



Å¢ǌŜǘƝ ƻƪƴƻ Ȋŀőŀƭƻ мΦ Řǳōƴŀ нлмф
ÅhŘǎǘłǾƪŀ ǌƝƧŜƴ нлмф
Å½ŀǎǘŀǾŜƴ ǇǊƻǾƻȊ ōǌŜȊŜƴ нлнл όŎƻǾƛŘ-19)

¢ǌŜǘƝ ƳŠǌƛŎƝ ƻƪƴƻ hо



¢ǌŜǘƝ ƳŠǌƛŎƝ okno O3


