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I 4'\ SEC'rlON I

INTRODU(Cl'ON

S'•The ability o1' ligh to penetrate the sea to operationally useful depths, the case with which optical

energy can be gjenerated and modulated, and the ability to direct this energy into narrow beams utilizing

small antennas (optical systems) illustrate the theoretical feasibility of optical communication links in the
sea. For example, when the proportionate 'sea path is limited to lengths of hLUlndreds of feet (or meters),'r
optical communication links between an earth orbiting satellite and submerged terminuls appear possible,I , Before such optical communication links become practical, phenomena reported in the literature
must be quantified to reliably predict system performance. This is necessary for systematic design and
evuluation o1' terminals, For example, optical beam spreading, attenuation, air/sea interface effects, and
background radiant intensities must all be documented to be used for component development.

oi With these objectives in mind, an experiment designed to measure the propagation characteristics
of liht in the ocean was conducted in the vicinity of Santa Catalina Island, California, between June and
August 1975 (ref, I), f-...

I,.1 PURPOSE

I The purpose of this experiment was to examine the propagation of light in the sea, at the sea/air
interface, and in the air above the sea, This served to quantify and catalog previous measurements and to
obtain necessary new data. These data will be used as the basis for the design of optical communication
links operating in the conglomerate environment, Specifically, this experiment was designed to:

a. Measurc (in the atmosphere) the radiant intensity pattern produced by an underwater optical
projector at various orientations and depths whose beam transits the air/sea interface. These measurements
were made in the far field of perturbations caused by wave effects.

b. Measure the underwater radiant intensity profile produced by a simulated extended optical
source whose beam transits the air/sea interface. The definition of an extended optical source is one whose
projected dimension at the air/sea interface Is much greater than the depth at which the measurement is made,

Although the experiment was not geared to any specific propagation model, the propagation model
that was developed has been verified, and, provides a very useful tool for understanding the physical require-
ments of transceivers operating In the ocean environment. The verification of this model, which is high-
lighted in Section 4, will provide a basis for the engineering design of communication systems and a mech-
anism to predict the performance of optical communication links when penetration of the sea Is a require-
ment.

I Distance measuirements throughout this document are mostly in feet. However, somo measurements are presented in metric
units, while others indicate meters followed by the equivalent in feet. For those measurements that do not display a com.
binatlon of both, conversion factors are provided: Multiply feet by 0,3048 to obtain meters, and meters by 3.2808 for
the value in feet.

I . 4.... ......... .......
| :



1.2 BACKGROUNI) (ref. I)

Thc shildy and lrogrc..ss tl (focn optics h~lw, heen L-losely conilcul'ed with th11C evolution both of inl-
Strllunc'tttai ltv.eh liqLtcS anid of m1iotivatiolnal lfactors for investigating the optical clharactcr ol' the seab,

For the earliest work, which dates back to 1885, only photographic methods were available (refs.
2 and 3). e 11(e advent oh' photocells revolutionized techniques In optical oceanography and led to the
development, begi|nvir iln the I 930's, of relatively sophisticated Instruments for measuring apparent and
inherent optical properties of the sea,

*rhoughout the history of underwater optics, a fundamental incentive for research has been the
photosynthetic activity of the ocean in terms of planktonic abundance and primary organic productivity(rf. 4), In particular, studies of the ecology of fish have made wide use of a subjective measurement tech-
aique known as the Secchi disc, Although the properties of the Secchl disc have nuver been standardized,Secchi disc measurements represent the most complete worldwide body of knowledge of submarine daylight
and water transparency available, with more than 67,000 sightings cataloged (ref. 5).

Another long-term motivational factor in ocean optics has been its relationship with meteorology
and the physical processes occurring at the sea surface which determine the interchange of energy between
the atmosphere and the sea, This work has stressed modeling of radiative transfer In the sea and experi-
mentally measuring upwolling and downwelling irradiances in the oceans (ref, 6),

More recent applications in underwater photography, vision, remote viewing/surveillance, and in
remote detection of chlorophyll from aircraft or satellites have added impetus to the study of underwater
natural light fields (ref, 7),

For the most part, there exists adequate documentation of the ocean optical propagation Oroper-
ties (ref, 8) utilizing the sun as a source, There are, however, new applications of optics where data required
to predict system performance in the ocean are either scarce or nonexistent. Examples of such optical sys-
tems in the ocean are those which operate through the air/water, for example, an optical communication
link between a satellite and a submerged terminal,

1.3 SCOPE OF WORK

To describe optical systems which operate In the environment, quantitative data are required on
underwater radiant intensity distributions from natural backgrounds; radiance distributions from artifi-
cially collimated sources on ',xis, off axis, and operating through the air/water interface; and the optical
properties of the air/water interface,

Quantitative descriptions of natural background radiance (or special radiance) and the radiance
distributions are essential for detennining noise levels In submerged optical equipment. Although absolute
or quantitative data have not be :n reported, relative data have been presented by several workers (ref, 8),

The only work which specifically studied the effect of propagating a light beam through the air/water
interface (Ohio State University) employed a small diameter beam (compared to the surface wave struc-
ture) and examined the results in the near field of the wavc optics (ref, 9), The data needed to understand
most systems that operate through the surface relate to beam diameters of several water wave lengths and
the effects observed in the far field of both upward and downward directed energy,

Some investigators have published results, both experimental and theoretical, describing underwater
light fields from immersed light sources (refs. 4, 10, 11, 12, 13, and 14). Untortunuely, it is not possible
to reconcile the various data sources to obtain a meaningful description of the geometrical beam spreading
expected In a collimated light beam for predicting the performance of a system. Little work has been reported
on the optics of waves In terms of scattering, reflection, transmission, and their effect on the radiant inten-
sity pattern thus produced,

++..S~1-,2
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VvWhat is nieded is a wurkabl model that can bN used to describe the propagiation of ligh( beams
over a watL'r path and through the air/s•a intera•'ce. The objetive of 'h1w experimenm herein described was
to obtaiin tIhe mneasimuremen ts necessary to veril'y a model. 'rihe m)dcl .tused is presentted in AlpinLlx A.

T"he results of this experiment will find iimmediate applic•itio•s amonig 'l'ctro-optical syWt'lil
d,,cign.rs working ll other programs thamt must opclmtl|e ill this eil ni,.It is currently ce.,,,amy, iin
amt least one advanced dtvllpiment program, to overdeslgn and co()nstiuct equipmnt to coi;•lln•limst for
uncertainties inl the hydrosol environmentt, This approach has proven vxpc•vilve, and the equilpm•.ent de-

ilnps are complex and large, Acquisition of the necessary optical oceanographic data amnd development o'fHa predictive ocean optics model will result In substantial savings in the•e programs, and will provide i-
primary nmechanism to enhance reliability at lower systmn costs.I

I
I
'I

I
I
I
I

I
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SECTION 2

FORMULATION OF THE EXPERIMENTAL MODEL

The basic theory describing the propagation of light through any multiple scattering medium is
* radiative transport, Refeivnces on this topic are listed in Appendix A. Unfortunately, closed form solutions

exist only for certain special coses. The solution most closely matching the underwater environment is the
forward scattering solution, in which the scattered energy is concentrated in a tight cone around the direc-
tion of origin of the ray. In this case, the mutual coherence function is known to f..ave the general form

M(p,z) = e-aZe-sz I-Q(p)I. Q(o) 1 (2-1)S Q(00) 0 ,(-)•

which specializes to the function __ _

,M(p,z) = e"(aZ)exp t-(sz 1 (2-2)

when an empirically derived scatter function (ref. 15) is used. The 2 is a measure of the scattered cone
angle; s is the scattering coefficient, a is the absorption coefficient; p is the correlation length; ), is the wave-
length- and z is the distance propagated. An off axis correction has been offered (ref. 16) to account for
wide angle scattering. This solution, which is presented as 4ppendix A, forms the basis for the Optical
Satellite Communications (OPSATCOM) model. In this section, we will give some elementary insight into
the model and a discussion of how the model was adapted for reducing the data taken at Santa Catalina
Island.

It is shown (ref. 17) that the Fourier transform of the mutual coherence function is a function
whose relative amplitude is proportional to the direction of arrival of the intensity. Thus, by examining the
mutual coherence function, information can be obtained concerning the angular distribution of the arriving
intensity. For example, a constant mutual coherence function implies a point source, whereas an impulsive
mutual coherence function is generated from radiation coining from all directions to the receiver. It is also
shown that equation (2-1) has the following limiting form:

2-1

.
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(P/Po) 2

Mt ki) c 2 2

sz >>

e-az sz << 1 (2-3)

where

2. (2-4)

Thus, we see that for short distances a point source will retain its imaging properties. At large distances, the
mutual coherence function is predominantly Gaussian in shape with an asymptotic value of exp -(a + s)z,
whereby, the residual imaging term is reduced to this asymptotic value. Since M(p, z) m exp -(az) for p = 0,
we see that the total power at a point: is always much greater than that contained in the residual (unseat-
tured) term. Specifically, it is exp (sz) times greater. However, this abundant power is associate4 mainly
with the Gaussian portion of the mutual coherence function, and consequently appears to come from a k

source subtending a large field of view. This holds true whenever the receiver is in the scattering medium,
In the model used, the energy at any point is constructed from all the rays converging there. Thus,

the solution is derived in the transform domain by examining the divergence of a zero cross section colli-
mated beamn which dan be described as a spatial impulse response, Once a boundary has been defined, the
solution at any point is obtained by convolving the spatial impulse response over the boundary. The spatial
impulse Is derived as a sum of two terms. The first term corresponds to the residual Image (or, in this case,
the point source) which is merely reduced by the factor exp -(a + s)z. The second term in the spatial im-
pulse response is obtained by subtracting the residual value and assigning the remaining weight to the
Gaussian term, which becomes

(PI0 o) 2

e"az e 2 Li-es], (2-5)

The model takes the random surface Into account by assuming that the point source is Gaussian
distributed and then adds the appropriate variance to the angular spread. This procedure is correct on an
ensemble basis. However, It must le noted that when the point image is discernible, this spread Is traced by
the motion of the point caused by the dynamics of the surface. Thus, if the radiation were frozen in time,
it would most likely be seen as one or several spots coming from a direction whose angle of arrival was
Gaussian distributed in time, but fixed at any instant. Although we have not done so in this case, it can be
represented as a point or sum of points with a time varying mean. For the scattered part of the radiation,
this ensemble averaging has already been performed by the multiple scattering medium and is of no concern.

Another addition to the model is identified as the glow field component. This term,as described in
Appendix C, is included to take account of the transition region existing between I and 10 scattering
lengths (sz), In essence, what is done is to subtract both the residual image and the scattering field, and to

2-2 9._9.,.,., .. l i l
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* fit a second Gaussian terni to the remainder. This gives a better fit to the function in equation (2-2)
through the transition region. A final modification to the nimotl is described in Appendix B, This modifi-

ca•lon accounts for the fact that all the cocf'licients, a, s, and 0 are actually functions of: in any real

S environment. We are therefore able to layer the model to accommodate any variations in depth. TheI l..preicC of the experimental test barge can also be accounted for when convolving the impulse response.

By knowing the exact orientation and coordinates of the boundary, this area is given zero weight during
the convolution.

Ij

2 2 b
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SECTION 3

I EXPERIMENTAL METHODS AND APPARATUS

3.1 METHODS UTILIZED

In general, the atmospheric radiance pattern of' an underwater optical projector was measured by
overflying the surface spot illuminated by the projector with a tracking optical receiver. The orientation,
field or view, and depth of the projector were correlated In consonance with the measured oceutnograj.-ihic
Sparameters and with the radiance pattern measured during the surface spot overflights,

DThe sun was used to simulate a point source, and a hemispherical scanning receiver was employed to
measure the radiance profile at various receiver deptlis and source orientations,

Both the uplink and downlink data obtained in open ocean waters were concurrently calibrated in
terms of the physical characteristics of the water. This calibration was accomplished by the Visibility Labo-
ratory of Scripps histitution of Oceanography where measurements were made to determine the extinct~on
coefficient (a), scattering coefficient (s), absorption coefficient (a), and the volume scattering function(I ((0)),

rhe collection of this empirical data has permitted verifIcation of the model presented in Section 2
and Appendix A. Using this model it will be possible to predict link parameters which influence the inter-
cept contours ol air or space to undersea,and of undersea to air or space communication links.

3.2 EQUIPMENT DESCRIPTION

The equipment used to gather data during this experiment can be separated into thret: distinct
areas: the underwater equipment package, the aircraft equipment package, and the surface support plut-
form, For a more complete description of the above equipment, refer to Volume 11, Sections 2, 3, and 6,respectively.

3.2.1 UNDERWATER EQUIPMENT PACKAGE
In general, the underwater eqttipment package is a submergible equipment platform which is con-

trolled from the surface.
Attached to it are a dye laser (see Volume 1I, Section 1) and the underwater radiance scanner (see

Volume II, Section 2).

* 3.2.1 .1 THE DYE LASER. The dye laser (figure 3-1), which was mounted on the underwater
platform, was housed In a watertight container and controlled from the surface. It could be lowered on the
platform to a predetermined depth and activated at will. The mount allowed 3600 azimuth rotation with
0°2 to 500 variances in zenith angle. The azimuthal rotation was continuous, while the zenith angle was
controlled discretely in l0* steps.

'I
3-I
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Figure 3.1 View uf dye laser in watertight housing (with top removed for servicing),
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The laser driver, w hich controlled tile activation of the laser, also output ik trigger voltage that acti-
vated a surface mounted radio transmitter. This radio transmitter was used to synchronize time
with a tracking receiver thut was mounted in an aircraft anid flown over the experimental test site to
limeasure the upward radiance pattern.

The pertinent specifications of the laser were:

Pulse repetition rate 20 pulses/secl3 Peak pulse amplitude 5 kW (±6% relative
±10% absolute)

Pulse width 0.75 jusec

Center wavelength 5,214 A
Bandwidth 46.5 A3 Beamwidth (in water) 1,230

3.2.1.2 UNDERWATER RADIANCE SCANNER. The underwater radiance scanner (figure 3-2),
which is essentially an electronic video camera, Image dissector tube, was mounted on the underwater
platform, By scanning its focal plane, it discretely sampled the composite field of view, including the
upper hemisphere, The scanner was mounted inside a watertight container (figure 3-3), with an acrylic
transparent dome and a flsheye lens (figure 3-4), The flsheye lens was Installed so that its focal plane
was the photoemissive surface of the Image dissector tube,

Appenrdix K contains a program for the implementation of calibration taken by the underwater
- • radiance scanner.

The platform could be lowered to any desired depth. Computer control from the surface support
platform allowed tile field of view to be scanned in segments of approximately 1 by I. Each field of view

a •segment was uniquely identified and the measured radiance was recorded as raw data,
A narrow spectral Mter of 93 A bandwidth centered at 5,200 A was incorporated Into the optic

train,I|
i. 3,2.2 AIRCRAFT EQUIPMENT PACKAGE

The aircraft equipment package consisted of a calibrated tracking optical receiver, its electronic
* control circuitry, and a digital data recording system, A complete description of the aircraft receiver sys-

iter is contained in Volume II, Section 3.
The tracking optical receiver (figure 3-5) was designed to measure the radiance distribution of an

underwater laser at various depths and orientations, Measurements were made while the receiver passed
overhead in its aircraft platfonn (figure 3-6) and tracked the optical source, the dye laser, The receiver was
manually controlled by a joystick pointing mechanism that was pointed at tile surface of the water above
the laser source, When sufficient energy was detected, the receiver automatically tracked the laser signal
(figure 3-7) and rcorded on magnetic tape the signal intensity, and the receiver pitch and roll angles. Using
these data and known aircraft altitude, one can determine the cuts that were taken of the desired upward
radiance profiles. Changing the laser depth or angular orientation and repeating the above procedure yieldsSa family of radiance profiles, as a function of the transmitter configuration and the water parameters which
were measured simultaneously.

The operational characteristics of the aircraft optical tracking receiver were:

3 ',nsitivity 4.7 X 10-9 w/cm" 2

rI# 3

I 'I
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Figure 3.2. Underwater radiance scanner and vidilsseclOO Canlera
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Figure 3.4, Closeup view of acrylic dome (with fisheye lens of the underwater radiance scanner visible),
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Figure 3.6, Tracking optical receiver moumntedi In PBY aircraft.
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LLens diameter 6"'

Spectral baidpass 5,240 ±38 A
IData field uf view 1.4o

Visual field of view ISO

Maximum roll angle+..0

Maximum pitch angle ±900

Roll rate correction > 5* suc"7
Pitch rate correction > 50 sec"1

Joystick slow rate > 155 0se0" 1

A radio link between the surface support platform and the aircraft provided timing informa-
tion that was synchronous with the tracking optical receiver,

3.2,3 SURFACE SUPPORT PLATFORM
The surface support platiomi (figure 3-8) provided stability for conducting the en-perhiients in an

exposed ouean environment under nonsevere weather conditions. A complete description is presented in
Volune 1I, Section 6. It hiad a mechanism in the form of an assembly whticlt could be raised, lowered, or
rotated to provide vertical access to depths of approximately 164 feet, and upon which the underwater
radiance scanner and the dye laser could be mounted (figure 3-9), The platform also provided the means to
traverse an optical detector along a horizontal path slightly beneath the surface of the watr. Necessary power
supplies, personnel accommodations, a control equipment shelter, oceanographic Instruments, support hut, and
operating equipment to facilitate experimental data gathering operations were provided. Also mounted on this
platform, were the following environmental sensin. Instruments, which are described In Volume 11, Section 7.

a) Solar monitor - a narrow field of view (70) calibrated receiver, filtered Identically to the
underwater radiance scanner, which was used to monitor direct sun rays.

b) Deck cell -- a lambertian collecting thermopile filtered at 5,220 A center wavelngth with an
820 A bandwidth that was used to monitor ambient background levels.

c) Wind speed and direction measuring instruments.

3,3 EXPERIMENTAL TEST SITE

The test site was located in waters adjacent to Santa Catalina Island. The criteria for this selection
are described in ref, 1.

This test site was near NELC and provided appropriate water depths. Water clarity was comparable
to that of open ocean areas. Laboratory, dockage, and personnel support facilities were available at the
Santa Catalina Marine Biological Research Station, operated by the University of Southern California.
Figure 3-10 shows the test site, the approximate location of the Marine Biological Research Station, and
the aircraft overflight path that was used in conducting the uplink measurements,

.1.3.1 AZIMUTHAL ALIGNMENT OF THE UNDERWATER RADIANCE SCANNER
In order to align the azimuth of the underwater radiance scanner (URS) with the earth's coordinate

system, a precise mark on the URS was aligned with a prominent projection of the coast or Swita Catalina
Island at Fisherman Cove so that the Y-axis was oriented north-south. To calibrate this alignment, the URS
was operated out of the water at a known time, This imaged the sun, slightly out of focus, on the Image

I- 3-10
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plane which was then scanned by the URS image dissector tube. The location of the peak radiance In the
image plane yielded the angular locution of the sun with respect to the URS, By simultaneously determin-
ing the aungulur orienitation of the suin with respect to the known geographic location of the URS, it was
possible to dterinine the alignment of the URS in relation to true North and the zenith.

A summary of these measurements follows:

(a) URS location, 33'27'14" N, 118028'55" W.

(b) Time of observation 2224 Greenwich mean time 24 June 1975.

(c) Calculated Observed

azimuth 262.5* 263.00
elevation 56.20 54.72"

This measurement confirms that the angular alignment was within the experimental goal of
:3a,

3.3.2 GENERAL WATER CHARACTERISTICS
The test site was located in waters adjacent to the Southern California coast generally classified as

coastal waters. This water has its maximum transmission peaking in the 480 to 550 nm wavelength region
of the visible spectrum, Typical attenuation lengths in terms of meters/In, the distance in which the intensi-
ty is reduced by a factor of exp (-1), are shown in figure 3-11 which is extracted from ref. 10. For the
experiment described here, a laser source of wavelength 5,214 A was chosen and the URS was spectrally
filtered about a center frequency 5,200 A wavelength,

The test site was somewhat protected from the prevailing seas by the northeastern projection of
Stata Catalina Island. During the experiment, the sea state ranged from a flat calm, with swells of I to 2
feet from the northwest, to seas of' 5 to 8 feet with patches of wind-generated whitecaps cover~ig approxi-
mately 5 percent of the ocean surface,

3,4 EXPERIMENTAL SCENARIOS

The experiment made three measurements to describe the propagation of light in the ocean environ-
ment: Downlink, uplink, and F(d). Of these three measurements, approximately 99 percent of the experi-
mental time was spent makin,' the downllnk and uplink measurements which were considered the most
important. The F(O) data is presented in Appendix M. Following is a brief description of the experimental
senarios that were used to collect the data analyzed that is presented in Section 4.

3.4.1 DOWNLINK MEAiUREMENTS
The sun was used as the downllnk source because as a stable source of sufficient inten-

sity, it adequately represented a satellite transmitter. The use of an airborne laser as the source was rejected
early in the experiment for the following reasons. To satisfy the simplified range equation, the radius of
the surface spot is required to exceed half the depth of the receiver (see Appendix A, figure 10). If a spot
of such dimensions (U.g. 164 feet), is projected from an airborne laser at reasonable altitudes of 3,280 feet
or less, the wavefront departs substantially from a plane wave. In addition, flying and pointing a laser from
an aircraft is a difficult and expensive task.

The solar intensity was monitored continuously at the sea surface to correct the data for any chang-
es In source intensity. Recorded data were normalized to these readings, simultaneously taken, so that the
results could be expressed in terms of loss per steradian as a function of depth.

3-14
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Figure 3-12 depicts a downlink recording event. Using the sun as the optical buurce, the solar cell
(or deck 'cell) was used to measure the solar intensity; Scripps Institution of Oceanography was at the test
site prwiding w~iler calibration measurements (a and s calibration), and the URS was mounted to operate
vertically on the 180 foot guide pipe suspended from the southern corner of the experimental test barge.

Data was recorded at approximately extinction length intervals down to a depth of 150 feet. The
URS was used to record a hemispherical mapping of the radiant intensity profile produced by the solar
source. The tilt angles of the underwater platforms were monitored to determine both vertical and azi-
muthal references.

Measurements were conducted under predominantly cloudy conditions, however, some were wider
clear conditions. These are described in detail in Section 4. Figure 3-13 represents the zenith and azimuth-
al angle trajectory of the sun as recorded at the test site during the experiment. This trajectory permitted
zenith angle opportunities of from approximately 100 to greater than 9U0 over an azimuthal range of ap-
proximately 500 to 310* referenced to true North.

The suspension of the underwater platform and its guide pipe left a clear field of view to the sun at
all angles during the day, and provided unobstructed views of sunrises and sunsets,

Experimental data was recorded in the following way:

(9) The URS was lowered to a known depth.

(b) The URS was exercised to set its gain characteristics, which were then recorded in the test log.

(W) The deck cell (solar monitor instruments) readings were recorded.

(d) The URS was programmed to execute a preset quantity of scans and was then activated, thus
automatically recording the data in digital format on magnetic tape for later processing.

W The time of each scan was both manually and automatically recorded individually or by series.
(0 The URS was then lowered or raised to a new depth and the above procedure was repeated,

3.4.2 UPLINK MEASUREMENTS
s Tie dye laser was used as the underwater source for the uplink tests. The tracking optical receiver

was mounted in an aircraft to record data while flying over this source.
The short pulses of the widerwater laser required the use of a peak reading circuit to hold the level

of the pulse until the next pulse occurred. The output of this circuit was recorded on one channel of the
9-track digital tape recorder. A timing signal was recorded for reference purposes. As the signal was
received, the pointing angles of the tracking optical receiver were recorded. These data were later re-
duced and are presented in Section 4, paragraph 4.2 of this document.

Figure 3-14 presents a pictorial representation of an uplink data gathering event. This event differs
from the downlink in that the dy . laser, which was mounted on the underwater platform, was activated at
various depth and zenith angle orientations. As the aircraft overflew the test site, the tracking optical re-
ceiver measured the radiant intensity produced by the laser source. All background and water calibration
measurements that were conducted during the downlink events were repeated during the uplink episodes
with the exception of simultaneous operation of the URS. A radio link between the laser con-
trol point and the aircraft passed time gating aignals to synchronize the optical receiver and laser
transmitter.
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3,4.3 101 MEASUREMENTS
The F(U) m11sUrrnments recorded the spatial impulse response of the dye laser, In order to make

this measurement, an optical receiver (described in 'cluine II, Section 4) was transited just beneath the
water surface along a specially constructed I-beam attached to the side of the barge (see figure 3-14). This
receiver was mounted so that it would be stopped at may pcsiton along the optical bench and pivoted
through 160e (±80W about the nadir) in the plane which contained the underwater platfonn suspension pipe
and the F(O) optical receiver,

Data were gathered as follows;

(a) The dye laser was placed in a preselected angular orientation with respect to the vertical and
was lowered to a predetermined depth so that it transmitted in the plane that contained the laser, the pipe,
and the F(Y) optical receiver.

(b) The F(O) optical receiver was positioned at a known horizontal position away from the laser.
(c) rhe angular position of the F(Q) optical receiver was set, the dye laser was activated, amd the

signal level as received was recorded.

(d) After the angular position of the F(V) optical receiver had been exercised through its range,
the horizontal position was changed, and the sequence was repeated.

(e) When a complete sequence of measurements had been made that sufficiently exhausted the
receiver angular and horizontal position possibilities, the laser was lowered to a different depth, its angular
orientation was changed, or a combination of both. This different configuration then formed a new set of
experimental knowns, and steps (b) through (d) were repeated.
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SECTION 4

, I DATA AND RESULTS

I The experiment consisted of two major portions: uplink and downlink measurements. In addition,
several levels of calibration were employed. The calibration, which is discussed in detail in Volume II, con-

* slated of equipment calibration, water calibration at the fundamental level, and water calibration at the
system level. The equipment calibration was used to determine the absolute levels of the uplink and down-
link measurements in order to obtain quantitative results, This resulted In absolute accuracies of 3 to 5 dB,
The water calibration was necessary as an input to model development, These measurements were per-I formed by Scripps Institution of Oceanography with the results appearing in Appendix D and
Volume 11, Section 5.

4.1 DOWNLINK MEASUREMENTS

The downlink measurements that were performed by the URS are described briefly in Section 3
and in detail in Volume 11, Section 2, This instrument was used to make ,olar measurements in a 95 A
bandwidth around 5,200 A. This scenario closely describes that of a satellite except that there is no modu-
lation and the sun is not a point source, but rather subtends an angle of 0,50, Neither of these deficiencies

I mattered as far as the goals of this experiment were concerned. The data-:recording equipment was pre-
viously described in Section 3, Two data acquisition programs were used ind are described in Appendices
B and H, and in Volume II, Section 2. The data taken with the quick scar program are summarized inI ~figure 4-1. Representative curves are shown In figures 4-2 find 4-3, For ea ch data point plotted, there Is an

accompanying hemispherical radiant pattern, together with an integration of the power in this pattern as a
function of the field of view (figure 4-2). Notice the power loss in the upper left hand quadrant of figure3 4-3 resulting from the shadow cast by the supporting pipe. The origin of the coordinate system corresponds
to the zenith, while edges are 900 from the zenith, The patterns are trum ated whenever the noise level is
reached so that all the plots do not display the horizon, The data points In figure 4-1 correspond to the
asymptotic value of the integrated curves in figure 4-2 which correspond 1:o the total Irradiarnce (intensity)

I incident upon the radiance scanner, All curves are normalized to the surface irradiance so that we have
units of loss/steradian for radiance and loss for the integrated power.

* I4.1.1 DATA CALIBRATION
Notice that at 40 feet and below anomalies exist in the data, This is better observed by focusing on

a single set of data taken as the radiance scanner wits submerged (see figure 4-4A). Observe the 10 dB dis-
S" icontinuity occurring at 40 feet. It is our opinion that there was an Interrmittent malfunction regarding the

gain-determining mechanism which was depth dependent. (The underwil ter connector failed late In the
experiment and might have been the trouble.) We support this claim in ,:he following manner. If 10 dB is
subtracted from each of the data points below 40 feet, and the resultant curve compared to a K-meter
measurement of irradiance taken simultaneously by John Shannon of the Naval Air Development Center,then the comparison In figure 4-4B can be made. Notice that the greateot deviation Is only 3 dB which
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occurs at the shallow depths. R. W. Austin of Scripps Institution of Oceanography indicated (in private
coumersation) that based upon iris extensive experience in K-meter measuremoits, the behavior in figure
44B is what he would expect; namely, a lower value for the radiance scanner at shallow depths with an
asymptotic convergence at the deeper depths. He also expected the results at the deeper depths to be inde-
pendent of whether it was a sunny or an overcast day. A suggestion has been made at NELC* that the
10 dB correction should be made by increasing the value of the shallow depth measurements. It is believed
that this would be incorrect for two reasons. First, this would result in a systematic 10 dB discrepancy
between the radiance measurements and the K-meter measurements, Since the latter are taken with a single
instrument, this would imply a 10 dB error in calibration. Second, and more compelling, is the fact that the
greatest loss occurring at 150 feet on June 20 and 24 was 19.3 dB without the 10 dB correction, However,
the absorptive loss alone when projected from measurements of the absorption coefficient taken by Scripps
is at least 22.5 dB for these two days. Allowing for a 10 percent error in the measurement of the absorption
coefficient still results in an absorptive loss of at least 20.5 dB. Examining consecutive scans of the quick
scan program at a 150 foot depth shows a peak deviation of only 0.3 dB in irradiance. Consequently, the
proposed correction would violate the laws of thermodynamics. What Is important to point out is that the
only difference between the K-meter and the radiance scanner is that the former has a cos 0 pattern while
the pattern of the latter is sin 0/0. Hence, within a maximum 2.16 dB factor, both m.asurements are identical.

Finally, figure 4-4B plots the results of the propagation model with the water calibration data
incesrted for the same time and day, This appears to give confirmation to within 5 dB. It is Interesting to
point out that the model seems conservative: so that projection to Jerlov II water made in figure 11 of
Appendix A should be accurate.

By contrast, our confidence in the repeatability or accuracy of the Automatic Hemispherical Scan
(AHS)I program is low. This can best be explained with reference to figure 4-5 where the irradiance values
obtained from the AHS are displayed. The measnrements made at 50 feet were recorded in 22 consecutive

scans, The irradiant loss ranged from 0.7 dB to -12,7 dB,or peak to peak of 13.4 dB. This range in irradiance
values supports the earlier conjecture of an equipment malfunction. Furthermore, it took 1 hour and 15
minutes to make these measurements since each scan took approximately 4 minutes, (By contrast, the
quick scan program on June 20 took 26 scans in one minute at 150 feet with 0,3 dB peak to peak deviation.)
As a consequencf .'urther discussion is concentrated on the quick scan measurements with the inclusion of
the 10 dB correction as proposed, 'fable 4-1 shows a complete data summary of the experiment: table 4-2
reports each of the quick scan measurements: and table 4-3 is a complete report of the Automatic Hemis-
pherical Scan measurements,

4.1.2 INTERPRETATION OF DATA
As evidenced by tables 4-2 and 4-3, the bulk of the data were taken on June '24 and June 26. As it

was decided not to use the Auto matic Hemispherical Scan data because of large variances, and since most
of the June 26 data were taken with the AHS program, we will concentrate on the June 24 data, These
data consist of two distinct portions. The portion between Il IIPDT and II 56PDT was taken during
heavy overcast conditions (refer to paragraph 4.1.1). The airport at Santa Catalina Island reported a cloud
thickness of 800 to 1,500 feet. We consider this set of data to be well calibrated. Figure 4-3 displays the
hemispherical radiance pattern of the data at 150 feet. Figures 4-6A through 0 represent cuts of the
radiance profiles taken through the sun angle (Appendix G), Also plocted are cuts through the radiance
peak. and the model developed with the Scripps data inserted, Since it was an overc:..st day, the sun could
not be considered as a point source. Instead, an initial spread (06)1 of 450 was used to simulate the isotropic

*NELC Memo Ser 2500-224, by R. D. Anderson, 17 Junv 1976.

I1Aprendix A, equation 6,
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TABLE 4-3, AUTOMATIC HEMISPHERICAL SCAN MEASUREMENTS (SHEET I OF 2).
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TABLE 4-3. AUTOMATIC HEMISPHERICAL SCAN MEASUREMENTS (SHEET 2 OF 2).
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nature of the source. (A cos 0 pattern is approximately t600 with a contraction of 3/4 because of the
waset index ) This correction seems te be better behaved at the deeper depths. Because little data were
obtaiined on a sunny day, It was difficult to make a %ompurison between the model and the data, However.
týo good runq were made on June 20, one at 150 feet tind the other at 20 feet. At ISO feet, a deviation of
approximately 5 dB at the peak of the radiance patteni was noted. However, away from the peak there
was good agreement, This wus interpreted to mean that the shallow water correction was truncated too
quickly. The model was rerun with the original function for A, In equation (C-12), A noticeable improve-
ment was seen as evidenced In figure 4.7. For the 20 feet data, both A and A' produced identical results
which is in close agreement with the measured data in figure 4-8. The model was also rerun at 150 feet
wtith the new value of A for the June 24 data (figure 4-60) and a slight Improvement was noticed. Because

* l of the lack of data, it was decided to discontinue model reruns. However, It is believed that a shallow wutel
1 €orrection can be empirically determined to further reduce the discrepancy, What is more important for

system design is the integrated power as a function of the field of view, This is displayed in figure 4-9A
* U through N for the June 24 data together with upper and lower bounds derived in Appendix A. Notice that

there is a 0 to 5 dB discrepancy throughout the rmnge, with the larger discrepancies occurring at the asymp-
totic values, Also note that the 3 dB field of view is approximately :t30*. This is true oven on a sunny day

II as seen in figure 4-10. Here the disarepancy between data and model is also smaller. We also point out that
the ocean roughness which did not vary greatly was estimated ush,g ditn tuken on June 23, Here, the
radiance scanner was submerged to I foot, and 100 consecutive scans were taken. As pointed out in
Appendix A, the ensemble average of all these wcans should approach s Gaussian distribution whose
"variance Is

* ~n 232 n I- varlRi.

*' I The ensemble average is plotted in figure 4-11 and the resulting value foi- var(R) is .044.
U The second portion of the June 24 measurements concerns uncalibrated data taken with the sin at

or below the horizon, These measurements were takei to simulate the effeots of ship-submarine line of
sight and over-the-horizon scatter modes ol' communication, Figure 4-12 portrays a radiance profile taken
by the radiance scanner at 50 fuet with the sun precisely on the horizon. Notice the large solid angle
around the Snell's angle over which the intensity is approximately constant, In figure 4-13, there is a

i radiance profile with the radiance scanner submerged to 20 feet, the surface irradiance sot equal to unity,
and the sun I5S below the horizon. Note the concentration or power at the S;-,ll's angle, In order to oh-
tuin a rough c€,libration, the radiance sconner was taken out of 'the water and the sunset viewed directly

* figure 4.14), Now the concentration of power falls at the horizon. The total inte grated power in figure
4-14 was only 13 dB greater than the integrated power in figure 4.13, Furthermore, the peak power on the
horizon in figure 4-14, wits only 6 dR greater than that of figure 4-13, Thus, it is concluded that the lou in
power and the inability to calibrate were due to the absence of 5,200 A in a red stunset and not due to loss
through the water, To emphasizc this, irradiance vs. zenith angle were plotted at each dopth for all of
our data (Appendix L), The modt enlightening of these curves is shown in figure 4-15. The results of the
mclel were also plott.3d to substantiate the hIvarlance of loss with the zenith angle at a depth ot 100 feet,

SThese results are most Important for any system communicating to a submarine in the bluc-green portion
of the visible %pectrum.

I 4.1.3 CLOUD PENETRATION
Although no attempt was made to record quantitative data on light penetration through clouds, a

pyrheliometer was used to cont~nuously monitor the irradiance at the ocean surface, The output from this

[ iI!
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device was recorded on a strip chart with a few representative samples shown in figures 4-1 6A through C.
Figure 4-16C is a trace for a sunny day, By using this curve as a reference, It was possible to obtain mean-
ingful statistical data on cloud penetration. Thus, for example, figure 4-17A is a distribution of points
taken every hour between 1100 and 1500. The value of each point is divided by the corresponding value ofj the sunny day curve at the same time of day. This is designated as the transmission and Is always less than
or equal to one, The transmission values are plotted on the abscissa and the relative frequency (number of
times a particular value occurs divided by the total number of values) is plotted on the ordinate. This bar
chart is an estimate of the probability distribution for transmission. It ib bimodal, that is, an impulse occurs
between .9 and 1,0, and a bell-shaped portion between 0 and .9. Of a total of 36 points, 21 represent clear
conditions or a cloud-free line of sight probability of .58, The cumulative probability was superimposed to
demonstrate this better. However, 36 points do not represent a significant sample so the same procedure
was repeated every 10 minutes and plotted in figure 4-17B. Notice the same basic shape, but more filled In.
The same data were reprocessed every 10 minutes between 0900 and 1700, as plotted in figure 4-17C, which
gave a more continuous sampling of the same time period. Notice that there is no basic change to the curves
with the exception that the probability of a cloud-free line of sight is now .62. Therefore, now that 274
points have been obtained, it represents a significant set of data and sonc conclusions may be reached, For' example, the probability of having less than a 10 dB loss Is .986, or 98.61. Even the conditional probability
(the probability when there is a cloud, referring only to the bell.shaped part of the curve) of having less than
a 10 dB loss given an overcast condition is 96.2%. Although only a spot sample was taken of all clouds, it is
clear that transmission through clouds with nominal values ind at high probabilities is feasible, This conten-
tion is substantiated since the major set of water penetration measirainents we~re made in overcast conditions
so that the penetration of diffuse light into the water Is understood. The extension of these results to spot
beam transmission and other types of clouds would be desirable in vi,-v of the potential impact on system
availability.

I 4.2 UPLINK DATA REDUCTION

The experimental procedures, descriptions, and scenarios for the uplink measurements are outlined

in Section 3. The equipment used and the calibration employed are described in Volume II, Section 3. The
goal of the uplink measurements was to determine, as best us possible, those parameters which arc critical In
determining uplink performance, Specifically, there were three parameters which received the most atten-
tion: overall link loss, beamwidth (antenna gain), and beam direction. Furthermore, it was desired that
models be developed which could adequately describe these parameters. The model used in this report is
the one developed In Appendix A. All the data presented are in one format; link loss vs. zenith angle.
These represent a slice of the transmitted pattern as seen by a receiver passing through thii beam toward the
source. The program used to reduce the uplink data is described in Appendix E. Because of equipment dif-
ficulties, aircraft failures, and a narrow operational window, thi only data deemed acceptable were obtained
on July 21 and 22, 1975, We also pulilt out that for logistical reasons, the uplink measurements were
always given first priority over the downlink measurements, which contributed to some spottiness in the
latter.

In figures 4-18A through F, data taken with the laser pointing in the, enith direction are displayed,
e.g. zenith angle is 0°. There are several items that should be pointed out with regard to the data. First, the
dynsmic range of the receiver was only 10 dB, so that the data weiit from the noise floor to saturation very
quickly. This required some adjustment on each pass; for examnplo, figures 4-1 SB and C were repeated passes
taken with different gain settings, Notice also that at the higher zenith angles the noise floor sturts to in-
crease. This is due to the secant squared correction that was used to account for the difference in path
lengths at the various zenith angles to a constant altitude aircraft. This effect can also be observed when the
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DEPTH : 15.2 METERS C 50 FEET
A/C ALTITUDE 914 METERS ( 3000 FEET I
LASER ANGLE 0.0 DEGREES
PERCENT TRACKING = 49.6
PEAK = 7.4 X IO METER- 2  AT 4.9 DEGREES

SHALF-POWER BEAMWIDTH 21.0 DEGREES

In

1~- I

/ \L

g° / \

C, 17

C"

/ \

ji SNELL'S RNGLE

'-90.00 -60.00 -30.00 0.00 30.0O0 s6. O0 90.0 0A ZENITH ANGLE. DEGREES

Figure 4.18A. Radiance proftle through angle of aircraft (Run No. 16, 22 July 1975).
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I
DEPTH = 21.3 METERS ( 70 FEET )
A/C RLTITUDE = 9141 METERS C 3000 FEET )
LASER ANGLE = 0.0 CEGREES
PERCENT TRACK(ING = 42.9 .

I o PEAK = 2,3 X 10-6 METER-" AT 5.2 DEGREES
! HALF-POW.ER. iERMWIOTH .26..1 DEGREES

I

I I I I

i /i

1V

SNELL'S ANGLE

ZENITH ANGLE, ERS
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Figure 4-ISB. Radianceprofile througl~ angle of arrft(uNo172Jly 95)



DEPTH 21.3 METERS ( 70 FEET )
P/C ALTITUDE = 914 METERS C 3000 FEET )
LASER ANGLE = 0.0 DEGREES
PERCENT TRACKING.= 83.3

o. PEAK 0 9.77 X 10i METER-. AT -12.ODEGREES
C HALF-POWER BEAMWIOT7t 52.5 DEGREES

U/-

' g
LW

Ir // -

tAl= / \-

o/ \-ID

'II

SNELL'S ANGLE

1-90.00 -80.00 -30.00 0.00 30.00 a0.00 90.00
ZENITH ANGLE* DEGREES
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DEPTH = 27.q METERS 90 FEET )
A/C ALTITUDE 914 METERS 3000 FEET )

I LASER ANGLE = 0.0 DEGREES
PERCENT TRACKING 914.9
PEAK_= 8.9 X 10"8 METER- 2 AT -5.4 DEGREES

• HALF-POWER BEAMWIOTH = 44.0 DEGREES

mC

c ca

C2

, ¶
* /

, / , , ," ; I ,...

iL900,00 -80.00 -30,00 0.,00 D0o0' 0.0 900ZENITH ANGLE, DEGREES

S, iFigure 4-18D. Radiance proflle through anyleof aircraft (Run No. 20, 22July 197 5).
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DEP7H = 33.5 METERS ( 1IOFEE7 )
A/C ALT7TUDE 914 METERS ( 3000 FEET )
LASER ANGLE = 0.0 DEGREES
PERCEN7 TRACKING = 58.0
PEAK = 3.46 X 10, MEER"2 AT -12.4 7ECREES

'. HALF-POWER BEAMWIDTH = 29. 1 DEGREES

C2

/ \/

0 /
SI /' ' ,,

-0.0 -60.00 -30.00 0.'00 30'.00 00'.00 90.00

ZENITH ANGLE, DEGREES

Figure 4. 1 , Radiance profile througih angle of alrcrrift (Run No. 21, 22 July 1975).
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SI

DEPTH = 36.6 METERS ( 120FEET )
A/C ALTITUDE = 914 METERS C 3000 FEET )
LASER ANGLE = 0.0 DEGREES
PERCENT TRACKING = 69.8

'I PEAK a 3.02 X'10"0- METER- AT -5.0 DEGREESV ; HALF-POWER BEAMWI0TH = 37.9 DEGREES

ii V
I

LI

II/

I / SNELL'S ANGLE

40. O0 -60.00 -30. O0 0.'00 3600 60.00 90.00

S I N17H ANGLE, DEGREES

I
Figure 418F. Radiance profle. through angle of aircraft (Run No, 22, 22 July 1975).
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data are saturated, On most data plots there is a constant line going thtrouglh zero degrees zenith, Because

the aircraft could not always pass directly overhead, a minimum zcnith anik resulted. Since a sign reversal
occurs in tihe gimbal readings, a plus/minus indication occurs on adjacent pulses. Along the abscissa, an
indication of when the receiver was in track has been nioted. A deviation frmm the abscissa indicates track,
The filtering of the data is described in Appendix E. Filtering of approximately one second was usel for a
few reasons, First, this was the shortest integration time that would eliminate the grass in the data duc to
noise without altering the results. Second, the aircraft was traveling at 80 mph which is approximately 117
feet per second, At 3,000 feet this is 2.2*, while at 2,000 feet this is 3,3'. Since the beamwidth ef ,t ourcr
was 20, this is approximately the maximum resolution Inherent in tile experiment. Finally, th% rrý.!ts of'
the model were overlaid using the data taken by Scripps.

In figures 4-18 A through F, the model ranges from heveral dB too high to several dB too low, and is
consistent with the downlink data. There also appears to be some conservatism at the deeper depth, which
is appropriate for system design. However, there Is some uncertainty, that Is more difficult to explain.
Notice that figures 4.18 B and C which were taken within cu minutes of ldch other and represent tie same
scenario are 10 dB different, with the model fallingt halfway in between, Onc could possibly envision some

sudden change in the environment to explain this, What is more plausible, however, is to look for other
causes. For axample, the sensitivity of the receiver was chanlged between the two runs by inserting a neutral
density filter. Although it was accounted for in the calibration, this might be suspect, Also, thle percentage
of track was different in the two runs. And finally, there could be some dynamic effects caused by the
ocean surface that m!jht have caused the difference. What can be concluded, however, Is qualitative concur-
rence. This same qualitative concurrence is also maintained as the angle of the laser source is varied, A

In figures 4-19 A through E, the laser angle is changed to 12,50 off the vertical, (The refracted angle
predicted from Snell's law is also plotted.) In figures 4-20 & through D, this angle is increased to 32,50 and
In figures 4-21 A through J, to 42,5*, In every case where two scenarios were repeated, there were several
dB variation, with the model residing in between, Furthermore, the data clearly indicate a spreading of the
beam away from the Sneil's angle and toward the zenith, This has been predicted by the model and is in
qualitative agreement with the data,

Thle above data have been selected so that only the better runs are presented, Tables 4-4 A through

D represent complete listings of all the data with some accompanying comments. Appioximptely 50 hours
of aircraft time were employed, Tile data taken on July 24 were lost due to a tape recorder malfunction.

4.3 CONCLUSIONS AND RECOMMENDATIONS

Whdle it cannot be said that all the goals of the experiment were reached in a quantitative manner,
the experiment was nevertheless highly successful, Use of the radiative transport theory as a principal tool
"in predicting system performance in the ocean environment has been clearly established. Although some
approximations were used in the OPSATCOM application, it is also clear that a more glol al application is
well within the state of existing knowledge. The basic parameters on which the radiati . transport theory
are based are well known. However, the mechanism for extracting these parameters is still an art, and some I
advances in this direction were also made (Appendix D). Some of the regression curves derived are shown

In figures 4-22 tl ugh 4.24, Thle most interesting one from a sy-q em point of view is figure 4-24. This is
the regression of 0'• against s, Notice that in the clearer waters, 0 is larger titan in the turbid waters, his

,~ of course implies that in the latter case thle particulates are large and concentrate the %cattering In a forward
direction. This in turn will somewhat offset the deleterious effects of a large value of s upon system per-

formance, On the other hand, in clear water we must recognize that the medium is less forward scattering,
which will degrade system performance to some degree.
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OEPT7H 6.1 METERS ( 20 FEET I
A/C ALTITUDE - 914 METERS C 3000 FEET,)
LASER ANGLE - 12.5 DEGREES.

PERCENT 7RACKING.- 100.0
c*PEAK w 9.54 X 106 METER:2 AT 14.6 DEGREES.e! HALF-POWER BERMWID' - 17.8 DEGREES

UAA

SNELL'S ANGLE

ZEN17H ANOLE, DECREES

;. ~ Figure 4.19A. Radlisnce profile througih ,m~il of Rh ;raft (Run No, 12. 21 July 1975).
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S

DEPTH "9.1 METERS (30 FEET)
A/C ALTITUDE a 914 METERS ( 3000 FEET )
LASER ANGLE * 12.5 DEGREES
PERCENT TRACKING a 87.6
PEAK a 1.38 X 10-7 METER- 2 AT 38.4 DEGREES

C HALF-POWER BEANWIDTH " 60.1 DEGREES

#A

I

cc

Ja

I

II

0I,

SNELL'S ANGLE

4e0.00 -60.00 -30.00 0.00 30.0 0 0.00

ZENITH ANGLE, DEGREES'

Figure 4.19B. Radiance profile through angle ofaircraft (Run No. 1, 21 July 1975),
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DEPTH 12.2 METERS 4 (0 FEET)
A/C ALTITUDE 914 METERS (3000 FEET)
L.ASE RN(LILE 13.4 DEREES
PERCENT TRACKING a 99.5

0PEAK in 1.00 x 10,7 METER-2 AT 12.5 DEGREES
HALF-POWEflBERMWI07H *1Q4.5 DECREES

q" ,-

1 • '

V

| e¢ SNELL'S AN.GLE

4

1-90.0 !6 .0 =.. "' . .. ....0 30 O8-0 00
•t ;";'i I -8o~0 -e~ooZEN'°°I TH ,NL~ DEGREES°' ooo oo

II

: : Figure 4-19C. Radiance profil thtoush aneie of aircraft (Run No. 4, 21 July 1975).
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DEPTH " 15.2 METERS ( 50 FEET )
A/C ALTITUDE - 914 METERS ( 3000 FEET )
LASER ANGLE • 12.5 DEGREES
PERCENT TRACKING m 100.0
PEAK - 1.35 X 10-7 METERH2 AT 35.2 DEGREES

g NHALF-POWER BEANWIDTH * 60.4 DEGREES .-.

SI \

II

I 4I

P/

SNELL 'S ANGLE :

icn

'-9O0.6 -4000a -30.010 0.00 30.00 00.00 iOO
ZENITH ANGLE, DEGREES

FIglue 4-19D. Radiance profile through angile ofaidrcraft (Run No. 5, 21 July 1975), •
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I

I DEPTH - 18.3 METERS C 60 FEET 3
A/C ALTITUDE = 914 METERS ( 3000 FEET
LASER ANGLE ,12.5 OEGEES
PERCENT TRACKING = 99.1SPERK = 1.29 X 1.0"7 METER" 2 PT 32.9 DEGREE-S

SIn HA.LF-PO.WER BERMWIUTH = 56.4 DEGREES

aAn

I'

iu;
I 0 ., ,

I,

4-7
.SN.LL'S RN.L: .0..0,i I iENITHANGLE, DEGREES

I ~ ~Figfure 4-19E. Radiance profile through tn4e of' aircraft (Run No. 6, 21 July 1975).
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C;
£0

DEPTH - 9.1 METERS 30 FEET
A/C ALTITUDE - 914 METE'S ( 3000 FEET )
LASER ANGLE - 32. 5 DEGREES
PERCENT TRACKING . 93.8
PEAK - 2.75 X 10-v METER" 2 AT 54.9 DEGREES
HALF-POWER BEANWIDTH , 20,1 DEGREES

* /

//I I

,:I I

ELII

ka-

C3-

ca

SNELL' S RNGLE

1
LO

I4-7

1,, , " , . . ' I , ,

ZENITH NELLE, DiNGLE

FilgUre 4.20A, Radiance profile through an~le of aircraft (Run No, 14, 21 July 197).•)
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DEPTH - 12.2 METERS ( 40 FEET

A/C ALTITUDE - 914 METERS ( 3000 FEET
LASER ANGLE 32.5 DEGREES
PERCENT TRACKING - 90.0

I PEAK - 6.92 X 10-8 METER- 2 AT 14.4 DEGREES
Cm HALF-POWER BEAMWIDTH " 27.4 DEGREES

. .3

I,

L3I

S I • '

I SNELL'S ANGLE

'-80.00 -60.00 -30.00 0.00 30.00 80.00 90.00
ZENITH ANGLE. OEGREES

Figure 4.20B, Radiance pofle through angle of aircraft (Run No. 16,21 July 1975).
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DEPTH= 15.2 METERS C 50 FEET )
A/C ALTITUDE = 914 METERS ( 3000 FEET )
LASER ANGLE * 32.5 DEGREES
PERCENT TRACKING.w 95 0
SPEAK = 1.35 X 10 METER AT 37.8 DEGREES

. HALF-POWER BEAMWIDTH 19.2 DEGREES

U,,

Ca
i

- 4

ZNTHSEL' ANGLEs DE1E

Figure 4-20C. Radiance pronde through anie of aircraft (Run No. 17, 21 July 1975),..
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IDEPTH 15.2 METERS 50 FEET

R/C ALTITUDE a 610 METERS C a000 FEETD5. E0 E
LASER ANGLE = 32.5 DEGREES
PERCENT 7RACKINGa 84.6

PEAK -, 2.57 X 10 "' METER 2  AiT 55.0 DEGREES
H IALF-POWER BEAMWI 07H1 23.5 DEGREES

iifit
I1

C2V

Le. Do -00 -300 .08,00 a.D 00

_t•; !ZENITH ANGLE* DEGREES

S'!Figure 4-20D. Radiance profile through ange of aircraft (Run No. 19. 21 Jl~y 197S).4
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DEPTH 9. 1 METERS ( 30 FEET )
A/C RL7ITUDE = 610 METERS ( 2000 FEET )
LASER ANGLE = 42.5 DEGREES
PERCENT TRACKING 74 7.6

c* PEAK= 1.35 X 10" METER"2 AT 56.5 DEGREES
SHPLF-POWER BEAMWIDTH = 11.5 DEGREES

cm1

C;

0 /i

/ U
9

LA.AN

" / \4

0 /\0
0f

/ SNELLS ANL

EENTHANGEOEG~~ 0ES 80.00 ,000,j

ii l l • t
Figure o -coA R iac e profil thruo ao. of aicat(u o. 12,2 July 197o.5)
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I
DEPTH 9.1 METERS ( 30 FEET I
A/C ALT7TUDE. 610 METERS (2000 FEET )I LASER ANGLE 42.5 DEGREES
PERCENT TRACKING , 96.7-
IPEAK 63 X 10' METER 2 RT -8.5 DEGREES

I ~•~ IHALF-POWElR BEAMWIDrH 1.8 DEGREES

Un0 /

'(

I S'IELL'S ANGLE

*-90. 00 -60.00 -30.00 0.00 30. :0 00.00 90.0
ZENITH ANGLE, DEGRrFrS

Figure 4.2 1B, Radiance profile through angle of aircraft (Run No. -. aJumy 1975).
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DEPTH 12.2 METERS 0 FEET
R/C ALTITUDE = 610 METERS 2000 FEET )
LASER ANGLE 42.5 DEGREES
PERCENT TRRCK]NG w 91. 3
pca K 3.72 x 10- mE'ER' AT 6r5.4 DEGREES

==HALF-POWER BEAMWIOTH - 1.6 DEGREES _____

ca Int

101.

em!

SNELL'S ANGL

*I

'-90. 00 -80.00 -30.00 0.00 30.00 80.00 90.00
ZENITH ANGLEv DEGREES *1

Figure 4-.2 IC. Radiance profile through angle of airctaft (Run No, 2 22 July 1Q75),
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DEP7H =12.2 METERS C 40O FEET)
A/C AL717UDE =610 METERS C2000 FEETILASER ANGLE =42.5 DEGREES
PERCENT TRACKING_= 77.4
PlEAK a 7.59 X 108 METER2' AT 58. 4 DEGREESI ~~ HALF-POWER BEAMWI07H =19.4 DEGREES ___

CD

I; I1E

I :... . .j. l .........



DEPTH = 15.2 METERS C 50 FEET )
R/C ALTITUDE 610 METERS C 2000 FEET )
LASER ANGLE = 42.5 DEGREES
PERCENT TRACKING = 9U.7
SPEAK 3.16 X 10" METER" 2 AT 63.3 DEGREES

@HALF-POWER BERMWIDTH , 23.5 DEGREES
CD

0

CD

ivi
Ui~ 0 0

C*

C2 2

SNELL'S ANGLE

-4
0' * I I I e U| ! e 1 I

1-00.00 -0.00 0 0.00 3C.0O 80.00 00.00

ZENITH ANGLE. DEGREES

Figure 4.21 E. Radiance profile throug anoie of aircrift (Run No, 3. 22 July 1975).
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I !
DEP7H = 15.2 METERS C 50 FEET 1
A/C ALTITUDE 610 METERS C 2000 FEET 2
LASER ANGLE = 42.5 DEGREES
PERCENT TRACKING 73.8

I PEAK = 8.51 X 10B METER" 2 AT 69.7 DEGREES
HALF-POWER 8E:MWID'Tt , 5.2 DEGREES "_

I / •

/
II /

00

I SSNELL'S ANGLE

'-90.00 -60.00 -30.00 0.00 30.00 60.00 90.00
SI ZEN1TH ANGLE, DEGREES

I
Figure 4.21P. Radiance proftie throug angle of aircraft (Run No. 10, 22 July 1975),

4-83



DEPTH 18.3 METERS 60 F0EET
A/C ALTITUDE = 610 METERS 2000 FEET )
LASER ANGLE = 42.5 DEGREES
PERCENT TRACKING =90 3

gPEAK 2.14 X 107= MEI-R2 AT 51.4 DEGREES
L.;HF4LF-POWER BERMWIDH= 21.7 DEGREES '

cc

0

/ SNELL'S ANGLE

9000 -6.0 000 0.030.00 80.00 90.00
ZENIH ANL~sDEGREES

Fthrough snot of aircraft (Rus\ No.4,22 July 1975)-
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I r
DEPTH = 21.3 METERS C 70 FEET 3
I/C ALTITUDE 610 METERS f 2000 FEET
LASER ANGLE= 42.5 DEGREES
PERCENT TRACKING = 89.9

I = PEAK = 1.32 X 10" METER" PT 172.2 DEGREES
-HALF-POWER BEAMWJD'H 18.1 DEGREES ,____

48

.1K

=• I|/' .. SNELL 'SI I-14RLE I"

1 ,90'. O0 -180.00 -3 "0.00 010 0 '.0• 0 ' 06. 00, 90. 00l

I V •
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DEPTH 214.4A METERS C 80 FEET
R/C ALTITUDE a 610 METERS ( 2000 FEET
LASER ANGLE = 42.5 DEGREES
PERCENT TRACKING = 86 5

ca PEAK '-9.77 X* 10-B MEER-2 AT LA3.1I DEGREES
c! HALF-POWER BEAMWI07H =36.5 DEGREES

9..

C3 j

II

SSNELL'S ANGLE

I .iO -,0 " ' A

go., Oo-0 0 3 .0 0.00 30.00 80.00 96.00ZENITH ANGLE, DEGREES

Figure 4.211, Radiance profile throulh anle of aircraft (Run No. 6, 22 July 1975).
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DEPTH 27.4 METERS C 90 FEET )
A/C ALTITUDE = 610 METERS C 2000 FEET I
LASER ANGLE = 42.5 OEGREES
PERCENT TRACKING = 61.0

SPERK = 1.26 X IO-1 METER"2 AT 69.9 DEGREES
", HALF-POWER BEAMWIOTH 0.3 DEGREES

'IV

'.Ah

I,' C-

ZENITH ANGE, DENREE

Figlure 4-213. Radl~ance profie through anlile of alrcrrft, (Run No.,2? ;2 July 1975I),
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OCEAN OPTICAL PROPERTIES 520 NANOMETERS

Santa Catalina Island, June and July 1975
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Ftiure 4.22. Rerpialon of volume scattlyint function 0(e) p•gnst scltterfli coefficient At
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With the confirmation of radiative transport as the underlying theory for these system applications
them are some suggestions that can be made for future work:

a. General Cleanup. This is basically a flrmlng up of the general theory to include all scenarios
that the Navy might envision.

b. Monte Carlo Techniques. These m primarily an augmentation of the general theory to include
those cases that ate not conducive to analytic computation.

c. Cloud Propagation. This is an extension of (a) and (b) that includes any scenarios in the total
environment that are of interest to the Navy.

d. Model Range. Establishment of the theory automatically implies an underatanding of scale
change. This means that system scenarios can be studied in a suitably designed test tank similar to the
manner that antennas are designed on an antenna range.

e. Experimental Test Site. In much the same manner that a test tank can scale, so too, can a test
site. Having such a facility us onvenient adjunct to system-related design activities would allow for total
interaction between theory, experimentation, and testing.
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APPENDIX AI OPTICAll C '44MUNICATIONS BETWPZN UNDERWATER ANID
Af(\<qRFACE (SATELIA rl, ' 3RMINALS

S11FRNAN KARP

I .4batrort-uA multiple scattering model is used and littensied Wo plutform in u multiple-scatte ring, absorbing. and dispersive
vihuactouiae the channel between undeirwattv and ailbr"oti "Alel")inti edium, thlrough a random suiltav* Ind into a mediumn with
f erninlalg at optical frequnicies. The effects of the sitimse interface af5 leetIdxwfhi uscteigadnniprie
also included with approxiimate soulutos acourate for elevation snog adfeenlnee5vi tnncttrn n uniprie
above 43% The results aue pliea'inted in term~ of a radlance function Ths two problems are nonreciprocal. Thus, it Is necessary to
which is related to the transform of the spatial covesiawile (Iincton decompose them into their fundamental elements and toImutual coherence function). Thre primary louse ase shown to be a individually Identify and characterize the contributing factors,
result Of the water absorption soeftecient Van not the w'.tinclion to To this end hisl discussion is divided into rout parts, The first
efficient. The scattering loass can be lealatod from the absorption a ivlvshectlpraainetctenotrdwhe
lows and for certain ceses whome the receivo i Im nbedided in the II~sn tmlil cteigmdu.Tetresse

*tselsileng medium, can be completely, recovered. New components may trvrsfgamliesatrng eim.Teheeytm
*be tequiredl to achieve this performance, The effset& of ocepan roughness parameters which can be Identilled are the attenuation, ilie

* ~u a shown to have a minilm alffect uponl the subsrtame reception beami spreading and the apparent source slite These in turn are
while causing possible beam steering of subsurface transmisaion. Al. related it) the absorption coefficient, thle s%:attering coef.

thogh ubsantal ots u e~perened dplN oeraioncanbe ficient, and the volume scattering Nat~iion, Tito second part
achieved at modest date rates. addresses thea problem of transmitting through a random sur.

- face charactorixed by a slope distribution, The effect onl
1 . INTRODUCTION scintillation will be discussed in addition to beam pointing

3VIE H ACCEPTANCE of optical commtunications for use Il and beuan broadening. Theo third und fourth parts will address
Toperational systemns tims been severely hampered by ou link calculations fronm the satellite platrorm to the submerged

Ittbilt~ o aequtel copenateforchaneleflcriindced platfurni and f'rom the* submergled plat~lornt to the satellite
inbyh, tho aequironelt. ompnseute tI'm t6ot io al efets tIndpced platform, respectively. It is estimtated that the moudel presented

jecw sysem ainsarequicly ulliiedwhenrudmentry an be verified to within several decibels over most operational
meausuresl oft systemi marglin are added it) the link budgets tosenroevioed
account for tinles effects, It ls. thterefore, exttwneiey important

* that environmental effects be accurately- atccounted fior, and 11. THE UNDERWATER CHANNEL
systenis designed ito best exploit these chatnnels In a most
advarntageous manner. rhe rmost difficult Ohannel that the over the past two decades there has& been an interest In

Uoptical communications engineer live It, di-al witl, ji thle tool. uniderstantding thle behavior tit' light while. propagating through
tiilph, scatitening chatinel. Soch a chanlnel ex.ists whienl prorplaga. Water. Withi thle advent of' thle later this Interest Intensified
int; th roulgh Cloud%, fog , waler, Otw. 111-131 . Inn this paper wc when viewed Ill thea cotinem of uperational equipment,
will oitend thle moudel. whi10h hus liven indeliendetit I Althtouigh there have been numerous mneasurements 161 . 171
deelpe by hiolg~estad 141 and Arnosh 151 for mjultiple and iminy empirical curves derived to fit the data (71 the

*scaittering media, ond apply it to comlputo thle effect% we latter art of limited use for exitsrpolating system petformaunce.
* * would encounter while traversing a satollite to underwater For this paper we will use a model which has been developed

* channel. Ini doing so. we will try to validate the use and indepiendently by two separate authors 141, 151. While this
Interpretation of' thle tlodei by apply-ing it to experimental model Is derived Ior small angle forward scatternitg it appears

LIat a. toi be fairly uccurate out it) 145' providIng the optical thick.
In Its mootS general form, the prnrblent of optical coot* nessi is not ltoo large. Fortunately tile rangle of validity is within

mtrniciitions between a satellite and a %uhtiterged platformn can the operational ranges etnvisioned. Theo model describes the
be descilbed as: I) a problem litt communicatIons from a radiance transfer while traversings the multiple scattering region.
pattortm inl a toiosc attlering, nondispersive mtnvrunroent. This region is characterized by three variables.
thitough a random surtface and into a nwedium with a different 1) Absorpriorr. The ubsorptifon coefficient of the medium,
Index, which is mulniple-scatterlng, absorbingp. and dispersiWe a1, is thle amlloont of energly ubsorbed by the medium per unit

j , aid Cotnversely , 21 a problem In cn'otniluanicatiools fioni a length of. propagationl. Thlis oits is attenuationl and goes
5 directly lno l) heting and otllte irtecersible processes.

*piller arpproved by the Ausoclwtt Editor t'm Spirce Comma nica lion 21) Scarrering Fnincriflnrr tail Multiple scattering media are
- of the 11,11 Conimurnlcs done Society for publication without oaml characterized by scattering centers which, in the case of ocean

presentaition. Manuscript received March 13. 197!1: revised July I5, witer, appear tn be both front plankton and frotn molecular

The author Is with the Naval Electronics Laboratory Center, S cattrn.Tevlm cteigfnto sdfnda h
Diego, A 92552. secondary radiation pattern created by a plane wave traversing

Copyright 0 1976 by Thei Institute of klesoirloal asad UWedlsoilo Rallhsaus. Inc.I Prtined Ia US A. AssislaNo. 401(007
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aI imiill enough volume11 so that Only Si'gie scattering o~ctirs.
This represents the average scattetit'# di mrlbutiun of aill the@
watiering centers. There does not appear to be a 4,reimt de~i :)

aition in ilie genieral shiape of I'(O0) dthhutih tile average
width does chunize. _______________________

Sa .tiftering~ (ICJJec'ivie It' %%e tormaitiue F(o i. then 10

whe~re

*~ +'O :1 s2'+ 61+ 31VI*) P(0)- (2) $0  08u''

N~ the normialized version, s is ilhe aatterinji coefficient with U'-G(2+ V
s-1 interpreted as the average distance between schtteringsI+ V4&1+3
Atnush assumed a form fur Mt) us 1I + s:'O + I1

2 L + 3(1 + V)
1 -10) at 6010,0 (3) R1  +s~ [2 3y +1 8

tIlegjesad. on tile otlier hand, definet P modified variance wt

202 0 Irj 02 sill 8/0) do ft) r 3(l + V)] ;
L2+ 3(1 + P1)

anld bY equating Pwith I/AR hie two models are identival, +V

This is true for large 6, Wt, will ulte the notation 01 It is alto r-

o~+s (A and oJ K

Thum, to completely characterize the onvirunmentit iswould szaj 1  10
be necessary to have measuring equipment for a, s. and 110).
An alternate procedure, and less desirable, would be to i1103. %(ome explanation of' thle interpretaiison ot' (7) is tiow -

%uire two parameters and scale the moastuiemlents to thle thu1d. wartnitted. F~irst notive that It' we had a receiver at point
Although feasible, this would jassme thle validity of a model (r,:) and added equally thle contributions cominig from all
and thea confidence to exirapolate fronm It, With their' parain* angles, we could Integrate over the vaiables 6, 00 and obtain
c ers Iin mind we will now present thle model. tile result,

For convenience we assume twlitlth truimnitlted heans is r
Gaussian aid has thle form [ j(t

f) rirl
f (9r) eir~ i~o r--l 16p) Thus tile total energy has a distribution which is Gaussian in

a tile x-plans. centered at r - 0. and is a result of scattering. The

'That is. it has a Gaussian distribution both Iin isa sp~tial c:ross standard deviation of this spread ii(RV1
2/121 - (3:30/6)I2 + -

section und its lay direction., Next we ashu!11w the geomletry, In A/1 + I'lI 1 /9 It' Ii addition we could collect ill (fite scattered
lig I hor th sorceis t (,0) th obervr i a'(r,) ad, radiation in thle z-plane (a large collector) we would integrate

is we will see, the apparent source Is at (O,zo). In termit of the over r and obtain
observation point tr,:) we hiave as thle transfet Iin litotsitý r- '"

c--- xp -~--- -

j (tr) fUrRO) L R02 !" U ' 0~ and Identify this as anl irrvt rievable loss which we see Is doe to

)~ [- em' + a 1 absorption,

pr-(lot." )2 ----- R 'A Nfar. If the ray iscoming" ftni the ditectlon I ' (0 o, than the
tlT(/oI~t L 0racehvet Is -oite =nte 1 (..6,. 00) directlun. itla ke there is

(7) only a Ast airratence betweean the two.

