
AD-R127 6i8 OCEAN FLOOR GEOMAGNETIC DATA COLLECTION SYSTEMU) NAML /
POSTGRADUATE SCHOO0L MONTEREY CA A R GRITZKE ET AL.

UNCLASSIFIED F/G 9/2 N



1 11

W 112.5

~I 1iI.8

MICROCOPY RESOLUTiON TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A



NAVAL POSTGRADU.,ATE S CHOOL
Monterey, Ca~hi f~'i

THESIS
OCEAN FLOOR GEOMAGNETIC DIATA

COLLECTION SYSTEM

by

Arnold Richard Gi~Y
CL

C-D and

LuJ Robert Henry Johnson II

December 1982

- ~ Thesis Advisor: j. Powers

* Approved for public release; distribution unlimited



Unclassified
SCCuuITY CLASIPMICATIO OF TIus PaGE evo -* . EImose__e

REPORT DOCUMENTATION PAGE BEFORE CtTEW:, FORM

1. M9E1ONT NUM11EN * ii4CRIO O 31 11ECIPIENT'S CATOLOC, .. wgPU

4. TITLE (0041 .. d leIe) S. TYPE Or *e N a . ,3o aoc. o"-'moE
M.aster..s Thesis

Ocean Floor Geomagnetic Data December 1982
Collection System 6 PEUPORmING or,. aro r 7 poi,, i

T. AUTooO I) ... S. CONTRACT o A ? ., ,',T

Arnold Richard Gritzke
Robert Henry Johnson II

I. PeROIMING 6GNIZATION NAME AND A OIE S PoGRAA a .l[n .LJT' - -AS K

"G "A49A 
4 WO nIK Uj"N ,-I

Naval Postgraduate School
Monterey, California 93940

It. CONTNOLLING OFFICE NAME ANO A OOInELSS I. MEPOUT DATEDecember 19,92
Naval Postgraduate School m. 1U9$2 o- AIE
Monterey, CA 93940 :79

14 mONOTORING AGENCY NAMt 0 AOOEII0t dl14m4e S. Catem.lne Off#@*) IS. SlCUNITY CLA$S (ofl ta ,.,le

Unclassified
$a. u 0CLAS ICAT:3. 1Io)NG AGING

SCM EOULE

is. OISTRIGUTION STATE1MIENT (of M s *011e")

Approved for public release; distribution unlimited

17. OIST1IU1UION STATEMINT (01 lo ethe l mf4~ I I. #oa l o of Il hoSm Rae.,')

18. SUPPLMENTANY NOTES

IS. EcaLY 1Ono0 (c€moIfMo dlo Om.s sidet If ONe..m 0411011 , Ip boo 1m61P)

Geomagnetic Noise; Telemetry Spar Buoy;

* Fiber Optic Data Link; Pulse Code Modulation

20. AGSTMACT fCMMu.0 doww .1*u Od@i.04SMVm~ O OWc 0~00b6FIN"

-The second generation design of the Naval Postgraduate School's
ocean-floor geomagnetic data collection system is described with
emphasis on modifications for improvement over its predecessor.
These improvements include 15 channel parallel analog-to-serial
pulse code modulation conversion, fiber optic data link, and

radio telemetry to shore recording equipment. The system ha
flexibility in operating depth, an increase in data (continued)

D A,o 1473 6o,,,o, of, I Nov so to 0111OLT9
0 1DO , 1,N ,Trinclassified

1CU UITY CLA8S1ICATION OF ?"i$ PAGE (94so DOe IOPOO

[1



Unclassified
60UYV M g.&gOoPoCS1o41a or too$ 000g¢fe .oe gmo

Item 20. (continued)

acquisition time, synchronization with land site data. and a
data format that is readily converted to digital f,-.r ccmmuter
assisted analysis.

U

I2 A

. .3

I DD. Farrt% 1473,Ucasfe

• ,.. •_, ms~ m•• i e"



Approved for public release: distribution unlimited

Ocean Floor Geomagnetic Data ::ilection System

by

Arnold Richard Gritzke

Lieutenant Commander, Unital States Navy

B. S., University of Jtih, 1972

and

Robert He-ry Johnsoa I!

Lieutenant, Inited States Navy

B. S., University of wasaliton, 1975

Submitted in partial fulfillment of the

requirements for the d.gzee of

.IASTER OF SCIEN:E IN PHYSICS

from the

NAVAL POSr3RADQATE S:-HOOL

December 1982

. Authors: PIZ

• . .- --------
Approved by:_ --

Thesis Advisor

Second Reader

Chairman, Department of Physics

* Dein of Science and Engineering

3
a.-



The second generation design of te Naval Posgraduate
:: Sc~oi's cean loor geomagnetic data collectio ysemi

described with emphasis on modificitions for tmprovmernt

over its predecessor. These improv msets include 15 channel

parallel analog-to-serial pulse cod.e modulation =onvezsion,

fib er optic data link, and radiA telemetry to shcre

recording equipment. The system has flexibility in operating

depth, an increase in data icquisition time, syrzhronization

with land site data, and a data f)cmat that is readily

converted to digital for coaputer assis-ed analysis.
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I. t; TRODUCTI3

This thesis research s art of a continuing effort by

the Naval Postgraduate School 'o )btaf-: a long term data

base for the improved uni.rstiniing ind1 interpcetation of

the ELF electromagnetic environment in the vicinity of the
sea floor. The overall project empa.i-zis the importance of

acquiring measurements of geomagneti: .luctuations on the

sea floor over a periol of saver-l years at various

locitions and depths while simaltaneously obtai.ing data at

a land based site. ?rimary obji ctives include the

interpretation of signals :overing foir Jecades of frequen,:y

from 0.01HZ to 100HZ tnrough tha use cf total field

magnetometers, induction roils and UL F/ELF rezeivers. This
phase o~f data collection :overs th: O.01FZ to 20HZ range

utilizing induction coils as sensors.

The magnetic noise in tae sea i. of 'nterest both from a

geophysical viewpcint as well as for avawal applizations. In
addition to undersea fiell mignetopst:-y, some areas of

. current geophysical inta=rst are_ thi_ m e.asurement of marine
geomagnetic anomalies ne.a. centers :f s .-a floor spreading,

characterization of magn_i: fields -. duced by ocean waves,

geophysical exploration anl the utilization of low frequency

waveguides presenrt under the ea flo:r. Applizations of

"ntrest to the Navy a: 4n the i-eas of miae-wazfare,

edetection, sib marine -am uncati-n using a

* superconducting quantum interference levice (SQUID) as the

sensing element for an extremely low freguency (ZLF)

rec.eiving antenna system, ind possibly as a mea.s of remote

verificat'on of undergrouni nuclear Idtonations.

12
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To achieve an unier st an CLn of tf e naars c f the
fluc-tuating undersea geomagneti: spz:trum, it is aecessary

to levelop a data base with goals por high qia .ity and great

quantity. The collection system utiiiza_ by th. predecessors

S(11 of this research team acknowledged a sho-:fall in both

these goals. Their collection systemi co,)s.st ad of two

channels, each with a coil artenna sensor,, oreamplifier,

variable gain amplifier, voltage ontrol .' oscillator,

ref.rence oscillator, and in inalog =assett tape recorder

configured as depicted in Figure 1.1. The cpzponents were

encapsulated in Benthos glass spheres wi:h -he deployed

-* configuration as shown in figure 1.2. The data collected

!with this system was limited by virtue of the equipment

restrictions and deployment technilies. The analog tape

recorder posed the greatest limitatioa. The data acquisition

time was limited by the cassette tape length to a maximum of

45 minutes per channel per system deployment. rhe accuracy

of the data was greatly dependent upDa the st..oility of the

oscillators. Additionally the utility for coparison of the

data with data taken at a nearby lai:A station is

questionable since the synchronization of -!i da-a could

• monly be crudely approximated.

The particular objectives of this thesis research was to

improve the ocean floor ;eozagnetic collection system design

in an effort to improve data quality and quaatity while

attaining time synchronizitica of land-ocein data. 4

secondary objective was to develop pcozedures for computer

assisted data analysis. Listly the associated thesis report

is to act as a systems 3anual in an effort to provide

continuity for future systei users.

In the design of an ocean floor magnetic data collection

system, it is necessary to consider the constr-ints placed

* upoa the system as a result of its function and the

environment to which it is subjectel.

13
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Figure 1. 2 Diagram af Deplbyed System Configuration
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I t is the function of the systet to sense qcmaqneic

fluctuations near the ocean floor -_, frque,-y :a.nqe of

interest, process and transmit trnos -ianals to su:face

for telemetry to shore based receiv.a equipm-2a- for dual

(oce an-lard) recording, deco di n, and a .i s --'s while

maintaining the information content of the -f±s. One

requirement of the integrated systes is to eari,- signal

purity. That is, T-he system shouhli measure the magnetic

sigaals while minimizing, to the externt. pozi. , sstem

induced variations in the signal beiag measures. is well

known that a magnetic field can be set up by a.: e!ecric

field (Ampere's Law). Th~s autuai interfe nce between13 wh 9 Te P:) s!7 Ible s nd
system components must 3 avoil where n

minimized otherwise. To a:hieve maxinum signal .i i:y, the

sensors must be isolatel atgneticall as much possible

from the rest of the system. 3 a a se f thi ! signal

strength of the collectel data, sos anoiific-:ri nus: take

place at the sensor location to allow for t-5n.ission by

nonferrous metallic cabLe to a re note!/ located

instrumentation subsystem. ?urther za;:..i, itola-on may be

achieved by utilization Df a fiber o~tic data link from the

instrumentation sphere to the telemet:y bouy. PAditicnaily,

near surface interference 4s a aitter =3f co)ai:=rn. Low

fteguency eleztromagnetic radiation zaa pnetr-e the ocean

surface for up to several meters d;th -he pot~nzial of

channelling down the link i d providi-i oerturba-.ions to the

si.nal being measured if a metallic Conductor -able were
used for data transmissioa. This "antenna effct" -an be

4eliinated by employment of a fiber optic link.

Due to space and power limitatiois, transmission line

signal attenuation may be 12 important consideracion in deep

sea loca'ions. Low loss fiber optics zin reduce or eliminate

I. this concern.

16
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The advantage of fiber-optiz links have t;-en

*demonstrated world-wide by experimatal. optical wave ,-a-le

systems. Among the importiat features are low tra :-.isz;on

loss, wide transmission bandwidth, insensitivity to

, electromagnetic and radio frequenoy interference, and

suitability for digital oommunizations, and pulse modu2ation

methods (for amplitude modulation teohniques, fiber optic

cable losses are independent of transm ission frequ,-n. y)

(21.

Optical fibers are attractive siae a single s .za:.c is

sufficient to carry the informatian signal and cannot be

short-circuited by exposure to sea water. Also -cent

trends, through advancel technical expertise in f/ier

manufacturing have narrowed the ezonomic gap between .,lng

haul optical fibers and their forenost competitor, :pcer

wire and cables (3].

Any practical desiga ultimitly rests upoi the-

requiremehts of the user, ais resourzes and capabii.i:s as

well as the technology of the day. The major goi.s ve

been stated as that of signal purity and data quantity. :t

has been shown, although not rigorously, that a fi" c

data link is a viable alternative to the metliic

transmission line in the a:i-ievement of signal purity. 7he

improvement of data acquisition tiae is gained thrc:i-7 . RF
transmission of data to shore receving equipment. Data

acquisition time is therebf limited only by powr sup ay

capacity and the schedule oE the deploying ship.

As indicated earlier, Eiber opt-c systems are su:-able
for digital and pulse modulation methods of data

* transmission. In addition, inalog transmission may be

accomplished. There are several pulse modulation methods

available. Among them are pulse position modulation (PPI ),

pulse width modulation (PWI), pulse amplitade modulation

17
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(PAM), anA pulse code molilation (P3C). PCM - .- z

known, and today the most important palse moduiition vs-e.

Three separate operations ire involved in pr.vii: 1
signal. The first is to iaterrogate the message signal a-

regularly spaced intervals (samplin;). The sa:ond is t3
N approximate the measured amplitude value to the nea sst

periitted voltage referenze level (quantizing). The thiri

operaticn is to represent the approximated (quantiz 1d

amplitude values as a series of coded paises.

In PC., several pulses per sample are use! to s:.gn" fy

the amplitude value, insteid of one pulse per simple as in
the cases of PAM, PPM, or PWM. Consequently, PCM systems

require an increased banddidth (within the capabili-y of

-' fiber optic systems) for their transaission. H w=ver, a...

small deformations in the height or width of the pulses ars

irrelevant since it is only necessary to know whethe.r zhi
pulse is present or absent in order to ratrieve the original

message. Moreover, in a PCM transmission, noise i.

nonaccumulative because noisy PCN signals caa easily b

cleaned up, when it becones necessary, by the process o:

reqeneration. Thus the quality of a PCM trans'ission is
dependent on the sampling, luantizini, and codin processes,

and not the length nor the noise of tte transm:ssion .

By -ontrast, the FAM, PWM, and PPM sys'ems are cDntrLIuouslv

affected by noise and caanot be cleaned up, or a egenesrated.

The noise is accumulative and the longer the lis-ancs of

transmission, the greater will be the noise (4].

Additionally, the lesired r.solation of tas measure,

sigaals may be achieved ia a PCM system by selection of the

sampled word length and the sampling rate.
Both the digital and inalog transmission nethods are

inferior to ?CH. The loss of a bit of ligital ata obscures

the value of the sampled data. Analog data may be

18



irretrievably altered by noise. Pci, then, is perhaps he

ideal transmission methol f~r our applization.

This report delineates an ocean floor geoaagnet_

collection system that employs coil iatenna sensors, a pulse

code modulation system, fibs.r optic liak, RP data link, and

Urecording equipment. It ilso details procedures for decoding

and digitizing the data as well thosa for coapater assiste.d

data processing for eventuil anilysis.

19
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-II. 3TSTEM DESI:;N

A. EQUIPMENT CONFIGURATION

The general arrangement of the Generatioa II System

components in their deploy . mode is shown in Figre 2.1.

1. Data Zcllection E e

A fuctional block diagram of the data aquisition

system illustrated in Figura 2.2 reveals the following major

components:

1. coil antenna sensors (2)

2. preamplifiers (21
3. preconditioners (2)
4. pulse code modulation systa. (1)

S. optical transmitter(l)

6. optical receiver (1)

7. radio frequency transmitter (1)

8. radio frequency -eceiver (11

9. instrumentation tape recorler (1)

The system components are diszassed in the following

subs ectiorns:

a. Sensor Subsystet

The sensor sabsystem is zurrently dasigned with

two sensors each consistiag of a coI antenna sensor, a

preamplifier and a battery power supply housed -i a Benthos

glass sphere with a 0.404 a ter inner diameter. The sensor

and the instrumentation suosyst-ms ar'e interconaected by two

30 neter long, coaxial cables teraiiated at each end with

Branner connectors and Ba.tos spher . penetrators through

the glass walls to the encLosed equipment.

20
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MAKRIU

OPT*C CABLE

OPTIC RANSITER

INSTRUMENTATIONI
EQUIPMENTI so

Figure 2. 1 Diagras of Deployed Generation 11 SyStem
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The sensor spheres are mounted in Benthos haraha:

enclosures. The hardhits are bolted to the equipment

mounting assembly with nylon bolts.

(1) ga!j~ _.Mjj Mountingl sel The equipment

mouating assembly depicte.d in Figure 2.3 is a aon-metall"c

I II I

Mbunting Plates

I I

Free Flooding
ABS Structure I

I ____ ____ _ _____

Figure 2.3 Sensor Subsystem Equipment dounting &ssembly

stand that permits ease of leployment and provides

structural support and protection f3r the sensor spheres.

"The sensor stand dessign calls for a light, free flooding

stricture with removable strap on weights to obtain the
required negative buoyanzy, but still allow for portability

and ease of handling in system deployment. A aon-metallic

mat.rial is necessary in the stand zonstruction to avoid the

effects of induced curr.nts due to electro-chemic--a

23
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reactons at the interfaze of a natal surface a n

ele: tric a! -Y conduct.ive =seiwater. rne stand is constructed

of light W igh t high Strez-gt,6

AerYlonitie-uaee-trn (AaSI piping which is w el

suite for this applicationi. The weights are fashioned from
lengths cf ABS piping filled with lead, sand and transformer
oil. The pipes are capped oeff at each and to provide a water

ti, r.cn-metal*i: , aal compact means of addi*ng the

necessary negati ve buoyarcv to the stind.

(2) colAtn aaSasD: Each Sensor i

conti.nuously wound coLl antenna manufactured fro)m 5460 turns

of 18 gauge copper magnet wire by Ela Enqine:ering of Palo

A to C alA-If or n-a. The : o-Us weigh a~proximately 100 pounds

each with dimensicns -as deopicted In Figure 2.4. The average

enclosed area of each co.' !6s 3.0824 square meters whi-ch is

det:ermined by taking th;! average o)f the areas obtained by

computinq -the area tor toth -the inner radius and the oute=r

radius. The dimensins cf the sensor are constrained by the
geoety o te --ss sch=:es. The =:)-I resistance is 120

ohms with a sel- nuctanca of appro)xiiately 9.31 henries.
(3) ~fl "zfr The pca mp!lifier selectad for

use in the senso.r spherS Is the model 13-10 A low noise ELF

amp ifer man ufa ctur ed b y Dr. Alan Ph __iips Of SRI
interation. Ti. stage of 1-he ampl"f4- =orta-ns an

actie lo-pas *'iter with a cutoff frequency at 20 Hz.

Such f-.ilter-no I'S necessary to reject the effects of 60 Hz

signals arl 'harmonics due to the presence- of Power lineas for
the siilar systtm used f:) ln6a~ custin ta

frequencies above 20 Hz do not penetrite significanrtly to

depths at whic-h the ocean system is o>perated (53-5O meters).

The overall preamplifier ga-in isapproximately 55 15.

A schematic diagram of the preamplifier circuit is cont airsd

_ n Fi-gure A.1. The gain and filterinig characteristr-cs of
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Figure 2.14 Induation Coil Sensor Dimensions

the syst - are illustrated in kppe-nix C. and ace relevant

to the discussion concernia- system t:ansfer functions. 1he

preamplifier is powered by two .75 AH, 12 volt mercury

ba-.teries motinted in a section of 1 iazh PVC. The batteries

are arrange4 in such a fashtion as to give the rsguired plus
or uinus 12 volts and groual. rhe p.:?!amplifier is housed in

an aluminum case to shield in fieids i-velooed by the

preamplif' e :ircuitry. r e preamplifier and battery pack

are attached to either side of the co= l antenna sensor with

electrical :ape. The inta-connectias are made by coaxial

cornect-orn ffr both the coil input to the preamplifisr and

the preamplifier output to the Beataos sphere penetrators
while the power supply input is made with a keyed

three-pronq Jones connectoc.

Power drain on various cDuponents of the system

is a serious consideration when trying 1:o maximiz _
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on-statior data collection time. I is also desirable to

harf the system sealed and made ready for sea pr4_or to

trausportation to the ship. Thus, in externally ac-ua-ed

Maqetic activaticn circuit is employed. This circuit shown

in Figure A. 2 employs a normally open reed switch. The reed

switch affixed to the top inside oE the glass sphere is

*closed when a magnet is pla-ed in it= vicinity from outside
the sphere. The closed circuit biases transistor switches

clcied cutting off power to the preamplifier. This

ar-_angeu ent is advantageous as -t allows packaging in

advance of the of the deployment dat-. It shoald be noted

however, that this circuit does deplete a nominal amount of

power; sc final packaging is usually completad one day in

advance of deployment.

b. Instrumentation Subsystem

The function of the instramentation subsystem is

to rece.ve the two ar.alog outputs fCom the preampifiers,

corLition them to the requireme.t3 of th "- !low i-
c.rz-uit:,y, multiplex the zhannelizad signals, convert them

* froa anz ,og to digital format and pulse code modulate them

ror input to the fiber opti: data ln..
(1) Egulipme.nt Mouatin issemb1 The equipment

n noaatina assembly is showa in Figure 2.5. Constructed of

alunninum it supports two BenthDs glass spheres, housed in

Benthos hardhat enclosures. One sphere houses the instrumen-

41tat-on subsystem while the Dther has a battery pick to power

the optical transmitter. En additioi, the optical -rans-

mitter assembly is attached to the vertical member of -he

mounting assembly. The design incorporates quick zelease

clamps for rapid engagemeat or disengagement frDm the main

* support line (250 feet of 1 inch polyropylene iiae).
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, ~ ~ 'h Figr ~ 2.5 pesuentedtia Fiurset~ X.3.et ontu

rced e m he aalog systm nhale for a I the :) p earfloor i

geon agnelic lata collect'.n system is one Jesigned and

manafactered by Dr. Robert Lows, Lowscom In=_., also of
Scripp's Institute of Oceaaggraphy, L-a Jolla, Za 1i4f o rni-6.

