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Celestial coordinate system.
Celestial coordinate system is a system for specifying positions of
celestial objects and to define the coordinates of them such as
satellites, plants, stars, galaxies, and so on.
The relationship between the earth and stars can be closely
approximated by considering the stars all to be equidistant from the

earth, on the surface of the celestial sphere.
In astronomy the celestial sphere is an imaginary sphere of arbitrarily
large radius, concentric with earth.
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Celestial poles
• Earth rotation about an axis
• Poles where axis intersects sphere.

Celestial equator
• Plane perpendicular to Z (rotation) axis and passing through center
of the earth.
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Basic Concepts
Zenith: Reference direction opposite to center of earth (up).
Nadir: Reference direction pointing towards center of earth (down).
Horizontal plane: plane through center of earth perpendicular to
zenith – nadir direction.
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Local meridian (celestial meridian): Great circle on celestial sphere
which contain the celestial poles and the observer (zenith and nadir).
Ecliptic plane: the apparent path of the suns motion on the celestial
sphere as seen from the earth is called the ecliptic
The ecliptic plane is tilted around 23.47 with respect to the plane of
the celestial equator since the earth spin axis is tilted 23.47with respect
to its orbit around the sun.
Vernal Equinox: is the moment in which the plane of earth’s equator
passes through the center of the suns disk, which occurs twice each
year, around 20 March and 23 September.
6

3

4/10/2021

Where the ecliptic plane cuts the equator of sun’s passage from South
to North;
• The first point is known as arise γ (20th march)
• Second point intersection is called autumnal equinox or first point
of Libra Ω (23rd September).
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In this celestial coordinate system we introduce three
coordinate systems.
a. Horizontal system: used for astronomical observations
All of the three axes are perpendicular to each other.
The first axis is defined as perpendicular to the third axis and in the
astronomic meridian plane, positive north word, and the second axis is

perpendicular to the first and third axes and positive east word.
The coordinates in this system are the zenith angle Z and the
astronomical azimuth A.
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The horizontal system is fixed on the earth and the coordinates of the
celestial objects change in time as the earth rotates.
The intersection of the celestial sphere with the plane that contains
both the zenith direction and an object is called the vertical circle.
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Equatorial - Right ascension system:
This coordinate system is defined on the celestial sphere by the
direction of the earth’s spin (rotation) axis (the north celestial pole),
and by the direction of the north ecliptic pole (NEP) and by the
vernal equinox (γ).
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• The angle between the ecliptic plane and the celestial equator called
obliquity of the ecliptic (Ɛ) which is approximate equate to 23.47°.
• The first axis of the right ascension system is defined by the
direction of the vernal equinox and the third axis is defined by the
north celestial pole, the second is perpendicular to the other too
axes so as to from a right- handed system.

• The intersection of the celestial sphere with the plane that contains
NCP and the object is called the hour circle of the object and it is
perpendicular to the celestial equator.
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The coordinates of stars (or other celestial objects) in the right
ascension system are the declination and the right ascension.
Declination (δ): Is the angle in plane of hour circle from the
equatorial plane to the object.
Right ascension (α): Is the angle in equatorial plane from the vernal
equinox, antilock-wise to the hour circle of the object.
12
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C. Equatorial – Hour angle system:
• This system connects the horizon and the right ascension system
(is assumed to be fixed in space) (not rotate in space).
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• In this system the coordinates of star (celestial object) are defined
by the declination (δ) and the hour angle (t), which is the angle in
equatorial plane from the local astronomical meridian to the hour
circle of that star (celestial object).
• Hour angle is measured from the (celestial meridian) clockwise.
• Hour angle increases with the time by 360 with a complete rotation
of the earth with respect to inertial space for objects fixed on
celestial sphere.
• The declination remains contains as the earths (assumed the
spin axis fixed).
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Some useful relationships
1- relationship between altitude of the pole and the latitude of the
place of observation
• From figure, the angle QOZ is the latitude θ of the place.
• The angle NOP is the latitude of the elevated pole (NP).
• The line OP is perpendicular to the line QQ’ in equator.
• The line OZ is perpendicular to the line SN in horizon.
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• Angle QOP = 90° ,