[ ~ ~A-2'0,
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-ui.p,,se we observe the source at tIkc polint (r, 4)1 a
V * function of angle, Fig. 2.

Noic "'v" o is the unit vector in the diretilon 00,, the angle
out o it he P-:plitiw, and V, Is tli hun it evimt repIresent ing tiliaI angular tilt uip fotruliath z~uxis 0, tit a planew described hy r,z.
lThusti fm ay r. ilia mtaxinitLiii always ooiscti5 Iilia r-:-plune

(0,1 0) ait a tilt aiigk f e n Aliernaii~ivly. for a Iflwdk tilt
anglo LI, tlia maxiitiiii ocvurs wheni the' reccivt-r is ott 'the axis
U distance re,, The net result otl'botil iwpi'clputtioiis is that the

Usource appears to be located at the point zo, Fig, I, where

'I13)

I t+i/ VI'i0.2. Source 46 a tUnciion 01t anite.

* Furthermore, thil source will have anl apparent extent Wiee) in SPHERILAL CAPUPo
t: * diameter ( twice i he standard deviation) of' 01 RADU t NO~ %011)

3 a13($ a 1 -22+3(1+' P2 I + (14 \I ~ ~ i30 + P)(.,

:(o) j,) 18, 3, Gaometry used biy Dunitey.

in radians (field Of view)- Conse6uenltly, atty system ithould rto0 ic ,sa-(0. .Teui l tnt1" ~~account for the spatial Altering that may oiccur when optical rtaar.Szc / ~/)* .Teui tlnt
elements are usd is N - *: extinction iength%, Thus, N extinction letngtihs cor.

Finally we can Identify' respond by the relationship

*to JIiV(a/a) I absorption lengthst and Oine
as the ratio or the initial beami cross section to the cross section (~-l
at (r,z) which should be much lost titan one and ~P )-- ~N(9

-... -.. ( 17) ito J((a/) -- I I 11(a/c I scattering Ivlngths.
5291 L~a WithI this~ geometry and puartliteteization, buntley 171 halsI as the ratio of the initial beami ipread ito thia beam spread Ilit made extensive iteasureenctis ol' the power collected as a

(r,,) which shiould also be much loss than one. Thus we cant set funiction~ ot' N for various values of +a Two representative
I - V -0 when collimated benots are usd samples are shown in Fill. 4. Por thil case, Ill)I integrates ito

Strintaly an peafkrwar the model used here is only valid for '
smlsnl owr catter, This is true because In the defiva. e 0'r 1l II eC ***-I

tion, the approximnations sin 9 -9 and cos 0 - I sire uised, )L k R
* however, these approxintatiots are only ofttby 10-.10 pemcent

Lit 30-40" and hencve the model bhould degru di gracefully at( " I
uste this at large angles. This Is due to the fact that the abs()rp i[ .l' lion and scattering paths are longer by thia factor :Isec 0 -I I.. ( '
Lit the anglle 0. This can be easily accotinted for by chaniging ar 0 /a/

to) z lec 0 - f± wherever a occurs. Then we will Inter- ~i
.5 .~~pliere ofi radius ir. With the latter Interpretation in mind we f.:

%olhI now show the justificatiorn ul using this model amid thenL
point out the remaining verification needed.aaI Consider the geometry In Pig. 3. A collimated siource omits As pointed out by Duntley and as observed tin (1 2),

U radiation along the saxais. The medium it characterized by the for large values of' * we woulld expect the relationship

I A-3



KARP' UNIDFHWATKR TO ABSOVE SiURFACE~ UPTtCAL COMMUNICAlIONS1

'AC

NI

66 1.0 1 .0

14)1

e1 Naburpia to, hod oee, hsi o apeCile

and 5,meale'ssure te ormrsheormenonmaltough oali weasnor.

C able pto to hxlini lde Fg 5owever the ascntua measnur ements

IntegMrating sphere was used in the collecting optics. Tltis has a
spatial response of cos 9. Consequently at large values oriN one

C ~Would expect to start to observe %patial 11ltering at the source.
ICC CCII Thl; Is prccisely what we see fI' N grouter than S. 'This was

corrected for as follows, It was assumed that the differ~ence
C between the r'Nikkoorptian line and the %P4'N 1000 cur've was

4 ~ due to spatial filtering, Therefore. ut every value ulf N this
CC ~difference was added to each of the curves (on a log scale) and

replotted, Thn model was then calibrated at the largest value
- of N and the smallest value of 'I', where It should be most

a C ccurate, atid 0i was calculated, The model was thent plotted
C CCC on the revised curves, Fig. 6~. Although the agreement is not

*CCC perfect, It Is remnarkably close. The validity of this calibration
CC should ho checked at some point hy compuring the results (it' -

ano integrating sphere with lhose tiC a hernispharicul covetuge

10. 111 THE Al RISIEA INTERFACE
'CCCI *CC.1 IC11C1 AN.C I

I IN CI INC C CIN..C CC Ili'.C. CC .11CA., In this section u geomnetric optics model will be developed
410 to determine the effect of surf'ace lrregulaiities on beam

1.1g.I 4. Totmal polwer tin sphericial cap. 4ai AII'h./' 2.49. spreading, pointilng and scintillation when traversing the
(h) Alphai/A' 4. boundary. To do so, we consider the tollowing mrodcl of ant

A-4
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Fill, 7. Muddl If an clarrint Of IN~ surface,

S" a~u ";•k• element of' the surfauce, Fig, '7. A fay ol'nisht, degreesurf'tihe

Vo, ,,A 14,,.A normal. impinges upon the surfma~ whose Iova] slope Is R141 AI dgres ru Ah hoizn alb y Snell'sla

0 3•'' no till (1, |n + R) - H tlln(,+R)
10"1 -

L ' A - stil 1 -I in (7 + R)] -R .

I- I o" '~ whi-ch is valid for both positive and negative sloper. ' and y'
A XINCI ION k INGIMS N are alwatys taken will retpect to the title vertk6al. If R ist1 fall-

i*11 dum variable, the statistics of the slope nsiiI asu be Nuctored
Iin, We do this hi the following manner. Given u sample R trunm

the set of possible slopes, I' is well debined, That it. the prob.

- '~ ability uf1' 7conidittitond upon 7 and R is

1k I0 '7) 6 [.7 -(uk(sin- () + e) .R) ]

We arrive at the angular distributlon of 7', given 7, by uveiag.
I, inng over the variable R, Thus,

p / dRpP,(R)

!:~~~~h sin (7 ", - ,•" • ',+ ) .- Jq (24)
I 1 N . 4'l'

where p11(R) ts the prbbihIlity density of R.
.1311 - Riourou.tsly, till% is merely the change of va•ables I1n the

density pf(R) from Irn to 7' using

.4~) 24 y 0 4 -- %ill 7I~ ~ X I INC, MN IJ I NUi1111 N

(b) R - tan-' .. . ',',). (25)

Fi. 6. Revcisd Coodsl c .) -A -(NIS.9), tb).-Ai m cOB 7 -O,4 7
e--INI),AL
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Thus,

-'~ •€ *dl )Ii

SI~ii sll- " Sl l "

of
Fia. 8. Modittlatiorik of itioduI.

go$ 0 - 7
11(,, gives goud enMIneeritt wall, ht Intu the ,ohuvior ulo u rC4 gouni

Pr~I( ~through the air/sca interface. For this ciao

Knowing p7j'/7) we can compute the average spreading and t/)P

orrut or a ray inc~ident at lthe angle '7. This becomes ofi
average offsltJ'eI)d '

va + -- 1)/
M t / Il I for tilt,; .JI - ? I
ovean, Ii (diu til surac adstitcotibto (I11fTim roi.ns sci and -TA
Nu(,y watI i n /n ' 1g averagee titnt ,i il[orP th tilt•ewneu ( de

the tilt% spread~waw beu e t io 7, iwithp7,1kj i te pof a bir lvth I s pod ritie t n lt %~ tilt.a
befloing a~ as' pa inte prev a bl y o l til am ieto ath elope in reuding ov This

oceratn, In-te Add tilnth srurface dds ' the onrbution (Inrae
Thr iesm pra ctical~ li/n)Ron to thucrslkw ih ititf eet ngsrnaie bandi lng e du e t o n.1 sie d l oa llw.a

require ~ ~ ~ ~ ~ ~ I aoifctin Figes Sh. aodd used ereents pufn ofptite beamn ar erceot ifen

RI' U~, (R+d

JAfay~ (if ali t +ihznt nl ywl nvr Wtivol has ~eons Consequenty t woulad beo diwergene hut ivrgeotsh

wave whoe loes tt ha Nhthe %%-utndhr Ill f th e i <ul .Ifr t ise n1 rl0c1 i the (tleai u.l

l tion However tilt lay willstil p tile Mitt . t l ia vere a e tiin ati t ' tihle are i of tlr e
tae with sprobability one ,Cons eq . t W e ,li on i dith slid n tie prrtl i dd thate itirlu t osnaitic it

•1 =[.•ain/! ad?,/ '), itohe nrv al ol th ht= diretion at el lawyt i Ii .t is

thnfr9ae-ta 77!.~I..j 2 . #1 un titppamjit r en.,Il t bth weiere t wpp ouiild cus severcL21 sienut~icutii din

s dpJrltitig rnsteite, t sthe %ird o l us)d ivsein it y t beamp iruilrs el
Thereate ome- petl li�m itat"+ n to " he r e•)ult w i i. othe cratinure ad i no loera biriite uhavniered %ftflonally

reur ndfctoii 8 and dfenth prmti uns o f" t hl e beal'n re. I't urefra.'ted athdifern.
A ra oh liht ith enih agle~ w~l nverilieic pt nlm(?'/'n) eqrentlt . Ith worlde tie poshl. )el the hverag otthe.

wav whse lop isgremem thui ii p e~atv ~ WS~ iscuild, wuinterva in the -/il r ctiu h' =th ean by speitttl Imwg t iteu T

ob~~aton Howve, te ay il stlt enttu t~' iter. h•uitovr atlltr por'tll t i of the surfag e .t~l II the a•lll nreao tes

Th resulth ill t wt h zenith W u~ldthlle "1 ill .efier IN[ cillte lt he¢ll alll, ti' tileueut1111% wil l ov era at tile In uvo rt, Th is caltie

ubmqura wih pn. Iltlweterwa, the =u wllstill pretsem~at th+ l:J.It.ll twhr a141~ ilUl tiet p(rtL(Wil" th1011110'ue Ifi~ tV 1ile Ilaret tile

face with probability onc, thnsequettly. the I itso l t . nte r *, bpaltb is ,it, arid the cor Iiot lengh w fth tte an rl'ace stalltitbs is
'io•n for R, are ,et at n2,,-,/ # 12 t ad the deltwsmwtftR p t I/., thett there ate app~roximutately A/(n(Ll/2)41a identically di3.
shuulttd he truidllld Ito that ohl tuihtome, indel•'odeuit paiits simnlhr to diversityv put hs, it' we

p.(i I r totlut hqr s,,ttmnte .i depth I ." : se, I that t h+ beam ctt s:e ct i,.loll I,

T i% o-p- t the....... . jIp et ati, .- itu/ cineR w a 1 ratew Iht, I.s
I)'' Lt3le ler ,•,I! . .> ,.I:21

*1The retlt in .. )t2hH ' l woo lt he 'em dfd I>tll•'ll, t • ;sl +'tihe p;Ith•; wHi cvrl'tp U~t thIe., ,eiv,.eiwt, i: 'uttti
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+Af one-dimenisionul sur face. To extend them to a two-dimensional
P('1'( 7) surface is straightforward if we restrict ourselves to Catteinan

7. coordinates. The variable R would then beconle the pair R
1110Imh li the (atisiialn densitv hecopies 0U(ný. Chu. eve it we (x,y) and the unc-ditmensional results would carry over it)3 hi 'i (hie .1 at ii~ Ih~ e ai wuld001' h w in i adcv a~each oft1hc ortholponail coordiri ties. The inte p rel ation wioudd

I'ii- Iitit e inc an 6X pericenit h ofiiciii No'w supscw pic the r be orne of pitoiecting the true slope d is rboiho n o nto the

N miilepeoltemst, I Jg it,1 ditibid Path it) tile reeie C art esia ii n r din atc sys~tem, mdillottyj simple in ilico ry tt1'e
andii trairismitted (lI/N)tht of tile power p, In each Pathi. Since actual compula~ionis rare difficult. 11' we use lthe lin~eariz.ation

I the Paths aft identically distributed, the average Jirection or Implicit In (31). this problem Is greatly limplifled. For this
thia sumn is still j'. Now, however, the variance of tile sum reason we wiil restrkt out Analysis to this assumption, To
h eco~mes A2/N., or a standatcd deviation for the suni ofA. 1 make the calculations for large tenith angles a more rigorous

R ~ about the mean j'. If, fur examsple, we set N 2,and assume asesmn of the surface geometry must be performed (91,
thle central limit is approximately valid, tile Prohahility that
the beamn is within ±tA is flow 0,999994. Since the correlation IV. SATE LLIT E.TO-StIBM ERGE D PLATFORM
length is atpproximately the separation between Independent The computation of satelite.:o-submerged platform power
spaitial Nyquist sanmples we see that budget is aided by a brief discussion of the geonserty, It Is

assumed, for a variety of reasons. that we will project a spot
A on the ocean approximately one mile In diameter. Thus, if we

A(34) transmit P, watts of rradiation, from the zenith the full angle
of flie 'iam will he approximiately (1/12 000) rad w 50
pied 10 s . The power density, intensity. at tile surface will
be approximately

and can he used accordingly. Furthsermore, it call be shown
that thle scintillatilon will reduce the average signal-to-rulse I .b -- P1r %VIAf. (38
ratio by the factor r?(830)

,tile surface is illutninated at an angle 1 from thle z~enith thun

I4 j +(.12/ the power dentilty will he

A verification of ihese results and lthe relationship in (32) i 4 i- ~y/f m (9
would be warranted.,n~3)

Finally, we can interpret the function plr/-y nit a beam
spreading factor. Thus, if we have a propapating beaim of ilia Nnw, however, the circular spot has elongated Into an ellipse

a forn rl~r ill (7), or f(y,r) then the output beim) afttr travers. with minor axis 830MI amtd miajor imis (830/cos ry)W, We wit
ing lit 1UTI-110 wil beuse the symmetry along tise major axis of the ellipse ft) pick a

coflv-!nient coordinate system, We will call this the x-axis. The
tmior ax.is will define flth iaxis of the coordlinatc system and

Il(r ao 1 fv 61 the depth of thet ocean will'conslitute' thre z-axis. Fig. 4. L
I In practice. the spot will have a nonuniform lillumination,

or a avra~e oer ll npu ra d~ectonsweihte bythe We will jacc-ount for this by defining a normalized intensity
3 reatie itenity Notcetilt w hae nu retritedthe I(xovyoi which is then miultiplied by thle factor in (38)-sreltiv inenstyNotcetha wehav ne retritedthe Notice that the angle 7 is always measured between the x.yv5~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~P reslt towihmdurýreprd oaradwiht lr and 'm line In the x.: plane. This will allow urn to use the

water, When going from air to water set as t . it' .1.33 and scn omi 7.A n oain(i~i)i h - lnwhen ging frm wate to Ai, set n = 1.33 and n' I . Then eodfr n() taylcto Xo r h * ln
thie computation fthlhun omerei~s :ifte-r trvrigthe stor- an clenientary surface element v(Lv( contributes an amount

' of he bam trversng /x 0,y .v)Jodyia, A ray with t0ris intensity passing~ through the
face yields air/sea interface yields thet value

Y as the Intensity on the water side (if the boundary. At this
(1'.rli dy'point ve wiil considev a fuknctional form for f~'ty) to aid it)

the comlpuitation,. From experimental results 1101 it can he

f(
7
~)2~v~)d7' assumed that pe/)is Gaussian Futthentiore, If we keep Ito

t he angles much that (31) is valid. thents
¶Varlv' (37)

A' ' To be correct. the tranaemnisuon coattilalnt at the boundary sirorid
P 7.)T also be incltuded a3 a function or angil 191.

ITo use cotrreised 06usliw variables would only be the reflnenrent
Ile results derived in this section were performed for a of an" ajiproxiinklmatkn.

........ BEST AVAILABLE C9P --..
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S, AXIS

A

Fig. 9. •x!.C ol coordinatc .y•tm,

101 + L I where

3 + .(1, + "T _ _o -x __ F T-Y_ U0P(p'• = r n 2 2+ 3(1'+ I")vr•1.R~~ tt~32

2 I - var JRJ)]

For this 'L.proxlmotlon U srz + (Xo "x)2 , (Yo -Y) 2 1 3 tia.
rx + 2," + •X ' +_3/l'" (4)

I(x°'y° )dx~dy°1  L 2 + 3(1+ I") j 41 j

=( y r, Y) ,= - ----

-, ('+r i -r

I•'WitI't =I

"' • _ /•,L (41) 30•: .' -x= ',-•• '

r i J 2u g .\oy
L (= ).. . .. . . . .. . .. . . . .

h er this Into (7), and using the off.axls correction Ut2 • zJ+2 + 0 )2+ -( 0 -,,) 2  1

heIntensity we find at u point heluw thle surface that the . / n
contribution from the Intensity Ilxt),,y1  (in an are~t dxody0 at y'' -; )+( I .. ) R.,the point (xo,'oO) to the Intensity at (x,y,z) Is Pt n'

AI(A,.z~ ~',' ) I, I -+ R , (45)

I(x 0,y0)dx 0dy0 e 'as( 2 + (x°-. x)(44)2

21"U 0 'R1  •.I -• + -t . -.- (: + (.vo - )Will

+.,.' .y...±[',. + Iih r- ,.2 J ' -- '. ( -

F

,' ~~~~~~~~ , 1, o-xI(, -n /. , var = g .,:R --smL. 4

-. 144"o

IVnX--rtigO this In (43) we have hin 'oduced thrci new variubles +2' and y,. Ty2c
th e- ' 1 'trr r Is thc agle meIsunred In the at-: p lpe wbie le tshe latter

.i l~o-- - H (43) is tie atgle perp,,dlcular to thhe i-t plane. This sct ofava,Male ia
tX +( Yo.-)) J j results front a rotation of coordinates or thh vriables u, a.,nd

(45)-8

,A ? , i ~ i i i* • , ,.,,..,..,,,,• ;;••,•,,.,,.•,.,-. • id • ,.'a• • ' ,,.•,,.,*.,,,•, ,,•• "
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U 0,, by the transformation (Notice that for I - 0 the approximation I' 0 does not
5 Ihold.)

y --- tsi ,The power collected at depth z will be merely AI(0,0,z)
"; .I-:T7- where A is the size of the colle,.ting aperture. Consequently,

0 n Xa measurement of I(O,O,10 x,.1I(xvo) over many extinction
-V .) lengiths would indicate the validity of extrapolating tlie model

to great depths.
, We have now presented three separate methods for cmnpul.
T (So-x) ing the power loss to a depth : when the source is at the zenith

+ , -. --. ,- . and no other effects are considered. By order of expected
ac curacy hliey are (49), (50), and (7) when the beam radius reI t"+(o -. •) (47) is considered large, In Fig. 10 we plot (50) as a function of tile

...tpper litit of integration. Notice that In all cases convergence
0 0 Yoccurs when the radius is approximately #/2 for 0" . 0,01. As

5 and represents the viewing angle at the receiver. JTincreases l'rom 0.01-0,11 the effective surface area in.
The necessity for this rotation arises from the fact that 0, creases and the total contribution decreases, A calculation of

lies In the plane described by the points (xo,yo), (xy) and the (49) was also made and the result was within a few percent of
i refracted angle, Consequently, it is necessary to project the that calculated by (50) for 0 - 0,01, Finally, when we use

angular contributions onto a common set of coordinates (7) with ro large, it can be easily shown that I(00,0,)/1(x0 ,yO)
hefore integration, Since the transformation is unitary, the is mervly e'a This is plotted together with the previous
variables 7,v' and yv' are still normalized to one. Finally, we results in Fig. I'I is a function of z. At 300M and 0 , 0.013 see that the difference was only 3 dB, This result implies that the

diffuse reflection coefficient 161 when measured at the zenith
SIs approximately the absorption coefficient,

IlXi.V.5. 7X ",3 W '. d O In a practical system, one will encounter background noise
S-arising front the sky and the sun, When this occurs, the use of

It is evident that even witht the simplifying assumptions used, a 41r steradlun collector will admit in unacceptable amount of
, thu model is complicuted. Therefore, in terms of an experi, noise inlto tile detector circuitry, For these cases it can ie
! ment, it is ihspurtant to pick u geometry such that we can shown that to optimize the received signal-to.noise ratio a

miake further timplifying assumptions, For example, an experi. spatially matched Alter should be used, Simply stated. the
ment using tile suti at zeunitlh would have y 0, , (xo,Yo) - mntched filter will take two fornts deponding upon whether
constant. x = 0, We could also pick a calm day so that we we have blue sky or tite sun (or both), To eliminate a source
can assume = V, ' 0. If in addition we collect over such as the sun the filter reduces to an obscuratlon covering the
a sphere with u iisheye lens, we have field of view subtended by the sun to the receiver, For an

I extended source, the filter takes on the angular distribution
(0,0,:l. subtended by the source to the receiver, In practice this

A/X (p).,: . reduces to an obscuration which only passes that portion of
a the field in which the major portion of the source subtends,fJ -- exp a12 2 + X0

2 +.j),11t12 Mathenuati'ail-, we would integrate (48) over the variablei;
_I " nd 1 with the integration boundary determined by the

1 receiver field oif view. Then (43) can be rewritten as
(2+ J dx0o dby0 A.xs: )

R1
2 ,,•2•02 1.•2 +x0 " +t'o2-'"_2 . (40)I,)a +(x.. 0 ).

Sellinig X,\- r 0 Cos Po, P rosill p and assumingih

X0 I'O EYIYIY"YiJ,1 + +

s iv_,. . o ., < + . . r.

Yo 0
0,,.r Yo7% 7

dI we have

exp. a1i2 + r0 /112°
-, /I(0,0.) ,'(213),02 + Pas ro2I /It

3IXo.Yo) (213)2P' + r.a 1 1(

4•. A!A-9
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I I L' Ie a~tsulne thilt file 11-c ive ti,.~ III i 111w 1 poin i ll at th refracted -

antgic I n/n, 1 we canl lie I I illtill lit-~~ItiI ilvut a ilte " (ef I. sc) 115
"FILM of view hetwoctl ua (t, I il I

1),Ill! k wi, tol rise l~ti' I I I ii K ~t IIlIAI '.11 Iti "It i'dI1 11 tluL lilt] A' ~ o s 3 t ii. ~5

hoinds vat l v~itt lsily lie hlbill~nlo ilt L-Ills.Lh looll. 1I1 Iiv skiltatut
tcceivttd powi.)C ove tile fiitic hel~d oft v~ivi S2 kann lie (lnaiwd

tt~ti~ lltth~tltti~tt iiithunullinAt I 30(1A1 AT m- 0 is. If tile Primuary cotniitilbulons conla~
fiom twice lifhe disk diamueter. AT-~ 324 ns.

LnY '7~ meiu fo which Ilihe ,," at uas tihe de lay spread as the tIe

pouth This value t akes ltne 6"mrn
+i Alv VO III2IlG

wltu+ 02 + a: 2 f
It 11 (v1 7 )21/

C, x0--xI tm Ij t,: 00AI.IWN tieds 03'i ns,

ir / ~V. SUBSURIFA('iiTO-SATELLITI: BUIDGETS 4

~err1 Thu par I st tho systrl imonust dlifficult to nlodel lids beenl tihe
1L 501)11 t~act ostiulit pthols, Th is dittivulty cun bust be