Tne d, -vice, schematically 11llustratal in Figure k.4 and A.5
featares 15 channel analog input capibility aad offer-s the
option of selectable rates Df 2 nsa,,l_, per sec ,,a, whetre n
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may take on integer values of 3 to 7. By appropria-iy

jumpering the analog input pins, tl.? sampling rate i ,
increased five fold. The 3ystez is :rrently deploye wi

the coil-x output conected to PCM input chanr.es

1,4,7,10,13 and coil y output con.ected to PC- ir.'ut

channels 2,5,8,11,14 with the re3aLialer of the chaunzls

grounded. With a selectei sampling :ate of 32 sampi.es ner

second, this configuration results in 150 samples per seconi

of each coil's signal. while channel input capacity A:.d

sampling rate capability are much greater than current needs
dictate, they provide growth poteatial. Ths addtoa

channels could be utilized for a three coil sys:em, innut

froz a pressure sensor fr swell wave data, ter :-ture
sensor, or real time clock data. rhe PCm system di sign

includes the option for analog or ligital data outD t : from

channel 14 with a minor chanie in the externrl Din
interconnections.

The P" system incorporate - a crystal oscillator

and asscciated CIOS integrated circuitry to levelop the

clocking pulses, a 16 channel CIOS analog multiplexer,

channel, 12 bit CMOS analog--o-digital converter and

associated circuitry to provide ti- pulse =Ddng. ra-

crystal c"ock oscillator ooratizg at a frequency cf 24.575
KHz produces a square wave output wita a lcss ,-: ra-te of

bit in one million. this freguency combinei with -he

inherent delays of the issociatel clock-logiz ci=zi:t:y

provides the 128 samples per seconi sampling ratB.
ex-ernal pin interconnections, the oth-r samplizg rates may

be selected. The clock pulses gate tha analog alti plexsr,

digital-to-analog converter and follow on associated

circuitry that form the pulse code iDrls. The basic output

is a bi-phased pulse coled signal that is adjusted -o ?TL

* standards by adjustments to the offset and gain trimmers, 22
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and P3 respectively. The lata is organized in frames. Eac-

frame is headed by a sy.1z code word which is followFI

sequentially by the pulse coded samples from PZI channels 

through 15. The sync code word is a pilse coded Eigital worl

* with a decimal value between 0 ini 4096. this word ia

preselected and hardwired Da the circiit board by connecting

a logic high or icw, as appropriate, to pins a through i and

k ttrough m. The sync cole dord is esseatial to the decodin

process. Additionally, it provides protection against

confusing the land acquired data with that taken from the

ocean ficor as each sys-eR has its own sync code word.

Currently sync code words 3538 and 2520 are associated with

the land and sea sites respectively. 3ync code word 3155 ha.!

been used in test and sea floor data collectioa before th

September runs. The 3155 board also had plus or minus 5 volt

range on the A/D converter while all ather boards where plus

-[ or inus 10 volts.

Gould Gelyte rechargable batteries (plus and
71mins 12 Volt and groundi are utilized for all ower

*requirements within the instrumentation sphere. The curznt

consumption of the preco-_ditioner a l the PZl system is

approximately 29 ma. at t-he 32 sample p=r second rate.

The externally actuated magnetic activation

cizzuit described in section II.A.1.a. (3) is Ltil'zed to

activate the instrumentaition sphere equipment upo:

deployment.

The equipment intercona-eztions are all coaxial

exca pt that the power input is mle with a kzyed three

" pronged plug and socket connector. :are must be_ taken to

ensure the x and y coil output leals ire connezt=-d to their

respective PCM inputs.

Appendix D discusses the letails of data flow

n"in the PCM system utilized in the generation II geomagnetic

data collec-tion system design.
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c. Optical Data Link

The optical ata link alizinates the concern of

antenna effect discussed bri.efly in section 1 while int-o-
ducing a variable length section in the system that gives
flebility for operations at various depths. Fiber op-ic

system design considerations as well as an ove-view on the

theozy and state of fiber optic techiology are discussed in

- Appezdix E.

L

IIIIM MTTAI PijASIms 0 3713T OPTICAL 37131 ANAOG OUTPUTeo T RANSMITTER, n-2V FIBERG °-2V AII
of'"' E A ALO COMMON

$I00- DIGITAL COMMONj 
,t,, A 0-.cc T-- O ADJuST

! ]i

Figure 2.6 Simplified BIck Diagcai of the Optical Data
Lint

The fiber optic data link consists of an oD:ical

transmitter and receive: -each housal in an anvirnmen-l

enclcsure and connected by a fiber ootic cable (see Figure
2.61 . During deployment the cable is sto:ed on aad dispensed
from a plastic reel fashioned froa i 20 inch bicycle rim

(sea figure 2.7 for detailsi.
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I 16.5"I T -I
Optic Receiver zPVC Enclosure Optical Cable

Storage Reel

a. Top View Cover (Side 1) b. Side View Cover (Side 1)

2311
I- I

c. Top View Buoy Cylinder d. Side View Buoy Cylinder

Quick

[ Clamps

I

e. Top View Cover (Side 2) f. Side View Cover (Side 2)II
4 1 ___.1

F.qgmre 2.7 Diagram of Can Buoy and )ptic Receiver Assembly
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(1) OPtjcal Tr-nsmirer/R-eiver Set The o-:..

transmitter and receiver are the Burr-Brown 3713* and 7i13E 7

respectively. The 3713T and 3713R when conaected bv a

suitable fiber optic cable form a 25) Kbaud NRZ fiber o.c

data link capable of operation to 1.7 kilometer. The 3713T

fiber optic transmitteL is an elect-ical-to-optical -rans-

ducer designed for digital transmission over single fiber

channels. Transmitter circuitry converts TTL level inouts t

optical pulses at data rates from DZ ID 2 Kbaud NRZ.

The 3713P fiber optic receiver is an opTica!--o-

electri:al transducer designed for rezeption of iigital da-a

over sin gle fiber channels. The receiver circui-ry converts

cptical pulses to TTL level outputs wth a reciver s-:s-

tivity of 15 nW and data rates to 253 Kbaud NRZ.

An integrated optical connector on both :hi

3713T and 3713E allows easy interfacing between module an.I

optical fiber without p.oblems of source/fiber/detec-:or

alignment. -he moet.al packages of the 3713T and 3713R provii:e

immunity to electromagnetlc radiatifn and direct Dri'n-

ciczuit board mounting with no Idditional heat sink

requ ir ed.

A siaplified block -iagran' of the 3713T tran--

mitter is shown in Figur A.5. rig input stage uses a
Schimit Trigger Exclusive JR Gate ;, for noise inmunity and

its logic is configured so the phasing of -he transmitter is
E1 pin programmable. When the transmitter phasinq terminal -'s

connected to theta-0, the Light outplt is in phase with -he

digital input signal. The LED is on when the rTL input is
- high. Connecting the transmitter Dhasing terminal tc

theta-180 causes the reverse to happ,_: the LED is on for a

dig'ital low. This option is selectable on the ocean floor

geomagnetic data collection system tirough the installation

of a single pole, double thr.ow switch. The systiam is
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operated in the in-phase mode. rhe advantage of the

theta-180 mode is it makes it possible to detect a break in

" the fiber cable when the lita link is idle. H:owever, an

idle PCM signal does not provide i zontinuous rrL low and

* - thereby obviates the advantage. amplifier Al and the

current switch drive a light aemitting diode (LED). The

optical power output of the 3713r transmitter may be

adjusted by controlling tie resistaace between -the power

adjust pin and ground. Zhis contrDls the peak or "on"
current in the LED. When the res.s_:r is minixum the LED
output is maximum and as the resistante is increased, the

LED output asymptotically approaches a minimum value. In the
ocean system the resistor is adjusted to provide a 240

milivot peak-to-peak receiver output signal.

A simplified block diagayt of the 3713R receiver

is shown in Figure A.7. Input light is converted t a
current by the PIN photodiode CR1 ihich is connected in the

photovoitaic mode for maximum sensitivity. k low bias

current FET input current-to-vcltag converter transforms

the diode current into a voltage (Va) which is further

amplified by A2 and presented to com~azator A3 as Vb where
it is compared to the threshold voltage Vt. For maximum

noise immunity i t is desirzale to have the threshold voltage

set to a value corresponding to a level half way between the

higa and low value regardless Df the actual light level at

the input. In the 3713R, this is a.ccomplished by a peak

detector automatic threshold circuit. A pulse of light input

causes a voltage pulse at Wb whic is stored ia the auto-
matic threshold circuit, 1ivided ia half, and supplied to

the comparator as the threshol input Vt. Thus, Vt is a
voltage corresponding t3 the midpoint of the ligh- and no

light conditions of the diie. Since the automatiz threshold

circuit uses a capacitance hold t.hehnique, the threshold
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voltage Vt is subject to lecay when ;he light is emoved

frox CR1. A no-light condition of approximatel~y 0.5 secoad

duration (Pa 1 baud data rate) cin be i---:d with n: s ig ni4fiJc nt

* effect on noise immunity. The PCM system presents da-ta to

the optical data link at about a 5K baud rate aal Is there-

fore within the conditions for maxixizei noise izimuniny. The
* analog output terminal of the 3713R i6s the output of the

Slinar amLfier Al. T"he voltage at t2' s terminal 's propo-

t:.caal to the input Dower t:) tha rece-.ver. As such, it makes

an excellent di-agosti-c point for testing the O-Lbier 0oot _4c

cable. Monitoring the analog outpult terminal gives a rela-

tive measure of cab.e loss x-t the mransmirttel wavslergth and

a direc-t measuremsnt of raeivez sig~ial-to-noise ratio when

the transmitter is off". In the ocean floor geomagnstic data

collection system the m~dalation iaUt is tian from the

op-tical receive-- analog oatput siaz? the output amplitude

can be adjusted by varyin'g the optical transiitter power

adju ;t resistor. An output level of 2) to 240 alli-voltS ics

utilized t;-o ensure RF tzaismitter 3noIulati-on Without ovsr-

driv ing its circuits.

(2) Fiber ORti: Cable rhe fibe opi Ab.

described in detail In appendix E. The fibqr is a 63.5

mi.crometer raaius, low n~lse, gcalad ndex, multimcde,

single strand optical fiber claid an.Id shaathZI w Ih

strength members as Illastratel Ln FiAgure E. 2.
6Approximately 330 feet of type 5053 zable is stored on the-

storage reel shown in Fice 2.7.1. Trhe fiber optic link

givas flexibilit.-6y in systeit operating depths as all other

system parameters are fix-31. rhe cibls is affixed :o th e

dpoly prop ylene 9 lne with electrical tape at abolt ten foot

inte rvals with scme slack to illow for strze::a'ng o f the

main support li"ne. The elec:trical tape *is fastened in such a

way as to provide a tab that aids ia quick zenoval lu=-4ic7

reco very.
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(3) ) j_ n he oupia g system altiiiz _d is

the AMP Optimate Single Position Fioe.r Optic Cable Connector

* System. 'nce A~tP connectors were not available with

I iII
Fiber Crimp Ring Polishing

tOptic riRBushing.. Cable

1RetainingCa

• " •.0451"I
I I

I I

H'L eatSrink Ferrul.e 40" load-bearing
. Tubing Annulus• ~I

Figure 2.8 Fiber Optic Cable Connector Assembly

parameters compatible with the Eibr Dptic cable intended

-- fo- the uys:em's optical Iita link, the fiber optic cable

was giver. an additional jlazket of iaet shrink tubing. The

heat shrink tubing bui!ls up the o atside diazater of the

cable to near that of the inside iianeter of tte connector

as shown in Fiqure2.8. rhe optic cable is allowed to extend

K aboat 1/16 inch from the fice of the =onnector. The cable

" and the heat shrink tubing is bonda. to the conaector shaft

j by a few drops of cyanoazrylate glue. The re-.a,_iinq cap is

" 35
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secured in a position aboat the f3rrule by th . crimp ing

mounted 1/16 inch behind ta. cap. rhe polishing bushing is
placed ever the connector and securely mated to zhe

retaining cap. The polishing is acco3plished by applying a
figure eight moticn to the fiber agai st various grit abra-

sive paper while it is subnarged under a half inch of water.

A 9 X 9 inch aluminum baking pan is vary suitable for the

prozedure. Polishing is accomplished using 5 gqades of

silicon carbide finishing 'iper; 320,400,600,3 1icron, 0.3
micron in that order. The polishing is compl.ted when the

surface of the polishing bishing imaediately surrounding the

ferrule is polished to a glossy finish. The polishing

bushing should not be reased.

The AMP connectors renove concern of optical
power lcsses due to lateral misalignment, angular misalign-

ment, end separation and end pr.parati-on quality.

(4) Environm.%tal ,nclo ure The optic trans-

mitter and receiver are ach housed in an anvircnmental

enclosure that maintains water-tight integrity in the ocean

environment. The enclosure illustrated in Figure 2.9 is
manufactured from 6 inch I.D. PVC pioa. One end of the pipe

and its associated end zap are machiied to a true round as

* near to initial dimensions as possibla. Typical finished

• " dimensions are :

PVC PIPE I.). 6.090 t 0.003 inzhes

* O.D. 6.601 t 0.003 inches

PVC END CAP I.D. 6.615 t 0.015 irzhes

An "o"-ring groove is machined to 0.393 inches deep by 0.160
* inches wide located 0.75 inches from the machined end of -he

pipe to conform with a 6.25 X 1/8 iczi "O"-ring. rhe pipe is

reinforced with rings male of 3.75 inch sheet PV. material.
These rings are slotted 3.25 inch bel:w ring cent.r to serve
as a support for the optical transmitter or rseiver circuit
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boar ds. The machined and cap is fitted with two Brantns:

connectors and a vent plug. The oppo)sit-e end Cap is fitted

with the fiber cptic throaigh-hull penetrator. All these

":ttings are equipped wit2 an "D"1-riag seal. rhe end cap

supporting the fiber optiC through-hull penetratorc is bonded

tc the unmachined end of the pipe with PVC cement. The fiber

optic cable is passed throiagh the penztrator and init41ially

fastened with cyanoacrylate-- glue. final treatment of

DEVZON 5-minute epoxy serves to se:u:e the cable/penet:za--or

in-lrf ace.

The fiber oatsids the p-znetra~or is protected

A.=oa bending stresses by application of three layers of heat

sh-rink tubing that extend Lato the peaetrator. Each layer of

tuning is longer in length than the preceding one so that

the= ca ble flexibility increases as a function of distance

from the penetrator. Initial desiga tests indi cated the
wpdkest point in the optical link was the point at which the

caole entered the penetrator. Tests saibsequent, to the appli4-

cation of the tubing indizated this Dooint to be one of the

s,: ro nges t.

(5) aatiftLY Rii.2l es r he optic transmit-ter
i-s powered by a 6 volt, 8.3 AH rechargeable sealed lead acid

fdttery confi6gured with a 100 o)hm secies limiter resistoz.

This battery is housed in a 3enttios glass sphere mounted

with the in strum entation sphere in the e'iui ment mounting

assembly discussed in Ir.&.1.b.(1).

The optic ceiver power supply is a Gould
Gelyte (+ 12, - 12 volt an! ground) battery Daak mounted in

the can buoy. The battery pack is rated for 18 AA1.

d. Can Buoy

The can buoy, illustratal, :nFigure 2.7,

provides 71 pounds of os.:ve buoyaincy (this Is inclusive
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I

of battery weight) to the system. It contai,-.s a 3-uld Gelyte

rechargable (+ 12, - 12 voLt and ground) battery pack that

powers the optic receiver. The power Is delivered through a

three corductor cable equipped with Bcantner connectors. The

can buoy is fitted with alditional 3:antner co)aectors for

data transmission in and olt to the spar buoy.

The axle of the fiber Dptic storage reel is

mounted in the center of the can buoy cove: containing the

e e't ical connectors. Tie opposit cove= is fi-ted with

quirk r-elease clamps which are used to secure the buoy t.o

the main support line.

e. Telemetry Spar Buoy

(1) Descript! n rhe spar buoy designed and

constructed by Dr. M.E.Thomas, Applie-d Physics Laboraturv,

Johns Hcpkir.s University and LE. P. .1. Rutherford, Naval

Postgraduate School [5], is depicted in Figure 2.10. The

spar bucy is partitioned into several sections as follows:

(a) Transmitter Power Supply/Lead Ballast

Incliding the dampening plate, this is

the bc-Tom .wo feet of the SPS spar buoy. It is zonst;uctei

o-f S inch PVC tubing. This section czotains three 6 voit/8.5

AH !e;ad acid batteries, 4hich provile power to the tr-ans-

mitet:, plus ninety pounds of lead weights. Water tight

integri-y is maintained by a 3/4 inch thick PVZ plug with

two 1O"-rings to aid in pressure sealing (?igure 2.11). The

powsr leads from the batteries ara soldered to a pin

assembly permanently housed in the olug. The transmitter

receives power through a -able whic= attaches to the pin

assembly in the plug by way of a Brintner con nector. The

slip coupling adjoining the bottom and free flooding

sections is permanently alhered to tae bottom section with

PVC cement.
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(b) Free-FlPoding Sa=tion

The purpose of the free floo)ing section
is primar_!y -o enhance the separation of the center of

buoyancy (cb) and the center of gravity (cg). Zhis section

4- -onstruc-e5 of a 5 foot length of 5 inch PV: pipe. A
series c- holes .tre drilled towirls the bottom of the

section tc act as rlood ports. Holes at the top are vents.

The power cable fr=m the bitteries t the transmitte: ta-

verses ti-is secticn.

(c) Middle 3ection

This section is composed of -:hree

. sub-units, the lowest portion aousi.ia the transaitter. The

transmitrFr utilized is tlken from a P3C Oribn soncbuoy

system. It bas a power output of oa? watt and operates in
chaanel 29 at a :requency of 171.65 1Hz. Its watertight

intagrity is mai:nained y a PVC plug identical to that

between the lower and free flooding sections. Zhe power

cable leading from the bottom plug is attached t this plug

with a Brantner connector. Prscautionary measures that are

to be taken Iarin this oortion Df the assembly will be

discussed in the aext se-tion an-itle transportat on and

assembly. just aboie the t:ansmitter housing is the buoyancy

collar so-.cwn in Figure 2.12. The colar provides the spar
buoy with an Ad.itional mi-hy pouns of positive buoyancy,

again enhancing further separation of the cb aad cg. The

remaining port:Ln of the niddle section is ccmposed of the

middle mast which houses the transmitting cable leading to

the antenna. This middle mast is reinf-orced by 1/2 inch and

1 inch PVC tubinq. rhe 1/2 inzh sections are each

individually sealed. The 1 inch sac:ion serves as a channel

for the transmitting cable. This section is sealed using a

PVC ring and adhesive,. rh antenna :able protrudes through

the center and the hole is lade water tight with application

of silicor based rubber sealant.
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Figure 2.10 illustration of th- relemetry Spar Buoy
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(d) U ps: -1 -a rt n n a

The remiinng portion of the telemetry

spac buoy consists of an eight fo-t section of 1/2 inch PVC

tubing. It houses the remirninj length of the transmission

cable and is capped by the transaitting antenna which

utilizes a reflecting ground planne waich is at 150 degrees

from the vertical.

(2) Transpoltiic-/Isseibly The spar buoy is

transferred to and from the R/V Acaaia via a pickup track in

most instances. This methol of transportation requires that

the spar buoy be easily broken down into lengths that are

compatible with the length of t-e pictup bed. rhB following

subsections discuss the prozedure s for the assembly of each

affected section and the precautions required.

(a) Power/Ballast and Free Flooding Sections

Place the lead ballast in the bottom

section prior to inserting the batteries. Ensure that the

"O'"-rings are sufficiently coated with a thin film of high
vacaum grease. Insert plug so zt=at it snuggly fits below the

marked level. CAUTION: pi:ror to conaecting the power cable

jack to the plug, ensure that the indentation in the

Brantner plug is lined up iith its =z)unterpart on the jack.
Failure to do so could ianage the transmitter by reversing

the polarity. Next slip ta"  fee. fl)ding section into the

joint. The holes that allow flood*.g are to be at the

bottom. Ensure that th_ narks otr both slip joint and free

flood section are alignad. Bolt the free flool section in

plaze.

(b) Free Flooding and iddle Section

Prior to joining these two sections,

insert the transmitter issemaly. First, connect :he

transmission cable then sliie the traismitter in place again

ensuring a snag fit and proper placement of the plug in line
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with the interioz marins. CAUrION: it is important ts have

a 53 ohm~ dummy load or. the transmitter at this point of

assembly since it is being powerel without the anten~na

* attached.

