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A RECORDING BATHYPITOTMETER1 
BY 

WILLEM V. R. MALKUS 

Woods Hole Oceanographic I nstituticm2 

Woods Hole, Massachusetts 

ABSTRACT 

The stability of a cable towed through the sea has suggested the use of its weighted 
end as a platform for velocity measurement. This report describes an instrument, 
lowered on standard hydrographic wire, which uses mechanical sensors to record 
speed, temperature, and pressure on a waxed paper roll. Initial measurements are 
presented which indicate that the vertical profile of an ocean current can be de-
termined in approximately one hour. 

INTRODUCTION 

The direct determination of change of an ocean current with depth 
has become an urgent need in modern oceanography. The vertical 
structure of a velocity field is probably the most sensitive indicator of 
the physical processes which dominate its evolution. Most theories 
on the development of currents due to wind stress, and theories on the 
mixing processes that modulate this development, can be tested 
critically by their ability to predict this variation with depth. Also, 
it is essential to supplement with other data the information concern-
ing fluid transport obtained by the geostrophic relation from density 
measurements; for while these density measurements are indicative 
of the average fluid motions, the forces responsible for the time-
dependent meanders raise the most recent questions. 

Such direct velocity measurements have not been made extensively 
because of the difficulty of creating a stable reference platform in a 
tossing sea. Another problem is the time element in making observa-
tions to great depth; if the velocity field is fluctuating continuously, 
establi shing the mean velocity might require a longer period than the 
persistence of the investigated structure at the place of measurement. 

This report describes a technique of measurement with an instru-
ment that permits the determination of the vertical structure of a 
current in one hour. 

1 This work was performed under the auspices of the Office of Na val Research, 
Contract N6onr-27701. 

2 Contribution No. 634 from the Woods Hole Oceanographic Institution. 
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THE CATENARY PLATFORM 
The catenary-like curve of a long wire weighted at its end and towed 

by a ship acts as a filter for the short period roll and pitch of a ship. 
The horizontal and vertical stability of the weighted end has suggested 
its use as a platform for velocity measurements. The difference 
between such a measurement and the ship's mean velocity through the 
surface water is the change in velocity of the ocean current between 
the surface and the depth of the platform. The absolute surface 
velocity may be found by making a lowering into quiet waters below 
the current, or, if none exists, by lowering to a point just above the 
bottom. Three diffi culties confront this suggestion. The first con-
cerns the time necessary for the catenary to come to equilibrium at a 
specific depth. If this time is longer than a few minutes, then the 
time involved in the complete measurement might be excessive. The 
second difficulty is the necessity of maintaining a constant mean 
surface velocity during the measurement. The third is the problem 
of shallow and surface measurements where the catenary has lost its 
value as a stable platform. 

These problems have been resolved by using the standard 3/32" 
hydrographic wire with a 150-pound instrument in the ship's mean 
speed range of 31/z-5½ knots. It is found that the catenary attains 
its new equilibrium two to three minutes after changing the instru-
ment depth 100 m. Surface velocity can be determined and main-
tained by a carefully checked ship's pit log, or other secondary measure-
ment and by cautious correction of the helm. 

AN INSTRUMENT 
A simple rugged device whose calibration could be checked on board 

was sought for the velocity measurement. The pitot seemed like such 
a device, but it indicates speed only, not direction. The instrument 
developed is tentative in character due to the assumption that ocean 
currents have little or no change in direction with depth and that 
their speed alone is worth investigating. It is necessary, therefore, to 
determine or estimate the direction of the surface current with the 
Geomagnetic Electrokinetograph (von Arx, 1950), by drift measure-
ments, by Loran or Navigation, or from the thermal structure. The 
ship is then headed into the current and the simple speed versus depth 
measurements are interpreted as indicative of the velocity. A more 
refined tool must embody a direction indicator as well but this is 
compli cated by the normal long-period fluctuations in ship direction 
~rndan:i~ed by ~he catenary. The pitot measurement is relatively 
msens1t1ve to either small angular changes in course or to a small 
constant deviation of ship motion from due upstream. 
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The decision to record the measurements on commerciall y available 
rolls of waxed paper has influenced to a large extent the character of 
the sensors and auxi li ary equipment used in the particular instrument 
which was constructed. Briefly , a sylphon bellows, activated by the 
pitot pressure, drives a stylus across the waxed paper. A pressure case 
contains batteries and a small electric motor. The motor is mag-
netically coupled through the pressure case to the paper, which is open 
to the sea. A second stylus is driven by a bourdon pressure element 
to measure depth. A third stylus is driven by a flushed bimetal strip 
to record temperature, while a fourth stylus provides a reference line 
to remove errors due to lateral drift of the paper. Back lash is avoided 
by the use of flexural couplings between sensor and stylus; these 
couplings also remove the problems of corrosion created by pivoted 
linkages. A schematic diagram and a photograph of the instrument 
appear in Fig. 1. The component details will be discussed in separate 
paragraphs. 

