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Strucna (pre-)historie gravitacnich cocek

1801 — Soldner: newtonovsky ohyb svétla

1911 — Einstein: ohyb paprsku v gravitacnim poli Slunce
(princip ekvivalence)

1914 — Freundlich: pokus o0 nameéreni - neuspesny
1915 — Einstein: OTR (ohyb 2x vétsi)

1919 — Eddington: experimentalni ovéreni
Pruchod svétla gravitacnim polem jinych hvézd?
dilCi poznatky: Eddington 1920, Chwolson 1924

1936 — Einstein: odvozeni hlavnich vlastnosti gravitacni CoCky






A. Einstein (1936, Science 84, 506):

“Some time ago, R. W. Mandl paid me a visit and asked
me to publish the results of a little calculation, which | had
made at his request. This note complies with his wish.”

Privodni dopis editorovi:

“Ich danke Ihnen noch sehr fiir Ihr Entgegenkommen bei
der kleinen Publikation, die Herr Mandl aus mir
herauspresste. Sie ist wenig wert, aber diese arme Kerl
hat seine Freude davon.”



enn, Sauer & Stachel 1997
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Zjasnéni svételného toku bodového zdroje:
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Einstein (1936):

"no great chance of observing this phenomenon”

Zwicky (1937):

lepSi hledat efekt u galaxii — realistické!



Kvasar 09574561
(Walsh, Carswell, Weymann 1979)
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http.//www.astr.ua.edu/keel/agn/q0957.html



http.//cfa-www.harvard.edu/castles/Individual/Q0957.html
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Gallery of Gravitational Lenses
Hubble Space Telescope « WFPC2

PRC99-18 « STScl OPO - K. Ratnatunga (Carnegie Mellon University) and NASA



Narayan & Bartelmann (1999)




Narayan & Bartelmann (1999)
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Narayan & Bartelmann (1999)
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Gravitational Lens and Quasar PG 1115+080
Hubble Space Telescope « NICMOS

PRC98-37 « STSc| OPO ¢« C. Impbev (Universitv of Arizona) and NASA




Gravitational Lens G2237+0305

http.//hubblesite.org/newscenter/newsdesk/archive/releases/1990/20/image



Gravitational Lens

Galaxy Cluster 0024+1654
Hubble Space Telescope - WFPC2

PRC96-10 - ST Scl OPO - April 24, 1996 - W. Colley (Princeton Univ.), NASA




Galaxy Cluster Abell 1689
Hubble Space Telescope * Advanced Camera for Surveys

NASA, N. Benitez (JHU), T. Broadhurst (The Hebrew University), H. Ford (JHU), M. Clampin(STScl),
G. Hartig (STScl), G. lllingworth (UCO/Lick Observatory), the ACS Science Team and ESA
STScl-PRC03-01a



Galaxy Cluster Abell 2218
Hubble Space Telescope * WFPC2

NASA, A. Fruchter and the ERO Team (STScl, ST-ECF) ¢ STScl-PRC00-08
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Distant Galaxy Lensed by Cluster Abell 2218
Hubble Space Telescope « WFPC2 « ACS

ESA, NASA, J.-P. Kneib (Caltech/Observatoire Midi-Pyrénées) and R. Ellis (Caltech) STScl-PRC04-08
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Paczynrski (1996)



pravdépodobnost pro jednu hvézdu nizka

=> potreba monitorovat dostatek hveézd (Paczynski 1986)

Monitorovaci projekty (MACHO, EROS, OGLE, MOA, ...)
- pozorovani hlavné smérem ke Galaktické vyduti, LMC, SMC
- 1992 - 2004 ~ 2500 mikrococek

Magnification

0 50 100 20 =00
Days after April 1885

http://www.mso.anu.edu.au/%7Epsackett/NVWS/MicroFrequency.html

(MACHO 1995)
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OGLE-III sleduje

LMC



Animace viz http://www.ctio.noao.edu/~supermacho/lensing3.gif



Navazné projekty

- PLANET, GMAN, MPS, MicroFun,

- ,hepretrzité" sledovani mikrococek ohlasenych

monitorovacimi projekty

od jednoduchého modelu
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Dvojité cocky

MACHO Event BB—-BMC-1
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MACHO Event 98-SMC-1
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Detekce planety u cocky

MOA 2003-BLG-53
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http://www.astrouw.edu.pl/~ogle/ogle3/blg235-53.html



OGLE 2003-BLG-285/
MOA 2003-BLG-53
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Animace viz http.//www.astrouw.edu.pl/~ogle/ogle3/blg235-53.html



Uziti gravitacnich cocek ?

> mapovani rozlozeni hmoty ve Vesmiru

> pozorovani nejvzdalenéjsich objektd

> méereni vzdalenosti

> hledani planet

> dalsi (méreni hmotnosti hvézd, studium povrch( hvézd, atd.)

> experimentalni ovéreni OTR



Animace viz http.//people.bu.edu/brainerd/lensconf/einanim.html|
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