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INSTRUMENTATION REQUIREMENTS FOR SMALL SCALE

TOWED TEMPERATURE MEASUREMENTS

INTRODUCTION

In order to measure horizontal ocean fluctuations of temperature and
salinity from research vessels of opportunity, the Ocean Measurements
Program of NORDA has supported feasibility studies for appropriate towed
systems. A preliminary study by Koeppen (1979) has evaluated a number of
available towed systems to determine their suitability within a broad
matrix of characteristics and has concluded that one or more existing
systems can meet the requirements. That report was quite useful because
it assembled and compared information on many towed systems which were
developed over the previous decade. More recent reviews of specific
towed systems have appeared (Nasmyth, 1980; von Zweck, 1980; Mesecar and
Wagner, 1981), but specifications for the limits of motion of the platform
and for the sensor resolution have not been made.

In this report, these two subjects are discussed in some detail.,
Measurements of temperature and conductivity fluctuations acquired with
the NRL towed array are used as the standard toward which any new systems
should strive to surpass. Horizontal spectra in the band from 1.5 cm to
hundreds of meters are reviewed in some detail with the intent of using

them as a model for the expected fluctuations. The lowest energy level in

the model spectrum, then, is taken to be the minimum goal for any new
system, since larger vertical motions of the instrument platform or higher
noise level of the sensors clearly would contaminate the data. These
measurements have all been made in the seasonal thermocline of the

Sargasso Sea in the summer, so their universality is suspect. However,
Manuscript approved December 9, 1983,
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;*g the energy levels are consistent with the Garrett and Munk (1972) model
i A
; % which was built upon a significant number of previous measurements. Thus,

vertical fluid displacements and scalar fluctuations in other locations

* AR

are assumed to scale with the local mean vertical scalar gradients in a

bd o Bn®

known way. The requirements, then, are dependent upon local parameters.

High vertical gradients forcce extremely tight tolerances on the allowable

- |
m‘: b
;1§ platform motions while small gradients push the sensor resolution 1
2 ",-‘.

A 4
%*y requirement. The requirements also are functions of the bandwidth, as ]

limited systems which resolve only part of the horizontal band can have

T
s
o

somewhat more relaxed standards.

: i The usual approach to meeting the platform motion requirement has

been to implement a motion isolation or compensation system (cf. Dugan

 §? et al, 1980, or Nasmyth, 1980). An alternative approach is to permit :

{;: the instrument platform to heave in sympathy with the tow cable and to !
o assimilate the tow spectrum from interpolation in a limited aperture

1.3 vertical array. This approach is discussed and requirements for the é
.E vertical resolution of the array are specified by using available measurements

PO of towed vertical coherence. )

£

\g MODEL TOWED SPECTRUM :

‘i“ In this section, the tow data which will be used to specify allow-

éé% able noigse levels are presented. The data have been acquired previously :

:EE by NRL by towing an array of thermistors and a high frequency conductivity i

:j: sensor in the seasonal thermocline in the Sargasso Sea. Figure 1 shows

f?: towed temperature spectra in the horizontal band from one to several

B %

N hundred meters. The different levels correspond to varying levels of

1
[}
)

