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Foreword

Th e appearance on the m arket o f the electron ic so n d e  —  or to g ive  a 
fu lle r  description , o f chains o f au tom atic m easurem ents that m ake it pos
sible to take continuous m easurem ents o f  the p rincipal physica l param eters 
o f sea w ater (pressure, tem perature, conductiv ity , ve lo c ity  o f sound) and 
w hich  can be adapted to au tom atic processing —  has m arked  an im portan t 
stage in the evo lu tion  o f oceanograph ic m easurem ent equ ipm ent and 
methods, one that in classical h yd rograp h y  is com parab le to the superseding 
o f the lead line by  an u ltrason ic sounder.

These sondes are easier to use at sea than the trad itiona l hydro log ica l 
techniques, and they m ake it possible to reach the fin e  structure o f the 
m arine environm en t at a ll levels. T h ey  are th ere fo re  destined to becom e the 
principal tool fo r  h ydro log ie  investigations.

In  D ecem ber 1966 the Bureau d ’E tudes O céanograph iques (B .E .O .) 
acqu ired a three-sensor H ow a ld t chain (pressure, tem pera tu re and conducti
v ity ) and at the present tim e possesses fou r such bathysondes and tw o 
onboard units.

The current use o f this new  equ ipm ent, together w ith  the continued 
use o f trad itiona l instrum ents, has in  fa c t posed m an y prob lem s w h ich  fo r 
over twTo years w e have been endeavouring to solve.

(*) The Bureau d’Etudes Océanographiques is based at Toulon, and form s part o f 
the central Hydrographic Office. The Origny, a converted sea-going m inesweeper, is its 
principal support at sea.



Some of the factors that have retarded the achievement of exploitable 
data are the immense volume of information supplied by the sonde —  which 
had first of all to be adapted for use in conjunction with a computer — and 
its technical shortcomings and malfunctionings as well as the complexity 
and inadaptation of modes of recording. As a consequence the Howaldt 
bathysonde has been viewed with some reservations in various quarters.

The MEDOC 69 project was centred on research and on a study of the 
evolution of certain characteristic profiles of sinking surface water, and only 
later did it come within the more specialized field of the uses of the bathy
sonde. W ith  the help o f correct in situ calibrations this program m e has made  
it possible to attain for  the first time accuracies equivalent to those of the 
classical procedures over the 83 stations observed, albeit in the very  special 
hydrologie conditions of a Mediterranean winter, conditions that restrict 
bathysonde ivork to a very narrow  runye of iemperaiures.

This first definite step towards mastering the instrument —  the result 
of two years of effort, adjustments and technical improvements —  justifies 
a description of the present situation. It justifies, especially, drawing conclu
sions from the present analysis and discussion that will allow us to make 
further progress, and thus we shall be able to define possible research 
openings that should be explored in the near future.

In the present paper I therefore propose to throw some light on the 
Howaldt bathysonde <*' so that the complexity of the problems encountered 
may be better understood, as well as to make a re-evaluation of the notion of 
calibration, a notion too often either abandoned or poorly understood, 
Calibration is, however, absolutely essential when measuring with any elec
tronic circuit.

I.  1. - THE H O W ALD T  CHAIN  A N D  ITS PRINCIPLES OF OPERATION

The Howaldt chain permits the plotting of continuous profiles of tempe
rature and conductivity versus pressure in depths of from 0-2 000 m (2 500 m 
for certain soundings).

Salinity is determined from pressure, temperature and conductivity, 
and we shall be considering it as a function of these three parameters.

The chain is composed of :
—  a submersible probe ;
—  an onboard unit of measurement circuits and various recording ins

truments.

A winch drum of 5.7 mm single core suspension and current cable and 
a revolving mercury contactor serve to join the two parts of the chain.

(*) Manufactured by K ieler Howaldtswerke, Kiel, Federal Republic o f  Germany.



F i g .  3. —  General v iew  o f  the onboard unit.



1.1.1. - The bathysonde instrument

The probe which weighs about 100 kg is packaged in a compressed gas 
bottle around w'hich is a casing to protect the three sensors :

—  a temperature sensor which is a cotton-insulated platinum resistor 
enclosed in a pressure proof gold metal tube;

—  a conductivity sensor consisting of two coils coupled by means of a 
column of sea water enclosed in a crystal tube (at present a pyrex tube) ;

—  a plunger-fitted Bourdon tube serves as pressure sensor.

Each o f these three sensors acts on the frequency of the oscillating cir
cuits. A remote command for changing the ranges switches over to the 
various units of the circuit, so that each measuring frequency can be main
tained in a weii defined channei.

The ranges are as follows :
—  a single pressure range of from 0 to 2 000 decibars;
—  a single temperature range (range 1) of from — 3° C to -(- 34° C, 

backed up by 9 sub-ranges each corresponding to a temperature variation 
of about 4° C.

—  a single conductivity range (range 1) of from 20 to 70 mS/cm backed 
up by 9 sub-ranges each corresponding to about 5 mS/cm.

The width of the sub-range bands, and consequently the resolution of 
the temperature and conductivity measurements, is thus sufficient without 
the channel width (about 1 500 Hz) being too large.

The three sinusoidal signals are mixed in the “fish” and pass through 
the single core cable to the revolving contactor and then to the onboard 
instrument where they arrive superposed on the D.C. supply (250 volts) 
of the fish.

Accessories : The probe has two additional principal accessories :
—  a bottom detector (controlled by guide rope) that releases a bell and 

lights a pilot light when the probe reaches a certain adjustable position from 
the bottom.

—  a trigger switch for the test bottle mounted on the probe. This 
switch is remote controlled from on board and releases a messenger which 
closes the reversing bottle.

1.1.2. - The onboard unit

The signals from the probe arriving at the surface are recorded on one 
of the tracks o f a tape recorder at the same time as a pilot frequency. The 
other track is available for recording the reference pips or any spoken obser
vations.

This memorized multiplexed signal theoretically allows an exact resti
tution of the raw signal received on board at the time of measurement.

At the same time the multiplexed signal is fed through a group of filters



set on the three measurement channels. The pure frequencies are then put 
into form and are switched onto :

—  either an analogue measurement chain that includes a Moseley 
graphic recorder, with the possibility of amplification by means of a magni
fying glass ;

—  or else a digital counter which samples the frequencies at a rate 
selected among several types of sequence and then converts them to punched 
tape and lists them on a Siemens teleprinter.

F i g . 4. —  F l o w  d i a g r a m  o f  t h e  m e a s u r e m e n t  p rocesses .

Although the analogue recorder provides valuable information on the 
functioning of the instrument as it is lowered, and on the areas of particular 
interest that would justify a slowing down of the probe, it cannot be 
thought of as a mode of quantitative exploitation and final storage as the 
parameters are not expressed linearly in terms of the frequencies.



1.1.3. - Modes of recording and first processing

The makers propose two methods of digital processing :

a) During the measurement the multiplexed signal is merely recorded 
on the tape concurrently with the time pips which are registered, either auto
matically or else manually on examination of the graphic record, on the 
second track. The magnetic tape is then reread three times to examine each 
time one of the three parameters recorded. Each recorded pip on the track 
releases a reading. The value of the three parameters at one and the same 
instant is thus theoretically obtained by re-assembling the readings obtained 
at each passage three by three.

b) During the measurement the selector successively scans the three 
tracks according to the fnllowinct S-spcnnH (•vi'lp •O - ' —  - --- ---o  - ------- J

0 - 1 sec : pressure count 
1-1.75 : »  transcription

1.75 - 2.75 ” : temperature count
2.75 - 3.50 ”  : >> transcription

3.50-4.50 ’> : conductivity count
4.50- 5.25 ”  >’ transcription

5.25 - 8 ”  : Idle period

The frequency values for the three parameters are punched and conse
cutively typed on a single line of the teleprinter at the rate of a complete 
measurement every 8 seconds, with a time shift of 1.75 seconds, and this 
represents about 2 metres during the bathysonde lowering.

This method simplifies the processing. It has, however, the disadvan
tage of serious shortcomings which will be discussed in 1.2.

Whatever the mode of recording selected, the Howaldt bathysonde thus 
supplies measurements of the parameters P, T  and C in the form of frequen
cies, and these frequencies have to be converted into true values by a first 
processing.

The true values can be fairly well represented by polynomials of the 
third degree in frequency. The coefficients for the polynomials are computed 
from the values obtained during the laboratory calibration.

1.1.4. - The particular case of conductivity. Definition of the form factor

W e have seen that conductivity is measured by coupling two coils 
through a calibrated tube of sea water.

It is obvious that it is not possible to carry out exact measurements in 
the laboratory for finding the formula for converting frequency into conduc
tivity, since this would necessitate far too large a volume of water of known 
conductivity.

Therefore in order to establish the correlation, in the laboratory we 
simulate the coil coupling by a circuit of known and variable conductances.



Fig. 5. —  The Origny ’ s starboard deck, w ith  
d errick  in w ork in g  position .

F ig . 6. —  The H ow a ld t Bathvsonde being 
low ered  in to the water.

F i g .  7. A v iew  o f  I l ie  test bottle. F i g .  8. —  A v iew  o f  the test b o ttle ’s rem ote
con tro lled  tr igge r  switch.



Definition

The factor by which the conductivity value deduced from laboratory- 
established calibration tables must be multiplied to obtain the true in situ 
conductivity is called the form factor (p of the sensor.

This form factor is obtained by comparing the conductivity for the 
bathysonde to a sample taken at sensor level in a bottle fixed to the probe.

The form factor depends on the geometry of the probe, and in particular 
that o f the crystal tube.

1.1.5. - Operation aboard the Origny

The method employed aboard the Origny  for lowering and retrieving 
the probe is both simple and rapid, and it can be carried out by members of 
one watch (1 winchman and three men).

The suspension cable is shortened until the probe is between the two 
oceanographic work bridges and about 1.50 metres below the counting 
pulley, when it is grabbed by two men stationed on these bridges.

The upper eye of the probe is then lashed to the hook of tackle at 
whose other end is a pulley block fixed to the upper corner of the laboratory. 
The probe is then returned to its rests by slowly paying out the pulley cable.

This exercise can be performed satisfactorily without special equip
ment.

1.2. - BACKGROUND TO THE PROBLEMS RAISED AND THE DIFFICULTIES 
OF OPERATION, AND A DISCUSSION OF THE SOLUTIONS FUR
NISHED BY THE B.E.O.

Rather than give a detailed historical background of the many and 
continual difficulties which impede the progress of the development of the 
Howaldt chain, we shall attempt here to give a general picture, pointing out 
the remedies we have discovered and the problems remaining to be solved.

1.2.1. - Problems of a purely technical order

The technical imperfections, the operational shortcomings, and the 
frequent breakdowns of this new equipment —  which seems to have been 
put on the market a little prematurely —  have been discussed in detail in 
various different technical reports as well as in the reports on work carried 
out by the B.E.O. since December 1966.

It will be worthwhile recalling the principal troubles for which a remedy 
had to be found.



1.2.1.1. - The sensors

—  The temperature sensor. Initially the temperature sensor was a fine 
platinum wire in a pressure proof gold tube. As it was impossible to solder 
the gold tube the connections were insulated with araldite.

After noting important pressure effects when measuring temperature 
it was observed that this type of sealing was not watertight under pressure; 
water was infiltrating into the gold tube and this resulted in unwanted 
resistances, giving rise to errors of as much as several tenths of a degree 
Celsius.

The firm of Howaldt remedied this defect in the summer o f 1968 by 
replacing the araldite insulation with elastomer silicon, the whole being 
embedded in a block of araldite.

As gold was not absolutely essential, it was replaced by nickel without 
any notable effect on the sensor’s time constant which remained around 0.25 
second.

The B.E.O.’s four probes are now fitted with these new sensors, and 
the in situ calibration made during the MEDOC 1969 project shows that 
there is every reason to be satisfied with the result.

—  The pressure sensor. It is not at present possible to improve the per
formance of the Bourdon tube which, particularly when being lifted, has a 
pronounced magnetic lag. This problem is at present being studied by the 
manufacturers.

—  The conductivity sensor. This w ill be discussed later on for its study 
has only just been started.

