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SECTION i

ABSTRACT

RCA Astro Elecfronics Division under Contract Number N00014-69-C-0245,
spensored by the Geography Branch of the Office of Naval Research (ONRj),
conducted a field experiment to verify a theoretical approach toward remote
sersing of sea suriace temperature using passive microwave radiation.

There is = correspondence hetween the radiometric temperature of sea water
and its thermomelric temperature. This correspondence is influenced by the hori-
zontal and vertical emissivity, the incidence angle at which the radiometric measure-
ment is made, contuminants on the water surface, and by the sea surfz = roughness,

This experiment addressed itself to two questions,

I Canone measure the veriically and/or horizontally pelarized radiometric
emissions from the sea water sud obtain an accurate measure of the
thermometric temperature

il Can one also make a determination of the sea state from such measurements

Radiometric measurements of sea water temperatures were made from a site
on the Chesapeake Bay during July and August 1969. The bulk of the measurements
were m *de at a frequency ot 16.5 GHz.

The following conclusions are drawn irom an analysis of the data coliected
during these measurements.

1 Thbere is a correiation between the thermometric temperature and the
vertically polarized radiometric temperature. In this particular
experiment a sea state invariant angle was cbserved to fall in the zenith
angle range of 103 to 1149,

I There was no observed correlation of thermometric temperature with the
horizontally polarized radiometric temperatures.

II  While theorctical considerations -trongly indicate that ‘he horizontally
polarized radiomeiric temperatures she i have a strong dependency on
se: state, no definitive trends were found in 10 measured data.
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SECTIONIi

INTRODUCTION AND SUMMARY

A. Introduction

RCA Astro Electronics Division under Otfice of Naval Researci Contract Number
N000614-69-C-0245 conducted an experiment to verify a theoretical approach of
remote sea surface temperature sensirg. The pussive radiometric radiation from
the sez surface is partially dependent on the thermometric temperature. The
vertically and horizontally polarized comnonents o1 the radiati cn can be measured
separately and from these measurements it should be poscible to derive the thermo-
metric temperature. Passive microwave measurements were made with a micro-
wave radiometer fromn a site on the Chesapeake Bay. The analysis and results of
these measurements are presented in this report.

Remote sepsing of ocean surface and subsurface features is of interest to a large
number of ocean and marine users. Scientists, meterologists, engineers, fisher-
mern and commercial shuppers ail have requirements which makes remote sensing by
aircraft or satellite economically practical.

Measurement of ocean surface roughness, i.e. sea state, surface temperature,
hiological growth, current, tloating objects and pollutants has been shown to be
possible. Fish schools leave characteristic oily patches and other patterns which
aid 1n their detection. Kelp beds and algae blooms have been detected by radar and
infrared photographic techniques. Mapping of sea-ice distributicn has been achicved
by aircraft and satellite observations. Ocean currents, thermal distribution, mud
and silt deposits and movements, saline and fresh water disiribution in deltas and
estuaries, and atmosphere-sea interaction are of interest. These also may be
measured or inferred from remote observations.

These remote observations may be made by a number of methods. To date the
bulk of aircraft and satellite obscrvations have been made with photograpuic and
infrarcd techniques. Other techniques are available including active and passive
radar and microwave radiometry. Microwave radiometry has been shown theoretically
capable of performing as a competent sensor for many of the aforementioned applica-
tions. Aircraft {ests have proven feasibility with existing equipment.  Microwave
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radiometers have flown on earth orbiting and planetary exploration spacecruft.
Microwave radiometry has the capability of seeing through cloud cover, and
frequencies can be chosen where the atmospheric absorption is low. These
advantages provide all weather day-and-night capability in remote sensing. This
experiment used a radiometric receiver and the passive microwave radiation
from the sea to determine sea surface temperature.

Environmental scientists and meteorologists have demonstrated that long
range weather prediction and determinatiun of the atmospheric and cceanic
circulation must treat the total fluid envelope of the earth, air and water, as a
continuous physical entity. The transfer of momentum, mass, and heat through
the sea-air interface is the key proccss whereby the oceans, as storehouses of
heat and moisture, influence longer term atmospheric circulation changes; the
atmosphere, in turn, drives the ocean currents and mixes the upper layers of
the sea.

An important parameter in the description of these vital dynamical and physical
processes is the sea surface temperature. It delineates the heat sources and sinks
at the ocean surface and hence, the regions of moisture and heat flux within the
atmospheric boundary layer. This, in turn, influences low-level atmospheric
stability and bears heavily on the occurrence of cloudiness and the development of
weather systeras over the vceans. To an oceanographer, knowledge of =ca surface
temperature, provides a means of locating and tracking ocean currents and regions
of upwelling and, as such, is an additiona! input to the definition of the three-dimen-
gional ocean circulaticn and its seasonal variation. In addition, sea suriace tempera-
tures mark surface water anomalies such as eddies, ccean fronts, estuary efflueats,
plankton blooms, and extensive arcas of seaweed. The bLiological reflections of
sea surface temperature seem to account for the importance of these data to the
fishing industry. Sea surface thermal anomalies have also been found to be asso-
ciated with underwater volcanic eruptions.

Curr:ntly, sea surface temperature data that are routinely available are con-
centrated along the heavily travelled shipping routes of the North Atlantic and North
Pacific Cceans. Extensive arcas of the Northern hemispher« and cssentially all
of the Southern Hemisphere have very sparse, if nou nonexistent, regular coverage.
For many of the Navy' s and ESSA' s needs, {ull global sea surface temperature
datz are required from one to tour times per day. The Navy' s mission is clearly
a global one. Sea surface temperature data are vitally needed to forecast the
temperature structure of the thermoclime and the many aspects of sound propagaticn
throughout the occans., (lobal sea surface temperature data are an integral reguire-
ment for the Werld Weather Wateh, now being implemented by all the member e
nations of the World Meteorological Organization.

e
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Ea-th orbiting satellites have proven themselves to be efficient platforms for
frequ.cnt observations of all of the eurth' s surface. Indecd, each TIROS Operational
Metecrological Satellite is capable of viewing all of the earth' s surface twice cach
day. It would be most desirable te place a sensor for observation of sea surface
temperature on these sateliite platform: to provide vital data to environmental
scientists. Some experimental sea surface data have been obtained from TIKOS
and Nimbus weather satellites uzi: - infrared sensors operating in the major
atmospheric window at wavelenglios irom 8 to 12 microns. However, infrared
sensors are severely limited i their capability to view the earth's surface from
space in that almost all clouds are vpaque i this part of the spectrum. Thus, the
eartn' s surface can be seen only in cloud-free areas. The cloud cover pictures
irom TIROS have shown us that this would be a severe limitation over the oceans;
the earth is indeed a cloudy planet. Some high-level cirrus clouds, being composed
of ice crystals, are partly transparent ic infrared radiation, but their effert at any
given time cr 3loce could not be known, and, therefore the cor:ection necessary
tc determine the actual radiance from the sea surface could not be known.

The problems of viewing the earth in the infrared spectrum has suggested the
possible use of passive microwave radiometers. In much of the lower mierowave
region of the spectrum, only the relatively restricted areas of heavy precipitation
would prevent a spaceborne radiometer from "seeing" the earth' s surface. The
complicaton that arises in using passive microwaves for remo.cly sersing ihe
sea surface temperature is that the emissivity of the surface is a function of both
the the:mometric temperature and the roughness of ¢ sea surface. Tac two
effects must be separated without prior knowledge of the sea state. Tne purposes
of this experiment was to verify experimentally a theoretical apprerch to remote
radiom~tric sensing of sea surface temperatures.

The implementation of the experim=nt and the subsequent data analysis was
directed toward two basic questions:

A. Can the thermometric temperature of the surfacs of the sea be determined
in a sufficiently accuraie manner by radiometric measurements and would
the meathod of measurement be applicable to aircraft or satellite systems?

B. Can a sufficiently accurate measure of the surface roughness of the sea
i.e., sea state, be getermined by similar radiometric means?

!

To implement this experiment a mobile radiometric van was sublecased {from
GCA Corporation, Pedford, Mass. This van had radiometric cquipment designed
for operation at 9.5, 16.5 and 94 GHz. This equipment, supported by additional
ground truth observation instrumentation was set up or an island site in the
Chesapeake Bay =nd a series of radiometric measurements were made. The
operation of tho equipment and subsequent data reduction and analysis was performed
by personnel frora RCA Astro Electrenies Division.




in co-operation with RCA, perscnnel from the National Environmentzl Satellite
Center (NESC) of the Environmental Science Services Admsnistration (ESSA)
supplied and operated an infrared radiometer in conjunction with the microwave
radiometric measurements. The IR radiometer was a Barnes Ingineering Company
Model PRT-5 which has a spectral response from 8 to 16 micrometers. Its
temperatere range is 212K to 338°K with a long term stability of + 0.5°K.

B. Summary of Results

The bulk of the radiometric measurements were made at 16. 5 GHz using both
horizortal and vertical polarization. The radiometric temperature of the vertically
polarized runs correlates with the thermometric temperature of the sea water
and shows a sea state invariant zenith angle range from about 103° to 114°, At 109°,
the median zenith angle of this range, the average radiometrically derived temperature
of the vertical runs is 299°K with a standard deviation of about 5°K. The nominal
average thermometric temperature of the sea water was 289°K.

The horizontally polarized radiometric measurements were used to derive
apparent water temperature and horizontal emissivity. Neither of these shows
any direct correlation with sea surface roughness (sea state). This is in contra-
dicticn with accepted theory and may be due to equipment sensitivity limitations
and restrictions on the viewing angie at the site,

The horizontai runs do not shown any direct correlation with sea water temperature.
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SECTION II1

BASIC THEORY

A. Radiometric Principles

Radiometric measurements of sea water are based on the principle tnat thermally
emitted and reilected radiation from the sea are pariially polarized. The amount
of radiation rsceived from the sea will be dependeant upon the polarization, tempera-
ture of the sea. angle of ohservation and the temnerature of any source reflected

by the sea.