(Y Iv -i x I ot" I nitderstotd by shuowing why lthe two tire iiol ruirtocttll Onl
~~~~~ lil~ (~~Jth, downlink a onte tilec spot projected fromt 22 000 nuifles

Ileptesnts tni tentia gutitt ilt

erf 141r(12 000)2
011 Lit,~

Oil ilia l(", )n.. 1 Oh ii , it'we ft hokl lo"ttoi tnt
of Iac til hetl Solid 1lsew l i l'tl

atutentita guinii 'l, 41Tn (I. Siunjcc in it 1 0 , I (I lieh gain is

lij[ A t;;) only 21-31 1114. Tihe gaill then File% down LIS 10 lop '~
Inl scat Iurittg; Iungths, luallm 01 lifte [antinm in\ I al)in t Would

_ "1lie necessary l tim wajt. the Systetm closet it) theu surfaco oitt tili
ii. 1 1111upink than Iom lilt! downmlink. it' lilt? scitterod radliation as

'0) ~~ *)O .i "' ii descriibed biy tile C Ieggzestd -Artius it ai' ixio matloin Is uu
excl usivel y.

Fo simil Iled tfitkI ' iew, Gi caim11 It mlItUVII hY For thuis portion ill tine link it is n1oi.-essm it, investligate
thle radiation Itl itleater detaill To do ski it is m10l111,1l to Ilse tile

it n tormatmed Verstoit ot' tho mutua1ol coimerence Afunctionl MCF)
051 LII I 11- 113 1 (spaial I cova r !Iancei ft VtI tiun). Ft, thI! sc atte vr If tq

\'tA -A2 ± nI )' i ;I )funlctioln descrIbed Inl 01 this becomte's

5/2 \

(54I 1

Onl a tinailitota. It is Pois~ihIC 10m 01btain1 an1 stiluiot or thle Notice thuat tl p ~ 0 this Is tiontmall/d ttitt, .111 ttvmd We
putlse spreading by relenting tol Fig. 13, I'm lthe 101iltt 11ssunu11ed 11 6aussIan source wtih lt ni tiltote equal itfl~

geo me try. It' thea pr imary con tribust ions conme fronm file disc foolused at Ifitt1. itv In tino tnta sy stem dt tesinil we are- Con t wont y
with diameter ztheni the inauxintun path di'Ife'ence is interested fitt the bu0t11itt oh' thca anteitia kleine~d cIll tile3
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oil il'

1J11

IMaIIml

F IV.1,Jquaiiain (50) plto safnto fteLpe limit o
ifite~atio Z (a V~~ 100 ril. (b) 200 m.

I dB points, Since MCP Is tileI ransforim of' tile iingular dilitribu' distance. and rapidly approachtes the value
Zion ot' tile soulrce as seen by [le receive~r, we can equivalenitlyI deiane a "Coherence length" p, hi it comlpa~rable mieasure ot'

alerhC (lie o~~ol *i ngh I~l "A~i*
untelli Qolinltio. Tus.tol gpre oxinilte tin Impulse In V 0.011

angle ( point soulrCe). bly settinog thle MC'F equal to e-63
LI 3 d B) in(] solving for p,, we can investigato (lie behaviur ut' deflning the Heggesi ad-Arnush approximation, Since this

teradiatiuni as it traverses the scattering niediuni. The expres. behavior is dopendcot upon the scattering properties of' tile
%ion for p, becmss water, it is histructive to define the albedou 121 w as the ratio

#s4. a) and the extinction length as N - , (a + x)V and
0.93replot Fig, 14 tfor various water parameters Ilit Fig. 1 5. rhuts.

P, = 0.693 we see that we rapidly lose the gain (.or Imaging capability)IT r ot' the medium as we traverse u few scattehing lcngthii, wkhic
111. ,386(se.)- 0,491/61112 0.693 call vur5 Il tertms of the extinction length, This, however, is

P, -A . . . I > -- nt tie wolestory.
& - 2#r~a2 0-ui3JS (8) 1t' wve observe. thle MC'F, (57tttlrevle tp I h

:1 ~. se %' tile USYropWtoilC Val LI ot . From IFo ur ti ra nsitit o
which I& shown in Fill 14 as a function of Z for an Initial theory wo know that this correspoinds to u point souiwv whivih
divergence of 10-3 red, and for the water ptoperties delined relates to thle unscaitered portion of tile beami. And, while tile

bys - 0.06, a -0,04, and 0- 0.01. Notice that for a distance power associated with this portion of the beam Is significantly

/-0.693/s the beam propagates maslt would In vacuum, and less than that associaterd with the scattered radiation (lower bythe coirtelation length Increases as the beam diverges, However, e-u2). it nevertheless retains the full gashi otf the original
the scattering mechanisms abruptly taks hold at this distance iource. Consequently, It can be shown that for the uplink

9 and the coheience length decreases dramatically in a very short geometry a receiver located out of the scaittarbig media at a

....................... _P.
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is a

is' *55 It

~~01
40 to

a ~ ~ u Is-...., It

A 011641 161%Isetteio L~flths (10 Watari Kt,
1jFig. 14, Coheretnce langth a. a function of prupsaitilon path, t'i# 11. Coherence Iongth as at function of extinction lengths for

* svarious Values of' the albedo ofnd 02,
& root distance f'romn the sourve will always collect more power
from this unicattlored component that from the scattered
component 112). It is therefore possible to consider the up. A
link radiation as composed or two additive Gasusian terms.4

U The first, retaining all the geortetric properties or the radiated
source, but attenuated by the factor re(o " , and the secondiN -
consisting or the scattered portion or the radiation as con. -

5 sidered for the downlink. Eltlter or these terms may be usmed to 1
davelop a system, but the resulting systems will have vastly 0 -
dir raring operating scenarios due ito the difference in coverage

adpointing requirements, Consequontly, we will consider the
general problem of a Gaussian beam propagating up through
ilhe air/ism Interface and determine the effects.I We will first make the computations outlined in (36) for
the Hoggestad-Arnush approximation and then show how the Vil.1, IC. oordinate ayitena of 1`1S~. 9 turned upsilde down,
unscattered result follows, poieuo asn oprmmteItgaini 6) eea atr utb

To compute the surface Irraadiance poleuo usn
£ through the interface on the uplink itlls only necessary to In. Topenfr i to e Icont Frstlo renl that. se hvera dfac ner mutbe

sort(7) nto(36) Ths yildsmedium containing the source to have the Index n, otitt-with
angle r'. Thus. If we want a more figurative description we

P( '/ V( r)(60) should tturn the coordinate systemi In Fig, 9 upside down 1to
Jl yield Fig. 16.

Next recall that we projected the true slope statistics at' the
Iwo assume a collimated, zero crass section Illuminating source surface onto the x and v coordinates, However, the scattered
(In - V 0)) . Finally. to determine the angular distribution beam haes circular symmetry with regard to the angular diver.
Lor the beam (T',r) is integrated over the slirfaco it) yield Bence, Consequently. It is again necessary to rotate tlia axle of

t he angular coordinates by the transformation in (47). whichIy') Y'P r Y Py Y 7,y d (61) will allow us to perform the Integration In (60) titt CattesitmI I coordinates, Taking the latter remarks into account und again



I

[(oit + 1 a
C., xiI

0v I - \,\al

0l' .- j 1 1 R' 02t(

where we huv, assumed th'at ihCv somico I% Iovaied at (.( 0.L( aIA j

seq uemily, the ungulIu r dl st but ion kit the e m rgi ng lc is
obtained b- In tegrating fly~'.rl ov~ei the Variables (X .who-t I"5I

~, and Jp 'art inow t hv allgie s 11.\e~cdh tile sokmr.
As the so r iuce roug~lh ess goo to il ro il I tb '). ptly y -o 111 Cat ~se who~re tIile ovetl vugt h nest It ub sent 0I vie

apprwuhei the dulta hilictiol MyI' (it it lr. Fll. this ý'asv tIC see thtI lthe exitiIII botam is ~eonwte-d Jamutid tIN Iiloariled -

Inltegrationi cull he performed ovegii 0., 0,1o y-ivld sneiols tngle. (fl/06V 1111 M1but "'l~ soneh tkit~t'd ItowarId the
,oetllth. P~yi~ Is'ltis is duC1 it, Ihe tat that the sw.altterd

PI po2 l i'hs wh'Iicht litCOCIthe ClosstItIl t It'llh CISCom sltott't dint 'ativi
!t yr I - t '*%'*itid cieutI'are ollsot bed ION, which Aoki~ Iite beanil

U,,' /~~~ We an hlcgru te I hv miilcon Iri tIIU a in mgto~ey' over the
o'ntie surface as Indicated III ((itI 'M) Thio stiit% Iit tho tinctiotl

+ AY- MIM' I w isk In th anlttlar plower distti-lbutOtion To Cmp11lot MtI
4- j~. opli iuI budgetI one neceds to intepirate fly') ove5r thle solid ,tulie

Ri (u 'V asubtenided by the ctillecting aperture, At a dist atte 8 lImp
\o'101gl I' 1110i~ tot thetunetlo fly') to0b 1110 in COVS1,11 tll' oIII%?

Inig apet lure. this %olid angle Is nivrely .4 Rl Comotiptetuly
~t II 0

II'a ~ v L!.,. VI I h Iic olcted power is

WAe eanl also perform it! theitlegt'likil In 01t2 I'or Ilic tIarlOw ~~Iob~ LC~ttLC~W~ h eiI .ii~ i

boumi %:asc. For this case we Lcat ~emend tllei'ltttegrIthtio tromtii ImoIl tIM C It) a1tid te isuttilc 111 bnootlt Ih, t txiin Il
t iolidlille tIgtatclld over the Itentisphteore '~ioldh lie0 reskilt in1 (4'), Ilouiihi

*exp. [u tr- ~ + 04I 1 ; )' Itj l )
where 11' wo look at1the .1till contour. thc e Iamt halt anglO is (,I

A- 14
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I i' • i' Y m id , lia creI ctive gain Is & ".A U p 0'/,.7 x

JR, (68)P(-

1 . .. 0 2 + 2

o +g' n 2

I ht' ii1k Iuos f'r Ihi" C aS e heCo eM S (fY7 ' "y ' r- 0)1 w here 0( f o )

,rRt3(.2< u IT r !. ,' (721

exp - 108 +£ "11+Y IORI

e.. ,., Y,,-2 +1, [
.dx d) e z (74)

U To obtain the results for the unucattered beam we would
use (6) In place of (7) This,'however, merely requires the 2 (75)
substitution% drr y(S

S-0
'RO0

1 -b P03

U•,'l " Oo=

R ' r I + ,002:1R 1 "v *..Pln() n() nletg',i-(70)

with ,' Pm - 0. With these suhItitutions (62)-(64), (011- th- 1 (76)

;l'0 I I (Yomy 177

(n')) become (70)476), respectivoly, o ZYuAO

W sun point out that for large zenith angles the linear.

- -ization tid to derive these results Is not valid, and P more[, r do , ~ 2 - -,arI d otaileausaiy sis is required.
n Comlutaa (68) and (75) and letting coo X - I - (X21.

"we set tth" the ratio of the lain In the unicattered to scattered

,,ka. w _ fhe lttre d 1',e i 111we a see tha t th e inequality(0( -- orrj ;idw r rnmtin rm N cteii
' hesm 7i5 Iie e heaia ine•ua•..,ity

+~~- Oy - I-)R

(Y --- ; RI . 2] 1 (71)
no ndeterminse which portion domiinates.
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APPENDIX B

LAYERED WATER CORRECTION

When a and a are functions of', it bijornes necessary to determine the effect upon the model and
to correct for it when necessary, Write s(z)07(z) as

S0( ( ) a Si (s.I)

us first consider the effect upon the angle. For constant parameters, the angular variance grows as
sVozm&'I, Since

i• - (B-2)

we argue that for z v (ati 1 , zi)

A Ol - $1 01
2 (21- zi..1), (B.3)

Fort r e (r.j1, zj)

Hence,

.(z) dz N V @i2 i-.1) ze(zNl, ZN) (B-5)

In general,

"'* S&1(z) ", st 12 (z, z.- z 1) sac 0 ,(B )

where 0 Is the anX,* relitive to the normal that the ray takes to get to the depth x, Since thk obsorption
loss is linear in z, A similar argument can be given to yield

az [ al (zI - z. 1  saco (B-7)
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is the exponentiul absorption Itos to replaLce uz, .

The spatial spread, on the other hand. goes as

S u2 X3  (4

which is actually fl z2 . Now

(fl+An)(z+AZ) 2 a A7lz2+AA Z2+2IZAz+AiAZ2+O(AZ 2) (B-9)

or
2 z2%12_+ z2 +.2 ,z + .z- 2)- z2  (10)

(,,___ A&_+______2 3 sz) z2 0"2 (z) (B
z .. Az

Hence, the spatial spread can be modeled as U -

N
3s(z)z2 (z)dz 6 ,10j 2 (t3.Z3 1 ,))

which becomes

3 Z3 ed 0(B-.12)6 (2 3.z31.) se3 (o 1-0]

to account for the slant angles. Butter approximations of the integrals could be obtai110d with linear inter.

pulatton, but was not considered necessary.

B-2S
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APPENDIX C

SHALLOW DEPTH CORRECTION

I In this appendix, we will develop an empirical correction to the model in Appendix A which will
apply in the region of I to 10 scattering lengths. There will actually be two corrections presented; one for

r, illustrative purposes and the other for data reduction,
In figure 14 of Appendix A, we see that the correlation length p of thl model used is always less

than an empirical lt to the volume Scattering function, Since the measure of radiant spread is inversely
related to the correlation length, this implies an overestimate of the radiant spread und hence, a collserva-
tive model. We know, however, that the correlution length defined has the form

h 10.X (38 zs ,8/l
,i Ze = •"sz (Cl)

which can be rewritten as

Pe =PHA [ (C-2)

We can define an efflctive value for 02 as

[ / 693 2

a L 7 02 (C-3)

and rewrite p,, us

PC Ii-A 1 h z > ,693 (C-4)

F Is plotted in figure C-1,
This correction gives the value for the correlation length, However, since tile radiant pattern used

renialnin Gauaiias, it turns out to bc ouly slightly better then the uncorrected function, but fails fur short of
reproducing the correct correlation iunction and hence, corroct radiant pattern. A better approach would
be to try a functional fit to the actual correlation function. In addition, since there already was a Gaussian
Solution, we will try to make this functional fit by adding another Gaussian term in u Judlcious mannier,
The function that we are trying to fit is

c"I
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szI

(C-5)

where the exp (-.az) multiplier was omitted. It was already pointed out that the asymptotic value of this
fwuction is exp(-sz) so that we are trying to fit

; I s I 2

Sz 1(e, z (C-6)

By observing several values of this function (figures C-2 through C-S.i. the scattered term in equation (C-9)
" • is always visible for small values of p. This term wil always have the form

" ~ (s) 2)(C-7)

Now, if the following is set

p 3 0 o' pco * (C-8)

then this por".on of the coherence function at most contributes 1 1%ercent to the total. Co:isequendly,
whatever remains of equation (C-6) at this vlue of p can be concider-d to be one value for a new function.
If this new function takes the form

B 2

Ae , (C-9)

then we are clearly solving for the point where

B sz -- 1-,.1

A 0. /1= J .. esz, (C-10)

Similarly, a second fit at 1e value p 3 pco yields

9B 2
A 2PC = Ce LV IZ -e-sz, (C-1l)

Solving for A and B yields

9.S z 9 /8

e 41

I /8
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By defining

a ~14

i.. we are ible to use our previous Gaussian solution without any changes, Ignoring absorption, the relative
welghih for the three terms become:

Sexp (-z) for the realdual Image,

A for the third or glow field team using ,

S(l-A-usz) for the scattered term,
Values for A and B are plotted in figures C-6 and 7. Notice that 02 ,01ff and the glow field makes its

greatest contribution In the region of I to 10 scattering lengths. The fact that A starts to Increase after 10
scattering lengths Is attributed to the tact that after this point the Gaussian fit for the third tenn is no
longer valid for a number of reasons. As a consequence, a modified value for A was used which takes the
form"

I A' - .235 (s,) e" •z/ 2. 3 .1, (C.14)

This is also plotted in figure C-6. Finally, we have also shown the values for A and B when the second call-
3 brate point Is taken at p e 5poe, This Is also plotted in figuires C-6 and 7 and shows no appreciable difference
, other than the calibrate at p - 3poo,
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APPENDIX D
VIS151Lrr 1T0L~~RATOP.T IAN DonO, ALOW36 *alls,

I O23 June 1976
ML-76-005t - REVISED

TECHNICAL MEMORANDUM

I SUBJECT: Ocean Optical Properties -- 520 Nanometers
Santa Catalina Island, Lat: 330 27.2N, Long: 118'29.0'W

S1. Near surface daytime optical measurements of the water properties at
the,Santa Catalina Island SATCOM test site were limited to the beam trans-
mittance and its derivative, the volume attenuation coefficient, a. This
limitation was incurred because of the effects of ambient daylight on the
instruments used for measuring scattering. Measurements of all required
properties were obtained at night, however, and correlations between them
were explored for a variety of water conditions. Curve-fitting techniquesI, were applied to these night data, and empirical relationships were derived
allowing the prediction of the required but unmeasured daytime scattering
and absorption properties of the water from the measured beam transmittance.

I The fits of the nighttime data to the derived analytic expressions was
generally good-to-excellent, with correlation coefficients of 0.946 or

* better. These expressions may, therefore, be used with confidence to pre-
I dict the unmeasured properties.

2. NOTE: A window correction factor of 0.9794 has been applied to rll
Itransmittance values obtained in the field. Any preliminary data issued

prior to 12 April 1976 were not so corrected. Any original transmittance
or alpha profiles, i.e., those obtained in the field with the x-y plotter

I or data logger, must have this correction applied. All computer-generated
output has now been corrected.

3. Using the expressions obtained from the nighttime June and July data,
Sdaylight transmittance profiles have been used to obtain estimates of the
scattering and absorption properties of the water column to a depth of
50 meters. These values are listed for the various depths, Z(m), at which
the transmittance data were sampled. The following is a description of
the information supplied in the computer listing tttled, "Ocean Optical
Properties:

m a. The transmittance on the computer listing under the column T(I/M) is
the field data multiplied by the correction factor (see paragraph 2 above).

I
I

D-1



MEMO #ML-76-005t - REVISED
Page 2
23 June 1975

b. The column headed ALPHA' is obtained by taking thu natural logarithm of

the reciprocal of the corrected transmittance, i.e., -1

"ALPHA' a ln(1/T)

c. The true volume attenuation coefficient a (column headed ALPHA) is
greater then the apparent volume attenuation coefficient ALPHA' by u small
amount which accounts for -the scattering included within the acceptance
angle (1.5 milliradians) of the transmissometer.

d. The scattering coefficient, a, (column headed SCAT) is calculated' from V
a linear relationship of the form

where a and a were slightly adjusted from the constants derived from the
straight line, least squares curve fit. Specifically, from the regression
of s vs a (disregarding two data points with obvious difficulty)

ar 0.958a-0.101, o0 - 0.0315

and after adjustment 2
*- 0.97 a - 0.0977, .5 • .0324

The reason for the adjustment was to provide a better agreement between the
absorption coefficient calculated from the relationship, a • a - *, and other -,
estimates of absorption arrived at by independent methoctq. As is indicated
by the standard deviations between the data points and the values predicte"
by the two relationships (i.e, o,), there is only a slight decrease In the
precision with whic, the adjusted equation predicts the observations of a
from a.

e. The abs|orption coefficient, a, listed in the column ABS is obtained by
subtracting the values in the SCAT column from the ALPHA colwt since

f. The volume scattering function ri(Q) at 3, 6 and 12 milliradians was
calculated using expressions obtatned from the regression of a (0) vs m.
g. The normalized soiond moment of t~e volume scattering function , i.e.,

2

•n th c olm oed) ed 0 stnT do,

is listed fn the column headed THTA* 2 BAR. The values listed were calculated
using the expression obtained from the regression of-" vS, .

D-2.
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23 June 1976

4. The narrow angle. volume. ,catterning function data, vtz, VSF3, VSF6, and
VSF12, were obtained with that ALSCAT instrument Kh.tch performed tKase measure-
ments concurrently with determination of the beam transmittance, These data,
therefore, are all obtained from the same sample of water. Thn volume scat-
tering function data at anglfs from 100 to 1700 were obtained wfth a second
instrument, the General Angle Scatter Mter (GSM), which was lowered to the
same indicated depth as AL CAT but was about 4 meters away horizontally.
Some vertical separation may also have occurred due to errors in the indicated
depth. This may have been as much as 2 meters on some occasions. Operational
considerations did not always permit data from the two Instruments to be ob-
tained at the same time although that was the intention. In general, the
operational procedure in July was improved over that in June, and the time
difference between the two measurements, i.e., ALSCAT and GASM was, with
three exceptions, reduced to less then 5 minutes. These time and spatial
separations between the ALSCAT A GA$M data were usually of li ttle consequencewith the possible exception of those circumstances where the measurements

were obtained in the turbid scattering ler that occurred frequently at
depths of from 15 to 40 meters. As thislayer wet sometimes very localized
vertically and would move up and down with the passage of the coastal current
or with the propagation of Internal waves, temporal and spatial coincidence
of the measurements assumed greater significance for these cases. Despite
these concerns there appears little difference, as determined by the corre..
lation coefficient r, with the ti htness of fit of the observations to the
resulting analytic expressions obtained for the 18 nighttime data sets inJune, the 30 sets in July And the 48 combined sets. The oxpressions derived
from the regressions are listed below. e

Expressions Couplang Measured Ocean Optbcal Properties

K I(Derived from 48 sets of nighttime data)

a - 1.0188al:j.0r 1.000
s - 0.970 a- .0977

I a
a(3 )- 1398.4s 1,1204 r 0.9597
0(6)- 553,2s 1*175 r 0.9800
o(12)- 218.83 1.2,Q2 r - 0.9872
T" = 0.0283s" se r -0.9467

5. The scattering proparties, as determined from the combined ALSCAT and
GASM data for the 48 nighttime measurements, are submitted herewith. Eachset consists of a plot of log-volume scatter-Ing function vs. 'log-angle and
two pages of computed properties. The "Iterated Data" differs from the
"Data Read-In" by a correction appli 1d to ifSigmal valuer, for the three~smalstanls, viz atp at andn 2mllfai o con o

multiple scattering in the one-nmter measurement path length used in ALSCAT.

D-3,
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The correction to "ALPHA" is that required to account for the Inclusion of
scattering in tne acceptance angle of tha transmissomnatr. The column headed
"Integral" ts the portion of the total scattering coeff(ient due to angles
from zero to the lsted angle. Thus

"Integral" ( 2) c2o') sine' do'

0• ' ' I

Similarly, the "Normalized Integral" is the decimal fraction obtained by
dividing the value listed in the "Integral" columni by the total scattering
,ooffttent a.

"Norm. Integral" (O)IL n n d

6. The values of *; e, and a obtained from the nighttime measurements
described in para raph 5 above have been entered on the curves of these
properties generated from the regression expressions. The times of the
measurements are printed beside the data points to aid in evaluating this
comparison between the measurements and the values predicted front a trans-
mittance profile obtained on the same night but at a so~iiwhat difforbnt time.
It will be noted that the predicted values agree well with the measured
values considering the changes that are found in repetitive measurements
performed within rolatively short periods of time in a dynamic ocean.

7. Secchi disc observations were obtained on six days in June. The dis-
appearance depths varied from 14 to 22 meters. The observations are listed
in the attached table. No analysi of these data will be attempted.- No
single-value parameter, e.g,, oryat a single depth, would be expected
t,) correlate as well w th these observations as would an averagc or "effec.,
tive" value obtained by some weighted integral of the parameter over the
delpth Interval.

,SECCHI DISC OBSERVATIONS

T LI %_E TH DATE TIME ... TH

6/18/75 1230 18 m 6/24/75 1126 22 m'
1330 21 m 6/25/75 1008 17 mr

6/19/75 1030 15 m 1014 17 m
1130 15 m 1103 17 m
1230 14 m 1125 17 m
1330 15 m 1204 17 m
1430 18 m 1255 15 m

6/20/75 0950 19 m 1303 15 in,
1439 18 in1054 19 m 1448 18 Mi

1250 15 m 1554 17 in
1345 15 m 6/26/75 1350 15 M

D-4
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8. The errors in the optical properties presented have been the subject
!i I of considerable study. Unfortunately no single, simple statement can be

offered regarding the magnitude of the errors as they depend upon the pro-
perty under consideration and the value or magnitude of that property.
urthermore, the optical nature of ocean water is highly variable both

, I sqatially and temporally -- particularly so in coastal waters. Any values
or oean optical properties presented as a result of measurements in this
dynamic system mast be understood to Iawe inherent "errors" due to samling

* in space and time. As mentioned in Parahra4 above, the sampling pro-

to affect si3nificantly, the observed correlations between the several pro-
I prties. The prediction of the set of optical properties pertinent to the

*SATe24 tests by the application of the regression-derived relationhips to
the daytime transmittance profiles circumvents any concern with simultaneity
Sof data acuisition, The remaining question is "did the transmittance pro-• f~ille chae signl'icaiitl) from that whic,'h existed at same critical tim, e of

concern?" This question ust be examined for each situation, Frequentpro.i i!+ jfiles were taken in order to provide a measure of t•he rates of chaze___go o

the optical properties and with the intent of bracketing the SATCC4 observa-
tions.

Absolute errors in the measurement of beam tanumittance were less
th~ *041.Theresulting relative errors in the volumne attenuation coef-

ficient would be between *2t for the clearest water and *11 for the most
turbid water encountered in the upper 50 meters at the site in June and

• 1i July 197S.

Absolute errors in the determination of the volume scattering function,
Sa(e), over the angular range of measurement are somewhat greater, probably
ranging up to 10t in some circumstances. More significant to the calculation
of the scattering coefficient is the fact that the volume scattering ftuction
wac not measured between 0.7" and 10", necessitating inteMpolation of the
function between these values. Aa up to 50% of the scattering coefficient
may be due to the scattering in this angular range, the magnitue of the
coefficient is significantly affected by the nature of the interpolation.
Furthermore; since the scattering coefficient accownted for something be-
tween 51 (for the cltrrest waters encountered) and 89% (for turbid water)
of the volume attenuation coef ficient the magnitude of th. absorption
coefficient -- as determined by the differences between a and s becomes
particularly sensitive to the method of intenrolation of the volume scat-
tering function. For example, when a - 0. On , s/•i .81 and a/a .19.
Under these conditions a 10I chage in s results in a 43% change in a.
If, as in the application of these water r erties data to the SATC.C sys-
tem analysis the absorption data is parly significant, we need a
better capabhity for determining absorption either by mare complete

D-5
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and accurate determination of the volume scattering £unction or, more
desirably, by a direct measurenent of the absorption coefficient itself.

The determination of the normalized second moment of the volmne
scattering function, "T, is Imherently less sensitive to the value of the
VSF at smal nles than is the scatterong coefficient, U is, in fact,
primarily dependent uoan the VSF in the angular range measured by the
General Angle Scattering Meter, i.e., for e > 10".

R. W. Austin

RNA: vb

cc: Lt. R. Driscoll (2) -•

C. F. Bdgerton
T. J. Petzold

'I I,

'it

D-6

.



I

I
i LUCEAN OPTICAL PROPERTIES - 520 NM

WTA CATALJA 1, UVT 33-V.Z N; LD1 19-2P.O 0

S! IJ ,.P ? + . . : , ,,,WD T ..
I 0,

4 ALPHA u

I SCAT a

S,31

! I

I I -+ --

SVOLUME ArE.NUATION COFFI'CIENT, l (MIiTERS:%)
SCAr•TEKN COFEr'FIC'ENT, , (MEE R$I)
ABSORPTON COEFFICIENT, CMIRS')

Figure D- 1 Occon optical properties (sheet 1 of 2
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nr.=rAN (IPTICAL PP.PERTIES - I NM

SANTA CATALINA TSo I.AT A3-27.2 N LONG 118-29.0 W
IJLJN1475 0940PT

I 1 I/M , .I.PA' IALPMA - CAT _ A - VSF.
2.0 0.770 0262 0.264 0.158 0.106 177.5 63.5 22.7 o. 09go
3.0 )o,767 0.265 0.268 0).62 0.106 182.2 65.3 23.4 0.092

-4.0 0,767 0.2& 026a 0.182 0.1oa 1f2.2 -A3 2.4 Oo.yu._...
5.0 0,769 0,263 0,265 0.160 0.106 179.1 6'..1 22.0 0.093
%,0 0.762 0.272 0.275 0.169 00106 190.2 6803 24.5 0.090

ILI ,114 16 A Q,11 L1,86 1.7j.0.....I 24.0 07.0 0.76 6;_0.269 0.7 0.64 0.106 I T Q .b.. ,. O...L

0.064 0.106 183.8 65.9 23.6 0.092
9.0 0.766 0.267 0.269 0,164 0.106 183.8 65.9 23.6 0.092

jF!R~~~0 190.2 b8 R11 2 N Al J!3 24.~2L YL

12.0 0.741, 0.29Q 0.302 6.lo6 0 ,107 224.6 81.3 29.4 U 0 .082

.......... 0-10 LA . J 0L 1 a-s. . .107 224.6
15.0 0.721 0.37 0.331 0.223 0.108 260.7 05,0 34.6 0.075
16.0 , 7104 0.31 0,335 0.227 0.108 266.0 97.0 35.4 0.07•4 "

16.08 5 ,4 ,08166
I•o -,o• o•• .. , 0.2h3 0.109 313.1 115.1 ..? o.07
1•,1 0.677 0.390 Oo305 0.286 0.110 343.5, 126.9 46.B 040•

' g,0 O6W g (i,04 0,.4090O2990 0,110361 .i0 3.72, _49.5 0.062. ".

21.2 p,658 0.,18 0.424 n.313 0.110 380.8 141.'. 52.5 0.060 ,I0.401 0.*677Q .1 0 35 . 112.1 '?.13 0.067

'..1 -1.675 0.393 0.398 0,209 0.110 347.3 128.6 47,o 0.063

2•.2 0.67• _0.34 Q0.284 0.110 341,5 126.}. 4g.6 U.!6 .d
26.2 0H685 0.379 0)384 0.274 0.10 1 328.2 121.0 4 4.6 0,066

27.2 0.68?g' 0.376 0.381 0.271 0.109 324.4 119.5, 44,.0 0.066
2.1.2 0.656 8 ,375 00479 0.270 n..3O 322.5 0 4.7 U 7,062

P..2 0.689 0.373 0 .378 0.2E4 0.110 320.8 141.8 43.4 0.060

30.1 0.698 0.259 0.343 0.255 0,610 302.0 110.9 40.7 09069 .

2e. .1 0.6705 0.395 0. 39 .2AL. 0.110 2347o 123.4 47i.4 00L..

"3•.2 0.718 0.331 0,33 0,297 0.108 236.0 17.6 3.'4 0.074

'.2 0.768 0.331 0.33 Q 0.227 t 0.10 26o6.0 97.0 35.6 0.076

3'.3 0.718 0.331 0.335 0.227 0.109 266 0 65 44,0• U4,066

"-- 35,.4 o.7t)"13 o.33. o.T3T" h.2 0.toW •,.o 97.o 3g.'., U.o17 -
3.3 0.723 17.32 . 0.328 2'.721 0.109 2.17.2 43.7 34.1 0.07o

0* 60.9 0.3.5 0.3278 0_ 26 0.109 2 0.-6 11 .0 43.4 ..
0.1 09.735 0'.309 0.312 0.25 0.1O7 236.5 11.9 31.1 0.079

'1.1 0.716 0.307 0,410 0.203 0.107 234.0 35.1 30.8 0.080
0.718 0.7 C0.323 0.296 O.189 0.107 216.3 278. 28.2 0U.04

5.718 6.331 0 .28 3 .7 0 !18 260 9 ) I:4

31S.3 0.723 0.258 0.272 0C.25 0.106 1OB . 66, 23.8 2.091'.

4..1 0.772 Q 0,262 0.6 0.10. 174,4 62.3 2 2.3 0. 07C

257.27 7ý, -I'-9 0 *53 0 7 A

1. 0.0 0.735 0.305 0.351 0.202 0.105 169,7 60.5 2S1.1 .096

t &USE REAUY |RLu TTE8 _ _ _ _ _ _ _ _ _ _ _ _ _ _

Fi-2re I1. I 0.(.7 optCc2l properties (sheet 2 of 2).
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l2.CGAN OPTI AL PRLU±PýLTi N

SANTA CATALINA IS, LAT 33-27o2 N LONG, 118-29.0 W
_ IJUN1970 1030POT -- _ _ _ _

1.1m) T(O/MI ALPHA6 ALPHA SCAT A8S VSPS VSF6 V5P12 THtA*O26AR

3,4 0*?73 02JO 0.260 0.151 0,106 172.8 61.7 22.0 0.095
1 2 0s7577 0,27 0.281, 0.17 0,106 1
." 77-'2-- o0z94 010.• 8 0.107 2

"7.2 0.??7 0.006 0.309 04202 0.107 233,1 84.5 30.6 0.000
9.2 0.737 0,306 9

10.3 M31o 06,o05R06 oo•O ,o o.zo• R!; Rol N, 0,080
12.4 0.728 00F18 0.321 0,214 0.207 248.5 90.3 32.8 0.077
14.0 0.726 0,311 0,324 04217 0&107 251.9 91.7 33.3 0,076116 ),M. 0-. 5 I T" -- 7 -4 9 -Z* M 41 oB ue .o ', " 16FoIM 1 5."3 0 , • U."1

16.2 0,703 0.352 01356 O.248 0.10A 20249 107.3 39,3 0.070 k

1700 fl.3R5 70,0.
19e2 '0.576 0.*S52 rO. 60 0&445 0. 114# 565vO 213*,9 00,9 .0448

19 A 0 490
22*2 0,649 O.112 0.437 0632. ()#111 399,0 14..S 56.2 U.59

0.10 20. i41,

25:2 0,656 0.418 00424 09313 0.110 380.8 141.4 52.5 0.060

20,407 4 4 041 0.304 0.110 36A.9 126.7 _0_7 0,0_1S -'?7. 0 --'T!'969.... Q7 6'6 ' .1' -012 "'j0.'0 .... 364.9 ' 135•.2 •50 .1 0 #06'2....

29.5 0.678 O0.39 O.394 0,2F4 06110 341.5 126.1 46.6 0.064
24*7 OAA9 0,373 00378 0,2h9 o.10 320.6 116.0 4 ',3o4 0.066

2-00 . 6 9 345 U.399 3u~ 113.7 41 ~
31.6 0,702 0,353 0.308 0,749 0.108 29047 108.0 3Q16 0,07U
32P. 0.704 06351 0.305 0.246 0.10 291.0 106.6 39,1 0,07u
3,. - .r 0.108 Z5~7.*4 1 05 3. u.07
3,5 0,.707 0.347 0.3$1 0,242 2,o[08 285.6 104e6 38.3 0.07.
35P n. 7.13 ().b33 a o34 2 1:1l3' 01O i1ý 274.6 100.4 36.7 U.073

17.2 0.719 0.330 0.394 0.226 0.108 264.2 96.3 35,1 0,074.
3A.n 0.724 0.323 0.327 0.219 0.108 2A5.'. q3,n 3 0 076

41.2 0.735 n,309 I.7.2 09205 0.107 2M.5 568., 31.1 0.079

411 0 '737 *,1 0 1106ý .Ll A
43.R 0.•4.5 0.294 0.297 0.190 01,07 218.0 7R.7 2844 0008.3
.4.4 0.747 0.291 0.294 0.1811 01107 214,6 77,5 2R.0 0.84

'.6.2 0.054 0(2P2 0,ZA5 0,179 oI06 203@1 73,, 2403 0,081
"47.3 0.759 0s2'6 0.278 0,172 0.106 Iq0.,0 70.1 2902 0,049

-- '-Z r.'- 0,71-- 0.26r -T6-•T,•. ---FTV-0 U 175.9 "& ' 7 ,-- -- '
4q,2 0074 0.257 0.259 0.153 O,105 171.2 hi1. 2108 0,096
50.0 0.774 04257 0,.59 0,153 0.105 171.2 61,1. 21,8 ..0009h" "-F-•Z• -'){•M-'• PCnTE

Figure D,. 2 Occum o•licul properties (sheet 2 of 2).
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flC.AN 0"ALCh PRflPCRTIIS -20 NM

SANTA CATALINA IS* LAY 33-27.2 N LONG 11S-?9.0 W
16JUN19 I3 1130PDT

3.5 0.767 0*265 0.266 0*L62 0.106 102.2 65.3 23v4 0.092 .

6.0 0.737 0.306 0.309 0.202 0.107 233.1 04.5 30.6 0.0000

2 9.9 6 .1 3.6 0079

9.5 0.731 0.350 .30 0.1Oe21 0.107 231.'4 863. 30.4 0.000

13O 00 048 002 0@44 Oso$ 2147,4. 105.2 36.5 0.071

16.1 l.636 0.450 0.456 00345 0.111 413.8 158,.2 59.0 0.057

81!30.60 0.'' 0.453 0.042 0.111 4.19.7 156e6 tlge4 0.057
19.1 0.627 0@467 0.473 0.361 0.112 447.1 167.3 62.6 0.055

196. 73.9 0.000
21.5 0.407 0.f499 0M06 0e393 0.6113 490,9 164.6 69.,3 0.052

a4IIIA-1- 61-62 * 60-11
H&A St.; O411 s45 0.46 if 2 9 159to 69.3 of.056

24o2 0.646 0.436 0.442 0.331 0.111 400.? 150.9 56*2 0.058

272 0.669 0.402 0.407 0.297 0.110 3M9.0 132.0 49.2 0.069

31.0 0.689 0.7 0.376 04269 0.109 320.6 118.0 43.4 0.066

0.64' R.37 0t. 32 2i . 0
332 .6;! 0.395 0.400 .- 0.290 0. 10 3411! 129.1 47.7 0e063

34.0 0.690 0.370 0.075 0.266 0.109 316.9 116.6 '42.9 0.067

0.5 Oe245 06108 25 .2 1 S3o 38,8 U.07L
37.0 0.015 0.336 0.339 0.231 0.106 271.3 119.1 36.2 U.073
3A.2 0,734 n-AWj 0,313 0,206 -0,107 2-18 2 8,4 11.1 joy
39.0 0.745 0.294 0.297 0.190 0m107 210.0 76.7 20.4 0,083
40.0 0.056 0.2140 0a282 0.176 0.106 199.9 71.9 25.9 06087
42,0 0,766 0.6 W 2 69 0,*164 _o1Q 3a 469.4 2.. Qj..9

440.6 027 O269 0.164 06106 65.9 23.6 O.092
49.0 0.763 0.;171 O.273 0.167 0.106 18.s6 67*7 24.3 0.090

.0.04 M 0. R 0.i 8 : 0.H 27 .9
47.0 0.760 0.274 0.277 0.171 0.106 193.4. 89.5 24.9 0.009

4Mi4 24-0 0.A470i Q J j
.76 6 6 61.62. 0.106 182.*2 65.3 23.4 0.092

PAUSE FREADY PLOTTER

PiEpre D. 3 O~ccn optical properties (sheet 2 of 2 )
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•! 3 OCEAN OPTICAL PROPERTIES 520 NN

,VS, WTA UN'l U UTI n ,!. K" UsL' U*VO 1

lli I a,
4 ALPHA
I SCAT a

all

11 u TI,;18CALw

!U

!I

I

SATTV4UATIICK COI[ PIrCziKNV.' a ,*I'

MSCATIoNG COEppUZINI, *

Figure D- 4 Ocean optical properties (sheet I of 2 ),
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S (ICEAN IIPTICAL PRUPERT IS E 5 6'0 NM

SANTA CATALINA IS. LAT 33-27,2 N LONG 118-29.0 W
I JUN197 " 1230PDT

ZIM) Tt1/M) ALPHA' ALPHA SCAT A.• V5F VSF6 VSF12THTA.26A.

1.8 0,773 0s258 0.260 0155 0.o106 172.8 61.7 22.0 0.095
.,5 0.775 0.255 MEN52 0152 0,105 1G9'7 60,5 116 0.09
3-. o7,66 6.- 7 b,269 0.16 o.lo 6 I a.9 2U.6 -0!09
4.2 0.756 0.280 0.282 0.176 0.106 199.9 71.9 25.9 0.087
5.2 0.7037 0.006 0.309 0.202 0.107 231.1 94.5 30.b 0.080
'.0 T.7p o,319 06$93-M2 5 0.107 Z5odZ 91. 0 336o '.- 77-
6.9 0.737 0.306 0.309 0.202 0.107 233•. 84.5 30.6 0.080
g.o 0.730 0.315 0.319 0.2L1 0.07 249.0 09.0 32.3 0.070

1,o0 0.725 0.322 0.325 0.218 O.L07 253.7 92.3 33.6 0.076

U~. 0.71!. 7 ,j4129 0.11 10 267.7 .197.7 351j.6 .074S....12.0 0,70( 08 • 0. 349 0.24 1 0.108 28D.8 ... 103.•- 3A.0--0.071

13.0 0.696 0.362 0.366 0.257 0.109 3050. 112.3 41.2 0.068

(3. 064'. 0,..390.4� 0.6 ,13 O'.t 1. ,• 7 6.82 0,0S6. :

j730 0.666 O.4 0,6 04 032 0. 0 4 9 I8 0.!09I:; 0,404 0941 ]3 g~j ~;:~
16.0 0.607 0.499 0.406 0.393 0.L13 490.6 174.6 69.3 0.05•2
IF.0 00607 0•499 0.506 0,393 0s113 40,9 1846 693 0,032

6 . 097 0.5! 1 9!H .0 ( 0.1 '
2160 0.610 0.494 0.501 0.388 O.L13 48m.2 18.L9 68.3 0.052

23.5m 0.61 6.48 !.9 .8 7.9 0S05

23.0 0.632 0.459 0.065 0.354 0#.112 436.5 163.1 a0.9 0.056
24.0 0.668 0.404 0.409 0.299 0.11O 361.0 133.7 44.5 0.062

-""- 0.67• 0M.392 0.397 M97 (1.110 345.4 127.0 47.1 0.064.
26.1 0.685 Oa379 0.384 0.274 0.109 329.2 121.0 44.6 0.066

2 f. Q O9 0±78 no399 0039 8!0:110 14i 3,5 66 *6
2A.5 0.686 0.377 0.382 0.273 0.109 326.3 120s2 44. 0.066
79.2 0.690 00370 0.375 0,266 0.104 316.9 116.6 42.9 0.067

.9(16 (1.699 -l7,37 o. 3 T 0*267 0.19. = 1. 3. 6

31.0 0.6Q n0.372 0.376 n,267 0.109 318.7 117.3 43.2 0.067
32.1 0.o69 n,.368 0.372 0.263 0.109 21,1J1, 1  4.3 o._..
-- T-0.A92' 6.13T9 .h•.-•6- 3 0.119 jtW.F .iS 42.3 ().067
34.0 0,693 0.366 0.370 0.262 0.109 311.3 114.4 42.0 0.066

350 (94 035 a0 0L6 O 0 309.4 111*7.. 41sR 0068a
36,1 .360 0,o o.365 U.....P-1.- 9 111.8 40.9 .o""9
37.0 0.700 0.356 0,360 0.252 0.109 298. 3  109.6 40.1 0,069
3R.2 u.717 0.133 0t337 029. 2 QJ.8 2;7.7.W 97:7 3P6 0.074

i677Tr d~I a . 46. 10 021 324 6 00077
40.2 0.729 0.317 0.320 0.213 0.107 246.8 89.7 32e6 0,077

.2 6 4.4 26.8 0.08b
43.1 06755 0.291 0.284 0.077 0.106 2rI..5 72.5 26.1 0,087

44.2 0.760 0.274 Q.27 0.7 0 0.j 0!j6 lll 2 A61 94.-75.5 "0*52 ""0.289 0.;2 6 0.1g1 o.10 26. 7 R.61 o.06
46. 0.758 0.2 77 0.280 0.174 0.106 196.6 70.7 25.4 0.088
47.0 0,.762 0.27 0.275 OI69 a.106 190.2 6A.3 24.5 0.090

49o2 0.748 0.29( 0,293 0.186 0.106 '111.0 76.9 27.7 0.08'
50.2 01.7Q 0. .7A 0.278 0.172 0 . 106 , 70. 1 25.2 0.089
-PAUSE REAoY PCOTTER

FigIre I). 4 (Oc)all optical properties (aheet 2 of 2),
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4 ALPFMA
ISCAT a

D-1

IL

.. ... ....

SVOLU E ATT•UAT %N COKFC ZC TINT. az rIITKR s" a)SCAT'1ERING COEPFtC']CNT, a MT~E1
'A5SOAP~?ON COIPPCZKNT, a (4TnsRE~ )I

Figure D. S, Ocerni optical properties (shleet I of 2 ),
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(Ir,,AN 11l'rICAL PIRuJr4T~JjýS NM

SANTA CATALINA IS. LAT 33w27.2 N L ONG I116-2 9 0 W

3.0 , 0719M1 9.23'. 10.3 1 s 0, n 0.1,0! 1 3V6. 3 48.1 17.0 0.109
So 09 sI4 046 Oo~. 0.10! 143,0 50.9 16.0 06106

Sol 6,78263 jbA 0,242 0.Id 4 0,101 lsm.9 6A.4 20.1 .t
7,0 0.782 0&2'.6 01,249 0.144 0,105 15809 56.5 20.1 0.lou
8.0 0.77) 0.258 0.260 0.150 0.106 172.6 61.0 22.0 0.046

- 1,1S446.!' 0.256 0.1S1 Q.109 1A- 00 2-
100 0.772 0.259 0.262 0.156 09106 174.&4 62.3 22s3 0#0)95

12.0 00771 0.26 0.26 0.157 0.106 17190 62.9 22.1 0.09'

!hi gt*h 01H 0!6 HR HS 113. 61 ! *
164.0 00760 0.274 0.277 0.171 0.106 193,4 69.5 24.9 0.069

-- I~ .1QhZ0.... 74,&6. -2A. A 01
IH8 7':8' a.7 0,1 0.V 2i. ~ i 4 31.) O.079

10.2 0.71 0.336 0.339 0.231 04106 271.0 99.1 16.2 0.473),

4'' 6 10.t'II13 ' ' '09.W H~is 72.1 ki.0 1
20.7 00~56 0.586 0.595 0s480 0.116 613s9 R33.3 $6.6 0.4

23.7 0a619 0.480 0.406 0.37'. 0.112 464.'. 174.1 65.2 0.0.19
25.0 0.2 a 0.470AýJ 0,477 Q.A .12 41A 190 6.
26.1 0.h35 N0~5 0,461 0.349 0.112 430.1 160:7 60.0 06%' ýe
V7.1 0.642 094162 0.446 0.337 0.111 413.'. 154.1 57s4 0.097

29.1 0.647 0.435 0.440 0.330 0.111 40391 150.1 55.9 0.008
3n.1 0.660 0.415 0.421 00310 0s110 37608 134,8 51.9 0.061
11.2- 0.644 0.402 g-416 0,304. 0,110 36M.9 116,7 40.7 0.Ots I
3R*4 0.677 0s390 00390 0.286 0o110 343s5 126.9 46.6 060g...
?303 0.681 0*385 0.349 0.240 0.109 335.8 123.9 45.7 0.06ý

... l.J.. 2.41 OAM 0.3 24.4 1 19.5 44.Q0 j.'t

'36.5 '0.69i 'Oh66 0:3'70' 0.262 0o109 311.3 114.4 42.0 0s066
37o5 0.707 0.347 0.351 0.242 0.106 285.6 104.6 3A*3 0.071

- 39100 Qj70~..3 5
4.00 of D.71 0.33 0,342 0.234 .16 248 1001.4 3e'.7 .0 7 3
41.0 0.717 0.333 0.337 0.229 041011 267.7 97.7 35.6 00.' 74.*

43.0 0.730 0.315 00319 0.211 0.107 245.0 89.0 32.3 C.070
4&.0 0.733 (4311 0.315 0.207 0.107 239.9 67.1 31s6 0.079

48.1 0.742 ().298 0.301 0.194. 0.107 223.0 80.6 29.2 0608I2

PAUSE ;EADY PLOTTER

"IBUre I)- 5 OcOliil 01pical P1 I),rhI (sh-1A eet 2 of 2)
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SI OCEAN OPTICAL PROPERTIES " 520 NH
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!

Figure D. 6 Ocean optical properties (sheet I of 2)
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SANTA CATALINA IS* LAY 3$-R762 N LONG 111-29.0 W
14juNI970 L430POT

ZfMI T(111H ALPHA' ALPHA SCAT AM$ VPl VSP& VSF12 THTA*2dAR

1.9 0.766 09264 0.461 00141 0.106 18607 6447 13.1 0:093

,0 0,47 0.291 0.294 Oslo$ 0sl07 214,,b 77.5 26.0 0.06'.
5.1 0.733 y O. 0S.1f.00l7 A.R atIj l9p

7.0 06661 0.385 0.389 0.280 0,109 339.el 113.9 45.7 0.063
0*0O o0642 0.444 0,450 ;s ~ 44~ T5._7. ~

10,0 0.587 0.533 0.541 0,427 0.114 538.9 203.5 76.8 0.0'.9

13.1 04%73 0.557 0.456 0.4451, 0.110 572. 216.7 32.0 0.046

).40% 0.591 0.527 0.534 0.420 0.114 S?9.6 19918 79.. 06050
(U *1 e 14 . 1942 3.

19.5 0.599 0.512 0.319 0*406 0,113 509.0 191.7 72.1 U6.051

2108 0.412 O.491 0.496 0.395 09113 479.8 180.2 07.6 0 1 415
22.0 0.435 0,43 0,461 04349 0,112 430. 407 600 0,3
Z305 0.64~8 09433 0.439 0.326 0.111 X0181"T TJ iz-. -z-O;
P4.A li.4AA 0.404 n1409 0.299 0.110 361.0 133.7 49.0 Ui.062
?.N.0 n0673 0639t. 06401 0.291 0.110 15111 119,9 4A.0 0.0ftl
27. .69 5MI 0: 395 M.174 019 301 a ; 4. 0.Jo
29115 0.688 0.375 .379 0.270 0.I1J9 321.5 118.8 43.7 (3,06w

N9.' 0! 4 11. -P.. 4 3.4 U. "

'2.1 0.039 0.@C72 0.376 0.196 0.109 318.0 112.3 43.2 U.007

9.0 0,7n0 0.387 0,23(3 01245 04. 0 2q6 1 0. 27.2 0.011

3901~D 003 aeI

43, 0.4 nep~ ), n g!19&Mbibi4,M..4
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NM. _______

SANTA CATALINA 13. LAT 33-27o2 N LONG 118-29.0 W

~~ ~SF6 VSFP12 THT AL*2gAI
'jA '!g ý9' 41 1 1'6 0!.a06 1j99.9 Y_+ -I 29.9 0.087
4.0 0.056 0.280 00282 0.178 0.106 1~999 71.9 M59 0.087

7.0 0.697 0.360 00365 0.256 0.109 303.9 111.& 40.9 0.069

RP S.190 0.7 0O.8 0.1'9 ý69.l M.. 112.6 0).040
10.0l 0.501 0%690 0.701 0.6M3 0.119 763.3 29).2 112.6 U.040

13.1 0.599 0.512 0,519 0.406 0.113 509.0 191.7 72.1 0.051
n. .,177.8 &b.6 ~n

NH O4 9'442 4A4.'. 162.3 60.6 0.6
16.1 0.V648 0.433 0*439 00328 0.111 4.01*1 149.3 95.5 0.058

iitI 0 176 0.392 0.39 01:197 UIL10 345.4 127,6 47.1 0.064
19.0 0.69 04368 0.372 00263 0.109 313.1 115.1 42.3 0.067

22.a 0s723 0.325 0.321 0.221 0.108 257.2 93.7 344.1 0.07(a

0'. A' '' 0.73 0140.3170.20 0.0 2433 1i, 32.1 U,078
25,1 0.027 0.319 0,323 0.215 0.107 290.2 91.0 33.1 0.077 *

2R.0 a 0.3 0.107 2.6 3.2 30.1 7 0..a
20 07* 0.9 D0 09 014 010 2*6 9143 M94 000~2

P91 1.70 7 .8 51 M

31.1 n.770 0.262 0.264 0.158 0.106 177.3 E63.5 2297 0.094

H.L1 02:;R MR ol .! N8 iiý .9

340 .74 .24 *26 sll .1 5 3.8se 55.4 19.7 0.101
iA, 0.782 -n.246 0,244 0.Th 4 ;l 1, 6,

306') 0.791 0.234 0.236 0.131 0.105 143.7 41009 18.0 0010e,

iq. _2.7AII IIa 4.Q "I AA11L__ .,

0,t)"') o,.900 f's2 23 0.225 0.120 Ov.104 130s4 45.9 16.2 0.112
'2.'m 0.800 0.223 04225 0. 120 0.104 130.4 45.9 16.2 0.112

'A. 1 0.794 0.s2 ý0 0.232 09.128 0. 105 139.3 49.2 17.4 v.10d

50.0 0.791 0.234 0.236 0.131 0.105 143.7 50.9 18.0 0.100

FIllure D. 7 Oceum opfika properties (&hoot 2 of 2 )
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I OCEAN OPTICAL PROPERTIES - 520 NH
WNTA CATAM A13, LATI 3-V7.2 N; LIOWl -V.0 N

t 4 ALPHA a
* V5AT au• 1 t 3'"

SI !I

VOLUME. AT'rENIJATON COEFFICIENT, , C•tITRS"1)ISCATTERING COEFFICIENT. a (MET•HS )
AbS•WTION COEFFtClENT, o (METERS")

IL

Figure D- 8 Ocean opil-mJ properties (heet I of 2),
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SANTA CATALINA 1S. LAT 33-27.2 N LONG 118-29.0 W
19J11NI975 0930PDT

74)TU/Pl) ALPHA' ALPHA SCAT A8S VSF3 VSF6 VSF12 THTA*2bAR
r.1 F 527 4-6 -63O 0.304 0.197 0. 107' 226.3 Fj1 .9 ~ 7 W *
2.5 0.744 0.295 0.298 0.192 0.107 21.9o6 79.4 28.7 0.083
4.0 4..046 0.293 0.296 0.189 0.107 216.3 76.1 28.2 0.004C.1r~ 89 0 * 1 3 5.M -- O~rT- 7775. 7.0 0. iT'-
6.1 00,49 0.289 0.292 0.185 0.106 211.3 76.2 27.5 0.085
7.0 00~43 0.2q7 0.300 00~93 0.107 221.3 80.0 28.9 0.082
71'73 ,0--*. .311 0.315 0 .1.7 0.101 23909 87.1 31.6 0.079
8.1 0.723 00325 0.328 0.221 04108 257o2 93.7 34.1 0.076
9.1 0.713 0.338 0.342 0.234 0.10R 274.8 100.4 36.7 0.073

11.1 0.640 0.433 0.439 00328 041LI '401.1 149.3 55.5 0.058
11.9 0.639 0.449 0.454 00343 0.1 .17 17' 58,7 0.057
1340 do.635 0l.455 0.461 0*349 04112 430.1 1.7 60W.0 0.05b
14.0 0.629 0,464 0.470 09358 0.112 442.9 165.6 61.9 06055
15.0 006210.s477 0*483 00371 0*112 4.60:1 175.i4 654.6 0!014

I s 0.724 0.7 ,7 0.21' D4107 24.53 9043.7

2'.. t 6.42 0.424 0.297 0337 .111 413.4 154.7 28.'. 0.053
1A.2 0.753 0.283 0.4286 0.180 0.110 204.8 740s7 2"5o1

24,.R 0. 9 .9 0.5 23016. 78T.1 2 .8
Mi. 0.h84 0.280 0.286 0.276 0.K 0. 37 Z. .665

30.7 0.713 0.2383 0.32 0.234 0.108' 274.8 73.74 26.7 0.073

3 5.0 7.7 5 5 .2 8 1 0 . 2 8 4 0 . 217 7 0. 1 0 7 0 . 2 5 2 . . 622.0 0.718 0o381 0.294 017 010' 215 7.12. .8
1.. 0,8 .. 8 7.0 20.' 79. 0..8 L,)a
24.1 i. 745 0.294 0.277 0.171 0. 106? 13.4 69.5 284. 0.083
'15.3 0.7,53 0.2A3 0.271 0.160 0.106h 1854, 67.5 23.5 0.U66

p";. O7ý3 0*283 0.268 0.180 0.106' 120.8 73.7 23. ' u. Deb
30'.f r) .7753 0.2P3 0.2R8 0.a1852 0. 10t 164.7 60.7 21.5 0.09o
31.1 .7 0.755 0.2 58 0.2w, 5.17 o. 0-9 1T 7 72.5 261. 0 * 08
35.f) 1.752 0~.281 0.284 0.177 0.106 21R. s5 67.5 20.1 0.100

41.30-.765 0.246A 0.271 0.144 0.1056 185.4 66.5 20.1 0.u10

01(ISE RFADN PLOTTER___________________________

HirkIL D)- 8 . ~ull opticlU prope.rties (dieeI 2 of' 2 )
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OCEAN OPTICAL PROPERTIES - 520 NK
IMTA CATAl 1, LATZI 31..2N LW1h-V., NL~~WWI, I UPl• I•IIT

4 ALPHA
VISCAT

lA53

II 2
• Ii I

4-4-- 4--4 -#-+-!+-+--4--

VOLU.ME ArrENUATOIO CO.F•Ic•ENT: ct (M•TERS')
SCATTERING COEFFICIENT, a (MI'ETRS")
AGSORPTION COEFFICtENTo (METtRS"•)

Figure D- 9 Oceun optical properties (dheet I ot 2 ).
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..rIAN ( >TflAL PRO ERTIES - 520 NM

SANTA C.TALINA IS, LAT 33-27.2 N LONG 1lt-9,0 WN

.ZJ±!.._.L. . -PA•PHA h& Al ADA VSF3 VSF6 VSF12 T.TA*21AL
1.0 &6752 0,265 0,281 0.181 0.106 206.4 74.4 26.8 0.06;
3.0 -(.730 0.315 0.319 0.211 0.107 245.0 89.0 32.3 0,078

0..- ,6.8 0.75 ,0.379 0.270 OtlOg 122j, 11R.B 42.7- 0.0fib
H"? 0.6.7 0.420 0.425 0.315 0.110 382.8 142.2 52.6 0.060

5.8 0.693 0.366 0.370 0.262 0.109 311.3 I14,4 42.0 0,06d
7395 0.00 0.2903 0.110 349.3 IVA.. 4.41.7 0.063
8.n 0.63 074 S2  0.458 0,344 0.111 4290 159.0 50.3 0.056
9,0 0.625 0.470 0,477 0,365 0.112 451o4 169.0 63.2 0.055

10.2 0.615 o,,,8 o.,93 0o3,n 0.112 "66; 6 .. .

13,0 0.591 0.027 0.534 0,420 0s114 529.6 199.8 75.4 0.050
jr:j 8:; OtbRi 8:1j 0,3 4.3 O.2 0.11'.. 02.6 65 q ~ _.

•,/ .7 0.8 056 0:442 0,11 4 160, 212 0 60.2 0.048

16.2 0.09 002 .0 0.306 0 3.13 495.4 186.3 70.0 0*052
1-.11 OMNHO 0'.•19 0.44 0.]93 0..111 410'9.3 8. 6. .e

I•. q 4652 0,42ý 09433 n.322 06111 392,9 146.1 54•.1 0.0 5 "i
2n.I1, .0.6169 O.jj.0.0 .•€} .l 3=0 I29 40.2 0,062

20.1 0.64 -071,• 0,1679 8 0.392 0,2 P3 0. 359.6 25.4 46.3 0.064
22.0 0*684 0.380 0.385 0.276 0.109 330.1 121.7 44.8 04065
2...3.4 0.715 09~ 9.3 ,3 619 7& 91 3,
24.0 0.740 ý).301 0.304 01q7 0.107 226.3 81.; 2;.b 0.081
25.0 1.744 0.295 0.248 0s1 2 0sL07 219.6 79.4 28.7 0.083
S.5 0.739 0.302 0.30 5 0.198 0.107 22P.0 42.A ) 9 0
.7.5 0.728 0.318 00321 0.214 0.107 248.5 90.3 32.8 0.077
2A.8 -(.746 0.293 0,296 0,189 0.107 216.3 78.1 28.2 0,08430, IL-Q737 0 305 0.308 Q.0201 0,107 221.4 41.4 10.4, 0.O 80•

31.0 0.722 0.326 0.33k 0.222 0.108 258.9 94.3 14.4• U#075
3260 0.741 0.299 0.302 0.196 0.107 224.6 81.0 29.4 0.082

11 C(2% 9 IA3 ) 16 0 757. 27.0 0.085
34.0 0.741 0.293 0.296 0.189 0.107 21603 78.1 28.2 0.084
48..0 0.752 0.2B5 0.268 0.151 0.106 20684 71.4 26.8 0.086
37,2 0,754 0,2H2 02A5 2 0.135 o0 148.2 ,1 18.6 0.1073A.3 - n.9r,27C . O278 06,17 0 06 1o5.0 70.1 25.?. 0 O89.
3A.R 1*e772• 0.2.59 0.262 0.156f 0. t06 L.74.4 62.3 22.3 09095
,ýL . (1 l.n_ _ • .• .ý Zý _P._LZý. O .o I f_ 0.106 Ign,7 6. ,,7 23 .1. o. 0 ,3• .

41.0 0057 "0.278 0.281 0.175 0.106 198.3 71.3 25.6 0.08'42.1 -(.771 1).260 0,263 0* 157 0.106 175,9 6269 22o5 0.094

4PU7 4?61S 0.2E67 0.269 0,164 0.126 LO.A'8 6_9 23v_6 of0945•,o 157 '"-"-- -'".•- -- 7.50 ,- s---,14 5 0.1o3 160.4 57.1 2. .9

47.5 04,781 0,248 0*250 Oo0145 0. L05 16.0.4 57.1 20 0 0,099

4A.5 -__773 r). 258 02.260 0.155 0.106 172,8 61.7 22.0 0.0950.s•"/'':'T o240 0.I " 0.10 148.2 $2.5 -TV,6 ---. To- ...
50,0 -1.78A 0.?38 0,240 0.135 0.105 148.2 52.5 18e6 0, e 04

PAUSE READY PLOTTE R

Flgure I). 9. O(cuai Opticul prop•,rties (sheet 2 of 2).
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MCAN OPTICAL PROPERTIES -520 NM

SANTA CJALINA IS. LAT 33-27.2 N LONG 118-29.0 W
19JUN19 V5 1130POT

7(M) T l1/M) ALPHA' ALPHA SCAT ABS V S3 VS16 VSP12 THTA*26AR
2 , . 7400 0.301 0.3. . U . 191 0.IT 2 • *l." zv.' o.-1".T -
3.1 -. 728 0.318 0.3 09214 010? 248.5 90.3 32.8 0.077
3.3 4707T 0.347 0.31) 0.242 0.108 285.6 104.6 1.1....0 71

9 0: 10633 1T 1 4
4.9 1.663 0.411 0,416 0,306 00110 370.8 137.5 51.0 06041
5.2 -h,6,3 0.426 0.43L 0.321 0-111 39•9.9 4•1.:1 54.0 0.10
509 X-60 0.502 ____ 0.396 0*113 495. is 3 70.0 6.652
6,. -1.630 0.462 0.468 0.357 0.112 440.7 164,9 61.6 0.055
7.0 1.••640 o0447 0.413 '0.i ",4 2 0. 1, 1 419.7 196.6 58.4 0.057

10.2 4.644 0.439 0.445 00334 0.11.1 409.3 152o5 56.8 0.058
t.2.0 -. ,25 0,470 0.477 0.65 0.112 4751.4 169,0 63.2 .

-114 )1.614 b.Z98 0.3 4.8 .IT~5' 174 66g; 0
15.0 -(0612 0.491 0.498 0.385 0.113 479.8 180.2 67.6 0.053
15.5 1*105 0 502 g.!09 0.396 0.113 495.4 136.3 70,0 0.052

19.2 4.592 0.525 0.533 0.419 0.114 S273 198.9 75.0 0.050
2.1 -(.587 0,533 0.541 0.427 0.114 519.9 203.5 76.8 0.0!9
zz7 0 .59,G5l 0051V 0.456 0.113 509.0 191.1 72. = 05
23.*4 0.637 0452 0.458 0.346 0.111 425.9 159.0 59.3 0.056
24.3 0.651 0.429 0.434 00324 0.11 394.9 146.T9 574:17 0.05T9
25.2 0674 0.395 0.400 06290 0 O.11 311".3 129.L l1.7 0I0Z9
26.1 0.608 0,375 0.379 0.270 09109 322.5 i18.8 43.7 0.066
27.1 O.q7 0.360 0.365 0,256 0.109 jl3.lq 1t4.6 40.9 0.069

2~0 h 705 0.149 0.353 .2 0 0.0 OR9. 1.9 3 6
2q.5 0.717 0.333 0.337 0.229 0.108 26707 (7.7 35.6 0.074
31,2 0.727 0.319 0.323 0.215 0.1OV 25",2 91.0 33.1 0.077

37.9 0.732 0.313 0.316 0.209 0.107 241.6 87.7 31.8 0.078
30,9 0.742 0.298 0.301 0.194 0.107 2230, 80.6 1922 . 082
4n.1 037 0.305 0.308 0.20L D.L07 231*4 03.8,~ M4
41.n 0.743 0.2q7 0.300 0,193 0.107 221.3 80.0 28.9 0.0821-2.n o .739 0.. .303 0,306 oelý9 q•o.Lj07 1 .,9, 1 •2 0 •B
43. 0.294 0.301 0.1§4 !3 igN Ni ) 11

440.0 0.751 0.2A6 0.289 0.183 0.106 2(18.0 75*0 27,0 0,085
45.n 0.756 0,280 0.282 .7 0.10 .11 ,OA7_
.6.0 0.749 '.. 289 0.292 0.Nl5 0.106 211.3 76.2 27.5 0.085

47.0 0.728 0.318 0.321 0.214 0.107 24.5 900.3 32.9 0.077
40 .0f 0.745 0.294 0:12;1 0.190 0.!10,7 2119.0 78 7 8: 4 tQ~ _0,8

4PO'~ 0.752 07r." M.1 206.'. 7?4 26.80 0.08
5000 0,756 0.280 0.282 0.176 0.106 199,9 71.9 25.9 0.07

-- AUSE READY PL.QT TER________________________

Fg:ure 11D10. Ocuui oplical properties (dieet 2 of 2,

D-26



OCEAN OPTICAL PROPERTIES - 520 NM
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.. CAN QPTICAL PMUTPEI ES - 520 NM

SANTA CATALINA IS6 LAT 33-27.2 N LONG 118-29.0 W
I 9JUN.1?9 1230PDT

S.. L|•LM •PA.APA SA R VF3 VSPA. vSPI3 THTA*2•/j
0 03:9 039 0 0 *-11 ,466 0.064

2.0 0.673 0,396 0.401 0.291 0.110 351.2 129.9 48.0 0.063
1-0 0,666 Q.406 0,_412 - ,30 O, O .9._ 133.9 p0.1 0101,..
4.0 O.64l 0.445 0.451 O.40 0,111 417.6 155.7 58.1 0.057
5.0 0.635 (4.45 0.461 00349 0.112 430.1 160.7 60.0 0.056
6.9 0,620 0.4078 0.485 07 ,1 6,3 t•J. 49 •O.-

8.0 0.617 0.483 0.489 0.377 468.8 175.8 65.9 0.053
10.0 0.600 ).310 0.5l7 0.404 0.113 506.7 190.8 7118 0.05L

It,: 0,590 •28 40,3. 0•24O1, g 131,9 o07• Tm .000

12.5 0.583 0. 0.U49
13.3 0.595 0.518 0.526 0.412 0.113 518.1 195.3 73.6 0.050
1S. 0-186 0.4)9 Q. 114 Rd1.IA 20403 717.2
l7.l 0.599 0512 0.51, 0.406 0.113 509.0 191.7 72.1 0.05L
18.2 0.629 0.464 0.470 0.358 0.112 442,9 165,6 61.9 0,055

-90 063 0.441 0,447 O.Aah .h~11t 41 . 47- 130.A
?0.0 0.655 04423 0.428 00318 O. Is 386.8 143.7 53.4 0.060
21.0 0,658 0.418 0.424 0.313 0.6M0 3P0,8 141.4 52.5 0,060

-4 Q 6 0.412 0a.02 o. J4.Q I8.2 n.8-1 o.
24.0 e..4663 09411 0,6 0.306 0.10 370.8 137.5 51.0 0,061
26.0 0.671 0.399 0.404 0.294 0,110 355,1 131.4 48o6 0.063

0.&64.Z0,.__..4.aLk5 Q .AL..•. Q0A ,90 OILO . 1 16.7 50.7 0.061.
28.0 0.667 0,405 0.410 0.300 09110 362.9 134.4 49,8 U0062
29.0 0.665 0.408 0.413 09303 00'10 16609 13b0O 50.4 0.061

10J~f~h1...2. 38 4 0.3()2 0.253 0.0 QA 284 A. 006
1..... 10 O,19 00372 0.37h 0.297 19 318.7 117,3 43.2 0.067

33o2 0. 04. 5 . 5 46 0 1 8 2 1 0 1 6 6 39.1 0.06733.2 0.707 0.347 0.351 0.242 0.108 285.6 104.6 38.3 0.071
3 It' 0,703 0,352 0,3 56 0j248 0,I08 292,9 107.3 39.3 0.070

0.352 0.356 0.248 Olo$ 292.9 107.3 39.3 90.0
VT,6 0.704 0.351 0.354 0.246 0,108 291.0 10636 39.1 0,07U

.- • 0 712 %.340 0. 43 • 0230 0 .10O 276.6 101.1 3 6.9 0.072

41.0 0.728 0.318 0.321 OZL4 0.107 24F.5 90.3 32.8 0.077
42to. o..3 7 0.9305 0,308 0,201 0l.107 231,4 PLJLJ_ 3.8 .,&JJ oJoTh...3
43.2 0.746 n.293 0,296 0.189 0.107 216.3 78.1 28.2 U.004

, 0.755 0.281 0.284 0.177 0.106 201.5 '12.5 26.1 U.087

- -60 0,250 ~ 7 (1,240 0.184 0 ,106. _2qj 7.
47,o5 0754 ,.2S2 0.285 0.179 0.106 203.1 73.1 26.3 0.087
4A.2 0.762 0.272 0.275 0.169 0.106 190.2 68.3 24.5 0.090

PAUST Re Y PLOTTER

MIiw~lr I)-1 1, Ocu11 illcul propeertis (kheet 2 of 2 ).
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"OCEAN OPTICAL PROPERTIES - 520 NH
"IANTA CATAL.IA nS. LATt 3•%V,2 N; UWglM t ,-ON N

"4 ALPHA a
-! IUCAT .

I MA

0. .

a I
VOLLI*K ATT•UATXCN COUFtCZCEN?. ,, CMITIRS't)

SCATTIRI•N CO9FPZCI[NT, & (METERKS)

ABSORPTION COIFPZCZUNT, a (METhIR"S)

Fiure D.12, Ocean optical properties (sheet I of 2),
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OCEAN OPTICAL PROPERTIES_- 520 NMH

SANTA CATALINA IS. LAT 33-27.2 N LONG 118-29.0 W
19JL•IQ@5 1420PDT

6 . .34 0.4M 0*6 5.'F 0.112 45 312 11• 6. OU56

3.8 0.590 0.528 0.536 0.422 0.114 531.9 200.8 7$.7 0.050

-23 .ik4. 012 09114 527.3 198.9
7 , ,5 8 0 .5 % 2 0 : : 1 6 0 4 ,1 5 6 0 ,2 2 1 2 , 0 8 0 .2 O ,U~ d

9.1 0.576 0.552 0.560 0.445 0.114 565.0 213.9 80.9 0.048
• -2.• o,•J 0566 0,76 0,419 01.115, 84" •B. •. 0,0~47

14.7 0.548 0.601 0.610 0.494 0.116 634.1 241.4 91.8 0.04'
S10.534 0.62; 0.6 0.51 1 1 241*4 918 0.049

fl;.5 0.518 0.65R 0.668 0.550 0.118 715,9 274.2 104.9 0.042•. 23 .9. 0.704 0 .?16_ 0.S9Q Ot ?..±R.•.-.---.. 1 O.A L..8J~ o,*•4
24.3 0. 00 0.692 0.703 0.A85 0..19 17 A.2 294.4 213.1 0.040

2692 0.519 0.656 0.666 0.548 0.118 713.2 273.1 104.5 0.042.2 .. 6 0 6 4 0634 Q.1517 (1.117 6A7.7 2S4.R 7.2, ..... oh.•4
Fill NO• H.195 0.604 0.489 O.I16 t126.5 238s4 90.6 0.045

32o. 0.556 0.596 0.595 0.48U 0.116 613.69 233.3 $8.6 0.046

.6 0 04 R47541. 204.5 77.2 0o049
37*7 0,609 0.496 0#503 0#390 no•ll 486.5 L82.8 68.7 0.052
39.8 4 O:10 4914.2 1t1.9 68.3 0.Q,_*.
•1.? 0.817 0.483 0.489 0,377 0.112 46d,8 L75.8 h5,q 0.053
436. 0.621 0.e77 0.483 0.371 OI.12 480ol L72.4 64.6 005s4

......... ~j~I2  
17. 17 A 64.2 0.054

H0 0 0.6 69 0.35i 0.11 440.7 164.8 61.6 0.055
49.4 0.642 0.442 0.448 0.337 0.111 413,4 154.1 57.4 0.057
51. _ 0 2 08;91A 

9  
,40*,3 0.293 0*110 351.1 130.6 48.3 0.063

PAUS 9 RIAO PC TE

Figure ).12. Ociian optical properties (gheet 2 of 2 ).
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I OCEAN OPTICAL PROPERTIES -520 NM
WANTCATALMIAU. LATI 3-V7.2 W LOUNIM-.0V

4 ALPWA
ISCAT

AIB

I- 4 -+ --- 1 ! .-
VOL ITLUTO OFIINQ(EES'
WAIRN OPCNta (II

ABORP~ TIONU C4 t CP t !CI ENT. a (p41TE.RS'),

Figure D-1 3. Ocean optical proporties (slicet I of 2)
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OCEAN OPT I_.L__P_.._L__ES -520_

SANTA CATALINA IS, LAT 33-27.2 N LONG 116-2960 W
19JUN1975 I. 3OPOT

SVM T ,/M) A•,P..HAI A PHA.. VF V• S , TT ,2 A
o.1 5 o.65, o T M V 93 VU." --[ •.--'- ._.T-H--AT2t

2.0 0.667 Ua405 Ov•10 0.300 0110 362,9 134o4 49,9 0.062
300 p689 0.375 79 0.ZT0 00109J 1 18 -. 37 (06

5.1 0,706 0.345 0.349 0.241 0.108 283.8 10349 38.0 OU71
s.I 0.712 0.34*0 0.343 0.25 (.108 276,6 1014, 36.9 0.072

9.1 0*686 0.377 0,382 0.273 0o.09 326.3 120.2 44.3 0.06b
9.5 0.664 0.409 0.411 0.304 0.110 368,9 136,0 5067 0,061

it.? 06599 0:5,5• 0.519 oi"&6 0.113 50q,0 14 ,'1 72.1 U.051
1141 0,60" 0,''I A .'•6 0.,* 12 1). I11 51 .1 195.3 73,6 QJ,0150

1 5.0) 0.598 o.5:P c .63 0.425 0.114 6,16.6 i'~za. 76.S 0.U4'Y
17.0 ) h 0 1 0.502 0.609 A b06 0)*11 4•,5 ,4 106.3 010.0 101.

6O 0.~(9 11.'44 h .U 0 ijU. 3 1,116.~5 13 II ('4.y S.02"T.. .2 i) . •.4• 741 t)..-77 le, " ). 0,. 1 I ,. I ýl I . i (.} h , ) (5

Is., I U Ib 5 40A•}I 0), it3 10.If3 110 36h).'b 9 136.0 50:4 U.061.44.3j .. . .•,...iL .0 .. . q........ 6 . .. 9t• . •)o ..... n• ;, ..q .D •.. . U '.,} .... t . .. . 't5 '' o 9

4 .0 s 67 n 3 7 o 0 . 1 0.47 1 0.109 324.4 11V-)5 -.4 .0U 0. Ob
30.2 0068c) n. 313 0.378 z.V,1 0.109 32P10.6 P)~.0 J), .0 b

.4 0 0.703 0: 36 5 2 0: 5, 0.:61 010 ). 09)o 1n1:3.7 .'j1 .o 1)( 't3 3 1 0.703 o.3 0.356 Oi 0.244 O. 2lq2Q W4 l7.i!3 39.13 0 070
35,3 . 7 341 0,.24 .10�5 2•�.�T 102. 38.5 ,.U) I T

AA.7 0.720 0.329 0.332 0.225 0.10 26R.4 95.7 34.9 (0.075
3.05 n.319 0,.325 0l.)35 218 0.107 263.1 9 W,-A D 6 ".. 7b.

o.£o73 i~ 3. 1 u.7
41.2 n.732 0.313 0U3 16 (1.209 0'.107 241.6 87.7 31.8 0 0.07H
4p.s 0.737 (1.306 0.30€ '} 0 .202 10.1 233.1 44 L.(._

46.0 0.749 0.289 062,2 0.185• 0,106 211. 3 t3,2 27 .5 .O5
47,9 ___7 4 3  ".2' 17 . 0.., • • .......

S0. '.306ý 0.569 0.202 0,107 233. 1 84.5 30.6 0.050
49.2 0.747 0.AQi O,,294 O.188 0.107 214.6 77.5 25.0 UU814
50.0 0.752 r,.;,5 02S_5L sO 09

Figure D1.I3. Occun olptical propertiei (sheet 2 of 2).
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S I OCEAN OPTICAL PRDOPERTIS - 520 NM

WTA CATAL1M.S , LATI 33"1N',! LD6OW UO",O N

, 97 ii*
I "

I Y~~~O.@lUM AT'IINUATION €0KFJFICIKN?, o (A MTis1'1t-)
3CAr"T'KMINQ COU•PI(IENXi' a KTKRS"i
ABSORPTION COKFFIrCI[NTo W.lR''

II
I

Figure D.14. Mean optical properties (sheet I of 2),
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C _f.N i FUPLLMP2 Q!T IE 5 n ~20 N M
SANTA ZATALINA IS. LAT 31)-2Z N LOr6B 1.-i9,O W
1QJUL 19"r75 1OPOT

ZIM) Tli/M) A4,PHAI At APHA SCAT v• S, X6 Y S~ SF 4; TH~2t

2.6 0.5S7 0.5115 0.594 0.476 0o1& 611.4 212o. es.? 0.046
4., o1 54 0.55'. 06 099 0448 0 16 611.B l 5.3 69*490,04ý

7.5 r,.5 0.54 90 0.599 0.441 0,116 619.9 235.3 Aq*1 0.045

965 1) 0.l S 3.5Mol 0.592 0.47h Odilý 60M.4 2.1163 87.6 U.1)4f

31.f) 0. 5wi 0.580 0.5Q7 0.01 0.L6i & .4 2,4.3 69.0 0.046

L~l1. rJ ,'1d II 0,*•,Ih 7,Tfl r• 5 (t .0, | "171 ,• ?6,1 " I 1'.L.0 0.0)4r

?A.A 0.71 -,1 .r6O 3 r.A. . O.044
I~~~~ ~ ~ ~ __ l -- ''T r'7r n IT.r a

S.....-'• ...~ i• ;'' .. ... ('• I ),•• ";. 4'•€ " •,,' "•.Q •,:A !'*'M;±, .... I,0G' . 1.... ,• .'Q.• i)L *.... , '
!,• '0 ': I 1'. . 0, I 41,3( , 7I1.. J.U1

',',I ~"" 0.,,7 • • ' .7311 14:•3 0.120 •,'• .4 lO l . .•, I ,O.k

.11
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I [OCEAN OPTICAL PROPERTIES - 520 NM
SATA CATALINA ,I. LAT ,33-V.2 LNo' 11-29•0W

I W!J,. • ,'PDT

4 ALPHA
YSCAT

31

•,,,0.51.0 1,$

:f•, t ~VO4LMF•. ATTENUATION COEFFI•CIENT. AL(ITIER,•"')
i' & , CATEI"IE•NO COEFFI•CIENT, .(METE(RS")I ' ABSORPTION COEFFICIENTP (METEKRS-,)

'il

S~~Figure D.15. Ocean optical properties (&heat I of" 2 )
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fl. F N 'P T I CAL Pwt.) FR T I E 5 - 5 20 NM ______________________

SANTA CATALINA8 IS. LAT 33-27.2 N LONG 118-29.0 W
IqJlJL 1975 155OPOT'_______________________

~lJ T(1/M4 ALPH' ALPHA ýCAT~ VSF3 W 2 TbJ..A*M R
1.8 0.563 0.T7 0v-383 F.46 ONh S9- 226.4 ISI o.046A
2.4 0.555 0.588 06997 0.481 0.116 616.4 234.3 69.0 0.046

- .2~ Q ~ ~ -M_. -Q41.Q4 11 [ 604 229 *4 1? 0,4
4.3 0.562 0.576 0.585 0.469 0.110 599.0 227.4 86.3 0,046
h.0) 0.558 0.583 0.592 0.476 00115 60809 231.3 87.8 0.046

0 0_5 h60 ~a Z L P L Q~tI 15 60. 2j 1 U.~
2. ~~ 0.594 0.603 06487 0*116 624.0 237.3 90.2 0.045

11,5 06541 0.615 0.623 0.508 0.116 654.7 249.6 95.1 0.044
13.4 0.512 0*669 ;P6800.562 0.118 7.12.4 280.8 176 0.041

(OW ).68". 0.695 0 .5 7 7 0.71-9 " 4 80 11: .4
17.n 0.5o9 0.675 0.68h 0.567 09119 740.8 284.2 108.9 0.041
1 0, 5 13 1 7 - 0,~2 1114 L -72 1 10- ,4
P*0.-h ---. 1 0 .6 ý 0.b68 0. 550 0.118 715.9 2714.2 104.9 0.04?
22.4- o.537 0.622 0.632 0.515 0.117 665.1 ?53.8 96.8 0.044
2'..3 0.54.3 0.611 a .tA1 0. 5 04 0,1 64* -- 4.116 ,4

77Tmoji u ýb ,) . 60-1 .4H~ 0.116 6?1.5 MIo. 89.A 0.04~5
'.0 0.575 0.5', 0.5h2 0.447 0.115 5h7.4 214.6 81.3 0.048

29. 7 0.596 0.517 0.52'. .4 11 0.11 3 "1 5. ý 194,4 73.2 ()(5
T.06 A0 .I11. 47 i*-- 17Y 66.b r) .53

32?.5 0.621 0 .4 73 0.480 0.3h8 0.112 455.7 170.7 63.9 o.054

37.1 0.h50 1) .4 30 0.14.16 o.iP 06111 307.0 147,? 5409 U. 0 59
3no.1 0.665 0.It0 8 Q.4 13 . A0 3 .11If) 30,6.9 736.0 50.4 U .061

42.A 0 .656 0.421 0,427 0. 3 it) 0.11 1 05468 142.9 53.1 06.060.....
44.e, O .6 57 0.420 0.425 6.315 0.11n 3A2.8 142.2 52.8 0i.060

4,4 0$? 0,376 0.3A1 0.271 Q.109 324.4 119.5 44,0 U,066
50.12 Oo645 0.363 0.3*ý0 0.259 0.109 307.6 113.0 41.5 0 .068

Figure D)-15. O~caui optical properties (sheet 2 of 2).
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I Figure D,16, Ocean optical properties (sheet I or 2).
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r F AN P PTIr P R F•F RTIES - 52 NM _,_......

SANTA CATALINA IS. LAT 33-27.2 N LONG 118-29.0 W19JUL197$ 1636PDT

Z(M T(I/M) ALPHAI ALPHA SCAT ABS VSF3 VSF6 VSF12 THTA*I6ARI-- - .R 0- T 2--- .576---Mf.-585 0.4,69 - -6.15 5qt9. 00 27.4 .... ;W3 -o b
2,6 0.561 0.578 0.586 0.471 01IS 601.5 22A.4 86.7 0.046
4.0 0,552 0,594 0.603 0&487 00116 624.0 217.3 90,2 0.045

0-0.52 - .-- f4- . 16 6 "4 . 9. 2 U.045
6.0 0.554 0.590 0.599 0.4H3 0.116 618.9 215.3 89.4 0,0.5
A.4 0.546 0.606 0.615 0.4q9 0.1l6 641., 244.5 93.1 0.044

11.4 0.535 0*626 063b 0.5119 0.117 670.4 255.9 97.6 0.043
12,9 0.524 06646 0.657 0,539 0.117 699.6 2670h 102.3 0.042•---Tr.€• 6,• ,• • K 1.. ,.• 6w ;"V 5, • 11 754.13 111.•.8 .I 2' =.... o,•t--v

15.q 0,513 0.667 0.674 0.560 0119I 729.7 279.7 107.2 0.041
17.5 0.526 04 o.63 .653 0.53.5 0.117 1o043 265.5 101.5 0)4 P

40. (.535 0.626 0:636 U*!)14 U.117 6 P0.4 255.y 97.6 v.60.,
?1.9 0.550 0.5q7 0,606 0.4qt) 0.116 "29.0 9,4 91,0 0.045

•,7 0.57( 0,550 0.550 0.558 4 0.114 5th; .6 212.9 80.5 0.04b2 ,.3 0.591 n 54•3 0,551 0,.4"11 0.114 5 53.1 t 09. 7q,ý. 0 . ý)4t

29.3 0.604 0.472 0.478 0.366 0.112 453.6 169.9 bl.f. 0.054
30.13 0.643 1 0.447 o316 " 1.111 4,1.3 153.3 57.1 3,"58

31., o, 0.66 ) . 45 10.421 3 10 01.10 37t.4 139.8 51.n 0.60 1
3;.3 0,673 .. n 0 L..O . Zo9l 0.110 )51.2 1 ?.. • 4•,0 0.063

"1P.6 0I. s 7 0.393 o:398 O,.259 0.110 347.3 12.P4 47.4 0.063
40.1 0,675 0.393 04'Or 062A9 0.110 347.3 18&4 ',7.4 0.063

43.0 0.677 0.390 0.395 0.0P6 0.110 343.5 126.49 46,8 0.064
44.. " - -2 •I. 3" • 0.38' 0,- 9 -O,-- ... 10 M. 123.2 45.4 0.6•4

.,7. * (0.6)5 0.379 0.3A4 0.274 0.109 3?A,? 121,0 ',4.6 0.0b
400, 0,6A2 n.363 0,Am8 (),27q 0.109 M.9 12362 45,4 0. Q65..

. r 71.64 -. 365 0.*309 6. 266 0 . 10 9 -T(M74-Ft =5 -- 7.-V-0 7ý1
PAUS5 Rft ADY PLOTTER

Figure D-16, Ocean optical properties (&heet 2 of 2),
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OCEAN OPTICAL PROPERTIES - 02O NH
SANTA CATALIA 13. LATI -*72 No' UNt .S-2,0N

1 0 4: 1 " "

4 ALPHA a

I SCAT e

I\

J ~I

•'=I ~ VOLUME AT'T UATION COEFFICIEWL•' C& (MqTKRS•'t
SCA1"AIN4 COMMF•CENT, # (MI•'I'.R•

I'! I ~ ~ABSORPTI• ON F ICMINT, . (MISE3"

I ~ Figure D.17. Ocean optical properties (Lheet I of 2 )
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0CFAN (PTI.AL PRUPýR T ? NI ES 5_._ ?Q NM

SANTA CATALINA IS. LAT 33-27.2 N LONG 110-29.O W
19,4UN1j9 75 _1939POT

-y..- ( /. -- L.P. VH A3 ,V VSF12 TH'rAIIU."_i_,-00,796 -1' 0'5 136.3 48.1 17.0 0. -109
3,0 0.795 0.229 0.231 0.126 0.105 137.8 48.7 17.2 0.109
... _PL7•&_ Q!La2 8 0,23_Q_ 0_•2. S.. 0.1 I 9 1A *A -. ,. -4.L 17.0 . 10l _
7.0 0.7H8 00238 0.240 0.135 0.105 14A.2 52.5 18.6 C.1IU.
A.0 0,7P1 0.248 0.250 0.145 0.105 160.'. 57.1 20.3 0,099
12,, Qa•T __ ._1, 111,L• • _O. 1) t 11. IO 171 -1 1t 1. 21,1 O• .. _

0.2o.6 0.J7 -_ -5 171,,,
0 .- .21 0.269 0.3166 1 3. a 64.9 23:6 U.U:2

11.2 0.741 0,299 09302 0dL96 0.107 224.6 81.3 29.4 0.082
1261 0.720 0,329 0.332 0.225 0.10q 64a4 95.7 34.9 0.075

14.0 0.h.1? 0.4Q1 0.498 0.385 0,113 479,8 180.2 67.6 0.053t4. .0 i)0~' (7 0._ ., O,*O 0,L2.±13 502.2 L~/O 7. •,•

50. 9 .51T 0.519 0.406 0.113 50H.0 191.7 72.1 ?0051
1603 0.593 09523 0.531 0a417 0a114 525.0 198.0 74.6 0.050
11. *2 057A n*548 0.556 0 44 0414 6O IT)q.....A...SJ.d

Il .. 1) 0.580 0.5..5 0,553 0 439 . 555.4, 21,0. 79,4 0 .048

~'~~he .1747-6 0548 0.434 0.114 548.3 207,3 78.3 0.049
21.0 0.50() 0.5? i 0.536 0.422 0.114 531.9 200.8 75.7 0.050

23.10 0.(151 f'.:29 o.4.34 0.324 06111 394.9 146.9 54.6 60i.Q59
24.,) 0. I.-2 API 3 A3 0.388 0.279 0.109 333.9 123.2 45.4 065bb

2A.3 0,60,4 0.'09 0.415 0.304 0.110 368.9 136.7 50.7 0.061
27.1 r.A?7 0.3 (76 ).81 0.271 O.100 324.4 119.5 44.0 0.OE06

29.2 0.69L 6.369 0.373 0.264 0.109 W5.0 11*.9 42.6 0.067
30.0 0.69'• 0.363 0.368 0.259 0.109 3n7.6 113.0 41e5 0.068

32,0 0.720 0.329 0.032 0.225 M.LO8 262.4 95.7 34.9 0.075
33.0 0.738 09303 0.306 0.199 0.107 229.7 83.2 30.1 0.081
3d..7 0,738 0.303 00306 o•199 0.,107 22.7 ALL 30.1 ... LOI
11.4 •,4+ ' .9 oT 90. o.188 0.107 214.6 77.5 280 . U.84
36.3 0.749 0.289 0.292 0.185 0.106 211o3 76.2 27.5 O0.o6

- .2- -'.761 '.273 0.276 O.l70 0.106 191.8 68.9 24.7 0.090
394. n,?75 .•277 0.280 0.174 0.106 196.6 70.7 25.4 0.088
4r).8 0.757 ().0'78 0.281 0.175 0.106 19H.3 71. 06 ..
4' A5 1 179o 6.106 20.. NIPI
42.3 0.764 0.2h9 0.272 0.166 0.106 187.0 * 67.1 24.0 (0.091
44.0 0.770 0o.2,2 09,64 0,. k 0.106 177.5 11! P.,7 0.094
46.2 0.770 2'108O 0..06 177.. 6,.5 2.7 0.094
47•2 0.081 0.248 0,250 0.145 O105 160e4 5?71 20.3 0,099
48.0 0.0795 0,229 O 0 .6 0.0'• 107 '!9'
49o2 0. 01) 0.722 T-
50.3 0.803 0.219 0.221 0. L17 0.104 126.0 44.3 15.6 0.114

PAUSE READY PL(ITTER

Figure D-17. Ocmn optical properties (heet 2 of 2).
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OCEAN OPTICAL PROPERIS-50N

a 0,02.9 4 ALPHA a

VISCAT

0 AU a

4 ~ a 0.A22.294

IIU rUTO 01FIINMTR

ABSOTION COKPFZCZEN a L

Frigure D.1S Ocean optical properties (sheet 1 of 2).
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SANTA CATALINA IS. LAT 33-27.2 N LONG 118-29.0 W

I9JLNIN97S 2107P07

ZIM) T/M)I ALPHA' ALPHA SCAT AlS VSF3 VSP6 VSPF2 THTA-2tAK
S .0 o,7F�- .234 034 4 0.131 0.105 L43. . 50.9 - *.- 0-
2.5 0.791 0.234 0.236 0.131 0,105 143.7 50.9 1860 0.106
3.0 0,791 0M234 0*254 0#131 0.1.5 143.7 50.9 16.0 0.106

6.0 0.791 0.234 0.236 0.131 0.105 143.7 50.9 18.0 0,106R.O 0.782 0.,246 0.249 0.144 0.905 158.9 , 20.1 09.00

10.0 M7 71lYT~ 0.16 0.5 .106 174.4 Tn No -?nqr
11.0 0.725 0.322 0.325 0.218 0.107 25.7 92.3 33.6 0.076
12.0 0*627 06467 0.473 0.362 0.112 447.1 167.3 62.6 0.055

115 j.90 0 14--T- 06 o6 06 061119 7 A9.; 307.2 I 18. 2 ". T9
13.0 00527 0.6.1 0.651 0.534 0.117 691.6 264.4 101.0 0.043
14o. 0 56 0.5h66 0.574 0.459 04.115 54.3 2211 1.0 0.047

15. 2 no50,5 0 * 39 1ý6 M1 4953 n !4 1686
16.5 0o605 0.502 0.509 0.396 0.113 495.4 186.3 70.0 U.052
17.0 0.604 0, 0 .4 8 0. 11 4 7.6 187.1 ..... 70.4- 0O.o0

---- T".91 7.54 0.0TMý 6-26 1
19.1 DO,55 0.51H (.526 0.412 0.113 51 H1 195.3 73.6 0.05UI n 0 0 5 9 0 .0 ,1 3. 6 0 P t_),j • 0 .1.4 • t 8 7• 7 11••Y,- '0 • O . 9 6 8 A] 0, 6• 0:"1- 8 4:] 6L , 39• . 3Z "0.0 "2
22.0 0.607 0.499 n.506 0.393 0.113 490.9 184.6 69.3 0.052
23.0 0.617 0.483 0.489 0.377 0.112 468.8 175.8 65.9 0,053

250. 0.666 0.406 0.412 0.302 (0.110 364,9 135.2 50.1 0.062
26.0 0.686 0.377 0.3A2 0.273 0,109 326.3 120.2 44.3 (4066"2 7,1 o*705• 0. o o.9 •--' 0~ ..2Z Doo MR 28.2 10.9 3,.0 .,017
2A.0 0.725 0.A22 0.325 0.218 0.107 253.7 92.3 33.6 0.076
29.0 0.737 00306 0.309 0.202 0.107 233.1 84.5 30.6 0.080
30.0 o 5 "0'7 ;-6--0."Z/----'1911 0.107 2.1... . .T -a
32.0 0.766 0.267 0.269 0.164 0.106 183.8 65.9 23.6 0.092
3'.0 0.7A4 0.243 0.245 0.140 0.105 154.3 54.8 19.5 0.102

- 4. 0.Do7?7 0.23 0.241 D.136 0.10~~. 50..103
35.0 0.714 0.243 0.245 0.140 0.105 154.3 54.8 19.5 0.102
36.0 0.?*9 n.235 0.237 0.133 0.105 145.2 5114 18.2 0.105
37.0 0 .7 •" 2 .. 0.23 4- o*129 0U . 05 78 1?Z -6-.107
39.0 00791 0.23'4 0.236 0.131 0.105 143.7 50.9 18.0 0.106
40+.00.791._ 0.2• 0.236 0.LI___0_X. O________________ •"". 0.;9, --. 131- 0101 42, . 0.17

4365 0.791 n.234 0.236 0.131 0.101 143.7 50.9 18.0 0.106
45.5 01793 0.132 0.234 0.129 0.109 140.7 49.8 17.6 0.107

- , O7477= 0 ol TI0216 0.131 0.. T1.7 3U_ 9 .O i5 o
47.2 0.?94 0.?30 0.232 0.126 0.105 139*3 49.2 17.4 0.108
49.2 n.791 0.i34 0.236 0o13 O L05 1A1.7 0o0 0.106

PAUSE READY PLOTTER

.1

Figure D.18. Ocean optical properties (dseet 2 or 2 ).
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OCEAN OPTICAL PROPERTIES - 520 NM
UFA CATALI.A 13, LATI 33-V.2 N; LOIW LL2,I. N

4 ALPHA a
I SCAT a

/ • • , 0. 6.91.2 0 A6$ ,
4m 0.881(2104 PDT)

I • ~ ~,282_5•_

* suO~~.3aor~ ~ P'l

VBOLUEAPTTEUTON COEFFICIENT, (MITIRiM"1

I
Figure D-19. Ocean optical properties (sheet I of 2).
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SOCEAN UPT .CAL 12.W2uERTIES.. sZU Nm

SANTA CATALINA IS. LAT 33-27*2 N LONG 118-29.0 WS. ..19JuL1970 , 21,7aTp .. .

7IMI 7T(fl4| ALPHA* ALPH1A SCAT hBS VS•.. Sb VF2TT~?.••
-- 7. 0.d6! 0.57 0.566 0.471 0.115 601.5 228.4 86.7 0.046

3.1 0.372 0559 0.567 0.452 0.115 $74.6 217.7 12.4 0.047S..... 4 2 0.5•9 .•81 0.S9? 0,475 0 .115 606 .6 2 0 • fT • _0 0 6•, OSS .9 . 07o.481 0011,6 616s4 23405 89*0 0.046 -

6.6 O.ss1 0.595 0.604 0.489 0.116 626.5 238.4 90.6 0.045

Sq.2 0 5#3 06?1 .6 1 0 . 4 0,1 6 6 9 S 2 7 5 9 • . 4 '

10.5 0.530 0.635 0.645 0.526 0.117 683.6 261.2 99.7 0.043
116 051 00 .~ 1. 0;4,,.

M2. 0.0 0 0.969 :0W Mi ;H!.4 f9 9.8 0. 0
14.2 0.506 0.681 0a692 0.573 0.118 749.2 297. 110.3 0.0.41

0. 6 (it) 0.01 7 .5 0:119 29-.2 112.6 -af4t
S049 069 0.9 0&6. 0.019 769.0 295.5 1L3.5 0.040

18ol 0.492 0.710 0.?22 0.602 0L.19 792.1 304.8 117.3 0.039
Is, 2,SS OS8 0$17. 0,401. 0,11• 616.4 214.3 89.90,0O9.-k

" . 0 5 9 "0 . 7 0 .155 0 .440 0 #114 557 .8 2 1L.0 79 'a 0 .048 "

27,0 0.596 0.517 0.524 0.411 0.113 515.8 194.4 73,2 00050
.05,509 0,94 , 495.4 196.1 70.0 0.011__

R. 0.6SI M *6 0.467 0.355 0.112 438.6 164.0 61.3 0.055
26.0 0.638 0.450 0.456 0.345 0.111 423.8 158.2 59.0 0.057

1!. .6 049j 311 0 3 • O. l 4 .1 -142 .9, S . 0.06Q

-40l , O 351.2 129.9 48.0 0.063
29.8 068R2 0,383 0.388 0.279 09109 333.9 123.2 45.4 0.065S...... |.•I ,0 • 9 .,.7 0,76 0,267 OOQ18 ? 17,Q) 2 ,0

32. 0.96 0.362 0.366 0.257 0.109 305.7 1i|Z.5 •1. 0. 6 8
33.9 0.706 0.348 00352 0,244 0.108 287.4 105.2 38.5 0,071
3,.3 0.692 0,168 072 0.26, 0,.109 14l, ljjt. 41: 01067-5 *I 07T 16T .334 0.13 8 O.23 O ' 0.10 8 6 . 98.4 35.9 0. -"4 -

3A.0 0.726 00321 0,324 0.217 0,107 251,9 91.7 33.3 0.076
.409 0 041 S!191 07 .19 L 0180 78.7 0 0.b9

42.1 0.747 0.291 0.294 0.L88 0.107 214.6 77.5 29.0 0.084
43.7 00747 0.291 0.294 0.188 0.10? • 76.
45.2 0.749 0o.89 0.292 0.1 8 0.106 .0.
46.5 0.760 0.274 0.277 0.171 0.106 193.4 69.5 24.9 0.089
47.0 OT7T3 0,7l3 _ 027 0 ,106 6lR7. 77 24. 0,090
49.5 00777 '253 0.259 0.190 0.l10 166.6 59.4 21.2 0.097
•,. 0.779 0.250 0.253 0.147 0.105 163.5 58.2 20.7 0.098

. . .PAUSE KEADY P OT TElk ----..

Figure D.19- Occan optical propertles (sheet 2 or 2 ).

D-44

.1 - .- -.-.-.-.--.---'.--.---.-.~ . .- ,,.'-* . . . .--..-.- '.. .- . .....



I
I

,| OCEAN OPTICAL PROPERTIES - 520 NH
ITAAT.13. ULTA I W •'.2 Nt uNt LS I-,= I

I ,C
4 APJMA a

I SCAT

II

I )u

D-4I (/
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I
Pipare D.20. Ocean opticlP. properties (sheet I of 2 ).
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Q _~NQPT aL L _L U_~4JS-2.0 2D

SANTA CATAL INA IS. LAT 33-27.2 N LONG 110-2q.0 W

1JUN A•.__,•P5 MA -AT ___ _S V6___ 0 Vjal.2I THT_ M-

2.0 O.8b 0.241 0.244 04139 0,105 152.8 54.2 19.2 0.102
...,j! 0.766 0.•267. 0,269 0•100,184 65-9 23.6 (, 92
4,| '1 0. 472 0'. ' 0.262 ... 16 0,106 280.2 62.0 237. 0.029
S.1 0.769 0*263 0.2 65 06160 0#106 179.1 64,1 22t9 0.093
05.0 0,735 0,•0 1,1 •0 ,0 •, •8 •~ •7S...?1-'6M -o 6.14.0324 9!1,46' ... ole '18 •8. O 3j,• O6979

R.5 0.686 04377 0.82 0.273 0,109 126.3 120.2 44.3 0.066
q.1 0.6(6 0.392 0.497 0().7 0,10 347.4 127.6 47. 0,064

11.3 0.651 0.429 0.434 0.324 0.111 394.9 146.9 4.,6 0,059
12.1 0,637 0.'.,2- 0.458 0.3146 04,il 4L25,9 16. 69,'A 0Q8(J
14.0 0.611 0.492 0,499 0.387 0.113 4A2.0 181.0 68.0 0,052
1'.3 0.608 0.497 0.504 0.391 0.113 4A8.7 183.7 69.0 0.02

1:1.AOt ._ 02 0.809 0.296 0.111 - 40.% 1A6.3 70.n O.f82.
" IA.3 0.601 0.50 0.516 0.403 0.113 50',4 189.9 71.4 0,051
17,0 0.601 0.509 0.516 0,403 00113 504.4 189.9 71.4 0,051

~~~~ I L...J6a* A 6,17 70. ( i.D
7 -8L6 0 49'6 0,5103 08, 3190 SOL.t i I ES,0 192.8 618.7 0,052

L9,3 0,614 0.08B 0,494 0.382 0.113 475.4 178,4 66*9 0,053

21.1 D.6W 0.467 0,473 0.362 0.112 447,1 167.3 62,6 0.O55
22.2 0.633 (1,458 0.464 0.352 0.112 4.4 162,3 60.6 U.056

jj~j IL Qa 0.l47 .2 04121 447.1 11%7,1 62, 0,09
,f)477 0.36. 0.112 451.4 169.0 63.2 0.055

25.0 0.621 0.477 0.483 037?1 0*112 460.1 172.4 64.6 0.054
25.A 0.639 0.449 -0,454 0.343 0411l 421.7 159 80 05
27.2 0.650 Oo430 6 .43 0.2 0.111 397.0 147.7 54.9 0.09
29.t) 0.661 0#414 0.419 0.309 0.110 374.B 139.1 51.6 0.061
30 !3 . o) 6., 0 , 406 0'.4 , , N..

'" o210•' 26.1 46.6 0.064
31.2 0.600 0.386 0.391 0.281 0.109 33707 124.6 46.0 0.065
3114 9116P4 1.3RO0 70 2 3(, 20 4jL 0

0.7 00 0.358 0,360 0,2• 0.109 29M.3 109.5 40.1 0.069
34.0 0.720 0.329 0.332 0,220 0.108 262.4 95.7 34.9 0.075

36.1 0.736 .307 0.310 0,203 0.107 234.8 8501 30.6 0.080
36.3 0.737 0.305 0.308 0.201 0.107 231.4 83.1 30.4 0.080
------ 0074ý -, t~l 0 00Q0 16 n 197 -224.6 1-3, 29.
9. 0,74 0 .1?99 0.302 Olq6 0.107 224.6 81.3 29,4 0.082

39.8 0.741 0.2)9 00302 0#196 0.107 224.6 81.3 29. u.0•2
40.2 0.746 0.;43 0.296 O.139 0,107 216.3 7A. , 020F•4

0.2677& 0#.4 0.0 6. 64.f 11: 6.)
42.1 0.730 0.249 0.251 0.146* 0.10 161.9 57.7 20.5 0.099
41! 7;921 0 ,9 0,277 0, !3 0 14;.W 144 8 .0,0

45.1 0.794 0.230 0.232 0.128 0.105 139.1 49.2 17,4 0.108
'6,2 0.81 0.222 022l4 0.119 0..104 129.0 414 jg6,0 0,113*8.1 '0.801 ....OZ2 ".224 0,119 0.104 1, •, I6,0 "'0,11

48.3 0.800 0.223 0.225 0.120 0.104 130.4 45.9 16.2 0.112
48.5 0.100 0.223 0.225 0.120 0.104 130.4 45.9 16.2 0.112

PAUSE READY PLOTTER

Figure I).20 Ocean oplical properties (dieet 2 of 2 ),
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n •~i•AN OPTICAL PROPERTIES - 520 NM
SCATALA IS. LAT 33-U.2 N; lOm: UNI 2,O Wi

i 14 4 1 iii,1 it

4 ALPHA a
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| Ai i i-

I
I
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II
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I

Figue D.21. Ocean optical properties (sheet I of 2).

D-47

"L. ..........



. CEAN OPTICAL PRUPERTIES - 520 .

SANTA CATALINA IS* LAT 33-27.2 N LONG 118-29.0 W
2nOJVN,97$S 104PO-T

SZtM. T(1/M) ALPHAS ALPHA SCAT Aj IVSP3 VSF6 VSF12 THTAl2BAR.
1.5 0.,61 0.190 0.151 0.048 0.102 47.0 15.0 5.3 00202
2.1 0.B11 0.210 0.211 0.107 0.104 114.S 40.1 14.0 0.121

•.0 0.13 0.207 0..20 0,1 0.104 10 1iii? 30.1 13.4 0.12% -

4.0 00793 0,232 0.234 0.129 0.105 140.7 49.8 17.6 0.10?
5.0 0.784 0.243 0.245 0.140 0.105 154.3 54a8 19.5 0.102

76.0 0.59 0.2?6 0.279 0.172 0.106 195.0 70,1 24.2 Q.-QA9
'7.0 0.735 0.308 0.312 0.205 0.10? 236.S $5,a 31.1 0.079
6.0 0.692 0.368 0.372 0.263 0.109 313.1 115.1 42.3 0.067
9.O 02677 0.390 0,395 0,286 0,110 343.5 p26,9 46.& 0.064

' l o~ 0 . 66 0 .404 0.40 9 0 .299 0 .110 361 .0 133 .7 49 .5 0 .062

11.0 0.661 0.414 0.419 0.309 0.110 374.8 139.1 91.6 0.,61" ", ,32 p40_[ 0.6 0,3A 0.1,2 46.25 16•. ,60.9, 0.058

.3'0 08L8 0.532 0.539 0.115 0i114 H 366. 2 02,6 76.5 0.049
14.n 0.561 0,578 0.586 0,471 0.115 601.5 22164 8667 0.04615.2 0.594 0. 20 0.527 0.414 0.414 820.4 196.2 73.9 o,.04 1

" "18.0 0600 09510 0.517 0.404 0.113 006.7 190.8 71.8 0.051
17.0 0ahO0 0.510 0.:517 0.404 0.113 506.7 190,8 71.8 0.051
12.0 0.607 04499 0.508 0.393 0.113 4-0.9 184. 69.3 0,052 ,-,
19.2 0.629 0.464 0.470 0.356 0.112 44209 165.6 61.9 0.055
20.0 0.625 0.470 0.477 0.365 0,112 451.4 169.0 63.2 0,05.
21,0 0.625 0.470 0.477 0.365 0.112 4S1.4 169.0 6 3

.2 O.Oss i
22,0 0.614 0.488 0.494 0.382 0.113 475.4 178.4 66.9 0.053
23.0 0s628 0.466 0.472 0.360 0.112 445.0 166.5 62,3 0.055
24.0 0.644 3,439 0.445 0.34 0.111 40.93 132.5 56.1- -.0,.056
25.0 0.656 0.421 0.427 0.316 0.111 384.8 142,9 53.1 0.06U
26.0 0.666 0.406 09412 0.302 0.110 364.9 135.2 90.l 0,062
27.0 0,683 0.382 0.386 0.277 0.109 332.0 

1 2
2.4 49.1 0.06.1

26.O O,693 0.366 0.370 0.262 0.109 311.3 114.4 42.0 0,068
29.2 00705 09349 0.353 0.245 0.108 289.2 1059. 38.8 0.071
30.0 0.T0 0.349 0,353 0,24S 0.108 2P9.2 105.9 -. 8 0.071 2
31.0 0.704 0.351 0.355 0.246 0.108 291.0 106.6 39.1 0.070
32.0 0,710 0.342 0.346 0.238 0,108 280.2 102.5 37.5 0.072
34.0 0.728 0,311 0.321 0. 14 0.107 248.9 90.3 32.8 0.07T
35.1 0.749 0.289 0.292 0. 89 0. 08 211.3 70.2 27.5 0.o8
36.0 0.770 0.262 0.264 0.158 0.106 177.5 63,5 22.7 o0o94
3AO 00766 .0.267 0.269 0.164 0,106 183.8 65.9 23.b 0.092-
41.0 0.762 0.272 0.275 0.169 0.106 190.2 68.3 24.5 0.090
42.8 0.?50 0.287 0.290 0.184 0.106 209.7 75.6 27.2 0.065
44.0 0.79;9 0s276 0,210 0,172 0.106 195 0 70,1
4 0.77 0. e-07 0 6 NO1s1 0.105 168.1L 60021.40.097

46.0 0.766 0.267 0.269 0.164 0.108 183.8 68,9 23.6 0.092
46.4 0.773 0.258 0.260 0.195 0.106 172.8 61,77 0 0.C95

47 ,0 0.765 0a268 06 . 1 0,165 0.106 185._ 68.S 23.8 0.091

49,0 0.765 0.268 0.271 0.165 0.106 185.4 66.5 23.8 0.091
S0,0 0.774 0,25 0,259 0,153 0.105 171.2 61.1 21 ,0
" SERADY PLOTER

Figure D,21, Ocean optical properties (&heet 2 of 2).
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QOEAN OPTICAL PROPERTIES - 520 NM

SANTA CATALINA IS. LAT 33-27.2 N LONG 118-29.0 H
20JUN1975 120SPOT

21(N) Ti1/$) ALPHA' ALPHA. SCAT A US VSF3 VSP6 VSPI2 THTA*•BAR
1.... . 0.71i 0.338 0.i6a 0. h4 0. iB 2T4o 100.4 10.7 ... 0.073-

3.0 0.727 0.319 0.323 0.21S 0o107 250.2 91.0 3S.l 0.077

.0 0 0 10. 0.313 9.' * 0.0 R81.1 MR. 11*1 U.7!'?
.0 0.689 0.373 0.378 0.269 0.109 320.6 118.0 43.4 0.066

8.0 0.629 0.464 0.470 0.356 0,112 442.9 165.6 61.9 0.055
9.0 0.6014 .0.504 04I.• 09 0!113 491!6 81!.2 70.4 0.052"'i0.0 "o.5• 0 b .0.85 0 .LWI3 o, ze " io5.o *...• ,8 101.2 0.o* '

11.0 0.5'. 0.613 0.623 0.506 0.116 652.1 248.6 94.7 0.0'4

1•.0j 0.5814 0.•43 0.5 .7114 ,!, 5 fi. •09.1 .... 7g0tj

14.0 0.617 0.483 0.489 0.377 0.112 466.8 175.8 65.9 0.053

17.•0 0,636 043 0#.49 0.349 0.111 426.0 159.8 59.7 0,.06
--- 19.0 0.636 0.45 0..457 0. '69 0.1 '•.29. 19.0 .. 38 .5

15.0 0.6!6 0.41 .0!4;3.1 0.!11 4;2.10 jS.3 j.1 ?0.036

19.S 0.631 0.461 0.467 0.355 0.112 438.6 164.0 61.*3 0.005
jo.0 0.621 0.4.77 0.4513 0.371 0.11 460.1 171.4 64.6 0.074

21.2 0,616 04084 0,491 0.379 0.112 471.0 1767 6603 0.053
23.0 0,604 0.504 0,511 0,398 0,113 497.6 187s2 70.4 0.092
24.0 0.608 0.497 0.504 a.391 0.113 488.7 18. 9 0 0051
25.0 0.616 0.O84 0.491 0.379 0.112 471.0 176.Y 66#.3 0.093
26.0 0.636 0.453 0.459 0.346 0.111 428.0 19.8 p9.7 0.0 6
. .... 0.,63 ,.;3 0,3 8 ! 0,177 o.109 332.0 122.4 4•,. o.o .
27.9 0.710 0.342 0.346 0.238 0.108 280.2 102.5 37.1 0.072
28.0 0.71 0.327 0331 0.2j 060.0 800
29 "0.72 0.18 "0.321 .. 21 0.10700
31.0 0.730 0.315 0.319 0.211 0.107 245oO 89.0 32.3 0.078
31.5 0.711 0.341 0.345 0.237 0.108 278.4 101.8 37.2 0a07.

