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SUMMARY

For the first time Toran has been used for a ship’s sea trials.

A fter recalling the principles of this radio system and giving a brief 
description of the installations used in these trials, the present article 
supplies information on the procedures to be used and the performances to 
be expected from this system.

Examples concerning speed, turning and crash stop trials show up the 
very good accuracy obtainable. Thanks to this an elaborate analysis o f the 
kinematic properties o f the tracks is made possible.

INTRODUCTION

The manoeuvrability trials which the Magdala carried out in areas of 
varying depths for studying the influence of the ocean bottom on the 
manoeuvrability of large tankers are described in other articles.

For many o f these trials the ship’s position had to be determined with 
accuracy at a given moment in order to know either the distance run by 
the ship in a given time so that its speed might be deduced, or else the 
ship’s path to determine the typical range of a turn, a stopway, or merely 
the path itself, in certain manoeuvrability trials, as for example astern.

(*) Reprinted by kind perm ission o f the Association Technique M aritim e et Aéro- 
nautique, Paris.



An accurate positioning system had to be found, one -which could be 
used offshore, out of sight of land; only a radio-electric system met these 
requirements.

The performances of the existing radio navigation Decca chains with 
a frequency of the order of 100 kHz are excellent for the requirements of 
usual navigation and for trials in certain suitable areas. They were however 
insufficient, in particular in the Seine Bay, for the accurate measurements 
we wished to make.

A system using higher frequencies, of the order of 1.5 to 2 MHz —  the 
Toran system —  was adopted for these trials. This system was first 
developed by the Compagnie Générale de Géophysique for the requirements 
of oil prospectors, and then used for hydrographic surveys, aeronautical 
applications, port dredging and sounding [1 ],

M agdala ’s trials at sea were the first application of Toran for accurate 
determination of certain performances of a ship. The first part of this 
article will give a brief description of the installations and equipment used, 
after having recalled the principles of the system. In the second part we 
shall explain how the Toran chains installed were operated, how measure­
ments were made, and some information w ill be given on the accuracy 
of the method and on the processing of data. Finally, part III examines 
Toran’s application to trials, particularly speed trials, pointing out certain 
strange phenomena that are emphasized by the system’s accuracy. The 
possibilities o f further extending the use of Toran for ship trials at sea are 
considered in the conclusion.

I. —  PRINCIPLES AND DESCRIPTION OF THE INSTALLATION

1. Principles of Toran

Toran is a radio-electric system for hyperbolic position-fixing. The 
general principles of such systems are well known. Only the main 
characteristics will be recalled, and the typical Toran features pointed out.

A locus o f the mobile’s position is determined by the difference between 
the distances that separate the mobile from Iwo fixed stations. Two pairs 
of fixed stations then allow two hyperbolae to be defined, at whose 
intersection the mobile is found.

Each of the two sets of points determining the mobile’s position is 
characterized by the phase shift referred to a particular frequency, called 
“ comparison frequency” , that exists between two signals received direct 
from the transmitters. This phase shift is the hyperbolic coordinate of the 
mobile.

At each of the two fixed stations making up a pair there is a 
transmitter. In the Toran system each transmitter radiates an unmodul­



ated wave; both transmitters are simply free oscillators, with crystal 
controlled frequency; they are neither synchronized nor locked in phase 
or frequency.

In order to eliminate the instability of these free transmitters, an 
additional fixed receiver —  called the compensation receiver —  is required, 
as well as an additional transmitter, that is also fixed, called the reference 
transmitter, this last being placed close to the compensation receiver.

W ith  both these systems, it is possible to supply the ship with a phase 
proportional to the differences of the fixed distances covered by the waves 
from the two transmitter foci. This phase is used as a reference, and 
because it also contains the instabilities mentioned above, these are 
eliminated.

A few  additional technical details on the Toran principles and on the 
role of the compensation receiver and the reference transmitter are given 
as an appendix.

2. Toran chains used for the Magdala trials

Two trial areas were chosen for the Magdala  trials [2 ]. In each of 
these areas a temporary Toran chain giving complete coverage in the 
relevant area was set up.

a) South Brittany chain

The chain set up in South Brittany was composed of two pairs of 
transmitters. The transmitters of the first pair (A A ') were sited at Pointe 
de Penmarc’h and at Saint-Gildas-de-Rhuys ; those of the second pair (BB') 
at Saint-Gildas-de-Rhuys and Notre-Dame des Monts. The compensation 
receivers and the reference transmitter in both cases were installed on 
Noirmoutier Island.

Transmitter power was 60 W.

The chain’s frequency characteristics are given in table I.

T a b l e  I

Pair AA*

Comparison
frequency

Reference
transmitter

1 887 Kc 1610 Kc

Pair BB' 1 851 Kc 1 784 Kc

The lane width on the baseline join ing the transmitting foci o f a pair 
was 79.395 m for pair A A ' and 80.939 m for pair BB'.

Figure 1 shows the siting of this chain.