In reality, since the temperature and pressure errors have an important 
bearing on the calculation of salinity from in situ conductivity, and because 
the measureents can only be checked by comparison with salinities obtained 
from the classical analytical procedures, it is unrealistic either to hope to 
obtain accurate estimates of salinity or to be able to analyse the source of 
sensor errors so long as there is no means o f making an accurate tempera
ture measurement simultaneously with the conductivity measurement.

1.2.1.2. - Operations of the probe and the onboard equipm ent

Besides the sensors’ shortcomings —  which had the effect of falsifying 
the measurements —  the internal electronic circuits of both the fish and 
the onboard chain often became faulty and gave rise to frequent breakdowns 
which were often difficult to detect.

Probe N° 731, which was delivered in July 1968, has benefited from the 
experience acquired, and is actually much more reliable in operation.

On the older probes :

—  It was necessary to remedy a certain number of workmanship faults 
and mistakes in the circuit cabling.

—  The ageing of the oscillating circuits led to an important drift in 
measurement. The resistors in these circuits were replaced by components



of better quality. It should be noted that this ageing obliged us to follow the 
behaviour of the probes very closely, and later led us to establish a calibra
tion station at the B .E .O .

—  Switching to the sub-ranges by remote control remains uncertain, 
and often even quite impossible. It necessitates, in particular, both the 
bathysonde and the recordings being stopped in order to avoid encumbering 
the record with erroneous values. This switch often releases the closing 
mechanism of the test bottle or the bottom detector bell. Conversely, the 
manual release of the bottle sometimes disconnects the sub-range.

A ll this is due to the fact that during these operations we are transmit
ting into the probe powerful frequencies whose harmonics can excite certain 
oscillating circuits.

This problem has not yet been resolved, and it renders the use of the 
bathysonde difficult in the Atlantic.

—  The recording of raw data on the tape recorder with practically no 
possibility of a check during measurement is a far from reliable method, and 
the play back of the tapes is often aleatory. In fact, both the quality and the 
performance of the Uher tape recorder appear to be inadequate, and it is 
extremely sensitive to interference which superposes itself on the pips, 
releasing a number of unwanted readings at the time of the play-back.

—  Finally, it sometimes happens that the thread of the flange closing 
the conductivity sensor takes on play because of poor machine tooling and 
this means that water infiltrates, and thus all measuring becomes impossible.

1.2.2. - Problems arising from the basic principle of recording modes and 
calibration procedures

1.2.2.1. - Modes of recording

Since the beginning of 1967 —  that is after the bathysonde had been 
used for the first time —  it has become apparent to those using the Howaldt 
chain that the modes of recording are ill-adapted to the information sup
plied by the “ fish ” : that is to say :

—  The graphic recording w ill only be qualitative, on account of the 
non-linearity of the frequency-parameter correlation;

—  The recording of the multiplexed signal on magnetic tape, in addition 
to the troubles due to the quality of the recording which we have already 
mentioned, has the drawback of requiring a playback time of at least three 
times as long as the original station, i.e. about 4 hours.

The processing and the transcription onto special cards for further 
automatic data processing have both to be done entirely by hand. This 
entails many delays, and leads to an accumulation of magnetic tapes.

Manual registration of pips for angle points during the lowering would 
certainly decrease the number of points to be retained as compared with 
automatic registration, but the operator already fully occupied in supervi
sing the equipment would need to be an acrobat.



—  Sequential recording on punched or printed tape, although it makes 
for easier automatic processing, nevertheless has the following defect :

—  the sampling rate is too low to follow certain abrupt changes 
in the environment;

—  there are large errors in salinity caused by lags in the 
measurement of T  and C when linear interpolation is no longer valid.

The method adopted at the B.E.O. —  after comparing the two methods 
in practice —  is in fact a mixture of the three procedures outlined above. 
That is to say that both during the lowering and the retrieval all three 
modes of recording were in action.

The recurrence rale for the reference pips corresponding to the reading 
sequence was eight seconds. Perturbed areas were marked on the tape during 
this operation.

The processing method then consisted of extracting the angle points 
from the magnetic tape simply for the perturbed areas (for this the band 
must be run through five times). These angle points, which correspond to 
the simultaneous measurements o f the three parameters, then replaced the 
values obtained automatically every 8 seconds.

In actual fact it did not prove possible to combine these two modes of 
treatment on the computer, and the work had therefore to be done manually.

A  glance at this hybrid method shows how unwieldy it proved, and how 
difficult in application.

It was for this reason, that as early as 1967 the first specifications 
were sketched out for developing an improved bathysonde —  the SCAMO —  
in which the sub-ranges are omitted, and which incorporates simultaneous 
and rapid counting of the parameters.

I.2.2.2. —  Laboratory calibration

The bathysondes are delivered complete with a frequency-parameter 
conversion table, as well as the polynomials employed to obtain this table 
from the calibrations carried out by the manufacturers.

In practice the continuous change in the electronic circuits due to the 
lapse of time necessitated frequent verifications and obliged us to set up a 
calibration station at Toulon, and this enabled us to control the probes both 
oe fore and after the work campaigns.

The instrumentation set up in this way is described in detail in the 
manuscript report “ Instrumentation 1969” dated 2 May 1969.

Each sensor is separately calibrated, and thus three curves are obtained:

P = / (F j) 

T = g(F2)
C = h (F 3 )

The problem then consists of determining the coefficients for the third 
degree polynomial most closely approaching the curves established during 
the calibration. This is done using the least squares method.



W e shall see later that this computation introduces some distortion 
into the frequency-parameter conversion, in the form of systematic errors 
which have to be eliminated.

1.2.2.3. —  The  in situ calibration

On account o f the form factor mentioned above a systematic in situ 
calibration is necessary.

The test bottle —  a bottle for taking a sample at sensor level at the 
time of a conductivity measurement —  had been fixed to the probe, but was 
very soon lost. At this point, therefore, it was assumed that the probes could 
be calibrated by comparison with classical hydrological measurements that 
would be carried out either immediately before or after the bathysonde was 
lowered. It was assumed then that the exact Howaldt profile could be obtain
ed by submitting the measured profile to a translation and a rotation so 
as to make it fit the profile resulting from the classical methods.

Although this procedure appeared satisfactory it turned out to be the 
wrong one. In practice the extended use of the bathysonde revealed the 
existence of significant and very rapid fluctuations in time and space, and 
this precluded the possibility of comparing the two profiles taken an hour 
apart.

It was only the values for the more stable bottom water that could be 
validly compared. But as the dependence of sensors on pressure was, how
ever, unknown, this made the plotting of the exact profile impossible.

1.2.3. - Problems of processing and exploiting bathysonde information

It was impossible to consider manual treatment on account of the vol
ume of information obtained with the probe and the complexity of the 
computations required. This obliged the B.E.O. to work out the necessary 
computer programmes for exploiting the data without delay.

However, this proved a relatively lengthy matter in view o f the absence 
of specialist personnel, and thus the perfectioning of the Howaldt probe, 
which was already proving difficult, was further retarded.

It should be noted that these programmes were recast and adapted sev
eral times on account both of the development of computers and amend
ments to computing algorithms.

The programmes developed since 1967 and currently being used are the 
following :

—  W orking out the laboratory calibration, and the computation of third 
degree polynomials and frequency-parameter conversion tables;

—  Conversion of frequencies into true values, and the computation of 
salinity from the Bradshaw and Sleicher laws as well as those of Ribe and 
Howe for the simultaneous measurement points.

—  Adaptation of the TRADOC programme (computation of crt and the 
dynamic anomaly) to bathysonde data;

—  Plotting of curves T  (P ), S (P ) and T  (S) with an automatic plotter.
The processing of the punched tape is the only remaining difficulty.



THE PARTICULAR CASE OF THE MEDOC 69 PROJECT 

(15 January - 11 March)

II. 1. - GENERALIT IES  : R E STR ICT IO NS

In view of the progress made by the B.E.O. (described in Part I) and of 
technical improvements to the probe, it was decided to profit by the MEDOC 
project to carry out an elaborate sea test with the Howaldt chain aboard the 
Origny.

The object was to achieve by means of a close in situ calibration a 
determination of the raw corrections to be made the bathysonde data to 
enable them to be plotted with an accuracy equivalent to classical hydrology, 
and this without the need to enter into the technology of the probe, but 
simply taking the reliability of the electronic circuits into account.

To do this was essential :
1. To have available a sufficiently reliable system for in situ calibra

tions;
2. To obtain simultaneous data for at least temperature and salinity, 

in a manner that is both certain and simple.

W e had for this one extremely important asset. This was that in winter  
the waters of the Western Mediterranean are practically isothermal and  
isohaline from  the surface right down to the bottom.

This means that we avoided the difficulties —  at present the most 
important —  of switching sub-ranges, and could thus carry out a single in 
situ calibration that was valid for 0 to 2 000 metres in the temperature 
range 5 and conductivity range 6.

II. 2. - T E C H N IC A L  M O D IF IC A T IO N S  T O  THE C H A IN

11.2.1. - Description of the in situ calibration system employed

As we have seen, this in situ calibration consists in comparing the 
bathysonde measurements of P, T  and S obtained through C with the values 
determined by classical methods of a sample taken simultaneously at sensor 
level.

For want of a multisampling instrument that would provide several 
basic check points during a lowering we were obliged to make do with a 
single sampling bottle supplying only one point per station.

The reversing bottle we used is a converted plastic bottle of Mecabolier 
make :

—  It is rigidly fixed onto the protective casing of the probe and there



fore no longer reverses itself. The closing of the valves is controlled by a 
lever fixed underneath the bottle;

—  The closing of the valves frees the thermometer holder which is 
pivoted by a spiral spring around a fixed horizontal axis half way up the 
bottle.

This system resembles the one used by the British National Institute of 
Oceanography.

The bottle is closed by the free fall of a messenger released by remote 
control from on board.

This system which had been set up in a rough and ready way at the 
very last minute was to prove excellent, and it functioned well. Over the 
83 stations it functioned 69 times, and this to my way of thinking is an 
excellent performance.

II.2.2. - Modification of the recording system

The second necessity was to obtain simultaneous measurements of 
temperature and conductivity in a way that was both simple and reliable.

On account of the equipment already existing at the B.E.O., and because 
of the inconveniences of recording on magnetic tape, the measurement chain 
was modified as follows.

Two counters were used at the filter output and linked to two Siemens 
teleprinters.

The counting and printing sequences remained eight seconds, but the 
order on each counter was changed. The following is the revised scheme.

0 - 1 sec
1 - 1.75

1.75-2.75
2.75-3.50

3.50-4.50
4.50-5.25

5.25-8

1st Teleprinter

Temperature count
’> transcription

Pressure count
”  transcription

Conductivity count
»  transcription

2nd Teleprinter

Conductivity count
»  transcription

Pressure count
>> transcription

Temperature count
»  transcription

Idle period

It is then clear that the bringing together o f the two printed or punched 
tapes supplies simultaneous measurements of temperature and conductivity 
at the rate of approximately 4 seconds.

This allows us to obtain pressure values by interpolation. These pres
sure values are furthermore used as references on the listings for determin
ing the simultaneous measurements of T  and C.

The tape recorder, at the ready, is turned on if one of the teleprinters 
or counters breaks down during the operation.

This was a very easy system to set up with existing equipment, and it



proved perfectly reliable, owing partly to the robustness of the Siemens 
teleprinters and partly to the constant check supplied by the record during 
the operation.

For the MEDOC 69 project both the regrouping of the simultaneous 
measurements and the interpolations between pressure data were done by 
hand, as were also the transcriptions onto the programme input forms.

Automatic mixing for punched tape is being studied for use in future 
projects.

II. 3. - D IS C U S S IO N  O F  TH E  M E D O C  69 IN  SITU C A L IB R A T IO N

The values for Pw, T w and Sw (Sw is obtained from C„-, Pw and T w 
through computation) can now be compared with the test bottle PH, T n 
and Sn values at about 69 points.

The data were obtained simultaneously, and as far as possible were 
distributed in depths of between 0 and 2 000 metres.

The relative values, as well as the raw deviations, are recapitulated in 
the two tables forming Plates I and II.