"---T. .0.7 0. 2. 80.8 30.4 5.070
34.0 0.737 0.305 0.308 0.201 0.107 231.4 93.8 30.4 0.080

30 0!7;4 0.299 0.302 0.196 0,107 224.6 81,3 29.1t .A2I
- . 0.1 0.299 0.302 0.196 0.107 224.6 81.3 29.4 0.082

39.0 0.742 0.298 0.501 0.194 0.107 223.0 80.6 29.2 0.082
40.0 0.752 0.285 06118 0,:Ij 0.!18 0 71,! I

41. n M3.77 0.306 0
42.0 0.057 0.278 0.281 0*175 0.106 198*3 71.3 25.6 0.08843 13. 0 17166 0 !,2 411 0.1619 0 l.643 0.*j06 83 . 69*j1; 9 • 6 O 19 '

"' ~ .'5, 'oge o,4 .• o15 oo5 r6, 71 z, ,9

47.0 0.785 0,241 0,244 0.139 0.105 152e8 54.2 19.2 0.102
41, 0.791 0.234 0.236 .0.131 0105151 3.7 50,9 1!j. 0, 07609.0 ' '792 0'.233 0'.235 0.130 0 15 X2 Z 5 * 7 B 0 17 -

50.1 0.792 0.233 0,235 0.130 0.105 142.2 50.3 17.8 0,107
PAUSe READY P4OTTER _

Figure D-22, Ocean optical properties (sheet 2 of 2).
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nrAN npTtCAi pRpFRTiE, - s!n tim

SANTA CATALINA IS. LAT 33-27.2 N LONG 118-29.0 W

20JWN1979 12§QPDT

1,2 ,77 ObZ 0264 0,18 64106 ION, H4S- 2• ,9

2.0 00739 0,302 09305 0198 0.10? 228.0 62.6 29.9 0.081
1:1 ,79 0,3 0:11'4 0,26 H0,10 12642 9. 0, 0 U74

4.0 0.710 0.342 0.346 0.238 0.106 280.2 102.9 37.5 0.072

1. j, 80L.616T 0,M408 0*41 011180 OEM' )•, 15 114,4' 4, a ,6

6.2 0.689 0037S 0.376 0.269 0.109 520.6 118.0 43.4 0.066

• ,2 •,47 5 0,411 0.6 0,11i 48. 1TL:b 942 QI5
9.l 0.56M 0.532 0.039 0.425 O.14 536.6 202.6 76*5 0.049

10.0 fd7 A 0.749 e) ,7 A I .A41 0-121 Fk A A 17.A 1 2 A. - s ij
11,0 0,514 0.665 0.676 0.556 0.118 726.9 276s6 106.7 0.041
12.1 0.535 0.626 0.636 0.519 Oll7 670*4 255.9 97o6 0.043

1 O..AT 0,604 H .f13 0,497 0,116 _I69.2 %&. 0.7 8.04
+4. 0.!63 0.,374 0.$83 0,468 0.115 596.5 226.4 8659 0,046
16.0 0,563 0.574 0.583 0.468 0.115 596.5 226v4 86,9 O.O46
ji, 8I1. 90. 77. _n.

ft7 h o Rsg 10118 Oil!6 ý04 2 0,i1l 518a .'1 19 ,3 73,6 O000O 0

17.9 0.607 0,499 0.S06 0.393 0,113 490.9 164o4 69.3 0.052
09*0 ,410 0,486 0 .17A 0,1 464.4 174.1 69.2 0,054 -

19.9 0.599 0.512 0.519 0.406 0.113 509.0 191.7 72.1 0#051
23.0 0,615 0.486 0.493 0.380 01,12 473.2 177.6 66.6 0.003

BIN OYT 02 O4 4 0:H14 MO0,4 |9,lle -,5i

26,3 0,622 D,4Tl 0*401 0,369 09112 457,9 Mvl6 64,2 O,454

.•?,03, 0..? 041f 0.S489; _ ,) 0,11 16, 28,'6, 0•
19.'F 043 41 4 ,47 033 , 4'1?. !if!! Si?. 0,051

292 0 6 59 0.417 0.422 0.312 0.110 378.8 140.6 1. 0.060
31,4 0*6A2 0.384 0._6 0679 ,32.' 0.690 0.37~J0O.379 0,266 0~,109 316,----116. 6  42.9"-00'

33.3 0.680 0.366 0.391 0.261 0.109 337.7 124.6 4%a0 0.065
33.! 0.697 0;360 0.361 0!13 0.109 3•3.9. 111,6 43
3 5.0" 0,709 0.344 0.548 0.240 0.10• 8 20 0, 7. 007

37.0 0.730 0.315 0.319 0*21L 0.107 245.0 89.0 32.3 0.07d
S0.305 0,198 0 107 22P.0 A2.6 299 (),

3 H.0 0.752 0.285 0.288 0.181 01.106 206a4 74.4 26.8 0.086
40.0 0.754 0.292 0.255 0.179 0,106 203.1 73.1 26.3 0.087
4 0)o.6 206.4 74.4 26.2 0,0'Zr., 069 i461 ,2l (HR .49 0.106 190.2 68.3 24.5 0.090
44•0 0.766 0.267 04269 0.164 0.106 183.8 60.9 2396 0.092
46.0 0.771 020 23 0.7 0.0 ... !. 29 . 009
"48'.0 07T77 ;0:23 0,255 0R150 0,10! 1'69696 59,4 21.; 0,097
50.0 0.790 0*235 0.237 0.133 0.105 145.2 51.4 18,2 0.105
PAUSE AIADY PLOTTE6

Figure D.23. Ooun optical properties (&heet 2 of 2),
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OCEAN OPTICAL PROPERTIES -520 NK
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H'igure D.-A Ocean optlcoi properties (sheet I or 2 )
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QCFAN OPTICAL PROPERTIES - 920 NM

SANTA CATALINA IS. LAT 35-27.2 N LONG 118-29.0 W
20J1!N1975 1345POT

ZJ)T;/M) A PHAII AaLPHA .... j 1.1T1S !j SF6 VS THT~jAlEA

1S0 0.819 04200 0.201 0.098 0.104 103,3 36.0 12.5 0.128

11 81 0,20 W81 0 0, R 02 01,8104 10, 118,0 ' 11 'l1

"401 0,786 0.240 0s242 0.137 0OI05 151.3 53.7 19.0 0.103
!0 0,77! l ..0:14 0!256 0.151 11j0.1 6.1 !. 6010 11!11,11

5,0 0,59 0076 0.278 O.1T2 0.106 Q• 01 •0 .Q

6*2 0.756 0.280 0.282 0.176 0.106 199.9 71.9 25.9 u.087
"t.0 0.741 00299 0.302 0.196 0.107 224*6 81.3 29.4 0082,'t 'U,'.T•'] 00,35 U,328 0',291 oull's 17*9 9307 34s1 U.07F -

10.0 0.70D 0.345 0.349 0.241 0.108 283.6 10309 38.0 0.071
0. 05 40, ; 0,4ý9 0, 9 10'1,10 3V • 95, " 81! US. 0 0 0, 5 -

13o6 0*571 04560 Os569 0.454 0.115 577.0 218.6 82.8 0.047

15 IT., 0.5N 00518 0.52 9-M!2 0,N13 1 17N3 HM. 0W l0i ,

17.0 0.581 0.543 O.551 0.437 0.114 553.1 209.1 79.0 0.040

•A,0 f.84 O.!l 0, 41 0.41 H 1.11 NO..6, N! 01 .1P.5 0.590 0.526 0.6 0.2 0.114 531.9 Z08 ?. .S ,

19.0 0.593 0.923 0.531 0.417 0.114 525*0 196.0 74.6 0.090

23.0 0.612 0.491 0.498 0.385 0.113 479.8 140e2 67.6 U605)
2',0 0.615 0!4486 0,493 0.3:8 0. 471 7 *6 666 0.07
25.0 7,61s 0 0 0.477 . ;5 .- • 000.6
25.7 0.635 0.455 0.461 0.349 0.112 430.1 160.7 60.0 0.05617! ;!66Z, 0o444 0!.;,o ot+.; 0 .q,!9 U,5.
2A,3 0s660 0.415 0.421 0.310 06110 376.8 139.8 51.9 0.061
2q.2 00674 .399 0.400 0,290 Oij8 149! 19!j 4&1!1 ,!IV
30.0 0.64 0NA39 0.394 0.284 0. 0 , 1•6,. 46,6 ',04
31.0 0.668 0.375 0.379 0.270 OlOR 3220.5 118.8 43.7 0.066
.3).6 0.697 0.360 0e365 0.256 0.109 303,9 11;,6 40.9 0.069
3U05 0"717 .o333 0.337 0.224 O,.10 267.7 97.7 35. !0074
33.2 00727 0.319 0.323 0s215 0.107 240.2 91.0 33.1 0.077

~~ 0,1;3 0, * 6 01 0.')86~~---i-.098 01 01 ' 29.2 0.082
37"1 0.753 0.283 0.286 0.180 0.106 204.8 73.7 26.5 0.086

!R OMO 0, O21 023 0116'; Hg!0 H186 !77 12413 U0.90

40.65 00756 0.280 0.282 0.176 0.106 199.9 71.9 29.9 0.087
42, 0 765 O0.: "• O27 •.6 0,0 ,81.4 t661• 11,8 .9

42.3 0.764 0.269 0.272 0.166 0.106 187.0 67.1 24.0 0.091
42. 0.64 .26 0.72 .16 0.06 H79 64 1 U40 93O•.l.

4.8 0.769 0.263 0.265 0.160 0.106 179.1 64.1 22.9 093""

.2 07'0, 0.7E W• i ,0., 21.0 0.091

50.0 0,761 n.273 0,276 0,170 0.106 191.1 68.9 24.7 0.090
PAUSE READY PLOTTER

Figure D.24. Ocean optical properties (1heet 2 or 2),
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IOCEAN OPTICAL PROPERTIES 520 HM
3 ~~WtA CATMJ n. LATI WV-2No UIt LItW'VO N
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Figure D-25. Ocean optical properties (iheet I of 2)
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..CEAN OPTICAL PRU• TES 520 NH

S ANtA CATALINA ZS. LAT .1-27o2 N LONG 118-29.0 W

ZIM) T•r M) ALPHA' ALP "'A SCT ABM VSPJ VSF6 VIPIZ THTA;Z5AR
2s4 0,676 O0.92 0,$96 0.236 0.160 512.3 104v6 40,6 0O076

6.4 0.b81 0.375 0.37?9 0O.2 0.157 293.4 97.6 37.7 0.079

;!1 8!; 04;1 0.4X;1 0*!j5 0!115 49,1 "'0.P070U*bP-

Lo0? 0.613 0.48V 0&495 0.320 0.17T 425.1 147.3 58.9 0.063
12.0 04616 O•0.4 0,490 0,316 0175 419.3 145.0 57.9 04064I ý4,5 u.e• Q, 0,1V a,= W, / 0, .... Q, 6 Ji1 V s,09 0 L 1 2 4 OW0 -

14.9 0.566 0.569 0.576 0.393 0.183 924.4 14;.9 7b.8 o.053
j76! 0%. 8!;4;9j 0.505 0!., Oe.176 136.8 151.8 60.8 0.062

19.5 0.644 0&439 0.444 0.76 0.168 366.1 124.0 49.2 0.069
00.l 0,41 4,433 0.438 0.271 0.167 359.1 T13.1 48.1 0*070

23 0 064 409 O,44 0,251 0.163 331.9 111.9 43.7 0.074

1 * !6t 10!.3• 8~0. 396 0., 3e 0 ,180 312.3 104.6 40.6 0.076

2508 00678 0,389 0.393 04134 0.160 309.1 103.4 40.1 0.07?
3003 0.681 0,385 0.389 0.230 0.159 104.3 101.6 39.4 0.078
32.0 0.7T.) U 4'9 U.5 ;j 20 V61i ý)1 263.2 87.6 3345 QqU64
33.4 0•.08 0.345 0.349 0*198 0.IS0 261.8 S6.0 3209 0.005
39o2 0071$ 0.336 0.319 06191 0.140 251.7 82.3 31*4 09087
37.•0 O.r7T 0329 06.31 0#.16 9.141 X2-•6 79.3 30$3 MIT-
38•7 0.726 0.321 0,324 0.179 0.145 216.2 76.7 29.1 0.091
405 0.;14 0!110 0.313 0.171 0.142 2253 72.8 27.4 0.093

43.7 0.7,0 0v287 0,290 0@194 0.136 20209 64.8 24s2 0.100
45.0 0.744 0.29. 0.298 0.160 0.138 210,7 67.6 25,3 06097
47,3 Ua rI f a0Cr a UoI L U 'L'aO " 11.2 3 ¥ , .... a& r &C OV •U.102

49.1 0.763 0,271 0,273 0.142 0.131 186.6 59.1 21.9 0.105
51*0 06752 0.246 0.249 0.125 0.124 163.9 51.2 18.7 00114
FAllii illD l FiL i I I 'Ii

Figure D-25, Occaii optical propertie (theet 2 of 2),
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1 P~igure D-26. Ocean optical properties (iseet I of 2)
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MCAN OPTICAZL PRUPtRTIES -520 NM

SANTA'CATALINA ISG LAT 13017.4 N O"g 116-29.0 W4

CMq It'NJ AL WIA' ALPMA 516A I An* VIF3 V~rb VIrld TMTAW MAR
5.0 00771 M.20 0.463 0.115 0.128 174.9 55.7 l0.5 0.106
1.7 00.s511 0.4461 1;. Vol, 04 Slr l .a 45.9 16,0-, 11$; 9'.102 0#6 0,40; 0#613 0024! 0616( 3304 IiIb 43* 0074

L3a 161 6vv 9695 9310 96176 936* 131615 691 U 6 96

15.4 0.415 0.4#k 0.4l7 00313 0.174 419.5 143.4 57.3 0.064
17.0 0.657 0.420 0s425 0629 0.145 343.46 116.3 45.6 0.072

22,4 0.664 0.d.04 0.411 0.2'.U 0.143 3286. 110.7 '3.2 0.074
23*8 0.677 0.390 00395 0.23 0.160 310,7 104.0 40.4 0.077

26.6 04604 0.380 0a365 0.227 0.156 299.4 99.9 36.7 0.078
k1681 0.46 0.379 0.36 US .21 0.158 298. 93 364 0.079

31.3 0.693 0.36b 0.070 0.215 0.155 284.1 94.2 3603 06081
32.9 0.703 0.352 OtM5 0.204 0.152 269.1 86.7 34.0 0.084

35.0 0*715 0.336 0.539 0.191 0.140 251.7 $623 31.4 60807
36.2 00720 M.29 0.3?2 01864 0.14? 244.6 79.8 30.3 0.089

37.9 0.727 0.319 0032) 0s178 0.144 234*0 76.2 28.9 0.091k
3khA 0.733 00311 0,314 0.172 0.142 226,6 73.3 27.4 0.093

40 07 0.738 00303 0.304 0.166 0.140 218.4 70v4 26.5 0.09D
41.5 0.047 0.291 0.194 0.157 0.1)7 204.5 04.1 24.6 0.098

43.3 0.749 0 209 0.292 0.1!5 0*130 204#2 65.3 24.4 U0099
44,.3 00756 0.200 0,282 0.149 0.134 195.3 42.1 23.1 0.102

IOD3 Url.r uOM cfi USD Weis( dTIuTe 666? 9406 0OU90
46.2 0.*756 0&277 06200 0.147 0.133 192.6 4103 22.8 04103
4790 0.760 0.267 0,269 0.139 0.130 162.9 57.5 21.4 0.106

4Y 4 7 0.16 0254 0.250 0.130 0.126 17064 53.0 19.7 0.111

PAUSE READY PLO0TTER

Plpzru D-26. Occan~ oplical properties (sheet 2 of 2)
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OCEAN OPTICAL PAUPER TIE 5 5Z0 NM

SANTA CATALINA S. LAT -33-*?.2 N LONGB 11S-29sO W

11MI TlU/MI P A' ALPHA SENAT ADS VIPs Y41*6 YVSL F. 12 p
3.0 0.668 0.404 0*406 0.246 0.162 129ol 109o4 42.7 0.074

F!*j 8!;4;g 0:3j 0 40O6*4 140:0 15.7 0.065
5.9 0.693 0.426 0.431 0.264 0&166 390.9 118.9 46.7 U,071
7I I .63 6 10.'9 0.4456 0.288l 0.170 382. 2 130.9 931.@ U.067?

10.0 0.613 0.489 0.495 0.320 0.175 429.1 147.3 56.9 0.063
11.4 0.Z737 0.550 0.957 0.376 0.181 900.4 176.9 71.6 0.007

14, 1' 0.659 0..to11 0.422 0.257 0.165 340.3 11bs0 4 5.0 U .072
-~~z. ±~. 0±i......0 417 01.253 0.16'. 33qp 1 13.2 44.2 U.073

1 !;30!6;;U,0 !Z, -T4001 5 ? T;24 0.*16 12 .0~o 108*. '.Z. U*075
1@68 0.661 0.405 0.410 09247 0*165 326.9 110.1 4209 0.074

23.1 .40,! O~t; C' ! 1 ;1.4 1 1142.$ 44.0 0.073
231 0*6'0 (1.396 00401 0.240 0.161 317.1 106.4 41,4 0.076

0.611 0.~4201 0.)2 ;# 11 *' 0.165 343.6 1.16.3 45.6. 0.sQ72

27.4 0.666 0.406 0,411 0.248 0.163 32R.6 110.7 4. ,7

- 1!Z n.67k 0.91 0.391, 0.l231 0.160 313.9 105.2 40.9 0.076
120 0700 U06 036 O201 0,103 27.6 90.3 34.7 0.083

33.3 0.716 0.334 0.336 0.190 0*14A 250a2 o1.6 31.1 .0R88

3603 n.724 0.32) 0,327 0.181 0.145 239.0 77.7 2V.5 USO90
37,.8 0.748 0.290 0.293 0.1k6 0.137 209.9 65.6 24.6 0*099

40.7 0. 752 0.s205 0@208 0.154, 0.13 200.4 63.9 23.8 ).10ou
4241 0. 797 0.275 0.281 0. 140 0.133 194.1L 61.7 22.9 0.102
43. 7513 U0.963 Ueda& 0.151 0.115 IV901 6Bi.S'2jer 0.101
45.61 00.770 0.262 0.264 0.136 0s.126 176.1 56.1 20.7 0.108
46.7 0.772 0*259 0.262 0.134 0.126 1,75.7 59.3 20.4 0.1011
4,;,0 .769 U.9b5 .. 269 OI.LSF U*LZV Ir. Do. 4 1 fu ' .lur-
49.5 0.77 0.262 0.264 0.136 00128 17p.1 56.1 20.7 0.10a

'09 (.78 21 0.7-;4 0.12Y 0.125 16r,.6 12. 19.4 0.112
PAUSE ;OVALY P 1tfT

Figure D-27. Ocoun optical properties (sheet 2 of 2)
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OCEAN OPTICA" PROPIRTIES- 520 NO.

SANTA CArALJNA'ISi, L, AT1 4'' L0N,"1-29.0 W

Lim? IIJTI At ALP4A - ALPMM SGA-T ARUP .V3Ii V.UP 6 VtirP I'IA*I1AN
1.5 ' 0 .689 0,73. ý03770 a 1' 0.157. 191.8 9•7.•, 305. 0.080

.3- 0.6o3 a0'4*4 •45411.: 2- o t'• $33 . -11tJ•.2.4•6. 0.073
(J brigC U .~ Cri 0.L &.90 VOLUD 5 4 Lt 10.7 1:3.2 U.014

4.8 0.678 0.389 0.393 0.234 0.160 309.1 103.4 40.1 0.077
.. 0 0.648 0.433 0,4.^8 0.271 0.167 359.1 122.1 .8 L 0.070I... i.' 5' V64dY V,*, 60•' .... Vega[" '..o I •.1 v •'Lu., 4r''i.9 u.uu1

8.8 0.622 0.475 0.480 00307 0.173 408.0 140.7 56.0 0.065
10,2 06l.L 0.492 0*495 0.323 0.176 429.0 1460F 59.5 0.063

12.9 0.580 0.545 0.552 0.371 0.181 494.0 174.0 70.5 0.068
14•4 0.624 0.472 0.477 0.304 0.173 404.2 139.3 55.4 0.065
1!1.v U.6431 U04S3 0.4i5 0.271 0.16f 3.550 Izzol 48.1 U.070

17.4 0,661 0.414 0.418 O.2'., 0.164 336.9 113.8 44.. 0.073
1807 08661 0,414 0&418 0.2$4 O.164 336.9 113.8 44•5 0.073

21.7 0.664 0.409 0.414 0.251 0.163 331.9 11149 43.7 0*074
23.2 0.663 0.411 0&415 0.252 0,164 333.6 112.5 "•,0 0.073

25.9 0.672 0,398 0.402 0.241 0.161 318.8 107.0 41.6 0,07b
27.6 0.666 0.406 0.411 0.248 0.163 328,6 110.7 43.2 0.074I-• • I Id .• 3y "y.'., 1 ..)4 0'.'Z4Z " h 3z •zo, ... 10';' 7.6 4L.y U0..7 1.

30.5 1,676 0.392 0.396 0.236 0.160 312.3 104.6 '0.6 0.0'•
32.0 0.886 0.37 0.3H2 0.224 0.157 296.5 98.7 38.2 0.079

35.0 0.704 0.351 0.354 0.203 0.152 267,6 88a 33.8 0.08436.6 0.713 0.335 0.342 0.193 0.149 254*.5 83.4 31.8 0.067

39.9 0,733 0,311 0.314 0.172 0.142 226.6 73.3 27.6 0.093
4.14 r,.746 0.293 0.296 0.158 0,137 20A.1 66.7 2'+.9 0.098

45.4 0.752 0.285 0.2A8 0.152 0.135 200.4 63.9 23.8 0.1O0
47.5 00758 0.277 0.280 0.147 0.133 192.8 61.3 22.8 0.103

51.1 0.765 L.268 0.2'1 0.140 0.130 184.1 58.2 21.5 O.1U0
PAIUSE R88AV' PLOTTER

Figure D-2& Omaiii optical properties (sheet 2 of 2 ),
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OCEAN OPTICAL PROPORTZ55 - 20 NN

SAlNTA jIAL!NA IN*1 LAY 33-27.2 LOWG 116-2i9,0 w

z(Al T/A) ALPHA' ALPHA 5GAT ABI V5053 MbP 93Fl TMTAWlA~
1.9 00712 0.340 On.241 0.194 0.149 2564.0 65.9 )ag.0 608oa
"2. 0'o 0.30 3g64 Obilk g.1.54 I7. 92. 557W 008

S.2 0.649 0.432 0.4) 0.270 0.167 357.4 121.5 47.8 0.070

U.5 0.4;2 ;!4432 0.44? 0.279 0.1,69 360e6 126.1 49.8 0.0691
.U 043 045 .443 00.113 0.161 364.14 £1 01 #a v Ma

9.3 0.622 0.475 0.400 0.307 0&173 40R.0 140.7 56.0 0.085
10.6 0.606 0.500 06506 0.330 0.176 438.8 102.5 81.1 0.6062

13.3 065tý1 0o543 0.550 0.36'9 0.181 491.9 173.1 70.1 (1.058
14.8 0.!64 913 1 0.5 0;.495 0.320 0.175 425.1 14.7.3 5A.9 L).063

1. .4 .. 0 .441 Ui.21ý 0#168 36Zs6 19.'. ft 1 f 5 U .0
17.5 0.657 0.420 0.425 0.259 0.145 343.6 116.3 45.6 0.07

10.9~~ .56 041j 0!;426 0!2.261 0.165 345.3 169 4. .7

21o6 0.656 0.421 0.426 0.261 0.165 345.3 116.9 45.9 0.072

2;1.2 0 657 0420 .4 0.2t9 0.165 343.6 116.3 45.6 U.072
244 067 045 0410 Oo247 0,1e63 3Zft.9 [10.1. 44

25.g 0.663 0.411 0.415 0.252 0.164 333.6 112.5 44.0 0.073 -

26.9! 0.!67 I.40n 0.410 0.247 0.163 326.9 110.1 42.9 o.o7'4
~6 U0.6 ! I U9 404 0.2'.2 0.1162 310."1 10700 41.ý gUarf

29.7 o.679 0.3bS 0.392 0.232 0.159 307.5 102.8 39.9 0.077
31.2 0.6~ 0.379 0. 383 0.220 0*158 298.0 q9.3 3A.4 0.o07)9
32.6 Q.e'Y9 Q. 350 0362 0 0206h 0.153 27591 99y 5o US
3309 0.7U0 0.356 0.360 0.207 0.153 273.6 90.3 34.7 Q0.03
35o4 0.708 0.345 0.349 0.19d 0.150 261.8 66.0 32.9 0.085

36.1 0.721 0.321 0.331 0.164 0.146 243.2 79.3 30.1 0.089

43s 0.25 022 002 OeSO .14 23.6 702 29.3 0.090

50.3 0.756 0.280 0.282 0.149 0.134 195.3 62.1 23.1 0.102

, !1

Figure D-29, Ocean opthcai1 properties (sheet 2 of 2)
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Figure D-30. Ocean optical properties (sheot I of 2)
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OCEAN OPTICAL PROPIRT1ES 520 N9

SANTA CATALINA IISo. jLAT $2317?* N LONG 1l1-19.0 WI" I J U L l r 1 4 M• U . ... ... .. .. ..

41M) I1I1MJ ILpMhA' APMA 5.AT A53 VUI VSP3 1 S` I5IFMTA P BAR
049 0.612 0o49. 0.4970. 9011 0.175 417.0 146.0 '-s.2 0.063
4 0.b 10 0 Oi 44 .493 ,VeO.flM; 01' 421.2 14660- 98., .2063

440 n,627 0,467 0.473 00300 Ol71 39R.A 137.1 04.9 0.066
6.2 0.626 0.469 0.474 0,301 0,173 400. l137.8 54.8 0.066

9.1 0.613 04f9g 0.495 0.120 0.175 42.10 147.3 56.9 09063
10%5 0.973 0o.97 0,64 0.362 01e2 509.1 179.9 73.1 0.036

1ýs2 0.594 00920 0,526 03446 00.79 462.A 161.8 65.2 U,06U
14.6 0.615 0o.48 0.492 0.317 O.17. 42.... 145.64I 18.2 0.063

17,4 0.642 06444 O.449 0.230 0*169 371.4 126.8 N0,0 0.069
18. 0.647 0.,435 0.440 04122 0.168 360.9 122.8 4S.• 0070.2' '. . ... V:• MO0 .i8 4r .... o 94 od '' U. I 4' r ' Q. t'• ,z 4 4 7o ' bo','
21.4 0,6? 0.435 0.440 0,272 O.168 360.9 122.8 48.3 0.070
22.9 0.647 0.435 0.440 0.272 0ol6A 360.9 122.8 48.3 0.o07U

25•b 0.652 09427 0,432 0.266 0.166 392.2 119•, 47,0 O.071
26.9 00653 0.426 0.431 0.264 0.166 390.9 118.9 46.7 0.071

2a.7 O.659 0.417 0.422 0.297 0.16 340.3 119. '0 4.04 0.072
31o2 0.6583 0.418 0.4923 0.258 00165 342.0 115.7 45.3 0.072

33.8 0,666 0406 06411 0o248 0,163 328.6 L10.7 43.2 0.074
35b4 0.669 0.402 O.O7 0,244 0.162 323.h 108.3 42.4 0.079

38.1 7.6fU 0,386 0.g390 0.231 0199 30599 102.2 39.8 U.077
3q*5 0.61 C.3O5 0.3A9 0.230 0.159 304.3 101.6 394 0.078

42.2 0,693 0.366 00370 0.215 0,195 284.1 94.2 36.3 0.041
43o7 0.6139 0.373 0a377 0.221 Ol57 291. 97.0 37.5 OO.O

4.4 0.704 0.351 0.354 0.203 0.152 267.6 88.1 3.k.8 0.084
4A.0 0.7UL 0.355 0,359 0.206 0.13 772.1 09.A 34.4 0.083
50.7 0.697 0.360 0,364 0,211 0.154 27f8.1 92.U 39.3 0.082

PAUSE READY PLOTTER

Figure D.30 Ocean optical properltie(shoot 2 of 2 ).
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OCEAN OPTICA PROJPERTIES -520 NA4

SANTA CATALINA 15. LAY 31017.1 N LONd' 118-29.0 W .

2LJOIL1915 1: 54PO U

-I)T117PJ ALPHA I LPRA SGAI A53 93111 WI5b -VSPII 1PTA*&5AR
13 0.621 0.471. 9*408 O.308 0*174 '409.8 141.4 11.5 00065
1. @.1 .0.492 WOO9 *.I'K 03. 429.Q 16. a9 .b

4.0. 0.016 0.48'. 0.490 0 316 0.170 4.19.3 146.0 57.9 0.064.

;j4. 0.607 0. !;;160 0.320 0!1761 431 6!; . 61!; 006

1.2 0.571 0:560. '0*567 0.39 0.16*l 515.4 161.6 73.9 0.051
9.6 0.544 0.138 0*540 04569 0*180 489.1 170.7 69.11 0.056

L Ie I w is2p U * 1 U.~ 6 U4*Q0 " U:A I In 31r ',d 84#j0 U 0 ftU
12.3 0&643 0.441 0.446 0.277 0.169 367.9 125.4 49.5 0.069
13.S 0*64e 0.433 0,4!8 0.271 O1,167 I35'l1 112.1 4.8.1 0.07U

(1*5.OQ U&*139 Vf -0-0 ' 0.27, U.15 3 YB.Y 1.8 * 0.0?0
16.6 0.652 0*427 0.432 0.266 0*166 35242 119.5 47.0 0.071
16.2 0.650 0.410 0.455 0266 0.167 3155.6 120.8 47.5 0.070

20.9 0.654 0.424. 0.429 0.263 0.166 34*.8 118a2 46.'4 0.071
22.4 0#6%2 0.427 0.432 0.266 04166 152,2 119.5 4.700 00071
a 11. U0825 V P.ML WOR 0.0 V a .1I02&G J% 'l2. 1 15010 42 s U.rZ
25.3 0.655 0.423 0.428 0.262 0.168 347.0 117.6 46.1 0.071
26.0 096$6 0.421 0,426 0.261 0.163 345.3 116.9 45.9 0.072
244L 1 .@20 U4L.46& ~I40 4. .204 v . 135 M 11. 4:13~ 0.U,2
a4#5 0.663 0...11 064J.0 0#262 0.164 333.6 L12.6 44.0 0.073
32.4 0*662 0.412 0.417 O.2b3 0.164 335%2 11.. 44.2 0.073
2.491 ue? 0. 395UJV V.jvv 0.236 0.151 Ml.0 103. 411b.7
35.3 0.689 0,373 0,377 0.22. 0.157 291.8 97.0 37.5 0.0060I.36.6 0*692, 0.068 0%312 0.216 0.15 289.7 *444 36.5 0.061
ZIM*2 U a MV 0.283 0.10! Q.M v 0 12w~iL'.14 12.l a JU
39.5 0,706 0.048 0.352 0,201 0.161 264.7 87.1 33.3 U.065
41.0 0.712 0.340 0.343 0*194 0.149 256.0 83.9 32.0 0.0066

43.8 0.728 0.310 0.321 0.177 0.144 233. 76.7 20.6 0.091
45.0 0.728 0.318 0.321 0.177 0.144 233.3 76.7 Z8.6 0.091

'8.2 00732 U&313 04316 0.173 0.143 22P.0 73.8 27.8 0.093
49.7 0.714 0.3O3 00306 0.166j 0.14.0 2L13v6 70.4. 26o~ ko.0Q

Figure D-3 1, Occan opticial properties (sheot 2 of 2 )
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" O C EAN OPTICAL PAI AT+It RT] S - Z NK •-

SANTA IATALINA IS. LiT A,-17.3 N LONG 118-4940 W

ZlMI MI(/H) ALPHA' ALPHA "GAT ADS VSPI V'!6 MiPd IMTA0S9AM
1,7 0.617 04683 0.468 0.314 0s174 417.4 144.3 57.6 0,064
412 91619 0.111 1',181 0o|P4 OR!~ . 4 80, |-6• I9,8 U006?

5.9 0.601 0.509 0.515 0.337 Ol.7 448,7 156.63 62.1 0.061
. j. 0.61 0.489 0.495 0,320 0.11 7 4aS.l L47.3 38.9 0.063

F.S 0,603 0a502 1!111 ae1, O.!?? 440.7 153.3 61. 5 0'06Z
10.3 0.576 O0511 0.,16 0377 01*k 502.6 177.3 72.0 0.,S7

.47 0.8!1.5 .67 0.315 01 6 511.4 161.6 73.9 0.056

1466 0,557 0.58% 0.592 0.408 0184 54407 193.8 79.3 0.054

j;oS 0,!Ij Oo&Id g0,114 O,3iB ?!j75 "j! ;;9 7, ,5

19.1 0.636 0.45% 0.460 0.289 0.171 384.0 131.5 52.l 0.067

23.5 0.637 0.412 O.457 0.287 00170 3804. 13042 51.5 0,068

14,9 0!61;1 9 !4X1 0.4SX 0:286 0:170 382•2 130:9 51:8 0,067

27.8 00639 0,449 Oa454 0*284 00170 370.6 12668 50.9 0.068
6!.4 0.641 0.445 .. 451 0,281 0.169 373.2 127.5 50.3 0.068

"32.' 0.64d 064D3 0" 94, 0,271 0.,1017 * - 9s- 122.1 -".6 I U*0. 07.0
6. ;.j5 g.420 0.425 0.59 0.16$ 343.0,S . ~6 .7

j! 0!638 1.160403.5 0LC 34g 400) U,072

36.8 0.665 0.408 0.413 0.249 0.163 030.2 1114 43!1 0.074
o 0:674 0 0:399 0.238 0.161 315S5 10*8 41:1 04076

41.3 0.699 0.358 0.362 0.208 0.153 Ma5,l 90,9 3409 0.083
k;! j; O , 0,Ils 0,900 .7356 93r; 4 1T 1o1$3

45.9 0.705 0.349 0.353 0,202 0.151 266.2 87,6 33.5 0.184
47.5 0.706 0,34r 0,352 0.201 0.151 264.7 87.1 3303 0.*05

!.14 0.716 0,334 0.336 0,190 0.148 250.2 81.a 31.1 O06086

Figure DD32, Oc-un optical properties (sheet 2 of 2).
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i1 Figure D.33, Ocean opticl properties (#heet I or 2).
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MCAN OPTICAL PROQPERTIES S 20 NM

SANTA CATALINA t$W.' 1-A 10-17.1 M. LONG 1 -2900 w

L41m IILII!I AL.FlA' AIF9A 3%OAI Ana garl VDr* V3PI9 THTAW~isKC
3.1 0*661 0.401. 0413 091#09 0.165 1100.1 111.3 41.5 0.074")00 1~4 -.4Q ON.4 015 33. O1 * 0.074

w. :#P&G, W.L . crf .& 1*8 . 1,.. '1 J P. *U bi r
45:97 0.6:20 0.415; 0.420 0.21 0.164 3386.6 114.4 44.6 0,073
7.2 0.653 0.426 0.431 0.264 0@166 350. 118.9 46.7 0.,0711Its Y.OOD U4016 V4443i 50455 WGIOD jf'i0 ILPO! 4505 1 .07

10.3 0.659 0.423 0.426 0.262 0.166 347.0 117,6 46.1 0.072
1l.$ 0.657 0*430 0.415 0.259 0.165 341.6 116.3 41.6 0.073 '
LJ*L vGp WJO~ slJSVU 093 00 aJ@ 1 519.8 I rv 6 a~. 141.2 t 7J.rU-
14.5 0.64A 0.433 0.438 0.271 0.a167 359.1 122.1 46.1 0.070

%T.* usbil 9.472 U.959 0.107 QsIT3 400*0 140%7~ 56.0 0.060
16.9 0.594 0,520 06526 0.346 0&179 462.6 161.6 65.2 0.060
20.5 0.566 0.532 0.55 04356 0.160 17*009

23.3 0.622 0,475 0.0.0 0.307 0.173 40A.0 140.7 56,0 0,060
24.7 0.645 0.4l6 0&443 0.215 0.168 364.4 124.1 460. 0.069
goas j~ * U664: U642 6 1 U.' 6 .O aO. ticI 0.168 JU as G V.97U
27.5 0.650 0.430 0.435 0.268 0.167 355&6 120.6 47s5 0.070

29.2 0.667 0.405 0.410 0.247 0.163 12609 110.1 42.9 04074

1P.1 0,682 06383 0. 387 0.229 0,159 302,7 101.1 39.1 0. Va13.7 n$692 0.368 00372 0.216 0.11 2A907 94,8 36.5 0.081

4*l:0 0:072 0:259 0,262 0.134 00123 175.7 55.3 20.4 0.109
4?0J5 READY9 0L2TE 0.293 0.126 09125 167.4 52.4 19.2 0.112

F(Suro D).33. Oveai optical proporties (&hoot 2 of 2 )
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Figur D-34. Ocemn oplicMi pro~perties (ihest I of 2)



OCEAN OPlICAL PROPERTIES - $20 NM

SANTA CATALINA IS. LAT 13-2?,2 N LONG Q 11L-29s_ W
22JiJL1971 150POT

Z1IN TU /M) ALPHAI ALPHA SCAT AbS VSPS VSF6 VSP12 THYTA*IAR
2,4 0.661 0.414 0.419 0.309 0,110 374.6 139.1 S1.6 0,061

-_..,7 .6 0,429 0.'14 Q.J24 0.11 204.. 146 L sh. .0.fl5 .
4.9 0.647 0.4)4 0.440 0.330 0.111 403.1 190.1 55.9 0.058
6.2 0,651 0.419 0.434 0.324 0.111 394.9 146,9 54.6 0,059

7,S O.Un.,3 -,ýj . 07.2 191.7 gh.2 0,011
, 9.0 04640 0.447 0.453 0.ol41 O2):i 419.7 156.6 58.4 0.057
10.5 0&642 0.444 0.450 0.139 0.111 415.1 154.9 57.? 0,057
1,17 0tj64 0!421 Otjj '-.! O!l 42. S40- •. .S

14.4 0,639 0.449 0.494 0.343 O0.ll 421.7 197o4 5a.? 0.057

1713 0.630 0.462 0.469 0.397 0.112 440.7 164.8 61.6 0.059
1806 0.636 0.455 0.461 0,349 0.112 430.1 160.7 60.0 0.004

flAI f.&I Q.E"AZ &28 2lJI -W ik IALA As-% fl..fl4A
21.4 0.617 0.*403 0.489 0o377 0.112 468.8 175.B 65.9 0.053
22.A 0.649 0.432 0.437 0.327 0111 399.0 1486. 55.2 000,9

;d, ~ ~ .% 663 C426A 341 3,321 _" I I L......U IAII .J.4AO. m L....
2*oT 0.644 0,433 0.439 0.328 OI11 401.1 149.3 55.5 0.050
27.1 0,647 0.43S 0.440 0.330 0.111 403.1 150.1 55.9 0.005

30.0 0.695 0.363 0.361 0.209 0.109 307.6 113.0 41.5 0.066
31.3 0.699 0.3f6 0.362 00.2M 0.109 300.2 110, 40.s4 0.069

3494 04710 0.342 0.346 0.236 0.108 280.2 02l0% 37.5 0.072
35.7 0,701 00355 00369 0.251 0.106 294.5 106.7 39.9 0.070

3A.7 0.720 00329 0,332 0.225 0.108 262.4 95.7 34.9 0.07%
40.2 00720 0.329 0.332 0.225 0.108 262.4 95.7 34.9 0.075

45.1 0.726 0,.21 0.324 0.217 0.107 251,9 91.7 33.3 0.076
S44.7 0.724 0.323 00327 09219 OIOG 255*4 93.0 33.8 0.076

47,6 00730 0.315 0.319 0.211 0.107 245.0 89.0 M.3 0.07b
49.1 0.725 0,322 0.325 0.218 0.107 253.7 92.3 33.6 0.076
SQ-7 _O0A1A4& n.2Q .2916 Q JA Q. I Q17 2 1, 3_J. n)o

PAUSF ReAUY PLOTTER

: I

Mimure D.34. Nocnu optical properties(&heat 2 of 2).
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SDCEAN OPTICAL PROPERTIES - 520 NM
W1A CATALDIAS i. UT' 33-12 N; Loot L3U-P.D OI2JILlm UM~T

4 4LPHA CA
I SCAT sII WAS a

]D-u

:1 .1I

VOLLWIE A rlFNUATIC4I COEFFZCt[NT, Cl (METERS 1)

5CTEZGCOEFFICIENT, I I.E5t
CATTERP'N OIt•ENT,•(GETR'),

I
I Figure D.35 Ocean optical propc)rtics (sheet 1 or 2).
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OCEAN OPTICAL PROPERTIES - 520 NM

SANTA CA1 NA |,,5 LT 33L27. 2 N LONG 118-29.0 W' 22JUL19'75 I ' AD0i LAT

Z(M) T(X/M) ALPHA' ALPHA SCAT ABS VSF3 VSF6 VSFi2 THTA02BAR
0.6 0658 0*416 0.424 0.313 0.110 380.8 141.4 52.5 0.03

4. _ _ ,A40 o.310 0,111 f40.1 160o 1 &.9 0.gsj,
3.7 0,648 0.433 "*439 0.320 0.111 401.l 149.3 55.5 0.058
5.0 0.636 0o453 0.459 0.348 0.111 428.0 159.8 59.7 0.056

..-- h .2 0,63' 0.40 4 0.343 0,111 421.7 197-4 59-7 0.07.
7.5 0.626 0,403 0.459 0.340 0,111 428.0 159.8 59.7 0.056
8.9 0.641 0.445 0.451 0.340 0.111 417.6 155.7 58.1 0,057
10.2- 0 *640 0 4.j 045) 0,342. Ovii 419* 156t.... !8. 4- 0,057
11.5 0.630 1.)462 0.469 0.357 0.112 440.? 164.8 61.6 0.055
12.9 0.633 0.459 0.464 0.352 0.112 434.4 162.3 60.6 0.056
14.2 0 AIL8 4A 0,472 0,160 0,1 4A.r A.1 A;.q M.n tf
15.6 0.621 0.477 0.483 0.371 0,112 460.1 172.4 64.6 0.054
16.9 0.609 0.496 0.503 0.390 0v113 486a5 182.8 68.7 0.052

19A, 0.643 0.441 0.447 0.336 O.11 411.3 153.3 57.1 06058
20.9 n.648 0.433 0.439 0.328 0.111 401.1 149.3 55.5 0.058
22.2 0,643 Q.441l 0,447 0.336 0.11 L 411.1 141.A 47-1 A -AIts
23.8 0.650 0.430 0.436 0.325 0.111 397.0 147.7 54.9 0.059
25.0 0.655 0.423 0,428 0.3L8 0.111 38668 143.7 53.4 00060
26. Q.42A 116 0'lAL M11% il-tn 0- 1 At 14L, 4 n - nAl
27.8 O.h6b 0.406 0.412 0.302 0.110 364.9 135.2 50.1 0.062
29.1 0.666 0.406 0.412 0.502 0. 11.0 364.9 13192 50.1 t0.062

0.3t)2 Q.310 QJA AOA
11.9 0.676 0.392 0.397 0.281 OL10 345o4 127*6 47*. 0.064
33.2 0.676 0.392 0.397 0.287 0.110 345.4 127.6 47.1 0,064
1A47 fl.Amr, 0A7@2-- jA4 Q -.17 1. n-IA 22E & I 1 e% -A A OnsA
36.0 0.696 0.362 0.366 0.257 0.109 305.7 112.3 41.2 0.068
37.4 fl702 0.353 0.358 0.249 0.108 294.7 108.0 39.6 0.070
19.n 0.702 0.(3, 19 0,7&4 n1241 O 2B0,R7 10A*. 39,A 0,0-7
4(0.3 0.708 0.345 0.3419 0.241 0.108 283.8 103.9 3r9.0 0.071
42.0 0.703 0.352 0.356 0.248 0.108 292.9 107.3 39.3 0.070
1-3.5.L 111 0,~341 0,4 .237 -0. 1 no 27.4 101 A It?.2 P n 7 7
45.2 0.717 0.333 0.337 0.229 0.108 267,7 97.7 35.6 0.074
4.A 0.726 0.321 0.324 0.2L7 0.107 251.9 91.7 33.3 o.076

b ~~44.5 n-~1 . 7__U QA 0 2o n S -n 7 79., 2 7- n )J
5n.0 0.760 0.274 0.277 0.171 0.106 193.4 ,,69.5 24.9 0.089

PAUSE READY PL oTTER

Figure D.35. Occan optical properties (sheet 2 of 2).
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I11ECEAN OPTICAL PRDPERTIES - 520 NH
i •llfl'SMIA W AALDM S. LAT'• -,ZN.! L3U; l Ifair UJ.O

IU No, u I

4 ALPIA 1

) AIS •

,I II SI

J f
~1  I 'I

11

5"' '•VOLUMI ATrK[,UA'TION COEFFICIENT: a (Ma1KM')
SCATTRUING COEIUCIZENT, M (mThRSI•
AISOIWTzON C•oFrZCUNzTr (irrT"MS•

I
Fijure D-36, Ocean optical properties (sheet I of 2),

< I D-7'



rOCEAN OPTICAL PROPERTIES - 520 NM

SANTA CATALINA IS. LAT 33-2178 N LONG 113-29.0 W
22 1975 165SODT

f(A) 71/M) WHOMA ALFHA ICly Ass V5193 VSF6 M12I THTA*20AR
2.1 0.639 0.449 0.454 0*343 0.111 441.? 197.4 se.? 0,05?

'0,47!2 0.47f 04116 0. 2111 1691. 6 .01 O I

0.64 60. 111 *17 174 1. .9

4,8 0.624 0,472 0:478 0.366 0.112 460.6 169,9 64.6 0,054

26.5 0.64 42 1; 0337 0.111 414 1 1 5 0,056

23.3 ~ ~ ~ ~ ~ i 0.4 .3 .42 31 011 405. 156 16. 0.055

M24. 0.624 04735 0,440 0.363 0.112 40.91 17501 63*9 0,054

71 0.654 0.424 0.49 0.311 0.111 3k68. 144.5 5 .ob 0.05

126, 0,663 ,411 0,41 0.309 0.I10 4370. 137.5 51.0 0.054

11.2 0.673 0.396 0.401 0,Q1 .O Q.110 35.2 1299 48. 0.0*3 .

32.5 0.680 0.366 0.391 0.281 0,109 337.7 124.6 48.0 0.065
24, 0 ,6A O,. AJ 4 AO f 0,• 03) lOli 403.1 lOIi 7 1.1 O.O4 •

35.1 0.679 03464 0.460 0,374 0,110 262.0 1744, 5377 0.074

16*b 0o639 0,449 Oo456 0,343 0*111 420o0 197e45 6* Qm, 0065

1A,1 0.729 0.317 0.320 0,20 0.1 07 2L68, 89.7 32.6 0.077
39.2 0.721 0,327 0.331 0 0222 460.1 2160. 694. 346 0,075

4050 6 .72 0.318 0.321 0.3370 0#.107 248!, 90.3 32.8 0.077

239S 0.764 0.295 0,294 0.192 O.107 219.6 795. 2$.7 0,003

24o5 0%674 fl..2l 0.*440 0(.330 fol.tll 403:1 f0.1 Soso 0805

47.4 U.740 Oa.O0 0,304 0.197 0,107 226.3 81.9 29,h 000,9

47.0 0.748 0.290 01.93 0.186 0,106 3.70o 76.9 silo 0.064
S8.3 06739 0,239 0,992 0.135 0.1106 211.3 76.2 275 0,080

3Ao7 0*749.29 Q 0*31 0020 00l.lf~ OA 0*17 26o 79.2 32* 0,017

5049 0,760 03274 0.277 , 00,1 0,106 193.4 69,5 24,9 0,089
PAUSE READY PL7 ' .T7ER ..

F4.ure D6, Ocean op0t0c2 prop9rtie3 (sheet 2 of 2). 0
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I OCEAN OPTICAL PROPERTIES - 520 NM
SUVA PATLM VA LATI WV2 No' SW.

I ~ 4 AL.PHA 6
I SCAT

4 CC

VOLU14 ATMIUAZON COEFFCZKNT, IMI
3CAI"TKRN4 COIFFMIcNTi Im ~ ts
ABSORPTION COUIP~CtINTo a 9ETKRS'

I Figure D -37. Ocean optical prfopertive ( 8116et I of 2)
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OCEAN OPTICAL PROPERTIES - 520 N.

"a ".A1.L.U"PA4J. LAI 11-27.2 N- LONG 111.19.0 W
22JUL1975 LROOPUT

ZIMI '(1IM) 'ALPHA4 ALPHA SCAT A$S VS VS VSS VSFPI2 THTA*2hAR .
0.7 0.531 09461 0.467 0,30% 0,112 435.6 164.0 61.3 0.055

o.4 66 O.472- .... D .112 &&.J1 Is& .q &1.2 ......
0.464 O0470 O,351 0.112 442,9 165.5 61,9 0.055

4.5 0.630 0*462 0.469 0.357 0.112 440.7 164,6 61.6 0.015
0.472 0.47R 0.6 9.I a.A 1899 61. 6 ,0 ..6:8 0:M) 0.4l 9241! 800,41 0,112 Hk0, 16'0,7 6040 DOM5

S.2 0.631 09461 0.467 0.351 09112 43856 164.0 61.3 0.055

S...... J.LL 0.Ald... 0.460 0.494 0.B72 0.11A 464.L 17N.| ..... O. 004 -4:14.8 0.522 0.475 0.481 0.36 112 57.9�8 L 4.4 174.6 61.1 0.05"
1ý. '0111• 0.?5 95M 91105q .1 2 'Ni .l !H.6 180,2 0.53

16.2 0.615 0.586 0.493 0.350 0.112 473.*2 177.6 66.6 0.05317.4L 0,64.A fl.4140 nQLý Q.2A2 II.....It Ilk I. ?$I i -n4

1409 0.617 0.473 0.449 0.377 0.112 478.8 175.8 64o2 0.053
20.3 0.617 0.453 0.489 0o377 0.112 486.2 175.76 65. 0.056I fl.I3

1 
FCA -lii A- t A. 11 L lie-% 10 L A A&

22.9 0.637 0.452 0.458 0.346 0.111 425.9 159.0 59.3 0.056
V,94 0.633 0.458 0.464 0.352 0.112 434.4 162.3 60.86 0.05b

27.1 0.639 O.449 0.454 0.343 0.11 421.7 157.4 S5.7 0.057
24.5 0.643 0.441 0,447 0.336 O.11i 411.3 153.3 57,1 00058

31.2 0.650 0.430 0.436 0.325 0.111 397.0 147.7 54.9 0.059
32.9 0,665 0.408 0.413 0,303 0.110 366.9 136.0 50.4 0.061

36.3 0.683 00382 00386 0.277 0.109 332.0 122.4 45o1 0.065
37*9 0.692 0.36h 0a372 0.263 0.109 313.1 115.1 42.3 0.0'

41.3 0.669 n.373 0.378 0.29• 0.109 320.6 118.0 43.4 0,.066
43.0 0.705 0.349 0.353 0.245 0.10$ 29s.2 105.9 38.8 U.071
44.9 0.702- 0.344 -- 0,34A 1,240 0,109 2A2- "I -I I
46.6 0.723 0.325 0.32A 0.221 0,I0I 257.2 93,7 34.1 0.07,
A.9 00,30 0.315 00319 0.211 0.107 245.0 H9.0 32.3 0.07u

PAUSE READY PLOTTER 4l C.0 4r -f94 1 y7

Fi•re D.37. Oceui optical properties (het 2 of 2).
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OCEAN OPTICAL PROPERTIES 520 NH
UTA CATUM. IA LATI W1.2Ns' LUNI USV.0 I
ia~m awnm

4 i i t i iutei i i

A ALP14AI~~ SCAT
0 ABS

Fiur D-6 ae pii roeta detIo
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OCEAVNOTýTUL PROPERTIES -520 NM

SANTA CTLNA - to...J3. N LN l...W.....****....*

2(igrTtT7/Al LPHAI ALPHA Sf As UPSF VSP6 VSPI2 THTAS2bAA
4.0 0.652 0.469 09465 0.354 O.112 456.5 163.1 60.9 0.056

~~ 0.62 0,41 7 0,365 A2 6. 100 2
Ml.60.625 0.47 0.477 0.565 0.111 '451.'.'4 169.0 6. .5
01.5 0.62 0.476 0.460 0.372 0,112 46a.3 175.5 64.9 0454'

46. H H. 64." 0.054
IL 7 046 81j 0H! 46 17H4 66:

12.7 0.618 0,481, 0,40q 00376 0.112 4.66o6 175.0 6~ 09053
13.0 0,61 Q4'JA ý 3 q g 0,111 it~ IR2MA U- &I -2QA.gjL

15.0 0.598 0051,1 (452.1 0.407 0.113 l611.2 192.6 72.5 06,051
16.0 06677 0.550 n50.ML 0.444 0.114 562.6 212.9 80.5 0.046
tyA fl.A22 f47 Q,j i fl).A 4A I n-2L0 Q11% 6516 I'll L Li2 AAi
L1A.1 0.662 0.467 0,0~3 0.562 0.112 447.1 167.1 62.6 0.050
19.0 0.613 0,4h49 0.496 00363 0.113 477.6 179.3 b793 0.053

21.3 0.623 0.473 0.460 0.368 0.112 45597 170.7 63.9 0.054
22.3 0.642 0.442 0.448 0.337 0.111 413.4 154.1 57.4 0o057

24o4 0.691 0%360 0.365 0.2$6 0.10'h 3n03. 111.6 40.9 0.069
2.50 00710 0.342 0.346 06238 0,106 250.2 102.5 237,5 0.072

27,5 00723 0&325 0*320 0.221 0t106 157.2 93,7 34.1 0.076
76.7 0.73 0.311 0.515 0.207 0.107 239.9 67.1 31.6 0.1)79I .. A ý A2 n l n .16 a t A-t n kr~ IA. A IA 26.A 1*t flMe
304A 0.761 0.273 09276 0.,170 0.106 191.6 68.9 24.7 0.090
3108 0.766 0.267 0.269 0.164 0.106 183.6 65.09 23.6 0.092

33,4 0.788 M,236 0.240 0.1235 0.105 148.2 52.5 18.6 0.104
34,4 0.80'. 0.216 0.220 0911,6 0.104 124.6 43.6 15.'. 0,115
'A#. 0.6ti 0 0.2 020 6106 - 0.,tob [1A.1 32I 0 . m,122
I7.3 0.614 08206 0.208 0910'. 0,104 110.3 38.6 13.5 0.123
30$2 0.614 0.206 0.200 0.104 0.10'. 110.3 38.5 123.5 Oo.123
19.1, 0.AIS¶ l: CA ()O 6., 2 A. n- l n-9 i. MLu lMfllp 3p n n5 --
4n.'. 0,619 0.200 0.201 0.095 0I1~4 103.3 S6.0 12.5 0.128
41.0 0.522 06096 0.196 0.09'. 0410'. 99.1 34.'. 12.0 0.131
4.2.6 0,91)7 _ý.202 0 204 8-19..014 -1-06, 1 vy - 12.0 J
4.3s6 0.823 0.195 0.197 0.093 0,104 97.7 33.9 i1.8 0.13R
44,7 0.026 C.192 0.193 0.090 0f.103 93o6 32.4 1102 0.136
4j~* , e 022 ZLI 

9
0
6  

0, 199 3,09 -9,04 9J. 1 34,j 2-j) oIAl
4.699 0.827 0.190 00192 0.068 0.103 92e2 31.9 11.1 00137
49.0 0.825 00193 0.194. 0.091 0.104 95.0 52.9 11.4 0,130S
49-1- D0.326 a 0146 0.0 - IGIA l0n2 a-In& a&.1 III In' i-A n - I'

50.2 0.826 0.192 0.193 0.090 0*103 93.6 32.4 11.2 U6136
/14 eNO OP JOB

r-Igure D).38. Occull oplical proporties (%hoot 2 of 2)
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OCEAN OPTICAL PROPERTIES - 520 NN
SIrA CATNUI fl. LAI 33-V2 No' LIII UPV.0 N

4 ALPHA
VISCAT

D18

Ij



SANTA CATALINA IS. LAT 33-27.2 N LONG 114-29.0 W
;3JjyN1975 1237P0T

eIV3 T 0.71 , 10 .3 .5? &239 175. 46.0225 0.094

b.t 0.771 0.160 0.262 0.157 0.106 174.4 62.3 22.3 0.094

47., ?!;13 0.62759 0. 73 0.7 0.105 96 77 ~ . .9
RON7 00772 0 25 0.2 2 0.176 0o.TQ t174 4 720. 2211 00095

11.5 0.75R 0,265 0.216 0.161 0.006 206o4 74.4 26.8 0.066
12.5 0.751, 0*286 0.269 0.143 00106 206.0 75.0 117.0 0.065

1'..5 0075h (0.260 0.262 0:176 0.1%6 199.9 71.9 M59 0,067

17.2 0 740 0.301 0.504 0#1,97 0.107 226.3 61.9 29.1 0:001

19.0 0.585 0.537 O.5'.4 0.430 0,114 543.6 205.4 77.6 0.049

22.9 0.455 0,787 0.800 0.178 0*122 905.0 350.4 135,7 0.036
1ýZ ý:4; 2&1 636 !H I *Y~~IN L R ' 1i'.81

25.6 0.386 0O5 0.070 0.543 0.127 11,04.5 451.6 177.3 0.032

2.4 0.O496 0,702 0*114 0o594 0.119 760.5 300.2 115o4 0.040

31.4 0.520 0.654 0.664. 0.547 0.116 710.5 272.0 104.1 0.042

36.9 0.515 06663 0.674 0.95 0.1199 7?4#2 277.5 106.3 0.041

3 70900536 0,62' 0:634 0*51? 0.117 b67.7 254.6t 97.2 0.041

4n,%2 0.959 065041 0.590 0.475 0*11.6 606.4 230.4 P.7.5 0.046

4 '.649 0052 0. 0 9j jj 4ý±~
'3.06 0.614 11*495 0.494 0.3992 0.111 479.4 1799.4 66.9 0.053

41.5 0.667 C-409 0.410 0.300 0.110) 362.9 134.4 49.(1 0.06?

50.2 0.103 0.352 0.346 0.248 0.106 V2129 107.3 39.3 0,070

Fpigre D1.39, Ocean optical properties (&heel 2 or 2).
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I OCEAN OPTICAL PROPERTIES - 520 NK
i SMTACATMM U. LAT'*V2 Kh Mi I1-N.2 I

"ja ItIIImIAmI

I~ HATt
'1 U1

VOWEM ATW.NUATIOI4 COUMCZNT, *MATKRU')
SCAMMUCN COIFFICENTo a ET115 1 I

Figure D.40. Ocean optical propmrties (ghost I of 2).
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ncehN nflPTcbL PROPORTIR S1 20 NM

SANTA CATALINA 15s. LAY 33-2742 N LONO 118-2940 _______________________________

0.li 0.116 0.1' 49 124.- 34. 15.4 Dell$
3%6 06759 0.AM 0.319 0.1)4 09105 146.7 93.0 11.4 0.101
5.1 0.IO7701 00.6641 06158as 0.106 177.1 0',31 22.7 0.094
7.4 00668 0.264 0.267 0.161 0.04 1OO.7 64,.7 23.1 0.093

13.9 0.793 0.111 00266 0.690 0.108 204*8 72.7 24.5 0.064

21.. 0.4.70 0.705 00768 0s647. 04121 as"60 3)1.9 12##0 0.036

06. 16. 1 '.

0,92 s66 O O O300.l 72o 280:8 .07.6 0.041

RIND 6 LTS ;!W ;_2;__________R_'0'4

43, ______________0__ 6_0.34_____--_______1______9.0______

Figure D-.40. Ocean optical properties (sheet 2 of 2)
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I OCEAN OPTICAL PROPERTIES -520 NM
UV CMAWALINIS. UTI WV.2 N# LaI Ul-9.0K

4 ALPHAI YICATs
~ADS

IOU ATIUTO LEFaINs MTR:1

IC'rMN 0PIU ~ TR
ABOPTO CO MNaInt"

FiguvU4.Na pia poete tutIo
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OCA -R ICA ___r____ sn W

SANTA CATALINA IS. LAT 31-21.2 N LONG 116-M9. W

4og 0.773 0.258 0.o260 Cs10.1S 0.104 172.8 61,7 29.0 0.095

9.2 U0.66 0.26' 0.267 0.161 0.104 1407 64.7 23.1 0.0903
10.1 0,7th1 0. O30276 Q* TO0 0.10 1 ~ 6Mo9 I4 op ?.0909

12.9 0.724. 0.323 0.327 0.219 0.108 25964 93.0 53.8 0,074
13.9 0.708 0.34)3 0,349 ns241 O..IQ 201.3 1036.9 80.7

I S.6, 0.652 o.1427 0J.433 0.322 0.111 3()209 146.1 54.3 0.059

1809 0.476 06742 0,795 0,63i' 0.120 6190 32'.1l 125.0 0.033

?1 .490 ()A7 0.800 .49h 0a.241 016s4. 358.4 157.0 0.034
27.7l 0141i 1.854 0!111 0.74~ 012'.jj 1900. 39. 1492.9 0.03'

3590. 13*4 ()t
30.e7 01441 0.722 0.734 00611 0123 909.7 312704 120.1 ol 0,034

k. 051 0. 90 IN.446 0.901 0,11 358o 24. 104.9 *0364
2'70 0 .54? 0.643 nabs7 0.749 041241004@96 397.6 152o2 0*034

1! M!;0 sz~6 ~1 7 !. T ~
30.7 04486 00228 0.694 06141 0.120 A0973 1260. 1202.k 0.039

3A7.A 052 0.576 0.989 0.469 0.1115 715. 2274.2. 104 Do042

'A d-7 0. 524 0 o,4h .4657 0.534 0.111 '..7 1450 6.6b 10 93. 0,09

32.0 0.523 04649 09359 0.200 00179 705.3 12380 45.7 0.069
39.8 0.712 0653J6 0.380 O,230 0.101 2.5 598'22.4 39. .04
t5,.7 -. 073 0,1 '73(14 0.2o,0 .". 1. o4. 0.07

11.1m 0.730 011 .39 021 . 290 8.0 42.3 0.067
42.0 0.681 0.23R 0.9386 020 0089 09~.7i~ 78.0120 4*7 0606

4F QJ~ igur D.413 0O371 n spia prprto 4,ee 2 )

U-------------M-------1--6-------9---W. 7.
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riCFA.N OPTICAL MIJIET11a -5120 NM

SANTA CATALINA IS. LAY 3"-27.2 N LONG 118-29.0 W
23JUN1975 1S05POT

ZIM) T(Il/M) ALP4A' AI.PHA SCAT ABS VSP3 VS16 VSF12 THTA*2bAR
1 .5 u.T 0z .1 O.Z94 0,18" 0;r1071 140 r7.5 90.0 0.084
2.7 06762 0.272 0275 0.169 09106 190.2 68*3 24.5 0.090
3.9 0,742 0.272 0.275 0.169 0.106 190.2 66.3 24.5 0.090
'6.9 5..8 ".29o 0.293 0.186 U0 21376"" , .7 =,84
5,8 0.740 0.301 0.304 00197 0.107 ?26o3 81.9 29.6 0.0 1
h.q 00731 0.314 0.317 0,210 0.107 243.3 88.4 32.1 0907$
7.9 0.721 0.327 0.331 0.223 0.108 260.7 95.0 34.6 0.075
8.2 0.712 0.040 0.343 0.235 0.106 276.6 101.1 36.9 0.072
Ag. 0.684 03080 0.385 6.276 0.10' 330.*1 121.7 44.6 0.065

1n.6 0.618 O.481 0.488 0.376 0.112 466.6 175.0 65.6 0.053
1 g, !17 0.113 01471 8,47 0,.9 !0j.jio0 09 76 0.049
S3.5 0,517 0.665 0,676 00548 0 A8 .726.9' 278, 6,70 1,
14.2 O.415 0.879 0.895 0.770 0.125 1043.2 406.9 158.6 0.03415.5 0.440 0.822 0.B3& 0.1 0,2 907,1 37, 4, ,•

163 0.q 01118 0.9R 60;! R1116FS4IM 01
17.5 0.351 1.048 1.068 0.939 0.130 1301.8 513.3 202.3 0,029
19. 0.354 1.040 1.060 0.93(C 0.129 128A.9 508.0 200.1 0.030

5 3 1.04 1 .062 0.933 Q- IM 129%*2 509.8 200.9 0#030
20.5 0.356 1.034 1.054 0.925 0.129 1280.3 504.5 198,7 0.030
21.6 0.366 1.004 1.023 0.895 0.128 1234.3 485.5 190.8 0.030
22.4 0.368 0.99 1. 0'e .... o!'(T 0.128 1226.1 482.1 10, Q.TME -
23.A 0.374 0.983 1.002 0.874 0.128 1201.8 472.L 1B503 ,.031
24.7 'j,3 67 1.002 14020 0.892 0.128 1230.2 483.8 190.1 0.030
26.2 O,381 0095T '6983 0.856 0.127 1174.0 '40'6 1006 0,03.
21.1 0.403 0.910 0.926 0.801 0.125 1090.3 426.2 166.5 0.033
20.4 0.399 0.920 0.937 0.811 0.126 1105.'1 432.3 169.0 0.032
29:6 0:431 0*82 0:8 0.123 9 ".3 3•. • -
30,f 0.436 0.826 0.840 0.71, 0.123 963.8 374.5 145.4 0.035
32.1 0.474 0.74h 0.759 0.N39 0.120 84.7 326;,5 126.0 0.038
33.4o -,7 7T,1 O 0.120 833.6 321.6 124.0 0.03:
34.8 0.490 0.714 0.726 0.606 0.119 79R.0 307.2 118 2 0.039
36.0 0,502 0.688 0.699 0.5A1 0.119 760.5 292.1 112.1 0.040
37.0 U.503 .6i 0;97 0.579 "rMl9' 7, 29" f",9=' I ,7 0:24U
3A.1 0.500 o.69. 0.703 0.585 0.119 766.2 294.4 113.1 U.040
39.1 0.545 '.608 0.617 0.501. 0,116 6&4ý4 . 45,5 93.5 0.0..
40.2 0f564 6.-372 .0.581 0.466 0.115 594.1 225.4 85.5 0.046
41.6 0.613 0.489 0.496 0.383 0.113 47796 179.3 67.3 0.053
42.9 0.671 C.399 0.404 0.294 0.110 355.1 131.4 48.6 0.063
44.2 0 .670- 04 01 0.40b 246 .1 357.0 132.1 48.1 0.062 -

45.3 0.695 0.363 0.368 0.259 0.109 307.6 113.0 41.5 0.068
46.8 0.693 P,36h (.370 0.262 0.109 311.3 114.4 42.0 0.068
47.6 0.689 0.37r --. rC 0.267 0.109 318.7 117.3 43.2 0.067
48.8 0.707 0.347 0.351 0.242 0.108 285.6 104.6 38.3 0.071
49.8 0.716 0.334 0.338 0.230 0.108 269.5 98.4 35.9 0.074

PAUSE READY PLOTTER

F~igure D-42. Oceun optical properties (sheet 2 of 2.
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OCEAN OPTICAL PROPERTIES -520 NM
IJ(A rATAM n, UT LAV31-INoUNI USIL*.0ON 4

4 0AALPHA a

I SCTi

ICTtq~ COFIIEa
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Figure D-43. Ocean optiesi properties (shoet I of 2 )
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EM~AN OPTICAL PROP§RT 189 520 NM

SANTA CATALINA IS. LAY 35-17.2 N LONG 118-29.0 W
23JUN19...5 1,56POT

4.9 0.724 0.32 03127 0.219 0.108 20554 93.0 33.6$ 0.076

8*1 06667 0.405 09410 0.300 0.110 342.9 134.4 49s6 0.062

11.3 0,523 06648 0.658 0.541 0.117 702.3 268.7 102.8 0.042

14.0 0,422 00662 0.178 0.754 0#.124 1016.5 396.8 154.5 0.034

0.! N19 Ht 'HY HN 0 l 0. 32 140.3 554.2 219o2 0.028
17.? 00335 1.094 l.115 00984 0.131 1372.? 542.7 214.5 0.029 -

9.6 0. ~ * 1.27 0.96 .13 191. . 217.6 U.028
21.0 0.363 1.012 1.031 00903 0.129 1246.7 490.6 192.9 0.030

24.1 0.370 0.994 1901.2 0.884 0.126 1218.0 476.,7 148.1 0.031
2k.9 0.3.78 0. 971- 0,991- Q. 8 6 0,122 118.9JJ. 164j 1§ 2 .6 ~ 2AXI
25eft 0.376 0.978 0.996 0,669 0.12.6 1193.8 468.6 164.0 0.031
27.1 0.36 0.990 0.967 0.840 0.127 115007 401.0 176.1 0.032

10.0 0*447 0.606 0.620 06690 Oddg 934.1 362.4 140.0 0.036

- 32.0 0.491 072 0,4 2 0 .120 824 3AB00 126 4

36.0 0.506 0.66 0.692 0.573 0.118 749.2 287.5 110.3 06041
17.1 065.96 09643 0.653B 0.535 0.17 :514!! 13, 1 10* QjO
I164 T 07To5s4 0.445 :~i 0. 3 4 87.5 U.04a
39.0 0.5v5 0.510 01526 0.412 0.113 51861 195.3 73.6 U4050
4ith ~ iJ4 ~ 047 .6 0.112 451.4 164).0 -43.2 U---.

