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A freely falling probe for small-scale temperature gradient? 

Abstract-A light, simple, and fairly inex- 
pensive hand-launched freely falling probe 
for measuring temperature microstructure 
was built. The circuitry operates under pres- 
sure in a Freon environment; low-power inte- 

1 Financial support was provided by the Physi- 
cal Oceanography Section of the National Science 
Foundation under grants GA-23336 and DES74- 
17968. 

grated circuits are used as components. The 
probe is assembled from plastic pipe and fit- 
tings and recovered with monofilament fishing 
line. Standard XBTs are adapted for use as 
the data link. Noise levels of 2 x lo-” “C 
cm-l were achieved in signals recorded during 
casts in the ocean and on inland waters. Por- 
tions of the water column can be rapidly re- 
sampled. The device can be operated from 
any size vessel. 
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on the central shaft below them holds them 
partly opened. It is held up only by the 
weight of the wings, so that once the launch 
is made and the wings have come up, it 
drops down and allows them to fold down 
for recovery. (The wings must fold; other- 
wise the drag would break the recovery 
line.) On subsequent releases the pressure 
data indicate that the wings usually do 
come up again at least for the first few re- 
leases. For example, on one cast the speeds 
for consecutive releases were (in cm s-l) : 
14.3, 14.4, 14.3, 14.6, 17.2, 16.4, and 17.8. 
Apparently the wings became tangled with 
the lines during the course of reeling in for 
the fourth time. 

The monofilament recovery line [30-lb 
( 14 kg) test] can be tied to a harness at the 
level at which the XBT wires emerge or 
can be coiled on a reel fixed in a bucketlike 
container deeper than the reel. If the cast 
is deep or the ship is drifting considerably, 
the reel must be used, the line uncoiling 
as from a spinning reel with no drag. This 
reel functions, of course, only on initial 
launch, requiring, before each release, full 
recovery and rewinding with a jig held in 
an electric drill. 

Weighing only 7 kg in air, the probe is 
easily launched by hand, most easily from 
the stern. Because of the force exerted on 
the wings as they hit the water, the falling 
distance in air must be minimized. One 
waits for a moment when the water level is 
high and releases as close to the water as 
possible. 

The temperature signals are amplified 
and sent up the wire links directly rather 
than as FM signals ( Fig. 5). Pressure and 
gross temperature are time-coded. Some 
elements of the design were influenced by 
the requirement that the probe electronics 
operate immersed in Freon under pressure; 
not all plastic-encased semiconductors will 
operate satisfactorily under pressure. 

Thermopiles were included in these units 
to test their practicality for use in the ocean. 
Their response time can be made much 
shorter than that of any thermistor; so if 
noise could be reduced to an acceptable 
level, they might give useful information at 

r 

TIME INTERVAL 

Fig. 5. Block diagram of complete system. 

high wave numbers. Detailed results will 
be given elsewhere. 

The printed circuit board (Fig. 6) has 
three analog data channels: two for ther- 
mopile transducers and one for a thermistor. 
One or two of these are used on a given 
cast. Operational amplifiers, Precision 
Monolithics OP-5, are used in a differential 
configuration for the crucial first stage of 
the thermopile amplifiers. These are inte- 
grated circuits with exceptionally low noise 
and drift. To minimize noise and save 
power the regulated power supply is +3 V. 
The OP-5s seem to operate well with this 
power supply. One cautionary note is that 
their positive output limit is +2.4 V, but 
their negative limit is only -1.7 V. The dif- 
ference between the two holds even for a 
215-V supply. There is large unit-to-unit 
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THERMOCOUPLE THERMOCOUPLE 
AMPLIFIER AMPLIFIER 

