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ABSTRACT

Dur ing cruise 102 of the R/V Atlantis—lI in the Joint Air—Sea Interaction

Project (JASIN), surface meteorological data ~iere gathered by Woods Hole

Oceanographic Institution personnel from two moored buoys and from the ship.

One buoy ( JAS IN W2/WUOI 651) carried a Vector Averaging Wind Recorder

(VAWR ) and a Vector Measuring Wind Recorder (VMWR); these instr~.mients provided

18 days of intercomparison data and 38 days of meteorological data from 30 July

to 6 September 1978. The other buoy (JASIN H2) carried a VMWR and gave 25

total days of data from 16 July to 10 August, and from 26 August to

1 September.

A PET computer, hardwired to sensors positioned on the ship, displayed

data that were logged during both legs of the cruise. Manual data were

gathered by the science watches.

This report describes the PET system, and displays and compares all the

data. VAWR hourly meteorological data are listed for the 38 day period.

Scientific interpretation of these data, such as calculations of heat

fluxes, will be published separately.
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INTRODUCTION

The Joint Air—Sea Interaction Project (JASIN; see Pollard, 1978) was an

international stud y of the atmospheric and oceanic boundary layers , of the

fluxes within and between them , and of their interac tion on the process

scale. Nine countries , fourteen ships , and four aircraft partici pated in the

main tield experiment from mid—July to mid—September 1978 in an area northwest

of Scotland about halt—way to Iceland (see Figure i-i).

The H/V Atlantis—L I partici pated as i t 8  Cruise 102 with two legs:

Leg I: Glasgow — Glasgow , 25 July — 16 August

Leg 2: Glasgow - Woods Hole , 21 August - 21 September

The la t ter  part of Leg 1 and the early part of Leg 2 were spent in CTD work at

Anton Dohrn Seamount , and the last two weeks of Leg 2 were spent in passage
across the North Atlantic. The actua l working periods in the central JASIN

area , i.e. the vicinity of the Fixed Intensive Array (FIA) near 59°N,

12°30’w , were: 0600Z/27 July to 2400Z/13 August , and 0700Z/24 August to

1400Z/7 September.

During these periods near the FIA , sur f ace  meteorological observations

were made from the Atlantis—lI using a mix of automatic and manually—operated

sensors.  The a u t o m a t i c  system, ca l le~ ET here because a small PET computer

was used as a data a c q u i s i t i o n  device , are described in Par t II  of t h i s

report. The PET data were logged approximately hourly by the science watch 
- 

-

since the 5—mi nute  a u t o m a t i c  recording system was not working.  The science

watch also took certain observations manual l y ,  cal led MAN UAL here , on an

hour l y or 4—hour ly  (Leg 1) or 3—hourl y (Leg 2) basis , depending on the

observation . Fi gure 1—2 locates the observations on the shi p.

The PET and MAN U AL observations from the ship were meant primarily as

backup data in case the meteorological data  being recorded on buoy W2 (see

Fi gures 1-1 and 1— 3 , and Table 1— 1) were f a u l t y .  The meteorological  package

(Payne, 1974) was a Vector Averaging Wind Recorder. Only the PET Dew Point

and the MANUAL Dew Point and Relative Humidity (calculated from wet and dry

bulb temperatures; see P SYCHROME TRY sect ion below ) were uni que observations

from the ship; all the other shipborne me teorological data were redundan t to

buoy data , called BUOY here. Additional data on wind measurements only were

obtained froni a Vector Measuring Wind Recorder on buoy H2 and supp lemen t the

W2 data by starting earlier .

I 
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We expect all the buoy data , but especially wind speed and ai r pressure 
- 

-

and temperature , to be of higher quality than the same data from the ship

because of the derogatory influence the ship has on its environment . Also ,

the motivation for these measurements is as supporting data for the array of

current meters and thermistors deployed on the moorings in the FIA , so

observations from mooring W2 are in any case preferable  to those f r o m  a rov ing

shi p or from mooring 142. Figure 1—4 and Table 1—2 give the range and bearing ~- 

-

from the Atlantis—Il to buoy W2 (nominally 59001.5’N, 12°33.O’W ) dur ing
Legs 1 and 2; only during the Leg I periods 16002/2 August to 0500Z/3 August ,

16002/8 Augus t to 0400Z/9 August , and 1100—24002/9 August was the ship
consistently within 10 Ian of the buoy and were there meteorolog ical

measurements being made on the ship. These are the period s used for the
shi p— to—buoy “10 km” scatterp lo ts (see Table 111—4 , and figures 111—35 to 38).

We present here the BUOY data in some detail , inc luding hourly lis tings ,

spec t ra , sta t is tics , etc. The PET and MANUAL dew point estimates from Leg 2

( are compared in Fi gure 111— 12 and 111—33; there seems to be no reason to
choose one as preferable to the other except that the PET estimates are

probably less subjec t to the change of the watch . . —

No derived data, for example wind stress or surface heat flux , are

j presented in this report. See also Tarbell 1 Briscoe , and Weller ( 1979) f or
the current meter data from the moorings , and Pennington and Briscoe (1979)

for the hydr~ graphic (CTD profiles) data.

1 — c
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ORSEIIVAT IONS

The VAWR and VNWR data were handled as normal current—meter data (see

Tarbe l l ,  et a l .,  1979) since both instruments are based on the original VA~M

and VM~M ins t ruments .  Figure  1-3 shows buoy Wi on which the V AWR and one of

the VMWR ins t ruments  were mounted ; the 142 VMWR i n s t rum en t s  were on a d i f f e r e n t

k i n d  of t ower structure but were equally exposed and at about the same

hei ght . The W2 VAWR and VMWR were mounted 1 m apart at 3.5 w heigh t above the

wa te r  l ine . The vane on the buoy kept the two wind recorders on the upwind

side of the buoy; there was free exposure of the wind sensors to the wind .

Except  for the a i r  pressure  sensor , the VAWR was as described in Payne
( 1 9 7 4 ) . A Dig iquarta pressure sensor provided 0.1 mbar accuracy pressures

averaged over the  15 m i n u t e  recording  i n t e rva l  of the VAWR . The VMWF. was

simp ly a VIICM turned upside down.

The PET data are desctibed in Part II; see also Peal (1979).

The MANUAL data were taken with a var ie ty  of instruments. The winds used

the shi p ’s anemometer which was mounted on the port forward yardarm. It

yiel ded (relative to the PET measurements) a diminished wind speed when the

winds wer e from 0900 relative , i.e. when the winds had to pass the mast to

get t o  th~ anemometer . More surprising ly, the measurements were biased ~~~~
when the winds were f r o m  between 070 - 085° and 095 — 1100 , apparen t ly

because of a f u nn e l in g  e t f e c t  past the mast. The winds were read ott an analog

dial (on~ minut e visual average
) in the wet lab . Ship speed was from the L

s ing l e - a x i s  Sperry  dopp ler  iog , w h i c h  was the same ins t rum ent  the PET was

reading: only time ot reading and the v a r i a b i l i t y  of visua l averag ing should

produce differences between the PET and MANUAL shi p speed . Similarly , the

shi p ’s gyro repeater provided ship heading . The MANUAL measurements of sea

surface temperature came from a standard bucket thermometer. During Leg 1 the

bucket was stored i t t  the main lab and consequently was biased high;  t o t  most

of Leg 2 the bucket was stored on deck. Air pressure came from an aneroid

barometer .‘n the bridge : it was of unknown calibrat ion , but presumably wøuld

have only an otfset . (It proved to be reading 8.5 mbar high , by correlation

comparison w i t h  the p re s su re  sensor on the buc’v.)