0~Ih. 1 .49 0309 0.110 374.6 139.1 51.6 0.061
42.1 0,676 0.S92 0.397 0.287 0.11.0 345,4 127.6 47.1 0.064

4M.2 0.695 0.363 0.e366 0.259 0.109 307.6 113.0 41.5 0.066

4R.5 0.712 0.340 0.343 0*235 0.108 276.6 101.1 36.9 0.072
49.6bS 0.725 P632 0.325 0,238 0.107 2537 922.3 33.6 0,07Q6-

Figure D-43. Ocear. oplical properties (sheet 2 or 2)
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OCEAN OPTICAL PRUPERTIES - 320 Nm

SANTA CATALINA IS. LAY 33-2?9. N LONG 111-29.0 W
23JUN1975 15,16PT,

S..... 4J)T(|.) 4Pi* AP4ASCA A J VS 3 2 A VP2 AeB..

3.5 0.717 0.333 00$37 06219 0.106 167.7 97.7 35.4 0.074

6.2 0.705 0.349 0.35? 0.245 01,08 2692, 105.9 36.8 0M071

9.1 064?1 0.445 0e45% 0.340 0.111 417m, 15567 56.1 0005?
10.1 0074 0.555 0.543 0.449 Ool0 169. 215.1 6117 06048

119• 0.491 04712 0.724 0.604 0.119 795.1 306.0 117.7 0.039

15.2 0.421 O.865 0.410 0.756 0.124 1022.0 391.2 155.1 0034

10.1 0.345 1.065 1,085 0.955 0.130 1328.0 524.2 206.8 0.029

21.3 0.342 1.073 1 .094 0.964 0131 1341.2 9290, 209.1 0.029

24.3 0.434 0,835 0s850 0.726 0.123 97713 380.0 147,7 0.035

3,Z• 05914 0,864 0,6Q0 0
M60 0,40 0034 0046, 0.626 0.120 87S.6 319. 123.0 0.038

U!1711 0,;!l 1, 1 ,11403 OjYO 0, • 0 Oil,7 1 9 , 6 0 !9 UOOq9

30*8 O.491 0.712 0.724 0.604 0.119 795.1 306.0 117.7 0,039
3 04 0 00 ,119 0!76611. 8 1! 91 O __g

33. .43 l09Ai9 .0_ab
34.1 0.526 0.643 0e651 0.535 0l.17 694o3 265.5 101. 0.042
"3-"-0!161 0.672 0.554 0!11;4 7.4 4 1.8 0,..4
37o4 0,557 0.eS5 0.594 0.47a 0.116 811.4 232• 188.2 0.0•6

0.636 0,191 0!11 0#, 0!::9 "96 .0

.S4 a1.,6 O?.5 !1,41 03• 49W.4g•, S1• 1|, 0,02

3.5. 0.9 009 0:36 0 H2 95.4 86.3 0 0.0

40.§ 0.809 0?.496 0.503 0.9 0.11 3 , 486.5 las 68.0 0,052

449. O.636 0.453 0.459 00348 0.111 428.0 159.8 59.7 0.056
41! 01.6, 0148t L.431 4. .059IO, 0, 4 00.1 4 0, 0.699 0 361.0 49.0 0.062

47.5 0.672 0:398 0.403 0.293 0.110 4 353.1 1306 48.0 0.063

11.19 0,i , ' 0. 82. 0.119 3• H, 9o0,4
PAUSE READY PLOTTER

Figure D."4. Ocean optical properties (&hoot 2 of 2)
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I OCEAN OPTICAL PROPERTIES- 520 NM
W A CAt.LfA. ,TI * .-2, N#' L ,Ol UI- 9,0 N

4 
ALPHA

TISCATI 10 ABS

1 "

I U

VOLUE.M AT1KNUAT!O*r C• coKrPrZCZENT , €a ( It TIR8s')ICAT'IRZNO COEFFICIENT, 
(ME.tMRS.)

ABSORPTION COIKFFCZCNT, 4(/TERSt)

I
Figure D.4 , Occuli optical ptoperties (&heet I of 3),
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OC!AN QPTICAL PROPERTieS - S2 NM.

SANTA CATALINA IS. LAT 33-27T, N LONG 118-29.0 W
23JUNI975 1607PDT

1,!jIS"1 A IITA",6*8AR0* 0' 89 0,- 70- 7- 6 0,0 Ol q 3 8 7 1 7 3 4 . ' 6 7

3*2 0,677 ;.390 0*595 0*286 0*110 343*. 126.9 46.8 0.064
4.1 0.662 0.412 0.415 0.%Q7 0.110 172.5 a .l a .1 0f,061
4,7 0.659 0.417 0.422 0.312 0*110 378G8 140.6 52. 0.060
S.? 0.622 0.475 0481 0.369 0.112 457.9 171.6 64o2 0.054•.• .5? 0,4• 0556 0.42 011• 60. 21.0 0.2 0.04a !

: ... 5• 0 0.04•34 a
8.5 O.499 0.694 0.705 06567 0*119 769.0 295.b 113.S 0.0409 #4 0 , t W 0 * 47 6 1 0 # 1 9 6 4• T 2. ; 1 ,8 6 ' 4 1 . * ? , • 3

11.3 0.349 1.•04 1074 0.944 0.130 L310.5 516.9 203.8 0.019

+j. j:1181.l 1.136 1.005, O.13Z |40i*0 jj36.8 111!t 0.0:8 "

13.9 0.339 1:082 1.103 0.97 1 0.31 1354.6 SBSOZ 2It.4 002I•, 0331 1.06 ,I7 09 0.O131 1354.6 535.2 211.4 0.029

16.3 0.352 1.045 1.065 0.936 0.130 12q7.S 511$ 201.6 0.030

IA.7 0.410 0.891 0.907 0.782 0.125 1061,1 414.2 161.6 0.033
19.4 0,420 0,867 0.885 .-0.711 0124 1025,. 399.7 155,•.. ,0
20.4 0,42 0.793 0.807 0.685 0.122 914s6 354.5 137.3 0.036
21.0 0.473 0.749 0.761 0.641 0.121 848.0 3271. 126.5 0.038

HS . 0.499 0.696 0.810i 0.5u9 0.119 71.9 296.7 114.0 0.040
23.4 0.494 0.706 0.718 0.598 0.119 786.3 302.5 116.3 0.0404•.0h o8, 0 9 . 09 R0.190 0. 1 57 . • ,p 11 .

'- 4.• 0. 03 . 686 0.s9 2. 7 0 t ?. 90.9 111:1 •- 0.0 40 ""

25.2 0.517 0.659 0.670 0.552 .18 7100,7 275,3 105.4 0.042
26 .6 0.501 0.ao i.01 0.293t2 7.', I ,-T7 . F 0 .53 5 O.f . 36 0 S g 0 . 1 7 . 2 55. 9 g?4 .0 3

28.5 0,544 0.610 0.619 0.503 0.116 646.9 246.5 93s9 0.044
29.8 0.546 0.600 0.615 0.499 0!116 641.8 .4, 9;.1 0,0j4

T1 -547 0.'~ 6 0r- .612y .46_ 016 667 224 9. .W
31.7 0.549 (1,599 0.608 0,4Q2 09116 6ýlsb 240.4 91.4 0.045

0.61 .3 2 5.5 0.044
34.2 0.55S 0.508 0.597 0.451 0.116 616.'. 234.3 89.0 0.046
35.1 0.570 0,562 0.570 0,456 0.115 579,4 24196 83,• 0!047

3h.9 0.630 0.462 0.469 0.357 0.112 440.7 164o8 61.6 0.055
37.7 0,642 0.442 0,448 0,337 0.l1l 413.4 154.1 57.4 0.097 7
35.2 0.652 o.427 0.. ' 0.322 0.1LI371,-T .'-" . ',
39.5 0.672 0.395 0.403 0.293 0.O10 353.1 130.6 48.3 0.06b
40.3 0.663 0.41 0 6 0. 1 7 ... 0.061
41.6 0.689 .. 372 0 .3 4 * 0.06-
43.0 0.684 0.380 0.385 0.276 0.109 330.1 121.7 44.8 0.065
43.A 0.690 0.370 O .375 1.266 00.IO 116.9 11.6 42.9 007

Figire D-45, Ocean optical properike (&hoet 2 of 3).
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44A& 0.110 09166 0.391 0*a81 09109 137.7 12,46 46&.0 0.045

I 4"N .&0 0.375 0.379 0.270 0.109 3111.5 111.1 43. 7 0:066
4701 10~4 OSN 0.0511,

41a&1 0.704 0OAR MIS5 0*246 0.106 291.0 106*6 I . 0.010
46.9 0.705 0.349 0*353 00a45 00koe 16902 101.9 36.0S 00Ofl

50.0 0.709 00~44 0.346 0.240 0.1toe 282.0 103.1 3?.? 0.072

-&9
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a -n epi ory T CAL anR.!Ir "rw 520 NMwn fVr 7-W~'n.

SANTA CATALINA IS. LAY 33-27.2 N LONG 116-29.0 W~

5s. 0.491 0.366 0.371 0.261 0.109 313.1 115.1 42.)1 .0007

9%2 0.648 0.433 0.439 0,326 0.111 401.1 149.3 $1.5 0.096

? o6 0&404 0o442 0.331 '1-112 492 109 9. 0.06

,qU 6" -- * -- 0 ;

l11* 0.402 0%907 0.114 0.401 0.111 101,.2 18900 71.1 00091

14.7 0050 00597 0.6i04 0.490 0.114 629.0 239.4 91.0 0.045

17.1 0.505 06462 0.693 06575 0.119 712.0 266.7 110.6 0.041

29.0 0.411 00266 0.9040 0.719 0.12 097.58 341. 141.0 0.03)

31.? 0 39 RA fl *,12 0.!71 .11 0.1 6 1 I10 t. 3 . 4 . . 3

2327 0.311 0.940 00904 007 Om 70o 41* 110 s

26344 0).361 0.1 0099 3401 0.710 0.123 19938 370.1 143.8 06031
27.A 94.5 071 0 ,404 00 8!1 0 jU1! 2j !"-.

i 2 9 6 0.643 0 *1 6 ~.h 0.117 94.3 265.5 101.5 U@042
Im.7 0:557 00P!, 0,594 0.476 0.116 611.4 23203 86.2 0.046
40.3 0.560 0.545 _N...A& .1 1

0 ý &S 4 RU; 11' .

41.5 0.622 0.47D 0,011' 0.369 0.112 457o9 171.6 64.2 U.054.

48.0 0%663 0:411 0.416 0.306 0.110 370.31 137.1 11.0 0.061

ReI ILfl f 11. 0 16

Figure D-46 Ocean optical properties (sheet 2 or 2)
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OCEAN OPTICAL PROPERTIES - 520 NH
WTA 474ATM.,•Mh. UlT1 J WIJN; NI H U , N

0. Ofl7 4 ALPHA a
0 O,1711j (f,1,P!) , SCAT

*a0.1035

V 4 *0,2312(2039 PDT)
III

• 0,180T

I I

VOLUM ATTIrUATZON coap!ZrIN . a, (m gM 1 'm )
CCATT0IEPNO COIFZCZINT, I FM6TIMN

ADSORPTION COIFFICIUNT, Z 111-")

Figure D,47. Ocoun (optical proertieas (aheet I of 2 ),
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- OCIAN OPTICAL FRUfERJALU~._Uk~f bM______

SANTA CATALINA IS. LAT 33-27.2 N LONG 118-29.0 W

4.0 0068 0.272 0.275 0*169 0.106 190.2 60.3 2461 0.090

6121 0.:715 0*278 04601 0o175 0.106 190.3 71,3 21.6 0.008
7e1 00110 0.287 0,290 0.164 0.106 209.7 79.6 27.2 0.005%

Is, I. gl9, 001 01 0711 H910:13311 0201717
9.6 0.714 0.337? 0.341 0@433 0.104 273.0 99.7 36.4 0.073

11.9 0,605 0.379 0J304 0.274 0.109 320.2 121.0 44,6 0.066

14.4 0.613 0.416 0.464 0.352 0.112 434.4 162.3 60.6 0.056

160A 0*629 0.464 00470 0.358 0.112 442.9 161.6 61.9 0401f

1903 0.645 0s438 0*444 0:331 0.111 407.1 151.7 56.1 0.050

~2.1.610586 0e471 0.1 615 226.4 66.7 0.046
24*4 0'.9465 0&606 0.617 0.001 0.116 644.4 245e1 93,1 0.044
"ji. Af.Z-g 1;&641 0.651 0,114 0.j117 691-6 264.6, 101 0 8.041
J'S.n 0,W is 0.610 0.661 0.530 0*115 715.0 174*2 104.9 0.042
26,9 06447 0.700 0,711 0.592 0.119 777,7 299.0 1140. 0.040

29.4 00407 0.496 06914 07089 0.121 107240 41807 163.5 M.0S

31.9 0olb29 0.046 0e$61 0.034 0.124 994.3 366.9 150.1 0.034

34,4 o.#436 0.630 0.645 0.722 0.123 470. 377.1 146o.6 0MIS

37.1 0 f6@4 0.726 0.738 0.616 0.120 015.7 31L4.4 121.1 0.03937 9 0 40q Ot2 00 0 111 .7 _N1k9
tr" T, 656 4161-0. 00: 1 I 0 W1lO911. 04

39.7 04114 0.624 0.638 06591 0.11? 673.0 256,t9 98,0 0.043

4202 06939 06619 0.620 0*511 0,117 65990 2511.7 9640 0.044

44.0 0.452 0.594 0.603 0.467 0.116 624.0 237.3 90.2 00045

419 0;172 1o14 0 311t 0. 442 !0.1 64.6294

50.0 0s62S 0.470 06477 0.365 0.112 491.4 169s.0 631. 0.055
- .PAUSE RIADY PLOY'rIR

Rpm1, D-47, Ocan optical pfopertles (sheet 2 of 2)
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I

I OCEAN OPTICAL PROPR•RIIES - 520 NM

SANTA CATALINA IS. LAT 33-27.2 N LONG 118-29.0 W

0,!8,115 P114 ALPHIA4 6S V~ j A ;t
] . 0 0 . 8 0 0 2 7 - 0 o21 9 . . 0 .1 1i 0 9 h A0R X j, 1 ,, 0 .1 6 •

3.7 0.813 0.207 0.209 0&105 0.104 111.7 39.1 13.6 0.12?
1 6 OZ6 0.Yi7 0,117 fjq(, 0:1• 1Z, F5075.9 0.10 220 02200,8 010 5 4.9 .

7.3 0.798 0.225 09227 0.123 0.105 133.3 47?0 16.6 0.111

; r ~~.5• o.7A, 0.236 0.239 o.jj ol o,ý. zo 1. ~o

I0.n 0.794 0.243 0.245 0.140 0.105 154.3 p4*8 19.5 0102
12. 0. 7 9? 0.246 0.249 0.144 0.105 158.9 56.5 20.1 0.100

131 0-7 .24&l 0.2-50 0.145 tTr~fý19 0 .4 57.1 2.90-.MWT
14.7 0. 17o 0.262 0.264 0.18B o.6l 177.5 83.5 22.7 0.094

il.3T.n n7;, 0,2 0L.3 £ 2, 7.' ( .1 _. 36. 0 . .
1B.5 0.675 0.393 0.398 0.289 0.110 347.. 128.4 47o4 0.063
19.H4 0.592 Qe2 .3 .1 00114 -3?7.3 198.9 75*9 .. QjAj*
8.0 0.559 0.581 o.590 0.475 0.115 606.4 230.4 87.5 0.04b
22.4 0.510 0.673 0.684 0.5'65 0.118 738.0 283.0 108.5 0.041
P3.7 o,.O4 O.PV' 0.704 0.12.; qt3•. *6•J2.2 0.039
24.*9 C..0 , .XgL17 0-.W80 0.758 0.124 1025.5 399.7 155. ý0.03426.2 0.428 0.849 0.864 0.740 0.124 997.7 3638.3 151.1 0.034

P7. 0.6 .72 07 t0663 (I4t12 1 8,1Z.8 __ ______t___l-U-

20-.8 1) .47~ 0.744 0.757 0.636 0.120 842.7 125.3 1ý5.5 U.U36M30. 0.471 0.753 0.765 0.645 0.121 854.9 330.2 127.5 0.038
1 .. ? 0 .,. 7 0.761 0R, 774 0.53 0.121 867. 335.2 1.9.. 0,3

!348 0.6180.1I20 81. 344 7 20 0.0319
31.9 0.490 0.714 0.126 0.606 06119 79A.0 307.2 11.e 0.049
___._ 0.521 0.65. 0.662 0.545 04118 707.8 270.9 10.6 0.042

'7.P 0.557 0.585 0.594 0.478 0.116 611.4 232.3 88.2 0.046
39.0 0.585 0.537 0.544 0.430 0.114 549&6 2051: 7 7.6_(q L)42

40.4 O.Psos 0.537 0.44 0.430 o.6 -ff - 3'776 0.04941.7 0.5Q4 0.520 0.527 0.414 0.114 .?0.4 196.2 73.9 0.050i3.0 0.o 5)9 0.512 04519 0.406 0.113 509.0 141,' 72.1 0.051

] 49.6 0.634 n.456 0.462 0.351 ".L1 432.2 16. 60.3 0.•5h
46.q 0.677 0.390 0.395 0.286 0.110 )!•3 t 5 i8.P '5 9 6.8 006.4I".1 0.65 TS ---.-'4 0.274 0.109 323.2 121.0 44., 0.066

49.4 0.bA7 0.376 0.381 0.271) O.10c) 324.4 119.5 44.0 0.066
Sn.7 0.6R2 0.383 0.388 0.279 0.109 J'.9 12362 45.4 _"00__.

PAUSE READY P LUr'

II

Firgre D.411 Oc•:n optl%;al properties (sheet 2 of 2).
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OCEAN OPTICAL PROPERTIES - 520 NM
WA CTA1MN IS. LATI 33-V.2 K; LUO U1-"29,0 N

.4

0' JJ, li•l i guu t

4 ALPHA .

I SCAT u

-U

1'0 L,.

VOLUMI ATTENUATION COEFFI'CZENT, (WITERS")
SCATTIERNO cOEr'TCZENT, i (AnTRs'|
ABSORPTION COEFFZZCINT, v (!'rrumr")

FiguIr 0).49. Ocean Ol•iil properties (Sheet I of 2 ).
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. .CEN OPTiCAL PROPERTIES 520 NO

, ' SANTA CATALINA |$,. LAY 13"aT2T LONG 162*

24JUN1975 A222POT N _ _ _ _-_ __0_ _

M INN ...... MR ... afr1.I ZIM) T~1#M) ALPHAI'ALH SCT .S .... •P,•P6 VS12YMITAS,•AO

Sol 0De1a 00201 0,205 0,099 0*104 104.7 36.5 12.7 0.127
"h S 0 !l4 0•18 11A0 0,lib 004 H! 1. Hi,8 15 A0.111

9 5.3 0.793 0.232 0.234 0.129 0.109 140.7 49.6 17.6 06107
8S MH2 0,7N kill8 0,80I.M M&.10 111.2 il3 '.. 01 0 I

8*4 0.786 0.240 0*242 0.157 0.105 151.5 15.7 19.0 0.105
9.5 0.776 0.251 0.254 0,149 0.7 105 17.10 56.7 20.9 0. 09
1111 0:752 0465 0,288 0@181 0.106 206:4 74:4 26.8 0:06

H" •.81 I,6.1 0. 1H 0,166 MY5 '01',1009 HIS, 112,! H'1 4 O.2 '010.6 0.7•3 0 53 0.*4 9 0O448 0.6'1 428.0 1 9.78 59.0 0.056

i9 INN_ _09H__ O___i _____ __1____•t_9 __1- 7646 9:1511

18,1 0,470 0.755 09766 06647 0.121 658.0 331.5 128.0 0.038

21.3 0,421 0.865 0.080 0.756 0.124 1022.0 398.2 155s). 0.034
M224 0.451 00797 0*811 0.689 0.122 921.1 3;5.! ,13,34 0,036
23o3 0.465 0*769 0.778 0.657 0.13L -87345 331~1
24*4 0.474 0,746 0.759 0.639 0.120 84507 326.5 126.0 0.038
11S, 0,46 o 09 1 0*661 0.12 1 11 4.0 4 19.0 0.037.1 .;, o i .Il 3 321.7 1 85 03.13
27.•5 0.458 0.780 0.793 0,672 0.122 695.4 346.7 134.2 0.037
1 . .6 0.497 0.700 0.7 1 0.592 0.119 737.7 299.0 14;O9 0.040

9 .5 0860.7 1 0U3 0.j bl 6.11 603.61 30.,6 J .1i~o30.6 0.492 0.710 0.722 0.602 0.119 792.1 304.8 117.3 0.039

33*7 0.524 0.646 0.657 0.539 0.117 699.6 267.6 102.3 0.042

36.8 0.564 0.572 0.581 0.466 0.115 394.1 225*.4 85.0 0.046
S:137.9 .5 •. , . 04,3 . 0. S4Lj 204.5 7 7 .2 .0.•2.11 39.0 0.594 0.5220.529 0.416 0.&14 '522.7 197.1 74.3 0.050
39.9 0.612 n.491 0.498 0.M OelI3 479.8 18047 67.6 0.053421',4 ,3 "0. 4 40 0.340O5 [••1 [O, .. S, .S

43.2 0.655 0.423 0.428 0.310 0.111 386.3 143,7 53o4 0.060
44.2 0.659 0.417 04,2V 0.312 0, 1 78

m-5.; II0.676 0.392 0.397 . 0. 0 10 454 127.6I 40 01 I"

4:4. 0.660 0.386 0.391 0.261 0.109 33707 124%6 46.0 0.065
4j.!; 0.609 0.327 0!31 0,267 0.109 50!,7 180 4?, 0 6
49,7 0,724 0*323 0&327 0,219 00108 255,4 93.0 33.8 0.076
PAUSE READY PLOTTER11 -

Figure D.49. Ocean optical propertie (heet 2 of 2).
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OCEAN DPTICAL PROPERTIES - 520 NM
MA N TAML IS, LAU. UTI- .2 eII t 8-2PO I

a4-i! i iPM i i, i i,

4 ALPHA

I SCAT ,

100 AM

I.

VOLUME ATTK"UATION COIFFICZENT : (METERWW')
SCA"EZRING COKFIPCZINT# a (MI"UMRS')
ABSORPTZON COEFeZCIINT, ,TIR"

Figure D.50. Ocean opticul pi opertles (sheet I of 2).
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fnCEAN OPTICAL PROPERTIES - 520 NM .

SANTA CATALINA IS. LAT 33-27.2 N LONG 118-29.0 W
14 1.= tic-oppy

4.3 0.614 0.206 0.20! 0.104 0.104 110.3 36S. 13.3 0,123

r ,*fi02 0.222 0,11 OeI04 127.5 44,9 15.8 0,114
7.9 0.799 0.224 0.226 0.122 0.104 131.9 44.3 16*4 0.111

11!4 0.H 8111 SIR HR NN , H " I 1H 0.100.
L11. 0,758 0.277 0.210 O0?14 0.106 196o6 70.7 25.4 0.088
12.7 0.70 O 0,t 0, 10 22.9 10O, 9,3I T,. 0,668' "0". 0 , 409 O, * 1 ,L0 361.0 1)33. •9.5'006. .

ISO3 0,648 09433 0e439 0.,'3 0.111 401.1 149.5 63.3 0,058

ilt, g 0 9 :)-0•3 '0:11? OM! 'NH114 211 191,1 T406 .... 0,S 0 9

14.9 0,332 0.594 0,603 0,487 0 116 624.0 237.3 90.2 0.045_ 0 * 0. 39 0.8 . .6E .I1 Oi. i+ +I 6 3 3.9 S 6  96.0j 0.044 i'• ;
0 O 21,7 13.7 -0.03 0

22.9 0.443 D.el$ 0e&29 0.706 0.123 947.2 367.7 L42.7 0.030

47 -6345.S4 0.035
26.6 0.465 0.765 00.77 0.657 0.121 8739. 337.8 130.6 0.037
ýMO 0 49' 0t~lfa :1,9 4:

0-.19 .... 0., 0, 40.2048 7130.042
3 30.3 0.022 0.60 0.6bO 0.343 0.118 703.0 269.8 103.2 0.042

~ 7~ . 28.5 19 1j 0,041
HS. 0!.35 g.8126' 0.Y3 0.1 0.17 170 515.19 17, 0.4
34o4 0.538 0.620 0.630 0.513 0.117 662.S 23207 96.4 0.044

0.4 2,,.3 69.0 0..4* 11
"W-4 15---6. . . 0&.434 0.11 4 548.3 207.3 78.3 0.049
38.1 0.601 0.309 0.516 0.403 Ol.3 304.4 189.9 71.4 0.051

42.0 0.633 0.496 0.466 0.352 0112 434.4 162.3 60.6 0.056
43.3 0.662 0,412 0.416 0.007 0.110 372.A 138. $H,3 0.06L
;47 "M M9 0.386 0.392 0 .28 .13 9 -" * 46.ff

46.0 0.673 0.389 0.394 0.284 0.110 341.5 126.1 46.6 0.064
I "--•;,'-'G.'l•-•o 0.07 0.9; ,i s.0" 9 49. 0.062 -

549.9 0.674 0.395 0.400 0.290 0.110 341.3 129.1 47.7 0.063
PAUSE READY 3LUTTIR

II
I

Figre D.5O. Ocean optical properties (sheet 2 of 2),
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OCEAN OPTICAL PROPERTIES- 520 NN
NTATALICAS a. LATI 3-,2 N; Nt LU-•, IN

4 ALPHA ,

,SCAT.

SCAT11INSC01FFIUN ~ MIS

,'V

4' 1

D-0

.. 1

Flipare D.51, Ocean optical propertiosmzhoet I of' 2)."
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OCEAN OPTICAL PROPERTIE - 520 NM

SANTA CATALINA IS* LAT 33-17.o N LONG 111-29.0 W
24JUN 1975 1310P0T _____________________________

3 2M), M .ALP;4A ALPHA SA; . S I .. V0f6 lFj THA*AA

020 0.204 1 14 370
443 0*809 04212 0*114 09110 0.104 117.4 41.1 14.4 0.119

a9 j 50~ F4j .gj,
4*$__ ~ jj §!0 _. 1 % 0.!20 ,16 0.104 2 4 jj 4 , 14_0,3

6 0$ 0,79 7 0,22 7 0 4229 0 sl24 0,10 5 134.0 47 66 Lbl 0 0110

1:1 0M263 1111 0510 0kill 0,0:111 3, 6HIM IM Alt9 1 N
10,0 0.030 04315 0.319 0.211 0.107 245.0 89.0 32.3 0.073

1.1.1 0.5 0.393 0.393 .oj 0!11o 1547.3 ; 2l,4 47.4 o 0.03SI 2 .0 .. . .• h • 0 .470 0.4T 7 0 . 65 0. ! 12 4 .4 169 .0 63 .2 0 *0os s

13.1 0,612 O.491 0.498 00385 0.113 479.8 160.2 67.6 0.053
1l,1 kill 811 0 k6 0,1 .... 4 ,:2H ONH HL-4,1 ! 2, 8i. 0,0 Reg __.

16.3 0.521 0*6.2 0.462 0.545 0@118 707.6 270.9 103.6 0.042

19.2 0,460 0,776 0.789 0,668 0.121 869.1 344*1 133.1 0.037
2103 0,410 0;191 0s901 0.732 0.12 10611 41lj 61!9 0

20.1 1 0. a 0.9 0.91 a I6 al., Ial
2203 06433 0.837 0.652 00729 06123 930.7 361.4 148.2 0&035
23.2 0.431 0.842 06857 0,733 0.123 9!j, 6 114!1 149.4 0.035

244 0.5 00791 0.6004 0.693 M.22 35. 13606 0.036
25.4 0.464 0767 0.780 0.659 0.121 876.6 339*0 131.1 0.037

26*) *31 0._ 669 0,. .•. . 0,562 0, 81 7•2,4 80o 8 107.6 0.0o 1

j7,Z 0,59 0,6T6;9 0,6 0, 0,16 1 7 l, 51,7 60 0,041.4
26,4 0.553 0.592 0.601 0,435 0.116 6421. 236.3 69.8 0.045I ...•,• 0.546 0.5.o.9 0.. 77s? 0•.4 o55s 94. U3.5 4.7... 0,. 0 47

9! 0,556 1 ,06! 0,195 916 8.916 61Ril 2H3. '68,6 W 9041
31.5 00534 0.628 0.638 0.021 0.117 673.0 256.9 98.0 0.063
j2.• 8%g• 8,61• g0,62 81 8 0,S04 411 !149S 2•, 9•t] 0,014

)•.h~ ~ ~ ~ ~ ~~ ~M' O,4 0,9 ,0 ,9 ;1 2. •, 0 04045 -

34.5 0.555 0.568 0.597 0.481 0.116 616.4 234.3 89.0 0.046

0.547 0 1 0,!40± 0.1 557.8 211.0 79.8 0,048
, ,60. 0,502 0. 509 0936 U), 13 495.4 186.3 70.0 0.052

37,7 0.614 0*488 0.494 00382 0*113 475.4 178.4 66.9 0.053

Hj 0,638 0,450 0,456 0,35 0,111 423.8 18.2 S9.0 0.cls?
39.7 0.646 0.436 0.442 0.331 09111 405.2 150.9 56.2 0.058
40e7 0.660 0.415 0.421 0.310 0.110 376.8 139.8 51.9 0.061
410; 0. 0 3 386 O 0109 O32.0 22.4 4.1 006

0.36 0.26 0.09 303.91 . 11.6 4 0.9 U.06•

43. 0.688 0.375 0.379 0.270 0.109 322.5 118.8 43.7 0.066
4;47 0.68 0.382 0.386 0. 77 0.109 0&4;1 0.68 0!312 086 0.77 0.109 0 41 0!0

46.8 0.673 04396 0.401 0.291 0.110 351.2 129,9 48,0 0,063
47.9 0671 0!;99 0,40 91 0,110 35;,4 11.4 48.6 09063

01.9 6.U 1 3511 .2 w. 48.0 6.063
49,9 0,677 0,390 0,395 0,28b 0.110 343.5 126.9 46.8 0.064

PAUSE READY PLOTTeR

I
|I Figure t.S 1. Ocean uptica properties (sheet 2 of 2)
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OCEAN OPTICAL PROPERTIES - 520 NM
SANA CATAUN D. LATI W3V.2 No i' UNI L 9.0 N

4 ALPHA

IICA
4'N

B 0 ig ~ ~ I I ~ , I Los

VOLUM ATT1UUAT:ON COMMZCENT, a(MET1RS')
SCATTKNING COIPPZCZINT# u (ITIRS I.)
ABSORPTION COMIPCINTe M itsTR')

Figura D-52, Mcean upt~cal vropertieS (51100t I of 2 )
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OCIAN OPTICAL PRUPFRT1ES 520 NM

24JUL1275 1314PDT

2.1 0.882 0.412 0.416 0030? 00110 372.1 13863 $1.$ 09061

6.0 0.610 09478 0.485 0.37a 0.112 462.1 173.3 64.9 0.054

10* 5 0.58 69 l .5 0 *0.43 0.423. 0.114 543*.1201.7 77. .0*04

116 0.593 0.511 0.531 0.417 0.114 $a5.0 191.0 74.8 0.050150i 45 IU U09F 1 SIs 5413 2 .a (6 ~~
14.6 0.680 0.497 0.504 04391 0.113 488.7 145.7 6940 0,051
1.1 0!4;% 0.IL,.~ .3E 0. j t 17 4.413 0'

17,1 1.617 0 461701 3 03 . 47 1074! 11 62. 4
1809 09630 0.462 0.469 0M57 04112 440.7 184.8 8106 0.05

23. 0.701 0.355 0.359 0.151 0.108 298.5 101.7 39.9 0.070

321 0785 02686 0*271 0.185 0.106 165.4 66.5 also 0.091
" ;N3.8 0,7 0 0.m,20 _________I__Nil_______________

3N5. 0.793 022 0,4 *1 091i.... 05 140 496 Ilob Os0

31.5 0.701 0.222 0.224 0.I19 0.104 140.7 49.6 1660 0.107

45.4 0,609 0.202 01.214 0.110 0.104 117.4 41.1 14.4 0.119

4Qg~q OPA12 0.408 O.210 0.108 0.104. 113.1 39.8 1308 0. 122
PAUSE READY. PLUjTTIR__________

Figure D-52, Ocean optical propertlie (sheet 2 of 2)
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OCEAN OPTICAL PROPERTIES - 520 NH
MAIUAATM,,IA . LAUP W'., No . tUII.O N

4 A.LPA a

I SCAT

I

4'.'

N1

VO@LW, ATTINUATION COUPICZKNr so (MI'IRS")
SCAYMMINO COIPI'PZI[NT, I SIEThRS"1
ABSORPTION €COIRFPPRNTo i 4TI[RwS

Figuro D.53. OScual optical properties (thcet I of 2).
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OCEAN QPJICAL PROPERTIES - 520 MM -

SANTA '...TALINA IS. LAT 33-27.2 N LONG 118-29.0 N

i . j....1975 1,1 PDT

lIM) Tff/N) ALPHI* ALPHA SCAT h1 ! VIPI VIPA VII2 T TA*20AR

so333.9 123.2 45.4 0.065
2.9 OSO 0.661 0.691 0.55 019 75.O 21180 110.6 0o04l
6,2 0.56 9 .0064 Oo.5 0*647 0.119 1m*.& 26. L 1366 .094

"10.6 0.*93 0.940 0.541 0.434 0.114 5*4.3 207.3 7?.S 0.049

1 s o 0.9 '0 ; 0 .5 1 7 Ol 0.114 525.0 980 74.6 0,50

1loo 0.631 04,01 0.467 0,455 0,112 4386. 16440 61.3 0.005

S0 11 WS i l M110 1~4| 11 4 4 6,1 H6.31 0.0 9
2).3 0e649 0.432 0.437 0.327 0.111 399,0 141.5 55e2 0.059

1, SIN7 Oh O1 0 .HI 11 1 1 961 k124 46.3 O.064
27.6• 0.69? 0.360 0.365 0.256 0.109 303.9 111.6 40.9 0.064

32.1 0.726 0.316 0.321 04114 0.107 246.5 90.3 32.6 0.077
3 040 0.17 0.106 1 900 71 .0 Si.9 0.0a9

0.A4 a 6.

39 0.8 7 0.9 029 0.41 1T.7 53.1 id.s 0.103
""41, 0.6790 03e 0.237 01o33 0.105 14o2 91,46 180. 0.105

I 4•7*6 0,679 0.20 0.24 0*29 0•09 30.9 4.1 1. 4*.46 9.16. 0,11
, 9:8. 0.01 '.0!1 0.93: 129. 0,R 45.o4 160 0.0113

4.95 00,12 0.208 0.210 0.106 0,104 1131 39.06 13*. 0.122
H9. .8Bl Ol ,11ý NN0 9!194' H HIS 0, 4,0' '0*11l*1 OR¢• 021 ,1 gi: 0,104 12, 2T I, 0:121

PAUSE READY PLOTTER

I

I i ~ Figure D.53, Ocean optical propertlee (&heat 2 of 2)
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OCEAN OPTICAL PROPERTIES - 520 NH 4

WA TCAIAM n.? IATI WV2NJ0 WVI M-.D N

4 ALPtA
I SCAT
0 ASS

VOLUME ATTENUATION COEFFICIENT: a METERS'
SCAT'TlArNG COIPPICIENT# a MKTKF45:
ASS OWTIZON COEPPICIINTP i m m1fs'l

Figure D-54. Ocean optical properties (shoot I of 2)
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ncFAN nPTr ?AL g fPP~S~ - 320 NM

SANTA CATALINA 13. LAT 33-M2. N LONO 111-29.0 W

2.5 0.80 0.211 0.2111 0.111 0.10'. 116.6l '.1. 14.4 0.116

--~~ ~ ~ K. * A .0 !11N k 4W . . 0. 0
S1 5. 0*788 0.236 0.140 0.135 OIO . 10 48*2 se.1 11.4 0.104

9.2 0.476 06319 0.19* 06914 0.110 341.0 12e. 46.6 0.064
10.3 0.644 0.4;414 0,4t 0j1J39 9L.170...
12.4 0.579 0.147 0.559 0,440 0.114 557. 211.0 79.68 0046

16.3 00392 0:937 0:954 0:026 0:124 1131.5 443.1 173.5 0,032
1H hl; 811 H 841 NO ffiS411H l 0.0321

19.9 0.424 0.806 0.37 0.749 0.124 1011.5 394*0 153.4 0.034 '

23.5 00109 0.719 0,434 06567 0*116 740.6 284.2 106.9 0.041
11H 91H 911 1009, H11 10:H H81TT!H:i31- 1,010.1 0.:041f

2** 0_ __*5 e *90 010 778 270 06 14

27.4 0.21 0,45 0.142 0.4 .1 70. 209 104 002

31.0 00559 0.061 0.590 0.475 0.115 404.4 230.4 67.9 000.46
335 01114% 0.522 0,1 e44 , 1;j .! j
34.7 0.613 0.469 0.496 0.383 0.113 477.4 179.3 67.3 0.053

3PI.A 0.421 0.477 0.483 0.371 0.112 460.1 172.4 64.6 0,054
39.8 0.69 0.449 0.45,4 0.4301 112

4;14 0.66 0.305 0.389 0*2M0 0.109 3Was 121104 450 0,065
A~ L L~ U7 O tiA '.aLjgJ kL

44.2 06718 0.331 0.330 0,227 0.106 244.0 97.0 35o4 0,074

.e .4 409 0.0,0
SO , .1689 M.379 0.384 0.14Oe09 32q.2 12l.0 44o4 LJSu66

PNUSE RNAPY FLUTTER-

Figure D-34, Ocxrun optical properties (&hoot 2 at 2 )
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OCEAN OPTICAL PROPERTIES - 520 NM
&WNTA CTUU.ThA , ATt W,2 N; LUN UL-.,0 N

4 ALPH4A
9 SCAT

18 -, '•

..

oii I,! 4 L.I

VOLUMiE ATTENUATION C0IPPCZgNT, a (MTKRl-I)
SCATTIMtNO CO[UPICINT, m MIEURS=)
ADSORPTCIN COIPIIC1iNT, iMaims

Figure D.55, Oceun optical propertilm (sheet 1 of 2).
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OCEAN OPTICAL PROPERTIES - N2..M.4

SANTA CATALINA IS. LAT 33-27.2 N LONG 110-29.0 W
2'JUNI975 1455PDT

I 4 T ALPHA' 8 A15MA SCAT A08 VE, 'R V5!6 y-lI. A*28AR3.3 o.817 0.202 0.204 OL0 014 16' 70.- . 126L

3.7 0,799 0.224 0.226 0.122 0.104 131.9 46.5 16.4 0.111

2l0.322 0 ! jj 80 1 0 . y,9

6.3 0,684 0.380 0.385 0.276 0.109 330.1 121.7 44.8 0.065
0.433 0.439 038 01 0 1 193;:0.410 6. 0.36• ~11 45 .4 169.0 " ail

9.0 0.590 0.523 0.536 0.422 0.114 531.9 200.8 75.7 0.050
10.0 0.533 0.610 0.639 0.573 0.117 675.6 258.0 98.5 0.043

S.. .9 0'. .. 0.722 0.7 ' 0.61 i.lZO 8fl9.o 31Z.0 IZO1. 0.019'
11,9 0.450 0.800 0.813 0.691 0.122 92-#.3 35P.4 138.9 0.036
12.7 0.395 0.930 1.6914 0.821 0.126 112;0.1 413. 171.! 0.03l f

14.6 0,398 0.922 0.939 081d3 0.126 1108*8 433.8 169.6 0.032.
15,5 0.403 0.910 0!946 0.80; 0.15 1090.3 4 664.5 0.03

R!; 0.40844 0.A 0:2 0.7 0.125 108.3 41, 162.9 0.033
17.3 0.412 0.886 0.902 0.777 0.125 10530. 411*3 160.4 0.033
19 ,• 0.447 0. 06 0.8 0 0.6 & 9 •419.I 0.0 0.7 3Z 0.! 6 0,626 u o 6 ,6 31,• 124.o 0.036_.

20,2 0,478 0.738 0.75t 0.630 0.120 833,6 321.6 124.0 0.038
21.2 0.485 0.7 0616 0,120 812.7 ' 13.2 .20,6 0.0.9 . ..

22.1 0.56 0.681 0.692 0.573 0.118 749.2 287.5 110.3 0.041
23.0 0.524 0.646 0.657 0.539 0.117 699.6 267.6 102.3 0.042
23.9 g!1536 0*624 0.634 0.1 0a7 .7 24.4

24063 0.643 N.~ 0.11 As.,601 9.3 00
25. O.S34 0.628 0.638 0.521 0.117 67340 256,9 98.0 0.043-~--~:~ .63606472. 66.70. 03

60.624 0,634 O O.117 , b 0.043
2R.5 0.541 0.615 0.625 0.508 0.116 654.7 !49.6 95.1 0.044
711.5 () .ý5 1 0,1;95 0,6064 049 . 16 7.5 294 9 0 ,1)14"30.5 .563 0.57 . 0.50.3 0.468 0.N1i 596.5 6 26.4 85.9 0.046
31.4 0.573 0.557 0.565 0.451 0.115 572.2 216.7 82.0 0.048
32.2 0.500 0.528 0.536 0.422 0.L14 i31.9 200.9 75.7 0.050

13.3 Ml l 07, 4 [ 079 5.3850. 67 -06 0.0 1 U
34.1 0.630 0.462 0.469 0.357 0.112 4&n.7 164.8 61.6 0.055
35.1 O.)945 0.438 I 0,474 0:33 0,111 407,2 191.7 56. , 0.05b

-=6.1 0.649 0432 37 0.327 0.111 3990 148.5 55.2 0.059
37.0 0.648 0.433 0.439 03a8 0.111 401.1 149.3 55.5 0,058

38.0 0,61.2 0.436 0,44 0.331 0 4 .l 405,O 180,1 56,2 0,051Q
389 0:N39 j0.'. 630.519 0,348 01 11 480 p. 59.7 U.056

3q. .5 .2 ,3 .2 0.111 392.4 146.1 54.3 0.059
40.7 M.660 0).41 5 0.421 _2 10 O 110 _116 .8 139.9 51.9 0.061
4.1.7 0.668 0.404 0.409 0.299 0.110 361.0 133.7 49.5 0.062
42.6 0.707 0.347 0.P51 0.242 0.108 285.6 104.6 38.3 0071
4o.6 0.710 0.342 0.346 0.238 0.108 280.2 102.! 37.5 0,072
44..5 0.718 0.331 0.335 0.227 0.108 266.0 97.0 39.4 0.074
45•5 0.709 0.344 0.348 0.240 0.108 282.0 103.2 37.7 0.072

* ~0.~4 0353 0.5 0.08 2P99.2 105.9 38.8 0.071
47.3 0'702 o. 353 0.358 0.249 0108 296.7 108.0 39.6 0,070
48.3 0.696 0.362 0.366 0.257 0.L09 305.7 112.3 41.2 0.068
49.2 0.695 0.363 0.368 0.259 0.109 307.6 113.0 41.5 0,068

-- 5E. 71'97 0.390 0.365 0.256 ,9 3.9 11.6 40.9 Z56
PAUSE READY PLOTTER

Figure D.S-55. Oean optkal properties(sheet 2 of 2)
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OCEAN OPTICAL PROPERTIES - 520 NM
SANTA CATAliA IL , LATt WV2, N; .N i U'6-za K

0 i i iii i i1 1 li i i

4 ALPHA s

I SCAT I

0 ABS

'U

n'

41

VOL" ATTEIUATION COIFFICZINT, , (MTI'RS")
SCATlTRINO COEFFICZINT, K (4'IR" I)
ABSORPTION COIFICZIENTs a (mI fUStR)

Figure D.56 Ocean optical properties (sheet I of 2).
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3..U2JUL OPTICAL I OPERTIES 52D NM

SANTA CATALINA IS. LAT 33-27.2 N LONG 118-29.0 W
~24JUL19?97 5 IIPDT

Z(mI T(1'/M) ALPHA' ALPHA SCAT ASS VSF3 VSF6 VSFL2 IHTA*2BAR
lop 0.bU3 bsprj, Ubaiz- g63v .%1&3 4961 L11 . I u~ TU1 9495
1.7 0.560 0.545 0.553 0.439 0.114 S53.4 210.1 7904 0.044
1,6 0:575 0.548 0:156 0.442 0:114 560.2 212.0 60.2 0.048

l.t 0.562 0.576 0.565 0.469 0.115 599.0 227.4 86.3 09046
6.3 06551 0.595 0,604 0.449 0.116 626.5. 236.4 9.6 0.045
70- 0o550 00597 0•606 0.490 0.116 629.0 3!4.• ;?.0 o608;o

900 00571 0.560 0o569 0.454 0.115 577.0 21866 8208 0.04710.3 0.567 09567 0.576 0.461 0.115 586.7 222.1 84.3 0.047

11.men 0:2ri U0.50 U0569 UM04 M1LJ5 57F.0 21.8o Ma. 6.04.(
12,.7 0.576 0.552 0.060 0.445 0.114 565.0 213.9 80.,9 0046
14.0 08186 0.535 0.543 O,.g 0.1j4 5•4 04.1 77.2 0!049

15.4 ~ ~ ~ ~ i U*9 0.1 .52 4 ~910.3 ;1. 3.5 7. .5
16.? 0.623 0.473 0.480 00368 0.112 4550. 170.7 63.9 0m054
17.9 0,631 0O461 0.*47 0.35!5 0.! 2 433.6 164.0 61.3 0.015
19.1 0.634 ..456 0;462 0.3W, 0U12 5202 161.5 ' 60 0 .056
20#5 0.651 0.429 0.434 00324 0.111 394.9 146.9 54.6 0.059
21.6 0.664 0.409 0.415 0.304 0.1L0 368.9 136.7 50.7 0.061
23.2 go,670 .. 401 0306 0.Z96 0.110 357!0D il3;.. 48; ' 062
24•4 0.682 0.383 0*388 0.279 0.109 333#9 123.2 45s4 0.065
25.7 0.669 0.373 0.376 0.269 0.109 320.6 L18.0 43.4 0.066
27.1 0.FV g.365 0.36 0.260 41:;9 30.a 11.7 '
2903 0.695 0.363 0.368 0.259 O.109 307.6 113.0 41.5 0.068
29.6 0.686 06375 0.379 0.270 0.109 322.s5 L188 43.7 0.066
3100 0'69' 0.368 0,372 0.263 0.Iog 313.1 M5.1 4Zl 3 o.o67
32.2 0*693 0.366 0.370 0.262 0.109 311.3 1144* 42.0 0.068
33.5 0.704 0.351 0.35s 0*246 0.108 291.0 106.6 3 9.1 0.070
3&09 0.707 0 P 3'. *.5 0242Z 0.10! 215.6 104. 31.0 Z.
3A4L 0.722 0.326 00330 0.222 0.108 258.9 94.3 34.4 00075
37.' 0.744 1,2'15 0,296 0.192 0.107 272. 4 "7 21
"34.8 0.749 00299 0.292 0.185 0.106 76.0375,.0640.0 0.745 0.294 0.297 0.190 0.107 216.0 78.7 26.4 0.083

'1.3 .0762 0.272 0.275 0.169 0.106 190.2 66.3 4. 0.090
'28 0.176h 0.262 0.264 0 .L5 0.b10 7 r.1 52. 0!9'.

43.8 0.771 0.260 0.263 0.157 0.106 17599 62.9 22.5 0.094

0~~~ ~~ 76' 0.244 1154 1. 01....
S0 235 2370 33 010514502 51.4 1B.2 0.105

47.6 0.788 0.238 0.240 0.135 0105 148.2 52.5 18.6 0.104
49.n 00796 04226 09230 0.129 0.109 136.3 46.1 17.0 0.109
50.3 0.7"1 0.234 0.236 0.131 0o.o0 143.T'• . 18 .10 06

PAUSe READY PLOTTER

I
I:

Fiure D-56. Ocean optical properties (sheet 2 of 2).
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OCEAN OPTICAL PRDPERTIES- 520 NH
WTA CATUAM L LAD. U -P .2N Lo' I Ul91 ON

4 ALPHA a

ISCAT U

U

, VOLUM AT1TNUATION COEFFICIENTm
SCATTIRIND COKFFtClINTs * *TKRSl
ABSORPTIN COWIPCIINT

Figure D-57, Ocean optical properties (sheet I of 2)
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MtEAN OPTICAL PROPERIFST - 920 NM

SANTA CATALINA IS. LAT 3-1"1-2 N LONG 116-29.0 W
-2JUL1975 1613PoT

I _.._. I T(%./f AýIyHgl LPA S? AO • vSP Si ?TA2

2,5 0*605 0,502 0.509 0.396 0o113 495.4 18663 70.0 0,052
MS 0,111 89H1! 0,10'04MW 0 11001 H0u1. H:4.L 7 0.2 '1 goS4,7 0.82 0,42 0,50 0,35 0,|4 550.7 206.2 78.7 0.049

5.9 0.572 0.559 0.967 0.452 0.115 574.6 217.7 82,4 0.047

7t 0,0569 0.564 0, 7 0 •7 015 519 •0• 0. .4' .. . ' 0'"'56 0't%- Y~? 0,6 01 ssa 235" e , .

IS 5S 5. 207 U81~ 55. 119.1 76.7 0.049

919 0,569 4 ,557 0.542 0,45? O1 1 ,9 22086 82.6 0s04

17!;Ajt 0;t !1, 0!4;1; 4!_________________

20.9 0.573 0.557 0.565 0.451 0,115 572.2 216*7 62.0 0.048

1 II 
it-1 i2 -at l i L _a ~ z

1 2.0 0.5968 .0, 66 0,5 0,445 OI g•0 22. 04, 00047~
___ 23.4 0. 602 .... 0.507 . O.51'O 0 ,401 0.L11 0• . .20.2 189 0 1 0.051

0.634 0.456 0Hit6 031 0,115 86,7 222 84.3 0.0472 0 6A 0 , 17 3 0 . 5g 7 0 096 5 0 , 4 5 1 0, 1 15 $ 72 , 2 2 1 6 0? 6 2 , 0 0 , 0 4 6

SO0 0,.0 OI AO i R i '0 '1. 0,? 401ff H i 0 15 '012',2' 1'89,0 i ,i 10, 00 5'1

24 *6 0,616 0,45 4 0,491 0,379 0,112 47 lo0 176 *7 66 as 0,0 93

.6 ,01 45 161. 6 0, 3. 0605.8:11! 006 4 , 0':41 '2 0 *351 0,131 ' • .2 1 1 S 6 0 . S

26.5 0,641 0,445 0,451 0.340 0.111 417.6 155.7 58.1 0.097
. 0.623 •0.4: 0,$9•H ..... .. 1O. . . ,1 0.011

0,4 .•0 044 *3 011 40* •17 •. 0.058

32.4 0o652 0.427 0.433 0.122 0.111 3V209 146,1 54,3 0,059
!1,?!ol 1,6o16,,,4,,• o0:4;107 1 P,. 4 •, • ... 0,60

37.77r! RM j.i 606~-I~& z
36.3 0.669 0.402 0,407 0.297 0.110 356".-' 152.9 49.2 0a062
370 0,6A0 .3,6. 0.39!1;4 0.1015 3:.9 7 .7l:6 46 0:0605
3900 0.38' 0,3
40.2 0.692 0.368 09372 0.263 00109 313.1 115.1 42.3 0.067
4106 006A9 0.373 0.376 0.!169 0.109 320.6 118.0 43.4 0.046
42.9 5.643 (1.368 .7 0.6 019 3.3 114.4 42.0 0.068
44.1 0.69k, 0,370 00375 0.266 0.109 316.9 116.6 42.9 0.067I • •5•t69t,97 2 ,360 0.5 0. 0.l0Q fl.9 L11.6 40.9 0.u69| 46.1 0.6393 03 0- _170 ON 0.109 311.3 114.4 42.0 0.068
48.2 0.693 0.366 0.370 0.262 0.109 311.3 114.4 42.0 0,068

-09..369 03 MO 019 0 115q:, 9 ,2.8 .
02:N1 9.692JO 0.365 0.372 0,263 0.109 313.1 115.1 42.3 0.067I __END OF JO_

Figure D.57. Ocean opilcul proportler, (gheet 2 of 2).
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OLEAN OPTICAL PROPERTIES - 520 NM-

SANTA CATALINA IS. LAT 33-27*. N LONG' 118-29.0 W
24JUN1975 1934P0T

7(M) T IJM} ALPHA' ALPHA_ £AT ABS VSFA *y.6 VSF12 THTA*29AR
15, 0.769 0.,261 h0126 0!160 0,106 179.1 64,1 22.9 0.093
2,1 0.762 0.272 0,275 0.169 0.106 190.2 68.3 24.5 0.090
1.1 0,7167 15,291 n.29@& 0l..lm 6.10 -l. It6 2 M 0 MI
4.3 0.756 0,280 0.282 0.176 0,106 199.9 71.9 2M.9 0.087
5,3 0.759 0.276 0.278 0&172 0.106 195.0 70.1 29*2 0.089
. .4 2T2l O.;? O*•?& 0.170 O.,106 101 .A RkA 94-7 p. pn
15. 473 0.9 0.9 0.117 0 670? 514.6 97.9 68,0 04084
8.6 05703 0452 0,56 0.458 0118 5479. 1079. 38,3 0.070

22.0 0.869 0 O78 0.472 0.60. 0.120 80 1 15. 0.3

23.3 0,606 0,7O0 0,S74 0 ,9 0 ,10.J 13 .493, S. 1 21.4 6g, .O0

114. 0,176 OSS7 0.060 07445 0.e14 1654 ,1049 1O7. 0.048

251,0 0.,57 0,6 •.9 .. 0.972 0,496 0., 711 8.4•, •454.2 178.0• 0.032

21.9 0,53i 0.H10 0:61 0d,52 0.127 6l109. '260,1 993 0,043 ,
.153 0.435 03626 08636 0.519 0.117 67094 378.9 97,6 0.043

29.4 0.453 04791 0.904 '0.113 0.122 911.4 S353. 136.8 0.016S109,6 0.460 0s562 0070 0 046 0215 079o4 219e6 83o2 0047

3.9 0 0847 .R7 07.6 32 0.120 36.16 322.8 101.5 0.043
2230 0.489 0.716 0,728 0.608 0,120 9000. 306.4 116,7 0.039

Z13 0,479 0.72A 0,740 0.626Q 0.120 830.6 -A1%,& 121.5 0.038

26.7 0.467 0.74 0 0 0770 0 0765 0.124 1036.1 404,0 125. 0.034
2*6, 08• 0050 0972 , 04 ,127 1198.4 454,2 178,0 0,03 2

_ 1, 0,4n3 06910 0,93A 0,801 0,12S 100.3 427.2 1166. 0.0
0 *435,• 0 *8 3 0 , 47 .0,724 0,123 97 1,9 37 6,6 147 o1 O ,O M

29,4 0.483 0.722 07804 '0683 0.122 911.7 31*20 1362. 0.036

* 4.0 .92 .39 .64 0.32 0.17 68. 263.3 100.6 0.0Q41

44.1 0.561 0.578 0.586 0.471 N10. 115 60 5 2248. 4 6.7 0.040

" 4W,6 , 0.5 0,E .7A00,7 5350063 0 1 1 5 90 8• , 22.4 86.3• 0.04

4370 0.492 0.759 0.56 0.402 0.19 79241 304217 1 7•8 0.039

49.• , 0,47 0,56~ 0,769 0,454 0,2 B770, •20,4. 8• ,8 0,O47

II

36.? 0,467 0,76L 0,77 4 0.653 0 *121 8 67,2 335.2 129,5 0,037

47:19 0:4;73 ,754; ,1 0,1 1,• •4R, 2, 16p OO•

S16o 0.4• R,• 0 7 0 0 6 9 0,121 S6 , 3 12.7 !H8 .5 0 .H31

4 n.4 0, 486 0 0722 0 .734 0,614 0,120 809,7 312,0 120 .L 0,039

h 8!jj,•0 0.tj2 0,193 :,jj 'O. :, 7 9Q. 289.7 1In. 8 0, 04•_ 1

t; ,0 ,S 8 ,6 9 0:, 49 .0 9,:H 7 6 e98 263,0 100 e6 0,043
44,1 0, 561 0. 578 0, 586 0,471 0,11 5 601 0• 22 8o4 86,7 0,0 46

4;,g4 O..1116 0,•l6 0!191 .. 8 ,1 1,9 2 , 86, ,4

•6,6 0. 6 .576 30 3 8 .046H 0,.i 3 9 , 2 . 6, 0,46

47,8 O0072 0,059 0,S67 0,4 52 0,11s5 74,6 217 07 82,4 0,047

3' "!1 a ~ O.1T o.*:8 11:1==, o.

I
Figure D.58, Ocean optical properties (sheet 2 of 2),
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OCEAN OPTICAL PRflPFRTIES -520 NM
SM~A CATAL1 n UTI LAV 3 .2 No LfU' W1-ZU N
WUU ow

VOIAM ATTKUATION COIEFFCZINT. (MEI
SCATTIERING COIFPZCZEN1s M ~ T1hR!'ABSOMPTION C01IPPXCZINT, (f4T3R3'

Figure D-59. Ocean optical projwcrtioa (11het I of 2)
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OCEAN OPTICAL PROPERTIES S2~0 NM

SANTA CATALINA I$* LAT 33-27.2 N LONG 118-29.0W
a4JUN1972 1939ppT

I( T
4.0 00754 0.262 0.26 0.179 0.106 103.1, 73.1 96.3 0.047

7.1 0.689 0:372 0.376 0s267 0e109 316.7 117.3 43s2 0,067
ILI. 0 41,0 .5k7 0,0 83il

10.5 0.567 0.567 06576 0.441 0:115 564.7 222.5 64.3 0.047
11.4 0.562 0,576 0.565 .6

16. 0.9 !.54 0.2 0 V91 0.jj1 ;9;!20. 196.24 73. 0.i

210. 00469 0.77306 7. V111.4 0.544 0,610 0*1 *0 ,1 469 265 9* ,4
230 .44 0.05 0.U 0.76 01511. 414. 153 0.049

26.0 0.'.35 0.633 0.647 0.72'. 0*114 92s4.96o ?36917. 0.090

!9. g-10 kH!7.8H01 M HN 129 '094
29.! 0.466 0.714 0.740 0.610 0.110 82766 309.6 ~1913 06039
30,9 0.L419 0.6901 0.70 9j 6 0.U315 .'N 071 .13 0.b H . 0.
32.6 0A404 0.757 0,770 0764' 0*1211 6d108 43#27 126.! 0.037
111S .47 94 k. 41[ MI 9 it H4 . R ls

26.0 0.435 0.3 0,4 04 013 93 7# 4, 03

29*3 0.43 0WI1 0.030 00410 00110 $03.81309.6 110.92 0.039

32,6 0,469 0,727 00706 O.64 0*1.1 8:0 1 3612.18 0:6 0C 7
ý30 0,41 s45j

422 0,479 8111.5,045 .1 570 21. ?. .
43.39 0,9 0ý ,4 E~lf

45.41 0,4F8 0,542 0.5510 0.435 0:114 550.7 2.2 709 6 .70 0.049

44.4 0.4776 0.5506 0 .56 L0 a,41 .0. 1 R-~5 717! 0.N414.v-4
390 0.561 0.5431 0.5510 0.4937 0.114 563V.1 2041o 791.0 0.046

49. 0.590o 04M6 ~ .2 .1 319*206 7. .5

4] 111, - -IA 0 __ __ __ -4L -

42o2F0gut1 D.ý0 &569 Ocenoplic proprtie 9710.t 2 16 oft 2)04
43,3 1,111) 1 11;t 0-12

44 6575 * 5 -4 M 1946- S 1ý'40:4 05 #1 90 0v ,4
45o4 0582 Ov43r78*
46*4 0957 0,52 0960 0 *4, 119 eJ.9 04



OCEAN OPTICAL FROPERTIEV 520 NM
SAMA CAL14M n. UTI 33-V2 No LO1 U8-2.G N
umm um

4 ALMA
I SCAT
t AMS

0.

MUMATTIRNGAI COPPICICUNT g (aU14,a
V@CEATTVMATIO C09FFZC19N T. 6 mg1"M 1)
ABSORPTION COPIFPCflNT, ILi.~ m

Fipi:. D-60, Ocean optical properties (theet I of 2)
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I
QCE• DTCL PRDPERTIES - 520 NM . .

SANTA CATALINA tSo LAY 33-17.1 N LONG 11-1"9.0 W2 4JUN1075 2139PDT :

T;;1/,Mi ALA' LPA S 1  A
,oaq~t goa~l o~W~ oýj. ?R VS1SF!SP1 TH A.26AR

3,2 0.?75 0.417 0.260 0.174 0.106 196.6 70.7 25.4 0.048

-6. 0:742 osRg1 0*301 o,.94 0o107 223.0 80.6 29.s 0.O02

9.3 o.770
10,6 0.740 0.301 0,304 0.197 0.,07 226.1 8x.9 29.4 0.,03
4 ROM! 0,4 R8 05! U,11 0.270 o.1n. ..9

14.5 0.05 0 O.S37 0.@544 0*43 0.11 s4 543.6 2054. ?7.6 0.049

If.tR 0.e64 0.406 0o412 0.302 0.110 364.9 13552 SO.L 0,062

23.05 0.606 0500 0.507 0.395 0113 493.2 185.4 69.7 0,02

2P,3 0.520 0.064 06644 0547 0*115 710.5 272.0 1041* 0.04231,6 O&M 0.631 0.641 OS24 0,117 678.3 259%1 96,9 0*043

P n.. 0.S1 0.663 0.674 O.b 0.1j 6 724.2 277.! 106.3 0,041
17T.-r d'- 9 02690 '. 0.110 746' 09.1 0 .. .
39.0 0.501 0.690 00701 0.583 0.1g9 763.3 293.2 112.6 0.040

4119 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 8. 40!1; ;!1; 9;j 0j 45;fjj j;; 181ir
44.0 0,640 0.447 0.451 0.342 0.111 419.7 156.6 58.4 0.057

4 0P.6 0.c,65 e 4 0.8413 0.303 0.110 366.9 136.0 50.4 U.061
Sn 5.2 0.673 u.3 96 0.401 0.291 0*1l4J -356 24.j .9 PA.-0 j-Sjk

V I
Figure D-40. Ocean optical propertieg (sheet 2 or 2 1,
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OCEAN OPTICAL PROPERTIES -520 NN
SANT WALI U. UTI WS12 A; URI 1U8-2U N
Umm nST

i It l I i I I l i -Ii

4 APH

VOLUM9 ATUNWIATION CWIPICtINT. 6 (KWMR5"

Figure D-61. Oce~an optical propertiet (sheet I of 2 )

D-128



I

I

nCEAN OPTICAL PROJP§RTIES 1 520 NM_,

SANTA CATALINA ISo LAT 33-27" 2 N LONG 116-'9.0 W
26JUtNI9 1 1345PT.

T Al 31PHA SCAT £1 Vj VI VS TMTAI2 6AB

0.10% 139,3 49.2 A7.4 0.108
509 0.017 0v219 0.241 0.136 0.105 149.7 VkL lo.$ 0.103

6.3 0.7 0,340 0.343 0.235 0,108 270.0 101.1 1:.9 06072
9.2 0.702 0.353 0,354 0.149 0,100 294.7 10800 39.6 0.070

H 016H2' 'MR!2 9,'44h 0'HO 0:H '.11| 41' H56H '57* 4 (405it's 00403 09791 0G804 0.683 O:l2i 911.4 35•.2 13608 0.036

0091; 0.!M2 . P* 10 ! 10i i R.. ! 0.079.49 03 4 42 0 .440I• 0.337 0.1 1 413.40 54.16 57.4a 0*.05

1A.1 0,327 1l117 1.139 19007 0.132 1409.0 958.0 220.6 0.028

I 84 0•* ,2 ,6 |*0 0.132 1423.7 543.9 223.3 0,028 •

19.7 03234 1.097 1.116 0.987 0.1)1 1377.0 544.6 215*2 0s029
.. , 0,0 0.930 -. 9 18.6. 60.0 200. 1 0.0

l.0g 0.076 414 H9 86 0,119 0H1[ 1193.8 4M:08 184.0 0:031
24.9 0.520 0.497 04003 0,758 0.12 1029.0 3994 191.0 0.034

26.1 0t•4 j7 0.76 0,771 0.6 1 014 1fl7,2163.!2 |9.4 0,• *

294 0.467 0.71 .4
"30.0 1,599 0.112 0 .5169 0.104 0N1 509. 0 19 1 1.7 7 0.1 0.0"1
26o9 0.590 0o597 0,606 0.490 0.116 629,0 399.4 91*0 0.064

1: 2 9 14 0 819 Sell! ?NW9 8,:0011t 10:1S ffl:,0 Niel 0,04 .
30e6 4999 0,012 0*519 0*406 0I13 5 0900 191,? 72o1 0,051

' •.,9 059g 0,|8 .S~ 0412 0,113 13, 9,•....7,6 000.

33.0 0.,02 0.507 0.514 0Ht 01 0.113 502H2 189,0 71.1 0U051
34.2 0.622 0.475 0.431 0.369 0,112 45709 171.6 64.2 0.054

36. 0.~Q .40 0.49 .16 0. 2 440.7 16 AL.& og
30.5 0.6)5 0945' 0*11 1 0.349 09112 430.1 16007 6000 0.056
37,7 0.693 0.066 0.370 0*262 0.109 311,3 11',4 42.0 0.068

292.9 .1 9.3 0.070
0*:7O ,Q 0,368 H3i 06 H919 313,1 11 42.3 0,047
41.3 0.695 0.036 0.368 0,259 0.109 307.6 113M0 41.9 0.068
00 0,723 OM32 -.2 ,2 ~ o 5, 3• 3, 0,016

•,€- 74 40, 6. 29• 5 .9 ,9 ,0 219.6 79,94 •7 0,8

49.1 0.744 0.295 0.298 0.192 0.107 219.6 79.4 2807 0.083

Ni0,2 0,28 0 0 2106 0 74 o4  26e$ 0.086
49,7 0.7062 0.272 0s27% 0.169 0.106 190.2 608.3 24*5 0.090

50S n .7 .2 0.24--LU 69Q QJ~t...2 1. 206@4- 74.4 2.6j *.0,000

1

1 Figure D.61, Ocean optical properties (&heet 2 of 2).
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OCEAN OPTICAL PROPERTIES 520 NN
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Figure D-62. Oceain optical pfopertIie (thoet I of 2).
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PAUSE READY PLOTTER

I

I

FiuBre D-62, OMean optical properties (sheet 2 of 2).
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OCEAN OPTICAL PROPERTIES - 520 NN
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Figure D-63, Ocean optical properties (sheet I of 2)
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PAUSE EAGAVY PLOTTER

Figure D-63. Ocesn optical properties (sheet 2 of 2).
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OCEAN OPTICAL PROPERTIES - 520 NM
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Figre D-64 Ocean optical properties (sheet 1 of 2).
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OCEAN OPTICAL PROPERTIES -520 NM

SANTA CATALINA IS. LAT 33-27*2 N LONG 1111-29.0 W
26JUN197S 1S4SPDT
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PAUSE R ADYPLOTTER ... ..

