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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 modem 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. - T H E  M ERIDION AL 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.



3. - G U Y O U ’S M ETH OD.

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 (x). His idea, however, does not seem to have been very 
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 counter 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 (4) 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 O F BORDA’S FO RM ULA E.

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) Calcul du point Observé à l’aide de la Table des Latitudes croissantes : Annales Hydrographiques 

1888.
(3) A Nautical Astronomy of a New Type : Nautical Magazine, Nov.-Dec. 1895.
(4) Les problèmes de Navigation et la Carte Marine, Annales Hydrographiques, 1895.



5. - T H E  LAMBDA and COLAM BDA TERMS.

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

10.800

in which the abbreviation Log. designates the Neperian logarithms and the
10.800-----------. . , factor -------- - serves to express a m minutes ot the equator.

TZ

To simplify the entry let us write :
a =  X (a)

and let us introduce like Guyou the notation co X defined by :

/ \ /ftAn \ 10.800 aco X (a) =  X (90° - a) — --------- Log cot —
n 2

Farther on we shall have to use the following property of the term X, 
which it is very easy to establish : the relation :

X (c) =  X (a) — X (b)
is equivalent to :

a b 1 —  tg —  tg —  
c 2 2cot —  =  -----------------------lT2 a b

tg tg

cos

— b

6. BORDA'S FORM ULAE and TH EIR  TRAN SFORM ATIO N .

If the given Latitude is L, D the declination of the celestial body and 
£ ( =  90° — 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 o f the term X above-indicated, 
are equivalent to :

X (Cl) =  X (L) —  X (D — 8) x (c2) =  X (D +  8) —  x (L)
the Borda formulae appear in the form :

ci
T )  ry C O t

« “  C1 C2 o Z 9 cot3-----  =  cot —— cot —— cot2----- ==______ _2 2
cot C 22

Or again, by taking the colambdas (Neperian logarithms multiplied by
n

2 co X (P) = c o  X (cx) +  co X (c2) 2 co X (Z) =  co X (cx) — co X (c2)

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 (x)

* (ci) — 00 x (H +  D) +  x (L) 2 co X (P) =  co X (cx) - f  co X (cx)
x (c2) =  co X (H — D) — X (L) 2 co X (Z) = c o  x (c2) — co X (c2)

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 X (a) and of co X (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. - H O W  T O  PROCEED IN TH E CO M PU TA TIO N  : EXAM PLES.

The relations that we have established are general if the signs corresponding 
to those of L, D, D —  <; and D +  S are given to the terms X, 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



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.



ANNEX 1. 
Performance of Computation.
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Reproduction of a page of F r i o c o u r t ’ s Table o f Meridional Parts. 
The complete Table covers 9 pages.
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CO \ (Cj) 6 101)0 ,U
Somme > 2 Sfe^.l» co A (u.) r 1. 281»,7 u. « £  1 6^° o <|',2 

Co^CDvHja J)ifjeren« **8 8 ,6  co X (v ) •. 2i»(*,3 v « P s 85°S5,'e).
co i (D.H)= 7 -S7 2 8 

X(c,) s 5 . 421»,3 
X(Cj) ; 6 .S17.6

X(L) = 2 .97l»,l*

00 X (D+H) : z oot.3 
Co A ( D - H ) :  4-;<«5.3 

M O  :  4 97s 7  
X(c2) i  • 77°-9

c o A ( c , )  :  , . 6 l » ; ( g

toX('-'a)  ̂ »-7*8.°
Somme. ;  6 . 385,g 
DJjerenee ; -3 .o g o , i

03 A (u.) s 3 132.9 
X(v-go*J :  i.5l»5,o

a . 2 .  i ,3‘  06 7

V  ,  P s '|1», S5' 1*

MC) s ?*)74-.4- toX̂ c.) s 2735,6 
ôM-i) ‘ tjli.o

Somme ;  9 .566,6 toA(u-) ;  4 783,3 a  1 P i  2j '56, i  - 
a jA (0 »V ):*  3o3,g Difference s - 3 .379 ,1» Afv-go1) s t 389,7 < i  Z -. i2( 27>' 
coX (H -D) ; 3 93g. 3 

X (c j * 3,278.3 
X (c t) s 3&i».9

A(l) ì 399M

vto»H-9rf;.. 200, ̂
C o A (D 'H ); J».l»î3,6

X(c.)

