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ABSTRACT

The second generation Jesign of the Naval Pos<cradua+e

Schoo0l's ocean loor geomagnetic data collectison system is

. described with emphasis on modifications for improvement

ﬂ over its predecsssor. Thess improvamzats includs 15 channel

parallel analog-to-serial pulse cois aodulation corversiorn,

fibar optic data 1link, and radio> teleme=ry <o shcre

l recording equipment. The system has flexibility in operating

depth, an increase in dat2 acquisition +<ime, synchroniza%ion

with land sitce data, and a 3ata fyrmat <+hat is readily
converted to 4iyital for coaputar assisted analysis.
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I. INTRODUCTIIY

This thesis research is part of 2 continuing effor¢ by

q

the Naval Postjyraduate School *o >btain a lony <“era dat

base for the improved uniz2rs*aniingy anrd interprcetation of

t the ELF electromagretic snvironment ia <che vicini*y of *he
. sea flcor. The overall project emparasizas +he importance of
NI acquiring measurements of Jeomagratiz fluctuztiosns oa the

sea fioor over a periol of s=2v2-a1l years at variocus
locations and depths while simultan=2dously obtaining data at

a land based site. ?rimary oJbjz2ctives iaclude thse
intarpretation of signals covering foir I3Jecades of fr-eguenc
from 0.01HZ to 100HZ through th2 use c¢f ¢total £i
magnetometers, induction =2o0ils ard ULF/ELF

}ae
w
}=

L/ o 1) "4

L}
m

seivers.?T
20HZ rern

ct

(6]

’1 '1‘
e

phase of data collec+iox =:covers thz 0.01H2

®

g
utilizing induction coils as seasors.

The magnetic noise in tne sez i3 2f intersst both from 2a
geophysical viewpcint as wa2ll as for axval applizatiors. 1Irn
addition to urdersea fieli magreton2:ry, so>n2 areas of

rent geophysical in%t=2:-2st are =h=2 nzzsurement of marine
gecmagnetic anomalies n=2ar cen

(o)

ers >f sc<a flocor spreading,
characterization of magnatic fields iaduced by >cean waves,
geophysical exploration 221 the utilization of low frequency
wavaguides presernt under the sea fldc-. Applications of
in+*2rest to *he Navy 3c2 in th2 1i1rc2as of wmiae-warfarce,

submarine detection, sibmarins cd>amunication usin

Q
11

suparcornducting quantum intarferencs ievice (SQUID) as <+he
sensing element for an extrem2ly 1low frajuancy (ZLF)
rec2iving antanna system, and possibly as a meaas of remo

erification of undergrouni nuclear i:2tona%ions.

12
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To achieve an urdarstarding >f +he nazars
fluctuating under sea geomagneti: spsachrun, i*
to jevelop a data base with gozls Ior high guali

oo e

quantity. The collection system u<iiiz=231 by tha
(1) of this research team ackrowledg=d a sho-:fall in both
these goals. Their <collzction syst2s consasted of +twd
channels, =2ach with a coil artennaz ssasor, oreamplifier,
variable gain amplifier, wvolitage =:>ontroll:l o9scillator,
refarence 9scillator, and an 3nald>g casset+e :tape recorder
configurad as depicted in figures 1.1, The c:aponents were
encapsulated in Benthos g3Jlass sphec2s with che deployed
corfiguration as shown in figure 1.2. The data collec+ed
with +this system was limited by victue oI th2 equipment
restricticns and deployment tachnijass. Th2 analog +tape
recorder posed the greates: limitatioa. The data acquisision
tim2 was limited by the cassertte taps leng=h to 2 maximum of
45 minutes per channel per system da2ployment. Th2 accuracy
of the data was greatly d=2p2ndeat wupd>a the stasilicy of ths
oscillators. Additionally the utility for ccmparison of the
data wizh data *taken at a n12arby lani station is
ques+tionaktle since the synchronization of <+iu2 Z2a=z could
only be crudely approximat=13.

vas %9

)]
n
w
[
[a]
[2)
fe o

The particular objectives cf this th2sis ¢
imprcve the oc2an floor 3gedmagnatic cdllection system design
in an effort to improve 1Jatz gqualitc and guaatity while
attaining time synchronizatica of land-ccean data, A
secondary objective was to> devalop procadures for compu*ter
assisted data analysis. Listly the associated “hesis rsport
is to act as a systems aanual in an effort to provide
continuity for future syst2a usars.

Ir the design of an oc2an floor magnetic data collection
system, 2% Is necessary t> coasider the constraints placed
upoa the system as a r2sult of 1its func+isn 2and <the
environment +5 which it is subject=1.

13
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It is +the func+ior 2f£ the systaer “0 <¢ense g=cmegre=ic

(42

fluctuations near the ocean flecor Lo nh2 Irequs-icy czanje of

intarest, process and transmit tanos: szigrnals to <ne surface
for telemetry to shore bzsad recsiving eguipmsar  for dual
(oczan-ierd) recordirg, decoding, and anz:ivsis while
maintaining *he information <contsp* >f +the 3ijaz.s. On2
requirement of +he integrated syst2y is <to easiv: signal
puritye. That is, zhe system shoulld measure <the magne+xic

svsten

signals while minimizing, to th2 2xtan+t pos:sini.., te
induced variations in %hs signal b2ia3 measurei. L: is well
known that a magnetic fiell <c¢an b2 s=z=* up by 2 slactric
field (aAmpers's Law). This 1autual interfersnce be=ween
system ccaponents wmust o2 avoil2l wheze pussible and
minimized otherwise. To achievs maxiaum sigynal surizy, +=he
sernsors must be isolated nagretically as n

o
Q
-
)
n
o
[¢]
n
n
', »
o
'—l
o

from the <rest of +he systam. Bzcausa 0f th: 1cow signal
strangth of the collectadl Iata, soms amplifica+viosa pust tak2
place a* +he sensor location to 3illow for tripmzalission by
norferrous metallic cable e 2 renctely located
irstrumentationr subsystem. Furcher aaja2%ic izola:ion may be
achieved by utilizmation »>Z 3 £iber oaotic liak from the
inst-umentation sphere t> the telenst
near surface interferencse is a azt 2
frejuency electromagnetic radiation caa penet-ite 4
)

surface for up %o severil metsrs #ith =he
2}

’

channelling down the link aad proviii:g

[3

T
sigaral bei:x measured if 31 metallic corductsc 22fpls wers
usei for data transmissioa. This *"an a
elinirated Dy employment of a £iber optic 1li

Due to space and power limitatioas, transaission line
signal a+tenuation may b2 11 important conrnsideracion i deep
sea loca*ions. Low loss fibar optics zan ra2duce s5r elimina2

this concern.
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The links i

demonstrated world-wide

advantage of fiber-optiz

a
by experimsntal optical wave 7ulie

systems. Among the importaat featur=ss are low trausmission
loss, wide transmission bandwiith, insensitivity >
electromagnetic and radi> frequency interference, and
suitability for digital communizations, and pulss modulation

methods (for amplitude ac3unlation tazhnigues,

fibsr optic

cable losses are indepeniant of trinsmissicn fraquar:y)

(21

Optical fibers are
the
exposure

=le oy

attractive

(]
w

sufficient to carry iaformation si

g
short-circuited by to s2a wa
e

trends, through advancel +technical

manafacturing have nrarrow2d ths economic gap bs*weer

1
haul optical fibers and th2ir forsnos* competicdr, =3pcer
wir2 and cables [ 3].

Ary rests

practical desiga ultimataly

ais resours2s and capibiliciss as
v

upon
requiremehts of the user,
well as the technology 5f the

day. The major

been stated as *that of signal purity and data
has been shown, although 25t that a fiper o
link is a

transmission line in the achievament

rigcrously,

data viable alternative <o
of signal purity. The

data acquisitica tiasz R

of data

is thersby

improvement of is gained

transmission to shore r=2z2iving equipnznt.

acquisition time limic2d only by powsr sapriy

capacity and the scheduls 5f <+h2 depldying ship.

As indicated earlier, £fiber optic systems ars suizacle

for digital and pulse modulation methods of data

transmission. In addition, 2analog <transmission w@ay be

accomplisted. There are several puls2 modulation methods

available. Among them ars pulse position modulation (PPM),

pulse width w@modulation (P#Y), puls2 ampiitude modulation

17
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(PAM), ard pulse code molzlation (PTY¥). PCM -5 <i: Lest

known, ard today the most important pulse modulation svys=anm.

Thrse separate operations are involv2d in proviiiny

signal. The first is to iaterrogate the message signal at
2 s

regularly spaced intervals (sampliny). The s=zzond 2 2
approximate the measured amplituds2 value o £th2 n2arast
peraitted voltage vreferenc2 level (quantizing). The =hizid
operaticn is <+to repressat the aporoximated (quantizad

amplitude values as a serias of codz4 pulses.

In PCM, several ©pulsas per sampla are us2i %o signif
the amplitude value, inst2ad of on2 pulse per sample as in
the cases of PAM, PPM, or PWM. <Consaquently, ©2CH4 systanms
require an increased bandesidth (witain <+he capabili=zy of
fibar optic systems) for their transaission. Howsver, anv
small deformations in +h2 h=2ight 5- 4id+k of “h2 pulsz3 ars:
irrzlevant sinc2 it is a2aly necessary <o know whethar ths
pulse is present ¢r abseat in order to ratrieve the original
message. Morenver, in a PCM traasmission, noise is

i

nonaccumuiative because ndisy PCM siznals cz21 easily
cleaned up, when i* becom2s nscessary, by <=he process I
reg2neration. Thus +“he quality of a3 PCM transaission s
depandert on th2 samplingy, juantiziang, and codin3y processss
and not the length nor the noise of th2 transmission nediz.
By contrast, th2 FAY, PWM, and PPY systems are co>ntinucusly
affacted by noise and caan>t be clean2d up, or regenerated.
The noise is accumulative and the longer tha 3is-aznce of
transmission, the greater #ill be thz noise [4].

Additionally, the desired rssolation of taz mea
sigarals may be achieved in 3 DPCM systz2m by selection of
sampled word length aad ths samplingy rate.

Both the digital aad anald>g transmission as2thods ara
infarior 40 ?CM. The loss of a bit of 3igi*al 31ata obscurss
the value of <+he sampl2i data. Analog data may be

18
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irretrievably altered by noise. PCY, *hen, is perhz;
ideal transmission method for our application.
collection system that employs coil antenna sensdrs, a pu
coda modulation system, fibar optic liak, RF data link, =2
recording equipment. It 11s2 details pracedures fsr dececdin
and digitizing the data as well thoss for computer assistad
data processing for eventuil amalysis.

This report delineates an ocean f£loor geomagne<lic 43z
3

19
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A. EQUIPMENT CONFIGURATION

The gensral arrangement of the SGensratisn II Systen
e

components in their deploy2d mode is shown in Figure 2.1,
1. Data Tgollection Eguipment

A fuctional block diagram 5f the data aquisition
system illustrated in Figur2 2.2 rav2ils the following major
components:

1. coil artenna sensors (2)

2. preamplifiers (2)

3. preconditioners (2)

4. pulse code moiulation systza (1)

S. optical transmitter(l)

6. optical receiver (1)

7. radio fresquency transmittar (1)

8. radio frequency ceceiver (1)

9. instrumentation tape recoarizar (1)

The system components are discussed in the following
subsectiorns:

a. S=2nsor Subsyst=21

The sensor subsystem is curren%ly dssigned wich
two sensors =each consistiny of a <c>il antenna sensor, 12
preamplifier and a battery power supply housed i1 a Bernthos
glass sphere with 2 0.404 nater innar diameter. The sensor
and “he instrumentatior suosystsms ars iatsrcona2cted by +«wo
30 neter long, coaxial cables teraiiated a% each end with
Braantner connectors and Bzatos sphar2 penetratdrs th-ough
th2 glass walls to the enclosed =gquipman<.

20
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Pigure 2.1

Diagram of Deployed Ganeration II Systenm

S
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The sensor spheres arz mounted i
enclosures. The hardhats are bslted to th2 equipn

mounting

mounting

Calal et ar g seng Sk g 2adT R Sadh MRaE = DACEL A A S Eiade Wit S 1

n Bernthcs hardhka-
m

assembly wi+th nylosn bolts.
(1) Equipmen: Mountin3 Assembly The equipment

assembly depictad in Figur= 2.3 is a 21on-me=allic

3/4" Fiber-Glass
Mounting Plates

Free Flooding
ABS Structure

Pigure 2

stand tha
structura
The sensc
stricture
required
and ease
matarial

effacts

3 Sensor Subsystem Equipm2nt HMounting Assembly

t permits ease of ieployment and provides
1 support and protection €£5r the sensor spheres.
¢ stard design calls f£for a light, frse flcoding
with removable strap on w#w=2ights t> obtain the
negative buoyancy, but still allow for portability
¢f handling in system deployasnt. A aon-meza2llic
is necessary in th2 stand coastruction to> avoid the
of induced currants jus o electro-chemical

23
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reactions at +the interfaze of a2 1a2tal surfaca an

eleztrically conductive s2awater, Th2 stand is construc==21
cf light weight, high strangth,

Aerylonitrils-gutacliene-Styr=ane (A8S) piping waich is well

suited for this arplication. The w2ights are fashioned from

NSNS A ety bt g Y

lenyths cf ABS piping f£fill23i with leal, sand and transformer
oil.The pipes are capped off at =sach 2nd to provide a water

‘l~

tighzt, ren-metalii:z, a2l compact means oI adding the

necassary regative buo inj.
(2y  Z2zil

continuously wournd coil ant2nna m
b

rcy tc the st

Apta2nna S22s2c Each ssasor i1s a
factured £rom 5460 *urans

of 18 gauge copper magns 12 Engine=ring of Palo

Alt>, California. 7The coils w2igh asproximately 100 pounds

each with dimensicns as 3=2picted in Figure 2.4. The average

enclosed area of each coil is J).0824 sguare metars which is
detarmined by +takinc the average of the areas obtained by
compu*ting %*he area {for toth ‘+he innar radius 2and the outer

- . . \ . - 0
radius. The dimensiouns ¢f the sensor are censtrained by the

ﬂ R

geonetry ¢f the ¢glass schzces. The 25il resistance is 120
ohms with a seli-Induvctarcz of approxianately 9.31 hencies.
(3) Pr2emplifisr The oprczamplifier s2lscta2d £

‘—'.-' L
. . P

2
use in the sensor sphers is +he molsl 13-104 1low noise ZLF
R

a

ampiifier manufactered by Dr. Alar 2hillips st 5

int2rnational. Thne Final stage of ths amplifisrc contzins a

G A A
R N

"

Vo

active low-pass filter with a cutoff freque
Such filitering is necessary to reja2ct the =ffsc
signals an? hazmonics du2 t> *h2 pr powsar lin=

P
the similiar systz=m used for land

data acguisition., Stray
frejuencies above 20 Hz d> not p=zastrate significanzly %o

4 _ . :
,! depths at which the ocean systea is opsrated (530-50 me+escs).

The overall preamplifier gain is approxima+«ely 55 25,

A schematic diagram of the preamplifisr circuit is con=ained
}‘ in Pigure A.1. The gain and filceriang charactesristics of
F—
b -
r‘:
- 2u
A
r .
I ¢

a hm . om & P S SR - - = A - R e N o
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Figure 2.4 Induction Coil Senso>r Dimensions

the system are flilustratsd in Appsndix C. and are relevant
to the discussion concerniay sys*ter transfer functions. Thae
preamplifier is powered hy twd> .75 1H, 12 v21lt mercury

-

ba<teries mount2d in a ss2ction 2f 1 iazch PVC. Th2 bat+aries

ar=s arzangad Iin such a fasalion as &2 give the raguired plus
or ainus 12 volts and grouai. The pr2amplifier is housed in

an aluminum case to shi=2ld in fi:zlds developzsd by <+h

({1}

samplifier zircuitry. The przamplifier and ba<ttsry pach

A SLARMEAER
e
[a}
«

are attache@ to either sij2 of the z>il antennz sersor with
e.sectrical -zpe. The in%<scconnectisas are mads by coaxial
plifi
the preamplifier output *> th2 Beatad>s sphere psnstrat
while the power supply input 1is made with
thrae-prong Jonss connector.

cornectior focr bo*h the coil input t2 +hs prean

th

2

w
+

ant

o
a key

T '.\T [
P T a s .

Power drain on various <cdo>nponents of the system
L.

n
is a serious consideration whan «oyi

WYTYIY, VU

g > maximize
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on-statiorn data collection tias, It is also dJesirzble %o
have the system sealed anil made r2ady fer s23 prior +9
trassportatiocn *to the ship. Thus, 3an exterrally acztuazed
nagnetic activaticn circuit is =2mploy23d. This circuit shown
in Figure A.2 employs a normally open reed switch. The reed
swicch affixed to the top inside of “he glass sphers is
cicsed when a magnet is placed in its vicirity from outsids

*ke sphere. The closed circuit Biasss transistor switchss

N

clcsed cutting off power 3 +*he preamplifisr. This
arcingenent is advantageous 3as it 3llows packagiag ir
advance of the of the deployment Jdat:z. It should be no*ed

t
hewaver, that this circuit dos=s dsplats nominal amourn+t of
ly

8 o

pewer; sc firal packagingy is usual plet=3d one 3dayvy ia

advarce of deployment
b. Instrumentation Subsystza

The function > the instrimsntation subsystesm is
to recelve +*he two analog outputs f£com  +the prsamplifiers,
coriiticn <them 1o the r2quirements of tha % llow o

th

cirzuitry, aqultiplex the chanrelizzd signals, conver=< thsem
rma Lanm

([M]

froa analecg o digi*al £»o and pulse codes mddulate ¢
for input to the fiber optic data
(V) Eguipment Mouwating
modaating assembly is showa in Figur
alaapinum it supports twd> B82nthos glass spheres, housed in
Ben* hos hardhat enclosurss. One spher:s houses th2 inst-umen-
ta+_on subsystem while the >ther has 2 battery pack o powsr
“he optical +*ransmitter. 1IL[n additioa, the optical <ra:x
mitter assembly <iIs a+tach2d to ths vartical msaber o
moun<ing assembly. The d2sign  incorporates quick cCelez
claaps fcr rapid =sngagemeart or disznjyagement from <che
supoort line (250 feet of 1 inch polysropylene liae).

26
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Figure 2.5 Irstrumentatisa Subsyst2a Equipment Mounting
Assembly

aiitioper TIhsz sigral zonditioners
rec2ive *he analcg signa om thsz =511  preaaplifiers in
parazllel Zfashion, amplifi=s *ham on ths order >f 30 43 =238
limits signals with peak amplitades g3Jrzater thaa 7.5 vci=s.
The circult is presented ia Figure A.3.

(3) Bulse Ccie godulation (BCM) Systsm The pulse
cod2 modulation system chidsen for uis2 ths ocearn floor
geonagane+ic data collection syst2m is one dJdssigned and
mani factered by Dr. Robert Lows, Lowecom Inz., also of
Scripp's Institute of Oc=aa>graphy, La Jolla, <California.
The device, schematically illustrat=23i in Figur2 A.4 and A.S
features 15 channel analog input capability aad offezs the

option of selsc+able ratss >f 2"samplas ver secsai, whsra n

27
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may take on integer valu2s of 3 t> 7. By approprizvsly
Jjumpering the aralog input pins, th2 sampling rate azy s
increased fiva fold. Ths sys*em is zurrently dsployed wi<eh
the coil-x output conazcted to PCM irnput crznnsls
1,4,7,10,13 3and coil y oSutput <c=o512s3cted =0 ECH

channels 2,5,8,11,14 with the r=2aainder of th2 chaanszls

grounded. With a selectsi sampling -ate of 32 sa r
second, this configuration results in 150 samplas per seconi
a a

cf 2ach c¢2il's signal. While channzl input capacity nd
[‘ sancling rate capability ar2 much gresiter than current rezds

dictate, +hey provide growth pot=zatial. Ths
= channels could be a+ilizel fo- a thrzs c¢co5il sys:

froa a pressure sensor for swsll wavs da-xa, te
Th

senscr, or rTreal time clock daz*a. 2 PCM syste

includes the option for aaalog or iigital data outouzt from
ckaarel 14 with a minor chang2 in <the exterrzl opoin
intarconnections.

The PCM systzm incorporat2s a crystal osclilliator
ard assccia“ed CMOS integyrated «circuitry to dzvelop <ha2
cleockirg pulses, a 16 chani=l C¥2S 223al>g mul+iplaxer, =z 15

channel, 12 bit CMOS analog-to-31igital coaverter anid
assyciated circuitry to provide ta: pulse <coding. Taz
crystal clock osciliator o2d22ratiag 2t 3 fresyu2ancy cf 24.576

KHz produces a square wave output witi 2 lcss biz rsats of 1

bi« ZIp one w@illior. This £fragusncy combined with <chz2
inharen+ delays of <ha 2associated <clock-legic cizcuiscy
: provides <*+he 128 samples per seconl sampling cats. 37
: exz2rral pin interconnectisas, <“ha oSthar saaplizgy ratzs 1nay
k‘ be selected. The clock pulses g2t2 th2 arnalog aal¢tiplexsr,
TT digital-to=-analog convart2r 1nd £oillow on associa%ed
¥ cizzuitry tha*t form the pulse <code wd>rds. The basic ouzpul
. is a bi-phased pulse codel sigpnal *hat is adjustzd <o TTL
g‘ standards by adjustments %> +he cffse: and gain <rimamers, 22
-
b“
[
b
g
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and P3 respectively. Ths 3ata is organized in frames. £Fac

I3}

frame 1is headed by a sync c¢ode word which i3 folliowsi
sequentially by the puls: c>43ed sanplas from PCY channels
through 15. The sync cod2 wd>rd is a palse coded jigital wor
with a decimal vaiue betw2en 0 ani 4096. This word i

«
o PR Y

{92

preselected and hardwired 51 the circii+t board by connectin

[*8]

a logic high or lcw, as appropriate, to> pins a through i zrd
k tarough m. Ths sync cols word is 2ss52a+tial %5 the decodini
process. addi+ ionally, it providas protectisn against
confusing the land acquirz3 data with :that *aken from ths
ocean ficor as each sys=2a3 has 1its own sync cods wori.
Ccurrently sync code words 3538 ard 2320 are asssyciated

the iand and sea sites raspactively. 3ync code word 3155 hau
been used in test and s=2a floor data <collectisa before
September runs. The 3155 bsard ilso hail plus oz ainus 5 volt
ranje on the A/D convertsr whils 21l o2ther boacds wher

or ainus 10 volts.

