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1. Keplerov zakon

Orbita svake planete je elipsa, pri cemu se Sunce nalazi v jednoj
od dve zize.

LH; ekscentricitetle = [1 -2

Jednacina elipse r =
1+& cos

gde je p orbitalni parametar, ¢ je ekscentricitet elipse, r je rastojanje od
planete do Sunca, i 8 je ugao frenutnog polozaja planete meren u
odnosu na pravac najblizeg polozaja planete

Za 6 =90°i6 =270° vaZir = p.
Aritmeticka, geometrijska i harmonijska sredina:

_ Tmax T Tmin _ p
a 2 1 — €2 Heliocentri€ni (polarni) koordinatni sistem
p (r,0) za elipsu. Na slici: velika polu-osa a,
b= \/rmax *Thhin — —F—— mala polu-osa b i orbitalni parametar (semi-
Vv1 — 62 latus rectum) p; centar elipse i dve zize

-1 -1\ 1 obelezene su velikim taCkama. Za 6 =
T'min + Tmax 0°r =r,,izaf = 180° 1 = 1.
p =




1. Keplerov zakon

Putanje planeta imaju mali ekscentricitet (nisu mnogo razlicite od kruznih), osim u
sluCaju Merkura i ,,bivse" planete Pluton.

Putanje prirodnih satelita, asteroida i periodicnih kometa takode su elipticne.

Eccentricity of the Planets (+ Pluto)
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2. Keplerov zakon

Prava koja spaja planetu i Sunce pokriva jednake
povrsine u jednakim vremenskim intervalima.

1
dA = ET’ -rdf
dA _ r’de Konstantna arealna
dt 2 dt (sektorska) brzina
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3. Keplerov zakon

Kvadrati perioda (T) obllaska planete oko Sunca srazmerni su kubovima
velikih poluosa (a) nji

= .- = const

KoristeCi Njutnov zakon gravitacije (1687), treCi Keplerov zakon moze se
izvesti za sluCqj kruzne orbite tako sto se centripetalna sila iziednadi sa
gravitacionom silom:
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r° =const-r 72 am2 amgz ol day?




3. Keplerov zakon

Data used by Kepler (1618)

Orbital period (Earth years)

Planet Mf::udr:stt:;?'e '::;E' % (10 AU iday?)
Mercury | 0.389 8777 |764
Venus | 0.724 22470 |7.52
Earth | 1 36525 |7.50
Mars | 1.524 686.95 |7.50
Jupiter | 5.2 4332.62 | 7.49
Satumn | 9.510 10759.2 | 7.43

Modern data (Wolfram Alpha Knowledgebase 2018)

Planet | Semi-major axis (AU) | Period (days) %[wﬁAUE’IdayZ]

Mercury | 0.36710 87.9693 7.496
Venus 0.72333 2247008 7.496
Earth 1 365.2564 7.4956
Mars 1.52366 686.9796 7.495
Jupiter | 5.20336 4332.82M1 7.504
Saturm | 9.53707 10775.599 7.498
Uranus | 191913 30687.193 7.906
Meptune | 30.0690 60190.03 7.904
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Masa Jupitera




Masa Jupitera

Ne mozemo direktno izmeriti sve u svemiru -
mase i udaljenosti planeta i njihovih meseca.

Medutim, iz njihovih kretanja mozemo izvesti |
zakljuCiti mnoge osobine nebeskih tela, iako ih
ne Mozemo neposredno izmeriti.

2 .T? _ am?
TreCi Keplerov zakon: — =
a G-M

Cl3

M:ﬁ

M — masa centralnog tela (u Mg),

a — velika polu-osa (u AU),

T — period (u godinama)
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,Posmatranje” (Stellarium)

time AT sig min sec Jupiter D [Jup]
2459409.565 0 3541 46.51 0.7613

]

2459409.607 004 1 0 5526 4651 1.1881

2459409.649 0.08 1 1 13.87 4651 1.5883

2459409.732 0.17 1 1 4486 4651 2.2546

2459409.857 029 1 2 212 4651 2.6257

2459410024 0.46 1 2 11.16 4651 2.8200

2459410.107 0.54 1 1 5327 4651 2.4354

2459410.191 0.3 1 1 2667 4651 1.8635 43

2459410274 071 1 0  47.87 4651 1.0292 3 .

2459410357 079 1 0 3000 4651 0.6450 : L . .

2459410.482 092 -1 0  47.08 4651 -1.0123 23 ) . i

2459410.607 1.04 -1 1 3694 4651 -2.0843 3 . .

2459410.691 1.13 -1 2 3.28 4651 -2.6506 7 ] ’

2459410.857 129 -1 2 1676 4651 -2.9404 297

2459410982 1.42 -1 1 5641 4651 -2.5072 13 . ‘

2459411107 1.54 -1 1 12.66 4651 -1.5622 % _ .

2459411.191 1463 -1 0 3335 4651 -0.7171 ] . .

2459411.399 1.83 1 ] 7.69 4651 1.4554 37 .

2459411524 196 1 1 5330 4651 2.4360 I

2459411732 217 1 2 2125 4651 3.0370 05 o 0 T es 0T L T T e T T T
] ]

2459411.899 2.33 48.32 46.51 2.3290



imax

Posmaftranje (rezultati)

max + min 1 —0.15 'ié""o""'od""l""'l.e"" "o
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D [Jup]
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Function userl (x, a, b, c, w)

a*tos(wS(x-c))+b

]
LA ]

Parameter Value Constant
a -2,955786350733 |:|

b 0.04036599843125348 [ ] | t [dan]
- 1,25865458605216 [ ]
-3.35630204712317 [ ]

1
I

'
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oo bov v b b b b b Livaa |
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Initial quesses | W
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LA ]
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Algorithm Scaled Levenberg-Marquardt

Color - .:

From x= |[J | Iterations |1DDD

D [Jup]
[

'
—

4k

Tox= |2.33 | Tolerance |1E—4

1
RS ]

oo bov v bvv e bev e b bev e v Liv o |

L Posmatranje v
F1: 2,975%00s(3,925%%-0,4))-0,075
=== Program (3ciDavis)

R T T

]
LA ]

L
o

b =-0.075,a =2975, w =3.925,c =04


https://scidavis.sourceforge.net/

Hajde da uporedimo...

