
Coordinate Systems 
May 5, 2006 
Ed Preston 



Coordinate Systems 
  Local – applies to you 
  Global – for the Earth 
  Celestial  (Equatorial or Polar) 
             - for the sky 
  Sky Movement 

• Daily 
• Yearly 
• 26,000 years 



Local Coordinate System  
Altitude and Azimuth (Alt-Az) 

Altitude 
  Angle from the 

horizon upward. 
 

  Measured in 
degrees from 0 
degrees at the 
horizon to 90 
degrees straight 
overhead at the 
Zenith. 



Altitude and Azimuth 
Azimuth 

  Angle measured 
clockwise from 
north. 

 

  Measured in 
degrees, from:  
•  0o north,  
•  90o east,  
•  180o south,  
•  270o west,  
•  back past 359o, to 

0o north again 



Altitude and Azimuth 
Points of reference 

  Zenith: Straight 
overhead 

 

  Meridian: Line 
from north to 
south, passing 
through the 
overhead zenith 

 

  North:  That point 
on horizon toward 
the North Pole. 



Altitude and Azimuth 
True & Magnetic North 

  Earth rotates about its 
polar axis. 

  True north & south 
poles are where that 
axis meets the Earth’s 
surface. 

  A magnetic field is 
generated. 

  Magnetic north & 
south poles are where 
field passes through 
Earth’s surface. 



Altitude and Azimuth 
Magnetic north 

  Magnetic north is 
constantly moving. 
•  About 200 miles 

west of Ellesmere 
Island in 2000. 

•  Now traveling north 
at from 5 to 25 
miles per year. 

 

  Compass needle 
points to magnetic 
north. 



Altitude and Azimuth 
Magnetic north 

  Fort Davis, Texas 
 

•  Original foundations 
laid in 1854, oriented 
toward true north 

 

•  Reconstructed in 
1867, with 
foundations oriented 
toward magnetic 
north. 



Altitude and Azimuth 
Magnetic north 

  Isogonic maps show 
the difference 
between true north 
and magnetic north. 
•  Difference is called 

declination or variation. 
•  In Houston, declination 

is now about 4o east. 
•  Declination is 

decreasing about 0.1o 
per year. 

 

  Web site gives current 
magnetic declination. 



Altitude and Azimuth 
Magnetic north 

  How do you use it? 
•  Hold compass so the needle 

points east or west of north, 
depending on whether your 
declination is east or west. 

•  In Houston, let the needle 
point 4o east of north.  Then 
the north point of the 
compass rose will be 
pointing toward true north. 

•  In Columbus, 4 1/2o east. 
•  At Fort Davis, 6o east. 



Altitude and Azimuth 
What can you use it for? 

  Use it for casual references to objects in 
the sky (e.g., newspaper announcements 
of comet positions). 

 

  Use it with alt-az telescope mounts which 
have digital setting circles that read in  
alt-az: 
•  Dobsonian, or a yoke mount, in alt-az position. 
•  Newer setting circle programs convert between 

alt-az and equatorial coordinates. 
 

  Polar align an equatorial telescope mount. 



Scope Mounts 



Global Coordinate System 
Latitude and Longitude 

  Points of reference for 
Latitude: 

 

•  North and south poles 
(where Earth’s axis of 
rotation passes through 
the surface). 

 

•  Equator is imaginary 
line around the Earth 
that is half way 
between the poles. 



Global - Latitude and Longitude 

  Latitude 
•  Angle, from Earth’s 

center, between the 
equator and some 
point north or south 
of the equator. 

 

•  Measured as 0o at 
the equator and 90o 
at the poles. 

 

•  North pole is  at 
+90o, south pole is 
at -90o. 



Global - Latitude and Longitude 
  Longitude 

•  Angle, from Earth’s 
center, between the 
Prime Meridian, and 
a point around the 
earth. 

•  Measured from 0o  
at Prime Meridian, 
positive westward, 
negative eastward, 
to 180o at the 
International Date 
Line. 



