Elective Level 3 – MARITIME TRADITION – Celestial Navigation
i) Explain how the sextant works. Show how to use it and demonstrate measuring horizontal angles and altitudes.

ii) Find latitude by the altitude of Polaris or by the sun’s altitude at local apparent noon. Demonstrate how longitude is determined.

iii) Demonstrate finding error in the boat’s compass by the sun’s azimuth.
CAUTION: DO NOT look directly at the sun. Improper use of a sextant can cause permanent eye damage and blindness! Youth should use sunglasses. You must use the filters on the sextant to prevent eye injury. Practice at home with a light bulb. Start with all filters and gradually reduce them to get the right level, the sun should be clearly visible, but not so bright as to cause discomfort. Equipment safety: The sextant is a delicate, precision instrument. Keep it in its case unless you are using it. Never grab a sextant by the mirrors or index arm, always use the frame or handle. DO NOT DROP a sextant. It is too expensive for that. Avoid moisture, especially saltwater, keep it clean and dry. Wear a neck strap on a moving boat. Remove the batteries for long storage. Replace the wooden case with a plastic and foam insulated case for boat operations.
NOTE: The premise of this lesson is to provide ways to do the requirements with reference to only the internet. You need only have an inexpensive $50 plastic sextant. It is possible to do this requirement without a body of water nearby. See the explanation of artificial horizons. This explanation uses simple procedures that are available using Internet references. Other procedures and references are preferred by different organizations. Consult the US Power Squadron or other organizations for other methods. The use of the HO 249 is accurate to about one nautical mile, better than many people can take observations. The Naval Academy uses HO 249 when teaching celestial navigation.
Requirement i. Explain how the sextant works. Show how to use it and demonstrate measuring horizontal angles and altitudes. 

How the Sextant Works. The sextant works by reflecting light from the sun, star or other celestial body on two mirrors (Figure 1). Simultaneously, the light from the horizon (sea surface) comes through one-half of the second mirror. Move the sextant arm along the index to line up the sun/star. When it is close, use the drum to make fine adjustments. 

                                   [image: image14.png]



                                                   Figure 1. Sextant Light Path
Need to redraw this if possible, “Star (Hi)” should be “Sun (Hs)”.
Read the sextant by first reading the line on the arc limb of the sextant (Figure 2). Read the number below the line or arrow. Add the additional lines up to the line. The illustration shows a reading of 65° and a fraction. Then read the drum against the zero (0) of the vernier scale. The illustration shows 33’. For Sea Scout purposes, one minute (1’ or 1 NM) of arc is accurate enough. The vernier can be read to 0.1’ by matching lines on the right.
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Figure 2. Reading a Sextant Altitude.

Measuring Vertical Angles with a Sextant. Step outside, well away from a convenient object, such as your garage door. Set your sextant to 0°0’. Look at the top or bottom of the door, turn the micrometer knob until both sides of the door line up. If the reading is greater than zero, you will later need to subtract that amount from the angle measured. If it is less than zero, add. This is index error or instrument error.
Stay in the same spot, and take several vertical angle readings with your sextant. Align the upper sill of the garage door with the bottom of the garage door. Note the exact time to the second and the exact angle for each one, writing them down. You should be able to consistently measure the object within about 3’ of angle, maximum of 5’ of angle.


Attachment 4, page 18, has instructions on how to read a plastic sextant.
Measuring Horizontal Angles with a Sextant. When you can measure vertical angles consistently, now measure horizontal angles. Hold the sextant horizontal in your right hand. Do an index error check in the horizontal position, using the side of your door. Then, measure the horizontal angle of your door, side-to-side. Take several readings, until you are consistent. You have met the last part of Requirement 13.e.i). 


Why should we measure a horizontal angle? You can solve the “double the angle on the bow” Able requirement with a sextant. Look ahead for a landmark that is less than 45° off the bow. Stabilize on your desired heading. Stand on the boat centerline, measure the angle from the bow to the landmark, and take the time. Double your measured angle and set it into your sextant. When the angle has doubled, mark the time, and solve as you learned in Able navigation.


If you can see two or three known points, you can solve for position in other ways. (Atch 1). 
The above examples are ways you may use a horizontal angle. It is not part of the requirement. 
Requirement ii) Find latitude by the altitude of Polaris or by the sun’s altitude at local apparent noon. Demonstrate how longitude is determined.

You may find latitude either way, your choice. We explain both options.

Latitude by the Altitude of Polaris. The altitude of Polaris is within one degree of your latitude. Polaris circles the North Pole (90° North).  To calculate your latitude, you must know the precise difference between 90° North and Polaris.  The exact altitude correction and azimuth of Polaris is available in HO 249, Volume 1, Table 6. 

To use the Polaris table, you need the Local Hour Angle (LHA) of Aries (ɤ). The Air Almanac and the Nautical Almanac will give you the Greenwich Hour Angle (GHA) of ɤ for any day and hour. The HO 249 (see Atch 3) will provide you a universal way to calculate GHA ɤ, if you need it. From your location and the GHA, you can derive LHA. Step-by-step procedures are in Atch 3.