Fcr a specular sea water surface the relationship between these parameters is
exnressed by:

= 1-
Tb ETW +(1-6)T,. 1)
where
T, = measured radiometric brightness temperature
Ty = thermometric sea water temperature
Tr = jemperature of reflected source
€ = emissivity

Equation (1) could be subscripted with either H or V to denote horizontally or
vertically polarized conditions.

The relationship between emissivity, reflectivity, dielectric permittivity, (i.e.
dielectric censtant and less factor) and observation angle is developed in Appendix A.

A non-specular surface would be expected to behave somewhat differently than
indicated in equation (1). This would be inferred if one considers the surface of
a rough sea. In this case, the observation angle of the sea surface is a function
of the slope of the wave fronts and may best be described as a "'cone" of angles
about an average value. The size of the cone will be dependent upon the height
and period of the wave and of the observation time. This indicates that the
"apparent' emissivity of non-specular water should differ from that of specular
sea water. It is also possible that there may be a range of observaticn angles

-1
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(or a specific angle) where the specular emissivity and the non-sperular "apparent"
emissivity coincide. If this condiiion existed one could define an invariant obser-
vation angle where the "sea state' has no effect on the observed temperaturc. As

a gorollary to this it would appear that the observed brightness temperature at
other than an invariant angle shoulc be dependen: upon the roughness of the sea.

Thus it should be possible to derive sea state from a series of radiometric measure-
ments.

B. Emissivity of Sea Water

The equations for the vertical and horizontal emissivities of sea water are
developed in Appendix A. These equations show the emissivity to b2 a function of
the dielectric permittivity and the observation angle. The horizontal and vertical
emissivities of sea water are shown in Figure II-1 for a frequency cof 16.5 GHz.

The dielectric permittivity of sea water is a function of frequercy, salinity, and

temperature. The relationship of dieleciric permittivity, frequency, salinity and
temperature is developed in Appendix B.

C. Temperature Determination

Referring o eguation (1), sky radiation is the dominant contributor to T in
sea water radiometric measurements. Thus equation (1) can be rewritten:

Tb(;) = G(i)TW + (l—€¢)T$9 (2)
where

Tg = the sky temperature

¢ = obscrvation angle

A =180- o

For purposes o1 definition the anglc ¢ will henceforih be referred to as the zenith
angle, that is the angle measured from the upward pointing local vertical. This
angle and definition will be used throughout this report.

At a given zenith angle, assuming the salinity tc be constant, the emissivity be-
comes only a function of water temperature. If values of Ty, and Tg were measured
then there wculd be only one unique value of T, which would satisty equation (2).
This type of calculation is easily accomplished with a computer by iterating values
of T,,, calculating the value ef € and then using T,,, € and Tg to calculate the value
of Tp. This process is repeated until a value of Ty, is caleulated which is suiii-
ciently close to the measured value of Ty. The final value of T, is then the unique
value which satisfies equation (2). This value of T, would be equal to the thermo-

metric temperature of the sea water only at the angle wherc thore was an invariance

1I-2
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with son state. (This temperature determination method is described in detail ip
Appendix C, Paragraph C.) Other investigators (Stogryn Ref. 1) have developed
curves shewing the theoretical dependency of the horizontally ana vertically polar- ;
ized radiometric temperatures upon sea state. Stogryn' s work also suggestis a '
stronger dependency of the horizontally polarized temperature on sea state. Thus
one would anticipate a correlation of sea water temperature with the vertically
polarized radiometric measurements and a correlation of sea state with the hori-
zontally polarized radiometric measurements.

Other methods for ceriving water temperature from radiometric measurements
have been suggested. Some of these are discussed in Appendix C.
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SECTION IV

SITE AND EQUIPMENT DESCRIPTION

A. Tield Site Location ard Description

The measurements were taken from North Island of the Chesapeake Bay Bridge
and Tunnel District. The Chesapeake Bay Bridge-Tunnel is the world' s longest
bridge and tuanel complex. i unks the city of Norfolk and Cape Charles, Virginia,
across 17.6 miles of water. North Island is at the northern end of the Thimble
Shoal Channel Tunnel.

This is a maan made island and is about 1,200 feet long with a maximum width of
220 feet at the channel end. It is approximately 30 feet above mean low water and
is surrounded by large rin-rap boulders. The nominal water depth around the island
is 30 feet. A large thirty foot high vent building is located above the tunnel entrance
at the southern end of the island. This island is black-topped and has a concrete
retaining wall around the periphery with the rip-rap boulders sloping oatward toward
sea level. A two foot high fence about eight feet from the edge of the concrete
retaining wall, encircles the island.

The radiometric van was positioned against this fence on the west or bay side of
North Island. The side of the van faced Chesapeake Bay. The vent building was on
the opposite side of the van about eighiy feet away. The azimuth of the radiometric
measurements was 310" and the antenna had a zenith angle capability of 0° to 180°.
Radiometric observations of the water were possible through zenith elevation angles
of 90° to about 125° because the main beam of the antenna intercepted the boulders
at about 125°, Figure IV-1, 2 and 3 show three views of the van at the site.

A marker buoy was placed on an azimuth of approximately 280° about a hundred
feet from shore. The buoy was held in position with two Danforth anchors and two
lines from shore. The shore lines were attached to the buoy through pulleys One
of the pulley lincs was used to deploy 4 series of floating femperature thermistors
wlile the oliicr wus used in obtaining surface water samples. Figure IV-4 shows
the buoy and the floating t emperature sensors in place.

Iv-1




The water depth at the field test site varies from about 20 fect at the near vicinity
of the island to nearly 50 feet in the Thimble Shoal Channel. This depth of water
permitted a wide range of wave height conditions.

Figure IV-5 shows the field site location and its relationship to other land
arcas. The prime measurzment azimuth of 310" is murked on this figure. A plan
view of the island lay-out is shown in Figure 1V-6.

B. Equipment Description

The radiometric van was a WW-II model SCR-584 radar treiler that had been
converied to a mobile radiometric station in 1964-65. It basically c.nsisted of three
r-f heads designed to operate it 9.5, 16.5 and 94 GHz working into 1 common i-{,
7ideo and data recording section. The van eguipment included an elevator for
raising and lowering the radiometer antenna pedestal. A gasoline-driven primary
power genera‘or provided line power. Air conditioning providea for interior
temperature control. Two close-up views of the van are shown in Figure IV-7
and V-8,

The remotely controlled radiometer anterna pedestal perraitied positioning of the
radiomecter antenna beams to an accuracy of 0.2 degrees, over a total usetul vertical
angle of 180 degrees from zenith to nacdir. The pedestal could be turned through
360° in 2zimuth. Two r-f heads are mounted back-to-back on the pedestal, at
opposite ends of a horizontal shaft. A motor, located on the pedestal yoke, permits
remote control of antenna polarization by turning the shaft through 90 degrees aboui
the antenna axis. A third r-f izad could be readily installed after removal of one of
the previously installed heads. Figure IV-9 shows a view of the 16.5 GHz r-f head
on the antenna pedestal.

Each r-f head consisted of an antenna, mixer, klystron local oscillator, ambient
and hot loads, pre i-f amplificr, and switching networks. The i-f output and ther-
mistor temperature information were courled to the interior van electronics by
cables. The interior electronics consisted of the required power supplies, an
i-f amplifier and detector, a video amplifier, a synchronous video detector, output
voltmater and recorder. and ine anienna positioning controls. The radiometric
output signal was measured with an HP 3440A Digital Voltmeter and was recorded
on an HP 562A Digital Printer.

The pertinent design parameters and perfcrmance characteristics of the radio-
metric equipment are summarized in Table IV-1,
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TABLE IV-1 RADIOMETER (‘HARACTERISTICS

Radiometer Type

Double-side band superhetrodyne,
chopper stabilized, absolute type.

Antenna Type

e

Prime focus naraboloids

Antenna Pelarization

Horizontal and Vertical
(Polarization chinged by mechanical
rotation)

Antenna Dianieter and 3dE Beamwidths

Frequency Diameter 3GB Bearmwidth
3.5 GH7 19 iuches 5.5
16.5 GHz 16 inches 3.7
94 Gliz 6 inches 1,60
IF 3dB Bandwidth 100 MHz

Internal Calibratior.

Two waveguide terminations whose
temperatures can be measured to withii
+ 0.2 by intenal thermistors. Nominal
temperatures are: Hot Load 400°K,

Cold Load 300°K

Videe Amplifier and Defector

T.ocked video amplifier and sync hronous
detector

Integration T'me

1.0 second (other integration times were
available)

Radiometric Scnsitivity

l9.5 GHz 16.5 GHz 94 Gliz

0.92K 1.13°K Not measured
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Figure IV-2. Radiometric Van at the Site
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Figure [V-~3.

Radiometric Va:
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Figure IV-4. Marker Buoyv and Floating
Temperature Sensors
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Figure IV-7. Close-up View of Radiometric Van

IV-10




, — 77

Figure IV-8,

Antenna Pedestal and R. F. Heads




Figure IV-9. Close-up of 16.5 GHz R. F. Head and
Infrared Sensor
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Figure IV-7. Close-up View of Radiometric Van
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SECTION V

DATA MEASUREMENTS

A. Radionmetric Measurements

Radiometric measurements were made at the site from July 17 through August
14, 1969. Both vertically and horizontally polarized measurements werc made.
Fifty-six data ruvs were made during the months of July and August, 1969. Of
these,46 were made at a {frequency of 16.5 GHz and 10 were made at a frequency
of 8.5 GHz. No measurements were made at 94 GHz because of equipment failure.
There was observable interference at 9.5 GHz ana therefore the data at this
frequency is considered questionable.

