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Abstract
The report presentsjﬁummaries.of three data sets taken at and in the

vicinity of the oceanographic moorings deployed in the 1978 Joint Air-Sea

Interaction Project (JASIN). The data sets are: (1) the temperature,

pressure and vertical motion records from the freely drifting Vertical

Current Meters (VCMs) deployed from the ATLANTIS II, (2) the i:emperature

data from the Aanderaa thermistor chains on W,H.0.I. mooring 653,

designated as JASIN mooring W3, and (3) the expendable bathythermograph

(XBT) data collected from the ATLANTIS II while participating in the
JASIN Ptojectk
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INTRODUCT ION

The Joint Air-Sea Interaction project (JASIN) was a multi-national
program initiated in 1966 by the Royal Meteorological Society (U.K); the
major field experiment was conducted in July to September 1978 northwest
of Scotland in the northern end of Rockall Trough. Some fourteen ships,
four aircraft, nine countries, and sixty principal investigators
participated. Pollard (1978) provides an overview of the JASIN 1978
experiment.

Work done hy participants from the Woods Hole Oceanographic
Institution included the depluyment of moored current meters and
meteorological instrumentation (see Tarbell, et. al., 1979), hydrographic
work from the ATLANTIS II (A-II) (see Pennington and Briscce, 1979),
shipboard meteorological measurements (see Briscoe, et. al., 1979), and
temperature measurements from moored Aanderaa thermistor chains, XBTs,
and the freely drifting Vertical Current Meters (VCMs). This data report
contains a description of the Aanderaa thermistor chain, XBT, and VCM
components of the JASIN work and summaries of the three data sets.

F;qure 1 shows the overall JASIN arex and the Fixed Intensive Array
(FIA) where most of the JASIN moorings were located. The FIA is detailed
in the lower left of Figurz 1. Mooring K1 from the Institut fur
Meereskunde (Kiel, F. R, Germany), moorings Bl-B4 from Oregon State
University, and mooring H2 from NOAA/PMEL in Seattle are shown for
reference. ,

The Vertical Current Meters were deployed to track the horizontal
velocity field in the vicinity of the moorings and to provide a direct
measurement of the vertical component of velocity and of temperature as
they drifted. The Aanderaa TR-1 thermistor chain was deployed to
investigate the vertical structure of the temperature variability at the
location of mooriny W3. The XBTs were taken tc collect information on
the spatial variability of the temperature field in the vicinity of the
FIA. This data report is divided into three parts. Parts 1, 2, and 3

cover the Vertical Current Meters, Aanderaa thermistor chains, and XBTs,

respectively.
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Vertical Current Meters (VCM)
The VOMs are neutrally buoyant, free-floating instruments which are
ballasted to sink to a predetermined depth. While floating at that depth

the instrument makes measurements of the vertical velocity relative to

itself, of pressure, and of temperature. Three instruments, VCM #1,
VCM #2, and VOM #5, were deployed during JASIN in a total of ten
different drops. The area within which the floats drifted is shown in
Figqure 2.

Relative vertical current is sensed by an array of vanes mounted
axially around the float, Fig; 3. Because the float compressibility is
less (about 1/2) than that of the water, vertical motions in the water
generate relative vertical flow past the vanes causing the entire float
to rotate. This rotation is sensed relative to an internal compass., The
sum of the pressure change (float vertical motion) and the rotation of
the float (flow relative to the float) is almeasure of total vertical
water displacement, with a resolution of about 2 cm. The temperature
measurement is accurate to about 0.010°C., On some VCMs (VCM-DT),
temperature difference was measursed by thermistors placed 1 m apart along
the outside of the pressure housing. The accuracy is about .002°C
(Dean, 1979). The calibration of float rotation to vertical displacement
was done using a plot of relative displacement, proportional to float
turns, vs. pressure as the instrument sank during deployment. From the
slope of this curve the calibration constant was determined.

The VCM floats used in JASIN were weighed in a fresh water tank at
Woods Hole and ballasted to be neutrally buoyant at a selected surface
temperature and salinity standard of 11.0°C and 35.32°/,,. The ballast
was then adjusted for depth based on in situ temperature and salinity at

the desired depth. The VCM float constants are approximately

0.0804 gm/meter ballast for depth,
0.332 gm/°C temperature correction,
27 gm/°/4, salinity correction.

