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AN INSTRliMKNT fUH THK MKASlKKMKVr OK SI'HX Tl Al, ATTKMIATION COEFFICIENT 
AND NARROW ANC.LK VOLUME SCATTKRINC, FUNCTiOM OF OCEAN WATKRS 

R. W. AuNtm and   T. J. I'l-lzold 
l!niversit> of California. Siripp« Institution of Oifanonraphy 

Visibility l.alioratorv 
San Diego, California   (12152 

Xhstrai-I 

\ n.>w ■"ttrument has bevn dovolopod for the study ofthoso optual pMporlics of oc-o^u water that affoil the transmission of 
imano-fonning light.   The inatrumont performs simultaneous raeasiiremerits of the volume atunuation i-oeffiiient and the volume 
scattering fun« tion at three angles.   Any often wavelengths covering the spectral range from «Ml to H7l) nanometers may he un.d. 
A depth capability of 500 meters permits the examination of water below Ilk- euphotic zone and of the bottom waters on the conli 
nental shelf.   The considerations leading to the design of the iiislrument. its capabilities and the unniue features it incor 
are discussed.   Some examples of the data obtained with the mstniment are presented. 

Introduction 

ofpofatoi 

ill.- study  and  solution of visibility and image transmission problems  requires   information regarding the optual  properties of 
ocean wa'cr for various geographical areas and water depths.   The pre.-ent state of our knowledge of these properties has been M- 

verely restricted by the type and capability of the instrumenüition that has been .ivaihible. Visibility and image tr'.smission through 
water is affected by the optical processes of absorption and scattering.     Therefore,  measurements of the medium are required from 
which the significant factors of the absorption and scattering properties can be derived,   (.enerally. both v,arv with the wi'wl'iigth of 
Ü.0 radiation involved, with geo-raphical location, with depth, and with time.     It is essential, therefoie, that the measurements be 
obtained rapidly over the spectral region  of interest and over the volume of water of concern in order that I complete and quasi- 
instantaneous assessment of these properties can be obtained. 

Recent studies of near-surface data from stable, well-documented water confirm that a reasonably precise estimate of the total 
scattering coefficient, s, can be obtained if the volume scallering function (VSF>, MO), is knov n at a suitably small angle from th' 
direction ..f propagation.   As a result of this, the absorption coefficient, a, may 1»' determined from a knowledge of the volume att'n- 
uation coefficient, a. and the VSK »('') since a     s » a.   Thus a single instrument capable of measuring  ■   and   n(0»   at a number of 
wavelengths in rapid succession would satisfy the requirement for simultaneous spectral data on the iibsi.rplion and Malteriug prop- 
erties of ocean water? of interest.   The validity of the correlation lietween   n{t))   and   s   for near bottom waters, »here the scitter 
ing material may differ in important respect« from that founH in surface waters, has not yet been verified. *e expect from theoretical 
considerations and from our evaluation of the nature of the near bottom scatterng material that a satisfactory relalinnship between 
aid)  and   s   will be found to exist. 

On this premise, the Visibility Lalnuatory has developed an instrument to perform the simultaneous measurement of the la-am 
Uanamittance. T. (from which a may be oblainedl and the VSK at three small angles. This instrument when used in conjunction 
with the Visibility Laboratory general angle scatter meter" capable of measuring the \ SK from 10 to 170 can obtain values of 
(T(9)   over a range of angles large enough to allow the computation of   s   directly from the relath nship. 

TT 

'In    |       n (H) sin'» liO (I) 

If the expected correlation between   irifl)   and   s   is found in bottom water below the euphotic MM, we nia\ procei ,1 with confidence 
to utilize this single instrument, measuring Al.pha and volume St A Ttenng function iheuce the acron'.m Al.SCATi. for the evaluation 
of those optical properties of near-bottom water which an- important for the assessment of the operation of underwater vieving 

systems. 

Design Objective and Specifications 

This section will provide a brief description of the important functional specifications of the instrumenl.   II will als'' serve as  in 
introduction to the instrument and some of the concepts used in its design.    Vdditional background and details will be provided in 

later paragraphs. 