It should be noted that :

1. There are two distinct tables. The reason for this was that the 
conductivity sensor broke between stations 51 and 52. This meant that 
we had to alter the form factor for the computation of salinity.



There was therefore :
A  single pressure calibration for about 69 points;
A  single temperature calibration also for about 69 points;
Two distinct calibrations for salinity, the first ( <p =  0.9834) for
44 points, and the second ( <p — 0.99847) for 24 points.

2. A rapid survey of the temperature calibration showed that T w 
had to be corrected by —0.04 “C, and this was taken into account when 
working out the tables, in order that the S,v salinities should be as correct 
as possible.

Before analysing and discussing this calibration sensor by sensor it 
will be useful to recall some figures and orders of magnitude that will be 
of help in elucidating the text which follows.

1. With this probe the resolution for a frequency measurement is 
±  1 Hertz :

—  In pressure measurements : 1 Hertz represents a depth difference 
of 0.4 decibar at the surface, 1 decibar at 1 500 metres and 1.2 
decibars at 2 000 metres ;

—  In conductivity measurements : 1 Hertz represents a difference of 
between 0.006 and 0.002 mS/cm for range 6;

—  In temperature measurements : 1 Hertz represents a difference of 
between 0.004 °C and 0.003 °C for range 5.

2. The PH, T „  and SH values obtained by classical procedures include 
an error which in view of the sensitivity of the Howaldt sensors is quite 
sizeable :

—  pressure inaccuracies are of the order of about 10 decibars;
—  temperatures T H are read on the thermometers to within the 

hundredth of a degree;
—  salinities SH are obtained to within ±  0.005 g/kg.
There can be no figure for human error, so that reading errors w ill 

entail certain abnormal points.
The Howaldt measurements are relatively more accurate and homo

geneous than those of the classical procedures, and as a result the correc
tions must take account of the reference values, and if we are to make the 
best use of the accuracy this probe provides this would necessitate a large 
n u m ber  o f  observations in order to be able to draw up actual statistics.

3. Salinity Sw is a complicated function of conductivity Cw, tempe
rature T w and pressure Pvv.

—  An error of 0.01 "C on T w leads to an error of 0.01 °/()0 approx. 
on Sw.

—  An error o f 0.01 mS/cm on Cw leads to an error of 0.01 °/00 on Sw.
—  5 decibars on P w leads to an error of 0.003 % m on Sw at 2 000 m.



PRESENTATION DES RESULTATS BRUTS DE L  ETALON NAGE IN SITU 
R E A L IS E  AU COURS DE MEDOC 69.

(1* P a r t ie :  station  1 à  51 ^<09634 )
Nota : Pu, 7mt 3# prcvunn tnt d* fa boultil/e t* s t.

Pw ,7w , Sw proviennent d* ta bathysonde.

NSlatmt P/t Pw APm Pm -Pw n TV -<tot J Tm 7h -Twqoi 3m Si* J S mStt - J w» Obstrvatiom

3 / 9 3  4 / 9 7  7 A / 7 /3*02 / 3,008 y 0,0 /  2 38 , 40* 38,426 0,0 2 4 H 3
4 2 0  i $ / 9  77 y 38 /3.03 /3,0 08 y 0,01 2 3 8,<*09 36.443 - 0,0 3 4 4
3 3 4  0 8 29 y / / / 3 , / 8 / 3 , / 77 + 0,0 0 3 3 8,4 53 5
6 6 07 60  0 * 07 /3.38 /3 ,339 y 0,0 4 / 36,49 5 38,4 76 y 0 , 0 / 9 6
7 3 4 / 3 3 3 y 06 /3 . 28 /2,283 - 0,0 0 5 3 6,3 7 / 38.3 04 y 0,0 65 7
8 /3 / 4 /  3 0  / y / 3 / 2 , 97 /2,9 63 y 0,0 0 7 3 8 , 4 / 0 36,3 93 y o,o r t 8
9 1 0 I  0 9 9 7 y / 3 /2,34 i 2,9 52 - 0,0 / 2 3 8,422 3 8,3 9 5 y 0,0 27 9

/  0 1 2 / 0 / 2 0  0 y / 0 y 2,9 8 /2 ,937 - 0,0 0 7 3 8,433 38,4 / / y 0,0 2 2 /  0
/ / /  4 o 0 / 3 9 8 y 02 /2,9 5 /2,9 42 y 0,0 0 6 3 8 , 4 / 4 38 ,40 / y 0 , 0 / 3 / /
/ 2 2 0 02 / 9  73 y 2k / 3 , 02 /3,0 08 y 0,0 /  2 3 8 , 4 / 2 38,437 - 0,0 25
/ 3 / 8 6 / 9  / y 0 5 /2,9 2 /2,338 - 0,0 / 6 3 8 . 4 2 / 3 8,334 y 0,0 6 7 / 2
/ 4 2 0 0  6 / 3  79 + 28 /3 ,02 /3.905 y 0,0 / 5 3 8 , 4 / 3 3 8 ,4 47 - 0,03 4
/ 5 S3 8 3 - 05 /2 , 73 /2,744 - 0,0 / 4 3 8 . 273 3 8 , / 6 5 4 0 , / 0  8 / 3
J 6 2 0 04 / 9  79 y 26 /3,0/ /3,0 08 * 0,0 0 2 3 8 .4 /  / 36,4 40 - 0,0 2 9
/  7 6 0  6 5  02 y 04 / 3 , / 4 /3,139 y 0,0 0 / 3 8 ,476 3 8 , 435 y 0,0 4 /
/  6 19 8 0 / 9  6 5 y 25 /3.0 0 /3,0 05 - 0,0 0 9 3 8 ,404 3 8 ,4 24 - 0,0 20 /  4

/ 9 2 4 / 24  / y 00 /3,5 7 / 3,567 y 0,0 0 3 3 8,53 0 3 8 , 5 / 6 + 0,0 /  4

2 0 7 S S 79 8 . 0 / /3.03 /3,032 _ 0,0 0 2 3 6 , 405 38,4 /2 - 0,0 0 7 /  5
2 / / / / 2 / 0 9  6 y 0 6 /2.99 /2 .394 - 0,0 0 4 3 8,4 2 2 36 , 4 / 6 y 0,0 0  4
2 4 1 68 4 / 8 7  0 y- / 4 /3,0 0 /3,003 - 0.0 0 5 3 6 . * 0 4 36,4 53 - 0,0 55
2 5 / 4 2 / 3 7 y- 0 5 /2,9 9 /3,0 05 - 0,0 t 5 3 6,240 36 , /64 y 0,0 5 6 / 7
2 6 t s o o / 5 0  0 y 00 /2.3 5 / 2,9 66 - 0,0 / 6 3 8,4-04 36/427 - 0,023
2 7 1 2 9 3 / 2 9  5 y 00 /2,99 / 2,9 80 y 0,0 / O 3 8 , 4 / 3 36,4 24 - OU7/1
2 8 t 8 48 /3,00 / 3,032 - 0,0 3 2 3 6,403 38 , 44 4 y 0,041 / 6
2 9 3 / 2 5 / / + 0 / /3,26 / 3,2 65 - 0,0 0 5 3 6,4 94 3 8 , 4 8 7 y 0,0 07
3 0 / 6  93 / 6 93 y 03 /2,98 /2 ,9  8 7 - 0,0 0 7 3 8 ,40 2 3 8 , 4 4 0 - 0,0 38
J / 8 79 9 9 3 ~ / 1 8 /3.0 2 / 3 , 0 / 2 y 0,0 0 6 3 8 , 4 3 / 3 8,4 4/ - 0 , 0 / 0
3 2 3 8  7 3 8 7 *- 00 /3 , 25 / 3.2 38 - 0,0 0 6 3 8 ,493 3 6 ,485 + 0,0 06 / S
3 3 6 9  3 / 3,064 3 8,453 38 , 4 6 0 - 0,0 0 7
3 4 / 4 0 / /4 0 5 - 04 /2.9 8 / 2,9 70 y 0,0 /  O J  6 ,406 3 8 / 4 3 / - 0,0 2 5
3 5 / 6 / 0 / 5 8 8 y 22 /2.9 7 /2,9 70 y 0,0 0 o 3 8 , 40 4 38 , 4 3 3 - 0,0 29
3 6 6 9 8 69  7 y 0/ 13,06 /3,0 74 - 0,0 / 4 3 8 ,4 5 3 38 , 45 7 - 0,0 0 4

3 7 20 2 4 / 9  9 2 •y 32 /3,0 2 / 3,0 0 8 y 0,0 / 2 3 8 ,399 3 8 ,4 9 5 _ 0,09 6
3 8 1 69  5 / 69  4 + 0 / /2,9 9 /2 ,980 y 0 , 0 / 0 3 6,4 00 3 8,4 55 - 0,0 5 5
3 9 / 2  06 / 2  0 5 y- 0 / /2,98 /2,934 - 0,0 0 4 3 8 ,420 36,4  50 - 0,03 0
4 O / 6  08 / 7 9 8 •y /  0 /2,99 / 2,984 y 0.0 0 6 3 8,4 00 3 6 , 4 8 6 - 0,0 66
4 2 2 9  4 2 9 4 ■y 0 0 /3,3 2 /  3,3 36 - 0,0 / 6 3 8 £ 0 0 3 6 , 5 / 3 - 0 , 0 / 3
4 5 63  3 9 4-3 /2,99 / 2,99/ - 0,0 0 / 3 8,4 3 4 36 ,462 - 0,0 2 6 23
4 6 4 / 3 4 06 t 07 /3.3 8 /3,3 69 - 0,0 09 3 8,4 63 38 , 50 7 - 0,0 3 6
4 7 20  06 / 9 8 0 + 28 /3,01 / 3,0 05 y 0,0 ! 5 38 , 40 3 36,4 77 - 0,0 7 5
4 3 ( 0  2 5 9 9 2 y 33 /3,0 4 /2,9 9 / y 0,0 49 3 8 , 43 0 3 8 ,4 52 - 0,0 2 2

4 9 1 7 0 2 / 6  9 8 * 0 4 /2,99 /2,9 77 y 0 , 0 / 3 3 8,40 4 36 ,462 y 0,056

S 0 2 / 3 2 0 / y 12 / 3 , / 2 / 3 , / 0 / y 0,0 / 9 3 6,4 i  2 36,433 - 0,0 0 9
3 / / 3 9 8 / 6 0  0 02 /2,98 /2,966 ■y 0,0 t 4 3 8 , 4 / 0 36,497 0,0 6 7



P la n ch e  n* B

PRESENTATIO N  DES RESULTATS BRUTS DE L'ETALONNAGE IN SITU 
R E A L IS E  AU COURS DE MEDOC 69

(H *  P a r t ie :  sta tion  52 a 83 <f= 0 99847)

Nola : P/t } Zjv, Su proviennent de la bouteille test .
Pw , Tw, Sw p rov ienn ent de la  àattjysonde.