3
a
+Papiriolovka“ M = T2 *]
a = 2.956 [Jup] = 0.00276 AU E -
2]
T = 1.6 dana = 0.0044 godina ]
M = 0.0009134 Mg, 7,3 \
+Naucni* metod 1]
a = 2.975 [Jup] = 0.00278 AU 7
_3_: * Er?os;aa;;ansj;Davis
T = 1.766 day = 0.0048 year : —
_-%E'"'o'""o.§'"'1""'1.§""2""'

M = 0.0009311 Mg t [dan]



Simuliranje posmartranja |

obrada rezultato
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Korisne formule

Masa Jupitera-lo ¥ m & Ci-rl + D
File Edit View Insert Format Data Tools Extensions Help
Q Menus © ¢ & T 100% - $ % 0 .00 123  pefaul. ~ | — + | B 5 A & B Ex L~ A~ [
- I.TX =C2%(D2*6@+E2) /F2 I r]up [km] = 139 820 km
A B c D E F G H 1 J K L
2452?[?;6565 ; = 1 - 0 = 35.41 J:g Ist?r m‘ DiuzlE 04 Jupi r] up [km]
. . X . 12E- upiter [km] 139820 r —
2459409 607 0.04 1 0 5526 46.51 1.188131585 111E-03 AU [km] 149597871 ]up [AU] 1 AU
2459409 649 0.08 1 1 13.87 46 51 1588260589 1.48E-03 Jupiter [AU] 9 35E-04 [ km]
2459409.732 017 1 1 44 86 46 51 225456891 2 11E-03
2459409 857 0.29 1 2 212 4651 2625671899 2 45E-03
2459410024 0.46 1 2 1.16 46 51 2820038701 2 G4E-03 i
2459410107 0.54 1 1 53.27 4651 2435390239 2 28E-03 60 arcmin -|— arcsec
2459410 191 063 1 1 26.67 46 51 1.863470221 1.74E-03 — .
2459410 274 0.71 1 0 47 87 46.51 1.029241023 9.62E-04 D[]up] - Znak
2459410.357 0.79 1 0 30 4651 0.6450225758 6.03E-04 r[ClTCSBC]
2459410 482 0.92 A 0 47.08 46 51 -1.012255429 -9 46E-04
2459410 607 1.04 A 1 36.94 46 51 -2.08428295 -1.95E-03
2459410 691 113 R 2 3.28 46 51 -2.650612771 -2 48E-03
2459410 857 129 1 2 16.76 46 51 -2.940442916 -2 75E-03
2459410 982 1.42 A 1 56.61 46 51 2507202752 -2.34E-03
2459411107 154 g 1 12.66 4651 1562244679 -1.46E-03
2459411.191 163 A 0 3335 46 51 -0.7170500968 -6.T0E-04
2459411.399 1.83 1 1 7.69 46.51 1.455385939 1.36E-03
2459411 524 1.96 1 1 533 4651 2436035261 2 28E-03
2459411732 217 1 2 21.25 46 51 3.036981294 2 B4E-03
2459411.899 233 1 1 4832 46 51 2328961514 2 18E-03

@ Converttotable : X



Tdbeld SO pOdOC”’T}Q https://docs.google.com

Masa Jupitera-lo % B & M\—Maeq Jupitera-lo ¥ @ &
File Edit View Insert Format Data Tools Extensions Help I e D ok Ex e el
a New > % O, 09 13| Defaul. v~ |- [10]+|B I 5 A
Q Merus o 2 & 5§ 100% -~ | $ % 0 .00 123 Defaul. & open ko
A24
EZT - fx »] Import 5 g . . -
- t _ [D Makeacopy
A B C D E 2
1 T D [Jup] > o share .
4 J[AUJvs. T
2 0 0.761341647 5 = Emall . AU
3 0.04 1.188131585 s 400F+03
B 0.08 1588260589 D [AU] vs. T —— & Download ®  Microsoft Excel (.xlsx)
5 017 225456891 . : 1 Rename OpenDocument (.ods)
[ ]
6 0.29 2.626671899 0 T o Move PDF (.pdf)
7 0.48 2.820038701 n o[
s 052 > 435390239 . ® . ® 12 | (& Add shortcut to Drive Web Page (htmb)
T - - 2 ® 13 : [ Move to trash Comma Separated Values (.csv) e e
083 1863470221 .. jadll B Tab Separated Values (.tsv) e
10 0.7 1.029241023 ® 1 15 | o L4 .
1" 079 0.6450225758 5 15 | 4 Versionhistory g ® .
12 0.92 1012255429 g 1; _ (@ Make available offline -4_00E+03w s o s
13 1.04 208428295 © .
14 113 2.650612771 5 o | O betalls
15 129 2 940442916 21 | @ Security limitations
- . 22
18 1.42 -2 507202752 ,, @ settings
17 1.54 -1.562244679 4 24 [
18 163 _0.7170500968 0.0 0.5 % | 8 Print Crl+P
19 183 1455385939 2
20 1.96 2.436035261 2
21 217 3.036981294 29
22 233 2328961514 2‘1’
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CI’TOnje grOﬂkO hitps://www.geogebra.org/calculator

