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AN INSTRUMENT ¥OR TIE MEASUREMENT OF SPECTEAL ATTENUATION COEFFICIENT
AND NARROW ANGLE VOLUME SCATTERING FUNCTION OF OCEAN WATERS®

R. W. Austin and T. J. Petzold
University of Cahfornin, Seripps nstitution of Oceunography
Visitnhity Labormtory
San Diego, Culifornia 92152

_Abstract

A new inatrument has been developed for the study of those opticnl properties of oceun water that affeet the tennsmission of
image-forming light. The instrument performs simultaneous aessurements of the volume attenuntion coefficient nnd the volume
scattering function at three angles. Any of ten wavelengths covering the spectral range from 400 to 670 nanometers may be used.
A depth capability of 500 meters perniits the examination of water below the euphotic zone und of the bottom waters on the conti-
nental shelf. The considerations leading to the design of the instrument, its capabilities and the unique features it incorporates
are discussed. Some examples of the data obtained with the instrument are presented.

lntroduction

‘the study and solution of visibility and image transmission problems requires information regarding the optical properties of
ocean wa'er for various geographical ureas nnd water depths. The present state of our knowledge of these properties hus heen se-
verely restricted by the type and capability of the instrumentation that has been avnilable. Visihility and imnge trznsmission through
water is affected hy the optical processes of shserption und scattering.  Therefore, measurements of the medium are required from
which the significant factors of the absorption and scattering properties can be derived. Generally, both varv with the wavelength of
tio radiation involved, with geo-raphicnl location, with depth, and with time. 1t is essential, therefore, that the measurements be
obtained rapidly over the spectral region of interest and over the volume of water of concern in order that a complete nnd quasi-
instantaneous assessment of these properties can be obtained.

Recent studies of neur-surface data from stable, well-docnmented wnter confirm that u reasonably precise estimute of the totul
scattering coefficient, s, can be obtained if the volume scattering function (VSE), o(6), 18 knov n at a suitably smalt nagle from the
direction uf propagation. As a result of this, the nbsomtion coefficient, a, may be determined from a knowledge of the volume ntten-
uation coefficient, a. and the VSF o() since a - 8 + a. Thoes a single instrument capnble of measuring @ and o(8) st a number of
wavelengths in rapid succession would sntisfy the requirement for simultaneous spectrul datn on the nbsorption und scattering pre)-
erties of occan wnters of interest. The validity of the correlation between o(8) nnd s for nenr-hottom waters, where the sentter-
ing material may differ in important respects from that found in surfnce waters, hus not yet been verified. We expeet from theoretical
considerations and from our evaluation of the nature of the nenr bottom seattering material that a satisfactory relationship between
(@) and s will be found to exist.

On this premise, the Visibility Lnboratory has developed un instrument to perform the simnttaneous measuremeat of the beum
transmittance, T, (from which a may be oblained) and (he VSF at three smull angles. This instrument when used in conjunetion
with the Visibility Laboratory general nngle scatter meter®® capable of mensuring the V'S¥F from 10° to 1707 can obtain values of
() over a range of angles large enough to allow the computntion of 8 directly from the relaticnship,

n

5 an o (0) sind d6 . 5}
[4]

If the expeeted correlation between o(f) and s is found in bottom water below the cuphotic zone, we may proced 4 with confidence
to utilize this single instrument, measuring AL.pha nnd volume SCATtering function thenee the acronym ALSCAT), for the evnlantion
of those optical properties of near-bottom water which are important for the assessment of the operation of underwater vieving
systems.

_Design Objective nnit Specifications

This section will provide a brief description of the importnnt functionnt specifications of the instrument. 1t will ulso serve ns an
introduction to the instrument and some of the concepts used in its design.  Additionn] bnckground and detmls will be provided n
later parapgraphs.

General Description

The instrument system consists of four components.
L 1. An underwater unit measuring heam transmittance, volnme scattering function, water temperature, and instrument depth,
1 2. A special cable with strain member (two lengths, 400 foot nnd 2000 foot, the latter for ase on an existing winch).

* The work *~scribed was performed with support provided by the Defense Advaneced Resenrch Projects Agency nuder ARPA
Order 243!

*« Developed with support provided by the Navat Air Development Center under Contrnet NG2269-T1-C-0676.




3. A deck unit for topside digital signal conditioaing, duta display, and fuactional coatrol of underwater unit.

4. A data recordiag uait witt a 21-cotumn dagital data printer, aa inerementa; maguetic tape data recorder and an x, y ., y,
*
plotter.