Latitude and Longitude 
Points of reference 

  Earth is tilted 23.439o with respect to plane of 
solar orbit.   
•  Tilt causes seasons on Earth by exposing the northern or 

southern hemisphere to more or less sunlight. 
•  On longest day of the year, sun is dead overhead at:  

  Tropic of Cancer (Summer solstice in the northern 
hemisphere). 

  Tropic of Capricorn (Winter solstice in the southern 
hemisphere). 



Latitude and Longitude 
Points of reference 

  Points of reference 
for Longitude: 
•  Prime Meridian 

  Greenwich England 
•  Royal Observatory 

  Cross-hairs of 
Main Transit 
Instrument 

 

•  International Date 
Line (opposite side 
of Earth). 



Latitude and Longitude 
Points of reference 

  Greenwich Royal 
Observatory 
•  Prime meridian 

appears in 
foreground. 

 

   Main instrument is 
a transit telescope 
•  It moves only in 

altitude. 
•  Installed by George  

Airy in 1850. 





Historical Digression 
Early Coordinates 

  Navigators determined 
ship’s latitude from 
altitude of NCP 
(Polaris) above their 
horizon. 



Historical Digression 
Early Coordinates 

  If navigator knew a 
star was at  meridian 
for Amsterdam at 
midnight, and  

 

  If ship clock kept 
same time as 
Amsterdam clock,  

 

  If that same star 
appeared 45o east of 
the  ship’s meridian, 

 

  Then ship must be 45o 
longitude west from 
Amsterdam. 



Historical Digression 
Why is the Prime Meridian in Greenwich, England? 
  The navigation charts were used by England and 

her colonies in the Americas, Asia, and Africa. 



Historical Digression 
Why is the Prime Meridian in Greenwich, England? 

  By late 19th Century, 72% of commercial 
shipping world wide depended on sea 
charts that used Greenwich as the Prime 
Meridian. 

  At the International Meridian Conference 
in 1884, 25 nations agreed to formalize 
the Greenwich Meridian as the Prime 
Meridian for all navigation charts.  

  Also agreed to a Standard Time starting at 
noon at the Prime Meridian. 



Latitude and Longitude 
How can you use this? 

  Given a map that has latitude and 
longitude: 

 

• If you have a landmark on the map, you 
can determine your latitude and 
longitude, or 

 

• If you know your latitude and longitude, 
you can determine where you are. 



Latitude and Longitude 
How can you use this? 

Remember: 
  1 degree (10) = 60 arc-minutes (60’) 
        “primus minutes partes”,  
           or first minute parts 
      Diameter of US quarter at 285 feet 
  1 arc-min (1’) = 60 arc-seconds (60”) 
        “secundus minutes partes”, 
           or second minute parts 
      Diameter of US quarter at 3.25 miles 



Latitude and Longitude 
What can you use it for? 

Houston is: 
 

  ¾ the way from 
290 to 300, so is 
290 45’ north lat. 

 

  1/3 the way from 
950 to 960, so is 
950 20’ west long. 



Latitude and Longitude 
What can you use it for? 

If your GPS shows 
your coordinates 
are:  

 

  290 29’ north lat. 
 

  950 12’ west long. 
 

Then you are in 
Friendswood, TX 



Latitude and Longitude 
How can you use latitude? 

  Rough polar aligning 
an equatorial mount 
•  Set the altitude of 

your polar shaft 
equal to your 
latitude.  (For 
Houston, 30o above 
the horizon.) 

•  Set the azimuth of 
your polar mount to 
true north. 



Latitude and Longitude 
How can you use longitude? 

  Correct for celestial events on the horizon or 
meridian, related to time of day. 

  Time zones are centered at 15o longitude 
intervals (e.g., midnight at Prime Meridian, then 
6 hours earlier (6:00 pm) at 90o New Orleans). 





Latitude and Longitude 
How can you use it? 

• Astronomical calendars frequently give 
rising and transit times in EST/EDST. 