The wet and dry bulb air temperatures were obtained with a Bendix 5bn -3

Psvchron , which is a motor aspirated pair of mercury thermometers, one wi th a

wetted wick, one wi thout. It was used on the exposed side of the bridge wing

j  ~~~~~~~~~~~~~ 
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or the f l y ing  bridge , depending on the severity of the weather. The

c a l c u l a t i o n s  of dew point and re la t ive  humidity were made using algorithms

described below , under PSYCHROMETRY . All MANUAL data were logged by hand on

an hour l y (wind , sea temperature) or four—hour l y (Leg 1: wet and dry bu lb

temperatures , clouds , air press ure , visual wave observations) or three—hour ly

(Leg 2) basis. The cloud and wave observations are not reported here: they

are subjective visua l estimates for the JASIN meteorological reporting forms

only. ‘

Editing of all three data sets (MANUAL, PET, BUOY) was done by hand ;
values clearly in error were replaced by a linear interpolation of adjacent

points.

Calibrations

None of the ship ’s sensors were specially calibra ted: the ship speed and

direction , wind speed and direction , and bridge barometer were simply used as

provided . The sea temperature (bucket with integral mercury thermometer) and

wet and dry bu lb tempera tures used precision thermometers but no additional

checks were made .

The PET sensors were calibrated as described in Part II of this report.

The VAWR sensors were calib rated as described in Payne (1974) excep t for

the new pressure sensor , which was checked ashore agains t a mercury

barometer . The cups and vane used the existing calibrations , and the

temperature sensors were checked before and after the cruise in the WHOI

calibration facility.

Note that the solar radiation values are presented in cal cm 2; in fact ,

these are values integrated over the 15 minute recording interval of the VAWR

and normalized to 1 minu te values, so the units should be interpreted as

cal c~n
2 min~~~, which is the old (pr ior  to 1947) d e f i n i t i o n  of a l angley .

For reference ,

1 cal cm 
2 
(units on plot8) 1 cal ctn

2min~~
- — 1 langley (o ld)

— 1 lan gley tuin ’ (new )

— 697.6 w a t t s  m 2

I — ?
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CALCULATIONS

All calculations and disp lays were made on a Xerox Sigma— 7 computer.  In

general , the data disp layed here were anal yzed with standard programs used for  J
cur ren t  meter data; 8ee Tarbell ,  et al .  ( 1979) for  de ta i l  of the procedures.

Br ie f  descr ipt ions fo l low .

Time Series

Al l  the measured var iab les  as well  as some derived quan t i t i e s  (t rue  wind ,

dew point , r e l a t ive  h u m i d i t y)  are presented versus t ime in Part  l i t.  In

addit ion , the buoy wind s (Fi g. i l l—i ) are presented as stick plots , i .e.

4—hour average vectors whose length is propor t iona l  to the wind speed and

whose angle shows the wind direction as the direction to which the wind is

blowing . Note that  6520SB and 6520WD are on the same buoy (JA SIN W2 ) , but

that U2S IB and H2S2B are on JASIN 142 , 44 km to the nor th  of W2.

Histograms

Each of the variables from the VAWR are shown as f requency of occurrence

versus amp l i tude ; the means over the entire record are marked .

S t a t i s t i c s

Various moments (mean, variance and standard deviation , skewness,

kurtosis) and extreme values are given for the entirety of each record (Table

Ill—I) and for consecutive S—day periods (Table 111—2) cousnencing with 0000Z

on 30 Jul y; the final “5—day period” is only 4 days and 7 hours long.

~ p~c tra

The spectra are calculat ed by breaking the record into  one or two equal

length se~ sents (as long as possible to f i t  in to  the record length ) , and then

frequency — band averaging over 3 bands to give a l i t t l e  more s t a t i s t i ca l

reliability to the estimates. The plotting program additionally averages

increasing large r groups of estimates together at the higher frequencies. The

spec tra therefore have a minimum of 6 degrees of freedom at the lowest

frequencies , and as many as several hundred degrees of freedom at the highes t
frequencies. There was no data  windowing or prewhit en ing prior to the Four ier

transformation . The integral under the spectrum equals the variance of the

record .

I - P
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Progressive Vectors

The wind displacement vectors (one hour averages) are placed head—to—tai l

to show the path a perfect par t ic le  would have taken if the fluid were I -
perfectly homogeneous with no spatial gradients.  The same da ta are plot ted as

- North versus East scatter plots with a regression line that denotes the

principal axis of the cluster of points .

PSYCRROMETRY —

Calculations of dew point and relative humidity were made using formulae

from the Smithsonian Meteorological Tables (List , 1951) . The l i thium chloride

cell used in the PET measurements (see Part ii) read out directly in dew
point ; the wet and dry bulb temperatures of the Bendix psychrometer used in

the MANUAL observations were therefore converted to dew point , for comparison

with the lithium chloride cell , and to relative humidity , for general use .

The algorithm for calculation was:
1. Input T

~ , Td, p, where T~ 
= wet bulb temperature in degrees

Celsius , Td = dry bulb , and p = observed barometric pressure in

millibars .

2. Calculate the saturat ion vapor pressure e5~ in mbar for the H
wet—bulb temperature : -

~~~~

• f( T  + 273.16)
e = 1013.25 x 10 V 

(1)
SW

T T
where f(T) — a

1 
(..! 

~ i) + a2 log 10 (~i) (2 )
T T

T
+ a 3 (lO la (1— i—) 

— 1)

T

+ a4 
(10C (—f -1) 

- 1)

and T 373.16, a1 —7 .90298, a2 
= 5.02808 ,

a3 —1.381 6 x ~~~~~~~~~~ a4 8.1328 x IO~~~, b — 11.344 ,

and c — 3.49149 .

1 — 9
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3. Calculat. the !at rat Ion ~~~~~ pressure for th. dry—b ulb temp .ratui.t

UT • 273.1 6)

sd 
— 101 ~~~ x 10 d •fl

6. Calcul at. the mixing  ratios for saturated sir  for the wet and
d r y — b u l b  t e mp e r a t u r e m l

p 0
C MW C Md

r — c  r c - -  - - -  (4)
MW 

~~~sw

where E — 0 .622  is the ritlo of the molecular wei ght of vaSe:- to t h a t
of di-y air ; calcu late the mi x ing ratio for the unsaturated sire

r i - c  (T - T ~~
- 

sw ~p d wj
L + C  ( T — ’ r )pv d w

where l~ — 59 7 . 1  c a l/ in  i s  the latent iteat of evaporat i on , C —

0.240 cal/(gm°K) i s the specifi c heat of air at constant p:-.ssut-e,

and t
pv — 0.412 cal/ ~~°~) is the s p e c i f i c  heat  of wat er vapor .