The maximum design operating depth is 500 meters (1640 feet). The cahte streagth is adequate to support the instrument and
2000 feet of cable in water with aormal aeceleration forces.

Vertieat profites of traasmittanee, volnme attenuation coefficieat, volume scattering fuation, and water temperature may be oh-
tained at a rate of about 36 meters per minute or 14 niautes for a 500-meter profile (neglecting wire angle effects), Faster payout
and retrievul may be possible depeadiag upoa the gradieuts of the variables, the system time coastants, and the desired accuracy.

tptical Measuremeats

All optical measnrements muy be made ut any of 10 waveleagths setectahte by command from the surface. The wavelength ia de-
termiaed by interfereace filters haviag hatf power bandwidths of 12.3 annometers or less and aominal centers wavelengths of 400,
430, 460, 490, 520, 530, 580, 610, 640, and 670 nanometers.

The waler path length may be chaaged from 1 2 meter to 2 meters in 1 2-meter increments hy meaas of spacers @stalted between
the projecter and receiver,

Collimated projector aad receiver optical systems are us +d. The projector uses a 15-watt tuagstea lamp geacrating a beam 9.33
mitlimeters m diameter haviag a divergeace of 0.5 mitliradians (half augte in wuter). The lenses in the projector aad receiver are
plaao-convex achromats speeiatly fahricated for this instrumer .

A portioa of the flux from the tamp is rarried directly to the receiver by a fiber optic tight pipe. This flux, which is uaaffected
by the characteristics of the water path, serves as a continual refereace sigaal to enahle the system to compeasate for fluctuations
in the lamp output aad or receiver seasitivity.

The rece.ver acceptance hatf aagle is 1.5 milliradiaas in water for the traasmittance measuremeat. The receiver aperture stop
for transmittance is 20 mithimeters ia diameter. The receiver field of view aad aperture stop diametr are changed for the three
volume scatteriag function (VSF) measuremeats. The nominal measurement aagles (ia water) over which the VSF ia measured are
3, 6. and 12 milliradiaas. For path tengths 1 meter aad shorter all three VSF measnrements can be made. With a water path legead
of 1.5 or 2 meters, valy the 3 and 6 mitliradian mrasurements caa be made due to restrictions created by the 50 miltimeter maximum
receiver aperture diameter.

Proasure Depth Measuremeat

ia strumeat depth is determined by a bonded straia gage pressure transducer haviag a raage of 0 — 750 psia and a terminal liaear-
ity of +(.15 perceat of full sca'e output. The transducer witl withstand pressures of 150 perceat of full scale without affecting per-
formance characteristics aad in excess of 25 percent of full scate before bursting.

The transducer output is amplified to obtaia a scale factor of 1 volt per 100 meters of instrument depth (i.e., 5 volta for maximum
depth of 500 meters). The digital dats transmissioa link has a resotution of 0.01 volts, correapoadiag to an effective depth resolu-
tioa of § meter. The transducer linearity limits the direct r- ding accuracy to +0).8 meters. Aa alteraate range of 0- 200 meters may
be aclected from the coatrol paael. This selection increases the gaia ia the uaderwater instrumeat by a factor of 10 with a resultaat
depth resolutioa of 0.1 meters. As the accaracy in this case i1s limited by the basic traasducer, no improvement in absolute accuracy
is reaiized.

Temperature Measurement

Water temperuture at the depth of the iastrumeat is seased by a precisica platinum resistance thermometer. The scasor resist-
ance chnages approximately 1.8 ohas per degree Celsius with a repeatability of ¢0.037C. The seasor time coastant in agitated water
ia 1.6 seconds or less.

The temperature respoase of the sensor system 18 1 volt per 107C oa the wpside temperature display aad recording. The raage
of temperatures which the seasor system caa handle exeeeds the requiremeats for ocean measurementa. The time constaat of the
thermometer probe requires that the rate of iastrument loweriag or retrieval he reduced for those portions of the water cotumn where
there is a marked thermocline if the full temperature accuracy is to be achieved.

Digital ata and Commnad Trunsmission System (DIDACTS)

This system provides for the trnasmission of digital addresscs and commnads from the surface coatrol uait to the various under-
water sensors (downliak) and for the truasmission of digital data from the naderwater sensors to the surface for display aad record-
ing tuplink).