My

- activity in the data. The lowest energy level was in a region devoid of i
{
{
i
{
\
\
\
\
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:ﬁj gignificant features in the data, while the higher levels were in regions
.."q
4; having energetic fine scale patches. The mean vertical temperature
[
gradient in the vicinity of the measurements was 0.11°C/m.
»Ej In the same region, a high frequency conductivity sensor also was
Xty
@g towed. Spectra of these towed conductivity data are shown in Figure 2 and,
A .
My
’ again, the various estimates have been obtained in patches having different
ﬁ: ) energy levels. The mean vertical conductivity gradient was 0.13 mmho/cm/m
1
2,
Yy (.013 S/m/m). These data have been discussed in more detail in Dugan et al
N
(1983a).
F)
Lo Figure 3 is a combination of the data in Figures 1 and 2, and the
o spectra have been normalized by their respective mean vertical scalar
)
‘ gradients. The resulting spectra are estimates of displacement density
—53 and these are further multiplied by the square of the local buoyancy
i: frequency so that the vertical scale, then, has units of potential energy
; density. It 1is arguable as to whether or not the fluctuations on the
';j smaller scales, especially, represent actual fluid displacements from
;ﬂ their equilibrium depths, but we will interpret the data in that way.
n’."
On horizontal scales longer than several meters, more complicated algorithms
o
'? for calculating displacements have been pursued and the results are
'; consistent with these ones (Dugan et al, 1983b). For example, estimates
- of fluid displacements calculated from a high vertical resolution thermistor
o array by using the Eulerian estimation formula
" .
K" 9T/3x
di/dx =
- / ST/dz
4
4
J yieid spectral levels within several dB of those in Figure 3. On scales
Y
o
:ﬁ less than the order of ten meters in the horizontal, the physical
Vi
4"
)
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3
o 3
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processes which occur are mixing in nature, and the interpretation of
these estimates as real fluid displacements clearly is invalid. Just
how incorrect the estimates are, and of what sign a correction would be,
is unknown. Thus, for the present, the interpretation of the variance
distribution as fluid displacements all across the bandwidth in Figure 3
is assumed to be valid. 1In this interpretation, then, any sensor motion
must be less that the lowest natural ocean fluctuation level in order not
to contaminate the measurement, Thus, the lowest curve in Figure 3 is
taken to be the maximum allowable instrument platform motion in the
vertical direction.

The horizontal band in which platform motion typically is most
severe is from about 10 to 30 meters. This is dependent upon the tow
speed and the direction of tow with respect to the dominant component of
swell. As an example, Figure 4 shows typical temperature displacement
spectra plotted with the spectra of the vertical platform motion measured
by pressure sensors. The temperature data exceed the motion level com-
fortably except in the motion band. In this band, the estimates are
uncomfortably close (less than ~ 3db) and the system is performing at
only a marginally acceptable level. This level of performance is not
adequate in the quietest regions of the thermocline, as the ocean temp-
erature spectrum drops down below this motion peak. The crucial point is
that the rms platform motion i3 less than 2 cm in this band. Platform
motions higher than this level clearly contaminate the quieter regions in
the thermocline, and those a decade higher in variance level contaminate
even the most active regions measured with the present system.

The remaining issue is with what confidence we project these results

to be valid for other depths and other locations. Over the seasonal
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thermocline in which the measurements illustrated in Figure 3 were made,
the mean level of temperature displacement estimates varied by less than a
factor of about two in a mean vertical temperature gradient which varied
by a factor of about ten. Thus, to a first approximation, the rms dis-
placement was constant across the thermocline. These results also are con-
sistent with those acquired in previous years in the same location and
season (cf. Bell et al 1975; Bell 1976; Miklovic 1981). However, the
measurements reported by most other investigators are limited to bands

outside that of the ship motion (cf. Moseley and Del Balzo 1976;

PR

Miropol'sky and Filyushkin 1971). Garrett and Munk (1972) have proposed

.\-J ol
VY

a model for internal wave spectra in which the horizontal dimension was

-4

14

PN XN

fitted to larger scale data of LaFond and LaFond (1971) and Charnock

(1965) . More recent results on the shorter scales by McKean and Ewart

:

(1974) and Zenk and Xatz (1975) as well as the data in Figure 3 are con-
sistent with this model. 1In this model, the spatial spectrum is red and,
although more recent variants have suggested several different possible

colors, the energy level is assumed to scale as
N<ZZ> = constant,

where N is the local buoyancy frequency. For the rms level, this normal-

ization implies a rather weak dependence upon the dbuoyancy frequency.

o

&
&%
ERI o

Dugan et al (1983a) only found a factor of order two in level between the

&

N

'_
-

- L.
ORPREREL |1

seasonal thermocline and the level in the main thermocline reported by
Katz (1973), and this is consistent with the expression above. At the
shorter scales, the level does not appear to scale with a gross environ-
mental parameter such as the mean gradient (cf. Gregg 1977).