5. CaLculate the :etativ ~ ~~~j dit :

— —--i.-- x 100I.
ad

b. C a L c u l a t e  the ‘~apor pressure for  he :t~:sat ut-st ed a i

-

7. u s  ing squat ion ( 1 ) , i tet ate on the va t  no of T~ unti l an 
~~~ 

a
found t ha t  a equa l t o  • from .quat ion (7’S ; (hi s vs tue of  T

~ ~
dew p oin t ten~peraturs.

~. For reference , because it is needed in the hulk aet-otivuamic flux

tormuta,, the a~
ec it ic h u m t d i t y  is r~~l*ted to (he mi x ing t a t ios hr

— I tS   

— - - - j  —~ 
-——-— —-.--— - 
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so the specific humidity of the moist air is

(8)

where r comes from equation (5), and the specific humidit y of the

saturated air at the sea surface is

r
q
0 

—

where the r
50 comes from equation (4) based on e~ , from equat ion

(1) evaluated at the sea surface temperature T0.

These calculations were checked against examples in the Smithsonian

Meteorological Tables and (for relative humidity) against tables in the

Instruction Manual (No. 509942, revised March 1968) for the Bendix P sychron .

RESULTS

The purpose of these meteorological measurements was to provide the

background information needed for calculations of air—sea fluxe s, especiaLly

• of heat and momentum . The observations are of a kind that is appropriat e for

the use of bulk aerodynamic formulae (e.g., Bunker, 1976) for which the

crucial variables are wind speed , sea and air temperatures , and the s p e c i f i c

humidities for the moist air end for the saturated air at the sea surface ,

The buoy measurements provide our best estimates of wind speed , sea and

air temperatures , and the specific humidity at the sea surface . Since the

4 buoy provide, no moist air measurement , we have to use the shipborne

measurement of dew point (PET) or wet bulb temperature (MANUAL~ to supp lemt’nt

the data set .

The MANUAL measurements in general are noisy, only on 5 4 or 3-hourly

basis , and are more subjective than the other measurements. The uncalibra ted

aneroid barometer on the bridge was read by the mates on watch and reported

verbally to the science watch . The bucket sea—surface temperatures have a ll

the traditional problems with bisses introduced by the storing temperature ot

the bucket , warming by the ship of the water around it when the ship is tin

stat ion, and evaporative cooling of the water in the bucket while it is be i ng

read .

-
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The PET measurements , except for dew point and Incidentall y shi p speed and

heading , provide no information that is unavailable from the buoy . For

in terest , the PET dew point temperature (Figure. 111—3 and 4) and the

caLc ulated MANUAL dew point temperature (Figures 111— lb and 2b) are plotted

together (Figure 111—12) for Leg II of the cruise , and are given as a scatter

plot (Figure 111—33) that shows the regression line ( MANUAL regressed on PET;

Table 111—4):

T
MANUAL — 0.58l~~ 

+ 0.945 x TPET

The standard error of the regression is only 0.50C , hence it appears that

the dew point temperature estimates from the ship are useful to something

better than 1°C.

The scatter plots (Figures 111—13 to 38) and regressions (Table 111—4 )

disp lay interesting comparisons between the various measurements of the same

variable. Some of the comparisons are extraordinaril y good , such as the

pressure , dew poin t , and shi p speed measurements (Figures 111—32 to 34),

whereas sot-ac are terrible , like BUOY versus MANUAL water temperature (Figure

111—26) which is badly biased by the distance between the ship and the buoy

(C.!., Figure 1—4b). PET versus MANUAL water temperature (Figure 111—27),

both being made on the ship, compare better with only 0.22°C standard error.

The effect of separation between the buoy and the ship (PET) is minimised

in the las t four sca tt er plo ts , which are restricted to only the periods when

the separa tion is less than 10 lan. Unfortunately, these 10 km — plots cannot

be d irec t l y compared to the other scatter plots because the 10 km - plots are

for Leg 1 , whereas all the other PET plots are for Leg 2.

A useful nL~ ber is obtainable front the overall statistics of the BUOY

record in Table 111—la. The mean solar radiation is given as

2783 watt—h m 2; i t has been nornialised to one 24—hour day. In more usua l

uni ts (divide by 24) the mean insolation during our measuremont~ was

11 6 watts m 2 • 0.17 lang leys (old) — 0.17 langleys (new) min ’.

For comparison , Bunker (1976) gives about 50 watts m 2 for this locat ion for

the net average annua l radiational flux to the ocean , and a s~ nsihle heat flux

• 1 — 1 2
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and latent heat flux from the ocean of about 30 watts &2 and 135 watts m 2

respectively, for a net loss over the year of about 85 w a t t s  m 2 ; the

imbalance in this budget is due to the averaging and contouring used by Bunker

(1976), plus the necessity to obtain the numbers by reading small graphs.
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TABLE I-i

Suimnary of t ’boring Locations and Dates

Location Cruise Cruise Purpose of
( °N) A—II— 102 A—I I— 102 Mooring

(°W) Date Set Date
(1978) Recovered

Mooring (1978) Convnent

Si 59°O0.4’ 1 Aug. 6 Sept. meteorology NOTE 1

12°33.l’ thermistor chain

B2 59°OO.2’ 29 July 6 Sept. thermistor chain NOTE 1

12°27.5’

53 59°Ol.6’ 28 July 6 Sept. thermistor chain NOTE 1

12°27.4’

B4 59°lO.7’ 28 July 3 Sept. thermistor chain NOTE 1

l2°3l.O’

Wi 59°Ol.l’ 29 July 7 Sept. subsurface currents NOTE 2

l2°32.O’

w2 59°Ol.5’ 30 July 6 Sept. meteorology NOTE 2

12°33.0’ surface currents

W3 59°Ol.l’ 30 July 6 Sept. spar buoy for NOTE 2

12°34.3’ surface currents

K.l 58°59.8’ 9 July 6 Sept. subsurface currents NOTE 3

12° 30 . 6’

H2 59°25.O’ 16 July 3 Sept. meteorology and NOTE 4

12°30.0’ and surface currents

Notes: 1. Oregon State University buoys (W. Burt) deployed and recovered by the A-IT .

2. Woods Hole Oceanographic Institution buoys.

3. Institut f~r Meereskunde , Kiel, F. R. Germany, buoy deployed by Meteor,

recovered by Planet.

4. NOAA/PMEL, Seattle, buoy CD. Halpern) deployed by Shackleton , recovered

by A-IT.
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Figur e  l—4b : Range and be~ r i n g  t r umi sit i p to buo W2.
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TabIs 1—2

Rang. and Bearing from Ship to Buoy 142

(Refers to Figure I—4a b)

Leg~~ Leg 2

78—VII—26 to 78—VIII—15 78—VIII—23 to 78—IX—08

A Glasgow to JASIN site I Glasgow to JASIN site

B B4 Deployment J CTD section (W of PIA)

C ¶1Q4/3 tracking k CTD section (heading North)

D CTD section (NW ’SB) L CTD section (59°N W-’-E)

B XBT section (S- -SE) N H2 area

F CTD section (SW of FIA*) N Multiship experiment (N of FIA)

G 04 area 0 B4 recovery

H CTD section (SE of PTA) P Returning to Woods Hole

* Fixed Intensive Array
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INTRODUCT ION

The system provides Continuous display and a digital record of

several parameters relating to shipboard meteorology . It was designed
for the Joint Air-Sea Interaction (JASIN) experiment and was used aboard

the Atlantis II to supplement buoy-based recording systems. This report

describes the sensors used and data collected during the JASIN cruise.

However, the design of the system is such that it can support different
sensors and other additional sources of data input in future applications.

The parameters measured by the system are as follows:

1. wind speed and direction

2. ship speed and heading
3. solar radiation

4. sea surface temperature

S. air temperature

6. dew point

Sensors are sampled and displayed several times per minute; six minute L

averages are recorded on di gital tape*. During acquisition, steps are

taken to remove the influence of the ship on the parameters being measured .