*(c) M1iddle Section to Upper Mast/Antenna

*This portion of the spar buoy is to be

bol1ted inplace w hi e te 'I. :emain.Ing ?ortion is hanging over

the side of the -chip 11oisted up by the? Acania's on board

crane. Ensure -that -the traasmission cable is connected prior

to apper mast attachment.

(3) 2:=' 2ymaat/R ecoveryeqDis assembly All sections

of the spar buoy shall be assembled o)nboard the Acacia wi4th

exceptio-n of the upper mast prior to deployment. Attach :he

crane line approxi-mately five fet up from tha taher polnt

on the spar buoy. once lodared over the side, the buoy can

be temporarily secaued to the ship's ra-iling and lowe~ad an

addtiona'! amount to r-nabla attachmenit of the upper mast.

The buoy is next lowered into the water and tended along

sida unti6. the rest of the system Comoonents are deployed.

R eco ver y and di6sassemblf is accosplished by

followizq the reverse of tae abovs procedure.

~.Receiving Station Equipameat

The rece"Lv ng sta-tion egaipment consists of an

AN/ARR-52A radio receiving set, an H? 3964A instrumentation

'6tape recorder and two dual traze oszIlloscopes. AN/PRC 77

radio sets serve as a voice communications link. The squip-

ment arrangement i-s as shown ina Figure= 2.13. The ant ennas

used in conjuction with t;'he telemetry l-ink are double, tuned

0 YAGI type.
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Ill. D rO aCISSING

currently the data is processed to develop various data

plots generated on the Naval Postg.calate School's IBM 3033
U computer. Prior to the actual geieration of the plots

however, tl'e PCM encoded data whi-a was stored on analog

/ tape utilizing the equipment describ-d in section II.A.1.f.

- (receivinQ station equipment) must be decoded, digitalized,

U and transcribed onto digital tape.

A. HARDWARE

1. PCI to Digital Conversion EPuipm ent

Several electronic zomponents are utilizead to decode

the PCM data to discrete inalog form and then to digital
form which is ulzimatly stored on 9 taL:k digital tape. This

data processing system is siown schematically in Figure 3.1,

illastra-. n: data 0low and control links. Central control
of this process Is aczomplished with a Hewlett Packard

9845A ccMputer utilizing in operaf)E interactive program

titled "PC.1 PR3G". After execution of the program, the

computer requssts entry of specific finction control parame-
ter3 intc the computer and other equipment. These inputs are

used to control synchronization of eaiipment start, digital

tape drive speed, decode rate, decode time, and synchroniza-

tio code word entry into tne decoder. The PCM encoded data

is fed ir.to the system from the iP 3964A 44 zhannel tape

recorder previously used to store the data. Utilization of a

different recorder may introduce noise due to a difference

in head aignment and drive speeds. Saich noise decreases the
siq al-to-noise ratio apoa which decode synchronization
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de osnds. Should decode Sy.%=hronizati:n not occur, a .cwer

analog rape d rive speed ani simpla rate must be se.sected,

resuliinq in longer processing tim-. The decoding of the

PC.M encoded d.ata is accomplished with a Narin. Profiles,

Inc. Model 319 PCH decolar. Two nonsanto AM-6419/USM-368

oscillosccpes are used to lisplay the PCM encoded data and

the discrete analog data. The diszrete anal:g data is

processed by the computer t3 develop the digital da-a which

is :ecorded cn 6250 bpi/12)0 ft. 9 track digi:a s-orage

tape. A Kennedy Model 98)) digital recorder and ccmput=r

intrac'.E. are employed for that purpose.

fD-discrete analog

,I C- control
I DL- digital

I

a I - - - - -- ---o-- --o
,"I . tape

Figure 3.1 Decoding System Data Flow and :ontrol

6
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a. Decoding Proz-elare

The following steps illustrate the procedure for

decoding the PCM encoded raw data into digitalized data and

then placing it onto a 9 t:ack digital tape whizh can then

be delivered to the IBM 3033 computer for data processing.

1. Disconnect the coaxial cable labled number 7

frcm the output of the HP 396,1A tape ecorder located in the

equipment rack adjacent to the iP 9845A computer.

2. Connect cable 7 into the output channel

desired for decoding of the HP 3954A 4 zhannel tape

record er.

3. Energize the HP 3964A tape recorder, the two

Monsanto AM-6419/USM-368 oscillDsopes, the Kennedy interface

and AANDERAA tape transfer interfza, the model 319 PCI

decoder, and the HP 9845A computer (the ON/OFF switch is
ocated on the right hand side). Also, on the PZX model 319

decoder place the fan toggle switch in the UP position and

the AC/DC/OFF toggle switch to the A position.

4. Place into the right had side tape reader of

the HP 9845A computer the pccgram named "PCM PROS".

5. Mount the inalog tape onto the HP 3964A tape

recorder.

6. On the HP 945A compiIter, type the command

GET "MT" and press EXECUTE to initiate processing.

7. On the P"M decoder place the following func-

tions to the listed positions:

SOU RCE - 1

SAMPLZE RATE - 64 (for 3 3/4 recorder speed)

- 128 (for 7 1/2 recorder speed)

INVERT/NORMAL - NORMAL

OUTPUT/SAMPL RATE - 2

RECCRDS/FILE - !NFIN-IrY

SYNC :ODE - 020
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8. Press RUN oa the computer, ignore "enter y to

skip tape init" (displayed on the computer's CRZI , and press

CONrINUE.
9. The computer now indicates "loal tape" into

the Kenn.dey unit an! "put Da line". I.r do this energize the

Kennedy un:it, load the tape according to the diagram located
on the inside of the unit's door, press the LOAD button and

the Oil-LINE button located on the front on the Kennedy unit.
10. The com:)iter now indicates "enter sync

code". Type into the computer 3658 or 3155 as appropriate

for 41e sea system or 2623 for the land sita system and

preSs CONTrINUE.

11. Enter tzaafer time in minutes and seconds

into :he computer. Example 20 minutes and 20 seconds would
be typed in as 20,20. After this is done press ONTINUE.

12. Push the STOP switc on the PZM unit and

push CONTINUE on the computer.
13. Push the S -_ART switch on the PC3 anit simul-

tan.ous y with the PLAY bitton on the Hewlett Packard tape
reco rd er.

I. if data t:nsfer must be ended early, push

the K0 button on the compute: to halt data tzansfer. f:

this option is elected tien 2 nuut be entered on the
coMouter following the KO zommand to write end of tape to

the tz pe.
15. "End of run" will be indicated on the

computer CRT. At this time deenergiz_ all +he eguipment and

disccnnect cable 7 from the 4 chianil tape recorder and

reconnect it to the 8 chaaael tape recorder located in the

equipment rack.

16. Finally, remDve the yellow riaq from the

digital tape to ensure tha: the tape is not iaadverten-ly

over written.

0
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2. Cain Computer Hardware

he data is read from the di ital tape into the IBM

3033 computer via software leveloped by Lcdr. J. Fisher of

the Naval Postgraduate Szhal. The dita is unpazked (placed

into a fornaat where it zaa easily be accessed and manipu-

lated) ard converted into a spectr.um of frequencies using a

Fast Fourier Transform routine. This data is then plotted

usi-g a per-pheral Versate= plotter f9r spectral !ispiay.

B. SOFTWARE

The programs are written in the F)RTRAN IV programming

language and are briefly discussed below.

1. Tes Prnaram

The test: program s own in kp.endix F was developed

4.to test th cmpter manipulation igainst ka:wr. data to

ensure the resulting plots would mez.t expectatioas. With the

exception of the internally generated data, the program Ls

essantiaily the same as the Main Program shown in Appendix

and expla'nad in paragraph 3 below.

2. Mass Storae Pro rm

The lig.ta! data taies are iatabled with data organ-

ized in 16 word frames, the first wocd of which is the syn=

code follcwed by 15 data words. The data words ace oraanized

x,,z,x,y,z,.... Since tae sea system has only two sensor

cois at this writting, the z data is z=ro. The land system

data has actual values for K,y, and z. The data from both a

land and sea data tape is .itered iat) the IBM 3033 compute=

mass storage system (MSS) atilizing the mass storage program

shown in Appendix S. Currently only ta.e x and y ::ii data is

read into MSS where it is available f5or access by the Main

Program.
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3. Main Pro q ram

The Main Program utilizes thq x and y cci inputs

from simul.taneous land and sea data t: develop various plots
for comparision and analysis. rhe gain Prograi utilizes a

lar;e number of arrays with the intention of ma-ntaining
each bit of original data or cilculation, ready for recall

'at any time or :uther computation. Equivalent arrays are

emplcyed because the plotting routine =s nt able to handle
complex arrays. Ocea;, arrays are inlicated with the suffix

'0' and Land arrays w:ith th. suffix ''. By successive calls

1of "SUBROUTINE RDI", an" array of the x data and y data called
xxx(I) and yyy (I) respeztively is ?stablishsd. One such

array is called a block of lata. The data words ia the array

are integer values be-ween 2048 and 4396.
After a block of data is enter-d, the integer values

are converte! to complex values of viltage as seen at -he
front of the P:I board between -13.) and +10.) volts for

systems uti izing PCII boards with sync codes of 2620 and

3653. For systems utilizing sync cole 3155 the voltages vary

betieen -5.3 and +5.0 volts. The xxx and yyy arrays -epre-

sent data taken from the x and thz y coils respectively
without application of the systam traisfer functions.

The voltage values (which vary Dver time) ars trans-

formed into -he frequency 1dmain by utilizing the subroutine

"ORO(JT" which performs a Fast Pourier Transform (FFT). it

utilizes the Coolzy-Tukey ?FT algoritam.
This sec-ion of the program applies the system

transfer functions to the data that has been transformed
into the frequency domain. The discussion of the origin 3f
the transfer functions is given in Aopendix C. The actual

transfer functions vary as a function of frequency. They can

however, be approximat-d by strai;ht line segments for

different frequency ranges. These lins segments are
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generated by least squarErs a proximation. The data entering

this sec-ion enters w:-tl un-its of voltage and is converted

* into units of nano-reslas the traffer functions.

SThe previously ilntionel seztions of the program are

embedded within a do-loop ,hich allows the analysis of a

long period of data consisti.%g of a aumber (NR) of blocks.

The Ith element of each 51ock is t..n multiplied by its

complex conjugate, averaged and converted to power

(nan o-Tesla squared) a-d stored. Once the program has

passed through the averaging loop for the last time it has

computed the arithmetic average for -ach frequeacy point in

the arrays.

* The next section of the program calculates the

Stokes parameters 0 through 3 of tae individual site ortho-

ganal ccmponenrs and thi coherence f the planar circular

polarization parameters ba tween sit componets. The

remainder of the proq.-. sets ip the parameters and titles

for the plots.

A more detailed lesoription of these programs may be

found in Reference :61.

h
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IV. EXPERIEfAL RESULTS

A. DATA QUALITY

q Test data points were leveloped by applying a 5.0 volt

peak-to-peak sinusoidal inpga Df 1,5,13, and 15 Hz to the

PCM board. Tha data was splii, F:M encoded, t.ansmitted,

received, taped, decoded, 1i.9italizei, and transcribed. A

computer assisted voltage vs. time plot of the 1.0 Hz data

resulted in a 1.0 Hz sinusoidai signal. A plot of the trars-

forn of the 5.0 volt, 5.0 Fz signal resulted in an impulse
function at 5.0 Hz. The-s- results illustr=ate tha-t the

system functions as design_.1 f7:m th- 2CM input through the

data processing with the :-eption of the application of the

system transfer functrions. The =Ystam transfer functions

(which take into account tn a.mplifiAion of tae preampli-

fier and siqnl conditin S tha transformation

from volts to nano-Tesla s ) lescribed in apoendix C.

3. DATA QUANrITY

The following data azcgis."ior p-rior resulted in the

indicated simultaneous lava/sea data from La iesa Village

and Monterey Bay:
1. 10:32 AL to 2:3 P, 25 illy 1982

2. 11:22 AM, 17 Aag. 1982 to 29:10 AM, 18 Aug. 1982

3. 09:32 AM, 16 Se.. 1982 to J9:58 AM, 17 Sep. 1982

This represents 50 hours and 33 minuaes of accumulated data

du-ing three collection runs.
Sections A and B above illustrcate achieveiient of he

stated goal to develop a data acu-isi.ion system with a

capabil:.ty to gather simultaneous lad/sea data with high

quality in great quantity.
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C. PLOTS OF PROCESSED A ThAL Dlt:A

Appendix I consists Df i ubi:f actua. data p2.cts. It

is a0t the intent here to z-ay. plots but, to merely
illustrate the progre;ss sE the NavA Postgraduate School's

*Geoamagnetic Research Team ?ffor-,. )n-going work in data

analysis includes power spazt-ral. d-Bs.ty cohereace, correl-

latlor and directionali-ty studi=-s.3
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V. CONCLUSION, AND ?F.COMIENDAMIONS

A. CONCLUSIONS

The Generation II systei designed for this research was

successfully emplcyed in tbie =ontin.ii:. _--fort of geomag-

netic data collection witi the SDac.cf c task of recording

quality simultaneous land/sea data w:th increised quantity

over its predecessor systems. rhe lata collec':ed with this
system was only limited by power sup?.1ly cipacilty and by the

schedule cf the Research Vessel Acaaia.

B. RECOMMEN DATIO NS

A better means of pos it onig the sen.hes on th-

seafloor still remains a p:Dblem. r t ability -: accurately

position and detect sensor ori.entatin will -be.:.me critical

in future data acquisitioa and corp:vn- fieli correlation

experiments. The exact o .enation nathod to use will be

directly related to the acilisition sfst -m zhos;,a for future

measurements. A flux gate migneton-t.z:. may possibly be

employed to indicate orientition of :.he antenna coil sensor

assembly to the earth's magneti: fiell.

Althcuqh, the research team aad the shipIs crew were

well versed in the system's zonfiguratio'n and deployment

techniques, the deployment time avera;.-d about 45 minutes as

a result of the system's 3izs and zompixity. ?urthermc:e,

deployment could only be iccomplishe. in calm seas at a

o maximum depth of 200 feet. To allewiate these problems the

desiqn of a generation III system is re7commended. The desian
should include size redu=tin and system simplification. The

simplification may be azhived by :oaicer.tration of severa.

gene ratio III components lato a single package.
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Additional problems t: overzoa=_ :n futur= svstE-s are

the lack of robustness of the spar nuoy and fiter optiz
systems. The antenna ground plane :L-me ts w!: ie man-ufac-

tur.d from aluminum and ocassionally fractured uander stress

during transportation or deployment. Future systms should

utilize stainless steel el-aents. rhz spar buoy sank on one
occasion due to compression of the uoyancy :ol'ar luring

heavy seas. The buoyancy collar suDild be _ep';.ced by a

noncompressable floatation dsvizc. Duzing :ec.r:y, the

fiber optic cable was criasiid on on _ occaslon k kin-ed on

another. This prcblem may be corrctael by uti'.zig a fiber
optic cable that is jacketai with a heavy r,2bber sheat .

A final recommendation is to inzorporati_ a prissure

sensor to measure surface ad int.ernal wave ac-iity. This

additional information will allow the analyst tz detzermine

the contribution by waves to the omane:ic a.

I
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IAPPENDIX A

A. EQUIPMENT SCHEMATICS

The equipment utilize 1 in this projec- dat -,,c; ly
designed and/or construzt.l, comlac:illy I v iiicle or
available through military chaanels and locally :nc/ _d.
The system equipment schematics ira present i : the
following figures:

1. Preamplifier (Figure A.li

2. Magnetic Activation ircuit (Figure A.2)
3. Pre-amp and PCM Prezznditionar (Figure A.3)
4. Pulse Zode Modulation System (Flura A.", A.5)

5. Optical Transmitter (Figure A.5)

6. Optical Receiver (Figure A.71
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i! APP ENDIX B

A. SYSTEM AND EQUIPMENt PREPARATIO1

In order for equipment to p:form and perate as

designed, certain p_:eventiva m : t a=e measures and prece-

duraJ steps should be taken. Such prudent steps, especially

in undersea research, will most ertainly allow maximum

results and prolong equipment life.

The following lis- s=-e: es is :% calination of lessons-

learned i. previous and on goin; prjzot work:

1. Spherical glass Lastramnz.n: spheres are composed of

two Benthos glass heaispher-s which have precision

ground mating surfaces. As 1bsse surfaces are susep-

table to chipping, zare u!: -e taken in handling.

Durinq assembly of tae housia g prior to deployment,

certain procedures are nse-ssazy to maintain wazer=ight

integrity:

a. The glass soa ere snhu.A bi dry and warmed to

room temperature asing a neat gun -o ensure adhe-

sion of the sealliag tape.

b. All mating s-rfacas iast be cleaned with a

solvent such as alcohol to remove iay foreign

matter, grease, Dc oil.

c. Prior to sealing the sph.zre, careful inspection

of all equipment, aiect:ical connections, and

packing material should be nale. The ase of check

off sheets and color =odiag was found to be parti-

cularly helpful in avoiding operator error.
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2. Electronic equip snt- A g:i-r-i concern is the

proper application of power supply v'l2.age;. Assembly

of a large number of Blect-icaj. ZTq ent w:h- r,-he

confines of a small gliss sphere, nezessit.tes careful

planning and utilization f Iinitd- p ow e resources.

Improperly applied voitages may -asult Ln damage to

electronic circuitry and/or loss of data. Certain

pieces of electron-: equipmeat t:u_:, particular

consideration as fol! s.

a. Sensor system- After the sen3:z co.Is, preamp-

lifiers, and their batte-y power aupplies ara
sealed in their respecmive sph, res, a voltage

measurement shouli be takla tc prsu:-e operation

and then the dea::ivation naane-. oo.itioned over

the reed switzh such that th e voltge drops to

zero.

b. PCM system- ext: a ca :e shoBld be taken to

ensure the x-zoil is cosaet+ 6 to the x-input

channel of the preconditn a-inplifier and its

x-output is coraected to tft? x-inpu: channel of

the PCM systea. The sarle h o2ds for the y and z

channels. An error in t+ 2s zonn.ctions will

result in the #ron- t -Iaa sez funztion being

applied to the lita luzi.g tan computer assisted

data -analysis. re pr-ceaa:s identified for the

sensor system aoove, hol _ as well for the PCH

system.

c. Tape recorder- The recorder heads and capstan

drive should be zleaned aid demagnetized before

each acquisition run. This azt'on will e.nhance the

signal to noise :atio and naximize the decoding

speed. High quality 1900 foot tapes are

recommended.
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d. Fi ber optic data 1--:-k- BeforE: ~ag gth

fiber optic data 1link enz:)sure, itys:9m check

should be run to determiae that r: out*Put 4s

20O-2140mv. Beforez connectir; the power z~bles care
should be taken to ensure the trar: L .zer power

leada has the ground on te pi _J r with a
dimple on the =onnector cisl.ng. Th-1 4.*aols shculd

be aligned with the i.,dan : n ~ &ile power

Iconnectcr mounted in the ani cap sf~h :rans-
mitter enclosure. Simillar- st eps shoil i be taken

regarding the PZC! data input. This concern. i sn't

necssary with a~e rezeiver Do wer Jrpat as tsa

keyed ccnnector. Once the zonnectiovns are ma1de

remove 'he actiting magnat from the PCM sphere

and observe the il Ms~a na~oclooe

Adjust the trans-ni 'ec Po)wer adiust- utentfometer

so that 200-243 m I jS obse rv e d. Set the

O-degree/180-degvee phase s~witch ts<e 0-degree

position. Package the enclosureas as fj'..ows:

1) Clean ")"1-rings, "3-in jcoovss and

mat6ing Sur fac -esW wti 0loh

2) Ligahtlt lubricate floo-4:-r= and~ pipe
mating surface between "-ig :dpeen

wit6h vacuum greas-s.

3) Open weit olugs arii -ently slie end caps

on-to the enclosure ensur-ing thE elzctrical

wires are --lear. CAJri:)N: care should be

taken not to kink the fiber optic =able.

4i) Both anciosures should be secured to the

dispensing rael as shown in Figure B.2 and

,transported as a separ3.te componeat.



3. Batteries- Gelyte ba-tteries ire used froE n:t power

requirements. These batteries ihoud be checkZd 'rior
to system usage and a systematic approaza :'_.di n g

service use and chargiag interval zhould be taken. The

mercury batteries usel in the sensor sphe.es -vtde a

constant power sour: a throughout their r a o n ded

life, but should be relaced at n=e frequetr.- iw:ervals

to ensure successful system opratior..

