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The Celestial Sphere: Coordinate Systems

Spherical Astronomy is a science studying astronomical coordinate frames, directions

and apparent motions of celestial objects, determination of position from astronomical

observations, observational errors, etc.
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The Celestial Sphere is an imaginary sphere of arbitrarily large radius, concentric with
Earth.
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The Zenith is an imaginary point directly "above" a particular location, on the
imaginary celestial sphere. The opposite direction is toward the nadir. The zenith is the

"highest"” point on the celestial sphere.
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The Meridian is the great circle passing through the celestial poles, the zenith, and

the nadir of an observer's location. Consequently, it contains also the horizon's north

and south points, and it is perpendicular to the celestial equator and horizon.
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The Celestial Meridian is co-planar with the analogous terrestrial meridian projected

onto the celestial sphere. Hence, the number of astronomical meridians is infinite.
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The celestial sphere. Earth is depicted in the center of the celestial sphere.
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1. Celestial Coordinate System

The Celestial Coordinate System is a system for specifying positions of celestial
objects: satellites, planets, stars, galaxies, and so on.

Coordinate systems can specify a position in 3-dimensional space, since the distances
of the stars are ignored. Each coordinate frame has some fixed reference plane passing
through the center of the celestial sphere and dividing the sphere into two hemispheres
along a great circle and two coordinates to specify their directions. One of the
coordinates indicates the angular distance from this reference plane. There is exactly
one great circle going through the object and intersecting this plane perpendicularly;
the second coordinate gives the angle between that point of intersection and some fixed

direction. Each coordinate system is named for its choice of fundamental plane.
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The meridian on the celestial sphere.

A. Horizontal coordinate system

The horizontal coordinate system is a celestial coordinate system that uses the
observer's local horizon as the fundamental plane. This coordinate system divides the
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sky into the upper hemisphere where objects are visible, and the lower hemisphere

where objects cannot be seen since the Earth obstructs vision.
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The Celestial Horizon is a great circle on the celestial sphere having a plane that

passes through the center of the Earth and is parallel to an observer’s horizon. The pole

of the upper hemisphere is called the zenith. The pole of the lower hemisphere is called
the nadir.

There are two independent horizontal angular coordinates:
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Altitude (E), or elevation, is the angle between the object and the observer's local
horizon. The altitude lies in the range [-90°, +90°]; it is positive for objects above the
horizon and negative for the objects below the horizon.
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The zenith distance, or the angle between the object and the zenith, is obviously

Azimuth (A), is the angle of the object around the horizon, usually measured from
the north or south. (0°-360°).
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The horizontal coordinate system
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