SECOND SECOND 
THERMOCOUPLE THERMOCOUPLE 
AMPLIFIER AMPLIFIER 
NOT SHOWN NOT SHOWN 

+8v, BATTERY +8v, BATTERY 

NOTE : ALL RESISTORS NOTE : ALL RESISTORS 
METAL FILM METAL FILM 
I% l/4 WATT I% l/4 WATT 

OSCILLATOR OSCILLATOR 
MONITOR MONITOR 

BATTERY BATTERY 

Fig. 6. Schematic of overboard unit. Fig. 6. Schematic of overboard unit. A1,5-OP-0% J, op-amp; A2,6,7,8,10-SN72307P, op-amp; A1,5-OP-0% J, op-amp; A2,6,7,8,10-SN72307P, op-amp; 
A9-LM339N, comparator; A11,12-CD4020AE, 214 counter; A13-CD4001AE, nor gates; A14- A9-LM339N, comparator; A11,12-CD4020AE, 214 counter; A13-CD4001AE, nor gates; A14- 
CD4016AE, analog switch; D1,2-lN914, silicon diode. CD4016AE, analog switch; D1,2-lN914, silicon diode. 

variation in their response to the thermal 
shock of submersion. Further gain is ac- 
complished in a second stage so that for a 
40-pair chromel-constantan thermopile with 
a sensitivity of 2.4 mV ‘C-l, the output is 
2.4 V per degree. Over the 30-Hz band- 
width, the amplifier noise is about 0.1 PV 
referred to the input. Converted to tem- 
perature, this represents about 4 x 10e5 “C. 

The thermistor bridge also incorporates 
the OP-5 operational amplifier, set up as a 
differential amplifier with the (nominally 
10 Kn ) thermistor between noninverting 
input and ground. The actuating voltage 
is taken directly from the reference in the 

regulator. A second stage amplifies by 100 
to give an output of about 0.4 V ‘C-l and a 
range of about 10°C set up to be 5 to 15°C 
for ocean work. If we assume the same 
noise estimate for the amplifier, the noise 
expressed in terms of temperature is 2.5 
x 1o-5 “C. 

The output of a saw-tooth oscillator with 
its frequency determined by a potentio- 
metric-type pressure sensor is added to the 
data channels at the summing junctions of 
their second stages. This frequency is 
counted down by a 2” divider to give an 
output with a period of 30 to 60 s. This 
signal triggers a one-shot multivibrator 
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which adds a 0.1-s pulse to the recorded 
data, the interval between pulses giving a 
permanent record of the depth. 

For gross temperature measurements, a 
similar oscillator is used with its feedback 
current derived from a thermistor bridge. 
A train of 0.05-s pulses-the interval be- 
tween them dependent on temperature-is 
added to one of the thermopile outputs to 
give a record of absolute temperature. 

Power for this circuitry (10 mA) is de- 
rived from four 4.2-V mercury batteries. 
These batteries can be used only at this low 
current drain; at a higher load their ca- 
pacity is drastically reduced at low tem- 
perature. 

Several unanticipated difficulties had to 
be overcome : A toggle switch used as an 
on-off switch failed repeatedly, apparently 
because the Freon dissolved its lubricants. 
A shorting connector was substituted. A 
polyurethane coating was required to pro- 
tect the circuit board from corrosion. Sig- 
nal degradation caused by electrical leak- 
age in the data links was removed by taking 
the output directly from the amplifier out- 
put pin. 

The depth to which this circuitry will 
operate is limited by the .batteries; internal 
damage occurs at about 300 m. At 500 m 
the sealed metal cans of the integrated cir- 
cuits start to collapse. By punching holes 
in the cans and letting the Freon in, opera- 
tion to greater depths probably would be 
possible, but performance might be de- 
graded by contamination. We have not 
tried operation at depths over 300 m be- 
cause our interest has been in shallower 
coastal waters. 

To avoid ground-loop problems, differ- 
ential amplifiers with high common-mode 
rejection are used in the input stages, and 
all electric power comes from lead-acid 
batteries through an inverter. Ship’s power 
is used only to recharge the batteries. To 
remove 6O-Hz and pressure-oscillator sig- 
nal, the signals are low-passed with a 6pole 
Butterworth filter with half-power point at 
30 Hz. The FM pressure signal is extracted 
before the filter bv a bandnass amplifier. 