4. Connector/Cables - Before aai after eaaa us=. in a

corrosive environment, all :onnectorZ s h I d be

thoroughly cleaned to extend service life. All -ubber

connectors should be lightly ilbricated with :-:icon

* grease to ensure el!eztrizal z-tinuitV aaol nrEvent

water intrusion. The use of olor codin o- cib-l an

connecters lessen the possibi.6 t of err r a r i

highly recommended.

B. SYSTEM DEPLOY MENT/RECOVE RY

On the scheduled day of system deployment, -he o:evi-

ously prepared system components are taken -c zhe Monter-_

Bay Coast_ Guard Pier by pick up truzk where t: y are on

loaled zo the R/V Acania. rhe on lou :s acconolshe with

assistance of the ship's crew an its oz-b:u-:d ca-ne.

Figure B.1 shows the shipb)ard layoar- of system comaen.nts
that has proven to be the iost ffiz's- st-a-ti-; p10No

shown in the figure is the fiber opti: i.ata lank urd :.age

reel. It is tamporarily stored -:i ta- aft deck house with

its interconnecting elec-rizal zableas.
The following steps are taken to fazilitate final prepa-

ration and deployment. The numbers !n parenth=sis --fe_ to

the numbered items in Figu.. B.1.
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Step 1: The crew pisses the main suppo,.t n (.

through the A-frame boo2 block to the winch on to of:

aft deck house. The line is reeled on to te w7nc .iI

allowing enough slack so the line may easily be run down -
port side of the ship out of the way of the ,Jow on ope:a-

tions. The other end is secured to the sensor system,..)

harness by means of a bowline.

Step 2: The spar buoy is ass amld star-iz_; with tr~

power supply section (6) iad the freea floodin, section 1 'c. .

The interconnecting cable (11) is zonnected to th_ recec-

tacle in the power supply section's water tight p!,iq an.3

passed through the free flooding section. Remove six 1/-20

screws from the fraefloodi~g section. Align the mating "nde

marks on each section ani mate the sections. Additior.a

alignmen- may be achieved 'oy applying a long saafted zcr-w
[. driver as a lever in the free flooding ports. Secure

sections with the sccews previously removen. , Before

connectir.g the power cable to the transmitter section (8},

ensure the dummy load is in place on the sect ion's an t :3.

output coaxial cable. Make the power zable conna -. ci. M.ate

and fasteL the free flooding and t:ansmitter sectio-s as

before. Lo not assemble the ant-enna 2ast (9) :)n the spa:

buoy at this point.

Step 3: Take the fiber optic transmitter, caceiver and
storage reel, packaged is shown in Figure B.2 from the aft

deck house. In the vicinity of the cia buoy (51 remnv( the

electrica. tape securing the transmitter t- the stora.

reel. Using -are not to break or kink the optic cable, re

off enouqh cable so that the transmitter may be positioned

on the "nstrumentation seaztion (41. Carefully align and

thread the axle into the hole provide- in the center of the

electrical connection side of the can buoy. righten the
.fittir.g until it is snug. Secure ta? can buoy to the deck
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Figure B.1 Shipboard system component layout.

winch wth line to prevent the buoy from rolliag when the

ship is under way. Do not fasten th= alec-r'1 -I onnections

at this pcint. Position the optic :ransmitter against -he

instrumentation subsection (4) fraa stween the two spher s
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(on quick release clamp sile) with the fibe: optiz ac

protruding fro)m the power suppl~y sphere end of the -~~

mi*tter enclosure. Ensure there is sufficient room fcz- ;7la

tr iz al cable connections at the P: I sphere end of the

enclosure and securely fasten. the transmitter to th z:71 Me

with two inch Benthos glass sphare saling tape.

electrical tape

I wedgeI

banding strap

Pigmre B.2 Fiber Optic Enzlosares (11 and (2), and stcra79
reel (3)

Step 4i: Connect data transmission cable (3) tn te

sensor subsection (2) us,.g color c:ia for easy and ro

free connection. Prior to making =Dnnecti-on apply a thi-n

*coat of vacuum grease 113 all zoanecto: shafts. Make

connecticns and secure them with the lozking slaaves. Do not

screw locking sleeves too tightly or lamage to the sleeves

may cccur. Fast"en the other er.i )f the cable to the cables

*protrudinrg from the pulse2 code modalation (P:Mj sphere.
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Con.ect the PCM data cable to th. optic traasittE: .ata

input connector. Use care ro match the dimple or, th!

connectcr with the indent on the connector housed 4%; t.
transmitter enclosure. rhis is essential with al the tu

conductor Brantner connections in tag system. Fai *"-e t-

fcllow this procedure will result in damage to t:i:.
electrical components involved. Coanect the power cable
between the power supply sphere and the cpt-Lz tzra *dn.T'.

enclosure. Now connect the power cable between the -:a7 bua

and the receiver enclosure.

Step 5: Test for idle PCM signal by connecting the t-s s
cable between the optic receiver enclcsure and
oscilloscope. Remove the pDwer actuating magnet on th; -:>p
of the PCM sphere. Adjust the oscilloscope t: observe 2UC

my PCM signal. The signal should sync reasonably "d,&iI.
Remove the actuating magnet from th_ ienso: sphece (one : -

time) and observe the PCI pulses run. TLe syst i- :,

checked out from sensors through the fiber ptic l' ,k.
Remove the optic receiver 1t3 output tast cabl_ and l,..ti.

the data cable between the can buoy n the optic rceiv-w

enclosure. Install the spar buoy cable (10) tc the caa bor

and test for the PCM signal by plizing the os- lbsc,
probes on pins 2 and 3. Replace the magnets on t-he seni a: -

sphere and the PCM sphere. Disconnect the spar buoy cable,

the optic receiver power cable and the optic racsiver dnta

cable. The sys-em is ready for lsploynent.

Step 1 through step 4 aay be aczconlished along side :.h

pier or en route to the deployment loaLtion.

Step 5: Fasten the line and cable to the spar buoy. When
on location (180 foot depta for this eacample) and the ship's

anchor is properly set, the shi:'s -.rew will faste n the spar

buoy to the on-board crane and hoist it over the starboard

side. When the fastener is at the rail, a timber hi-ch is
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made about the spar buoy shaft and the spar baby s3 ma.,

fast to the ship's rail. The crane than may be "co.- '.

Remove the four 1/4-20 heKhead bolts from the toa t- :he
spar buoy. Remove the dummy load from the end of :he ccaxial

* cable and connect the cable to the caole in the intenna mast

section (9). Align the mating inder marks and mats h.

sections. Secure the saztion in place with z. bcit

previously removed. The drench utilized for -hi; poceduri.

should be fastened to the operator with a string to prevent

loss over the side. When the se:tiorns ce secure, th= t i T,

hitch may be removed and the spar ouoy lowered into thl

water by the nylon tending line. When stable in tae water,

*remove the tape on the spring loaded antenna g:round onine.

The antenna ground plane pcesents an eye hazzard. Use c- te

in tending the spar buoy. The spa: buoy cabla shcu i rd

faired alonq the starboard sidq outboard of Ynv
obstructions.

. Step 6: secure the sensor c-able co.nnectors to one of h _

- . •sensor sphere hardhats using electrical tape. Remove nt

actuating magnets. Allow some slazk and tape the ooxi

cable (3) -o the main supp:t line. Tr_ sensor sabseztior iS

hoisted up and the A-frame adjusted aEt until thz subsect-izn

" is clear of the ship's stern. he sensor subsec-ion "s

lowered in ten foot increnants. A liberal amoint of siack

must be allowed between fixed ooiats along ths coaxil

cables between the sensor sabseation tad the irst uie.ion

subsection. Electrical tao_ Is applied at ten foot intarvals

of the polypropylene main sapport lin.e. A tab is place.d on

the tape to allow for easy removal lu.ing recovery.

Step 7: When approximitely fifteen feet of the cable

remain, the A-frame boom is adjusted in so that the main

support line is very clos. to the stern of the ship. An

* ample amount of fiber opti.: cable is -eled off the storage
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reel to allow the instrumentatioa subsection z_

positioned on the stern witt PCI end down and gick rs_'_

clamps toward the line. Tle main support line is lower d tr.

where there is sufficient slack in the last section of th.

coaxial cable. The cable connectors are fastened to the

Instrumentation subsection frame with electrical tape and

the actuating magnet is razoved fron the PCM sphere. The

quick release clamps are made fast to the main support lin=.

The main support line is hoisted off the deck and again "h .

A-frame bocm is adjusted aft until t a load is clear of the

stern. The load is lowered again in tan foot increments and

the optic cable is fastened to the nain support lins with

electrical tape as before. Care lust be taken to prevent

breaks or kinks in the fiber opti: cable. zoordinati:n

between lowering the load iad reeliag off the fiber optic fs

a must. When the 170 foot marker (two black stripes '153

* ft.) fcllowed by two suc-cz-sive single black stripes o.i -:..
main support line) is at the A-frame boom block, the win:h

lowering the system is stopped. The emaining fiber oEp-ic
cable is secured to the storage re-eL with a rubber wedge

inserted in the storage groove and taped i place wi-h

electrical tape. The storage re is immobilized Zy

fastening a piece of parachute ord from the can h'oy

strongback through tae storage reel spokes. The power and

data cable connections are made between the can ouoy and :Ih

optic receiver enclosure. The spar buoy tendiag lins :s
fastened to the can buoy by means of i shackle and the soar
buoy cable is connected tD the can bioy. The tain support

line is lowered until the 170 foot mark is at dck level.

The excess fiber optic cible must be carefully tended at

this point. The can buoy jaick release clamps are made fast

to the main support line. The load is hoist-ed and the

A-frame boom adjusted aft SD the load is clear of the stern.
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The can buoy is lowered int3 the watec with the excess fiber

optic cable. Simultaneously the spar buoy cable is released

. over the side. The end af the polypropylene main support

line is unfastened from the wiach cable and fastened to a

marker buoy then released 3ver the stern. The system is now

3 deployed.

Step 8: Check with ta. receiving staticn personnel to

ensire they are receiving a sea side ?NZ signal.

* Step 9: The recovery operatio' is just -:he reverse of

the deployment operation omitting the systs2 checkout

procedures.
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APPENDIX C

A. SYSTEM T.RANSFER FUNCrI)NS

1. Introducton

*The triaxial coil nagnetomter system is diagramed

in Figure C.1. Presently 9nly the lani based system employs

three coils, the ocean system uses two coils. The data

sensed by this magnetometer system is given by Vx(t), Vy(t)

and Vz(t), the output vDlta1ges gaenerated by the input

magnetic fields. The magn eti.- field componez ts are the

desired results therefore the system transfer functicn must

be letermined so that it =an be revoved from the output

voltage. In the time domain the relationship between the

output voltage and the mignetic field is a zonvolution

integral:

V ') - i (t - t bilt') 1t'11

where i=x,y,z. It is more convenien: to erpress equation 1

in the frequency domain by perf:)rming a Fourier t-ansform:

o=Hi (w) Bi ) . (2)

The transfer function Hi (w ) can easily be determined in

terms of the ratio of outpat to input.

The next sec+ioa liscisses the components of the

system and attempts to develop a system model. The lasz

section describes the calibration masurements and the

experimental determination 3f the tcansfer function.
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I

Fiqure C. 1 System Component Configuration

2. S.vstem D2M,-_.ejion

the coil magnetometers are composed of 18 gauge

copper uire with approximitely 5463 turns. Th:_ individual

tr4aasfer finction for the :oil is:
Vc (u -j KB (W) (3)

where Vcj) is the spectrau of the vol-.age di,a:tly out of
the coil and K -s a gain fa:tor.

The next component in the system is the preamplifier
low pass filter. The preamplifier essentially introduces a
gai'L of 1000 so the voltige signal :-an be sent to remote

instrumentation. The 1i pasS filtzr is a five pcIe
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Chebyshzv wit.4h a 3dB cut~ff at 2) Hz. The f ilter is

priaiarllv used to remove 5) Hz signals from the systrs and
to pre'--te the data b-afore it is-giaizd An addi-

tional ocle is Introduced because 02f. a capacitiv coupling

between zhe second and thirl stages DEf the filter:. ?igure

C.2 shows a pole-zero 14iram of the preamplilfier. The

traasfer function takes the fcrn:

H(jW) K (JW+ a) iwb) (jW+c-ji) (jw+c+li (-iw+e-jf) (jw+*j.f) (4I)

where K is the gain of the preamplifler and the ::oeficiets

a - f ae taken from the pole-zero Iiagram.

*The Preconditioner has additional gain of approxi-

ma+'=Iy 1000 and has zener diodes to Limit -he input voltage

to :he SC board. T ypi= all y the catoff is aro)und 7 -:o 8

volts.

The 3agnitude and ojiase response of -the oreamplifi-

Gr-fIite_: and preconditioner are shown in Figures C.3

through C.8. The inTput test signal genera-ting triese curves

had fl"az magnitude and phase charaztsr as shown In ?i-gure

C.01. T figures then reoresent the actual trasfar func-

tions of the preamplifier-filtear prezconditionez systemn fLor-

t-he x-y-z channels of lanI and ocaa sensor systems. The

fiqures show that the channels are well matched ,i magnitude

and phase. The phase response is linar. and virtal'y Iden-

tical II-6n every c ase. This is an important point since the
* phase part of the transfer function Is not removed from the

output vcltage signal. Hoyi aver, siace the data analysis is

_ n t er MS of power spectral densi-ties and coherenczs this

fact has no bearing on the results.

EThe -total transfer function of the system is the
product cf equations 3 and 4. Based or, 'these formulas and

-the figures, t he resulti6aa transfar functi4on should be

fairly "-inear at the low frequenc-y end.
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3. Determinaticn of the S stem trinsfer Funtion

The ma gnitude of tae sys-ea transfer function was

det.arminad experimentally through the use of a Helmhcltz

coil, a source of sinus oid!l =urrent and a spectrum

analyzer. The ezperimental set up is illustrated in Figure

C.13. A or.e turn Heimholtz -oil with a 0.61 meter radius and

a 0.61 meter separation between coils is used to provide a

calibrated magnetic fiell to the sensing ccL.. The sensing
coil is placed concentric to the ielmholtz =oil and Is

ce .tered vertically to ensare a ua.ifrn magnetic field is

created abou- the sensing :oil. The mugnetic field in this

region of the Helmholtz zoil is dirc9=t-d along its axis and

is given bv [7]:

EAH 6NI/5 5R (5)

to terms on the ordEr of (L/R) where L is the linear dimen-

sion of th. region, N is the number of turns, R is the

Helmholtz coal radius and I is the Iriving curcent of --he

coil. The div'ng current is produzed by a Wae-ek signal

q enetato: model number 12. rhe cacrent is measured by

reading the voltage across a 995 ohm resistcr in series with
-he Helmholtz coil. This voltage is measured by a spectrum

anly er (HP-3582A) to avoid any spurious signals generat,

by harmonics. Once the iriving current is known, then the

calibrating magqretic field can be determined. The voltage

outout of the sensor systm is then aeasured by a spectrum

aralyzer. By repeating the measuceents a, a number of

different frequencies and applied fields, the system

traasfer funrtion can be measured.
The actual calibration was conducted at the La Mesa

village site using the setup illust.ated ir. Figure C.10.

The Helmhol:z coil, sensing coil and preamplifier are

located approxiiately 40 meters from the shack which housed

.9A



I i) j

-1 FIR~ CONDITIOUR OW'IA:L. A
I z

I .I

Figure C. 10 System Calibration Experiment

the remainde: of the experiment. With the Helmholtz coil
disconnectad, the backgrouni magnetic noise of this location

was -epeatedlv examined to e.nsure azzate readiags. Figure

C.11 shows a typical backgcDund noise ?lot from the spectrum

analyzer directly (therefore the --riasf.r function has not

been remcved) . The distiact featuars are Schumann reso-

nances, ctherwise the ba:Icground was low enough and stable
. enoigh -o adequately calibrate the system. Only at the

Schumann frequencies was the background subtracted from -he

measured output voltage. "alibration runs were conducted

-. frou 0.05 Hz to 20.0 Hz oith applied calibrted magnetic
field of 0.02, 0.2 and 1.0 nanoteslas (gamma). Figures C.12

through C.16 show the resilting calibration curves of the
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land and ocean magnetometer systems. r. = true transfer func-

tio is :epressnted by the 0.02 nr field of the Haimholtz

coi.. The larger applied fie9ld siow saturation by the

- system caused by the proteztive zene: diodes in the precon-

ditioner. At the low frequency end, all the systems are

closely matched. At 1 Hz in output viltage of 1 v indicates

iVo A(mV)

III

I _T Z

Figure C.11 Background Gaomagnetic loise f(Hz! 05/20/82
1513 hrs.

a me asured magnetic fiel f 0 .4 nT. k 1 nT fielI is

saturated above 2 Hz.

The computation of the actual equations representing

thp magnitude of the tra.asfar functions presented a distinct

problem because fitting tha dati to ti_ theoreti:al transfer
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Figure C. 12 Land System I-Coil Calibration

fun.tion cf t e previous s-ztic.n is difficult. Ileally this

is desi',:abl _ since the phase chaz acter of the syst;

tra sf .r function can then be iaferr . Howevar, since the

priuary area of interest 's in the tower frequency region,

the t-ansfer function was modelal in terms of linear

seqments. rhe equations derived ia this manner have a

maximum error of 1% in the range of 3 to 10 Hz aa. 5% in the

10 to 20 Hz range.

In the actual computation each curve was broken into

convenient segments that could be represented by a straight

-* line. The range of the s .gnents were 3 to 3 Hz, 3 to 5 Hz, 5

to 7.5 Hz, 7.5 to 10 Hz, 1) to 15 3z and 15 to 20 Hz. For

each segment the slope was firs: computed by:
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Figure C. 13 Land System Y-Cil Calibration

1= (Y2-Y1) /(X2- X1). (6)

Once the slope o_ the line was found the inter-ection with

the Y ax "s (b) was found f:m:

Y=MX+b. (7)

These computations were performed f:r each segment to yield

a series of five equations to mold zach_ sensing aoi. and

amplifncation system. 'e individual transfer fincticns can

be found in the computer program, see rable I.
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I&BLE I

Transfer Fiiactlon ::ompa-r Programa

EA: F l OT2

N XXO (L)=XX jJ 81.36+17 066*FRQ-.5389*FRQ*FRZL
FY =YO L / 6.3+i70*RQ3229 I2rQ
30 TO 8

2 IF(FRQ.LE.1O.)GO TO 3
r CXO (L =XOL) / -18.486+4. 9029*FR2)

30 TO 8
3 IF(PRQ.LE.7.5)GO TO 4

xO (L)XXO6 (L)/(.L7F-93
YOIL /(3 4*FR:9 5L)=YYO L) / (295*FR2 11.837

30 TO 8
4 IFAFRQ.LE5.'GO TO0 5

(L)XX(L / (2!81054'FRI-0.56571
fYO L) =YYO (L/(2.8OO*FR -.501
30 T08

5 ZCXO (L)XX0(L)/(2. 723*FRQI
YYO (L =YYOL/ 2.717*FR~I

TO 8

LAND:
1 IFjFRQ.LE.15.)GO TO 2

x. -3.*F14 3O. 7

YY L =YYY L)18(1 .32*-588Q.

* 5~ IFIFRQ.LE 10 GO T 63*R+ L67
7 YY L =YYY(L /27O26*FR 3 9

6 CX L) =XXX(JL) / (3:.72*FR:

L)=YY )/(4 52*FR 196



APPENDIX D

A. PULSE CODE MODULATION SYSTEM

The PCM circuit components are zinted on a 3 inch by 15

inch printed ci-cuit boarl with a 15 pin double Sided eigs

connector at each end. The pia assignments for the signal

connector and the control connector at.e listed ia tables D.1

*:. and D.2, respectively. Th-. circuit -' diagramed in figurs

A.4 and A.5.

rxBLE 11

Signal Connector Pin Ass ,nment

PIN ASSIGNMENT

B chan nel 2 in5at ,nalogi
C channel 3 inpat .n& log
D channel 4 inbat analogl
E channel 8 +npat .nalog
F channel 7 - a 1t ana ogi
H channel 6 inpat na ::lI
J han nel 5 in;t anal 3g

channel 15 inba t Inalogi
L channel 14 inbit .nalog'
M channel 13 inpa t analogI
N channel 12 inoi- 6 nalog

channel 11 input analog,
R channel 10 inott analog)
S channel 9 in 0t analogi
1 -15V (max.)
3 common (s2gnall

15 +15v (max.)