The naderwater portion of DIDACTS will haadle up to eight analog input chnanels (+10 volts full scate). Aa aay of these chan-
aels is addreased hy the surface uait, its analog voltage is multiplexed into a bhi-potar analog-to-digital couverter. The digital data
along with the statua aad address of the chanael are seat to the surface vin the twisted pair data tranamission tine in the underwnt »r
cahle. lpoa receipt of the digital information, the surface uait stores and displays the data and status informatioa. It then initiatea

o The data logger was coaatructed with fuads provided by another contract, but it is compatible with the recordiag requiremeats of
ALSCAT and it will be used with this iastrument.




r unit the appropriate address and any digitat commund for a change
interrogation of a chanuel 18 7.8 mithseconds, As seven chan-
socond. ‘This data rate 1s in excess of that required to ac-

the cycte for another chnnnet by sending down $0 the underwute
in status of the underwater unit. The time required to comptete the
nels are currently being used, each channet is sampted 18,21 times per
curately reeord any of the variahies.

The capability 1s pravided to address any one or any covbimation of the eight data channels in sequence, tinly those so addres-

sed will be interrogated.

. These digital commands are trunsmitted to the nnderwater unit with each
cycle of the DIDACTS where they are placed in a storage register. 1f the status of the 11 W controtled function (e.g., wavelength fit-
ter wheel position, photomuttiphier tube high voltage setung, chopper motor sneed settng, or seate factor for depth measurement) is
not in agreement with the command, a digital comparator seuses this and initates a sequence of changes unitt the status agrees with
the command. The digital condition of the status generator assaciated with each controlted funetion s piuced in the underwater shift
regiswer and sent to the surface where 1t may be disptaved and recended afong with the duta. tf the command and statns signats in the
surface unit do not correspond, disptay and recording of data 18 mhibnted.

A 4-hit command word is associated with e¢ach channe

tptical Desigm

Design Considerations

In order to ohtain the smattest ereor in an instrunent designed to measure the volume attenuation coefficient, a, it cun be shown
that the path lengths through the medinm shoutd be wround |« or one attenuation length. ‘thus in very clear oceunic water where «a
may be as large as a -~ 0.05m ' & water path length of 20 meters 8 indicuted. Such path lengths are nsuatly impractical in field in-
struments without resorting to some systew for n ultipte folding of the opticat path. The muttiplicity of optical surfaces which re-
sults, with the attendant requirement for knowing the exuct reflectance or transmittance of ench sarfuce, quickly negates any gain
resulting from the increased path length. Furthemmore, the optimum tength changes with wavetength and water muss, and the advan-
tage of tho tong path mpidly decreases as the attenuation length decreases. As an exampte, piven an instrument having a path
length of 20 meters and unother with a path length of 2 meters - both having the same photometric uecuracy - the “crossover ntten-
uation coefficient,”” a_. i.e., the coefficient where the errors in the measurement of a 18 the same for the two instruments, would be

a, =0.128m"". For a 2-meter instrument with a photometric error 0.2 pereent, the error in the determination of a - 0.05m ! due
this photometric error would be Aa 0.004 1 m !, and the retative error wonld be \a « 0.022 or 2.2 pereent. ‘Lhis should be ac-
ceptahle for ait but the most eritical research purposes.  The same instrument shortened to 1 meter and nsed in the same water would
yield Aa - 0.002Im-tund V\a a 0.042 or 1.2 percent — an error that would stilt e acceptable tor most apptications. Thus a t or

9 meter transmissometer with good photometric accumcey can provide satistactory votume wttenuation coefficient data for ctear ocean
waters. These shorter instruments are greatly to be pretened from the standpoint of case of handling at sea to the lonzer instruments
or to those having a targe number of reflecting or transmitting surfaces having criticat cleaning requirements as in some instrument

designs with multiply-fotded opticat paths.

ding consideration forcing the design to shorter path lengths. That was the requirement to

There was an ndditionat and over-ris
measure the smalt angte volume seattering function (VSE) nsing the same puth as used for the beam transmittance mensurement,

Itere the designer wishes to measure the senttering from u thin tamma so that the flux remains essentiatty constant throughout the
measurement volume. The requirement for adequate receiver power ptaces a tower hmt on the measurement volume, and the cross-
aection of this volume, i.c., the beam diameter. finds practical limits in the size of the receiver optics. Opticnl requirements for the
size of the transmissometer beam place further restrictions on the beam diameter.