GeoGebra Calculator Suite [ A/ Graphing ~

X i y1 i 6
= GeoGebra Calculator Suite ( A/ Graphing ~ E _ 2k
’ 0 0.76
g 7 @ 0.04 1.19 I b
Algebr Uredivanje
’ . i 0.08 1.50
Obrisi kolonu 15
Tabela
é‘ Import data I 0.17 2.25
B :
x Statistics I Teoeiz 0.29 2.63
L}
m
Tabela
0.46 2.82 o
E 0.54 2.44
Tabela
-04 02 0 02 04 06 0.8
0.63 1.86
0.71 1.03 100
0.79 0.65 .
15— =14 =13 =12 -1 -10 -9 -8 =7 -6 -5
0.92 -1.01
-1.5
1.04 -2.08
1.13 -2.65 i -2
1.20 -2.04
=25



https://www.geogebra.org/calculator

Crtanje grafika

GeoGebra Calculator Suite

0.04

0.08

0.17

0.46

0.54

0.71

0.79

1.04

113

1.29

1.42

Y1

.
H
H

282

2.44

1.03

0.65

-1.01

-2.08

-2.65

2,04

-2.51

Show points |
0

Remove column

yq Statistics
X yq Statistics

Regression

PJ Graphing ~

hitps:

WWW.geogebra.or

calculator

<5 ASSIGN

PRIJAVITE SE

X

[2]
@
N

a

- Osnovno  xOsa  yOsa
Koordinatna mreZa
25 -
e
5 1 x Min: -0.60974
xMax: 360384
15 -
yMinn -3
1 | yMax: 3
X0sa yOsa
05 -
1 - 239906 [9)
Koordinatne ose
04 02 0 ola ols 1 1l2 14 1ls 1ls 2 22 24 o
PrikaZi ose [] Masno
05 goja: || vistaimiie: | —
Label Style: ] Serif
4 I
[] Masno [] Koso
—15 Traka za korake konstrukcije
[] Prikazi
2 |
25 I
Razno

Boja pozadine:


https://www.geogebra.org/calculator

CI’TOnje grOﬂkO hitps://www.geogebra.org/calculator

= GeoGebra Calculator Suite [ f/_Granhiss Pl ~ssicn PRIJAVITE SE
FitSin(TableValuesPoints) : " Osnovno  Boja  Stil Pozicja Napredno »
+ - .
IE = 0.04 +2.96 sin(3.56 x + 0.24) i 4 - Skripting o
Ime
@ TableValuesPoinis I:I
He ! 3 _ Defincija é&
({13 y {1
F Natpis N
| 5 1
B [[] Use text as caption

Prikazi objekat

[] Prikazi trag

/ [ Prikazi oznaku:

Ime -
08 -06 -04 -02 02 04 06

Nepomi&an objekat

[[] Nacrtaj kao padajuéu listu
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Algebra

Crtanje grafika

GeoGebra Calculator Suite ([ AJ Graphing ~

FitSin{TableValuesPoints) H e

= 0.04 +2.96 sin(3.56 x + 0.24)

hitps:

WWW.geogebra.or

calculator

< PRIJAVITE SE

Global

Jezik:  Serbian / cpnckv -

2 decimal_mesta -

S & Ml o |x

Oznacavanje:

1 Za sve nove objekie -

Veli¢ina slova:

~ 16pt -

/ SNIMI PODESAVANJE

-08 -06 -04 -02

RESTORE SETTINGS


https://www.geogebra.org/calculator

Odredivanje mase Jupitera

f(x) =0.04 + 2.96 - sin(3.56 x + 0.24)

_ s 024
f(x) = 0.04 +2.96 - sin (3.56 (x + 220))

Amplituda agjyy = 2.96

Period Tigan = o= = 1.76

- 2.96:935104)°  (0.0028)3 2.12-10~8
Masa Jupitera M, = ( ') _ (00028)° _ -
(1.76- = ) (0.0048)?>  2.30-107°

365.25

M; = 0.0009201 M,




Masa SMBH
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PO3TAL

lzraCcunavanje mase SMBH

77 simzad ALADIN J XmateH OTHERS W

Catalog

Search Criteria The VizieR service is now hosted by CDS domain (cds.unistra.fr). Please, modify your configuration for the new domain.
Keywords 13 catalogs found
§.~Gillessen
Tables [m] Reset All Show table details | or | Query selected Catalogs
JIApJIGITITTAN 5 ALL
table1 e - =
JIApJITO6/1364 m] ms L1 & Warped disks of YSOs in Galactic center (Bartko+, 2009) 2009ApI. 687.1741B  ReadMe+ftp
\able1 J/Apl697/1741 50
»ngg = u] Qpll?% 61361 L1 o SINS survey of high-redshift galaxies (Forster Schreiber+, 2009) 2008ApT.706.1364F  ReadMetitp
Freferences [m] T L1 1 Star motions in the nuclear cluster of the MW (Fritz+, 2016) 2016Ap] 821 44F  ReadMe+ftp
ma LApI/821/44 1k
O — m] C—— % XMM-Newton and Chandra monitoring of Ser A* (Ponti, 2015) 2015MNRAS 434 ReadMetitp
5 213
¥ Compute IMNRAS/454/1523
Mirrors m] n X [ 23k Infrarcd extinction toward the Galactic Centre (Fritz+, 2011) | spectrum/absorption [EITVECTNGERNGE SN FREIYEY 1Y
CDS, France v JApl/737/73
- O ] AE G33ALL0 [ Jg, K band spectrum of beta Pictoris b (GRAVITY . 2020) AGA G33A110G  ReadMetitp
[} EEI'AIEAGIS'LJU 0 30 SerA* orbital motions with GRAVITY (GRAVITY Collaboration, 2018) CETES O 2018ARA 6181 106 ReadMetitp
U TA+A623T11 [ 237 HR8799e K-band spectrum (Lacour~, 2019) PO 2009484 623011 ReadMetfip
O 1'31 16761 [ 1 240 HD 136164 Ab IR spectrum with VLTUGRAVITY (Balmer+, 2024) 2004AT 167 648  ReadMe+ftp
[} o} "1 96 The orbit of $2 star around Sgr A* (Gillessen+, 2009) o IO 2000457 70701146 ReadMetitp
VApl/707/L114
O Jop| L1 @ Early-type stars in the center of the Galaxy (Paumard+, 2006) 20064p]..643.1011P  ReadMe+ftp
TApl/643/1011 50
O I L1 © NGC 1068 GRAVITY reconstructed image (GRAVITY=, 2020) ReadMetfip
TATA/634/AL 2
[m] i BtV X 7 25yrs monitoring of stellar orbits in the GC (Gillessen+, 2017) ReadMetfip
JApl/837/30 236

