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Navigators are aware of W eir’s azimuthal diagram  as w ell as o f the plotting process 
indicated in the Pilot Charts to obtain a great circle course. T he idea of a geographical 
chart usin g the same lattice is no doubt of prior origin, (x) but no one has as yet 
draw n the attention of navigators and fliers to the use that can be made o f such a 
chart for the rapid plotting of a ship ’s or plane’s position where its radiocom pass has 
given  a bearing from a radio station. (2)

Let us recall briefly the characteristics o f the chart :

Let there be two rectangular co-ordinate axes O x  and Oy

representing respectively the equator and meridian G of the transm itting station w hich 
w ill be used as the longitude point o f origin. A  point Z  of the geographical co-ordi
nates 9 and G is shown on the chart by point z  o f the rectangular co-ordinates :

x  =  r  sin g  sec 9, y  =  r cos g  tan 9,

in w hich unit r m ay be chosen arbitrarily and g  =  G  - G 0 algebraically. T he co-or
dinates o f im age a o f station A  (9 0> G0) w ill specifically be :

*0 =  °> y<t =  r  tan 90.

The parallel o f latitude 9 is represented by the ellipse :

* 2 y

r2 sec2 9 r2 tan2 9

(1) L ittto w 's  projection ,
(a) See N o te , at en d.



T h e m eridian of longitude G is represented by the hyperbola :

*2 y
i .

r2 sin2 g  r cos2 g

T h e tw o curves are hom ofocal, their com m on focal half-length bein g r. T h ey are 
at right angles at their intersection point Let us for instance consider a s ligh t 
change o f position from  Z  to Z x on the terrestrial meridian of Z  corresponding to a 
variation dq> ; the variations of the co-ordinates goin g from z to ? i are :

(dx)g  =  r sin g  =  8m 9 - d  9, (dy)g =  r cos g. ----- -----  d  9
v cos2 9 c°s2 <P

and a slight change o f position Z Z 2 on the parallel o f Z  corresponding to a variation 
in  longitude dg ; the variations of the co-ordinates when going from z  to Z2 afe :

(d x) 9 =  r sec 9 cos g  dg, (dy) 9 = —  r tan 9 sin g  dg.

We have the relationship :

d x  \ ( d y
' ' ' =  tan g  sin 9

dy J g  \  d x

w hich proves that the tangents are perpendicular.
If, m oreover, it is assumed that on the earth : Z Z j =* Z Z 2,

d  9
dg = --------- is obtained, and :

cos 9

(dx) g  =  —  (dy) 9, (dy) g  = (dx) 9

therefore : ZZ1 — ££2» ant* t*ie sim ilarity o f the sm all letters is retained on the chart ; 
it is a true representation. T he lattice consists o f two sets of ellipses and hyperbolae 
having a com m on focus and at right angles to each other, w hich are easy to construct.

Basic characteristic.
The locus o f  the plotted points z o f  Points Z  from  which a constant bearing Z  on a 

fix e d  station A  on the meridian o f  origin is taken, is a straight line from  the plotted  a 
o f  the station which, together with the southern projection o f  the meridian, contains 

angle Z .
Spherical triangle P A Z , where P is the pole of the hemisphere from station A , gives 

the relationship between 9 and G when point Z  moves along the arc containing angle Z  
constructed on P A  :

tan 90 cos 9 —  sin 9 cos g — cotan Z  sin g ,

or

tan 90 —  tan 9 cos g  =  cotan Z  sin g  sec 9.

O n the chart, the differences of the co-ordinates of points a and z  ate :

qa =  y0 — y  =  r (tan Vo — tan 9  cos s)

and

qz  = at =  r sin g  sec 9,

w hence :
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Both angles being between o and i8o° : O az =  Z .

T he locus of point % on the chart is therefore a straight line from a, containing 
w ith aO  angle Z . T he chart changes the containing arcs into straight lines w ith their 
points of origin at any point of the first m eridian. M oreover, the projection being 
true, the angle made by z a w ith the northward projection o f  tangent %n to the 
m eridian of Zt is equal to the angle contained by arc Z A  and m eridian Z P  on the 
sphere. It was seen above that :

It is the trigonom etric tangent of angle  0 that z n m akes with Oy and : a zn =  Z  -f- 0 .