The PCM system incorporates a zrystal oscillator and

associated CMOS integrated circuitry 6o develop the clocking

pulses, a 16 channel CMOS &aalog multiplexer, a 12 bit CMOS
analog-to-digital converte- and associated circuitry to

provide the pulse coding.
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TAB LE III

Control Connector Pin Assignment

i-iP .. ASI G.MENT

2 Wo
3 EXTDW2 IN
4 EXTDW2 SEL
5 SAMP. RATE SEL IN
6 DCL
7 POWER GRD.
8 *157
9 NRZ- L

10 Bi0-L

13 C2
14 C4i
15 C8
A TX FILTER INPUt
0 SIG GND
C TX FILTER OUTPUT
D SIG GND
K -15v
L +12V INPUT

SAMPLE RATE 123
N SAMPLE RATE 64
P SAMPLE RATE 32
R SAMPLE RATE 16
S SA6PLE RATE 8

The crystal clock oscillator operates at . frqquency of

24.576 KHz producing a sgiire wave ;utput with a loss bit

rate of one bit in one million. This pulse tram, with pulse

du-Ltion cf 20.35 microseco.ds trigge:s the clock input of a

binary up counter Z17(1/21 and is also routed lir-ctly -o

pin M of the control connector. Pin 2 of Z17 is the coun:er

enable input which is connected to V+ thereby constantly

enabling the counter. Pin 7 is the reset input which is
grounded. The counter is -omposed of four toggle flipflops

thac are incremented on the positive joing edge Df the clock

pulses. The flip-flop outputs Qi th:ugh Q4 1-e routed to

control connector pins N,P,R, and S, c.spectively. The pulse

repetition rate at pins 1,N,P,R, saai! S represent sample

- rates of 128, 64, 32, 16, and 8. 59lection oE the sample

98

0



rate is dependent upon the lyquist sampling criterion. if f
is the highest frequency of interest in the analog data

being sampled, than the sample rate should be equal to or
greater than 2f for urbiasal resolutioa. Curr.ntly a sample

rate of 64 per second is employed to ensure the Nyquist

sampling criterion is met over the frequency range of

interest (0-20 Hz). A connection between the pin that

represents the selected sampling rite and pin 5 of the

control pin connactor will establish that pulse repetition

rate as the system clock.

The clock triggers Z3, a four stage binary up counter.

Z8 inputs consist of a single :lock, carry-in (clock

enable), binary/decade, ap/down, preset enable, and four

individual jam signals. Foar seoerate buffered signals and

a carry out signal are provided as )utputs. Ve input oa
pins 9 and 10 configure th-- circuit as an up binary counter.

The jam signal is selected to develop the data word length.

The counter starts at a coint of 4 as configured and counts

to 15 (12 counts). CCO goes high setting Z 2. The preset

enable signal on Z8 receives the high set output from Z12

(BT:R) and the Z12 ccunter is asyncnronously preset to the

* jam signal count. The preset count is gated through Z9 and

Z10 and the convert start signal t) Z3, the 16 channel

analog-to-digital converter. The carry out signal (CC5)
fron the Z8 counter acts is the :lock input to Z17(1/2)

another four stage binary up counte.. Its outputs, Qi
through Q4 represent the multiplex chinnel enable signals to

Z2, the 16 c-hannel analog multiplesr. Each channel is

enabled for 12 clock pulses. The analog multiplexer,
Ldepending on the state of tae multiplex enable signal,

switches a common output to one of sixteen iaputs. Its

output is amplified, conditioned and passed to the 10 Volt

input of Z3, the analog-to-digital .onverter. The parallel
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digital output of Z3 is passed to Z4 and Z5 fo- parallel-to-

serial conversion. The analog data word (ADW) is gated to

NAND gate Z11 along with --, DIr; aad EXTWD2. Wo and Wo are

developed in NOR gate Z9(1/2). Wo is high when :1 through C8

are zero and low otherwise. Then using Z17's zounter zero

count as intial sequencia. point, the frame sync word is

passed through Z13 pin 13 followed by channel 1 through

chaanel 15 analog data w:.:ds. Z12 and Z1u develop the

signals to be biphase logic or non-return to zero (NRZ)

logic. This system feeds the biphas. logic BI L through

low pass filter and a sigal conditioning circuit where the

modilation index is set. En the sea system the offset and

gaia potentiometers are aij usted sD the signal conforms to

TTL levels. This final output is the lata input to the op-_ic

tran smiter.
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i[:. APPENDIX E

A. OPTICAL FIBERS

1. F ib~er es

Although many types of fibe:s have been rred in the

recent past, present technology favors three classes of

fibers for optical communizzations: single-mode step-index,

multi-mode step-index, iad maiti-m) Ie graded- index (see
i' Figure E.1I).

a. Single-Mode Step-Index

Single-mode fibers are typlified by a very thin

cori (1.5 to 8 micrometers) with uaifor index of refraction

sur.ounded by a cladding Df considerably greater thickness

whose index of refraction differs by a very small amount

from that of the core. r e "single mode" feature can be

att:ributed to the abrupt interface between core arn cladding

as well as the small chan;_ ia the :.fzac-ive index. The

cladding material is lossy so that any modes ia czcepts will

quickly attenuate and not : _uple bazk into the care. Since

the difference in refractive index from core to cladding is

small, the numerical aperture is small also on the order of

0.14. The small aperture makes coupLing to source/detector

difficult (8, 9).

b. Multi-Mode Steo-Index

The core diameter of multi-mode step-index
fibe Z.s are larger (25-15) microm.tars). The refractive

index is uniform across the core diamt-r [9]. rhe cladding
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refracti:ve index is slightly lower than that of the core.

The numerical aperture is small but tChe core size is largerz

thaa that of the single zole fiber, aLleviating somewhat the

co'.iplzng problem. The loss characteristics of these fibers

can be extremely low and la general ::an be linked directlIy

to the lower numerical apertures aad manufacturing tech-

nlques employed.

C. Multi-M1ode Gralad-Index

Graded index f Lbers appear to be the optimuz

-3 fbe (o f those currently ivailatlet 'or long 14ne applica-

tioas (8]. The fibers have core diameter ranging from 20 to

150 micrometers w=: an index of refriztion that varies as a

function of the distance from the =ore center as shown -a

Fiqu~e E.2. The grade in the inlex zeuoics the abrupt change

that 's typical of the stap-index fioar. The net effect i

that all modes cross the Dptizal a~is at aboat the same

plazas and at about the same tu [13].

2. Attenati~ i ?b -3 Waveauiis

a. Lo ss es i-n General

The princi-pal causes 'Dr attenuatioa losses

ar e:

1) Material abso rption: Tniis loss can be mostly

attributed to Hydroxyl !ad Transition metal

i-ons in glass.

2) ScatterIng: ]!his loss Ls primarily caused by
geometric irregularities at the core-cladding

in te rface.
3) Radiation losses: This loss is a result of

bending the fiber cable a. small radii- of
curvature [11 3
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Figure E.1 pes 2f Optical Fibers
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b. Scattering Losses

Ill transparent materials scatter

due to frozen in thermal fluctuations of constituen- atoms.

This intrfisic scattering represents the fundame.tal contri-
bution to attenuation in optical wav.guides. The glasses

utilized in fiber wavegaies generally have more than one
. oxi.e prsse:" that cause aaother form of scattering. This is

: due -o ccr.centration flut6tions in th constitu.nt oxides.

For high zilica glasses, concentration fluctuations typi-

cally account for only a. proximataly 25i cf the observed

scattering loss.

in addition tD these taD intrinsic scattering

losses, induced scattering through ion-linear affects can

exist such as stimulated Raman and Brillouin scattering.

Because of the sel core size, t e confinsd guidance and

the long interaction length, relatively low absolute power

levels aze required to observe such effects. Actually 2000

watts has been injected into a 2 Km length of guide having a

7S aicromvre: core diameter with no non-linear attenuation

observed 11 1.

c. Radiation Losses

These losses are associated with the waveguide

stracture. The cladding has in practice been, a thickness of

a few tens of micrometers. If the jacket is lossy (to

minimize crosstalk), some frac:tion Df the mode field can

reazh this region and be attenuated. Additional radiation

losses are experienced when the optical wave guide is

curved. The presence of autside perturbations on a fiber

cause light loss through th_ cladding. In step-index fibers

this mechanism causes a chinge in the angle of incidence of

the light rays until a zritical loss angle is reached. In

graled-index fibers loss ozurs from node mixing and loss of
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the higher order modes in a simular fashion. these losses

can become appreciable in fiber cables for underwater aopli-

cation. Losses as great as 1400 IB/Ki have been reported

r121.

d. Loss Minimization

Fortunate! 7 it is know-i th-.a fibers can be

protected frow microbendiag and .nzased in :Daszructions

capabie of high pressure [13 . The size of thes=e losses is

typically about 1 IB/ka. Mi.imization of microbeniing losses

*.( is achieved by encasing the fiber ia alterna-ely soft and
.. hard jackets. A Iransverse force apoli=d to the sti oue

jacket will be resisted al spread ower a la=ge area. The

soft inner ja-.k=t will comoLy with the force, attenuating it

and spreading it over a still large: area. The total force

will then be able to transmit to tahe fiber which is itself

siff. For examUe 1TT's T-1211 fiber is buffered with

RTV184, a silicon -ubber, luring the drawing process. This

has the advartage of protecting the fiber from cDntaminants

early on, ?articularily OH ions. A second buffer, Hytrel

7240, hard polyester elastomer, Ls then ap.lIed. This

* combination makes the fiber a good choice for undezwateir

cabling. Hytrel also g-ive the fibe:s hundreds of hours of

immunity from moisture '131.

e. Losses due to Hydrostatic Pressure

Hydrostatic prssures can aIso affect the atten-

uation in optical fibers. Silicon ribber clad silica (PCS)

is compressed in sea water. At 2300 psi, the numerical aper-

ture (NA) for this type fiber approaches zero and no light

is transmitted due to compression of the silicone and

increase of the s Uico,? index of refraztion [141.

a' Therefore, glass clae ibeL-s must be used in undezwater

cables.
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3. S*tatic ?atijj and Strenagth

a. Sin cer thea f--bar optic utilized in a data link

for magnetic data collection need not be a supporti.-ng

element of the system tha tensile strength is not a signifi-

cant factor.

While the theore-tizal strength of opti*;cal fiber is

more tha- 600 kg/sq mir : 15] the actual strength is related

to minimum strength pioir':s due to fLa.ws and crac-ks rA t-hea

fiber surface. Fo- r a boceak-ng st r aLn of 1 pe r cen, the

m~nimum flaw size must rie less than 1 micrometer, which i

diffi-cult to assure in Dr-.ducti-in runs '16]. Furthar more,

the growth of flaws is lirsctly related to temperatre,

applied strain, relative hamidity and even pH. k pH of 7-8

causes the most, severe flaw growth '17). This value jpproxi-

mates the pH of the oce.a.

4. Ca.ble Cor- fiauj-ation

. Is Cabling cf optical fibers atas the objective o f

* po'ding useable str;?-q-i at minimun weight while ensu=ing

environmental protect-'on. Extensive tests upon several

different configurations :)E aiai-cabLas for underwater use

* with and without conduztors has been conducted by NOSC,

Haw-a ii 18. T he fo 1 o wt ag presents3 some of these cables
whose characteristics may nake them saitable for underwater

j magnetic data collection operations.

Fi-gure E.2 represeats three oo ssi!ble cable arrange-
*ments, all1 sim-l ar , ex--apt for the compo sito of .he ba

bearing structure. This may be all Ke-vlar, a hyrdmix of

*K-3viar and S-Glass, or all S-Glass in an epoxy atri-x.

*a. Lightweight Siagle Fiber :able

1) Cable 5358 (all Ksvlar) : This cable

*survived 500,000 flexure c-y-cs at 2) percent loadi-ng. T'he
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1*. Lo os rddidx'ptclfbrt .3"OD

. /

,: - I
II
II

1, Low loss, graded index,• optical fiber to 0.O3S" 0.0.
2. Annulus of Dow Corning silicone (RTV 184) to

nominal 0.014" O.D.
3. Annulus of polyester elastoer (Hytrel 7246) to

nominal 0.020" O.O. I
"4. Loadbearing annulus to O.O. of 0.0401

I- say be:
a. 5058, twelve 380-Denier yarns of XEVLAR-49
b. Ten 380-Denier yarns of KEVLAR-49 and

S ENDS ITS-901 S-Glass
C. 32 ENDS S-Glass (nominally 6S:3 filaments)II

II
*. ,

Fiqu:e E. 2 Lightweight Single Fiber Cable
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breaking strength :f this zible is 225 pounds with a tensi2.e

strength of 180,200 psi.

2) Cable 5283 (Hybridl : This cable survived

2,370,000 flexnre cycles without failure at 20 psrcent

-. loaling. Its breaking itcangth is 227 pounds and tensi!e

* strength is 180,000 psi.

3) Cable 3033 (all S-a ss): This is the

strongesz cembination with i breaking strength :f 346 pounds

and a tensile strength of 275,300 psL. This caole survived

750,000 flexur- cycles 1. 20 oe:ant loading without

breaking before the test w ts stoppel.

Those cables :.astel by N)3Z Hawaii prov-.de -he
ext!nsion of fiber otic :Bzhnology co the undarwate- envi-

ronaent and those mentionie! above allow for utilization in

underwater magnetic data c:Llection.

B. LIGHT SOURCES AND DETF,:7ORS

Light sources for f4b ir optic systems regi_-e cer:ain

character'stics inzludin- :.Dng-life-tim= in use, high effi-

cie.ncy, reasonably low -ost, sufficient optical power

outout, cap abiit Y for va ricas tyDes of moulla-icn and

physical comatibili-_y wi.i+ fiber s.ds. There are three

basic configuraticns: 1iht emitzir. diode, sld state

laser, and semiconductor injec:or. laser.

1. Liqh- Sources

a. Light Emittinq )-iod_ (LEDI

LED's generate light wien carriers injected

across a p-n junction raiatively re=Dnbine, emaitting radi-

ation over a solid angle of 2w s:a.adians. The actual

output power emitted into a unit soliLd angle_ per unit emis-

sioa area is low for LED' s even though the total power
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output s -easonably high. a rLeie re two types of LED

sources available, edge emitters and I:oeed surface emitters.
Dom.d emitters are rather :omplex to mar.ufacture resulting

in adge emitter LED's bei g mce co-uonly utilized. Noise

introduced by LED's into tne optical fibers is relatively

small in most cases ar is poopo-tLonal. to the spectral

width and the number of trinsmissioa adess propagated in the

fiber. Typical power ve.sea drive :;.3ponse curves for LED's

are usually linear (see Figue . .31. Most available LED

sources have peak wavelengths of 3 to 850 nm and power

outputs of apprDximately 1 uw. r ED,3 ire corstrazted to last

in excess of 1 million hours 81, 81.

I. I
I,- I

.- ~ 32 I

j 26-

~24-G

Z 2I

I-i-2 Laser: DH, stripe width

it a- quantum eff. 3C5
. 4- LED H~mjunction,

0 C . Dome emitter,
-05 IV10O 20 3003io . dia

" DIRECT CURRENT (mA)

Figure E.3 Typical Power vs Drive Response Curves
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b. Lasers

Double-heterojunct~fon DH Laser structuires car be

made with relatively long 'ife :imes when the lattice parame-

tere of the electrical composi-ion in the various layers and

bou.daries are carefully matched. In the DH laser with

stripe geome-ry, the lasing region occurs only in the trans-

verse direction under tha width of the contact stripe.

The basic sem.'.:nductor mitarial for both LED's

and injection lasers is thE GaAs combination. Doping

elesents like Al, As, In, ;e, and Sb, are used to shift the

emission wavelength. The thresho!l zurrent for typical DH

lasers rarqe from 0.7 t3 14 kA/sq :n and the quantum effi-

cieacy from 10 to 50% compared wit 3% for an LED -- sulting

i I large incrementa _a:rea . e _ io utout power for small

increases in current bey:Il -ae car:.nt threshold (Figure
~E. 41.

C. Comparison

Virtually all _plizations of fiber optic tech-

nology for local data coinunizations to date have chosen

LED's for use as the source. Bandwidth distance rates have

bee. within the capabilitie o: this 19vice and its cheaper

cost, ease of use and op-rational -pa.iency have made it

competitive with lasers.

2. Detectors

In fiber optic systems, the most commorly used

receivers utilize photodi13des (either PIN or avalanche

types) to convert incident light into electrical energy.

}.110



a. PIN Photodiode (PIN)

The PIN diole conzists :f a relatively large

(very lightly doped) region sandwichel between p and n doped

semiconducting reaions. Paotons aba ,rbed In this reaion

- create electron-hole pairs that are then separated by an

electric field, thus generating in slectric current in the

loal circuit, The quantum .fficincy )f the photodiode is a

funztion of wave length inl tsmperazu:9 [8].

b. Avalanche Photo" "(APC)

The APD is dzsianel for applicatioas requiring

. greater sensitivity. Bezause of a strong el--Ctric field

arising within it as a result of ext-rnal biasing, the APD

, exhibits an internai gain nechanism. They require a considl-

erably higher bias voltage than PIN d'odes (bias voltages on
the order of 300 V are not iz lonl "]

c. Comparision of PIN an5 aP:

As a result of th- igh reverse bias require-

ments of the APD and th- --er ccnst:iLnt i

data collection system :he PIN d..ola is the obvious choice

for the system's detector.

C. TE ANS MITTER/R ECE I V ER

SOThere is a wide variety cf zoamerz-ially available trans-

mizter/receiver se.ts wita tae fall rags of scur:e/detectors

previcusly mentioned. The se prae-ide the necessity of

designing the asscciated circuitry. The Burr-Brown 3713T/R

* is such a set.
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D. SPLICING AND CONNECTIN;

A problem in many applizations 3. -.n joining one length

of fiber or cable to another, eith:.- 3y splicing (-elatively

perianent) or using zoaaect~rs (itend-d for repeated

disconnection and reccnnection).

1. sin a
Improvements ia i anufacturin -echnigues that

continue to lower fiber attenuation aive increased the need

for lcw-loss field splicing methods tiat will per=it greater

spa=ing between repeaters. The co:ipLrg 2.oss of a splice

depends or. two types of factors: thos-. that are intrinsic to

the fibers being spliced aal extriansi ones7 which depend on

the splicing technique. Intrinsic f3L:-.:rs :.ncluis core dia-

meter, numerical apertars, a.ad rz- ctiv4? i-adex profile.

These can be expected to vary rar.!isly l-ecause they are

influenced by the manuficturinq and luality control

prozcesses. Their effect on spli-e 1.oss can be treated

statistically. The factors int:oducd o- the splizina method

include lateral misalignmeat, end sp!. tiou,, and end prepa-

ration quality. Of these, lateral misalignment is the most

critical.

The ideal splicing metncd is n field asable tech-

niqae which minimizes these fib: extrinsic factors.

Splicing methods now avaiji ble dep=ni on either fusion or

adhesives r201.

a. Fusion Method

4 The fusior or "hot splice" method uses an elec-

tric arc or other heat source to fuse two fiber ens

together after they have b.en accurat-_zly aligned.

112

.. ..... .



b. Adhesive Methol

In t he adhesive Dr ms-aia approach, a

mechanical device is used to aign thz- fi;bers though refer-
enet teroter diazetars. Tha ffibers --hen are bonded

itt-o this position permanently, uasuaJ.Ly with an e3poxy

adheasive.

2. Ccnnetn

The same intrinsic and extrinsic ffac7tors_ apply to

the desi-g n o f fi.ber opti*- zonneczors with the added require-
ment that the connector system pE-rnit numn:,oas discornec-
tions and rematings wit-41ioit an. appraeciabls in1crease in the

coupliIng loss. There are two basic types of connectors:

*those which take the alignment refzere-nce from the out-side

* - diameters of the fi4bers themselves, iai thosq whirzi encapsu-

lae the fibers then :efe:ance the Date: d -meters of the

encapsulating members.

a. C Milary Type

The most c b v io as din ~se. 1 Dr. ilignwrent

the fibers themselves is the mating Df --w- fibers Inside 2L

precisicr. capillary with diimetzer on~y zi;gtly g;eater t-han

that of1 the fibers. A variation.z the cap-lir ipproach i4s

the quasi-capillary formead by thrse prezslonr roDs.

b. Other Types

The other commeccial ta:ainat;:ons fall ir.to the

second category. Some use a molded taper or cy2.:n.drcal

ferrule to align one fiber with anothar. Most :f the avail-

able connectors whi-ch use nechanicil alignment of machined

members are "dry" (they Jo aot use an i-ndex matching fluid),

and many are based on thez SMA-type :onnectcr !zeveloped f:):

6 rad-c frequency transmission over Copoer coaxial cable [20.
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E. OPTICAL D&T& LINK EN3INEERIIG

The following paragraphs oatliJ:. procedurs5 fo- ergi-

neering a fiber optic data link utilizing the 3urr-Brown

3713T trar.smitter and 3713R receive: (21].