1]
U
’.‘
3
Gi

Gould Gelyte rechargablz batteries (plus =zanil
minas 12 Volt and grouni are utilized £or all ©power
requirements within the instrumentatis>n sphere. Ths curren:
consumption of the preconiitioner 313 <che PTY systea s
approximately 28 ma. at th2 32 samplz psr seconi rat:e.

The ex*ternally actua<:z3 magne+ic activaticy

circuit described in section IT.A.1.3.(3) is a=iliz=d %3
activate the instrumantation sphsare equipmant upow
deploymert.

The esquipment interconazctions are all coaxial
excapt tha* the power inpat is 1nal=z w
pronged piug and socket cdanector. Zare
ensure the x ard y coil output leals are co
respective PCM inputs.

Appendix D discusses +th2 details >f da:a flow
in the PCM system utilizsd in the gsasration II gscmajgnetis
da“a colliection systen dasign,
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C. Optical Data iLink

The optical 3ata liak =21liamin
antenna effect discussed briefly in s2ction I whils intzo-
ducing a2 wvariable length sz2ction i1 the syst
flexibility for «cperations at varisus 3Jzpths. Fibsr op=ic
system design consideratioas as wall as an ovacvie
+hed>ry arné s+-ate of fiber optic tachislogy are 3iiscussad in
Apvendix E.

o -——— -3

Vg9 Yoo

T 1wt O— —J TTL ouTPuY

TRANSMITTEN PHASING O— nr oPTICA
L mnam [——O ANALOG CUTPYT
o TRANSMITTER ]—a. ?0[
' FIBEN RECEIVER ——O ANALOG COMMON

0 180- 1 —O 01GITAL COMMON
Power Adjast O-J
oIGITAL Ve l—o THRESNOLY ADJUST
common

Pigure 2.6 Simplified Blagk Eiagcan of the Qptical Data
in

*ragosmitter and receiver =2ach hous=2i1 in an =anvizcnna

D

!
enclcsure and connected by a fiber ooti cabls (se2 Fig
2.6) . During Jeplcyment th2 cable is stored on 3ad dispenseld
from a pilastic reel <Zasnhioconed froaz 3 20 inch bicycle zinm
(se2 figure 2.7 for details) .
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a. Top View Cover (Side 1)

e. Top View Cover (Side 2)

Optic Receiver
PVC Enclosure

‘f’;ptical Cable

Storage Reel

b. Side View Cover (Side 1)

E

:

o 12"-‘{

d. Side View Buoy Cylinder

Quick
Release ——
Clamps

f. Side View Cover (Side 2)

Figare 2.7

Diagram of Can Buoy and Jptic Receiver Assembly
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(1) Optical Izans
transmitter and receiver ars

stzer/Rzcziver Set The opmzizxl
urr-Brown 37137 aad 37i3%
3R when conasctad hy 2

itable fiber optic cable form a 25) Kbaud NRZ fiber o
data link capable of coperation to 1.7 kilometsr. The 37137

respectively. The 3713T and 37

fibar optic transmitter is an elact-izal-+to-cptical zrans-
ducsr designed for digital! <“ransmission over single fibar
chaanels. Transmi*ter circuitry convar“s TTL lsvzl inputs %o
oprical pulzes a2t da+*a zat2s £rom DI t> 2 Kbaud NRZ.

The 3713R fiber optic r=acziver is an sptical-to-
electr-ical transducer designed for e:eption of digital da-a
over sinrgle fiber channels. The rec2ivas circuitry conve
cptical pulses to TTL lev2l outputs with a recsiver sansi-
tivity of 15 nW and data rates to 253 Kbaud NRZ.

An integratsd optical zonnector on Dboth “hsz
37137 and 3713R allows easy interfacing between modul=2s zni
optical <£fiber without problems »>f source/fiber/deteczor
alignment. The me<al packajas of +h2 3713T and 3713R providsz
immunity to elsctromagn2tic radiatis>n and dirsct print=zd
cirzuit tboarzxd mour+ingy with no> addisional heat sizk
required.

A siaplified Dblock diagram of the 37137 %rans-
mi+“ter 1is shown in Figurz A.5. Tas iIppu* stage uses 3
Schimits Trigger Exclusive JR Gate 5, for noise inauni=y zad

u

its logic is configured so the phasingy o3 .he “ransmittec 2
pin programmable. When th2 <troansmittar phasing terainzi I3
conarected to “heta-0), the light outpit is in phase with ~hs
digi“al inpu* signal. Th2 LED Zis on «h2n <he TIL inpu
high. Connecting +he *“ransmistter phasing terairal <«c
theta- 180 causes *he revers2 to happsa2: +he LED is on £

a

3

digital low. This cp*tisn is szlectabls on <+he o5ce
geonagne+ic data collection systsm tarough *he ias
of 3 singie pole, doubls *hcow switch. The sys+tem is

e @ m b . : P S S . - -l v A
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operated in the in-phasz moie. rhe advantage of =

£
]

theta- 180 mode is it makes it possiblz to detect 2 bDreak

the fiber cable when th2 iata link is idle. However, an
idls PCM signal does not proviis a1 continuous ITL low and
thersby obviates the advantage. Amplifier A1 =and ¢hs
current switch drive a 1light 2mittiny diode (LED). The

optical power output »>5f the 3713r transmittsr may be
adjusted by contmlling the rasistaice between the power
adjust pin and ground. Phis contrals +the p23k or wonpn
current in the LED. Whan the resis:zor is miniaum <+he LED
output is maxiaum and as the rasistancs is incrzased, +%he
LED output asymptotically approaches minimum value. In %h2
ocear system the <Cesistor is adjusts *o0 provide a 240
millivoit peak-to-peak rac2iver output signal.

A sipplified block diagram 5f the 3713R rfeceiver
is shown in Figquze 1A.7. Input 1lijh%t is convaried te

w

current by the PIN photodisie CR1 which is connected in *he
photovoltaic mode for maximum s=2nsitivity. A low bias
current FET input currant-to-vcltag2 convertar +ransforns
the diode currsnt into a voltage (Va) which is <further
amplified by 42 and presented to comdara+or a3 as Vb whers
it is compared t¢ the thrashold voltage Vt. For maximunm
noise immunity i+ is desizablzs to havas +the “hreshold voliage
set to a valiue corresponiiny to 2 1lzv2l half way between %he
higa and low wvalue regardlass >f the actual 1light level a<
the inpu+. In the 3713R, +this is a2ccemplishzl by a peak
detactor automatic thresholl circuit. A pulse of 1light input
causes a voltage pulse at Vb which is stored ia +he auso-
matic threshold circuit, 3iivided ia half, and supplied to
the comparator as the thrasholil input VE&. Thus, V¢ s a
voitage ccrresponding t> the midpoint of the iight azad no
light corditions ¢f the d4izle, Since th2 auto o

circuit uses a capacitancz hold *2chanigue, the +hrashol




voltage Vt is subject to decay whan <the l1ight is remove
froa CR1. A no-light condition of approximately 0.5 secon
duration (2 1 baud data rat2) can b2 13xd wi+ti nd> significat

effact on noise immunity. The PCM system presants data %o

the coptical data link at about 3 5K baud rate 213 Is there-
for> within the conditions for maximiz=23 noise imaunicy. Ths
the 3713k is of th2

linzar amplifier A1. The voltags at tais “2rminal is proporc-

analog output <terminal of the outpu<«

1 0]

ticnal to the input power t> +hsz recaivsz., 3s such, i+ maksas

w

et
<
W

ot
,.

an 2xcellent diagostic point for Jptic

w

ag +he fiber

-
>

t
cable, Monitoring the analog osutput terminal Jives a rela-
T

tive measur2 of cable loss 1<t the transmitted wavslerngth and

'n

a direc= measurament of r=zceivar sigial-+to-noise ra%io wh

®
»op

the transmitter is off, 1In the oc=2an €1

)
ot

oor geoaagnetic &

oF

collection systam the md>dalation 1ia3ut is <«3ak2n £f-om

ke
optical receive analog output since® the output ampli+ud

w

can be adjusted by varyiig the optical <+«ransaitter pcwar

adjust resistor. An outpuz level 0f 23) %o 240 ailillivol=ws 3

n

utilized to =2nsurs RF traismitter md>3ulation without ovs:

driving i+s circuits.

(2) fiber Qptiz Cable Ths <£fibe:s optic cable is
described in dstail iIn appendix E. The fiber is 3 52,5
micrcmetsr radius, low ns>ise, grai=d ndex, muisimcde,
single s+%rand optical fiber 1a3ji23 2nd shsza<hszd wizh
strangth members as illastrated in Figure £. 2.

Apprcoximately 370 feet of type 5053 zable is star=24 on thsz
storage reel <shown in Figire 2.7.3. The fibsr optic link
givas flexibilizy in syst=za operatiag
system parameters are fix2l1. 2he <cibls is a

polypropyiene l1ine with slactrical tape a+t abou:t <+en foot
scme siack

intarvals with to 3llow for stre<cniang of <he
£

maln suppoc* lire., The slesctrical tapz is fzs<t2ned in such 2

way as to provide a tab that 221ds iz gJuick z2a5val 3dursinag

recovery.
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3) systen ultilized is

the AMP Op*imate Single Position Fisar Jptic Cable Connector

Cuplings The coupliag

System. 3.ace AMP connectors were not available wit!

Fiber : Polishing
8§§i§ Crimp Ring Bushing
Retaining Cap
.11{5" .045"

| S —atate

Heat Shrink Ferrule .040" load-bearing
Tubing Annulus
Figure 2.8 Piber Optic Cable Connector Asseably

parameters compatible with the £ibar dptic cable intended
the
alditional jacket of r2a1<

up the
that of the insije Jjianater

for the vys-em®'s optical iata 1lick, £iber optic cable
The

0of *hsa

was giver aa shrink tubing.

heat shrirk <ubing builis outsida dianzter

cable to rnear of tha2 conrnec+tor

as shown in Figure2.8. o extend
aboat 1/16 inck

and the heat shrink tubing is

rh2 optic cable is allow24d
from ths f£ace of th2
bond=1

Jlus=.

=9nnec+or., The cable
5 the conaactor shafe

by 3 few drops of cyaroacrylacts The re=2inirg cap is
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secuared ir a position aboat the farrule by th2 crzimp ring
mounted 1/16 inch behind ta2 «cap. Th2 polishing bushing is
placed cover the connector and sscurely mats to <zae
retaining cap. Th2 polishing is accoaplished by applying a
figare eight moticm to the fiber ajyaiast various grit abra-
siva paper whilies it is suba2rged unizc a half inch of wa:er.
A9 X 9 inch aluminum baking pan is vary suitable for the
prosedure. Polishing is accomplish2d usirng 35 gzradss of
silicon carbile finishingy Japer; 322,400,600,3 aicron,

O
w

h
1
poy

ot

micron in that order. Th2 polishiny is complztad when

W

ot
w

surface of the polishing bishiny imasiiately surcounding
ferrule iIs polished +to 1 glossy fiaish. Th2 polishing
bushing skould not be reus=1.

The AMP connectors readov2 concern 5f op+ical
powar lcsses due to lateral misaligamsnt, anguiar misalign-
ment, erd separation and =ad praparation guali=y.

w) gnvizonms3tal Epclasuce The optic trans-
mitter and recaziver are 2ach hcuszil in an 2avizcnmental
enclosure that maintains water-tight integrity ip the ocean
envircnment. The enclosare illustratad In Figure 2.9 is
marufactured from 6 ianch I.D. 2VC pip2. One end of the pipez
and its associated end cap are machii2i to a true round as
rear to ini+ial dimensions as possibla. Typical finishad
dim2nsions are :

PVC PIPE I.). 6.090 * 0.003 iaches

0.D. 6.602 * 0.003 inches

PVC END CAP 1I.D. 6.615 * 0.015 icches

Ar "O"-ring groove is machined to 0.J333 inches dz22p by 0.18)
inches wide located 0.75 iaches from th2 machined end of the
pip2 %o conform with a 6.25 X 1/8 iazh "O"-ring. The pipe is
reiaforced with rings maide >f J.75 iach sheet PVZ materiai.
These rirgs are slotted J.25 inch below zing cent2ar to serve
as 1 suppert for +hs optical transmittar or zecsiver ciccuit
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bcards. The machined @2ni cap is fitt2d with two Brantner

' cornectors and a vent plug. Tha oppdsite end cap is fitted
gﬂ #i+th +he fiber «c¢ptic throagh-hull psnetrator. All <thess
o fiitings are equipped wita an "Q%"-riig seal. The end cap

- suppor+ting the fiber optic through-hull penetrato>r is bondeid
ii tc the unmachined end of th2 pipe with PVC cement. The fiber

optic cable is passed thry>agh the peaztrator 2and initially
- fastened ith cyanocacrylata glus. A £final ctreatmen:t of
DEVYZON S-minute epdoXy Servas t> secuc2 the cable/pene=zazor
in=arface.

The £iber outsid= the psnatra*or is protscted
izoa bending stresses by application >f three layzrs of heat
shrink tubing that exteni iato the psaztr-ator. Each layer of

*uping is 1lcnger in length than +h2 preceding >ne so that
tha cable flsxibility iacr2ases as 31 function of distance
from the penetrator. Initial desiga <tes“s iniicated 2
weakest poipt in the optical link was the point at which the
cable entered the penetratdor. T2sts subsequent t> the appli-
cation of the +ubing indicated *his 25ia%t *+o be one of %he
s=rongest.

(5) Battery B2d2r 3a1:pliss The ootic transmit=er
8.5 AH techarjy=able sealed lead acii

is powered by a 6 volz:,
= battery configured with 2 100 okm s2riss 1limitsr resis<or.
g' This battery is housed in a 3enthoss jlass sphare mounted
¥> with the instrumentation sphere in the equipm2nt mounting
’ assambly discussed in ITL.A.1.b.(1).

E: The optic recziver powar supply is a Gould
Gely*e (+ 12, - 12 volt ani ground) battery pack moun<=ed in

5f the can buoy. The battery pack is ratz31 for 18 ad.

3

t..'

r! d. Can Buoy

F: The can buoy, illustrata1, in Pigures 2.7,
if provides 71 pounds of pssi:ive buoyaicy (“his is Zinclusive
L
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of battery weight) to th2 sys+tem. It con%ains a 35uld Gely<ts
recharqable (+ 12, - 12 volt and groand) batt=sry pzck that
powars the cptic receiver. The powsr is deliverzd <hrough 2
thr2e corductor cable equipped with Brantner connectors. The
can buoy is fitted with 23iiitis>nal 3rantner coanectors for
data transmission in and oat to the spar buoy.

The axle of <the fiber o>pti stérage reel 1is

=]
Q
I

nted in the center of the can buay cover containing the
elactrical conneciors. Tai2 opposita2 cover is £itted with
quick release clamps which are ussi to secure the buoy +2
the mair support 1line.

e. Telemetry Spar 3uoy

(V) Deseczi
B

S ptian The spar buoy dessigned and
constructed by Dr. M.EB.Thomas, Applizd Physics Laboratcery,
y 2ad LI'. P.4. Rutherford, Neval

Postgradua*¢ School [5], i1s dspict23i in Figure 2.10. The

Jchns Hcpkirs Oniversit

spar bucy is partitioned into ssveril szctions as follows:
(2) Transmit+er Powar Supply/Lead Ballast
Ircluiiag <he damp2ning plate, <+his is
the bc=<tom two feet of the NPS spar buoy. It is constgucted
¢z 3 Irch PVC tubing. This seczion cs1%z2ins <hres 6 volt/8.5
AH l12ad acid batteries, which provils power to> the “rans-
mittez, Pplu ninety pounls of 1leai wsights. #a+2r tight
in*2gri-y is maintained by a 3/4 inzh *hick PVZ plug with
two "O"-rings to aid in prassure sealing (Figures 2.11)
pcwsr leads from the bitteriss arz soldered to a3 pin
assambly permanently hous2i in thz olug. The transaitter
reczives power through a <cabl2 whiza attaches to the pin
assa2mbly in ths plug by way of a Brantner coansctdor. Tha
slip «coupling adjoining the bottom and frz22 £flooding
sections is permanently alaerel to tas bot*om section wi%h
PVC cenent.
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(b) Free-Fldoding Sz2ztion
The purdose of th2 free flosding section

is primar:ily zo enhancs the separation of thz center of

bucyancy (cb) and the ca2ntar of gravity (cqg). This section
is constructed 9£ a 5 fsot lergth of 5 inch PVZ pipe. A

series c¢Z hclies are drilled =twowirils the bottom of <he
section =c act as flood ports. Holas 2% the top ars vants.
The power cible £rom  th2 baitteries &> the +*ransmitter <ra-
verses +*lis zecticn.
(¢) Middle 3ection

This s2a2ction is composed of <z<hrea
sub-units, <the lowest portion ncusiny ths <ransaittar. Tha
transmitter u%tilized is taken froa a P3C Orion sonchuoy
system. I+t bas a power output of 222 wat*t and opera<es in
chaanel 29 at a “requency of 171,65 %hHz. Its watecztigh+
ntagrity is maintained o2y a PVC plug identical to that
between *he lower and frz22 floodingy sections. Ths power
cable leading from the bottom plug is attached t> this plug

with a Branptrer connector. Pracauti Ty measurss that are
to be *aker riny this poortion J2f the assembly will b2

discussed in <he next section antitl2d +transportation

FH1]
5]
2 B

assambly. Jus* above +the t-ansmittsr hdousing is the buoyan
collar showun Ia Figure 2.12. The collar proviiss the s

o)
2
3]

buoy with an zddi+isnal sigh<ty opounds of positivs buoyancv,

again enhancing further sa2paration of +the c¢b and cg. 2
remaining portion 2% ths niddls ssztiosn is ccmposed of “he
midile mz-t which houses the transmit+ting caklis 1l=22adiag %o
the anzenna. Thals middle mast is rainforced by 172 inch and
1 inch 2VYC +tubirng. Th2 172 inch sections are each
individually sealed. Thz 1 inch sectisn sarves 3s a charnel
for the transmitting cable. This s2ction is ssiled usirg 2
PVC ring and adhesive. Ths antenna z-able pro+rudes “hrough
the center and the hole is nade watzr tigh+* with applica<ion

of silicor based zubber sealar=.
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: ' p— Antennae
' /

: . Upper Mas*

d 1.5" pvC

Middle Mast Cross Section
PVC Adhesive

1" pvC
| |G-
.5" PVC
i Middle Mast
Transmitter 3" PVC
Cable

Buoyancy Collar
P (polyethylene) -
X 1w'mons":m.'"'{;

l.__'l‘ransmitter Section

S
= Free Flooding Section e
o 6" PVC

Lo -

Bt 4

Transmitter Pwr Supply
and Lead Ballast

@ Dampening Plate

Figure 2.10 Illustration of th2 relemetry Spar Buoy
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{d) Upper

1a s+ Arnt20na
The ren

iniang portion of th2 telemetry

ht fo»st secticn of 1/2 inch PVC

tubing. It houses the remairipngy 1=2n3jth of the transmission
g 3

spat buoy consists of an ei

cable aré is capped by the <cransmitting antenna which

utilizes a reflecting ground plans waich is at 150 degrees

fron the vertical.
(2) z

transferced %*o and

ansportatici/issenbly The spar buoy is

rom ths R/V Acania via 2 pickup truck in

most instances. This methol of traasporta*tion raguires that

the spar buoy be easily broken down in*o lergths that are

compatible with the length 3f the piccup bed. Thaz following

subsectionrs discuss the prdzedur2z £>r the ass=zably of each
affacted section and the pracauticns ra2juirezd.

(a) Power/Ballast and Free Flcoding Sections

Place the lead balliast 3in the hHottonm

section prior to inserting the bazta2riss., Ensure that the

2
"gw-rings are sufiiciently coat=2d with a thi film of high
vacium grease., Insert plug sc¢ cthat snuggly fits b=2low the
marked level, CAUTION: prior to ¢

jack +to the plug, easure tha+%

Q - & T

1ecting the power cable

1
h2 Zinder+ation in <4he
)

Brantner pliug is linred up w#ith 1its counterpart on *he jack.
Failure to do so could jamzge the transmitter by reversing
the polarity. Next slip «az fres fl>5ding sectisn into %he

joint. The holes that z2llow <£looding are t2 be at +“he

W

botcom. Znsure that taz narks on both slip Jjoint and free

flo>d section are alignad. Bolt ths free £1l0251 secticn in

place.
{b) Free Fld>odiang and Middle Section
Prior to Joininy these two sec*icns,
insart the +traansmitter issemdly. First, sonnact  <the

transmission cable then slile the traasmitter in olace again
ensuring a snug fit and proper placamznt of the plug in lin=2

. e e e m om m oA e P & ey . e
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Polyethylene
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1/4" Aluminum Mounting
Plates Collar

Scale: 1/4"=1"

. lemetry Spar Buoy Buoyancy Collar
Figure 2.12 Te Illgstgation




Y Y

[
g
3y
¥

s T T, T YT TR T R T TR Y T ATy T e T e T v vy e T T e e A e

with the Int=arior marxinys. CAUTION: it is Zmportant tc have
a 5) orus Jammy 1load or the transmitter at this p
ass2mbly since it Is being powerzl without the
at+tached.
(o) Middle Section to Upper Mast/aAn<=2nna
This poc*tion of the spar budy is to be

bolted in place while t+h2 —rcemaining Jortion is hanging over
the side c¢f the ship i.oisted up by th2 Acania's on board
crane. Ensure thact the traasmission cable is connzcts? prior
to apper mast attachpent.

