Gravitacijsko lecenje

(intermezzo)

Viri: Jones, Lambourne (Chap. 1), Maoz (Chap. 6)
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Odklonski kot (Newton)

asteroid (A) se giblje mimo Sonca (S);
kot B imenujemo odklonski kot, X _ Y _ 1 enacba hiperbole
razdaljo R pa imenujemo a b a — velika polos

: b — mala polos
vpadni parameter

Avtorstvo slike (desno): Ag2gaeh



Odklonski kot (Einstein)

. , | S C
Finsteinova enacba polja G, = —41;1;/\
%

tenzor, ki opisuje
porazdelitev energije
in gibalne koliCine

tenzor, povezan z metriko
(ukrivljenost prostorCasa)

Opis prostor-casa z metriko:

Minkowski:  (ds)® = (cdt)? — (dx)® — (dy)® — (dz)°
(ds)? = (cdt)? — (dr)? — (rd6)? — (rsin0dg)?

sferni koord.
sistem

o . G . GM\ ' i i
Schwarzschild: (ds)? = (l _ _ [) (cdt)? — (l 2 [) (dr)? — (rdf)* — (rsinOdep)?

rc? rc?

geometlrija prostor-Casa okrog staticne, sferne masne distribucije




Potrditev splosne relativnosti
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EINSTEIN THEORY TRIUMPHS

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

Postavitev teleskopov za opazovanje Soncevega
mrka v mestu Sobral (Brazilija): 16-incna leca in
celostat (levo) ter 4-incni teleskop

v kvadratni cevi (desno)

distance 90" 60" 50" 40’ 30 237
. . . y diagram 2
Principe (Zahodna Afrika): 1,61 + 0,31 e e e e Sl

, S (absci ikazuje oddalj d srediéa Sonca)
Sobral (Brazilija): 1,98 + 0,12” (4-in¢ni teleskop) ™ @ Friene eeememenesEarnans
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Bending space—time: a
commentary on Dyson,
Eddington and Davidson (1920)
‘A determination of the
deflection of light by the Sun’s
gravitational field’

Malcolm Longair

Cavendish Laboratory, J) Thomson Avenue, Cambridge (B3 OHE, UK

The famous eclipse expedidon of 1919 to Socbral,
Brazil, and the island of Principe, in the Gulf of
Guinea, led by Dyson, Eddington and Davidson was
a turning point in the history of relativity, not only
because of its importance as a test of Einstein's
GCeneral Theory of Relatvity, but also because of the
intense public interest which was aroused by the
sucoess of the expedition. The dramatic sequence of
events which occurred is reviewed, as well as the long-
term impact of its success. The gravitational bending
of electromagnetic waves by massive bodies is a
subject of the greatest importance for contemporary
and future astronomy, astrophysics and cosmology.
Examples of the potential impact of this key tool
of modern observational astronomy are presented.
This commentary was written to celebrate the 350th
anniversary of the journal Philosophical Transactions of
the Ropal Society.

1. Einstein and bent space—time

The famous expedition to measure the deflection of the
positions of stars caused by the curvature of space-time
in the gravitational field of the Sun had a profound

1€ 2015 The Authors. Published by the Royal Society under the temms of the
(reative Commons Attribution License hitp://creativecommons.org/licenses/
by/4.0/, which permits wunrestricted use, provided the original author and
soure are credited.



Odklonski kot

» Odklonski kot za zarek, ki gre tik mimo roba
Sonca:

NEWTON:
p=175"

EINSTEIN: f=1.75""



Osnove gravitacijskega lecenja

6. = Einsteinov obro¢

SI=a D, =6,D,,

b:DolHE

:4GM
c’b

S = oddaljeni izvor (angl. source) cc D
Dls = oddaljenost LECA - 1IZVOR
Dol = oddaljenost OPAZOVALEC - LECA

Dos = oddaljenost OPAZOVALEC -
IZVOR

enacba lece za tockasto maso



Osnove gravitacijskega lecenja

C . SPLOSEN PRIMER
B = kot med izvorom (B) in leco

© = kot med leco in sliko (C ali D)

AB+BC=AC

/3 Dos+aDls:HDos

B=6— A4GM 1 Dy
Dls = oddaljenost LECA - 1IZVOR ¢ D,0 D,

Dol = oddaljenost OPAZOVALEC - LECA

2 2 _
Dos = oddaljenost OPAZOVALEC - 0" —p0—-0;=0

IZVOR kvadratna enacba za
tockasto maso (izvor izven osi)




Gravitacijsko lecenje s kozarcem vina

GRAVITATIONAL LENSING

WITH

A WINE GLASS

https://www.youtube.com/watch?v=vLp6CwEIGP4
Perimeter Classroom Activity: Gravitational Lensing with a Wine Glass




Osnove gravitacijskega lecenja

do,
source —___

B

0, images

/

dB in dB prikazujeta radialno
RAZTEZANIJE slike

KJE SE BOSTA POJAVILI SLIKI?

* povecava (magnification)

_0,d0,  _0,d0,
Popdp " pdp

* ojacenje (amplification)

a

povecana slika bo zgledala
svetlejsa, ker se ohrani
povrsinska svetlost

68°—BO0—67=0

kvadratna enacba za

tockasto maso (izvor izven osi)



Mikrolecenje
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Osnove gravitacijskega lecenija

video: Single Lens Microlensing
http://lwww.astronomy.ohio-state.edu/~gaudi/movies.html
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Osnove gravitacijskega lecenija

Magnification
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Oshove gravitacuskega lecenja

MAGNIFICATION MAGNIFICATION

video: Planetary Microlensing

http://www.astronomy.ohio-state.edu/~ LENSED IMAGES

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