A summary of desired depths and actual depths is included in Table 1.
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Figure 3. Scaled side view of the vertical current meter (VCM) showing
its orientation when neutrally buoyant. The overall length of the
instrument from recovery bail (top) to the transducer (bottom) is

2,2 meters. Vertica! motion is sensed by eight inclined vanes shown at
the mid-point of thLe cylinder.
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The VCM includes an AMF acoustic release receiver and a release of

' WEH.O.I. design. On command from the ship, or on preset command from an
'internal timer, the float drops a 900 gm weight and returns to the surface
‘for recovery. A flashing light turns on at release time, and the “"ping®

rate doubles to confirm release. Four hydrophones, two on each side of the
ship, were streamed for the purpose of tracking the VCMs. During JASIN,
however, the need for the ATLANTIS II to participate during parts of every
day in other experimental work made detailed tracking of the floats
impossible. The acoustic tracking capability and the light simplify
finding the float on the surface in spite of its low profile in the water.
Nine recoveries were made under a variety of weather and light conditions
during this cruise. An instrument was lost on the fifth drop during
recovery operations.

For further references on VCM design and performance, see Burt et al
{1974), Dorson (1974), and Voorhis (1971).

Data recorded each 16 seconds on a digital data cassette recorder
include average temperature, as temperature difference (in the VCM-DT
models), and pressure for the record interval; accumulated turns at the
time of recording; and total number of record intervals since a reference
time zero. Preliminary data processing aboard ship consists of reading the
data cassette and producing a computer compatible 9~track data record.
Data from the 9T tape could be listed and plotted on the Calcomp in
engineering units for an early check on quality and a preliminary
scientific evaluation. '

Table 1 summarizes the VCM performance. There were 11 days, 37 hours
of good data records. Drop 6 could not be decoded. Drop 1l was a short
duration test deployment. Drop 5 ended with the loss of VCM #l1 during
recovery. Drops 2, 4, 7, 8, 9 and 10 were conducted in the vicinity of
mooring W2, and drop 3 was conducted to the southeast of mooring W2
(Fig. 4). The floats deployed near W2 drifted to the northwest or west.
brops 7 and 8 and drops 9 and 10 were simultaneous deployments of two
floats. The float deployed during drop 3 drifted to the southeast.

Figures 5-12 give time series of pressure, temperature, tdif., and

float rotation, labelled turns. The floats' pressure record shows that the
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instruments oscillated with an amplitude of upwards of 20 meters. Vertical
water displacement time series, calculated from the pressure and rotation
records and averaged over 12 minute intervals, are shown in Fig., 13.

Upward displacement of the water was observed by the VCMs deployed during
JASIN.
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Figure 4. VCM drift natterns.

59°10'N

59°00'

58°50'

58°40'

3

b

e fhatead el Ao g

A HET T

etk it




T T T 1 R e T TGRSR T s

- L N

410 di
S3Hd SNHN1 WO 0 uW S34d
o (wn] o O — o s D (qV] OO0 o (an] (] ©
o o (Tp} o wmnod o of . . [ B . N O — oJ o
o uw — — (aV] N — w O 0O fam ) |l )) (o)) ) [qV] nJ cJ [QV]
T 7T H T 1 ) F ) 1] 1 T L T 1
lr e . P .
g ‘
2 - -4 - V g
O =
13 - ; - b K(s) _.-h. i
QY e _,
< ) . 1 1 o 3 =
~ < I
= - - 41 2 ",
O | — |
> . = . . i
] . | 1
i i 1 i L ] L L L L ] i 1 i
o o o o o O o QO — o — O Tp) [an RN @] o o o O
un o [Tp] o [Tp eV w . . U] o o [@n) - [qV] m
G3Hd SNHN1 4101 W3l S3Hd
]
i




L A R s L e L A ik I i s i
SR

125 n
150 &
7128
y
0
140
150 &

1 110
120
130

L)
Lo
o=~

Figure 6.
11

= O ~ o -0 N

125 |
150
128
6
110
120 f
130 |
1yo |
0

S34d SNEN1 S3dd

4101 dW3




el R e o of e A Ik U A M SR 0 oA S Aol 1 G I i Dl L 5 S e s vk ki R

d
o

19.8
9.5
9.3

7 70

4 80

1 90

1100 »

M
oY
78

12

VCM/R2102/3
83

80
9n

»n 100
1

3Hd




TDIF

TEMP

PRES

25
S0
15
100

125
128

6u

.50

.25
70

80
90
100

110

VCM/A
9

2102/4

OM

06
AUG
78

Myure B,

13

i et oS S s v it d el ik




BT T, ala tis &R T CL TR — e g . .
S St o ol R R £ ST TR T TN £ aere e
LA LS e TR LR LA W Y ! A YT o .
T T R i des Rl WP PR PATTRIID - P