(3) Deploymzat/t

©o
(1]
10
10
<
m

T y A1l sectiens
of the spar buoy shall b2 assembl ne Acania wit
excapticn of the upper mast prior ja2ployment, Attach =he
crane lire approximately five fzet up from thz tzther point
on the spar buoy. Once lowzred over the side, the
be tempcrarily secured %> the ship's railiing ani 1o
additional amount %o enabl2 attachmsat of the upper
The buoy 1is next lowered into th2 water and +=2nd=d along
plo

sid2 un%il the rest of the systam componsnts are 4

|l 1]
..‘n

h

o

[1)]

(o9

or
~

Recovery ard Jdisasscsmbly 3is accoap
following the reverse of <a2 above priyzedure.

f. Receiving Sstati at

(¥

n Ejuiom

[{Y

The receiving =station =2quipment consists of an
AN/ARR-52A radio receiving set, an H? 3964A instrumentation
+ape reccrder and +two dual trace oscilloscopes. AN/PRC 77
radio sets serve as a voicz communizatiosns link. The zquip-
ment arrangemen= is as showa in Figurs 2.13. The an<ennas
used in conjuction with ths telametly link are double, tun=z=d
YAGI type.




B&D

Ch 27

HP 3964A
Tape Recorder

AN/ARR-:2?
Radic Receiving

Set

Ch <9

Radio set

AN/PRC 77

ee

I
S

Oscilloscopes

Pigure 2.13

Receiving Station Eguipment Configuration
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ITI. DATA BROCES

w

9.

(193]

Currently the data is processed to devzlop various data
plots generat2d on the Naval Postgrajuate School's IBM 3033
computer. Prior to ths actual g212ration of <thz plots
howaver, +ha PCM encoded iata which was stored oa analog
tap2 utilizing the equipam=2nt describsd in section II.a.t1.f.
(freceiving station equipment) must bz 1zcoded, digirzlized,

8

and transcribed onto digital tape.

A. HAKDWARE
'. BCY to Digital Conmvs

Several electronic components are utilizald to decode
the PCH data to discrete analsg fora and then to digital
foras which is ultimatly staored on 9 track digital tape. This
data processing systeam is siown scha2matically in Figure 3.1,
illas%ra=-iny data flow and control links. Central con<rcl
of <this prccess is accomplished with 2 Hewlstt Packard
9845

A ceompu*sr u*ilizing an 9perafsr interactive progran
title
u

& "PCY PRIG". After execution d>f the progranm, the
ter rs=quests 2ntry of specific finction control parame-
ters intc the computer and other equipam2nt. Thes2 inputs arz
usel to cortrol synchronization of =23iipment start, digi%al
+ap2 drive speed, decode rate, decod2 “ime, and syrnchroniza-
tion code word =ntry into tne decodar. The PCM 2ncoded data
is fed 4ir%o the system from the iP 3964A 4 channel <ape

order previously used t> store the data. Utilization of a
different recorder may introduce ndis2 due to a differenc

D

in nead alignment and drivs spe2ds. Such rnoise dszczeases +h

[{})

sigral-to-noise ratio apo1 which 1312code synchronization

u7




denr2nds. Should decode syaczhronizatisn not occur, a icwer
analog tave dcrive speed ani sampl2 rate must bs selacteqd,
resuiting in longer processing tim=, The decoding of *he
PCM ercoded cata is accomplished with a Marins Profiles,
Inc. Model 319 PCM decoizr., Two Monsanto AM-6419/05M-368
osciliosccpes are used %to iisplay th2 PCM encoizd data and

the disctete analog data, The 31iscrete aral>y da*a Iis
. prozsssed by the computer t»> davelop the digital daza which
%  is recorded <n 6250 bpis/1230 t. 3 track digizal s=orags
L tapa. A Kenneiy Model 38)) digital racorder and ccaputser
[‘ intarface are employed for that purcposa.

r! D-discrete analog

»ﬁ C-control
operator ) pr.djgital
¥ - c

L tape , ,
PCM
computer A deck f——i O0-scope

L4 4k gk on I Gy At g
h
Q—3
O‘—
()
//?

interface

~D
\c

Kennedy
tape
drive

b - -
F

Figure 3.1 Decoding Systam Data Flow and Control
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a. Decoding Proceiare

The following steps illustrate the procedure for
decoding the PCM encoded raw data intod> digitalizsd 3data and
then placing it onto a 9 track digitzl tape which can then
be ielivered to the IBM 3033 computar f£or data processirng.

1. Disconrnect the coaxial cable labled number 7
from the output of the HP 39&8A tap=z rzcorder locited in th

o

equipment rack adjacent to the iP 984572 computer.

{! 2. Connect cable 7 iat> <the output channsl
- desired for decoding of +the HP 3954A 4 <channa2l <ape
¥ recorder.

i% 3. Energize th2 HP 39647 tape recorisr, the *wo

p Monsanto AM-6419,/USM-368 oscillosopas, the Kennedy intarfaces
1 and AANDERAA tape transfsr interfaz2, <the moi2l 319 PCHM
decoder, and <the HP 984524 coamputar (the CN/OFP swi+ch is
located on the richt hand side). Als>, on “he PCY model 319

decoder place the Z£fan togjle switch in the UP positioﬁ and
tne AC/DC/OFPF toggle switch to the AZ position.

4, Place into the right hind side %*3ip2 reader of
+he HP 98645A computer ths pccgram nam=z4 "PCM PRIOG".

5. Mount th2 inalel taps sn%o +he HP 39647 <ape

‘o

recorder.

DL

6. On the HP 334524 compi+er, type the command
GET "MTY and press EXECUTE to initiats processing.
7. On the PCM jecoier place the following func-
tions *o *he listed positions:
SOUERCE - 1
SAMPLZ RATE - 64 (for 3 3/4 recordsr speszd)
- 128 (for 7 1/2 recorier speed)
INVERT/NORMAL NORMAL
OUTPUT/SAMPLS RATE - )
RECCRDS/FILE - INFINITY
SYNC CODE - 0330

RN+ SO I SASEN

.w—Tv-,v-\_, "
IR A et
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8. Press RUN oa the computer, ignore "enter y *o
skip tape init" (displayed on the computer's CRI), and press
CONTINUE.

' 9. The comput2r now indicates "loal tape" in+td
the Kennedy unit and "put on line", 7T> do “his 2nergize tha
Keniedy uitit, load the taps accordiny to the diagram located
on the inside of thes unit's door, pr2ss the LOAD button and
the UGU-LINE button located on the front on the Kannedy urnit.

10. The compiter now indicates "enter syanc
code'", Type into <the computer 3658 >r 3155 as appropriate
fcr +he sea system or 262) for ths land sits system and
press CONTINUE.

1. Enter t-ansfer time in minu*es z2nd s=2conds

-
3
ol
Q
ot
o
o

compu%er. Exanple 20 minutzs and 20 s=conds would

(o8
D
«r
e
o
o
(o}

in as 20,20. After this is 3ons press CONTINUE.
12. Push the STOP switch on the PCM uni¢ and
push CONTINUE on +the computsar.
13. Push the START switch 5n *he PCM uni< simul-
tan2o0usly with the PLAY battor on thz Hewlett Packard tapa

recorier.

14, If data t-ansfar amust be ended =2arly, push
“he X0 button on the computer +to hal=w da=z +rapsfar. it
+hi option is eliected taen T 1nus:t be 2n=2r2d on the
conputer Zollowing the X0 -ommand to writs eni >f <*ape to
the tzpe.

15. "Znd of zcun" will be indicated on the

coamputer CRT. At this tim2 deenergizz all *+he esjuipment arnd
disccnnect cable 7 from the % chanaz2l <*ape rzcorder and
recornect it to the 8 chailiel tape rzsorder 1located in the
equipment racke.

16. Finally, remd>ve th2 yellow ting from the
digital “ape to ensure that the taps is not iiadvertenzly
over wWritten.
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2. pain Computar Hardiace
The data is read from the Jigital tape into +he IBM
3033 compu*er via sof+ware leveiop2i by Lcdr. J. Fisher of
the Naval Postqraduate Schd>51l., The 3ata is unpack=z2d (placed
int> a format where it can easily bs accessed 2ad manipu-
latzd) nd converted into 3 spactrum o5f frequencies using 2
Fast Fourier Transform routine. This da+%a is then plotteid

usiag a per:pheral Versate> plotter £>r sp=ctral 3iisplay.

B. SOFTWARE

The programs are Wwrittasn in thaz FIRTRAN IV progranamirng
language and are briefly discussed b2low.

-t
L]
r2

esz Pragrag

Tre *est frogram 3hown in Appendix F was developed
tc test *:e computer manipulation 13ainst kadwr data %o

sure the resu.ting plots woull m=szt zxpectatioas. With %h=

ion ¢f the intermnally genera+2l1 3iata, +th2 program is
essantialily the seme as th2 Main Program shown i1 Appendix H
and explzined in paragrarh 3 below.

Tre digital data %tapes are anlabled with jaza organ-
ized ir 16 word frames, tha first word of which is the syac
code feocllcwed by 15 data words. The 3ata words ar2 crganized
XeTeZoXeY9¢Zseees o Sinc2 =hne sza systzm has only “wo sensor
coiis at %this writting, th2 2z daza is zsro. Th2 l1and systenm
da<a has actual values for x,y, and z. The &atz Izom both a
land and sea data tzpe is 21tersd int> “he IBM 3033 coaputa:
mass storage system (MSS) utilizing th2 mass storage progranm
shown in Appendix G. Curr=zatly only ta2 x and y zoil 3a<za is
reaj intc MSS whnere it is availabls £5r access by *“he ¥Yain
Program.
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ir BPrggram

The Main Prograa utilizes th2 x ard y <ccil irnputs
from simultznesous land ard sea data %> develop various plots
for comparision and &analysis. The2 M2in Program wutilizes a
larjye number of arrays with the 1intzntion of @aaintaining
each bit of originral data or cilculation, ready for recall
at any time £or :Nther computation. EgJuivalent arrays are
emplcyed because *he plotting routinz I1s zot ahl2 to handls
compieXx arrays. Ocean arriys are inpliicated wisnh *he suffix
'0' and land arrays with th2 suffix 'L'. By succassive calls
of "SUBROUTINE kD", an array of the x 1ata aad y data calls
xxx(I) ard yyy(I) respectively is 2stablish2i. Ons such
array is callied a block >f jata. Ths iata words ia the zrcay
are integer values be~wesn 2048 and 4J96.

Af*er a block cof data is ent=r23, the intager values
are converted to complex values of vdlitage as ssen 2% the
PCM board batween -10.) ani +10.0 vwvol:zs for
zirn3y PCHM boards with syac <codes >f 2620 and
3653. Por syst

frent of

(D

Tk
systems u+ili
ens utiliziny sync cels 3155 “he voltages varcy
néd +5.0 volts. The «xx and yyy 2rcays cepra-
a en Irom the ¥ and ths y coils respectively
t applica~icn of the systzm traasfar funciions.

Thk2 volitage values (which vary over +ime) ars *rCans-

formed irnto <he frequency 3domain by atilizing <h2 subroutine

FOURTY" which per-forms 2 Pist Pourisr Iransforama (FFT). Tt
utilizes the Coolay~-Tukey FFT algoritanm.

Thkis sec*ion of <the progran applies %the systen

transfer functions <o the da%a that has been transfornmed

th

frequency domain., The discussicn of tasz origir o
the transf2r functions 1is jiven in Aopendix <. The actual
er Zfunctioas vacy as 1 function of frequenzy. Thay can
howzver, b2 approximat2d by straizht 1line ssgmernts for

€

different frequesncy rangss. These linz segmen+ts are

" - . P NP N TP s ~ - a




generated by 1east squarss aopraximation The data en+sring
this section enters witt units of voltaqe and is converted
inty units of nano-Teslias oy *he traasfar functions.

The previously w=zptionel sections of ths prcgram are
embadded within a do~loop which allows +the analysis of a
lony period of da+a corsistiang of a aumber (NR) of blocks.
The Ith e&lement of each block is tasn wmultiplied by its
complex <corjugate, averaged ani converted to power
(nano~-Tesla squared) an

’

d storead. dnce +the prcgram has
passed through the veraging loop for the last time it has
compu*ted *+he arithmetic avarage for =2ach frequeacy point in
+he arrays.

TLe next sectisn of the program calculates the
Stokes parameters 0 through 3 o0f taz individual si+te or+ho-
ganil ccmponents and ths cohersnce >f +he vplanar ciccular
polariza+tion paramaters bz4%vwean sit2 componzats. The
remainder of the progqzza s2ts 1p ths oparametars and titles
£or the plots.

A mere d=o2tailed Jescription of these prograzms may be
found ir Reference 761,
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A. DATA QUALITY

Test data points

peak-to-peak sinusoidal inpu= of 1,5,19,

PCM board.
reczived, *aped, decodegd,
computer assisted voltagz vs.

resulted ZIn a 1.0 Hz sipus>idal sigaal. A plo* of the trarns-

fora of the 5.0 volt, 5.0 Hz

fupc+tion at 5.0 Hz. h2s=

system functions as dessign=i from *+hs PC¥ irput through the
h

daty processinrg wit]
system transfer
(which “ake iInto accourt tnr?
fier and signal
from vol+ts +o0 nano-Teslas) z2t=

3. DATA QUANTITY

The fcllcwing
indicated simultaneous

and Montersy Bay:

were leveloped by applying

Tha data was saapl:i,
ligitalizeld, and “ranscribed. &

2
functions. Thz systam transter
g T

jata zc3aisicior

lani/sea data

a 5.0 volt
and 15 Hz “9 *he
FZ4 2ncoded, <transmitted,

tim2 plot of thz 1.0 Hz dsta

signal r2sul+ted in an impulse
iilus*tzates thart +he

£ the application of “he

functicus
mplifization of thes preamplii-
wsll as <*ha <ransformation

]
dascribad in Apvendix C.

.

o2-icd resulted in “he

- =

€rom la Y2s2 Village

1« 10:32 &AM *c 2:43 p¥, 25 Jaly 1382

2. 11:22 aAM, 17 isag3.

3. 09:32 A4, 16 S=2>.

This represents 50 hours aai
dquzing three collection runs.
ani B
develop a

Sections A
stated gqoal zo
capabilizy o
quali«y in gr2a*t gquantity.

5

e e .

4
1
3

abova illustrats
daty acguisition

gather simultanesus

4

982 5 29:10 AM, 18 Aug. 1982
982 t5 19:58 AM, 17 Sap. 1982

J minutes of accumulated da<a

achievenasnt 25 <h2
system wi+h a

lani/sea data with high

B A e - O i



C. PLOTS OF PROCESSED

Appendix I consist
is 210t the intent here
illustrate the progr=
Geomagnetic Rasearch
analysis Includes powe

lation and directisnal

ATTJAL DA

S 5I a2 nuabea: >t actual data plo=s. It

To

(44
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A
-

ss 2f the ®a
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A. CONCLUSIONS

The Generation II sys:tz2a designal £for this rasearch was
successfully emplcyed in the continaing zI€ 0f geomaqg-
pretic data c¢ollection with +he spa2cific +a

ith in

k¥ of rscording
gquality simultaneous 1land/sea 3ata reisad quantit
ith this

w
city and by the

N
a Co

r

Wi
over its predscessor systens. The 31 1
system was only limited by power supoly cap
schadule cf the Research Vsssel Acaaia.

B. RECOMMENLATIONS

A Dbetter means of positioni:zg he sensors on <the
seafloor still r2mins a problem. DTh: abililty 2 accurately
v

+ be:ome critical

[ =

position ard detect sensor oriantation
in future data acguisitioa and compoi1zn=  £field correlation
experiments. The exact orientation 12thod <o use will be
iractly related to the acjiisition system chosza Eor futurs
measuremernts. A filux g=at2 magnstoaster may possibly be
empioyed to indicate orizntation o5f :ths antenna <oil sensor
assambly to *he earth's magneti: fi=li.

Althcugqh, the research <eam and +he ship's crew wers
well versed in the systea's =:configura<ion and deployment
techniques, *he Jdeployment time avarag23 about 45 minuzes as
a ra2sult cf the system's sizes and compia2xi<y. PFurthermcrca,
depioymern®t c¢ould only b2 accomplish2d in calm seas at a
paxinum depth of 200 fesat. To alleviate these problems %he
design of a generation III systzm i1s rzcommended. The 2esian
should include sizz reductis>n and syst=2m simplifizacion. The
simplifica+ion may be achisved by zoac2ntration 2f several
genaratior III conmponents iito a3 siagyls package.
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Additional problems <2 overcozz in fu<ar

D

Eystens are

[»})

the lack of robustness of the spar nuoy and fifer opticz
systems. The antenna ground planes =l2msnts wh2rs aanufac-

tur2d from 2luminum and ocassionally fractured urnder stz

o
n

during trensportation or da2ploymesnt. Future systems shou
utilize stainless steel zl2ments. Th: spar busy sank on ons
occasion due to compression of th2 suoyancy =:zollar 1luring
heavy sezs. The buoyancy c¢ollar s5h511d bhe zep.iced by 2
noncompressable floatation devicse. dursing Tecovary, *h
£ib2r optic cable was crasa2d on 9oa2 2ccasion iyl kin<zd on
anrother. This prcblem may be corr=ct23 by u+%iliziing a fibsr
optic cable that is jacks%23 with a2 h2avy rubber sheata.

A fipal recommendation is <5 incorporat: 2 pr:ssuce
sensor to measure surfacsz and interail wave activity. This
additional information will allow th2 analyst ¢+> deta2rminz
the contribution by waves td th2 g=zo13ijyastic 4ata.
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A. EQUIPMENT SCHEMATICS

The equipmsnt wutiliz23l in this project 4as ioc:lly
designed and/or constructai, comazsrcially avallzcle or
available *through military chaanels and locally ucdlfiled.
The system equipment scha2matics ars presentzd L  *he
following figures:

1. Preamplifier (Figuzz aA. M

2. Magnetic Activation CTircuit (Figure A.2)

3. Pre-amp and PCM Preconditionar (Figurz A. 3)

4, Pulse Code Modulaticn System (Figure A.4, A.5

5. Optical Transmittsr (Pigure a.53)

6. Optical Receiver (FPigure 1.7)
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2N 3906

2N4234 N
+12 o= -+ +12 Switched
Iaput —\&/ 4
—AA—
47K
; 10K
47K
2N 3904
Mag.
Switeh l
¥* ] N — COM.
22K
4.7K
=12 o 4 -12
Input 2N2219 Switched

-l

Figure A.2 Magaatic Activation Circuit
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A. SYSTEM AND ZQUIPMENT PRZPARATION

Ir order zfor eguipm2nt *%¢ pz-fora and sSperata as
desigred, certaln preaventiv: mziztr2nzic2 measurss and prece-
dural steps snhould be taken. Such p staps, especially
in urndersea research, will most 3s3ctainly allow maxinmunm
results ard prolong equipmznt 1iife.
The following list sscves is = cilaina*tion 2f lessons-
learned irn previous and on goiny projsct work:
1. Spherical gliass Lastrumsnt spheres are composed of
two Benthos glass h2nispherss which hava precision
ground mating surfacas. 4s *h3s2 surfaces are susep-
+able to chipping, =c>2re =xmust B2 taken in handling.
Durirng assembly of <tae housiay prior fo deploymert,
certain procedures irz nec2ssacy <5 maintaial w
integrity:
a. The glass sonere shou.l be dry 2and warmed o
room *temperaturs using 2 a#it gun o 2nsure adhe-

sion 5f the sealiang tipe.

b. A1l ma+ingy sirfacz2s 2au3% be <clesaned with a

solvent such as alcohol t5 remove aay <foreign

-

9 matter, greass, oS¢ 92il.

C. Prior to sealing the sphars, careful inspectiscn

ﬁ of ali squipma2nt, glect-ical connections, and
§ packing material should bz naie. Th2 use 2f check
- 0oiI sheets and cd>lor codiag #as found to be parzi-
, cularly helpful in avoidiny operator 2rror.

s
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2. Electronic equipaznt- & 3Jza~Tal coiucern 13 the
proper application of power supply ycltages, Assesmbly
of a large number of =z2lectziczl comparents Zthin <he

confines of a small gliss sphers, 2ecessitites carceful
£

planning apd utilizazion > linit=i powel Trescurcsas.
Improperly applied voltages aiy -2sult in damage &9
electronic circuitry ands/or loss of data. Certain
pieces of electroni: equipmsat r2cuirsz particulzar

consideration as folloss.
a., Sensor system- After *thz s2pn32s coLls, preamp-
lifiers, arnd th2ir Dba%“tscy power supplies ars
sealed in their «respsctiva spheres, a2 voltage
measuremen+* should be taksa *¢ ernsurs operztion

k
and thern +he deic<=ivition n23ne. positioned over
3

“he reed switch such <that the +voltage d-ops +“o
zero.
b. PCHM systea- Extra ¢ taken %o

a e
ensure the x-coil is conasctel to the x-inpu+
o}

channel of ths precorndizis>nsc/caplifizr and its
x-cutput is corpaszcted to zh2 x-irpu: channel of
the PCM systea. Tha sane holds for the y ard z
channels. An 2rror in th2s2 connzstions will
result in +hs w+czong traasfer function being
applied to the 311ta iduriay thsz computar assisted
da*ta analysis. Tae prcceduras identified for +he
sensor system 2s’ove, hold as well for *he PCH

systenm.

C. Tape recorder- The r=cdrder heads and caps+an
drive should be cleaned a1d demagnetized before
each acquisition cun. This ac%ion will =nhance the
signal +9 nroise ratio nd maximize the decodin
speed. High guality 1300 £55%t =apes arsz

recommended.
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d. Fiber optic ia*a 1isk- Before packxaging the
ure

»

fiber optic data link encloss ;, & 3vs=ep check
rai

should be run t> dets utput Iis
200-240mv., Befor: connectin; the powsr =iblgs care
should be taken to ensurz the transeicter power
le2ad bhas the ground on ta2 pin 12:ck2é with a
dimpla on the connectdr ¢ 1

w

g
e aligned with the Iadz on taa feazle power
i

connectcr mountel in thz 274 cay o9 .he :irans-
mitter enclosurs, Similar steps shoali bhe taken
regarding the PCY dati input. This concern isnt't
necassary with th2 reseivsr power input as i+t is a
kayed ccnnector. Ornze *h2 ccnnectiszas are made
remove <*he activating magnzt from +*he 2CM sphere
and observe ths idle PCM siynail on an »23¢cillosope.
Adjust <h=2 <transmitter ©pow2r adius= votentiometer
so that 200-24) av is observed. Set *“he
O0-degree/180-d=grse phase swi*ch %5 =--e O0-degree
posi*ion. Packagz the enclosurss as f£oll.ows:

1) Cleaa "J3M"-rings, "JN-ring zcooves and
mating surfazes witn 2lzohol.