Zone d ’essais =  Area o f trials.

b) Seine Bay  chain

This chain was also made up of two pairs of transmitters; those of the 
first pair (A A ') were set up near Barfleur and near Courseulles, those of 
the second pair (BB') at Heuqueville (close to Cap d’Antifer) and at Pointe 
du Hoc.

Since the required range was low, the transmitter power was only of 
the order o f 10 W . The comparison frequency for the pairs was :

1 884 Kc for pair A A '
1 816 Kc for pair BB' 

which, on the baseline, corresponded to lane widths of respectively 79.522 m 
and 82.499 m.

For this chain, which is called type Toran X, it should be noted that, 
following a recent method, the role of reference transmitter for a pair was 
played by one of the transmitters of the other pair.



This particular method offers certain advantages to the user: it reduces 
the quantity of material to be set up as well as the number o f stations to 
be tended, thus decreasing the expenses, and also only two radio electric 
frequencies are used instead of four.

3. Cartography

For both the trial areas 1/25 000-scale charts showing the two lattices 
of hyperbolae were used. Such charts may be used onboard, either for 
navigational needs, or else to supply approximate values of the results of 
the trials quickly and on the spot. The scale chosen is a compromise 
between the pursuit of accuracy and a desire to maintain charting costs 
within reasonable limits. If it is thought possible to plot a fix  onboard on 
a chart with a sharp pencil with an accuracy of the order of 0.2 mm on 
each of its coordinates then the absolute error on the distance between 
the two points is less than 0.6 mm, which to scale represents 15 m. I f  the 
distance to be measured is o f the order o f 5 000 m —  which for instance 
may be the case for a speed trial —  the relative error on the distance is 
of the order o f 15/5 000 or 3/1 000, and for a speed of the order of 16 knots 
the resulting error w ill be less than 5/100 knot, on the generally accepted 
hypothesis that the length of time is known with much greater precision.

4. Equipment onboard

Equipment taken onboard Magdala firstly included a Toran receiver, 
with its antenna, on whose phasemeters the hyperbolic coordinates could 
be read. In  order to obtain a record of the successive Toran fixes a device 
for digitizing information was installed and was connected to a digital 
recorder called a “ printer” . At each recording, which may be either 
automatic or pedal controlled mechanically, were displayed the time in 
round seconds and both hyperbolic coordinates in 1/100 of lane.

A timepiece was also available, for totalling the pips delivered at each 
second by the clock onboard and for releasing the recording system auto­
matically at every tenth second. Finally, an automatic track plotter 
comprising ten x  and y  scales —  only one of which was actually used 
during the trials —  allowed a record of the successive evolutions o f the 
ship to be kept.

Receiver, track plotter and printer may be seen from left to right on 
figure 2.

For the whole equipment the required power was available on batteries. 
A  set of filters protected the devices against the ship’s own transmissions. 
In addition, a VHF transmitter-receiver was placed onboard for ensuring 
liaison with the phase-carrier plane, to which we shall return later.

It is of interest to note that for the prelim inary ship trials a magnetic 
tape recorder was also set up onboard, on which the time factor and the



hyperbolic coordinates could be recorded. In fact, it turned out that the 
printer was sufficient for these particular data, and thus it was decided not 
to use the magnetic tape recorder.

Fig. 2. —  Toran equipment on the Magdala.

II. —  TORAN OPERATION

1. Checking the pattern —  Elimination o f ambiguities

a) Phase-carrier plane

The measured phase difference is known only within a multiple of 2 rc- 
Consequently, phase measurements give rise to position ambiguities, for 
the phase shifts observed at a given moment vary periodically in space. 
Totalizers of the number of lanes crossed by the moving ship and connected 
to phasemeters do not of course obviate the initial ambiguity. One of the 
methods frequently used to partially eliminate this ambiguity is to super­
pose upon the basic pattern a homofocal pattern of lower frequency.

In the case of temporary chains to be used for a short lime, such an 
elaborate method for eliminating ambiguities may be avoided and a plane, 
called the “phase carrier” plane, may be used. This is simply a plane 
equipped with a Toran receiver.

Figure 3 shows this Toran receiver in the cabin of the helicopter used 
in the Seine Bay chain.



F ig. 3. —  Toran receiver on a helicopter.

b) Checking the chain

The first role assigned to the phase-carrier plane is checking the 
chain as it goes into service. This is easily done: the hyperbolic coordinates 
for certain known conspicuous points ashore are determined by computa­
tion, then checked with Toran. As an example, we may mention that the 
adjustment points used for the South Brittany chain were four in number: 
the axis of the major N.E. lighthouse on Groix Island, the axis of the 
Banche lighthouse, a Toran antenna <*> on the Pilier lighthouse, and the 
Poulain lighthouse in the north-east of Belle-IIe.

c) Ad ju s tm en t  of the ship’s receiver —  Elimination of ambiguities

The initial adjustment of the pattern once made, the adjustment of 
the ship’s receiver may then be carried out. This is done when the plane 
after having passed vertically over the ship gives the coordinates read on 
its receiver. These coordinates obviously only need to be known with an 
accuracy of the order of the lane itself, i.e. about 50 metres.