SNHNL W3l S3Hd

Vg O un
o) ™~ Ny o o
[9Y] - . . « O ([an) (e ]
— w o om (o)) 3 W
f

T U 1 f

170
1 80
9
1

4

VCM/R2102/7
. 75 M
P WYY WMWW"J 175
it aanae's SV o)
10 '
AUG
78

(on N o
o O

1. 9.50
25
50
70
80

{

i
Ll
- g

53Hd




o AL S A ,.\.A?_l.y.w.,.ﬂw.ﬁﬁﬁ.,.ﬁ..,.j?..::.,.,_.,.E_.?z_..wg%e% g B

P T RO T kY AT TRUT Y s TS 7 M T T e TR T T T Y

4101 dW3l

o N
g o
(0))
Ll

75
4100 »n

125 &
1128
4100 »

110 &

S

70

80
4 90

l

5
Figure 10,

15

VCM/R2102/8
76 M
0
UG
8

o O
[on TR

80
90

S3kd

" . .
[T e e e AL b sy k¥



SRR P S
TP T YT R T T A P T EONe F TYTPE  FTP rEe
b m_.“m.a.....:,i,.m.,\m‘.:.“._w__.:.y ki ,“..,........3@....Q,_M.w it K R R e S ! o i

dW3l
SNHNL

o O

- 128
Y
4 10.00
49.75
5

&

16

-
—t
Q
~
3
o
Py
7]

VEM/R2102/89

|

- |

- I

. L 1 | L _

50 r
GO |
70

O o O o N
02 6 0 7
11 -
0

S3Wd  SNHNL

9.50

(03]

dW3l

PO ,,,w%w.",,v.v_. =

e T N TR T "
ki : s R i Y



RIRPATRPEIISEB A ar ™ <0 ot

VEM/R2102/10

100 &

S3dd

1 128

170

78

128

70

80

Flygime 132,

17

R T N U L S O




VCM 2

VCM 3

VCM 4

-—

w

DISPLACEMENT
(meters)
N

20|

10

VCM 7

VCM 8

VCM 9

VCM 10

TIME (days)

Migqure 13, VCM Displacement plots.,

18

. R T R T T A T T r L oea ..
el S ks disbiias i o Bl i S o B bl ks o i)

ki buath

bl L izt

b R v s Sleir it nsitbaisllid s er




AT T AR, AT s R Gt T T T ) T

o m Belin o W R RS T

A S et gt

19

part II.
Aanderaa Thermistor Chain

e

hs )




VIR

el iet) Sk L e

P RPETRETT v

55_ RPN T TR ¢.séga4,.4121.?3.2:5.3533

20




TR

W7

R

1 e eny

ey e g

w

i

o

Aanderaa Thermistor Chains

Three Aanderaa thermistor chains (TR-1) were deployed on W.H.O.I.
mooring 653, identified in JASIN as mooring w3.: The recording packages
of the instruments were each held in a stainless steel bracket with a
strength member that fastened in-line with the mooring. The thermistor
chains were attached to the wire rope of the mooring with spiral shaped
plastic coils (comuonly used for wrapping bundles of wires together).

Two of the Aznderaa thermistor chains deployed during JASIN failed to
record any data because the magnetic tape became fouled around the tape
drive capstan, early in the experiment. The problem occurred because the
lower take-up spool did not maintain the proper tension in the tape which
allowed the tape to go slack and eventually foul. Subsequent
investigations revealed that in the two instruments that failed the shaft
on which the lower take-up spool turns was of an older design whereas the
corregponding take-up spool had undergone modifications. When this
assembly was subjecte2d to cold temperatures, it became jammed which in
turn let the tape go slack. The instrument which functioned properly

during the experiment did not have this mismatch of new and old

components.
The data from the one instrument that did work has been presented in

two ways. First, the temperatures recorded by the thermistors (at 31,
34, 37, 40, 43, 46, 49, 52, 55, ané 58 m depths, nominally) have been
plotted. Second, isotherm depths (for the 13.0, 12.8, 12.6, 12.4, 12.2,
12;0, 11.8, 11.6, 11.4, 11.2, 11.0, l10.8, 10.6, 10.4, 10.2, 10.0, 9.8,
9.6, 9.4, and 9.2°C isotherms) have been plotted. 1In both cases the
scales have been chosen to match the scales used in the Oregon State

University data reports covering their JASIN thermistor chain data.
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DAY 216

Isotherm depths for .2° increments ranging from 10.2° to

Figure 16.

.
°
-

L]
o~
p}




RIREEEY Lo i b i b R T e e e L e L

:‘.i,...w,. :_@%ﬂsﬁxgda,w TR TR ..E%E,._}Eﬁ.? I R T T R I S T
Al B
}

AR
03 ,7°0T WOl burbues SIUBWRISUT ,z* 103 sy3idap wiaylosl 97 3inbig

SRTIRSY

(-

i~
N

K é '
SETER
65

A
R g




ekl

i el hisi

coditbeo gt o gt

R o bbb it Tt
U1 B T A g 9

i

A nihi i

st i Lt i

-2° increments ranging from 10.2° to

HOURS

Isotherm depths for
0 i bibLtannty L MnenlL 0O et 1k &

Figure 16.