The data runs can be divided into three types. The first type are designated
standard data runs and consisted of measuring data at a sufficient number of zenith
angles o adequately describe the elevation temperature profile along a fixed azimuth.
The second type consisted of a series of measurements nade with a fixed zenith
angle and a fixed azimuth angle. These are further classified as stability runs,
where the polarization was held constant for a long period of time and as switchad
polarization runs where the polarization "vas switched from vertical to horizontal
every 50 to 100 secords. The third type of run was a horizontal environment check
where the zenith angle was held constant at 90° and the azimuth was slowly swept
from 0° to 360°. These runs gave an indication of any possible interference and
also a check on the temperature variation of the environment. The measured
radiometric temperature is the resultant of the energy received by the main beam
of the antenna and the side lobes. This meastured temperature is called the apparent
temperature (Ta). By providing an antenna pattern correction this apparent
temperature is converted to brightness femperature (Tb), The brightness tempera-
ture is the radiatea temperature of the cbserved source. The conversion from
apparent tempcerature to brightness temperatire requires a knowledge of the total
radiometric environment. One of the prime reasons for taking sufficient data on
a run was to describe a compicte elevation profile. This in turn was used tc define
the total radiometric environment. In converting from apparent to brightness
temperature, the elevation profile was assumed to be symmetrical around 360
degrees of azimuth.
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B. Supplementary Observations

In addition te the radiometric measurements a large amount of supplementary
and supporiing data was obtained.

1. Seca Water Thermometric Temperature

The surface water temperature was measured using both mercury bulb thermo-
meters and floating thermistors. The mercury bulb readings were taken at the
waters edge by iminersing the thermometer in the water. The therinistor measure-
ments were accomplished by placing the thermistors on specially designed {loats
and deploying these floats on a pulley line between shore and the murker buoy.

This enabled surface temperature measurements to be made at varying distances
irom the shore to a distance of about 100 ice. The floats were 12 x 12 inch squares
of 1 inch thick styrofoam with a 3 or 4 inch ciameter hole in the center. The
thermistor was attached in the center of a doughnut shaped piece ot styrofoam which
was in turn confined to the hole in the square float. A second type placed the
thermistor on the bottom of a ping-pony ball which was in turn confined to the hole
in the square float. At the site the fleats, when iirst placed, had a fendency to

fp over in rough seas. This was eliminated by attacning short one foot pieces of
nylon thread to each corner of the sguare float and suspending one or two B-B shots
from each thread.

2. Sea Water Sampies

Samples of the sea water were taken at various times during the course of the
program. In gereral, samples were obtained near the time of the high and low
tides and following any rainfall. The sea water samples were obtained by skimming
a container along the water surface using the second shorc-io-buoy pulley lire.
Care was exercised in obtain a representative sample of the water close 1o the
surface. This was scmewhat dependeunt on the roughness state of the sea, but most
samples were obtained from water within 3 tc 4 inches of the surface. The water
samples were stored in special air-tight bottles, marked with the sample (ime,
date and other pertinent infcrmation.

The salinity of the sainples was measured at the Virginia Institute of Marine
Science. The dielectric constant and loss langent of representative samples was
measured at the MIT Insulation Laboratory. These measurement:. were made at
8.5 and 14 GHz.

3. Weather Observations

Weather anc meteorolsgical observations were made at various times through-
cut each days operation. The observations included percent sky cover, cloud types,




air temperature - beth dry and wet pulb, visibility, and weather comments.
Additional weather observations were available from the Chesapeake Bay Bridge
and Tunnel Authority which kept a regular weather log on an adjacent island.

4. Sea State Observations

Observations of the sea state were made wiih each data run and at other appro-
priate times. These observations iucluded the swell and wind chop height and
somciimes the wave period and wind speed and direction. These were visual
observations made by inexperienced observers but the relative accuracy of the
observations is considered good. Sea state conditions at the site, during the period
of measurement varied from a smooth, calm sea to 2 sea with a three to three
ard one-hali foot swell.

5, Photographs

Photographic records were made with each data run. The pictures generally
were taken aiong the azimuth of the radiometric measurements and included pictures
at zenith angles of 0%, 459, 90%, 115° and 135°. This provided a fairly complete
coverage of the elevation profile. Additional pictures were taken to record sea
conditions. These in general included the marker buoy which had orange and
white vertical sections alternating every six inches. Most of the pictures were
taken with a 86 mm telephoto iens. A representative sample set of pictures taken
in conjwiction with run 7 and 8 are included as Figures V-1 thra V-6. The first
five pictures are at the measurement azimuth of 316° with zenith elevation angles
of 0°, 60°, 90°, 110° and 135%. The sixth picture is of the marker buoy and thermistor
Sensors.

6. Radiosorde Data

Radiosonde data was obtained from daily observations made at Wallops Island,
Va. This is about 70 miles north of the experiment site and the atmospheric con-
ditions were considered similar., This radiosonde data was used to determine
radiometric zenith sky temperatures which were used for a third calibration point.

7. Wave Gage Recorder

The Army' sCoastal Engineering Research Center (CERC) has a wave gage
mounted on the adjacent South Island. This is about 1800 yards from the measure-
ment site. It consists of a series of voertically spaced elecetrodes which when
shorted by the conducting sea watcr provide an output signal proportional to the
wave height. This wave gage is one of a network of simiiar gages along the Atlantic
seaboord. It is automatically sequenced on for ten minutes out of cach hour.
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During this period a paper chart record is made at the wave gage location and data
recordings arc made at a central location in Washington, D.C. Facilitation was
arranged to operate the local strip chart recorder on a continuous basis for eight
hour periods. Several such recordings were made.

It was anticipated that the wave height and period at the test site and at the wave
gage site would be representative of each other. However, visual observations showed
that this was not true. There were wide variations in the surface conditions at the
two sites most of the time. Apparently the water turbulence created by the island
and the tidal currcnts, together with difference in local wind parameters degraded
the correlation. As a result, the wave gage has not been used as an analysis tool.

8. Infra-red Radiometer Measurements

As previously mentioned, personnel from the Naticnal Environmental Satellite
Center (NESC) supplied and operated an infra-red radiometer in conjunction with
the microwave measurements. The results of the measurements and their analysis
are treafed in an internal NESC report (Ref 2). For a comparison to the microwave
radiometric measurements a summary of the resulls of some of the infra-red radio-
metric data is contained in Appendix F of this report.

C. Site Operations and Data Measurements

The types of radiometric data ruis have veen described in Section V-A. The
standard runs were numbered Run 1 thru Run 36.

Normally four czlibrations were performed during a run. Each calibration
consisted of measuring ten 1-secona samples of the radiometer output voltage of
first the zenith sky {(nominally IOOK), second the ambient load (nominally
300°K), and last the hot load (nominally 400°K). A data measurement consisted of
taking ten 1-second samples of the radiometer outpui voltage at the antenna zenith
angle of interest. Each run had data points taken at zenith angles of 0°, 20°, 40°,
50°, 60, 70°, 80°, 85°, y0°, 95°, 100°, 102°, 104%, . . . ., 128° 130°, 140°, 150°,
1590, 170° and 180°. The four calibrations were taken at the beginning of the run,
t.ofore the 1007 data point, after the 130" data point, and at the end of the run. The
total time for a run was about 25 minutes. Comments pertinent to ¢ach run were
writien on the run log sheet. The calibration determination is described in
Appendix E.

The 16.5 Gliz stability runs and switched polarization runs werce numbered Run
301 thru Run 313.




Runs 201 thru 206 consist of 2 preliminary 9.5 GHz daw run, a 9.5 GHz zenith
stability run and the horizon check runs.

Runs 101 and 102 are two preliminary 9.5 GHz standard runs.

Printouts of the comments accompanying or adjacent to each run are tabulated in
Tables V-1 thru V-12. The first line on each of the run listings gives the month,
date and year as a six digit number; the start time as a six digit number in hour,
minutes, and seconds; the measurement azimuth angle in degrees; the polarization
either H or V; the frequency in GHz times 10, as a 3 digit number; the integration
timc in seconds; and the apparent zenith sky temperature used as a third calibra-
tion point. The time is EDST expressed in a 24 hour format. The run comments
sometimes include calibration data which is referenced only for programming use.

The thermometric water temperature was measured by a mercury bulb and by
RCA and ESSA floating thermistors. The average daily temperature readings from
the various devices is tabulated in Table V-13. It can be noted that the average
tempcrature as measured by the various devices varied from a low of 297. 5K to
a high 300. 7°K, a variation of 3. 2°K. Supplementary water temperature data was
obtained from the United States Coast Guard {rom their Wolf Trap Light Station.
Wolf Trap Light is located about 25 miles from the test site on an azimuth of about
351 degrees. This is representative of the water temperature further up the
Chesapeake Bay and would indicate the temperature variations that might be expected
as the horizon was approached. The Wolf Trap Light measurements were recorded
every three hours. A tabulation of the daily temperature is in Table V-14, The
readings were made in degrees Fahrenheit, but are presonted in the table in degrees
Kelvin for ease of comparison to other data. The temperature range of this data
is from 297.6° to 299. 8°K, and is in reasonable agreement with the site temperatures.
This tends to support the basic contention thai the water under observation had a
relatively constant thermometric temperature along the line-oi-sight.

Table V-15 tabulates the measured dry bulb air temperatures and the calculated
relative humidity. The air temperaturcs varied about 11° during the course of the
measurements.

Table V-16 tablates the salinity, in parts per thousand, of the sea water samples.
The date and time of the sample plus the tide condition and other pertinent comments
arc also tabulaied. The salinity variation was from 2 low of 21. 41 to a high of
25. 95 parts per thousand.  Low salinity readings, after a rain, were obtained only
if the sea was relatively calm. No explanation of the low readings on 8/7/69 and
8/8/(39 is effered. The three samples which do not have salinity measurements
were used for diclectric constant evaluation.  In the computler programs the average
salinity value of 24,17 parts per thousand was usced in calculating the permittivity.




The permittivity is not strongly dependent on the salinity. The permittivity of
sclt water has been caluclated for a water temperature of 300°K and for salinity
vaiues from 20 o 39 parts per thousand. 71he results are tabulcied in Table V-17.
These permittivity values have been used to calcvlate the vertical and horizontal
emissivity. Representative values of the calculated emissivity are tabulated in
Table V~18. The theorctical cmissivity variation is quite small over the salinity
range that was measured from the water samples.