For example, if you observe Polaris at 30°15’ observed height (Ho), with a Table 6 correction of -32’, your actual latitude is N29°43’. If you can see Polaris, you are always in North latitude.   You may also use Polaris to take a fix with other stars.
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    Figure 3. Latitude by Polaris

Latitude by the Sun at Local Apparent Noon. 

Corrections to Height Shot (Hs). Apply the following corrections to any altitude observed with a sextant. Detailed explanations are in Atch 3, “Corrections to Height Shot (Hs).” Applying the corrections provides Height Observed (Ho).


Index error. Determine what it is, as discussed in requirement i above.


Refraction error. Observed altitude between 90-63° = 0’; 63-33°=-1’; 33-22°=-2’


Dip (10 feet height above water). +3’

Semi-diameter (if used). +16’

Determining Latitude (Calculation). The sun’s altitude at local apparent noon is a function of how far the sun is north or south of the equator (declination or Dec.), and of your latitude. The formula is 90° (plus (+) North declination or minus (-) South declination) minus observed height (Ho) equals North latitude. If you determine that the sun’s declination is N12°26’, and you observe the maximum altitude of the sun at 66°27’, the formula is:



+90°00’


Dec.
+12°26’


Ho
- 66°27’




X
=35°59’

X=N35°59’ latitude

Estimating the time of Local Apparent Noon. Local apparent noon (LAN) is when the sun crosses your longitude. Every 15 degrees of longitude is one hour of time. For instance, if you know you are about 95°15’ W. Long., LAN will occur at 1825Z, ±EOT (the Equation of Time). The Equation of Time for your year and date may be looked up at www.minasi.com/doeot.htm. Add the equation of time to 1825Z. For October 1, 2012, that was +10min27sec. So LAN was 1835:27Z. Central Daylight Time is Z-5 hours, so LAN was 1335:27 CDT. 

Alternatively, local apparent noon is when the GHA of the sun is equal to your West Longitude. The GHA of the sun is in the Air Almanac, Nautical Almanac, or may be computed in HO 249 (Atch 3).


Observation of the Body. You match the pinpoint image of the star or planet to the horizon. The sun and moon have a visible disk, and must be treated differently. Most times, you match the “bottom limb” of the sun or moon to the horizon (Figure 4). You may need to use the upper limb.
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Figure 4. Bottom Limb of Sun Matched to Horizon

Finding Longitude. Longitude normally requires knowing Universal Time (UCT, GMT, or Z). Today, we determine time through accurate clocks (chronometers) or reference to time from GPS, or from WWV/WWVH (303-499-7111) or HF frequencies 5.0, 10.0, 15.0, and 20.0 or www.time.gov. Set your watch as closely as you can to the actual time. We will show one way (less accurate, simpler) to find longitude here. A more accurate way using HO 249 tables is shown in Attachment 3. 

Observation Procedure. Predict the time of local apparent noon (LAN) by comparing your rough West longitude to the GHA of the sun. When they are the same, is it local apparent noon. Start observing the sun 30-15 minutes earlier; take shots about every five minutes. To get latitude during the same set of observations, you must continue to observe until the sun’s altitude peaks and starts going down. Then, set your sextant for the same altitudes that you took going up, and record the times when the sun comes down to those altitudes. See Figure 5 below. Average each equal altitude observation time to determine the central time. Then average the central times. The Zulu time of the observations yields longitude. For example, a time of 1825:30Z on October 1, 2012 yields a longitude of W93°45.5’ as follows: 

Equation of time for October 1st 2012 is +10’27”

90° = 6 hours

  6° = 24 minutes

15’ = 1 minute

7.5’ = 30 seconds

96°22.5’ = 1825:30

+10’27’ time (reversed) = -157’ arc = -2°37’ 

93°45.5’ W. Longitude

Need to re-draw this illustration. T7 is an error.
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Figure 5. Diagram of Observation Times/Altitudes
Requirement iii). Demonstrate finding error in the boat’s compass by the sun’s azimuth.
Altitude and Azimuth of the Sun. The URL below will calculate the sun’s altitude and azimuth for a town or geographic position and a given day at 10-minute intervals (or others you may prefer) – http://aa.usno.navy.mil/data/docs/AltAz.php. This information is useful if using the sun for heading (deviation) checks. The vessel may be steered directly toward and/or away from the sun to determine compass error. Align the forestay, backstay, or a centered mast with the boat centerline, read your compass, and compare it with the calculated magnetic heading to determine deviation. Over a full day, a complete set of deviation checks may be run. 


Abbreviations.  RB = relative bearing.  Zn = true bearing of a celestial object.  

TH = true heading.  Var = variation.  MH = magnetic heading.  Dev = compass deviation.

CH = compass heading.  GHA = Greenwich Hour Angle.  Dec = declination.

Pelorus. If you have a good pelorus, you may use the pelorus to take a deviation check on your heading, or to do a full compass swing. Hold your heading. Use the pelorus bar shadows, DO NOT look at the sun. Note the relative bearing of the sun, and the time. RB + Zn = TH. TH ± Var = MH ± Dev (X) = CH. Use the Zn table referenced above, or calculate a Zn from GHA and Dec. It may be best to prepare a graph in advance. We recommend you be cautious taking heading shots when the sun is 165-195°, it is often traveling too fast for accuracy.