This initial adjustment is made before the ship sails or, if the ship 
is coming in from the open sea, when it enters the area covered by the 
Toran chain. There is no need of re-adjustment as long as the receiver 
has not been stopped, or as long as there has been no very lengthy 
interruption in the transmission. Actually, the use of the track plotter 
allows any random hyperbola jumping due to interference or to radio­

(*) This antenna is the one belonging to the Toran transm itter fo r  the chain 
covering the Saint-Nazaire —  Dongcs —  Nantes approaches.



electric disturbances to be detected immediately. In such a case the receiver 
can, therefore, be at once re-adjusted.

For both the preliminary and the final trials of the Magdala the initial 
adjustment of the onboard receiver was verified by the phase-carrier plane, 
or helicopter, and found to be correct.

Random hyperbola jumpings were very few. In the case of the South 
Brittany chain these were near the coastline and occurred at the beginning 
of the night and were due to interference caused by the night effect to 
which all radio electric detection systems are sensitive. A jumping was 
also observed once in the Seine Bay, this being due to jamming by a radio­
telephone transmitter onboard which was wrongly using a frequency very 
close to the Toran frequency. The jumping was, however, immediately 
detected, and corrected by the track plotter.

2. Measurements

A fix is obtained simply by reading the phasemeters. To make a series 
o f measurements, the printer has merely to be started and then the 
recording of information is automatically made every ten or twenty seconds 
according to the pre-set timing for the time-piece adopted.

As already mentioned, it is possible at any time to start the recording 
in order to mark either the beginning or the end of a trial, or else to ensure 
synchronism with other measurement equipment.

In order to allow recorded tapes to be processed, the printing of 
information required for identification —  i.e. date, time, nature of trial, 
etc. —  must not be forgotten.

3. Measurement accuracy

W e will not enter into a theoretical discussion on the various para­
meters affecting the accuracy of measurements, but w ill confine ourselves 
to giving practical details which may prove useful both to those in charge 
of the installation of a provisional mobile chain and to users.

Whenever possible, a long baseline is recommended, since it entails a 
smaller increase of the lane width when moving away from baselines.

It is not possible to make good use of a highly accurate radio location 
system unless the propagation velocity of the waves is constant. This is 
generally the case when the wave paths are entirely above homogeneous 
ground, for instance the sea in the case of marine applications. The stations 
should be set up so as to meet this condition. This was done for the Magdala  
trials.

According to specifications supplied by the equipment manufacturers 
the instrumental error on the phase does not exceed ±  0.5/100 of a hyper­
bolic lane. The signal/noise ratio may also yield an error of ±  0.5/100 of



hyperbolic lane. Topography errors and errors in the propagation velocity 
may also entail errors of the order of ±  0.5 to ±  1/100 of lane. In good 
conditions, that is when transmitters are situated directly on the coastline, 
the overall quadratic error does not exceed ±  1/100 hyperbolic lane for 
one pattern. For two patterns the resultant error may be approximately 
and fairly easily obtained at any point in the coverage by measuring the 
length o f the “ diagonal" of the curvilinear quadrilateral formed by the 
intersection of two hyperbolic lanes at the place under consideration. In 
other words, the greatest absolute position error of a fix should not 
exceed 6.50 m in the case of the Atlantic chain in South Brittany, and in 
the Seine Bay this same error would probably be less than 1.50 m. For a 
length measurement the error could be double this, i.e. respectively 13 m 
and 3 m.

It is worth noting that the actual accuracy obtainable when determining 
the length of a measured base is much higher than these figures since these 
relate to the most unfavourable case where the direction of the base is 
parallel to the major diagonal of the parallelogram made up by the two 
lattices of hyperbolae.

By carefully following a heading perpendicular to the closest lattice 
o f hyperbolae, the distance error, estimated under the same conditions, did 
not exceed 3.50 m in the South Brittany trial, and 1.70 m in the Seine Bay 
area.

The gain in accuracy obtained by a careful selection of the direction 
of the measured base is greater for the South Brittany trial area than it 
is for the Seine Bay. This is simply due to the fact that the ratio between 
the length of the major diagonal of the parallelogram formed by the hyper­
bolae and the width of the narrowest lane is nearly 4 in the one case whilst 
it does not amount to 2 in the second case.

It may be of interest to complete the above information by giving 
certain results of the verification of the South Brittany chain with the 
phase-carrier plane.

Control of the radio-electric length of the base has given the results 
shown in table II.

From this table we see that the discrepancy on the length of the base 
is 3.2 m for pair A A ' whilst it is 25.1 m for pair BB'.

The first of these two figures is low; the second seems high considering 
the topographic work on the spot, the accuracy of which is probably better 
than one metre, and considering the accuracy of the frequency which is 
probably better than 10-6. The second figure can be explained by a 
discrepancy in the propagation velocity of the waves when their path is 
tangent to the coastline; in this case the discrepancy is lower offshore.