For example, two wind sensors are installed, one on each side of the ship.
The system selects data from the upwind sensor for use in true wind

calcu lat ions . True wind is calculated using ship movement data in conjunction

with the data from the selected wind sensor.

During the Atlantis II JASIN cruise , in addition to the nearby buoy

measurements, extensive manual meteorological observations were taken on
the ship. These served as a valuable reference for evaluation of and comparison

with the automatically acquired data. Some of the data appear in Part III of

this report.

* The recording system did not function during this test cruise of the
prototype system.
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S\,s’FI~ I si’u~c i i ( ‘
~ \ I  Io NS

‘11W s~’ st eiii t t t ’~ i gil described i i i  Pt ’;i  I an d R r a d l t ’ v  ( !~~~S)  i c b:i ’~t ’uI  on four lIla i l l

modules as lot lows (see Figure H-- i I :

• The rellIo t (‘ ae(tu i S t ton  t in it conVerts t he scitsu r out put s

o d i g it a I V a t  t i cs  and sends the raw numbers to a cent ra I

locti t ion .

• The cent  z’a I mu I t  I p1 exer  pe r t  onu s t he d i g i ta I dat a

t r an sm i ss i o n .

• The cont i-o l icr and displa y irn i t cont  i’ols  the data

acqU I s i t  o t t  and reco i-d i ng , and conver t  s Slit ’ raw dat a to

ciigiiiee ri lig t i n i t~~ for di~ p t ;iv at t h e  cent i-a t b eat ion and

t o t ’ reco rd t u g .  
—

• The re ct ’ i~~ijt’ r st 0 1’I.’5 t lit’ ILl t a for l aS e t c  asia  I y s i S .

An impor tant f e a t u r e  is the eont inu o t i s  Iv t ip dat  ed disp lay of t h e

measured values conver ted to eng ine es -i n g t h u S  s .  The di s p l a y  ( F i gti l-e I I

is read i iy unders tood  prov id ing  in st ant access to the d a t a  b e i n g  r ecorded

and ver  j i i cat  ton of s v st  em opera t  l oll .

Another impor tant t’eaturc of the s y s t e m  is the ease with which it can

t ransmit dat a to c~ t es-na I dcv ices . ‘t hus , a It bought t It i s sv stem has d i splay

and b u l k  Storage captib I i i  ties , it can se rve  a~; a son rce of j i re  p s-ot -essed

rca I — t j ute dat  a for  ot lies’ svst ei~~ abostrd sh I

The sv St em accu s-ac~’ t’or I)C imput s i s det cnn I ned by the tirsa log—to- -

digi t al convers ion in the remote acqui s i t  ion unit. The con veu - s  ion i s

p er formed by an Ana log Devices 7507 m u l t i p lexer , a 581 J voltage reference ,

II — 5
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and a 7550 converter at a clock rate of 614.4 Kllz. Figure 11-3 shows a

calibrat ion of this portion of the system .

This calibration does not apply to devices which are inherently

digital since they are read into the system as dig its. The ship speed

log and gyrocompass are two such devices.

The system is capable of sampling all sensors as frequently as once

per second. In this case , the following sample scheme is used :

every 30 seconds - wind speed (both sensors)

- wind direction (both sensors)
- ship speed
- sh ip heading
- solar radiation (buffered raw output)

every 6 minutes - sea surface temperature

- air  t emperature

- dew point .

A tape record is written every 6 minutes and consists of:

- sequential record number
- time of day
- sea surface t emperature
- air temperature
- dew point

- ship speed north and east (average
of 12 values)

- wind speed relative to ship, forward
and starboard beam vectors (average
of 12 values)

- true wind speed north and east (average
of 12 values)

- solar radiation (average of 12 values’).
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The dat a are recorded in a standard code on t ape  cai’t i- i dge s. in this

case • each cart ridge holds 4~~8 , 800 i i v t  es of da t a . requi s - in g  a new c a r t r i d g e

about e~ ct’v I days.

S’I STI M OPl I~\TWN

Prior to perform i ng da ta  a c q u i s i t  ion , i t  is ncce ssa l-v  to  m i t  i a l i : e

the va r ious  modules ot the system , lIt I s process i s  performed automat i cal ly

Lw the cont t.ol and di sp iay unit as a separate prog u-ant under ope ra t  or cont ro I

Once i t t i t i a l t  zed , the  remote a c q u i s i t i o n  u n i t s  access  a l l  act ive sensors

on a cont i nut ’us has i s - Tb is ensures that current \-a lid dat a i s ;iva liable

for t r a n s m i s s i o n  to t he  central di spla y b eat ion at all t tines.

‘be pet- t’orm acqu i sit I ott , t h e  cent  ro I and d i  sp I a\ t i i t i t cent I nuous lv

checks the  curl -cut  t inc of day against a p r e -d et i  ned sensor acqu i s it ion

schedule .  When a g iven sen sot- I s to he acces SCII , a command i s sen t to  t he

remote acquis ition unit which replies i% it h i t s  niost re cciut  v a l u e . The

cont r o l  d i  splay un I t p e r fo r m s  approp r i at e  conveys j ott and averag ing

ca l  cu I at ions  , then ~I i sp 1 av s  and i’ecord s the  va j ut ’ in  eng ineer ing tin i t s  .

~S N S ~)R SPI C I F  1 C \ l ’ i t ) \ S

‘I b i s  sect ion pr ov ides  spec i ficat ions foi each scitsol - as u sed in t h i s

-
‘ 

5 stem i tic lutI ing conversion fact ei - s . ranges  , ac c u r a cy  . and 1-espouse t I tile

A summary j s shown i n  ‘l ab Ic 11 — 1 -

W m d  and d i r e c t  j e s t

The anemo tnet ci - i S a \ o  i -f cx count  i ng speed sen sot m ounted in t hue t a i

of a vane w h i c h  i s  f t- ce  to  r o t a t e  about a ~- e i - t  i l - a l  a x i s .  1’i~o u n i t s  : s i e

moun t ed . one on cacti s i d e  of the after m a s t  c a t w a l k  
~t 1T”°’ im a t  c l v  ‘1 me te r s

above t h e  ocean s nr l a t -c . i’he unit s a i’c moun t cii t~~t
’ I I OI lS  i ’o: ir th en each

s i d e  to  m i t t  i m i  ~c t h e  e f f e c t  of the s i t  sp  oil t h e  i~ m d  l i tea sur ement — ccc

F i g u r e  I I  -I . i n  the c s  I c l i  tat iou of t rue t~ i ttil * t h e  i’oniput ci’ t i - — c c  t he da t a

t rom tile C I j t W  i l i i t  an emomt’ t ci- -

rr -
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The unit is a model VA-320, manufactured by J-Tec. The speed sensing

unit uti l izes the linear relationship between the frequency of vortex

formation in the wake of a stationary rod and the speed of the air moving

around it. The speed data from the unit is available as a frequency

proportional to the rate of vortex shedding and as a voltage which is an
analog of the frequency; the voltage is used in this case. The direction

output is a linear voltage obtained from a precision , low torque , 358°

potentiometer: 0° is wind from dead ahead, 90° is wind from starboard
beam, etc. - -

The speed range is from a threshold of 1 rn/sec to 65 rn/sec with an

accuracy of 0.6 rn/sec. The direction range is 0 to 358 degrees wi th  an
accuracy of ±2 degrees for speeds above S rn/sec. The speed distance

constant is 0.33 cm; the direction constant is 10 m.

The conversion factors used by the program are as follows:

- speed = 12 x (volts) rn/sec

= 0.01379012 x (counts) rn/sec

- direction = 72 x (volts) degrees

= 1.256637062 x (volts) radians

= 0.08802207194 x (counts) degrees
= 0.00 153627497 x (counts) radians
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Sk ip  speed i s  measured with a s I ng le— ax I s acoust I c tiopp l ei log ,
mode I SRI ) 101 , manufactured by Sperry Mas- si t e  Sy s t  euiis . A di u-ect m t  erface

to the svst  cu t ’ s d a ta  I i  it t ’S read S the speed tn t o the t~eiitot e acqu I s i t ion
U n i t .

Speed reading s front 0 t o  ‘ 19. 9 knot s are ~os s i He. These a i~e - 
1

co n v e r t e d  to rn/see in the prog r ant  Lw nail t i p l  v ing by (1, SOS . Its in g  speed
and heading info rma t ion , sh i p ’ s V e icc i t  i s ~ie t t’ u’m i ned as nor t Li and e.i st

vectors. Val ues in the range 0 to 10. I~ in sec are r ecorded ; other  v a l u e s
are t-ecorded as 99. 99 in - se c.