On balance then, across the horizontal scales of interest here,
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there 13 no overwhelming evidence to expect large changes in level from

%Eg thogse shown in Figure 3. In several horizontal bands of particular
v interest here, the rms motions are given in the following table.

é i Band rms Motion

§ < 10m <1 cm

1 10 - 30m 2 cm

: 30 - 100m 7 cm

R 100 - 300m 20 cm

MOTION CONTAMINATION

R

o v e £T 8

As discussed in the previous section, Figure 4 shows typical examples

L

"

:.' of the sensor platform motion spectrum with the associated temperature

;1% displacement spectra. This level of performance was achieved ¢nly with a

;&j motion compensator in the towed system. The motion compensator is a

B passive device which is connected to the tow cable at the shipboard end
-ty

?; and which maintains constant tension on the cable. As the ship's stern

:: heaves up, cable is let out in order to maintain constant tension. This
i system has been successful in maintaining the 2 cm rms sensor motion

‘gﬂ level in the ship motion band in sea states up to five (Dugan et al

Zt% 1980). 1In future systems, contamination of the data can similarly be

:: minimized by implementation of an isolation system like this one. This
5: is not a trivial matt-rc, however, because the system consumes deck space

;; and requires a source of high pressure air. This air is available on

55{ the USNS HAYES but it would have to be provided at additional trouble on

h} ships of opportunity.

3*: A possible alternative solution to this contamination problem is to

< .'v'..f o, &, N -( g .-':-':-‘
".‘..;".' N, o iy ’ "‘. Ny



tow a high vertical resolution (HVR) array. This array would not be motion
stabilized, but the horizontal (and two-dimensional) temperature fluctua-
tion field would be assimilated from interpolation in the array. In
principle, this can be accomplished as long as the precise position in
space of all elements in the array are known and the vertical spacing and
frequency response of the sensors in the array is sufficient to resolve

the temperature fluctuations. The cruclal issue for a practical system

is the required vertical resolution in the array. If the resolution

requirement is too stringent, the high cost and complexity of a large

"s..

number of sensors makes this approach unattractive.

O

As it turns out, the vertical spacing which is required is a direct

-

function of the horizontal wavelength which one wants to measure.

.
.

Estimates of the required spacing can be obtained from measurements of

)
.
-

towed vertical coherence of temperature fluctuations. Using an HVR array
which was isolated from motion by the shipboard compensation system,
vertical coherence measurements have been made for sensor spacing of 6 cm
on up by Morris and Dugan (1982). Figure 5 1s a synopsis of those results.
The two lines represent the .3 and .7 levels of squared coherence, so the
top left part of the figure is a parameter region of high coherence and the
lower right part is a region of low coherence. The 6 cm spacing well

resolves all horizontal wavelengths of 10 m and more and, in fact, this

spacing is adequate. This resolution, then, 1s an appropriate one for
resolving the two-dimensional structure in the ship motion band, and the
data should be adequate for calculating the temperature field in
rectilinear coordinates.

This prediction, however, must be tested before the requirement for
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a motion compensator is relaxed. The HVR data previously collected by NRL

have been reveiwed for their usefulness in testing this principle.

Unfortunately, they have been found to be inadequate because the motion of the

array in two dimensions was not measured carefully enough (pressure sensor

noise level too high). Thus, it has not yet been proven that the principle

works for real data collected under the appropriate conditions. There is
an additional problem in that there i3 uncertainty in what happens to the
data on shorter scales. Thus, although the prediction using the towed
vertical coherence data was fairly straightforward for the ship motion
band, just what happens to the data on the shorter scales is unpredicted

and, in fact, unknown.

SENSOR NOISE LEVEL

Proper design of the measurement system requires careful specifica-
tion of system performance parameters among which are dynamic range,
resolution, and noise level. In the following, these parameters are
evaluated in the context of presently available towed measurements of
conductivity fluctuations in the seasonal thermocline. Temperature
specifications follow identical reasoning.

