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COMPUTATION OF THE FIX AT SEA
BY MEANS OF COMMANDANT GUYOU'’S
“POCKET TABLES”

By Ingénieur Hydrographe en Chef of the French Navy
André GOUGENHEIM.

1. Determination of the fix at sea comprises a succession of operations
among which the solution by computation of a spherical triangle is perhaps
neither the longest nor the most delicate. Yet it is almost wholly to this
phase of the procedure that those seeking to facilitate the work of the
navigator have applied themselves ; attracted by the admirable suppleness
of the formulae of spherical trigonometry, many hoped, and still hope to see
a miracle spring from it ; let it be added also that a pencil and a sheet
of paper are sufficient for examination of the problem laid down while the
improvement or the realisation of an observation instrument requires infinitely
greater materiel means.

It is quite understandable why numerous solutions have been proposed
for the computation of the fix ; some of them are very ingenious but the very
fact that none of them has proved of such stable value as to be universally
adopted, proves that they are not exempt from criticism.

The purpose of the present article is not to present any new solution but
to draw the attention of users to a remarkable method worked out in France
at the end of the last century and which, in spite of all the interest
which it offers, has not enjoyed the favour which it would seem to deserve.
The evolution of the question since that epoch, comparison with modern methods
and the concessions these involve, will perhaps allow the advantages of the
method under consideration to be more highly appreciated and tardy
justice to be rendered to its author.

2. - THE MERIDIONAL PARTS.

All users of charts know the meridional part, that term of geographical
latitude which serves to define the spacing of the parallels on a Mercator net
and the values of which may be found in Navigational Tables.

In reality, the Mercator chart is only one particular example of the appli-
cation of this term which is the principal element in the theory of the conformal
representation of the revolution surfaces; for spherical surfaces, the term
takes a simple form encountered, moreover, under different names, in other
mathematical or physics theories.

For the sphere, the meridional part is merely the logarithm of a trigo-
nometrical tangent, so that tables giving its values may equally be used
to apply the logarithmic formulae in which angles enter by their tangent.
However, the more current tables express the meridional part in minutes from
the equator ; the basis of these logarithms is distinct therefore from that
of the vulgar logarithms and, in practice, the tables of meridional parts
are not fitted to be employed concurrently with the other logarithmic tables.
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3. - GUYOU’S METHOD.

As early as 1874, Hilleret had to some degree foreseen this use of the
meridional parts, but it is to Guyou that is due the merit of having in
1884 indicated a method of computation of the fix at sea based upon the
exclusive use of this term and of having published tables corresponding to
its application (1). His idea, however, does not seem to have been ver
favourably met and the complementary paper that he published in 1888 (2)
did not contribute to any higher appreciation of the procedure recommended
by him. It must be admitted that his explanations lacked clearness ; they
did not tend to illuminate the broad outlines of the method nor its
advantages ; even the practice of the procedure as shown was not without
obscurity ; already the attention of the author had turned to extension of the
application of the tables to accessory computations, especially to the study
of curved altitude position lines to which he attached, like many of his contem-
poraries, an importance perhaps necessary.

A few years later, in 1895, the Englishman Goodwin, attracted by the
Guyou method proposed to generalise it and to treat all problems of
nautical astronomy by means of the Table of Meridional Parts only (3).
However, when the angles do not appear in the formulae by their tangent it
is necessary to have recourse to auxiliary variables the use of which makes
the calculation singularly more involved, besides which the advantage inherent
in the use of one single Table is lost. It may well be thought then that,
by this excess of zeal, Goodwin’s explanation ran cournter to the end sought
for and did not contribute to make evident the simplicity characterising Guyou’s
solution.

The latter, moreover, examined at this same period a similar generalis-
ation () and introduced into his method geometrical considerations which
unnecessarily complicated it and led to his Navigation Tables (1911) in two
bulky volumes far removed from the Pocket Tables.

4. - USE OF BORDA’S FORMULAE.

Having, on our side, rediscovered Guyou’s method during some research
work which followed quite a different path, its simplicity and elegance struck
us forcibly and the wish arose to set it forth in a way that would bear
relation to its essential qualities.

The quicker way is to take Borda’s formulae as point of departure : it
is known that these are relations calculable by logarithms and which allow
the angles of a spherical triangle to be expressed in terms of its sides.