Whatever the origin of this radiotopographic error concerning pair 
BB' it represents a relative discrepancy of

25 . 
=  2.8 .10-4

89 300

on the length of the base. In the worst assumption that it would also apply 
to wave paths offshore —  which seems unlikely —  it would entail an



expansion o f the hyperbolae o f lattice BB' of 3 -10-4 which, under the 
worst measurement conditions, would entail an error on velocity o f the 
same order, that is, less than 0.5/100 knot for a speed of 16 knots. This 
being so, it was not thought necessary to correct this error whose practical 
influence on measurements was entirely negligible.

T a b l e  II

Nominal value 
of phase

Observed value 
of phase

Pair AA '
Penmarc’h 4 259.61 4 259.61
Saint Gildas 5 740.39 5 740.43

Electric length of baseline 1 480.78 1 480.82

Length in metres 117566.5 117 569.7

Pair BB'

Saint Gildas 4 448.35 4448.49
Notre Dame des Monts 5551.65 5 551.48
Electric length of baseline 1103.30 1102.99

Length in metres 89 300.00 89 274.90

The accuracy of the South Brittany pattern was, moreover, confirmed 
by the checking carried out with the phase-carrier plane flying straight 
over the various lighthouses used as adjustment points. Finally, it may 
be noted that the value of the phase observed when the ship receiver was 
crossing the Penmarc’h shadow verifies to within one hundredth —  i.e. 
approximately 80 cm —  the value observed with the phase-carrier plane.

4. Processing of measurements

a) Q u ick  processing onboard

A rapid first processing of data can be made onboard so as to obtain 
approximate values during the course o f the work. The successive positions 
o f the ship are therefore plotted on Toran charts, and the length o f a speed 
trial base, a crash stop distance and the diameter of a turning circle are 
measured thereon.

As already seen, the accuracy o f the results obtainable with this method 
is limited by the chart scale used.

If  in the course o f the work a greater accuracy is desired than is 
obtainable with the chart, in the first place the trials w ill have to be carried 
out within an area for which certain computations have been made in



advance, an d  in  th e  second place, sim p le  ca lcu la tio n s  w ill have  to be m ad e  
on b o ard . In th e  la t te r  case, th e  p ro c ed u re  w ill be as follow s.

I f  a  an d  [3 a re  th e  h y p erb o lic  co o rd in a tes  of an y  p o in t M on  th e  c h a r t , 
an d  x  an d  y its  re c ta n g u la r  c a r te s ia n  co o rd in a tes , x  a n d  y a re  fu n c tio n s  
of th e  tw o  v a riab le s  a  an d  [3.

If  we assu m e  th a t  the  tw o h y p erb o lic  co o rd in a tes  ao a n d  {30 a n d  th e  
tw o  re c ta n g u la r  co o rd in a te s  x 0 an d  y 0 of a  p o in t Mn a re  kn o w n , an d  if, in  
ad d itio n , the  h y p erb o lic  co rd in a te s  a  an d  [3 of a p o in t M fa ir ly  n e a r  to  M0 
have been  m easu red  w ith  th e  T o ra n  p h asem e te rs , th e n  th e  c a r te s ia n  
co o rd in a te s  x  a n d  y of p o in t M m ay  be ca lcu la ted  ap p ro x im a te ly  b u t w ith  
a v ery  good a p p ro x im a tio n , by  m ean s  of the  co n v en tio n a l fo rm u la s :

T h e  o b jec t o f th e  p re -ca lcu la tio n  is to  yield th e  tw o  h y p erb o lic  co o r­
d in a te s  ao an d  [30 as well as th e  va lu es of th e  fo u r coefficients :

fo r a c e rta in  n u m b e r of re fe ren ce  p o in ts , such  as M0(x() y n), su itab ly  sp re ad  
over th e  a rea  se lec ted  fo r th e  tria ls .

T h is  m eth o d  m ay  be used  o n b o ard  efficaciously  if  th e  n u m b e r of p o in ts  
to  be co m p u ted  is ra th e r  lim ited ; su ch  as is, fo r  ex am p le , the case  fo r a 
speed tr ia l  w h ere  th e  co m p u ta tio n  h a s  on ly  to  be m ad e  fo r b o th  en d s  of 
each  ru n , th a t  is, fo r a to ta l of six o r e ig h t fixes p e r  tr ia l  fo r resp ec tiv e ly  
th ree  o r fo u r ru n s .

b) Complete processing

T h e  d ra w in g  of a tra c k  m ay  be c a rr ie d  o u t b y  p lo ttin g  fixes on  a  very  
large  scale  c h a r t, a t 1 /5  000 fo r exam ple , u p o n  w h ich  h y p erb o lic  la ttic e s  
have a lre ad y  been  traced . T h is is a lab o rio u s  ta s k  w h ich  m ay  be su itab le  
fo r  a single tr ia l ,  b u t involves an  en o rm o u s  a m o u n t of w o rk  if  sev era l 
tr ia ls  have  to  be p rocessed . T he best is to  re so rt to an  e lec tro n ic  c o m p u te r  
w h ich  co n v erts  th e  h y p erb o lic  co o rd in a te s  to re c ta n g u la r  c a r te s ia n  c o o r­
d in a te s . P lo ttin g  th e  p o in ts  o n  m illim e tric  p lo ttin g  p a p e r  is th e n  im m ed ia te , 
w h e reas  d e te rm in in g  th e  d is tan ce  b e tw een  tw o p o in ts  w hose re c ta n g u la r  
c a rte s ian  co o rd in a tes  a re  k now n  e n ta ils  e lem e n ta ry  co m p u ta tio n .