~~~i 1 1 eIid i li~

The sk i p uses a Sperry’  Ma i-k 3 ~v recomp ass w ith st  cj’ 1w step

t -epeatcrs . The remot e a c q u i s it  ioi~ tm~~t mon~ t oi-s the pulses on the three
lines going to these repeaters - Ft -on these pu l se s  it t r a cks  the  sli ip ’ ~
head i ng f rom an in it i at head i ng t ’nt t’ red 1w an operat es- .

The ski  
~ 
‘ s head ing dat a a i’c thus a Va lab Ic d I ree t lv in ~teg r ees t rue.

This is useti in determining the ship ’ s nor t h and cast vel oci t y and

subsequen t 1 v in det cmi n i ng t i’tse w I tlil

‘1 rue w i nd

This i s aetna l i v  a ~le r i v ed par ati tet em but 5 I nec i t  I S d isp 1 aved and
recorded in real t i m e , the method i s  de sc r ib ed  here .

For both anemometers * the apparent  w i ntl i - e - . me I at i ye to sh I p~ i s
resolved Into a long— ship and at hw ar t  — sk i p  \‘cc t o r s .  I or a g i ~en

obse i-vat ion the sum of the athwart - sit I p v e c t o r s  f rom the two anernomet es-s

computed - I t’ the sum i s negat I ye , dat a t rom th e  poi -t anenu orne t er I s
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selected; if it is zero or positive , data from the starboard anemometer
is selected. Using ship heading, the selected apparent wind vectors are
then resolved to north and east vectors. Finally, the ship’s north and
east velocities are subtracted leaving true wind.

Note that ship vectors indicate the direction the ship is moving to

whereas w ind vectors indicate the direction the wind is blowing from.

Solar radiation

The radiation sensor is an Eppley differential thersnopile mounted
on the top of the stern A-frame about 8 meters above the water surface.

The unit is connected to a W.H.O.1.-mai-uufactured device which provides a
buffer amplifier with an analog integrator and chart recorder. The 0 to
5 VDC output of the buffer amplifier is digitized and recorded by the

computer as a voltage reading. The conversion used for the digitizer
output is

0.00114918 x (counts) volts.

When the stern frame was tilted from its rest position, the science
watch noted the times for later annotation of the solar radiation data
series.

II — 1 5



TEMPERATURE —
- PROBE

COUPLING
- TRA NSDUCER

1/4” PIPE 
j

_ _ _  \~~~

‘7Z 
_~c~~w 

- \  

_ _ _

-

HULL HULL ADAPTE R
RING RING

Figure 11—6: Detail of mounting ar ran genen t for sea sur face t~~aperature
detector .
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Sea sur face temperature

The water temperature sensor is a 100 ohm platinum resistance

temperature detector installed in the forward transducer adapter ring

in the A-Il bow chamber - Figure Il-S. The ring is drilled through and
tapped for a ¼” pipe; the sensor is mounted in the pipe with its tip

flush with the outside surface of the hull as shown in Figure 11-6. The

measurement is made at about 4.5 meters depth.

The sensor is a 3-wire type 21 connected to a 2-wire transmitter

type 2600 , both manufactured by RdF Corporation and calibrated for

linear output within ±0.05°C over a span of _ 100 to +40°C. The

transmitter output is a direct current between 4 and 20 milliamperes

which is proportional to the water temperature. The current output is

passed through a Vishay 250 ohm resistor , type S102 , tolerance 0.5%,

to generate a voltage which is measured by the remote acquisition unit.

The temperature sensor and transmitter were calibrated before and

after the JASIN cruise at the W.H.O.I. temperature calibration facility. J
This was to verify the quoted accuracy aiud to allow corrections to be

applied to the recorded data if additional accuracy is desired . The

calibration results are shown in Figure 1 1- 7.  Additional accuracy can be
obtained by applying a correction as shown in Figure 11-8 to the recorded
data. A further improvement could be obtained by performing a more

accurate digitizer calibration.

The conversion factors used by the program are as follows :

- for transmitter output (volts)

temperature = 12.5 x (volts) - 22 .5 °C

- for di gitizer output (counts)
temperature = 0.01436471 x (counts) - 22 .5 °C -

1 1 — 1 7

~-1 
~~~~~~~~~~~~~~~~~~~~~~~~ 

______________



x o  0I I

z

r— r~- -~~~~G)4-, .
I-.
Q) m).. 0

< L U
-.

~~ ~~

o x
a) ..

o~~J

o x - ~~~ 

~Q I~~4J

~4.,) ~~~~~~~~~5 4J .0 O
I u~~—~~U‘-‘4n- 4 , 0 4 . - i-
~~~ 1-. 0

r-.. ~~~~~~~~
~ p 4.-i 4-a

-% 4, 44.4 4) 4 ]

~4J ~~~~~~~~~
~~-
~~

~~I•4J
4- ‘4_i 0.444

o~~~41~~4,

ox -
~~~~~~~ ~~~~~~4-a .~~ —

I--i U
.0 ~~~.-_i

.-4 U

040 4,
1-4 1-.

4_i

1 1 4 ) 4-.

~~4 I~~-i 0.I~~ E4) 1 4.-a 4)

I I I
0 ~~~~ 

(0 
~~~
‘ CsJ 0 C’J ~ (0 

~ 00 0 0 0 0 0 0 0 —
° 0 0 0 0  0 0 0  0 0

I’ 
I

~/ D~~ 99j

~~~~~~~~~~ - -



--5- ~~_—---5-- - -- - -~~~~~-~~-—~~
-5-----5- -

I ,

* 
I N)

0: + . 0
LU Cl) N)

00
- c  0 0 0  0

L~~ 

- 
— o ~~co o •0 - ‘

~~ 0c./) 0 N)C~J ~~~ )

I— >— ~— 00 C~J It)

~~~ 0 oo o~~~’~ 
U

z 0 0 0 d

~2 w ~ 0 0 +1 +1 +1 +1

W~~~~~- Q -  U~~ * ° I I H H I  IU) O X+  L~ . 0+~~~

~~ * + x  0 

CSJ

1 w

0 0 0

* 
.11

~~

*
LuK

*
+ xo

_ _ _ _ _  
I I I 0

N) c’-..i ~~

- 0
ci 0 9 C

-

______ — - 1_ 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :_.-__ _~

__ 
- - — - — -~



_ 
- ~~~-- ~~~~

-

1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- I  

-

~

a

_  

4 

-

~~~

j

~
/
/
/

Fi~~’i i - I I : l)i.w i~ i itt an,1 ~i i t - t ~-ntp, ’ I i t iii I -~~~c, ’I),~ - In,~ IIIi t ~~ ii - -
~ r I i :11 1, I  -~ III

)411 I , 1 t  w i  I it I e e u ’ ,c~ . ‘ i ’~~~, -l ‘III. ’~~ l ’~ I —

4 ~~~~~~~~~~~~~~~~~~~~~~ -



1

Air temperature

H The air temperature sensor is a 100 ohm platinum resistance

temperature detector mounted in a motor-aspirated sun shield along

with the dew point sensor - Fi gure 11-9. The unit is ins ta l l ed  on a
stanchion on top of the top laboratory about 11.5 meters above the

water surface.

The sensor is a model 612A with a model 650 AT transmitter

manufactured by General Eastern . The sensor is mounted in a model

706 M asp irated sun shield. The transmitter provides a 0 to S VDC

output for an air temperature range of -40° to +50° C with an accuracy

of ±1°C. With 10 feet per minute aspiration , the response is
approximately two minutes.