Astrocompass. Alternatively, mount an astrocompass on the deck and a complete set of deviation checks can be run in about 30 minutes. Turn to each compass heading 30° apart (see the table below. When stabilized on the compass heading, sight on the astrocompass and determine the true heading. Do the math when you have time to develop the entire table. Astrocompasses and mounts (mounts are needed) may be found reasonably inexpensively on eBay.

Compass Deviation Table. The table below shows an actual deviation table on a Sea Scout vessel. Note that the boat is steered in even 30° increments in a circle. The true heading is observed when stable on the compass heading. Just do the calculations to determine deviation. Each compass should have a separate deviation table.

Defiant Compass Swing 4 NOV 06

Motor on, under way

TRUE
VAR
MAG
DEV
COMP

007
-4
003
-3
000

035
-4
031
-1
030

-
-
-
-
060

092
-4
088
+2
090

120
-4
116
+4
120

154
-4
150
  0
150

182
-4
178
+2
180

TRUE
VAR
MAG
DEV
COMP

213
-4
209
+1
210

243
-4
239
+1
240

274
-4
270
  0
270

305
-4
301
-1
300

332
-4
328
+2
330

007
-4
003
-3
360





Table 1. Compass Deviation Table
Attachment 1 – Position by Horizontal Angles
In the example below, three conspicuous points are selected. Insure that the angles are wide for best results. Hold the sextant horizontally and obtain the sextant angle between point A and point B. Then obtain the angle between points B and C. Draw straight lines between points A to B, and again between points B to C. Say the angle obtained between A and B is 58°, therefore the complement is 32°, (90-58). Also say the angle obtained between B (second instance) and C is 42°, therefore the complement is 48°, (90-42). 


Draw the complement angles from each point using the parallel ruler or plotter. Point A: 32° and point B: 32°. Where they meet is the center of the first position circle, Point P. Point B: 48° and point C: 48° = second position circle on Point Q. 

The point of intersection of the two circles is then common and so the ship is at that position.
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                                      Figure 6. Position by Horizontal Angles.

Attachment 2 – Artificial Horizons

Artificial Horizons. In most places in the US, it is not possible to shoot a sextant against the natural sea horizon. Some kind of artificial horizon is needed. There are two kinds. First, aerial navigators and some other navigators use sextants with a bubble horizon. The bubble is contained within a dome somewhat like a level. By keeping the celestial object in the center of the bubble, you are shooting against an artificial horizon. While it is not as accurate as a nautical sextant, it provides usable positions under more difficult circumstances.


Second, it is possible to set up a level reflecting surface on the ground. By sighting the sun or other object through the ground reflector, you get a satisfactory solution. The photo below (Figure 7) shows Roald Amundsen taking his sun shots at the South Pole as the first expedition to arrive there in 1911. Amundsen was verified within ¼ mile of the pole. Before him, Lewis and Clark and John Fremont used artificial horizons while exploring the American West. 

[image: image7.jpg]



                Figure 7. Roald Amundsen Using Artificial Horizon at the South Pole.

Because the latter procedure is readily available with some preparation, we include the instructions. You may make your own artificial horizon out of a dark pan filled with water. We recommend a dark coated oven cooking pan or a plastic oil changing pan from your local parts store. You may buy an artificial horizon for about $25 (Google “artificial horizon”). Warning: Do not use mercury! You may also attach an artificial horizon to your sextant, but those are more expensive.
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Figure 8. Artificial Horizons

Procedure. Do your computations as normal. Double the angle to pre-set your sextant. Set the pan on the ground so that you can see the reflection of the sun in the pan. (Be sure to use the sun shades for the lower mirror too!) Aim the upper mirror at the sun, and the lower half-mirror at the sun’s reflection in the pan. Match the two images of the sun (no need to compute semi-diameter). Apply instrument error to the observed Hs. The corrected Hs will be twice the actual Hs, so divide the Hs in half. Apply refraction. Do not apply dip; you are observing an artificial horizon, not the real one. Apply motion of the body. Compare with your computations. 

NOTE: Most sextants have a 120° arc, meaning that you cannot use an artificial horizon to observe the sun or other bodies that are higher than 60°. The practical effect of this is that you cannot use an artificial horizon to take a noon sight in Houston between March 21st and September 21st. In Ohio, 40° N. Lat., it will be mid-April to early September.

For more information, consult the two sites below.

http://www.longcamp.com/horizon.html
http://www.youtube.com/watch?v=W-SkC3xwE7o
Attachment 3 – How to use HO 249 Sight Reduction Tables
Introduction. We recommend use of HO 249, the Sight Reduction Table for Air Navigation. Because of its simplicity, it is now commonly used for nautical navigation. You give up about 0.5 NM of accuracy with HO 249. An on-line version of HO 249, all volumes, is available at http://msi.nga.mil/NGAPortal/MSI.portal?_nfpb=true&_pageLabel=msi_portal_page_62&pubCode=0012. 

