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Newtonova teorie gravitace

Gravitace pred Newtonem
Newtonovy Principiae
Navrat Halleyovy komety
Znovunalezeni Ceres
Objev Neptunu

Pristani na Mésici




Newtonova teorie gravitace e

Gravitace pred Newtonem
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Newtonova teorie gravitace

Navrat Halleyovy komety

Year Description

240BC 15 May First confirmed sighting.

163 BC 20 May Seen by Babylonians.

87BC 15 August Seen by the Babylonians and Chinese.

12BC 8 October Watched by Chinese for two months.

66 26 January ‘A comet of the kind called Xiphias

141 25 March Described by the Chinese as bluish-white in colour

218 6 April Described by the Roman historian Dion Cassius as ‘a very fearful star’.
295 7 April Seen in China, but not spectacular.

374 13 February Comet passed 13.5 million kilometres from Earth.

451 3 July Appeared before the defeat of Attilathe Hun at the Battle of Chalons.
530 15 November Noted in China and Europe, but not spectacular.

607 26 March Comet passed 13.5 million kilometres from Earth.

B | aaNovember | e e oo " urope and depicied 0
760 10 June Seen in China, at the same time as another comet.

B [asrabmiary | e e g - el svched ey
912 27 July Seen briefly in China and Japan.

989 2 September Seen in China, Japan, and (possibly) Korea.

1066 25 March Seen for over two months in China.

1145 19 April Depicted on the Eadwine Psalter

1222 10 September Described by Japanese astronomers as being ‘as large as the half Moon

1301 22 October Seen by Giotto di Bondone

1378 9 November Passed within 10 degrees of the north celestial pole

1456 8 January Observed in Italy by Paolo Toscanelli, Arabs said the tail resembled a Turkish scimitar
1531 26 August Seen by Peter Apian, this sighting was included in Halley’s table.

1607 27 October Seen by Johannes Kepler. This sighting was included in Halley’s table.

1682 15 September Seen by Edmond Halley at Islington.

1758 13 March Return predicted by Halley. First seen by Johann Palitzsch

1835 16 November First seen at the Vatican Observatory in August. Studied by John Herschel

1910 20 April Photographed for the first time. Earth passed through the comet’s tail on May 20.
1986 9 February Reached perihelion on February 9, closest to Earth (63 million km) on April 11.
2061 28 July Next return of Halley's comet.
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Znovunalezeni Ceres (nejvétsi objekt drahami Marsu a Jupiteru)

1.ledna 1801 objev Ceres

C. F. Gauss

Skewch of the orbats of Ceres and Pallas ipachlull Gaull, Handb. 4y Coustewy of Uni-
veruLishMeshek Gécingen

;

7.prosince 1801 nalezena na zaklade Gaussova vypoctu
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Objev Neptunu
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OTR

e Zakladni myslenka
* Proc verime OTR, zakladni testy OTR:

v'Staceni perihelu,
v’ Odchylka svétla,

v'Dalsi experimenty




OTR

Zakladni myslenka - prostorocas
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Einstein STR (1905) HHHHHEE R R AT
Hmota < Prostorocas

Einstein OTR (1915)
Hmota <« Prostorocas

Teorie relativity se zabyva geometrii prostorocasu
a dusledky, které z toho plynou pro fyziku




ProC verime OTR, zakladni testy OTR
1.Staceni orbit obéznic
Merkur (Leverrier, 1859) asi 0 43“ za stoleti rychleji. nez odpovida

Newtonovu zakonu. OTR pozorovanou hodnotu vysvétlila (1 %).
Dnes potvrzeno u rady jinych objektu.

h % ; Per century:

" > Mercury: 43".03
Venus: 8".3
Earth: 3".8

Planet




Zakladni testy OTR

2.0hyb svétla v gravitacnim poli

Einstein (1915) odchylka polohy hvézdy na okraji disku Slunce 1,75
Zatméni 1919: A. Eddington (1,6 + 2,0)"
Dnes je k dispozici mnohem vice presnéjsich dat.




Zakladni testy OTR

3. Gravitacni cerveny posuv

Rozdil potencialu gravitacniho pole posouva spektralni cary k égryeﬂh_ému
konci spektra, pro povrch Slunce ¥f z=2,1.106. A,

Predpoved potvrdil Pound-Rebka (1959) experiment

e
Ny
gy

4. Shapirovo zpozdeéni v silném gravitacnim poli

Shapiro (1964): ve chvili, kdy se wvnitrni planety
(Merkur a Venuse) nachazeji (pro pozorovatele na Zemi)
pobliz konjunkce se Sluncem, probihaji radiové pulsy
ze Zeme pri cesté tam i zpét oblastmi silného
gravitacniho potencialu Slunce a jsou ve shodé s OTR
zpozdeény o meéritelnou hodnotu rfadu 0,1 milisekundy. 2o g




Zakladni testy OTR

5. Zakriveni prostorocasu v okoli Zemeé

- geodeticka precese
- efekt Lenseuv-Thirringuv — strhavani inercialnich soustav

Guide Star :
IM Pegasi : ' | A
(HR 8703) 5 " 642 kilometers
; .= (=400 miles)

*

. ~Frame-dragging Precession |
! / -39 milliarcseconds/year ; / : Polar orbit

{0.000011 degrees/year) . . ' / ’ A | of GRACE £
: > - b . satellites 47

‘Orbit of
,/ LAGEOS 2

k. . . - 4 ‘ s S ! - = -
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: e _ ; - T _ plane of Earth_
Geodetic Precession . = : =
6,606 millidrcseconds/year ST o )
(0.0018 degrees/year) ' e o ; s ; Maodal line
: £ - of LAGEOS 2

Modal line
of LAGEQS

Combination of the nodal
lines of LAGEQS and LAGEQS 2

2004—2011 - 2012 - 2015




Relativisticka kosmologie

Co je vesmir? Vesmirné struktury.
Kosmologicky princip

Einsteinovy rovnice a kosmologicky clen
Modely vesmiru




Co je vesmir? Vesmirneé struktury.