[m] Reset All

Show table details | or | Query selected Catalogs

() indicates tables which contain celestial coordinates

» Show constraint information

VizieR

OTHERS ¥ HeELr 7

Send to VO tools

(7] 3

J/ApJ/707/1114/table]l The orbit of S2 star around Sgr A* {Galle:

n+, 2009)

Post annotatior

2

Orbital data for 2 used in this work (/" velocity

and /%), astrometry, ) (96 rows)

ReadMe+tp
2009Ap]. TOTL1I4G

plot the cutput

&€ 2 query using TAP/SQL

4

@

— Cite/acknowledge VizieR catalogue
— Rules of usage of VizieR data

Fulll EpA oRA/ e |oDE|e | TelA EpV VLSR e TelV
¥r mas | mas| mas | mas Ir km/s |km/s
111992224 -6.4) 4.6/172.0] 4.7NTT 2000487 1199 100 Keck

1994.314|-28.5| 4.8/179.0] 34|NTT 2002.418) -495| 40 Keck
3|1995.534-37.3| 3.8[172.1] 43NTT 2002.421) -530] 45 Keck
111996.253|-43.4| 3.6/164.4| 3.6)NTT 2003.438| -1550] 22/Keck
3|1996.427-45.9| 1.9(161.5 5.3NTT 2004.474) -1143] 57 Keck
611997.544/-59.0 3.4[130.4] 2.8 NTT 2005.410) -926| 16Keck
998.373/-65.3| 4.7|122.1| 3.5|NTT 2005.504) -850] 31 Keck
§1999.465/-67.5| 4.4(106.0] 4.1|NTT 2006.391| -692| 21 Keck
9 -33.3| 5.0] 63.9| 3.1NTT 2006.461 -718] 17 Keck
10, -62.8| 3.1| 57.6| 3.1/GEMINI|2006.495| -695| 36 Keck
-49.3| 3.8] 23.8| 2.1NTT 2006.497 -713] 26 Keck

27.8/11.5| 14.9(104|NTT 2007.385| -483] 50 Keck

-3.1) 4.0] 66| 4.0/VLT 2007.548) -506] 50 Keck

6.6 2.7 -7.6| 2.7|VLT 2003.353| -1512] 49 VLT

16.3| 3.8 0.0 3.8 VLT 2003.446) -1428 63 VLT

18.2| 33| 21| 33|VLT 2003.271| -1571] 52|VLT

17.3] 33| 23| 33 VLT 2004.533| -1055) 41 VLT

17.4| 33| 32| 33|VLT 2004.537| -1056| 33 VLT

30.8 3.3 20.7| 3.3|VLT 2004.632) -1039 34 VLT

34.1| 3.2| 26.9| 3.2|VLT 2005.158| -1001] 68 VLT

33.7| 3.2| 27.3| 32|VLT 2005212 -960, 33 VLT

41.1] 03| 66.6( 0.4[VLT 2005215 -910, 48 VLT

41.4] 03] 75.0/ 03|VLT 2005455 -839 53 VLT

40.7) 04| 74.8) 04|VLT 2005461 -907 38 VLT

40.6) 0.5] 79.8| 0.5|VLT 2005.677 -774) 68 VLT

41.3| 04| 80.4[ 04[VLT 2005.769 -860, 51 VLT

A1 5 02 @0 s N2AVTT MNA A 70 ITIVTT



https://vizier.cds.unistra.fr/viz-bin/VizieR
https://vizier.cds.unistra.fr/viz-bin/VizieR
https://vizier.cds.unistra.fr/viz-bin/VizieR

Vezba - izracunajfe masu SMBH

Desno — koordinate polozaja zvezde S2

Koordinatni pocetak — centar SMBH
Kako?

Nacrtati tacke (i greske)

Nacrtati elipsu najpriblizniju
merenjima

lzmeriti veliku poluosu elipse

Arcsec prevesti u svetlosne dane (Id),
2 arcsec = 28 |d

lzraCunati srednju vrednost ©

L 4 NACO & SHARP
4+ GRAVITY
4 NACO flares

0.15 /

-\
3

T

0.00 \
d
‘-.‘

0.04 0.02 0.00 -0.02 —0.04 —0.06

RA [u]

Date (year) % (arcsec) dx (arcsec) y (arcsec) dy (arcsec)
1992.226 0.104 0.003 -0.166 0.004
1994.321 0.097 0.003 -0.189 0.004
1995.531 0.087 0.002 -0.192 0.003
1996.256 0.075 0.007 -0.197 0.010
1996.428 0.077 0.002 -0.193 0.003
1997.543 0.052 0.004 -0.183 0.006
1998.365 0.036 0.001 -0.167 0.002
1999.465 0.022 0.004 -0.156 0.006
2000.474 -0.000 0.002 -0.103 0.003
2000.523 -0.013 0.003 -0.113 0.004
2001.502 -0.026 0.002 -0.068 0.003
2002.252 -0.013 0.005 0.003 0.007
2002.334 -0.007 0.003 0.016 0.004
2002.408 0.009 0.003 0.023 0.005
2002.575 0.032 0.002 0.016 0.003
2002.650 0.037 0.002 0.009 0.003
2003.214 0.072 0.001 -0.024 0.002
2003.353 0.077 0.002 -0.030 0.002
2003.454 0.081 0.002 -0.036 0.002