The US Power Squadron has Junior Navigator and Navigator courses, which go into detail on how to do celestial navigation. If you wish to do more celestial navigation than this requirement, we recommend those courses. Those courses also teach solving the astronomical triangle from the dead reckoning position of the vessel. This means that any LOP difference indicates a position different from that of the vessel. A chart is not strictly necessary to resolve the position.

The HO 249 is, on the contrary, dependent on having a chart available to plot on. It does not use the position of the vessel, but rather a convenient nearby point, usually within about 40 miles, from which to do the plotting. HO 249 is what the Naval Academy is now teaching.

The HO 249s themselves have instructions within them. The instructions may not be obvious if you do not understand some theory behind them. Use an almanac or calculate the GHA of an astronomical body, and plot a line of position (LOP). We can determine longitude by observing a body east or west of us, then reducing the observation to a LOP that runs approximately north/south. Observing the sun in the early morning or late afternoon will do the job, or appropriate stars at night. 

An accurate time is essential to celestial navigation. A one-minute error in time can mean as much as a 15 NM error in position. Get a good “time hack” to the second and know how much time your watch gains/loses each hour.

Greenwich Hour Angle. The Nautical and Air Almanacs tabulate the Greenwich Hour Angle (GHA) of the sun or Aries (ɤ) for us. The HO 249 also has instructions on how to calculate GHA of the sun or ɤ without an almanac. GHA is the angular distance westward around the world from the 0° (Greenwich) meridian of longitude, measured from 0 to 359+ degrees (Figure 9 below). The sun is above a line of GHA. The sun is also above another line called declination (Dec.). On Earth, it is the same as North or South latitude, but to prevent confusion with the Earth, it is called declination. It is also tabulated.

            Figure 9. GHA and Declination                          Figure 10. LHA and Declination

Local Hour Angle. The position of the sun, relative to our vessel, is Local Hour Angle (LHA) (and the same declination). LHA is also measured from 0 to 359+ westward, from your assumed position (Figure 10 above). To find LHA, we find GHA, add 360° if needed, and subtract West Longitude (add East Longitude). Three sample problems are below.

LHA Calculations. Our boat is near Galveston, TX, at about N29°15’ and W94°50’. At 1100 CDT (1600Z), the GHA of the sun is 60°30’, and the Dec. is N12°25’. At 1500 CDT (2000Z), the GHA of the sun is 120°35’, and Dec. is N12°16’. At 1900 CDT (2400Z) GHA is 180°40’, Dec. N12°06’. We will assume the closest latitude (29°) and a longitude that makes our LHA come out even. [Note: a simplified annotation of degrees-minutes is used here, as it often is by practicing navigators.] The three problems are shown below:

	Time
	 1600Z
	 2000Z
	 2400Z

	Assum Lat
	   29-00
	   29-00
	   29-00

	Declination
	N10-27
	N10-24
	N10-21

	GHA Sun
	   59-31
	 119-32
	 179-33

	+360 if need
	 360-00
	
	

	Total
	 419-31
	 119-32
	 179-33

	Assum Long
	   94-31
	   94-32
	   94-33

	LHA
	 325-00
	   25-00
	   85-00




Table 2. Calculation of LHA

The 1600Z shot is going to be in the southeast with the sun rising, the 2000Z shot is going to be in the southwest with the sun setting; 2400Z (0000Z the next day) is with the sun almost set. When we look this up in our tables, Lat 29°, Dec 0-14° SAME name as latitude, we find as follows:
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Table 3. HO 249 29° Latitude Page
This will be better if I can get the LHA column from the left side of the paper.
The first values are the lower underlined values, reading LHA on the right side of the page. The second values are the upper underlined values, reading LHA on the left side of the page (cut off). The third values are on a different page.

	Time
	 1600Z
	 2000Z
	2400Z
	

	Hc
	  52-10
	  59-52
	 09-10
	Hc = height computed

	D
	       34
	       40
	      28
	D = difference

	Z
	     113
	     124
	      84
	Z = angle from North, not specified East or West





    Table 4. HO 249 Table Lookup Values

We have to correct the Hc for the fact that the declination is not an even degree of declination. 

	Hc
	52-10
	59-52
	09-10
	Hc = height computed

	d correction
	   +15
	   +16
	   +10
	Table 5: d corr = # of minutes add/sub for Dec. minutes

	Corr Hc
	52-25
	60-08
	09-20
	Corr Hc = corrected Hc

	Zn
	   113
	   236
	   276
	Zn is true bearing.  See HO 249 instructions.  In the morning in the northern hemisphere, Z = Zn.  In the afternoon, 360 – Z = Zn.


 

    Table 5. Correction to Hc and Zn for Declination and LHA

Note that the third LOP will give a strong longitude line. It is another way to find longitude.

Now we know the computed height for a vessel at the assumed positions for the specified times. We also know the bearing of the sun for that time. If our actual observation is different from calculated, we can compare them, and move our LOP toward or away from the assumed position along the bearing line. The LOP is perpendicular to the bearing line.