Three of the sea water samples were sent to the MIT Insulation Labsratery for
dielectric constant measurements. It was intended to have these measurements
madr at 8.5 and 14 GHz. 7The measuren.ents at 8.5 Gliz were compieted, but
because of instrumentation probleins thz 14 GHz measurements were not completed
at the tim« this report is being written. The results of the 8.5 GHz measurements
are tabulated in Table V-19, slong with theoretical values computed for 8.5 GHz
using a salinity value of 24,167 parts per thousand. The intent of the measure-
ment was to verify the accuracy of the theoretical calcuiations of dielectric
parameters., The agreement neiween the measurcd and theorctical data at £.5
GHz supporis the contention that the derived theoretical formulas for permitivity
are adequate. (Reference Appendix B)

The values of the radiomeiric zenith sky temperatures as computed from tne vadio-
sonde data, is tabulated in Table V-20. These are brightness temperatures and
were used to determine the third calibration peint.

A rain gage was installed at the site, A tusbulation of the rain gage measuremenis
is in Table V~21. Thi< data was not used in the ¢ .ia analysis, but mav provide some
currelation with the salinity variations. It is of interest to note that the low ealinity
readings of S/7/69 and 8/8/69 were preceeded by heuvy rains on 8/5/69.
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Figure V-2. Azimuth 310", Zenith Angie 60°
Rurs 7 and ¢




Figure V-3. Horizon, Azimuth 310°
Runs 7 and 8

Figure V-4, Azimuth 310°, Zenith Angle 110°
Runs 7 and 8
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Figure V-5. Azimuth 310°, Zenith Angle 135
Runs 7 and 8

Figure V-6, Buov and Sensors

Runs 7 and 3




TABLE V-1, RADIOMITRIC KUN COMMERT PRIITOUT

RUMN HpY, 1
072569 124590 3¢ H 025 01 10,1
XTAL 1 L25 R33,5 BvV-300 1-29,5
INTFRMENDTATE CAL AT MID POINT  WITH 2FENITH
THIS RUN SEQUENCE IS 90 TN 9 DERREES, THEN 90 TO 178 NEASREES

RUN MU, 2
072569 134545 310 V 095 21 23,6
SEA CALM  SLIGHT  SWELL T7.5DEGREE JATER TEMP (BJL3)
AT 1430 VISIBILITY 10+,CLOJNS 90%

RUN NO, 6
072969 200230 310 V 165 0Y 27,7
DIGITAL PRINTER WAS NATED T3 MISPEIINT IC0CASTINALLY

RUN N, 5
0RO163 113290 310 V 145 01 18,9
XTAL  L264,% R32,5
THTERMENTATE  CAL POINTS DURING RUN
AT 1020 SLIGHT CHIP,LESS THAN LFT S/ASLL, 10212 YIS, 83=90% 1S cut

RUN N1, 4
230165 1272570 310 H 145 n1 12,8
TSLAND CURRENT CHANGEN SANUTH 10 MIRTH FIM Uy 95 T2 2%
H2i0 SAMPLE AFTER R2yN AT 1213% ND, 5
NOTE INT TA =~ SUN NCAR ZFMITh
ANDYL CAL AT INTERMEDIATE POTNTS DURING RJN
AT 1230 LESS THAN 1FT SuFLL,s SLIGHT C-HOP

RUN 1Y, 7
0806169 134790 310 H 165 01 14,1
SLIGHT SWilL o 3 TN g IMCAES= MO CHIP = 5LASSY SURFACE
SCAT,  CLUJDS AT ZpM1Ty
INTERMIDTATE AL POTUTS  NDURING RN
AT 1330 10=-12MILE VIS, 60-70% SKY COVER

RUM MDY, n
00169 1417070 310 ¥ 185 DY 15,0
SLISHT SAFLL 3 T 6 IMCHES = NI CHOP - GLASSY SURFACE
SCAT, CLOJuUS AT ZryrTy
[HTERMEDTATE  CAL POIYN7S NURING RUY

V-10




RUN

RUM

RUM

RUM

R

RUM

TARLF V-2, RADIOMETRIC RUN COMMENT PRINTOUT

ISP

047169 161090 310 V 165 01 18, .

XTAL 1 L25 R34

SEA wHITE CAPS = 53MD 3 FOAT SyuCLlL PGS 1 TN 2 FINT £49P
100 % CL7JD COVER  WIuN SA

[MTOERMENTATE CAL POINTS NURING RN

RIS 84

0301693 163790 310 H 165 01 23,6

SEA WHITE CAPS » 637D 3 FAAT SWELL PLJS 1 T 2 FOOT CH4NP
170 % CLUUD CIVFR a wWIND SA

XTAL 1 L2484 R34

IHTPRMIPTATE  CAL PAINTS NnJRTNG RIN

AT 1720 13-12MILE VIS, CLNJNS 190%s CJ* THJNDERHEADS

Nk 11
DANSE69 158590 310 V 148 01 129,
XTAL T L21 237,5
HEAVY GVERCAST =« NRIZZLE 3 FT  SWELL SLIGHT WIND RIPPLE
TUTERMEDIATE  CAL PDINTS

MY, 12

0569 1625830 310 H A5 01 106,

XTAL I L22 R33,5 _

HEAVY OVERCAST - NRTIZZLE 2«3 FUOT SAELL  1-2 INCH AIND RIPPLE
[HTIRMEDIATE CAL PJINTS

AT 1830 3FT HEAVE, SKY NVFEILAST ¢ RAIN

IR 13
030452 132990 310 V 165 0t 13,5
r o =401,2 CL-0=318,0 INIT // HLeN=492,Y CALD? //
Hi=0=403,2 CL=0=-327,% CAL3 // HL-D 404,7 CL=0=307.2 FINMD //
CFA 1=2 FUOT SWELL  8=12 INCH SIND CH4TP

N, 14

QRO%69 155000 310 H 165 01 18,2

XTAL 1T L2%,3 R34,0 REAYM YILTS 322 I=?
SEA  1=2 FINV SUELL A=10 INCH AIND £HNP }
HL=1=602,1 51.=0=376,9 1MIT // HL=9-6401,7 SL-n=122R,2 JAL? //
ELEV HANMGUR 1ALN T3 1621 /7 HL=7=503,% LL=-0-309,R CALY //
HL=T=407,8 [L-0=3"2,4 FINY //

WATER SAYMPLE AT 1845~ CLFEAR SKY, 2-3FT wAVES

2.5




TABLF V-3
RADIOMETRIC RUN COMMENT PRINTOUT

RUM N, 15
0807693 121870 310 V 165 01 13,5
CLEAR SKY EXCEPT 5=10 % (UM CLOJDS IN HRIZINN
APPROX INE FONT SYELL = LAMG PERIIN =221 T- J=4 INCH #41ND [HIP
BRIGAT=SUNNY=4AZY  WNW wWIND 1=2 MPH VIS - MT,
XTAL 1 L24.,5 32,5 REAM V 321 122 MA,
ML=0=403,5 CL=-0=379,6 INIT // )
HL=0=6402,7 TL-0=310.5 CAL2 // HL=-0=-402,3 CL-0-310,7 JALY //
HL=3=404,2 CL-0=311,) FINT //
WATER SAMPLE AT 1200~ CLEAR S<Y, APPRIX |FT SEA

RUN NO, 14
030769 125570 310 +H 145 NY 13,2
CLEAR SKY LXCEPT S=10% CIPGJLUS CLIUNS OM A472TZ0IN
APPRIX NONF FNIT SJELL~ LMANS PERIOD=20FT- 31-4 INCH ATNP 4P
BRIGHT=SUN Y =ALY WHW SIND 1=2 MPH VIS A-8 u1,
XTAL T L24.5 R12.5 REAM V 321 1222 MA // d4l-0~6072,0 C1 =0=311,46 1N17//
HLmf=406,0 CL=0=311,7 CAL? // HL=2=403,0 CLL=-2=3172,5 ALY //
HlL=0=404,2 CL-0-313,0 FINY 7/

SAME COMMENTS AS RUN NN 98

AT 1330 10% HIRIZNN CUMGLFT SATLL,LTNMG PERIAN 3=4IN AINND CANP
AT 1339 WNw WIND 122, 6=8MILE VIS

RUN NP, 17
DA0THY 165570 310 H 165 N1 18,0
2-5 % CIRRYS CLIUNS DRIFTING JYFRAEAN
1 FOOT SWELL  4=R INCH CHIP  JTND SVITH  §-10 MPH
HL=0=401,% CL-0=307,0 11T // HL=0=400,7 (L=0-305K,6 [AL2 //
HL=N=603,5 CL=0=316,5 CALY // HL=0-6402,0 CL-N-304,4 FINT //
APPIX 1700 SKY CLEAR WITH AAZE,6MILE VIS, dIND S 5-10,1=1,5FT SWFLLS

RUN HO, 19
0R0T69 172970 310V 1A% NY 13,0
OVERHEAD CLFAR 1 FANT SWELL 6-8 INMCA CH{IP VERY -HAZY -~ SJUINY
wIhD S  5=12 MPY
XTAL 1 L26,5 34,5 BFANY V 323 1 22,2 MA
HL=0=406,6 CL=0=3127,0 INIT //4L-0-404,5 CL-n=-307,2 CAL2 //
HL=DN=40%,0 ZL=0=307,3 CALY //74L-0-401,4 CL=-0-307,1 FINT //
AT 1725 10=15% Zw.nUNS




TARLL V-4

RADIOMETRIC RUN CCMAMENT PRINTGUT

RUN T, 17
0R576% 191570 310 V 1e5 01 A8,7
WATIR STNSHRS  1-299,2 Za298,6 3=298.,6 4-29R,6 AT 19145100
HLwN=601,6 CL=0=302.5 T™MIT //4L=0-601.5 CL-N-302.9 CA4L2 [/
HL=N=401,2 £L=0=373,0 CAL2 //4L=-0-403,5 CL~n=-302,9 FINTI //
AT 1810 10, CLOUDS,NA CLFARGWIND S 5~1021FT SHELL,IOFT PERIND
AT 1810 6=31N CHOP, K-9MILE VIS