W*Stob<m P * Pw AP.Px-Pw Tu Tw -404 JT Tu -7w+4/>* Sk Sw ÛSm Sm ~Sw Obstryohéa

5 2 / 0 3  2 / 0 23 9 13*0 0 /3 ,003 -  0.0 0 t 36  43  7 3 8.314 * or/  /  3
3 3 / 9 9  5 / 9 7  0 + 2 S /3,0 0 /3,0 03 -  0.0 0 5 S3 4 / 3 3 8.374 * 0 , 0 3 9
5 4 2 3 3 23 t 2 /3 ,29 / 3 , 2 93 -  0,0 0 6 33 46 3 3 6,38 0 * 0 , /0  3
5 5 r 5 9 9 / 6  00 - / é 2.94 12,9 63 -  0,0 93 S3 4 2 3 3 8.3 7 4 * 0,0 5 !
5  6 4 e s 6 0 4 / 3 , 09 / 3 , 0 3 / *  0,0 03 33  4 75 3 6.4/  6 * 0,0 53
5 7 f /  a s /  /  77 * 8 / 2,96 / 2,9 63 -  0,0 0 3 33  4 2 6 3 3.38 4 * 0,03 2
5  3 ' /  O / O 9 9 6 * / 4 / 2 , 9 7 /2,9 73 - 0,00 3 3 3  4 / 6 3 6 ,4 /5 * 0,0 0 !
6 O / 9 9 6 / 9 73 ■* 24 /3 . 0  / / 3 , 0 05 * 0,0 0  3 38  3 92 S 3,4 3 5 -  0.0 43
6 / t O /  6 / O 0 t t / 5 /2,9 6 /  2,9 70 -  0,0 / 0 3 $  4 / 0 3 3,4/9 -  0,0 0 9
6 2 / 8 0 0 / 7  9 2 * 8 /3.00 / 2 . 93 0 *  0,0 20 S3 3 9 3 3 3,440 -  0,0 4 3
5 3 e  /  2 7 9 7 * 5 /3 .04 /5,039 *  0,00 t 38 4 3 6 3 3 . 4 5 t - 0,0 / 5
6 4 / * 2 3 /  4 0 8 * /5 /2 , 9  6 /2 .9  56 + 0,0 0 4 38 3 9 2 5 3,43 4 -  0,0 4 2
6 6 / 4  99 / 5 0  / - 2 /2.99 / 2,9 30 *  0,0 / 0 3 6  3 8 5 3 3,440 -  0,0 53
S  7 / 3  0 7 / 2  9 9 3 / 2 . 33 /2 . 95 9 *  0,02/ 38  3 9 3 3 3.43 0 - 0 / 3  3 4
6  a S O  7 4 9 6 + /1 / 3,02 /3 , 036 -  0 , 0 / 6 3 3  4 / 3 5 3,4 53 -  0.0 /  7
6 9 3 5 7 3 49 + 6 /3 , /  3 / 3 , / 3 3 -  0.003 33  4 3 3 3 3,4 69 -  0,0 J 4
7 0 7 0 t 6 9 3 3 / 3 ,07 /3,0 70 -  0,000 S3 4 35 3 3,439 -  0,0 3 4
7 / 2 0 0 + /3,3 96 33 43 5 3 3 , 3 / 5 -  0,03 0
7 6 3 9 2 3 79 /3 /3.0 2 / 2 , 9 3 7 +  0,033 S3 393 3 8 , 45 / -  0,0 58
7 8 20  0 0 /3 34 / 6 / 3 . / 0 /3.0 /2 't- 0,0 88 3 8 3 93 3 3.473 -  O , / / 0
7 $ 3 77 /3,034 36 36  4 3 3,334 + 0,0 3 0
3  O / $ 2 4 / 9 0 4 + 20 /3,00 /2 ,994 *  0,00 6 3 3  3 3 0 3 3.473 -  0, /2 8
3 / S 3 3 9 5 + / 8 f 3.0 3 / 3 , 0 / 1 * 0 , 0 / 3 3 3 36 9 3 6 .46/ -  0,0 7 2
s  3 4 - / 2 4 0 2 + / 0 /3. 42 / 3 . 4 / 2 *  0,003 33  4 4 4 3 6,5 6 / -  0. / /  7



Etalonnage en laborotore du capteur pression

Pression Pression Frequence Difference 
co/cu/Ât M o r i ê  

en /obo

z O 6 0 / 8 - 2 0 6
5  0 5 0 6 / 5 0 + 0 0 7

/ 0 0 / 0 0 6 2 8  0 * 0 0 2
t  4 8 / 5 0 6 3  9 9 4 / 6 5
2 0 0 2 0  0 6 5 / 9 * 0 3 4
2 4 9 2 5 0 6 6 3 0 4 0 5 3
5 0 0 3 0 0 6 7 3 8 0 0 0
3 5 t 3 5  0 6 8  4  3 - / 2 3
t ô t 4 0  0 6 9  4 Z - / 4 4
Ut* 9 4 5  0 7 0 3 Z 4 / 3 0
U 9 8 5 0 0 7 / 2 3 + t  9 3
5 4-9 5  5 0 7 Z  / 4 4-0 9 4
6 0 0 6 0 0 7 3 0 2 4-0 0 8
6 5 / 6 5  0 7 3 6 7 - 0 5 /
7 0 / 7 0 0 7 4  6 9 - 0  7 /

7 5 / 7 5 0 7 5  4 9 - / 0 0

7  5 / 7 5 0 7 5  4 9 - 0 3 2
8 0 0 6 0 0 7 6 2 9 - 0 2 6

6 4 S 6 5 0 7 7 0 5 t  / 0 /
6 9 3 9 0 0 7 7 7 9 4 / 8 2
9 4 8 9 5  0 7 8  5 / 4 1 2  8

3 9 5 / 0 0 0 7 9 / 8 4 4 6 6
t 0 4 b / 0 5  0 7 9  8 5 4 - 5 6 1
/ 0 3 6 / / 0  0 8  0 5 3 4 4 3  t
t  t  4 8 / / 5 0 8 / 2 0 4 2 2 6

t  t  9 9 / z o o 8 / 8 4 4 - 1 / 4

/ 2 5 / / 2 5 0 8 Z  4 8 - 1 3 7

/ 3 0 3 / 3 0 0 8 3 0 9 - 2  7 3

/ 3 5 3 / 3 5 0 8 3 6 7 - 2 7  4

/ 4 0 4 / 4 0 0 8 4 Z 5 -  3 9  Z

/ 4 5 6 /4  5 0 8  4 8  3 -  6 Z 8

/ 5 0 7 / 5  0 0 8 5  3  8 - 7 0 3

/ 5 5 6 l  5 5  0 8 5  9 0 - 6 0 0

/ 6 0 6 1 6  0 0 8  6 4 2 - 5 9  3

/ 6 5 6 1 6  5 0 8 6 9 3 - 5 8  6

/ 7 0 5 / 7 0 0 8 7  4 Z - 4  7/

/ 7  5 3 / 7  5 0 8 7 9 0 - 3 4 2

/ 8 0 2 / 8 0 0 6 8 3 7 - / 9  3

t  â  4 8 /8 5  0 8 8  8 / 4 / 9 /

/ 8 9 5 / 9 0 0 8 9  Z 5 4 5 0 3

/ 9 4 0 / 9 5 0 8  9 6 7 * 9 6 /

/ 9 8 6 1 0  0 0 9 0 0  9 + / 3 5 2

Etalonnage en pression de la sonde n* 731

Courbe A P  ( P)  - P »  ~ P w Courbe d'étalonnage in Situ
( Corrections fonction de P  a apporter aux pressions Howotdt)

Courbe ( D  i - p ( p )  Courbe traduisant tes erreurs introduites porteco/cu/ 
de traduction frequence -  paramétré

( D  A "P ( P )  = à P -  A ’P  Corac/erisfique du capteur pression.Courbe



ANALYSIS AND DISCUSSION OF THE IN  SITU  CALIBRATION

III. 1. - PRESSURE CALIBRATION  (See plate III)

Out of the 69 successful test bottle samplings only 61 pressure 
measurements resulting from the comparison between the two reversing 
thermometers were exploitable. Those wasted were the result of a mal
functioning o f the thermometers.

I f  we plot the raw deviations A P (P ) =  P H — P w we obtain a whole 
crowd of points which tend to fall into a damped sine curve which is 
hardly to be accounted for by the dynamics of the sensor.

Thus, we have to refer back to the laboratory calibration and especially 
to the computation of the third degree polynomial :

P =  f  (Fp)

This is the polynomial best representing the laboratory calibration.

For P, the variation interval (0.2000) is too large for the deviations 
between function and calibration values to be small. A single polynomial 
no longer suffices, and we are obliged to split the variation interval into 
two parts.

In spite of this the computation for converting frequency into parameter 
still introduces a distortion, i.e. a systematic error, that has to be evaluated.

The table supplying the errors AP' (P ) as functions of frequency and 
artificially introduced by the computation is given as part of Plate III, and 
the corresponding curve (curve I I )  has been drawn up at the same scale 
as curve I. W e then see that curves I and II are roughly parallel.

I f  we now plot the values A P " =  AP —AP' (curve III) the corresponding 
collection of points will be distributed about a mean straight line which 
is characteristic of the in situ calibration of the pressure sensor.

The mean of the residual deviations from this straight line is practically 
nil, and the standard deviation is :

Oj. =  6 decibars

45 out of 61 points are within the ±  6-decibar bracket.

This means that these deviations are entirely aleatory and principally 
due to the lag of the sensor on the one hand and to the inaccuracy of the 
reference pressure on the other.

T o  sum up :

Curve A P (P ) =  P „  — Pw (Curve I) enables us to correct to within 
±  6 decibars the pressures obtained from the frequencies using an inaccu
rate polynomial.

The straight line III is characteristic of the sensor. It is slightly 
influenced by pressure and of relatively good repeatability.
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Tw calculée Tu mesuree fïejutntt Different

t 0,0 2 5 t  0,0 0 9 / 7 6 9 - 9. 0/6
t  0,3 5 0 ! 0,3 4 5 t  6 4 4 -  0 0 0 5
t  0,7 t 9 / 0,7 2 T / 9  3/ t  0 0 0 6
/ 0,9 9 0 ! 1,0 0 9 / 9 9 6 t  0 0 / 9
//,2 6 4 t  /,26 5 2 0 66 *  0 0 0 /
/ / , 6 / 6 //,6 2 9 2 i  5 / - 0 0 13
//, 9 3 2 //,9 3 / 2 2 32 - O O O I
/ 2 , 3 / 2 / 2 , 3 / / 2 3 3 2 - O O O f
/ 2,5 6 9 / 2.5 7 6 2 4 0  7 - 0 0 / 3
/ 2,6 9 4 I  2,6 7 9 2 4 9  2 - O O I 5
/3,2  2 7 / 3,2 3 f 2 5 6  6 * 0 0 0 4
/3 ,2  2 3 /3,2 S / 2 5 87 *  0 0 0 6
/ 3 , 5 / 5 / 3 , 5 / 3 2 6 7  4 - 0  0 0 2
/3,6  OS 7 3.6 0 ! 2 76  4 -  0 0 0 5
/ i ,  / 4 9 / 4,1 4 9 2 6  7 5 0 o o  0
/1,5  23 H . 5 2 8 3 0 0  3 * 0 0 0 5

Etalonnaen laboratory 
de la jommi de temperature rfS

Etalonnage en temperature de lo sonde n»73T 

Graphique ©  A T ( P )  s Th -  (Tw  - 0.04 j  en degrts Cel n u t . Courbt d étalonnait insitv.

Graphique <D à  T ( T )  Courbe traduisant tes erreurs introduites par te calcul de 
réduction frequence paramètre • Peints issus du fai/eau ci contre exprimant /étalonnage en taborotaire . Points dabjctsse AT -  7W -T*

Nota : les indices des pom/s correspondent out numtros de station



III. 2. - TEMPERATURE CALIBRATION (range 5) (See Plate IV )

This calibration was limited to range 5 and was for the 65 exploitable 
points. Five abnormal points can be noted. Following the same procedure 
as in the foregoing section, plate IV  is made up of :

—  a graph of the raw deviations

A T  (P ) =  T n — (T w — 0.04) in degrees Celsius;

—  a table showing the errors A T ' (T ) artificially introduced as a 
result of the frequency/parameter conversion;

—  a graph expressing the raw A T ’s superposed on the A T ' (T ) curve.
This plate, when read in connection with the tables in plates I and II 

shows that :

1. To within the measurement accuracy there is no longer a pressure 
effect.

2. In view of the uncertainty regarding the reference measurements, 
the —0.04 °C correction adopted as a result of a rapid rough survey remains 
valid.

The mean of the raw deviations, after a —0.04 °C correction, is nil 
and the standard deviation is :

crT =  0.014 "C
3. In view of the fact that the temperatures measured remained 

around 13.05 “C it was not possible to determine the temperature effect 
on the sensor.

The only detectable temperature effect arises from the systematic 
errors introduced during the frequency-temperature conversion.

If these errors are corrected, it is seen that the standard deviation 
decreases and becomes :

<xT =  0.0105 °C .

The scatter of the measurements in my opinion arises from inaccuracies 
in thermometer readings and not from the probe itself. If reference values 
read to the thousandth of a degree had been available it is very likely that 
il would have been possible to refine the correction to be made to the T w 
measurements.