We drew up a formula in 1927 (x) that gives the direction o f a radio bearing on a 
nautical chart. It m ay be noted that z a representing great circle arc Z A  m akes 
angle 0 w ith the straight line za-

Chart Construction.
T he value o f  r in m illim etres must first be settled. T he scale m ust be chosen 

according to the desired approximation. Under present conditions, accurate bearings can 
only be obtained at relatively short distances, but technical achievem ents have already 
increased the effective range of bearings. H ow ever, in our estim ation, the difference 
in longitude m ay be lim ited to 150 from the meridian of origin. In order to increase 
plotting accuracy, the largest scale consistent with the size o f the sheet must be used, 
w hich requires a division of the chart along the meridian of origin. We suggest a 
size o f 500 m illim etres X  350 m illim etres, w hich is not too cum bersom e for flyin g 
purposes. F ive charts can be constructed in  this w ay by using a different value o f  r 
for each, w ith latitudes overlapping in such a way that a chart is always available 
w ith  no given  station at the division lim it.

First chart : r == 1,400 m m ., from 50 S. to 150 N , variation in longitude : 
about 140 ;

Second chart : r =  1,200 m m ., from io° N . to 300 N ., variation in longitude : 
about 150 ;

Third chart : r =  900 m m ., from 250 N . to 450 N ., variation in longitude : 
about 150 j

Fourth chart : r =  550 m m ., from 40° N . to 6o° N ., variation in longitude : 
about 170 ;

Fifth chart : r =  210 m m ., from 550 N . to 750 N ., variation in longitude : 
about 20°.

(i)



A  3/10 scale reduction of the fourth map is appended, in w hich the lines of longitude 
are drawn in a westerly direction from  the meridian o f origin, w hich is more conve
nient in  the case of observations off European coasts in the Atlantic. (Graph N o . i) .

T he easiest method o f plotting is to compute first a table of the co-ordinates of the 
intersection points of two sets o f meridians and parallels w hile varying the latitudes 
and longitudes degree by degree. The 10-m inute intermediate curves can be plotted by



interpolating graphically, or more accurately, by means o f the space between them . B y 
referring to previous rem arks, it can be seen that :

ZZ1 =  r (i - sin2 g  cos2 9) 1/2 sec2 9 d  9 

ZZ2 =* r (1 - sin2 g  cos2 9) 1/2 sec 9 dg.

B y substituting d  9 and dg by the radian value of 10 m inutes, distances X 
between two parallels and X between tw o meridians that are adjacent are obtained :

tz r
X =  --------- (1 - sin2 g  cos2 9) 1/2 sec2 9

1080

7r r
Y = ---------(1 - sin2 g  cos2 9) 1/2 sec 9 =  cos 9.

A ll charts m ay be used indiscrim inately by ships east or west o f the station and 
for northern and southern latitudes ow in g to the sym m etry of the curves w ith relation 
to the first m eridian and equator o f the charts.

P lotting is made easier if  a hypothetical station a is plotted towards the m iddle o f 
the latitude scale ; the margin is then divided by a scale of bearings com puted 
starting at a , from  o° towards the equator to 1800 northwards (or from  360° to 180° 
according to orientation).

Uses of chart.

1. The position o f  a radio station having first been obtained, plot the locus o f  the 
ship and transfer it to the nautical chart.

Plot point b, representing the station, on the meridian of origin. Correct the 
instrum ent position Gi to obtain station bearing TLv :

Zt> =  G* +  8 +  Cv (8 : radio-compass deviation ; Cv : true course).

Find the corresponding division on the m argin of the chart and plot from the

point found an equipollent vector to ab, w hich gives a locus point c. T he straight 
line be represents the arc containing the angle on the chart. T he co-ordinates of a 
certain num ber of points may be taken and transferred to the chart ; the longitude of 
the radiostation m ust o f course be added to the longitudes com puted from  the first 
m eridian. It can be seen that the ship ’s reckoning does not have to be know n.