THE SENSORS 
Fig. 2 shows the three sensors and a detail of a flexural amplifier. 

The phosphor bronze fl exure coupling is ¼" wide, .008" shim stock 
with full range deflection of ± 10° in this application. The amplifi ca-
tion factor of the flexure is controlled by the distance between the 
shims and the length of the pen and can be made very large if stiffer 
sensors are desired. The high natural frequency of a stiff sensor 
reduces the problem of stylus vibration which attends the use of any 
sensitive indicator. 

The pitot sylphon, with sturdy positive and negative stops to avoid 
excessive strain when the instrument is diving, has a full range of 5½ 
knots. Its full scale response time is less than a second. 

The temperature element is a 6 X 1.0 X 0.1" bimetal; while it is 
thermally insulated from the water in the instrument case by the 
formica block in which it is mounted, it is continuously flushed by 
small louvres that are open to the surrounding sea. Its response 
time to 1/e of its final value is approximately one second. However, 
the attainment of final equilibrium of all sensors is limited by the 
frictional drag of a stylus on the paper. With the paper in motion 
and with the normal vibration of the whole instrument, this equilib-
rium is reached in less than ten seconds. 

The depth-indicating bourdon is interchangeable to permit several 
depth scales. 

Fig. 3 shows the "shall ow" grid that is used to interpret a record for 
measurement down to 800 m. 

Calibration of the pitot is accurate to ± 1/20 knot, though changes 
in velocity of .02 knot are easily detected between 3 and 5½ knots. 
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Figure 2-Detail of the sensors and their couplings: (a) a flexural amplifier; (b) the speed 

sensor; (c) the temperature sensor; (d) the pressure sensor. 

Recalibration of the pitot aboard ship can be performed with a water 
manometer. Calibration of the bimetal is initially correct to± 0.1 ° F, 
but the drift with time and use has not been ascertained. 

THE RECORDING MECHANISM 

An "0" ring sealed stainless steel pressure case with 1/8" walls and 
an inside diameter of 2½" contains batteries and the paper drive 
motor. A salt water switch on the tail actuates the motor when the 
instrument is in the sea. The batteries will last for at least 100 
operating hours and can be quickly changed at sea. A permanent 
magnet pair, one in the pressure case and one in the sea, transmits the 
motion to the paper roll at 1" or 5/16" a minute, depending on the 
choice of an external gear. The spools which contain the paper are 
removed and inserted as in a camera. The waxed paper, which comes 
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Figure 3-A calibrated grid superimposed on the waxed paper record. 
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F igure 4. The recording mechanism. 
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Figure 5--A sample record from t,he nortlwrn Pdge or tlw gulf stream. 

to the surface with its bar.k thoroughly soaked, is permitted to dry 
several minutes before a reading. Four knurled screws near the tail 
pnmit the withdrawal of the recording mechanisms (Fig. 4) from the 
body of the instrument for loading and recovery of the paper. 

A SAMPLE RECORD 

The following record, presented to clarify the operational use of t he 
instrument, does not necessarily represent a typical section of a current. 

In a northern edge of the Gulf Stream, off Cape Hatteras, the vessel 
was headed into the current at a surface speed of 3.8 knots. The 
direction of the surface current was established by a careful G. E. K. 
observation just before this operation. Triple Loran observations 
,rnre made to ascertain t he ship's way with respect to the earth. 

After 1200 m of hyclrographic wire had been rPPl<'d 0 11 t, tlw bathy-
pitot meter \\ 'flS all oll" ed 20 minutest o swing to its fir ::; t erruilibrium at 
542 m depth. At this time it was assumed that the measurement 
commPnced. The wire was then retrieved in 12 step!s as indicated. 
The wttxed paper was dried and re::u.l through fl, gri<l to pro<lul'.e the 
record given in Fig. 5. It is signifi cant, perhaps, that flu ctuations 
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around the mean at all depths were small and slow. They are indi-
cated on the record by the double ended arrows at each velocity 
datum and by ellipses at each temperature datum. 

The Loran observations, with a bracket estimating their probable 
error, support the indication of the lowest measurement that the water 
at 500 m had little or no velocity relative to the earth. The G. E. K. 
observations, drawn as a long bracket from the Loran "zero," is further 
evidence that the absolute velocity as well as the relative velocity of 
the stream at each depth was determined. The discrepancy between 
the indicated G. E. K. surface velocity and the actual surface velocity 
is a measure of the average total transpo1 t of fluid at this section 
(Malkus and Stern, 1952). 

The record contains several uncommon features, such as the thermal 
inversion at 90 m and a maximum velocity at 30 m below the surface, 
but it gives evidence of how such phenomena may be observed and 
correlated. 

The work of Mr. Angelo Cangiamila in preparing the instrument for 
use and in the observational program is gratefully aclnowledged. 
The trouble-free operation of the instrument is attributed to the 
ingenuity of Mr . Myron Howland, who is responsible for its con-
struction. 
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