The conversion factors used by the program are as follows :

- for transmitter output
temperature = 18 x (volts) - 40°C

- for digitizer output
temperature = 0 2068S19 x (counts) - 40°C

pew point

The dew point sensor is a 100 ohm platinum resistance temperature
detector surrounded by a teflon-sheathed stainless steel bobbin. On the

bobbin is an elemental winding of inert platinum wire over a glass wick.

The un it is moun ted in a motor asp irated sun shield along wi th  the a i r
temperature sensor - Fi gure 11-9 . Prior to installatio n , the wick is

coated with a saturated solution of lithium chloride . In operation , the

pla t inum w inding is heated to the point where evaporation of water

balances condensation . This temperature measured by the pla ti num

detector is a measure of the dew point of the surrounding air.

II — 21 
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The sensor is a model 611 A with a model 650 DP transmitter
manufactured by General Eastern. The sensor is mounted in a model

706 M aspirated sun shield. The transmitter provides a 0 to 5 VDC

output for a dew point range of 0 to 200°F with an accuracy of ±2°F.

With 10 feet per minute aspiration the response is 3 to 5 minutes.

The conversion factors used by the program are as follows :

- for transmitter output

dew point - 18.6666 x (volts) °C

- for digitizer output -
dew point 0. 10725652 x (counts) °C

RESULTS

The system was operating for acquisition and display a total of

27. 7 days during the two legs of the JASIN cruise. During the first

leg , the system opera ted from 0000, 2 August to 0800, 14 August.

However, for an 8-hour period on 6 August some data are missing because
of a bad dew point sensor. During the second leg th e system operated

from 1200, 22 August to 1200, 7 September with a 7-hour outage on

30 August when the computer program failed.

When evaluating a system for collecting data in a shipboard
environment, component reliability is as important as accuracy of resul ts .
Thus, system operation should not be jeopardized by fai lure of one module.

In this case, the system failed to provide recorded data due to a

hardware problem with the tape drive. The data presented here were

logged by watchstanders from the CRT display and subsequently keypunched

in a standard format for computer processing . In the future , a hardcopy
printer will be added to provide access to previous data during the cruise

and to serve as a backup for the tape system .

IT — 22
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Reliability problems were encountered with certain sensors. Anemometers

and air temperature sensors are required to operate in locations subject to

high levels of radio frequency radiation. Modifications were necessary to
the circuitry mounted in the sensor unit to provide filtering and decoupling
in order to prevent damage and incorrect operation.

Lithium chloride dew point cells are relatively inexpensive but can

be contaminated by salt deposits. To minimize this problem we provided a
closed , aspirated shield for the dew point cell. In addition, we performed
frequent inspection of the cell and we carried a spare cell to simplify

servicing when required. The unit was serviced only once (6 August) and

appeared to operate successfully for long periods - Figure 111-12.

Platinum resistance temperature detectors were chosen in all cases for

their long term stability. The calibration of the water temperature unit

(Fi gure 11-4) appears to support this choice.

In addition to reliability, however, data validity is important. To

evaluate the PET data set, scatter plots were produced of several of the
parameters against the corresponding parameters in the manual and the buoy

data sets. These appear in Part III.

RECOMMENDED IMPROVEMENTS

In the interests of generating a more complete data set, the system

should be upgraded to include inputs from a flow-through conductivity

system, and from one or more navigation devices such as a satellite
navigator or a Loran C receiver.

To simplify changes required for different cruises, the computer

program should be changed to perform a running mean instead of a fixed-
length average which it now performs.

Finaily, an external digital clock should be added to provide better

accuracy and display than the internal PET clock used during the cruise.

11 — 23
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DATA ’ 432o~S*9o~ Table lIl—ib: Statistics tor VMWR on W2 . 
f l •• *SI .O*SSIS t. IS•S•I*ISS~~ SS~~ lS~~

• SieWYM $Pt~D• #‘#IL C N/Itt N/SIC 

NIAN • •.*4t 5.171
1?0. (IV. • •USI.li .a97(.%
VAWIASi C I  • $ ) .7~ S 93.941 I.IU
ITO. DIV. • 1.7*~ 4 .539 9.95$
pU tO$I S • 9.414 $.159 1.1*3

• ..tte (-t .1%? .5.9
• •‘*.3S9 •$,. ,5O Il,$t.$

NAMINUN • 1.11$ 10.9$’ *9.40,

•.-, ....S. .•.

4 NIlYW
S •• • S SS N S S SS •  .a S..... .ss

Clva l$*SiC5 • .4,751 5 1ANP~( 43 L( • *9.10 *INt $
ItD. (MR . 5? Clv*V, * NC • • $ 7 3
510. 0Ev. 5? CMVAW I4NCL I 1~ .IO* • SPANN$Nb WA IIOC
C .MA (L*TIOSi ce(rr I~ tt4 dt • •~ 947 • 1151 75. VII.30 14.10.30
viclel ~~&N • 1.333 5 TI 71.v I* I.*7 O”l$.oo
VICTIM VA l IA NC E • ~‘•~~~‘ 

•
v~Cy5S ITO. Dfv . • 4 .3*0 • O U R A T I I N  17.71 DAYS

DATA , s~si.~ o~ Table Ill—ic: Statistics for VMWR on 142 (first dep loyment).
S55sSSSS*SS•sss•sSs~ SSS.I*.aSS.SS.s.SSSSIS..aS.S.a,.S.
VAR 1AS~ t S LAST 14514w
UNI TS • ‘/5CC N/s EC N/ SEC
SSSSSSS.•SSI.S.. SS*. SSS5S*a•S5*5*S..IS5SS55~~5SS.SS55..
11(414 • .113, .9$l 1.7*7
STD. LII. • 91315$ ‘3’Pl•1 •15Q(.$
VARIA NC E • 14.9,1 U.1Ø7 3.553
LTD. Div. 5 3. 19$ 4 , TQ1 1.111
EURTISIS • 9•l’O 1.111
5$ Lw W( S$ • ~~~~~ •11, .3*4
MINIMUM 5 .10,344 .10.916 .?l$C.i
NA*IMUN • 10.0,1 $l.l~O 19.403

•S......*•. .

LAST & 145$TW 
‘•••.S.•.S.•. •55SS*55S*SIS5~~*•S S SSS• S S•~~•C$VA 1IAP4C ( • .1.003 • IAMM.L Slit • 11110 PSINTI

lTD. (MI . Si C$VA I?A ’4C1 • .11* 5
$10. DCV. OF COvA STIN CL I 13.633 • I$Al4NI141* RANGE
CIftR(LAYIO14 CeEF~ Ir I(NT • •.19SL.$ • ~~I~’ iS. VIt.~’ *6.10.00VLCtGI M(A14 • •33Q S iS 7I.V$fl.$~ l9.U.Oo
VECT OM VA R IAN CE • 11.313 5
V ECT OR ITO . Dcv. • 4.954 5 OUIAT IO P4 •5~~ 3 DAy S

DATA/ 
~2~9~$20A Table I l l—i d :  S ta t i s t i c s  for VMWR on H2 (second deploy m ent ) .