General Description 

The instrument system consist« of four components 

1. An underwater unit measuring beam transmittance. volume scattering function, water temperature, and instrument depth. 

2. A special cable with stran. member (two lengths, 100 fool and 2000 fool, the latter for use on an existing winch>. 

•     The work   '-scribed was performed with support provided by the Defense Advanced Research 1'rojecls Agencv   inder ARI'A 

Order 243: 

•" Developed with support provided by the Naval Air Development Center under Contract N(ii;2ti!t 71 C 0ti7ti. 
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3. A (U'ik unit fcir IOIISKU' digital sipial iiimlilionmK, data display, and functiomil c-ontrol of undi-rwRtcr unit. 

4. A data ri'rordmK unit »ith I ;!! coluimi digital data prinU'r, an incrumonta'. maKiiftii' tape data rroirder and an x, y,, y, 

pIclltlT.' 

Tht- maximum d.-siRii ..p.TatinK d.-pth is 500 mi-U-rs (1B40 fi-ot).   UM MUt str-Migth is udiK,uat.' t.. support tht- mstrumont xr.i 

MW fct't of tahli' in »atrr >nth normal MMIMSMM fours. 

U-rliral profiles ,.l transmittan.f. volumf ..lU'iiuation roffficicnt, volumi- scatU-rinR fun.tion, and wafr U'mp. raturi' may bp oh- 
taiiu'd at I mm of about Hi «n-u-r- fm minuU- or 1 ■« r.inuU's for a "HKI m.-tcr profile In^Mltag wiN angl.. .ffo.t. I. Kastor payout 
and nMatal ma> l.o flttlVl **—** uP"n 'J"• m**** "rlh•, vanablrs. tl..- syst.-m tim.- .onstnnts, and thn des.red accuracy. 

Optical Vli'asuremenls 

Ml optical measurera. nts may be made ul any of P> «ayelennths selei table by comnand from llie surface.   The wayelength is di- 
U>rmined by inlerference fillers haying half power bandwulths of HI minometers or less and nominal centers »melengths of 400. 

Mt,  WO. 400. SW. Ml! '»rtO. tilO. ti40. and tiTO nanometers. 

The ratM path length may U' chanip-d fn.m I   2 meter to 2 meters in  I   2 meter increments by means of »pacer-, installed between 

the proiectcr and receiver. 

Collimated projector and receiver optical systems an- us MI.   The projector uses a Uvwatt tungsten lamp «.•nerating a beam 9.33 
millimeters in diameter hayint; « divergence of 0.5 milliradia:is (half aiiRl.' in wut.-rl.   The lenses in the projector and receiver are 

plano-convex achromats specially fabricaU-d for this instrumer . 

A portion of the (lux from the lamp i. arned directly to the receiver by a fiber optii light pipe. This flux, which IH unaffecU-d 
by the characteristics of the water path, serves as a continual refen-nce signal to enable IN' system to compensate for fluctuations 

in the lamp output and or receiver sensitivity. 

The rece.ver acceptance half angle is 1.5 milliradians in water for the trnnsmittance measurement.   The receiver aperture stop 
for transmittance is 20 millimeters m diameter.   The reccver field of view and aperture slop diamel  r are changed for the three 
volume scattering fun.tion (VS1 > measurements.   The nominal measurement angles (in water» over which the \ SK is measured are 
I   6   and 12 milliradians,   Kor path lengths 1 meter and shorter all three VSK meusirements can be made,   With a water path legend 
of 1.5 or I meter», only the I and 6 milllradian m. isuivments can be made due to restrictions created by the 50 millimeter maximum 

receiver aperture diameter, 

I'n ^-ure  Depth Measurement 

in tniment depth is determined b% I horded strain gage pressure transducer having a range of 0- 750 psia and a terminal linear- 
ity of t( .15 percent of full sca'e output. The Imnsdueer will withstand pmmil of I ">0 percent of fell »cale without affecting per 
form.ince characteristics and in excess of 250 percent of full scale before bursting. 