U 1. Determininq the Zable Ty2e

Initially, the primary fator w hich de -rmines

subsequent design of a fib.er optic system is tras amount of

att-nuaticn expected. Fi.bers have been devel:)pe.1 which
exhibit attenuation of less than 1 IB/km. zomnsrcial,

fibers are available with ittenuatioi :f less thaL 6 dB/km

at 3.85 micrometer (22]. ai rugediz-i arade1-:.-i x optical

cables that were tested by NOSZ, Hawaii had att nuatior of

approximately 7 dB/km (23]. In zost apolication the cost of

the fi*ber is inversely proportional t) "ts tatir. ?o:
this reason, selecticn o)f fiber im sore drrelted

to dollars than dB [221. There a-- also env rcnmer :al

concerns. The mechanical stresses, anvironmental ts.ipe-atur-

extremes, and exposure to airsh cheni:als must be Ionsidered

when choosing a particular -able. Sih things as jiicketi.g

matarial and the type of aided strength merber-. (see Figur-

E.2) determine a cable's mechanical ail anvirc-.sr l

capa bilities.

There are three basic types 3f optical fibers to

choose frcm: step index, single-mode, ad gaid-indax. Each

type specifies the profile Dr variati)o of the fiber's index

of refraction as a function of radial distacE from the

fiber's center as previosly diagrcimed in Figure E.1.

While step-index fiber with a :;ore diameter of 200 microme-

ters or :arger is recoameded for use with the 3713T and

3713E as it is the best c3mpromise between ccre diameter,

bar.dwidth, coupling loss, and cost, the graded index type
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5089 (Hybrid) cable previously described is c r ote

into the subject system design. The outsie -

disparity is reduced by applicitior of severai jacke-s )f

heat shrink tubing. For short lengths of fiber, t1e

increased coupling loss associated with the sma!ler iaet~

core is tolerable.

2. Determln[inM Ljahah_ Power

Once the mechanical chiracte-ristics and =

type have been chosen, it becomes .eiezssary to analyzz ii..k

performance with various cables. rhS first inalysis ::

undertake is the power lauached into a particular calbe fro%

the optic transmitter.

Beginning with the LED sDirce, four imp . r-.:

optical parameters must be known in order to calcula-:c acc',.-

rataly the device's interaction with the system. These r--:

a. Total optical power

b. Peak wavelength of emissioa

c. Physical size of output port

d. Spatial profile of the emission oat-:ern

Total output power (Po) is aiSaily given i -'-_ :

microwatts. For convenience the opti:il power, as " :

the lossr.s throughcut the system aal the le-zzt:r -.s

J tvity, can be expressed Ja dB. The t.tal system loss is a.

sum of these individual components. r: convert t. LED -cral
power output to dBm, refer it t) a level of one iilliwatt.

LED output power(dBm) z 10 log(PD(uw)/10001 (1)

The peak wavelength of amissi3 , is nec-_ssary for

determining the loss of tie system fiber (which is a func-

tica of wavelengtl it is not unusual for fioer attenua-

Zio.i to double or even triple over only a M ) nanometer

range in wavelength.
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A power loss can occur if th-re is a isra-ch of

areas of the emitting port ani th S fiber end. This loss

expressed in dB, is:

LED-to-fiber area loss(dB) = 2313g(D2/D) (2)

where D1 and D2 are the 1iameters of the systen cores and

the LED output port, respectively. If D1 is greater than D2,

the area loss is zero.

The spatial emission patteri )f the LED's output

must be known, because a Loss can o:cur if the hi;h-crdr

mode rays of the LED's 3u:out cannDt be captnre _ntc the

num-ricdl aperture (NA) of the syst_-m fiber. Thi is cal!sd

NA loss. Most data sheets give iaforMation On nume:ical

aperture. If the NA of the LED is less than that cf :h:%

fiber then no NA loss Dcoirs at that interfaze. I f -e

system cable has the small.r NA, then the loss 13:

NA loss(dB) = 201cg(S source/.A system fib=) (3)

If there are no fiber splices or taps ir zhe sys:,

the remaining losses will :c it the fibe= et-.'c :.

Face. These losses may be calculated as described above.

Typical gap and aisaliqnmant displacn--n - in tha

- - various connector systems availabla for the fiber :_i.

active component package -re 3.15 ma and 0.05 am .- spzea-

tively. Angular misalignmnt in these connec:o-s Is v-ry

small and can be ignored.

Beginning at the detector and working ba:kwa-ris, nhs

required LED drive curret- can be calculated as follows.

Generally receiver sensitivity is a fiancti n of

bandwidth and desired bit-error-rate (BER). rhe Jetector

data sheet specifies the minimum power to be launched into

the detector input port for a given BER. The:efore, it is

necessary to calculate the coupling loss from the system
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fiber to the detector. This will yield the ootica. l :

required at the detector sad of the fiber. It is - a~

simple matter to subtract the loss of the cable to arr-vs at

the required launched power. Detector minimum power can be

converted to dBm by equatio, (1. Zible loss is calculate!

by multiplying cable leagth (kn by cable attenua- on

(dB/km).

PL = PDM - NALD - ALD - CL - FL - 31B (4)

where,

PL = launched power

PDM = minimum detector ower

1NALD = detector 3A loss

ALD = detector area loss

CL = cable loss

FL = Fresnel loss

For design ease the 37137/3 spezifizaton sheet 'Inludes tb.

graph illustrated in Figice E.4. ?iwer launched ma'i be

determined simply by entearig the graph with the =ore

diazeter.

3. D=t!er m.!n Maximum Cable Lnjt h

Once the actual aiaachel oo)d.- into a specific cable

(PLI and the attnuation of a fiber at a specific wavelength

(L i are known, the maimam cable !ength may be obtained.
First the loss margin (L4) is found bf:

L4(dB) 10 log(PL/Pin,mini (5)

Pin,min Is the ainimum rited outpit power (with pcwer

adjusted set for maximam power) isually in microwitts.

Pin, min Is specified in tha transmitter specifiaztion sheet.

Then Xmax, the maximum cable length that will just present
Pin, Min to the transmitt-er Is found by:
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::Xmax = L1 (d3) /T.: Bin) (6)

i If this length is too short, a cable with a larger diameter

(larqer PL) or less atteaaation (stlller LA ) Dr a trans-

mitter with a higher Pin,MiLM must be ised.

The type 5088 cable, foc example, has LA= 7dB/km at
660 nm and a core diameter 0.005 iarh or 127 nirometers

whizh corresponds ta 0.9 m1.rowitts. Pin,min = 30 nanowatts
worst case for 10-9 BER. has:

LM = 0log(O.9 airowitts/3) nanowatts) (7)

LM = 10log30 = 1t4.77d8 (8)
Xmax = 1'4.77dB/7x10 3 da m (9)

Xmax = 2.11 km (10)
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This length is longer than requires and & -a&: ....

surf icie nt.

4. Deteri6 ng Meinimum Cable Lealt -

Short cable lengths with large di.meter f4n sr : aBy

cause some receiver slew rate limit which will apear a.s

duty cycle distortion. Limiting the pow-r coupl.l in.z tre

receiver from the cable will prevent this f'--w. oz:u_4r,;.

The minimum cable Length may be deta:-inea a

5 specific cable by calculating the power launchei inzo it y

usiag the typical curve fr,, Figure E.4. The typical -•1J'

of launched power should be used silce this will give the

most power into the rece9wer, casiting in the 5. s =

minimum cable length. Continuing the example :f t h'. tye

5083 cable, the typical launched power is 0.9 iczo, att .

The minimum loss margin is found using h tqcji -

launched into the cable and the 1iximum nput t-' :P a

receiver which is 1 micrwatt fDr the 3713R as state:i L

electrical specifications for the rez.iver.

LM min = 101:g (P1/Pin,nai (:1

LM min = lOiog (0.9 microwatt/1 mizrDwa-t) = -J.46,3 (-21

The minimum cable length for the sDecifi a. z .b A • :le L S

example is:

Xmin = LM,min/LA  13

Xmin =-0.46dB/7x10&3 dBm = -65.7m (14&

If this minimum cable length is too long for a particular

appli.caticn, use a smaller :ore diametr canle, a cable with

a higher loss, or the power launchel into the cable may be

reduced as described in section II.P.l.c by adjusting the

transmitter power adjust. rhe negative sign in the minimum

len;th indicates there is ao ainimza length limitation or.
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this fiber optic cable when used ia conjuncti. ) -

3713T/R set.

F. TYPICAL APPLICATIONS

The 3713T/R fiber opti link sl r-s such data tzansmi3-

sion problems as crosstalk, ringing, aa echces.

Ele~tromagnetic radiation iaterferaza is avoidei 41h-r using

a fiber optic data link in higi noise i vroiver t,.

Lightning damage to cables and conected equipment car: t

eli2inated where fiber opti- cables replace met-alic conduc-

tors. Fiber optic cables ire not sibject to shoz-tino :out

when emersed in water.

'41
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APP ENDIX F

rESr PR)GRAI!

//JOEM1MB JOB (1592,0129) ,FISHER SIC. 1399',CLASS=C

//*4AIN ORG=NPGVM1.1592P,LI.ES=(50)

//*FORMAT PR,DDNAME=PLOT.Si3VECrR,DESr=LOCAL

E/ -XEC FiTXCLGP,-PARM. LKED=' LIST, MAP, KREF',REGION.GO=27C&K

//SfSUT1 DD UNIT=SYSDA,5PACE= (CYL, (9,8))

//SfS3T2 DD UNIT=SYSDA,SACE= (CYL, (9,8))

//SrSLIN DD SPACE= (6080, (80,80)),UIIT=SYSDA

//FORT.SYSIN DD DSN=MSS.SYS3.NONIMSL. 3URCE(FOURT) ,DISP=SHR

// DD *

C A LARGE NUMBER OF ARRAYS ARE UTILIZED

C WITH THE INTENTI)N OF MAINrAINING EACH

C BIT OF ORIGINAL DATA OR CALCULATION,

C READY FOR RECALL AT ANY T'IlE FOR FURTHER

C COMPUTAITON. EQUIVALENT ARRAYS ARE EMPLOYED

C BECAUSE THE PLOTrING ROurI.E 'DRAWP' IS

C NOT ABLE TO HANDLE COMPLEX ARRAYS.

C ARRAYS 'ITB','RrB','ALAB' 1D 'TITLE' ARE

C USED TO 3ENERATE THE VERSATEC PLOTTER OUTPUT.

C OCEAN ARRAYS ARE INDICATED VIA THE SUFFIX

C '0', AND LAND ARRAYS ARE !IDICATED WITH 'L'.

COMPLEX*8 XX0)(8192),1YO(3192,

C CSC(8192) ,COO(8192),ZXO(31921,

C CRO(8192) ,CTO(8192), UO(91921,

C CVO(819 2) ,CWO(8192), 'PO(91921,

C ZYO(8192) ,COIOL(81921 ,COL(8192,

C CUL(8192),CVL(8192),:WL(31921 ,

C COPOL(8192),XXL(8192j ,YYL(8192 ,ZXL(8192),

C ZYL(8192) ,CSL(8192),3PO(31921,

C BMO(8192) , BPL(8192),3ML(31921 ,
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C SPOL(8192) ,SM0L(81921 *SP)(81921,

C SPL (8192) , SM (8192) ,:TL (31921

C CPL (8192) ,CRL (8192) ,S ML (3192)

DIMIENSION TIME (819 21 ,FREQ(81321

- -. C WORK(16384) ,FRQ2(3192)

INTEGER*4 ITB(12)/124'O/P.!REAL*4 RTB(28)/23*O.O/,
C Cc~O(163814),CPCO(163aL4),:UOc(1334),

C CO00(16384)eCTOO(1633L4),CVOO(153L4),

C CWOO(16384),CTLL(16334),

*C CPLL(16384),CRLL(1633L),3:LL(15384),

C CULL(16384),CVLL(1633C4),

C CWtL(1638L&),C0O10LL(1538L41,CO?3LL(16384),

C SPOQ(1638L4),SPLL(16334),

C StlOO(1638i) ,S.NLL(16334)

REAL ALAB(22)/'PDXO', 'PDf0',fsrlJ',

* .C IST20100ST30101STOSOPHA'',

C 'GAMIIPDXL' ,'PDYL', 'STlL','sr2L',

C I C '3L I I IS TOLI 6 1PH& L', 1G AML I

C 'SPLo','SPtL','sNMOOI'smiLL',':POL',ICM1oL'/

REAL*8 TITLE(12)

2-QUIVALENCE(TITLE(1) , RTB(5 ) ,(:ROO(1)

C CRO (1),(c POO (1):p3 ( 1))

c (cooo (1) , coo(1) (cr)0o(11 cr) (1)I , (-uoo (1)I , u:)(1)

C (CWOO (1) ,C WO(1)),(CV)O0(1) ,-V:)(1p) (CrLL (1) ,CTL (1)) ,

C (CPLL (1) ,C PL(1))(C-RL L(1) ,-RL (1 )(COLL (1) ,COL (1)) ,

C (CULL (1) , C UL (1) ),(CVL L( 11 , CVL(1 0 (CWLL (11 ,-CWL(1)),

C (COPOLL (1) --OPOL (1)l (CCMOiLL(1)

C COtIOL (1)) (5200 (1) , 3 PO(1)

C (SPLL (1) ,SPL (1)),(Si 0 (1) ,SMJ (1),(SMLL (1,SiL ( 1))

K DATA XXO,YYQ,CSO,CO), ZXO,ZYO,Ci),C-T0,CUO,CVO,CWO,

C XXLYYLZX 1, LYL,CS L, BPO, B14,1,BPL,

C BlflL,SPOL,SM0L,SPO,S?LSLi0,

C SML,CTL9 Ct--R,COLCIL,0-POL,CWJL,
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C COPOL,COMOL/278528*(3.0,3.0)/

DATA TIME,FREQ,Fa2/24575*0.3/

IFRAME=81 92

*NR=30

FNR=FLOAT(NR)

P=0.0

DO 70 LI=I,NR

C THE DO LOOP ENDI.G WITH SrkrEMENT 70 ENABLES

C THE PROGRAM TO 1 .ROCESS A LARGE AMOUNT OF DATA

C BY REPEATING THE PROCESS I9 BLOCKS.THE DATA

C POINTS FROM EACH RUN THROUEI THE DO L3OP ARE

* C ADDED TOGETHER AID EVENTIALLY AVERAGED BY THE

C NUMBER OF RUNS TiROUGH THE DO LOOP. 'NR'

C REPRESENTS THE MJMBER OF DkTA SEQUENZES TO

C BE AVERAGED. 1 SEQUENCE 3U.RENTLY EQUALS

C 8192 DATA POINTS FOR EACH ZHANNEL OR 256

C SECONDS OF DATA. FOR THIS TEST SINE AND

C COSINE WAVES OF 4HZ WIL BE JSED.

DO 60 JJ=1,IFAME

* XXO(JJ)=SIN(P*.7853931631

YYO(JJ)=COS(P*.785393163

XXL(JJ) =SIN(P*.7853931631

YYL (JJ) =COS(P*.785393 163i
~P=P+I

5 0 CONTINUE

* C THE FOLLOWING SE:TION GENERATES THE TIME

C AND FREQUENCY ARRAYS AND NORMALIZES

C THE INPUT PCM DATA TO VOLTX3E FORM IN

C PREPARATION FOR rHE FAST FOURIER TRANSFORM

* C TO THE FRzQUENCY DOMAIN.

N=8192

FN=FLOAT (N)

DELTAT= 1. /32.

* T=FN*DELTAT
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DELTAF=1. /T

DO 20 J~l, N

TIME (J) =DELTAT*FLOAT (J)

FREQ (J) =DELTAF*FLD Ar (3)

FRQ2 (J) ALOG1 0 (FREQ (J))

20 CONTINUE

C THE NEXT FOUR SrATEMENTS ?SRFORM

C AN FFT ON~ THE INlPTIT TIME SERIES

C DATA.

CALL FOURT (XXO,N,l ,-l O,WORK)

CALL FOURT (YYO, N, 1 ,-1 ,0, 4ORKI

CALL FOURT (XXL,N,1,-l O,WORK)

CALL FOURT (YYL,N,1,-l ,0,WORKI

DO 40 K4=1,N

XXO (KL4) =X XO(K4) /FNJ

YYO (K4) =YYO(KL4) IFN

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

YYL (K41 =YY L(K4)/IFN

~40 CONTINUE

C TA"HE NE XT L OOP CIL C ULk TES T HE

C UNNORiIALIZED SPECTRAL D:ENSlrlIES

C ?OR SINGLE SITE 3RTH)DGONAL

C COMPONENTS OF TilE GEOMAGNErI: FIZLD,

C T4,2 INDIVIDUAL SIT! :R05 SPECTRA

C BETWEEN COMPONENrs, THE IND.IVIDUAL

*C ORTHOGONAL COMP33ENTS OF lrtH? AND

C L7FT CIRCULARLY POLARIZZD SPECTRA,

C AID TWO SITE ZCR35S 5?PECTRA FOR RIGHT

C AND LEFT CIRCJLhR POLARIZArIDN.

DO 30 11=1,11

ZXO (II1) =ZxO(II) + (CX3)(!I) #lCONj3(KXO (II)) )

ZYO (II) =ZYO(II) + (YY) ( IT) *CONjI (YYO (I:) ))

IA ~~ZXL (IT) ZXL(I)+ (CXLII) CON3 (XXL (11) )
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. ZYL (I:)-=ZYL (I I) +(YYL( II) *CONJG(Y!L (II))

CSL(II)=CSL(lI)+(XXL(II)*C0NJ3(11L(II)))

BPO (II) =XXO(II) ((O., 1.)*YYO (It)
BdO (II) =XXO(I1) -( (0. , 1.) *'YY3(III I

BPL (II)=XXL(II) +(0., 1.)*YYL(I I

BML(!I) =XXL(II)- ( 1.,1.)" YYL(Ir))
SPOL(II| =S POL (II) (BPO(II) *C:)NJ:;(BPL (I!))

[ii-iSMOL(II) =S MOL (II) + 0,40 (11) *C'-NJ3 (BML (11) 1
S PC (11)-=S P 0(11) +(B P)(11) 41C0. j3 (B P (1I))

S SP I(11) =5P L (11) +(B P L(II) *: ON JS(BP2L (11))

S MO (II) -SMO(II) + (BM) (II) *CONJ3 (BMO (11)))

SML (1I) =SML(II) + (BML (II) "CONJ3 (B,4L (II)))

30 CONTINUE

'70 CONTINUE

C THE NEXT LOOP N)RMALIZES THE ABOVE

C SPECTRA AND CAL7ULATES POWER SPECTRAL

C DENSITIES.

DO 33 13=1,N

ZXO (13) =ZXC(13) *T/FNR

ZYO (13) =ZYO(I3) *T/FN

CSO (I 3) =CSO(13) *T/F. R

ZXL (13) =ZXL(13) *T/FNR

ZYL (13) =ZYL(13) *T/F.TR

CSL (13) =CSL(13) *r/FlR

SPOL (I3) =S POL (I3) *TIF NR

SPO (13) =SPO(I3) *T/FgJl

SPL (13) =SPL(13) */F'4

SO (13) =SMO(13) *T/FTR

SML (13) =SML(13) *T/Fl R

0 SMOL(13)=S MOL (13) * T/FNR

" 33 CONTINUE

C THE NEXT LOOP CLCULATES sr3KES

C PARAMETERS 0 TH.)UGH 3 OF rHE

C INDIVIDUAL STIE ORTH)GOMNA
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C COMPONENTS AND riE C3)HEREN:-E OF

C THE PLANARl CIRC'.ULAR POLARIZATION

C PARAMEERIS BETWEEN SITES.

DO 44 1I14= 1 N

CPO (14) =(Z XO(14) -ZY3 (I41*2. 1(r*--TO (14))

CFO (14) =(4 *CSO (14) ) (CTO (14) *T)

CCC' (14) =CSO(I4) /(CS RT (ZlO (141 1*ZSQRT (ZY) (141

W ' C ((14) ATAN2 (AIG(-00(14&) REAL (COO(14)

UCOO (14) =CS QR!(COO (141 *CO3G (O)(4-4))

CTCO (14) --4. 3429L48*CL)G (CTO (1~41

C'C(1Z4) =4. 3429448*CL3G (ZXO (141

C'VO (14) =4. 3429448*CL) G(Z) (14)

C7'T (14) (Z XL(14) ZYL (14) 1*2. IT

C7L (14) =CSL(14) /(-SR 7(ZXL (1) 1 *SQRT (ZYL (14))

CTI, (14) ::f. 3429448*CL G (CrL (14) 1

CTUL (14) =4. 3429448*CL3G ("Z"L (141

CVL (14) =4. 3-429448*Th)DG (ZYL (14)1

CW1L (14) =ATAN2 (AIM~AG(COL (14) ) , EAL (COL (14))

OL(14) =Z-SQRT (COL(1'41 *CONJS (ZOL (14))

COPOL (14) =SPOL (141 /(: SQRT (SP) up4) ) *CSQRT (SPL (14))

CCI-Olf(4) =QRT (C:)P), (4*CNJ;(-OPOL (141

CC!M3L (14) =SHOL (14) /(:' SQRT (S,13 (tl4) ) *CSQR"T (3ML (14))

COL--QL (141 =SQRT (CDMM. (141 *CONJ; (COMOL (14))

SFC (14) =4. 3429448*CL3G (SPO (141 1

SPL (14) =4. 3-429448*CL:)G (SPL (141 1

SM1O (14) =4. 3429448*CLDG(SID (141

SiL (14) =4. 3429448*CL)G (StL (14#,

~44 CONTINUE

c VERSATEC PLOT OF CALCULA'ED 2(JANTIT'IES

II1PTS=10. /D ELTA?+1.

