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I N T R O D U C T I ON

During the summer of 1 977, as part of the near— surface

component of the POLYNODE Local Dynamics Experiment , a set of

observations of t e m p e r a t u r e  variability was undertaken. One

subset of these observations was undertaken by the autho rs.

There were two goals of the author ’s field experiment—— first

to  exam ine the extent of variability in isotherm displacements ,

on a sma l l  ( a p p r o x i m a t e l y  2 km grid) scale , to explore further

and in more detail the preliminary observations of Ants Leetma

(POLYMODE News #32) and secondly to apply the developed

technology of band—passed sampling of temperature structures to

an expendable bathythermograph (XBT).

The  t e c h n i c a l  d e t a i l s  of the  second  goal o n l y ,  a r e  o u t l i n e d

in this technic al report. The results of the first goal will be

the subject of a forthc oming paper to be submitted to Deep Sea

Research .

For several years now (since 19 7 5 ) ,  a modified version of

the 750 meter XBT probe (T-7) ha3 been available. This modified

probe has most of the zinc nose weigh t removed to slow descent

r a t e  f rom 6.5 meters per second to 1.7 meters per second . It is
a

manufa ctured by the Sippican Corporation of Marion ,

• M a s sa ch u se t t s , and is termed the “fine structure XBT” , and

designated a T— 11 . Because of the constraints placed upon cos t

_ _ _  
S
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and reliability of thermistors used in XBT ’s , Sippican chose to

slow des cent rate to record fine—structure variability , rather

than modify existing thermist or manufacturing techniques.

Since the autho rs have had extensive experience in the

measurement and interpretation of the rmal fine structure in the

ocean through the use of free—fall vehicles , it seemed

appropriate to apply that experience to a commercially available

profiler of high reliability and low cost. The motivation for

th is was two—fol d. First it appeared that little or no use of

the T— 11 ha d been made by the oceanographic community to date ,

an d i ts po t e n t ial s not  f u l l y  exp lored . Second , t h e r e  is a g rea t

need to have the capability to rapid ly conduct areal surveys of

fine scale temperature variability (such as found near transient

f r o n t a l  a c t ivi t y ,  rapid ly moving mesoscale eddy features ,

internal wave induced mixing events , laterally movin g intrusiv e

an d double diffusive phenomena , to nam e a few).

The engineering rationale for sampling a thermistor device

of time constant about 100 milliseconds , a t  ra tes  up to  and

exceed ing 50 samples per second , l ies in t h e  fo rm of the

d ifferential heat conduction equation:

K V 2T + source and sink terms (1)