It is assumed that data acquired by such a measurement system are to
be in digital format to facilitate subsequent processing and analysis. A
further assumption is that the system must measure conductivity across
the whole range of oceanographic values, that is from O to 6.5 S/m. The
approach is to define the noise floor due to quantization of the data by

the digitization process, and then to define the resolution and sampling

rate in light of towing speed and the gignal characteristics of the oceano-

graphic proccesses that are to be measured. An additional assumption is
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-.-\' o, ‘l"’!.'&*\ ey LS e
P RN NI AN MM W N0,




|

£ L A

s

.
)

. .
=

-.'-‘.-q--\-.--.\ YRR ARG
* e N o \,&.’t N TR T A A T YR

that levels of sensor noise, electronic noise, and various forms of data
contamination are at or below the quantization noise level.

Quantization noise results from the roundoff or truncation inherent
to the digitization of an analog signal. The resulting variance may be
expressed as:

12
where 02 is the quantization noise variance anl AE = E/20-1) is the
least count or quantization interval for a signal range E and binary word
length of n bits,

Figure 6 is redrawn from Figure 2; recall that the various spectra
range from quiet to moderately active signal levels in the 2-100 cm range
of horizontal wavelengths. A k=5/3 1ine 1s included as a quiet signal
reference level., This is taken as an estimate of the signal level that a
towed conductivity system must resolve. Superimposed on Figure 6 is a
family of seven lines corresponding to quantization noilse levels for
digital word lengths of 12-24 bits assuming a typical 0-6.5 S/m conduc~-
tivity sensor range. The k=1 slope is the result of normalizing the
bandwidth-independent quantization variance o2 by the bandwidth k. in
computing a power spectral density. Thus,zfor 0% = 10‘6(S/m)2, if
k. = 1 cpm, the spactral density is $2 = ﬁ; = 10'6(S/m)2/cpm. 1f
k. = 100 cpm, then ¢2 = 1078(s/m)%/cpm.

The special case of a pre-emphasis (PE) filter is also shown for
the 16 bit word length. The standard PE filter used at NRL has an

amplitude transfer function:

- "q.".-‘-“ ‘n‘.-‘.h’. ’:"-'-'\'-'-'n'
.
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e Oee 1+ 122][1 + 136]1/2
5
2e
s where - 1.1 Y - £
T Tt et T ty0 '3 ty
3
X1
‘
' and f1 = 0.25 hz, f9 = 200 hz, and £5 = 500 hz.
:ﬁ: This function has constant gain from dc to 0.25 Hz followed by a roll-up of
X
iz 6 db/octave to 200 Hz. At 500 Hz there is a 3~pole Butterworth bandlimit-
ot
ing filter.
{i The variable gain increases the system resolution as:
2y .
o3 PE * . n2n
A
&N
*l
;3 if the variance is dominated by the higher wavenumber component. From
;N Figure 6, it 18 clear that the high gain near 200 cpm results in better
é; than 25 bits of resolution, again assuming a 0-6.5 S/m sensor range.
1
:§ As may be seen in Figure 3, the spectra on scales significantly longer
g than 1 meter rise considerably faster than the -1 slope of the noise level-
;i bandwidth lines. Thus, specifications stringent enough to resolve the
02
’? microscale, are sufficient to resolve the fluctuations on the longer
| scales.,
‘jﬁ The effect of variation of the mean vertical conductivity gradient on
o~
o
3& the spectra of Figure 6 has not been studied explicitly so there is .
e regservation in the definition of quiet spectral levels. For reference, %
the data in Figure 6 were collected in a seasonal thermocline in which the : j}
Y
mean vertical gradient was about .013 S/m/m. g
- Two specific cases of system performance are indicated on Figure 6. g
%
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In each case, only those fluctuation levels above and to the left of the
heavy lines are resolved. 1In case A, a 2.5 cpm Nyquist wavenumber
corresponding to 20 samples per second at an 8 knot towing speed is
assumed with a 16 bit resolution. It is clearly inadequate by a full
decade to resolve the quiet background signal at full bandwidth, though it
should be quite adequate to resolve wavenumbers less than 1 cpm. 1In
addition, due to the redness of the spectrum, the aliasing incurred with
the use of a digitizer without an anti-aliasing filter (such as in the
Neil Brown CID system) is inconsequential,

In case B, a 6.25 cpm Nyquist bandwidth is assumed, corresponding to
50 samples per second at a towing speed of 8 knots. The resolution is 18
bits and, in additiom, the sensor calibration range is halved to 3.2 S/m
which increases the resolution to an effective 19 bits. The resolution is
then adequate for the full bandwidth of the measurement. Reduction of the
bandwidth to 2.5 cpm naturally increases this margin.

