The Horizontal Sextant

I enjoyed reading John Hocking’s article on Sextant Piloting.  It brought back memories of past writing and using the technique in my naval career.

First I want the reader to understand why? Navy ships use cross bearings instead of sextant angles in hazardous waters. Unlike other large ships, the Navy ships must take a fix every three minutes. War Ships (especial atomic) are big news for grounding.

The transit may take an hour or more, the sextant piloting problem become difficult compared to the use of the compass and shooting three bearings and plotting lines of position (LOP.)  Another problem, the large superstructure can block shooting two Navigation Aids (NAVAIDS) at the same time, where the compass single shots from a port and starboard bearing takers are unobstructed, clear, quick and easy. Another is that the 3 arm protractor will give you a fix, with out positioning lines to evaluate accuracy.  Note: The Franklin Technique of cross bearings and error corection is equal to the accuracy of the sextant and the 3 arm protractor.
Let me tell you a sea story.  I reported aboard the aircraft carrier, USS Intrepid, in Sept 22 1969 as their Master Chief Quartermaster.  The Intrepid was just out of the yards after an overhaul, many of her crew was new, and the already onboard crew had not been to sea for months. We were scheduled to go to GTMO Cuba for underway training to ensure we could carry out our mission.  I knew the GTMO training routine because I had been there many times before.

GTMO’S routine was to find your weak points and retrain you. Their favorite navigation game was to put you in hazardous waters and break your equipment, the ship would start with cross bearings; “your gyro is down and out.” Your team jumps to the magnetic compass! “Your magnetic compass is out” You Jump to radar! “Your radar is down”.  You jump to the sextant and three armed protractor! “Your protractor is broken” you jump to something to get that important fix, it goes on and on until you have nothing left and you say “NO FIX!” Your mark will be based on how far you can go without “NO FIX!” Then they start teaching your team to get that FIX somehow. This can up your marks.
I started teaching my team to be ready for GTMO. I had set up a plan that would carry the Intrepid to the end of what GTMO knew and leave them with little or nothing new for them to teach my team.

I had Capt. Lecky’s book and understood Fry’s solution to the three point problem (sextant navigation table.)  I planned on using Fry’s solution after GTMO broke my three armed protractor.

Before underway for GTMO, I was reading one of my children books “HIGHLIGHTS.”  It had a drawing and a statement, “the angle at the center is double of the angle at the circumference.”

I no longer needed Fry’s solution.  I could visualize a simpler solution for use at GTMO. 

Using that statement, I constructed several graphic designs on the chart and used a drawing compass to scribe lines of position. The Intrepid got an outstanding from GTMO for navigation.  I sent the design to Ernest Brown and the following Bowditch 1977 had “Use of Sextant in Piloting.” and the “Franklin Piloting Technique.”  I received a new 77 Bowditch with my name in gold for them and  my other input to the piloting section.
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Navigation Circle.


A navigation circle is always present when the observer is not on a range.  When ever there is an angle or opening between Navigation Aids (NAVAIDS) the observer is on the circumference of a circle that includes the NAVAIDS.  If the same angle between NAVAIDS is angle “A” as measured by the observer, the angle would be half the angle at the center of the circle.  In deed the angle at the center is “2A”.


See figure 1.
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Circle Line of Position (CLOP.)


The circle including NAVAIDS can be drawn on a chart through many observers that have the same observation angle. If the observer uses a compass with compass error to get the angle between NAVAIDS for angle “A” he would still be on that CLOP.


See figure 2





Circle Line of Position and boat movement.


As the observer measures the angle between NAVAIDS with compass bearings or sextant the boat may be moving away from the NAVAIDS.  The observer’s angle will decrease. Indeed the corresponding angle at his center will also decrease while remaining twice the angle at the observer.  The center of the circle will form a perpendicular bisecting “2A” with equal distance from the NAVAIDS.





                                                                          See Figure 3.
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                                               Circle Line of Position and boat movement.


As the observer measures the angle between NAVAIDS with compass


 Bearings or sextant the boat may be moving away from the NAVAIDS.


 The observer’s angle will decrease. Indeed the corresponding angle at his 


Center will also decrease while remaining twice the angle at the observer.


The center of the circle will form a perpendicular and bisecting with equal


Distance the NAVAIDS base line                                        See Figure3.          











Exact Center on the PB


The centers of all circles are found along the PB. The procedure is to place a compass of any size on NAVAID “1” with the 90 degree along the base line of NAVAID “1 &2.”and the zero parallel to the PB. The exact center degree readings can be marked on the PB by simple transfer.


See figure 5.








The PB requirement that the arcs intersect in two places. These intersections are the reference to draw a line ninety degrees from the base line between the NAVAIDS. The point for the exact center of the circle the CLOP is on this perpendicular circle and can be found using the angle that the observer read from his sextant some-where along “2A’.                          See “2A” Fig 3











Perpendicular Bisector (PB.).





The equal distance line between NAVAIDS is a Perpendicular Bisector.





It can be drawn on the chart by scribing with drafting compass arcs of equal radius from each of the NAVAIDS.


See figure 4








Evaluation of the Fix.





The same rules for cross bearings LOP’S apply to CLOP’S, angle intersection of more than 25 degrees are good. Angle of near 90 is desirable.


Both have the problem of figure 2, if other NAVAIDS are used on the circle the fix can swing around the complete circle and show a three point intersection.


Care must be taken if the center of three NAVAIDS is the farther you may have a swinger, but the circle is easily to recognize on the chart or by the observers visual eye.





Fix.


Two or more CLOP’S are needed to intersect for the fix, as in cross bearings.


Each set of angles and their CLOP offers only part of the fix, three CLOPS should be used to evaluate the strength and reliability of each fix.


See figure 6
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CLOP.


The CLOP can be made on the chart by placing the drawing compass needle on the PB at the observer’s sextant reading; them spread the pencil drawing end to the NAVAID and scribe the CLOP to seaward in the direction of the boat. Eye interpolation between 5 or 10 degree marks is good for a fix.
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Geometry of Sextant Navigation Design.


Use of the proper chart and the ability to fix a position on the chart should be the goal of all Navigators. With proper knowledge fixes should be easy and accurate plotted with out the need of special observing and plotting equipment. Once the Geometry is understood common tools for plotting can be substituted with little imagination.


I have used this simple solution for the three point problem aboard the Intrepid.








