AGA5802
Astrofisica Observacional

Astronomical coordinates and planning
observations |

Bibliography: Any book (or chapter) on coordinates.

Some basic astrometry in slides from Prof. Roberto Boczko
+ myself (Elementos de Astronomia):

http://www.astro.iag.usp.br/~jorge/aga205 2011/

Prof. Jorge Meléndez



Points to discuss

Local coordinates: celestial sphere, horizon,
zenith, vertical, local meridian

Altazimutal system: azimuth, altitude, zenital
distance. Reference points?

Geographic system

Equatorial system: R.A., Dec, ecliptic, y
Hour angle

Sidereal time



Iguazu falls
http://www.twanight.org
http://apod.nasa.gov/apod/ap100514.html
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Stellar Magnitudes (V)
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Stellar Magnitudes (V)
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Local coordinates ,_ ..

Horizon’s line

Slide adapted from Prof. Boczko



Local Meridian

Is the semicircle
passing through
the points
zenith, N and S.

Zenith

e —— ————————————

e T L
Sammer:”

P 1

Slide adapted from Prof. Boczko



Altazimutal System
Azimuth (A): NES O(W

Celestial
sphere

Altitude (h):
-90° a +90°

Fig. 3.2 from Astronomy Methods



Altitude & zenith distance

Zenith
()

Zenith distance is the
angle between the
zenith and the object

S ||||||||||||||||
h = altitude . .
: : Altitude is the
z = zenith distance
angle between the
h+2z=90° local horizon and

the object

Slide adapted from Prof. Boczko



Geographic system
Longitude A NP

0< A<+180°(E, W)
(W) -180° < A < +180° (E

Greenwich

Sampa:
23.55°S
46.63° W
North
Latitude ¢ -T->East

(S) -90° < @ < +90° (N)

S P Slide adapted from Prof. Boczko



Slide adapted from Prof. Boczko



La Silla/ESO (3,6m telescope) 29.2612°S, 70.7313° W
on 2014/01/12 © Jorge Meléndez




Equatorial 5900

NP

oL = right ascension

O = declination
p = polar distance

Slide adapted from Prof. Boczko



north

Equatorial celestial ,
system '

Zero point for
R.A.:
intersection of
ecliptic &
equator

Obliquity of the eclipti
€=23°27'08"



Equatorial

North

celestial pole

coordinates

+90°

+60°
A
- &
— =i s B h =
Celestial [~ +30° - N Sun
ator G o L
sequator AN \ North & June 21
Palomar | \ latitude '-;, Lo
M. | \ I A
S b ] = 1 A
Sun L S 23.45
23 h \ { jong ™ =4 I|
<2 I March 21 \EEE’ /,5' : .Ed}@ﬂﬂ )
/ . T
/; h Th 4h/,'/
Vernal Right ;‘1‘5‘:3“5:’0“ oL
equinox —30°
Celestial
sphere
—60°

—90°

Fig. 3.1 from Astronomy Methods



Units

Right Ascension Declination
0° < o < 360° 5) 900 < 5 < +90° (N)
O ®(degrees, arc minutes, arc seconds)
Polar distance
Oh<a < 24h (N) 09<p <+180° (s)

hh, mm, ss (hours, minutes, seconds)

24 h = 360° — 1 hour =15°
1m=15" 1s=15"

Slide adapted from Prof. Boczko



Coordinates for astronomical objects: SIMBAD
http://simbad.u-strasbg.fr/simbad/sim-fid
) — @ 20 & B 5 =

Simbad VizieR Catalogs Dictionary Biblio Tutorials Resources

CENTRE DE DONSTES
ASTROMSOMIGLES I STRASROLRG

SIMBAD: Query by identifiers
other query ldentifier Coordinate Criteria Reference Basic Script Output Help
modes : query query query query  query submission  options

Query an identifier

Examples

Identifier : sirius, M31, MCG+02-60-010

S = How to write an identifier can be found in the dictionary of nomenclature
IAU format can also be used, with the following format:

iau [JIB]1230+08 [* enlarging-factor ] [= Object-type ]
you can choose to query :  only this object T
around the object, define a radius : 2 arc min
[ submit id ] l clear ]

