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Prichod svetla gravitacnim polem

Newtonovskéa gravitace + nehmotné fotony: a=0

Newtonovska gravitace + hmotné fotony: o=

Obecna teorie relativity: o= 4?:'




(Pre)historie ohybu svetla v gravitacnim poli

1801 - Soldner: newtonovsky ohyb svéetla v gravitacnim poli

1911 - Einstein: ohyb paprsku z principu ekvivalence (stejné velky)

1914 - Freundlich: pokus o naméreni - neuspesny
1915 - Einstein: obecna teorie relativity (ohyb 2x vetsi)

1919 - Eddington: experimentalni ovéreni
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Frank Watson Arthur Stanley
Dyson Eddington

LIGHTS ALL ASKEW.
IN THE HEAVENS

Men of Science More or Less
Agog Over Results of Eclipse -
Observations.

EINSTEIN THEORY TRIUMPHS

Stars Not Where They Seemed
or Were Calculated to be,
but Nobody Need Worry.

New York Times



Ohyb svetla v gravitacnim poli Slunce (Eddington 1919)
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Prichod gravitacnim polem jinych astrofyzikalnich objekta?

dilci poznatky: Eddington 1920, Chwolson 1924, Link 1936

1936 - Einstein: odvozeni hlavnich vlastnosti gravitacni cocky



Elnstelnuv zapisnik 1912 (Renn, Sauer & Stachel 1997) H
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Gravitacni cocka
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videno na nebi



Zobrazeni nebodového zdroje svetla

kazdy bod zdroje svéetla v pozadi zobrazen nezavisle

Einsteinuv prstenec

Uhlové zvétseni obrazu -> zjasnéni svételného toku









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.”

“there Is no great chance of observing this phenomenon™

Pruvodni dopis editorovi:

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



388 SciENCE NEws LETTER for December 19, 1936
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388 SciENCE NEws LETTER for December 19, 1936
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Rudi Welt Mandl (80.1..1894 Visetin - 31..1.2.1948 Los Angeles)

vzdelani ve Vidni, 1. Svetova valka vychodni fronta (zajeti Sibir, utek 1918)

o 1919 - vystudoval elektrické inZenyrstVI’ ve Vidni
e f . < S

o Jizni Amerika, NerLl:ko USA WashmgtonD C

{af T '
ti rp‘éld()b'l(@ restauracich

ddborneho tlsku |

u,

o
| L n‘
o znalosti elektri ny,..(op.t-i.ky,-uzé:j.e e -o.I:ela-tm.tu,una‘nuziw

o presvedcen o moznostl cockovani hvezdy hvézdou, kont !tov'm védcu




Rudi Welt Mandl (30.1.1894 Vsetin - 31..12.1948 LLos Angeles)

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.

-

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

“Last 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.”

“extragalactic nebulae offer a much better chance than stars
for the observation of gravitational lens effects”



Prvni gravitacni cocka: dva obrazy kvasaru o957+561

(Walsh, Carswell, Weymann 1979)
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http://www.astr.ua.edu/keel/agn/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




Gravitational Lens G2237+0305

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



Einstein Ring Gravitational Lenses

Hubble Space Telescope = ACS
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Galaxy Cluster RCS2 032727-132623 Hubble Space Telescope « WFC3/UVIS/IR
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NASA, ESA, J. Rigby (NASA GSFC), and K. Sharon (Kavli Institute for Cosmological Physics, University of Chicago) STScl-PRC12-08a







Distant Galaxy Lensed by Cluster MACS J0647 HST = ACS = WFC3
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Rezimy gravitacniho ¢ockovani

SIINé ¢€ockovani - pozorovani nasobnych obrazt zdroje

(Colka: galaxie, kupa galaxii; Zdroj: kvasar, galaxie)

slabé ¢ockovani - méFeni deformace hlavniho obrazu zdroje

(C : kupa galaxii, vétsi struktury; Z: galaxie)

MIKFrOé&ockovani - pozorovani ¢asové proménného zjasnéni

(C : hvézda, hvézdna soustava; Z: hvézda, kvasar)