w h e r e  T is t e m p e r a tu r e

t is time

k is the bulk thermodynamic diffusivity

_ _ _  —.-~~~~~~~ ... -“—SS.-- .- . .
~~~~~~~~~~
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and ~ is the  La p la ce o p e r a t o r

This equation is linear in temperature , and to the best of

our knowled ge , t h e  t r a n s fe r of hea t  to and f r o m  a t h e r mi s t o r

mov in g in a f l u i d  of v a r y i ng t e m p e r a t u r e  is also a linear process

(given steady flow and stead y boundary laye r configuration).

I t  t h e n  f o l l o w s  t h a t  the  s ignal ge n e r a t e d  by a v ary in g

resistance thermistor is linearly related to the temperatur e

structures the the rmistor encounters . Thus , in s p e c t r a l  t e rms ,

the frequency components of the t e m p e r a t u r e  f l u c t u a ti o n s  t h a t

occur at a faster rate tha n the  response  t ime  of the therm is to r

will be attenuated by a given , c o n s t a n t  a t t e n u a t i o n  f a c t o r ,

dependent only upon the frequency, and the

thermistor — to-thermistor variability——not on the level of the

temperature fluctuations measured. Given unifo rm response

characteristics of the rmistors , it is thus possible to spectrally

correct for thermistor response at frequencies well above the

time constant of the the rmistor , limited only by the noise

arising from undocumented and varying sources , and the time— space

constancy of the bulk diffusivity of heat.

This report is based on a preliminary evaluation of the

potential of the P— li in fulfilling the ab ove—outlined
a

considerations . The P— il was found to be quieter overall , and

more responsive and repeatable in its characteristics than the

autho rs anticipated . As a result , the P— I l “outperformed” the

—S. — S - - -  ~~~~~~~~ —.. 
S . , -. -.

—- — . — — — — . -S.——— ~~~~~~~~~~~~~~~~~~ S S __,~~_••~S
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c a p a b i l i t i e s  of the  d a t a  a c q u i s i t i o n  s y s t em  d e s i g n e d  f o r  t h e
C

ex periment.

a

W o r k  is continuing in  t h is  r e g a r d , and  a f i n a l  r e p o r t

( s u p p l e m e n t a r y  to  t h e  p r e s e n t  o n e)  w i l l  be f o r t h c o m i n g .

S y s t e m  C o n f i g u r a t i o n

The s i g n a l  c o n d i t i o n i n g  and  rec o rd ing  s y s t em cons is ts  of the

s t a n d a r d  XB T and  l a u n c h e r  w i t h  a s s o c i a t e d  cables  connected to an

in—house constructed bridge , power supply, amplifiers and

filters . This equipment was connected to a data acquisition

m o d u l e  on a T e k t r o n ix 40 5 1 m i c r o — c o m p u t e r  g r a p h i c  d i s p l a y  u n i t .

The 40 5 1 is equ ippe d w i t h  a 30 character per second line printer

and a hard copy device. The bridge circuits and filters are

duplicated so that 2 XBTs may be recorded simultaneously . Each

br idge circuit has associated with it a DC circuit which yields

temperature and a high passed (AC) circuit which produces a

measure of the temperature gradient. The pass bands of the

temperature gradients have switch selectable filter sections as

do the DC temperature sections . During this experiment the

filters had switch settings for 8, 15 and 40 Hertz (half—power)

points on the high end of the frequency pass bands. The low end

of the pass band was set at 0.1 Hertz. The 4051 and da ta

acquisition unit can sample eithe r one channel of temperature , 2

channels of temperature , one channel of temperature and one

channel of temperature gradient or 2 channels of temperature and

- - S
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t e m p e r a t u r e  g r a d i e n t .  The d a t a  a c q u i s i t i o n  s y s t e m  is  s h o w n  in

Figure 1.

E r r o r  Bud gets

The signal acquiring circuit s shown in Figure 2 consist of a

pa~.r of current so u r c e s , whose output can be preci sely set and

which w i l l  track each other over a wide temperature range. This

circuit thus presents an output when measured differentially

whi ch is an analog of  t he  u n b a l a n c e d  legs of a symmetrical

bridge. The output varies linearly with resistance change of the

XBT probe. The allowable common mode resistanc e , that is , the

resistance between the sea water contact of the XBT probe in the

water and the connection to the ship ’s hull is set by the voltage

~‘vailable to the precision current sources. In our circuit it is

approximately 40 k (ohm). The common m od e er r o r  is se t  by t h e

.nstrumentat ion amplifier and is specified at > 1 0 0  d b .  Th i s

produces a maxi ’~um errur assuming a 40 K change in common m o d e

resistance (not a typical occurrence) of

_______________ 11
~ O •4c2 common mode error

10 (100db)

Given a nominal 7000 ohm thermistor with 4.52%/’C chan ge in

resistance due to temperatur e this represents

S 700 0 ~l x 0.0042 31.6 ~/°C 
(3)

or  
6 — 0 . 0 1 2  °C e r r or (4)
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P’or an eight bit data acquisition system scaled to cover a range

of 12-28 C the least significant bit has a nom inal  w eig h t  of

256 bits 0.062 °C/b it (5)

Thus the equivalent error due to a 40000 ohm change in ~ om m on

mode resistance is equivalent to

00 .012  C 0 19 bit (6 )
0 . 0 6 2  ° C / bi t

Obviously any modulation of the common mode resistance by a

60 cycle shipboard power source would produce an additional

error. In practice we found this was not difficult to

eliminate. An additional problem which we did observe , however ,

was RE pickup on a l a u n ch c a b l e  w h i c h  passed i n the  vi ci n i t y  o f  a

beacon transmitter on a bu oy on deck of the ship. The induced RF

signal could be detected by an oscilloscope but was well below

th e resolution of our data acquisition system . I t  is possible

that in a higher resolution system , r a d a r , voi ce transmitters or

o t h e r  transmissions could becom e a problem and that careful

routing of cables would be required .

The signal condit ioning circuits have severe constraints

placed upon  t h e m  in t h a t  the  AC (temperature gradient) circuits

attempt to measure signals dow n to the limits of state— of— the— art

components . The signal conditioning circuits have an output of

+ 1 0  v o l t s  fo r  a 16’ C chan ge in temperatur e and thus represent

‘ - - 5----— , 

S



T
20 volts/256 bits or 0.078 volts per bit of recorded signal . The

amplifier gain of  a p p r o x i m a t e l y  25 is low so that input noise and

• 
offs et drift do not pose a problem in a quality amplifier (0.078

volt/ bit/2O-3.9 millivolts equivalent input offset errors).

Indeed extending the resolution to 12 bits would not severely

con strain the temperature amp lifier since

5 
96 bit 

= 0.00488 volt/bit (7)

and using a gain of 25, significant least-count noise would

require equivalent input errors of

4.88 mV 
= 195k V (8)

we ll within the specification of an operational amplifier suc h as

the OP 10. The previously mentioned sources such as common mode

error , RF and AC pickup would probably exceed the noise

contribution of this amplifier .

Due to the errors from absolute calibration of the

therm istor and its stability with time (some unexplained

degradation has been observed when XBTs are stored above room

temperature for long periods of time), the 12 b it system is best

u sed to extend the dynamic range rather than to increase

accuracy. Our system as configured for the LDE experiment was

limited to a 1 6 C  range to optimize the resolution and accuracy

an d was adequate for the POLYMODE environment.

The  t e m p e r at u r e  g r a d i e n t  m e a s u r e m e n t  on  t he  o t h e r  h a n d  is

_ _ _ _
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much more demanding . Our circuit uses a gain of 3000 within the

3 db pass band of .1 Hz to 40 Hz with additional high frequency

aw itchable cutoffs of 25 Hz and 8 Hz. The equivalent input

errors thu s become (for 1 bit of error on our 256 bit full sca le

range )

0 . 07 2  
= 2 6p  V / b i t  ( 9 )

Assuming good management of common mode , RF shielding and

grounding technique s, th is poses no problem for a good ac

amplifier such as the 0P07. However , for a 12 bit system ,

___________  = l .6~i v/bit (10)

is the least count error and is barely achievable with this

amplifier and dictates careful consideration to the
1

above-ment ioned error sources. We hav e chosen to use the

additional dynamic range of the 12 bit system to increase the

upper range of our signals rathe r than to improve resolution at

the lower temperature scales as thi s allows working in all areas

of the oceans . The relative performance of the 8 and 12 bit

systems are shown in Table 1.

Te a ts  C o n d u c t e d

The follow ing tests were conducted to establish the

a c c u r a c y ,  reproduc ibility and noise performance of the XBT fine

scale record ing system :

3

_________ -