S• • SS .* S S S 5 5 S 5~~5* .N.SS. . ,S .S f lSSI . . .S .S t*~~SS•SSI5. .~~..
VA IIASI . C • (AS ? NIRYW IP((D
U N I T S  • ‘~/$LC N/SEC N/SIC
S•IS*S•.Sa•SSILISSS. ..•..•... ••.•.••• .••S••••.... ..•..
P1(A 14 I 4,017 1.00’ 3.~~40
ITO. (SR. S .4$$(. ~ ..* $E. .9501.1
VA R IAN CE I ~0’~ 57 7.374
IT O . DCV. • 3.96* 9, 789
RISITOSIS • 915,0 9.4*4 t.1S3
SAIwNE SS . •.$s~ .tt l
M I N I M U M  • •3.$17 .S. * 74 75$

• ~~~~~~~ 1.4,5

••.S.....••.
1*5? I 145111*
S*SISS•ISIS• S.**SSa.S*. t.S...SS.I S.S.t..
CSvAIIA IIIC( • •.ll$ • $*NpI~~ I j C  • *550 POINT S
ItO , (R R ~~ Sr COVA MIIN CC 5 .111 •
ITO Oitv . SF CGVAM! AN C I • 13 .03$ S IPANNINS NA NOL
C•’I~CI. AT$ON CICFFICI(NT a •.~$4tSj • 

PISM 71-vl**.9* t 4 .O S .D o
V 1C731 11(414 5 4.140 * ~S 75. II •O1 l3~l~.Oo
V(C TOS VA RIANC E S ,.liI •
vI C TS R 510. Div. S 1.01$ • DURATIIN 6.99 0A~ S
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Table IlI—2a: Five -day s t a t i s t i c s  for VAWR on W2. The five—day periods start
at 0000Z/30 July 78; the final period is only 4 days and 7 hours long .

•.555,..5 S•5.,S...SISS•55••5••S•SS•S •••S•5SS*5•I•S•5S•~~5S5••••*•55*IS•••S~~~~5S5 S•ISS•.SS.NI..SS....

*  •.. .520w S..  .
• (AS? NOWTW S F t U  *1’$ ~IAT (W OAIIAM t T R I C  .

• • TL NPERATUR( MN ISVU IL • STAT IST ) : •
•S DA Y S • N/SEC M/ SLC N/SEC CE LSIUS CE L S I U S  O ( C I 1 * A W 4  • ,
• • •
S 

S ( $ 1  • .162 .2.328 5.420 13.463 12.420 1U17 .7a’ • •
• (9) • .1.967 • 9 .371 ..167 13 .127 $1 .094  1Q14 .92 ~ .
• (3 ) • .3 .459 5 .707 7.954 j 3 .~~4~ 12.4$’) 1013.5$’  •
• (4 )  • 1.122 3.S7~i 5.270 13 .021 12 .817 1001.649 .
• IS) • •.7A4 9.003 10.542 12.3*5 12.49~ Iuos.75v • M(44, .

* (6) • 5.453 .1.104 5.931 12.417 12.451 10~ 7.90M .
• $7) • 4.000 .1.427 5.956 12.575 12 .441 1090.291  •
• (4) • .5.639 9.551 7.479 12.590 j 2 . S 7 4  1007 .124  •
• — 

5’ I I) • 12.236 12 .977 1.257 .043 .‘30 17.273 .
• (9 ) • 3.39* 5.49? 3.771 .Q~~~ 

.986 5.444 .
a (3) • 14.807 $0.32 J 6.651 .011 .731 30.799 •
• (4) • 24•691 56.22’) 16.432 .011 .614 31.435  .
5 IS) • $6.4’)6 94.562 2.970 •O’9 .268 13.753 • V A W I A N C I  •
• (6) • 4.976 1.155 •.576 .057 .0*4 15.731  .
• (7) • 11.4 14 12.053 6.025 .009 .103 lo .$ea  .
• RI • 24 .424 9.336 12.227 .041 .3’~ 11.319 • 

— S
• (I) • 3.498 3.60 ’ 1.134 .209 .650 • .15b  •
a (9)  • 1•597 9.~~.j $.944 .148 .53* 9.330  .
• (3) • 3.855 3.913 2.579 .107 .$53 ‘.55~

I •
• (4 )  • 3.833 7.494 ,.os ’ .109 .7514 0.200 • STANDAW ~ •
• (5) • 4.062 5.15* 1.723 .229 •51~ 5.Sls • O E V I A Y I O 9  S - ‘

• (6) • 2.231 1.394 2.139 .2S0 .991 3 .947 ,

• (7) • 3.379 3.572 2.*55 .097 .520 4.3*4  S
• (4) • 4.94~ ?.31(i 3.497 .515 b.SQJ  S 

•- — S

• ( 1) • .039 •‘öo .522 .1(13 •.~~5S . .53~ . •
• (2) • •.494 .230 •.0S45 .656 .030 .25 7 . .
• (3) • .167 .1.065 — .181 1. 13 9  ..$ 2 1  •i.o.’ . •
• ( S )  • .962 .253 — .1 43 .135 •.499 .54? . .
• (3) • •.909 •01~ .542 -.369 .331 .325 • SX(1.(SS •
• - ( 4)  • .476 •.4O3 .444 ..316 .QI5 . •.13? .
• (7) • •.$72  — .191  ..2$ 9 .411 .415 .0985 .
• ( 63  • .9~3 • .222 • .295 1.355 •.015 •.031$ • 

~ ($1 • 1 .710  2. 02 *  3.101 2.591 2.266 1.555 .
• (2) • 2.125 Z .? QN 2.451 2.31$ 2.11* 7.033  .
a 13) • 2.627 3.117 $.799 4 .60? 2 .546 3 .799 .
• 14) • 2.442 2.051 1.779 4~0$5 3. 253 P.031 •
• ISP • 9.526 1.707 2.914 2 .527 9.474 1.9gb • KL INT OSI S S
S (6) • 2.753 2.932 9.600 2.013 2.7a~I 1.621  a

• ( 7 )  • 9 692 2.051 2.153 9.575  2 . 7 7 5  2.14*  . - -
• IS) • 9.959 2.19’ 1.97$ 4.79~ 2 .512 1.305  •
• 
• ( 1 )  • •7.364 —4 .227 2.535 13.04* $0.lb ~ 1Q11 ’OSb .
• I?) • —7.26$ — 1 2 . 0 7 *  1.601 12.000 13.S’ 1 2 0 1 1 .2 5 3   •
a 13* • .9.55% -‘.20* 2.400 1? .$S O 33 .614 9,9.050
• (6 )  • •4.119 12.’34 .106 1.~’7t7 10.0$’ 993.7SF .
a (3) • .5.26. •S~~397 5.654 11.095 11 .131 991.lYo •
• (6 )  • .573 .5,4$$ 1.941 1 1. 90 2  11.006 1021.”2 .
• 171 • .4.521 .,.17, .355 *2 .305 1I.!,1’ *011.955

— S II) • .19.’96 .3.051 .316 12.3*1 t0.’1t’ 1O0C’~~s3’ . S
• S

• 61) 6.262 5.79k 5.515 13.957 13 .1$ ) 10~ ?.ebb . ‘ a
• Ii) • 1.611 .0,6 11.924 13.933 1e.~ ?’ 1020.23 1’ ,
• (I) • 5.966 10.7,9 12 .13 7 13.304 15.01’ 1020.529 .
5 ( 4 )  I $5 .64$ 14 .201  15.972 13.339 1’ .IC’ 1013.659 . • - -

• IS) • %3.I$9 $3.77* 16.041 12.72? 1J .’l ’ l021 .l3V • MA * ) MV1 •
• IS) • 11 .2 9*  1.7 13 11.197 12 .57*  11.2$~ $033.l iS .
• ( 7 )  • 9.152 5.514 10.05,  12 .53 5  ~~~~~ 1028.450 .
• (4) • 3.177 1.935 12.766 j 3 .3 7 9  Ia.?,’ $011.23 , . •
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Table II I—2b: Five—day statistics for VMWR on W2 . The five—day period s SL JrC

at 0000Z/30 July 78; the final (fourth) period is only 3 day. 9.5 hours long.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• • •.. ~b20S ~~IP’.U aSS •
•i~E~~I00 • EAST N9RTW SPU D •

