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Astrofísica Observacional

Astronomical coordinates 
& planning observations II

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
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Spherical triangle

A, B, C = vertices

Is the region of 
the sphere 
limited by the 
intersection of 3 
planes (A O C, 
C O B, B O A, ) 
passing by the 
center of the 
sphere



Spherical triangle
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a , b , c : sides of the spherical triangle = measurements of the central angles



Sin & cosine formula in 
a spherical triangle



Important relations for 
Spherical Trigonometry

sen sen aa . cos . cos B   B  ==  coscos  bb .  . sen sen cc -  - sensen  b b . . cos cos cc  . . coscos  AA

coscos  aa  ==  cos cos bb .  . cos cos cc +  + sen sen b b . . sen sen cc  . . coscos  AA

Co-seno

Seno

Seno & Co-seno

A

B

C
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cc

bb

sensen aa     sensen bb     sensen cc
==
sensen AA     sensen BB    sensen CC



Sin & Cosine of (900- x)

Co-
Sine

SineSine
si

n 
x

x
cos x

90-x sin (900-x) = cos x

cos (900-x) = sin x



PS

Angle between 2 cities

'



PN

Equador

Greenwich

' 


90o- '

90 o- 

'

cos a = cos b . cos c + sen b . sen c . cos A
Co-sine rule

cos  = cos (90- ) . cos (90- ' ) +
sen (90- ) . sen (90- ' ) . cos ( ' -  )

cos   = sen  . sen '  + cos  . cos ' . cos ( ' -  )

N

L

If |`- | >1800

`  = 3600 - 



PS

Angle between 2 stars

'


PN

Equator '





90o- '

90 o- 

'

cos a = cos b . cos c + sen b . sen c . cos A

cos  = cos (90- ) . cos (90- ' ) +
sen (90- ) . sen (90- ' ) . cos ( ' -  )

cos  = sen  . sen '  + cos  . cos '  . cos ( ' -  )



N

L

If |`- | >1800

`  = 3600 - 

Data:


''

Co-sine rule



Condition for the rise or set of an 
astronomical object

N S

h = 0  
or  
z = 90o

Z
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Y



Azimuth at rise & set 
in the North & South 

hemispheres
N S
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E Rise

Meridian 
passing
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Z
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ERise

Meridian
passing
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AO
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ASet = 360o - ARise

AN

AN

AN: Azimuth at Rise
 

AO : Azimuth at Set



Simmetry of the 
rise & set in 

relation to the 
local meridian

HOcaso = - HNascer
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Azimuth & Hour of rise 
& set of an 

astronomical object



Spherical triangle at set
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Azimuth at rise and setAzimuth at rise and set
cos a = cos b . cos c + sen b . sen c . cos A

cos (90-) = cos z. cos(90-) + sen (90-) . sen z . cos (360-A)

sen  = cos  .  cos A

cos A  = sen  / cos   0  A  180o

At rise: A = A At set: A = 360o - A

a = 90 – 
b = z = 90 (zenital distance)
c = 90 – 
A = 360 – A

cos (90-) = sen (90-) . cos (360-A)

= 1.0



Hour angle at rise 
and set

cos z = cos (90-) . cos (90-) + sen (90-) . sen (90-) . cos H

0  = sen  . sen  + cos  . cos  . cos H
cos H  = - sen  . sen  / cos  . cos   

cos H  =  - tan  . tan   
 0  H  1800

At set:  Ho = H At rise:  Hn = - H

cos a = cos b . cos c + sen b . sen c . cos A



Zenital distance of an extended 
object at rise & set

Zenith

Earth

Horizon

s(Sun) ~ s(Moon) ~ 16’