If the height of the object is higher than we computed it, then we are closer to the object. That leads to a standard celestial navigator saying, “HoMoTo.” It means if the height observed (Ho) is more (Mo), the LOP is plotted toward (To) the object = HoMoTo. 

Corrections to Height Shot (Hs). There are many corrections to the height shot (Hs). We will discuss each, and then put them all together in a table (Table 6).

Index Error. Also called instrument error. Very few sextants have zero error; the angles measured are too fine. Calibrate your sextant by aligning the two images of the sea horizon (or something far away) each time you take sights. Enter the index error. A reading above 0°0’ is shown as a minus (-) correction because the sextant is reading too high, and visa-versa.

Refraction. The atmosphere bends the light as it travels through it toward the ground. It always makes the body appear too high. Refraction error is shown in HO 249, Table 6. Compare your Height Shot (Hs) to the table, apply the appropriate correction as a minus (-).

Dip. When you stand on a boat, the apparent horizon is very slightly below the astronomical horizon. If you stand on the bridge of a battleship, you are much higher than in a recreational sloop. Dip is the difference between the observed horizon and the astronomical horizon. Standing on a Sea Scout sloop, your eye is likely to be about ten feet above the water, and the correction for dip is -0°3’. Dip is always minus (-). Dip tables are available in the almanacs and on the internet.

Semi-Diameter. When observing the sun or moon, with a visible disk, it is usually more convenient to bring the bottom edge of the body to touch the horizon. (See Figure 4 above.) Sometimes you have to use the top edge. The sun’s diameter is always close to 32’, so the semi-diameter, or distance to the center of the disk is 16’. The moon’s semi-diameter could range from 14’ to 17’, but it is tabulated also. If you shoot the “lower limb,” you always add the 16’ (or whatever) to the Hs.

Parallax. If you shoot the moon, it is not far enough away to be on the celestial sphere. You have to make a parallax correction. That correction is beyond the scope of these requirements.
Motion of the Observer. For most vessels, motion of the observer is negligible. It is available in Table 1 of HO 249 if needed.

Motion of the Body. Motion of the body over four minutes of time is in Table 2 of HO 249. If your shot is not exactly on time, the calculated altitude will be incorrect. This may be adjusted for any short period by using the four-minute adjustment as a ratio:


Adjustment

 48   =  X
X = adjustment for 2:30 seconds


Time (seconds)
240
150
Y = time in seconds for 2:30 minutes


X = 30

Shots are normally taken earlier than scheduled time. A rising body has a plus (+) adjustment if shot early, a minus (–) adjustment if shot late. A falling body is the opposite.

For convenience, a table has been prepared to combine all these calculations. We will take one shot for the first two LOPs, and three shots for the third LOP.

	Time Z
	
	1600Z
	 1952Z
	2348Z 
	2352Z
	2355Z
	0000Z

	Hs
	
	60-36
	 61-30
	 12-10
	11-11
	10-36
	Fix

	Instrument error
	±    -2
	        -2
	       -2
	       -2
	      -2
	
	
	

	Refraction (minus)
	-      1
	        -1
	       -4
	       -3
	      -3   
	
	
	

	Dip (minus)
	-      3
	        -3
	       -3
	       -3
	      -3
	
	
	

	SD+lower/Parallax (Moon)
	+   16
	     +16
	    +16
	    +16
	   +16
	
	
	

	4 min corr (Table 2) ±
	(+  48)
	   ( - 43)
	(   -52)
	(   -52)
	(   -52)
	
	
	

	Adj corr (time/4) ±
	+     0
	  -1-26 
	 - 2-36
	- 1-44
	- 1-05
	
	
	

	Adj Ho
	
	60-46
	 60-14
	 09-41
	09-35
	09-39
	

	Hc
	
	61-09 
	 60-08
	 09-20
	09-20
	09-20 
	

	Ho - Hc = 
	HoMoTo
	    - 23A
	     +6T
	     +21T
	    +15T
	    +19T 
	18T avg

	
	Zn
	  113
	 236
	   276
	  276
	  276
	




          Table 6. Adjustments to Sextant Height (Hs)

Plotting. Plot the first sight 23 miles away from the assumed position, perpendicular to the 113° bearing. The diagram below shows how to do that. The second sight is 6 NM toward 236°. The third (average) is 18 NM toward 276°. (Figure 11)

Plot the sight on any scale chart, but 1:1,000,000 or 1:500,000 are probably most convenient. 1:80,000 may be too large a scale chart to be effective. Remember, celestial is an offshore navigation aid, not a near-shore aid.
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     Figure 11. Plotted Celestial (Sun) Fix

Table 7 below illustrates the computations above, including how to determine GHA from the HO 249 Table 4 when you do not have an almanac.
	