Vezba - izracunajfe masu SMBH

Date (year) % (arcsec) dx (arcsec) y (arcsec) dy (arcsec)
1992.226 0.104 0.003 0.166 0.004
1994.321 0.097 0.003 -0.189 0.004
1995.531 0.087 0.002 -0.192 0.003
ce 1996.256 0.075 0.007 -0.197 0.010
020 + NACO & SHARP
oy . N+ 6 1996.428 0.077 0.002 -0.193 0.003
Odrediti period (P) ¥ NACO flares
- 1997.543 0.052 0.004 -0.183 0.006
Aell =ab-m-aibsaslike, pre’rhodnl SlOJd // T 1998.365 0.036 0.001 0.167 0.002
At e | ( 1999.465 0.022 0.004 0.156 0.006
AA =—-Agy - Il Keplerov zakon ? ; : : ; :
;‘ 2000.474 -0.000 0.002 -0.103 0.003
Nepoznc’ro AA, At, Aell : 2000.523 -0.013 0.003 -0.113 0.004
AAi At - sa slike (prethodni slajd, za svaki 2% 2001.502 -0.026 0.002 0.068 0.003
segment) a 2002.252 0.013 0.005 0.003 0.007
Nacrtati frougao i odrediti njegovu + 2002.334 -0.007 0.003 0.016 0.004
POovrsinu (pOﬂOVITI vise pUTO!) 0.05 2002.408 0.009 0.003 0.023 0.005
lzracunati masu SMBH b 2002.575 0.032 0.002 0.016 0.003
2 ! 2002.650 0.037 0.002 0.009 0.003
lIl Keplerov zakon i
0.00 ) 2003.214 0.072 0.001 0.024 0.002
2 _ 4-7'[2 3 .
= ma , M > mg; 2003.353 0.077 0.002 0.030 0.002
0.04 0.02 o.o%A—[ti.]oz —0.04 —0.06 |3003 454 0.081 0.002 0.036 0.002




Preuzimanje podatako

vizier.cds.unis viz-bin/Vizie

@) roztaL 77 Nm3ad 2 XMATCH OTHERS ¥ HELp ?

VizieR
0@~ 1

Search Criteria o VizieR home . ;‘ Photometry viewer . € » Query VizieR using TAP . 4 X-match tables . $%o Query images/spectra
Preferences The VizieR service is now hosted by CDS domain (cds.unistra.fr). Please, modify your configuration for the new domain.
maxc : ;
HTML Table - Find fatalogs among 26832 available Wavelength  Mission Astronomy
0 Clepr [J/ApJITOT/IL114 | Find.. Radio & |AKARI & |Abundances a
All coluemns emas Millimeter ANS 0| Ages []
b Compute Expand search [ | IR ASCA AGN
Mirrors o Catalog, author's name, optical BeppoSAX Associations
CDS, France v word(s) from title, description, etc. uv Cassini-Huygens  |Asteroseismology
e.g. AGN, Veron, I'239, or bibcodes.. EUV CGRO Atomic Data
} Search for catalogs by column descriptions (UCDJO X-ray w |Chandra w |Binaries:cataclysmic =

} Search for catalogs containing additional data

Search by Position across 30452 tables

Target NWame (resolved by Sesame) or Position: Target di 1on
[ Clear | |[J2000  ~| 2 | arcmin v|[ Gol | e D - ;
P 3iM3aD e pe aLapin X7 xmatcH OTHERS w HEe ?
NB: The gpoch usad for the query is the original apoch of the tabls(s) ® Radivz ) Box =ize
PROR L. Catalog
@More about VizieR sort by : popularity [ date [ [s--mh Criteria ] The orbit of 52 star around Sgr A® (Gillessen+, 2009) C; AL WL ING  ReadMecftp
S in CDSpomal ) JApII0T/LII4 ) . Post avongion
Keywords [Back]| ' [L3ApI707L114/tablel Orbital data for S2 used in this work ie] (/' yelocify and /' astrometry ) (90 rows)
= VARITOTLI I
. Tables Add_ Simple Constraint| List Of Constraint: | Submit || ResetAll |
Tools related to VizieR NMZWFU“ | |Query by Constraints @ applied on Columns (Ouspu Orter: ® + 1 _)
. i ) ) Show  Sort  Columm Clear | Constraint Explain UCD)
= Catalogue collection : Search VizieR catalogues available via various services (FTE. VizieR, TAP, ..) - 0 recnol Record number assigned by the VizieR team. Should Not be used for idenfification. (meta record)
* CDS Portal : Access CDS data including VizieR, Simbad and Aladin using the CDS portal Choose B T Vear oFthe anvoractric abacrsation (i cooeld
* Spectra, images in VizieR : Search Spectra, images in VizieR Preferences oRA| mas Offsctin Right Ascension relative to SgrA® (pos.cq .anith iff)
* EPhotometr Plot photometry (sed) including all VizieR e e oRA| mas Uncertainty in oRA (stat crzor)
= TAP VizieR : query VizieR using AD(_IL (a. SQL_ extension dedicated for astmnm_ny) o [T — oDE —‘ mas Offset in Declination relative to SgrA® (pos eq dec-arith diff)
= CDS cross-match service : fast cross-identification between any 2 tables, including VizieR catalogues, SIMBAD :|'c ¢ oDE| s Uncerainey in oDE (stat ervor)
DS Fance ] Tel Al ehary Telescope used in astrometric observation (meta 1d mstr tel)
Ep V| 73 (=) Year of the radial velociry observation (time epoch)
VISR |kms (%) Local Standard of Rest Velocity (phys veloc pos lsr)
@) ﬂ — Cite/acknowled: e VISR ks * Uncerainty in VISR (tatcuws ghvaaclo puslst)
ILIC Tel V iehar) Telescope used in radial velocity observation (VLT or Keck) (meta id-insts te])
o G @ w — Rules of usage. = — = - " pmmy
o sel lear indicates a possible blank or NULL columm _ isdexed coluna | Submit |