Query a list of identifiers

Enter the name of an ASCII file

produced by a text editor containing

one identifier per line:



Simbad

HD 75302 -- High proper-motion Star

Other object types: * (HD,AG,ASCC,BD,GSC,HIC,HIP, PPM, SAO, SKY#, SPOCS, TYC, USNO,
IR (2MASS) ,X (1RXS)

ICRS coord. (epZJZOOOJ: 0B 45 12.53044 +03 29 05.1266|( Optical ) [ 7.11 4.22 B4 ]

Epoch 2000 R.A. (o) dec (6)

HD 75302 -- High proper-motion Star query around | with radius 2 arct

Other object types: * (HD,RAG,ASCC,BD,GSC,HIC, HIF, PEM, SRO, SKY#, SPOCS, TYC, USNO, uvby98,¥Z) , BM* (LSEM) ,
IR (2MASS) .X (1RXS)

ICRS coord. (ep=]2,000): 08 49 12.53044 +03 29 05.1266 ( Optical ) [ 7.11 4.22 84 ] A 2007A&A...474..653V

FKS5 coord. (ep=J2000 eq=2000) : 08 45 12.530 403 29 05.13 ( Optical ) [ 7.11 4.22 84 ] A 2007AsA...474..653V
FK4 coord. (epZBIQSO eq=1950): 08 46 36.17 +03 40 12.4 ( Optical ) [ 40.72 25.02 0 ] A 2007AsA...474..653V
Gal coord. (e‘D:JQOOO]: 223.9743 +27.6703 ( Optical ) [ 7.11 4.22 84 ] A 2007A&A...474..653V

Proper motions mas/yr [error ellipse]: -146.56 60.17 ]0.31 0.48 0] A 2007AsA...474..653V

Radial velocity / Redshift / cz : Vv(km/s) 10.32 [0.45] / / (~) A
2007AJ....133.2524W

Parallaxes mas: 32.26 [0.71] A 2007A&A...474..653V
Spectral type: G5V € 2007AJ....133.2524W
Fluxes (12) :

8.128 [0.016] D 2000R&A...355L..27H
7.43 [0.01] D 2000A&A...355L..27H
7.0 [~] E 2003aJ....125..984M

6.7 [~] E 2003AJ7....125..584M
6
5
5

HD 75302 @q

.238 [0.021] ¢ 2003ycat.2246....0C BD+D4 EDED

.952 [0.049] € 2003ycCat.2246....0C -

.840 [0.020] C 2003yCat.2246....0C HIP 43297 v

(AB) 12.871 [0.006] C 2009yCat.2294....0A =
(AB) 11.846 [0.005] C 2009ycat.2294....02 LSFH JD349+D329E ‘-ﬂ"l
(AB) 11.318 [0.006] C 2009yCat.2294....0A

(AB) 10.117 [0.006] C 2009yCat.2294....0A

(AB) 8.515 [0.001] € 2009ycat.2294....0A 2MASS J08B491252+4+0329052

maghnitudes A

H RO £ A I g HM g W




Example: equatorial coordinates for the Sun

NP Zero point is the Vernal
equinox, about March 21

ENP

a=18"

a = 18"
=-g

Slide adapted from Prof. Boczko



Horizontal & Equatorial system for
observer in the NH

Slide adapted from Prof. Boczko



Provinha 1.
1) Plot both horizontal + equatorial system for an observer in

Sdo Paulo (latitude 23.55° S, long. 46.63° W). Show the
horizontal & equatorial planes, the zenith, the cardinal points
and the position of the Celestial South Pole




Local Meridian and Projection

Zenith
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Projection on the meridian plane

Slide adapted from Prof. Boczko



Hour circle: the great circle passing
through the object and the celestial poles




Hour angle H: the angle on the equator’s plane,

from the local meridian to the objeczt’s hour circle

— H =0 at meridian

H = hour angle

O = declination
p = polar distance

W (H,d)

r-.J

Observer in the
Northern H.

