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0ÌÜÎ ÐĠÅÄÎÜĤËÙ

ÁOhyb svœtla v gravitańn²m poli

ÁPrincip gravitańn² ńońky

ÁSiln® ńońkov§n² galaxiemi & kupami galaxi²   

                  ð gravitańn² dalekohled

ÁGravitańn² mikrońońkov§n² hvœzdami ð detekce exoplanet

ÁSlab® ńońkov§n² kupami & kosmologickĶmi strukturami 

   ð mapov§n² rozloĥen² hmoty ve vesm²ru



dc

GM
2

4
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1801 ð Soldner :  newtonovskĶ ohyb v gravitańn²mpoli

1911 ðEinstein : ohyb paprskū z princip u ekvivalence (stejnœ velkĶ)

1914 ð Freundlich :  pokus o namœţen² - ne¼spœģnĶ

1915 ðEinstein : obecn§ teorie relativity

1919  ð Eddington: experiment§ln² ovœţen²

StruéÎÜ historie ÏÈÙÂÕ ÓÖñÔÌÁ Ö ÇÒÁÖÉÔÁéÎþÍ ÐÏÌÉ
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Frank Watson 

Dyson

Arthur Stanley 

Eddington

Mŋśen² odklonu paprskţ v gravitaĽn²m poli Slunce (29. 5. 1919)

SOBRAL
PRINCIPE



Ohyb svŋtla v gravitaĽn²m poli Slunce (Eddington 1919)

Prūchod gravitańn²m polem jinĶch astrofyzik§ln²ch objektū?

d²lń² poznatky: Eddington  1920, Chwolson 1924, Link  1936

1936  ð Einstein: odvozen² hlavn²ch vlastnost² gravitańn² ńońky



Einsteinūv z§pisn²k1912 (Renn, Sauer & Stachel 1997)
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ÖÉÄñÎÏ ÎÁ ÎÅÂÉ



:ÏÂÒÁÚÅÎþ ÎÅÂÏÄÏÖïÈÏ ÚÄÒÏÊÅ ÓÖñÔÌÁ

kaĥdĶ bod zdroje svœtla zobrazen nez§visle

¼hlov® zvœtģen² obrazū Ozjasnœn²svœteln®ho toku

Einsteinūv prstenec



CASTLeS http://cfa-www.harvard.edu/~bmcleod/castle.html



Prţvodn² dopis editorovi:

òIch danke Ihnen noch sehr f¿r Ihr Entgegenkommen bei der kleinen  

Publikation , die Herr  Mandl  aus mir herauspresste. Sie ist  wenig 

wert , aber diese arme Kerl hat  seine Freude davon.ó

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

òSome time  ago, R. W. Mandl  paid me a visit and asked me to publish 

the  results  of  a little  calculation , which I had made at  his request.ó

òthere  is no great  chance of  observing this  phenomenonó 



Rudi Welt Mandl (30.1.1894 Vset²nð31.12.1948 Los Angeles)

Åvzdœl§n² ve V²dni, 1. Svœtov§ v§lka vĶchodn² fronta (zajet² Sibiţ, ¼tœk 1918)

Å 1919 ð vystudoval elektrick® inĥenĶrstv² ve V²dni

ÅJiĥn² Amerika, Nœmecko, USA ð Washington D.C., myt² n§dob² v restaurac²ch

Åznalosti elektţiny, optiky, z§jem o relativitu, n§ruĥivĶ ńten§ţ odborn®ho tisku

Åpţesvœdńen o moĥnosti ńońkov§n² hvœzdy hvœzdou, kontaktov§n² vœdcū

Å jaro 1936 ð n§vģtœva redakce Science News Letter  v Washingtonu

Å17.4.1936 n§vģtœva Einsteina v Princetonu , n§sledn§ korespondence

Ådotaz pţes redakci Science News Letter  16.9.1936 pţimœl Einsteina k publikaci

ÅNew York (koteln²k, pr§ce ve strojaţsk® d²lnœ), Florida (rozvod), Kalifornie

Åvyn§lezy: snaha o patentov§n² hlavolamu, r§mu na obrazy, vrtańky

Å 1948 ð nab²z² baseballovĶm tĶmūm stroj na pońas²

You see, the light from a distant star will be bent as it 

passes the nearer star and the effect will be a great 

brightening that anyone can see with a small telescope.