Applied to the computation of the fix at sea, Borda’s formulae may there-
fore serve to compute the polar angle and the azimuth of a celestial body
the altitude of which above the horizon at a given point of latitude has been
measured ; from the polar angle it is easy to deduce the longitude of the station
point. If the latitude is only dead-reckoned, the calculation then gives the
direction of the altitude position line and the position of one of its points.
Subsequently it is possible to plot on a chart or on a diagram the geometrical
locus of the vessel at the time of observation. As a result the corresponding
methods of computation are placed among those known as the estimated parallel
methods.

(1) Tables de poche donnant le point Observé et les Droites de Hauteur, Berger-Levrault, 1884.

(2) Calecul du point Observé a Vaide de la Table des Latitudes croissantes : 4nnales Hydrographiques
1888.

(3) A Nautical Astronomy of a New Type : Nautical Magazine, Nov.-Dec. 1895.
(4) Les problémes de Navigation et la Carte Marine, Annales Hydrographiques, 1895.
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5. - THE LAMBDA and COLAMBDA TERMS.

The meridional part « of a geographical latitude e is defined by the
relation :

10.800

T

Logtg < 45° + —;—)

in which the abbreviation Log. designates the Neperian logarithms and the

factor

serves to express « in minutes of the equator.

To simplify the entry let us write :
a = A (a)
and let us introduce like Guyou the notation co X defined by :

10.800

co x(a) =1 (90°-a) = Log cot —;—

Farther on we shall have to use the following property of the term 2,
which it is very easy to establish : the relation :
A (c) = r(a) — r(b)

is equivalent to:

+ b

¢ S 2
co —5"— -——b

2
A

20° _ L
= 90°_H
2

6. - BORDA’S FORMULAE and THEIR TRANSFORMATION.

If the given Latitude is L, D the declination of the celestial body and
¢ (=900 — H) its true zenith distance deduced from observation, the unknown
quantities being the polar angle P and the azimuth Z, the Borda formulae
applied to the spherical triangle PZA (pole, zenith of.the station, celestial
body) are written :
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relations which, according to the property of the term 2 above-indicated,
are equivalent to :

A(ey) = A (L)— 2 (D— ) Aeg) =2 (D + 8) — a(L)

the Borda formulae appear in the form :

cot L
cot“‘~——r; = cot —L cot —2 cot?—— —
2 2 ¢ O
T
. . . . .- 10.800
Or again, by taking the colambdas (Neperian logarithms multiplied by ="~
T

2co A (P) =co 2 (c,) 4 co 2 (cy) 2co A (Z) =co (c,) —co r(c,)

Finally if the zenith distance ¢ is replaced by the true altitude H, which
is traditionally used by navigators, the computation of the fix at sea by the
Borda formulae is realised in the four following relations (1)

A(cy)) =co A(H+ D)4 (L) 2co 2 (P) =co 2 (c;) + co r{c,y)
Acy) =co A(H~—D)— 2 (L) 2co 2 (Z) =co r(cy) — co A (cy)

which can be solved by means of the Table of Meridional Parts solely. The
computation is further facilitated when the Table, like that shown in Friocourt’s
Navigational Tables, gives side by side for each value of latitude a, the values
of A (a) and of co 1 (a) ; this result can be obtained by a special typographical
arrangement without adding to the bulk of the Table.

In summing up it should be noted that to the advantage of simplicity
derived from the use of one only single-entry Table is added that of the accuracy
which accompanies the determination of angles by their tangent.

7. - HOW TO PROCEED IN THE COMPUTATION : EXAMPLES.

The relations that we have established are general if the signs corresponding
to those of L, D, D — ¢ and D + ¢ are given to the terms A, but in
practice it is preferable to avoid use of the signs. D will therefore always
be considered as an absolute value, in the same way as ¢, and two cases
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will be distinguished according to whether the latitude and the declination
have or have not the same names ; furthermore in the final result it will
be necessary to count the azimuths starting from the pole of the same name
as the declination.

Finally, practical application must be proceeded with in the way indicated
in Annex 1 which takes into account all the triangles that may be met
with and in which the arrows indicate the use of the Table of Meridional
Parts.

Although occupying only a few lines each, the examples given in Annex 3
do not sufficiently convey the brevity of the calculation, for the latter is greatly
facilitated by the use of one only single-entry Table, in this case Friocourt’s
Table of Meridional Parts (See Annex 2).-

Friocourt’s Table would moreover be improved by the addition of time
figures permitting the polar angles to be obtained directly in hours, minutes
and seconds.

