




We will learn about…

• How to identify locations in the sky.

• Evidence for the rotation of the Earth.

• What causes the seasons.

• How days, years, and calendars are defined.

• Phases of the Moon.

• What causes the tides.

• Solar and lunar eclipses.

Planet Earth
Credits: NASA



Coordinates in the sky

• Let’s recall the definition of latitude and longitude.

• The latitude of a point on Earth's surface is the angle it makes with 
the equator, to the north or south.

• A great circle is a circle with the same radius as the Earth.

• A meridian is a great circle that passes through the poles.

• The prime meridian is the meridian that passes through the Royal 
Observatory in Greenwich, England.

• The longitude of a point on Earth's surface is the angle it makes 
with the prime meridian, to the west or east.



Latitude and Longitude of Washington, DC
Credits: OpenStax Astronomy



        

             

       

                       
                     

                      
     

                
          

                 
             

         

           

  

    

    

  

    

    

Latitude and Longitude
Credits: Found on Wikipedia, author unknown



Coordinates in the sky

• Positions in the sky are measured using declination and right 
ascension instead of latitude and longitude.

• Declination is like latitude: the angle north or south relative to the 
celestial equator.
• The celestial equator is the circle in the sky above the equator. It has 

declination 0°.
• The north and south celestial poles are the points in the sky above the 

poles. They have declination +90° (north) and −90° (south).

• Useful mnemonic:
• Latitude → altitude (height)
• Declination → decline (decreasing height)
• North is up on a map, so “height” indicates the north-south position.



Circles on the Celestial Sphere
Credits: OpenStax Astronomy



Coordinates in the sky

• Polaris, the North Star, has 
declination +89°15′50.8“.

• Read: 89 degrees, 15 arcminutes, 
and 50.8 arcseconds.

• An arcminute (′) is 1/60 of a 
degree.

• An arcsecond (“) is 1/60 of an 
arcminute or 1/3600 of a degree.

• Note that this is very close to 
+ 90°, the declination of the 
north celestial pole.



• The plane of Earth’s rotation 
around the Sun is the ecliptic.

• The two intersections of the 
ecliptic and the celestial equator 
are called equinoxes.

• The Sun is at the equinoxes around 
March 20 (the March equinox) and 
September 23 (the September 
equinox).

The Celestial Tilt
Credits: Modification of illustration from OpenStax Astronomy
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Coordinates in the sky

• Right ascension (RA) is like longitude: the angle east or west 
relative to the March equinox (instead of the prime meridian).

• RA is usually measured in units of time instead of angles.

• This is because the Earth completes one full rotation from west to 
east in one day.

• So 360° = 1 day = 24 hours.

• 360/24 = 15, so 1 hour = 15°.



Coordinates on the Night Sky
Credits: Tfr000 (Wikipedia)



Declination and Right Ascension of a Star
Credits: Tfr000 (Wikipedia)



Coordinates in the sky

• To find the coordinates of a 
particular star, astronomers use 
tools such as star catalogs.

• Currently (until 2025), the Gaia 
space telescope is creating a 
catalog of billions of stars.

• The coordinates can also be 
found on websites like Wikipedia 
and Wolfram Alpha, or apps like 
Stellarium.

The Gaia Space Observatory
Credits: ESA–D. Ducros, 2013 



Coordinates in the sky

• Declination and right ascension define the equatorial coordinate 
system.

• It seems like a simple system, but there’s a complication!

• Recall that the Earth’s axis experiences axial precession.

• This means the position of the north celestial pole in the sky, 
relative to the background stars, changes with time.

• It takes the Earth's axis around 25,700 years to complete a full 
circle.



Precession of Earth’s Rotational Axis
Credits: NASA, Mysid (Wikipedia)



Coordinates in the sky

• Due to this precession, the coordinates of the stars change with 
time. 

• For example, right now Polaris is near the north celestial pole, 
declination +90°. But over thousands of years this will change.

• In ~11,700 years, the star Vega will be closer to declination +90°.



Precession: Spinning Top vs. Earth
Credits: OpenStax Astronomy



Coordinates in the sky

• Since the coordinates of each star depend on when they were 
measured, we must choose a specific time with respect to which all 
the coordinates will be measured.

• This is called the standard epoch.

• Currently, we use the standard epoch J2000.0, which means the 
coordinates are measured relative to January 1, 2000.



Demonstration

• I will show how to see declination and right ascension in the sky 
and find the coordinates of stars and other objects with Stellarium.

• It can be downloaded for free at the following URL:

https://stellarium.org/

https://stellarium.org/