12.2°,
i

DAY 218

<t 66 .0




R L ST e ,4,44. S T T AR L T LT "
o K . . B s T AN

e

/@\
>

Ry

= =

H1dA0

Sedl

> -
W

(]
67 A

.2° increments ranging from 10.4° to

Isotherm depths for

Figure 16.
12.8°.

Lo e b B2t 15 2 bt it e KRS et 1 bttt STV " A WE R




DAY 220

=

Hld3d S¥313W

o
= 68

60

HOURS

Isotherm depths for .2° increments ranging from 10.4° to

Figqure 16.
12.8°.

A ..if_-\».kwm.mmmMnx.mmumﬁiMék@m&é&h@ﬁm i

o st il ssatisalez . oo il sleiltiiaiacd X




|
L
ey
i

L3

-~

*e8°CT

03 ,0°01 woaj burbuel sjuaweIdUT ,Z° 303 syidap wisyjosy -91 inb1a

ve

¥

91

SYNOH

¢l

02
BNRAEVAN !
o

|

,
VR

N ST PR ST

(\ﬁ q\\\

H1d30 S¥313W

09

69

)%




e kAR L sl i ik e e R S et e S L L i e e L
TN - : - H .
; .

‘09°21
03 ,8°6 wo1y burbuelr s3jUdWRIDUT ,Zz° 103J syrdep wiayjosy 91 inb1lg

S4NOH
vc 0¢ 91 14 0

o LT m\é\a T
i

®)
70 W

O
v-

Hl1d3d S¥3Ll3aW




HECRSR oy o bl gl e bt LBty TR i i1 e gl o o T
i L Gk Rl i i R it g et ) e .
LSRR, GIMED i

707/
"

DAY 223

Hi1d43d SY313AW

@)
<t 71

60

HOURS

.2° increments ranging from 10.0° to

Isotherm depths for

Figure 16.
12.5°.

4
Hiee dlng 1 o 1 U ki et oy v
it bl aotacn..oni e i

sl £ £ Al

sent v, shBunkobady ot Sitada i i o




KRR B h,_. L akni e u..._.,,_ T T,“.uj.. R b T B T P PR T Ll -
: b ¥ i e Ni__ﬁ it Uit i b B R i R G e R A R UL
T dis . ! ! T EA K re e T

*eB°C1

03 oz°01 WOI3 HUTBURI SUBWSIDUT oZ* 103 syidap WIAYIOSI *91 @anb1g

SYNGH

Hid30 Sy313u




TR SN B T LT SRR N -
P T Lasehd Tl Y i ST T L s b L g 9 d

7 Gl Kl K3l U Raadtan. At L i LIRS AR R s il 4 il o e Sl
- " . e e e

*e8°C1
03 .8°6 WoaJ burbuea sjuswdIdUT oZ° 103 syadep wiayjosy ‘91 2Inb1g

SY4NGCH

\§\b\_ ]

H1d3Q S¥313W

73

o
¢




,".,.z e ;.‘ ... . . R, _..4.:;Fjé&ﬂﬁjﬁmaﬂ%&@ﬁ

‘08721
O3 ,0°0T woly butbuel SqUBWLIDUT ,Z* 103 syidap wisyzosy 971 ?2Inbta

8
/

SUNCH
¢l

/ I

v G

09

74

O¥

HId3d S¥313W

/

i f>
N ,W//.ﬂ AV M\I

7 I T \ﬁ\_ iy o1




;,,.;,.:.ﬁﬁi..ﬁﬁi; g A I B R o R T R SRR ————

atide Lo S VKGR D ol R B o e L O ML

TR Ce g em e W g

08721
03 oZ°01 woi3j buibuelr SUdWIIDUT o,7° 103 syadop wiayjosy °-9T 2Inb1J o _

54NGCH

G9

It \_@/

75

8374

Hld3d SY3IL3NW

\
AN

NN

']

. i
: i
" Wi .

ni bt o BT .o
. o L - on .
Lo o . . PR - . e
’ :...FEM:E" 3 LTl . . M e - u_
- R - IR by




nea ‘ : S
R s e T

. 00"
03 L,Z2°01 woil builbues S3uawsIdut ,g° 103 syadap wiayjosy ‘91 owsmmw

S8NCH
¢t 8 v G

i
i
|
i
w
i
%
!
|
!
_
L

C9

76

O¥

H1d30 S¥3]3W

ey g e TR Ty
P 3 2L RN TN S AU TRUPRY SO N o : '



RSt el R b Rt L i AR S R e LA

i
e

it

*e8°21
03 ,2°0T wWoi3 Purbuer SIUBWRIDUT ,Z° I03 syidep widYy3zosI °91 3inb1y

SAarGH

T

H1d30 SY313u
5




EA e T N g .