-peed Traces 

High- Speed Traces 

IOl’Ckrn 
e & 

Fig. 7. Typical recorder traces near the sea 
surface. The area set off by dashed lines in the 
low-speed trace is that for which high-speed traces 
are shown. The low-speed trace is derived from 
the thermistor, the upper two high-speed traces 
from a thermopile (with different gains ) and the 
lowest pair of traces represent a differentiation of 
the thermistor signal at different gains. 

then fed to a counter so that depth can be 
monitored. 

Thermopile signals are recorded on a 
high-speed ( 2.5 cm s-l) chart recorder, 
often on several sensitivities in different 
channels to make up for the lack of dynamic 
range. The thermistor signal is recorded on 
a slower speed recorder and is also differen- 
tiated and recorded on one channel of the 
high-speed recorder. 

Over 100 casts have been made off the 
Oregon coast from RV Yaquinu and another 
30 in Green Peter Reservoir in western Ore- 
gon. Casts in the ocean have ranged in 
depth from N-300 m. We have had only 
one loss, when the line suddenly snapped 
during a routine recovery at sea. The break- 
age was probably caused by a nick in the 
line; it had been used for more than 30 
casts over a 3-day period. The line should 
probably be changed daily. 

Shin handling: on the ocean during a cast 
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Low - Speed Thermistor Trace 

Thermopile 

High-Speed Traces 

I set , , 

I lo-4T 

*L 

Thermistor 

I I u 
Fig. 8. Records taken with probe sitting on the sea bottom, in 100 m of water. These signals may 

represent the noise in the system. In this case the thermistor signal is not differentiated at the fre- 
quencies containing most of the energy in this record. A pressure-pulse is seen at right. 

presents problems. It is best to hold station 
with the ship heading into the wind, using 

probe and ship. But off the Oregon coast 

the bow thruster for propulsion, so that 
the winds are often too strong for the bow 

only water currents horizontally separate 
thruster to hold station, and the ship is then 
blown down over the stern lines. The cur- 

TEMPERATURE 

Fig. 9. A feature found in “gross” temperature traces from repeated sampling of an inversion fea- 
ture on a wingless cast taken 15 August 1974 starting at 1249 PDT. The initial location was 44”59.7’N, 
124”09.9’W in 100 m of water off the Oregon coast. The repetition time was 6 min and the ship drifted 
0.7 km to the SSE while the data were being taken; thus the drift between samples was about 50 m. The 
dashed line surrounds the area examined in Fig. 10. 
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Fig. 10. Thermal gradient records from the 
portion of Fig. 9 set off by a dashed line. These 
are tracings of the raw data. uncorrected for ther- 
mistor response, so the high-frequency signal is 
suppressed. The dashed line surrounds the region 
examined more closely in Fig. 11. 

rents in this area also present a problem as 
the surface water typically moves southwest 
while the subsurface water moves north. 
Thus the instrument may seem to fall 
through the water to the south, away from 
the ship, but when the line is tightened for 
recovery the instrument may surface to the 
north with the lines running under the ship. 
We have developed procedures to deal 
with these problems, but other procedures 
may be needed in other areas. 

Wingless drops work nicely in a lake 
and can be done in the ocean sometimes, 
With its weight (electronics and Freon) 
nearly at its lower end and the buoyancy 
near the top, the probe stays upright as it 
falls, but does not spin. It can be pulled in 
and released as long as desired without 
breakage of the XBT wires, so that the 
whole water column, or any part of it, may 
be resampled with little delay. To achieve 
a slow rate of fall, the buoyancy must be 
held under 0.1 kg-easy to maintain in a 
lake but difficult in the ocean. In a lake, 
the XBT unspools from the probe only dur- 
ing the initial drop through the water col- 
umn, so that the negative buoyancy remains 
constant and the fall rate does not change. 
At sea the initial weighting is difficult, and 
drifting causes the XBT wire to continually 
unspool. Unless it is very calm, the probe 
eventually becomes buoyant and refuses to 
fall. 

(a) TEMPERATURE GRADlEN 

Fig. .l. Temperature gradient ( a) corrected 
for thermistor response and (b) an integration of 
the corrected gradient from the region set off by 
dashed lines in Fig. 10. 

The data gathered are still being ana- 
lyzed; shown here are only a few plots. 