RUYM My, 21
080768 176330 310 H 165 0Y 10.5
HLeD=405,0 CL=0=312,8 INIT // HL=2=6405," CL<N=302,5 CAL2 /7
HLed=403,5 2L=-0=372,4 CALY // HL=9=401,5 LL=-N=3"2,3 FINT [/
WATER SPNS{RS #1=294,8 #2=298,1 H#3-258,1 #6~-298,1%
AT 2025 WIND SE 10=15,10M1LE VIS, 10% CL3JDS, J4 CLEAR

RUN &1, 21
040%65 113290 30 V 165 01 14,2
HL=D=605%,0 LL=0=373,0 INTT // HL=D=4064,5 2L-0-3Ch,1 SAL2 //
SENSTIRS #i=20146 #2=301.7 #7295 ,4 #4=298,5 ALL JPSIDE DIAYN TIME 11585
HL==6422,0 CL=-0-376,5 LALY //
SENSIRS #1-201,7 #2=301.0 H3w298,9 H4-295,4% TIML 1275
HL="=«407 .5 LL=-0=3D6,7 FINY //
SEFNSIRS #1=3Nn2,6 #2-3n1,5 #3-302,5 t4-2922,.5 TIME 17225
AT 1100 1-1.5FT SrA, CLFAR SKY, gYILE VIS

] RUM NN, 22
' 0R01"69 124200 310 H 1485 0Y Ya,0

HL=0=401,8 $L=0=317.0 11T //41-0-405,8 CL-n=307,2 CAL2 //
. HL="=40%,7 CL=0=377.1 CALY //4L=0-401,0 CL~N=13D07,3 FIN] //

RUN NO, 23
080169 145570 310 vV 14% 01 11,4
1=2 PPROENT C.MILUS SCATTrRED WND DRIFTING nNvrIHEAD
HL=D=40%,0 CL-0=379,0 TNIT // HL=D=-401,1 CL-0=-329,2 CAL2 //
AL=N=602,% CL-~0=378,7 CaLY // HL=-2-603,5% CL-0-308,5 FIMNT //
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TABLE v-5

RADIOMETRIC RUN COMMENT PRINTOUT

ST I 26
030”69 153130 315 H 165 01 11.7 ,
310 PERCENT SCATTERED CUMILUS CLIUNS TIVERHFAD

1.5 = 2 FOOT SuitlL 12=18 INCH CHIP QUITE RUUGH, VE2Y Fra H417e 240y
HL=0~603,0 2L=0=308,8 INIT // HL=7=-401.D [L=0=-309,0 JAL2 //
HL=0=40%,5 LL-0=3"8,8 CAL3 //4L-0=~401.5 (L~-0=-302,0 FINI //

AT 1600 10% DH CUM £ WDORIZIN, 6-8MILE VIS

NO. 25
051269 122570 310 V 165 01 10,5
XTAL T INIT L=26,5 R=3%,0 KLY 315V 23MA /7 4L-0=604,0 SL=0=101,4 = (F

HLe2e605,0 20 =0=392,1 CAL? // TIDFE LIVE ATy ROUGH £ ZALY wATFR FillQ
HLef=g08,0 LL=-0=372,0 (AL3 // HL=2=6402,0 2L-n=332,5 FI?

2=-3FT SWELL FROM Nw A=121M 4IND RIPPLE  8§9-90 JVERCAST VAR WERALAYD
SENSDRS 1=297.% 2-298.0 3-293,0

AT D900 9204 SXY COVER

AT 1030 MID SEA, SUNNY

N, 26
DR1269 131370 310 H 185 03 6,9 )

HL=N=602,0 CL=0=372,2 IMIT // HL=D=401,5 CL-0-302,5 JAL?
HLeN=40%,3 $1L-0~372,5 CAL3 // HL =0=401,1 CL=0=-302,7 FIul

2-3FT SWELL FRO™ "W B-~121N AIND RIPPLE #0-9A % NVERCAST JVEIHFEAD
SEMIARS 1=227.5 2-298.0 31-237,9

AT 1300 2-3FY SWELL

N 27
DR1269 162120 310 V 1485 N1 11,5 .
HL=0=401,5 CL=0=302,6 IMIT // HL-0-402,3 CL-0-323,7 lAL2 '
HL=0=401,5 "L=-0=303,1 CAL3 // HL=D7=604,5 (L-0-303,3 FIN!
21/2=31/2F 1 SH4ELL 4=BIN CHOIP NW SEA NE 2IND 10-18
AT 1555 2~3FT S<ELL FROM NAsWIND NE 10-15s 30% SKY CIVER

NOW 2R
041269 165530 310 H 165 N1 16,5 _ ’
HLeNw40645 ZL=0~372.8 TMIT // HL=2-6403,1 £L=9-393,1n ALY
HL=N=406,% CL=0=303.0 CAL3 // HL=7=401,0 CL=-0=-30%,4 FINT
2-3FT SHELL 4~=8TN CHIP PARTLY CLIJDY HAZY 90T ALJE SKY «ITH4 Sy
SELSORS 1=278,64 2-298,5% 3-238,3 9 17125100

V-1




TARLF V-6

RADIOMETRIC RUN COMMENT PRINTOUT

RUY Np, 27
PA1269 194570 310 H 145 Nt 14.3
HL=0=40%,1 CL=0=372.1 IMIT // HL=2=605,7 20L=0-301,8 CJAL2
HL="=40%,0 2L=~0=371,1 CAL3 ¢/ HL~D-401,1 CL-D=-301,0 FINI
11/2=2FT S46LL £=11IN CHNP
SENSURS 1-297,3 2-273.0 3-258,1

RUY MDD, 39
031263 1915970 310 V 1488 a1 11,7 o
HL=0=40%,1 {L=-0=371.0 IMNIT // HL=-2-405,0 CL-0-301.0 CAL2
HL=D=401,73 20L=0=3"0,5 CAL3 // HL=D=-404,0 LL=2-300,5 FINI
1=11/2FT SWELL 6=3TN ¢HAP

RUM NfY . ER!
081369 103430 310 H 165 01 12.6
1=2FT SYELL 15=20FT PFRINAD 4«=41N CHIP WIND N 5«10
SFHSORS 1=~277.6 2-29R.6 3-236,4
AT 1030 A0=20% SKY COVER,HALZY LICHT TRAUPARFNT (4 CLIUNS,VIS 6=3
AT 1030 SULNY SLIGHT HAZE

RUN NN, 3?
07417369 111530 310 V 163 01 14,8
EL Y1A SHMALL ROAT PASSED BY  // OVERHLAN PATCHY -50% SIME LARGF CLAUDS
SEHSORS= TIME 11338:100 1-237,1 2-29R,4 3-297.,4
AT 1110 1-2FT SWELL
AT 13640 994 SXY COVER, LAY #15 SCAT CLAJDS PLUS HAIGH 4 ALMIST COMPLETE
AT 1340 VIS 6=-7"ILESs ~ SN
AT 1630 HOAVY SwELL FROM MW 3=3,5FT, 15-20FY PERIUD

RUN MDY, 33
081469 101070 310 V 005 01 21,1
HL £ CL AV READINAS WERFE TAKEN AT NJUMIRIUS rLEVATIAN ANGLES
SFA CALM PECEPTAALE SWrlL VERY SHALL WIND QIPPLF
DATA RUN RBESAN AT 10120100
AT 7830 60=70% SKY COVER VIS 10-15 STRATO {iM N, 0w STRATUS & QUM 4
AT na3n CIk & CIR=STRATUS SE&E
AT AR40 SEA CAL™ 1=21N wWIND RIPPLE, 61N SAELL




TABLE V-7

RADIOMETRIC RUN COMMENT PRINTOUT

RUM NO. 36

031469 104770 310 H 095 n1 15,5%

HL & CL MV READINAS TAKFY AT SEVERAL ELFEVATION ANGLES
SEA CALM NVERHEAD CLEAR

DATA RUN RESAN AT 101893100

AT 1005 SEA CALM,SLIGHT WIND RIPPLE, AN SLYW SuELL

RUN N2, 35

NB1469 132530 310 H 1465 01 24,0

SCATTERED CJMULES CLOUNS NVERAEAD VERY CLEAR wHEN Wy CLNJDS
PICTURES TA<KEN AT 13346100

AT 1130 SFA CALM

AT 1300 40-50% SKY COVER, £JM MASTLY, S 14Ny

RUM Nm, 34

081469 1415230 310 V 165 01 14.8
CLFEAR OH AT STaArRT  // XTalL 1 L-23,% R=32.,%
TINF=14145290 YHUADFR SOUALLS IN VICINITY 7 I8 NG# 2VERLAST
T 9IRTH N 1S ZLEAR
AT 1500 THUNDFRUEADS & STNW TD SA, DARK CLIUNS Wy SEA CALM
AT 1500 SLISHT SWellL WITH 414D RIPPLE
AT 1510 HEAVY RATIYM STARTEN. VIS LFSS THAN | 4ILF
AT 1532 129% CLTUDS HEAVY RATN
AT Y715 SEA DRAD CALM, AFTER 316 RATM SHOINCT, STILL XATNING LIGHTLY
AT 1930 SEA CALM, AFTER RA[N STOPPED

V-16




TABLE V-8

RADIOMETRIC RUN COMMENT PRINTOUT

RUM N, 101
072169 144590 310 V 095 01 31,7
RUNS 101 AND 102 ARF THF FIRST CUNSECUTIVE ynRZ & VERT POl RUNS
VENT BLDG L6 2 1SONIWIND NE 10-15,CLOUNDY,SFA CALM
WEATHER BURFAJ wATER TEMP- 298,5

RUN NI, 102
072169 1510170 3i0 H 095 01 10,9
RUNS 101 AND 102 ARE THF FIRST CONSECJTIVE WNRIZ & YEAT POL RUNS
STARTED TO RAIN AS RUN BEGAN//CLOJD CIVER NFAR 100%