e, FER AR SR

AR g

,‘2 T T e

LS e

il L itn
v

- M i i R i e st S T e S e i

03 ,0°0T woi3y butrbuea SIUBWIIOUT ,7*

| Sdn
vm om g1 Al

I TR e Y Ty

OH

103 syadep wisyzosy °97 ainbry

R R R e
TR IO Egg_g‘&?s il ol o it

e T e oS s

&l

Hiddd S¥3l4W

G9

2]
r~

Cv¥




DAY 231

e S A S S e

;f-‘ — e T
:SSSSS%(?I —

Hid3a Sy4l3W
o )

<t 79 W

HOJRS

isotherm depths for .2° increments ranging from 9.8° to

Figure 16.
12.6°.

)
ansi b S oo, i el

BRI et O O ) 3




T ) o
LRSI g O S o

[T N

DAY 232

el
gs:> DI
p l‘(‘(\‘\

;géﬂﬁkfg;fD
SIS
e 2%

S ITTT 1 N 5 o

s

T

A\“ "’/)

/

é@?}\i

——ead

Hl1d3Q S¥313aN

o
< 80

o
w0

24

20

12
HOURS

Isotherm depths for .2° increments ranging from 10.0° to

Figure 16.
12.4°.

NI oo

oo 15 i

DN 0 b ezt - st sl




DAY 233

2

2 >
B YN

<

R S
'3 AN
i\\\\\/\{‘
N\

Y
L %;:?

2 J T

=

-

A 1SSV

CLUTTIN
> -
I /7]

1y,
QSS

. T
Q™™

ALt
) N

Qe

(\:«’7.’

\ =y
=
R

=y

\\

N

e

H1d30 Sy3ldN
W
~ 81

60

20

O

HOURS

.2° increments ranging from 10.6° to

Isotherm depths for

Figure 16.
12.4°,

skt e s oSt it i

vl A 5 sitsleet

e e ki MR el e s

ol s el e B il e o e i

o




|

Ty

2354

DAY

-a “\))Inn )‘?} -
7 1

N |

NI ARNNNN
NSNS

Wl
S
RN

2218000

LW

. il

Z - =

%
> 220

=

Hld4d S¥313W
o (@)
<+ 82 e

HOURS

«2° increments ranging from 9.8° to

Isotherm depths for

Figure 16.
12.4°.

il haiains Sl

e i A it il s e




‘e0°21
ouoe.mEOuum:ﬂmcmumucmEmuu:._oN.uOumsumchuw:uOmH.wa wusmﬂm m

w
D

83

Sd3ldl

_

Hid3d

v oy e =
’ R




DAY 236

TS

Hid3d Sy31dl

O -
< 84 w0

e ' r
il il s o bty i e

=

E]
5
i
bk
K

i
4
El

Isotherm depths for .2° increments ranging from 9.4° to
o s s

Figure 16.
12.0°.




257

DAY

“5’/))

5*}3}\

\\‘\\\\\\’/>

LSS

Ny ‘\.\hk‘
\\\

ST

?«««
<<<<<._ m———

/] I“\‘

=
Gy
LS = \ S5S

HldﬂG Sd3LAW

- (@)
<+ 85 W

HOJURS

Isotherm depths for .2° increments ranging from 9.6° to

Figure 16,
12.2°.




e i

T T

T T e

&

st i

LY LR
[PPSR

N LI

i

B

PSR —

T

T

!

DALy

DAY 238

.
sl ‘@gé;;2§§:>' -

&=
> 37{;3;» f;; -

\

QL <
ey ]

/4/4],;/////1,
< -
N2 ]
l -

it :;ZZ::::
N

e

e —
A, SRS

SN SRS
e 2

Jﬁi@m'q : e
752%?3237 ~
L LE ’ (S
_
—

>

LY

H1d3ad S¥313W

D o

.

<’ 86 (O]

24

12
HOURS

.2° increments ranging from 9.4° to

Isotherm depths for

Figure 16.

12.2°.

s ot ot § o

ot 3 e s, s

=
g
3
£
E
e
E!
3
4

3. 1

g Ien-Y




HERCIML RN S R sl e biiae o ‘:‘“{"_‘ﬁv"

PR SPNGINE .  UEUU

- T R e AR g T R oy ds it o SRR ey Wl o LD SR IS ol
T TN e R e ¥ ROl Eiegt e 2o st (a8 s it i i .
’ . ' : R PO PP YL ‘
. . - -, - . .l et span miae . I e e b e -

239

DAY

RS

/{)“\)\\\\\\
‘%

\‘ﬁﬁ%

P R >

AR
WL

—]

G

f«K ;

i;?ﬁ§§§;;%g§:§;