The transducer output is amplified to obtain a scale factor of 1 volt per 100 meters of instrument depth (i,e.. ■ volts for maximum 
depth of 500 meters).   The digital data transmission link has a resolution of 0.01 volts, corresponding to an efleclive depth resolu- 
tion of 1 meter.   The transducer linearity limit» the direct r   ding accuracy to -O.H meters.   An alternate range of 0   2(H) meters may 
be »elected from the control panel.   This selection increase» the gain in the underwater instrument by a factor of 10 with a resultant 
depth resolution of 0.1 meters.   As the accuracy m this case is limited by the basic transducer, no improvement in absolute accuracy 

is realized. 

Temperature Measurement 

Water temperature at the depth of the instrument is sensed by a precision platinum resistance thermometer.   The sensor resist- 
ance changes approximately IJ ohns per degree Celsius with a repeatability of t0.03 C,   The sensor time constant in agitated water 

is l.fi seconds or less. 

The temperature response of the sensor system is 1 volt per 10 C on the .opside temperature display and recording.   The range 
of temperatures which the sensor system can handle exceed» the requirement» for ocean measurements.   The time constant of the 
thermometer probe requires that the rste of instrument lowering or retrieval be reduced for tlose portions of the water column where 

there is a marked thermocline il the full temperature accuracy i» to he achieved. 

Digital Data and Command Transmission System (DIDACT8) 

This »y»tem provides for the transmission of digital addresses and commands from the surface control unit to the various under- 
water sensors (downlink) and for the transmission of digital data from the underwater sensors to the surface for display and record- 

ing (uplink). 

The underwater portion of DIDACTS will handle up to eight analog input channel» (tlO volts full scale).   As any of these chan- 
nels is addressed by the surface unit, its analog voltage is multiplexed into a bi polar analog-to-digital converter.   The digital data 
along with the status and address of the channel an- sent to the surface via the twisted pair data -ransmission line m Uie underwat • 
cable,   I pon rccemt of the dig.tal information, the surface unit stores and display« the data and status information.   It then initiates 

.   The diTta logger was constructed with fund» provided bv another contract, but it is compatible with the recording requirements of 

ALSCAT and it will lie used with Ibis instrument. 
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h.Kh voltaKo MMtag. *mm motor s .o.-d HMf. or Hoalo laotor tor dopth H •> "• 
.m„,and. a d1K1.al ,1 1 sons... M. and hlUMM I -„»on.o „f ohan^ unH tho status a.roo« w.th 

ttu- co—nd.   Tho digiUl oond.fon o, .ho sUtus „onorator ass,,, M w.th oaob oontroliod funotoa, ,s pl.cod „, tho undorwator , 
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(Iptual llosipi 

Design (onsidorations 

In orlor to ohU.in tho smallo,. error in an mslru nt dosiKiu.l to moasuro .b lumo a.lonuat.on , .H-ffuiont, „. it oan ^ shown 

" li^ rom .ho .non-asod path longth.   Hirtbonnor... .IH- optimum length ohangos w.th wavolonKth and water mass, and tho advan- 

kZm** motors and another with . path iMgMi ... I moU-rs      Ml having tho same photometric ao-uraoy      the    . rossovor att  n 

ri:;.,:«:.::-,:;:, zzxzz ,.:,:r,::-:.::;ir':;..: ■:-»;:.:; =Iää E ;r 
miOm, h...... ,.■«.■ "-'■■' -f "■"" " I ■     l"ln ■""■"•- **• •■ ■'' " • ■"■"'" "" "'"""" !"-""■"" 
designs with multiplv folded optical paths. 