2) Lightly 1lubricatz "o"-rtianys ané pipe
mating surface betweszn "Dd"-ring 124 pip2 end
i+h vacuumr jreas=.

-

3) Open veat plugs 213 zen+ly sliie end caps
onto *the enclosure zasuring +*hs elzcirical
wires are <c-lear. CAUTION: care should be
taken not %> kink th2 fiber optic cable.

4) Bo+h 2nziosures should be secured *o +he
dispensing r2el 3s showrn in Figure B.2 and
transported 3s a separats compon2at.
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3. Batteries- Gelyte battariess irs used for musL DpOWer
requirements, These ba*tesries should be chacked nrior
to system usage and 2 systesma
service use and chargiag Iaterval sh
mercury ba*teries usei in the s2nsor g
constant power sourzz throughsu: +4h

i
aced at m1o-e Irequen= intervals

-

1ife, but should be r=p
+0 ersure successful system oparatiorn.

4. Conrnsctor/Cables - Befors aad afzer each wuse inp 2
corrosive environman:, all =connectors should be
thoroughly cleaned to 2xtend ssrvice 1
connectors should be lightly 1lubriczted witkh
grsase %0 ensure 2122trizal continuity 2234 orevent
water intzusion. Ths use of 2olor coding 357 ¢ible and
cerrecteors lessen *“hs possibili<y o

highkly recommended.

B. SYSTEM DEPLOYMENT/RECOVERY

Or the scheduled day of system 32pioyment, ~he previ-
ously prepared system components ars taken Tc the Hontersy
Bay Coast Guard Pier by pick wup truck wher= %n:y =zre On

lcaieé to *tre R/V Acaria., The orn 10ai :is accon

assistarce of +the ship's crew and i+ on=-b

Figure B.1 shows the shipboard 1 4

that has proven to be ths as3st 2££izizn% stactiagy poizt. No

shown in *he figure is the fiber op=i:z dzza l1irk and svorag
.
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its interconnecting electrical cablszs.

.
o
Y

Trhe following steps ac2 +aken t> facilisa+
n a

ticn ard deployment., T numbsrs in p

H
n
+

1 h2
the numbered itams in Figurz B.tl.

L ARttt
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Step 1: The crew pisses ths main suppors ix:nz (1Y
through the A-frame boon block to tha winch on <top oI ~hun
af+ deck house. The line is reel2d on tc *hs winech 4rux
allowing enough slack so *h2 line may =2asily be run dow
port side of the ship out of the way 5f <thz follow
tions., The other end is szcured to> the senscr system {2)
harness by means of a bowline.

Step 2: The spar buosy i1s ass2m2l:z4d star=i:z wisn “he
powar supply section (6) 232124 the fre2 £loodiac sectica (7).
The iInterconnecting cabls (11) iIs coannscted 5> th:z recerp
tacle in +tha power supply section's water tight plug zn
passed through the free floodiny ssc-tion. Remova six 1,4-20
scraws from the frzefloodiag section. Align “he mating ind=z
marks on each section ani mat2 thsz sa2ctions, :
aligrmen~ may be achievzd by applyicy 2 long saaf<sd zcraw

dziver as a lever in ths free fls>3ding ports. Securs a2
sectZons wizh the scre#ds previously remcv23i. . Befovs

or
(=

cennecting the power c¢2blz to e transmitter section (8},

w
Q

2
=

ensare *he dummy load is in pl )
ou<put ccaxial caltle. Make the powar cable co

a
ard faster. <*he fres £flc0iing and transmit*er sections 23

H

before. Lo not assemble the antsnna 123st (9) or ths spacs
buoy at <his point.

Step 3: Take *he fiber optic traasaitzer, rCscsiver aad
storage reel, packaged as shown in Figure B.2 £:oo
deck nhouse. In the viciaity of th2 cia buoy (5 remsve *he
electrical tape securing the transmizzer <+2 the s3o0
reel. Using care not to br2ak o5r kink “he optic cable, zel
off enough cable so that the transaittar may b2 positioned
on the instrum2ntation s22tion (W . Carefully aliign =&
thread <ihe axle into <he hole previilzl iz +he canter 2f ¢t

-

h
electrical connec+ior sids of *h2 zan buocy. Tighten *=he
fittirg until i+ is snug. Sa2curs a2 can buoy %5 the dec
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Figqure B.1 Shipboard system component layout.

winch with 1line %o prevant the buoy from rclliag when %h2

ship is under way. Do not fast2n th:z 2lectrical connec+ioas

at this pcin+. Position the optic :sransamit“er against the
€

inst-umentation subsection (4) fram2 hH2tween the twd spheres

A




= ot

(on quick release clamp siie) with the fibez- optic zati

W

protruding from the powar supply sohare end of +the *::

i
[
]

¢

?

mitter enclosure., Ensure there is sufficient room for =1

oI
¥
]

e

trical «cable connections at the PIZM sphere =nd ¢f *he

enclcsure and securely fasten the transmit+er <o the Z=r

jOs
=)

2
wish two inch Benthos glass sph2re s21ling +ap=.

alectrical tape

0__.rubbet
wedge

stainless steel
banding strap

Figure B.2 Fiber Optic Bnclosares (1) and (2), and stcra~e

reel (3).

Step U: Connec*t data +transmissioc cable (3) == *nae
senscr subsection (2) asiag cdlor c>i= for easy ané ercor
€re2 connectior. Prior to making <connaction 20ply 2 thin
coat of wvacuum gr=ase t> all <connector shafis. Makz
connecticns and sscure them with th2 locking sla2aves. Do not
scraw locking sleeves t50 tightly or damage t> “he slceeves

€
may cccur., Fasten the othar ernldl 92f the cable t> +he cables
protruding from the pulsa code m>3ulation (PCNM) sphere,




Connect “he PCM data cabl2 to th2 optic traasaitter dazta
t! irput connectdr. Use cars to match the dimple on thz <alhla
i connecter with the indent on the =zoanector asused in th2
transmitter enclosure. This is essantial with 211 2he “wo
cornductor Branther connactions in ta2 systza. Failure ts
fcilow +this proceiure #il1ll result in damzgs 0o ths
electrical components involved. Coansct the power <Czb.ie
between the power supply sphere 2and tha cp*ic transmivt=zt
enclcesure. Now connect th2 powar cables between the 2ar huoy
and the receiver enclosure. '

Step S5S: Test for idle PCM signal by connecting *he +z3%
cable tetween +he optiz r2ceiver encicsurz ard 21
oscilloscope. Remove th2 pdwer actuating magnet on thz tup
of the PCM sphere. Adjust the oscilloscope %3 abserve = Ul
mv 2PCM signal. The signal should sync reasonabiy well.

L]
m
-
[ 4
e
W
)
»

Remove the actuating magnet from th2 s321s0T sphe;
time2) andéd observe the PCY pulses run. Tie 3

o
[1]]
(%)
D
=]
i
m
e |
%

chazked ou+t from sensors through ths fiber optic 1link.
Remove the op*ic receiver 11%a sutput tast cabls a

thé Jata cable between th2 can buoy 3ad thes opotic racsivar
erclosure. Install the spar budy cablz (10) <c *he cza broy
and test for the PCM signal by plicing the 2scillisscios
prob2s or pins 2 and 3, Replace th: magnets on the sensoy

o
o€

sphare and the PCM spherz. Disconn2:t the spar b

=
O
~

o
ot
w

the op*tic receiver power c-able and tae optic rzcziver d

cable. The sys<tem is realy for izploymant.

Step 1 through step 4 mnay b2 accomnolished along sidiz =his
pier or er rou%te to *he 1sployma2at 1lozation.

Step S: Fasten the lin2 and cablzs to the spar buoy. Whan
or location (180 foot depta for this =xample) ani thes ship's
anchor is properly set, th2 shis's c-raw will fastsn “he spar
buoy to the on-board cran2 ard hoist it over thes starboaczid

r

sid2. When +the fastener is at the rail, =z *iadbar hiz=ch is
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mad2 about the spar buoy shaft and the spar bazy i3 mada
fast to tke ship's rail. Th2 crane thzn may be disconnzcted,
Remove the four 11/4-20 haxhead bolts from <the %o n
spar buoy. Remove the dummy loal from the end of -he ccaxial
cable and conrect the cabls to the caole in the anternn

w
=)
[ I+
n
ot

section (9). Align +the 2ating 3inda2x marks 2and mate
sections. Secure the s2ztion in opolace with =thsz DHeles
previously removed, Th2 #-ench utilized Zor <hisz 2o
should be fastened to the operator with a stringy to
loss over the side. When tha sectisns are securs, +hs *igosv
hizch may be removed and the spar osuoy 1lowera23 into +ha
wa=2r by +he nylon tendiag line. #h2n s+able in %22 wz=zr,
remo>ve the tape on “he spring 1o0ad23 asntenna ground olanz.
The arntenrna ground plane pre2sents an 2ye hazzard. Use cz7T2
in tending +he spar buoy. The spa: buoy cable shcu

faired along the starboard sii: outbcari of any

obstruc+iors.

Step 6: secure the s2nsdr cable zonnectors &> one ¢of =he
sernsor sphere harihats usiag =slectrical tape. Remove =a%
aczuating magnets. Allow scme slack and tape the coaxizl

3
cable (3) <0 th2 main supod>st line. Taz sensor subssction i3
hoisted up and the A-frame 2djustad aft until thz subse

is clear of the ship's stern. The sensor sutssc+ion =

3
s ck

)

lowared in <en £foot incraaants A lib2ral amzant of 31

~

'l
$
[

must be allowed betwean fixel odiats along ¢ths o}

W

X

(9]

cables between the sensor sabsez+tion 13ad the irnstcumesrn=a+i

(8]
§2

subsection. Electrical taoz is appli2d 3%+ %“en foot in<a2rvals
of the polypropylene main sapport linz, A tab is plac=4 ot
the tape to allow for easy removal 3u-ing recovary.

Step 7: Whern approximately fiftzarn feet >f the cables
remain, <the A-frame boom is aijust2l in so that <he main

support line is very cl>s2 %0 th2 st2rn of the s

=t
[UR
o
.
&

ot
[0}
H
]
VORI
W

ample amcunt of fiber optiz cable is z22led cff :he s
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reel to allow the insctrumentatisa subsection > s
positioned on the stern wita PCY end 3owr and guick rzlezss
clanaps toward the line. Ta2 main support line is lowerzd “n
where there is sufficient slack in th2 last section of ths
coaxial cable. The cable connectors are fast2ned %o <thsz
Instrumentation subsection frame with electrical tape 2nd
the ac*uating magnet is r2aovel fron the PCM sphere. The
quizk release clamps are miie fast t> *he main support lin=.
The main support line is hoisted off the deck and agair =iz
A-frame bocm is adjusted aft until taz load is clear of “he
stern. The 12ad is lower=s3 again in t2n fooc%t increments an
+he optic <cable is fastan231 to th2 a2in support 1lirns with
€electrical tape2 as befors. Care aust be “aken <to przvsnt
breaks or kinks in the fiber opti:z cable. Coordinatinn
between lowering *he lcad 11d r2eliag off +*he fibesr optic 3L

a must. when the 170 foot marker (twd> black str
ft.) fclicw=2d by two succsssive singls black stripes on *h2
N

main support line) 1is at the A-£fram= boom block, the wirnzh
low2ring the system 1is stopped. Th2 ramaining £iber op-ic
cable is secursd %> ths stcrage resl with a rubber wedgs

insar*ed in the storags 3Jrzoove and <zaped ia place wi=h

electrical *aps. The storags r221 is ZImaobilized vy
fastering a piece of parachute =scd £rom th2 can buoy
strongback through tane storage reel spdikes. Ta2 power zad
data cable connections are nade betws2a thz can duoy and :hs
optic rszceiver enciosursz. The spar baoy *tendiag linz is

fast ened to *the can buoy by means »>5f a1 shackls and *“he svar
buoy cable is connected t> the can biody. The main suppor*
lir2 is lowered until th2 170 f£oot nark is at Jd2ck level.
The excess £fiber optic cable aust b2 carefully <ternd=d at
this poirt. Thz can buoy ji1ick relzass clamps are made £fast
to *he main suppor* lins. Tae 12231 is thoistzd and the
A-frame boom adfusted aft s> +h2 1lcad is clear >f the s%ern.
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The can buoy is lowered int> th2 watsr with the 2xcess Ziber
ed
over the side. The end of th2 polypropylene =mair support

!! optic cable. Simultaneously th2 spar buoy cabls is relzas

lire is unfastened from ths winch cable ard fas¢tensd +o a
marker buoy then rsleased o>ver the stzrn. The system is now
deployed.

. sl e e
s et .
‘ S
. oo e

Step 8: Check with ta2 receiviay staticn psrsonnel to
ensire “hey are receiviny a1 sea sids 2TH signal.
Step 9: Th=2 recovery >peration is just <=h=z reverse of

J
the deplcyment operation omisting the syst2un checkout

T T MG P

procedures.

"

B}

3
!r’-_'_v.

-
-
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A. SYSTEM TRANSFER PUNCIIONS

1. Iptroduct

-
E—+

The triaxial coiil nagne*omatar sys=em is Jdiagrama4
in Pigure C.1. Presently 5nly the lani based system employs
thr2e coils, “ae ocean systeam usss two coils, The data
sensed by this magnetcmeter syst2m is jgiven by Vz(t), Vy(%)
and Vz(t), the output wvoltages gJan2rated by <+«hs 1input
magnetic fields. The magne*tisz £i=213 componszats are the
desired results tharefore the sys+2m transfer functicn must
be ietermined so that i+ can be r2uadved from ths ocutput
vol=age. In the time domain the relationship betwean *hs
output voltage arnd +the magnetic i21d is a convolution
intagral:

%i(t)= jhi(t-t"bi(t')it' (1

where i=x,y,2. It Is mors «cornvenian: t> express equation 1

in the £requency domain by performing a PFourier :ransform:
Li=Hi ) Bi @) . (2)

The transfer function Hi(w) <can =2asily be d=terminsd in
teras of tne ratio of outpat *o input.

The next sec+ion 3iscisses th2 ccmponznts of <he
systsm and attempts *o davelop a system modzl. The last
section Jdescribes +the <calibration azasurements and <+he

r

exparimerntal Jetermination o>f th2 traasfar function.
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Z-COIL | b, AYD FILTER PRE-CONDITIONER 2ttt

Figqure C. 1 Systea Component Configuration

The coll magnetomaters ars composed 2f 18 gaugs
copper wire with approximately 546J turns. Th2 ipndividual
transfer function for the 2-oil is:

Ve (w) =] KB (w) (3)

where Vo) 1is the spectria of ¢hs volwage dirzactly out »of
the ccil and K is a gain fac*or.

The nex:t component in the systa2m is the prezamplifier
low pass fil<zr. The preamplifier 2ssentially introduces 2
gain of 1000 so the voitije signal <zan be sent <+> remdts
instrumentation. The lo# pass filssr 1is a £five opecla
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with a 3dB <cut>ff at 2) Hz. The £:il
us=d to rTemova 3) HZ signals from <tha systzm and
r the data before it is 1igitalized. A

e n
e Is introduced because 9f a capacitivs coupling

ticaal oo
between <he second and thirl stages 5f the filtar, Figure
C.2 shows pole-zero iiayram of ‘the preamplifier. The

2
transfer function takes th: fora:
H(Jjw) =K/ (Jw+2) (Gw+d) (Jwrc=-71) (Jwtc+idl {(Gwte=-35) (Jwreri) (Y)

where K Is the gain of <¢ths preamplifizr and the coerficiernts
a ~ £ are taken from the pole-zero 3iiagra

The preconditionar has additional gaic of approxi-
ma*2ly 1000 and has zener iiodes +*o mit the inpu= voltage
to zhe :CM board. Typically the zutoff is azound 7 =0 8
volts.,

The magni*uie and phase ra2spy>nse o9f the preamplifi-
er-fiite: and preconditioner are shown in Figures <C.3
thr>ugh C.8. The input t25t signal jsnera=ing these curves
had flat magnitude and phase <chacact:sr as shown in Pigure

C.%% h

[{M

figures +then reoresent +*hs actual +ransfzr func-
“icns of the preamplifisr-filtsr przconditionsr system for
the x-y-z chapnels of lani arnd >c2a31 sensor systems. Th2
figures show that the chann2ls are well matched ia magnituda
and phease., The phase response is lin2ar 224 virtually Zden-
tical in every case. This is an impdortant poiat sirnce :ths
phase part of the transfsr function is not remavad from ¢h2
e

(%]

output vcltage signal. How2ver, sia the da+ta analysis is
in terms of power spectral deansitiss and corerancss <this
fact has no b=zaring on the resulzcs.

The total transfer function >f the system is <“he

projuct cf equations 3 anl 4. Baszi on *these formula

v
U
®

the <figures, <he resultiag +transfar £functizn shoul

-

fairly linear at the low f-2quency =ni.
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Pigure C.2

Pole-Zero Diagram for Model 13-10A Amplifier
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3. Determinaticn of th: System Iransfar Function

The maqnitude of tie syst2a transfer function was
u

a
imentally through the use of a2 Helmhclrtz
Iy

[T}
o
ct
w
H
=]
’ [
3
[0
joTy
[i0)
Fa3
'U
17} H

of sinusoidal =

(v}
(o]
'.l
’..4
-
Y}
[/]}
C
=
5
(4]

urra2nt and a3 spectrum
analyzer. The 2xperimental set up is illustratzd in Figure
C.1). A ore turn Heimholtz =-o0il with 3 0.61 metsr radius and
a 0.61 meter separation bstween coils is used o provids a
calibrated magnatic fielld to the ssasirng ccili. The sensing
coil is placed <concentricz +o the 3I=2lmholtz <co2il and is
centered ver+ically +o =2rsure 2 uaifora magretic field i
created akout the sensing coil. Th2 magnetic field in this
regicn of the Hslmholtz coil Is dirsct:zd along its axis and
is given by [(7]:

= MBNI/SYSR (5)

to tzzme on <he ozder of (L/R) whar2 L is the linsar Jimen-
sicn of ths region, N is the numbar of <ucns, + R is the
z coil radius and I is <+h2 iriving curcent*
he driving current is precduc2d by a Wava=zek
geazza%cr m@model number 142. The <carrent is mesasursi by
g the voltage across 2 995 oha resistcr ia series with
<hie Helmhcltsz coil. This voltage is msasured by a spactrum
er (HP-3582A4) to avoid any spuriosus signals g=2neratc
by rarmenics. Once *the iriving curran% is known, <hen “hs

caliprating magretic £ield <can bDbe d2termined. The voitage

)

outpu* of the sensor systsa is +thsn n2asured by a spectrunm
anairyzer. By repeating =-he m2asur212a2%*s a< 32 number of
different <frequencies and appli=1 fields, the systanm
traasfer function can be m=2asursd.

The actual calibratior was conjucted a2t the La Mesa
village si*e using *he s2tup illust-ated ir Pigure C.10.
The Helmhol=zz c¢¢ii, seasing coil and  presamplifiesr are
located approxiaa“ely 40 maters Srcom th2 shack which housed
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CUAL CUMEL
SPLCTRWY AALYTER

HP- 35824
SERIAL #1809A01750
GARNTL A

‘. 2mm PREAYPLIFILS, | PRE-
’ 1.2 1 FILTER CONDITIONER

™
-t SENSING COIL

HELMEOLTZ WAVETZIX

core CURRENT SIGWAL GEXORATOR
MONITOR HOZEL 142

SERIAL #122506

Figure C. 10 Syst2a Calibration Experiamant

the remzinder 9% the experiment. With +the Hd=2lmholtz coil
disconnectzd, the backgrouni magnetic noise of this location
was cepeatedly examined to znsure acsurai“te readings. Pigura
C.11 shows a typical background nois=z plot from the specirum
analyzer directly (therefore the traasfar functisn has not
been zremcved). The distiact featurss are Schamann reso-
nances, ctherwise +the backgrounid was low enough and stable
encagh <o adequateiy calibrate thz2 systenm. Jaly a*= the
Schumanr frequencies was tha background subtracted from the
measured cutput voltage., Calibration —runs werz conducted
fron 0.05 Hz ¢> 20.0 Hz #i*h applizd calibrated magnetic
field of 0.02, 0.2 and 1.0 nanotaeslas (gamma). ~Pigures C.12
through C. 16 show the ra2salting <calibration cucrves of =he
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lard and cocean magnetometsr syst2ms. I'hr2 true transfar func-
tion is <cepressnted by th=2 0.02 nl f£i213 of the Helmhol:z
ccil. The larger appli=d fi2ld siow saturation by <=he
syst:sm caused by *hes protsctive zzaner diodes iz the precon-
diticner. At the low frejuency eni, all the systems ars

closely natchad. At 1 Hz an output vdltage of 1 v indicates

-t
()

é(mV)

§

Lo v .
IS VS S SO N ST TN WY T

8.3 ¥z

v
Y T

W ¥

Hz

Figure C. 11 g ?kground Ga2omagnetic VYoise f(HZ) 25/20/82

g 3 hrs.
a msasureé magnetic fielii >f 0.4 nT. &4 1 nT fiell is
saturated above 2 Hz.

The computation of the actual =23quations rapras2rnting
the magnitude ¢f the +*raasfar functions presentzd a dis<inc*
probiem because fitting th2 da*i 49 %12 thsore+izal <ransfer
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(velts/nT)

(v, 14

0.62 nT

504

- 34 ——

10~

Ffigure C. 12 Land Systzm X-Coil Calibration

functior cf *he previous sacticn is 3difficult. Ideally this
ll is desivable since the ophase <character o¢f the syste
nsfer function can then be inferr=3, Howevsr, since the

risaery area of interest is in the 1lower frequsncy region,
o +he +rarsfer function wis mcdsl2id ir terms of 1linear
E! sequerts. The equations derived ia +his manner have 13
maximum errer of 1% in the rangs2 of ) £o 10 Hz 213 5% in the
10 to 20 #iz range.