The 3.2 S/m sensor range is a departure from the initial assumption
of a 6.5 S/m range. However, for a towed instrument it is felt that the
end points of the range can be adjusted for the particular area of ocean
to be measured. The added effort required for adjustment and calibration
should be justified by the more complete resolution of the dynamic range
of the microstructure signal.

The use of a pre-emphasis filter in this system clearly satisfies the
need for resolution without the overhead of storing more than 16 bit words
(2 bytes). There is, however, a compensating computational overhead which

includes the de-emphasis of time series and/or the re-coloring of spectra.

The relative merits of the two approaches clearly depend on the specific




application.

As was stated previously, the scope of this analysis does not en-
compass sensor and electronic noise, and contamination issues. The
assumption was made that sensor and electronic noise levels are dominated
by the quantization noise and that particulate contamination is a soluble
analytic problem. This is not necessarily so. Previous experience with
editing particulate noise from the data stream is based on well-sampled
(500 Hz) data. The feasibility of a similar process being successful
with undersampled (20 or 50 Hz) data rates is open to question,

Using the least energetic curve in the foregoing figures, the
required noise level of the sensor can be established as discussed above.
A synopsis of the required noise level for temperature and conductivity
sensors is given in the following table. The wavelength L is the shortest
scale resolved in the bandwidth, and the noise levels listed are the

highest which are allowable (assuming that it is white).

Noise Level

L Temp. Cond.
50 m 10 m°C 10 umho/cm
10 m 1 m°C 1 umho/cm
l1m 300 u°C 300 nanomho/cm
10 cm 100 u°C 100 nanomho/cm
lcem 40 u°C 40 nanomho/cm

12
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CONCLUSIONS

Platform stability and sensor noise level requirements have been
addressed by using presently available tow spectra. The requirements are
a strong function of the required bandwidth. 1If, for example, only wave-
lengths longer than 50 m were needed (ie., longer than the ship motion
band), no motion compensation is required and the sensor noise level can
be as high as 10 m°C. On the other hand, if the bandwidth extends to 1 m,
motion compensation is required to reduce platform motion to 2 cm in
amplitude, and the sensor noise level has to be less than 300 u°C. These
results could be weakly dependent upon gross environmental parameters
like the mean vertical scalar gradient, but this dependence is untested.
In addition, the use of a high vertical resolution array has been consid-
ered so that the platform motion requirements could be relaxed. A ver-
tical resolution requirement of 10 cm has been established, but it has
not yet been shown that this technique can be used in place of a motion

compensator.




N

x 4
|

="
|

LOG VARIANCE (deg C~2/cpm)

l
17)
—_

B -8 —

R -3 -2 -1 2
o~ LOG WAVENUMBER (cpm)

| 3 Fig. 1 — Towed temperature spectrum

.
.l 3

3
AR

14

CeF S
- §52X




s
P

LA ANLERI

v o R

ra
. 4

@)

-

-

100

-

o g
>~

a4

4.,3

3

N,

,~

%
1

7.

N L SLAR I R T TARNN N l'.‘.\ (LASL T \\\';' N J\, [N N N N\

LOG VARIANCE ((S/m)~2/cpm)
l l |
- - -
n -— W]

|
[N
w

™

-573

~14 '
% 1

LOG WARVENUMBER (cpm)

) Fig. 2 — Towed electrical conductivity spectrum

15

Y 2 e TR S T N S Y

N
.,

e

v \n'.