/", ///--;
< é <
)

N
1
<\\l\:\ P

) {//«:?7}// ]
Hid30 SM313W

) o
<t 87 w

R

L

HAQURS

+2° increments ranging from 9.2° to

Isotherm depths for

Figure 16.
12.2°,

ity S UL N e i




L

Hid3d Sy¥413W

-
<

88

o
Ww

w

JRS

o~
O
7

.2° increments ranging from 9.4° to

Isotherm depths for

Figure 16.
12.6°,

- i
- . L - in P
e v b il : " bl

s bt s L0

i R bkt 1.6 oria ol a2 B 4o

e

LER

Siifibedtosbare

IR ENT T T




DAY 241

lzzac,"r

P

g\nm S B
- 2Rt

(Q\

=

' '.:.,

eeaag
s ; .

Hid40 Sy¥413W

O (@)
<t 89 w

.2° increments ranging from 9.8° to

Isotherm depths for

Figure 16,
12.2°,

L il
s v B i oo b

e o ollc bt by Lt coedelldisib v e o

itk bl Lt e AR i ottt it i

Vb st ants b bbb a T 1 it h R En s




‘\nn-nn-, “GEHNI-

NN ¢
/\\, '» L
L

JA ‘-mm-lnazr
i$>” ;ganzrzml'

- e g J—

E
B
5
k-
-
.
3

A St T

Isotherm depths for .2? increments ranging from 9.2° to

‘.'i =

et
i L2l L

\q

Figure 1l6.

T T TP
. . v RSAREAEE Y
12.6°.

DAY 242

i s A -

SO

2 - &)
<t 920 o)




St

S Gt o SRS D

,a<;;;:;;::::;;\\:>>
o=
\ )

S '\\

HOUJURS

et e
0 A L W, W, A d

=

T e < ——

S =T =

Isotherm depths for .2° increments ranging from 9.6° to

Figure 16.
12.4°.

DAY 2473

Hldd0 Sy LdNW
© o
<+ 91 3




"’ (%Sf«» -
=
I
'—:;riffgéggigf’ oy w
(l(m‘k -
/-(;f’"'
e
G
~ ¥
o
I
8¢
<
o

Isotherm depths for .2° increments ranging from 9.8° to

FPigure 16.
12.4°,




Y T Y 2 A TP v -
! Rt R SRR G s b el it vl
\ PRI ki R o i o S

. b Sk LR
i PRI

A

Hiddd Sy3lik
O o
<t 93 (S

(@]

.
Q-
)
T

Isotherm depths for .2° increments ranging from 9.6° to

Figure 16.

12.4°,

Stuasdc s o ot o B Lt e Ll 80 ettt 8t o, Sk R G

ity

NS A d o 5 e it




HOURS

to

increments ranging from g9_ge

Isotherm depths for 2@

Figure 16.
12.4¢,




‘o CTT
03 o9°6 woi1j butbues sjuawarour oZ° 103 syidep wisy3zosy °97 ainbtrg

ER 21 S]

sl

b At g i e




samzqgaqwaﬁgaaaﬁge,acﬁsjﬂ;%igﬁsf:gng‘;;ae T TR G U T e e T T < s v
i i - . .
i .

1
'

1

‘ob°TT
03 o,8°6 WOi1J burhuel SIUBWAIOUT ,Z° J03 sSYadap wiayjzosy -9 ainb1y

SINGH ,
_ c! 8

¢
I R A A

09 |

96

Hl1d3d Sdd1l3W




Part III
Expanded Scale XBTs
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XBT Data

Some 169 XBTs (expendable bathythermographs) were dropped from
ATLANTIS II during the JASIN experiment. Figure 17 shows the area in
which the XBTs were dropped. Table 2 lists the time, location, and
bucket temperature associated with each drop. Figure 18 shows the
patterns of the XBT drop locations.

EXBT System

The standard Sippican Co. Expendable Bathythermograph (XBT) bridge
and recording system has an indicated temperature scale of -2°C - 35°C,
approximately 5°C/inch and a depth scale of 100 meters/irch. These fixed
scales are somewhat awkward when one is working in regions of the ocean
where the temperature of the entire water column varies by as little as
2°C., To overcome these limitations we replaced the Sippican XBT bridge
and recorder with a simple and inexpensive bridge. We utilized an
Hewlett Packard strip chart recorder (model 7100B) to plot the output
from the bridge. Figure 19 illustrates the difference between the EXBT
scales and the standard Sippican XBT recorder scales.

Theory of Operation

The Sippican XBT probe consists of a molded projectile with a
thermistor recessed in the nose, which falls through the water column at
an approximately constant rate. The resistance of the thermistor is
sensed through a copper wire which unwinds from a spool contained within
the projectile (see Fig. 20a) and from a second spool remaining in the
launcher.