A;

Slide adapted from Prof. Boczko



Units

Hour angle Declination
(E) -180°<H < +180° (W) (S) -90°< &< +90° (N)
Positive on the West side 0° < p < +180°
1 hour = 159
1h=15°
1m=15

(E) 120 < H < +12h (W) 1c=15"



Do it yourself
3h20mQ0s=0""7?

-30°5=h ms?

Provinha 1

2. Converter -0h 30m 0s em fracao de grau
3. Converter 15°30°00"“ em (h,m,s)



Culmination or Meridian crossing

Z At upper
meridian
crossing
=0.

At lower
meridian
crossing: H = 180°
SP

Slide adapted from Prof. Boczko



Example of hour angles

At upper meridan crossing:

0.

N S
At lower
meridian
crossing
H=12h

Slide adapted from Prof. Boczko



Sidereal time: the hour angle of y

Slide adapted from Prof. Boczko



Sidereal day

Interval for 2 succesive
local meridian crossings

of y

Z
()

SP

Sidereal

Sidereal day = 23"56™m04s

Sidereal

Sidereal day = 24""00™"00s Midnight

* : sidereals
Slide adapted from Prof. Boczko



Measuring the right ascension at
meridian crossing

ST = HY

ST=a+H
At upper
meridian
crossing:H=0
Then:
o =ST

Mer.crossing

Slide adapted from Prof. Boczko



Meridian
Circle at
Valinhos

Prof. Rama




Do it yourself: star in London with hour angle
H = 3h & declination 0 = 15°7?
/

Slide adapted from Prof. Boczko



Do it yourself: star in London with H=3h,
0=15° & a=1h30m, draw o
/

What is the
sidereal

time ST?
ST =4h30m

Slide adapted from Prof. Boczko



Provinha:
4. Draw Orion as seen from Sao

Paulo (23.5° S, 46.6° W) at the
meridian passage

35



http://www.stellarium.org/
A.R.(hours)

o




Provinha:
5. Choose your question.
If correct, write 2 pts next to the
guestion



The Sky at OPD observatory

2013/03/22 18h
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Sky at OPD equatorlal
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Sky at OPD equatorlal
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Sky at OPD equatorlal
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Sky at OPD equatorlal
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Sky at OPD: equatorial
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Babak Tafreshi

Campos dos Goytacazes, RJ , ,
http://www.twanight.org Imagine the equatorlal

http://apod.nasa.gov/apod/ap090509.html system on the sky!



http://www.twanight.org/

Ecliptic system

£ : ecliptic longitude

*b : ecliptic latitude 0° < @ < 360°
(€,b) ONE (S) -90° < b < +90° (N)
i |
oy
& @

Slide adapted from Prof. Boczko



Equatorial & Ecliptic System

y Slide adapted from Prof. Boczko



Galactic system (€, b)

North galactic pole

Center of /
Galaxy

Intersection of
,|| il m , plane of Galaxy
| "Imﬂﬂﬂﬂlllllllaﬂ with celestial
II'"I sphere defines the
Wi

lmmmmllmmlmlﬂ'*"' - galactic equator

Galactic
equator

Plane of the Galaxy ‘
(dust, gas & stars)

Figure 3.4. Galactic coordinates. The plane of the Galaxy defines the galactic
equator on the celestial sphere. The angles that specify the location of a celestial
body are measured from the sun. Galactic longitude, £, 1s measured approximately
eastward from the direction of the galactic center in units of degrees (0° to 359.9%)
as shown. Galactic latitude, b, 1s measured in degrees (0° to +90°) from the
galactic equator, similar to latitude on the earth’s surface. The north galactic pole
(dark circle) 1s shown. The celestial sphere is quite small in this figure; in fact, its

radius is infinite. The earth observer is located close to the sun.
© Astronomy Methods



Example drawing

E Zenith

Dec = lat

™
5
°

\

Horizon

54



The
Complete
Galactic
Plane

Lebanon # e
6/2017 *
Chile -

12/2017

(c) Moophz _ ' __ 1.
Himself e " tae
(Maroun Habib) e .

https://apod.nasa.goviElelele/ETeuk 0 EH M aldysl!
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