Adaptform  Displyy your seiectioncaly | MOdify|  Resetto detuuit colinas  [Modify|

@  Depsy oo Cuenn

@

é>

=Yy — Clieacknowiedoe VizieR catalogue
0 0 @ @ — Rules of usage of VizieR data Loniact - Legals
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https://vizier.cds.unistra.fr/viz-bin/VizieR
https://vizier.cds.unistra.fr/viz-bin/VizieR

Preuzimanje podataka

vizier.cds.unis

ALADIN ") xmatc OrHERS

Search Criteria ¥ Show constraint information
Save in CDSpegtal
Kevwords Back] JApITOTL114/¢ablel The orhit of 32 star aroimd Szr A% (Gillessent, 2005
.f'%p]"ﬂ‘ L4 POt GHAONETOH Orbital data for 52 used m this work ¢ | velocity and ‘" | astrometry ) (98 rows)
Table: _hdd ) plot the output £ 2 guery usins TAP/SQL
| LApJTOTIL114 A
.fablel 8
mas — v
v Y @ rozcar 77 sim3ad Vinie? 5 K~ XMATCH OTHERS ¥
L
- 3 .t
Modify Guery| G Tap VizieR 2
1.
Preferences 34
] 7 note
O All columes 5 9 The TAPVizieR service provides VizieR tables using ADQL (a SQL extension in Astronomy). 2 Documentations
» Compute 3. —About TAP VizieR
[Submit | E —ADQL documentation &
MBrrors
- Type your ADQL Query in the bottom area or try an example or use the VizieR capabilities to construct your ADQL query @
Favorite tables available to construct queries -
Search tables [%201/Ap)/707/L114/table1 | Go |
@ Search by catalog, author's name, word(s) from title, position (resolved by Sesame), ...
e.g : Veron, 2Mass, redshift , M31... catalog table
n ﬁ“an]ﬂnz; 114 ) J/Ap)/707/L114/tablel (96 rows) T
[Show entries Upload your data
catalogues description tables Namelhilc/Uel
2 o * to use an uploaded table in the query, you must prefix its name with TAP_UPLOAD (i.e.
TAP_UPLOAD.myTable).
3/Ap1/707/1L114 \vizContent{timeSerie} 3/Apl/707 /1114 /tablel ( 96 rows )
wavelength : optical ; Orbital data for S2 used in this work
astronomy : Positional_Data ; Multiple_Stars ; Velocities ; Orbital dsta for S2 used in this work
catalogues description tables
[Shot g 1 to 1 of 1 entries
* Modify the query with the upper tabs.
Max records O all @ limit Update query
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https://vizier.cds.unistra.fr/viz-bin/VizieR

Preuzimanje podataka

viz-bin/Vizie

[ all T by wavelength I by mission by astronomy Construct your query

show R4 entries Upload vour data
catalogues description tables Name File/url _
P ~ 2 * to use an uploaded table in the query, you must prefix its name with TAP_UPLOAD (i.e.
) ) ) TAP_UPLOAD.myTable).
1/Apl/707/L114 \vizContent{timeSerie} [J 3/Ap1/707/1L114/tablel ( 96 rows )
wavelength : optical ; Orbital data for S2 used in this work
astronomy : Positional_Data ; Multiple_Stars ; Velocities ; Orbital data for 52 used in this work
catalogues description tables

Showing 1 to 1 of 1 entries

* Modify the query with the upper tabs.
Max records O zll ® limit 100 Update query

1 -- output format : cswv
7 SELECT TOP 18@ "1/Apl/7@87/1114/tablel".recno, "J/ApJ/707/L114/tablel”."Ep.A", "1/Apl/787/L114/tablel”.oRA, "I/Apl/787/L114/tablel”.e_oRA, "1/Apl/787/1114/tablel”.oDE, "1/Ap]/787/L114/tablel”.e_oDE, "J/Apl/787/L114/tablel"."Tel.A",

"1/Apl/787/1114/tablel™ . "Ep.N", "1/Ap]/707/L114/tablel” .WLSR, "1/Apl/707/L114/tablel”.e_VLSR, "I1/Apl/7@7/L114/tablel™."Tel.Vv"
4 FROM "J1/Apl/7@7/L114/tablel”

Query name| "JiApJI707/L114/table1” Output format Quickview Reset Test

List of your TAP queries | Refresh
Show entries

name phase start destruction results

-~ -~
= ¥ ¥

J/ApJ/T07/L114/tablet’ COMPLETED Mon Nov 17 22:58:44 CET 2025 Wed Nov 19 22:58:44 CET 2025 1 download (csv)

Showing 1 to 1 of 1 entries
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Preuzimanje podataka

vizier.cds.unistra.fr/viz-bin/VizieR

Juery narnel tap Query Output format Run Quickview Reset Test
List of your TAP queries | Refresh
Ehow entries Search:
name phase start destruction results
')/ ApJ/707/L114/table1’ ‘ COMPLETED ‘ Tue Nov 18 16:32:41 CET 2025 ‘ Thu Nov 20 16:32:41 CET 2025 W download e
'J/ApJ/T07/L114/tablet’ COMPLETED Mon Nov 17 22:58:44 CET 2025 Wed Nov 19 22:58:44 CET 2025
BEhowing 1 to 2 of 2 entries