In the actual computation each curve was brcken into
convenient segments that could be rzprasented by a st-aight
lin2. The range of the sz2ganants wer2 J to 3 Hz, 3 to 5 dz, 5
to 7.5 Hz, 7.5 to 10 Hz, 1) %o 15 3z and 15 to 20 Hz. For
eacha segment the slope was firsc comput=2d4 by:

g g T
RPN A A
. L R

OO N e 2Ca 2ut g
! ST
[RFACAEY ¥ SRS

91

a

[l ]
»




v — v R gl Enf M Ml Sheih Juiedh Janlis Sl Al Sk Saadh

% f(volts/nT)

et ais

-
L i e

v
Dl

Figure C. 13 Land System Y-Coil Calibration
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- M= (Y2-Y1) /(X2-X1). (6)

Ooncz the slope 0% the lin2 was founid <+the interssc+tion with

- the Y zxis (b) was fourd from:

Y=MX¢b. (7

These computatisons were performed for each s
a saries of five s2quations to modizl 2ach sensi

i
amplification systam. The individual “ransfer finciicns can

be found in the computer pro>gram, s22 Table I.
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A, PULSE CODE MODULATION SYSTEM

The PCM circuit compon2ats are md>inted on a 3 irnch by 15
inch printed circuit boari with 2 15 pin doubls side

a
cornector at sach end. Th2 pii assiynments £or ths signal

_ cornector and the control conpnector ar= listed ia table 1
;f and D.2, respectively. Th2 circuit is diagramed in figurss
NS A.4 and a.S.

TABLE II
ﬁi Signal Connector Pin aAss?,nment
-
>a RIN ASSIGNMENT
-~ 1 channel T ind2i%t (2nalog)
& B chaanel 2 irdat (analod
: C chanpel 3 input (21alod
D chanral 4 inda* (anald>g)
E channrel 8 input (apalsy)
. F channey 7 indit (a2nals3)
v H channel 6 inpat (2nals3
- J channel 5 inpa+ (aral>>J)
S K channel 15 iaput (3aalody
; L channel 14 inpit (anal>J

.- M chaanel 13 input (3nalod

y N channel 12 inda%t (anal>g)

h¢ ? channel 11 inpat (3nalos3
- R channel 10 indat (anals3l
- S chaanei 9 input (analad
‘t‘ 1 -157 (max?,

- - 3 common (signal)

- 15 +15v (max.?

t‘

-

‘ The PCM system incorporatss a =c-rystal oscillator aad
assyciated CMOS inteagratad circuitry to> develop the clockiag
pulses, a 16 channel CMOS a1aaloj multiplexer, 3 12 bis CMOS

ﬂ analog-to-digital convert2ar and assdciated circuisrzy <+o

b provide the pulse coding.
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TABLE III

Control Conn2ctor Pin Assigrnment

g%g A;SIGNgEN;
! 5 FORT IV (CHNL 14
[}
3 EXTDW2 IN
4 EXTDW2 SEL
S SAMP. RATE SEL IN
& DCL
7 POWER GRD.
8 +157
g NRZ~- L
i Bilh-L
E
12 g1 ¢
13 c2
14 clh
15 c8
A TX FILTER INPOT
B SIs GND
C TX FILTER OUTPUT
) SIs GND
K =15¢
L +12V INPUT
o] SAMPLE RATE 123
N SAMPLE RATE 64
P SAMPLE RATE 32
R SAMPLE RATE 16
s SA#PLE RATE 8

The crys=2l clock oscillator opera*tas at 2 frequency of
24.576 KHz producing a sJiare wave suatput with a 1lcss bit
rat2 of one bit in one million. This pulse train with pulse
duration c¢f 20.35 microsscd>ads triggzcs “he clock input of =2
binarzy up counter 217(1/2) and is als> routei iirzctly <o
pin M of the control connector. Pin 2 of 217 is the counzar
enable input which is zonnect2d to> V¢ thereby constantiy
enabling the counter. ?2in 7 is the vreset input which is
grounded. The counter is composed >f four toggle flipflops
<hac are incremen+*ed on th2 positiva 3oing edge >f the clock
pulses. The flip~flop outputs Q1 th-d>ugh Q4 are rouzzd to
control connector pins N,P,R, and S, cazspectively. The pulse
repatition rate at pins 4,%,P,R, 23321 S repra2sa2nt sampls
ratas of 128, 64, 32, 16, and 8. 3S2lecticn of the samplz
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rat2 is dependent upon the VYyquist sampling criterion. If £
is the highest frequency of intsrasst in <the analog da:a
being sampled, ¢then th2 sample ratz shkould be egqual to or
greater than 2f for urbias2i resolution. Currzntly a sample
rat2 of 64 per second is employed to> ensure the HNyquist
sampling criterion is m2t over th2 freguency range of
intarest (0-20 Hz. A co>nnectis>n between tha2 pin that
represents the selected sampling rats and pia S5 of <he
control pin connzctor will establish tha*t pulszs repetition
Tat2 as the systen clock.

The clock triggers Z8, a four stajge binary up counter.
Z8 iInputs comnsist of a2 single =l>zk, carry-in (clock
erable), binary/decade, uap/down, praset =snablz, 2and four
individual jam signals. Pouar seperate buffered ) signals and
a carry out signal are providel as jutputs. Ve input 213
pins 9 and 10 configure th: circuit as an up binary cocunter.
The jam signal is select=2] to 3Jevslop the 4da*a word langth.
The counter starts at a coant o>f 4 as confiqured and counts
to 15 (12 counts). CCO go2s high satting 2Z212. The pres=t
enable signal on Z8 receives the hizh set outpu:t from 212
(BTCR) and *he Z12 ccunter is asyncaronously prase:t to +h2
jam sigral ccunt. The prss2t count is ga*ed through 29 and
210 and the convert starct signal t> 23, the 15 <channel

analog-to-digital converter. Ths carry out signal (CCJ)
fron the Z8 coun%ter acts as the =l3sk dinput t> 217(1/2)
another <Zfour stage binary up <coun:2rz. Its outputs, Q1
through QU cepresent the muitiplex chianal snablzs signals ¢
Z2, the 16 chaanel anald>3 multiplasxsar. Bach chanrel 4is
erapled for 12 <clock pulses. rk2 analog wmul<“iplexer,

depending on the state of ta2 multiplex enable signal,
switches a common output to one of sixteen iaputs. Its
ouzput s amplifiei, conditioned and passed to the 19 Volt
input of 23, *he analog-td-digital coaver<er. Tha parallel
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digital outpu:- >f 23 is passed to Z4% and 25 for parallal-to-
serial conversion. The analog iata word (ADW) is gated %o
NAND gate 211 along with W3, DCL, aid EXTWDZ2. o and Wo are
devaloped in NOR qate Z9(1/2). Wo is 2igh when Z1 through C8
are zero and 1low otherwisa. Then usiangy 2Z17's csunter zerd
count as 3intial sequenciny point, th: frame sync word is
passed tkrough Z13 pin 13 followsd by channsl 1 +th-ough
chaanel 15 anaiog da<a w>:-ds. 212 and Z1¢ develop +*h2
siganals to be biphase logic or ndn-return +o zers> (NRZ)
logic. This system feeds the biphasa logic 5??71 through a
low pass filtsr and a signal condicioning circuit where <he
modi lation index is set. I[n th2 s23 system <th2 5ffs=+ 2ad
gaia poterntiometers are 2ijusted s> ths signal conforms %o
TTL levels. This final output is ths 3a3<ta input td> the op<ic
transmi%tex.
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e ARRENDIX E
F A. OPTICAL FIBERS
. Eiber types

Aithough many types of £ibecs have been tried in the
recznt past, present technology favors three classes of
fibers for optical communizations: singls-modzs ste
multi-mode step-iniex, 32d malti-md>3s graded-index (see

Figice E.1).
a. Single-Mode Stzp-Inisx

Single-mode fibsrs are tyolified by a very thin
cor: (1.5 *o 8 micrometers) with unifora index of refraction
sur-rounded by a cladding >f considsrably greatsc thickrness
whose index of refraction diffsrs by a very small aamount
fron that of the <c¢ore. TIThe "singls mode" feature caln bz
at+tributed to the abrupt interface between cor2 ard claddiag
as well as the smll chanjy2 i1 the -2fractive index. Tae
claiding material is lossy so that any modes it accepts will
quizkly a+tenuate and not cdoupls back Iato +he core. Sikcs
the difference in refractiva ipniex fcom core 5 cladding is
small, *he numsrical aperture is spall also on the order of
0.14. The small apertur: makes coupling to soucce/ietector
dif€iculit (8, 9].

b. Multi-Mode Steo-Indax

The core diamate: of mul
fibacs are lazger (25-15)  misromatars). The tcefractive
indax is uriform across thz cora diam r
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refractive index is slightly lower :-han that of the core.
The nunerical aperture is saall but ths core siz2 is larger
thaa that of the single no0i2 fiber, allsviating somewhat the
coupling problem. The loss charactaris+tics of thess fibers
can be extremsly 1low and in general can be linked directly
tc the lower numerical aparturss 213 manufacturing *ech-
niques employ=2d4.

Ce Multi-Mode Graiad-Ipnd=sx

Graied index f£ibers app2ar to be the obptimunm
fib2r (oi those currently availatley £or long line appolica-
tions {8]. The fibers havs core diam2tar ranging from 20 *to

150 micrometers with an indax of r=zfraction that varies as 12
funztion cf the distancs from the <co>r2 canter as shown ip
Figuze EBE.Z. The grade in th2 ipiex cr21d>ves the abrup% change
that Is tyoical of the step-index £fio2r. The n2t eifzct is

th

»

t all modes cross the >ptizal axis at aboat the same
placas anc a*t about the sam2 tias [1)].
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ibsr Wavegquiiss
a. Liyssas in Gensral

The principal =causas £>r a*+<enuatiosan loss=2s

ares

1) Material abs>rption: Tais loss can be mostly

attributed to Hydroxyi and Transition mecal
ions in glass.

%_ 2) Scattering: This i1oss is primarily caused by
F g2omatric irregqularitizs at the core-cladding
tg interface.

- 3) Radiation losses: This loss is a result of
ﬂ: bending tae fiber cabls a< small cadii of

2 cuzvature {11 }.
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b, Scattering Loss2as

111 transparant matec-ials scatter
due to frczea in thermal <fluctuatioas of constituern:t atoms.
This Intrinsic scattering rapresants th2 fundamsntal contrci-
bution *c¢ 2attenuation ian optical wavzjuides, The glassess
utilized In fiber waveguiiss ganerilly have morc2 than one
oxije presaut that cause aiother fora 2f sca*t:ering. This is
due *“o ccrncentration flustuaticns Iin tas constitaant oxidss.
For high =silica glasses, =concantration £fluctuations typi-
cally account <Zor only aoproximataly 25% c¢f th2 obssrved
scatterirg ioss.

In 3ddition t> these tw> intrinsic scatt
losses, ZInduced scatteriny through 1on-linear 2ffec
exist such as stimulated Raman 323 Brillouin sca+ttaring.
Because oI the smll cors size, *az confinsd jyuidance ard
t+he long In+erac+tion length, relativaly low absolute power
levals are required to obsacve such 2£fects. ctually 2000
watts has been injec*ed int> 2 2 Km l:a23%th of guide having a
7€ aicromeces core diamstar with n? non-linear at*2nuatisan
obsza-ved {111,

c. Radiation Loss2s
These losses are associatsd with the wavegui

(=Y
-

(O B & 1)

a
turs. The cladding has in practize besn, 3 thickness
I ha jackex 1is lossy

1cC
a few teus of mizrometars,
nize

(-0
crcsstalk), som2 fraction >f the mod: field can
reazh +his region and be 2attenuatei. Additional radiation
losses are experienced when the optical wave guide 1is
curved. The presence of outsile p=rturbations on a fiber
cause light 1oss through th2 cladding. 1In step-index fibers
this mechanism causes a change in th2 angles of incidence of
the i1ight rays until a critical loss angle is reached. 1Ia
grajed-irdex £fibers loss oscurs from ns3e mixiny and loss of
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the higher order modes in 1 simular fashion. These losscs
car become apprzcieble in fiber cables for underwater appli-
cation. Losses as gr=2at as 1400 38/Kn have bzspn reported
r121].
d. 1loss Minimization

Forturately it 1is knowa tha<= fibars caa be
protected from amicrobeniing and 2nzased in zsoastructicos
capiblie of high prassure [13]). Ths 35iz2 of thes2 losses is

typically =about

is achis

hari jac

jacket will be

soft

Su; -.

early orn
7245, 2
cabling.
inmanity

is zompr

D

ved

inner jackszt #ill comoly with thz force,
and spreadiag
will +hen be
RTV184, a silicon rubber,

has the advantage of prote:

combinati

ua*ion in op*ical fibers.

et

B/ka.

ncisiag the

Minimization 2f micrnbeniing lossas
azaly

-
T

fiber i1 al sof+« and

O =

by

ketz., A *ransvers:z force apoliesd to nuter

resistad 201 spread ovar a

a

iz c¢var still 1largac
to transamit to thsz

ITT's T-1211 £
iuring ths
th2 fiber from

a

area.
fiber

iber

abie

For axamvule

ting
narticularily 04 iors.

~
-

aminants

second buffer, Hy+r=l

hazd polyes*er elastomsr, 1is then This
the fibar
alsc gives

“137.

apoli=i,

on makes a gooi choice foar undecwatsr

Hy+<rel the fibe:zs hundreds >f hours of

fzom moisture

- e

iosses jue t> Hydrostatic Pressure

1lso affz
Silicon rabber clad silica (°CS)
At 2200 psi,

St “he at+sn-

Hydrostatic prassurss can

essed in sea watsr. the numarical aper-

[ﬁ tur2 (NA) for this type fiber approiches zero a2nd no light
Fi is transmitted due %o compression of the silicone arnd
ka increase of the s lizon» index of refrazeion [ 14].
;i Therefore, glass clad ibsrs must b2 wused in undecwatar
- cables.

!
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snd Strepgth

2. Since the fibar optic utilized in 2 data link
for magretic Jata «collection need aot be a suppcrting
element of the system ths ta2nsile strangth is not a signifi-
cant factcr,

While the <theor=+ical strenyth of optical fiber is
mors thar 600 kg/sq mm - 15] *hs actual streng+th is £elat=ad
to ninimum strength poin:s due o £fiaws and cracks oo the
€ibar surface. For a hrc2aking strain of 1 parcent, <ths

inrimum flaw size mus*t b2 la2ss +han 1 aicrometsr, which is
difficult to assure in pr»oduccion runs [16]. Furthsr more,
the growth of flaws is 3irsctly rzla%ed to teamparacure,
applied strain, <relative haumidity ani aven pH. A pH of 7-8
causes tnhe most severe fiaw grow+h 17]. This value approxi-
mates the pH of the ocean.

Cebling c¢f coptical fibers 1as the oJbjective of
providing useable streng*ha at wmipimuns w2ight whiles ensuzing
environmen<a protaction, Zxtsnsivs tes<s upon s=veral
different confiqurations >f wniii-cables for unisrwatar uss2
wizh and wi<hout <conductors has b2z2n cornduct2d by NOSC,
Hawaii [18]. The follnving prasents some of +thase cablss
whose charac+eris+ics may n1ake them suaitable for undezwvater
magnetic data collection oparations.

Figu-2 E.2 represeats threse 35ssible cable arrangas-
ments, &il similar, exc230% for th2 composition 2f the loald

stzucture. This may be all £zvlar, a hayorid mix of
Kavlar ard S-Glass, or 2ll 3-Glass in an epoxy matrix.

a. Lightweight Siagle Fiber Zable

1) Cable 5358 (all (svla:z): This cable
survived 500,000 flexure cycles at 2) psarcen< lo2ding. The
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1. Low loss, graded index, optical fiber to 0.02S" 0.D.
2. Annulus of Dow Corning silicone (RTV 183) to
nominal 0.014" 0.D.

3. Annulus of polyester elastomer (Hytrel 7246) to
nominal 0.020" 90.D.
4. Loadbearing annulus to 0.D. of 0.040"
say be: )
a. 5058, twelve 330-Denier yarns of K:iVLAR-49
b. Ten 380-Denier yarns of KEVLAR-49 and
S ENDS HTS-901 S-Glass
€. 32 ENDS S-Glass (nominally 6528 filaments)

Figure E.2 Lightw2ight Singla2 Piber Cable
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breaking strengeth of %his zable is 225 pounds with 3 t=nsils
! strsngth of 180,290 psi.
: 2) Cable 5283 (Hybrid): This cable survivedl

2,370,060 flexure cyclss witaout fiilure a* 20 pzrcent
. loaling. Its breaking strcangth is 227 pounds 2and tensils
i A strangth is 150,000 psi.
‘ 3) Cabls 5033 (2ll 5-5lass): Phis is the
strongest ccmbina*ion with 31 brsaking strength of 346 pounis

and a tensile strangth of 275,300 psi. This caonle survived

1 750,000 £flsxurs cycles it 20 o2z2c2n+t loading without
: breaking before +rLe test wis stopped.

i Those cables c:castel by ¥I)35C Hawaii p:aviie zhe
g ext2nsion of fibsr osptic zzchnology t©> “he undsrwacz envi-
R ronaent and taose wmentiosnzi above 2llow £5r u+tilization in

v und2rwater magnetic da%ta collection.

B. LIGHT SOURCES A¥D DETEIPORS

Light sources <Zor fibar optic systams reguir2 c=2rizin

characteristics incliudiry tong-lifs-tiaz in use, high effi-
cieacy, r2asonably low zost, sufficient optical power
output, capability for varicus tyo2s Oof moduiazicn aad
physical compatibiii<y wiza fiber zais. Ther2 are *hrs2
pasic configuraticns: i1t emitztiny disde 5521id s3tats
lassr, ancd semicornductor injection laser.
1. Lzghz Sources
a. Light Emitting Jiods (LED)

LED's generat2 1ight waan carriers irjec+ed
across a p-n junction rajiatively ra2csabine, emaitting radi-
atis>n over a s51lid angls of 2w st:2radians. Thes zctual

} output power a2mitted into 2 unit s51id angla psr unit =mis-
| sion area is low for LED's =ven *45u3gh *he to>%al power
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output is reasonably higa. Ther 2 %two types of LED

re a1
sources available, edge =mitters ani I>med surface emitters.
Dom2d emit+ers are ratkar complex to marufacturs resul*in
in 2dge emitter LED's b2iny mcre comadonly utilized. Noiss
introduced by LED's into the opticzal fibers 1is relatively
small 3in most cases ard is oropoctional. to ths spectral
width and the number cf transmission 153ss propagated in the

rponse curvas for LED's

Ww

fibsr. Typical power versas drive :o:
are usually linear (see Figuzz E.3). Most availabls LED
sources have pesak wavelangths of 32) £o 850 na and power

cornstructed <o last

"
)

outputs of approximately 1 nw. LED's a
in a2xcess of 1 miliion hours [ 13, 8].

Laser: DH, Stripe width
qQuantum eff, 303

POWER EMITTED ONE SIDE (mw)

LED s Homojunction,
Dome emitter,
350 JAmm dia

100 2 2
DIRECT CURRENT (maA)

Pigure E.3 Typical Pover vs Drive Response Curves
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b. Lasers

Double~heterojunct.on DH laser structures carn be
mad2 with ralatively lony i1ifervimes when the lattice parame-
ters of the electrical composi-ion in ths various layers and
boundaries are carefully natchad. It the DH laser with
stripe geome~ry, the lasinrzy region occurs only in ths “rans-
verse direction under tha «idth of thz contact stripe.

The basic s=smizo>nductor matsrial for bo4h LED's
and injection lasers 1is <the Gads combinatioa. Doping
elsments 1ike al, As, In, 32, and Sb, are used *2 shift tha

emission wavelength, Thz thresholl current for typical DH

£

lasars rarge from 0.7 t5> 1% kd/sg =a arcd <+he guanczu

.
1

th

2L
t

[
3

(]

m
cieacy from 10 to 50% compared wita 3% for an LED rzsu
r

+oQ

in 3 large incrementzl iacreasz in dcutout power £o

n
¢
[

m
increases iz current beysal -ne car-c2at  threshold (Figuse

E.l) .
c. Comparison

Virtually alli =2pplizations 9f <£iber optic +tech-
nol>gy for 1local Jata <coaaunications *o date have chosen
LED's for use as +hs sourc:. Bandwii<h distanc2 rztes hLave

beea within the capabilitias o this 3=2vice and its chzaper

cost, ease of use and op2ratiornal =zxpsdiency have made i+
competitive with lasers.

In fiber optic systems, £h2 most conaorly used
rec2ivers utilize photodisodes (eithear PIN or avalanchs
s) <o convert incident light ipnt> 2lsctrical 2nergy.

110

P AN WP D U T U [P} o ol - BPY W wy 3 Py P - s




Rarararaty r”d' -

e

-y

Tﬁ_ﬁv.,_ T T W T W T W T WY YWY T W T wTTY Y TR TR T W TR TR TYT Y TR OO .TeTm T o R W T e oo merme e meeew e

a. PIN Photodiode (PIN-

The PIN diole consists sf a relatively 1large
(very lightly doped) region sanijwichel between p and n doped
semiconducting reaions. Pan*ons abszdorbed in this =c=sgion
create 2lectrorn-hcle pairs that are then separated by an
electric field, *hus generating z2n :zlzctric current in the
load circui+. The quantum 2ffici:zncy >f the photodisde is a
function of wave length anl temperatuz2 [8].

b. Avalanche Pho*>3iodzs (AP[)

The APD is

iesignei for applica*iosas resquiring

greater sensitiviiy. Because of a strong <elsctric fiell
ising wi+hin it as a rasult »of “:rnal biasingy, the APD
exhibits an Znt2rnal gais n2chanisa. Thay require a corsii-

a
erably higher bias voltage than PIN diosdess (bias voltagss on
the order of 300 V are nd>t apcerrcn) 87,

A

C. Comparision ¢f PIN a2nd apv

As 2 Tssult of the tigh rsverse bias require-
ments of *he APD and +¢hz py>wer couast:zaints o0f the @magne=ic

r s €
da*a collection system <thz PIXN Glod2 is the obvious choice
for tke systam's detector.