T h e  co m p u te r m ay  be used  fo r ad d itio n a l c a lcu la tio n s . In  th e  case  
of th e  Magdala th e  p rocessing  p ro g ram m e  w ith  th e  co m p u te r y ie ld ed  n o t 
on ly  th e  x  a n d  y  c a rte s ian  co o rd in a tes , b u t a lso  th e  successive  v a r ia tio n s  
of x  an d  y, as  w ell as  th e  d is tan ce  th e  sh ip  covered b e tw een  tw o  successive  
fixes. T h e  k in e m a tic  an a ly s is  o f th e  speed, tu rn in g  a n d  c ra sh  stop  tr ia ls  
o f  th e  Magdala  —  a  re p o rt on w h ich  is given e lsew here , [2] a n d  [3 ] —■ 
w as m ad e  from  th e  in fo rm a tio n  su p p lied  by th e  co m p u te r .

y -  y  o =

X  -  X q =



III. —  TORAN APPLICATIONS TO PARTICULAR TRIALS

1. General

It sh o u ld  be b o rn e  in  m in d  th a t  fo r an y  given m om en t T o ran  p rov ides 
a n  ac c u ra te  p o s itio n  fo r the a n te n n a  in s ta lle d  o n b o ard  re fe rre d  to  th e  
bo tto m , i.e. to  th e  lan d . W h en  an a ly s in g  th e  v a rio u s tria ls , m eth o d s  m u s t 
be used  th a t  e ith e r d irec tly  e lim in a te  the  in flu en ce  of th e  c u r re n t  from  
th e  re su lt, o r else d e te rm in e  th e  c u r re n t as  ail au x ilia ry  p a ra m e te r, th u s  
a llo w in g  th e  tra c k  in  re la tio n  to  th e  b o tto m  (callcd here  th e  g ro u n d  trac k ) 
to  be la te r  co n v e rted  in to  th e  t r a c k  in  re la tio n  to  th e  w a te r m ass  (called  
h e re  th e  su rfa ce  tra c k ) . T h is  n ec ess ity  is n o t p ecu lia r to  T o ran , a s  is w ell 
kn o w n , fo r it is also th e  case w h e n ev er a fix is re fe rred  to  a  fixed m a rk , 
w h e th e r  by  m ean s  of a rad io -e lec tr ic  system  o r by sig h tin g s on la n d m a rk s .

T h ese  p ro cessin g  m e th o d s  a re  well k n o w n  an d  we shall n o t s tu d y  
th e m  in  d e ta il. W e sh a ll s tre ss  h e re  how  th e  excellen t accu racy  of T o ra n  
a llow s a very  d e ta iled  ex p lo ita tio n  an d  a fine an a ly sis  of the  m ea su re m e n ts  
o b ta in ed . W e sh a ll also  m en tio n  som e s tran g e  re su lts  th a t  th e  Magdala 
t r ia ls  b ro u g h t in to  evidence.

2. Speed trials

Two, th re e  o r fo u r ru n s  in  a l te rn a te  d irec tio n s  are  re q u ired  to  e lim in a te  
th e  c u r re n t, acco rd in g  as to  w h e th e r  th e  c u r re n t  is co n s tan t o r w h e th e r  it 
v a r ie s  fo llow ing  a l in e a r  o r p a rab o lic  law.

T he m ean  g ro u n d  speed  fo r one ru n  is o b ta in ed  by d iv id ing  th e  d is tan ce  
b e tw een  th e  tw o  te rm in a l p o in ts  o f th e  ru n  by th e  tim e in te rv a l. If  a  h ead  
p e rp e n d ic u la r  to  th e  closest h y p e rb o lae  la ttice  h a s  been ca re fu lly  fo llow ed, 
th e n  the  e r ro r  on  th e  d is tan ce  is  m in im u m , a s  h as been po in ted  o u t in  
p a ra g ra p h  3 of P a r t  II.

In  th e  case of th e  S ou th  B r i t ta n y  area , th is  w ould  en ta il an  ab so lu te  
e r ro r  of 3.50 m , or a re la tive  e r ro r  of 0 .7/1 000, fo r a  d is tan ce  covered  of 
th e  o rd e r of 5 000 m . F o r a speed  o f th e  o rd er of 16 k n o ts  th is  w ou ld  lead  
to  an  ab so lu te  e r ro r  on speed o f th e  o rd e r of 1 / 1 0 0  k n o t, since th e  tim in g  
e r ro r  is m u ch  sm alle r w hen th e  tim ep iece  p u lses are  con tro lled  by a 
stab ilized  c ry s ta l clock, as w as th e  case  on th e  Magdala.

