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Some Coordinate Systems

How do we specify the position of a star?

• XYZ (Cartesian)

• It’s very hard to measure distances: We really don’t 
know x, y, or z!

• Z, Theta, R (Cylindrical coordinates)

• Not really applicable - no cylinders in space.

• R, Theta, Rho (Spherical)

• We still don’t know R. And because the Earth is 
spinning and observers are at different locations, 
Theta and Rho keep changing.



A Simple Astronomical Coordinate System

Altitude: Angle up from the horizon.

Azimuth: Angle along the horizon, 
starting at North.

This is a fine start. But, because Earth is 
spinning, these coordinates keep changing.

So, let’s try a coordinate system that is 
centered on the Earth, not centered on 
an observer…



A Few Definitions
Zenith: The point in the sky right 
overhead.

North Celestial Pole (NCP): The point 
in the sky above the Earth’s North Pole. 

In the northern hemisphere by 
coincidence there is a bright star close 
to the NCP — the North Star, aka 
Polaris. There’s not a bright star near 
the SCP.

South Celestial Pole (SCP): The point in 
the sky above the Earth’s South Pole.

Meridian:  The North-South line running 
overhead. It connects the NCP, zenith, 
and SCP.



Celestial Sphere

Consider stars rising and 
setting for observers at 
equator, North pole, South 
pole.

The latitude of a star never 
changes!



Standing at South Pole and looking up

Stars circle overhead but never rise or set



Standing at North Pole…
Stars circle overhead but never rise or set



Standing at equator: all stars rise and set



In all of these cases, the angle between a particular star 
and the pole is fixed — it never changes, and is easily 
measured.
This is the star’s declination.
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For an observer looking at Polaris, 
Latitude = Elevation Angle
Latitude = 90 - Angle from Zenith

We can generalize this for stars not at pole…
Latitude Angle
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Declination

Declination: North-South position.  The Dec of an object 
is the latitude on Earth that it is directly overhead. 

Units = degrees (-90 to +90)

How to measure the Declination of a star:  

Wait until the star is on the meridian. Then use your 
telescope (or a protractor) to measure how far North 
(+) or South (-) it is from the zenith. Then add this value 
to your latitude.

Example: Star passes 10 degrees north of the zenith 
from Pretoria (lat -25 deg). Star’s Declination is -15 deg.



For the Sun, sometimes we refer to its 
position by using a time:

“Look in the direction of the sunset at 19h00 
and you’ll see…”

So maybe we can use time-of-day to measure 
the stars too.



Two Different Days

Solar day (‘Normal day’): Time for Earth to 
rotate relative to the Sun. 24 hours.

Sidereal day (‘Star day’): Time for Earth to rotate 
relative to the stars. 23h56m.

The difference between these is 
because during one year, the Earth 
rotates 365 times relative to the 
Sun, but 366 times relative to the 
stars.



Two Different Times
Solar time (‘Normal time’): Time relative to the Sun.

  24 solar hours in one solar day.

Sidereal time: Time relative to the stars. 
  24 sidereal hours in one sidereal day. 
  23h56 solar hours in one sidereal day.



Right Ascension
We know how long it takes for the stars to do one 
rise-set cycle overhead. Let’s define a coordinate 
system such that the Right Ascension (RA) is just 
the time at which a star passes through the meridian 
(‘highest overhead’) on a given date*.

Units = time (00h00m00s to 23h59m59s), or degrees.

How to find the RA of a star:  

Get your sidereal clock out (or look online). Watch 
the star until it passes through the meridian, and 
write down the sidereal time. That’s its RA.

Example: If the current sidereal time is 3h30, and a 
star has an RA of 4h30, you need to wait about 1 
hour**, and it will pass through the meridian.

*   A standard date to use is 1 Jan 2000.
** This difference is called the ‘Hour Angle’: HA = ST - RA



RA and Dec

These are very similar to 
longitude and latitude, with an 
adjustment for the Earth’s 
rotation.

These are the standard 
coordinates in which nearly all 
astronomical observations are 
made.



A Few Complexities
Precession: The Earth’s North pole wanders. 1.4°/

century. 

Leap-seconds: The Earth keeps slowing down! 1 second 
added every few years.

Relativity: The Earth’s motion changes the apparent 
position of the stars. Few arcsec.

Proper Motion: The stars themselves are moving. Few 
arcmin/century.

Nutation: Earth is torqued by Sun and Moon. 10 arcsec.

Refraction: The position of the stars is affected by the 
Earth’s atmosphere. 1° on horizon.

Although the RA/Dec of a star is almost a constant, all of 
these complexities end up making it change over time.



Some Limitations

RA / Dec system does not include 
distance! We specify the position in the 
sky only as an angle, with no radius.

Why? It’s very hard to measure 
stellar distances. We have a few 
techniques, but none are as 
accurate as we can measure angles.

And, distance is largely irrelevant to 
observing stars: to our telescopes, 
nearly all stars are ‘at infinity.’

100 ly

1 km 1 AU 2.5 M ly

Comet Hale-Bopp, Colorado, 1996

Observers can be naive to distances by a factor of 1011



Some Limitations of RA / Dec
RA / Dec system is centered on the Earth.  Alas, Copernicus!

This is a problem, since the Earth is wobbly, and a poor 
choice for a stable, universal reference frame!

A more logical system might be centered on:

The Sun (ecliptic coordinates) - used frequently in 
spacecraft navigation.

The Galaxy (galactic coordinates) - used by surveys that 
want to avoid the Milky Way

Despite this, RA/Dec is by far the predominant coordinate 
system used today.