C "JPTS' DET-ER6INE3 NUMBER 3F POINTS
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C NECESSARY TO PL37 THE 0 r3 13 HEPTZ RANGE.

ITE (2) =0

B ITE(3) =20

ITB (6) = I

IT5 (7) =1

ITB (12) =1

RT B (1) 0

.BT (2) =0
T-- (3) =ALA b(l)

READ (5, 30 00) TITLE

CALL DRAWP (NPTS,FRQ2, CUO3 ITB,.IB)

ITB (6) = 1

RTB (3) =ALAB(2)

READ(5,3000) TITLE

4.A -CALL DRAiP (NPTS,FRQ2, CVOOITB,R -B)
:'TB (6)=
ST B (3) =ALA b (3)

FEAD(5, 3030) TITLE

CALL T),AWP ,NPTS,FRE , CPO3,ITB,3 B)
IT:E (6l =1

1;TE (3)=ALA3(4)

F FAD(5,30 G'j TITLE

CALL DRAW? (NPTFRE, CROITB,.rB)

IT-B (6) = 1

FTB (3)=ALA B(5)

F EAD(5,3000) TITLE

CALL DRAWP (NPTS,FRE , CRO3 (2) ,IrB, RTB)

ITB (6)=1

Kg RTB (3) =ALAB(6)

READ (5, 30 0 0) TITLE

CALL DRAWP (NPTS,FRQ2,CTOD,ITB, rB)

-ITB (6)=1

RTB (3) =ALA B(7)
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READ (5,300 0) TITLE

CALL DRAW? (NPTS,FRE2, CWOD,ITB,.37B)
ITB (6) = 1

ETB (3)=ALAB(9)

P EZAD(5, 3000) TITLE

CALL DRAW 2 NPTS, FRE, CUL,ITB, 3B)

ITB (6) = 1

-TB (3)=ALAB(9)

READ (5, 3000) TI TLE

CALL DRAWP (NPTS,FRQ2, CULL,ITB, rB)

ITS (6) = 1

"TB (3) ALAB(10)

READ(5, 3000) TITLE

CALL DRAWP(NZTSFRQ2,CVLL,ITB,.rB)

TB (6)= 1

,TB (3) =ALA B( 1)

R 2AD(5, 3000) T.ITLE

CALL DRAW? (NPTS,FRE2, CRLL,ITB,.RrB)

ITB (6) = 1

E B (3) =ALAS(12)

EAD (5, 300 0) TITLE

CALL DRAWP (NPT S, FRE2, CRLL ,IAB, R TB)

-B(6) =1

ETAB (3) =ALA S(13)

.EAD(5,3000) TITLF

CALL DRAWP (NPTS, FRE, CELL(2) ,IB, RTB)

IT5 (6) = 1

FTS (3)=ALAB(1' )

READ(5,3000) TITLE
~CALL DRAW? (NPTS,FRQ2, CTLL,ITB, RrB)
L ITB (6) =1

}i TB(3 )=ALA B(151

READ (5, 30 00) TITLEr CALL DRAW? (NPTS,FRE , CWLLITB, RT 3B)

128



ITB (6) 1

RTB (3).ALAB(16)

7READ (5, 30 00) TI TLE

CALL DR.AW P (NPTS, Fi E, COLL ,I TB, R rB)

ITB(6)1l

RTB (3)=ALABE(17)

READ (5, 30 0 0 TTITLE

C ALL DRAWP (NPT S, FRQ2e, S O03, ITB, ITB)

ITB (6)= 1

RTB(3)=ALAB(18)

*READ (5, 3000) T! TLE

CALL DRAW? (NPTS,FRQ2, SPLL,.ll5,RrB)

ITB(6)=l

RTB (3)=ALAiE(19)

*READ (5, 30 00)TI TLE

CALL DRAWP (NP S,FRQ2, SYO0 ITB, ITB)

*IT B(6) =1

RTB (3) =ALAB(20)

*READ (5, 30 00) T! T T

C ALL DRAWP (N?TS, FRQ2, SFLL, T3,.R B)

* ITB(6)=l

RTB (3) =ALA B (2 1

READ (5, 30 30)TIL

CALL. DRAkW?(NS,FR--,COPOLL,1TB,RTB)

ITB(6)=l

RTB(3)=ALAB(22)

R EAD (5, 3) 0O) T-1TLE

CALL DRAWP(NPT.SF2:,,COD:LLETB,R-3)

3030 FORMAT(6A8)

STOP

E IND

* //G0.SYSIN DD*

TESr POWER SPECTRAL DENSITY OF SIN 4,4Z
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IN XXO,30 AVGS,(REF DB VS LJG FREQ)

TEST POWER SPECTRAL DENSITY OF ZDS 4HZ

IN YYO,30 AVGS,(REF DB VS LOG FREQ)

TEST STOKES 1/STOKES 0 OF SIN iiZ

* IN XXO AND COS 4HZ IN YYD,33 AV3S

TEST STOKES 2/STOKES 0 OF SIN 4 .Z

IN XXO AND COS 4HZ IN YYO,33 AVGS

TEST STOKES 3/STOKES 0 OF SIN 41iZ

IN XXO AND COS 4HZ Il YY3,3) A'V'GS

TEST STOKES 0 OF SIN 4HZ IN XXO AN2

COS 4HZ IN YYO,30 A7GS, (REF DB VS L.;

TEST PHASE OF SIN 4HZ IN XK)

AND COS 4HZ IN YYO,30 AV3S

TEST COHER OF SIN 4HZ IN XX3

AND COS 4HZ IN YYO,30 AV3S

TEST POWER SPECTRAL DENSITf OF 3IN 41Z

IN XXL,30 AVGS,(REF DB VS LOG FI)

TEST POWER SPECTRAL DENSITY OF CDS J;I

IN iYL,30 AVGS.(REF DB VS LOG FRE2)

TEST STOKES 1/STOKES 0 OF 3IN 14HZ

IN KXL AND COS 4HZ IN YYL,33 AV:S

TEST STOKES 2/STOKES 0 OF 3IN 4:iZ

IN XXL AND COS 4HZ :N YYL,33 kV:S

TEST STOKES 3/SlOKZS 0 OF 3N 4HZ

IN XXL AND COS 4HZ IN YYL,33 AVS

TEST STOKES 0 OF SIN 4HZ I4 XXL AND

COS 4HZ IN YYL,30 AVGS,(REF DB IiS L;:I;

* TEST PHASE OF SIN 4HZ IN XML

AND COS 4HZ IN YYL,30 AV3S

TEST COHEP OF SIN 4HZ IN XXL

AND COS 4HZ !N YYL,30 AV.S

TEST RT CIRC POLARIZATION ?SD OF SIN lHZ IN

XXO AND COS 4HZ IN YYO, (DB VS LOG),33 AVGS

TEST RT CIRC POLARIZATION PSD OF SIN 4HZ IN
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XXL AND COS 4.HZ IN YYL, (D3 VS LOG) .3) AVGS

TEST LEFT CIRC POLARIZATION PSD OF31 4,'-14'o

IN XXO AND COS 4HZ IN YY0 (OS VS LOG).30 ilGS

TEST LEFT CIRC POI.ARIZATION1 PSD OF S14'. HMZ

IN XXL AND COS 4&HZ ILI YYL (OB V3 L3)- "G
TEST COHER ET CIRC POLARI"ZPLTION OF 319 4HZ

IN XXO,XXL AND COS 4HZ IN YYO,YYL, 3) hV-33

TEST COHEE LEFT CIRC POLARIZAT13N OF 51B 4iiZ,.

IN XXO,XXL AND COS 4HZ IN YYO,YYL, 3) AVSS
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AP?.END!( G
MASS STORAGE PROGRAM

//J3EBlMB JOB (1592,01291,'FISHER S C.1399',CLASz=F

//*IAIN ORG=NPGVM1.1592P

/ XEC FORTX:LS

//F3RT.SYSIN DD DSN=MSS.SYS3.NNI1SL.3URCE(FI:) ,DISP=SHR

// DD *

*." C THE ARRAY 'IN' WILL BE U3ED TO

; C RECEIVE THE DATA PASSED FR:)

C THE SUBROUTINE 'READ' AND riE£N

C TRANSFERRED TO rqE APPROPRIATE

C XXX OR YYY ARRAY.

INTEGER*2 IN(16)

COMPLEX*8 XXX(8192) ,YY(8192)

DIM-ENSION FREQ (8192),TIME(8192),WORK(1638"1?

DATA XXXYYY/16384* (3. 0,0.0) /

DATA TIME, FREQ/16384*0.0/

C THE FOLLOWING SEZTION READS THE

C FIRST sIX SECoNOs OF COMpurzJR TAPE

C AND DISCARDS THIS DArA.

ITL=192

DO 55 JJ=1,ITL

CALL RD(20,IN,200,IRE :,IRR)

55 CONTINUE

IFP A.ME=8192

NR=20

FNR=FLOAT(N R)

DO 70 L1=I,NR

C THE NEXT LOOP READS THE :OAPUTER

C TAPE USING THE PROGRAM PROVIDED
C BY TR. TIM STANrTN OF NAVAL POST-
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C GRADUATE SCHOOL.

DO 60 JJ=1,IFRAME

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

XXX (JJ) =IN (2)

YYY (JJ) IN (3)

50 CONTINUE

N=8192

FN=FLOAT (i)

DELTAT=l ./3 2.

T=FN*DELTAT

DELTAF= ./T

DO 20 J=1,N

TIME (J) =DELTA."*FLOAr (J)

FREQ (J) =DELTAF*FLOAT (J)

C THE NEXT 4 STEPS CONVERT Ti.E

C DATA TO VOLTAGE AND ENSURES THAT

C NO ERRONEOUS DiMA HAS BEEN INTRODUCE

C INTO rHe ARRAIS.

XXX (J) = (XXX (J) -2045.51 *10./2043. 5

XXX (J) =REAL XX X(J)

YYY (J) = (YYY (J) -2045. 51 *10. /2045. 5

YYY (J) =RAL (YYY (J)

20 CONTINUE

CALL FOURT(XXX,N,1,1,0,WRK)

CALL FOURT (YYY,Nl,-1, 0,WORK)

DO 40 K4=1,N

XXX (K4) =XX (K4)/FN

YYY (K4) =YYY (K4) /FN

40 CONTINUE

C THE NEXT LOOP A?PLIES THE 3Y32E1

C TRANSFER FUNCTION TO THE rihNSFORMED

C FREQUENZY DOMAIN DATA. THE TRANSFER

C FUNCTICN CONVERTS VOLTS r3 NANOTESLAS.

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

1 IF (FRQ.LE. 15.) GO T3 2

XXX (L) =KXX (L) /( 105.5-3 . 14*FRQi

YYY(L) =YYY (L) /(181. 32- 7.588*Fa~l

GO TO 8

2 IF (FRQ.LE. 10)GO TO 3

XXX (L) =XXX (L)/(5.958* EQ-30. 971

YYY (L) YYY (L)/(7. 166*F RQ-39. 991

GO TO 8

3 IF (FRQ. LE. 7.5) GO TO 4

XX X(L) =K XX (L)/3. 4 9 2 2R Q- 5.3 11

YYY(L)=YYY(L)/(4.2521'FRQ-1O.85)

GO TO 8

4 IF(FRQ.LE.5.)GQ TO 5

XXX(L)=XXX(L)/(2.6311',?RQ.O.14657)

YYY (L) =YYY(L) /(3.012 4 '!RQ-1. 55j

GO TO 8

5 IF (FRQ.LE.3.)GO TO 5

XXX(L)=XXX(L)/(2.63110,F-PQiO.145571

7 YYY(L)=YYY(T)/(2.732*FRQ)

GO TO 8

6 XXX(L) =XXX (L)/(2.72*FRQ)

GC TO 7

8 CONTINUE

9 CONTINUE

C THE NEXT WRITE STATEMENT3 SEND

C THE CONVERTED DATA To mss

C FOR FUTURE tlNIPJLATION AN) RECALL.

C THIS NEXT SET OF STArEMENTS ALSO

C PROVIDES THE USER A DIAGNO33IITC.
WRITE(21) XXX

WRITE(6, *) X XX(1) ,XXX (3 1921

4 WRIT!(21) YYY

WRITE (6, Y YY (1) Y(31921
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70 CONTINUE

ENDFILE 21

STOP

END

SUBROUTINE RD (IUN, I), IRS, IREC, IRQ)

C
C THIS PROCEDURE FJRNISHED BY AR. TIM STANTON,

C DEPARTMENT OF OCEANOGRAPHY.

C

C READ DATA F RJM IJN, ALL13N , CHECK & RETURN

C

C IUN=TAPE NUMBER, E3 20

C iO=INTEGER*2 ARRAY, 16 LONG,

C (VALUES 0-4095, SUBtRACI 2048 * 5/2028. 3IVzS ";O:.;T.;

C IRS= NUMBER OF RESI.CS ALLOWED (ERRORS)

C IREC= COUNTER OF REZORDS (FRaIES OF DATA)

C BLOCK 512 BIrS, 32 BITS RECORD

C 800 BPI TAPE U. LABLED

C IPQ= NUMBER OF AC-TAL RESINZS (ERRORS)

C

C

INTEGER * 2 1O (16) ,r? (161

DATA IRR /0/

IF (IREC.EQ.0) IS=0

IER=0

20 FORMAT 16A2)

IF (IS. NE. 0) GO TD 53

READ (IUN,20,END=900i IP

IREC=IREC+ 1

4 40 IS=IS+1

IF (IS. LT. 17) GO rO 50

READ (IUN,20,END=903i IP

IS=1

TIPEC:IREC 1
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50 ICH=IMASK(IP(IS) ,3,01#-1

C WRITE (6,55) ICH,IS,IUN,IRE-C

55 FORMAT ('RESYNCIN13 ICH,IS,I(JI,IREC '4131

C

IF (ICH.NE.1) GO T)

DO 100 1=1,16

ICHi=I:IASK (I P(IS) ,3, 0 1

IF (ICH. EQ. -. GO r3 3)

I ER =IE R+ 1

WRITE (6,70) IUN4IR--Z ,I,CH, IER

*70 FORMAT (I UNITI 13, 1ROCORD 1I15 CHAN P, DATA CH! ',214

--'ERRORS I,1V)

so IS=IS+1

IF (IS.Li.17) Go To 100

* EAD (LUN, 20, END=90)1 1P

Is=1

lEC=IREC+ 1

10) CONTINUE

C

IF (IER.E.0) GO TO 150

IF (IR.LT.IRS) 30r 2

WFITS (6,1 10)

11) FORMAT (' 1 STOPPe2 III SUB RD BE:AUSE

C OF IRR.GT. %1T6,1 AT L1101)

STOP

123 COflT13UE

WRITE (6,130) TREC,IRR

13) FORMAT ('IESYNC Ar ??.AME' ,16,14TH TOTNkL EZRRG-S',I7)

* IRQ=IR.

GO TO 50
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153 CONTINUE

RETURN

902 WRITE (6,910) IUN,IREC

910 FORZA ' END OF UNIT'3.'A C',7

STOP

END

FUNUCTION ISHtFT (NN~i

C -~TURNS SHLFTED VALUE OF 1*2 WJORD IN

C -VZ LEFr,+V' R13HT SH!FI'

INTEGER * 2 IN

I P= IN

IF (I?.LT.O) IP=IP.65536

IF (NPLC.LT.0) GO T) 30

13i'EIFT-=I?/ (2**IABS ('12 LC)i

RETURN

30 ISHIFr=IP* (2**IABS (N?LC))

lF (ISHIFT.37T.655351 lSHIIT=l3))(ISflIFT,63536)

RETURN

END

FUNCTION IMASK (IN,IBL,ZBR)

C 3ASK 1*2 W).RD ZN CJUTSDE 3-:Zs ISBL Z

C

ll'TEGER * 2 !N ,I1

IF (IBR.EQ.3) GO TO 50

:T=ISHI FT (I'll IBR)

1O ?=I15H: ''( 0, 1BL- 15- 13F)

10=Ip

A I.ASK=ISHiIFT (10, 15-ZBL)

RE TUPRI

E :T D



//G3).FT21FOOl DD UNIT=33307,, lSVIpP DSP(EAi

/1" DSN,4=SS.S1592.GM Drlk,

* /1 D-B=(RECFt1=VBS,5Lr(SIZE=4)96,LRECL=4Q92),

// SPACE= (CYL, (8, 8))

//G3.FT2OFOO1 DD UNIT=34J3-4,VOL=SER=31.DT1lA,DISP=(OLD,2ASS),

/1 LABEL= (1,NL,,rN),

1/DZB=(RECFM=FB, LREZ-L=32,3LKSIZE=512,DEN,=24)



//J3EK1MB JOB (1592,0129) #FISHER S%C. 13991,CLASS=F

//*[iA'iN ORG=NPGVM1.1592P,LIlIES=(60)

//*FORIA.AT PR,DDIAME=PLOT. SYS VEC2,DEsr=LOCAL

1EXZC FRTXCLGPPARM.LKED='LISI-,1AP,KE?I,REGIODi.GO=273O9K

//SYSUT1 DD UNIT=SYSDA,SPACE=(CYL,(8,8))

//SYSUTA- DD UNIT=SYSDA,3?ACE-=(CfL, (3,8))

//SYSjlIN DD SPACE= (6030, (80,80)),UIIT=SYSDA

//F)Rr.SYSIN DD D SN=MSS. SYS3 .NONLISL. 53URCE (FoJRri D73?=SH.

1/ DD*

C DETAILED DESZ:RrPTIOMS OF rEE

C VARIOUS STEPS AND L)OPS ARE

c CONTAINED IN APPENDICES B AND C.

INTGER*2 IN(16)

COMPLEX*8 XXO (8192) , fYO(3 1921,

CCSC (8 192) ,C0:) (8192) ,Z XO (9 1921

C CEC(8192) ,CTO (8192) ZUO (3 1921 ,

C C VC(8 192) CWO (8192) ZPO (3192),

-ZYO(8192) CO1OL (81921 , COL (8 1921

C CUL(8192) CVL (8192) , WL(3 1921,

4 ~C: COPOL(9192),XXX(8192I ,YY!181921,

C XXL (819 2) YYL (8192) Z XL(3 192),

C ZYL (8192) CSL (A 192) B PO(3 1921,

C Bts(8 192) BPL (8192) 3 ML (31921,

C SCL(8192) ,SM OL(81921 gSP) (81321

C SPL(8192) , SMO(8192) Z:TL(31921

C CPL (8192) CRL(8192) SML(3192)

DIMENSON TIME (8192 1 ,FRE (81921

C WOFK(16384),?-RQ2(31?2)

INTEGER*4 :-TB(12) /1200/
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R EA L*4 !ITB (28 /23* 0. /,CR)O(16384&)

C C POO (1638L4) CUOO(16334),

C cooo(l638Li),CTOO(16334),:VOO(15394),

C CWCO(1638L4) CTLL(1633L4),

C C-PLL4.16384),ZPLL(16334),:-oLL(1384),

C C[JLL(16381&),CVLL(16334L),

C CWLL( 16384) OMOLL (15 384) COP LL16384$)

C SPOO(1638L4),SPLL(1633i),

C S-,NCf1638~4)S ZILL(1633 4)

RE'AL ALA3 (22) /'PDXO' * 'D~io',osrl',,

C 'SIT2c',IST301 f srio', o IPHAO I

C 'GA!C,'PDXL"' PDYL', I ST1 L IS 22 L I
C I ST3L','STOL',f'?HAL' f GASL',f

I 'SPLCI is PiL',r'SM31OF,'5LL' 01 ?)Lf fICM 0L I

Z--AL*8 TITLE(12)

ZQUlVAL-IICE(TITLE(1ll RTB(5)) (ZROO (1)

C o CE(1) '(C' 00 (1) cp:)( 1))

C fCcOC; (1) , COD (1) (zr:)O (1) ,CT) (1 ) I, (CUOO (1) , CUO(1)

C (CWOO (1) ,CWO( 1) ) ,(C)O (1) CV (1 )), (CTLL (1 , CTL(1))

C (CULL(1) ,CUL (1) ) , (VLL ( 1CVL (11), (CWLL (1) CWL (1))

C (COPOLL (1) COPOL (1) 1 , (COMOLL (1I

C CO MOL (1)) (SQO (11 ,S3?O0 (11

C (SPLL (1,S PL ( 1)(S 130(11 S M 3( 11H(S MLL (11 S ML(1)

DATA XXQ,YYO,CSQO, OZXOZYO,CRO,

C CTO,CUO,CVCCWOXXX,fYY,

C ::IXL,YYL,% XL,ZYL,CSL, BPO,BM O,BPL,

C BM-L1 SPOL,S OL,SPOSL,SMJ,

* C SML,CTL,CR I,COL,CVL, :OPOL,CwL,:JPQL,

C COMOL/2949 12* (0.0,0.)