C. TRANSMITTER/RECZIVER

There is a wide variaty c¢f cormersially available trans-
mizter/receiver sets witn %ae full razgz of scurce/detzctors
previcusi ment ioned. Th2se przclide the npszcessicty of
desigring *he asscciated circuitry. The Burr-Brown 37137/R
is such a set.
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D. SPLICING AND CONNECTIN3

A problem in many applizations is in joining one length
of fiber or cable to arother, eithsr 5y splicing (rela*ively
peraanent) o5r uwsing <coizectdrs (iatended £or rTepeated
disconnection and reconrsction).

1. Splicing

Improveasnts ia nanufacturing technigues that
continue to lower fiber attanuation 2iava increased the neeld
for lcw-loss field splicing methods taat will pesrait grzater
spacing between repeaters. Th2 coupling lLoss 2f£ 2 solice
deperds on two types of facters: +thas: that are iantrinsic to
the fibers being spliced 2131 extrinsic one« which dspend on

the splicing *echrique. Intrinsic faz:tors .nclaiz core dia-
met2r, numerical apertur2, =and rzfractive index profila.
- These can be expected to vary rzaci>uly l'ecaus2 they are

E. . influenced by the manufacturing and quality control
) processes. Theirz effect o5n splize ‘oss can be treated
2 statistically. The factors intzoduczdé ov the splizing method
" include lateral misalignmeat, end saparz+tion, and end prepa-

T3
ration quali+y. Of thes=s, laterzl miszlignment is the most

critical.
The ideal spliciny metned is 3z £ield usable tech-
nique which minimizes t*these fibe: ex*+rinsic factcers.

Spiicing methods now available dspani on either fusior or
adhesives 207.

a. PFusion ¥ethoi

The fusiorn or "ao* splica® method uses an elsc-

tric arc or other heat source ¢5 fus2 twec fiper ends

: togather after they have baan accuratzly aligned.
L4
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b. Adhesive Methoi

In the adhesive >r 1=x=2chanicel approach, El
mechanical device is used %> 2lign thz fibers *“hrough refec-
enc2 tc their outer diametars. Th2 fiber ~hen are bonded

s
izt this position permanently, usually with an =2poxy
adhasive.

2. ccennecting

The samé intrinsic and extrinsic Zfac*dors  app
the design of fiber optic connectors with “he added re
ment that <the connector system perait rumersoas disc
tions and rematings withoat an apprsciablez incre2ase
coupliing loss. There are two basiz <types of :connectors:
those which take the alignnen« refszrcsnce from tae outsiis
diameters of the fibers th2aselives, i ¢hose whizh 2ncapsu-
lat2 the fibers then refar2ace ths ocater iiaaeters 0f +he

encapsulating members.
a. Capillary Typ=

The most c¢bvious dz2sig
the fiber-s themselves 1is the mactin
precisicrn capiliary with diametzz onl a

that of the fibers. A variation cf ths capilizcy zpproach i
the quasi-capillary formsd by thrz2 p

b. Other Types

The o+*her coamarcial %=2r» ons fail in=o *he
second category. Some usz 2 moli23d <taper or cylindrziczl
ferrule tc align one £fibsrs w#ith anothzr. Most 2f the avall-
abls connectors which uses aechanical 1lgnm°nt 5f machined
members are "dry" (they 32 10+ use an index matching £luid),
ar.d many are based on ths 3MA-typ2 :c=onnectcr i:zveloped €2
radic frequency “ransmissisn osvar cdpd2r coaxial cable [40].
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E. OPTICAL DATA LINK ENSINEERING

The following paragraphs oatlins procedures £o: ergi-
neering a fiber optic 3data link utilizing thz Jurr-Brown
3713T trarnsmittzr and 3713R reca2iver (21].

1. Determining the Zable Iype

(f

which dGdetermines

o .'4'- v

Iritially, the primary - factor
subsequent design of a f£iba2r optic system is <tas amoun+ of

s
attanyaticn expected. Fibers havs bz2en devels>pedl which

exhibi+ attenuation of 1l2ss than 1 1B/knm. Zoaasrccial,
bf fibars are available with attepua*isza 3£ less thas 6 dB/%knm

at ).85 micrometer [(22). Ta2 ruggediz:3 gradei-i2dax optical

X
cables that wsere <“ested by WNOSZ, Hawaii had attsznuz<ior of
approximately 7 dB/km [23]. In aost applications :he cost of
the fiber is inversely proportional %> i1ts a+tenaztion. 7or
+his reason, szlecticn 52f a3 fiber iz nore dir;::ly rela+ed
*¢ dolliars than dB ({22]. There a-2 also vircrnmerzal
concerns. The mechanical stressss, znvironpentel tzapeTratur2
extrsmes, and exposure to> a1i3r-sh chenizals must bz consideread
wher choosing a particuliar cabls. Sach things zs jicketin
mat2rial and tk2 type of a1ided strznyth merbers (see Figurs
i

{
£.2) determine a ¢able's ma2chanical 23131 2nvircrazctal

capabiliities.

There are three basic typas 5 optical ficers ¢o

chodse frem: step index, single-mod2, 2324 gradsd-indax. Zach
typ2 specifies the profils 5r variatisn of zhe ber!'s irndex

£i
of cefraction as =a function o¢f raijial distanzs from  the

[{]

4

[

-

£ibar's centar as previsasly diagrzamed 3in Figure E.1.
200
*ers or largsr is recoam21:ded for usz2 with *h2 237137 and

While step-index fiber with a zsors diameter of nicrome-

3713k as it is the ©best zomprymiss between ccre diameter,
bardwidth, coupling icss, and cost, the grads2 index typ

[(}]

A B e R 914
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5083 (Hybrid) cable praviously dsssribed is Llaccrporsted
int> the subjec* systam design. The outsiis ¢lzme*zr
disparity is reduced by aoplicatior of ssverai Jjackes<s of
heat shrirk +tubing. For short 1leagths of £iber, tha
ircreased coupling loss associated with the smzllar diameter

cor2 is tolerable.

2. Determining Launch2] Power

l(l)

Oonce the mschanical charactercistics and =hz cadiz
typs have been chosen, it becomes nsc2ssary +*o analyza 1lirk

cables. Th
undartake is the power lauached intd> 3 particular cable

performance with varicus

W

first z2nalysis <«n
t

the optic transmitter.
tha LED
optical parameters must 02 known in orisr %o

Begirning wizth soirce, four iapor*=art:
[

device's interaction with th2 system. These
a. Total ocptical power

b. Peak wavelength of emission

c. Physical size of output por:

d. Spatial profils of ths
Total output

smission patz=2r1

powar (Po) is asaally giver in uni=z ol

microwa+*:s, For convenisacs +thz optizal vpower, a3 wz2il 23
the losses <throughcu* the syst2m 3131 <he dezzzta>r z2:3i-
tivity, can be expressed ia dB. The t>tal svs*em loszs is =u2
sum of these individual componrents. > convert taz LED zotal

[{Y
<
w
[
O
th

powsr output to dBm, refa2r it t> a 1l

LED output power (dBm) = 10 1o3g(P>(uw) /1000 {1

The peak wavelength of 2amissis>n A is nscessacy for

det2rminirng the loss of th2 system fiber (which is

for fioz=r atteruza-
a 1))

tion of wavelengtl). It is ndot uwnusual

tion to couble or =sven triple ovar only nanometer

ranjye in wavelength.
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A power loss can occur if thare is a =zismazch of
areas of +he emitting port anl ths: fiber end. This ioss
expressed in 3B, is:

LED-to-fiber area loss(dB) = 201>3(D2/D1) (2)

where D1 and D2 are the 1iameters >f the systsna coras znd
«he LED output port, respectively. If D1 is grez=er “han D2,
“he area loss is zero.

The spatial emission pattara 5f +he LED's outpuc:
nust be Kknowrn, because 3 loss can occur if
mod2 rays of the LED's sutput canadt be captnr
numarcical aperture (NA) cof the systza fiber. Thisz is ¢
NA loss. Most data sha2ets give laforamaticn on aumerical
aperture, If the NA of the LED is 1l2ss than that o©
€ibar ther no NA 1loss o2csars a2t that in*erfaze. IZ <ohe
system cable has +he smallz: NA, th2n thes loss {s:

NA loss (dB) = 20lcg(NA source/NA system fibz: (3)

[¢]
w
ul
(9]
3]
r
[+
l o]
n
.l
o]
4
o
W
n
Lo
th
1]
Wy

If thsre are no fibar spli
EY

-

W
™m
pe
o
m
[} ]
(1)
W
'
a1
v
Al
O
1
po
1
ot
R}
t~
H

*he remaining losses will »>e

th
ac2. These liosses may b2 zalculatel as descriped above.

h

Typical gqp and aisalignmzn* displacszazn= In <ha
various connector systems availabls for the fiber cpticz
active componant package are J.15 ma2 and 0.05 anm C=zspec-
+ivaly. Angular misalignma2nt in <h2s:s connectors
small ard can be igrored.

Beginning at the d2tector 2nd working backwards, a2
required LED drive currert can pe calculated as £ollows.

Generally receivaer sensitivity is 2 fancticn =
baniwidth and Jesired bit-arrcr-rats (BER). The Jetector
data sheet svecifies th:s mirimum powar to be laanched in%o
the detector input port for a given BER. Therefore, It is
recassary *o calculate th2 coupling loss £rom the systanm
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fiber to *the detector. This will yie=ld the ooticzl puowsr
required at th2 detector =nd oI th2 €fiber. It is ~-i¢a 3

simple matter to subtract the loss of the cable to arrivs

o

®

a
the required launched powar. Datectdor aminimum power can b

converted to dBm by eguation (1). Cabla loss is caliculatad
by multiplying <cable leagth (km) by cable z*%te2ruztion
(@dB/km) .
PL = PDM - NALD - ALD - CL - FL - 33B (4)

where,

PL = launched power

PDM = minimum detector d2ower

NALD = detzctor %A loss

ALD = dstector area 1loss

CL = cabls loss

FL = Presnel 1lcss
For design ease the 37137/ spezificztiosn sheet iacludss th2
graph Zllustrated in Figire E.u4. 29wer launzhed azv bhe
det2rmined simply by entsrcing the graiph with tha zors

dianeter.

3. Deiermining Maximua Cabls Lanith

Orce th2 actual laiachel pow2r into a spzcifi
(PL} and the attamuzation 2f a fiber a: a specific w
(L) are known, the maxiaum <cabls i2n3th may o2

Pirst the loss margin (LY¥) is £found by:
LM(d8) = 10 log(PL/Pin,ain {5)

Pia,min ZIs th2 minimum rated outpit powar (with oDpowar

adjusted set for maximum powaT) 1sually in aicrowat<s.
Pin, min is specified in *th2 transmitiar specifiza*ion sheet.
Then ZXmax, <the maximum cable length “hat will just present

Pin,min to the transai%tzr {s fouri by:

17
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Xpax = LM (d3)/Ly1Bm) (6)
Tf ¢his length is too short, a cable with a larger diamet=2T
5r a trans-

(lLarger PL) or less atteanuation (sailier L))
nit=er with a higher Pin,min must bs 1szd.

The +yps 5088 cablz, for example, has Ly= 74B/km at

669 nm apd a core diameter 0. 005 iazh or 127

1icromsters

whizh corresponis to 0.9 microwatts. Pin,main = 30 nanowatis

wors:t case for 10~ BER. Thas:

"

LM 1010g(0.9 nicrowatts/3) nanowatts)
L 1015330 = 14,7748

Xmax = 1.77dB/7x10 d3n

Xmax = 2.11 km

[}
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This length is longer than requirzd and iz wherzfors
sufficient.

4. Determinirg Minimum Cable Lspjth

Skort cable lengyths with larys diameter <£insvs a3y
cause some€ raceiver slew rate limit which will 2appeav as
duty cycle distortion. Limiting ths powsr couplad in=s tae
recaiver from the cable will pravent this from oczzuri

The minimum cable length w®miy ba detzruined #or 2
specific cable by cilculating ths powar launchzid into i+ ty
usiag the *ypical curve froa Figur2 E.4. The typical valus
of launched power should 53 usad siacs this will gJive th=
most power intd> the receiver, c2salting in the daslizzd

ﬂ)

minimum cable length. <Contiruing th2 =2xamplz 3f th: iype

5083 cable, ths +typical launched pow2ar itz 0.3 micicwa*ts.
The minimum 1loss margin is found usirg )

ot

he typical
launched int> <¢the «cable and the »»aximum Zapa: 0 u:e
rec2iver which is 1 microwatt for ths 3713R as statel .n tra

electricai specifications £ar the aiver.

'1

LY min = 10log (Pl/Pir,nax) (‘1
-J. 4638 (12Y

]

LM mir = 10109 (0.9 microwatt/1 microwazt

The minimum cable length for the spacifizd cavie L =his
exaaple 3

n
.

Zain L¥,min/Ly {13)

-0.463B/7x10™° dBm = -65.7m (14}

Xain

If this wminimum cable l2njth is *¢o5 long for 3 parcticulz

applicaticn, use a smallsr zore diamstar cable, a cable wi*h
a nigher loss, or the pow2ar launch2l into the cable aay be
reduced as described in s2c¢ion II.i.%.c by adjusting the
transmitter power adjust. TIhe negativz sign iz the mizimum
lenyth indicates there is 10 ainimun length 1liaitation on

119




.

Laiass . Bl o S Ay R y

" Ty

this fiber optic cable whan used ia conjunctisn wizh -he
3713T/R set.

F. TYPICAL APPLICATIONS

The 3713T/R fiber optiz link s>lvas such data =transmis-
sion preblems as crosstalk, ringiag, 1213 echces.
Electromagne+ic radiation interferancs is avoided whern using
a fiber opti ta 1link in higa noise =zavironmernts.

Lightning damag2 to cables and «connzcted equipmant carn os
elininated where fiber opti> cables rzplacs met2llic conduc-
tors. Fiber optic cablss are not sibject o shozzing out
when emersed in water.
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//JOEN1MB JOB (1592,0129) ,*FISHER S4C.1399',CLASS=C

//7*MAIN ORG=NPGVM1.1592P,LINES=(50)
//*FPORYAT PR,DDNAME=PLOT.SZ5 VECIR,DEST=LICAL
// EXEC FKTXCLGP, FARM.LKED='LIST,MAP,{REF',REGIIN.GO=27( K
//SYSUTYT DD UNIT=SYSDA,5PACE=(CYL, (3,8))
//STSGT2 DD UNIT=SYSDA,32ACE= (CYL, (8,8))
//SY{SLIN DD SPACE= (6080, (80,80)),UNIT=SYSDA
//TIRT.SYSIN DD DSN=MSS.SYS3 .NONIMSL.3JURCE (FOURT) , DISP=SHR
// DD
A LARGE NUMBER D¢ ARRAYS ARE UTILIZZD
WITH THE INTENTISN OF MAINTAINING Eacd
BIT OF ORIGINAL DATA OR CALCULATION,
READY FOR RECALL AT ANY TIME FOR FURTHER
COMPUTAITON. EQUIVALENT ARRAYS ARE EMPLOYED
3ECAUSE THE PLOPT ING ROUTINE 'DRAWP' IS
NOT ABLZ TO HANDLE COMPLEX ARRAYS.
ARRAYS 'ITB','RPB','ALAB' A¥D 'TITLE' ARZ
USED TO SENERATE THZ VERSATEZ PLOTTZR OUTPUT.
OCEAN ARRAYS ARE INDICATED VIA THE SUFFIX
'O', AND LAND ARRAYS AKE I¥DICATED WITH 'L'.
COMPLEX*8 XX (8192),fY0(3192),
Cs0(8192) ,CO0(8192),2X0 (3192,
CRO (8192) ,CTO(8192),2U0 (8192,
C70(8192) , CWO (8192),TP0O(3192),
ZYO(8132) , COMOL (8192 ,COL (8132),
CUL(8192) ,CVL(8192),:WL (3192),
COPOL (8192),XXL(8192) ,¥¥L (8132 ,ZXL(6192),
ZYL(8192),CSL(8192),3P0(3192),
BMO (8192) , BPL (8192),3 ML (3192),

O 0O o 0 0 0 0 0600 0

O 0 o0 0 0 060
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SPOL(8192) ,SMOL(81592) ,SPI (8132),
SPL(8192) , SMO (8192) ,STL(3192),
CPL(8192) , CRL (8192), SML (8192)

DIMENSION TIME (8132), FREQ (8132,

WORK (16384),FRQ2(3132)

INTEGER*®4 ITB(12) /12%¢0/

REAL*4 RTB (28) /23% 0.0/,

CROO(16364),CPCO(16334) ,2U00(15334),
C000(16384),CTO0(16334) ,CVOI(15364),

CWOO (16384),CTLL(16334),
CPLL(16384),CRLL(16334),Z0LL(15384),
CULL(16384),CVLL(16334),
CWLL(16384),COMOLL (15384) ,CI22LL (16384),

SPOO (16384),SPLL(16334),

SMOO(16384),SMLL(16334)

REAL ALAS (22) /'PDXO', *PDYO','ST1)",
'ST20','ST30%, 'STOO', *PHAD ',
'GaMO','PDXL', 'PDYL', 'ST1L','ST2L",
*ST3LY,'STOL', 'PHAL', 'GANL",

'SPLO', 'SP IL!,'SHOO', YSMLL','SEIL', 'CMOL'/

REAL*8 TITLE(12)
EQUIVALENCE(TITLE(1 , RTB(5) ), (ZRJ0(1),

CRO (1)) ,(CPOD(1),22I( 1)),

(CO0G (1) ,C00 (1)), (CIIO(MN ,CTI(1)), (CUOO (1) ,CUI(N)),
(CHOO (1), CWO (1)), (VIO (1) ,CVI(N) ), (CTLL(N) ,CTL (1)),
(CPLL (1) ,CBL (1)), (CRLL(1) ,CRL(1)), (COLL(1) ,COL(1)),
(COLL (1) ,CUL (1)), (CYLL(N ,CVL(1) ), (CHLL (N ,CHL (1)),
(COPOLL (1) ,C9POL(1)), (CCMOLL(1),

COMOL (1)), (SP00(1) ,3P0 (1),

(SPLL (1), SPL (1)), (S420(1) ,SMI(1)) , (SMLL (11 ,SML (1))
DATA XXO,YY0,CSO,C0J, 2X0,2Y0,C%3,CTO,CU0,CV0,CHO,
XXL,YYL,2X1,2YL,CSL, BPO,BMO,BPL,

C BML,5POL,SMOL,SP20,S?L,SH0,

syrL,CcTL,CRI1,COL,CVL,COPGL,CHL,
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C COPOL,COMOL/278528%(3.0,3.0)/

DATA TIME, FREQ,FRQ2/724575%0.0/

IFRAME=8192

NR=30

FNE=FLOAT ( NR)

P=0.0

Do 70 L1=1,NR
THE DO LOOP ENDING WITH STATEMENT 70 ENABLES
THE PROGRAJY IO PROCESS A LARGE AMOUNT OF DAT2
B8Y RE? FATING THE PROCESS IV BLOCKS.THE DATA
POINTS PROM EACY RUN THROUSH THE DO LJIOP ARE
ADDED TOGETHER AND EVENTJALLY AVERAGED BY THE
NUMBER OF RUNS TiROUGH IHE DO LOOP. 'NR!
REPRESENTS THE NJIMBER OF DATA SEQUENZES T
BE AVEBAGED. 1 SZQUENCE CURRENTLY EQUALS
8192 DATA POINTS FOR EACH CHANNZL OR 256
SECONDS OF DATA. FOR THIS T2ST SINE AND
COSINE WAVES JDF 4HZ AIL BE JSED.

DO 60 JJ=1,IFRAME

XX0(JJ)=SIN(P*.785353163)

YYO (JJ) =COS(P*.785393163)

X{L(JJ)=SIN(P*.785393163)

YYL (JJ)=COS(P*.785333163)

P=r+1

50 CONTINUE

THE FOLLOWING SEZTION GENERATES THE TIME
AND FREQUENCY ARRAYS AND NORMALIZES
THE INPUT PCM DArA TJ VOLTASE FORM IN
PREPARATION FOR THE FAST FOJURIER TRANSFORY
TO THE PRLQUENCY DOMAIN.

N=8192

FN=FLOAT(N)

DELTAT=1./32.

T=FN*DZLTAT

O a0 0O 0 0 0 o0 o 0O 0

O 0O o o0
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DELTAP=1./T

DO 20 J=1,N

TIME (J) =DELTAT*FLOAT (J)

FREQ(J) =DELTAF*FLIAT (J)

FRQ2(J) =ALO0G10 (FREQ(J))

CONTINUE
THE NEXT FOUR SPATEMENTS PZRFORY
AN FFT ON THE INPUT IIME SERIZS
DATA.

CALL FOURT (XXO,N,1,-1,0,#O0ORK)

CALL FOURT (YYO,N,1,-1,0,40RK)

CALL FOURT (XXL,N,1,-1,0,WORK)

CALL FOURT (Y¥L,Y,1,-1,0,#9RK)

DO 40 K4=1,N

XXO (KU) =XX O(KU) /PN

YYO (K4) =Y YO (KU) /FN

XXL (K4) =XX L(K4) /FN

Y7L (R4) =YY L(K4) /FN

CONTINOE
THE NEZXT LOOP CALCULA TES TH4E
UNNORUALIZED SPECTRAL DEVSITIES
POR SINGLE SITZ JRTHIGONAL
COMPONENTS OF TiE GEOMAGNZLIZ FIELD,
TYZ INDIVIDUAL SITT ZROS SPIZCTRA
3ETWEZEN COMPONENTS, THE INDIVIDUAL
ORTHOGONAL COMPINENTS OF RISHT AND
LIFT CIRCULARLY POLARIZZD 3PECTRA,
AND TWHO SITE CR)3S SPECTRA POR RIGHT
AND LEF' CIRCOLAR POLARIZATIDN.