-

-----

.........
............




b

s 4

e
4]

s

Y

1'(“

v

ENSITY (jou'es/m~3/cyc/km)

1

Y

3

B

LOG POTENTIML

.-
L

_4 e
-.5 e
|

180@ KM 1 KM
| |

s i w1 'y L

!
! 2 3 4

-3 -2 -1 5}
LOG WRVENUMBER (cyc/km}

Fig. 3 — Composite horizontal spectrum using data from Figures 1 and 2

16

.-" L " LRI

Tttt
e T
SR TR RYS Y G VA e



e pey o Dt Sl COrEAS SN & £ AL 00 S A L e L
. g
T4 .
~ .

B %

LY j
L -

A . 5

¢ '
: 5
4

3 10
'Y ’

4

‘!

A

10°

DISPLACEMENT SPECTRA (m2/cyc/m)

0L Lo o A
- a8 3

2 '~;‘
e
s
i
]
X3
8B
3 « ;
| ¢ - -
o, 10 )
: ~
[, »
Ny 5
iy
= L 1 lllllll p [ llLllll . llllLLl 1 | 8 1 4 1141
[ ) -d -3 ‘2 -1
2 10 10 10 10 10°
)
5 WAVENUMBER (cyc/m) '
e Fig. 4 — Typical towed temperature displacement and sensor displacement spectra i
% N
' &
4
X R
3 -~
iy 17 .ﬁ
b »
-
. A
e e
" . . . .. . e
‘14 1 R R A LU S0 T A T N AT AT, be? A A S SR RN SR AL o AU SOREE SX CR PR SR SLPL L STALS TR A
", I o o, . A AT At A T N e e o .
: ' :"‘“ ’ AR "Ll PO IR W o WA o . o) ‘ln .f\’ . N T4 'y BN SR AN AR "‘(* BT .l “ !




UL Y Y

10~}

- <
Cal 5
o R
P
% &
A 2

MODERATE
OHERENCE
\

I :

10° |-

LD

y

E
£
~
e
[+ 4
@ 10 :
. g COHERENCE COHERENCE N
! = N
1 W 2 ;
2 > \ <0.3 COH 4
o) =z \
b L
I 5
S 102 |- \\\\\ N
. -
£9 X
- :.\
>
Y \ \: 1
3 %
. 103 | ! ] N
i 1072 107! 10° 10' 102 :
; AZ (m)
b
) 3 Fig. 5 — Towed coherence between vertically separated temperature sensors
5 R
b g
X R
e 3
W
3
18 ¥
. K
r.;:nsp.' LOODASARCIARCA COMEON N €, IO W RO A L S AT T A L R 1 it
RN L e AN f 30 \‘ b‘- LSRN AN ¢ T Ky ‘."A'.‘n:.’- ATAYL 'y \ WY, .! .l. N'e 8 AN




SENSOR RANGE 8-6.5 S/m

A

12 BITS

vy
QS

|
o

|
—
—t

|
—t
n

[
—t
w

16 BIT
PRE-EMPHASIZED

!
—
H

”~~
€
Q
O
N\
N
- £
N
£
\
wn
h 4
>
-
-
>
i
-
®)
3
a
Z
O
O
&)
@)
~

{
—t
wn

]
[ o d
e8]

L 1 1 L

-1 % 1 2
LOG WAVENUMBER (cpm)

Fig. 6 — Conductivity spectrum, with various sensor noise levels

|
—_
~

|
n

P

Sa a-a a-a “.‘.-L' L




', M |
LA

References

‘ €2{74
£J

el
e

R ONEN

Bell, T.H., Jr., J.M. Bergin, J.P. Dugan, Z.C.B. Hamilton, W.D., Morris,

il

B.S. Okawa, and E.E. Rudd. Internal waves: measurements of the two-

;ﬁi dimensional spectrum in vertical-horizontal wave number space. Science,
% 189, 1975, 632-634.

i;;% Bell, T.H., Jr. The structure of internal wave spectra as determined from
§” § towed thermistor chain measurements. J. Geophys. Res., 81, 1976,

23 3709-3714.

Charnock, H. A preliminary Study of the directional spectrum of short

igﬁu period internal waves. Proc. 2nd U.S. Navy Symp. Mil. Oceanogr., 1965,
PP. 175-178. (AD=486 419L)

:f\‘ D“gan, JoPo, W.D. Morris, B.S. Okawa, E.E. Rudd’ and B.W. Stalcup.