V-17




TABLE V-9

RADIOMETRIC RUN COMMENT PRINTOUT

RUN NI, 201
Q7176% 175000 310 V 295 o1 12,4
ATRPLANES FLEA TVER AT FLEVATION ANGLES OF an AMD 9% DERREES 7/
THTIS RUN WAS 4 VERY PRILIMINMARY CECK F AZTMUTH 310 //
USE INIT CAL TE“PFRATURES 17 COUPUTER NFEDS THEM FA2 T+t FIVD PRiSTTI(ING

RUN N0, 202
072269 147990 310 YV 035 i 4,56
TENTTH STABYLITY RN //USE FIND CAL TESPEIATURES IF 20MPJTCE “IE NS Tipw
FOR THE IMIT POYITINNS//

RU\"' N"‘o 903
072763 181570 V D98 01 4

» 56
MORTZAN (RL ANGLE 99 nrgarrs)

AECK AT 360 DEG AZTMITH ROATATI

RUN 0, 204 _
572267 13831130 H 095 Y 4,56
HIRTZON (ELEY AYGLE 90 DFGRECS) CHICK ~1T+ 350 DEG AZIUTH BT TTy

RUN N, 205
072969 2031790 V 1A8 21 27,7
ANRTZNCELEVATIIN ANGLE 99 DESRFESICAECH NITH 360 005 AZTHITH ROTATIDY

RUNM N, 206
DROS69 144930 310 H 145 O 164,
MAT LTIAD CAL RUN AND ZEMTITH TEMP STARILITY
THIS WAS FI2ST RUY WAFRE WE NITED THAT 4L Trup WwAS VAQYING
ZEDITH TEMD SYARTILITY NATA YACEN FND OF RUN 12 DATA IS N 24y 12 TAPF




TARLE V-10

RADIOMETRIC RUN COMMENT PRINTOUT

RUM i), 301
050169 153290 310 V 1565 01
SEA WATPER TFMP STABTILITY AT FLEY, OF 115 DEGRFF ZENMITH ANGLF
1-1.5 FOOT SWRLL AND CHAP/ /N FINAL ZEMITH RFADIMG,STARTED T2 PUUR RAIN
RATMED FROM 155% TO 1405 LESS THAN 0,02 ACCUMULATED

RUN MY, 1302
050350 735030 310 V 145 0Ot
VERTICAL STABRILITY CHrCK AT 120 DEGRFES ELEVATION
XTAL 1 AT STAXT APPRIOX L?22 3.
XTAL 1 MRAFPEED NFF DURING 204 = AT END wAS L1 223
HL==403,7 CL=0<2792,64 M7 // HL=2-404,5 CL=-0-30%Y,5 FINY //
AT 10990 1,.5=2FT SUELL,RIGH 12=181IN £HIP,5-10% wAITFEIAPS

RUM Y, 1303
DI5H2 133270 310 1a% N
P AT 122 NEARTES FLEY - SAITCHING AETUEEM HORIZ anNd VFERATICAL
574 wATER SCNMSIIS  43=297,4 #4-239,5
T & DATA DOINTS ARE HE3ITZ274TAL « NG
AL TAGE N FORY &L %: 000,90

XT 6 VERTICAL,MEXT & H,NEXT 7 v

FIRS
N

RYN NI, 304
DANEET 161570 310 145 M1 11,7
THIS RUN A4S BOTH VERT Aun 40312 168, AT 115,170,880 125 DESREES ELEV//
STAST AT 115 NES 4312 // TU0F 1620 115 DEG VERT //
TIVE 16122330 115 DRG 1RYZ /0 TIHE 1625 115 DFEG Yk T /7
TINE 16126130 120 DFG VERT // T1ME 1628 120 NEG HIRIL //
TINE 16129130 1720 DFG VERY // TINE 143 120 DLG A1 //
TIME 10332330 125 DFG HART /7 TIME 143% 125 DFS VE2RT //
TInk 16135030 125 DIG HaRt7 // TIYE 1637 125 DES VERT /Y
HL=N=60245 TL=0=31849 THIT // HL=5-403,2 CL-n-308,3 FINI //

RUM mint, 305
0A0R6S 163450 2.0 V 145 01
THIS RUM IS A ZFN{TH STARILITY CHECK
STARTED RIGAT ATTFR RUN 3n4  THURFURE JSF 3m6 FINAL ZAL AS 315 INT CAL
HL=0=6403,9 CL-0=30%,2 INIT //
AT 1705 C'H.PPY SEA=2FT, SUNNY, HUMID

V19




TABLE V-11

RADIOMETRIC RUN COMMENT PRINTOUT

RUN HN{l, 346
0411469 122270 310 16% 01
SPECTAL RUN ELEVATION ANGLFE 105 DEG//CHANGE RTWH o £V PILAIZATI NN
HL=18N0=603,9 £L=170=359,5 IM1T // FTRST V RN LG €6 SHIP PIRSIaLY 1y
FTELD OF VIEW  HL-Al05-492.0 CL=109=238,0 // STARY YINE FIRST 4 204 1307
HL=180=403,6 CL=170~305,5 CAL2 //3WFLL INCRFASTNG £ S4IPP1EY AFTFER 17316
SECOAND V 1324 HL=~180=4Nn2,0 CL=180-3%6.4 CALY // SECIND 4 CI'PLETE 1194
AT 1030 SLIGHT SWELL FROM N, CLUJDS 304 CS AC
AT 1200 WIND NW 5«10, €LAUDS 20% CS CC
AT 1300 SWElLL OFVRLOPING, SLISAT CH2P,CLOJNS 90% C1 SCAT ¢J

RUN MDY, 307
081169 140020 310 155 01
SPECTAL RUN ELEVATINN ANGLF 110 DFG//CAANGE RTaN o £V PILATZIATTN
HL=180«405,2 CL=-130=311.A IMIT //4Lw180=402.5 CL-1R"=2334,7 CALD
TIME=1470 STAQT SECNND VERTICAL PIOL /7 TIME 1424 STAIT S5 40xll PAL
GENTLE BUT DISTINAGT CHOP 1IN WATER //H4L-182-404,6 C1=1223=-307,.0 F1ul
AT 1330 CHIP INCREASING STNZE NION UNDER STEADY Ma A TND S oI THSAPS
AT 1330 SWELL PFRIQN 1R=20FT
AT 1400 CuitIDS 0% CI €S, VIS 6MILES
AT 1433 DISTIVCT TINAL LIME BTAN SHITE £ CALM AATLR, (NEAR M ASURFIITHTS)
AT 1650 2F7 SAELL
AT 1500 CLUIBS 70% (1,05,C0 MED, CU BJILDING TN WEST & 4

]
~
L

RUN MY, 7013
081167 161735 310 165 01
SPECIAL RUJ ELEVATINN ANGLE 115 DEG // CHANAE ATWN 0 £ V PILARIZATION
HL=182=402,2 CL~1R0=302,% INIT // TIME 1625 STARYT KFIAST 4 21 R I\
HL=183-405,7 ZL=180=-304,0 CAL2 // TIME 1640 END FIRST V POl N 361N
SECTNND V. POL WY // TINF 1447 STAZT SECIND w1 POL RUN // !
HL=180=4064,7 CL=190-304,0 FINT //

RUN #in, 1309
08116% 16575 310 165 01
SPECTAL RUN ELEVATINN ANGLE 120 DEG // CHANGE BTN o & V PIJLARTIZATI N
HL=1R80=4064,1 CL=180~304.5 11T // TIME 1704 START FIAST 4 L R\
HL=187=403,7% £L=190=3n3,6 2AL2 // TIME 1717 STARY SEZONG W PIL < JN
WATER MUCH CALMER /7 TIME 1722 [ND SECOND 4 POL RUN
HL=180=405%,3 CL=1%0-303,6 FINI
1700 CLWUNS 49% Cly NN €U EVIDENT




TAPLF V-12

CDADIOMETRIC RUN COMMENT PRINTOUT

RUY I, 310
DY1169 175570 310 155 N1
SPECTAL KU BELEYATION AYMGLE 125 DEG // CHANAGE BTWN 4 & V PILARTZATION
HLeY80=406,% fl=120=304,0 1411 /771 1800 START FIRST 4 PIL RUM
TIACLRDA 5N FIAST V pOL RN // HL=-180=404,0 CL=-180-303,2 JAL2 //
TINFLRLS STARY SecOND Vo PAL RJN // TIME 1823 START SECIVI 4 POL WM //
HL=180=40%,9 CL=150-2n2.7 FIND (/
AT 1730 w15D 4AS NDLET DnwM, WATER BECIMING QUITE CALM
AT 1800 CLIJNS 10% C1
AT 1900 LFT SAflL

RuN i, 1)
N6 14737190 310 165 01
SELTIAL Ril 120 006 FLEVATION STABTLITY wWIT4 FIRST 4 THFEN V PILARLZ
HL=2=401,0 21-0=316,5 INIT // START TINF 4 PAL 143373350 STIP ATIS:40:00
HL=e403,5 LL=-0=371,9 CALY // XTAL 1 L2H.5 R35 // START V PIL 15844100
SATLRIAT Ty REA™ APPRAX 153148300 // ST vy POL AT 15113400 //
HL =0=A0A R 21w =302, 1 F Iy /Y
AT 1400 APPRIX AFT SWFRLL

RUN Mo 312
0112A2 1764379 310 V 145 01
2UTTH OSTASTLYTY Js // T9tT ZAL NATA 1S SAF AS F151 CAL DATA 1y RUNAD
USE COIMvENTS NN RN 30 /7 1 =3=404,0 CL-0=-300,5 TNIT //
2700 1=1,5FT Suilly, &=31" 0P
215 40=00n SKY CIWFR, HIAWL HAZY STRATJIS

RUN i1, 313
NAL49 29230 319 155 01
SPECTIAL RJS V& H STARILITY AT 120 DES FLEVATINY ANALE
HL=D=406¢5 AL=0=278,5 1NIT // START V P AT 29336:00 STIP AT 19:27:130/
START M POL AT 10327:0n STAP AT 10330137 // XTAL 1 L24,5 R3S
AT N918 HI=76% SKY COVERPHIAIZON SOVEREN,I4 LIGHT wISPY JLJIINS, VIS -8
AT 9915 1277 S=ELL

V=21




TARLP V-13

BEST AVIRAGF o ER TEPERATIRE FAR4 RN NAY

pATE H0 BULA RCA THFRM FESA T-f3M WEATHTR 3UREAL
7-17=69 2997,5 100,7

7=-21=49 ?TR,8
7=22=69

7-25=69 298,13

T7=27=%K9 ‘

7=30=%9 293,53 299,7

f=01=69 299,58 10,4

BHe5=69

J=06=69 293,10

ReDT7=59 309,% 298,18

A-08ehH9 293,48 209,0

H=11=K9 298,58

Hel2=h9 ?9%,2

1=13«K9 297,% 208,

d=14=69 299 .1 270,k




SEA WATER TEMPERATURE DATA FROM WOLFTRAP LIGHT

Date

July 14
15
16
17
18
19

DOOIN' DO
N = O

(2 S

[SVRE SV SRR SV SV O]
S B o]

Lo Lo
oS

31
August 1

B

[e>3N 93 BN )

L=

10
11
12
13
11

0200

291.
297.
297,
297.
298,
298,
298.
298,
298.
299.
299,
299.
299.
299.
299,
299.
299.
299.
2909.
299.8
299.
299,
209,
299.
299.
299.
299,
299,
248,
298.
2908,
208.