~~~~~~~~~~~~~~~~~~~ -
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1 ) On deck teat of standard ‘ P — l i  to determ ine 60 Hz pickup

of  cab le , launcher and XB ’P .

;)) Resistor replacement of thermistor to determine

stability and noise of unreeling spoo1s of wire. 2

drops.

~
) An oscillator replacing the the rmi stor to determine the

spectral attenuation of high rate of change signals. 2

dro ps.

4) Alumina b a c k e d  t h e r m i s t o r  r e p l a c e m e n t  of standard

thermistor to determine feasibility of extending f ine

scale range of an XBT and establish roll— off of the

standard thermistor. I drop.

~) Same as #4 excep t with 0.020” glass bead thermi stor. 2

d rops.

6)  T-7  and T-7 simultaneous drop for fall rate

consistency. 4 drops .

7)  P - l i  a n d  ‘ F- l i  s i m u l t a n e o u s  d r o p s  as #6 b u t  w i t h  C TP

ca sts  f o r  a c c u r a c y  c h e c k .  4 d r o p s .

Hesults of Tests

Teat #1 • Two spectra are shown in Fi gure 3 from a ser~ es of

256 po int FETe taken during a 7—minute sample.

Test #2. No signal was present during this drop indicating

no contribut ion from unreeling effects.