F o r th e  Seine Bay ch a in  w h e re  accu racy  is tw ice th a t  of th e  S o u th  
B rit ta n y  a rea  th e  e r ro r  u n d e r th e  sam e co n d itio n s w ou ld  be red u ced  by 
ap p ro x im a te ly  h a lf.

If so d esired , it w ould  be ea sy  to  know  th e  possib le  v a r ia tio n  of speed 
d u r in g  a ru n . S ince reco rd in g s a re  o b ta in ed  every  ten  seconds, or in  som e 
cases  every  tw e n ty  seconds, it w ill be possib le  to  d e te rm in e  th e  m ean  speed  
fo r  an y  tim e  in te rv a l th a t  is a m u ltip le  of ten  (or tw en ty) seconds.
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F ig .  4 . — Seine Bay. Speed tr ia l  in  3 0 - m  dep th s. T racks.
The beginning a n d  ending l im es o f  each run  are ind ica ted  in seconds.

T o i l lu s tra te  th e  above, figure 4 show s the  d iag ram  of th e  th re e  ru n s  
in  th e  speed tr ia ls  c a rr ie d  o u t w ith  th e  Magdala in  d e p th s  of 30 m ; th e  
te rm in a l fixes se lec ted  fo r co m p u tin g  th e  m ean  velocity  fo r each  o f th e  
ru n s  h ave been p lo tted , an d  th e  successive fixes of th e  sh ip  every  10 0  s 
have a lso  been  p lo tte d  in  betw een. It w ill be no ted  th a t  th e  tim e in te rv a l 
b etw een  a te rm in a l fix  an d  its  nex t in te rm e d ia ry  fix  is  n o t equa l to  1 0 0  s, 
since th e  in itia l an d  final m o m en ts  ex p ressed  in  seconds are  n o t w hole 
m u ltip le s  of 1 0 .

In  f ig u re  5 a re  show n, fo r each  of th e  th re e  ru n s , successive m ean  
speeds fo r a p e rio d  o f 700 s, over in te rv a ls  of 100 s. Speed w as p ra c tic a lly

Vitesse ( m / s )

Temps (secondes)

F i g . 5. — Seine Bay. Speed t r ia l  in  30-m dep ths. 
The v a ria tio n  in  speed d u rin g  each ru n .



co n s ta n t d u rin g  th e  f irs t  an d  th e  las t ru n s ;  on th e  o th e r h an d , fo r  th e  
m id d le  ru n , th e  sh ip  w as still ac ce le ra tin g  a f te r  a com plete  tu rn .

A f in e r  an a ly s is  of th e  speed  v a ria tio n  d u rin g  th e  f irs t  r u n  led  to 
fig u res  6 an d  7. F ig u re  6 show s th e  f lu c tu a tio n  of the  m ean  speed co m p u ted  
over 10 s a ll a long  th e  f ir s t  of th ese  ru n s . T he average of th e  90 v a lu es  
co n sid ered  is 7.081 m /s . T h e  d ev ia tio n  e ith e r  side of th is  m ean  speed 
ra re ly  exceeds 0.1 m /s  an d  is d u e  p a r tly  to an  ac tu a l f lu c tu a tio n  in  speed 
an d  p a r tly  to m easu rem en t e r ro rs .

Vitesse  
( m /  s )

7,0 — *1 
+

9400 9500 9600 9700 9800 9900 0 100 200
Temps { seco ndes)

F i g . 6 .  — Seine B ay. Speed tr ia l  in 3 0 - m  depths.
F irs t ru n . F lu c tu a tio n s  in m ean  speed over 10 s.
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F i g . 7. —  Seine Bay. Speed tr ia l  in  30-m  dep ths. F irs t ru n .
M ean speed over 100 s.

F ig u re  7 show s five g ra p h s  o f th e  v a r ia tio n  of average of speeds ta k e n  
over 1 0 0  s, th e  in itia l tim es being  a t  in te rv a ls  of 2 0  s.

If s c a tte re d  p o in ts , su ch  as A an d  B, a re  no t ta k e n  in to  acco u n t, a 
c e r ta in  f lu c tu a tio n  in  speed can  be observed, the  period  of w h ich  w ill be 
of th e  o rd e r of 400 s, an d  fo r w h o se  o rig in  w e have no ex p lan a tio n .

It is  w o rth  n o tin g  th a t  th e  av e rag e  of th e  90 speed values ta k e n  over 
1 0  s w as fo u n d  to  be rig o ro u sly  eq u a l to  th e  m ean  speed co m p u ted  by 
ta k in g  th e  sam e to ta l in te rv a l of tim e an d  th e  d is tan ce  b e tw een  th e  
c o rre sp o n d in g  tw o  te rm in a l p o in ts . T h is  seem s to  co n firm  th e  excellen t 
ac cu racy  of th e  m easu rem en ts  a n d  show s c lea rly  th a t fo r th is  ru n  th e  tra c k  
o f the T o ran  a n te n n a  w as a lm o s t a s tra ig h t line.