Flure D.64. Ocean optical properties (sheet 2 of 2).
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OCEAN OPTICAL PROPERTIES -520 NK
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Figure D-65, Mcean optical properties (sheet I of 2)
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SOCEAN OPTICAL PROPERTIES - 520 NM
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I

Figure D-65. Ocean optical properties (sheet 2 of 2),
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Fjiguc D-66, Oceun optical properties (sheet I of 2)
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Figure D.66, Ocean optical properties (sheet 2 of" 2 ).
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OCEAN OPTICAL PROPERTIES - 520 NH
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Figure D.6"7, Ocean optlkll properties (sheet I of 2 ).
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OCEAN OPTICAL PROPERTIES - 520 NM
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Figre D.68. Ocean optical properties (sheet I of 2),
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OCEAN OPTICAL PROPERTIES - 520 NH
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FPiire D-69. Ocean oplical properties (sheet 1 of 2).
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Fisure D.69, Ocean optical properties (dseet 2 of 2).
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OCEAN OPTICAL PROPERTIES - 520 NN
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Figure D-70, Ocean optical properties (sheot I of 2).
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_,_.____ -r. U_._,.a__ I ILI 1A1 AS U, ,•l

2•--.3 0.277 1.,93 1,309 1,172 0,137 le7, ,,, 67. n 2•66.1 0.0O :;
27., 00370 1,139 1o161 110.8 0,133 1-.,7 2 5717, 229.5 0.02"

. ~ ~ ~ { 4 . 3 1~ 13 
n. 5 .

1-42A 0.302 0.,0 . "I Q1.3 '7 1i2.; ( .031

I~. OMN I !ý R .I Z.ýýý

3*37. Oo2A I.Q Pqq 0 1,24 114 0*13 10 of) 65047 2113. 06P
33. 0.4' 2h .. 7067 10713 1,176 N.1710 7ýi*S 660~. 116.3 1 -*1

2i3 '.1 I. S.63 0.6' 1438 1021 11 172' ..1 277 29 4 A0 Uei')2

24 0 0.217 1 623 1.3o9 0.5172 0.1137 7 . t 27. t,) 266 0 ."02

It
27*2 05430 10.691 1621 60.50' 0.133141. 7 S7Q. 10P 44 22S5 00023

'.1, 0.59'. 0.o53M 0.46 0.432 0.11'• .•,.•(1 2,.5 77 , U03.1'

-- " 5 Q-,15 4 ,.46 H.•49 N,91 ,.1 WSL 0-'- .)2"
AT*2, 0.614 0 * 4(' 1,20 0.,7,• 32 1 0,13 ',7, 11 70 62•. ,) 0,53.

) . 6I€ 41-K. (13 rD .•I 5'M'T . 731-010 0.627 & 0.3 n,64 5 %h36 .1 '.7. 1~71 6,

o.* .6517 0.0,59 (160 0.
2 .. L o. I IAil 7 11.7~ 2514 J0 (I

I0, 7 4h 0.692 o:66 0.612 0. 0949 Th' 1 2.41 *1 9. 4. 0.04,7

45 Fi0re D-19 , Ocean optical properties (sheet 2 of 2).
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Figure D-771, Volume icattering functlon (iheet I of 3).
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I2S JUN 1976 0709.32 11kM 160t

4: IIJUN75 2107 STA.CATA3 SEA MZO 30M

ANGLE 406G) SInMA INSIA4O ANGLE (060) SIGMA
HANDal

t 0.1730 3.25001 02 0 0.1750 3.20951 02
M.va ,IQF0 al fl.Snn t 4NA

10000 24@&&&.-ok 00 27160

-6 a 10.090 4.19431-02' 0 10.00 4919436-02k

7 210 2027858-02 0 so 256002#2799-0

10,AL 39110.0
410.0n H.3ION' 9 1:10.0l.6490
500 &203421-03 00 284E0

10.00 4.7051E-04 0 130.00 4.47051-04

110.0 4096231-04 0 110.0 4o3964E-04

170.0 1.41865-03 0 170.0 1.41896-03

I i ALPHA* 0.3920 S/ALPHA* 0.704 -

:'w~qCTED ALPHA CORREC7IONs0.005

ALPHA. 0.396A 5/ALPHA. 0.696

AIALIMHI 0. o1 ,1E V4

SIGN~ ~ ~~74 0. ERE A.

S ULP T a EWI.l 692O-0.4 NORMALIZE~u 2.25557F-02

6.0141M PARTICLE DIAMETER IMICRC)NS)a 109.0
''CTED K/A LPHAw 0.4062 EXPeCTEC) OIFFUS6 ATTENUATION OEFICIENT K.~.

MU MAAIANS DEGREEIS

ý,AN0!199117 05~

.,-?ANCE 0.1897

#52 00 4Ii

- SA*2IAR 5.73k2E-02 RADIANS**2

Figure D-71, Volume gcattering function (ahest 2 of 3).
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25 JUN 1976 U709039

520 11JUN75 2107 STA*CAT03 - SIA H20 SOM
ANk.IjKAO) ANGLI(OIG) SIGMA, 11474MTBAI NORMe INTO(RAL.

1.41U0 .00051-01 1661u30 od 0617601-03 4012561-02
2o19726-03 1,2i989-01 4.084611 02 9o.1312501 3.30811-02 LI
2.76625-0)3 1.58495-01 3.0486E 02 1.2892E-02 4.67071-02 21

4a38411-03 2.51191-01 1.91791 02 2&21611-02 8.10191-02 41

8.74741-03 5.01191-01 6.91385 01 4.16411-02 1.50861-01 71 t
1.10129-02 6.30948-01 4021536 01 4.97811-02 1.803515-01 81
Tlne'.e-01 7041IU-91 531z0126a UL e9891-OF 1*13631-U. 11
1.74536-02 1.00001 00 2e52931 01 6e94041-02 2051441-01 101
2019721-02 1498691 00 1482291 011 5913281-02 2.9*4445-01 Ill
1.1662S.02 1.583OVC UO 1*i9Y'fCU LL V*45putmud ý1.'00OCUL Lie
3,48246-02 1.9953E 00 9.06425 00 1*10051-01 3*986YEh-01 131

4.811-02 .11E0 AJ14~54i9 45.191-2 a~3500 .5irr w 13ux 4 rT1. 1 1
6044631-02 3.98111 00 2e41441 00 ls6099E-01 508324E-01 161

1.3A646-0)1 7e94331 00 4.69635-01 2.05946-01 7.46095-01 191

1j4;18o1-o 1.0 ;00 1 01 9.9;4645j01 j~1.35101 9i6228-001 100,
3*49071-01 2.00001 01 4.19430-02 2*44531-01 9.00395-01 211

4 0 01 4 Z-01 :- O 9!1 01;1

6,1086E-01 3.50006 01 Ao45675-03 2.62658-01 9.51545-01 226

4.00 0 3..60101 9!;j.6 508jj
"0.?266e-q01 5.00008 01 2.03421-03 2.67945-01 9.70711-01 241

1.13451 0 65060 1&29636-03 2*70565-01 908019E-01 256

1.39636 00 860000E 01 7.26S15-04 2.72085-01 9.85708-01 271

196581E 00 9v5000E 01 5.10455-04 26.73075-01 908929E-01 286
1.7453. 1.05 02 4.80-4 27350 . 992!0
1*8326r00 11105000 02 4.4725=-'04 2.758-01 .1:135fi-201 H961
1.91995 00 1.10001 02 4.39625-04 2,73815-01 909197E-01 301

2.18175 00 1.25005 02 4.38545-04 2.74449-01 9.,94276-01 316
2.26895 00 1.300ni05 02 494705E-04 1!;44641:0i 9.94ý971: 4 ____

2.35611 00 T O 4 6 45 4 . 4 l- T U 12
2.44355 00 1.400011 02 4o&8835-04 2.75005-01 9.96275-01 331

2. 18 50005 02 S o58.

2.70503E 00 1.!35001 02 6,2081E-04 2.7547E-01 9.99OOE-01 346

2*9671E 00 1.70005 02 1.41855-03 2.758S1-01 9*9946E-01 361

W!.l54j;110 1.75000 02 1.64765-03 2.7599E-01 9.9989E-01 360
3.14168 ) OU T UE 0 1 .7 1R3E-03 2,7603E-01 1.0000E 00 S71

PAUSE READY PLtVTTERMAKE AREA 3X LONG AND 2X HIGH

Figure D-71, Volume scattering fuinction ("het 3 or 3).
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25 JUN 1976 0710.91 IbM 3ot)

920 IIJUN75 2145 STACATO4 - SEA HZO ION ".

0ATA READ IN IMEAME DATA
ANGLI IDEG1 SIGMA INSTAuO ANGLE I010) SIGMA

HANOmI 

-

a 0,3500 5.20001 01 0 0.3500 5.47149 01
.. 0.7000 __ .58083 81 8 8.TO00 . ... .Y?9.O .......

4 10.00 1.54491-01 0 10.00 lS4491-01
5 15.00 6e42031-02 0 15600 6t42036-02

2n*.00 1.53399-0
a 10.00 9.64761-03 0 30.00 96*7?61-01

S+ o~n ... .l~olot 0 4.o 4,11901+......

11 400..01 .100660-0411 60600 1*1371-103 0 60000 1*13??1-O3

is 80600 6-0.0 IO0 5.6141-0414 90,00 4a257411-04 0 90600 4,2S149-04

Ih llO*6 3s62411-04 0 110,0 3.62411-04

to 140,0 4&14631-04 0 1. 4090 4sZI6611-0
go 10 060 4,14101-04 0+ 10,0 4014151-04

22 9093596-04 0 170.0 9o9359E-04
23 1 190.0 1614946-01

ALHA 0.2;51 S/ALPHkm 0.552

As 0.129.• •/&n 0.017 --

CORREICTED ALPHA CORR|CTIONvO.002

ALPHA- 0.2916 S/ALPHA- 0.549
So 0.1602 AIALPHA 0.451f
.A. 0,1114 also 0.017

SIGMA( 0.0 DEGREES)- 231,1

SIGMAI 0.0 DIGREES)a 186.5
SLfPlP 3 MILLIRADIN "|.167

"L....LVS VP TO!! Q.OFGRggSn 196971-0•3 NORMALIZED. 1.242191-02 ..02

MAYIMUM PARTICLE DIAMETER IMICRONS). 94.00
FXPECTED K/A4.PHA 0.54.90 EXPECTED DIFFUSE ATTENUATION COEPPICIENT -. K.

MU RADIANS ,DGREIS
YARIfAN9 0*2216 ~ t!|Oi |.6

MEAN 2 dS100

INS 80 0.334 4
'' •PPAIA 'U.LOU& FAAPIAU -- .UZO~T-U3

THFTA**2 BAR 7,9749E-02 RADIANS002

Figure D.72. Volume bcmtterlng function (sheet 2 of 3).
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I 5-JUN 1976 07,5

520 IIJUN75 2145 SIA.CAT#4 SEA M20 10M
ANGL5(ftAD) ANG1.61EG) SIGMA INTEGRAL NORIA. INTEGRAL
1.7453FM 1.60ooEuI1 1.865ZE Oz 16939ft-03 124Z-O

4S*18E-03 2.51191-01 68057211 01 6*0260i-03 %.01071-02 4

--. 9 1 .0 00 00 1 .856446 j 01 3.516;11-02 6.50716-1

1 4lT=T+1.9953 00 5.556 00 .975 02 4It ; 1"

1 .74746-03 3.60119 00 16592001 01 1*6346-02 1056046-01 711
1.36646-01 60.9361-01 2.75966601 2.43259-01 71*3716-01 191

1*74931-02 1.O001006 01 S44 15901 1.2IA116-0 2457151-01 101

21972160-02 125091006 113 01 6.20 0 0116071-01 6.29516-01 2011

3o.2410-021 093,000 01 9.826766003 5113736-02 3#64431-01 221

69463602 .91ke00 ::2,90,0 0011 3461529-02 9504606-01 16

.064725 700 430006 01 2.564$d-01 161435E-01 7.13716-01 219

I.Y431140 1,7.00061 01 1.63469-01 1.61671-01 .570907-01 266
2*16f01-1 0006 01 6..54203902 L.265FZSI*52-0 1 206,-g

1C1HR 5.6il 8i-0 1.56996- H60-01 271-H
.570266 00 9.300005 01 4.25746-04 1.5756A-01 99.106"-Ok 2a1

1 .63266jj-O 3,,1.00011 02 3620, 0 ; 1,8 4915601-~ 9.97134.-01 29

7.09*480601 50 00 012 .43011-04 1152905-0l 9.07551 01 2311

1034726 00 1.35O00 02 1377g.0560 1.59319-01 9069359-01 212

2.67901 00 1.65000 02 6.46046-04 1*06971-01 9.96715-01 316
2.96;gl~ 71l~ 1.!00 1 41 0 9. 5904 1.00-19.96-1 31

3.505436(00 9750000 02 1 4.2574-04 1.o015t-o1 9.83440-UL 2b5

3.13266 00 1.650006 02 3o652011-04 1.60196-01 91.034001 0 2937
PAl RFD .6, 1:1 .149 181 I

1,11
1:3 D- 1
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Piparo D.73. Volume �attOrii1M runction (shoot 1 of 3).
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I25 JUN 1976 0712.26 IOM 3fý(

520 16JUN75 2110 STACATCA - SEA 1120 804

D ATA READ IN IFIRATEn DATA

ANGLI 0IDIG SIGMA INSTRm0 ANGLE tt;!G) SIGMA

1 615 1*37001 02 0 0.1750 1.30171 02

.~097000 1.9200E 01 0 0.7000 1.812430 01
&L 10.00 1*11931-01 0 '0.00 1.11931-01

6 20.00 3906456-02 0 20.00 S.0I451-02
7 25.00 1@90941-02 0 21.00 .1.90941-02

In 50.00 3436136-03 0 50.00 3036136-03

K...d ________________&__A____a _______0__I'lI__________fL~lLL

ALP A 70.100 S/ALPHA.O 0. 70s56416040

I A 0.0099 9 9 89/-0 0.03019lS2F0
'~~04RNCTMD~ ALH CORICAU.0n0

AL5 A 0o.209 S./ALPHA0 0. 10599Z8-0

I A 10.l0~ 5*952-0 0.0 1 3000 3110

jjin ~I Al -r &- 0!lS S LA& ODA- I - . --A =mm

S1 IOUA 8*u.1-0 0ERI) 215.3*15J-
2 no101 2.1970 101 17060 IPO 160112AE-03

"040,09ID KALPHAu 057 COR PECVIU~g002PUIATNAIO i!~j~

goU UV RADIPANS 0,441E

AR AnC 0.102947 003

WMI S. DEG0.451m 21.19

tmu RAIN DEGREESA D132

VARIANC Dt.2 73.Vlm cteig(nto met2o )AI 2

D- 155
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510 16JUN75 2110 STA*CAT06 - Ek HID2 BON

1.7431-3 1.000-01 2.1611"0A e-3OZs&4~p ~ 1
2*19721-03 1025696-OL LOUSE5 02 3.53006-03 2.73315-02 11

40A8411-03 2.51140-01 7079879 01 .8.4122E-03 6.82279-02 4.1

4.74746-03 5.01191-01 2.92945 01 1.96A21-02 1.30246-01 71

ni 9 65, 0~ 9 1.71 PMOs
1074936-02 1.00001 00 1.04981 01 I.6731-02 2.22405-01 101

2.172502 .2591 0 3~6bI -~ 2&071-01 ILI
4.2'99711*2' T'9' 991 MO 11931 0U0 3. 66T9 .01 0 %,A.02U7t"V1 112!

3.4A249-02 1.99536 00 3.33875 00 4.'.71SE-02 3.46205-01 131

6.94831-02 30961111 00 9*00005-01 663312E-02 4690341-01 l61

1936646-01 7.94331 00 1&7692E-01 704807E-02 691928E-01 191
l.4132-1 1 .0,01 0 1.,1935-00 P. 4i:01- 6.569 - 01 ?0

3.49076-01 2.00001 01 3.0840102 1*01155-01. 7*83176-01 2111

6.10865-01 3a50006 01 8.47095-03 1613096-01. 8.75566-01 22h

7.65 6j-01 4 O.i6 OlE t4 j- 0
4l.7266E.-41 5.00001 01 3.36131-03 1.18971-01 9.2109E-01 241

1*34F 0 6500 1 .6591E-03 1.22223-01 9.46235-01 256

1#3963H 00 8.00001 01. 9.75921-04 1.24191-01 9.61955-01 271

1.65RIF 00 9,5000E 01 6%8092E-04 1.2552E-01 9071856-01 286
1,74.Lf53 L .1~2~L. Qd?28-04 I .25805-Q.1 . I - 1 22L
1.83265 0C 100w 2 .31-04 1.2605-0 9.79-1 296
1.91699 00 1.10005 02 5,8343E-04 1.2651E-01 9.79412-01 301

2.1PI17 00 1.2500E 02 5.84305-04 1.273%5-01 9.85985-01 316
2.68500 130006 02 S. 1!1;1-04 9!.11 4 -50i I-

M.3I2 00 q .3j0:3j0g
243500 1:40300; 02 6.120611-04 1.28072-01 9091581-01 331

2.7053E 00 1.55005 02 7.30245-04 eM1.64-01 9.93995-01 346

2696716 00 1.000011 02 1.01125-03 1.2906E-01 9%99226-01 361

PAUSE READY PLOtTER

Figure D-73, Volume acattering function (sheet 3 of 3),

D-156



I
I
I

D15

I
I 4 "" '' " '• "" '' " "

I '3H •-oi

i |

~i I

I
I- Fiur -7.Voum iLterng•nton(set f )



25 JUN 1976 07,7.10 IBM 360•

520 17JUN75 1953 STA*CATOI - SEA M20 80 •

iATA REAB IN ITERATEO DATA
ANGLE (DIG) SIGMA INSTR8O ANGLE IDOG) SIGMA

HANDBI
1 0.1750 1652001 02 0 0.1750 1.43561 02
2 0.3500 4.51001 01 0 0.3500 5.07641 01

0. l Ioenoaff 0 n.7611 tn &01 Al0
4 10.00 1.21441-01 0 10.00 1.2144E-01
5 15.00 5455611-02 0 15.00 5.55616-02i.•.., 2O.002.S&SS-02 .. Q . 0.00•S&!o

7 25.00 1.5369E-02 0 265.00 10036911-02
8 31.00 1.04211-02 0 30.00 L.0421E-02
9 • 40.Qn 5.13299-01 0 40.00 4 .1%296-0%

10 50.00 2.65949-03 0 50.00 2,6594E-03
11 60,00 1.7268E-03 0 60.00 1.7268E-03

13 80.600 -1209E-04 0 80.00 .O12091-04
14 90.00 6,61956-04 0 90.00 6.6195E-04

IA 110.0 5.34956-04 0 1100. 5.3495E-04
1T 120.0 5.1247E-04 0 120.0 5.1247E-04I. A . •N .... AAQR..fl& ttn.n .RO•& . .

19 140.0 5.5459E-04 0 140.0 5.s4591-04
20 150.0 6oL311-E04 0 150.0 6.1311e-04

.1 I~fil.ft 7-7OI-pnfl Q 1l &0 f) 7.21 IOr--O&
2? 170.0 809659-E04 0 170.0 8,9659E-04
23 1 180.0 9*6219E-04 .

ALPHA- 0.2304 S/ALPHA. 0.557
So 0.1284 A/ALPHA. 0.443
A. 0.1020 B/S= 0.028

CORRECTED ALPHA CORRECTION.O.002

ALPHA. 0.o325 S/ALPHA. 0.552
So 0.1284 A/ALPHA* 0.448
Am 0,1042 SRS. 0,028

S.IGHM( O.O DEGREES)o 333%4
• •rMA1 0.1 QEGREE•= 749-n

SLOPE1 3 MIL'.IRAD)w -1.500
S UP TO 0.1 DEGREES" 2*7647E-03 NORMALIZEDw 2.15334E-02

MAXIMUM PARTICLE DIAMiETER IMICRONS). 11040
EXPECTED K/ALPHA- 0.5463 EXPECTED DIFFUSE ATTENUATION COEFFICIENT - K

,' . MU RADIANS DEGREES
MEDIAN 009976 0*665BE-01 3.813
ME A 6 0.42k4 " 2_4_ _ _
VARIAC 096!8016

MEAN 2 0.2347 13.44
RMS 0.4•,50SRMS 2 "- , 0.4505 '" .24b

KAPPA- 0.1210 KAPPA'. 5 .2295E-03

THETA**2 BAR 0.1202 RADIANS**2

Figure D.74, Volume scattering function (sheet 2 of 3).
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25 JUN 1976 0,717.10

520 17JUN75 1953 STA9CAT67 - A $ 20 80MIO
ANWLIKAOý ANGLEI 01 GNA !TGAL NR. NTOAL

201972e-03 1.2569-0 2 11 02 4.0496E-03 3.141e-02 11
2*7A462-03 1*56491-01 1.6493e 0 5.70761-03 4.44556-02 21
3 .4"M-09 1.9953e-51 I*171MY 01 7.65951-03 5.96571-02 3r-
4.35415-03 2.5119E-01 6.34935 01 9*85251-U3 7.67381-02 41

8.74746-OP 5.0119E-01 2.96251 01 1.81721-02 l.41S3E-01 71
1,112-0 6*3096E-01 1:*0973 0 2*1647E-gP Ia6860-1 81

1.74531-02 1*00001 00 .l042211 01 9*990111.02 2.32911-01 101
12.19721-02 1.25869 00 7.26141 00 3647361-02 2070546-01 Ill

if L(06 2 1J Ma ~e 1.5819 DO 2e0L'UC lw ý 1 .U 4 5 0- Ue 3 . I I v 21 -
394024E-02 10"Wi3 00 3.42381 00 4.58286-02 3*5694E-Cl 131
4.3P418-02 20ýi19E 00 !!11E0 .245-2 405;10 *
5.91921-02 3.65 0 1.5'!0 .1450 .5 10 j16.94930-02 MO9M1 00 9.71325-01 6.14716-02 1.09935-01 161

1.3564-01 7#94.336 00 1.957%5-q1 8.37755-02 6.5250-01 191

*3.49071-01 2.00006 01 2*16554-02 lo04851-01 8.16464-01 211

5. 0- 13.10000E .0"1 11114015- 2 .A12168-101 8".7316HIM- 212 ý
6.1006E-01 3.5000! 01 7.25135-03 1.14721-01 8*93046-01 226

8.7266e-01 5.00005 01 2.65945-03 L.1962E-01 9.31651-01 241.

1&13456 00 6.50005 01 1@4066E-03 1.22298-01 9.52475-01 256

5-04 1.23491-01 ~gj 1!119;41=01
1.3963E 00 8.00005 01 8.1209E-04 1.23961-01 9.65505-01 271
1.48351 00 6.5000501 U 7.273-4 41.2 =6-01 .6672 - 1 126
T106911r 00o0500 01 B6ollOS-04 1.25IE0 967467-0 1 2861:4, i6I41 - .~O ' 0 1' 1,1102E-01 i.25iO5-oi 291

61 6NO0 1.0500 02 IN 51495-04 1.2572E-01 9*79228-01 296
1.91991 00 1.10005 02 9.3495E5-04 1.26011-01 9.51445-01 S01

201017e 00 1.2S005 02 5.17225-U4 1.26765-01 988731E-01 3160i. 0 1 ! 10 326
33 N 1202-k H12115- 01 9 91 326 J.9

P.44355 00 1.40008 02 !M.5459E-04 1.27416-01 9.92356-01 331
01__ _ 3_2 _ _ _ __111

2*7..53E 00 1.5500E 02 6.5972E-04 1.27938-01 9,96428-01 346

1 3.0535 flO 1.50 02

I Figufe D-74. Volume scattering function (sheet 3 of 3).
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FP1ure D.75, Volume scattering function (&heet 1 of 3).
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25 JUN 1976 0715.35 IBM 360

520 17JUN75 2050 STA*CATS7 - SEA HRO 2004

DATA RIAO IN ITERITED DATA
ANGLE (060) SIGMA INSTA-O ANGLE IDIG) SIGMA•t' i,* t '"' ANQ IL

j1 0.1750 A .,9006 al WENu 0.17,10 3.91101 02
*2 0,3500 11%1006 02 0 0,3500 1.*1526 02 S. I 6LO•_~fGmO 0l .7000 &.•K&IU 01! 10.00 1.86276-01 0 10.00 1.8627T-01

S 15.00 7.59971-02 0 15.00 7 T59971-02
& ,,n.n 3.1722#-02 -0 o20.00 741?G20-
7 26.00 1.T3571-02 0 25.00 1.71571-02
8 30.00 1*06161102 0 30*00 1,06161-0O... 0. 0,09.II.O 40.00 I.Iiiil-0i_

10 50.00 2 =6114-03 O 0-.00 H.61141-O3
11 60.00 1,54506-03 0 60.00 L.S450E-03

12 -7A.00 g71003-f& -A 7n6.AA a- 00f

13 80000 6.8673?-04 0 80000 6.86673-04
I 90o00 5.64471-04 0 90000 5.6447E-04

16 1100 4,73061-04 0 1100, 4,73061-04
17 120.0 4.5353E-04 0 120.0 4.53536-04

19 140.0 4.87666-04 0 140.0 4e67161-04
20 150.0 5T70691-04 0 150.0 5070691-04JJ* 1AMOO YI.A77U"A .A 0. ih~mT.&?73Fft&

22 170.0 9.34076-04 0 170.0 9,34076-041 23 1 180.0 1.01906-03

ALPHA. 002847 S/ALPHA. 0,633
S= 0,2434 A/ALPHA* 0.367

. An 0.1412 &IO 0.01,

CORRECTED ALPHA CORRICTION00O06

ALPHA* 0.3907 S/ALPHAw 0.623
* So 0.2434 AIALPHA. 0.377

AM. 0.1472 .. s e .n. ...

-SIGMA( 0.0 DEGREES)= 946.8tlftM610.1 •+RC.RFFK 696.1

SLOPEI 3 HILLIRAD)s -1.,51
* S UP TO 0.1 DEGREESw 7?79121-03 NORMALIZED. 3.20054E-02

MAXIMUM PARTICLE DIAMETER iMICRONS)o 113.0
EXPECTED K/ALPHA. 0.4791 EXPECTED DIFFUSE ATTENUATION COEFICIENT -I MU RA~tAlNDGRE
MEDIAN 0.9993 0.61191-01 2.188,MEAN I 0.... o. 0.3011 17.17. ...

VARIANCE 0119912
MEAN 2 0.1412 8.087

KAPPAw 0.1872 KAPPA'a 2,4968E-03

THETAa*2 BAR 6.0161-02 RADIANS**2

Figure D.75, Volume scattering function (sheet 2 of 3).
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25 JUN 1976 0715.,35

520 17JUN75 a058 SiA.CATI? - SEA M2O 20M
NGLEI RA0| ANGLU(0E6| SIGNA INTMARA. NO*M. INTEGRAL

u-NOks;;O 109900b-01 689613 99 7.74121-03 2.poI-o
2.1972E-03 I,2589E-01 Se.S759 01 1913685-02 4*66996-02 11
297662E-03 19.5495-01 4,51955 02 1.593S1-02 6.54711-02 21
T.zTTI-oa i.,_,e-91 4.Z11E 02 ,s91:1-0o 4.730,e-ol 11
493R416-03 2v5110-01 2.234•6 02 2.71531-02 I.o1541-01 41

9#7474E-03 5,01191-01 7.65041 01 4.3995E-02 2601285-01 71

1.10121-01 -*.30961E0l 935328t1 Dl 5,79201-09f 1,57413-01 It
1.38b64-02 7*94335-01 3.73766 01 6.08091-02 2.78991-01 91
1.74631-02 1000001 00 2.5773 01 7.16919-02 5.23255-01 101

i.2.f IVI r ~ ~D if IM2 1.2549 3.rvi-u& .
4.3511-0 I1150 .P312 00 .2,o.. 1 5.336-111"Rl 142.7662E-02 1.55491 00 1.16699 01 1.03091-01 4.2348e-01 121

3.*4'245-0. .951,95;11 '0.0 7 6•660j 0006 -0i 4.7•77 01 "5.51925-02 3.16236 00 3.10601 00 1.493621-01 5.899&E-01 151

E!.Zj jO jjSZEE 80 j,?OF.-I_ j49B-1 j

1.1O12E-01 6,3096H 00 5.67056-01 1•79929-01 7,3909E-01 181
1.3545-01 7.9433 00 3.16 H 214-:801 1.92)3-0 i,77RN -01 ANS1.74531"01 1.00009 01 1.86271-01 1.97641"01 8*.LIS9I01 201 ;

2.6180"-01 1*50001 01 1.59971-02 2*11551-01 4*6904"-01 206

52360E--01 3,00005 01 1,06164-02 2.2A365-01 9a38071-01 221
S,.flnR6 -9 35,05QOE 0 7
4,98135-01 4,00002 0 4*F21--0 r 2 *32842"0 1 I2;rIEw1 - -1
7.85405-01 4.50006 01 3,%249E-O3 2,3436F-01 9.62795-01 236H18.2620140 EMS.00 Hl if.1142-011 2.356021 N111131-0 R1

1.04725 00 6.00006 01 1#5450E-03 2o37401-01 9.75225-01 251

1,3090E 00 7.50009 01 6,03370-04 2e39086-01 9.6212E-01 266

1.5708E 00 9.0000E 01 5.64476-04 2.4015E-01 9.8651E-01 281
J~1LL2P 0 9. 5*00005 01 S. 3eE9-04 2.4T•E4j 01 9*87709'01 J91

1.74535 9i 11.09000 02 E.7-04 2.403-1 980,a 291
1.8326E 00 1.05005 02 4.8898E-04 2.4100"-01 9*89995-01. 296

___.oL9079E 89 .... o so!00 02H706-• 41HRl-0i 1 9'9••01 910H

2.09446 00 1.20009 02 '4.53531-04 2.417IE-01 9.92915-01 311
2I1 017. O0 1.2500E 02 4.55285-04 2.4jj9j9o- 9.93779-01 316
.2459 0 d I oo ' ' I•04 21 25-01 9.9L5.4-01 z321

2939642 o0 135009 02 4,72301-04 294230E-01 9,9536E-01 326

2.6180E 00 1.50001 02 5.70696-04 2.4281e-01 9.9743E-O 341
j!jj j§72S 00 j~j 8,60 O| -1;;41T-04 !2j.4!'-0• jIjjj6,E-OZ 11!

2.07985 00 1.6500E 02 0.2982E-04 2.43231-01 9.9919E-01 356

3.1416E 00 1.8000E 02 1.0190E-03 2.4343E-01 1.0000E 00 371
PAOSE REAOY PLOTTER

Figure 1D75. Volume scattering function (sheet 3 of 3).
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I Figure D.76, Volume scatteringi function (theet I of 3).
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P5JUN 1976 0736.41i IjP.j 31,

520 17?UL?5 2115 STA.CATMIS - SEA M20 15M

DATA READ IN ITERATED OATA
ANGLE MDEG1 SIGMA INSTRwO ANGLE (06() SIGMA

HAND.,I
1 .5 .86001 02 0t 601700 9.68131 02 -

2 0.3500 2.000001 0 0 0"3500 2.Z6OOM 02

I is0O) 1,36!DE-01 0 15000 1,36306-01

RAN 09041 0 11408 - ,O -0
A 30,00 2004566-02 0 30.00 2008561-0ai• 9 _ 40.00 ,!I- . 00,.gEg-3

Io Rol0 ON•11-"0 00 4,9 ;9O.O •11?12:0 '""'

11 60600 2*30330-01 0 60400 2.3033E-03
10600 9..716 H:7.6

* 13 80.00 9,6234104 0 80.00 9.6fl41"04
14 90.00 6.77471-04 0 90,00 6.77471-04

Ils 110.0 5.A29SE-04 0 110.0 5.42956-04
17 120..0 5,3562E-04 0 120.0 5.3582i-04

19 140.0 6*019a1-04 0 140.0 6,04981-04 j
20 150.0 7.lSZ71-04 0 150.0 7.15276-04
21 IAI. All.SI-0 0 I Aa.O A RAN-04
?2 170•. 1.4709E-03 0 170.0 1.47599-03
23 1 180.0 1.71041-03

A LPHA 0.32SALPHAw 0.917
$" 0.4874 A/ALPHAm 0.043
Am 0,0438 RtSi 0.008

CORMICIer) ALPHA CORRICTION.O4008

"ALPHA.' 0.5394 S/ALPHAv 0.904
So 0.4d74 A/ALPHA. 0.096
An 0.g020 A/So. .001

SIGMA( 0.C DEGREFS)u 1284.
S+IGMA 10, OPGEG IIl 9fl.9

SLOPE( 3 .ILLIRADO) -1.447
S UP TO 0.1 OEGREES. l*O.q-E-u2 NORMALIZED. 2,19526E-02

MAXIMUIM PARTICLE OIAMETER IMICRONS). 108.0
EXPECTED K/ALPHA. 0.1858 EXPECTE DIFFPPUSE ATTENUATION COEPFICIENT - K .

MU RADIANS DeGREES
mEnIAN 0.9988 0og9106-01 2.813
"A. . 9 0,2622 . 15.02
VARIANCE 0.1606
MEAN 2 0.1285 76361
IM ... IS o, 6 lb,22

KAPPA. 0.1002 KAIPAI. 1. *407E-03

THETA*1s'2 BAR 4.3934E-O2 RAOIANS**2

Figure D,76, Volume cattering function (shoot 2 of 3).
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520 17JUL75 2115 STA.CATOI5 SIA NbO 194

2,172-03 1*r.91-1 *269102 1@57121-02 3422146-02 11
- 2.7hA29802 l.M49L-01 &.Uf4L&S 02 2.222A.fl2 4,14976-Q2 _Z151

14@3841E-03 2.51195-01 3636741 02 3.87481-02 7,9904E-02 41
8 A102 H -QA _jhj,.bZ-IjD 24fillIM 02 &.b7%M.A2 a-~2..2 8

4,948SE-03 1.98111-01 1.72920 02 6.00741-02 1.2322616-01 61
A#74741-03 5.01191-01 1,23fl18 02 ?o29541-02 1,49691-01 71

1*78431-2 10010 4,4101 1#02015101 2e$231-101 910

3.4824e-02 109953e 00 1.66451 01 1.96911-01 4*04033-01 131
4:38 1~ f;41 2. _,"0 J,~ ~ dI9i

ho94031-02 3098111 00 4.93611 00 2.95696-01 6.06721-01 161
N912,1! M 016 100 ! N 71 00, 1:111,012.01t A.7&A8-dI 1-71,

1,38845-OL 7o94336 Of) 8.07975-01 3.825st-01 7.849YE-01 191
- 1.1411~~.~11 J 0 100 4T.2&pso 4tfli-I A.26993-Q 2 Q ,

U~~ 2 .A 0i- 1.9000501 O .6050 4.3112-01 s.44991-01 20
$9349071-01 2.00006 01 6.26006-02 4.46111-01 9@15471-01 2111

9v23406-01 3.00009 01 2.00563-02 '.63143-01 9.5029d-Q1 221
60A1nn6l-01 3o.50005 01 1.36815-02 4.60805-01 9.60435-01 226

IA1P -M 1-gogn gi 3.%A2Q0 - ~.1A7e-1 9.0m1 -1 %1~
*7461540E-01 4*50001 01 6.0971:-01 64.7696-01 9044:9-i 2H6

P.7266-01 5.O0006 01 4.13311-03 4076711-01 9001131-01 241
IsO72 0 6000E01 2,30364-03 &.7828lt0t 90931,9,1-01 ?11

1.13458 00 6.00009 01 1*001$1003 4.00466-01 9.69621-01 256
7,OniU 1,41198-fl AL 2 801 4,011 -!,j-6, 261 _-

1.30905 000 7.50006 01 1.6300 4691-1 9.16-01 266
*1.39635 00 0.00001 01 9o62346-04 4,92521-11 9.90059-01 271

HH 98 W99 M 1991t'4HOZ8 : 1
1465815 00 9.50006 01 6020121-04 4.83753-01 9.925R5-01 286

* . 51-4 .839-01 j.0121 -01 291

*1.9199E 00 1,10001 02 5.42955-04 4o64681-01 9.9449E-01 301

*201A176 00 1,25008 02 5.37555-04 4,85461-01 9.9609E-01 316

2o44356 00 Is40001 02 6.019SE-04 4o81641-01 9997481-01 331

12,7053t 00 1.5600 02 7.4179E-04 4#8674E-01 9.9971E-OL 346

2096711 00 1.70001 02 1&47599-03 4e87221-01 9099691-01 361
3.05436 00 1.7501U; 02 5773-01 ;1;3301 9 ji?-fi S66

PAUSE REAUY PLOTTER

I ~Figure D.76, Volume scattering function (shoot 3 of 3).
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Figure D-77. Volume scatte ring fUnction (shoot I of 3).
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29 JUN 1976 07 140 M3b

520 17JUN71 2124 STAsCAT07 SE 564 42o1M

ANGLE (0I0) SIGMA INSTRsO ANGLE 10110) SIGMA

1 061750 3.1150 03l ON"9 061750 M;1461 01
2 0.5500 1,1100, 02 0 0.5500 1.14841 01

1 0,7600 4-20f09 01 012*61 01-
4 '10900 3.21171-01 0 10.00 3.21271-01
5 15.00 1420461-01 0 19600 1.20261-01

7 25.00 2.47791-02 0 25800 2.4771-02l
A 50.00 1444701-02 0 30.00 6.44701-02

It 60.00 10796911-03 0 60.00 1979691-01

13 500 75141-04 0 50.00 7.69146-04
14 90.00 5.95261-04 0 90.00 51.9%2061-04
la Ifllr 6 AI 3 A - - - -A tAf-1%6 - - 11 i
16 110.0 4091891-04 0 110.0 40.9169-04
17 120.0 4.05451-04 0 12060 4405431-04
IR I I m - &-As Im1K6& Itflfl &hfln3& .1
19 140.0 5.24291-04 0 140.0 5,14291-04
go 150.0 6.07451-04 0 150.10 6.07451-04

22 170.0 1.27510-03 0 17060 1.27101-0
23 1 150.0 1.47461-OS

ALP. 0*0019 SIflP. 0.0116

1:CORRECTED ALPHA COftRECYIONuoo005

ALPHAu 0.5625 SIALPHAm 0.805
So 0*2914 AIALPH4. 0.195
As 0,070S Via. 0,012

S-1101A (1.0 OEGROESIN 731.5

SLOPEI I MI.LIRAO).m -1.476
SUp TO 0.1 DIGREESs 6.08112-03 NORMALIZED. 2.083951-02:'MAXIMUM ICL 019TE MICRONS)19.

EXPECTED K/ALPHA& 0.2960 EXPECTID DIFFUSE ATTENUATION COEFFICIENT K %.1N - U AOIANS 0641618- 4
MEDIAN 0.99513 0051061-01 30.327

o0k1041, 17.41
M4EAN 2 0.1966

1 1P~ 0*01 M!~m L5910

Fligre 13-77. Volume scattering function (sheet 2 of 3).
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_____________________________________25 JUN 1976 0714.01

520 17JUN75 2124 5TAsCAII7 SIA H2O 1om
AN0L5IlAD) ANGLRIOIGI SI A INTIZGVA! NOrM.ý INTEGRAL

2519721-03 1025696-01 4.67496 02 *.92181-03 3.05641-02 11
207A626-03 1#5849E-01 3*66376 02 1925971-0?, 4.31516-.02 21
3 - % 4 0 1-99531-01- EMU13 03 lob~i-941OZ 1.10391-03 3
4.30411-03 2.51198-01 100179a 02 2.10500-02 7.45545-02 41

A,74741-03 $.01195-01 6.76011 01 406661-02 1.39341-01 71
1.10121-02 6.30966-01 4,81246 001 4.56401-02 1.66631-01 61

1.74538-02 1.00001 00 2,46812 01 ::;;0;1-'0; 9.32201-01 101
2.19721-02 1.15091 00 1.77961 01 7*94401-01 2.72151-01 111

3.4A246-02 1699535 00 $0993511 00 1.07666-01 3*66811001 131

6994639-09 11.96115 00 2a61345 00 1.60250-01 5.4fl961-01 161

1.31649-01 7.94335 00 5.39026-01 2.1043E-01 7.20896-01 191

5.49075-01 1.00001 01 1617131-02 1661161-01 4.94671-01 all

6.10l6E-01 3aO000e 01 9.45115-U3 2.76M2-01 9.4631E-01 236

80726611-01 5.00000B 01 3.29761-03 1.83036-01 9649601-01 141

1.1345 00 6.00001 01 1.43070-03 2*85996-01 9.7972E-01 216

1039631 00 8400006 01 7.69146-04 2.97656-01 9.85436-01 27L

1065415 00 9.50006 01 5.47111-04 2.88719-01 9.8904E-01 286

1.91996 00 1.10005 02 4.91691-04 2.89536-01 901651-01 301

2.01M71 00 1.25006 02 4.8470E-04 2.90245-01 9.94285-01 316

2.44355 Q0 1.40006 02 5.34291-04 2.90841-01 90q6396-01 331

207053a 00 105500e 02 6.b944E-04 2.9136-01 9.98125-01 346

2*96716 00 1*70005 02 1,2750E-03 2.91791-01 9.99596-01 361

PAUISE mP00Y P'LfTTER

I-Igure t0.7. VolUMe Scattering function (shoat 3 of 3).
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Figure D-78. Volume moattesing fuinction (sheat I of 3).
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920 11JUN75 2046 STA.CAT4S SEA MZO BOM

ANGLE I0901 SIGMA INSYRNO ANGL IEG19) SIGMA

I 0*1750 1.95001 02 0 0.1790 1.91551 02
a 04.3500 6150001 01 0 0.5500 6.61101 01

2 '0-7an2.,annb i 01 a~i niifa-- 19&h l.. ;
4 10.00 1.46821-01 0 10.00 1#46829-01
6 15600 0*969?610? 0 15.00 $698921-02

7 2965 D 262611-02 0 29.00 2028631002
1 30.00 1937S31-02 0 10.00 1037831 02

40.0 &.976-0~40.00 6.11769;8_
10 50.00 3.446H -013 0' 50.00 3.44646-03

11 60.00 2.07996-03 0 60.00 2.07991-03 -

it 70.00 1*4.6141-03 0 70.00 1.46141-03
13 $0.00 1.06760-03 0 60.00 100676E-03
ii Ofl~ftf *I*A-S7FlQ M n anfln a-tfis19.fli
Is 100.0 6,6664E-04 0 100.0 6.66649-04
16 11060 6.16031-04 0 110.0 6&1603E-04

17 L11i.0n779 -0& - ) 2r.0 A 012P.4
? is 130.0 6.12441-04 0 130.0 4.12646-04

19 L40*0 6054091:04 0 140.0 O&SO096:04

21 160.0 8.4306l-04 0 160.0 8.4343E-04
22 170.0 9e39906-04 0 170.0 9.39909-04

3 1 10.2- 9.717318-Q4

* ALPHA. 0.2617 /kPwQs2

- CORRECTED ALPHA CORRICTIONwO.00%

ALPHAw 0.2647 SIALPHAs 0.620
So 0,164u1 AYAL2HAv Q.________
A. 0.1005 B/S. 0,026

9 TQMA( Q.0Q QFRMS. 467.g ___________

SIOMAI 0.' 0IGREES)a 344.0
SLOPII 3 MILLIRADIN -1s548
S UP To 0.1 paiORIism 13,4996-.0% NORMAU IZ[m245PI0

MAXIMUM PART1CLI DIAMETE.R (MICRONS). 113.0
EXPECTID K/ kMm f48! j5 J. ECTED DIFFUSE ATTENUATION CQEPPICISM! K

MURADIANS bEGRERS

VARtANCE 0,2706

AMEA 2 004191 24.01

KAFpPX. *7 5 APPA'. 5*1104EO03ITHETA**2 RAR 091141 RADIANS**2

Figure D-78. Volume scattering function (shoot 2 of 3),
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3 25 JUN 1976 0720,21

520 18JUN75 2046 STA*CA709 - SEA 1420 8014
ANGLUIRAD) ANGOLID9SI MIONA INTEGRAL NORM. INTRAI i5' I~'j-0 i 1.11UUUt-V1 31#3999U U2 3.4~ U 2 i4sa;!ui AL
2.1972E-03 1.2589E-01 2,89446 02 5.61745-03 3.42235-02 11
2.7662e-03 1.58491-01 2.23336 02 7.87555-03 4.79871-02 2).

2.4C2-03 1.16531-51 leITOIR 02 ls003-)rm0I ,9.39909-02 31
4.03';41E-03 2.5119E-01 1.1049E 02 1.34201-02 8.17681-02 41

SRqI1-03 3161?T 0-8 54 vu zossor1IRVsOvZ-1 1
9.7474'm-0'3 5.01196-01 3.7919E 01 2.42375-02 1.47681-01 71

U181012E-02 6430961-01 2.654SE 01 298660E-02 1.74635-01 @1
a "t IUSO ZJ MlU SEj1 &VOOVIR VT ,.i3poe- d 4.040q I 91

1.04539-02 1.00001 00 1100861 01 3.90331-02. 2.37031-01 101
2.19721-02 1.25191 00 9*20961 00 4.51271-02 2.74971-01 111

33546245-02 1,9953E 00 4*44476 00 5@9366E-02 3.61731-01 131
4.58415-02 2#5119E 00 3.0159E 00 6074676-02 4.11091-01 1341
9.514M5-02 3.~16235 00 1.99171 00 7.607911-of 4.6" 10 11

A6*94036-02 3098116 00 1.2574! 00 6.4920E-02 5.*17431-01 161

l.5A64E-01 7.9433! 00 294'i97E-01 1*0656E-01 6.61456-01 191

13.49071-01 2.00005 01 3.38S614-02 1*3332E-01 6.12355-01 211
.i.)h 150 2.50009 01 2. 2 14-2~ ,3jtj1 -111 a -0 218.2'3'60E-0 3.0000! 01 103726331=-022 *.4364E-01 8.05241-0i 221
6.1086E-01 3.0000E 01 9&5151E-03 1.46995-01 P.95671-01 226
61.9815IER -O 6 4.0 4.7~6H * l 793 5 -02

8,7266E-01 5.00005 01 3.4464E-03 1.53435-01 9614661-01 241

1.13456 00 6,50005 01 1.73061-03 1.5573!-01 9.54985-01 256
'o ~ j 1 1;;6-01 9.5989E-01 281

a 3 524eol 9.6418E-01 2366
1.39635 00 A*.ýO005 01 1.0676E1-03 1.5A865-01 9.6794E-01 271

____1.4435E 00 8.5000E 01 9.29,6741-0O4 1.549g405-01 9!.712!-01 263~07 11iEs 00 9*0000E 01 8.18250 .97-1 7150 8~1
1.65915 00 9.5000E 01 7-19815-04 1.6030E-01 9.7672E-01 286

318326E OC 1.05005 02 26.31 0 1.6M -10-l 9.8113E-01 298
*1.9199E 00 1.10005 02 6.16035-04 1.613B5-01 9v83125-01 301

2. 9441 0N 1..''2000 02 6'077-4 1.261955-01 9&.869E-01 31
2.1917! 00 1.25005 02 6.026S5-04 1.6223E-01 9.18485-01 316

- 2 A9E 00 1.3000,1 02 6 6-0 6491-0 9,9,0 1:-..... j1...
562 00 Of300 02 J 8. 1 E-0 1. 6 7-1 9.9162 Of1 2

2.4435! 00 1.4000E 02 6.58095-04 1.62985-01 9,9307E-01 331
2.5050 1.45pj 0 6 .9 Q... 62E01 9.9444 336i-2

5!580 00 o 9.500 02 7.7950 1.641-0 9.9 7- 1341
2.70535 00 1.5500E 02 7.83385-04 1.8360E-01 9.9687E-01 346

lkflt0 1:6000 0j1j; 6. 160~ L39 50
2.96715e 00 1.70006 02 4.3990E-04 1.8403E-01 9.99441-01 361

U3.05'3E 00 1.7500e 02 9,65929-04 1.64096-01 9.9986E-01 366
3ell ~ 00 ~ Y MM ED i47173~ 04 16412E-01 1.*000 OE 00 371

:1 PAUSE READY PLOTTER

I ~Figure D-78, Volumew scattering function (sheet 3 of 3).
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Figure D.79. Volume a•cttering function (sheet I of 3).
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I_ _ _._ _,__......._ _2_ . 2 4 JUN 1976 0718,46-- 1IN 3.

920 IIJUN75 2122 STAoCATOM - SEA W20 14M

DATA READ IN ITERATeD DATA
ANGLE IOEG) SIGMA INSTAwO ANGLO 011G0 SIOMA

HAND. I1 O.1750O11,49OO9 02 0 OTO ,spasse 02

S0,50.0 2.3952 03 0 050.00 21672Ef 021k.... A.T•nA .... A~h • It A ftln tln ~ %-ai2&r fit ..

4 10,00 1.0257-01 0 10.O0 1029716-01
13 80.00 5.8734E-02 0 15.00 5.67334-02II 1 210.0 1.5477E-0' 0 19100 19T447E7-0
A 30200 9071196-04 0 .i0,00 9371396-0E

.. 9. 1A.50 4.5246-04 0 40.00 4.52460-01
n0 500.0 2.g95E6-04 0 50.00 250952E-03

t1 in A0 ,A0.721-n& A 6OAOnn 9*59K.fA-O
13 00,00 005676E-04 0 00*00 5*67621-04

22 90.00 8.0670e-04 0 90.00 46a§563-04

16 1100 3904400 46-04O0
17 120,0 3A94076-04 / AP0A0 3,94076-04

9 1,4S0.20 4,50AAL-HA 0 1.0,.0 440,4,-04
2t) 15040 5.03451-04 0 150,O 5*03401-04

22 17060 EB6?OE-04 0 1T00 B 6706TO-04
23 1 L8060 996432e-04 -

ALPHAS 093776 S IALPHsw 0.954
So 0.2091 A/ALPHAw 0.446

1CORRECTED ALPHA CORRECTIUNE06005

ALPHAS U.3825 A/ALPHAv 0.047
So 0,2091 A/ALYHAw 0.453

SIGMA( 0.0 UEGREES). 776.0

SSLnPE( 3 MILLIRAD)s -1,529
S UP TO 0.1 DEGREES. 6,4066E-03 NORMALIZIO. 3.06413E-02

MAXIMUM PARTICLE DIAMETER (MICRONS). 112.0
EXPECTED K/ALPHAs 0.5515 EXPECTED DIFFUSE ATTENUATION COEFFICIENT - K

MU RADIANS DEGREES
MEDIAN 00993 0*37996-g01 2.176
MEAN I 0.9941 0.30a3. . 1_._,_._?.4__._,_.
VARIANCE 0.1999
MEAN 2 0.1412 8.092
MR5 2 HiOtl•.. 1,2

SKAPPA. 0.2110 KAPPA'S 2.,1eg.E-03

I THETA**2 BAR 6.0671E-02 RAOIANS**2

1
Figure D-79, Volume scattering ftnction (aheet 2 of 3).
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25 JUN 1 978 0?1§.4§

520 18JUN75 2122 STA*CATIS6 1- SA HID 141C'ý
ANSL4;IERAD) ANS6OG IM TGA ~M NEAL

2.1972;1-03u 1.25695-01 4.6434! 02 9.36001-03 4.47661-02 11

.7660 .89-1 '7114 02 31466-j02 4.,871-, 1

4.38411-03 2.51196-01 1.57200 02 -1:001-02 1.07616-01 *1

8,67474-03 5.01196-01 6.50849 01 4*09538-02 1.95671-01 71

;!j660 .57656 01 .54 -2 . 6

1.74523-02 1.00001 00 2.24416 01 6,64551-02 3*17941-01 101
ZeI.972!9....j:25891 00, 1.0473B 01 '7*6106-02 B~?3.67260 1 _

2:7659C-0 1*549 00 1,47e 01 B.GUVE-02 4,iii'1 '
3.66246i-02 1.99536 00 6.93095 00 9.99298-02 4077936-01 131

6.94631-02 3094116 00 1.61706 00 1.3632E-01 6a52006-01 161 -

1.3M646-01 7,94331 00 2.64566-01 1#6400E-01 7.64396-01 191

1.49071-01 2.00001 01 2*76821-02 1*86231-01 9.00231-01 211

h.10661-01 3.5000E 01 6*3962E-03 1.97959-01 9.4673E-01 226 -

8.72666-01 5,0000 01 42591-03 2923-1 9,667-01 241

Is39E 0501 6.0000E0 1*3390-03 2.0413-01 .6819 -01 236

1.3963E001 5.0000e 01 2.67626-04 2e02331-01 9.67006-01 241

19651E- o 9.000 01 427E0 063-1 987E0 8

1013426E 00 1.5000E 01 3.939861-04 2.0451-01 9.99613-01 256

1.39319 00 6.100008 01. 5.67626-04 2.07174-01 9064006-01 271 3

1.65415 09 9.50005N 01H 4.2318-0 2.63- 1 *9.776-1 266

21.1326 00 1905008 02 3.90047E-04 2.09774-01 9.89666-01 196

1.9;ill 00 1!110081 02. .10 11-04 2 01 7601 9.9 6 1 0 31

2.81E00 1250 0 t.29271-04 207-0 9958 -01 36

2.44356 00 1.60001 02 4o%0621-04 2.082511-01 9.96016-01 331

?.61806j 00 j:99181 02 1.03456-0 2.0N5-0 9".0746101 314"1
?.7053E 00 1.55006 02 1.41761-04 2.08686-01 9.96076-01 346

291600 1*1000E 02 6*66701-04 2.09000-01 9.99816-01 361l

PAUSE READY PLOTTER -

Figure D.79. Volume acattering function (sheet 3 of 3).
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25 JUN 1976 0723.34L I BM L~t

520 14JUN75 1719 STA*CAT#99 SEA H20 7'1M

DATA RVA5 19 ITERATED DATA
ANGLE (DEG) SIGMA INSTR.0 ANGLE IDES) SIGMA

1 001700 1.1100! 02 HA 0u Dw1750 1.13171 02
I , 2 0.3500 4010006 01 0 0.3000 4.78486 01

4 10.00 1.13789-01 0 10.00 1613781-01
5 15.00 6.4576-02 0 15.00 6.45576-02

A 2nj 0&lA -11 20.00 .0fg6
7 25.00 1 ?#701:~02 0 25 ,0o. 1.76751-02

* 30.00 1921191-02 0 30.00 1*2129E-02

10 50.00 3.4R465-03 00 10.001 3o44641-03
11 60.00 1093226-03 0 60.00 1.93221-03
12 zflt.f1 110-m 7t1m 1flfl-nE 13 80.00 9e22071-04 0 $0.00 9.22076-04
14 90.00 7.26161-04 0 90.00 7s28186-04
16 11000 5.6349q-04 0 110.0 5.63496-04
17 12090 5*39861-04 0 1200.0 5.3'901E-04

19 140.0 6*011986-04 0 140.0 6*08691-04K 20 150.0 7.09391-04 0 190.0 7.0939E-04

22 170.0 14213SE-03 0 17000 1121396-03
23 1 190.0 1.3449E-03

SALPHA. 002341 S/ALPHAw 0.573
S. 0.1340 A/ALPHA. N.427
A- 0,1001 819o 0,030

CORORCTED ALPHA COARECTIONmO.001

ALPHAo 0,2355 S/ALPHAn 00569
So 0.1340 A/ALPHA% 0.431
An 0,1015 Rise Q0.01

SIS~MAi 0.0 OEGREES)o 221.2
tIULLQLl fl1nReES18 170'.1

SLOWE 3 HiILLIRAD)w -1*242
S UP TO 0.1 DUOREESs 1.89166-03 NOJ4ALIZECI. 1.41132E-02

MAXIMUM PARTICLE DIAMETER (MICRONS). 97.00
EXPECTED K/ALPHA. 0.5305 EXPECTED DIFFUSE ATTENUATION COEFFICIENT -K

Au RADIANS 616RIES
MEDIAN 0.997? 0066101-01 30902

0.ACF24453 - 2-5.52

MEAN 2 092497 14.31

W fl!J5

KAPPA. 001250 KAPPA'. 5ý.65266-03*1TNFTA**2 SAR 0.1302 RADIANS**2

Figure D-80, Volume scattering function (sheet 2 of 3),
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25 JUN 1976 0723.34

820 1QJuN75 1719 RTA.CATOO - SEA H20 7TMt_ NLIA) AN..a(|O) sI5 ..... IN| RA N.RM INTEGRAL
A ltGI34Af3013 1v,OO- 01ýrla7l0q 18|BlEO ~ l1•0 I
2*19726-03 1925896-01 k,54661 02 2#6157E'03 20t0081-02 11

2@76621-03 1658491-01 1,26778 0 4,0190 284 IO14L-O2 21
3.48241-0:43 1.991e-al 9,61 O511 j1 7A T -02 1-
4.s3841E-03 295119E-01 7,22428 01 T.44839-03 5@99721-02 41

I.747ýk-03 5.01196-01 3.06349 01 1.s611-02 1.14666-01 71
1.10121-02 603096e'01 2.301se 01 1,90731-02 1642306-01 61.396,40i-ax 7,94251-01 1'.71711 'of "Z,3;-o, I -O M131'£a-01 vi

--- *431-02 100001 00 1*23399 01 20||969-02 2.1336E-01 101
i2197T2-02 16.89 , 0 119456E 00 3,486I102 145999-01 111

3.4M248-02 1.99531 00 B.01711 00 4.7000e-02 3.*0678-01 1314!jjV411-0 ZSlq O~j~ 0 !!,41;;l O0 S.374jje O 4 •,0jj0-0| ill

6.940360E-0. 904421-01 161

P81,U0III- 1 6,f0qb RI I,1111E-01 ;.&WHIM-0 1:1181-41 181i

1.38641-01 7.94335 00 I.oAo09-01 8.5107E-02 6,34980-OL ;11
I1*74531-61 1.00001 01 1.13781-01 9.006SL602 6.71911-01, 201

2.91801-01 1*.0001 01 4.4S571-02 l.OO1O1-01 7T4690-01 206

1NE
5.23601-01 3.0000! 01 1.21291-02 1.18606-01 *62082I-01 221

T.ORP14OE 1 .181H ON i.1141EOEO l* •EO :R;Bi'O WN kPNH 6f
7,.8409-01 4.50005 01 4&.3001-03 1.2248•-01 9.13861-01 216
MMMqE"O MHOS0 01 HOW:!!'0 NW!ES'O H *s0E0 HIP it!.

1.O472! 00 6.00001 01 1.93229-03 1.26375:01 9.42811-01 251
1. 34;1 00 6.3000O 01 1•.591 O| 1.2726E-01 9.!4;ij-01 56

1.3090E 00 7.50008 01 1.09938-03 1.2659E-01 9o.9401-01 266

1,•3III O050 00 Olj~j 8 ,0•5lEj.-;0 • jjj Uq OE-0 gEbqO-8j •T

1.5708E 00 9.0000o 01 7o28161-04 1.3002E-01 9.700SE-01 251

If-ffi O' 6.~dHR' NORIZO1 9.72OV8i! 291

1.83266 00 1.0001 02 5861441-04 1.31079-01 9.77681-01 296
OW!26 O0 N588OO 01 NP.R 94E'0 NW 2H it*02"R0310ThO ,~eEO g

3 2.0944E 00 1.20000 02 5.39861-04 1.3191E-01 9.04168-01 311

2,35621 00 1I35001 02 S.65791-04 1.3264E-01 9.89601-01 326

2.61R06 OC 1.50008 02 7.09391-04 1,33275-01 9.9432E-01 341

2.07941 00 1.&1001 02 9.97641-04 1.33861-01 9.9111B-01 356
2.9671, 00 1.700E 02 61.21 -0 1,3307 -01 9.99091-O1 36

0ý *60 08011 01 MR; T '04 1,4964:-81 ;!9491411'1 R6 61

2.0931• 00 1.7500E 02 1.3 190E-03 1.•3900-01 9.99756-01 366

3.14168 00 1.1000E 02 1.34496-03 1,3403E-01 1.0000E 00 371
PAUSE RFADY PLnTTER

i Figure D-80. Volume scattering function (mheot 3 of 3),
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pigure D.81, Volume ocatterbin function (sheet 1 of 3),
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JS JUN 1976 0721,99IBJ M 36

I 920 19JUN75 2000 STAeCAT09 -SEA "10 ISM

4 D ATA READ IN PTIRATED DATA
ANOLS logo) SIGMA INS~h.O AN6LO 101O) SIGMA

11 0.1710 7,000003 02 0 0.1750 7:09061 02
a 0.1500 2.58001 02 0 0.31500 2 $1421 02

4 10.00 206141-01 0 10.00 RoGI261-01
9 15.00 160631I-01 0 19.00 1.00131-61

7 25.00 2.49121-01 0 '21.U00 2.4912E-01

11 6*0106641-03 0 600.00 1.76641-01

Is 1 AAA -AYAA ft Irkn -l n A -
16 110.0 4e$7411-04 0 110.0- 4o$7411-04
17 120.0 4.14201-04 0 110.0 4s86201-04

19 140.10 5.4*111-04 0 140.0 541.0"4
20 150.0 6.37041-04 0. 110.0 6937141-04

22 170.0 1425911-01 0 170.0 1629911-OS.123 1 1.10.0 l.44046-03
ALPHAm O,54)31 SIALPHA* 0,713

So 0.4093 AIALPHAs 0.247

CORRECTED ALPHA CORRICTIONs0.010

ALPHAs 0.3540 S/ALPHA. 0,739
Sw5 0.4093 AIALPHAn 0.261

SI(IHAI 0.0 DeGREFSIU L647.
ianmA I oAi nsrly~fsl k 21l &a,_ __________

SLOP64 b MILLIRAD)a -1.496
SUP To 0.1 OIGREESO 1.36331-02 NORMALIZED* 3.335416-02

MAXIMUM PARTICLE DIAMETE ICRONS~ 110.
EXPECTED K/ALPI4AN 0.0648 EXPECTED DIPPU9E ATTENUATION COEFFICIENT K

MU RADIANS DEGREES
MEDIAN 0.9995 0*30491-01 10745

IMEAN 2 0.1115 4.389

IKAPPA@ 092021, - KAPPA'. 1071211-03
TMITA**2 BAR 4.17261-02 RADIANS002

Fprgw D-81, Volume scattering fuanction (sheat 2 of 3).
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25 JUN 1976 0721.59

520 19JUN75 2000 57A4CAT9 SI 51 120 1aM.
45 AD) ANG1.Igi00 04 NEAL ON.IT0

2.19729-03 1.25896-01 1,04361 03 1.99996-02 4oG95711-U 11

4341a.1E-01 IJ51191-41 4.12951 01 4.16691-01 1.18906-C1 41

As'74741-03 It01196-01 1.A6Y'.1 02 6.9877e-0p2 *119571-01 71
LOkttl0 .0 1 -01r 6171-:

175-N 1600001 00 5.04131 01 16.47841-01 $06L171-01 101

1.70249" .O 5 09-0':;941 00.9375350 2618791-01 5614506-0l 131

6*94836-09 3.96118 00 20945111 00 2.8'77SE-01 7.01905-01 161

1046411-01, 7494133 00 4.12251-01 .363635-01 6621651-01 191

3e440711-01 Zo.0000 01 4.14729-02 307911 -01 9.6655-01 211

60,0666-01. 350000t 01 9.319BU-03 3.9462e-01 9s64031-01 226

8.72661-01 90000hM 01 3.0875E-03 4.00541-01 9*76511-01 241

1.13451 00 6*50001 01 1.42301-03 4~03396-01 9*05471-01 256

1.39435 00 8400001 01 8.21691-04 4*05081-01 9.8960E-01 271

1.605p1S 00 9,5000E 01 5039329-04 '..0617E-01 9.922tE-01 286
.7451 .9L2RN401-0It~IoC -1 9; 1 12 9 14 .-01

1.01996 00 1.20io0 02 4.57411-04 4.0693E-01 9.94125-01 301

2.1517 00 1.25006 02 9.00750-04 4.07636-01 92.95829-01 316

2.44355 00 1.40001 02 5.4261i-04 4*08266-01 9097360-01 331

2.735401.5 U0 02 6.945Iqt-042 4.057Q-01 Mild:-01 34

2.96711 no 1.70ODE 02 1.15919-03 4.0921E-01 9.99685-01 361

DOUSE READY PLOTTER

Figure D-81. Volume %ratteritng funustion (cheat 3 of 3).
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25 JUN 1976 072J.07 IBAi

320 194UN75 2024 STA*CAT49 .- SEA H20 IM

BAIA Kilo IN IMEAIED OAfA
ANGLE 4010) SIGMA INSTAsO ANGLE 1010) SIGNO

1 0.171 40 0 .70 1.5sle 02
0104.45006 01 0 0.5100 4o600911 01

A. a .Iflfi 'te un t 6 Y~Ii fit&
4,. 10.00 106703e.01 0 10.00 1#67036-01

5 19.00 6029721-02 0 15.00 6629711-Ol

7 15:.00 '1 .4' 1 '1'H2' '0 '13. 00 1#42611-09
3 0.00 1167171-03 0 50.00 8067171-03

011 04000 1.17511-00 0 60.00 101791E-03

13 $6000 !:A4!!!!-0 0 30.00-0
14 90.00 4.19801-04 0 90.00 41910

JA 110.0 3o49301-04 0 110.,0 5.45386-04

5. 0.1444wQ A#LIAu 0.30154a-
is 14060 1*92061-04 0 10.0)91670

2 IN2 10.0 QEORFES) 4 0 200 *412-0

2 L3 E 1 1800 LZ9t043 1-04

EANP~ 0&2319io 2ILN0 13.620

CORRECTED I(ALPHA. 0C4SRR EPETECTPPI ATEUAIO'*F00l'2

EIALPN -0.9975 S7ALPHA- 001 37

SoP~ 0.1144 NAPAPHA' 030l34E
TI.4~TA*Z )AR 7.856EOZ AfLASO *21

SIGMAI D i) u Oln .2,~ 239un 6



520 19JUN73 2024 STA.CATVI R SA M20 IM
ANGLERD CAN0LI 4)~ SIGMA INYEGRAL NORMo INTEGRALI0 9721-4)3 162589P-01 1.;,;;I 00; ;000703 2 0 1

1#611-1 141, 1,;,110 4 , ;0 O 1!98111002 21
% .1 pýp-og iVI4.3441$-03 2631191-01 762144,91 79:700131-01 5.36621002 41

A9R74746003 S.01191-01 2.69181 01 1.54231-02 1*06771-01 71

UH :318 I0DTq9 10430ia H07,14 1 ON
1,74031-02 I.00001 00 1%17011 01 200411-01 1.91708ft01 101

1,111111_____ 0093.0 .20Il UO49' I01V

*3,40~41-02 1099509 00 4.56311 00 4673811-02 S.28021-01 131

406940)9-02 36.98111 01. 1%31151 00 7o41069-01 5.13041-01 161

10R6946411 7094331 00 20773111-01 9095675-01 6sS9431-01 191

*3.'.9071-O1 I.00001 01 2,46711-02 14259111-01 8471819-01 2111

6 6.1046q9j01 Sol00C1 01 5%53176-03 10431I-01, 9:3)411-01 2*6

4.72666-01 b.00001 01 1*96641-03 1.09431-01, 9.56A61-01 241

1011491 n0 6.5,1001 01 9.53611-04 1.40318-01 9.71321-01 156

1.39631 00 6sOOO0E 01 5.4011-04 1.41441-t01 9079161-01 271

1.Eh51la n0 9.10006 01 3.9053q-04 1.4217e-01 9.N'.25e-C) 2136

1i~fo 1 ~ij- 2-~ 104142~IC 9.7026-01 296*31,91991 00 1.10005 02 A*45331-04 1.4275E-al 9480281-01 3u1

*20l4171 00 1425001 02 300164.-04 1.43261-01 9.91791-01 316

2.4'.351 00 1.4 00 02 3 9 04-04 1.4 711 -1 9. 94 -0 3

7.96711 00 1.70006 02 7.40121-04 1.44171-01 9.99469-01 361

PAIJSP IFADY PLOTER

Figure D-82. Volume scattering function (theet 3 of 3),

D-183
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__________25 JUN 1976 0729.50 IBM 3

520 23JUN75 1929 STA.CAT011 - SEA H20 SOM

DATA kEAD IN ITRATED DATA
ANGLE IDEA) SIGMA INSTRoO ANGLE IDEGI SIGMA

HAND-

i2 043500 6:00006 O0 0 13O.500 6*1661 1O

5 15000 .926506-04 0 L0.00 5026106-02

"17 25.00 1.5612E-02 0 90.00 1.5612E-02
a 300.0 1#04$$E-02 0 1O0OO 1404811-04
1 1•" 00300 ý'39'0,1-030 0 '50000 '2.3906E-03

11 60600 1.5179E-03 0 60000 IsSIM-03O

13 80200 7.15038-04 0 20.00 7 419036-041 , 4 90.00 5*60921-04 0 90600 5.60g2E-04

US 14060 11s$.9816-04 0 110.0 4.59816-04
17 120.0 4*5743E'04 0 120.0 4.5743E'04

19 14060 5.01601-04 a 140.0 ". .018Eý-04

20 150.0 9.4564E-04 0 150.0 5.49644-04
160I.0 6,624011-84. a 16 Qft A -R DAfLANA

.2 170.0 7.27781-04 0 170.0 7.27781-04
1 1 190.0 7.5024E--0 .