The fact that an accuracy of the order of one minute of arc could be
maintained by neglecting the decimal of the meridional parts, may be verified.

February, 1949.

(1) It should be pointed out that these formulae are also arrived at starting from the NEPER analogies,
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ANNEX 1.
Performance of Computation.
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Reproduction of a page of Friocourt's Table of Meridional Parts.
The complete Table covers 9 pages.
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Annexe 3

Exemples
1¢ Exemple
L7 ig'N A(L) = 1.058,2 whe) = 1529.0
D:2252m cor(c) = 1.040,4
H. 10 5,4 Somme . 25694 coX(w):r28u,7 wZ: 697042
DaHed3 o1 G@A(DH) 2 4169, Difference:  488,6  con(v) s 2443 v . P 85°55]9 s 5M3aS
D.H:12366 <o) (D.H): 7.5728 )
Me) : S.e2ud
Mg = 6.517.6
2émeExemple
L: Gh’205N ML) = 2.970.4 cor(c) T 64,9
D: 4373 5N wX(cg) : 4.738,0
H: iS5 ou$ Somme : 6.3859 A} = 3929 wela L3°0607
DeH . 58230  cor(DeM): 20013 Dffercnce z=3.0go,4  N(v-g0) = «.5uS,0 v o P k75T o PR30
D-r: 28 w0  cor(D-H): 47653

Ac) = 49757
Mea) = w7709

geme [xemele

L: L4'20'5N MOz 24740 whiey = 2793,6
D: 2450 8 W) = 6130 )
H: 60 06,5 Somme : g.566.6 coA(w) : 47833 aa P 27756, = 15!
D+H:84565 h(DvH):" 303, g Difference : - 3.979.4  A(v-go'} = 1aBgy v Z: 2’z
H-D . 355,85 X (H-D):3g3g,3
M(e) 13,2783
A(S) = g6hg
4™ Exemple
L:S55% N AL} s 3ggu2 codc) = 23703
D: 62 065N cohcy) = 4536,7
H: 3 Somme : Wgo7,0 coh(u) = §5¢33 w:l: 207042
DeH: g3 2.5 M(DiH-9d):  200,6 Dsﬂzrcnce T - 7.466,4 A(v-go) = 33832 v:P oy = g'2u"36!

D-H: 3% 525 cod (D-H): 4.423,8
Mc) = 37936
X(C.) H 1.19.6
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™ Exemmple
L. 48%e N AL)  :32g4,5 code)= 3189,
D. 3 oa‘SN w Me,)= 7.030,0
H. 64 57,4 Somme = 10219,7  wh{u) : 51098 w:P. 257294 : 1" w57}

D y H:96583 MDeH-go): 19,3 Difference~3.840,3 My-90): 19208 v:Z .:2020"%
H-D:32565 wA(H-D): u18g,s

Mc) - 2852

X {c) = 8946

6 Exemple

L:4sg N A(L)  =3320,0 cohc) : 6 gy

D. 685355 wh(cyh = 431.9
H: 2536y Somme : 73730 coA(u): 36865 w:P: 37°L6)g : 231M08°
DeH:d2 209  cor(DeM) - 4238,3 Dference: 6 Sog,2 X (v): 32546 v:=Z: 42°24'8 (& pactie du Sud)
H-D:84tg <ok (H-D) : 6198,6 Z2.137°352 (d patuv du Nowd)
Me)  : g8

Mep) - 95186

7 éme fxemple
L: 5% § MU = 38,5 wX(c) : 10.621,9
D: 5o ueaN wh{cy) s 1.227,8
H: 28 4 Somme : w.843.7 cor{ul : 5 g264,8 w:Z: 200044

DeH: m— wh(Dsr) = 631,6 Dfference: g.3gu1 con (v) : 4 697,0 v: P: 28730 1% 54™28*
D-H: 21558 A (D-H) =z 5.6u0,2

A(c) ;W.T

Meca) =549587

8™ Exemple

L: 535 ML) oz gh2,6  cohe): § 8D
O: 23 ugN wh(cg): 4136
H: 32 4 Somme : 6 2574 cohlu) : 3 28,7 w: P: 43°50'g: 2h55"23%

DrH: 55 257 wh(DeH)z 2230 Defferencez § k30,2 or(v) = 275,80 v Z: 4B°4g.B
H-D: goz3 coA(H-D):z 82 ’

M) oz ov270.u

‘Ng) = ges0