To sum up :

By means of the constant correction selected this particular study of 
temperature enables us to attain the accuracy of classical hydrology for 
temperature measurements with the probe, that is to within l/100th of a 
degree Celsius.

The improvements to the sensor have therefore proved entirely 
satisfactory, and by doing away with the pressure effect they greatly 
simplify the exploitation of the measurements, in particular the deduction 
of salinity corrections.



III. 3. - SALINITY CALIBRATION  (see plates V and V I)

Since December 1966, and thanks to the modifications adopted, for the 
first time correct measurements of temperature and pressure are available. 
W e can therefore tackle the problem of salinity calculated from the Howaldt 
measurements.

In view of the close dependence of salinity on pressure, temperature 
and conductivity, the in situ calibration of salinity can in fact be considered 
as a test o f the bathysonde as a whole.

For the user, it is firstly a question of making a simple comparison 
of Sw —  a function o f Pw, T xv and Cw —  with the salinity of the test 
bottle sample, in the same way as has already been done for the other 
parameters.

These first comparisons, moreover, permit the determination of a mean 
form factor, and thus a new calculation of the exact Sw values to be used 
in the comparison is possible.

III.3.1. - General aspect of this calibration

a) As we have seen, it was necessary to adopt two different form 
factors, and thus to split the calibration into two parts.

—  The first part concerns the comparison of 43 salinity values 
(<p — 0.9834) where we were able to compare our theories with the results 
from 23 classical stations carried out immediately after certain of the 
bathysonde stations.

—  The second part concerns the comparison of 24 salinity values 
measured after the crystal tube had been changed (<p =  0.99847).

Obviously our analysis and discussion w ill principally concern the 
first, in view of the large amount of analagous information gathered from 
the environment.

b) The tables in plates I and II list the raw A S’s obtained :

A S = S H -  Sw

At a first glance they vary to a considerable degree, i.e.
from +  0.108 °/00 to — 0.075 °/00 for the first part of the calibration,

and
from +  0.113 Voo to —0.117 °/00 for the second part.

c) When the 43 values of the first part of the calibration are plotted 
on a single graph versus pressure, each accompanied by their station 
number, it is seen that in spite of the apparent irregularity (see plate V ) 
there do in fact exist certain rhythms which can be explained by :

—  a discontinuous ageing of the sensor;
—  a considerable and non-linear pressure effect.
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This leads us to classify the first 43 comparisons into three different 
groups and we find that the raw A S correction can be lined up on three 
exactly parallel curves with deviations of the order of 0.01 °/oo .

The pressure effect is determined by the shape of these curves, and 
their progressive shifting from right to left enables the ageing of the sensor 
to be reckoned.

Curve I in plate V is for the first 19 stations; curve II is for stations 
20 -36 inclusive, and curve III for stations 37-51 inclusive.

Apart from certain abnormal points (19, 42, 46 and 51), the standard 
deviation for these raw points is :

<rls =  0.0084 °/00 for 40 values.

d) The non-linearity of the pressure effect curve and the shape of the 
curve itself lead us quite naturally to plot the same graph against pressure 
in logarithmic scale.

The curve then shows up rather strangely as two straight lines of 
different slope joining at 1 500 metres (see plate V I).

e) If the 24 A S’s of the second part of the calibration are plotted 
against a logarithmic scale it is seen that the resulting straight lines for 
this calibration are similar to those on plate II. They have the same slopes, 
but the ageing appears more rapid.

The standard deviation of the A S’s from these curves is (¾  =  0.010 °/00 
for 22 points. It should be pointed out that to use the term standard 
deviation for such a small number of comparisons is a little irregular. 
Nevertheless it is fairly representative of the degree of accuracy attained.

III.3.2. - Proof of the shape of the curves

It is obvious that our reasoning about the shape of these curves is at 
this juncture entirely subjective and intuitive since a priori there is no 
more reason for dividing the A S’s into groups belonging to a single correc
tion curve than there would be to consider that they are due to other 
causes, as for instance the scatter of sensor data.

In order to remove this ambiguity with certainty we can call on a 
considerable amount of information on the classical hydrological data 
which will I hope convince the reader.

To simplify matters tables have been established for comparing the 
bathysonde salinity values at different depths to those of the classical 
procedures of sample analysis. The series of plates given below have been 
drawn up in illustration, and they merit close inspection.

a) Plates V III and IX compare the Howaldt data, corrected according 
to the curves determined in III.3.1., with salinity values for surface 
samples :

—  either taken with a bucket thermometer at the time the probe is 
lowered;

—  or else taken during the classical hydrological station carried out 
immediately afterwards.



i» 'sut
COMPARAISON ENTRE LES  SALIN ITES DE SURFACE PROVENANT 

DE LA BATHYSONDE ET  DE L' HYDROLOGIE CLASSIQUE

{ i  • P a r t i e  : <f Q9834 )

OonnMS Mtnyionot

Echantillon pr«l*vo ou
t v u i>  u t iù  ( i tX iW H c

EchontiUon d* surfoc*
piuvcnuiu uÿ

XiU/M,
Ne*ik/t

Salinité brute 
4e surface

àaltntlé
Corrige*

, Sohnitt
echontr/Jon àe
surface sm,

A - *M, ~ S * SaUnU* de 
surface S» t

Ag «Xvj ~Sw

t 3 7,8 6 / 3 6,03 3 36,0 3 ! _ 0,0 0 2 38,0 0 4 - 0,0 2 9
Z 3 7,9 e u 3 6 , / 5 6 36 , /  66 0,0 0 0
3 3 7,926 38,098 36,1 3 4 * 0,0 3 6 38,0 4 / - 0.057
4 3 6 ,006 38, J 78 36,Z 0 6 * 0,0 26 3 8 , / 9 5 * 0,0 / 7

5 3 7,783 3 7,9 S S 3 7.9 6 0 + 0,0 0 s 3 7,9 6 Z + 0,0 2 7
6 3 7t9 0 ï 38,0 7S 3 8,0 6 t - 0,0 /  4 3 8,0 2 / - 0,0 55
7 3 7,8 9 2 3 8,06 4 3 8.3 7 / *■ 0,3 0 7 3 8,0 1 4 - 0,0 5 0
6 3 7,8 Z i 3 7,993 3 7,9 9 4 0,0 0 /
3 3 6.0 7 6 36,2 48 3 8 , / 8  7 - 0,0 6 /
0 3 8, /  /  S 3 6,2 8 7 38,2 5 2 - 0.0 3 5

/ / 3 8. /  3 2 36,3 2 4 36,4 61 + 0,/3 7 3 6,3 33 0.0 29

/ 3 3 8 , / 4  6 3 6 , 3 / 8 3 8,3 / / - 0,00 7
/ 3 3 7.9 88 3 8 , / 6  0 3 6 , / 26 - 0,0 3 4
/ 7 3 7,98 2 3 8 , / 5 4 3 8,2 / 5 *■ 0,0 6 /
/  a 3 7,9 0 8 3 6,08 0 3 6,0 3 3 - 0,0 47
/ s 3 7,9 0 8 38,08 0 38,0 3 6 - 0ft44
2 0 3 7,8 6 S 36 , 00  5 3 8,0 59 *• 0,054
2 / 3 7,398 3 6,0 3 6 3 6,0 50 •+ 0.0 / 2
t  l 3 7,9 I I 36,0 62 3 6,0 60 - 0,0 0 Z 38 ,0  5 4 - 0.00 8
Z 5 3 7.8 74- 36,0 /  4 S 7,9 6 3 - 0,0 3 /
2 6 3 8 ,037 3 8 J  T7 3 6 , / SO + 0,0 / 3
2 7 3 7,8 4 6 37,98 6 38,1 ! 4 *■ 0,/ 18
2 8 J  7,9 4 6 38 , 086 36.07  4 - 0,0 / 2 3 6,0 6 0 - 0,0 2 6
2 9 3 7,888 38 , 026 38 ,066 + 0,0 4 0
3 0 3 7,8 70 3 8 , 0 / 0 37,96 / - 9,0 28
3 Z 3 7,9 65 3 8 , / 0 5 3 8,1 2 8 + 0 , 0 / 3
3 3 3 7,8 54 â 7,9 9  4 38,0 0 0 + 9,0 0 6
3 4 3 7 , 3 / 2 38 ,052 36,0 / 4 - 0,0 38
3 5 3 8 ,022 3 6 , / 6 2 3 6 , / 9  2 ¥■ 0,0 3 0
3 6 3 7,8 6 2 38 , 002 36,08 7 0,0 8 S
3 8 3 7,8 2 9 3 7 , 3 5 / 3 8 . / 1 9 *■ 0,1 68
3  9 J 7,3 0 6 38 ,028 36,0 ZA - 9,6 04
U 0 3 7,9 3 / 36.0 53 36,0  3 / - 0,0 2 2
A / J 7,9 37 38 . 059 3 8,0 6 S + 0,9 0 6
4 5 3 8 , 0 9 9 3 6 . 2 2 / 3 8 , / 2 / ~ 0 , /0  0
4 5 3 7.8 U 37 ,933 3 8,t  / 0 +■ 0, /7 7
4 7 3 7,$47 38,0 6 9 36 , Z 6 S * 0,2 OO
4tf 3 7 , 9 / 2 38 ,03  4- 3 6, Z S 4 * 0,Z 2 0



Planche n* IX

COMPARAISON ENTRE LES SALINITES DE SURFACE PROVENANT DE LA 
BATHYSONDE ET CELLES PROVENANT D'ECHANTILLONS PRELEVES AU 

CDURS DE LA DESCENTE

( n »  partie : f  099S47.)

Echantillon 
d* surface Oonnoos bothysendo

ü ’Statm
■S al rmit dé 

Surfcet 3h
Sahm/t bruït

Sahntte 
corr/j t *  SW S #  -  S m,

5 2 3 8 , 2  67 3 7.6 6 7 3 6 , / 2  9 *  0, /3 6
5 3 3 8 .2  / 5 3 7,9 S 6 3 6 , 2 0  0 * 0 , 0 / 5
5 4 3 6 , 3  00 3 6,0 4 6 3 6 , 2 5 6 *  0,0 4 4
5 S 3 8 , 2  9 / 36 ,0  6 8 36 , 2  96 -  0,0 0 7
5 6 3 8 . i  76 3 6 , 0  8 3 3 6,2 7 ! 0,0 0 7
5 7 38 ,2  7 3 3 6 , /  4 ! 3 6,3 2 9 -  0,0 3 6
5 6 3 6 , 2  3 t 3 6 , 0 6  9 3 6 , 24 -3 -  0 , 0 / 2
6 0 3 6 , 2 6  0 36 . 9  69 3 6 , 2  2 3 *  0,057
6 / 3 6 . 2 9 8 38,  f 5 t 36 ,2  9 t 0,0 0 7
6 2 36 . 2  63 36,  11 9 3 6 , 2  77 -  0,0 /  c*.
6 3 26 , 2  68 3 8 , / 5  / 3 6 , 2 7  9 *  0,0 0 9
6 4 36 ,3  n 3 6 , t f 3 36. 3 Of 6,00 0
6 5 3 6 , 1 4 6 36, 09 7 3 6,2 t 5 *  0,0 3 /
6 6 36,  / 96 36.  / 0 0 36,2 0 6 -  0,0 08
6 7 36,  / 90 3 7 , 9 9 6 36,  / 0 2 *  0,066
6 S 3 6 . /  66 3 7,9 6 0 3 8 , 0 6 6 ♦  0, /0  0
6 $ 36 , 3  3 0 3 8 , / 2 2 3 6 , 2 2 6 *  0, /2 2
7 0 3 8 ,2  6 / 3 6 , 18  i 3 6 , 2 8 7 -  0,02 6
7 / 3 6 , 1 4 3 3 8 , 1 9 9 3 6 , 2  9 7 -  0,0 64
7 2 3 6 , / 6 6 38,  0 63 36, f 6 7 -  0,0 0 /
7 3 3 6 , 3  3 3 36,  / 6  / 3 6 . 2  79 *  0,0 6 4
7 4- 3 6 , / 9 0 3 6 , / !  7 36 ,2  0 5 -  0 , 0 / 5
7 5 3 6 , 2 5 5 3 6 , / / 2 3 6 , 2 / 0 *■ 0,0 4 5
7 6 3 6 , 2 / 5 3 6 , 0 3 5 3 6 , / / 9 *■ 0,03 6
7 7 3 8 . 0 3 2 3 7,9 4 / 3 6 , 0  2 5 *  0,0 6 7
7 8 3 6 , 2  i à 3 6 , 0  6 6 3 6 , / 5 0 + 0,0 6 4
7 9 5 6,1 53 3 6 , / 0  7 36,  / 7 9 -  0.0 2 6
S 0 3 6 . 2 2 6 38 , 2 3 4 3 6 . 3  0 6 -  0,0 6 0
8 / 3 6 , 3  03 3 6 , 1 7  3 3 6 , 3  4 5 -  0,0 4-2
6 2 3 6 , 2  74 36 . 2 5 0 36 ,3  2 £ -  0.0 4 2
83 6 6 , 3 2 5 3 6 , 2 3 2



The plates each concern one part of the calibration, and furthermore 
they enable us to define the ends of the curves in small depths.