DATA TIME ,FRE Q,FR Q2/2 4575*0. /

IT1192

* Do 55 JJ=1,ITL

CALL RD (2 0 11,200, IRE C,ITR R)
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55 CONTINU:E

ITPA ME=819 2
. NR=20

FNP=FLOAT (NR)

C THE FIRST STATEMENTS OF L30P 70

C IECALLS DATA PiEVIUSLY STORED IN

C THE IBM 3033 l1&SS STORAGE SYSTEM.

DO 70 L1=1,NR

PEAD (21) XXX

READ(1) YYY

" 043 II=1 ,IFRAME

XXL (72:) =xx x(II)

YYL (Ii =YYY(II)

43 CONTINUE

2:0 60 JJ=1,IFRAME

CALL RD (20,I,1000,rIEC,IRR)

XXO (JA =IN (2)

YYC (JJ) =IN (3)

5 0 CCNT!%CE

= = 192

I=FLCAT (N)

DZ .A T= 1. /32.
-~ T= F L' r.: A A

DELTA2= 1. /T

DO 20 J=1 , .
*ql TiME(J) =DELTAT*FLOAi'(J)

FREQ(J) =DEBIAF*FLOAT (J)

FRQ2 (J) =ALCG1O (FREQ ())

XXC (J) = (XXO(J) -2045. ) *5. /204 3. 3

0 XXO(J)=REAL(XXO(J|)

YYO (J)= (YYO(J)-204 5. 5)*5./205. 5

YYO(J)-REAL(YYO(J )

20 CONTINUE

* CALL FOURT (XXO,N,1,- 10,WORK)
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CALL FOURT (YYO,N,,-1,O,WORKI

DO 40 K41f,N

XXO (KL4) =XXC(K4) /Fl;

YYO (K4) =YYO(K-4) /FR4

40 CONTINUE

DO 9 L= 1,

FRQ=FREQ(L)

1 IF (FQ. L1. 15.) GO TO 2

XXO(L)=XXO (L)/(-61.35 +17.065*'FR - 0.5389*rRQ*FRQ)

YYO (L) =YYO (T)/(-63.435 +11.7105*FRQ-0.23279*FRQ*FFQ)

GO TO 8

2 IF (FRQ. LE. 10.) GO rO 3

XXO(L)=XXO (L)/(-13.496 + 4 .902 *FRQ)

YYC(L)=YYO (L)/(-63. 435 +11.7105 *FRQ -0.23279*FEQ*FRQ)

GO TO 5

3 IF (FRQ. LE. 7.5) GO TO 4

XXO(L)=XXO L) /(3.J47*FRQ-9.3681

YYO (4)=YYO (L)/(4. 295*FRQ-11.8371

1O TO 8

SIF(FRQ. LE. 5.) GO r) 5

XXC(L)=XXO (L) /(2.3135*FRQ-0.557)

YYO(L) =YYO (L) /(2. 303* FRQ-.50)

GO TO 3

5 XXG (L) =XXO (L) / (2.723 *FRQ)

YYC (L) =YYO (L) / (2. 7 17* FRQj

GO TO 6

9 CONTINUE

9 CONTINUE

DO 30 II=1,N

ZXO (II) -ZXO(II) + (XX) (II) *CONJ3 (XXO (II)))

CSO (II) =+S(II) + (KXX (I) *ON3 (fro (II)))

* ZXL(II) =ZXL(II)+ (XXL(IT) CONJ3(IXL(II)))
-<ZYL (I I) =Z¥ L (11) + (Y YL (IT) 0 CO N I G( YL (I I))
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CSL (I) -- SL(II) + (XL (II) *CONJ3 (YYL (II)))

BPO (I=XXL(I:)+((.,) .*YYO(lIrI

SMC(II)-=xOL(I)( ((1J0. 1.YYO (1))

BPL(II)S=XXL(I) +((0.1I) *YYL (III I
B BM L (1I)--X X L(I1)-(0., 1.) YYL (I I )

SPC (II) =SPO(II) + (53P (II) *CONJ3 (BP(II)))

SSPL(IT) =SPL(II) + (BPL (II) CO NJG (BPL (II)))

SMO (II) =S 1O(II) + (3 1) (II) 0CN 3 310 (II)))

SML (II) =SM/!(I!) + (3[ (II)*CONJ:;(BML(IL))

30 CONTINUE

70 CONTINlUE

DO 33 13=1,N

ZXG (13) =ZXO(13) *T/F R

ZYC(3) ZYC(13) *T/F\iR

CSC (T3) =CSO(13) *r/FR

ZXL (13) =ZXL(13)*T/F1
ZYL (13) =/-YL(I3)1 * r/ 'uI R

CSL (13) =ZSL(3) *r/F i

SPC:L(3) =SPOL (13) *T/F' NB

SPO (13) =SPC(13) *T/F,4L

SPL (13) =SPL(13) *7'T/F'4.

l S K (I 31 =S MC(I3) *T/FNR
SML (I31 =S. L(I3) *f/FNR

' MCL(I3)SSMOL(I3) *T/?NR

33 CCNTINUE

DO 44 L,=1,N

CTC (14)= (Z XO (14) +ZY3 (14), *2./T

* CPO (14)=(ZXO(IU)-ZY (14) *2./(r*:TO(14)

C0O(14)CSO(i4)/(CSQRT(ZXO(74i1 *:SQRT(ZY)(I14)

CWC(L4) =ATAN2 (AIM7(:OO (14)) ,REAL(COO(I141)

*COO (14)=--S QRT(CO(141 *COiJG (-J) (14))
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CTO (14) =4. 3429448*CLJG(C'O (14) 1

CUO (14) =4. 3429448*7L3G 17X (i41 I

CVO (I4) =4. 329448*CL.2 G (ZY0 (14)

CTL (14) =(Z XL (I4) Z YL (IL, *2./T
r.CPL (14) (Z XL ('4) -Z L. (14)1 *2./(r*-TL (14))

CRL (14) = (4 SL(141)/(CT'L( 1.) Ti)

COL (I4) =CS L(14) /(5S2R T (ZXL (I41 * SQRT (ZYL (14)

CTL (14 =4. -429448*CL)G(CTL(I)

CUL (14) =4. 3429448*Cjo) G (ZKX (I'4)

CVL(14)=4. 3429448*CL)G(ZYL(I.1I

CWL (14) -ATAN2 (AIMIAG ( OL (7)) , REAL (COL (141 1

COL(14)=CSQR7 (COL(I14i *CO. JG(Z3". (14)))
COPOL (1) =SPOL (14) /(: SQT (SP3 ([41 ) *CSQRT(SPL (I4))

COPOL (14) =CSQRT (C:P)L (Ik) *CONJ, (COPOL (i4))

COMOL(I4) =31OL (I4 /(ZSQri (SM) (-41 ) *CSQaT(SIL (14))

CO MOL (14) = CSQ PT (C-ML (I 4co1J; (ZOMOL (I*C )

SPO(I4) =4. 329448*CL G (S2(14)

S PL (14) =4 . 342 9448* ClJG (52 i. (141.

SC (14) =4. 3429448*CL)G(S (14)

SML (1L4)=4. 3L429 448*Ct)G (Si L(141

44 CONTINUE

NPTS=10./D LT AF+1.

ITB (2) =0

ITB (3)=23

ITB (4) = 10

*TB (6)=1

ITE (7) = 1

ITB (12) =1

PTE (1) =0

RTB (2) =0

RTB(3) =ALAB(I)

READ (5, 3000) TITLE

CALL DRAP (NPTS,FRQ2, CUO) ITB,RrB)

6 ITB(6)=l

1(44
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RTB (3)=ILAB(2)

READ(5,3000) TIlLE

CALL DRAWP (NPTS,FR)2, CVC) ,iiB, .T:)

ITB (6) = 1

RTB (3) =ALAB(3)

READ (5, 30 0 0) TITLE

CALL DRAWP (NPTS,FRE2, CPO),ITl, R B)

IT' (6)=l

RTE (3) =ALA B(4)

F.EAD(5,3000) TITLE

CALL DRAWP (NPTS,FPZ2, CRO),ITB,,rEN)

ITB (6)=1

RTB(3)=ALAB(5)

READ (5,3000) TITLE

CALL DRAWP (NPTS,FRE2, CRC0 (2) 3,rRTB

ITB (6)=1

RTB(3) =ALAB(6)

RE AD (5, 30 0 0) TITLE

CALL DRAWP (NPTS,FR2, CTGCITB,1 3)

ITB (6) =1

RTB (3) =ALA B(7)

READ (5, 3000) TITLE

CALL DRAWP (NPTS,FRE , CWOO ,IB, .3)

ITB (6) 1

RTB (3) =ALA B (8)

READ(5,3300)TITLE7

CALL DRAWP (1TS,FE, C~o3,I2Rrs)

lITB(6)=1

RIB (3) =ALA B(9)

READ (5,330 00) TITLE

CALL DRAW? QJPTS,FRQ2,CtJLL,ITB,RrB)

ITB (6) =1

RTB (3) =ALA B (10)

READ(5,3000) TITLE
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KCALL DRAWP (NPTS, FRQ2, CVLL 17.3, TLB)

ITB (6) =1

RTB(3) =ALAB(1 1)

READ (5,30 00) TITLE

CALL DRAWP (NPTS,FRE2,CLrL,I3,(rs3)

ITE (6) =1

R TL (3) =AL A B(12)

READ (5, 30 00) TITLE

CALL DRAiP (NPTS,FRE , CR,LIT, RB)

ITB (6) =1

B TB (3) =AL AB(13)

READ (5, 30 00) TITLE

CALL DRAWP(NPT5-,FRE2,C?,L(2),:r,3,i.r3)

I-TB (6) =1

R TB (3) ALAB (14i)

READ (5, 30 00) TI TLE

CALL DRAWP(NPTS,FRQ2,C:LL,IT3,ZS)

ITB (6) =1

R TB (3) =ALA BO15)

R EAD (5,3000) TITLE

CALL DRAW?(HOPTSFRE2, CWLLIT, R 2 5)

ITE (6) = 1

RTB (3)=ALAE(16)

READ5, 3000) TITLE

CALL DRAWP (NPTS,FRE , COLL,ITLB,iErB)

'6 ITB(6)=l

MTB(3) =ALA B(l7)

READ (5, 30 00) TI TLE

C ALL DRAWP (NPTS, FRQ2, SPO,)ITB, Ir BI

ITB (6)= 1

RTB (3) =ALA B(08)

IREAD (5, 30 0 0) TI TLE

4 C ALL DRAW P (NPTS, FRQ2, SPLL ,ITB, R 73)

ITB (6) =1
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RTB (3) =&LAB (19)

READ (5, 3000) I TLETBR
CALL DRAWP (NPTS,FRQ2, S!OJ, I3 TB)

ITB (6) = 1

£TB (3)=ALAB(20)

S READ(5, 3000) TITLE

CALL DRAWP(NPTS,FRQ2,SLL,ITB~i3)

ITE (6) =1

R T (3) AL A B(2 1

READ (5, 30 00) TI TLE

C ALL DRAW P(NPTS, FEQ, COPOLL, IrB, FTB)

ITE (6)1l

RTB (3) =ALA B 2)

READ (5, 30 00) TITLE

CALL DRAWP(NPTS,FR,COI3LL,I -,RTB)

3030 FORMAT(6A8)

SUBROUTINE RD(IUN,I),IRS,IREZ, ERQ)

C

C THIS PRIOCEDURE FUR IISHED 8Yf .11. 7-11~

C DEARTII!NT OF OCEASOGRAHf.

C

C READ DATA F.13M :iALLIGN , C-,i-:ZK R LETtY'N

C

C IUN=TAPE NUMBE2. Ej' 20

C IO=INTE:SER*2 ARRAY, 16 LONG,

C (VALUES 0-'4095, SUJBTRACT 204314,5/2328. SIVES VOLTAGE

C IFS= NUMBER OF RESrSCS ALLOWED (ERRORS)

C IREC= COUNTER OF RE-ORDS (FRAI1ES OF DATA)

C BLOCK 512 BIrS, 32 BITS = RECORD

C 800 BPI TAPE URLABLED

C IRQ= NUMBER OF ;iCTJAL RZSINZS (ERRORS)

C
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a-d

C

-~ INTEGER *2 10O(161 1?P (16):

* DATA IP.R /0/

IF(IREC.EQ.0) 150%

IEP=O

20 FORMAT (16A2)

IF (IS.NE. 0) GO TO 53

* READ (IUN, 20, END=90)1 1P

* IREC=IREZ+1

40 A.S=15+ 1

IF (IS. LT .17) GO O 00

READ (IUN,20,END=3i IP

Is=1

IRVC=IREC+ 1

50 ICH=IM ASK (I P(IS) 3,3 01

C WRITE (6,55) ICH, IS, IU:,4,BE-C

55 FOEMAT ('RESYNCING ICH,IS,!U.I,:Rlc ',4$131

C

IF (ICEI.NE. 1) GO TO 43

* DO 100 1=1,16

I.CH=IlASK(!P(:-S) ,3,01 1

IF (ICH.E2.I) GOT:) 3)

IEP=IEvR+ 1

WRITE (6,70) IUN,IRE: 4ICH,I.R

*70 FORMIAT (1 UNIT' 13, 'RECORD' ,,'cHA, v, D 2 ',2:

$'EFRORS ',17)

80 !S=!S+1

IF (IS. LT. 17) GO ro0 10 0
dREAD (IUN ,20, END=9 031 1P

IEC=IREC+ 1

10) CONTINUE
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IF (IER.EQ.0) GO TO 150

IRR=IRR+1

IF (IRR.LT.IRS) -3 nJ 12)

WRITE (6,110)

113 FORMAT ('1 STOPPED IN SUB RD BECAUSE

C OF IRR. GT. ',6, AT L11Of

IRQ=IRR

STOP

14' CONTINUE

WRITE (6,130) IREZ,ERR

13) FORMAT ('RESYNC A- FRAME' ,I6,'gI7H TOTAL ERORS',:7)

IER=O

IRQ~ RB

GO TO 50

15) CONTINUE

RETURN

902 WRITE (6,9101 IUN,IREC

913 FORMAT ('1 END OF ]NIT ',13,' AT REC ',17)

STOP

END

FUTCT2ION ISHIFT (IN,'TPLC)

C RETURNS SHIFTED VALJE OF 1*2 WORD -

C -VE LEFT,+VT RI3HT SHEFr

C

INTEGER * 2 IN
IP=IN

IF (IP.LT.0) IP=IP+53536

IF (NPLC.LT.O) GO TO 30

ISHIFT=IP/ (2**Ii ", (NP LC) I

RETURN

30 ISHIFT=IP* (2**IABS (NPLC))

IF (:SHIFT.GT.655351 ISHIFT=43D(ISH:FT,65336)

RETURN

END
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FUNCTION IMASK (IN,IB.L,ISR)

C MASK 1*2 WIRD IN 01J1SlDE BITS IEl" I tBR

C

INTEGER * 2 IN.,IO

IO=IN

IF (IBR.EQ.0) GO rO 50

IT=IS9IFT (IN, IBR)

50 1i =13 HI FTID, I BL- 151 B P)

IO=IP

1 IMA S K ISH IFT(10, 151EB L)

R ETUR N

END

//G3.FT2OFOO1 DD UNIT=3400-4,VOL=SE-R=;MiDTlB,D1 SP=(OLD,PA:JS),

// LABEL= (1,NL,,lN),

//DCB=(RECFM=F3,LrE":L=32,3LKSIZE=512,DEN=-2)

//GJ.FTd21FO01 DD UNIT=3330V,MISV3P=trB4A,DISP=(OLD,KEEP),

// DSN=MSS.S1592.GMDrlA,

1/~ -ZB=(RECFM.=VB3,BLKSIZE=4)96,LRECL=4)9))

*//GO.SYSDUMP DD SYSQUT=A

//G3.SYSIN DD*
X COIL PSD, 1TY BAY, 1122-15&LCL1AG2

2 0 A VG S, 3 2S /S EC ,VOLT , (DB NT** 2 V 5 L3G FR EQ)

F Y COIL P50, 2MTRY BAY,1122-1254 LOCAL,17AUG82,

20 AVGS, 32S/SEC,5VOLT, (08 NT**2 VS LOG FREQ)

STOKES NO. ONE, STRY BAY, 11 22-1254

LOCAL, 17AUG82, 20 AVGS, 32S/SE:, 5VOLr

STOKES NO. TWO, MTRY BAY, 1122-1254

LOCAL, 17AUG82, 20 AVGS, 32S/sE:, 5'IQLr

STOKES NO. THREE, MIRY BAY, 1122-1254~

LOCAL, 17AUG82, 20 AVGS, 32S/SE:-, 5VOLr

STOKES NG. ZERO, MrRY BAZ, 1122-1254i L3CAL,
17AUG82, 240 AVGS, 32S/SEZ, 5VOLr, (LO; VS LOG)
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PHASE OF X AND Y, MTRY BAY 1122-1254

LOCAL, 17AUG82, 20 AVGS, 32S/SE::, 5VOLr
COHER OF X AND Y COILS, MTRY BAY, 1122-1254

LOCAL, 17AUG82, 20 AVGS, 32S/SE:, 5V'OLr

X COIL PED, LA MESA, 1122-12545L0CAL,17AUG82,

20 AVGS, 32S/SEC, lOVOLT, (DB NT**2 VS LOG FREQ)

Y COIL 250, LA MESA,1122-1254 LJCAL,17AUG82,

20 AVGS, 32S/SEZ,1VOLT, (DB NT**2 VS LO-G FREQ)

STOKES NO. ONE, LA MESA, 112201254

LOCAL, 17AUG82, 20 AVGS, 323/SE-:, 1)V3LT

STOKES NO. TWO, LA MESA, 1122-1254

LOCAL, 17AUG82, 20 AVGS, 323/SE:, 1)V)LT

STOKES NO. THREE, LA MESA, 11242-1254

LOCAL, 17AUG82, 20 AVGS, 32S/SEZ, 1]VOLT

STOKES NO. ZERO, LA MESA, 1122-1254 L):AL,

17AUIG82, 20 AVGS, 32S/SE:, lOVOLT, (L33 VS LOG)

PHASE OF X AND Y, LA MESA, 1 122-1254

LOCXL, 17AUG82, 20 AVGS, 325/SE:, 10V)LT

COHER OF X AND Y COILS, LA IESA, 1122-1254

LOCAL, 17AUG82, 20 AVGS, 323/SE:-, 13V)rLT

RT :IRC POLARIZATION~ PSD,Mr1!Y BAkY,1122-1254

LOCAL, 17AUG82,20 AVGS,32S/3EC,5WOLT,(DB VS LOG)

RT :IRC POLARIZATION PSD, LA MESA, 1122-1254

LOCi&L,17At1G82,20 AVGS, 32S/3 EC,10 VOLT, (DB VS LOG)

LEFT CIRC POLARIZATION PSD, MTRY BAY,1122-1254

LOCAL,17AUG82, 20 AVGS,32S/SEC,5VOLT!,(DB VS LOG)

LEFr CIRC POLARIZATION PSI), LA IESA, 1122-1254

LOCAL,17AUG82,20 AVGS,32S/5mSC,10VOLT,(DB VS LOG)

COHER RT CIRC POLARIZATION ITRY BAY/Lk MESA,

1122-1254 LOCAL, 17AUG82, 2) AV3S, 323/SEC

COHER LEFT CIRC POLARIZATI)N MTRY BAY/LA MESA,

1122-15 LOCAL, 17AUG82, 20 AVGS, 325/SEC



APPENDIX I~

TYP~L~2 ~ 2?IR3EERArED PLOTS
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Log Freqency [log HzI

* X-SCRLE=5.OQE-O'I UNITS INC,-.
"-SCRLE=2.OOE+O UNITS INCH.
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