F. Zwicky (1937 , Physical Review 51, 290):

òLast summer Dr. V. K. Zworykin (to whom the  same idea had 

been suggested by Mr. Mandl ) mentioned  to me the  possibility  

of  an image formation  through  the  action  of  gravitational  

fields.ó

òextragalactic  nebulae  offer  a much better  chance than stars 

for  the  observation of  gravitational  lens effectsó



Prvn² gravitaĽn² ĽoĽka: dva obrazy kvasaru 0957+561

                             (Walsh, Carswell & Weymann 1979)

http://www.astr.ua.edu/keel/agn/q0957.html



http://cfa-www.harvard.edu/castles/Individual/Q0957.html
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Narayan & Bartelmann (1999)

Ńońka s elipsoid§ln²m rozloĥen²m hmoty

kaustikakritick§ 

kţivka



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



Narayan & Bartelmann (1999)

Efekt velikosti zdroje - splĶv§n² obrazū





A=I'd bet my life            B=I'd bet your life

C=I'd bet your life and you should worry





Statistics of strong gravitational lenses

Master Lens Database (as of 2025 -03-11)

https://test.masterlens.org/

https://test.masterlens.org/








z = 11   Ÿ vyz§ţeno t = 420 Myr po BB



Kupa galaxi² SMACS J0723.3ð7327

NASA / ESA / CSA / STScI





NASA / ESA / CSA / STScI



siln® ńońkov§n² ð pozorov§n² n§sobnĶch obrazū zdroje

(Ńońka: galaxie, kupa galaxi²; Zdroj: kvasar, galaxie)

 

slab® ńońkov§n² ð mœţen² deformace hlavn²ho obrazu zdroje

 (Ń : kupa galaxi², vœtģ² struktury; Z: galaxie)

mikro ńońkov§n² ð pozorov§n² ńasovœ promœnn®ho zjasnœn²

 (Ń : hvœzda, hvœzdn§ soustava; Z: hvœzda, kvasar)

2ÅĿÉÍÙ gravitaéÎþÈÏ éÏéËÏÖÜÎþ



'ÒÁÖÉÔÁéÎþ ÍÉËÒÏéÏéËÏÖÜÎþ

EROS

Á ńońky ~ hvœzdnĶch hmotnost²

Á obrazy nerozliģiteln®,zmœna zjasnœn²zdroje  pozorovateln§



:ÊÁÓÎñÎþ ÓÖñÔÅÌÎïÈÏ ÔÏËÕ
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http://www.astronomy.ohio-state.edu/~gaudi/movies.html


0ÏÚÏÒÏÖÜÎþȡ ÍÏÎÉÔÏÒÏÖÁÃþ ÐÒÏÊÅËÔÙ (MACHO, EROS, OGLE, MOA)

MOA

Vobdob² 1992 ð III/2012  napozorov§no ~ 10 000 mikrońońek

(MACHO 1995)



SuperMACHO



Tisserand (2007)

6ÙÌÏÕéÅÎþ ÔÅÍÎï ÈÍÏÔÙ 

           ÖÅ ÆÏÒÍñ MACHOs



.ÜÖÁÚÎï ÐÒÏÊÅËÔÙ (PLANET, ʈFUN, RoboNETȟ ȣɊ
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PLANET



$ÖÏÊÉÔï ÍÉËÒÏéÏéËÙ

Alcock et al. (2000)



0ÏÌÏÈÙ ÏÂÒÁÚĳ Á ÓÖñÔÅÌÎÜ ËĠÉÖËÁ ÄÖÏÊÉÔï ÍÉËÒÏéÏéËÙ
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KAUSTIKA

KRITICKć KŢIVKA

http://www.astronomy.ohio-state.edu/~gaudi/movies.html


-ÁÐÙ ÚÊÁÓÎñÎþ bodovïÈÏ zdroje dvojitou ÍÉËÒÏéÏéËÏÕ
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