3. T urn ing  tria ls

T he successive fixes p e rm it u s  to trace  very accu ra te ly  th e  g ro u n d  
tra c k  fo llow ed by  th e  T o ra n  a n te n n a . W h en  tw o w hole tu rn in g  c irc les



have  been  m ade, th e  c u r re n t  d u rin g  th e  tr ia l  can  be c a lc u la te d  w ith  g rea t 
accu racy , an d  th u s  th e  tra c k  th ro u g h  th e  w a te r  can  be d e te rm in ed . T h is  
m e th o d  allow s all p a ra m e te rs  d e te rm in in g  th e  sh ip ’s m o v em en t along  th e  
tu rn in g  c irc les  to  be o b ta in ed .

F ig u re s  8 a n d  9 i l lu s tra te  th e  ex cellen t m e a su re m e n ts  th a t  T o ra n ’s 
accu racy  h a s  m ad e  possib le .

F ig. 8. — Seine Bay. T u rn in g  in  38-m  depths. G round  track .
T he figu res show  th e  tim e  co u n t in  seconds, reckoned  fro m  th e  s ta r t  of th e  tr ia l .

4. Crash stop tria ls

T h e  g ro u n d  tr a c k  m ay  be p lo tted  im m ed ia te ly . F o r  d e te rm in in g  th e  
tra c k  a t th e  su rfa ce  th e  speed an d  th e  c u r re n t  d irec tio n  d u rin g  th e  tris»  
m u s t be kno w n .

In  o rd e r  to  fo llow  th e  v a ria tio n  of speed  easily , g ra p h s  g iv ing  th e  
v a r ia tio n s  Ax an d  A y over eq u a l in te rv a ls  of tim e a re  p lo tted . T o  w ith in  
a n u m eric a l fac to r, th e se  a re  g ra p h s  of th e  co m p o n en ts  of th e  m ean  speed  
co m p u ted  over eq u a l successive in te rv a ls  of tim e.

F ig u re  10 is  a n  il lu s tra tio n  of th e  above. It sh o w s th e  va lu es o f Ax 
a n d  A y  fo r  15 s in te rv a ls .

W h e n  th e  sh ip  is  s to p p ed  a t  sea a n d  d r if ts  ow ing  to  th e  c u r re n t,  th e  
u ltim a te  values o f Ax an d  A y  re p re sen t th e  co m p o n en ts  o f th e  c u r re n t speed, 
an d  th u s  an  e s tim a te  of th e  c u r re n t’s sp eed  an d  d ire c tio n  is  possib le .



Fu;. 9. — Seine Bay. T u rn in g  in 38-m depths. Surface track .
At th e  un d erlin ed  tim es the sh ip  is show n in re la tio n  to the  T oran  an ten n a  (+ ) track .

A x(m)

Temps ( mn )

F i g . 10. —  Seine Bay. S topping tr ia l .  V aria tio n s  of and  Ay in fu n c tio n  of tim e.
In te rva l  be tween po in ts  : 15 s.

IV. —  CONCLUSIONS

In  conclusion , th e  p re sen t a rtic le , a f te r  describ ing  a T o ra n  ch a in , an d  
u sing  th e  sea tr ia ls  of th e  ta n k e r  Magdala as an  exam ple, em phasizes th e  
service th a t  th e  T o ra n  system  ren d ers  fo r all tr ia ls  n ecess ita tin g  a  very



a c cu ra te  know ledge  o f th e  successive p o s itio n s  o f th e  sh ip  a t an y  m o m en t. 
Several ex am p les have been given, show ing  th e  g rea t a m o u n t of in fo rm a tio n  
o b ta in ab le  from  speed , tu rn in g  an d  c ra s h  stop  tria ls . T o ra n ’s v ery  good 
p e rfo rm an c es  allow  a n  exce llen t fine k in e m a tic  an a ly s is  of th e  tr ia ls . T h is  
is th e  e sse n tia l p o in t.

It w ill be reca lled  th a t  th e  eq u ip m en t is easy  to  o p e ra te , a n d  th a t  the  
o n b o ard  p ro cess in g  o f m e a su re m e n ts  gives ap p ro x im a te  re s u lts  very  q u ick ly , 
p en d in g  th e ir  co m p le te  p ro cessin g  by co m p u te r .

F in a lly , th e  a u th o r  exp resses th e  ho p e  th a t  th e  fixed  T o ra n  c h a in s  at 
p re sen t being  in s ta lle d  on th e  coasts o f F ra n c e , to g e th er w ith  th e  e q u ip m en t 
spec ia lly  d esig n ed  fo r t r ia ls  onboard , w ill allow  th e  fu r th e r  d eve lopm en t 
of a  te ch n iq u e  w h o se  use  d u rin g  th e  Magdala  tr ia ls  h as  p ro v ed  p a r tic u la r ly  
successfu l.

APPENDIX

Note on the operation of a pair of Toran transmitters

Som e d e ta ils  of th e  p rin c ip le s  of o p e ra tio n  of T o ra n  a re  given in  th is  
ap p en d ix . O u r th a n k s  a re  due  to  th e  .Société Sercel fo r su p p ly in g  u s  w ith  
th e  n ecessa ry  in fo rm a tio n .