• If moonrise is at 9:00 pm CST, it will 
rise at 9:00 pm on 90o west longitude 
(New Orleans), but at 9:21:12 pm at 
95o 20’ (Houston). 

• Add or subtract 4 minutes of time for 
every degree you are west or east of 
the central longitude for your time zone. 

• Use this to correct your planisphere. 



Celestial Coordinate System 
Right Ascension and Declination 

Terms 
 

  Celestial sphere: an 
imaginary sphere, 
with Earth at the 
center, having an 
infinitely large radius. 

 

  All stars and celestial 
objects are projected 
outward, and onto the 
inside surface of this 
great sphere. 



Right Ascension and Declination 
  North celestial pole (NCP) 

and south celestial pole 
(SCP):  where Earth’s 
polar axis, if extended to 
the celestial sphere, would 
intersect. 

 

  Celestial equator: a plane 
from Earth outward to a 
line around the celestial 
sphere halfway between 
the NCP and the SCP. 

 

  Ecliptic: the plane in which 
the Earth orbits the Sun, 
or the Sun appears  to 
orbit the Earth. 



Right Ascension and Declination 

Declination: 
 

•  Similar to latitude. 
 

•  Measured in 
degrees, 
perpendicular to the 
celestial equator 
(north-south 
direction). 

 

•  North is positive, 
south is negative. 



Right Ascension and Declination 

Right Ascension: 
 

•  Similar to longitude. 
 

• Measured in hours, 
minutes and seconds 
around the sky, 
measured parallel to 
equator, eastward. 

 

•  From 0 hr 0 min 0 
sec to 23 hr 59 min 
59.999… sec. 



Right Ascension and Declination 
 Where is the celestial Prime Meridian located and why? 

  Located at an 
important spot, where 
celestial equator and 
ecliptic cross. 

  This is where Spring is 
defined to begin. 

  Why?  In order to 
keep the calendar 
consistent with the 
seasons. 



Right Ascension and Declination 
How can you use it? 

  Knowing the coordinates of an object you want to 
see, from a star catalogue… 



Right Ascension and Declination 
How can you use it? 

  Locate the object at the coordinates on the star 
chart… 



Right Ascension and Declination 
How can you use it? 

  From the star chart, pick out recognizable 
constellation or star patterns in the area, and pick 
out marker stars to the object.  



Right Ascension and Declination 
How can you use it? 

  Now find a similar star pattern in the sky… 



Right Ascension and Declination 
How can you use it? 

  And follow the imaginary lines you mentally drew 
on the star chart. 



Sky Movement - Daily 
Solar Day & Sidereal Day 

  In a 24 hour solar 
day, last night’s star 
arrives at tonight’s 
meridian 3 min 55.9 
seconds earlier than 
last night. 

 

  Stars cross the 
meridian 3 m 55.9 s 
earlier each night. 

 

  Sidereal day is 23 hr 
56 min 4.1 sec long. 



Sky Movement - Daily 
Solar Day & Sidereal Day 



Sky Movement - Annual 
 

  As a consequence, each night the stars 
appear about 59 arc-min (~10) farther 
west at the same time as the night before. 

 

  Over one year, the entire sky will 
completely slip past. 

 

  Therefore, what is up tonight depends not 
only on what time of night it is, but on 
which night of the year it is.  Last month’s 
stars are 2 hours farther west. 



Sky Movement - Annual 
9:00 pm, May 15, 2005 



Sky Movement - Annual 
 9:00 pm, June 15, 2005 



Sky Movement - Annual 
 9:00 pm, July 15, 2005 



Sky Movement - Annual 
 

Manage both: 
  time of night, and 
  night of the year 
with a Planisphere. 



Sky Movement – 26,000 years 

  The Roman calendar, as established by 
Julius Caesar, had problems: 
•  Started at Winter Solstice on January 1, 45 BC. 
•  Year was 365 ¼ days long, with leap year 

corrections. Decimals had not been invented 
yet;  

•  Year is actually 365.242199… days. 
 

  So, after a few centuries, people noticed 
the seasons (equinoxes) were moving 
slowly in relationship to their calendar.  



