“How good is St Hilaire”  
This is  reply to George Huxtable’s posting on the same issue of 28 Feb 2010. This debate appears to have been kept alive mostly by ideas about the least-squares method (LSQ) George Huxtable infused into it.  I haven’t traced the debate back to its origins but only note some of George’s ideas mentioned in the Feb 28 posting, such as: “my test-to-destruction”; “large negative calculated altitudes”; “immense cocked-hats”; “the first few iterations would involve large negative altitudes”; “you can get round these things, often, by working out the altitude of an antipode of the point you really wanted, and subtracting it from 180º. Or something like that.”; “tables are not designed to cope with all this (of course they aren’t)”. 
George seems to invite others to provide the tests for his ideas, such as: “say you offered the least-squares algorithm a collection of six assorted position lines, three clustered round a cocked-hat in one part of the World, and (the other clustered around) another cocked-hat in an entirely different area. Would it home in on one or the other, or would it choose to produce a solution that was somewhere in no-man's land, between the cocked hats, with an immense error-ellipse? My guess is, the latter”.
But I think it is actually impossible to realistically model such a proposition in any shape or form in celestial navigation.  It appears that Huxtable’s idea of clusters of position lines in different parts of the world confuses what is possible with a double sight for what is impossible with three or more sights.    

With two position circles the observer could be in two alternative positions.  The assumed (DR) position will guide the position solution with LSQ.  In practice, the correct position selection can be unequivocally determined by taking an approximate azimuth on one or both bodies concerned.

But with three or more sights the observer simply cannot be in different (alternative) geographic locations.  This is basically what Yallop-Hohenkerk mean when they say: “If the initial position is not well known ... it is possible to start from any position on the Earth, and provided that λf is kept in the range -180o to + 180o and φf in the range -90o to + 90o, the solution in most cases will begin to converge after a few iterations.”  There should perhaps have been a specific reference in “Compact Data 1986-1990” to finding the alternative position solutions with the double sight.  
Three sights will have three pairs of intersecting position circles, each pair having two alternative points of intersection.  A combination of three of such points of intersection may form a relevant cocked hat 3-polygon, where the points of intersection become its vertices.

Let’s take a real case and quantify it, rather than imagining abstract configurations.  
The data (M. Blewitt, 1997) of three simultaneous star sights, Regulus, Canopus and Betelgeuse are respectively: GHA 190.5083, 249.3167, 258.1100; Dec 11.9767, -52.6950, 7.4050; Ho 36.2333, 58.5000, 22.8500.  The 1st iteration results with LSQ are respectively: p (intercept) 25'.17, -12'.82, -21'.55; Zn 20.0259, 231.7833, 302.8782.

The 3rd and final iteration obtains: e (error intercept) 10'.09, 10'.42, -5'.70, Zn 19.4578, 231.6909, 302.4126, with error margin ( = 130o.1; a = 34'.9; b = 27'.5 and Fix 39.8744 S/153.5140 E.  

The coordinates of the intersection points of each of the three pairs of sights indicated as Fix1 and Fix2 are found with K-Z, or alternatively with LSQ:
Regulus-Canopus - Fix1 24.3790 S/128.9128 E, LHA 319.4211/18.2295, Zn 52.0822/201.2754 and Fix2 39.5100 S/152.8475 E, LHA 343.3558/42.1642, Zn 20.3264/231.1331

Regulus-Betelgeuse - Fix1 64.4139 N/152.4478 E, LHA 342.9561/50.5578, Zn 159.1781/236.2058 and Fix2 39.7609 S/153.7538 E, LHA 344.2622/51.8638, Zn 19.2047/302.1769

Canopus-Betelgeuse - Fix1 40.1089 S/153.4663 E, LHA 42.7829/51.5763, 231.9847/302.5351 and Fix2 48.9582 S/60.1062 E, LHA 309.4229/318.2162, Zn 116.3606/45.8101.
The relevant combination of vertices is: 39.5100S/152.8475E, 39.7609S/153.7538E and 40.1089S/153.4663E.  Regardless of the assumed (DR) position (provided Hc > 0, otherwise the bodies concerned will not be above the horizon and visible!) LSQ will find 39.8744S/153.5140E as fix.  
A 3-polygon is also formed by the vertices with the coordinates 24.3790 S/128.9128 E, 39.7609 S/153.7538 E and 48.9582 S/60.1062 E. Why does LSQ not select this 3-polygon? This is because it is impossible for the LSQ algorithm to determine consistent azimuths for this selection, hence it cannot be the correct selection!  In the actual 3-polygon selected, the azimuths of the double-sight combination are: Reg-Can 20.3/231.1; Reg-Bet 19.2/302.2; Can-Bet 232.0/302.5, i.e each body has approximately the same azimuth in each combination.  With the alternative 3-polygon we have: Reg-Can 52.1/201.3; Reg-Bet 19.2/302.2; Can Bet 116.4/45.8.  Each body has different azimuths in each combination.   
Let’s assume a DR position at 35S/70E, which is almost 5 degrees further South and about 84 degrees further East.  The LatFix and LongFix of six iterations with LSQ for the same three stars using an initial assumed position of 35S/70E are respectively: -44.8839/96.8713, -37.6897/113.1145, -38.7439/149.6333, -39.9528/153.5266, -39.8742/153.5137 and -39.8744/153.5140.  
The 1st iteration intercepts for Regulus, Canopus and Betelgeuse are large, respectively  3,046'.79, 127'.33, -909'.55 and the Zn-values 85.41, 134.48 and 41.67. But the 6th iteration produces the same position solution with the arbitrary assumed (DR) position of 35S/70E as with the original DR position of 40S/153E: Fix  -39.8744/153.5140, with the same error intercepts and Zn-values: Regulus e = 10'.08, Zn = 19.46; Canopus e = 10'.41, Zn = 231.69; Betelgeuse e = -5'.72, Zn = 302.41.

The 3-polygon selected can be constructed on the chart by connecting the vertices, the coordinates of which are found with K-Z or LSQ.  The construction of the sights’ position lines with the Intercept Method from the assumed position 40S/153E will determine virtually the same vertices and the same cocked hat 3-polygon even though the intercepts (p) are quite large, respectively 25'.17, -12'.82, -21'.55. It shows that the St Hilaire method is actually very good, if not excellent for the purposes it was designed for.  Of course, like K-Z or any other double-sight solution method it cannot reliably determine a position fix (anyone want to take me up on this “challenge”?).
The “How good is St Hilaire” debate as of 28 Feb 2010 branched out into what seems like another “challenge”: “In my view the whole concept of deducing an error-ellipse from a single cocked-hat is fundamentally flawed. Anyone like to take up that question?” Others have already taken up this challenge.  I will do so in another posting. 
Herman Zevering