SOLAR SYSTEM




Co je vesmir? Vesmirneé struktury.

MILKY WAY GALAXY

LOCAL GALACTIC GROUP

* SextansB
- Sextans A

« NGC 3109
= Antlia Dwarf

Canes Dwarf

Ursa Major | -
Sextans Dwarf Ursa Major Il

Ursa Minor Dwarf

Bobtes Dwarf « Draco Dwarf

Large Magellanic Cloud -
Small Magellanic Cloud . )

Sagittarius Dwarf
Carina Dwarf =

Sculptor Dwarf

Fornax Dwarf

= Andromeda |

= NGC 6822
Triangulum Galaxy (M33) %

= NGC 147

M110 -~

- Phoenix Dwarf - Pisces Dwarf

IC1613* . ‘Aquarius Dwarf
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Cetus Dwarf -
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’: Andromeda Galaxy (M31)
*M32

Andromeda Il
Andromeda Il

“ Pegasus Dwarf




Co je vesmir? Vesmirneé struktury.

LOCAL SUPERCLUSTERS OBSERVABLE UNIVERSE

Capricornus C GLIGE K
orona-Borealis 3 ;
Supercluster Ophiuchus

Supercluster
Supercluster

Hercules -

Capricornus Void Superclusters prr i g
Corona Borealis i . P
Void Bobtes ¢
Superclusters
Microscopium :
Pavo-Indus VD{: L £ 3
Supercluster Bodtes Void AR
Centaurus Shapley .
Supergluster Supercluster . : &
Hydra-Centaurus 2 R 5 5
Sculptor Void Supercluster g o oY 3 o ( i
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g X ‘.
Fornax Phoenix ¥ i N f
Void Supercluster 1 Leo y . % 2
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Void i By ]
. “ . = -
v Tk 2
Columba k
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Horologium Supercluster v =¥
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Relativisticka kosmologie

Kosmologicky princip




Relativisticka kosmologie

Einsteinovy rovnice

STR - nezakriveny prostorocas, metrika v Minkowskiho souradnicich,
t.j. vinercialnich soustavach spojenych Lorentzovou transformaci

OTR - obecné zakriveny prostorocas, metrika zavisi na souradnicich
Einsteinovy rovnice spojuji geometrii s hmotou

ds® = gikdxidxk

371G
4 T‘k
C \
OTR se dnes chape jako Einsteinova teorie gravitace.
OTR prechazi v STR v malém okoli udalosti.

Rik _%Rgik +/\gik =

tenzor energie hybnosti v Singularita

Analogie prechodu mezi neeukleidovskou a eukleidovskou geometrii




Relativisticka kosmologie
FLRW modely

Friedmann—Lemaitre Models

£ (Omega) < 1
hyperbolical

L2 (Omega) =1
flat

£2 (Omega) > 1
hyperspherical

Universal Scale Factor a(t)

S Present Big Crunch
Big Bang ) )
Cosmic Time t




Gravitacni viny

e Zakladni formule: Einstein 1915, 1916, 1918
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Joseph Weber Gravitacni viny
kontroverzni pionyr méreni gravitacnich vin

Zprovoznéno v roce 1966 a v roce 1972 byla namérena jedina koincidence, ktera se jiz

nikdy nezopakovala. Dnes se soudi, ze relativni citlivost byla mala. . AL 11071
L




Laser Interferometry Gravitational-Wave Observator

test mass

light storage arm

light
st
test mass Oage am, test mass

test mass

beam
splitter photodetector

4 km dlouhda ramena

AL 11072
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data LIGO v Hanfordu pfredpovéad

data LIGO v Livingstonu predpovéd
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Strain (107%%)

Frequency (Hz)
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Washington (H1) Livingston, Louisiana (L1)
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Snahy o sjednoceni interakci

Elektromagneticka interakce
Slaba interakce

Teorie elektrosiabé interakce
1

Dva vrcholy fyziky:
Standardni model elementarnich castic
Standardni kosmologicky model

Podari se nalézt jejich syntézu?




Dékuji za pozornost

The
Meaning of
|| Relativity

; "
imtlanling che
GENERALIZED THEORY
I OF Gl FITATION

ALBERT
EINSTEIN

The Meaning of Relativity — Princeton 1921

Smysl relativity

Zpracovani 4 Einsteinovych pfednasek s “"%é;%i;ﬁ
Albert Einstein doplnénim o noveéjsSi Einsteinovy poznatky : =
Nakladatel: Co ,
Vyiehrad 2016 vr. 1945 to byI_tc_ex’F O’kosmologlckem prot;lemu, e
PFelozil: v r. 1955 Relativisticka teorie nesymetrického OF RELATIVITY
Jan Novotny pole e e

V textu a v kosmologickém dodatku Einstein
vyklada klicové myslenky svych teorii.

Nejen kazdy fyzik by mél mit aspon jednu knihu od Alberta Einsteina v knihovnicce :-)).