The thermistor's resistance, RT' decreases about 5% per degree
centigrade temperature increase. In addition to the resistance change of

interest, the resistance of the copper wire, Rc' and the sea water

to ship's ground, R vary continuously. Figure 20c details the

sw’
resistance involved in the primary and secondary measurement loops. The
secondary loop is identical to the primary loop except that it does not

contain a thermistor.
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Table 2

JASIN 1978 ATLANTIS-II-102

XBT Positions

urc -

START LAT LONG

TIME (N) (W)
1300 59° 15.56 13° 00.37
1433 13.64 12° 58.72
1534 12.56 55.53
1¢54 10.68 52.58
1758 09.81 49.64
1903 08.38 47.76
. 1937 07.11 - 43.86
2113 05.26 39.63
2118 04.92 38.37
2137 0.1.58 38.25
GL31 58° 56.82 24.66
0136 56.65 24.04
- 55.73 22.13
0308 54.27 19.36
0339 52.90 16.56
0507 51.29 13.80
05132 49.99 11.03
0655 48.06 07.60
0747 47.40 05.86
1118 45.01 02,37
1138 44.47 11° 59.76
1250 44 .15 12° 00.50
1300 45.01 02.03
1310 46.07 03.82
1321 47.41 06.07
1330 48.50 07.91
1340 49.76 09.89
1350 51.05 11.68
1400 52.40 13.38
14y 53.74 15.13
1420 55.17 16. 40
1430 56.80 17.31
1440 58.34 18.17
1459 59.82 19.39
0052 59° 00.00 30.00
0100 00.23 22.70
0110 00.26 20.01
0120 00.22 17.31
0130 00.27 14.¢
7140 00.21 11.88
0150 00.19 09.12
0200 00.23 06.37
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SEA SURFACE TEMP

13.1°C
13.2
13.4
13.3
13.1
13.5
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#1
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DATLE

8-10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

- 10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

Table 2 (continued)

XBT Positions

urc
START LAT LONG

TIME (N) (W)

0210 59* 00.19 12° 03.61
0220 00.05 00.86
0224 58° 59,98 11° 59.83
0230 59.47 59.78
0240 58,50 12° 0l1.68
0250 57.52 03.56
0300 56.48 05.41
0310 55.60 07.36
0320 54,55 09.23
0331 53.51 11.35
0340 52.66 13.09
0350 51.69 14.95
0400 50.75 16.80
0416 49.69 18.86
0418 49,03 20,17
1200 59° 05.49 25.99
1215 05.42 21.58
1223 05.32 18.52
1230 05.23 17.01
1245 05.12 12.37
1300 05.05 07.75
1315 05.05 03.21
1330 05.11 11° 58.73
1345 04.82 54.62
1400 02.80 54.76
1415 00.41 54.93
1430 58° 58,22 54.82
1445 56.10 54.76
1500 53.96 54.90
1515 51.89 54.93
1530 49.80 54.88
1545 47.74 54.83
1600 45.63 54,98
1615 44.¢7 57.70
1630 44.79 12° 02.29
1645 44.95 06.88
1700 44.97 11.47
1715 45.03 16.01
1730 45,04 20.66
1745 45,05 25.27
1800 47.68 25.21
1815 50.40 24.89
1830 53.08 24.97
1845 55.81 25.28
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SEA SURFACE TEMP = 12.95°C
12.95
12,95
12.95
12.95
12.95
12.95
12.9
12.95
13.0
12,95
12.95
13.0
13.0
13.05
13.5
13.1
13.1
13.2
12.9
12.8
12.9
12.9
13.0
13.2
13.2
13.45
13.5
13.4
13.4
13.1
13.3
13.1
13.0
13.0
13.2
13.2
13.1
13.0
13.0
13.0
13.0
13.1
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uTc

START

TIME

0830
0900
0910
0920
0930
0940
0950
1000
1010
1020
1030
1040

1050
1100
1110

"1120

1123
1130
1140
1150
1200

1210
1220
1230
1240
1250
1300
1310
1320
1330
1340
1350
1400
1410
1420
1430
1440
1450

Table 2 (continued)

XBT Positions

LAT
(N)

58° 56.18

56.38
16.65
57.64
58.60
59.60
00.61
01.59
02.62
03.61
04.21
00.21

04.13
04.02
03,95
03.91
03.91
03.78
03.77
03.63
03,59

02.73
01.61
00.48
59.40
58.28
57.19
56.18
55.79
55.90
55.92
55.95
55.97
56.00
56.05
5..13
56.13
56.97
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T.ONG
(W)