Unfortunately they show a fairly large scatter, the deviations being 
due, it would seem, to the rapid fluctuations of surface water, since this 
scatter is of the same order as that between the deviations in two samples 
taken at about an hour’s interval.

W e should however note that not only do the deviations Ai and A 2 

remain distinctly smaller than the corrections made but also since the 
correction curves tend asymptotically to infinity when the instrument is 
at the surface, it is not surprising to find such variation between one point 
and another.

b) This comparison with classical hydrology is now applied to other 
levels that are less favourable ihaii the surface. W e shall see —  anu liiis 
is logical —  that the deviation bracket decreases with depth, that is to 
say progressively as the water becomes more stable, and as a result gives 
rise to increasingly justifiable comparisons at intervals of both time and 
place. Thus :

—  plate X  gives a table of comparisons around the 15-decibar level.

The deviations range between — 0.057 °/o o  and +  0.024 °/00 over 22 
points, whereas the corrections made are of the order o f 0.15 °/00 .

—  plate X I sets out the saine comparison at approximately the 800- 
decibar level.

Here the scatter of the deviations, varying between +  0.042 °/00 and
— 0.014 °/„0, is distinctly less, and there is a good fit with the correction 
curves :

—  at the 1 500- decibar level (see plate X II) the deviation bracket is 
even better. The mean of the deviations is nearly zero, and over 34 
comparisons the standard deviation is 0.014 °/00. (For this comparison the 
values obtained both when lowering and raising the bathysonde have been 
used);

—  plate X III is a little different, containing besides the foregoing 
comparisons the salinity values observed at 2 000 decibars over 49 stations. 
It is a known fact that at this time of year and at this depth these waters 
are particularly stable and that their salinity is close to 38.407 °/00, and 
this in fact is what is obtained with a standard deviation of 0.008 °/oo 
and confirmed by classical hydrological measurements.

Note  :

Plate X III also provides an additional piece of information which is 
that, contrary to what might have been thought at the beginning, the 
ageing is continuous, not discontinuous. It is only perceptible when it is 
sufficiently significant, i.e. about 0.02 °/oo •

This is very easy to see where the salinity values vary at 2 000 db, for 
so long as only a single correction curve is concerned, these values increase 
slowly and progressively from station to station until they regain their 
normal value at the point where the curves change.



COMPARAISON ENTRE LES  DONNEES BATHYSONDE ET L'HYDROLOGIE 
CLA SSIQ U E AUX ALEN TO URS DE 15 DECIBARS

{ I*  P a r t ie )

Résultats hydrology classique Donrwcs bathysond*

Vîtaii»!r So/jmte Hydro 
à >9 metrts

S  of m/t* Hydro 
à /3 mitres

X'statun Sohifitt brute 
à  tSmètns

Saiinité corrigé* Ecarts 
3m - Sw

/ 33,  * * 6 36,  0 t 2 1 3 7 , 9 8  U S I , O U I - 0,0 3 0
Z 38 ,  / 3  6 3 6 , 19 1 Z 3 6 . O / 6 3 8 , t 76 + 0 ,0 /6
5 3 3 f 043 36  , 0 44 3 3 7 , 9 2 0 36,  078 - 0 , 0 3 4
4 3 8 1 t ô t 3 6 , 1 7 $ 4 3 8 , 0 2  2 36 ,  / 6 0 -  0,0 0 7
5 3 7 , 9 3 4 3 7 , 3 3 0 5 37 , 6 7  9 36 ,  0 S 7 -  0,0 5 7
6 38,  023 36 , 0  23 6 3 7, S t 3 36 ,  0 7/ -  0,0 48
7 38,  O f  t 3 6 , 0 t Z 7 3 7 , 6 9  7 3 6 , 0 53 -  0,0 4 3
6 33 ,  &OZ 3 6 , 0 4 4 6 37,  6 6 6 3 6 , 0 66 -  0,0 4 2
9 39, ZOO 3 6 , 2 06 9 3 8 , 0 7 5 36 ,  23  3 - 0,0 2 5

t 0 38,  26 2 3 6 , 2 33 to 38,  / / 2 36, 2 7 0 - 0 , 0 / 7
/ / 38,  3 52 3 6 , 3  * 6 / / 3 8 , 2 / 3 36 ,  3 7 7 - 0,0 2 9
/ Z 3 8 , 3 2 t 3 6 , 3  27 /3 36,  / 6  5 3 6 , 3  43 -  0 , 0 / 6
t 3 38.  / 2 3 3 6, 12 7 /  6 3 7> 9  95 3 3 , / 5 3 - 0,0 2 6
t 4 3 8 , 03  3 3 6,  03  0 t â 3 7 , 9 / 3 3 6 , 0  66 - 0.0 3 6
t 5 38,  0 60 3 6 , O 60 20 3 7 , 9 * * 36 ,  0 36 -t- 0,0 2 4
f 6 3 8 , 053 36.  0 6k 12 37,  9 36 36 , 0  6 4 - 0,0 t Û
/ 7 37,  3 82 37 ,  9 3  5 25 3 7 ,6  8 U 36 , 0  2 4 ~ 0,0 3 9
/ 6 38,  062 3 6 ,  0 63 26 3 7 ,9  3 U 3 6 , 6 6 0 *■ 0,003
t 9 38,  t t 7 3 6 , / 2 6 3 Z 38 ,  0 f 0 3 6 , / 3 6 - 0 , 0 / 0
Z 0 3 8 , 0 40 3 6 , 0 4/ Ut 37,  $ 4 0 3 3 , 0 4 6 -  0,0 0 7
l  / 38,  /  t 8 3 6 ,  / 79 *>3 3 6 , 0 59 3 3 . / 6 7 * 0 , 0 / z
Z 3 3 8 1 t t 3 3 6 , !  t 4 4-6 3 9 , 0  t 7 36  t t 25 -  0,0 / /
2 4 37, 3 93 3 6 , 0 OS
Z 5 38,  2 U 0 3 6 , 2 6 /



P lanche  n* JT

COMPARAISON EN TRE LES DONNEES BATHYSONDE ET LES RESULTATS 
DE L'HYDROLOGE CLASSIQUE AUX ALENTOURS DE 600 DECIBARS

I*  P o rh e  de I étalonnage en sa lin ité

Résultats hydrologie classique Donne'es bathysonde

V  ôiaùoa Immersion Saitnut N*St9tfW
Cêrrptfi#*
tmmtrston

!m m ppfinn
corrtgé*

Xa/intt»
àruf» carr/ ft* S„ ' S  w

/ 7 8 3 3 6 , 4  65 i -  5 778 3 8 , 4 ( 0 3 6 , 4 4  0 +  0.0 2 5
38,  4 2 5 38 , 4 5 6 *  0,0 0 9

3 7 7 2 3 6 , 6 5 3 3 -  5 767

4 7 / / 38  , / * 59 4 ■ S 7 0 6 3 8 , 4 22 3 6 , 4 5 6 * 0,0 0 3

â 7 6 0 3 8 , / *75 5 - 5 755 38,  449 3 6 , 4 7 3 *  0,00 2
3 6 , 4 50 3 6 , 4  6  0 -  0 .005

6 ô  7 3 3 8 , 4  67 6 -  S 8  68 3 8 , 4  SO 3 6 , 4 6 0 *  0,0 û 7
3 8 , * 50 3 6 , 4 6 0 -  0 , 0 / 3

8 7 57 3 8 , 4  7 5 6 -  5 7 5 2 38,4 /76 36 , 4 3 8 *  o p s  7
3 8 , 4  / 2 36 ,4 4 4 + 0,0 3 i

9 6 04 3 8  , 4 52 S -  5 7 79 3 8 , 3 9 4 38 ,4  24 *  0,0 2  â
3 8 , 4  06 38 , 4  34. + o , o / 6

/ 0 6 36 3 8 , 4 - 6 / /  8 -  5 8 3 / 36 ,  4 /6 3 8 , 4  4 6 *  0 . 0 / 3
3 8 , 4 2 6 36 ,4-56 *  0.00 5

/ / 7 92 3 6 , 4  46 /  / -  5 7 8 7 38,  3 92 36 ,  4 22 *  0.0 2  6
96 ,  4 09 J 6 , 4 3 9 + 0,0 09

/ Z 7 73 3 8 / 442 / 3 -  S 7 6 8 3 6 , 4 0 3 36,  4-33 *  0,0 Q 9
3 6 , 4  06 36,  4 3 6 + 0,0 0  6

/  3 8 / 6 3 8 , 4 4 4 / 5 -  $ 3 t S8 , 426 38 j 4 56 -  0 . 0 / 4
3 6 /  4 23 36 , 4 53 -  0,0 0 S

/ 4 6  06 38,  456 / 6 -  5 6  0 3 1 8 , 4 / 4 3 8 , 4  44 +  0,0 / 2
3 6 , 4  34 3 8 , 4 64 -  0,006

t 5 ê  2 0 3 8 , 4 5 7 2  0 -  5 8 / 5 36 ,  4 16 3 6 , 4  /6 +  0,0 3 9
34 ,  4 15 3 6 , 4 / 5 + 0,0 4 2

/ 6 6 0 0 5 8 , 466 2 2 -  5 79 5 3 6 , 4 60 3 6 , 4  60 + 0,0 0  6
3 6 , 460 36,  460 *  0,0 0  6

f 7 6 / 9 3 6 ,  48  / 2 5 -  $ 8 / 4 5 6 , 4  43 3 6 , 4  43 *■ 0,036
3 t , 4  52 3 6 , 4 62 + 0,029

/ 8 6 / 3 3 8 . 4 5 4 28 -  S 8  08 3 6 , 4 39 3 6 . 4 5 9 -  0,0 0 5
J 6 , 4 44 3 6 , U 44 +  0,0 / 0

t 9 6  / 6 3 8 , 4 5 3 32 -  5 6  / / 3 6 ,  4 41 3 6 , 4 4 / -f- 0,17 /  2
3 6 ,4  58 36,  4 56 -  0.0 0 5

2 0 6 / 0 3 8, 4 54 4 y -  5 8  0 5 3 6 , 44-7 3 6 , 4 3 0 *  0,0 2 0
3 8 , 4 72 36 . 4  54 0,0 00

2  / 6 / 4 38t 4 4 7 43 -  5 4  0 9 3 6 . 463 3 6 , 4 45 *  0,0 0 2
3 6 . 4 79 3 6 . 4  6 1 -  0 , 0 / 4

zz 6  0 2 3 4 , 4  7$ 4 4 -  6 7 9 7

Z 3 7 8 0 36 , 4  S 4 4 5 -  s 77 5 3 6 , 3 8 2 36,  3 64
3 6 . 4 7 5 3 8 , 4 57 -  0,0 0 3



COMPARAISON ENTRE LES DONNEES DE LA BATHYSONDE ET LE5 RESULTATS 
DE L HYDROLOGIE C LASSIOUE AUX ALENTOURS DE 1500 DECIBARS

{ 1* p a r t ie  de I é ta lonnage en salinité' )

Résultats hjré'OÿM dasiqu* Ûonn«‘«s bothysond»