N~ a0

NCRNJCI

TABLE V-14

TIME - EDST

0500 08500 1100 1400 1700 2000 2200

> 298.7

= 200,38

—— 299, 3 205.7

”




TLALE V-15

ATR TEFMPERATURE AND RELATIVE HUMINTITY

DATE TIMF AR TEMPaF Rede%
T=16~63 1315 R4 63
7=17=43 1139 1R | 75
T=21=6% 1900 77 A3
T7=25=-69 1439 793 7
8=201=62 15310 79 13
R=N1-43 11319 R2.5 60
8=N1=-67 1709 73 a3
R="T=43 1139 ns 59
A=07-43 1111 f? 65
B=NT=53 2025 78 77
B=08-467 1109 n? 72
A=N8=83 1409 2 53
Rall=563 173N 77 72
f=Y1=62 1209 73 71
f=11=62 1709 79 b5
B=11=6% 1409 13 59
R=1]1-&9 1500 673 59
8=1"=63 1700 | 72
B=11=67% 1900 78 73
R=12=69 0709 75 82
S=12=¢7 1500 a1 70
R=12-63 2015 78 R4
8~13-09 0515 77 83
R=13=-47 1039 78,5 81
R=13=-62 1340 77 87
Belg=-n3 0730 77.2 91
Reib=6H3 109 81,5 a3

g=14~67 1500 77 N




NATE

7=15-569
7=17=-%3
T=21=-67
T=25=63
B=N1=~K9
P=N1wh)
B=N5=067
1=aNbh=h7
AuNT =89
1=NT=43
NNty I
AwNB=b?
A=11-6"
A=11-1n9
Rml =67
4=-12-57
A=13<8h9
AalJ~h?
Rel4=-63
Relb=49
Pelb=%73
A=Y b=03

T 1

TIMF

1530
1730
1800
1500
1230
1400
1745
1545
1209
1715
1100
1705
1459
1700
1930
195n
nnLn
143N
ORIN-24)
1705
1718
1030

WATER

TABLE V-16

SAMPLE

TIDE

AT
LT+4,241Y

L 7T=14R
HAT=-24342M 1IN
HT+54M4IN
LT=144"H 1IN
HT+743334N
HT=211IN
LT+ 4335114
WY1 43gMTN
LT=24MIN
HT=65"11\N
LTe#58 41N

HT <1 aMIN
HT+1-7546MTY
LT+1 {1441
HT=2YTN

LT+ 412N
HTw=|423841IN
HT+1 741N
LT+10R2 741N
LT+146241IN

SALINMITY IS FXPRFESOSED TN
GOTE 2= SALINITY AVEDASE

3F ALL

SALTNITY

SALINITY

24405
25473
25,35
25,06

25,45
25.’42
21,461
244,57
22,R8
21,90
25430
24,78
25,52
24,34
24459
25,74
23.30

22411
21,19

CHMMENTS

LOW TIDE

NUINE )

RIGHT AFTFR 1,1714 RAIN
NONE

NINE

RIGHT AFTER L INE SQUALY
AFTER 11612 RATY ALL nay
LLEAR SKY, 2-3FT CAVES
SXY CLEAR,LADPPANX 1FT SfA
ACATHER CLEAR

1-1.5FT Srd,LEAR SKY
SUNNY, AJMID, S {OPPY 2FTSFER
27T SHELL,PARTLY CLOYIDY
1FT S5LL,SCAT CIRRUS
SUNNY, 43D SEA

2=3FT 5FA SWELL

1-2FT SCA SJELL

4EAVY FD NAs3-3,.5FT
SiA ALYy AT FARLY AN
SEA CAabMa HIN SLIW SHELL
SEA ALY ARTER HEAVY RAIN
ChRL,AFTER RAIN STIPPED

PARTS Pex THTISAND

MEASYREMENTS

= l"“'.l?




TABLE V-17

CALCULATED PERMITTIVITY VS SALINITY

Fregaeuey 16.5 Gz
Temparature = 300K

Calcuiated Permittivity
Saliniwy Real Part Imaginary Part
AR
20 45,334 36,480
22 45.076 36.532
24 44,1761 36.583
26 14,439 36.631
28 44,110 36.677
S0 43. 775 36. 720




TADRLE V-18

CAMISSIVITY VS CATINITY
\

FREQUENCY = 16,5 i3z
TEMPERATURL = 300°K

Salinity Zenith Angle Emissivity

(Parts per Horizontul Vertical

Thousand) i
20 959 , 0424 . 9326
24,167 95 . 0425 .9312
30 950 . 0426 .9290
20 100° . 0827 L9513
24,167 300° L0328 . 9511
30 100° L0831 . 9508
20 105" .1206 . 8629
24.167 105° L1208 . 8633
30 105° L1213 . 8638
20 110° 1562 L7709
24,167 116° 1566 .T726
30 11¢° 1570 7736
20 1150 1593 .6946
24,167 115° 1897 .€J53
30 115° 1902 . 6965

TABLLE V-19 MEASURED AND THEORETICAL PERMITTIVITY

Sample No. Measured Mceasured ‘Theoretical

Diclectric L.oss Tangent Computed Diclectric Loss
Constant (tan ) l.oss Factor | Constant Factor

(K') (K"=K'"tan {) (! K"

|

1 57.0 Lol5 23.79 60.50 32,77

6 57.2 . 017 29,57 $0.50 32,77

20 53.9 .5H03 29.63 GG. 50 32,77

V-27




SR TR [P T T T T R TR e TR T T T AT Ty R FERE T

ZENITY SKY TPHMPERATURFE AS CALCJLATED FROYM RADIOSINDE NATA

DATE

T-17=69
7=20-62
T=21=63
7=22~%9
T=73-69
T=?74=63
7=25=69
T=28=-69
7-29-63
7-20=-53
T=-11~-47
AaN]=H)
RmN5=63
R="H=H?
J=0T=49
ReNg=59
A=ll=5H7
Ral2=69
R=13-67
R=l4=-03

TABLE V-20

16,5 GHL
8AM NN
11,67
11,25
17,05 10,13

A,61 R,&7
1‘)129
1,912
7,28
7,31
12,78 11.67

9,72
13,36
Te76
13,81
13459
10.35
9,92
14,52
12.688
19,70
7,59
12,49
134,354
12,50
.74
11037
3,15
5,87
12,53
12450

BAM

4.16

4,00

3.8%
3.54
3,89
3,64
3.3

T 7

4,47

2.5 GHZ
NA0ON

1.3
1.513

"tll

8P

3.7%
4.41
3.52
4,56
b5
3.91
3.7%
6,71
4,39
4.01
3,77
4,33
4,44
3,77
3,959
4.0
Teo9
3.17
4,36
4, 36




TARLF V-21

RAIN  GAGE  DATA

NATE TiME GAGE READING
7=21=69 1ano 1.17
T=22-69 1390 1,38
T=23~p9 nonn D435
T=24=093 1n3n D125
T7=25«59 0030 0,00
7«29=159 1300 4e25
f=N]=09 29890 J.10
R=N]=H3 1605 CT,02(TRALFI(AFTER SHIMER)
QuNBatd 1710 2,45
A=06-69 3999 D.62
8=17-69 09NN 0,00
B=11=43 n9Nn D.30
r n=12-459 2900 2,02
| ") 3=k3 n9na 2,20
E Q=469 9910 (TRACEDIRAINED LIAHATLY EARLY AM
l H=15-47 0815 1,35
NATE- GAGFE WAS FMPTIED AFTFR EACH READING BJUT NOT 1+ 3ETAEEN,




SECTION VI

DATA FLOW AND RESULTS

A. Data Analysis Flow

The data flow is shown on Figure VI-1A. The raw radiometric voitages were
recorded, as previously described, on a HP562 Digital Recorder. This unit
provided one printout per second of the integrated radiometric output voltage.
Ten, 1-second sampies were recorded for each data observation point. The
printout was on HP folded paper tape. The data on these tapes was later key
punched onto IBM cards which were run through a computer program that con-
verted the radiometric voltages to apparent temperatures. This program,
named MODROD, also processed the calibration data and required a zenith
temperature for a .hird calibration point. By utilizing radiosonde data and a
computer program called SKYTEM, the zenith radiometric temperature was
calculated. The calculated temperature was a brightness temperature and the
calibration point at this data level required an apparent temperature. An
iteration wag performed to provide a correction to accomodate this difference.