• 
• 

• S T A H S t I  a
aS DAYS • M/$~C M/S~.C M/Sj ç •
S  •
a a

• ( 1)  • — .~~Q3 —l.~ 8’) 4.356
• ( 2) • — 1 .0 6 9  —4 . 881  5.638  a 

—

• (3) • —4 .0 67  4 . 74 2  7 456
a (~~ ) • 2•111 ‘.292 ~~~~~~ •
* ( 5 )  • ~ E A ~~ •
• ( 6 )   I S

a ( 7 )  • •
• ( 4 )  • , a

• S

a (1) • 7•35~ 9.476 j . 4 e 3 7  *
* (2) • 3.4 )jS  

~~~~~~~~ ~~.698

~ (3) • % 4 • 7 ~~5 M.12~ 6.333
a (~~~) • 10•752 23.792 6.891~ • a

~ (5) •  vA Ri~ MC~ •
• ( 4 )   • a

• ( 7 )   I S

S R I   *

• S

• U) • 2 .712 ~~~~~ 
3.186 . .

• ( ? )  • j .845  2.~ 36 1.643 •
• (3) • 3 .8 4 4  2.IlbO 2.51’ •
a ( 4 )  • 3 ’2~9 4 .5b~ 2.626 • ST A ’.~)A ’~~
* (5) • • DEV IA T ItI ’) •
* ( 6 )  •
a (7) •  a
* ( 4 )   I a
a •
5 (~~) • — . 3 3 ( )  •3(i 9 . 73 5  a
S 12) • — . 4 1 5  .31) •.111 • a
I ( 3 )  • .743 — 1 .326 — .0857 

- - 
• a

a RI  — .301 .926 .461 - 
.

• ( 5)  • -  S~~EI.NE SS •
* ( 6)  • S

• ( 7 )  S I S

• (6 ) ’ • 5

• a

• ( 1)  • 1’~~23 1.955 2 .767 • *

• ( 2 )  • 2’~ 6? 2•306 2.542 •
a (3 )  • 2. ,61 4.376 1.715  a
a ( 4 )  • 2.-~3’~ 3.j98 3.071  a
• •  P(LJ~T 3 i S J S S

‘ ( 6 ) . .
a (7) . • a

• ( 6 )  • . S

S S
* ( 3 )  • •b.462 •7.51 4 1.260 •
• ( 2)  • —7 . 3~ Q .9 .442 - 1.~~7b •
• ( 3 )  • —1 O .5$ 2  -~~.7b3 2.020 • •
a ( 4 )  • •6.036 12.SbQ •Q673 . *
• (5) I • M~~’I j M UM *
• (6) • • a
a ( 7 )  I , S
• ( 6 ) . • - S

• S S
S ( 3 )  • 5 . 53 6  5.~~96 7.981 * a

S (2 )  • 2 •73I  •4~~~7 9.525 •
• (3 )  • 5.243 33.281 12.183 •
• 14 )  • 9•2R 6.925 1d’b09 •
• ( 9 )  • - • M&1~ %MIJM S
1 (5)  5 I I

• (7 )  I . a

• R I .  •
•S5•5.S•SI SS.*••.*Ia ~ IS5*••~~5aSI*I .bSaa~~SSSSIaa55*S•• I a 5 aS * Sa 5 5 *S s  SS* .,*SaIS,.*S.SSS
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T~ b l c  1ll-2c : Five-day stati stics for VMWRs on 112. The five—day period s
start at 0000Z,30 July 78. Periods 1—3 are the first dep loymen t, 6-7 the
second deployment. Period 3 is only 1 day 22.5 hours long. Period 6 s t . I r~
iate • is onl y 2 J~ vs 6 hours  lon~~. Period 7 is only 3 days , 23.5 hours  l oI~

•S•.S. ._.I......... ..S.a*.....Sa...•.......•SSa.SaSISSS.•*a.II.•.N...SSS...... •.•.

a . •S• b4? •)~.4l.) ~ I •
SPL)IIt ,I) • CAST ~~- 14 SP(1P •
• • STAT)S T I *
•ti D A Y S  • p/SiC - M/S (C a S

a •  a

• 

• (1) • •.Q?5 —.~.67 4.:$3% •
• (2 )  • 2 2 ~~-~ •~~.‘-~~4 b.5 3~ •
• (3 ) • ~~~~~~~~ 3 .945  6 .42 3  • *
a ( . )  . a a
• (5) . •
S ( 6 )  • a . 4 Q 7  •~~$2 5.243 . a

• (7) • 3.~~~’l  1•01~ 5.894
• 1 g . )  • • 

S

a • 7 .93’ j~~’ . r~ j~~
- 1.521 • *

• C ? )  • 2 .6 ’ ’  ~-1t~ 2.~~ 3~’ . *
• (3) • ‘ .~~~ 3 1?.581 5.088 . S

• (4) . . S

• ( 5 )  • • VA~~IA\C E *

• (6) • ~~. ‘ 7 8  5 . 7 6 R  2 .4 3 ’  • a

a (7) • ~~ .4i7 3.963 . *
a ( 4 )  . . a

• S

• ( 1 )  • 2 .796 ~~~~~~ ) . 2 3 3  •
S (2 )  • ‘~~6’~$ ?.?3~ 1.t- i~~ . *
a ( 3 )  • % . %  .~ ~~~~~ 2 .256  • a

• (4) • . STA ’.2A’~) a
a ( 5 )  • a 0CVI”~~-~J •
a ( 5 )  • ~~~~~~ 

2.~ 3’ 1.56 3  . a
5 ( 7 )  • 3 .7 9 7  ~‘. Q 3 %  1.990 * a

• (4)  . a

• S

S ( 3 )  — • 394 • 1 91 • :~ i • *
a (c~) • • .2~ .89’~ ..~~~~t- t’ . a

* (3) • .41w ~~~~~~~~~~ •?‘.~~ • S

• (4) I - a a
• ( 5 )  . • Si~C~”ESS S

• ( 6 ) • ..78~ .. ~~~~ . ~2i • *
• ( 7)  • ..  — .232 .

• ( 4 )  .
a - ..•
a ( 3 )  • 1,~, ’q e.~~s’~ a
• (2) • 2.252 ? . . 7 1  2 .59 .’ .
a 13) • 2.98

~~ 
1 . 7 5  3 . 7 3~~ • a

a ( 4 )  • , •

• ( 5 )  V K 1
~~~~

’” ’ I~~~ •
a ( 6 )  • 2.q’5 ?.I8~ 2.-~2~’ - • a

• ( 7)  • 2 • t ~ 3 2 .457  2 . 2 9 1  . •

* ~~~ . •
• S

a ( 3 )  • •~~~.•30 •7.? ’~~ 1. ”6 ’  • a

• (2) • •i~.’1’~ ~~~~~~~ .937 .
• ( 3 )  • •7.C~’’ .4.~~ ) ,  2 . 2OJ  . S

a (4) . • a

• (5) • a $I~~3 M U M  S
S (6) • . .7~~j — ‘.9 12  .982 • a

S ( 7 )  • .3.897 .5.474 .783 • a

a (6) I I *
S a

• ( 3 )  • 5.296 8.(’e’’ 8.885 • a
• ( 2 )  • 2 .%1~ 1.194 9.t’77 I

• (3) • . • -~~~‘ ~ 33.03~ 11.2 4 6  • a

• (4 )  • •
S (9 )  . • 14*1 (11.1’) a
S ( 6 )  • 7 •72 3 ‘.~~96 8.626 •
• (7) • io .3~~ ~~~~~~ 3 0. 7 5 2  .

• ( 6 )  . I S

* S .  •SS 5

—. 
..
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