"y

R Motion stabilization for towed oceanographic sensors. Marine Technology

¥y 1980, Proceedings of MTS Conf., Oct, 1980, pp. 529-53&.

%;3% Dugan, J.P., B.S. Okawa, and W.D. Morris. Horizontal distribution of

o 8y potential energy in the ocean. Submitted for publication, 1983a.

e

A8 Dugan, J.P., A.F. Schuetz, and W.D. Morris. Spatial variability of

e
horizontal temperature spectra in the seasonal thermocline. Unpublished

I~

Lo manuscript, 1983b.

e

e

§f' Garrett, C., and W. Munk. Sapce-time scales of internal waves. Geophys.

i Fluid Dyn., 3, 1972, 225-264

R

Gregg, M.C. Variations in the intensity of small-scale mixing in the main

thermocline., J. Phys. Ocean., 7, 1977, 436-454.

20

N At -*-‘.‘\'- ( R AU

Dfee 2&* SOOI




- 'A“I .. ..> 4
L A A
. :":‘r“u v

LA
L

>3 s

|
2247
-

N

Katz, EJ.

Profile of an isopycnal surface in the main thermocline of the

Sargasso Sea. J. Phys. Oceanogr., 3, 1973, 448-457.

Koeppen, S

structur

LaFond, E.

front.

McKean, R.

Hawaii.

Mesecar, R

Tech. Re

H. A study of the use of a towed body for ocean fine and micro-

e measurement., MAR Tech. Rept. 226, Jul, 1979, AD-A072-399,

C. and K.G. LaFond. Thermal structure through the California

Naval Undersea Center Rep. TP=224, 1971, AD-728-748

S. and T.E, Ewart. Temperature spectra in the deep ocean off

J. Phys. Ocean., 4, 1974, 191-199.

« and J. Wagner. Towed instrument cable. Oregon State Univ.

pt. TP&D-81-10, Oct, 1981.

Miklovic, D.W. Spectrum for small-scale oceanic internal waves from

conservation of wave action. B.J, West, ed. Nonlinear Properties of

Internal

Miropolsky

Waves. AIP Conf. Proc. #76, AIP, NY, 1981, 237-252.

» YusZ. and B.N. Filyushkin. Temperature fluctuations in the

upper ocean comparable in scale to internal gravity waves. Izv. Atm.

and Oc. Phys., 7, 1971, 523-535.

Moseley, W

«B. and D.R. Del Balzo. Horizontal random temperature structure

in the ocean., J. Phys. Ocean., 6, 1976, 267-280.

Morris, W.D. and J.P. Dugan. Estimates of towed vertical coherence., NRL

Memo Report 5000, February 28, 1983,

21

T L A TN
- ’o\-'~'~'
L)

.
w

4" . -
VAN
- * -,

o

A\

.« n “'-" =
N' BRI

-




2ty ‘f:. Ay * ..
.". ..a": ‘.l (..'.

e S
A .

Nasayth, P.W. Towed vehicles and submersibles. Air-Sea Interactions

Instruments and Methods, F. Dobson, L. Hasse, and R. Davis, eds. Plenum

Press, N.Y., 1980, pp. 739-765.

von Zweck, O.H. The Navoceano towed CTD. Near Surface Ocean

Experimental Technology Workshop, Proceedings, R.C. Swenson and R.S.

Mesecar, eds. NORDA Rept., Feb, 1980, pp. 121=-124, AD A126582

Zenk, W, and EJ. Katz., On the stationarity of temperature spectra at

high horizontal wave numbers. J. Geophys. Res., 80, 1975, 3885-3891.

22

DRI NN,

[N,

]
¢




e R i A e e g Au il Ree SAe R AL SRR

. o e . e

- 1Y %:_".‘?l B AR s
3

g P a -V L Nl e
"‘.‘ o4 i [ ‘g‘. '?.: ? L3 o
et B e n

Ola2
I3

0

PN X

B AR SRl Bd S W

ey g ¢ &
o awmaes 4 LA vwa s e -

P

e P e

— vvrr—‘-rfﬁvvv

L".