ALH-026 SIALPHAo 0.607
So 0s1437 AIALPMAu 0.193
Ao 0.0929 --. 8LL.. k-I

CORRECTED ALPHA COKRECTI'ONO.oO02

ALPHAs 0.2390 S/ALPHA' 0.601
S- 0.1437 AIALPHA" 0.399
go .... 0... MS e 0,022

SIG;AAI 0.0 DEGREES)* 37366
t I r!~io 0.1 DEgHEgEs). 29l3.S
SLOPE( 3 MILLIRADI- -1.443
S UP TO 0.1 OEGREESs 3.12231-03 NORMALIZEDe 2#17276E-02

M"T1IMjN PARTJCEE DIAMETER 1WMICRO-NS). 107.5
EXPECTED K/4LPHAw 0.5000 EXPECTED DIFFUSE ATTENUATION COEFFICIENT - K

MEDIAN 0,9965 0.3423E-01 3,107
"VA0 0. .... D.3639 22.00

MEAN 2 0.1994 11.42
RMS O4 8,3B 25.14

KAPPAs 0,11M . KAPPA'a 4.*179E-03

THETA**2 RAR 9.6263E-02 RAUIAN$**2

FILure D.83, Volume scattering function (sheet 2 of 3).
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___________________25 JUN 1976 0722.SQ__

520 23JUN11 1929 STA9CAT0L1 -SEA 1420 SOM"
f!#kLj4A j g Ad NQ ý N4~NEjRAL 1

Z~ 4NLE~j~ __________02 ___________________1

2d19721-03 1.25896-01 2.4253E 02 4&5909E-03 3.1947E-02 1).

4*3841f-03 2051196-01 9".96519e 01 a- 13836-02 709214E-021 41

8.74745-03 5001195-01 3.6732H 01 2.1509E-02 1.49690-01 71
1.10126-02 6.30965-01 2.63495 01 2056476-02 1,7987E:-01 81
1*364eCZF 7.9v5uu-oi 1UB01 eae I!T 1.1&15..O if1v
1014536-02 1oO0000 00 103364E 01 3.63465-02 2.5292-01 1011
2:)9j&6-02 1#2909f 00 94131616 00 4a25521-02 '2*961161-01 11.1

3.4124E-02 l.995B36 00 4,31.69E 00 5#6705E-02 3.94605-01 131

A~iI~Q 1!1,~41;484 00 6!446 i 1CJ 42173 -8j-) 14

6,94831-02 3#9811E 00 1#11696 00 9.0454f-02 5.5997g-0). 161

__R !! HU8H- NNi!HiP1H

1.3ft64e-01 7,9433E 00 2.04M9-01 1.00585-01 6.99996-01 191

344907E-01 2.00006 01 2.7533110? 1421606-01 S*.467ý-01 211

6.10665-01 3.50006 01 6.6516E-03 1.31636-01 9.9166011-01 226

A 5 4 ff-g 1*13446-01 .26I- 21

$.72665-01 5.000014 01 203900E-03 1.3595-01 p.*46026-01 24L ~ .

HN11 10' U88 lfafH ARPY71 i!1#614I A* W-IO W~2-81 M~

1.13451 00 6.0000E 01 1.26016-03 1.38326-01 996252E-01 256

NA 90 7.000059 OR 0841:iR N'MIi-4*8--81 OW--
L.3963E 00 8.00006 01 7.19031-04 1*39836-01 9.73055-01 271

'I1*h581E 00 9.5000E 01 5.2134E-04 1.4061E-01 9.7968S-01 286

1.626600 1.50 2 470604 1.41346-01 1:3960 1 9
1.91996 00 1.10001 02 4.5961E-04 1.4159S-01 9.8528U-01 301

.4.Q~l~Jd5 05 02 4.~31-0 ~1,4182F-01 9B~60 0
894l 0 1.:20005g 02 4.5731-0 1.42046-01 9.845-1 1

2.1WE7 00 1.2500E 02 4.6356E-04 1.4225F-01 9.8992E-01, 316

2.44356 00 1,40005 02. 5#0369a-04 1.42635-01 9.93966-01 331

--+ ! *--'0 9 CR 1!ý R0E R 145'6'4'-04 F1.43b 61 E IS'1 19'.1612"40131 31
2.7093E 00 1,5500E 02 5.9~475E-004" 1.433'15-01 9.9724E-01 348

2 N698 00 605E 02 h.4914813024 35-1 9.4 921-0 356
2.96715 00 1.7000E 02 7.27755-04 1.4363E-01 9.99516-01 361

j!T4r4g3E 060 j!;;50611 01 7.4;41 -44 11 66 0) 9.9968 Q 36

PIAUSE READYPOTE

Figure D-83. Volume sactterling function (ehflet 3 of 3).
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25 JUN 1976 Q728,12 IBM 3t

520 2iJUN75203 STA.CAT6il SIA' H20u I-,

DATA RAM IN Mfl RATED 6XAA
ANGLE (0101 SIGMA INSTRv0 ANGLE (0101 SIGMA

HANflUI
1 .70.1.44006 .01 .0 0017150 1.17111 03

a 0*390o 6.s000u 0a 0 0*1500 6.25911 02

4 1005081570-01 0 10.00 5@8197E-01
5 1002000691-01 0 15.00 2.00691-01

4.39961-02 0 2.0 .I9Ea
R 30.00 lo64131-02 0 $0.00 1464131-02

$0.00 5.4-7 1 -63 0o 50*00 5*471,E0
it 60.00 2*94501-03 0 60.00 204506O-03

14. 90.00 0.63961-04 0 90.00 0*63966-04
Jit mO 0ne 7..1t470.n& A ,i f -i¶K7I.ftn

16 110.0 605569E-04. 0 110.0 6.55691-04
17 120.0 6.536SE-04 0 120.0 6o53651-04

19 140.0 7000521-04 0 140.0 1.70516-04
20 110.0 6.21891-04 0 150.0 6.81891-04

22 170.0 2.0157E-03 0 170.0 2601579-03
23 1 160.0 2.40928-03

ALPHA. 0.9754 S/ALPHAm 14043
So 1.0169 A/ALPHA. -0.041

CORRECTED ALPHA CORRICTION.0.0I4

ALPHA. 0.9989 S/ALPHAs 1.016
So 1.0169 A/ALPHA. -0.016
As-0.0t10 0,. l00S

SIOMA( 0.0 DEGREES). 3677.

SLOPE( 3 M'LL IRAQIm -1.417
S UP TO 0.1 DIGREESo 3.07871-02 NORMALIZED. 3.02743E-02

MAXIAIJM PARTICLE DIAMETER (MICRONS). 10600
EXPECTED K/ALPHAw 1.58771-n2 EXPECTED DIFFUSE ATTENUATION COEFFIC.IENIT

AU RADIANS DIGRIESS

MEDIAN 699 *661E 1,3

MEN20.6767E-01 06023

KAPPA. 1,9860E-08R KAPPA'. 11510

THETA**Z BAR 2.66769-02 RADIANS**2 -

Figure D-84. Volume scattering function (shoot 2 of 3).
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25 JUN 1976 0726.12

520 23JUN75 2039 STA.CAT$11 - SEA 420 25N
ANGLEIRAD) ANGLU(DEG) SIGMA INTEGRAL NORM. INTjIGRAL
1.7453-0)3 loOO00O-01 a.@5C6e 03 3.07171-Q2 jZ;;
2.99726-'03 1.2019e-01 2.40421 03 4.53251-02 4.4570e-02 71

1 1611il-aoy 49,:Oj|-¢ 4~os o 11111:0o! 1,I1j7j-o0 I

, E ol? 691 0 1. o91
40•841101 20119811|01 1001.6 02 's1,151-01 1.11271-01 61

6,47421-03 1.01191-01 00 93.61 02 2s16026"01 2,12431-01 71

1*.1411-02 1.09001 00 3,911s! 02 5,68961-01 5274 812-01 1311.38645-01 7.94-01.621-01 -111,? 94.071-C 2.00001 01 7.1176102 9.)648s -01 9.4891I-O1 211
-U,9gIEO LlOl 04v VY Gafle W1 60I110v r VU91e.1!- 1If|

3*49261-0 1-0 9536 00 1 01 5o861| O 966061-01 9*57421-01 131

I 6,9401-0o2 30001 00 .e64839 1 0 7,55031-01 7,42711-01 161

HARM4 00 6. 1:48111 01 1. 10 ? 1- 11,3A64*.01 7694331 00 1,07011 00 8,77071-01 #o62476-01 191

1.39491-01 2.50006 01 7.71171-02 9e.6011-031 9.914-01 251

6ol- |, -001 1,0000 01 1.87686-03 9*206-01 9*.5071-01 226

.37021-01 *0,0001 01 ?4?11"1-03 101401! 00 9sA4051-01 261

4.53708 00 6.6000E 01 8.639061-0 1.00012 00 9.0911-01 216
1*2107"01 00 700001 01 1.84111-03 1080936 00 9*Q9!1I-01 261

S1.0406, 3 00 1.0000 01 1&74934-04 1002E91 00 9,9?017-01 216

1.7,041 00 905001 02 $673962-04 1.00106 00 9,4097I-01 296I 2.604 00 1.200005 02 67.1306-0 1,0124F O0 9,96714-01 281
1.3-60 O!0 0 45 1 300 2 OZ 7,17576-04 1.0111 00 9,96200-01 232
12.320E 00 105000o1 02 8,219E-04 1o01126 00 9.g9861-01 346

2&91879 00 1.50006 02 1640941-03 1*0142E 00 9093541-01 l6l

.. 362 .•) 03 0 1,OOOOE OZ 7*3,17?1-04 10O9111 00 9&9822k-01 326

!!'041921,O00 91 8,6R I"0 NIP!0 O0 9,918E-1 336

2s61801 00 1*100001 02 6*2189E-04 1*01591 00 9.98999-01 341

HIM71 H0 -iLH90| 0H MM,4803-4 11 Oifi H .9703-01 h0
i o.09RE 00 1.250006 02 1@,0249-03 1,01691 00 9*99991-01 311

3.1416E 00 1.8000E 02 264092E-03 1.0169E o0 1.0000E 00 P1.1 1 PAUSE READY PLOTTER

Figure D-84, Volume ucAttering function (Bheet 3 of 3).S2*?OS•E....... .. -------- 02 . . 4 7 " • . 1 0 6 E O ....... •4
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.25 JUN 1gr 076 26.38 Ib~ 1(

520 23JUN71 2116 STA.CAY41I S EA P420 SM

DATA READ IN ITERATED DATA
ANGLE 1010) SIGMA INSTRwO ANGLE 10101 SIGMA

1 0s17%0 1.42006 02 0 001790 1#44329 01'I2 0.3000 6.50001 01 0 0.3500 (1029321 01

17 25.00 1,96941-02 0 21.00 Is96945-02
1 30.00 1616993-02 0 30.00 1*1699OW02

In 50.00 2*55342i 1-0 01 10.:020
11 60.00 Is.46121-03 0 60.00 1.'46126-03

i2 1070. 6.26021-04 0 600.0 6.26021-04
23 900 401104 0 960.0 4.89016-04

ALs A 0.177 S/ALPHA. in717
S. 019170 A079-0A0L1P040A90

17 12.076 1*84250-04 0 12060 3442SE _______

IN IORCTDALPNA COAAG" .CT -ON0-_._A710M&

ALPHA. 0.21719 S/ALPHAR 0.713
So 0.1987 A/ALPHAs 0.217

IAuP~ 0.27R9 I/AHsm 0.71,3

S14MAI 0.0 DEfiREISlu 275.0
- miOA ( 0.i flflErEasi. 220l.9

SLOP61 3 MILLIRAD~s -1.197IS UP TO 0.1 DEGREES. 2036221-03 NORMALIZE~s 1.18856E-02
MAXIMUM PAATICLF DIAMITER 1I41CRONS)- 91.00

mEXPECTED K/ALPHA. 0.3913 EXPECTED DIFFUSE ATTENUATION COEFFICIENT K

* URAOIANS DNRIA gir
MEDIAN 0.9960 0663891-01 3.D661

%A"NXIa 1.10 0,327S 18.7%

MEAN 2 0.1739 90962

KAPPA. 0.1091 KAPPA'. 2.84671-03

THETA**2 RAN 6.9166E-02 RADIANS**2

FiguNe D-85, Volume moatteting fuinction (shoot 2 of 3).
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is JUN 1976 0726.38

920 S3JUN75 2116 STA.CAT011 - Ma8 cEO SM
745ANGLEI ANGLI(lGI SaGjA TNIG5 ,"NVLt ACT|VAL I -A

2,19721-03 1.2591-01 1*95031 02 3,5246E-03 1.77341-02 11
2.7662E-03 1,5649E-01 1.6104! 02 5.09811-03 2.56511-02 i1
1,41141-03I~ys~ 1 .93351 02 0.1680 .51-1
4.*1411-03 2.51191-01 9.3623a 01 9*44051I-03 4.75401-02 41

MM9 IA!:) ,91AMP-81 NON•B 001 4e27HBP'U1 7*QMP-8'O 41.
A.74746-03 5.01191-01 4.09411 01 1.98861-02 1.00051-01 71
1.,0121-02 6030969-01 3.10751 01 2,48631-02 1425106-01 81
A MN -UVL F*Vqjp9UI 1.3055C VA 1605,0911-04 1.!59121-01 41 ;
L.74733-02 1.00001 00 1.79801 01 3.79A68-02 1.91141-01 101

Ls 2.19721,01.2149! 00 1.21921 01 4.63621-01ý I2.33271-01 Ill

3.48245-02 1.99531 00 6947721 00 6,6805E-02 3.3613E-01 131
4,3 4q11-02 I•I.5 1 00 400 0891 O0 ?,eOIOI"
5. 519 02 3.63 00 _ 11
6,9463-02 309811E 00 1.81426 00 1.04021-01 5.23316-01 161

1.3A646-01 7.94336 00 3.60151-01 l.37991-01 6.9429t-01 191

3,49071-01 2.00001 01 4.04311-02 1.74701-01 8079011-01 211

6,10661-01 3.50000 01 7s05111-01 1.*8710-01 9.41386-01 226IeROSE-Oft tLMO91 H| 1141111'O 19*14OEMO| 1.41118|'0g Ribo

9.72668-01 S.OO000 01 2.51S96-03 1.91621-01 9.64121-01 241

113-435 00 6*.0000 01 l640601-03 1.99261-01 9.02601-01 257
j.48351 00 8.50000 01 ,4Oi-[04 44 9
57400 000 1OOOOE 01 . 06|-0 l.•4 - . T103963E 00 8,00006-01 6*20601-04 1.95286-01 9082066-01 271 ..

1,.69818 00 9.5000E 01 4.47689-04 1.9613-01 g9.8o64-01 286

a 9089160 0 291
1.91991 00 1,10001 02 4#03791-04 1,96811-01 9.9023E-01 301
2.10?75 00 1.,25001 02 3.91265-04 1.97381-01 9.93095-01 .. 160

2.04914 00 1.40008 02 4.49441-04 1.97661-01 9.9!bOS-01 331
1.97E0 990-0 6

UP -.•S O0 .MOOO1 O1 WHO44-O 1,9720E-01 1,g4EO :6 1 "M

2.1701! 00 1.25001 02 9.6016E-04 1.97365-01 9.9891E-01 3162e4491E 00 1.40008 02 4.49449-04 10786e-01 9o9646E-01 331 "

2.1053E 00 1*55OOE 02 7,347|E-'04 1.9OSSE-O! 9.97O•E-O• 346

1 12.. .9671E 00 10BOO01 02 9602E-04 1*9675E-01 9.99515-01 361

"PAUSE READY PLOTTER

Figure D-85, Volume saittering function (sheet 3 of 3).
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25 JUN 1976 113b.*'. t4 3u

APIOJLO IDEG) SIGMA INSTOm0 ANqLE 10I01 SIGMA

16050700 ar6TiW (30.1WZ '10623a 02 .
2 0.2900 3.29001 02 0 O.3500 36166011 02

11 012)i,4aln 02 -6 Av.rn Iikgp r12
4 10.100 306980e.0l 0 10.00 30698of-CI1

4 15.00 1.1637E-01 0 15.00 1.16371-01

M 30,00 9#1676E-02 0 30.00 2*16706-02

60.00lo 2*6410E-03 0 60600 2*64.101-03

8030 8:410 RORH i
14 90.00 860ale-04 0 90.00 8*02616-04

16 11".0 itN97(.!!Rt. 0 110,0 .8f-0
17 120.0 b6,192BE_ 4 0 120.0 6*19RaP.-O*

90 509 lv8.01-04. 0 150.0 8*21801-04B
41 3,5.07.308 -04 0 .19400 7.U4814f-04

231 160.0 24.180,90-03

8L0 
1700.07 9

An (h0679 S/Sm 0.006

r I Lm 0.6 AL. PRPMRFTU~m s

0S1 17j 1bALPN;A;

.1

Am__________.0_______0_______________________0.00__________

si11n 1 51 94

Figure D-86, Volume scattering f'unction (Wiest 2 of 3).
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I Pý JUM 1Q76 113A,34.

52nl 24JUN75 2032 SrA.CATWI2 SFA M20 25M
*Ahir.LEIRAr) ANGL5(EGfri SIGMA INTEGRAL NORM. INTEGRAL

10l74936-01 1*00009-01 1.47065 011 1647396-02 2.82511-02 1
ir L 1.qm-415 1 a epIve-U I L.Z~Jp Q3 I oJA'.iMC-0 4.I'4eee-Ui 11
2076622-03 1.5649fi-01 9486811 02 36373025-02 $.66701-02 21.
3.4424E-03 1.99536-01 7#1309f 02 411110 1;1 03 .!JEI1-o, 2.91111-51 5,04 oil 442319L T
Se51q2E-03 3* 16239-01 3.65839 02 7039471-02 1.28641-01 51

6:;r4;11~ 0k -8-8F6

1.10121-02 6*30961-01 I.34449 02 1032400-01 201102I-01 Al
103AA.1-02 70Q4336-01 406369e 0 s 71199~-01 2*7477Q01 9

2019721E-U 1.15891 00 4e91291 01 241991-01 1911017I-01 111
2.76621-02 1668491 00 303096 0j I.50-1 446I0 3

4,341 -02 2 0119E CI0 103896! 01 102R706-01 0047611-01 14.1

A.747M-02 S.0I19E 00 2.37461 00 4a31OSI-01 7.49921-01 171

1.745391-01 1.00006 021 3.e.9606-01 4031681-01 8.586111-01 201

4o36331-01 2.50009 01 3*26709-02' 9.41391-01 9.41831-01 216

66.9139-01 4o00001 01 9.67971-03 5e57241-01 9o69190-01 231

I905991I-Ki1 6,50(001 01 3o44209-03 5*64126-01 9*81171-01 146

1 12 1 7: no 7.000n6 01 1.64116-03 5.6750!e-01 9067370-01 2.1

1.9435! 00 8,50001 01 9:63161-04 5:E6961U-01 9:9091II01 276

1.71.53E 010 1.0000E 02 7*27ORE-04 90709611-01 9093269-01 29).

I2.001711! 00 1.e1500!E 02 b.1694I-04 So?200E-01 9&95071-01 506

P2.7929 n0 1936000E 02 9.04751-04 507286E-01 9.99657-01 591

2*30763 00 1.75001 02 72.1096-04 5977956-01 9*97952-01 3366

3.14131 00 1.07001 02 26106695-03 974796-01 1909921-00 371

I Figure D-86. Volume scattering function (shoot 3 of 3).
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_a UU 97 733.18 1 aM 3,ý,

3 20 20JUN71 1912 STAIChT0I4 - SA 40 mooNa

* VATS ReAd IN ITIRATED DATA
ALE(010). SIOMA INST400 ANULI 10100 SIGMA

32 0.1500 $.10001 01 I. 0.3500 9017571 01

I"W I 50 ,90 -1 0 4122800 * . 810

.3 1 0.001.110- 03M 0 00.0 1:11E01

15.00 0.S69II-00 0 50.00 466S976-02

100 00 so a0:0-
7 120.0s 5.2?20 0 62,201-0
11 00~f 1:81610 3 0 0 0 1.01161~O

19 120.0 0.1910 140.0 SA73921-04

to 110.0 4448140-04 0 19000 6019641-04

I ALPHNM 164- A AL NA 0.612
$a 0.1411 AiALPHAG 06316
An p.O591 bile 0.024

5COPRICTED ALPMA COPRRCTIONsmO.00

-ALPWAs 0.1329 SALPH'1u 0.600
So 0.1411 AiALPHA& 0.394

SIOMAl 0.0 L)EOREVS)" 400.7

3 LOP11 3 MILLIRAC)w -1.519
S UP TO 0.1 bEOPEESs 1.30601-03 NORMALfte0a 2.343691-Da

MAXIMITUM PARTICLE DIAMETIR (M NICN)o 120
EXPECTED KiALPHAw 0.4959 EXPECTED OIPPUSE ATTINUATION COEPPICIeNT -K

UMU RADIANS DIGREES
MEOIAN 069963 0659101-01 116169

Ifj '1 0,4149 21.7j_

THITACCZ BAR 0.1125 RADIANSCUI

Fiur 47 olm sftrng unton-get f )



_________________________________25 JUN 17 11U

920 26JUN75 1922 STA.CATN14 - SEA H20 SOM
NOL 19?Eo1% 2ee MWR 2 9111 4 89%MN 0W

z~ll,2E-3 0259601 2.&49931 02 ~4*82991-03 3.42400-02 1

:R 1:1?1 O 9.,076,411-03 6*42576-02 10
4,36416-03 2*51195-01 9.62486 01 1.16031-02 S.2259E-02 41 4

6.9483P. -Nod3 3.98118-01 l 's7691 001 11.7116 a,5-0 2 Is256-0 1 61
M.*7474-03 5.0119E-01 3.3231L 01 2*10565-02 1*49278-01 71

119101 8-0,1

3m4fl?4E-02 1.99530 00 4,.12896 00 5.26661-02 3073366-01 131

6*94AMiL.0 2 3.00811 001*1010 7*60696-0~is~72 5o927-01 I01

2.11-li N1.500 010 H.i674E-1 R1.1091-01 7.6428-01-a 101

5.36 -1 1 6603-02 1.24165-01 694138E-01 le1
A103A64501 7933600 00 7.4360 962961-3 1.6402 6*.992101 191

4.g1~g~1 ooom x 1*10j~ 931-.01 7.6642e-01 2 60
*1 649071--o1 2.00005 01 ge170511-02 1.36431-01 9625464-01 211

8.7266-01 5.000001 01 101206E-02 1.21416-01 93360 4

6.1345500 3.00006 01 1.*'4256-03 1.263460-01 0995516-01 P256

9.4 12996-13,11-800 2A1
4. 0 -35 '0 50000F 01 3o$7051-03 .63-~96980 7

7185"150 .0001 .26-o 1.30731-01 9&29646-01 2366

4.71661100 1.100051 012695.3955-0 1.31941-01 9s15331-01 241

Im35 00 * 20005 02 .7980 1 .34905-01 956E0

2103617 O0 1.2005O 02 5616064-04 1.36453-01 9e67906-01 271

1 :45 A -0 2 76bh .e i

2.',45m1 n0 1.40001 01 6e28669-04 1.3704E-01 9.92505-01 2S6

~.03 01.5050 2 6.3 -04 1.08-0 9.96350 7'

2.97199 00 1,1000E 02 9.049911-04 1.4096E-01 9.92705-01 361

MOKt no i ~NNN H 1I P2 H1431 )0M-V-98 i -
2.054399 00 1,4i000 02 9*3~l0 1.401 E0 9080-1
i!;u0Nc H8O 11 81H 19 WN !l411i NH58 Ri

W41F0pro D-87 V455u01 02tern function0 (s5E-0 3 .63E0 of43)

D-V1- ;
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SFigure D-38. Volume •attertng function (sheet I of 3).
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?5 JON 1976 0734.54 2'3

120 26JUN75 1954 STA*CAT#14 S EA MZO 40M4

DATA ReAD'RMRTDDT
ANGLE (DEC) SIGMA INSTRmO ANGLE inEG) SIGMA

HAN~m _______________

1 0.1750 4.60300 Of 0 01,750 4.57781 02
2 01.3500 1.41005 02 0 0.3500 1.42305 02

5 15.00 7.3591E-02 0 15.-00 7.35911-02
0003.388DE-02 0 20.00 36388SE-02
2001.61110-02 0 25,00 1*81841-02

10 560208916E-03 0 50.00 2,6916e-03

12 70.00 HiR41- 9 i igf
is 80.00 7085366-04 0 80.00 70783111-04 -

15 100.0 4.9426E-04 0 100.0 4.94266-04
16 110.0 4w63R99-04 0 110.0 4.6389E-04

12rn.0 62.901V- 10 f0 12-v

19 140a.0 5068591-04 0 140.0 5.7659E-04
215 150.0 6.412AN-04 0 1"0. A.1 ""0
21 160.0 709077E-04 0 160.0 7.9077=-'0'.
22 170.0 1.2707E-03 0 17000 1,2707E-03
23 1 180.0 1,4549E-03

ALPHA. 0.3733 S/ALPHAw 0.655
So 0,2445 A/ALI~A 0j!YAm 0.12068S 004-

CORRECTED ALPHA C(ORRECTIDNn.008O

ALPHA* 0.3804 S/ALPHAm 0.642

Ad 0.1364. 815w 0.014.

SIGMA( 0.1 DEGREES)a 964.2
SLOPEI 3 MILLIRAD)m -1.685
S UP To 0.1 DPGREkSm 9,86566-0% NORMALIZgIO. 4A14Fn

MAXIMUM PARTICLE DIAMETER (MICRONSIn 120.0
RX%~TED K/ALPHAt 0.,461nf EXPECTED QD1PiU.E ATTENATION COEFFICI02NT K

M4U RADIANS DEGREE.S
ME~tAN Q.9993 Q.3AAUl-j1 2,102
JAEAN 1 0.9507 0.3155 18.07

ASa0.3315 186.99

RAPPA. 7).1756& KAPPXiT77.69;7E-05

THýTA**2 Wk~, C.iý719E-92 RADIANS**2

Figure D.8E. Volumne scattering function (sheet 2 or 3).
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25 JUN 1976 0734.543520 26JUN75 1954 STA.CAT414 - SEA H120 40M

5 4.3641-03 1258191-01 7127501 02 1.426201-02 5*833471-01 41

1:;jjj:1~j !;1j4j5.5 1 45Z1-0 2.28396-01 71j *~ 7 4 ~[j!1;11l~ 1 6 :62 2!j 3 .4450 101-
4e38511-0 2601.00001 00 2.41411 02 & 0-2 1.37-1 4

A947241-03 %1,99531OU 7.07156 00 5483511-02 2.28491-01 713

5.1*721-02 ,162000 00 2.93411 00 1.46821-01 5.46671-01 151

3s941241-02 3.995111 00 17074111 00 1.57463-01 4o$4410-01 131

1.194839-02 63%99161 00 5.5784 05 01 1*5763S-01 7.35801-01 161

U.~4-01 9.0%66-01 221

1038641-01 3700030 01 3.75881-03 2439621-01 7.73209-01 126
1*11 -j010

3549073-01 200 00 01 1377518-03 2.31904-01 9805991-01 216

ii14119032001 11020000 '01 7.78361-0 4 42421-0"1 19.H25101, '22

610656610 39.000E 01 7582061-04 2.40126-01 9.64791-01 226

1196799660 50001.1001 02e4$3916-03 2.42015-01 9669936-01 201

21417!5 00 1.2500C 02 1*3775E-03 2042759-0l 9059260-01 316

.709636 00 8.0000 02 7.06181-04 2.4391E-01 9@89772-01 341
27925 0 0 160006 02 7.07-41 24010 93:0 5

.1 ;1.e y u o 1., uo p y e i i 0 1.8 21 -0 YIpf3i-ll f 3

1.69871 00 1.7000, 0l1 502061E-04 2.41234-01 9.6679E-01 361

11*91543 00 1.71000E 02 1415459-03 2.44015-01 9.899661-01 366

*18i
2sFigur 00 ~ 8 VolumeE sctern function0 2.427 E-0t 3. 0 of13)

2*6 9 0 1 3 0 6j I;09 =j4 j2 j j-j 9j1jE~ j2*495 0 14001 0 5*859-04 2436-19o57-0 3
2e37e0
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Figure D.89. Volume scattering function (&heet 1 of 3).
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I21 JUN L9?S 97%i.42 IBM Ab.

520 26JUN75 2040 STA.CAT#14 - SEA M20 IBM

DATA READ IN ITERATED DATA
ANGLE IDIG) SIGMA INSTREO ANGLE 101G) SIGMA

MANOuI
II F.3 Oso 1610001 as O ..' Ov1750 9,1041 0
a. 0,400 9,40001 0 0 0,3500 9,15,91 02

. 1560010.93360-01 0 10.00 4o9336E-01i S 15,0 19mmm'! 0 NSO ,V]•OW

"36 000. 6. 71.-O0
' +I ".•. 4oO•. ,,,oq

11 60I00 3*28961-03 0 60.00 3o28961-03

14 90.00 1011181-03 0 90.00 1.11311-031

11 In. a. •001 "1410 ?O OO 9*01341-04
17 120,0 ,6*6O041-0 0 12O0 O o6*6041-04

20 150.0 1.00531-03 0 150.0 ,1.0531-03

1" 160.0 3O61953-03

ALPHA. 1.1419 WALPFA. 1..11
ISl 1.2629 A/ALPMAm -0.011
A •.-. 146 SIm 0.00.

I CORRECTED ALPHA CORRICTIONeO.032

ALPMA 10266 V~AL PHAN 0,906
So 1o2629 AALPHAn 0.014

S(•IMA( 0.00EGREZS)s 4925.

UtP A7 0.1 DIGREIS)a % 1ll,
SLOPW( 3 1IL LIRAD)- -1,341S UP TO 0,1 DICREE$- 4*15411-02 NORMAWINDn 3.289416-02

MAXIM11H PARTICLE DIAMETER IMICRONSIN 10360
1XPECTED K/ALPHA. 6,1167E-02 EXPECTED DIFFUSE ATTENUATION COEFFICIENT K

Su RADIANS D004
MEDIAN 0.9996 0"22001-01 1.260

MOAN 2 078171-01 4.479

iKAP04w 7,83291-02 KAPPA'. 1.00550-03

I THETAS*2 BAR 2.6083E-02 RADIANS*S2

FIure D.89. Volume scattering function (sheet 2 of 3),

D-203
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25 JUN 1976 0731.42

920 26JUN?l 2040 STACAT$14 S EA HIC 184 ..

2.1?72E-03 1.25891-01 3,293SE 03 6.13861-02 4s86091-02 it
207662E-03 1.0849E-01 2.64131 03 .!19851-02 6,93564-02 21
S. ... •Z4 1,99531-01 1.95351 03 1.g9171-Cl 9.045 -01 . 1
4.36415-03 2,5119-OL 1431S1 03 1.#56)3-01 1.23796-01 41

.??474E-03 5.01195-01 5.64331 02 3*07225-01 2.43276-01 71
• 1,$86•E"0 12 709433Ea01 4!611!e 501 j*!,11'1 30a0l"1 1.... .

1.04•31-02 1,00001 00 2.04216 02 5349951-01 4o27561-01 101
1! RM -4I1, IM 881 !,;9Wl to, 6,9HI-88-1 .1,99P|..0 H!

3.4§245-02 1,99535 00 4,6292q 01 8*05546-01 6,37861-01 131
4.36415-'02 2.$1195 00 2.62191 01 p,62661-al 6.9893K-Ol |1 . .. 1

"i-51" ON1- 'A 3.16335 '0 14'5711 01 91511H1-01 7.S3191-01 151
6,44831-09 3089111 00 7.63971 00 1.0102E 00 7.9995o-01 161

0¶500 f1itlY g,0 tP~I0761 R111-1 lJ
l,1i '01 6.30965 00 1.8005 00 1.09365 00 S.65996-01 181
1,3064r-01 7.94335 00 9401111-01 1*12165 00 8,88145-01 191

"2"1.000 01 1.93601- 1.13035 00 9.3401"01 206
3.49075-01 2.00001 01 9.376*5-02 1.20255 00 9.5220E-01 211

5.2,46014" 3.()0 01 2.88936-02 1L22711 00 9.71686-01 221
6,10861-01 31.5000 01 1,89561-02 1.3395E 00 9.77105-01 226~'. . 9t13S501 4,O000EO1 1 3062E-02 1•32 O~~it0 9,.6127p-0! 231
?.6501"01 4,50005 01 6.99i 4 -03- 1H2432I 0 9.84455-01 236

6.72661-01 500005 01 6.J1941-03 1.24636 00 9.8687E-01 241

1.13456 00 6,50001 01- 2.6549E-03 1.2518E 00 901021-01 256
HIM4EO 6,i00 N 188 8i S•EO 1,2ME O0 9 ,9 HHH01 W

1.,39636 00 4.00006 01 1.00911-03 l125495 00 9.93725-01 271

1.60011 00 9.5000E 01 1.0128E-03 1.25696 00 9.9529E-01 286
, 0 02 9,62345,04 L,2671E 00 9.9572E-01 2

H.BO 00 1NNW00 ON 19,28IZ04 1,2580e 00 9.9612E-01 296
1,91994 00 .100011 02 9.01345-04 1.2584E 00 9.96501-01 3012,00 1• Q ___•..15 Q• 0 'O~.T?3 E,2 gil•9 0? 1:116!11=_8j 301:2U000 0* 9:62

2... 67E 00 1.25000 02 8.69991-04 1.2597& 00 9.97501•-01 316
2! 2.2156g 00 .3 0600 0 8.69;45-0Z 1.2601 00 9.978 )j-01 316:i.. .235625 00 1',35'h0e 0 9,2'4o1104 1,.b605 00 9.911'05-01 326

2.44359 00 l.40006 02 9.55371-04 le26066 00 9,98376-01 331
1!1•*•!0; 4O 1!4OO O i•11 jgtj ~ ,9160,O _81 HT-0

2.7053E 00 1.55006 02 l.l760E-03 1.2617E 00 9,9906E-01 346
2.7925E 00 1,60006 02 1.4762E-03 1,26205 00 9,9930E-01 351
2.07481 00 1.6500t 2o ZbOVIoo -us laezLog . 9.9521-01 356
2,9671E 00 1070001 02 2.95155-03 1.26261.00 99997$E-01 361
3,0543e 00 1.7500 O2 34,7541-03 1.26281 00 9.99935-01 366
36141e6 go 16HU1OE UV 30 1e-03 1.26291 o• M.UM0oe 00 371

PAUSE READY PLOTTER

Rigure M.89, Volume scattering function (sheet 3 of 3).

D-204



'•ABL - IDEIRZE•!,,

ig~W, uUU11I BAUM

Fi gur 4 D,, -90,.. .Voum ...... in fuci o (iee I of 3,"). "

IL

"3 i

I un~

I idf'

I I

.i I aUnIYNLI U*1•

I
Figure 1-90. Volunme cattering ftanotlon (uhoet 1 of 3).
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520 17JUL75 2131 STA.CATA15 SEA HID 3OM

DATA RIPO IN ITERATED 59VI
ANGLE (D101 SIGMA INSTRoO ANGLE 40101 SIGMA

1 0 503703150-71753 1.7151E 02
a oiso 161900E1 02 Ha 0035 1628056 02

06900, 1.90 1 0 0.!N001 1

11 56000 1.58N1U-02 0 10.00 7 0 "% 11-02

13 10.00 1.5681-03 60.00 1.55895-08

14 90.00 5083191-0.4 a 90.00 §60~191-04
lit. Inn-fh3fl 100..f 1flWfA& Il

11.04.8$1?&41'- 0 Ilusa 4081241-04
17 120.0 4.8270-0 0 120.0 4%8270E-04

91 140.00
20 190.0 6a$93111.04 01 180.000310
22 170.0 1.02339-03 0 110.0 i.02)31-0
23 S1 1.0,40 A1ALPH. 0.34

ALPHA. 0.3769 S/ LPHA. 0.669

A.0,1285 NIS*, 0,014

CORRECTED ALPHA CORRICT!ONsOo006

ALPHA- 0.382 S/ALPHA- 0.649
So 0.2464 AIALPHA. 0.051
As ~ L~ 0_ _ _ JI Q01

SIGNMAI 0.0 DEDREES)o 986o3

SLOP9I 3 ILLIRADI.-153
S UP TO 0.1 DOERIESo 7.31171-01 NORMALIZED. 2.943519-02

MAXIMUM1 PARTICLe I)IAMETeR (MICRONS). 112*0
EXPECTED K/ALPHA. 0.4536 EXPECTEU OtFFUgh ATTENUATION COEFFICIENT -K

MU RADIANS DEGREES
MEDIAN 009992 0.41006-01 2%349
MOAN 1 0.Q6116 0.11I2 17.41
VARIANCE 0.2056 -

MEAN 2 0,1461 8.486
NIS a :1,6u-fo '0182

KAPPA.s Q,17305 KAPPA-in 2&6334E-03 i
THETA**2 BAR 8.4133E-02 RADIANS**2

Figure D-90, Volume. ucattering Wtnction (sheet 2 of 3).
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I

I I:.:. 25 JUN 1976 0738.20 -

•~ ~ ~ ~ ~~2 1,7JUL7-0 1,0013 1 6,)#CA0ll S IA HAD|7-0 SOMt ...

i 2*19?|1-03 I~lsM 1-0! S,$761 0 O 1.06821-02 4,30041-02 11

I . ',1511:-501" 4,0 50- ,0041|-0| 60?9US-j III

403A411-03 2.51116-01 2.LIM41 02 2.56691-0Z 1.03341-01 41
16 -- '4 |1 -03 9 1,O I - O al, ff i? 13 411,8 118441- 02 4,646 0 €

8.74741"03 ,01191-01 7@37691 01 4.66298-01 1.17711-01 71

- R M 12 1,O4,O Wilil- l ! |, 8i Hl 64|]1-1 HM6 PH'O Hl. .

"1.74531-01 1*00001 00 265467? 01 7454981-01 3S.39g1-01 101L;3 __* -IM9 III9 P-3.4624E-02 1.99530 00 I.09751 00 1.14001-01 4.50931-01 131

HN2NOI 1fil9 CH 1:1,9111 HO H419100 1.4)091lOH -1051
6.04'.311o02 *.9611 00 19O57?E 00 1,572S0-01 6.33101-01 161

.??, . oI• n i~onqsa on 1.,7O~h-li- a .a n it- 171
,ho 06 '0 6.0027-P-0 l!.P541M-O1 .301-0O le1

1.93A41-01 7094339 00 3.31941-01 1.91399-01 7.70471-01 191

3,49071-01 2,00000 0) 3,10461-01 1422461-01 8.91l1-01 211

1111020a!H OMO ' 0 01 1.2040331-02 1.31491-04 H.3 E3-I 2't
6.0nM61-01 3.5000 Ol 6.32091-03 2.•4531-01 9.44171-01 226
4oAIMM,,0i 2o:O0801 N 01 '1,11--O H19•-0 .0?g0 -)

8*7266•-01 590000e 01 2076681-03 2.40021-01 9.66216-01 241

9 -13456 00 6.S0003 01 l.28816-03 2.4R631-01 90.6791-01 256

1.S9631 00 6,00001 01 7.43391-04 2.44171-01 9.62951-01 271

1.,A6E 00 9.SO000 01 5o.9558-04 2.45191-01 9.8705E-01 286
P,__ _ 0 '- 5 1 |"NT2.-1 9. APIA.-Cld 101

',R'6|e no HO000So ON ?4*889-0 o¢TE-00••glO 296

6 1.26 0 .0500 0 68976-04 2.4573-01 9.09266-01 296
1.91990 00 I.L0001 02 4.86142-04 2*45996-01 9.90271-01 301

2 . 4, 3 50 0 0 1 . ;0 0 1 08 j . 6 51 "0 4 2. 4 7 3 3 1 0 1 9 . 157 0I- O 1 3 3 )

""2.051i4 n0 1.25001 02 479406E-04 2#4669"-01 9.97960-01 316

32.7925 00 1.650001 02 7.63439-04 1,7|1 59586" 1 6294437E 00 1.70001 02 1.05151-04 2.4?301-01 9.n$701-01 361

,?070031 00 ... 55400E 02 7@1105E-04 2v47q4E-0l 94496 6l-01 346

207925E O0 1,60001 01 ?.!;1E-4 ,Rb- 995|0
" 2, 5798 1 00" 1.6 00 ' "01 ;9'j ,- " .jjlOl q YY • 'O D

2 , 96 7 1 1 00 1 * 7O0 0 0 1 0 2 1, 0 2 13 1 - 0 3 2 e 4 § 30 1- 0 1 9 .9 9 5 9 1 - 0 1 36 1

3,0943E 00 1,75001 02 1.09931-03 2.482SE-01 9..99901-0L 366

PAUI.iS RIAUY PLOTTER

Figure D.90, Volume sattering function (sheet 3 of 3),
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25 JUN 1976 0739.55 IBM 3.

$10 17JUL75 2136 STAsCAI105 1114% MID SOM

ANGLE 10i01 SIGMA ZNST0uO ANGLE (010) SIGMA
I HANDal

1 0.1750 1,19551 01 9 0.1710 1231o
2 0.1500 * 4.66001 01 0 0.3100 47010

110 4.53541-01 0 15.00 4.)1940-02

30000 sit?03 0 10.00 I. 859971-03.

It1 60.00 1.23711-0) 0 60.600 1021721-03
12 76~ff fl1kIl )-

1 1010001214 0 a0 SoO2451-04
14 90.00 4*69401-04 0 9.0 4#69481-04

I17 12000 4,09271-04 0 12000 4.09271-04
Ij 11= - ~~- 417 11n& I I 10 --- 41111K

11 140.0 4070611-04 0. 140.0 4070611-04
20 110.0 5.23861-04 0 110.00Sll-4

7 17040 7097061-04 0 17000 7:191061-04
23 1 180.0 G.62221-04

IALPHA. 0.323; S/ALPHIN 0.175
tm 001266 A/ALPHA& 0a425
An 0.0911 fl124 0.011

CDnRAC710 ALPHA CORRICT ION.0002

ALPHAw 0.2154 StALPMAU 0.910
*So 0.1*15 A/ALPHAm 06430j ~~An (j.09A9B/. .11

SIGMA( 0.0 DIORIES)a 275.7

SLnPII 3 M!LLIMAO)a -1.412
SUP TO 0.1tD06016Sa 29R0S40-01 NORMAkLIZE~n 1.796971-02

.-IAMUR AKCI T I ANVIWMICRON31- 106.0
EXPeCTIO K/ALPHA. 0.5296 EXPECTED 0IPPUSE ATTENUATION COEPPI1CIENT -K

w EDANMU RAAWANS 01EGREES
mjIN0.9943 0657561-01 3.298

H 1 10 692 Dh 231801 11.78
I I lANCE 0.2534
3MPAN 2 .a1976 11.32

I 71.15 ETA:;2 BR~f 9o97151-02 KADPANS3893l;

FiueD91 Volumeo uattering function (snhoot 2 of 3).

0-209



2s JUN 1976 07A9.55

$20 17JUL73 2136 STAOCA7619 SIA 1410 som

2&19721-03 Is29S91-Ol 1.40271 02 53.651-01 2*64055-01 11
2 7ftf26-j:Q%_ 6P*I 1.426&P oi, &.A1I- I .U0I0 21v

3.40141-01 i21.99131101 1.04141 01 6651001-01 51:9116141 ft
.4.36411-03 2851196-01 7,51071 01 6.46716-03 .6e60671-012 41

9. 6426as1 A (1682 *.IUahm-0P
6.9463501 3.'9t115-01 8592735 01 M1.91--02 1.03465-01 161,
8.74741-0.3 S4011911-01 2.83741 01 I.62505-02 1.26341-01 71

1074535-01 L600001 00 l.10591 01 2.79165-02 2.17471-01 101

3.49245-ni 1.99533 00 4.35311 00 4*67541w02 3.39351-01 Ili

6o.:09463-02 3.94119 00 1.00311 00 7604864-02 3.46671-01 141

~ 7.7~1~i-O &:0 21 1 jjj
1.30646-01 7.9433k 00 2.00035-01 9:02131-OR 7.0224E-01 191

1.49071-01 2.000005 01 2.35266-02 1.09421o-01 assIM2-01 211

b.10669-01 3.50005 01 5.61989-03 101S131-01 9.19953-01 226

7.91 -40i - 01 4. 00501' 21.77065-3 1'020991-11 9,41"035d-01 236
A.72*61i-0I 5.0000t 01 24060611-01 l.21651-01 9%46546-01 241

1.04725 H0600005 101 HF1.275-31 .2201 9.IS47 N -01 25
1.13451 00 6.50001 01 9.91471-04 1.23R211-01 9.46366-01 256

1.39636 00 8.OO0005 01 5.624504 1.29001-01 9073015-01 171

1.4615A 00 9.50001 01 4..4019F-04 I.2561-01 9.79350-01 2866

1091991 00 1.10005 02 4409261-04 1.26441-01 9.84595-01 301

*2.61175 00 1*25001 02 4421671-04 1.27086-01 9.6923E-01 316

2o44351 00 1,40005 02 4.70611-04 1.27621-01 9*93411-01 331

2.0033E 00 1.3500E AD 5.44515-04 1.28061-01 906~891-01 346

2*96711 00 1.70001 0f 7.97061-04 1.28311-01 9099311-01 361

PAUSE RgAUY PLOTTER

Figure [D.91, Volumea aattering function (sheet 3 of 3).
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25 ,JIJN 1976 07J1.11 1~ am 11

Sao2 17JUL75 2141 STA*CATOIS -SIA 5120 6051

DIVA RIAU IN ITEIATED DATA
ANGLE 1010) SIGMA 151570.0 ANGLE 01060 SIUMA

0.,1500 .1*0toot of 0 0.1750 1.41141 02
0 660168010 0.3000 5.16931 01 *

5 15.00 5485311-02 0 15.00 5.65511-02

a ý0000 1.J4371-02 0 50.000.- 1.54571-02

11 50.00 1:9651103 a 60.00 1.98651-03

14 90.00 7074206-04 0 90.00 7.04206-04

16 11.059775504. 0 110,0 9.97756-04
17 120.0 5.6120-04 0 120.0 5.111201--04

'A 1 10.0 ': .. 15-rs4 o 1110.A .461
19y 140.0 6.55221-04 0 140.0 6.65221-04

- 20 110.0 7.29161-04 0 110.0 7.J9466-04

22 L70.0 1.07151-03 0 170,0 l.07151-03
25 1 160.0 Ie1524d-03

ALPHA* 0.2155 C/ALPHAw 0s6§0
So 0.1*57 A/ALPHAo 04550
Am 0.O7AR Also002

CMARPICTICJ ALPHA CORMICTIONn0.002

ALPHA. 0.2278 SIALPHAo 0.6*44
So 0.1*67 A/ALPMAo 0.356
An 0,0611 - - BSo 0.029

SIGMA( 0.U DEGRIESSI. 360

SLOPW 3 1LLIRADSw -1*5*2
S UP TV 0.1 0500115. 2.97611-03 NORMALIZIC.a 2.028618-02

M4AXIMUM PARTICLO DIAMETER IMICRONS)o 112.0 -

EXPECTED K/ALPHA. 0,4594 ExpeCvko niFFUSE ATTENUATION COEFFICIENT -K

I.MU RADIANS DI00115
MEDIAN 0.9971 0.73016-01 4.153
ME1AN 1 0.9065 0,4360 24.911
VARIANCE 0.2835
MEAN 2 0,2*39 13098

'0 ' 1 043* 24.00

KAPPA. 0.P100 KAPPA'. 5,412SE-03_____-

¶THETA**2 BAR 0,1241 RADIANS0012

Figure D-92, Volume scattering function (sheet 2 of 3).
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25 JUN 1976 0741.31

520 17JUL75 2141 STA*CAT0L5 SEA H420 Boo

2.172103 1.269-01 :;499E 02 4.34805-03 2.9642F-02 17467E03 I209 02 2~lO 11
2766 0-03 1 1564951-30f46160

4.38415-03 2.51191-01 896557e 01 1.0444C-O? 7.1190e1-02 41

5,5122E-03 .6E-1 608101L42 1

34*2454-02 501.9E-01 00 4.*i98E 00 4.63305-02 1.29091-01 711

1,74531-02 .1:0200600 1.8145!L 01 0 66913-02 4.09091-01 101
2,1972E-02 3.69611 00 1.26 0 1.64-0 V6550 6.J..b2d30Z 1,584.19E 00 A.70171-1 N .1OP6 4MI1114 0 1913-H h

- 1.1024-021,956.08 00 4.06915-001 48.733-02 3294765-01 131
4-3841.66de10 22 7.q94331 00 2.4955SA 9.595-2 6.308-01 141
5.94192--0 *121 I.0 000 1.4814!.1 00 006* -03752250 01

2.680601 .500501 .831602 .1346-02 4:3449E-1- 251
6o.4AE025 2.090116 0013.126E0063164-02 4.17915 -01 .06-C 2161
0,471EV-02 2:40li005 01 790792-62 1.14 -O 40.Lj.I DI0 Ill
1.23605E-01 63.0000 01 1.34371-02 806673e-02 506.674 -01 221

8.96131-01 4.00001 01 2*4295E-Cl 943%990-02 6.08069-01 2IL......

7.6540e-01 j:509001 0' 4.65-3 1.34895-UHH01 7.15769-0 23b
2.2~-1 50000E 01 3.2076E-02 1,17491-01 9.29683-01 2.110.9910?-01 .00 1 244 -1 .13-1 91261 21A

51. 42 3e 010 1 6.00005 01 1.96 lo71.665E-01 9.'643245--0H 251

1.13451 00 3.SOOOE 01 8 81.639-03 1*30531-01 9.51622-01 256
7!19 '01 2319991 0H 1.72:HIW .1.4fl29501 I956405-01 -2261
1.30905 00 .5*000!F 01 1.15931-03 1.34095-01 9.60905-01 2661
9.~,59seC' % 800001 01 .92-4 1.417219-01 9.6481-0 27

10472 cb00 0.OOO 01 7.74205-0 13.4247-01 9.71275-01i M8
IeI358E 00 9.5000E 01 7.63894E-03 1.42653-01 9.74045-01 266

7,Q.J.~f.S .1000E01 020 1,n910 9.78470-21 261
H1.5 32E0,0 1.050005 01 61.431,59I-04 1.4359E-01 9.7090E-01 2966
1.396F199 00 1.10001f 02 9.89872E-04 1.43152-01 9.9164S-01 201

104 3.44491-001 9.0545-01 0 11pa -

*.18178 00 1.25001E 02 7.094E3.-04 1.44761-01 9.8689E-01 316

:8.435 00 14000 02 6,60846-04 1.4552S -01 9.97 051F-01 331,

U2.753 00 1.5500E 02 7.78925-04 1.46156-01 9.79632-01 246
U 2.7925 00 1.10005 02 5.43345-04 1.46326-01 90810SE-01 301

l.8798rrH .H9891 01 lefiHIZ04 1*4WH6-01 9*05047-01 DII
2.61817 00 1.750001 02 5.0411C-04 1.446E6-01 9.9927E-01 381

2.70543E 00 1.7 500E 02 7.37192-03 1.46166-01 9.0632E-01 3466

2.9671Er 0092 1,7000E 02tern function0 (s5Eet 9.97E0 3f61)
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Figure D-93. Volume scatterzing function (&heat I of 3).
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I 2~~5 JUN 1976 0744.39 iS -

520 ISJOL75 2031 STA#CAT016 - SEA H20 lOM
S. .. DATA READ• IN ITERATED DATA

ANGLE (DEG) SIGMA INSTRmO ANGLE 10EG) SIGMAHANdel

O1 0.750 6.o00a0 02 0 0.*1790 6.095b5 •"
2 0.3500 2.3300E 02 0 0.30o0 2*411DE 02S... 0 70?00 .7000! 0 0l 0 7000 9.3369 ,0,1....

0!R10,0 24.1661-01 0 !'0!' 4,3266I-01
65 15100 1.,65951-01 0 15000 1?659SE-01I SO *~lEO flO ... ,LIE'Z "
a 30.00 2.29941-02 0 30.00 ,.2,29941-02

A0 190,00 I,1EW-0$ . t V0,0 N,1EW-03

31 60.00 2.63950-O0 0 6000 2e6399e-03
- ,17. 1:o ".19oS-01 0 " .•00 =.o Ao- -13 an0.0 1.,1801-03 0 800.0 Hl.o8-03

* 14 90.00 G.2882-04 0 90.00 0.18821-04
is In In. -A&7 a hp -0a& Intl, A. JAIAN 6&
14) 110.0 6.0882E-04 0 110.0 6.0882E-04
17 120• 0 6.100RE-04 0 120.0 6,10ORE-04

IA 190-040 120A
19 140.0 6.71721-04 40 140.0 6.71?2-04
20 150.0 7.97361-04 0 150.0 7.,7361-04

21 UL0 1,07)29!-01 0 1AOn t.Q722F-6%
22 170.0 1,81709-03 0 17000 1,8175E-03

* 23 1 180.0 2,13121-03

.. ALPHA, 0.6422 s/AL -oAN 0..26
So 0.306 A/ALPHA. 0.174
Am 0,1116 B/94 0.00,9

i CnRRECTED ALPHA CORRECTIONO.00S

ALPHA* 06504 StALPHAw 0.816
So 0.5306 A/ALPHA. 0.1A4
Am 0Qi19 .- B/S. Q.009

SIGMAI 0.0 DEGREES)- 1271e
S.IGMAt 0.1 DEGRE915 QBP4 ,
SLOPE( 3 MILLIRAD|m -1,338
S UP TO 0.1 DEGREESs 1.0481E-02 NORMALIZEDO 2.02569E-02

MAXIMUM PARTICLE DIAMETER (HICRONS)a 102.0
FXPECTED K/ALPHA. 042849 EXPECTED OIWFUSE ATTENUATION COEFFICIENT - K

a MU RADIANS DEGREES
MEDIAN 0.9991 0@4304E-01 2.466
J.EAN 1 0,9643 0.624[0 15.2h
VARIANCE O,.654
",FAN 2 0,1295 7.422
RMS 0.3023 17.12
RMS 2 062732 15.65

' KAPPA- 0.1053 KAPPA't 1.93261-03

3 THETA**2 AAR 4.5707E-02 RADIANS**2

I
Figure &.93. Volume scattering function (sheet 2 of 3),
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2S JUN 1976 07441.A 9 .
520 18JUL75 2031 STA.CAT$16 -SIA M20 IOM

2,1972-03 142589E-01 8.9700E 02 1.59021-02 2*90711-02 11
2 . _.g~3 1,89-1 .92 02 2.7Ij9E-Oa 4.21179-02 .

3.48245-03 14995316-0 514 0 304 15-02 5.65031-02 31

4*.34411-03 2.51195-01 3#75821 01 490734E.-02 7.67711-02 4L

6*9483e-03 &30611E-01 2.0294e~ 02 .51 06-02 1.12913-ol 61 .
8047464-03 7.4301-L 1.04913 02 8.10461-0212.51682-01 91

1674513E-02 1.00006 00 5.62425 01 1.43081-01 2e69691-01 101

N!611 .HM8!0 N10.251 011 W814101 HhHPO I 1H
3.4824E-02 1.99536 00 1.92911 01 2.33471-01 4.40416-01 131
5.1926-02 3.16235 00 7.7575 0 .2691-01 5.70466-01 151

6.9*835-02 3.98115 00 4.53965 00 3.15776-01 6.32825-01 161
A.1d.701109 on P-429111 . nmN 10~.82-I~ QlU. 171

1.10128Q~i-01 6.30965 00 1.37649 00 3.91605-01 7.36055-01 1e1
143F646-01 7.04336 00 7.5690e-01 4.14065-01 7.803e5-01 191
1,74S%9-01 I .M809 M 4,126~11-0,j ý4,:.391302i17-01 20 -296180E-01 1.50005 01 L._ 659510 4.652-0 8.7RI01 20
3.4907E-01 2600005 01 7.06959-02 4.63861-02 9.11915-01 211

5.23605-01 3#00006 01 2.29945-02 5.0351E-01 9.48971-01 221
6.10866-01 3050005 01 1.45265-02 5.08885-01 9*59091-01 226 -

6,91131-.01 4.0000 01976503 12999-01 9.66S31-01 2~11
7.8940E-01 4.5000! '01 '6s.846795-03 5.15188-01 9.72275-01 236

1.1366E-00 .5*0005E 01 2.0946O-03 5.2261-01 9.84651-01 241
9.54935 00 7.500005 01 1 ,~5774-O3 52501 1.89-01 2"1s0472E 00 7.50005 01 12.6395E-03 524001 984-1 266
11.3983 00 6.O000E 01 1.02905-03 5.2495-01 9.84968-01 271

1*217E00 .000E 1 ljjgj~g 123S21-01 9.90445-01 231

1.30906 00 7450006 01 .829 0 5.28430E-01 9.92175-01 2866
1074535 00 1.00006E 02 6.71201-04 5924925E-01 9.9895S-01 291
"1.8326 00 1.0505 0 s286.22-04 5.77-1 9.913555-01 9

1 OOO0 E00 02 6i&l'fr.0....... '2 isI
h06J3YlE00 9~0500 02 7.0475E-04 5.27405-01 9091741-01 306
2.07453 00 1.200006 02 6.100851-04 5.26829-01 9.92530-01 3911

235262E 00 1.03005 02 6.48256-04 5.2991-01 9.96356-01 3296

-!9*0*? I - --'!9I8 41VOll: 1:148010i 19.9775-0 33
2.01405 00 1.5000E 02 7.100365-04 5.28960-01 9.98105-01 3411

2.07926 00 1.65005 02 1634259-04 5932M91-01 9.99306-01 526

8F .13e10031.7500 0201 1I30 33
2e1416E 00 1.50005 02 7*9736Z803 K*230%E-01 1.0000E-00 371

IIIE ~ ~D- 10_ 1.O 1
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. .25 JUN 1976 0746.15 16 M t

320 1•SUL75 2045 STACATY16 - SEA HO SON.

OITA READ IN . ITPRATEt) nATA
ANGLE (01W) SIGMA INSTRmO ANGLE (OEGI SIGMA

HANOUl
1 0.1750 5.00001 o2 0 0.1730 4.9654E 60
a 2 00500 107600I 02 0 '0.5500. 17647T 02o

5 19.00 5.6320-02 0 15.00 8.43201-02

I 30.00 HAOT37302 0 10.00 . 37131-02
9 40.000 . .. ' ?1E03 0 40000 4.#STaE"01'

o1 50Q00 3*.T6LUt03 O0 " 3,2761-03
11 60.00 1*9145E-03 0 60.00 1.91455-03

14 90.00 6,41951-04 0 90.00 6641991-04
IS~~ ~ 10. A1,0~l000. so

1_ , 110.0 1.593d-10 4 , 0 108.0 , .5l325-0
17 12100 5.39$16-04'1 0 120.0 5*39816-0413.... 0.0. S.S43S•-fl_ . 1 0.0 .•EO

19 140.0 5,6521 -04 0 140,0 .:8451-04.
20 150•0 7.0939e-04 0 150.0 7.09391-04

22 170,0 1.65926'03 0 170.0 1,65925-03
23 1 180.0 1.91101-03

. ALPHA. 0.4609 S/ALPHAw 0.650
So 0.2994 A/ALPHAw 0.#30
A* 0,161•i gn. 0,013

CDRRECTED ALPHA CORReCTION8O.007

ALPHA. 0.4683 SIALPHA' 0.639
So 0.2994 A/ALP;4A. 0.361
Am 0.16. 9 also 0,013

SI. MAl 0.0 DEGREES)= 1158,

SLOPE1 3 .ILLIRAD). -1.4943 UP TO 0.1 DEGREES* 9.59966-03 NORMALIZED. 3.20660E-02

MAXIMUM PARTICLE QIAMeTER IMICRONS)m 1111.10
EXPECTED K/ALPHA- 0.4634 EXPiCTED DIPFUSR ATTENUATION COEFFICIENT - K

MU RADIANS DEGREFS
MEIOAN 0.9995 0.3313E-01 14690
MEAN I j,"".- O.1040- 17.42
VARIANCE 0.200?
MEAN 2 041390 7.963

KAPPA. 0e2170 KAPPA's 2.4926e-03

THETA**2 BAR 6.1040E-02 RAVIANS*02

Figure D.94. Volume scattering function (&hoet 2 of 3).
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25 J-1 1976 0746, L.

5 520 184UL75 200. STA.CAT616 - SEA H20 5OM
b' 1N7A11%0 tRI00I-O 8.614T UZ AMlt Y~g6 '0 OV01665O I

2.1972E-03 ,256898-01 7.33736 02 1,4061e-02 49696E-02 11
2.74.&22E-Q3 .SA491-O1 .72679 02 1.gII, -02 A.A19962..

3,48246-03 1.99531-01 4.09618 02 H.19,11--1012 6.6436-02 Sal4,36411-03 2&.1191-01 2.9051 02 3.4222E-02 1.14315-01 41

6.94831-03 3.9611e-01 1.40991 02 5.24159-02 1.7508E-01 61
8 8.74E7-03 .01196-01 1.0349e 02 6.32291-02 2.1121E-01 71

s1,864 .4 102 T,943-01- 5iff791 CH H9IS90I1 ' 2,9734*-01 g 91
1.74$SE-02 1.000 00 o.S3461 01 L.04031-01 3.47496-01 101

3,3424E-02 1.99536 00 9s50856 00 I*S33OE-0o 5.12001-01 131

5.,0925-02 3-162f 00 3. U ,92H 1 00 1HO595E1O0 N.2R12-01 151
I 6.9483"-02 3*9611H 00 2.07756 00 2*0121E-01 6472118-01 161II ~ p.... E. E874.711.-02 02 60 2,011 a2-1 7.17170.-1 171

* ~1.10125-01 6.30968 00 5.96116-01 2.26125-01 7.553E80 160

1 4.3664-01 7.94335 00 3.27271-01 2.39841-01 7.67776-01 191
a.4380 1:5008" 01 1.93253:-0 2451-01 R, fi&A2_-02

32.61605"1 1,50001 01 8*631-02 2.595O1-01 6.67101-01 206
3.49075-01 2.00008 01 4.07411-02 2.69191-01 8.99511-01 211

5.23606-41 3.00008 01 1.37836-02 2.60291-01 9.3627e-01 221
6.10861-01 3,50006 01 9.2715E-03 2.83601-01 9.47311-01 226IA06111-.01 4.00 al ft 6,4.6719-01 2,JAJGNg-MI 08.6 231
7,89401-0o 1 4.50001 01 4o2.251-o0 2.8201-01 9.62691-01 236
0.72666-01 5.0000! 01 3o27611-03 2.69751-01 9.67875-01 241

:1.0'428 00 6.00009 01 1.91455-03 2.92006-01 9.75375-01 251
S1.1345N 00 6.50005 01 1l51155-03 2@9262•-01 9.7613E-01 256

-..228 00 7.00006 01 1.2141'03 2.L 919-01 9.80429-01 261
1.30.i0 00 00 50006 01 9.61566-04 2.94011-01 9.623$6-01 266
1.3963E 00 8.0000E 01 6.12091-04 2.94561-01 9.o391-01 211

1.6561E 00 9.50006 01 6.20096-04 2.95356-01 947736-O1 2-6

'.9A706- 0 9-" 77n -01 291
.8326ON 1HMO 01 53H 9:-04 2.96346-01 9.89861-01 296

1,q1991 00 1.1000E 02 5059321-04 2.96638-01 9.90o6E-01 301

2.16178 00 1.25006 02 5.43568-04 2,97431-01 9.93501-01 316

2.456 H00 9•490001 02 1164210=44 2.9611|-01 9*.95771-0 331
So i.4 501 111* 2.6A106 00 1.5000E 02 5.09435-04 2.97418-01 9.9t106-01 31

2.70538 00 1,50081 02 7689201-04 2.96116-01 9.95774-01 336

2I716 00 1,5500E 02 7,880E'04 2.9869E-01 9@9774E-01 346

• 24971SE 00 100009 02 1&65911-03 2.99208-01 9.99421-01 361
---- 3.03436 00 1'7500 02 .9007 IO-O3 0S I PAUSE READY PLOTTER

Figure D.94. Volume wsttering function (&heet 3 of 3).
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Figure D.95. Volume scattering function (sheet 1 of 3).
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25 JUN 1976 1143.22 18M~ 3e

* 520 19JUL75 2013 SMACATS17 - SEA "IQ 711M

GATA IAO IN hRAM5 DAT
ANGLE ANYO KIGMA INSTR*6 ANG~EN MIR,!; ROMA

HANG. 1

2 003500 Ogg 1o 0 0.ss500 5:70361 01
3 0.1700 2.0500 02 0 017000 1090776 01

5 16040110mod-02 0 $604.80805-02
20.00 2.66191-02 0 20.00 206619e-02

A 30.00 1.17091-02 0 30.00 16276191-0a
9 40.00 501161131-03 0 40.00 9686831..03

In________ _0_00_-____________a_416._no_._1__1_'A_5_0

11 60.00 1.fl0A3 5-03 0 60.00180360

I14 90.00 7%00116-04 0 90.00 7.45111-04

I110.60 Si,69A2-04 0 110.0 5669826-04.
'17 19000 5.62340-04 0 120.0 So6234e-04

19 140:0 6*10&66504 0 140.0 6al0669-04k
21 150.*0 7.23771-04 0 150.0 7.23775-04

t---L A~llO 0.42 SiALRO~ 0.534
*So 001M3( AiALPHAs 0.466

AN Ai&.162 AZ .l~a 0,*010

C.1345CTIO ALPHA CO9R5CTIONsO.003

3 AtTw U.2517 SIALPHAw 0.52!
*S. 0.1330 A/ALPHAE 0.472

As 0,187 /S. 0.0%0

I IOMAC 0.0 DEOREIS)a 396a6
I MM~A( n.1 f!'P033F.Im 9OUQm.

SLOPE 1 3 MILLIRAD~a -16543
S UP' TO 041 OSORIISS 3.27201-03 NORMALIZUD.s 2.4606911-02

Tr BA-0 AR O186 RADIANSA'*2

Filiure D-95. Volume Kettering function (ahest 2 of 3).
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'g 9 1J UL 75 201S STA.CAT917 - SEX N20 75M 5 J N 1 7 11 3 2

ANCSL1RADI ANGLUIWG) SIGMA INTEGRAL NORM. INTEGRAL
t 51,7411-3 100001- 1  2.93151 02 327206-03j 1!;76071102

19 .Xfll *73be UZ 4.TiOB-3 T!19
2.76626-03 1.S8499-01 1.9159E 02 6.7385-03 5.04916-02 21

505192E-03 3.16230-01 6.67011 01 1.42721-02 1.07331-01 51

1.10121-02 603096e-O1 2.29781 01 2.464.29-02 1.55326-01 81
1.A4864-02 7.04336-01 1.60909 01 2,88931-02 2.j 879-1 i1

r7 I~F T~ o MOM -02UI MUM DOi~ig MEN 261-1
2.92-02 1.59 0 777100 3.a7511-02 2.91431-01 11

2.06626-02 1.58496 00 5.21515 00 4.413531-02 3.33531-01 121

4.38419-02 2.51196 00 2,34199 00 5e67220-02 4.26096-0) 14.1
35 00 j~j 7 5d 0 1 4! I

4jy.rj,-02 191611B 00-

4.7473:-0024 501'19'P 00 5.48631-01 7.64059-02 5,74Afl9-fl 171

1.74M39-01 1.00009 01 1.084.39-01 ge216W-02 6.93125-01 201.