The compromises then were (a) between long measurement path lengths for accuracy n ctear water transmittance thenee a) mea-
surements and short water path tengths for small-angte VSF measurements and for case of handting at sea, and th) between n Inrge
diameter beam for precision in measurement of VS and small diameter to keep the size of the roceiver optical system rensonabte.

In this instrument the projector and receiver Yeams were cotlimated as opposcd to the ey lindrically limited design nsed in pre-
vious Visibility Laboratory instrnments. The primary reason for this was o attow the precise specifieation of nngutar ficlds of view
in both the VSF and the transmittnnce moeasnrements. A coroltany Lenefit 1s that the measurement path tength may be changed without
affecting the instrument calibration moviding onty that the receiver entrance aperture 18 of adequate ttameter to necept nlt flux scat-
tered at the maximum mensured scattering angle for the longest measnrement path.

Deseription of the Opticnl Desgn

idos a smatt beam of highly coltimated Light ond a cothmated receiver
The field-of-view of the receiver s caused to chnnge repetitivety, by
receiver objective lens,  For the mensurement of transmit-
eaving the projector which has been neither absorhed nor

and that remaining after traverswg an instrument water !

The optical system consists of n projector which prov
whose optical axis is aligned with the axis of the projector.
means of an indexing field stop wheel locnted nt the foenl point of the
tance, the field-of-view is determined by the requirement to pass alt flus |
scattered. Thus if the power in the benm as it leaves the projector is P

path length ¢ is Pp then T . Py, - el

to the forward direction, the field-of-view of the receiver

For the measurement of the volume scattering function nt nngles close
heen seattered by the water nt a smult range of angles

ia auch that it blocks the directly transmitted light and accepts flux which hns
around the desired median nngte. Those portions of the optical system that are illaminated by the projector bunm can also contribute

to scattered flux which is indistinguishable from that senttered by the water. Ta reduce this unwanted signal tou minimam, the de-
sign emphasized reducing the number of opticnt surfaces and amount of glass to a minimum nnd specifying the highest quality mater-

ijals and surfaces in the optics used.

ring function, a (M, at angle 0 from the direction of propagn‘ion mav be determined from the expreasion:

The volume scatte




T

1 Ppe)
a i) b i (2)
wyf 1?p(0)

where Ppt the on-nxis power leaving the measurement volume,
Pypo) the received power scatiered at a mean angle, 9, into a solid angle wg,
wg the solid angle of acceptance of the recciver about the measurement angle 9,

and f the path length throngh the measurement volume.

This relationship may be derived us follows: The volume seattering function is defined by the differential relationship.

A = at@ N -V =

vhere dJ (@) 1s the radiant intensity scattered in the direction 4 by an clementsl volume, dV, of the scattering medium. H is the
irradiance incident on the elemental sample volume. In an instrumental determination of oM, a sample volume of finite size 18, of
course, required in order to obtain measurnble grantities of power. The size of the volume and of the receiver solid angle of accep-
tance, wg, are determined hy the sensitivity of the receiver, the power in the prejector beam, the spectral bandwidth, and the range
of 0(f) values to be mensured. In ALSCA T the sample path length is sufficient so that losses alorg the path cannot be reglected
in the derivation. The measurement path is shown schematically in Figure 1.
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Let P_(0) = the power in the benm emitted hy the projector into the water,
.»\., the aren of the projector beam,
f the length of the measurement volume,
e the transmittnnee of the water pnth to
and Ty Pp(0)/1? (0) = the transmittance of the total water path.

Then, since power in the beam at x is given hy

H,A, =1, = PO -T,

and dar (@ wpdd (M),
represents the power acattered in direction 7 by the element of path dx at x, Fq. (3 may be rewritten a8

AP (M = a(d T, <P wgdx .