There was an nddu onal and ovor-ri,<iiH- »■■lllllll      toning M MM »■ ■ • .-th long.hs.   That was ,ho      , "i     "; «" 
mea  ure the ...II angle volume soa..oring function .VSK« using .ho same path as ,  .„r .ho beam Uan.m.ttance -—"■"»■' . 
Mo o the  losignor wishes to m uro tho so -r.ng from a th.n lamina so that the flux rom s essentially cons.an. throughout th. 
"oasuroment vo uno.   Tho „.IH.I to **■  MM» P-or pl,„ .s a lower linn, on .ho ■ ■»■I      U volume, and '«o cr,.s- 
"r/n of th.s volume   ,.o.. the H d.amo.or. finds practual limits in M sue of tho reooivor optics.   Op.i.al r.s.uiromonts for tho 

sue of the transroissomotor Ml pMl further restrictions on tho Uam dianutor. 

The compromi.e» then wore la) ho.»eon long moasuro n. pa.h lengths for accuracv ,n clear water transm.llance .hence .1 H» 
surementsT.u   sh    t w 1, JJ u„1Kth. fl,r small-angle \SK m uromon.s and I se „f handling a, sea. an    ....  l.o.weon a la-ge 
ZMTM. for precis,,,., ... moasuromon, of VSK and small diameter .„ keep the .M of the rocouer optical svstom reasonable. 

In this mstnimon. .he pro.ocU.r and roce.vor ..earns wore coll.ma.ed as oppos. d .., tho cv l.ndr.callv limited design used in pr.^ 
vJs hi it   "orator    ,  s.rumonts.   The pr.marv re.,s„.. f,.r tins low .he precise specification of angular   lolds of view 

Tlh     e    SK and tho transmi.tance .   as.iron.en.s.    A corollary '  -nofit is ,ha. .ho nsasur. men. pa.h length mm  ta changed withou. 
aff^ng the'insmimont calibration , „.vidi.g onh that the receiver ontrai.-o aperti.e is of adcpiato diameter .„ accept all Hnx scat- 

U'red at the maximum measured scattering angle for Die longest ...easuromon. path. 

Description of the Optical Design 

The optic.1 ayatem con.i.t. of a proiector wh.ch prov.des a small M. of highlv collima.ed '.ght M a ^^^ 
«hose MM axis is aligned with the axis of the pM.octor.   The field of view of .ho receiver is caused ... change rope. .1  . 1>    In 
means 0?»    .ndex.ng field stop wheel located at the focal po.n. of the receiver ob.octivo lens.     •. - the measurement «MMM; 

Unce    he field-,f-vu.w is deU rminod hv the ro(1uiromon. to piss all Huv loav.ng tho pro.oo.or wh.ch has boon neither absorbed nor 
UM!   Tims |( the power in the beam as i, leaves the projector is   l'„    and .ha. MMM af.or .raver.o.g an ins.ri.men. water 

path length  (  i»   ff. then   T     P| f,     I "''• 

Kor the measurement of tho volume scatU-nng funC.on a. angles dose „. .ho forward direction   the field-ofv.ew of the receiver 
„ such     ItTt bl ,ds .ho directly transmitted light and accepts Hux which has boon scattered by tho water a   a small range of angles 

round thd    .red median angle.   Those portions of tho op.ical svs.o,n .ha. ar. n.na.od bv .ho pr,,eo.or M. can also contr.hu.o 
" seatU^d (1   x wh,eh is indistinguishable ftM that scattered by the water.    To ml.ice this unwanted signal to a minimum   the do 
^ emph«si""d reducing the numlr of optical surfacs and m nt of glass .,. a mimmu ml specifying the highest „i.alitv mater 

lals and surfaces in the optics used. 

The volume scattering function, •<«!. at angle   0   from tho direction of propaga! ion mav  I., do.orn.ino,! from .ho expression: 
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whert' l'f (01        Ihr n MM» PMMI IrdunK ihr minHiiri'im-nl vulunii'. 

l'f (H)        thi- riTi'ivi-d pnwiT MoatUTrd -ii n HM Hn)(lf. ". >"'" » »»I'd «nKlf uig, 

u,A Ihr solid «IIKII- oCacreptance nf Ihc ivoeivM MIHIUI ihr mMManl »nKlf «. 