Angle NOZ = 90°,

• Angle QOZ + ZOP = 90°,
•

Angle NOP + ZOP = 90° ,

θ + angle ZOP = 90° …(1),

α + angle ZOP = 90° … (2)

• From equation (1) and (2)
• α + angle ZOP = θ + angle ZOP
• α=θ
• Hence, the altitude of the elevated pole is always equal to the
latitude of the place of observation.
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2- relationship between the latitude, declination and altitude of the
celestial body.
• There are three positions M1, M2, and M3 of a celestial body.
• The declination δ1 and the co-altitude (90 – α) are shown only for
the position M1
A) For the position M1 of a celestial body

• Declination = QM1 = δ1
• Altitude = SM1 = α1
• Co-altitude or zenith distance = M1Z = 90° - α = Z1
• Latitude of the observers position = QZ = θ
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From the figure,
• QZ = QM1 + M1Z

•

θ = δ1 + (90° - α1)

•

θ = δ1 + Z1 … (3)

• In equation (3) δ is negative if the celestial body is south of the
celestial equator and Z is negative if the celestial body is north of
zenith Z
18
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B) For the position M2 of a celestial body
• Polar distance = M2P = 90° - δ2
• Co-altitude = ZM2 = 90° - α2
• Co-latitude = ZP = 90° - θ
From the figure:
• ZP = ZM2 + M2P

•

(90° - θ) = (90° - α2) + (90 – δ2)

•

θ = α2 - (90 – δ2) … (4)
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C) For the position M3 of a celestial body
• Polar distance = PM3 = 90° - δ3
• Co-altitude = ZM3 = 90° - α3
• Co-latitude = ZP = 90° - θ
From the figure:
• ZM3 = ZP + PM3
• (90° - α3) = (90° - θ) + (90 – δ3)
•

θ = α3 + (90 – δ3) … (5)
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Astronomical triangle
• An astronomical triangle is a spherical triangle ZMP the angles and
the sides, such as, azimuth, hour angle, colatitude, co-declination,
zenith distance.
• The angle of ZMP is called the parallactic angle.
Parallactic angle: is the angle
between the great circle through
a celestial object and the zenith,
and the hour circle of the object.
It is usually denoted by q.
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From the cosine law
• cos 𝐴 =

cos 𝑎−cos 𝑏 cos 𝑐
sin 𝑏 sin 𝑐

• And taken:
•

a = 90° - δ

•

b = 90° - θ

•

c = 90° - α

• cos 𝐴 =
• cos 𝐴 =

− δ) −cos (90° − θ) cos (90° − α)
sin (90° − θ) sin (90° − α)

cos (90°

sin δ−sin θ sin α
cos θ cos α
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•

sin δ
cos 𝐴 = cos 𝜃 cos α − tan 𝜃 tan α … . (6)

When the celestial body is in the eastern hemisphere
sin 𝛿

• cos 𝐴′ = cos 𝜃 cos 𝛼 − tan 𝜃 tan 𝛼 … . (7)
When in the western hemisphere
sin𝛼

• cos 𝐻′ = cos 𝜃 cos 𝛿 − tan 𝜃 tan 𝛿 … . (8)
When the celestial body is in the eastern hemisphere
sin𝛼

• cos 𝐻 = cos 𝜃 cos 𝛿 − tan 𝜃 tan 𝛿 … . (9)
When in the western hemisphere.
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The following sign conventions should be clearly understood in
using the above formula.
1. Azimuth is always measured from the north either eastwards or
westwards in northern hemisphere, and from the south either
eastwards or westwards in southern hemisphere.
2. Hour angle is measured westward (in clockwise direction), if it is
measured eastward (in anticlockwise direction)
as H’ → H = 360 – H’
3. While ascertaining the clockwise and anticlockwise directions, one
should imagine to be at the top of the celestial sphere.
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Example-1
What is the hour angle and declination of a star if the latitude of the
place of observation is 49° 10’ N, the azimuth and altitude of the star
are 50° 30’ W and 27° 56’, respectively.
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Example-2
Determine the azimuth and altitude of a star from the following data:
declination = 20° 30’ N, hour angle = 44° 15’, and latitude of the place
= 52°
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