	
	H.O. 249 Sight Reduction Worksheet
	
	
	
	

	
	
	
	
	
	
	
	
	

	HO 249 GHA Table 4 Calculation
	
	
	
	
	
	
	

	GMT Date 
	2012 Aug 25
	 
	
	Assumed Position
	
	
	
	

	GMT Time Table 4
	1800Z
	
	29°00N
	94°32W
	
	
	
	

	GMT Corr Table a
	19
	
	
	
	
	
	
	

	
	2012 Aug 26
	1300Z
	
	
	
	
	
	

	Table b
	
	=1300Z
	
	
	
	
	
	

	GHA Sun
	E     4   °  29 '
	
	
	
	
	
	
	

	Dec Sun
	
	N 10° 37 '
	
	
	
	
	
	

	Corr GMT
	h     +5 = +3
	-21' = -11
	
	
	
	
	
	

	Corrected
	E    4    °  32 '
	N10° 26'
	
	
	
	
	
	

	Corr Tbl c
	     85°
	
	
	
	
	
	
	

	Corr min
	0
	
	Air/Nautical Almanac
	
	
	
	

	GHA Sun
	89-32
	N10-26
	89-31.6
	N10-25.7
	
	
	
	

	
	 
	
	
	
	
	
	
	

	AssPos
	94-32
	
	
	
	
	
	
	

	LHA Sun
	355
	
	
	
	
	
	
	

	Hc
	70-26
	d = 
	Z
	165°
	
	
	
	

	d corr
	    +25
	
	
	
	
	
	
	

	Hc
	71-51
	
	Zn
	165°
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Time Z
	
	1755Z
	 
	 
	 
	 
	 

	Hs
	
	      70-49
	 
	 
	 
	 
	 

	Instrument error
	±          +3
	 
	 
	 
	 
	 
	
	

	Refraction (minus)
	-             0
	 
	 
	 
	 
	 
	
	

	Dip (minus)
	-             3
	 
	 
	 
	 
	 
	
	

	SD+lower/Parallax (Moon)
	+         16
	 
	 
	 
	 
	 
	
	

	4 min corr (Table 2) ±
	+         13
	 
	 
	 
	 
	 
	
	

	Adj corr (time/4) ±
	+         17
	 
	 
	 
	 
	 
	
	

	Adj Ho
	
	     71-22
	 
	 
	 
	 
	 

	
	
	 
	 
	 
	 
	 
	 

	Ho - Hc = 
	HoMoTo
	29A
	 
	 
	 
	 
	 

	
	Zn
	165
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	



     Table 6. Sample HO 249 GHA, LHA, and Sight Reduction Computations

Table 8 below is a blank precomputation form. Precomps allow the navigator to plan the fix time in advance, move the celestial LOP to the fix time, and have it plotted about the time of the fix. There are other ways to do it; this is one of the simple, quick methods.
	 
	 
	H.O. 249 Sight Reduction Worksheet
	 
	 
	 
	
	

	HO 249 GHA Table 4 Calculation
	(Precomp)
	
	
	
	 
	
	

	GMT Date 
	 
	 
	
	Assumed Position
	
	 
	
	

	GMT Time Table 4
	                Z
	
	N       °       '
	W       °       '
	
	 
	
	

	GMT Corr Table a ±
	±
	
	
	
	
	 
	
	

	Dt/Time
	 
	 
	
	Prec/Nut
	     NM/      °
	
	 

	Table b
	
	=              Z
	
	
	
	
	 

	GHA Sun/ɤ
	E       °     '
	
	
	
	
	
	 

	Dec Sun
	
	NS     °      '
	
	
	
	
	 

	Corr GMT
	h±       '= 
	±       ' =    
	
	
	
	
	 

	Corrected
	E      °      '
	NS     °      '
	
	
	
	
	 

	Corr Tbl c
	           °
	
	
	
	
	
	 

	Corr min
	                '
	
	Air/Nautical Almanac
	
	
	 
	
	

	GHA Sun/ɤ
	        °      '
	NS     °      '
	         °        '
	NS      °       '
	
	
	 

	AssLong
	        °      '
	
	
	
	
	
	 

	LHA Sun/ɤ
	        °
	
	
	Stars =
	 
	 
	 

	Hc
	        °      '
	d = 
	               Z=
	           °
	 
	 
	 

	d corr
	±             '
	
	
	
	 
	 
	 

	Hc
	        °      '
	
	             Zn=
	           °
	 
	 
	 

	 
	
	
	
	
	
	
	 

	Observations
	
	
	
	
	
	 
	
	

	Time Z
	
	                Z
	                 Z
	                  Z
	                 Z
	            Z
	                Z

	Hs
	
	       °         '
	       °          '
	        °          '
	        °          '
	     °       '
	      °          '

	Instrument error
	±               '
	±                '
	±                 '
	±                 '
	±           '
	±               '
	
	

	Refraction (minus)
	-                '
	-                 '
	-                 '
	-                  '
	-            '
	-                '
	
	

	Dip (minus)
	-                '
	-                 '
	-                  '
	-                 '
	-            '
	-                '
	
	

	SD+lower/Parallax (Moon)
	±               '
	±                '
	±                 '
	±                 '
	±           '
	±               '
	
	

	4 min corr (Table 2)
	±               '
	±                '
	±                 '
	±                 '
	±           '
	±               '
	
	

	Adj corr (time/4)
	±               '
	±                '
	±                 '
	±                 '
	±           '
	±               '
	
	