A typical record near the surface (Fig. 
7) shows the structure of the thermocline. 
The high-speed traces show periods of 
quiet alternating with periods of intense 
small-scale activity. Spatial averaging at- 
tenuates the small-scale features in the 
thermopile record. 

For an upper-limit estimate of noise lev- 
els a record taken while the instrument was 
sitting on the sea bottom can be inspected 
( Fig. 8). Using a factor of six to convert 
from peak-to-peak to r.m.s. signal, a value 
of about 0.02 mdeg cm-l is calculated for 
both transducers. This is within a factor of 
two of the noise level calculated from the 
manufacturer’s specifications for the opera- 
tional amplifiers, so the noise probably is 
caused by the amplifiers and not picked up 
in the data link. 

The potential of these techniques is fur- 
ther illustrated by a series of samples of an 
inversion feature by the “wingless yo-yo” 
method (Figs. 9, 10, and 11). The instru- 
ment was pulled in and released from the 
surface so that the top 50 m of the water 
column was sampled every 6 min. The ship 
drifted about 50 m in that time. Distortion 
of the water column by shear was not mea- 
sured. The alignment of the traces in the 
vertical with respect to each other becomes 
more arbitrary as the vertical scale is en- 
.arged because of errors in the pressure 
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A piston corer for peat’ 

Abstract-The construction and operation 
of a corer capable of recovering uncontami- 
nated and uncompressed samples of peat and 
other soft sediments from precisely predeter- 
mined depths is described. 

The construction and oneration of the 
corer is diagramed in Fig.l 1. The instru- 
ment consists of a core barrel attached to 
an extension tube which alows it to be 
forced down to about 6 feet ( 1.8 m) below 
the surface. The piston is mounted on a 
rod which passes up through the extension 
tube and controls its position within the 
core barrel. A handle is attached to the up- 
per end of this rod. The maximum excur- 
sion of the piston is fixed by the construc- 
tion at exactly 1 foot (30.5 cm). The depth 
through which the core is cut is controlled 
by a wooden template in which six holes 
large enough to receive the handle are 
bored at l-foot intervals, the upper hole 
being in such a position that it will receive 
the handle when the template and corer 
are both resting on the surface and the pis- 
ton closes the lower end of the core barrel. 

The instrument is designed to secure sam- 
ples of peat or other soft sediments with 
minimal disturbance of structure, compres- 
sion, or contamination by material from 
other depths. Its special virtue is the auto- 
matic control of the depth of sampling. It 
has been used with satisfaction for some 15 
years to secure samples of salt marsh peat 
from depths up to 25 feet (7.6 m). By work- 
ing through a hole in the ice cover 19 feet 
(5.9 m ) of soft lake sediments have been 
secured at a position where the water was 
27 feet (8.2 m) deep. It is described in re- 
sponse to a number of investigators who, 
having seen it in use, have requested de- 
tails of its construction. 

The principle of the piston corer was 
used 50 years ago by Caldenius and Olsson 
to obtain soft terrestrial sediments (Olsson 
1925) and was developed with great success 
by Kullenberg (1947) to secure long cores 
of bottom sediments from the deep ocean. 
Piston corers have been described for se- 
curing the sediments of lakes (Livingstone 
1955) and of tidal marshes (Pestrong 1965). 
One such is commercially available.2 

1 Woods Hole Contribution No. 3521. 
’ Micron Research and Development Corp., 2466 

State Street, Hampden, Connecticut 0651.8. 

The first core, extending from the sur- 
face to a depth of 1 foot is cut by inserting 
the handle in the upper hole of the tem- 
plate to ensure that the piston remains im- 
movable and forcing the core barrel down- 
ward to the limit of its excursion, when the 
upper end of the extension tube will cor- 
respond in position to the second hole of 
the template. The instrument is then with- 
drawn after tightening a setscrew at the 
upper end of the extension tube to ensure 
that the piston remains in its position and 
prevents the loss of the sample. The core 
may be discharged into a plastic bag or 
onto a pan by pulling back on the extension 
tube to the limit of its excursion. 