Precession of the Equinoxes 

  Precession is the toppling of 
the Earth like a gyroscope. 

  Sun and Moon pull on the 
Earth to try to change the 
angle of the axis. 

  Axis moves sideways from 
the direction of  the pull. 

  Equinox occurs at Spring and 
Fall, when plane of Earth’s 
tilt is normal to the Sun. 

  As the axis changes, the 
equinox position moves. 



Precession of the Equinoxes 

  Earth’s drifting 
polar axis causes 
the North Celestial 
Pole to move in a 
circle around the 
sky, once every 
26,000 years. 

  Thuban was the 
pole star when the 
Great Pyramid was 
built in Egypt. 



Precession of the Equinoxes 

NCP is getting closer 
to Polaris. 
 

•  Shows path of NCP 
from 1850 to 2150 AD 

 

•  Arc is 1o radius, 
centered on position 
for 1950 

 

•  NCP is 3/4o from 
Polaris in 2005 



Precession of the Equinoxes 
  Constellation 

boundaries were set 
by the International 
Astronomical Union in 
1928, to agree with 
where stars were in 
1875. 

 

  Star catalogues and 
charts are for stars at 
coordinates for a 
particular time. 

 

  That time is called an 
Epoch. 



Precession of the Equinoxes 
Evidence of precession 
in your star chart: 
 

•  Epoch in the title 
 

•  Major coordinate 
intersections for 
previous epoch (e.g., 
1950) 

 

•  Constellation 
boundaries (est. 1928) 
are skewed to align 
with NCP for 1875. 



“Epoch of the day” 
  Will you need to buy a Sky 2025, or a 

Uranametria 2050? 
  TheSky and other programs let you set the time 

& date. 
   MegaStar epoch is currently fixed at 2000. 



Summer Solstice, 2005 AD 



Summer Solstice, 400 BC 



Spring Equinox, 2005 AD 



Spring Equinox, 2600 AD 



Leap Years 
  Gregorian solar year: 365d 5h 48m 20s;  still has 

25.967s/SY error. 
  Summer solstice moves later on calendar each year.  

Slightly over-corrected each leap year. 
  Cumulative annual error is corrected each century by 

not having a leap year, unless that year is divisible by 
400 (1600 and 2000 were leap years). 



Why bother with such tedious 
accuracy ? 

  Nearly all major advances in astronomy 
occurred when observation did not agree 
with prediction, and people needed a 
better theory for better predictions. 

 

  Astronomy advanced as instruments 
became precise enough to measure the 
flaw in prevailing theory.  

 

  By the middle of the 19th Century we 
could predict the movement of stars and 
planets within a fraction of a second, 
except…. 



What does this lead up to? 
  The perihelion of Mercury (point closest to 

the Sun) was observed to be advancing in 
longitude by about half a minute of arc per 
century faster than prevailing celestial 
mechanics predicted.  

 

  Which is where this evening’s 
presentation and Newtonian Theory end, 
and Relativity Theory begins. 

 

  Scientific advancement is a journey, not a 
destination.  Our trip continues with each 
new discovery. 



Credits: Books 

  All About Telescopes, Edmund Scientific, 1975 
 

  Calendar, David Ewing Duncan, 1998 
 

  Cambridge Illustrated History of Astronomy, 
Michael Hoskins, ed., 1997 

 

  Instruction Manual, Meade Instruments Corp, 
1996 

 

  Observer’s Handbook 2005, RASC, 2004 
 

  Sky 2000.0, Will Tirion, 1981 
 

  The Practical Astronomer, Colin a Ronan, 1984 



Credits: Web sites 

For magnetic declination for any latitude and 
longitude: 

http://www.geolab.nrcan.gc.ca/results/
mirp_result.70.241.78.92_e.shtml 

 
For seasons and ecliptic tilt: 
http://en.wikipedia.org/wiki/Season 
 
For history of Royal Observatory at 

Greenwich: 
http://www.nmm.ac.uk/ 