Now the amount of thia power reaching the receiver nt § will D

dip ) - at@ T, - Ty, P Ggdy

and since T, -Tp_, = Tp Eq. (D hecomes
dPy a i) Tg PO wgdy

Solving for the total scattered power received from the entire measurement volume, we ohtain

Pplf) ot Tpl, @) gyl

from which we obtain

| P
atlf) ]
mﬂf'rf l'o(l))

or since Py = Tp -1

| Iyt
alé) - . -
m,," l"ﬂ)b

The above derivation assumes single scattenng und that the path travelled by a scattered photon 1s not sig ificantly longer, 1n

terma of attenuation losses, than that travelled by an unscattered photon,

w a1 >watt, 6-volt projection tamp witha 1.5 x 1.9 mm flat core” filament (Osram 818, The
lamp illuminates a field stop 0.44 millimeters in diameter placed at the foeal distance from the projector abjective lens (see Fig. .
Thia lens is u 3W-millimeter focal length ) mithimeter diameter plano-convex achromat with the plane surface 1n contaet with the
water. A condensing lens images the filament in the projector aperture stop. ‘The projector clear apertare 18 .33 millimeters an da-
meter; however, since the dingonal of the filament imrge at this plane is shightly smaller than the aperture hameter, the projector
beam as it enters the water 18 rectangular. The projector beam divergence 15 0.67 mdliradians in ate and 0.5 milhiradians 1n water.

I’rojector. The projector source
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r design but having an overall diameter of 75 milh
Ihis disk rotates about a shaft through 1ts cen

The receiver also has a plano-convex achromati lens of
+d in the focal plane of the lens.
al mtermittent drive (see Figs. 2 and 3). The four

Receiver.
meters. A disk containing four Nield stops 1s locate
ter and is caused to index to six precisely determin
field stops are thus caused to stop, I sequence, at the required location on the receiver optic \ axis. while each of the four optical
measurements are performed, Lo, transmittance and the volume scattering function at each of three angles. As the field stop wheel
assumes the remaining two of 1ts six positions the receiver, (a) samples hight ux carried fron the lamp by a fiber optic light pipe

for systems gain adjustment and then, th is shuttered o place 1tan the dark for systems

ed positions by a mechanic

zero set,

millimeters in diameter which provides a 1.5 milliradian (half angle)
which provide for volume scattering function mea
le telow. When these annular field stops are 1n

as shown in the table
top preventing direct flux from the proy. ctor from

The four receiver field stops consist ol (1) a clear stop 1
field-of-view for the transmittance measurement, and (2) three
surements at the nominal angles of 3.6, and 12 milliradians
place, the image of the projector field stop falls on the opagu

cleer annular stops

entral spot of the

reaching the receiver. In this situation only that flux from the projector which has been scattered angles within the limits 6_
and #_,, (shown in the table) can b measured.
Nominal Avgle 0. ) =
(mrad) mrad) {mrad! (mrad sr})

o d 1.76 L () VIR v 10

f H .57 7.4 610 11.72x 10°°

", 12 10,46 13.94 12.20 26.92 x 10 *

f 28} 1. 449 070 x 10

measurements.  For the transmittance measure ment, the aper

The optimum size of the receiver aperture stop « hanges tor the four
1 ommodate

h to aceept all unseattered mys from the projector in air, for the longest path length. To ac
rease in the receiver aperture diameter has bheen provided.
wtered by an angle @ from the perimeter

ture needs to be large enoug
for slight mechomcal misalignment in the course of field use, a sm
For the VSF measurements, the size of the receiver aperture must be such that flux s
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of the projector beam as it enters the water can be accepted. Thus if the projector aperture stop diameter is ¢, and the path length
is (, the minimum receiver aperture stop must be

¢l' T ¢’+2'a.ll it

To reduce the errors introduced by the inclusion of scattered light in the t ittance me: t snd by the unwanted inclu-
sion of secondary scattered light in the VSF me asurement, it is desirable to limit the size of the aperture stop to that required for
cach measurement. In this instrument the receiver aperture stop is determined by the size of the image of a circular stop in the
*‘indexing aperture stop wheel’’ formed by the field lens (see Figs. 2 and 3). This image is formed at the water surface of the re-
ceiver objective lens. The field stop wheel and the aperture stop wheel are on the same shaft and index together. Thus each [ the
four optical measurements are performed with an appropriate aperture stop size. A slight compromise was 'y in the i
of keeping the size of receiver lens and its mounting to within what were felt to be reasonable limits. Thus the maximum receiver
stop diameter was kept to 50 millimeters which precludes measuring tie VSF for 6 = 12 milliradians in the 1.5 or 2.0 meter path
length confi gurations.

The stop wheel mechanism indexing speed can be controlled from the surface up to a maximum of 3 complete cycles of the wheel
per second (15 indexing actions per secoud).

spectral Filtering. A wheel carrying 10 narrow-band interference filters is located between the aperture stop wheel and the en-
trance port of the integrating sphere (see Figs. 2 and 3). The operator may select the filter required by a command from the surface
control unit. The filter characteristics are shown in Fig. 4.