	Adj Ho
	
	       °         '
	       °          '
	       °          '
	        °          '
	      °      '
	       °         '

	Hc
	
	       °         '
	        °         '
	        °          '
	        °          '
	      °      '
	        °        '

	Ho - Hc = 
	HoMoTo
	±               '
	±                '
	±                '
	±                 '
	±           '
	±               '

	 
	Zn
	                 °
	                  °
	                  °
	                  °
	            °
	                 °

	 
	 
	 
	 
	 
	 
	 
	 


                           Table 7. HO 249 Celestial Precomputation Form (Blank)
NOTE to Instructors. The HO 249s are thick books. However, very little of them need to be printed out. For the sun, to meet all of these requirements, you need only print out the following:


ix – xiii are introductory pages that may be useful


Volume II or Volume III, depending on your latitude. The tables are the same in both.


Table 2 – Altitude Correction for Change in Position of the Body


Table 3 – Conversion of Arc to Time


Table 4 – GHA and Dec of the Sun … (for calculation of GHA without an almanac)


Table 5 – Correction to Tabulated Altitude …


Table 6 – Refraction


The six or so Latitude pages for your assumed position. For Galveston, TX we used 29°.


Dip is not tabulated in the HO 249. It is in the Almanacs, or (in meters) at http://www.erikdeman.de/html/sail040h.htm, or can be Googled.


If you have access to a Nautical or Air Almanac, the pages for the day(s).

If you are going to do star shots:


Volume I, Stars, all latitudes


Table 2 – Altitude Correction for Change in Position of the Body (same as above)


Table 3 – Conversion of Arc to Time (same as above)


Table 4 – GHA of Aries (ɤ) … (for calculations of GHA without an almanac)


Table 5 – Correction for Precession and Nutation


Table 6/7 – Correction (Q) for Polaris, Azimuth of Polaris


The two pages of star tables for your latitude. Again, I chose 29°.

See the separate section on how to use HO 249s.

(HO 249 is the historical and colloquial name for this publication. It stands for US Navy Hydrographic Office Publication 249. Of course, in modern times, bureaucratic names change, so the proper organization name is National Geospatial-Intelligence Agency, Publication Number 249. The cover says NIMA; they can’t even keep up with their name changes.)

Attachment 4 – How to Read A Typical Plastic Sextant
Several inexpensive sextants are made of plastic, and are not as accurate as a fine metal marine sextant.  However, it will provide enough accuracy to find nearly any island in the ocean and definitely position you close to any mainland.  It is simpler, but has the same basic components as the more expensive kinds.  Figure 12 below shows the following components:  


Frame – the wedge part of a circle


Upper mirror – reflects the sun or star toward the lower mirror


Upper sun filters – prevents the sun from ruining your eye


Lower mirror/glass – reflects the sun or star toward the eye piece, allows you to see the horizon through the other half


Lower sun filters – prevents the sun from ruining your eye


Eyepiece – positions the eye in the right place.  The sun should be in the center of your eyepiece hole.


Scale – along the arc of the circle, measures the altitude of the body.


Vernier scale – provides a more precise measurement of the altitude of the body.
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Figure 12.  Plastic Sextant

In Figure 12 above, read the coarse angle of the object at the 0° mark on the lower scale.  In this photo, the measured angle is between 44° and 45°, so the initial angle is 44-??.  A more accurate reading than 60 miles is desired, so we will use the Vernier scale on the lower scale.

Reading a Vernier Scale.  Read a Vernier scale by matching two scales that are slightly different.  When two lines match up exactly, the value on the Vernier scale is the exact reading.  Look at Figure 13.  In this case, the Vernier 0 is between 29° and 30°, and in fact about 2/3 of the way toward 30°.  Just guessing, I would place the angle at 29-40.


Now look at the lower Vernier lines.  You want to find two lines that match up exactly.  I don’t see any lines that match up exactly.  However, I see line 34 that is a smidgen to the left of the line above it, and line 36 that is a smidgen to the right of the line above it.  I conclude that line 35 would match exactly with the line above it if there were such a line.  Our fine angle is then 29-35 (29°35’).  Always make an eyeball estimate of the finer angle first, then read the Vernier scale.  

[image: image13.jpg]Hﬂ,”ﬂnlﬂ
Hllllll

[

"f444g4a





Figure 13.  Vernier Scale

Sight this plastic sextant in the same way as show in the main text.

List of useful URLs.

http://www.minasi.com/doeot.htm - can calculate any EOT up to 2050.

www.time.gov – provides an accurate zone time or UTC (see bottom right of list). If you do not get the moving clock, click on Time Widget for a moving clock.

www.cadastral.com, the ephemeris pages, are a source for the sun’s declination, GHA, equation of time, and semi-diameter. It also has the GHA of Polaris (not the GHA of Aries (ɤ). 

http://aa.usno.navy.mil/data/docs/AltAz.php. Is a source for altitude and azimuth of the sun, particularly useful for “heading shots” to solve for compass error.

http://www.longcamp.com/horizon.html is a site explaining how Fremont made celestial observations using an artificial horizon while surveying the American West.
http://www.youtube.com/watch?v=W-SkC3xwE7o is a video of a man taking a celestial observation using an artificial horizon.

http://msi.nga.mil/NGAPortal/MSI.portal?_nfpb=true&_pageLabel=msi_portal_page_62&pubCode=0012 is the site to download the HO 249 tables.

http://www.erikdeman.de/html/sail040h.htm is a dip table expressed in meters above sea level.
End of text for publication.
List of Sources for Illustrations Taken from the Internet
(For the editorial people) If concerned about copyright, I will contact each to try to get copyright permission. Some of these ideas are so much in the public domain that a simple re-drawing will take them out of copyright. I knew all this stuff before I searched for images to illustrate. These images are convenient, just less work, I think.