L1 download (csv)
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Obrada podatako

hitps://www.geogebra.org/calculator

or drag a file here



https://www.geogebra.org/calculator

Obrada podatakao

hitps://www.geogebra.org/calculator

S2star-org ¥ B &
File Edit View Insert Format Data Tools Extensions Help

Q, Menus o 2 & T 100% - $ % O .00 123  pefaul.. ~ | — + | B I 5 A S [a=] E~v L+~ A~ & [T
Al h¢ fix recno
A B c D E F G H 1 J K L

1  |recno .l Ep_A oRA e_oRA oDE e_oDE Tel A Ep_V VLSR e_VLSR Tel_V
2 1 1952224 -6.4 46 172 47 NTT 2000.487 1199 100 Keck
3 2 1994.314 -28.5 438 179 34 NTT 2002.418 -495 40 Keck
4 3 1995.534 -37.3 38 1721 43 NTT 2002.421 -530 45 Keck
5 4 1996.253 -434 36 164.4 36 NTT 2003.438 -1550 22 Keck
6 5 1996.427 -459 19 1615 53 NTT 2004.474 -1143 57 Keck
7 [ 1997.544 -59 34 1304 2.8 NTT 2005.41 -926 16 Keck
8 7 1998.373 -65.3 47 1221 35 NTT 2005.504 -850 31 Keck
9 & 1999.465 -67.5 44 106 4.1 NTT 2006.391 -692 21 Keck
10 9 2000.472 -553 5 63.9 31 NTT 2006.461 -718 17 Keck
" 10 2000523 -62.8 31 57.6 3.1 GEMINI 2006.495 -695 36 Keck
12 1 2001.502 -49.3 38 238 21 NTT 2006.497 -713 26 Keck
13 12 2002.458 278 15 149 10.4 NTT 2007.385 -483 50 Keck
14 13 2002.25 <31 4 -6.6 4 VLT 2007.548 -506 50 Keck
15 14 2002.335 6.6 27 -T6 27 VLT 2003.353 -1512 49 VLT
18 15 2002.393 16.3 38 0 38 VLT 2003.446 -1428 63 VLT
17 16 2002.409 18.2 33 21 33 VT 2003.271 -1571 52 VLT
18 17 2002.412 17.3 33 23 33 v 2004.535 -1055 41 VLT
19 18 2002.414 174 33 32 33 v 2004.537 -1056 33 VLT
20 19 2002.578 308 33 207 33 v 2004.632 -1039 34 VLT
Eyl 20 2002.66 341 32 269 32 v 2005.158 -1001 68 VLT
2 21 2002.66 337 32 273 32 v 2005212 -960 33 VLT
23 22 2003.214 411 0.3 66.6 0.4 VLT 2005215 -910 48 VLT
24 23 2003.351 414 0.3 75 0.3 VLT 2005.455 -839 53 VLT
25 24 2003.356 40.7 04 T4.8 0.4 VLT 2005.461 -907 38 VLT
26 25 2003.446 406 05 79.8 0.5 VLT 2005677 -774 68 VLT
7 26 2003.451 413 04 80.4 0.4 VLT 2005.769 -860 51 VLT

28 27 2003.452 415 0.3 80.5 0.3 VLT 2006.204 -702 37 VLT
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Obrada podatakao

hitps://www.geogebra.org/calculator

S2star ¥ MO & savedtoDrive
File Edit View Insert Format Data Tools Extensions Help

Q. Menus o e & § 100% - $ % .0 .00 123 Dpefaul.. v~ | -

Al ~ | fr oRA[as)
A E C D E F

1 |oRA [as] .l oDE [as] Ep_A

2 -0.0064 0.172 1992.224
3 -0.0285 0.179 1994.314
4 -0.0373 0.1721 1995.534
E -0.0434 0.1644 1996.253
6 -0.0459 0.1615 1996.427
7 -0.059 0.1304 1997.544
8 -0.0653 0.1221 1998.373
9 -0.0675 0.106 1999.465
10 -0.0553 0.0639 2000.472
1 -0.0628 0.0576 2000.523
12 -0.0493 0.0238 2001.502
13 0.0278 0.0149 2002.488
14 -0.0031 -0.0066 2002.25
15 0.0066 -0.0076 2002.335
16 0.0163 0 2002.393
17 0.0182 0.0021 2002.409
18 0.0173 0.0023 2002.412
19 0.0174 0.0032 2002.414
20 0.0308 0.0207 2002.578
2 0.0341 0.0269 2002.66
22 0.0337 0.0273 2002.66
23 0.0411 0.0666 2003.214
24 0.0414 0.075 2003.351

25 0.0407 0.0748 2003.356
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Obrada podatakao

GeoGebra Calculator Suite

hitps:

fJ Graphing ~

WWW.geoqgebra.or

calculator

Tabelz

x i 120 Y2 i
Uredivanje
-0.006¢ 2.224
Obrisi kolonu
—0.02¢¢ Import data 4314
_ x Statistics
-0.037: 5.534
-0.0434 0.1644 1996.253
-0.0459 0.1615 1996.427
-0.059 0.1304 1997 544
-0.0653 0.1221 1998.373
-0.0675 0.106 1999 .465
-0.0553 0.0639 2000.472
-0.0628 0.0576 2000.523
-0.0493 0.0238 2001.502
0.0278 0.0149 2002.488
-0.0031 -0.0066 2002.25
0.0066 -0.0076 2002.335

L a3 +
= GeopGebra Calculator Suite
X : yi i v i

e ~0.0064 0172 1992.224
@ -0.0285 0179 19904.314
m -0.0373 0.1721 1995.534

Taoeia
0.0434 0.1644 1996.253
-0.0459 0.1615 1996.427
-0.059 0.1304 1997.544
-0.0653 01221 1998.373

=14 -13 =12 -1 =10 -9 -8

0.0675 0.106 1999.465
0.0553 0.0639 2000.472
-0.0628 0.0576 2000523
-0.0493 0.0238 2001.502
0.0278 0.0149 2002.488
~0.0031 ~0.0066 2002.25
0.0066 -0.0076 2002.335
0.0163 0 2002.393