T he n o ta tio n s  h e re  u sed  a re  sh o w n  in  figu re  11.
F ix ed  tra n s m it te rs  A a n d  B t ra n s m it  on  freq u en c ie s  F n  an d  Fb  th a t  

a re  close to  one a n o th e r  an d  w h ich  m ay  h av e  an y  in d e p e n d e n t p h ase s  cpQ 
a n d  cpb.

T h e o n b o ard  rece iv er M receives th e  tw o s ig n als  tr a n s m it te d  by  A 
a n d  B a t th e  end  of p e rio d s  M A /V  an d  M B /V , V b e in g  th e  velocity  of th e  
w ave p ro p ag a tio n .

E x p re ssed  in  cycles, th e  respective  p h ase s  of th e  w aves received  a t  
rece iv er M a re  :

, t, MA , MB
'Pa +  K  - ÿ ~  and 'fib 6 ~ y ~

R eceiver M d e tec ts  the  bea t signal of th ese  tw o w av es; th is  b ea t signal 
h a s  a freq u en cy  f  =  F„ —  F fi, an d  a p h ase

^  MA MB 
'Pm =  'Pa ~  'fib +  F„ ~  -  F * ~ ^ ~ +  k m

k m being  a  c o n s ta n t p h ase  s h if t  of th e  b e a t signal w ith in  th e  rece iv e r’s low  
freq u en c y  c ircu its .

In tro d u c in g  th e  b ea t freq u en cy  /, cpm m ay  be w r i t te n  :



N

F ig. 11. —  Schem e of T oran .

S ignals tra n sm itte d  by A a n d  B a re  also  received by th e  co m p en sa tio n  
rece iv er N w h ich  is fixed an d  id en tica l to  th e  o n b o ard  rece iver M.

T h e  low  freq u en cy  b ea t p h ase  detec ted  by  th e  co m p en sa tio n  receiver 
N is ex p ressed  in  th e  sam e w ay as fo r th e  sh ip ’s receiver M :

- V >6 + ^ - ( N A - N B ) + / ^ + f c „

w h ere  k„ is a  c o n s ta n t w h ich  p lay s for N the  sam e ro le as k m does fo r M.
T h e  re feren ce  tra n s m itte r  em its  to  M a  w ave m o d u la ted  by  th e  bea t 

signal de tec ted  by N. M receives th is  s ignal on a second ch a n n e l an d  
d e tec ts  th e  low  freq u en cy  b ea t m o d u la tin g  the  signal. T he p h ase  of th is  
b ea t s ignal is th e n  :

F NB NM 
Vnm = * , - * 6  + ^ ( N A - N B  ) + f — + f —  + k n + k nm

k nm b e ing  a co n s ta n t s im ila r  to  k m an d  k n.
A p h ase m e te r on  th e  receiver M in d ica te s  th e  p h ase  d ifference

sp = ^ < M A  -  MB) + |  (MB -  MN) - ^ ( N A  -  NB) — S-  NB + — k n — k nm

In  th is  eq u a tio n , the  u n k n o w n  te rm s cpa and  cp„ have been e lim in a ted  
as th e y  are  com pensa ted .



T erm  F a/V  (MA —  MB) is th e  h y p erb o lic  te rm  th a t  is to  b e  m easu red .
T e rm s  F „ /V  (NA —  NB) a n d  f / V  BN are  c o n s tan t, s ince th ey  dep en d  

only  on  A, B a n d  N w h ich  a re  fixed ; th ey  a re  g lobally  e lim in a te d  once a n d  
fo r all a t th e  sam e tim e  as a re  c o n s tan ts  k m, k n an d  k nm w h e n  th e  in itia l 
a d ju s tm e n t o f th e  p a tte rn  is m ade d u rin g  th e  se ttin g  u p  o f th e  ch a in .

T e rm  f / V  (BM —  MN) depends on M, a n d  since f  is ex trem e ly  sm a ll 
co m p ared  w ith

th is  te rm  is p ra c tic a lly  a lw ays negligible. I t  can , h ow ever, be ta k e n  in to  
acco u n t if  n ecessa ry  a n d  in tro d u ce d  as a co rrec tio n  in  th e  co m p u ta tio n  of 
th e  h y p erb o lic  la ttices .

F in a lly , th e  re ad in g s  on th e  p h a se m e te r M th u s  re p re s e n t th e  p h ase  
tp =  F a/V  (MA —  MB) ev a lu a ted  in  p h a se m e te r  cycles.

Footnote : It w ill be reca lled  th a t in  th e  T o ra n  X m e th o d  it is  one of 
th e  second  p a ir  of tr a n s m it te r s  g en e ra tin g  th e  c h a in ’s second  h y p erb o lic  
p a t te rn  th a t  is  u sed  as re fe ren ce  tra n s m itte r . T h e  n u m b e r of s ta tio n s  th en  
involved is on ly  fo u r, an d  th e  in d ep en d en ce  of th e  p a irs  —  an  essen tia l 
fa c to r of th e  g eo m etric  accu racy  —  is re ta in ed , th e  n u m b e r of rad io -e lec tr ic  
freq u en c ie s  re q u ire d  being  red u ced  to two.
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