4936336-01 2.50006 01 1*70961-01 1.10816-01 R0i3336-01 216

6.0913-01 4.00009 01 5086839-03 1.20096-01 'V.0263E-O1 231

q89936-1 550006 01 24366 -3 1624561-01 9.3651-01246

1.622179 00 760000e 01 1.264.99-03 1.27011-01 9.99156-01 261

1,4A351 00 A.5000P 01 7.82746-04 1.98561-01 9.66951-01 ?76
.l!.;R7 0 1 05 1-8;4 12Q*-S1 970 1,-1 'h

1.745.IE nO 1.00009 02 5.93639-04 1.296BE-01 9.7520e-01 291

2.00711 00 1.15006 02 5o64236-04 1.305OE-01 9sA204E-D1 306

2.2A8'E 00 1.30001 02 5.75009-04 1.31379-01 9.87935-01 321

2,13079 00 1.45001 02 6.64466-04 1.32036E-01 9091951-O1 3316

2709P59 U, 1,6000E 02 8.44339-04 1*3260E-OL 9.9720ý-01 351

3*M%43e no L675006 02 1.15319-03 1.32941-01 9.99796-01 366

1.14161 00 1.AOOO.r) Ž F1 , 1 16916-OF 10 3 2 92 7 1-01 1 .000 00np n 371 -

Figure MS9. Volume wattering function (theet 3 of 3).
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25 JUN 1976 1140.19 IBM 3eý

$20 M1.JU75 2040 ITA.CAT017 - hA Mao6W

A L -7IGMA IN5TRwO ANGLE In wi
HANDuI

2 0.3500 H.00103 20! I 04,0005117,111
%i 061000 1.93000 01 0 0.7000 1.14211 0.1

5 15.00 $655916.02 0 15.00 SMS5~SI-))2
A 20.00 207245H-02 0 20.00 2072451-02

30,100 1.31-2 0 30.00 1.1310I-02
G 40.00 5%75686-03 0 40.00 5.75686-03

1 60).Ou 1.7906E-O3 0 60.00 167Y~586-01
12 70.00 I.18299-03 0 70.000 489-§

I d. 9 0, 00 6.80326-04 0 90.000.8 2-4
14 100.0 5.80511-04 0 100.0 5A6051604
i A I I M11lL1II 9-13A, I' 111 _n 11fi-L4

I? 120.0 5.465591-04 0 120.0 5.465SE-04
0 130.0 So141441-04 0 130.0 5.74199-04

2n 150.0 6.d.ON&-04 0 15080 6@40091-04
21, 160.0 840017E-04. 0 160.0 B&O0171-04.

21 IPA- k I 17h1fl _I -L" ] a a- A

23 1 IO0.0 1*1489lE-03

6LPHAm fl.242q' S/i'PHI 0hb. .57
So 0.1353 AIALPHAm 0.443

An 0.1075 also 0.,011

VION O~TTf an LPHA ~ TMflRTIONu0.00l

1. 0.1353 AIALPHAw 0.440
As 0.1099 RISE 0.029

SIGMAI 061 DEORE1S)o 239.7

~I)I [.CPt- AILLIRAPIW
S U P Tn 0.1 02GRIO3. 3620014!-03 NOAMALIZe~w 2.370979-n2

Jk1~rA*02 1A 01211 a RAO ANS**1

Figure D-96. Volume scattering function (shoet 2 of 3).

D-224



SII

25 JUN 1976 1140.19

520 19JUL75 064 STA.CATNI? A- Y -23 ANGLS(RADI ANALI(C3G) SIGMA INTEGRAL NORM. INTEGRAL
1.74211)-1 1.00000-01 2.0860E 02 ?.SOr41-00 .. 70-0102

2.7p6eaeC13 1.56491-01 1.86116 02 6.56319-03 4.85015-02 21
3.4AP4E-n3 1.99531-01 1.313*6 02 6.7515-03 6.4D0o•Q 1 31

5.51921-03 3a16236-01 6e41451 01 o.34605-02 1.2O465-01 51

1,111126-2O 6,1096e-01 2s18871 01 2.37988-02 1.75791-01 dl
* 1.30646-02 7094331-01 1.5269f 01 2.7A3o-0- 2.05671-01 91

2.19721-02 1.25996 00 7.40TAM 00 3.72148-02 2.75151-01 111
1,76625-01 1.5•459 00 5.11241 00 4.16471-02 3.S5161-01 I1I

S.3A41h-02 2.51190 00 2.3904E 00 5.49A66-02 4.05975-U1 141

9.07A68-0 54.01196 0:i.: 8 00 6.08161-01 7.5$461-02 4,60506-01 171

1,364E.-01 7.94335 00 2.062,)e-01 0.62226-02 6.#1966-01 191

3 3.490,2-01 2.00001 01 .*72458-02 .09925-01 8.12211-01 211

4.10869-01 3.50006 01 7,36906-03 L.071-01 8,92045-01 224

8.72661-01 5.0000 01 20$06-03 1.26115-01 9.31975-01 241

; 

4

113450 00 6500001 01 1.44.606-03 125925-01 9o52741-01 256

,n3963E .0 M.00006 01 f,.34oe-0o l4o063E-01 9,65360-01 271
194"356 00 0.50005 01 7.'3,7-04 1.31065-0 276
1.5702 P-0O 4.00001 01 605 -04 1 -- 141
1.658 RE 00 4.50000 01 6.27125-04 1.3181E-01 9.74071-01 266

1,4199E 00 1.1000E 02 5.5316-04 1.3273E-01 9.*0089-01 301
20.071E. j9 7,0JvsIoOE 02 .46462E-04 163015E-01 9,'294P-01 306

2.09441E 00 1,2000E 02 5.4655• 04 1*,33285-01 9.8490E-01 311

t,•58 ~ ~ 1;M o q•o0 • 6,7•=4 iii;H-O 1.?4019i: fit

2.35631 00 I.3O006 02 5.95916-04 1•340LE-01 ,900141-01 326
j~jj~n;! g?131

2.6180B 00 1.5000E 02 6.4004E-04 1.34639-01 9.9492E-01 341

2.27969 O0 1,65001 02 9.11575-04 1.35108-01 9.90161-01 356

3 5| 0 t.SO!O 59gE0 I•OE0 99qo|I-01 Z6~II ,.+o,,, 1o .0,000r o7, ,.9, o 9111-:,1,.1 11
3,1.1e1 00 109000E 02 1,0809-03 1.032E-01 1.0000E 00 371PA1.. F RF!A• Y PLOTTER

Figure D-96, Volume scattering function (iheet 3 of 3).

D-225

- I ... . , ,.. ....• ,•+.+, ,•, ,l, ,.•••w,+ ..



its

1L01

I

Pipe U9, ,oui ctciSfn jl sotI o )

i 2

II

S L.S IA2:, w

S~AKSL• " IOESREE5)

Ftjuiu D.97, Vo~lume ucaittcrinS r'unctloin (host I oF 3).

D-22B



25 JUN 1976 1141.,51 184i 36

I50 193W~iUL7,5 2045 STA.CXTP~j, - SO Rio .4$;

- DATAHEAp IN ITRATED -QATA

ANGLE (DEG) SIGMA INST~AN ANGLE (01G) SIGMA

1 015 9200 2 04160 ý2.12701 02

4 10.00 15.329E-03 0 40000 lo03496-01
5Oi~ 2606-02 0 .6o6466-03

20-01 A a I E-fl n0 I sj~xaagn6i

in 70.00 9s2914e-O4 0 70.00 9.29196-04
11 w0.00 6*4144E-04 U $40.00 6.s8144E-04

is 100.0 4.66950-04 0 100,0 4*66951-04
14 110.0 4.54641-04 0 110.0 4.*5460-4~-

16 130.0 5.1,139E-04 0 130.0 5#1139E-044
17 140.0 5*39646-04 0 140.0 9039646-04
1A Io(k 5%5%A n IK11 -Af
19 160.0 7*6257E-04 0 160.0 7o62579-04
2() 170,10 1.10429-03 0 170.0 1.10425-03

ALPH.~u 0.2792 S/ALPHA. 0.629

1CORRECTED ALPHA COlRR!CTI0Ns0*003

ALPHAo 0l.2822 S/ALPHA. 0.621

SIGMA( 0.0 nFlrRjSE~w 474.2
SIGNAi 0.1. DEGREESI. 359.7
SLOPE( 3 NHLLIRAD)u -11.442

S UP TO 0.1 O!GRFES. j.a~jSE-0)3 NORMAL17raPo .;5~Q7AF-OP

IHETASS? BAR 8.471#61-02 RADIANSO*2

figure D-97, Volume scattering function (aheet 2 of 3).
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Pr, JUN 1q7A ~L114 1 l

nT -9 I~T6 STO ATI-17 SEA_ _H I ~0 1
~ANGLURAI ANGLE1IOE( st K, INIEGRAL NORMi. INIEGRAL

1 .r 4 5 S - 0 3 1 , 0 0 o o -0 1 - 119~ l 0 .2 3 1 - 1 5 1 -03 2 .3 2 , 9 S E 0 2 T ~

,76E 49E-01 2.42946 02 @.2539j-03 4:7079E-02 21
3.~2,E131.9 .901 1.7606E 02 1.114ge-02 6.0591111-02 3

119too1. U-0 1.26'33t 02 1. -0 2 -,3A02 4

E.-30 Lc0~01 903?4a 1'0 I.6B.689(1 10.3940-01 231

1.04726~~~~~~ a0 170o....~i~2i0  1.1-01 . 1.8120e-01 61L..
006.30096E01 06610 9.9301

P.~J000E 01 1 9144504 1.-1255-1,19.67-1 27

E-02 1,289F 00 O.010305 01 5. 391-0. 179E1-02 3-0729~-01 211

2,197 I.6 u o lki9o ~ ~ 7' -~?
1.~~326E 0010005 02 43050E0 ,21-1 9P29O

1.999 0 1.100050495i0 1.7259-0 79d~58E11 0

Son.4R 7 0 .5 02 ,20 .9 12 04 81.7364-01 4.6360E-01 31641.

2.A~fi(' I.3 00 02 2 .190 i. -0 9.9 .7F-4.

A 'ell EiL-" 
.6".84Ew:5

0~.sL0 on7406E-01 622E0 7

2,77(13C 00 5.5019E 02 7.92209E01 Io470 I.76-0 4
b F01 35L-

J.9671*53E00 L.000CE 02 1.53429S-01 .59-1 99350
6 1A 1 ,)loeC)1 6# 4.) i -ol, .74527l1-1, _9P.P45 J-01 760h

3.05435 ~ ~ U X0lS 02 i65RE .73
2304165 (10 L:7070102 1. 56e0 $*ql9-t'O 216

5..2. m (r9E 0 10
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F

?____ 5 JON 1970 (171,.0 IV 3q

520 IGJUL75 p?055 SIAC.ATO17 SEA H120 20M

- ~ITERATE5 OA&TA
ANGLE IUEG) SIGMA INSTRoo ANGLE (nEC,4 SIGMA

4.4500t 02 ""0 0.1750 4.8609E 02
2 0.0500 1919001 02 0 0.3500 1.51496 02

5 15.00 .1.2140E-C01 0 15.00 1,21406-01
A 20'.00 0&9317E-02 20.00 5.9317E-02 7F

250 39244.2E-02R 25.00 3,24426-02

10 50000 4*200AE-03 0 50.00 4s20996-03

12 090 1997S-03 7O060015700

______________ 1609664!03 0 90 1.08666-03 ____

19 140o. 0 ba,935E-04 0 100.0 h.J6 7 i)E-04

21 1111.0 6*4173-04 0 160.0 6.0 908-04

2P 170.0 100RQE-03 0 170.0 1*3198V-03

ALPHO 1.506B7 5/ALP)'As 0.722
So 016? A/.LPHAm 0,270~

AL~TU~ PH~ 0,15 S/LPMRG 0UU.711

5. 0.3e'174 A/ALPHAm 0.2M7

S~nMA1 D.0 DOGREES)s 1069.

,AL p -1,421
S IUP T;1 0.1 0.GREESh 8.9540E-03 NORMALIZE0. 2.436615-0l2

EM -F~L7Fr-m HhH,1111-RRUTEDDIPUSEATTENUAT IUN C06SFUC .'QT -- K

ý0InM 0.9991 04402 46-01 2s420
ýEAN 1 009541 0.3040 17s42

0M 0.344 1 19.72
2M 061109 17.81

KAPPA. 0.2017 KAPPAI. 2.5774E-03

7NHeTA~f2 BAR 5.92051-02 RADIANS**2

Figure D-98. Volume icattering function ("het 2 of 3).
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I

I .... . . J a.. 1 1976 0754,09..
II

t20 19JUL75 2055 STA.CAT017 - SEA H20 20M
FtRA... ANPL)I AG) AINTEGRAL N TEGRAL A

1 261972E-03 1.2589e-01 6&9924E 02 1.1IlE-U02 3,1873E-02 1I
j.•z•.s-0 3 IQR~qf OI:oi ,lA 1o I 02 . I;loE-(o 5,0917E-02 21

6.696-1 IN of01
43•A16.d-03 2eg1191-01 2,9011E 02 3oIA996-02 8.9029E-02 41

- 2.....1..0L-3 30.126-0 . 51
* A9"963 F 3 1,51-1 153E 02 5a14329-02 1.39966-01 61
A7.4746-03 5,0119H-01 IsO)94E 02 6,2723E-02 1,70A9e-Ol 71

•6..E ?,•3-j ,•7 Ol •O:g-O E••BEU 1 1 "--

1 1,7453.-02 1.0000d 00 .310730E 01 1,06971-01 2,91095-01 101

i!H O N111*~ . 91 '020 IiN 0i Ia 199 3 91-8 -o

*3e4A24E-0(2 1199536 n0 1.2nhse 01 19ASR3E-01 4.51?290-01 131
3,SR.h1l-02 201191 00 7.73791 00 1.8722-01 5409476-01 141
551926-02 3@16236 00 4*,4321 00 2.086E1-01 9.67886-01 151
AAP.-AP --02 I-gRI16 on ..R619 0 13 L h'Apn IA3I
.A7473d--02 56.u19 00 1.0N3p o0 2 .49I3?•OI ?.0759f6-O1 171
1.1012-01 baBMq0 00 8.7379i-01 2:64846-11. 7a20706-01 1.31

1.7453"-01 1#00006 01 277'SE-01 2029136"01 7.9499E-01 201
2,61OE-601 1.5000E 01 1.2140E-01 3,1OIE-01 8653979-01 206

4.34336-01 2,00001 01 342442E-02 3.3b946-01 9*.6919-01 216
S.2360.O-01 3.00001 01 1,9086-0 3,43229-01 903399E-01 2216.I 'OAAEI- ,i 3.Sflop• ()1 1.21147F-02 j.L??7E-01 0.462QE-Oi 223.

h.9136-.01 4.00006 01 095219e-03 3,5 lO 1- 1 9515651-01 231
1,0406-00 4,71000 01 5.31201-03 B53.811-01 9662801-01 216

.7266E.01 3.,0000 O.01___ -O_ _ __•__-OI_9,_____ --_1____
9,lA3eT0-O e i7 000TE 01 .13371-OUA 3.573i-01 9' 2'I- 1 77 II

1*0672E 00 66.0000e 01 7.021E-03 3,01666-01 90S602E-01 211
HI HO.. 'Hglid oo 1,:101o. , 1•-o0H H',s•?f-o•' 9.HM:-'i Hbt.

10,0906 00 71.000E 02 1,31016-03 3.636b0-01 9M93001-01 266.~~~~ at)6• O0_10008} } 66E-03 Ih2OQI-QI 693B111-01 .271 ..

1..6366 0 11.,00006 02 9.15416-04 3,6294E-01 9%8698e-01 276Io5TnRe OO 9 0O000E 01 7,90 13E-04 3.660le-0• 9,876SE-01 281
""_ 1lSlE on 9.5gOOOE 01 7,2219A-04 3,6'142-01 9q.A8979-01 28& .
1.7453E 00 1,0000E 02 b,68706-04 166360E-01 9,90016-O1 291
1983266 00 1,O5O0E 02 6s6WIE-04 3v6416E-01 9*90990-01 296

2,0944E 00 1.2000E 02 6&2ý96E-04 3.6513E-01 9.93626-01 311

2 09626 0 1.3500 02 6.6630E-04 3a65991-01 9.9507?-01 326
- ,447 O" i!;41881 02 ;:111112-0 3,6644E'08j1 #jgjO-O_ 33

2.96180 00 1,5000E 02 7,5559E-04 3#6666E-01 9.97795-01 341
?,70n53E 00 1.3500; 02 8-1267 [04 4L.-0 9 g 3O 4

2.8798! 00 1.65005 02 1,06661-03 3.67209-01 9,99265-01 356
20671E 00 1.70001 02, 1.3198E-03. 3,67;4 -01 9.99641-01 361
190543M 00 1.07,ut OU I..4401 03 37 44 -01 q9 UjaOI l

I 3.1416E 00 IBOOO0 02 1,47125-03 3,67479-01 1.0000E 00 3711 3- PAUSE READY PLOTTER

I
Figure D.98, Volume cattering function (sheet 3 of 3).
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520 19JUL75 2104 STA.CATOI? SEA &420 IONi

DATA READ ]Tgki7Elul )AYA

ANGLE IDEGI SIGMA INSTRUO ANG E 0G) IM

I 0175 66005 ~MA~u1 0.1506.443-49 024 2 0.3500 1412001 02 0.35002.iuE0

4- 10.000
5 16.00 1.9057E-01 0 15.00 A.'70

6 306000 20610 0 300:.-ý6006-02

600 037-1 0 60000 3,20331-03

1 00 *.qA571-04 0__9 _____0__6-04076-04 ____

16~ 110.0 1.82971-04
* 1 7 1006.o2976-04 0 100

11 12090 A.P5
3
O

19 400 .36904140.0 1:1-21691 4'

20 150.0 8,26374-04 0 150.0 9*26371-04

if 2? 170.01.52 03 0 170.0 1.20UO
23180.0 1.70681-03

-ALPHAN 0*6810 S/7ALPHAN *3

So0.5655 AJALPHA .17
As 0.1114 hits 0.609

CMRRECTED ALPHA CORRICTIUMOO,009

$10iMAI 0.0 DEGREESIU 1337.

SLaPII 3 MILLIRAD)9 -1.319
S UP TO 0.1 DEGRIMSft 1113276-02 NORMALImmt 2.of02996-02

MAYIM~IH PARTICLE DIAMETER IMICRDNSI. 101.00

EXPECTED K/ALPHA. 0.2830 EXPECTED DIPFUSE ATTE~ltmICN COEFFICIENT-

-
U RADIANS DEGREES

IMEDIAN 0.:::1 0.43271-01 2&4790.2U7 - 19.62

ME-AIAN 2 0.101332 7.634

KAPPAP 0.0057 KAPPAIR p0~450

THETA**2 BAR 4.6,765E-02 RAnIANS*02

Figure D-99. Volumne scottering function (shoet 2 ný 3).
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25 JUN 1976 Ujln

520 19JUL75 2104 STA.CAT#17 SEA HI0 IOM

R.19721-01 1.25591-01 9.07776 02 1.67791-02 2.90729-02 11

4116416-01 2.51192-01 4.01111 02 4.)256!-02 7.64921-02' 41

he9461-03 3.94116-01 2.195611 02l .9671181-02 1.230SE-01 61
h,74749-4)5 5.01196-01 1.62079 02 6.61921-02 1,5242E-01 71

1.74153-02 1.00001 00 6v3075l 01 2.04461-01 2.73151-01 101

1.S*4E4-02 1499531 00 1.97561 01 2a40706-01 4.41555-01 131
4*38411-02 2651191 00 1.37046 01 2,64765-01 5.03561-01 141
5.51923-02 3.18*33 00 :7095041 00 $020011-01 S.65891"01 151

RM -47-09' I '.0'1'1' 'I()I 0, '.1 A 4 t 00 0' 3.0504R-01 6.h096s-O1 L71
1.10125-01 6.00966 00 1.42.969 00 4*12O26-01 7.28605-0 181

I 1.74' =4' I j.0'0'00501 'O ':4'74' i1-0'1 '4.§H6665-0 ' 5.0H7535-01l 2'0 1.
2441808-01 1.00I00 01 1*91571-01 4.92015-01 8*7004E-01 206

4 :3'! ' 1-401 OHH 1 -4.02 2 965a:0-0 I. 2 6H091 -01' 9. s3'0'3251-0 216
4.236OR-01 3.00005 01 2665601-02 5*14535-01 9%45239-01 221

7065409-01 4,00056 01 7.06371-0) 5,49091-01 4.70995-01 M~

1.04726 OC' 6.0000601 1. 03375-03 5055515-01 9.86,33E-01 251

1.10905 00 7.50006 01 1.46341-0) 5.58721-01 9086021-01 266
1939b3E 00 M.00226 01 1,21.9111-01 15.94AR-01 9.09l91-01 271

1.40M35 00 8650008 01 IsO0200103 5.6004E-01 9.90355'01 276

.6,561MN009 90500011 01i M45160-04 5,61035-01 9.9?105-01 286
1,74SI 0 1000 2 7971-0 5.614SE-01 9.92851-01 291

2.00711 00 1.15006 OZ 6063141-04 5.62501-01 9.94861-01 0

2.26691 00 1.30001 02 6698096-04 0&63011-01 9696491-01 321

2.53071 00 1.45005 02 7.63625-04 996431E-01 9.97915-01 336
04 .6gI4 .9 ..

279100 1.600 9!q * j-01 .. 1
2079255 00 1.60005 02 1909361-01 5.-64965-0). S99096-01 351

3.14165 0 IAOE0 1.70smu-03 ý06950E-aI 1400006 00. 7

FAgut D.99. Volume wattfing flinction (shoot 3~ of 3).
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________25 JUN 1976 07ý2jj36 jIBq 6

520 19JUL75 2119 STAoCATNI? SEA H20 10M

ANGLE I010) SIGMA INSTR.0 ANGLE 1010) SIGMA

O7 0*1750 -6,47641 OR

5 15,00 2#30886-01 0 15.00 .1630881-01

A 20.00 9.635'4E-02 9.096304

1 10.00 5.00051-01 0 50.00 3.00051-02

11 60.00 3.28321-03 0 60.00 3.2832E-03
13 5.00 .197-1A8. 0S

12 70.00 1.1007f1-031 H4
14 90.00 9.84686604 0 .90.00 9.84061-04

16 110.0 7,42631-04 0 110.0 7.426BE-04
17 120.0 7.1471E-04 0 120.0 7,14711-04

19 140.0 7.47251-04 0 140.0 7*47250-04
20 150.0 8.17171-04 0 110.0 8*17L,79-04
sit IAn~ tn2Il ftn lnna-~%AA

22 170.0 1.563SE-03 0 170.0 1*563SE-03
23 1 150.0 1*76996-03

ALPHA. 0.6fi30 T'LNu 0.904
So 046174 AfALPHAm 0.096
An 0,0656 ese 00.005

CI1RRECTED ALPHA CORRECTICINm0.009

ALPNAN 0.6919 M/LPHA- 0.869
Su 0.6174 A/ALPHAN 09107
AV 010742 A/So 0.0011

SIRAHA 0.0 DEGReES)m 1333.
S-PMM A 0.1 DIGREES)u 101.2-
SLOPE( 3 MILLlRAOI. -1.319
S UP TO 0.1 0EA 1 E1Ss 1.12951-02 NORMALIZED. 1.82999E-02

EXPE.CTED K/ALPHAm 0.1989 EXPECTED DIFFUSE ATTENUATION COEFFICIENT -K

MEDIAN 0099$8 0.46541-01 20812
MEA I .gj3.~...... 0.2707 - 1dL.....

VAIA" C .11
MEAN 2 0.1362 7.080

R,~

K__APPA. 0,1376 KAPPAI. 2.01101-91

THFTAs*2 BAR 4.56021-02 RAD)IAN.5**2

Figure D-l00, VolUnte scattering fuinction (sheet 2 of 3),
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520 19JUL75 2119 STA.CAT0I7 -SEA 1420 IOM
ANAL f(61 IAý)I..AN Qjj(DG) $I GMA INERL wm yTG-A

2 .iq7ZE-O3 1.2')SP6-01 9.0546E 02 L.6737IE-02 2.7109E-02 11

3.84-01953-1 5.44791 02 3.27981-02 S.31246-02 31
4.36416-OS 2o51191-01 4.02055 02 4,31465-02 6*9f86se-ol 41
a.44193d-63 EI12!:42405-02A788 09 apqfl&I_*j. h.4~3~-0 3.AL1E-01 2.92 2 894(09E-02 1.1243E-01 61
A*1474t.03 "OV119-01 1.6165E 0R A.sq7IE-o2 1.0925E-01 71

1.366d.5~02 7,QE.35 - 01 127Y4I 0 1.79-01 2. 2-6 1 9
*1974S36-02. 1.00009g no 6,S'b026 01 1,5422E-01 2.49791-01 101

ý191~45 ' -01 *1;9 0 R41410j 9iC 1 '',

; :Ai~ i2?j I Z!I Z: 1I .442Bem 31:99W 00 2.122 01 2#319601 4.5109-01 13

4.94ft31-02 3196115 00 3*43901 00 10b97?E-01 5.98946-01 161

I"1 12E1l &.3u46E 00 j.1 kQ 00 4a3ACb!u5-01 7.o9 '.6-Uli 1 1
I .3964d-01 7.9433e 00 9.71001-01 4a6645E-01 7.5553C-01 191

i~' NNW-01 0:7oo 1~64 206
3o49079-01 2.00005 01 9663b~46-02 5.60351-01 9.07626-01 211

60h -0b)01 3.00009 01 3.00055-0 1M*84.u96-0 90.'4'e607 221
6119 6 E --M 345000! 01 i.a2,1650? Sv91160-01ý 9#5793-01 226

4009136-01 4.0000! 01 1.26866-02 0&96376-01 9.60971-01 231
7#490d,0-01 4o50006 01 8031116-03 600Q146-01 9972260-01 23621 ~~~~ ~! ' -1,766-O '.00 1-0 241~0 . ~&-t9.A9.~

-4.5199E-)1 5; 0'0'0' C' 1 .8' 2 3 -3 6.A0H 1-01' 98150 4
1%04721 00 .60000fi0 3s26326-03 6406A99-01 9.82941-01 251I- 1.A H,1 0i 11;0,0,01 10 *II3--t"2 6-I.A 0 ti 1-:011 1:.87P0,21-01, 261
1.30905 00 7.5000, 01 1.56451-03 6.1029-01 9589501-01 266

1.'~I~~79To~id~s9;-o0 f.1jeo 9.0 U1 276

11.57MAE11 IW 0.0000 01 q*849861-04 6.122be-01 9.9170E-01 281
* 104 . 17~-I Q928I-01 286

Mifil91 I:- 0=(4 '. 3236-01 9.38-01 29
1636E0 1.0000E 02 7.7152E-04 6.136SR-01 9.93975-01 296

2.09O44E 00 1,2000E 02 7o14716-04 6.1477-01 9.957RE-01 311

2.35626 00 1,35008 02 7%2243E-04 6.1569E-01 9%9727E-01 326
OWI jJ1 INVj4O1I I .INN,1 33 6

216180L 00 1.5000! 07 9.17176-04 bt.16455-01 9*98501-01 341

2v67Q28E 00 1s o n2 2796 0 .50 21.24221-03 6.1706F-01 909941111-01 358
2096711! 00 1:.70010 .1-....720 .94-

11;601 7 9Is 3I t s7T 41u1ýg 9 1;141-:01 381

3014165 00 1.,00005 02 1.7699E-03 6.1734E-01 1.00001! 00 371
PAOSE REAUY PLIITTFR

Figure D-100, Volume scatterino fuinction (&hoot 3 of 3),
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Figu•re D.1O1. Volunme scatterhin function (sheet 1 of 3).)
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1 25 JUN 1976 1146.27
206 20JUL75 2050 STA.CAMUS-SBA 1420 75M 77 _

3NL 11Y RIAO 41M IN-O AGeM I7RT'o 'AGM

0.701,4ZOOF 02 0 ,01750 1jf58Q! .02
2 0.3500 ',.30006 01 a 0*1500 4.1077 01
3 043000 1.5000! 01 0 6.7000 1046016 01

5 15.uo 4.3848E-02 0 15.00 4s38486-02
6 M0.0 2939646-U2 0 20*00 2*3964e-02

*7 24.00 1,47999-6l2 25.00 1..74978-n1
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Pigurs D. 104. Volume scatterinj function (&hest 2 or 3).
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Figure D6104, Volume scattering function (sheet 3 of 3).
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Figure D-105. Volume sacttering function (ih'est 2 of 3).
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Figure D-106. Volume scattering fuinction (sheet 2 of 3).
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D-260



510 12PJUL75 2123 STAeGAT62 S Q a
AN IRDY AGI111 SIGMA ________NOM,______A

36-03 -01 $61.5960480-03 It17.3009

I96 1.o3-I1:60 21046-10.69971-02 51

1802-26.30960-1 5611$01 01 5*1622EI02 1.54601-01 "1
664-0 4;3 -1*36419!0 6.11611-02 1.9701 91

291`0721-02 1.25891 00 aso A4033 -09 1

- 476,21-01 1,58491 00 6.41 900 1.964021 36~914101 141

VM L1d-290.411., 000±

40A,46-02 2o$1191 010 16 13421 00 1,29541 -01 5.67Ei18601 11

l.450U.0090 4.0361 1!4096101 73670-:01_ 201

N .6361 .00091 00 1831 00:g 169. 10 auuaw .m'..-01 1

1,74536-01 4.00006 01 6.27945-03 2@44t9l9-01 7 337.3101 231

* 9939-015:500011

1..~7I007.000 7s3-~3206UI 96430 6

14 3339 -00 2.50009 01 369C0751-02 3.02167-01 9.73918-01 216

1769 00 9.50000a 01 t!H?2l91-0 3.009-1 OWL lol~fl ~1

2.06 00 1.15 0000 01 8.1794e9-04 3olO1E1-01 9.90315-01 230

I T1.51 00Qj 50 258910 33961 99190 3

2.92Is99 00~ 5.60008 01 74199O-04 3.33059-01 9.93529-01 246

1.22417 00 .730009 01 1.551211-03 3.3629g-01 9,59401-01 366

1.J0 00 9.33001-0 0100 00291 0 371

-I lhl: I' -+2111

00 W! ~~-R .fi1 H

I00l noVloi0 a93-431,1L-1991eo 0



Dn; log me oluln wl tem fun tio - I t I I of 3).'

• 1

II

ID1

'~~e D 0. VAuroL Kat elif --I $ fuil mi (ah I.of 3) , d. iI

D.462

~ ~a....uaA~kina~hkW



I r

3 PO JUN 1976 ~1154,10

DATA RIAU, IWN IT'RAIEn DATA

A14,LE (0O0I SION.A INSTRaO AI(!Lg 106G) 5 SI-A

061750) 47.11001 OR 0 01750 4614641 02
p 00950 140600a of 0 n.)160 1641496 02

10*00~ 4a.1i32l-01 0 10600 4614326-01
*I 151.00 1.b6tI21-01 0 1560~0 1.66 921-oi

J. 6,6 M - 11 12 . 4 139
I 00.o30482E100 0 25.00 32dai

A 304ou L6796.11-02 0 0.01.79b1e-oa

U11 6(c)000 202041~-03 t 6.010 64-1

13 80600 699949E-04 0 mogM)4*949-0
' 00,90 4.s&0A1a04 0 90.00 6.600041-04
II M-A _ ft MR.Ai& IL at a __ AA____

19 100 ~ 633-4 0 14U0,056360
20 100.0 60.134Hf-0

4  
a 15.Ism 6___ 51899-04___

*ALPHA. 0.4743 S/ALPHAs 004'5
Sd 0*4006 A/ALPHA. 0.190

I n~tFlPT0 , .L PI-'A C d 'C T IUU CI
ALPHAv .4f*790 $/ALPHAv 0.4935

Sti C .400a )6 A/%LPHAs 0. 161

* LO'Pk( 3 1I4LLIKAD)a -1.31

S PTO 0.1 DVOftEISs 7.3q919-03 N0OU4ALIZIP0. 1.345076-t'2
TWF'TAOL42 RA4 !1#69$0-02 RAO.IA:aS**2

Figure D.1 09, Volume ecattering function (ashet 2 of 3),
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0 40.00 fl.7729E-01 0 40.00 807`7291-03-

11 h0,I0Li UT0J9r-03 2 aO, AQ 9E o 0'
1' 70. 00 1 M174-03 0 10 C 0 t, ý7 17 E-tl3
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it-A?9&&U AA I Q.'p it - av-LQA
1' 120.0 5.*QN0l5-04 0 a150.0, T.80 5S-(
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20 505-i. 7 '50.q 7.10E-04 ~-21 160.0 1.02330-03 0 1bO,0 l'12"3E-03
2• L lqO.O 2.• 0134"(0,

S~m 0.4•0 AIALPHAu 0.7 X
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Figure D-1 12, Volume scattering function (sheet 2 of 3),
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25 AUN 197b 1204.55

ANflLF(kAt) AN6LE OjECOI SIOmA INTheGIAL NORM. INTIORAL
1.7451-03 l.OOOOE-01 7*lO7SE 02 7#9331rf-0? 1.'4641) 2
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it I 5Q m -03 so 162SE-01 1962441 01 3*46401-02 1007591-01 51I -fli4 , 14078 02 4. 1L.i 1

10 7~~' s,'4431 i-() 1 0"40 i 01 7. ,34 1 h- 1)2 '* 1p~o-01 41

?s2.l72e-02 1*25896 00 LoO0816 01 9*46609-02 2#94011-01 lit
U 07A62b-(02 1*50490 00 Id0lflS 01 160AIRE-01 3017phR-01 121

-- ' .44 1 E-0 2 2.5119E 00 hAn.fl3Oe 01) 1.3q921-nl A.1460t-O 141

4.7473t-02 5.01196 00 1051AIOE 00 1*92496-01 5097871-01 171

!* 1'~~~o j*g01  (j4 rL

4,3633IJ-01 2sb000 01 3050754.-02 2s40Q5i-O1 9.0036aq-01 P16

f A .101 A) f~ HH3.t~I 01 1*2944di02 A. IE 91 96RPE~-(1 2
4 aMld Ol R .r0~ 4.77249-03 v.~5e~O 1 50315-i'1 2, 11

*90534431-o1 5.s0009 01 So.12540-03 3*12M~-01 9,.69799-01 24.6

1.4A$5L' 00 A.50000I 01 8.451369-04 9.172tt-01 9*AF41')-01 276

16,7453a '7 1 *(.r(~,00 OP 60170qd-0-t A .1 .2' 2-011 ).A 9 0i-1. p ~

* ~ . -U- M4.e4 l-ci - 0

2.5)079 00 l 1.4900a 02 OR430h-04 ?. Mvý2-01L 9. 96 -1 ~13

2. oq u *.M 2 5710 li . Q q4 SA R-1) 1?2

2,5307a no IIW U2 661.9R7-04 320 Z 5"0I 9*9643E-01 1366

j *.±F.1  02 2z.21431-0.4 1021601-01 L.0I0n0p On, 37

Figure D-I 112. Volumeo scattering function (sheet 3 of 3).
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25 JUN 1976 1201.10

MIER,- iV~ 5I (MA Ii43YRHO A"(ULi t("IMP NmA
HAND. 1

A 007001) 6630001 01 0 097000 &.13213E 01
.~.AAO12,12146.h.L 0n 21t& 1011

1.04246-01 0 1!ia.0 I u424h-0~1
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AN W.1905 Oise 000111L7AA%

Sa c.31018 AiALPHAw Deo3O
'--An 11.1961, Oise 0.013

s tip Tfl 0.1 ')e0NUdS. 7.36h91-03 NUL4MALILHeD. 2.36994El-0l2

-il S.l8J -1 - -IM1 2

Pipire D-. 114, Volume Mattering uNvction (sheet 2 of 3).
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S I ~25 JUN 1976 120.19OI

520 23JUL15 2123 STA.CAT#21 - SIA M20 2M2.JU.1 , 1200. .

DATA READ IN ITERATED DA-TA
ANULFO (DEG) SIGMA INSTRwO ANGLE MOEG) SIGMA .

HAN{d
1 0,I~103,50 02 0 fl.1750 A , it*p n
2 0.3500 1.3900E 02 "0.3500 1&.46079 02
3 0,7C0O 604000E 01 a 007000 620021 01
L "LIK ,1•5E-At A Aso .••s .
S201.00 1.5663E-02 0 2000 5.1663 E-02

A 30.00 1.73976-02 0 30.00 1073971-02
9 40.00 6o2880E-03 0 40.00 6,26806-03

1.800 1.5939E-o3 1) 60.00 , 19ý9a-03112 70.00 4318E-03 0 70,00 1.231Be-03

14 90.00 6,3077t-04 0 90.00 6.3070?-04
1. 100.0 5v5e66B-04 0 100,0 5,,S8666-04

17 12n,0 5,1037F-04 0 120.0 541037E-04
130.0 5.1604E-04 0 170,0 to 11846-04

I2h) 150.0 6.5022E-04 0 150.0 6.0U22E-04
21 160,0 , 1795E-04 0 160.0 8.1379•-04
Z - 17t1 1 , A O A A li ...I-O

S a 0.3227 A/ ALPMAs. 0.345
Am 0.1696 B/S. 0.012

7,--. ALPHA C•RL.CTIUNuLO.UO5

S. 0.327 A/ALPHA- 0.151
An ý3.1,i742 R/S'w 0.012

StI CIA) A1.0 DEGRRES)- 70C.O
1IVA .1 DEWflEES)w 554.7

S UP TO 0.1 DEGR.MS- 5.9731E-03 NORMALIZEDw 1.85116E-02

THETA*2 B .R 5,6301E-02 RADIAMS10*2 --. __,_....__,

i4

Figure D-I IS. Volume scattering function (sheet 2 of 3).
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APPENDIX E

GENERAL DESCRIPTION OF UPLINK PROGRAM

Program UPLINK is used to reduce the experiment uplink data. This data was recorded aboard an
aircraft using a receiver looking at an underwater laser pointed upward. The receiver data for each received

I, g pulse is digitized and recorded on magnetic tape. A data sample from one of these tapes is shown in
table ElI. Program UPLINK reads this data from tape along with control information from cards. The tape
is searched for a specified run number. The data for this run number is read In, filtered, calibrated, and

I plots of radiance loss versus zenith angle are generated,
The data is calibrated using the values for receiver sensitivity and laser power given in Volume 11,

Sectlon S. The program initially assumes that the receiver was operated at its most sensltive range. This
I value is then multiplied by 100 if switch 5 is zeio, indicating that the I percent transmission filter was in

place, and by 10 if switch 4 indicates that the 10 percent transmission filter was in place.
The data for one run are read and the receiver output, roll angle, pitch angle, and value of switch 12I are saved. Switch 12 is an indication of whether or not the receiver wap, getting sufficient signal for auto-

matic tracking. When all data for one run have been read from tape; the signal, roll angle, and pitch angle
are filtered. The signal is multiplied by the calibration factor, and the zenith angle is calculated from the
roll and pitch angle. Two plots of the slgnal are generated (see figure E*lA and figure E-IB); one is the
uncorrected signal and the second it multiplied by the secant squared of the zenith angle to correct for vari-
S able range to the aircraft. The plots are drawn aide by side on an 11 inch by 17 Inch page.

The digital filter applied to the data is defined as follows. Let the digital sequence to be filtered be
I denoted by

is,),iu 1,n. (E-n)

I then define

iUI iT) a2, it (E-2)

where N is a constant w•4h N > 1. This Is essentially a low pass filter with a time constant of (N-i) At
where At is the sample interval for the original sequence (si}, The sequence uli} is a smoothed and time
delayed image of (sil.

Now dtflne

I £ v+1. - (vV+I -sj) i N-I, I. (E-3)

.] ...... ,Ii
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I 22 JUL 1975
RUN NO. 12

D EPTH 8.91 METERS C 30 FEET I
A/C ALTITUDE - 610 METERS C 2000 FEET 3
LASER RNGLE D 42.50EGREES
PERCENT TRACKING m 7.S6

- PEAK n 4.2 X 10-8 METER" AT 541.3 DEGREES
* HRLF-POWER BEAMWIOTH n 20. DEGREES _____

C- 

- .-ZF11T ANLE OFGE

-'33

d~~~~~~:: 11 'ýi.'M1-m0""

LI •+
•lIs +
1i•••1'

-50.0 0.0 3.00'.00 0.0

>1 ZEIHANL.DERE

I

Figlure U.I A, Uncorrepted uplink plot. :
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22 JUL 1975
RUN NO. 12

OEPTH m 9.1 METERS ( 30 FEET I
A/C ALTITUOE - 610 METERS ( 2000 FEET 3

LRSER ANGLE - 42.5 DEGREES
PERCENT TRACKING a 714.6
PERK 1.35 X 0 HHETER 2 AT 56.5 EG9REES

HALF-POWER BEANWIDTH 11.5 DEGREES

too

c;

"I"

SNELL'S ANGLEIIA
'.0.0O0 -80.00 -90.00 0,00 30.00 80.00 90.00

ZENITH ANGLE. DEGMEE5

Figure V,.I. Coriected uplink plot.
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This is really the same filter applied in the opposite direction, so that (v } has a time advance rather
I than a time delay. Fitnally, define Ir

Ii ,zj (u1 4+vi) i 01ln. (E-4)
Then (zi) has neither an advance or delay, Any desired degree of snoothing can be accomplished

i with this filter by choosing different values of the filter constant, N. Figures E.2A through E-2C show the
results of filtering the same raw data with various values of N,

INPUT DATA. The raw data to be processed is read from magnetic tape. Control information isI read from cards using NAMELIST with name INPUT, Variables to be input from cards are defined
as foUows,

SIZE - A real variable allowing plots of different size to be generated, See DOWNLINK for
details, Default value is 1,0.

NAVG - An integer variable specifying the filter time constant, Samne as N in the discussion of
the filter. Default value is NAVG a 6 which gives a filter time constant of 0,25 seconds,

RUN An integer variable specifying the run number of the data to bc processed. The tape is
earched until the proper run number Is found. Data Is then read in and processed until

the run number changes.
DATE - An integer army of dimension 3. Used for the date as a character string; i.e., DATE u

'24 JUL 75'. Default value is all blanks.
LASANG - A real variable specifying the angle of the laser in degrees from the zenith,

0 4 LASANG 4 48.75 (the critical angle).

DEPTH - A real variable specifying the depth of the laser In meters,
ALT - A real variable specifying the altitude of the receiver (aircraft) in feet.

OUTPUT DATA. All output from the prugram Is either to the plotter or to the printer. The track-
I nj signal is plotted on the graphs just above the zenith angle axis.

EXTERNAL SUBROUTINES REQUIRED:

AXISM, COPY, HEDING, PHILINE - See discussion of these routines In program DOWNLINK.
OPSAT - A PL/I subroutine to read and decode the raw data tapes, For each call to OPSAT, one

logical record is returned, A logical record consists of the time, the settings of the 12
, Iswitches, and the values of the 6 data channels, OPSAT also returns the length of the

block read from tape and flags for end of record, end of data set, and error.

Figure E.3 represents a program listing on the following 14 pages of the SATCOM UPLINK data3 reduction,

- I

I E-5

................. ........
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22 JUL 1975
RUN NO. 6

DEPTH a 24.LL METERS ( 80 FEETA/C ALTITUDE a 1 ETR 2000 FEET o ERS,LASER ANGLE , 425.5 OEGREE.

!EAK a 7.37 X 12 • METERt pT 29.8 DEGREES"HALF-POWiEM BERM |DTH •27.1 DEGREES i

U,

Sig

SNELL'S ANGLE
9

i ..... ..

1-90.00 -60.00 -30.00 0.00 30.00 80.00 00.00

ZENTHNGL. NEGREES RNL

Figure E-2A, Uplini data fliltored with time constant *0 seconds. ~i
-! E-,



1 22 JUL 1975
RUN NO. 6

. I DEPTH * 24.t METERS ( 80 FEET )
A/C ALTITUOE -M410 METERS ( 2000 FEET 3
LASER ANGLE 4 DEGREES
. EAK u .AAX1'METER- AT 29.8 O EGREES
H ALF-FWIER BEAMWIIJTH *28.7 DEGREES ___

I

I SNELL'S ANGLE
f i

i'I S _ ___ ____

--90.00 -SO.oo -10.00 0.00 0.00 80.00 90.00
ZENITH ANGLE, DEGREES

I
i ipl~m 130. U data Mated with ti co t- AS now&

'A AI-',



22 JUL 1975
RUN NO. 6

DEPTH = 24.4 METERS ( 80 FEET
A/C ALTITUDE u 610 METERS ( 2000 FEET 3
LASER ANGLE = 42.5, OEGRE"

* PEAK a 5.36 X 10" METER AT 30.6DEGREES
H KALF-P'OWER BEAMWIDTH 4 1.5 DEGREES

SNELL'S ANGLE

1-9O.O0 -80.00 -80.00 0.00 310.0O0 $0.00 90.00 iZENITH RNGLE, DEGREES_

FPilur E,2C, Uplimk datal flited with thns congtontt" ,93 Imoondltl, •

E-I.
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APPENDIX F

I GENERAL DESCRIPTION OF DOWNLINK PROGRAM

Program DOWNLINK is used to reduce the SATCOM downUnk data whi.,h was recorded in the
quick scani mode. In this mode of operation, a 60 by 60 point scan was made of the photo cathode surface
1 od the resulting 3,600 points, plus seven words of additional information were recorded on magnetic tape
in one record. At each depth, a specilfied number of scans (records) were written onto the tape with the.
last record followed by a tape mark, The first record of each file contains the even words of environmental
data, The original raw data tapes wvre copied to prevent loss (if data in the event edamage to a tape. Alll
files from a given original tape were written Into a single file of the copy. In addition to the original datu.
each record nf the copy contains four words of informution giving the tape numbei, Ifle number, record
number, and number of data words from the original tape,

I Program DOWNLINK reads certain control Information from cards; Included ir this are the tape and
file number to be processed. The input tape is then searched for this data. All data records trom the
I ndicuted tape and file are read in and averaged, This averaged data is then calibrated and contour plots of
the image are generated,

Calibrution of the data follows the procedure outlined in Volume II, Section C, Let Sx y be the
raw duta value recorded on tape for camera coordinates (x, y), Then the calibrated value Zx,y Is calculated

Zy (Sx y + 1,4), (600._..) (93) for 0 (F I)
IC G GD F Px,y

Zxyu '0 for Sx,, , 0.

Where, G is the camera gain factor,

I GD is the dwell gnin factor,

GD - I + 11,123D 1 ,0 3 6 ,

3 ID is the number of turns on the dwell potentiometer,

F is the surt'aue flux In watt-cm" 2

I ,AN\ is a unit spectral radiance factor as defined in Volume 11, Section 3. It has the value

AN= 2.68 X 10-8 r2 4 898704 (F-2)I

II



ANN -2.68 X 10-+2X 10 (0 -4) r2 > 898704,

where rx X + y2 and x, y ar,- the camera coordinates of each point.The f'actor 600/Px y corrects for the ý;arlable response over the photo cathode surface, Px,y is a

least squares fit to the response of the photo cathodo surface with uniform illumination.
The factor 93 accounts for the 93 A bandwidth of the filter.
The term 14 added to the to~w data corrects for the do bias in the raw data,
The calibrated data is searched to locate the peak, then Integrated over circles centered on the peak. 3

These circles ae opened up from 5° to 90' in 5S steps, The resulting values are plotted to give integrated
loss vs, field of view. The values are also output in tabular form on the printer, 1, 4

A sample plot generated by this program Is shown in figures F-IA and F-IB A sample of the
printed output appears at the end of the program listing,

INPUT DATA. The data to be processed is read from magnetic tape as described above, Control .1
Information Is read from cards using NAMELIST with name INPUT. The variables to be input from
cards are as follows: isbl

TAPE - An Integer variable specifying the number of the original raw data tape, 1
FILE -An Integer variable specifying the flit number on the original raw data tape,., ,

GAIN - An integer variable specifying the camera gain for the data to be processed. This Is a
coded value and must be either0, 1, 2, or 3.

DWELL - A real variable specifying the dwell setting for the data to be processed. This Is given as
the number of turns of the dwell potentiometer, 0 < DWELL 4 10.

FLUX - A real variable specifying the surface flux at the time the data was recorded, Units arewatt-era-2.

SIZE - A real variable which allows plots of variable size to be generated. The default value is
SIZE - 1.0. This produces plots on an I I inch by 17 Inch page. SIZE - 0.5 would .
reduce the plots to a 5 1/2 inch by 8 1/2 inch page. If SIZE is given a value greater than
1.0, then a request must be made for 30 inch plotter paper, SIZE should not be given a
value gi,'ater than 2.72 since this would attempt to generate a plot page greater than 30
inches high,

C TIME - An integei' array of dimension 5 which may be used to correct the tape time for cases in
which the 7lock was In error when the data were recorded. Default values for this array
are all zeros which assumes the clock was correct,
C TIME (I) a day correction
C TIME (2) - hour correction
C TIME (3) - minute correction
C TIME (4) a seconds correction
C TIME (5) a milliseconds correction
The correctlon is added to the tape time so that the correction for a clock I hour slow
would be C TIME 0 0, 1, 0,0,0.

DEPTH - A real variable specifying the depth of the camera iý meters,

F-2
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When processing is completed for one set of input data, another set is read, and processing con-
tinues. Any number ot' sets of input data rnuy be stacked for a given job, No special code is required for
(lie last set; the programl itrminlites normally when no more cards am, found, Since tihe input 1upe is
rewound ufiter each set of data is processed, it is not necessary to process the data in the order in which it

appears on the tap'-, and if desired, the same data may be processed more than once.

OUTPUT DATA. All output from the program is either to the plotter or the printer and should be
self explanatory. Note that the printer output and plots may be matched by the ID number which appears
along the left hand edge of each plot and at the top of each printer page. This ID number is merely the
date and time at which the Job beg,,.

EXTERNAL SUBROUTINES REQUIRED.

ALMNAC - This subroutine calculates the solar declination and the equation of time for the datet
and time given, This information Is used by the main program to calculate the zenith
angle and azimuth of the sun at the time the data were recorded.

AXISM - This routine generates the coordi,,ate axes for the plots, It is a slightly modified
version of the CALCOMP routine AXIS,

BCDBIN - This routine converts the tape time from three words of binary coded decimal infor-
mation to five integer words giving time in days, hours, minutes, seconds, and mIll. "
seconds. It also produces a character string giving date and time of day for easy output ,

to the plotter.
CONTUR - This routine generates the contour plots from the 60 X 60 array of tape data.
COPY - This routine copies the Input cards to the printer and to a scratch data set for subse-

quent reading by the main program.
HEDING - This routine keeps track of lines output to the printer and prints a new heading at the

top or the next page whenever the current page is filled,
PHLINE - This routine generates the line plot of integrated loss versus field of view, It is a

modified version of the CALCOMP routine.

Figure F-2 represents a program listing on the following 21 pages of the DOWNLINK data
reduction.
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APPENDIX G

GENERAL DESCRIPTION OF SLICE PROGRAM

S.Program SLICE is similar to DOWNLINK and processes the same data. The difference is that
instead of a contour plot of the data array, SLICE generates a plot of a cross section of the contours along a
specified azimuth angle. The data are read from tape and averaged exactly as in DOWNLINK, The azimuth
of each point in the array is calculated and compared to specified limits, If it falls within these limits the
value is calibrated, its zenith angle calculated, and the calibrated value and zenith angle are saved, If the
azimuth of the point falls outside the specified limits it is ignored. When all points have been examined,
those saved are sorted ;nto increasing zenith angle order and a plot of radiance loss vs. zenith angle is
generated.

It is necessary to specify limits around the desired azimuth angle, since it is probable that no point
will have exactly the desired azimuth. A more elegant method would have been to utilize an interpolation
scheme to obtain values at exactly the required azimuth, but this seemed to be an unnecessary complica-
tion. Azimuth limits of any width may be specified, but experience suggests that the desired value 1 2 1/2
degrees produces good results.

A sample plot generated by the program is shown in figure G.I and a sample of the printed output
appears at the end of the program listing,

INPUT DATA. The camera data to be processed is read from magnetic tape as described for pro-
gram DOWNLINK. Control information is read from cards. All variables defined for DOWNLINK also
apply to program SLICE.

In addition, the following variables are required:
AZLI, AZL2, AZL3, AZL4 real variables specifying the azimuth limits in degrees. The restrictions

are AZLI < AZL2, AZL3 < AZL4, and 0 < AZLI, AZL2, AZL3, AZL4 < 360. Example: to obtain a
cross section along the azimuth 215 degrees, specify

AZLI n 212.5, AZL2 -217.5, AZL3 -32.,. AZL4 - 37.S,

The values AZLI - 32.5, AZL2 - 37.5, AZL3 w 212,5, AZL4 a 217.5, would produce the same
results except that the resulting cross section plot would be reversed left-to-right.

As a general rule use,

AZLI - A-2.S, AZI,2 w A +2.5, AZL3 a AZLI i 180, AZL4 a AZL2 * 180.,

All cards are read from NAMELIST name INPUT. Any number of sets of data may be stacked
for a given job, Processing continues until no more cards are found.

OUTPUT DATA. All output is either to the printer or the plotter. Examples have been cited above
and should be self-explanatory,

! ~0-2..
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214 JUN 1975
11:11:55.556 POT
11 :11:59.323 POT

1tE#11 AN0LI a 19.0 DFOREfS
A IMUIH a 209.0 OEOREES

SUN
!Ij11H ANOLE a 25.1 N[ORM S
AINIHN a lO110.7 OOREES

OEPIN a 3.0 NEVERS 1 10 FEEM I

a RINHUIN OF SLICE •209.0 OOREES

101

4.

'-90.00 -00.00 -30.00 0.00 30.00 60.00 90.00
ZENITH RNGLE, DEGREES

Figure G.1, Sample plot frem program SLICE,
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EXTERNAL SUBROUTINES REQUIRED, Same as for program DOWNLINK except for CONTUR
which is not required.

*Figure G-2 represents a program listing on the following 14 pages or the SLICE data reduction.
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APPENDIX H

i GENERAL DESCRIPTION OF
AUTOMATIC HEMISPHERICAL SCAN PROGRAMI

This program Is similar to DOWNLINK but is used to reduce SATCOM data recorded in the full scan
mode. In this mode of operation, the photo cathode was divided into three different regions which were
ivanned with a different point density in each region. Figure H-I illustrates the scan areas. The center
itiuarc was sampled with AX, AY a 20, the outer R.uare with AX, AY a 80. Since the contour plottingI rutlnc requires a rectangular array of data with constant AX and constant AY, it Is necessary to interpolate
values to produce a constant AX, AY m 20. The result is a 185 by 185 point array, Points outside the
circular area actually scanned are set to zero.

Except for the differences in bookkeeping to read the data and the interpolation scheme required,
the program is the same as DOWNLINK. The same input Is required and the same output is produced. A1 imple plot is shown in figures H-2A and H-2B, and the printer output appears at the end of the program
listing, .

INPUT DATA. Same as program DOWNLINK,.

I OUTPUT DATA. Same as program DOWNLINK.

EXTERNAL SUBROUTINES REQUIRED. Automatic Hemispherical Scan uses all the subroutines
used by DOWNLINK plus the following:

DENNIS - This subroutine handles the bookkeeping required in reading the camera data from
i tape and loading it into the data matrix In the proper location. There are actually

three versions of this routine to handle three different modes o, recording the camera
data, In some cases of data recording, each of the three regions of the image were
scanned four times; once at each of the four possible camera gain settings. 'Thus, the
data are recorded as four scans of region I followed by four scans of region 2, followed
by four scans of region 3. The version of DENNIS for this case will retain for
processing only one scan of each region, The scan processed Is the highest gain which
did not cause saturation of the A-D converter, If the lowest gain saturated the con-
verter, that data is kept and a message Is written to the printer to warn of the satura-
tion condition, At other times, only two scans were made of each region, and at btill

I other times, only one scan of each region. Separate versions of DENNIS handle each
of these cases and some care is required to insure that the correct version is used for
the data to be processed.

I
t

H-iI
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Figure H1.I Scanning regions.
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INTERP - This routine calibrates the data read in by DENNIS, and Interpolates values in the two
outer regions so that the resulting data unaay has the same density o1' points in these
regions as in region I. Calibration follows the procedure described in DOWNLINK.

UWCAM - This is a PL/I subroutine which reads the raw data tape, checks for errors and deter-
mines the length of each record read. The data, the length of the record, an error flag,
and an end of data set flag are returned to the calling program.

Figure H-3 represents a program listing on 8 pages of the Automatic Hemispherical Scan data
reduction.
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APPENDIX I

GENERAL DESCRIPTION OF DOWNMODEL

'This program is used to evaluate two of the Integrals in Appendix A, The first section of the pro-
igam calculates and stores functions which are common to both integrals, The different integrals are evalu-
ated in subsequent sections of the program, Evaluation of either or both integrals Is selected by program
input, The first of the integrals which may be evaluated is

00 yo zit%7)Wf4 ( - e-U A Aj-.,,jcx~I " d xo.dyo (I- I) !

~ where At is defined in equations (43) through (46) of Appendix A,
The term fI Is given by

~l+9)exp[(a+ s)zscV 7 --x l(o +06i

where,

el is the angular diameter of the source,

ie is the angular diameter of the receiver field of view,

S20 m variance of source distribution at the surface.

I The term A is defined as

A n.2S5(sz')exp-sz 2.3l ((-4)

I
I-

$1-

SItze,[ ...... ......... . . . .Y......i| " '•*L•



The notation AA1- ; means that this Integration is performed with A and Al evaluated at an effective

value of 02. This is accomplished by multiplying the original 02 by

81 1,,og 1ex/sz'/sJ=/) - lI5
36 +exp(s/•) - I, (T~s)

The calculaitions are further generalized to allow the water properties a, s, and 0- to be functlons of the
depth. This is done by dividing the water Into n layers of arbitrary thickness. The top of the it layer is at
depth zi-I and the bottom of this layer Is at depth zi, The waterLJn this layer Is assigned a scattering coef-
ficient si, an attenuation coefficient a1, and a variance in f(O) of z, a' Is defined by

z 2 [z+ (.x 0)2 +(y.yo)2]1/2,

Then the terms az', sz', (a + s)z', s0 z', and 0z'0 in the original equations are replaced by the fol-
lowing terms respectively A,

Zn

S't dzi , (1-6)

whre

Zn 1a dzi, (1-7)

in

Z= si 0, dzi, (1-9)

;n i-.1

:i where i

] dzi -zi - Zl.1 (1-10)"
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I Also c'aluatod by this program is the integral

I ltxy, z')- ( -eZA)=I*+AAlAl• dxodyo (I-1l)

where .11 is the integral in equation (52) of Appendix A. In both integrals, the region of integration R is
defined by

I -5/3 zn<xo< 5/3zn (2

41 z <yo<4/3, zn:

I The proaiun has the option of blanking out a region in the xo - yo plane corresponding to the location ofI the barge used in the experiment, The shadow of the pipe holding the camera platform will also be con.
sidered if this option is selected.

As part ot the Input data, the program requires the date and time (PDT). This informnation is used
to compute the azimuth and zenith angie of the sun, and the xo, y0 coordinate system is oriented so that

SI the +x0 a•is is directed toward the sun. The known orientation of the barge, camera, and sun are used to
define a coordinate transformation from xo * Yo to x" - y" with the x" - y" coordinates having the origin
at the corner of the barge, and -x" axis along one end with -y" axis along one side of the barge, This trans-
formation is used to simplify the determination of whether or not points in R fall on the barge be not, The
relationship or the barge, camera, and various coordinate systems are Illustrated in figure I.I.

INPUT DATA, All data for the program are read from cards using NAMELIST name INPUT.
The following variables are defined:

ZL -a real array of dimension 50 giving the depths in meters of the water
layers, ZL(I) is depth of top of layer 1, ZL(I + I) is the depth of the
bottom of the layer,

SAL -a real array of dimension 50 giving the scattering coefficient in each
.* layer of water

S -a real array of dimension 50 giving the scattering coefficient in each
• Ilayer of water

THBRSQ -. a real array giving the value of 02 in each layer of water,
LAYERS - the number of values of ZL, I.e., I more than the number of waterI layers.
"NXGD - an integer variable giving the number of grid points in R parallel to the

xo, axis. Default value is NXGD a 90. Values less than 90 may be input,I- Q0 is the maximum value unless the program is modified to Increase the
dimension of all arrays that depend on this number.

%dYGD number of grid points in R parallel to the yo axis, Default (ani muxi-
rnitm) value is NYGD - 60.

VARR --a real variable specifying the value of var(R),

1-3 iJ;
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Figure 1.1. Coordinate systemn for program DNMODEL.
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FOVIEW u real variable specifying the angular diameter in degrees of the detector
field of view. Default value is 1'.

GAMP I, GAMP2, STEPI - real variables specifying the range and increment for -y' in the evaluation
of equation (1-1). 'yx takes values from GAMPI to GA'1 P2 in steps of
STEPI. All units are degrees. Default values are -90,90, and 10.

GAMP3, GAMP4, STEP2 - real variables which allow a different step size In •t over a subinterval of
I1 the range GAMPI, GAMP2.

THZERO - a real variable specifying a value in degrees for 0o, the variance of the
source distribution at the surface.

| GPY - a real variable specifying a value for y' in degrees.
BARGE - a logical variable specifying whether or not to consider the barge In the

I• ]calculations. BARGE - .FALSE. will cause the barge to be ignored.

.J Default value is .TRUE.

TIME - An integer array of dimension four for specifying the date and time.
TIME(M) = month,
TIME(2) a day of month,
TIME(3) a hour of day (PDT),

S1' TIME(4) a minute.

DELl, DEL2, STEPD - real variables specifying the range and increment for values of A in the
evaluation of equation (I -1). Units are degrees and default values are

)5 S90, and 5.
BETAX, BETAY - real variables specifying values for the terms (1 - n/n')]kx and

(1 - n/n ')It which appear in the evaluation of equation (1-11). See
equation (Af3) of Appendix A.

XPEAK, YPEAK - real variables specifying the values of -f andy' at which the irradiance
distribution has its peak. This point is the oriin for A in equation

1(1-11). Default values are 0, 0 if equation (I-1) is not evaluated. If
equation (I-1) is evaluated, the actual location of the peak is used and
any values read it are ignored.

IRPROF - a logical variable specifying whether or not to evaluate equation (1-1). J
Default value is .TRUE.

INTPWWR - a logical variable specifying whether or not to evaluate equ•tion (I-I 1).
I Default value is .TRUE,

T OUTPUT DATA. A sample of the printed output from this program follows the program listing,
The first page is a copy of the input ca . Page 2 is a list of parameters for the first set of input data, and
includes the depth profiles of a, s, and 02. Page 3 contains the results of evaluating equation (I-1). The
columns labeled GPX and GPY are the values of 'y' and •'. The column labeled SUM is the value of equa-

3 tion (I-1) at this point. The column labcled FI is the value of f1 equation (1-2). The column labeled SUMI
is the term

I is tee 1eSZ',A)Aldxoddyo (1-13)

1 R
1-5I-



and the column labeled SUM2 is the term

ff AAI•0 dx0 dy 0 . (1-14)
R o

The columns labeled zenith and azimuth are just 'y, y' converted to polar coordinates with the 000-
azimuth taken in the X0- Z plane. Page 4 of the prinied output is the result of evaluating equation (1-11).
The column labeled DELTA is the radius of the field of view in degrees. The column labeled UPPER
BOUND is equation (I-1 I) integrated over the outer square of figure 12 in Appendix A. The column labeled
LOWER BOUND is the value of the integral over the inner square of the same figure, The column labeled
ASMPTOTE Is the theoretical value approached as A goes to 0900. This value is obtained by setting G a I
in equation (53) of Appendix A, A plot Is also generated for equation (II); a sample is shown In
figure 1-2.

Figure 1-3 represents a program listing on 19 pages of the downlink model.
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APPENDIX J

GENERAL DESCRIPTION OF UPMODEL

4
Program UPMODEL is designed to integrate equation (63) of Appendix A, The function evaluated

iR

R ~ 9off

A modified form of (1-I) Is also computed. The modification Is the substitution of f*(y',7y) for f(7,', 7f), J3 where Is defined by
f*(iY, 7) f(R', y)exp(-az'sec0), (3-2)

S where

* [' ~ EiXI~ ~2 / *y~9'\2)1/2

I~~ W(~ n y ~ (3.3)

3 INPUT DATA. All input to program UPMODEL Is from cards using NAMELIST name INPUT,
The variables to be input are as follows:

GPY - these aro 1,.lentical to the input for DNMODEL; see the discussion there for definitions.
ADATE - an Integer array of dimension 3 for the date in character string form, Example,

*1 ADATE * .22 JUN 1975, Default value ii all blanks,

ATIME - an integer array of dimension 2 for the time of day in character string form, The
I default value is "bbhbbPDT'.

SII OUJTPUJT DATA. A sample of thle printer output is shown following the program listing. Page l is

a list of all input data, Page 2 is a list of parameters for the first set of input data. Page 3 is the tabular list-
ing of the results of evaluating the integrals. Tie columns labeled GPX, GPY, ZENITH, and AZIMUTH are
the same as in the output for program DNMODEL. The column lubeled SUM I is the value of equation (0-1)

,1 J-1



wi

directly. The columnn labeled SUM2 is the value of equation (J-1) with f* substituted fnr f. The column
labeled SUM is the term

1 - e'sz' - A)f('', 7)dx dy. (J-4)

The column labeled SUME is the term

f~A fRY,") -"p'"2 dx dy, (J-S) "

The columns labeled SUMS and SUMSE are the terms (J34) and (J-5) with f* substituted for f.
A sample plot generated by UPMODEL Is shown in figures J-IA and 1B. The first curve is a plot of

SUM I vi, zenith angle and the second curve Is the plot of SUM2 vs, zenith ansle.

EXTERNAL SUBROUTINES REQUIRED. COPY, HEDING, AXISM, PHLINE - See discussion of
these in DNMODEI. -

FIT - This Is a ouM utine to locate the peak of the data and the points at which the data falls to a
valueofre"' of the peak.

Figure J-2 represents a program listing on 12 pages of the uplink model.

-I

J-2
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22 JUL 1015 1125 Pin
GOMMRI1 0 6 DEGREES INCA4EO *0 DECREE$
Orel"i 0 15.2 NfE1111
AL717UDE *91'd.' NMlERI
GAMMA X - 0.0 DEGREE1
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22 JUL 1975 1125 P01I
GAMMA'I a 6 DEGREES 7IHf7R0 0 OfORCIS
0EP1M v 15.2 MfIfRS
ALIIUDE 0 ltd.4d METERS
ORGAMA a 040 OCORIES

I 1''

Ii

3, "I . , : a : - r -
0.00 20.00 150.00 180.00 210.00 2OO.00 270.00

ZEN17H ANGLE, DEGACES

Figure J-IB, Sample plot from UPMODEL (using secnt correction).
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APPENDIX K

UNDERWATER RADIANCE SCANNER CALIBRATION PROGRAM
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!•i!, ~APqPIENDIX M,

i•!! !F(O) RECEIVER DATA

ii:• IThe F(O) receiver was deployed to make an independent measurement of the radiant impulse

response as described in Appendix A, equation (7). Two sets of these measurements were takent and are

•'i:'plotted in figures M- I and M-2. The conditions for those measurements were as follows: the lager was in-

S;•!;:•ipendicular to the direction of propagation. At each point (measured in feet), the receiver was rotated and a

Sradiknt pattern recorded, In figure M-1, the position of the receiver was measured from the point on the
S• I surface where the undistorted beam would normally intercept, thus recording plustminus dis ,tances, In

•' i flsure M.2, the distances were measured from the location of the lager and therefore only positive distances

ocur
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