s

Observer

z = 900 + s

s:
angular semi-diameter

z 



Light 
dispersion in 
the atmosphere



D

0

Rayleigh formula for dispersion 
In Earth’s atmosphere

D = k / 4

D
is

p
e

rs
io

n

Color of radiation

n: refraction index
N: density of molecules



Refraction

Light

Medium 1

Medium 2

Change in direction 
due to the change 
from one medium to 
other

vacuum (n = 1),
vel. luz = c

n 1, vel. luz = v

Refraction
Index 
n  c / v



Snell-Descartes Law

Medium 1
n1 = c/v1

Medium 2
n2 = c/v2

r

i
N

o
rm

al

n2 > n1

n1 . sen i  = n2 . sen r



 : change in 
angle due to 
refraction

 = i - r

DescartesSnell



Atmospheric refraction
One spherical layer

Real

Earth

Atmosphere

Incident ray

Refra
cted ra

y

Tangent to the 
surface at 
incident point

Normal to the 
surface at 
incidence point



Refraction 
in layers

Real 
position

Earth

Atmosphere



Atmospheric refraction

Zenith

Real position

Earth

Horizon


Apparent position

Atmosphere

The object seems 
always higher than 
at its real position

R. Bockzco



Color dependence 
of the observed 

position
‘Upper atmosphere limit’

Ground

Position of the star on the CCD 
depends on color

Earth atmosphere



Differential dispersion within FORS’ field



Angle of refractional change as a 
function of star’s altitude
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Rise and set including refraction
Zenith

RealReal

Apparent

Earth

Horizon

34’

Observer

z = 900 + rr: angular change due 
to refraction



Twilight
solar light before sunrise or after sunset



Dispersion & TwilightDispersion & Twilight

Zenith

Earth

Horizon

Light dispersion in 
the high atmosphere

Twilight is the result of the Twilight is the result of the 
dispersion of solar light at high dispersion of solar light at high 
layers of the atmospherelayers of the atmosphere

< 18o



Ilumination during twilights
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6o

6o

6o

90o 50’
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EastWest Horizon
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Sunrise, Meridian Crossing and Sunset



How to 
obtain the 

coordinates?

32
R.A.

D
ec

lin
ati

on
How bright is 

my target?

A.R. & Dec 
de Mintaka?

Magnitude?



Planning observations

http://simbad.u-strasbg.fr/simbad/sim-fid
Coordinates : Simbad



Simbad

R.A. (α)   dec (δ)

magnitudes

Epoch 2000



OPD format

OPD: proper motion in “/year:
Divide SIMBAD’s value by 1000

-0.081 -0.024



Julian date (JD)
Continuous count of days (or fraction of a day) since 
noon on January 1st, 4713 BC
 

Date 26/4/2022 at noon (GMT): JD = 2459696.00 

https://www.aavso.org/jd-calculator



Julian date (JD)
Continuous count of days (or fraction of a day) since 
noon on January 1st, 4713 BC
 

Date 26/4/2022 at noon (GMT): JD = 2459696.00 

Starts 0:00 on Nov 17, 1858. MJD = JD - 2400000.5
 

Date 26/4/2022 at noon (GMT): MJD = 59695.5 

Modified Julian date (MJD)

https://www.aavso.org/jd-calculator



Observing tools
https://www.eso.org/sci/observing/tools/calendar.html
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http://www.briancasey.org/artifacts/
astro/skycalendar.cgi

39

= 45.5825° W
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Data

JDmid - 2450000

Astron.twilight





Object visibility http://catserver.ing.iac.es/staralt/



Al
tit

ud
e

Ai
rm

as
s

Airmass = sec z 
               = 1/cos z
z : zenital distance
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Limits of the 1.6m telescope at OPD

zenital distance ≤ 60
[meaning h > 30]

 
(the object could be somewhat closer to 
the horizon, but check the limits and be 

very careful)
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AntaresMoon
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Finding charts: important for weak 
objects or crowded fields

http://catserver.ing.iac.es/dss1/



What about moving objects?
http://ssd.jpl.nasa.gov/horizons.cgi
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Asteroid Ceres
La Silla 

1 – 10 august 2014
one per hour
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Sidereal time

16h ST

20h sidereal time

4h ST



Trip to OPD

Departure from IAG, April 28, 9:30 sharp!
Departure from OPD, May 2, 9:30 sharp!

1,6m: spectroscopy
IAG (60 cm): imaging and photometry
Zeiss (60cm): photometry + CCD calibration

Four observing nights: April 28,29,30, May 1



Trip to OPD
• RG (or RNE, or passport)
• Warm clothes, flashlight or cell phone 
• Good tennis  or trekking shoes, as you have to walk 

many stairs at night, and perhaps you may want to 
walk around the observatory

• Optional: Linux or mac laptop with IRAF installed. 
Not strictly needed. You can work later on your data
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