Me«)

3 7 9 3 ,6
4 2 9 . «

co x (c.)
CO X (c ,)

S o m /n c

JDsfiereaci

f 370,3 
9 S3 6 ,7

- 7 '|«6 ,t*
co A (uj :5 g 5 3 ,5  
X(v-go’) • 3 583,2

u. : 2 » 2o'oi» .* 
V : P : Itn'09 . 1

5 k43" W

7” 39" V ‘

9 '2 0 < i ’



5en*Exçipple

D : 32  o o (j N  

H ; 6 u 
D  ̂ H ; 58,3 
h - 0  : 32 56.5

ê^Eiem ple

I  : 4 8 *13’ N 
D : b 53.5 S 
H : 25 36,4 

D+ H ; 3i ig.g 
H - D :  »8 * 1,9

7 éme Exemple

L 5*18’ S

D : 5o Wt.2N
H : 28 117,7

0  ♦ M : 79 31.9

D - H : 21 56,5

co X (Cj) = 7 o3o,o 

Somme. = 10 "219,7 

>(D«-H-go‘): Aig,3 Pv̂crerUC:-3.8tto,3 
coX ( H -D ) ;  U.i8g ,1 

X (c,) ; 2 875,8

\ (Ct) : 89lf.fi

<x> X (u) t 5 .1 00, 8 

X (v-^o) : 1 g2 o, I
U : P : 25*29’, 4 : • ** ^  
v : Z ; i5 o*27 ‘,if

Ml) ï 332o,0 -CO^C.) : 6 5 1 *1 , 1  

co X (CjI ; *§31, j
Somme : 7. 3 /3 ,o coX(u-) : 3.686,5 u. : P : 5-j" L6'.$ ; 2* “ht™ o%*

CoX(D+.H? r 1« 238,3 Dijjtrcocir 6 i o j , 2  co X (v) ;  3 25U, 6 v : Z :  U2"2U',S ( »  pa.ttLt- <tu- S u ii)  
coX (H-D) ; 6 1 98 , 6  Z s 137*35,a (  ai pokttxv <tu Now.)

X(c ) ; 9 1 8 ,3 
X(c,) i 9 51 8 , 6

X(l) ;  3i8; S coX (cj 
co X (Cj)
SomrruL

coA(D+rt) - 63i,6 D K̂ erence 
coX(O-H) = 5 61*0 , 2  

X(c,) i 3i3,»
X(c,) :  5 g58,7

coX (u.) ; 5 g 2 U,8

co \ (v) 1 <4 &37,0

LL 2 Z 20* I U',1* 
v ; P I 28“ 3 / ; o :  lk 5V"28*

'Exempli

L :  lS*3t' 5
D :  23 11,7 N 

H : 32 jlj 

D t  H :  55 25,7 
H - D i  5  02,3

X(l) ; gk2,

CoX( Dt H)  ;  2 2(3 .0

Co X( H- D)  = 8 jtii.k

M O  ;  < 270 ,1*
‘ X (c,) :  9 667.0

c o X ( c . )  :  5 3 4 3 . 8  

CC A ( c a ) : itl 3 , 6

Somroe : 6 2 57,1*
Pkfjitrincei 5 Uio.î

coX(u-) 1 3 ia B , 7 

coX  (v )  = 2 7(5,1

U. - P : ¿(3° 5o', 3  : '¿"55m23‘
V i Z = ¿ 8 * ^ 9  ß