„,,) f ihr (iiith U'iiKlh thmiiKh ihr mi'Hsun-nn-nl volunii'. 

This reUti.mHhip mH> \w drnv.-d a« follnw»    Thf MhM snilUrmg fimi-lion IK d.'fin.-d li% Ihi' diffiTt-ntiiil rplatK.nHhip. 

dJuo        «IM . M    dV (3) 

vh..r.> dJ(rt> i» thf radianl mtoiihin s(HlUT.-d inlhr dm-rlion I h> «n ••U-mmlal v.dum.'. d\ , of th.'»calUTiiiK mt-dium. H IH tht- 

inadianrf imid.-nt on Ihr ol.-nu-nlal aampl.- volume. In an mMruro.ntnl d.'UTmnalion of ,.(«). a aamplr volume of finiU- aize ia. of 

murae. required in order lo obtain meaaural.le quanlitie» of po»er. The aize of the volume and of the receiver aolid angle of accep- 

tance, u.«. are determined by the aenaitivitv of the receiver, (he power in the pn )ector b.-am. the spectral bandwidth, and the ranue 
of „(«I values to be measured. In Al.SCA f the sample path length la sufficient M that loaaea along the path cannot b.- pegliclid 

in the derivation.   The measurement path is shown schemali« all\ in I- igure 1. 

IV"' 

Pr<M 

Kig. I 

Let 

and 

('„(Ol -    the power in the beam emitted b> the ppijector into tl«> water. 

A the area of the projector neum. 

f the length of the measuremenl volume. 

TM the transmitlnpce of the water path to  \ 

Tf Pf(()) H„(ül        the transmittance of the U)tal water path. 

Th"n. since power in the la-am at   x   is given by 

H. A.        I'.        I'„(0> • T. 

represents the power scattered in direction   »   by the element of path   dx   at   x. Kq. Ct) may be rewritten as 

dl'^«)        tm    T.  -»'„(O) wfldx  . Cfa» 

mmm A 
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Now Ihr amount gf thin powr MMMM ,!"' rivrivfr HI   f   »ill I»' 

Ml 

■nd «inoe   T.  • Tf   .        T^. K.q. U> lifconn» 

dl',, /in       »i'ii \f I'.KM ...Hdx 14.1 

SolvinK for thr loUil MMMi »MM Ulllfi N« *■ '•"""• ni.^Mirrm.-iU M.luuir. «.■ .il.ti.in 

I'^OI        ,. mi  IVI'.iH'' MI 
(M 

from »huh »<■ obuin 

,(*) 
.()fTf 

lyni 

!■ i(li 

I« 

or mnce   Pf(ü»   i   If ■ fJHH 

1 IVl«) 
,U(1 .  - 

"•„t       t'piO' 
.71 

The «hov.. J   |    IT     a.sunu-H sm^U. lllMlllU «nd M .ho path .ravollod liv I MMM4 ptotM .- ■- M.nfu.n.K U,nil,;. ,n 

UrniH of atU-nuation lam, than that travoll.-.! h> an uB*cattered photon. 

P^iector.   Th.. pro.e.tor MM I. a »MM, ^voh promotion lamp »,.h a  LI .  IJ M "IhJ IM" «JM« -'-ran- »I«.   A* 
l,n,P ZmmaU-' a fu-ld stop 0.44 .UltaMM m «MMl plao.vi at tho f-ual distaiuo fro,., ft. „r.., r „I,,,., .no l,ns iMTIg. ». 
Th,"     nT a a   .;»)-m Ihmofr foc.l l-.^th   «I null iniot.r dian,oto, pl.no x a.hroma, »,th tho piano MM. in .on a, , »ith th. 
I   U.r     C   onionl" Ins ima.-s tho SMM ... -ho prop, tor aporturo .top.   Tho .imp., IM MlM. ta "   U „„II .na-tors .      .« 