H'sta/wi
tmmtrjttn

éthbuM it Sa/tnj/e s  y X'Uitim
Cerrttftm
immtrtm

Immersion
corrigés Sahni/t bru/* Salinité 

com pte  J  w
€  car/3 

'  S  *v

/ / 4 6  5 33, 4 * 0 1 6 f 4 5 7 36 ,3 6 6 3 8 ,3 3 6 + 0,0 4 4
3 8 , 4  0 0 3 6 , 4 / 0 + OtOJ 0

4 /4  52 36, 4 /  / 4 8 / 4  46 3 3 , 4  fZ 3 6,4  2 2 -  0,0 / /
3 8 . 4 / / 3 6 , 4  2 / -  0 ,0 / 0

â / 4 3  0 3 6, 4 Z / 6 e / 4  6 2 3 8 , 3 9 8 3 8 , 4  0 8 + 0 ,0 /3
3 8 , 4  03 J  6 , 4  / 3 * 0,00 6

s / 5 I I 36, 4-3 5 3 a / 5 03 3 3 , 4  0 7 3 8 , 4 / 7 + 0 ,0/6
3 8 , 4 /  t 3 8 , 4 2  ! + 0 , 0 /4

/  0 / 5 6 0 3 8 , + 2  Z 10 3 / 5 5 2 3 6 , 4 / 5 3 8 , 4 2  5 -  0,0 0 3
3 6 , 4 / 9 3 8 , 4 2 9 -  0,0 0 7

/  / I S / 6 3 8 , 4 /  Z /  / 8 / 5 / 0 3 8 , 4 0 2 3 6 , 4  / Z 0,0 0 o
3 8 , 4 0  6 3 6 , 4 /  6 -  0,0 0 4

/ z / 5 6  3 36,4  06 / 3 3 / 5  55 3 3 , 4 0  5 3 8 , 4 /  5 -  0,0 0 7
3 6 , 4 / 3 38,4  2 3 -  0 , 0 / 5

/ J / 5  3 7 3 6 . 4 /  / / 5 8 / 5  29 3 8 , 4 / 9 3 6 , 4 2 9 -  0 , 0 /6
38,  42 8 3 6,4 3 6 -  0,0 2 7

/ 4 / 5 / 9 3 6 , 4 2  3 /6 3 /  5  / / 38,  3 9 8 36 , 4  0 8 + O/f / 5
38,  4 00 3 8 , 4 / 0 *■ 0 , 0 /3

/ 5 / 5 4  4 3 6 , 4  / 3 2 0 3 / 5 3 6 38,  4 2 6 36 ,4  0 6 * 0 , 0 /3
36,  42  3 3 3 . 4 0  3 + 0, 0 / 6

/6 / 5 0  0 3 6 , 4 3  / 22 8 / 4  3 2 33,  44 7 36 , 4  2 7 *  0,004
33, 444 3 6 , 4 Z 4 0,007

/ 7 / 5 4 5 3 6 , 4 / 6 2 5 8 / 5  37 38,  43 0 3 6 , 4 / 0 + 0,0 0 6
S3,  434 3 6 , 4 / 4 * 0,002

i â / 5 3 / 3 6 , 4 / 4 2 6 8 / 5  23 3 6 , 4 3  6 3 3 , 4 / 3 -  0,0 0 4
33,  4 3 2 3 6 , 4  / 2 -  0,002

/ s / S3 Z 3 6 , 4  ZO 32 3 / 5  24 38 ,  4 47 3 6 , 4 2 7 - 0,0 0 7
3 3 , 4 5 / 3 6 , 4 3 / -  0,0/ !

Z 0 / 5 0 0 3 6 , 4 / 5 4 I 8 / 4  92 3 8 , 4 5 7 3 3 , 4 / 7 -  0 ,0 0 2
36,  4 S 7 3 6 , 4 / 7 -  0,0 02

z / / 4 $ $ 3 6 , 4  1 / 4 3 8 / 4 90 36,  45$ 3 6, 4/9 -  0,0 08
3 8 , 4-66 3 6 , 4 2 6 -  0,0/5

23 /4 62 3 6, 431 4 5 8 /4 54 3 6 , 4  56 3 6 , 4 / 8 * 0 , 0 / 3
3 6„ 4 64 36, 4 Z4 + 0,0 0 7



P la n ch e  n* TTir

RELEV EE  DES SA L IN ITES  BATHYSONDE A 2000 DECIBARS 
ET COMPARAISON AVEC L'HYDROLOGIE CLASSIQUE

( I*  Pa rtie  de l'e ta lonnage  en sa lin ité )

Donn*ts bothysond» Résultat* hydrologie closstqu*

v'staùm /mmtrjiên Jahm/e brute Sahm/t 
corr/fi* -S w

/ / 3  7 3 3 6, 4 24 3 6 , 3 9 6
i / 9  6 6 3 6 , *  3 î 3 6, * 04

/ 9  7 6 38 ,  43 / 3 8 , 4  OS
3 / 9  78 3 6 , 4 3  / 3 6 ,4  03

/ 9  88 3 6 ,4  3 4 3 6 , 4  0 6
4 / 6  7 7 3 8 , 4  44 3 6, 4 / 6

/ 3  78 3 6 , 4  4 i 38,  4 / 4
$ / 8 9  5 3 6 , 4 3 6 3 8 , 4  10

1 8 8  1 3 8 , 4 3  / 3 6 , 4  0 3
i / / 9  7 9 36 ,  4 4 Z 3 8 , 4 / 4

3 8 , 4 4  6 38 ,  4 / 6
/ 2 / 9 7  9 3 6 , 4 3 4 36,4  06

3 8 , 4 3 8 3 8 , 4 / 0
13 / 9  76 3 6 ,  4 * 2 3 6 , 4  / 4

3 8 , 4  42 3 8 , 4  / 4
/ 4 / 9  7 4 3 6 , 4 4 6 3 8 , 4  2 0

/ 3  76 36 ,  4 49 3 6 ,4  2 /
/ 5 / 9 8  / 3 8 , 4 4 6 38 ,  4 / 6

/ 3  6 7 38 ,  43Z 3 6, 4 24
/ 6 / 9  78 36 ,  4 43 3 8 , 4 / 5

/ 8  6 / 3 6,  4 3  J 3 6 , 4  2 3
t 7 / 9  8 / 3 8,  4 53 3 8,  4 26

/ 9  6 3 3 8 , 4 4 6 3 8, 4 20
/ 8 / 9  70 36,  4 19 3 6 , 4  0/

/  9 46 3 6, 4 2 / 36,  3 33
/ 9 / 9  76 3 6 , 4 4 4 3 6̂  *  / 6

/ 9 4 6 38 ,  436 3 8 , 4 / 0
20 / 9  78 3 6 , 4  63 36,  4 03

/ 9  7J 3 6 ,  456 3 6, 3 96
21 / 3  68 38,  465 3 6 , 4  06

f 9 6 0 3 6,  4 6 ! 3 6 , 4 0 /
22 / 9  6 9 3 8 ,  4 67 3 6 ,  4 07

/ 9 55 3 6^4 56 3 6 , 3  96
23 / 9  73 36,  453 36,  3 9 3

/ 9  62 36,  4 5 4 38,  3 9 4
2 4 / 9 7 3 38, 4 62 38,  4 02

2 5 i 9  72 38r 4 62 3 8 ,4  0 2
/ 9  3 3 3 8 , 4 6 7 3 6 , 4 0 7

2 6 / 9 6 8 3 8 , 4 5 2 3 6 , 3  9 2
/ 9  6 8 3 8 , 4 5 / 3 6 , 3  9 /

2 7 / 9  7 5 3 6 ,  4 66 3 6 , 4  06
/ 9 8  2 3 6 , 4 6 5 36 ,4 06

Moyt/tn e 
Mon/'te -  dtsctnt*

36,  3 36

38, 4 0 4

3 8 , 4 04  

3 3 ,  4 i S  

38, 4 û 6

38,116 

3 8 , 4 0 8  

38,  t  / 4 

38 ,  4 2 0  

3 8 , 4 - 2 ?  

3 8 , 4 / 9  

3 8 , 6  22 

38,  3 9 7  

8 8 ,  4 / 3  

$ 6 , 4 - 0 9  

3 8 . 4 Q 3  

36, 4 oz 

3 6 , 3  93  

3 6 , 1 0 2  

38 , 4  04  

3 8,3 B J 

3 8,4 0 6

/ 9 6  3 

f 9 7 0

3 6 , 4 4  4 

3 8 , 4 0  0

3 8,4 ! 0

SHdûattux

/ 4

t 7

2 0  5Z

2 0 6 4

3 6 ,3  8 6

3 6,4 4 7

3 8 , 4  t ê

3 8, 4/6

3 8 , 4 - 0 3

T. S.V.P



l ’SUt/to tmmtfSHM Solrmfe bru/t
So/tn/fe 

corrigée £ *
Mouennê 

Hontee -descent* N*Stohon fmmtrnon Salinité S h Oèstn/otion»

t a / 9 8  Z 36.  i 61 
3 6 , *  S3

86, * OZ 
36, 4 03

36,6 0 2 /6 Z 0 4 6 S 6 , 4  0 6

2 9 / $ 7  3 36.  * 7 0 36,  * / 0
3 8 , *  o 6/ S  7 6 3 6 , 1 * 6 36, * 0 6

3 0 / 3 3  3 3 6 , 1 7 1 3 6 , 4 / 2
38 ,  * 0 6

f 9 8 5 3 6 . *  6 * 36,  * 0 *
3 / / $ 8 0

/ $ 6 0
36 ,  * 6 6
36 , * 7  i

3 6 , *  0 6
3 6 . *  /  i

3 8 , 4 0 6

3 2 / $ 6 6 36,  l  7 8 3 6 . 4 / 8 3 6 , 4 / 8 /9 1 0 *  3 36,4  O 7
36,  * 6  0 36,  * 2 0

3 3 f S S / 3 6 .  * 7 4 36,  4 14 3 8 , 4 1 1
/  $ 7  / 36,  * 69 3 6 , 4  09

3 4 / 9  7 1 36 ,  * 6  / 3 6, *  t  / 3 6 , 4 / 7
/ 3  7 0 3 6 , * 7  3 3 6 , 4 / 3

3 5 / 3 7 9
/ 3 6 1

36 .  * 7  t
3 6 ,  *7  3

3 6, *  / 2  
3 6 , 4 * 3

3 8 , 4 / 2

3 6 / 9  6 0 3 6 , * 7 S 3 6 ,4 / 5
3 8 , *  f J/ 9  6 0 3 6 .  * 6 6 3 6, 4 06

3 7 / 9 6  9 36.  k83 36.  4 03
J 8 , *  0 2/ 9  91 3 6 , i 6 / 3 6 , 4  0 /

3 8 / 9  78 3 6.  * 6 6 3 6 , 4  0 6
3 6 , * 0 6

/ 9 7  6 3 6 , * 6 0 3 6 , 4 0 0
3 9 / 9 7  3 3 6, * 7 9 3 6 , 3 9 $

3 6 , 3  9 6/ 9 6 2 3 6 , 1 7 6 3 6 , 3 9  6
* 0 / 9 6  6 3 6 ,  * 6  6 36 ,  * 0  6 3 8 , *  0 6

4 / / 9 6  4 3 6 , * g  2 3 6 , 4 o Z
3 8, * 0 3

t o 20 3 6 3 6 , 4  Û 7
/ 9  * 6 36 , * 6 * 3 6 , 4 0 4

i  z / 9 7  9 3 6 , * 6  9 3 6 , * 0 9 36 ,  f  0 9

4 3 / 9  76 3 6 j *  $ 5 36, 4 / S 3 8 , 4 / 3
Z / 19 9 2 36.  4 0 7

/97 9 3 6, *3  / 38 , 4//
4 5 /9 7 / 3 6 , *9 6 3 6 , 4 / 6 3 6 , 4 / 7/9 6 7 36,  *99 3 6 , 4 / 9
4 7 /96 0 66,  * 70 3 6 j 390

3 8, 3 86/977 36,  * 6  7 3 » , 38  7
49 /9 74 36,  * 9  3 3 » , *  / S 3 6, 4/3/9 7* 36,  * 9 4 3 t  / *



To sum  up :

This has been a somewhat lengthy and irksome examination of the 
question, but in my belief wholly necessary, for it fully corroborates the 
curves which had initially been chosen rather by intuition.