CHARACTERISTICS OF SPECTRAL FILTERS IN ALSCAT
(SECOND SET, DITRIC 3 CAVITY)

NOMINAL CENTROID MAXTMM HALY =
WAVELENGTH A A FANDWIDTH |T(2)dA
J equiv
(rm) (rm) (nem) (rm)
400 400.7 402 8.4 4,129 | 0.492
430 430.3 431 7.0 3.402 0.486
460 459.8 159 5.9 2.903 | 0.492
490 489.5 182 7.4 4,097 | 0.554
520 520.1 521 6.7 4.600 | 0.087
550 548.3 549 7.6 4,840 0.637
580 580.0 579 i 4 6.284 0.068
610 608.4 604 11.3 6.827 0.604
640 641.0 638 11.2 6.666 0.595
670 669.3 668 12.3 7.519 0.611
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Photodetector Unit. An integrating sphere has been used to ensure that the same portion of the photocathode of the photomulti-
plier tube (RCA FP2BAVI) is used for nll measurements, ‘Fhis was particularly important since the diatribution of flux in the beam
exiting the filter wheel chauges markedly for the five measnrements (ueluding the fiber optic “reference’’ measurement). Such
changes in distribution can cause the output of the photomultiplier tube to T non-proportional to the total flux, if different areaa of
the photocathode are used.

Underwater Lenses

The amount of glass and the number of surfaces in the ontical paths of the instrument was kept to n minimum in the interest of re-
ducing the residual instrumental scattering.  To this end plano-convex lenses with their plane side in contact with the water were
used 10 licu of the usual combination of fenses and plane-parallel optical gluss windows. The requirementa for strength, tow acat-
tering and achromatization dictated lens requirements that could be met only by speetal lens deaign and fabrication. Consequently,
two-element cemented achromats were designed by oue of the authors, CTJP), and mnnufactured to strict tolerances with respect w
surface finish, buhbles, inclusiens, strain and striae. The following table lists the major specifications of the leusea:

ALSCAT OBJECTIVE LENSES

a— -
Disiater { Receiver 75 mm
Projector 30 mm
Focal Length (587,56 nat, e d-line) 330 mm o+ 47
Axial Color Correction: 40t to 679 nm + 0.2% of foenl length
Front Surface Flat
Rear Surface: Rndius of Curvature P43 69 mm
All Surtaces: Conformity to Above Yithin | fringe per 12 mm
Surface Quality per MIL-0- 1830 B0 40

Central 14 mm (Receiver)
I, v } 20- 1) or etter

Centeal 10 mm (Projectorn?

\taximam Deviation Between Opticai and Mechanieal Axes 6 minutes
Pee Ve ar
D aak CHbaRA S Ifuuhr e rinT
P’rojector 10 mm
= ey : =

Mec hunlcng_ll_)vslml_

The mechanical design was predicated on providing n rugged, in-line instrument that could take the normal shiphoard abuse and
maintain 1ts optical alignment. The projector and recetver assemblies are monnted 1n cylindrical pressure vessels that are accurately
positioned with respeet to cack othee by heavy aluminem cylindrical spacers. Figure 5 shows the instrument assemblied in its b-
meter configuration at the top, and the sketches at the bottom of the figure show how varions combinations of the spacers can be used
to vary the water path length from 0.5 to 2.0 meters. The clongated holes in the eylinder walls of the spacers are provided to faeili-
tate rapid exchange of water in the measurement path. The spucers are held together by split clamp rings which allow rapid and ac-
curate changes in path length. Al oplical references nre made to the lerpe face plute to which the receiver pressure housing and the
first spacer (B in Fig. 5 are attnched. The plate was carefolly machined to receive the cupved surface of the receiver objective lens
and the plane water-contact surface of this lens is parnllel to the plane of the outer surface of the ptate. The opticnl components for
the receiver nre mounted on an opticnl hench fastened to the inner surface of this fuce plate and held rigid hy the nddition of two
large rods and an end plate brace. The projector anit is contered «nd aligned to Jhe receiver by means of two sets of three adjust-
ment screws in the wall of the spacer tube,

Accesa to the receiver optics nnd electronics is obtained by removnl of the eylindrical pressure housing. Access to the lamp
ia obtained by removing first the protective guard Gunit F in Fig. 5. and second, the rear half of the projector pressure housing. The
optical alignment is not affected by this procedure. Lamp replacement or ndjustment are quich v &nd simply effected.

