
OUTSIDE LAB 6:
Celestial Navigation

OBJECT:  To find your latitude and longitude.

DISCUSSION:

To determine locations on the surface of the Earth requires the use of some kind of coordinate system.  The system most commonly used is that of longitude and latitude.  By means of a simple measurement it is always possible to determine your latitude.  Longitude is more difficult.  However you can also determine it in a straight-forward manner if you have a way to know the time in Greenwich, England.  This is called Greenwich Mean Time (GMT) and is the standard time used throughout the world.

A.  Finding latitude.  

Finding your latitude is easy because, as can be seen from the following diagram, your latitude is equal to the altitude of the north celestial pole.  In the southern hemisphere it would be the altitude of the south celestial pole.  In the northern hemisphere the star Polaris is within one degree of the north celestial pole.  So you can get a good estimate of your latitude simply by measuring the altitude of Polaris.










B.  Finding Longitude.

This is harder because the zero of longitude is arbitrary.  It is set as the half circle which goes through the poles and passes through Greenwich, England.  You find your longitude by knowing what time it is locally (this is local time as measured astronomically, not the time in your time zone) and knowing GMT.  Your longitude is just the difference in these times.  So if the difference is 6 hours and you are East of Greenwich then you have longitude 6 hours E.  If you are west of Greenwich and the difference is 9 hours then you are 9 hours W.  Since there are 24 hours in a day and 360 degrees in a circle, each hour of longitude corresponds to 360/24 = 15 degrees.  

EXERCISES:

1.  Using a quadrant find the altitude of Polaris.  Make five measurements and average them together.  The altitude of Polaris equals your latitude.
	Trial
	1
	2
	3
	4
	5
	Average

	Altitude
	
	
	
	
	
	


2.  Next measure the altitude of a bright star whose name you know.  Again make several measurements and average them.  Just before you do so record the time on your wristwatch or ask the TA for the correct time.  Also record the time right after you finish your measurements. 

	Trial
	Start Time
	1
	2
	3
	4
	5
	End Time
	Average Time
	Average Altitude

	Altitude
	
	
	
	
	
	
	
	
	


3.  Now the way to determine Greenwich time is to take the time on your wristwatch and add 5 hours to it if you are going by Eastern Standard Time (November through March) or add 4 hours to it if you are going by Eastern Daylight Time (April through October).  Do this for the time at which you took your measurements of the altitude of the star.


GMT time:  _________________
4.  The next task is to determine the local solar time.  The trick is to note that two observers at the same Latitude see the same sky, but at different times.  If the two observers are at the same place, they will of course see the same thing at the same time.  If one observer is one-fourth of the way around the Earth to the West, he will see the same sky six hours later than the first observer.  We will measure the altitude of a star as viewed by us and will simply compare this with a hypothetical second observer at the same longitude as Greenwich. All you have to do is use Skyglobe to go to the location where the longitude is zero and the latitude is your latitude.  You then find the time at which the star has the altitude where you observed it.

To do this start Skyglobe.  Then click on Location - custom location.For latitude type the latitude you measured.  For longitude, time zone, and daylight policy type 0 (this is GMT).  You are now positioned due south of Greenwich observatory at the latitude of Winston-Salem.  

Next find the star which you observed and change the time until it has the same altitude as you measured.  As mentioned above, as long as this is for the same day that you made the measurement, this will be approximately the same as your local time.  Write it down as the local time you made the measurement.

Local Time:  _______________
Finally subtract your local time from the GMT at which you made the measurement.  That is your longitude in hours and minutes.  Is it East or West?  Convert it to degrees.  Each hour is 15 degrees, and each minute is ¼ of a degree.

Longitude:  ________________       In degrees: _____________

5.  Skyglobe gives you the latitude and longitude of Winston-Salem.  Compare your results with the correct ones.  How accurate are they?  Are they as accurate as you would expect them to be?  Why or why not?

Position of Winston-Salem:

	Winston-Salem
	Latitude
	Longitude

	Your Measurements
	
	

	Actual Values
	
	


Comments:
6.  Early navigators had an additional problem.  Like you, they could measure local time by doing something similar to what you did, but without good portable clocks, they did not know GMT.  Instead they had almanacs that gave the times at which certain celestial events occurred at say Greenwich, England.  How would they have been able to use these times to determine their longitude?  What types of celestial events would be useful for this?
Answer: 
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