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NAUTICAL ASTROFIX 
IN RECTANGULAR COORDINATES

AND ANALYTICAL SHIFTING (TRANSFER) 
FOR SPACED OBSERVATIONS

by A ndrea V A SSA LLO  (,)

SU M M A R Y

In this article w e give a useful linear solu tion  to the prob lem  o f  nautical 
star fixes by  using rectangular coordinates.

An original analytical shifting o f  the altitude observed in keeping w ith  the 
course o f  the  ship com pletes the  note.

W ith  the m ore w idespread use o f  m icro-com puters, there is a tendency to 
solve in a  purely  analytical w ay  the problem  o f astronom ical fixes in navigation. 
In this case, it is necessary to  carry  out, also in an analytical w ay , the transfer o f  
observations for the course o f the ship in the  intervals betw een  fixes (spaced 
observations).

The m ost com m on  and sim plest fo rm ula  fo r analytical and easily p ro g ram 
m able determ ination  o f  a nautical star fix is one  w hich  is given in rectangular 
coordinates ( V a s s a l l o , 1980). R ectangular coord inates m ake possible generalised 
linear p rog ram m ing . By referring to a trihedra l OXYZ, w here  O is the  centre o f 
the celestial sphere, OZ the axis o f ro ta tion  o f  the E arth , and  OXY the  plane o f 
the E q u a to r, w e m ay easily w rite  the equation  o f  the p lane o f  the circle o f  equal 
altitude for the  star A •.

X X A + Y Y A+ Z Z A= s i n h A (1)

(*) Is titu to  di G eodesia e Id rografia  de ll’Is titu to  U n iversitario  N avale , V ia A m m . 
A cton , 38, 80133 N aples, Italy.



w hereby
< X A = cos SA cos P A
\ Ya = cos SA sin P A
( Z A = sin SA

SA = declination o f  the star observed
P v = (a A —t 0l) = angle a t the  pole o f the  star
ocA = right ascension o f the star
t 0, = local sidereal tim e o f the observer

as a function o f  estim ated longitude A0
h A = observed and corrected altitude

W ith  tw o  observed and  corrected altitudes at the tim es t 0, and t02 we will 
have the follow ing solving system  :

V  i 7 7  __ l \A. A.  ̂ T i i A -r A — am n i

X X B + Y Y B + Z Z B = s in h B [ (2)
X X 0 + YY0 + Z Z 0 = 1 ) 

w here the th ird  equation  represents the p lane tangent to the celestial sphere at the 
estim ated zenith  ( 0 O, A0); there is, th e re fo re :

( X 0 = COS 0 0 
Yfl= 0 

( Z 0 = sin 0 O
System  (2) solved in relation  to X, Y, Z gives :

P x = t a n ' ( Y / X )
0  = sin - 1 (Z)

w here P x is the correction o f  the estim ated longitude to obtain  the true longitude. 

W ith  three observed and corrected altitudes, w e have the solving system  : 
X X A+ YYA-  Z Z A= sin h A \
X X B+ Y Y b + Z Z B = sin h B ( (3)
X X , + YY, + ZZ„ = sin hn )

from  w hich  we extract

w ith

Px = t a n - '( Y / X )  ,
<p = s in ” 1 (Z /K ) ‘ W

K = (X 2 + Y 2 + Z 2)1

T he values in (4) obtained from  System (3) are independent o f  any system a
tic e rro rs  in the altitudes observed.



ANA LY TIC A L TR A N SFER  
OF T H E  IN IT IA L  O B SER V A TIO N  TO T H E  TIM E  

OF T H E  LAST O BSER V A TIO N  TO A C C O U N T  
FOR T H E  D IST A N C E  m COVERED  

BY T H E O BSERVER IN  T H E INTERVAL

T he course o f  the ship betw een one  observation and the next results in a 
difference in A<P and AX o f  the observer. To obtain the transfer o f  the o b se rv a 
tion  to allow  for this m ovem ent, w e shift the star observed sim ultaneously  w ith  
the difference A&  and AX, so as to m ain ta in  unchanged the observed zenithal 
distance in relation to the sh ip 's new  position. The shifting o f the star (Aa and  
AS) in right ascension a and declination 5, is easily ob tained w ith  the form ulae 
w hich , in astronom y give the variations A a  and A S  for the phenom enon  o f 
precession in a and S.

If  w e take the m eridian  o f the observer as the origin o f  the spherical 
coordinates, w e can w rite  the form ulae o f  the general precession in a and  S 
(I.I. M u e l l e r , 1969) as follow s :

A a = AX + A 0  sin P tan5 
A S  = A 0  cos P

w here  A a  and  AS  are respectively the corrections to the coordinates o f  the star A 
(for instance) before calculating the coefficients X A, Y A, Z A, w hich w e have in 
system s (2) and (3).

W e po in t out th a t :  P = angle at the pole; m ay be E ast o r  W est and m ust 
be considered alw ays positive; fu rtherm ore , w e establish :
^  i ( + ) E ast if the ship is m oving E ast 

( ( - )  W est if the ship is m oving W est 
S { a lw ays w ith  its ow n  sign

| ( + ) for sh ip ’s m ovem ent to the N o rth  
( ( - )  for sh ip ’s m ovem ent to the South .
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