Tur   h.™   a n,V ho diagonal of tho filamon, in,, «o .i, fti. H  - -'^"tU  N  than ft. »MM «-MMN MM» 
Taen, a   Tort .:   ho »ator ,s n.oU.n.ular.   Tho pn.,o. tor !  «M|  I. ••« -llirad n ,.,r and 1 1 Han- in »ator. 
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Pbotodeteclo, Unit.   An mtegnitini sph.-n- hHs U M us.-d U. MMN IM th. MM portmn »f Ihr !>■>■«■»■* «TU» jt-ltllMlll 
ulu'r tub.- (RCA IPMÄVl) it HMd for «II aMMMMto.   Th.« »M partuularK importHnt x.n.v tho rf.Htnbulion ..mux m the MM 
MitlM tho f.lU-r wh^l eta^M nmrk.-dly to th.- UM MMNMrti ...uludm« th.. m.T ..„u.    •r.-f..r..nc..' m.-aHurrm.-nt..   Such 
' han^l m ItetliMta. M .HUH., .h. •** of ,h.. phoU-mulnpl.T .UIK. to ki no,, „roporfonal to ft. U.tal rtux. If MftMl MM of 

the photocathodi' an- uaed. 

I ndi-rwater l.enaes 

The amount of rfM »nd ftl number of Hurfaccs ,n th.. optual palh^ of ll». iMlWMl mm kopt ft a m.n.raun, in th.- IMHMt of » 
MM ihr MMMI ,nHtrum..«U.l MMMft»   To ftft N4 »IMI BMW U-n».-  ».th ftftl pftM s.d.. ,n .onta.t w.ü, the *aUT MM 

,.   Tn h.-ü ulth.. MMl .Irtftrtftl of MM. and pteM^MlM *M #M. endows.    Iho »«*•«*■ ^ Mft low acat- 
Mtafl and a.hromat./at.on du-Uted IM. »irilMMN that could ft met only ft MMftl ftM dos,«., and fal.ncafon.   ( onscquonuy, 
.•„-.Mcmcnt emented «chromata we«, deaigned by one of the author». ITJP». and manufactured to MM tolerance» with «.»peel U. 
»urface f.mah. bubMe», mclu»,.:!.», »Mft and »tnae.   The follownm table Iftft the major Hpee.fuat.on« of th. lenaea: 

Al.SCAT OBJECTIVE LEN8E8 

f Keceiver 
Diameter   | ^^.^ 

t'ocal I.enKth IWT.M nm. He .1 linei 

Axial t'olor Correction     WU to ITO nm 

Iri'iU SurfLi.-e 

Kear Surface    Kadiu» of Curvature 

All Surfii.e»     Conformity to \bove 

Surfuce 1,'uality (icr Mil. (1 l.W.«! 

Central I 1 mm i Keener' \ 
(fntral   W Hi il'mjector'] 

Maximum Deviation Hetween (Iptica'i mi Mechanical AM. 

,,.. J Receiver ns  I hicknes»    < . 
[ I'roj. cliir l.f 

7.r) mm 
:«) mm 

M mt" • I "■ 

• XtK of focal lenüth 

Hat 

1 1.1 tut mm 

Within I  fringe lier t] mm 

sll     III 

IB    W or l».tt..r 

38 mm 
III mm 

Mechanical l)e»i);ii 

The mechanical design was predical. d on pn.vidin,, I nftpA m line instrument that could take the normal sh.ph«ard abuse and 
maintain its „ptical lifeWMi   The PMfteM and «..eiver assemblies are mounted in cylindrical pressure vessels that «re accurately 
positioned with respect to each other In heavy alurn'mim cvlindneal spucers.    RfM I shows the instrument assembled in it» 1- 

aml the sketches at the bottom of the future show how MfftM combinations of the spacers c«n I»- useil meU.r confiiiuration at the top. ... 
to vary the water path iMgtt from ••• to 2.0 MM«.   The e|(.nK«te,l holes in the cylinder walls ol the sp«cer» «re provided to fach 
Ml rapid exchanKe ..I vs.ter ... the measurement path.   The spacers are held tog. ther bv split clamp rind» which allow rap-d and ac^- 