RT

~ Osnovno  xOsa yOsa
Koordinatna mreza
Dimenzije
X Min:  -0.20544
x Max: 0.26425(C
y Min:  -0.06406
y Max:  0.20916¢
x0sa : yOsa
1 1 &

£/ Graphing ~
| =¥ 02
o T Sy -
L] 1 ]
®
. 016 L
.
014 ‘ \
O
.
L] 012 %
()
.
01
0.08
o
e @
- 006
.
008
[ ] ® L
0.02 *
. .
62 ww o wu o 01 0w o, -om o gf o 00z oM 006 0.08 01 012
—002
—0.04

< PRIJAVITE SE

a

Koordinatne ose

PrikaZi ose [] Masno

soja: || vista tniie: | —
Label Style:

[] Serif

[ Masno [] Koso

Traka za korake konstrukcije

[ Prikazi

Razno

< & & x
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= Genlzahra Calenlatar Quiite AJ Graohina ~ < m PRIJAVITE SE
= GeoGebra Calculator Suite ( A/ Graphing ~ Ll AssiGN PRIJAVITE SE
; e B <
E Fitlmplicit(TableValuesPoints, 2) : e . ~ Osnovno  xOsa yOsa
Alge
: E * Koordinatna mreza

= 0.9538433771769x* + 0.077135267989.

Algsbra

Dimenzije

x Min:  -0.20544

S & 8 x

XxMax: 0264250

y Min:  -0.06406

1 y Max:  0.20916%

xOsa - yOsa
1 o1 a
Koordinatne ose

PrikaZi ose [] Masno
soj: ([ vrsta imie: | —
Label Style:  [] Serif

1 [ Masno [ Keso

Traka za korake konstrukcije

0.06 0.08 o1 0.12 -
[ Prikazi

Razno
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Jednacina: 0.95x2 + 0.08xy + 0.02x + 0.29y% — 0.05y = 0

Centar elipse:

Resenje:
Yo =~ 0.088
Nagib elipse:
1
6 = —arctan ~ 0.06 ~ 3.5° o

2 A-C
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bI’CIdC] pOdOTGkO hitps://www.geogebra.org/calculator

= GeoGebra Calculator Suite ( A/ Graphing ~
Basic Tools — 02
- e
. & A 22 > Y, oS Fe
Pomeranje Tacka Klizaé Presek dva Extremum Roots Fitovana prava
@ objekia
Alati Edit
|zaberite Pomeranje Brisanje Prikazi / sakrij PrikaZi / sakri
objekat povriine za oznaku objekat
=] Media
Mm ABC
Ubacivanje  Ubacivanje
slike teksta
Redefinisanje
Measure
, tadka A
o e 2 (:0.014, 0.088)
Ugao Rastojanje Povréina
Transform ODUSTANI
\ R » per—rrrr—rrrrrr—rr—r—rrr—yr—r———r—r1 0.04
ST e e
Osna simetrija Centralna  Translacija za °
simetrija vektor 9
F 0.02
Construct L
- y > =z b
. —~— i - # —0.14 —0.12 0.1 —0.08 —0.06 AJ.OZEq.I —0.02 8 0.04 0.08
Srediste il Mormala  Simefrala duzi  Paralela  Simefralaugla Tangente
centar
. -0.02
Lines
A -~ -~ re
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GeaGebra Calculator Suite

@ O e ¢ e

)

P/ Graphing ~

eql: Fitlmplicit(TableValuesPoints, 2) :

= 0.9538433772x? + 0.077135268x y + 0.0190757931x + 0.2858556505y2 - 0.0464246428

A = (-0.014, 0.088) :
B = (-0.07, 0.12) :
C = (-0.05, 0.16) :
tl = Mnogougao(A, B, C) :
= 0.00144

a = Du¥(B,C,t1) :
= 0.0447213595

b = Du#(C,A,tl1) :
= 0.0804984472

¢ = Du#(A.B.t1) :
= 0.064498062

Unos...

hitps:

02

WWW.geogebra.or

calculator

)

_ Global

0.06

0.08

Jezik Serbian / cpnckn

Zaokrugljivanje:

10 decimal. mesta -

Oznacavanje:

Za sve nove objekie -

Veliéina slova:

16 pt -

SNIMI PODESAVANJE

RESTORE SETTINGS

PRIJAVITE
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GeoGebra Calculator Suite ([ A/ Graphing ~

@ B=(007012) : —e 02
o= (@ C=(-0.05, 0.16)
@& ® t1 = Mnogougao(A, B, C)
=0
in
ol PR Dui(B, C. t1)
= 0.04
B
® b = Du3(C, A, tl)
= 0.08
O c = DuZ(A,B.t1)
= 0.06
® D = Element(TableValuesPoints, 2)
= (-0.03, 0.18)
® f = Du¥(A,D)
= 0.09
@  E=(006 008)
-0.14 -0.12 -01 0.06 0.08 01
P g = Duz(AE)
= 0.05 ' e
—+ Unos... 004
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Vezba - izracunajfe masu SMBH

020 + NACO & SHARP

Odrediti period (P) + NACO fres

A, =ab-m-aib saslike, prethodni slajd T S
W7 mra IR PEIRENEEE Rezultatate 3aljite na

AA = % - Aoy - Il Keplerov zakon /

Nepoznato AA, At, Ay i

— 010} |

AA i At - sa slike (prethodni slajd, za svaki £
segment)

Dec

Nacrtati frougao i odrediti njegovu +
povrsinu (ponoviti vise putal) 0.05 @

lzraCcunati masu SMBH

lIl Keplerov zakon
0.00

7+
e

p2=_*" 3 M»m
T G(M4mgy) 52

0.04 0.02 0.00 -0.02 —0.04 —0.06
RA[II]
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