2. Construct the radio bearing. After plotting the bearing on the special chart as 
show n, the reckoned position z e is m arked approxim ately, and a determ ining point z* 
is chosen near by, whose co-ordinates are taken, 9 ’ , G ’ =<?’ +  G0. T he angle o f z ' b 
w ith the m eridian o f z '  is measured at the same tim e, w hich m akes it possible to 
find the direction o f the bearing on the nautical chart upon w hich the determ ining 
point has been plotted. The quickest method is to m ake a transparent tracing o f the 
m eridian and parallel o f z ’ as w ell as a section of z ’ b near z *• T he tracing can be 
placed upon the nautical chart, and its m eridian and parallel made to coincide with 
the transferred determ ining point. T he radio bearing is then autom atically in position. 
I f  the ship is east o f the first m eridian and the chart is constructed west, or vice 
versa, the tracing has to be turned over.

Illustration. —  A n airplane whose reckoned position is <pe +  5i°3o’ N , Ge =  2 i045* W 
takes a 103° bearing on the radiobeacon at Creach (Ushant). Construct the radio 
bearing, given  the co-ordinates of Creach : 90 =  48027*6 N , G0 = 5007*8 W. Creach is 
at latitude b ; A n  equipollent segm ent is drawn from  the 1030 m argin division to ab, 
giv in g  c. Bearing be is the locus sought. N ear z e (very approxim ately placed) 
determ ining point z ’ is taken on be —  on m eridian g ' = i6°3o’ for instance. T he 
reading becom es 9 =  52O09’ N  and G ’ =  5°o7’8 +  16030’ =  21037*8 W. T he m eridian, 
parallel and the useful part of the line that together with the m eridian o f z* contains 
angle Z  -f- 0 =  1160, are traced on transparent paper, and transferred to the nautical 
chart, where the determ ining point has been m arked.
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Special charts for navigation by radio direction finder (Graph No. 2).

F ollow in g the same principle, actual geographical maps can be made adapted to 
the needs of navigation by radio direction finder, providing a direct solution to 
problem s of position reckoning without recourse to auxiliary nautical charts. T he 
application is interesting in cases of landfall and in areas where airlines are num erous. 
A s an illustration a diagram  of an E n glish  Channel and Bay of Biscay landfall chart 
is given . Projection is made by tak ing as first meridian that o f the V illano radio
beacon, the axis o f origin of bearings. T h e meridians have longitude divisions 
com puted from the Greenwich m eridian, there by avoiding conversions. A ny radio
beacon, say Cr6ach, is projected to c, fo llow in g its parallel, on the first m eridian ; 
the difference in longitude to the m eridian is noted dow n next to c.

Supposing a ship has taken the fo llow in g bearings :

Cape V illano : 150° ; CrSach : 74°3o’ ; M izen H ead : 2i°3o\

T h e first bearing, reversed, is plotted without correction from V illano ; it is a 
locus of the ship. T h e others are plotted without correction from the projected points 
of the stations on the first m eridian. E ach must then be shifted in the amount of 
longitude show n on the chart and in the direction bringing the projected points back 
to their respective stations. N ew  loci o f the ship are obtained and the radio direction 
position. It should be pointed out that this changes the rectilinear bearing into a 
curve passing through the station, but w hich need not be drawn entirely. The 
shifting o f two points o f the bearing on either side of the reckoned parallel or o f the 
parallel o f the determ ining point o f the first bearing w ill suffice. M oreover, i f  the 
ship is a short distance away from the station, no serious error is made by plotting 
the uncorrected bearing from the station, but the nearest meridian should then be 
taken as reference.



Determination of course to be taken to reach destination.

GRAPHIQUE 2

preceding illustration. It w ill be enough to join N B  and to take angle V* made by 
the line w ith the nearest meridian to B. T his is the approximate great circle course 
towards B . For arc N B , w hich is practically straight, and the m eridian o f B  contain



the same angle as great circle N B  and the m eridian of N . Strictly speaking, N  
should be m oved along its parallel to n changing the longitude so that B is brought 
to b on the m eridian o f origin ; the angle contained by bearing nb and the meridian 
of origin is the angle sought, V .

N O T E . Several writers have suggested or constructed “charts of equal azim uth” .
H . Maurer’s paper on the subject m ay be consulted in  V o l. XXII 1945 of the International 
Hydrographic Review, and Professor L eco q ’s article entitled : “T he spherical angle- 
containing arc” in  the Annales hydrographiques o f 1933.

A m ong the solutions given  is Littrow -Lam bert’s projection as Priifer has termed it. 
Our only purpose was to point out its advantages in  navigation and our paper m ay 
perhaps contain a few  new  ideas on the subject.