The fiber optic light pipe and wires from the receiver to the projectne are carried through aluminum tuhing attached w0 the re-
spective face plates by conventionnl tubing compression fittings. A separate tubing length 1 required for each of the four men-
surement path lengths.
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Flectronic Design
The electronics may be divided into two aistinct parts: (1) the analog signal detection and processing circuits, and (2) the
Digital Data And Command Transmission System (DIDACTS) Figure 6 15 an abridged block dingram of the underwater unit. The

multiplexer/ analog-to-digital converter is the essential interface between the analog and digital circuits,

Underwater Analog Circuitry

An optoelectric coupler (LED photodiode unit) senses the position of the indexing stop wheel and provides timing signals for
the signal detection process. The primary photodetector is a 9-stage photomultiphier tube (RCA IP2RAVI). The g »f this tube
is adjusted by controlling the high voltage applied to its dynodes in a manner described later. The output signal from the tube con
sists of a series of six discrete current levels corresponding to the six posttions of th p wheel, The current is converted to a
voltage signal by an operational amplifier, and this voltage is, in turn, applied to the inputs of six sample-and-hold circuits. I'hese
circuits are switched by the timing signal generated by the stop wheel location. Thus the D.C. outputs of these SEH circuits cor
respond to the average value of the photomultiplier tube output during the sampling aperture These signals are the voltage analogs
of the light flux entering the integrating sphere and are updated once per revolution of the stop wheel. The tput signals, corres

ponding to VSF (o, o,, and o) and transmittance, are applied directly to the analog muttiplexer. In addition. the transmittance
of the volume attenuatior efficient a, 1.e.,

signal is applied to a logarithmic circuit which provides an output voltage smalog
a--1"fInT.
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Fig. 6

The output from the “*zerc’’ S&! circuit provides an indication of the dark current in the photemultiplier tube and zero drift in the
current-to-voltage connected operutional nmplifier. The “zer0" signal is fed hnck to a summing junction at the input to thia ampli-
fier and forces the amplificr output to zero, thus compensating for the zero offsets generatcd to this point.

The output from the ‘‘reference’” S&11 is proportional to the signal nrriving at the phototube through the fiber optic light pipe. As
this signsl is independent of the water path, its value should remain censtant. Any variation in this signal ia attributable to varia-
tions in the Inmp output or in the overall response of the photomultiplier tube (’'MT). Regardless of the cause, changing the gain of
the PMT can restore the reference signnl to a preset value. This value is determined with the instrument in air by adjusting the high
voltage applied to the PMT dynodes nntil the indicnted transmittance is 0.925. This value represents the transmittance change
caused hy the increase in losses at the two exterior surfaces of the lens ‘windowa when these interfaces are in air aa opposed to
water. The high voltage is adjusted ns thrllows: The output from the reference S&H is electronically compared to a reference signel
generated hy n digital to-analog convertes (DAC). The DAC ontput is adjusted from the surface hy the setting of digital switchea.
The difference signal between the DAC output and the reference S&tl controls the high voltage npplied to the PMT. Thua once this
adjustment hss been made in air (after careful cleaning of the windows) the magnitude of this difference signal is eatabliahed. With
ndequate loop gain small changes in the reference S&11 output will provide sufficient compensnting "MT gain chsnge to hold the over-
all system response constant to within the desired +0.1 percent.

The pressure and temperuture transducer outputs are processed. and voltage analogs of the depth (0 —200.0 or 0 - 500 meters)
and temperature (0 — 40.0°C) are applied to the nnalog multiplexer. Changes in the full scnle range in depth and a measurement are
effected hy digital communds trnnsmitted from the surface,

_[_)ig_i_tﬂl_C_ircu_its_

The seven underwater analog channels are multiplexed into an analog-t Yigital converter (ADC) in accordance with addrean aig-
nals transmitted from the surface. The output of the ADC is fed to a shift register nlong with the address and atatus in formation
from the aeven chunnels. The underwater transmitter then sends this serialized digital information up a balanced digital data truns-
mission cahle. At the surface the datn is shifted into five® data registers that Intch the data in accordance with the channel ad-
dresses (see Fig. 7). The information in the latched registers is provided to the digital displnys, printer, magnetic tape recorder,

* The five are Tranamittance, Alpha, Depth, Temperature, and one of the three VSF chnnnels as aeiected hy the operator.
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