curate changes ,n path iMflft.   Ml opu.al l.lli are made to the In* f«<<' **• "' *h"h *■ ""•"'v''r **** ho"*m'i "f*" 
first spacer IB .n h 1«. M «re nlt«ch..d.   The plaU- was carefullv machined to «..eive the curved surface of the receiver objective len* 
and the plane water-contact surface of this len» i» parallel to the plane ot the outer surface ft the plate.   The optical component* for 
the receiver are mounted M an optical bench fastened to the inner MfftM of this fa.e plate and held rifM bv the addition of two 
large rods and an end plate brace.   The projector unit is centered «nd aligned to .he receiver ft means of two sets of three adjust- 

ment screws in the wall of the spac. r tube. 

IftMM to the Hilly || optic» and electronics is obtained bv removal of the cylindrical pressure housing.    Access to the lamp 
is obUiined bv removing KM the pmteclive guard Miint K .r Kig. M, and second, ft. rear half of the projector pressure housing.    The 

.Vtical alignment is not affected by this procedure.   I.am;' replacement or «djustment «re quick v »nd simply effected. 

The fiber optic light pipe and wire* from the receiver to the projector are carried through aluminum tubing attached to the r^ 
spective face plates by conventional tubing compression fillings.   A separate tubing length is required for each of the four men 

surement path lengths. 
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ALSCAT UNDERWATER ELECTRONICS 

(Block Diagram) 
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UM output from th.-   'zerr " S&H circuit provides an indication of the dark current in the photomulliplier tube and zero drift in the 

current-to-volüäKe connected operational amplifier.   The "tm" «ixnal is fed hack U> a summing junction at the input to this ampli- 

fier and forcis the amplifier output to /.en), thus compensating for the zero offsets generalr 1 to this point. 

The output from the   'reference" S&M is proportional to the signal arriving at the phototube through the fiher optic light pipe.   As 

this signal is independent of the water path, it» value should remain constant.   Any variation in this signal is attributable to varia- 

tions in the lamp output or in the overall response of the photomultipli. f tube (l'MT>.   Regardless of the cause, changing the gain of 

the 1'MT can restore the reference signal to a preset value.   This value is determined with the instrument in air by adjusting the high 

voltage applied to the CMT dvnodes until the indicated transmitUince is 0.925.   This value represents the transraittance change 

caused bv the increase in losses at the two exterior surfaces of the lens windows whr„ these interfaces are in air as opposed to 

water    The high voltage is adjusted as l.llows:   The output from the reference S&H is electronically compared to a reference signpl 

generated hv a digital to-analog ronvertei (l'\().   The t)A(' output is adjustod from the surface by the setting of digital »witches. 

The difference signal MM« the DAC output and the reference S&H controls the high voltage applied to the 1'MT.   Thus once this 
adjustment has been made in air lafter careful cleaning of the windows» the magnitude of this difference signal is established.   With 

adequate loop gam small changes in the reference S&H output will provide sufficient compensating PMT gain change to hold the over- 

all system response constant to within the desired •().! percent. 

The pressure and temperature t/ansducer outputs are processed, and voltage analogs of the depth (0 - 200.0 or 0 - 500 meter») 

and temperature (0 - 40.0 (') are applied to the analog multiplexer.   Changes in tin  full scale range in depth and   a   measurement are 

effected by digital c 'mm.inds transmitted from the surface. 

Digital Circuits 

The seven underwater analog channels are multiplexed into an analog-t.   ligital convertor (ADO in accordance with address sig- 

nals transmitted from the surface.   The output of the ADC is fed to a shift register along with the address and status in formation 

from the seven channels.   The underwater transmittor then sends this serialized digital information up a balanced digital data truns- 

mission cable.   At the surface the data is shi'ted into five* data registers that latch the data in accordance with the channel ad- 

dresses (see Kig. 7).   The information in the latched registers is provided to the digital displays, printer, magnetic tape recorder. 

• The five are- Transmittance, Alpha, Depth. Temperature, and one of liie three VSF channels as selected by the operator. 
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