Figure 1 – Techpanacea.blogspot.com – picture of a sextant light path.

Figure 2 – http://users.humboldt.edu/rpaselk/NavInst_Pics/index.htm Humboldt State University, Richard Paselk.

http://www.google.com/imgres?start=881&num=10&hl=en&addh=140&tbm=isch&tbnid=u2LnwqPX7f4TiM:&imgrefurl=http://users.humboldt.edu/rpaselk/NavInst_Pics/index.htm&docid=5oYenwTgQsu_MM&imgurl=http://users.humboldt.edu/rpaselk/NavInst_Pics/SexMic_lab.jpg&w=576&h=418&ei=sLVnUKuaA8Ls2gWwz4D4CA&zoom=1&iact=hc&vpx=480&vpy=447&dur=218&hovh=191&hovw=264&tx=164&ty=86&sig=116466725392808128235&page=23&tbnh=139&tbnw=183&ndsp=43&ved=1t:429,r:36,s:881,i:118&biw=1600&bih=771

Figure 3 – self-drawn

Figure 4 - http://www.hangsim.com/vs/help/panels.htm and the simpler one at www.virtualsailor.blogspot.com. http://www.google.com/imgres?num=10&hl=en&tbm=isch&tbnid=4gZVRn6F_dU1EM:&imgrefurl=http://www.hangsim.com/vs/help/panels.htm&docid=2mBA106e8gEnKM&imgurl=http://www.hangsim.com/vs/help/sextant.gif&w=558&h=483&ei=DLRnUI7EI-TU2AW8wIGoAw&zoom=1&iact=rc&dur=2&sig=116466725392808128235&page=1&tbnh=142&tbnw=155&start=0&ndsp=25&ved=1t:429,r:24,s:0,i:220&tx=109&ty=-103&biw=1600&bih=771
Figure 5 - http://www.svsarana.com/Nav_Info/noonsite.php. Much of this discussion is based on this site. The original image is theirs, but needs correction.

Figure 6 – thenauticalsite.com 

http://www.google.com/imgres?um=1&hl=en&tbm=isch&tbnid=8GCJod_cnNk7xM:&imgrefurl=http://thenauticalsite.com/NauticalNotes/TerresNav/MyTerrNav-Lesson10-Sextant.htm&docid=EVHHHp2zJe1vEM&imgurl=http://thenauticalsite.com/NauticalNotes/TerresNav/MyTerrNav-Lesson10-Sextant_files/image035.gif&w=514&h=301&ei=4bhnUNGwO8ru2gWO6oH4Ag&zoom=1&iact=hc&vpx=161&vpy=199&dur=12647&hovh=172&hovw=294&tx=46&ty=200&sig=116466725392808128235&page=1&tbnh=105&tbnw=180&start=0&ndsp=35&ved=1t:429,r:0,s:0,i:74&biw=1600&bih=771
Figure 7 – 66south.com. Roald Amundsen at the South Pole

https://www.google.com/search?num=10&hl=en&site=imghp&tbm=isch&source=hp&biw=1600&bih=771&q=Roald+Amundsen+sextant+at+South+Pole&oq=Roald+Amundsen+sextant+at+South+Pole&gs_l=img.3...0.0.0.3421.0.0.0.0.0.0.0.0..0.0...0.0...1ac.KKBbKmU0dSM
Figure 8 – www.landfallnavigation.com An artificial horizon

https://www.google.com/search?hl=en&q=artificial%20horizon%20sextant&um=1&ie=UTF-8&tbm=isch&source=og&sa=N&tab=wi&ei=q7pnUKHuOOfq2QXvvoGgDg&biw=1600&bih=771&sei=sLpnULnvDsOe2wW9rIH4Bw
Figure 9 – self-drawn

Figure 10 – self-drawn

Figure 11 – self-drawn on a public domain chart

Figure 12 – personal photograph of one of the authors

Figure 13 – personal photograph of one of the authors

Table 1 – self-constructed deviation table for our ship’s boat

Table 2 – self-constructed table to organize calculations

Table 3 – Excerpt from a government publication, “HO 249”, public domain

Table 4 – self-constructed table to organize calculations

Table 5 – self-constructed table to organize calculations

Table 6 – self-constructed table to organize calculations

Table 7 – self-constructed table to organize calculations

NOTE for editors:  This document has a Flesch Reading Ease score of 60 and an F-K Grade Level of 7.6.  It has been designed to be read by Sea Scouts.
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