Test #3. In th is test a circuit was built which consisted

5 -.. — - -  - -—- 5 5— -.-.—-——.- --—--—- .- S-- ~~~~~_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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of  a p r e c i s i o n  r e s i s t o r  w i t h  a f i e l d  e f f e c t  t r a n s i s t o r  and

res istor in series shunting the precision resistor. The FE? w a s

driven into conductance 10 times per second for a period of .015

seconds. The effect of this was to change the resistance of the

parallel combination of the precision resistor and the PET

resistor to a lower value. The turn on was sharp and the turn

off de termined by an R— C time constant (See Figure 4). This

c ircuit replaced the the rmistor in a standard XBT p r o b e  and w a s

sampled at a 1 KHz rate intermittently over the 7—minute time of

a P-il drop. The spectra of several segments of the 7-minute

sample is shown in Figure 5 and shows no significant chang e in

atte nuation below 100 Hz as the two reels of wire pay out (less

than 2 db) . This fact is important if one is to use the standard

XBT system to resolve high frequency variations (fine scale

structure) from a ster~!qrd XBT.

Test #4. In th is test the standard disc thermistor was

replaced by a .05 x .05 x .01 inch a l u m i n a  b a c k e d  t h e r m i s t o r

wh ich was insulated with a .002 inch glass coating on the

thermistor side of the substrate. Laboratory dip t e s t s  ind ic a ted

th at this the rmistor had a 2—4 times faster response than the

standar d disc thermistor. This unit was dropped simultaneously

w ith a standard ‘P—Il and the tim e series plots and spectra of the

high passed temperature gradient were compared . The results are

shown in Figure 6 for the analog plot and 6A for the spectra.

Teat #5. Figure 7 show s the analog data on 0.020 inch glass

coated bead thermistor in the same test as Test #4.

Test #6. In this test , two T—7 XBTa were dropped

_ _ _ _ _ _ _ _ _  _ _ _  _ _ _  
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Page 12

simultaneously with Unit #1 used as the trigger to commence

recording. The firs t 415 meters are shown on the top trace and

the last 3~~S met ers are shown on the bott om of Figure 8. The

nu m b ers as so cia ted  w i th  v a r i o u s f e a t u re s re p r e s e n t  the  nu mb er of

samples from the start of recording on Unit #1 and relate to time

as #/JM~~.n seconds. If the offse t at the start of recording is

~~u b t r ae t e d  from Unit #2 , t h e  t i m e  s e p a r a t i o n  is 22 or  2 2 / 2 5

second s or spatially 5.54 meters based on a fall rate of 6.3

meters per second . 5 drops were made with two T—7s and the

maximum differences were i.5 meters with a mean difference of 5 .2

m e t e r s .

Test #7. This test was an actua l survey of an active front

made during a 14.5 hour time period. Two P— l i e  were dropped

ev e r y  15 minutes with a ship speed of approximately 4 knots. The

sam ple rate was 15 samples per second with an 8 Hz filter applied

to th e signal. In addition to this test , four P-Il — T— I1 drops

were made at 0, 4, 8, 10 knots and one P— l i  - ‘P - l i  drop was made

at a sample rate of 200 samples per second with no filter

applied. Figures 9 and 10 show isotherm stabilities for c , 10 ,

20 , 50 meters during the P — i l  — P- Il front survey. This method

was  use d to  c o n f i rm t h e cal ib r a t ion ~ ‘curacy of the XBT’s and  t h e

ata bility of the signal conditionin g circuits. At no time during

the 12.5 hour period did  t he  t e m p e r a t u r e s  of  t h e  t w o  1BPs

launched simultaneously depart from one another by more than

0.I’C. A p p a r e n t l y , the shallower ieotherme changed very little

over th is period.
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Additional work has been done to document the performance of

the system hastily prepared for the POLYMODE LDE. A careful

calibration of the 8 bit system was done to check the performance

of t h e  s i g n a l  c o n d i t i o n i n g  c i r c u i t s  and t h e  p e r f o r m a n c e  of the

data acquisition system. Figure 11 shows the lineari ty of the 8

bit D.A.S. and Figure 12 shows the linearity of the bridge

c i r c u i t .  The v o l t a g e  f r o m  the  s ignal  c o n d i t i o n i n g  c i r c u i t s  w a s

m e a s u r e d  as a f u n c t i o n  of ohm s on the b r i d g e  and a l i n e a r  l e a s t

squares fit was calculated . Table 2 shows the voltag e read

v e r s u s  the v o l t a g e  c a l c u l a t e d  f r o m  t h e  f i t  and t h e  r e s p e c t i v e

differences . Reconfiguration of the signal conditioning circuits

S to accept the Trans Era 12 bit data acquisition system was also

accomplished and a linearity and stability check of the 12 bit

system completed . The present Trans Era D.A.S. perform s well

S only to 10 bit accuracy and linearity however the manufacturer

cla ims to have improved this performace to 12 bits. The 12 bit

system linearity is shown in Figure 13.