DO 30 II=1,H

ZXO(II)=2XO(ITI)+ (XXD(II)*CONJI3(XXD (II)))

270 (II)=2YO(II)+(YYI(II)*CONI3 (YO (II)))

CSO(IT) =CSO(IT)+(XXJ(IT)*CONI3(YYO(II)))

ZXL(II)=2XL(II)+ (XXL(II)*CONJI3(XXL(II)))
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70

33

ZYL(IT)=2YL(II)+(YYL{II)*CONJG(YYL (I1))})
CSL(II)=CSL({II)+(XXL(II)*CONJS(YYL(II)))
BPO(II)=XXO(II)+((0., 1.)*YYO(IIL))
BMO(II)=XXO(II)~=((0.,1.)%YYD(ID))
BPL (II)=XXL(II)+( (0., 1.)*YYL(IIL)}
BML(II)=XXL(IX)-((0.,1.)* YYL(II))
SPOL(IT)=SFOL (IX)+ (3PO(II) *CONJS(BPL{II)))
SMOL(II)=SMOL(II)+ (BMO(IL) *CIaNJI3(BML(II)}))
SEC(II)=SPO(TII)+(BPI(II)*CONJS(BPO(II)))
SPL(II)=SPL(II)+(BPL{II)*CONJ3(3PL(II)))
SMO(II)=SMO(II)+(BMI(II)*CONIS(BMO(II)))
SAL(II)=SML(II)+(BML(II)*CONIG(BUL(II)))
CONTINUE
CONTINUE
THE NEXT LOOP NORMALIZES IHE ABOVE
SPECTRA AND CALZULATES POWER SPECTRAL
DENSITIES.
DO 33 I3=1,N
2X0(I3)=ZXC(I3)*T/FHR
ZYO (I3)=2ZYO(I3)*T/FN3
CSO(I3) =CSC(I3)*T/FIR
ZXL(I3)=ZXL(I3)*T/FNR
ZYL(I3)=ZYL(I3)*T/FNR
CSL(I3)=CSL(I3)*Ir/FNg
SECL(I3)=SP0L(I3)*T/FNR
SP0 (I3) =SPO(I3)*T/FiR
SPL(I3)=SPL(I3)*I/F¥R
SMC (I3)=SMO(I3)*T/FNR
SML(I3)=SML(I3)*T/FNR
SUOL(I3)=S MOL (I3) *T/FPNR
CCNTINUE
THE NEXT LOOP CALCULATES STIOKES
PARAMETERS O THRIUGH 3 OF THE
INDIVIDUAL SITE ORTHIGONAL

'
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44

COMPONENTS AND T4 E CIHERENIE OF
THE PLANAR CIRCULAR POLARIZATION
PARAMETERS BEIWEEN SITES.
DO 44 Tu=1,N
CTC (IU)= (ZXO(IU)+2YI(TU)) «2./T
CPO (I4) = (2X0(T4)-ZYI(IL)) *2./(T*CTO (I4))
CRC {I4) =(4*CSO (I4) )/ (CTO(IL)*T)
CCO (TU) =CSO(IY) /(CSIRT (ZKO (I4) ) *TSQRT (2D (T4)))
CWO (T4) =ATAN2 (AIMAG (SO0 (I4)),REAL(COO (T4)))
COO (I4) =CSQRT (COO (I4%) *CONJIG (S9) (I4)))
C'TO (I4) =U. 3429448%CLIG {CTO (I4)
CUC(IY) =4.3U294U8%CLIG(ZXO (I4)
CVO (T4)=4.3029448%CLIG(ZYD (I4)1
CTL(TU) = (ZXL(T4)¢ZYL(T4)) *2./T
CPL(IW) =(ZXL(IU4)-ZYL(TU)) *2./(T*€CTL(I4))
CRL (TU4) = (*CSL (IU) )/ (CTL(I4)*T)
COL(I4) =SSL(I8) /(SSIRT(ZXL(I4)) *TSQRT (ZYL(I4)))
CTL(IY) =4. 3U294U4E*CLIG(CTL (I¥))
CUL (I4) =4. 30294U48%CLIG (ZKL (T4))
CVL (I4) =4. SU29448%CLIG (ZYL (T4) 4
CWL (I%)=ATAN2 (AIMAG(COL (I4)),REAL (COL (I4)))
COL (I4) =CSQRT (COL (L) *CONJS (SOL (I4)))
COPOL (T4) =SPIL (I4) /(> SQRT (SPI (L)) *CSQRT (SPL (I4)))
CCEOL (I4) = CSQRT (CIPIL (I4) *CINT3 (TOPOL (IU) )
COMOL (I4) =SHOL (I4) /(> SQRT (SHI (L)) *CSQRT (SUL (I4)))
CO#OL (IU) =CSQRT (COMIL (T4) *CINT3 (COMOL (I4)))
SEG{IW4)=4. W298USXILIG (SPO (I4))
SPL (I4) =4. M29U48%CLIG (SPL(I4))
SMO (I4) =U. 3429UuB8%CLIG(S10 (L))
SHL (I4) =6. W29UU8%CLIG (SUL (T41)
CONTINUE
VERSAT EC PLOT OF CALCULATED JUANTITIES
NPTS=10./DELTAF+1.
*UPTS*t DETERMINES NUMBER IF 20INTS
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ITB(6) =1

ITB(7)=1

ITB(12) =1

RTE (1)=0

RTE (2) =0

575 (3)=aALAB(1)

READ (5, 3000) TITLE

CALL DRAWP (NPTS,PRQ2, CUO3,ITB,3TB)
iT3(6) =1

KTS (3) =ALAB(2)

READ (5, 3000) TI TLE

CALL DRAW#P (NPTS,PFRQ2, CVOJ,ITB,3TB)
ITB (6) =1

ETE(3)=ALADL(3)

READ(S, 3030) TITLE

CALL DHRAWZ {NPTS,FREQ, CPOD,ITB,31B)
ITE(5) =1

ETB (3)=aLA3(4) ‘

TAD(5, 30G) TITLE

ALL DRAWP (NPT5,FREQ, CROJ,ITS,TB)
IT3(6) =1

RTE(3)=ALAB(5)

3EZAD(5,3000) TI TLE

CALL DRAWP (N2TS,PREQ, CROD (2) ,1IB,RTB)
ITE (6)=1

RTB(3) =ALAB(6)

KEAD (5,3000) TITLE

CALL DRAWP (NPTS,PRQ2, CTOD,ITB,iIB)
ITB(6)=1

RTB (3) =ALAB(7)

1 U

+d
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EEAD(5,3000) TITLE

KTB (3)=ALAB(8)

KZAD (5, 3000) TLTLE

CALL DRAWP (NPTS,FRE), CO0J,ITB,3TB)
ITB(6) =1

ETB (3)=ALAB(S)

22AD(5,3000) TI TLE

CALL DRAW2 (NPTS,PRQ2, CULL,ITB,3TB)
ITB(6) =1

ATE (3)=ALAB(10)

READ(5,3000) TITLE

CALL DRAWP (NPTS,FRQ2, CVLL,ITB,3TB)
ITE(6) =1

RTB (3)=ALAB(11)

RZAD(5,3003C) TITLE

CALL DRAWP (NZTS,FREQ, CPLL,ITB,3TIB)
ITE(6) =1

&TB (3)=ALAB(12)

REZAD(5,3000) TITLE

CLLL DRAWP (N¥IS, RE), CRLL,ITB,3IB)
ITB(6) =1

RT5(3)=ALAB(13)

RZAD(5,3000) TITLE

CALL DRAWS (NPTS, FREQ, CRLL(2),I?8,RTB)
ITE(6) =1

RTZ (3)=&LAR(14)

READ(5,3000) TITLE

CALL DRAWP (NPTS,FRQ2, CTLL,ITB,3TB)
ITB(6) =1

RTB (3)=ALAB(15)

READ (5, 3000) TITLE

CALL DRAWP (NPTS,PRZ), CWLL,ITB,3T3)
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ITB(6)=1

RTB (3)=4LAB(16)

READ(5,3000) TITLE

CALL DRAWP (NPTS,FREQ, COLL,ITB,3TB)
ITB(6) =1

RTB (3)=ALAEB(17)

READ(5,3000) TITLE

CALL DRAWP (NPTS,PRQZ, S£0J,ITB,3TB)
ITB(6) =1

XRTB (3)=ALAB(18)

READ(5,3G00) TITLE

CALL DRAWP (NPTS,FRQZ, SPLL,ITB,RIB)
ITB (6) =1

RTB (3)=ALAB(19)

READ(5,3000) TITLE

CALL DRAWP (NFTS,FRC2,3%00,IT8,3TB)
ITE(6) =1

RTB(3)=ALAE(20)

READ(5,3000) TITLE

CALL DRAWP (N?TS,FKQ2, S¥LL,2T3,3TIB)
ITB(6)=1

r; RTE (3)=ALAB(Z1)

i READ(5,3000) TITLZ

Fi. CALL DRAW?2 (NPTS,FRSJ, COPOLL,ITB,KTE)
e ITE (6)=1

b - KTE(3) =ALAB(22)

] RZAD(5,3200) PITLE

- CALL DRAWDP (NPTS,F&Z), COHOLL,ITB,RTE)
o 3000 FOKMAT (648)

o STOP

: END

] /*

! //GI.SYSIN DD *

= TESP POWER SPECTRAL DENSITY OF SIN 442

[
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IN XX0,30 AVGS,(REP DB VS L3G FREQ)
TEST POWER SEPECTRAL DENSITY OF COS 4112
IN YY0,30 AVGS, (REF DB VS LJOG FREQ}
TEST STOKES 1/STOKES O OF SIN 4472

IN XXO AND COS 4HZ IN ¥YD,3) AaV3sS

TEST STOKES 2/STOKES 0 OF SIY 432

IN XXO AND COS 4HZ I¥ ¥YY0,3) AVGSS

TZST STOKES 3/STOKES 0 OF SIN u4dz

IN XXO AND COS 4HZ Id YI0,3) AVSS

TEST STOKES 0 OF SIN 4HZ IN XXO A2
COS 4HZ IN YY0,30 AYGS,(REF DB VS LI
TEST PHASE OF SIN 4HZ IN XKD

AND COS 4HZ IN YY0,30 AV3S

TEST COHER OF SIY UHZ IN XX)

AND COS 4HZ IN YYO,30 AV3S

TEST POWER SPECTRAL DENSIT{ OF 3IN 442
IN £XL,30 AVGS, (REF D3 VS LOG FRIQ)
TEST POWER SPECTRAL DENSITY OF C3S i
IN ¥YL,30 AVGS.(REF D5 VS LOG FRED)
TEST STOKES 1/STOKES 0 OF 3IN 4dZ

IN XL AND COS 4HZ IN ¥YYL,3) AV3S

TEST STOKZS 2/STOKES O OF SIN 4iZ

IN CXL AND COS GHZ IN YYL,3) AV3S

TEST STOKES 3/STOKES 0 OF 3I N 4HZ

IN XXL AND COS 4HZ IN YYL,3) AV3S

TEST STOKES 0 OF SIY W4HZ IN XXL AND
COS 4HZ IY YYL,30 AVGS,(REF DB VS L23
TEST DPHASE OF SIN U4HZ I¥ XL

AND COS 4HZ IN 7YL,30 AVSS

TEST COHER OF SIN 4HZ IN XXL

AND COS 4HZ TN YYL,30 AV3S

TEST RT CIRC POLARIZATION 5D OF SIN 442 IN
XX0 AND COS 4HZ IN YYO, (DB VS LOG),3) AVGS
TEST RT CIRC PGLARIZATION PSD OF SIN 44Z IN
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XXL AND COS U4HZ IN YYL, (D3 VS LOG),3) AVGS
TEST LEFT CIRC POIARIZATION PSD J3F SIV 4YHZ
IN XXO AND COS UHZ IN YYD (DB VS LOG).30 avGS
TEST LEFT CIKC POIARIZATION PSD OF SIN 542

IN XXL AND
TEST COHER
IN XXO0,XXL
TZST COHER
IN XX0,XXL
Vi

7/

Ia g g _ o o - )

COS 4HZ IN YYL (DB V3 LOJG),30 AVGS
RT CIRC POLARIZATION OF 3IN UuUHZ
AND COS 4HZ IN YYO,YYL, 3J) AVGS
LEFT CIRC PCLARIZATION OF SIN 4x2
AND COS U4HZ IN YYO,¥YL, 37 AV3S
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//3)EB1MB JO3 (1592,0129) ,' FISHER SYC.1399',CLASI=F
//+*MAIN O2G=NPGVM1.1592P
// EXEC FORTXCLS
//FIRT.SYSIN DD DSN=MSS.SYS3.NONIMSL.3DURCE(FOURI), DISP=SHR
// DD *

THE ARRAY "IN' AILL BE U320 IO

RECEIVE THE DATA PASSED FROY

THE SUBROUTINE '3EAD' AND [H4EY

TRANSFERRED TO IHE APPROPRIATE

XXX OR YYY ARRAY.
5 INTEGER*2 IN(16)
? . COMPLEX*8 X XX (8192) ,YTY(3192)

DIMENSION FREQ (8192),TIME(8132),dJRK {16382

5 DATA XXX,YYY/16384% (3.0,0.0)/
» DATA TIME,PREQ/16384%).0/

O 0O 0 0 o0

'. C THE FOLLOWING SECTION READS THE

- c FIRST SIX SECON)S OF COMPUIIR TAPE
- C AND DISCARDS I'HIS DALA.

3 ITL=192

e DO 55 JJ=1, ITL

CALL RD(20,IN,200,IREZ,IRR)
55 CONTINUE

‘ IFRAME=8192

& NR=20

' FNR=FLOAT(NR)

DO 70 L1=1, R

A Aot Bt B

C THE NEXT LOOP READS THZ ZJOYPUTER
"! C TAPE USING THE PROGRAM PROVIDED
= C BY 4R. TIM STANTON OF NAVAL 20ST-
t 132
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20

30

GRADUATE SCHOOL.

DO 60 JJ=1,IPRAME

CALL RD(20,IN,1000,IREC,I2R)

XXX (JJ) =IN (2)

YYY (JJ)=IN(3)

CONTINUE

N=8192

FN=FLOAT (N)

DELTAT=1./32.

T=FN*DELTAT

DELTAF=1./T

DO 20 J=1,¥

TIME (J)=DEZLTAT*FLOAT (J)

FREQ (J) =DEL TAF*FLOAT(J)
THE NEXT 4 STEPS CONVERT I4§Z
DATA TO VOLTAGE AND ENSURES THAT
NO ERRONEOUS DATA HAS BEEN INTRODUCID
INTO THE ARRAYS.

XXZ (J) = (XXX (J) =2045.5) *10. /2045.5

XXX {J) =REAL (XXX (J))

YYY (J) = (YYY (J) =2045.5) *10. /2045. 5

TYY (J) =RZAL (XYY (D))

CONTINUE

CALL FOURT (XXX,N,1,-1,0,WdRK)

CALL FOURT (IYY,N,1,-1, 0, #DR2K)

DO 40 Xu4=1,¥

XXX (K4)=XXX (KU) /FN

YYY (K4) =YYY (R4) /FN

CONTINUE
THE NEXT LOOP A2PLIES THE 5Y3IZM
"TRANSPER PUNCTION TO THE TRANSFORMED
FREQUENCY DOMAINY DATA. THE TRANSFER
PUNCTICN CONVERTS VOLTS ID WANITESLAS.

DO 9 L=1,N
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FRQ=FREQ (L)

IF (FRQ.LE.15.) GO T2 2

XXX (L) =XXX (1) /(105.5-3 . 14 FRQ)
YYY (L) =YYY (L) / (181.32-7.588%FR2)
GO TO 8

IF (FRQ.LE.10.) GO T9 3

XXX (L) =XXX (L) / (5.958%F RQ-30.97)
YYY (L) =YYY (1) / (7.166*F RQ-39.99)
GO TO 8

IF (FRQ.LE.7.5) GO I 3

XXX (L) =XXX (L) / (3.492%?3Q-5.31)
YYY (L) =YYY (1) / (4.252%¥FRQ~=10.35)
GO TO 8

IF (FRQ.LE.5.)GO TO 5

XZX (L) =XXX (L) 7 (2.6311& FRQ+ 0. 14657)
YYY (L) =Y¥Y (L) /(3.012%¥PRQ-1.55)
GO TO 3

If (FRQ.LE.3.)GO TJ 5

XXX (L) =XXX (L) / (2.63 11« PRQ+ 0. 1455 7)
YYY (L) =YYY (1) / (2.702%FRQ)

GO TO 8

XXX (L) =XKL (L) / (2.T2%FR Q)

GC TO 7

8 CONTINUE
9 CONTINUE

THE NEXT WRITE STATEMENTS 3SEND
THE CONVERTED DATA T2 MSS
FCR PUTURZ MANIEJLATION aAN) RECALL.
THIS NEXT SET OF STAI ZMENTS ALSO
PROVIDES THE USZR A ODIASNO3TIC.
WRITE(21)KXX
WRITE (6,%) XXX (1) ,XXX (3192
WRITE(21)YYY
WRITE (6,*) YYY (1),YLY(3192
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70 CONTINUE
ENDFILE 21
STOP
END
SUBROUTINE RD(ION,IJ, IRS, IREC,IRQ)

THIS PROCZDURE FJRNISHED BY 1R.
DEPARTMENT OF OCZANOGRAPHY.

REZEAD DATA FROM IJN, ALLIGN
IUN=TAPE NUMBER, E5 20

IC=INTEGERk2 ARRAY, 16 LONG,
(VALUES 0-4095,

IXEC= COUNTZR OF REC
BLOCK 512 BITS,
800 BPI TAPE UNLABLED

O O 0O 0O 0 0 60 0 06000000

INTEGER * 2 IO (16) ,I? (16)
DATA IRR /0/
IF (IREC.EQ.0) IsS=0
IER=0
20 FORMAT (1622)
IF (IS.NE.Q) GO TJ 3)
XZAD (IUN, 20,END=9900) 1I>?
IREC=IREC+1
40 IS=IS+1
IF (IS.LT.17) GO IO 50
RZAD (IUN,20,END=90)) IP
Is=1
IREC=IREC+1
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¢ CHECK & RETURN

SUBTRACT 2048y *5,/2023. SIVZIS
IES= NUMBER OF RESINCS ALLOAED (EZRRORS)
ORDS (FRAMES OF DATA)

32 BITS = RECORD

IKQ= NUMBZER OF ACTTIJAL RESINCS (ERRORS)




Al

YT

50

55

70

102

11

129

13)

L]

ICH=IMASK(I?(IS),3,01¢1
WRITE (6,55 ICH,IS,IUN,IREC
FORMAT (* RESYNCINS ICH, IS,IU¥,IREC ',4I3)

IF (ICH.NEZ.1) GO TI %)
DO 100 I=1, 16

IO (I) =ISHIFT(IB(I3),4)
ICH=TAASK(IP(IS),3,0)¢1

IF (ICH.EQ.D GO Id 3)
IER=IER+1

WRITE (6,70) IUN,IREZ ,I, ICH,IER
FORMAT ('UNIT',I3,'32CORD',I5,'CHAN & DATA CH ',27T4,
*ERRORS ', I7)

IS=IS+1

IF (IS.LT.17) GO Td 100

READ (IUN,20,END=30)) 1I?
IS=1
I2EC=IREC+ 1
CONTINUZ
IF (IZR.EQ.0) GO TO 150
IRR=I&R+1
IF (IRR.LT.IRS) 32 I) 12)
WRITE (6,11))
FORMAT ('1 STOPBED IN SUB RD BEZAUSE
OF IRR.GT.',I6,' AT L110')
IRG=IRR
STOP
CGUTIVUE
WRITE (6,130) IREC,IRR
FCEMAT ('XESYNC AT ?RAME',I5,'dITH TOTAL ZIRROXS',IT)
1223=0
IR

e d
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CONTINUE

RETURN

WRITE (6,9 10) IUN,IREC

FORMAT (1 ZND JOF OUNIT ',I3,' AT REC ',I7)

STQP

END

TUNCTION ISHIPT (IN,NPLO:
RZTURNS SHIFTED VALJUE OF I*2 WORD IN
~VZ LEFT,+VE RIGHT SHIFT

INTEZGER * 2 IN

IpP=1IN

IF (I®2.LT.0) IP=IP+55536

IF (NPLC.LT.0) GO T2 30

ISHIFT=IP/ (2**IABS (NP 1LC))

RETURN

ISHIFT=IP* (2**IABS (N?LC))

IF (ISHIFT.5T.65535) ZISHIFT=Y2D(ISHIFT,55536)
TURN

ry

o0l m
=z

)

D
UNCTION IMASK (IN,IBL,IBR)
MASK I*2 W3IRD IN CUTSIDE BITS IBL & I3R

INTEGER * 2 I¥,ID

I0=1IN

IF (IBR.ZQ.J) GO I0 50
iT=ISHIFT (IN,IBR)

I0=1IT

IP=ISHIFT (I0,IBL~15-I 3F)
Io=IP
IMASK=ISHIPT(I0,15-IBL)
RETURN

21D
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//G).FT217001
7/
4
//
//Gl.FT20F001
7/
4
/7

DD UNIT=3330V, ASV3P=PUB4A,DISE=(NEA,CATLG),
DSN=MSS.S1592.GMDr 14,

DCB=(RECFM=V33 ,5LKSIZE=4)96,LRECL=4092),
SPACE= (CYL, (8, 8))

DD UNIT=34)0-%,VOL=SER=34DT1A,DISP=(0OLD,2ASS),
LABEL=(1,NL,,IN),

DCB=(RECFM=FB, LRECL=32,3LKSIZE=512,DEN=2)
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//3J)EK1MB JOB (1592,0129) ,*FISHER SMC. 1399 ,CLASS=F

//7*¥4AIN ORG=NPGVM1.1592P,LINES=(60)

//7*FCRMAT PR,DDNAME=PLGT.SYSVECEP,DESP=LOCAL

// EXEC FRTXCLGP,PARM.LKED='LISI,MAP,XEF',REGION.GO=27J0K
//SISUT1 DD UNIT=SYSDA,52ACE=(CYL, (8,8))

//S1suT2 DD UNIT=SYSDA,35PACE= (CYL, (3,8))

//SISLIN DD SPACZ= (6080, (80,80)),J¥IT=SYSDA

//F)RTL.SYSIN DD DSN=MSS.SY53 .NONIMSL.SJURCE(FOURI) , DL52=5HR
/’/ DD *

C DETAILZID DESTRIPTIONS OF THE
C VARIOUS STEPS AND LJOPS ARE
C CONTAINZD IN APPENDICES B AND C.