Gravitacni mikrocockovani

» cocky ~ hvézdnych hmotnosti

» obrazy nerozlisitelné, zména zjasnéni zdroje pozorovatelna

Objet massif
en mouvement

Surface "efficace”
s ol = |
(rayon R,= rayon d'Einstein)

Etoile

Etoile

EROS



Zjasneni svetelneho toku

A(B) =

B°+ 262

By B2+ 467
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B.S.Gaudi, http://www.astronomy.ohio-state.edu/~gaudi/movies.html
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Pozorovani: monitorovaci projekty (MACHO, EROS, OGLE, MOA)
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SuperMACHO



Dvojité mikrococky

MACHO Event 88—BMC-1

Source Magnification
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U a svetelna krivka
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Zjasnéni bodového zdroje dvojitou mikrocockou
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OGLE 2003-BLG-235 /| MOA 2003-BLG-53
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OGLE 2003-BLG-235 / MOA 2003-BLG-53
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OGLE 2003-BLG-235 / MOA 2003-BLG-53
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OGLE 2005-BLG-390 Beavulieu et al. (2006)
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OGLE 2006-BLG-109 Gaudietal. (2008)
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Exoplanety nalezené metodou mikrocockovani (2014)

Planety slunecni
soustavy
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Celkovy prehled nalezenych exoplanet (2014)

Pocet: 1853
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Rozlozeni hmoty v kupach galaxii: slabé cockovani

HST+ ACS/WFC

Galaxy Cluster Cl 0024+17 (ZwCl| 0024+1652)
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Gravitacni cocka se spojité rozlozenou hmotou

2-D gravitacni potencial dany plosnou hustotou X:
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L Dg =
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LS

cockova rovnice: B=60-V l//(é)




Lokalni chovani coc¢
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—

kove rovnice

zobrazeny bod: S, =6, -V W(éo)

body v okoli:

p

—

0

3

1—x—ycos(2¢p)
—ysin(2¢)

—ysin(2¢)
1—x+ ycos(2¢p)

Jio-a)

K konvergence
y shear

@ faze

1 1 :
K= 5 (W +Vi),  7COS(2¢) = 5 W —V¥i) 7SIN(2¢) =y,



K, y<<1 = Slabe cockovani

convergence and
shear

TN el
ﬁL\J B

=(1l-x-y)" .
poloosy a=(-x-7) pomer
b=(1-x+y)"

Postup pri mapovani hmoty:

meéreni y -> vypocet g -> vypocet K -> ziskani plosné hustoty
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Kupa 1E0657-558: -> ,Bullet cluster®

SHOCK FRONT

/

BULLET-5HAPED HOT GAS



'.KU_Pa-1_Eo_657-5585_o_pti,cky +rentgen - ..

dou ‘ | ...! . . . S . ‘




Clowe et al. (2006)
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Efekt na kosmologicka skale: Cosmic shear

v

= slabé cockovani kosmologickym rozlozenim (temne) hmoty




(Massey et al. 2007)
Slabé cockovani + fotometricke redshifty = 3-D mapovani hmoty

HST: 1.6 deg?, 2 miliony galaxii

Relative Sizes of HST ACS Surveys

LAQITIEAZA Ky SUNEy. Qrouna-oased image ror Comparison

-+ 1= -




Rozlozeni temné hmoty (HST vs. Zeme)

R. Massey et al. (Nature 2007), M. Kasliwal et al. (Proc. AAS 2007)
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Rozlozeni hmoty
(HST)

Pocet galaxii

R. Massey et al. (Nature 2007)




Tomograficke rezy podle vzdalenosti galaxii
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mapa temne hmoty

z=1

z=0.3

NASA, ESA and R. Massey (Calif‘






Ohyb svetla v silnem gravitacnim poli
— neutronoveé hvézdy, cerné diry

Mualler & Weiskopf 2011



Ohyb svétla z akrecniho disku kolem cerné diry

upper
side

P lower side
accretion T of the disk
disk

How would we see a bfack hofe. ?




Gravitacni ohyb svetla je nastrojem pro

experimentalni overeni OTR
pozorovani nejvzdalenéjsich objektu
mapovani rozlozeni hmoty ve vesmiru
hledani planet

studium povrchu hvézd, kvasaru

atd.
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