The final adoption of these curves leads to the adoption of an overall 
precision of ±  0.009 g/kg for the 81 stations, the exception being perhaps 
the first ten metres.

III.3.3. - Refining the precision

The above investigation, or rather the establishment of the curves of 
plates V I and VII from tables I and II, does not in fact take into account 
ilic errors srtifici&lly irxirodviceci v.7hcn converting frccjuencies into the 
parameters for P w, T w and Cw.

And this is for the essential reason that such errors are introduced 
by the computer and their correction is not a simple matter, and will 
demand yet further time-consuming adjustments in computer programming.

Nevertheless we have seen that if we confine ourselves to the established 
calibration formulae the accuracy of the Howaldt data when processed and 
calculated is :

±  0.014 °C for temperature 
±  0.009 ° / m for salinity

The pressure accuracies vary between 8 and 30 decibars, according 
to depth.

W e have also seen that if computation errors are taken into account 
we are able to reduce the accuracies to :

±  6 decibars for pressure
and

±  0.010 °C for temperature

Let us now see what exactly will be the accuracy we may hope to 
obtain for salinity.

In order to do this I have had the salinity values of the first part of 
the calibration computed from the bathysonde P, T and C values and then 
corrected manually for all errors introduced by the frequency-parameter 
conversion algorithms.

This computation led to the table shown as plate XIV which is 
derived from plate VI.

I f  the points for A S (P ) are marked on a graph (see plate XIV) 
opposite points of the same definition from plate I we shall see that 
the curves do not differ from those of plate VI, the only exception being 
depths of over 1 500 metres where the error is dominant. The standard 
deviation alone decreases, becoming

<ts =  0.0081 %.

And this is thus the accuracy which may be obtained for salinity using the 
Howaldt bathysonde.
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4 2 0  0 2 13 0 / 3 38 U 28 3 6 UO 9 - 0  9
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/ / t  Uo  o / 2 9 3 9 38  4 0  5 3 8 4 I  U i- 0 9

/2 2 0  0 3 / 3 0 / 3 38 U l  / 36  U / t -  09
/3 t  S 6 t  2 9 3  5 36 3 U 5 3 6 U l  / * 76
/ U 2 0  0 3 / 3 0 / 1 3 9 U3 0 3 6  U t  3 - / 7
t 5 9 3 /2 72 8 38  / 8 9 3 8  27 3 f  6U
t  6 2 0 0  U / 3 0 / 3 38  U2 b 3 6 Ut  / -  t u

/ 7 S ! 0 /3 / U 6 38  U3 0 3 6  U 7 6 + U6
I S /9 7 7 / 3 0 / 1 36 1*0 6 3 6 UO U - O U
19 2 k 6 /3  5 6 U 36 S !  8 3 6 53  0 + /2
2 0 6 OU /3 03  8 38 U 0 6 3 8 UO S - 3

2 2 1 1 0 7 / 2 9 9 8 3 8  U t  3
24 18 8 U /3 0 / 2 3 8  UU6 3 6 Uo  U - 4 2
25 t  U2 / 3 0 / 2 36 / e u 3 6 2 UO *  56
2 6 t  S 0 0 / 2 9 6 7 36  U 2 S 3 6  UO U - 2  4

2 7 1 3 00 /2 9 8  / 3 6 U2 3 3 8 U t  3 - /0
29 S /9 /3  26  9 38 U8  / 3 8 U9 3 - /2
3 0 /7 0 0 /2 9 7 7 $8 UU9 3 6  U0 2 -  U 7
3 1 / 0 0  9 /3  0 / 7 3 6  U3 3 3 6 U3 / - 02
3 2 3 9  U /3 2 6 / 3 8  U6 2 36  U93 + / /

33 7 0 2 / 3 0 9 / 36 U5U 3 6  ÛS3 -  0/
3 U / UO 7 /2 9 73 3 8  U2 9 36 UO 6 - 23
3 5 / 5 8 9 /2 9 7 3 3 6  U3 / 3 6  UO U -  27
3 6 7 OU / 3 0 6 / 3 6  US 2 3 6 U S 3 *  0/
3 7 20  2 0 / 3 0 / 3 3 6  U 7 7 3 8 3 9 9 - 78
3 8 / 8 9 8 / 2 9  8 2 3 6 U S 2 3 8  UOO -  52
3 9 / 2 / 3 / 2 9 6 6 3 8  U U 7 3 8  U 2 0 -  27
U 0 /8 0 8 / 2 9 6 6 3 6  U 6 0 3 8  UOO - 60
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SO 2 06 / 3 / 0 6 3 6  U33 3 8 UU2 *■ 09
6  / 16  00 / 2 9  67 3 6  U9 7 3 6  U t  o - 8 7

Plonche n* 217

Etolonnogt en salinité après suppression des erreurs 
introduites porla transformation frequence-paromètre

' Üi37 ; 47---- * S* r—*
-90 -60 -70 -60 -40 -30 -20



111.3.4. - Remarks on the present investigation

The aims I set myself at the beginning of the MEDOC 69 project have, 
I think, been largely attained, and the present study shows both sufficiently 
and clearly that measurements with the Howaldt bathysonde are in certain 
cases able to broadly rival the classical measurements.

But to my mind there is still a necessity to go further into the matter, 
and to seek some theoretical justification for the shape of the curves and 
their evolution in time. For this we need to return to the conductivity 
sensor.

1. The conductivity sensor is made up of two ju,-metal insulated coils 
coupled through a crystal or pyrex tube filled with sea water.

The two coils which are connected to the outer cover of the bathysonde 
are naturally placed in a container that is pressure proof. This container 
is ring-shaped and can be in the form of a thick-walled hollow cylinder 
open at both ends in which the crystal tube can be inserted.

As it w ill never be possible to make the cavity between container and 
tube a perfect fit it is filled with insulating oil (denser than water) and is 
pressure-balanced by means of an oil-filled vial placed on top of the sensor 
and linked to the cavity by a tiny tube.

It is obvious that this equipressure is essential, in order to avoid the 
tube breaking or buckling.

Two things should be noted :
—  the oil in the vial comes into direct contact with the less dense 

sea water through a hole at the top of the vial;
—  in view of the difficulties of inserting the crystal tube between the 

cylinder joints and on account of the system for filling the cavity from 
the vial it will be impossible to eliminate air bubbles in the pressure 
balanced cavity.

2. Relating these two facts to the curves obtained it is thought that 
the following checks should be made as soon as possible :

—  that the pressure effect, plotted as a straight line as a function of 
log (P ), is due to the variation of the volume of the air bubbles, leading to 
a variation in the coil coupling. (This phenomenon is strangely similar to 
the one encountered in laboratory conductimeters.)

It should be noted that :
—  the compression of the tube, itself leading to a variation of the 

form factor, can also introduce the pressure effect;
—  in addition to the ageing of the circuits, the rapid and considerable 

changes in the sensor can be due to the fact that the sea water mixes 
partially and progressively with the oil, or else even simply that certain 
ions are miscible.

This happens as a result of the pressure effect, thus giving rise to a 
decrease in the oil’s resistivity and consequently a variation in the sensor.

In this connection it is important to note the flattening of the curves



at the left hand side, as if there were a tendency towards saturation. 
This phenomenon is particularly clear on plate VI for the case of the 
first stations after the tube (and consequently the oil) had been changed.

These entirely intuitive conjectures w ill be well worth following up, 
and this is shortly to be undertaken at the B.E.O.

To do away with the bubble effect it w ill in fact be necessary to use 
an oil bath in which the processes of filling the cavity and inserting the 
tube are carried out, thus eliminating the bubbles.

As to the ageing of the oil itself, it will suffice to carry out the pressure 
balancing in a watertight pressure-sensitive vial of sea water.

A series of sea trials incorporating these small modifications will 
probably confirm these theories.

W e may note that the above procedure is the one used by H y t e c h .

3. Finally, to explain the variation in slope of the calibration beyond 
1 500 metres —  which can no longer be logically explained by the bubble 
effect —  it is permissible to consider, all else equal, that the abrupt 
decrease in the salinity correction —  and consequently the equivalent 
increase in conductivity —  may be due to an ionic dissociation under the 
pressure effect of certain weak molecules such as carbonic acid C03H2 
(see R i l k y ) or sulphate of magnesium S04Mg.

This third hypothesis will be much more difficult to verify, and also 
more troublesome, since it demands a more precise definition of salinity 
from conductivity, but it would be possible if the four-sensor SCAMO 
bathysonde of the future becomes available as this would enable speed of 
sound in addition to pressure, temperature and conductivity to be measured, 
thus allowing verification of this speed computed from other three para
meters by a comparison with the actual measured speed of sound.

However, basing ourselves on the stability of near bottom waters, 
preliminary tests can be carried out in the near future making separate use 
of a velocimeter and the Howaldt bathysonde. It is not certain, however, 
that this experiment will be very convincing in view of environmental 
variations and of certain approximations in the formulae for computing 
the velocity of sound.

A  GENERAL CONCLUSION, AND PROSPECTS FOR THE FUTURE

In spite of the very restrictive conditions of the MEDOC 69 project a 
first step has undeniably been made.

It is important that we now draw some conclusions for the future.

W e are still in fact far from being at the end of our difficulties for :
—  the conductivity sensor must be improved so as to reduce the 

excessively large amount of corrections to the salinity values;



—  the sub-range switch must be made to function reliably, or alter
natively the system must be completely modified;

—  the programmes for computing and processing the data must be 
improved (as well as their storage processes), and an entirely automatic 
processing must be achieved;

—  the calibration procedures at sea w ill have to be precisely defined, 
and they will have to be adapted to allow for changes in range;

—  from these first prototypes definite conclusions on both use and 
operation remain to be drawn in order to be able to make practical 
improvements to future probes.

I hope that this paper will have allowed me to reveal —  in simple 
language for the non-expert —  some of the secrets of the mysterious and 
puzzling devices that bathysondes nevertheless still remain, i hope too 
that I shall have contributed to the increased use of clcciromc probes, to 
their improvement and to their unrestricted use. I should also like to 
recall the main principles of use for these probes for it is these alone that 
have made such accurate results possible. It is an absolute necessity that :

—  all measurements entering into the computation of parameters 
whose laws of variation we are seeking be simultaneous (probably to within 
the sensors’ time constant) ;

—  additional laboratory and in situ measurements be evolved and then 
carried out with great rigour. In particular the reference measurements 
and the probe measurements must be simultaneous both in time and space. 
Moreover, a time loss has now to be accepted so that the probe can be 
calibrated from time to time during the campaign, as well as after any 
damage to the sensor as a result o f a station of extended duration for 
obtaining about 20 check points between 0 and 2 000 metres.

This operation w ill doubtless be greatly facilitated by the use of the 
remote-controlled multi-samplers supplying 6 check points per lowering 
that are now being designed at the B.E.O.

It will then perhaps be possible to do away entirely with the traditional 
techniques based on the reversing bottle, which are long and tedious and 
necessitate manual handling, by providing the means of carrying out rapid 
automatic stations combining the use o f a probe for measuring physical 
parameters and a remote controlled multi-sampler. W e should thus be able 
to control the probe as well as to obtain measurements of the chemical 
parameters.

** *

E d ito r ’s note  : In  a d d i t io n  to  th e  a p p e n d ix  p u b lish e d  h e re , th e  a u th o r  in c lu d e d  one 
sh o w in g  th e  c o m p u ta tio n  of s a l in i ty  f ro m  in  situ  m e a su re m e n ts  o f e lec tr ic  co n d u c tiv ity  
a t  te m p e ra tu re  T  a n d  p re s s u re  P .

T h is  a p p e n d ix  h a s  b een  o m itte d  a s  i t  w as  n o t co n sid e red  in d isp e n sa b le  to  th e  
u n d e r s ta n d in g  o f  th e  p re se n t a r tic le . T h e  r e a d e r  m a y  r e fe r  to  th e  a r t ic le  “ R e d e fin itio n  
o f s a l i n i t y ” p u b lis h e d  in  th e  J u ly  1970 is su e  o f  th e  In ternational Hydrographic Review.
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