Add it ional  Figures

Four T-l I drops are shown in Figures 14 , 15, 16 , and 17 and

one T-7 drop is shown in Figure 18. The steppiness apparent in

the 18.5 region is an artifact of the B bit .l’ C r e s o l u t ion of

the system. The sharp spike of the gradient channel is actually

S off scale. Both of these problems will be corrected with the 12

b it system. Finally, trans fer functions for the 3-sw itch

- ~~~~~~~ ——
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FOR Cli 0 1 FIT ~ ~ItS(X) VS 8 BIT COUNTS CV)
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IS; 0.004 144 X + 27.24482
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OHMS VS BRIDGE V~TS

OHMS VOLTS CALC. ‘KITS ~AD DIFF.

4644.4 7.998 7.994 4.493E-883
4799.4 7Th 7.~7 -I.484E-883
4~~.3 6.528 6.529 -I.~ IE -883
5899.1 6.114 6.114 -2.179E—084

5.285 5.285 -5.835E-884
5489.2 4.456 4.457 -6 748E-884
5699.2 3.627 3.628 -3.468E-884- . 

5899.3 2.798 2.198 6.844E-085
6898.9 1 .971 1 .911 5.548E—804
6299.0 1.142 1.142 2.692E-~884
6499.1 8.313 8.313 —2. 164E-884
6699.1 -8.516 -0.516 1.238E-885
6899.2 -1.345 -1.345 -4.732E-884
7098.8 —2. 172 —2.173 7.131[—884
7298.7 -3.881 -3.802 I.156E-883
1498.8 -3.838 -3.831 7.787E-884
7698.8 -4.659 -4 .668 7.995E-084

-5 488 -5 488 4.:39E-804
8898.6 -6.315 -6.317 I.186E-083
8298.6 —7 .144 —7.145 L1ISE—883

TABLE 2
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FOR ~H 0 1 FIT OF OIIIS(X) VS 12 BIT COUNTS CV)

TI€ LEAST 91iA~ S LINEAR FIT TO OHMS VS 12 BIT CIXIITS

IS; Y 1.063226 X+9e3 8.98

0
4644 8299
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selectable filters for low pass and high pass sections are shown

in Figure 19.

Some N o t e s on Fal l  R a t e

Th e f a l l  r a te , an d t h e  d e p th  equ a t ions use d in d e t e r m in ing

the depth a probe reaches after a given time , have  been  the

subject of some debate recently. The fall rate equation for a

T-7 is a r r i v e d  a t  through averaging several drops in a deep tank

and validated by intercompariso n with a CTD. In regions of the

ocean where substantial vertical shear is present , t h e  p r o b e  w ill

ce r ta inly  have a horizontal component of motion and a reduction

in fall rate. In addition , since  the  p robe  is r o t a t ing ax ial ly

as i t f a l l s , tilts and precessional motions will produce an

upward lift component due to the Magnus effect , wh ich w ill a lso

reduce fall speed . Probe— to—p robe variations in weight will

indu ce f a l l  r a t e  va r iab i l i ty.

In the case of the T— 1 1 , wh ic h f a l l s  m u c h  s lower  than  the

T—7 , the  sideways  c o n p o n e n t  of m o t ion of the p r obe  w i l l  be

corespondin gly increased in high shear regimes.

It was not our intent , nor was it within our capa bility to

examine these aspects of the XBT. Data represented as

temperature plotted agains t temperature gradient , is u n a f f e c t e d

by such var iability in fall rate , and was our main way of looking

~~~~~~S ~~~ _ _ _ _ _ _  5 . 5 5 5 5 5~~~~~~ 5~~~~~~ 5~~~~~~~~~~~~~~ 5 ’
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- RI . the d a t a for scientif ic purposes. However , t h e  r e a d e r  sho u l d

he aware of the potential difficulties in accurate depth — rel ated

pr~~f i l ing of t he temperature field.
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