INTEGER*2 IN(16)
COMPLEX*8 XX0(8192),7¥0(3192),
CSC(8192) ,CI2(8192),2X0(3192),
CRC (8192) ,CT0(8192),2U0(3132),
CVC (8192) ,CHI (8192),2P0 (3192,
ZY0(8192) , COMOL (8192) ,COL (3132,
CUL(8192) ,CVL (8192),2WL(3192),
COPOL (8192),XXX(8192) ,YYY (8132),
XXL(6192), YTL (8192),2XL (3192),
ZYL(8192) ,CSL (3192),BP0(3192),
BMO(8132) , BPL (8192),34L (3192,
SPCL(8192) ,SMOL(8192) ,SPI (8132),
SPL(8192), SM0(8192),2TL(3192),
CPL(8192) ,CRL (8192),SML(3192)
DIMENSION TIME (8132), FRE2(8132),
C WORK(16384),7RQ2(8132)

INTEGER*4 ITE(12) /12¢0/

Q O O

(W]

O

)

0 0 0 0 0 O
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REAL*Y RT'B (28) /23% 0.0/,CRIJ(16364),
CPOO(16384),CU00(16334),

€000 (16384),CTO0(16334) ,SV0O (15334),
CWCO(16384),CTLL(16334),
CPLL({16384),CRLL(16334),S0LL(15384),
CULL(16384),CVLL(16334),
CWLL(16384),COMOLL (15 384) ,COPOLL(16384),
SFOO0(16384),SPLL(16334),

SMCO (16384),SHALL(1633 4)

AL ALAB (22) /'BDXO','DDYO',*ST10°,

157207, 'ST 30, *STIO', 'PHAO?',
'GAMC','PDXL', 'PDYL', *ST1L','SI2L?,
'ST3LY,'STOLY, *PHAL', "GA4L',

*SPLO','SPIL','SH¥J0", 'SMLL',*C22)0L', CHOL"/

RZAL*8 TITLE (12)
QUIVALENCE(TITLE(1) , RTB(5)), (ZR2O (1),

CxO (1)), (CFO0(1),CPI( 1)),

(CCOC (1) ,C00 (1)), (STIO(N) ,CTI (1)), (CUOO (1) ,CTO(N)),
{CWOO (1), CHO (1)), (CYI0 (1) ,CVI (1)), (CTLL(1),CTL(N)),
‘CPLL (1) yCEL (1)), (CRLL(N) ,CRL (1)), (COLL (1) ,SOL (1)},
{COLL (1) ,CUL (1)), (CVYLL(N) ,CVL(1)) , (CHLL (M) ,CWL (M),
(COPOLL (1) ,COPOL(1)), (COMOLL(M) ,

COMOL (1)), (5200(1) ,320(N ),

(SPLL (1) ,SPL (1)), (S420(1) ,SMI (1)), (SHLL (1) ,SHL (1))
DATA XXO,YY¥0,CS0,C02,2X0,2Y0,CRO,
¢T0,CU0,CVC,CWO,XXX, T YY,
¥XL,YYL,2XL1,2YL,CSL,BP0,B%0,BPL,
5M1,SPOL, S MOL, SPO,S2L,SMd,

sML,CTL,CRL,COL,CVL, ZOPOL,CWL,2JEOL,

COMOL/2949 12% (0.0,0.23) / ‘

DATA TIME, FREQ,FRQ22/24575%0.2/

ITL=192

DO 55 JJ=1,ITL

Call RD(20,I¥,200,IREC,IRR)

Cc 0O OO0

o O 0
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CONTINU:

ITEAME=

NR=20

FNR=FLOAT (¥R)
THE FIRST SPATEMENIS OF LJ0P 70
RECALLS DATA PREVIDUSLY STORED IN
THE 1BM 3033 4ASS STORAGE SYSTEM.

DO 70 L1=1,NR

FZAD(21) XXX

READ(Z1)YYY

N0 43 II=1,IFRAME

XXL(IT)=XX¥X(II)

YYL(II)=YYY(II)

CONTINUE

LO 60 JJ=1,IFRANE

CALL =D (20,IN,1000,I3EC,IRR)

XXC (IS =IN (2)

YYC (JJ) =IN (3)

CONTINCE

V]

19¢

ts

N=8192

FN=FLCAT(Y)

JELTAT=1./32.

T=FN*DILTAT

DELTAZ=1./T

DO 20 J=1,N

TIME (J) =DELTAT*FLOAT (J)

TREZQ(J) =DELTAF*FLOAT (J)

FRG2 (J) =ALCG10 (FREQ(J))

LXC (J) = (XXO(J) -2045.5) *5. /2045,
XX0 (J) =REAL(XXO0 (J))

YYO (J) = (YYO(J) -2045.5) *5. /20353,
YYO(J)=REAL(YYO(J))

CONTINUE

CALL FOURT (XXO,N,1,-1,0,d0RK)
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CALL FOUXT (YYO,N,1,-1,0,WORK

DO 40 Ku=1,%

XXO (K4) =X X C(K4) /FN

YYO (K4) =7 YO (K4) /PN

CCHTINUE

DO 9 L=1,V¥

FRQ=FREQ(L)

IF (FRQ.LZ. 15.) GO TO 2
XXC(L)=%X0 @) / (-61.35 +17.065%FR) - 0.5389%r RQ*FRQ)
YYO (L) =YYO (L) /(-63.435 +11.7105*%FRQ-0.23279*FRQ*FEQ)
GO TO 3

IF (FRQ.LE. 10.) GO T0 3

XXO (L) =XX0 (L) /(-13.486 + 4.9023*FRQ)
YYC(LY=YYO (L} /(~63.435 +11,7105%FRQ -0.23279*FEQ*TFRQ)
GG TO 8

I7(FRQ.LZ.7.5} GO TO 4

XXO (L) =XY¥0 (L) / (3. 947« FRQ- 9. 358)

YYC (L) =YYO (L) / (4. 295%PRQ-11.837)

50 T 8

IF(FRQ.LE.5.)30 I2 5

XXC (L) =XX3 (L} / (2. 3133 *%FRQ-0.5557)
YYG(L)=YYO (L} / (2. 300 % FRQ-.50)

GO TO 3

XX0 (L) =XX0 (L) / (2.723% FRQ)

YYC (L)=YYO (L) 7 (2. T17% FRQ)

GO T2 8

CCNTINUE

CONTINUE

DO 30 II=1,N

ZXC(II) =2XO(II)+(XXD(II)*CONJI3(XXO(II)))
ZYO(IT)=2YO(II)+ (YYI(II)*CONI3(YYI(II)))
CSG (II)=CSO(II)+ (XXD(II)*ZONJI3(YYO(II)))
ZXL(II) =ZXL{II)+ (XXL(II)*®CONJ3(XXL(II)))
ZYL(II)=ZYL(II)+(YYL(II)*CONIG(TIYL (II)))
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CSL(II)=CSL(II)+(XXL{II)*CONJIS(YYL(II)))
BPG (IT)=KXC(II)+({Ce, 1.)*YYO(IL})

BMC (T I) =KX O(II)-({3., 1.)*YYO(II))
BPL(II)=XXL(IT)+({0., 1.)*YYL(II))

BML (IT)=XXL(TT)~((J., 1.)*YYL(IL))
SPCOL(II)=SEOL (II)+ (520 (II)*CONJIS (BPL(II)))
SMOL(IT)=SMOL (II)+ (310 (II) *CINT3 (BUL (II)))
SPC(II)=SPO(IT)+ (327 (II)*CONI3(BPO(II)))
SPL(IT)=SPL(II)+(BPL(II)*CONIG(BPL (II)))}
SMC (TT)=SMO(ITI)+ (34D (II)*CONJI3 (34D (II)))
SML(II)=SMI(IT)+ (34L(II)*CONJ5(BML(IT)))

CONTINUE

CONTIYUE

DG 33 I3=1,N

ZXC (I3) =ZX0(I3) *T/FYR
ZYC(T3) =2YC(I3) *T/FNR
CSC (T3)=CSO(I3) *¥I/FiR
ZXL(I3) =Z2XL1(I3)*T/FUR
SYL(I3)=2YL(I3) *D/ ¥R
CSL(I3)=CSL(I3)*I/7¥R
SECL(T3)=SDOL(I3) %7/ N&
SPO(I3)=S2C(13) *T/F4R
SPL (I3)=SPL(I3)*T/F3¥3
SMC (I 3) =SMC(I3) *T/TNR
SML (I3)=SAL(I3)*I/FVR
SMCL(I3)=S“0L (I3)*T/ZNR
CCHTINUE

DO 44 Iu=1,¥

CTC (IU)=(ZXO(TU)+2YI(I4)) *#2./7
CPO (I4) = (ZXO(IB)-2YD(I4)) *2./(T%2TO(IW))
CRO(IU)=(4*CSO (IL))/(CTO(IU)*T)

I Ak L et Sanl )

COO(IU)=CSO(TIU)/(CSQRT(ZK0(I4)) *TSQRT(ZYJ(IW)))

CWO(IU)=ATAN2 (AIMAG (S 00 (I4)),REZAL(COO(IY4)))
CGO (I8) =CS QRT (COO (I%) *CONJIG (22 (I4)))
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CTO(I4) =U. 3429448%CLIG(CTD (I4))

CUO (I4) =l . 3U29L48%CTLIG (7RI (T4

CVO (TU) =, 3U29L4U8%CLIG (YLYC (I4))

CTL (I4)=(2XL(I&)+ZYL(TL)) *2./T

CPL (T4)=(ZXL (I4)~ZYL (Z4)) *2./(0*CTL(I4))
CRL(IY) =(4*CSL (I4) )/ (CTL(T4)*T)

COL (T4)=CSL(I4)/(CSIRT(TXL (I4): *TSQRT (YL (I4)))
CTL(T4) =6. 3429UUB*¥CLIG (CTL (I4)

CUL(IY%) =4, 34250848%CLIG(ZX (I4))

CVL (I4) =4. 3U29448%CLIG {TYL (T4

CWL(IU) =ATAN2 (AINAG{ZOL(Z%)),RIAL(COL (I4)))

COL (T4) =CS CRT (COL (I%) *CON IG (9. (I4)))

COPOL (I4) =SPOL (I4) /(ZSQET (SPI(L4)) *CSQRT(SPL (I4)))
COEOL (I4) =CSQRT (COPIL (I&) *CONJ3 (COPOL (I4)))
COMOL (I4) =5MOL (I4) /(S SQAT (SMI (L4) ) *CSQAT(SUL (I4)))
COMOL (T4} =CSQRT (CIMIL (T *TONJ3 (COMOL (T4) ) )
SPO(IY) =i, 2W29UUB*CLIG (227 (I4))

SPL(T4)=4. U29UUBKCLIG(SPL (I4).

SHMC (T4) =4. U29UL48%TLIG (SHU(I4))

SML(TU4) =U. 3U29UUB®CLIG (%L (T4))

CONTINUE

NPTS=10./DELTAF+1.

ITB(2) =0

ITB(3)=20

ITB(4) =10

RTB(2)=0

RTB(3) =ALAB(1)

RZaD(5,3000) TITLE

CALL DRAWP (NPTS,FRQ2,CUQ) ,IT3,RIB)
ITB (6)=1
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RTE (3) =ALAB(2)

READ (5, 3000) TITLE

CALL DRAWP (NBTS,FR02Z, CV0I ,ITB, (T5)
ITE(6) =1

RTB(3)=ALAB(3)

READ (5, 3000) TITLE

CALL DRAWP (NPTS,FRED, CPOJ,ITi, 30H)
ITZ (6) =1

RTE (3)=ALAB(4)

READ(5,3000) TITLE

CALL DRAWP (NPTS,FRZQ, CROJ,ITB, 2TR)
ITB (6)=1

RT3 (3) =ALa B(5)

RZAD(5,3000) TITLE

CALL DRAWP (NPTS,FPREJ, CRCI(2),I13,RTB)
ITB(6)=1

RTE (3) =ALA B(6)

READ(5,3000) TITLE

CALL DRAWP (NPTS,FRQ2, CTCI,ITB,KTI3)
ITB(6)=1

RTE (3) =ALA B(7)

READ(5,3000) TITLE

CALL DRAWP (NPTS,FREQ, CWCD ,ITB,xT3)
ITB(6)=1

RTB (3) =ALA B(8)

READ(5,3000) TITLZ

CALL DRAWP (WPTS,FREQ, S00J,IT8,3T3)
ITB(6)=1

RTB (3) =ALA B(9)

RZAD(5,3000) TITLE

CALL DRAWP (NPTS,FRQ2, CULL,ITB,RIB)
ITB(6)=1

RTE (3) =ALA3(10)

READ(S5,3000) TITLE
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CALL DRAWP (¥PTS,PFRQ2, CYLL,IT3,3TBj
ITE (6)=1

RTE (3) =ALAB(11)

READ (5,3000) TITLE

CALL DRAWP (NPTS,PRE), CPLL,ITB,XI5)
ITB(6)=1

RTE (3) =ALA B(12)

RZAD(5,3000) TITLE

CALL DRAWP (NPTS,FRE2, CRLL,ITB,&I3)
ITB(6)=1

RTE (3) =ALA B(13)

READ (5,3000) TITLE

CALL DRAWP (NPTS,FREQ, CRLL(2),iT3,’I3)
ITB(6)=1

RTB (3)=ALAB(14)

READ(5,3000) TITLE

CALL DRAWP (NPTS,PRQ2, CTLL,IT3,35)
ITB(6) =1

RTE (3)=ALAB(15)

READ(S,3000) TITLE

CALL DRAW? (NPTS,FREQ, CWLL,ITB,305)
ITE(6) =1

RTB (3)=ALAB(16)

READ (5, 3000) TITLE

CALL DRAWP (NPTS,FREQ, COLL,IT3,XIB)
IT3(6) =1

RATB(3)=ALAB(17)

READ (5, 3000) TI TLE

CALL DRAWP (NPTS,FRQ2, SE0D,ITB,1IB)
ITB(6) =1

RTB (3)=ALAB(18)

READ(5,3000) TI TLE

CALL DRAWP (NPTS,FRQ2, SPLL,ITB, :IB)
ITB(6) =1
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RTB (3) =ALAB(19)

u READ(5,3000)TITLE
CALL DRAWP (NPTS,FRQ2, SMOJ,IT3,3T3)
ITB(6) =1
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RTB(3)=ALAB(20)

READ(5,3000) TITLE

CALL DRAWP (NPTS,FRQ2, SNLL,IT3,XID3)

ITB(6) =1

RTE (3)=ALAB(21)

READ(5,3000) TITLE

CALL DRAWP (NPTS,FREQ, COPOLL,ITR,=TB)

ITB(6)=1

ATB(3) =ALAB(22)

READ(5,3000) TITLE

CALL DRAWP (NPTS,FREQ, COMOLL,II3,RTB)
3030 FORMAT (6A8)

sicp

F END
SUBROUTINE RD(IUN,I),IRS,IREC,IRY)

THIS PXOCZDURE FURNISHED 8Y MR. TIM STANTLH,
DEPARTMENT OF OCZANOGRAPHY.

RZAD DATA ©ROM IJd, ALLIGN , CHIZK & RETU:EN

IUN=TAPE MIMBER, E5 20
IC=INTESER*2 ARRAY, 16 LONG,
(VALUZS 0-4095, SUBTRACI 2043y %3,/2028. 5IVZIS VOLTAGE
IES= NUMBZR OF RESINCS ALLOWNED (ERRORS)
IREC= COUNTER OF RECORDS (FRAMES OF DATA)
BLOCK 512 BITS, 32 BITS = RECORD
800 BPI TAPE UNLABLED
IkQ= NUMBER OF aCTJAL RESINIS (EZRROKS)

O O 0 0 0 a0 0 0 060006000

w7




ﬁ! INTEGER * 2 IO (16),IP (16) -
o DATA IRR /0/
IF (IREC.EQ.0) IS=D
ER=0
20  FORMAT (1642)
IF (IS.NE.0) GO T2 3)
READ (LUN,20,END=90)) IP
IREC=IREC* T
40  IS=IS+1
IF (IS.LT.17) GO 10 50
RZAD (IUN, 20, END=20)) IP
IS=1
IREC=IRECH1
50  ICH=IMASK(ID(IS),3,0)+1
c WRITE (6,55) ICH,IS,IUN,IREC
S5 FOEMAT (' RESYNCING ICH,IS,IUY,IREC ',4I3)

~

IF (ICH.NEZ. 1) GO T9 4)
DC 100 I=1, 16
I0(I)=ISHIFT(IP(IS),4)
ICH=IMASK(IP(IS),3,01 +1
IF (ICH.EQ.I) GO TD 33
IEP=IER+1
¥RITE (6,70) TIUN,IRE> ,I,ICH,LER
70 FOKMAT ('UNIT',I3,'IECORD',I5,'CHAN S DATA JH
$ 'ERRORS ', I7)
80 IS=IS+1
IF (IS.LT.17) GO ro 100
READ (IUN,20,END=903) IpP
Is=1
IREC=IREC+ 1

107 CONTINUE
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IF (IER.EQ.0) GO TID 150

IRE=IRR+1

IF (IRR.LT.IRS) G2 TId 12)

WRITE (6, 110)

FORMAT (Y1 STOPPED IV SU3 RD BECAUSE

OF IRR.GT.',I6,' AT L110')

IRQ=IRR

STOP

CONTINUE

WRITE (6,130) IREC,IRR

FORMAT ('RESYNC AT F®2 AME',I6,'#ITH TOTAL RRXOKS',I7)

IER=0

IRQ=IRR

GO TO 50

CONTINUE

RETURN

WRITE (6,910) TIUN,IREC

FORMAT ("1 END OF JNIT *,I3,' AT REC ',I7)

STOP

END

FUNCTION ISHIFT (IN,¥PLO
RETURNS SHIFTED VALJE JF I*2 W0al I
-VE LEFT,+VE RIGHT SHIFT

INTEGER * 2 IN

IP=IN

F (I2.LT.0) IP=IP+55E536

(NPLC.LT.J3) GO T2 30

ISHIFT=IP/ (2%*Ih.: (NP LC))

RETURN

ISHIFT=IP* (2%¥**IABS (NP LC))

IT (ISHIFT.GT.65535) ISHIFT=MOD(ISHIFT,65536)
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//G) .FT207001 DD UNIT=3400-% ,VOL=SER=53MDT13,DISP=(OLD,PAC3},

FUNCTION IMASK (IN,IBL,ISR)

MASK I*2 WJ)&D IN QOUISIDE BITS IBL & I:x
INTEGER * 2
I0=IN
IF (IBR.EQ.0) GO
IT=ISHIFT (IN,IBR)
ICc=IT
Iz=ISHIFT (IJ,IBL-15-IBE)
10=IP
IMASK=ISHIFT(I0,15-IBL)
RETURN

END

IN,IO

I0 50

7/ LASEL= (1,NL,,IY),

/7 DCB=(RECFM=F3, Lk2ZL=32,3LKSIZE=512, DEN=2)
//G3 .FT21F001 DD UNIT=3330V, MSV53P=P73%A,DISP=(0LD,KEEE),
// DSN=MSS.51592. GMDI 14,

7/ DCB=(RECFM=VBS ,BLKSIZE=4)96,LRECL=4292)

//GO.SYSDUMP DD SYSQUT=A
//G).SYSIN DD *

X COIL PsD, MTRY 3AY,1122-1254 LOCAL,17AUGS2,
20 AVGS, 32S/SEC,SVOLT, (DB NT=*%x2 V5 LJOG FRZQ)
Y COIL PSD, MTRY BAY, 1122-1254 LOCAL,17aUG82,
20 AvVGs, 32s/SEC,SVOLT, (DB NT*%2 V5 LOG FREQ)
STOKES NO. ONE, 4TRY BAY, 1122-1254

Locayr, 17auc32, 20 AvVes, 32S/SEZ, 5VOLT

STOKES N¥O. TWO, MTRY Bay, 1122-1254

Locai, 17AU0G82, 29 AVGS, 325 /SEZ, S5VOLT

STOKES NO. THREE, MIRY BAYT, 1122-1254

LocaL, 17auG82, 20 AVGS, 32S/SEZ, S5VOLT

STCKES NC. ZERO, M¥IRY BAY, 1122-1254 LOCAL,
17a0G€2, 20 AVGS, 32S/SEZ, >VOLT, (L35 VS LOQG)
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PHASE OF X AND Y, MTRY BAY 1122-1253

LocaL, 17auGc82, 20 AVGS, 325/SEC, 5VOILT

COHER OF X AND Y CDILS, MTRY BAY, 1122-1254
10CAL, 17auUG82, 20 AVGS, 32S/SEC, SVOLT

X COIL PSD, LA MESA, 1122-1254510CAL,17AUG82,

20 AVGS, 32S/SEC, 10VOLT, (DB NT&%*2 ¢S LOG FREQ)
Y COIL PSD, LA MESA,1122-1254 LOCAL,17AUGS82,

20 AVGS, 32S/SEC, WOVOLT, (DB NT¢¥%2 VS LJO5 FREQ)
STOKES NO. ONE, LA MESA, 112201254

Locai, 17auG82, 20 avGs, 325/SEZ, 1)VILT
STOKES NO. TWO, LA MEsa, 1122-1254

LoCcAL, 17auGcs82, 20 AVGS, 325/SEZ, 1WVOLT

STOKES NO. THRZE, LA MESA, 1122-1254

LOCAL, 17AUG82, 20 AVGS, 32S/SEC, 1)VOLT
STOKES NO. ZERO, 1A MESA, 1122-1254 LJZAL,
17a0G682, 20 AvVGS, 32S/SEC, 10VOLT, (LJ)3 VS LOG)
PHASE OF X AND Y, La MESA, 1122-125%

LociL, 17AUG82, 20 avGs, 3253/SEC, 10VILT

COHER OF X AND Y COILS, LA MESA, 1122-1254
LOCAL, 17AUG82, 20 AVGS, 323/SEC, 1JIVILT

RT ZIRC PCLARIZATION PSD,ATY BAY,1122-1254
LOCAL,17A0GB2,20 AVGS,32S/SEC,S5VOLT, (DB VS LOG)
RT CIRC PCLARIZATION PSD, LA MESA, 1122-1254
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