29.96
23.54
21.60
21.47
21.42
21.32
21.20
21.08
20.97
20.89
21.68
23.45

25.26
27.03
28.79
30.55
31.44
32.35
34.16
36.01
37.82

38.28
38.23
38.17
38.19
38.21
38.24
38.29
39.65
34.99
33.11
31.23
29.41
27.55
25.77
23.97
22.17
21.94

COMMENTS

TEST
START THERMISTOR CHAIN BOX
TURN NORTH

TURN WEST
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TURN EAST
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Table 2 (continued)

UTC
START
TIME

1500
1510
1520
1530
1540
1550
1600
1610
1620
1630
1640
1650
1700
1710
1720
1734
1740
1750
1800
1810
1820
1830
1030
1045
1100
1115
1130
1145
1150
1200
1215
1230
1245
1300
1315
1330
1345
1400
1415
1430
1445
1447
1500
1515
1530
1545
1600
1615
1630

XBT Positions

LAT
(N)

58° 57.91
58.90
59.87

59°¢ 00.78
01.70
02.04
03.57
04.26
04.19
04.16
04.07
04.02
04.00
03.86
02.10
0l.18
00.33

58° 59,51
58.55
57.61

59° 05.31
04.96
05.09
05.23
05.27
05.24
01.25
05.25
05.33
05.25
04.74
03.38
01.94
00.57

58° 59.15
57.76
56.40
55.11
54.73
54.75
54.77
54.89
54,86
54.95
54.90
54.07
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LONG

12°

(W)

22.07
22.22
22,38
22.54
22.73
22.92
23.13
23.93
25.95
28.02
32.19
34.40
36.67
38.67
39.39
39.67
39.94
40.12
40.25
40.32
39.92
38.30
36.22
33.72
31.25
28.66
27.83
26.20
23.67
21.42
19.68
20.01
20.06
20.01
20.13
19.98
20.12
i9.98
22.42
25.23
28.02
30.63
33.15
35.66
38.07
44.26
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A comparison of a reqular and an expanded scale XBT profile.

All the JASIN XBTs were recorded on an expanded scale,
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Figure 20. Details of a regular XBf system: probe (a), canister (b),
and resistances network (c).
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The expanded scale XBT recording systen is comprised of the new
bridge and analog recorder (Fig. 21). The bridge consists of a precision

voltage source, a dual constant current source, and a differential

amplifier (Fig. 22}, The constant current aource supplies two identical
currents which flow through the primary and secondary loops of the XBT
probe and sea-water~uhip ground path (Fig. 20¢). The constant current

I flowing in the primary loop results in potential le

+
Vl = I (st Rc + Rt)

The current I in the secondary loop results in a potential VZ:

= + .
v2 I (st Rc)

The resistance variation Rt can be isolated by monitoring the

differential voltage Vl - Vz.

R, = (vl - Vz)/I .

The analog recorder is then used to record an output from the bridge

proportional to Rt'

Below are given the resistance and temperature values supplied by
Sippican Co. (Sippican Manual R-467B, Table 5-1) used to obtain R(T)
and T(R) for interpretation of EXBT data. Also given below is the

relationship between elapsed time and depth of the XBT probe.

Temperature °C Resistance k
5.0 12.697
5.6 12,357
6.0 12.085
6.7 11.699
7.0 11.506
7.8 11.080
8.0 10.958
8.9 10.496
9.0 10.439

10.0 9.948
11.0 9.483
11.1 9.434
12.0 9.043
12.2 8.950
12.0 8.625
14.0 8.230
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For details see Figure 22. ié

Figure 21. Block diagram of the EXBT system.
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Figure 22. Electric circuit diagram of the EXBT system.
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least-square minimization was used to obtain fourth order polynomials for

i R(T) and T{R).

;; A, = 16.32902 B, = 51.0812%

5 AL = =.8336822 B, = ~7.256200

o A, = .239%431 1070 B, = .4455120

- Ay = ~-.524036 107 By » -.153488 107>
| Ay = .BAdSSA 1070 By = .21792 1070
|

i

| 2 3 ‘

T(R) Bo + BIR + BZR + 53R + B‘R

i

| . 2 3 .

i R(T) Al + AlT + AzT + A3T + A‘T

*D(t) = 6.472t - 0.00216 t2

T = Temperature [°C]

T Vb P .
Salalicld e it o it i el s alich

R = Resistance [k )
D = Depth [m]
t = Time [secs)

s

it Rt b

* From Sippican (1970) Ocean Engineering Bulletin No. 1l. i

it ki

s Rk

Data
The individual traces of XBT data have been grouped in sections

and are presented in Figure 26. The depths of the 12.5°, 12°, 11'.‘10°
and 9°C isotherms are indicated, Figures 23 and 24 are included to show

PRI R AT e A

the variation in the T-S relation encountered in the JASIN area. Colder,

fresher water was found to the north and warmer, saltier water to the

south (Figure 25).
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