The apparent temperature data from MODROD was processed through a program
cailed A PCOR4 which provided the required pattern corrections to correct the
apparcnt temperatures to brightness temperatures. APCOR4 requirerd an antenna
correction matrix which was obtained from ANTPT2, a program which converted
actual antenna patteras to a matrix format,

The output from APCOR4 consisted of wrightness temperatures at 69 angles,
whose angular value was dependent on the mesh size of he antenna matrix. The
calculated brightness tempervature at zenith (i.e. at an ¢ ngle of 0%) was then
compared to the zenith temperature as calculated by the SKYTEM program. If
the agreement was noi sufficientiv elose (generally 0.5% was considered to be
adequate), the apparent temperature used as a calibration point was adjusted and
the program MODROD and APCOR! were re-irun, These iterations were con-
tinucd until agreement was reached.

V-




The outpurs of APCORY for all of the standed runs vere ploted for the conplete

clevaden profile and expanded plois vere imade for those zenith angles whien in-
cluded the sca water obscrvations. The brightiess temperatures calculated from
APCOR4 were used to obtain the radiometric sea water temperature for the
verticaily polarized runs., This was dene by the method described in Section 11I-C
using a computey program named RCCK 3.

This program iterates on water temperature until a value is found which gives
a calculated brightness temperature in agreement with the measured brightness
temperature. The criteria for "agreement' was a brightness temperature within
+ 1Y of the measured brightness tempevrature. The "error" that this allows in the
computed value of water temperature is + (1/emissivity). Thus over the zenith
angies of interesi {i.e. 91.69" 130.32% ihe error that will be ailowed by this
agreement criteria varies from a high of + 2% maximum to » low of about + 1°,
ROCK 3 was used only to obtain the water temperatures of the vertical runs. It
was not uscd for the horizontal rune since the error due to the agreement criteria
would be excessive at angles near the horizon and since the apparent emissivity
varied too much from the true emissivity. Those few horizontal runs which were
tried in this computer program would not finalize in a reasonable number of
iterations.

ROCK 3 determines a valuc of water temperature which satisfies ithe basic

radionietric equation
Tb = €T, + (1—€)TS

Since it calculates a corresponding value of emissivity for each water temperature,
the value of the emissivity will change each time the water temperature value is
changed. The printout for ROCK 3 includes the computed emissivity and the real
and imaginary parts of the computed permittivity. Since it was felt that the
horizontaily polarized measurements would contain sea state information these
runs were processed in a slightly different fashion. The iteration process was
not feasible becausce of limitations previously deseribed, therefore a method was
roquired which would restrain the horizontal emissivity within reasonable bounds.
Tuis was accomplished by using the permittivity values, computed in ROCK 3 for
the adjacent vertical runs, to calculate the horizontal emissivity, Using this
value of emissivity, the horizontal radiometric water temperature was caleunlated

using a computer program named ROCKI'N, These computed, restrainec ciaissivity,

values of water temperature werve not expected e be representative of the thermo-
metrie water temperature, but the shape or displacement of the curves m’ght be
expecled to correlate with the observed sea state.
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Inorder to et cetof "reference 7 curves, ROCKRIY wes also used w0 compre
the radiometric water ternperature bused on the theoretiend values of permittivity
and emissivity for sea water at 299 K.

A more direct approach fo determine the sea state dependerey of the horizontally

polarized measurements would be to calculate the emissivity directly from the measurcd
data. The basic radiometric equation car be used to solve for the emissivity as follows:

3
o
I

€T, + (1 - €Ty (5)

=
i

€T, + Tg - €Ty
T, = €(T, - Tg) + Tg
€ = Tb - TS_. (4)

w S

The derived emissivity for both the horizontal and vertical runs was calculated
using equation (4) in computer program EMISS. The brighiness temperatures
and sky temperatures are obtained from the APCOR4 output. An arbitrary value
of water temperature (T,;) of 299'K was used.

In order to allow for the aon-specular surface of the actual sea water, the
value of sky temperature (Tg) was actually an average over a cone of angles
about the nominal angle. In order to easily accomodate the input data format
this angular cone was defined in terms of a constant cosine differential. This
cosine difference was in turn defined in terms of the antchna mesh size (m).

Thus ANy = 0 max - 9 min

cosf i - cest = 2(_11ﬁ)

cosl - cosf 4« = 2(7115)

o8y - €080 1y = 4(1—111‘)

cosb ip - cosb max = M 3—11) =0.11765
where ) = nominal angle of refleeted source

g = cone of angles

0 max - upper limit of anzular cone

m = mecsh size = O

0 min lower linit of angular cone

The cosine ditierential used was tnds value of 0, 11765 whicel defined the cone size.
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The stability runs and the switched polarization rurns, o not contain messure-
ments at angles other than that ot tne partdceular observation.  Thus the elevation
profile for these runs is not defined. Therefore they were only processed to
determine the apparent temperatures corresponding to the measured data. This
prozessing was accomplished in a modifization of the MODROD program, called
RODMOD.

B. Data Tables and Plots

)

A typieal computer priniout of the MODROD program is shown in Tables VI-1A
and 1B. Page 1 of this output lists the run information and the calibration para-
meters. The minimum and maximum calibration tempe rature are the cold and
hot load temperatures referred to the antenna input. The k factor is the slcpe
of the hest fit straight line between the three calibration points. The calculated
maximunm, minimum and zenith temperatures are the temperatures represented
by the calibration data points {or the hot load, cold ioad and zenith sky. The
amount by which these values differ from the maximun and minimum calibration
temperatures and the zenith sky temperature is indicative of the fit of the best
straight line calibration curve. The comments for the run are also printed out
on this page.

Page 2 of this output tabulates the radiometric voltage, and the computed
apparent temperature for each of the zenith angle measurements. Each radio-
metric voltage is the average of ten one second readgings. The tabulated
tolerances represent the maximum and minimum of these ten readings converted
to a temperaturc difference. This tolerance was used for a variety of purposes.
First it highlights any key punching errors, sccond it identifies points of possible
interference and third it is a gross representation of the sensitivity of the equip-
ment.

Tables VI-2 through VI-41 ave the conputer printouts frem the APCOR4 program,
These provide a tabulation of the apparent and brightness wemperaiures as a
function of zenith angle.  Figures VI-2 throuch VI-39 are standard plots of the
apparent and brightness temperature wrd Figures Vi-40 through VI-77 are
cxpanded plots showing the temperawre variation over the water. These plots
may be analyzed more readily it the environment profite is known.  Figure VI-(B
deseribes the profile and shows the observation zenith angles.  Fhe sea water
obscrvations were limited to a zenith angle range between 900 and approximaately
126°.  Near the zenith angle of 126" the antenna beam intereepted the lavge rip-
rap boulders which surrounded the island,

Vi

e Sk e Sy s

v




The 9. Gliz curves are included in the standard plots (Figures VI-38 thru VI-39),
but as previously discussed their value is questioned as there was interference
present at this frecouency. Three other curves merit special mention at this point.
Runs 11 and 12 (Figures VI-9 and V1-10) were taken while it was raining. The
gencral shape of the curves and the high sky temperatures cast doubt on their
validity. The socond set of curves in these figures represent a two point calibrution
(the first set uses a three point calibration). Run 35 (Figure VI-31) was taken
when there were heavy thunder squall clouds on the observation azimuth and prob-
ably some heavy rain 3 to 5 miles from the observation site. This accounts for
the relatively high temperature just above the horizon.

The expanded plots of the 9.5 GHz runs are shown in Figures VI-71 thru VI-77.
The 16.5 GHz expanded plots are shown in Figures VI-40 thru VI-70. The temperature
rise as the antenna beam intercepts the large boulders at the island edge is obser-
vable on all thesc plots at a zenith angle of about 126", The coraputer printouts
froin ROCK 3 are reproduced in Tables VI-42 thru VI-81. 7'he computed sea water
temperatures from ROCK 3 are plotted on Figures VI-78 thru VI-96. The thermo-
metric water temperature over the total period of measurerents was within
about = 1.5 of 299.5°K. The computed water temperatures are in agreement
with this thermometric temperature on all of the 16. 5 GHz plots (with the exception
of Run 11) at a zenith angle that falls in the range of 103" to 114°. Thus a
possible range of the invariant angle is suggested. The average value of this
invariant angle is 109°.

RCCKFN computed the apparent sea water temperature fer the horizontal runs
using the permittivity values calculated in the adjacent vertical runs by ROCK 3.
This restrained the allowable horizontal emissivity vaiues and hence the output
plots are referred to as restrained emissivity curves.  The output data for the
16.5 GHz horizontal runs is plotied in Figure VI-97 thru VI-111. The apparent
sea water temprrature is quite different than the thermometric temperature.
Examinations of these curves has shown no correlation with sea state.

ROCKFN also computed the apparent sea water temperature for both the
norizontal and vertical rurs using the theoretical value of permittivity for =ca
water at 290"K. This set of reference curves is plotted in Figure VI-112 thru
VI-126,

The desived emissivities from the computer program EMISS are plotted in
Figurcs VI-127 thru VI-163.  The computer printouts for the derived emissivity
arc reproduced in Tabies VI-62 thru VI-99,  No direet correlation with sea state
has been found in cither the horizontal or vertical emissivity plots.
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The radiometric measurements from the stability runs and the switched polari-
zation runs have only been converted to app :rent radiometric temperatures., These
are plotted on Figures VI-164 thru VI-182 for the stability runs and on Figures
VI-183 thru VI-1¢1 for the switched pelarization runs. Figures VI-192 and VI-193
arc plots of a 9.5 GIlz zenith stability run. These 9.5 GHz curves show severe
interfercnce toward the end of the run. These runs are plotted as a function of
time, each plot presenting a tetal time interval of 1000 seconds or about 16-2/3
minutes. Those stability runs which took longer than that were plotted on succes-
sive plots.

The horizon check runs were made at both 16.5 and 9.5 GHz. These runs were
made at a zenith angle of 90° and through a fuul 360° rotaticn in azimuth, These
runs were plotted on the computer but are not included in this report since they
are quite long.

The 9.5 GHz run showed severce interference at mary points. Scme of these
were concentrated necar the Norfolk Navy Yard and the Norfolk Municipal Airport,
others were in areas where no specific local source could he identified. The
apparent radionmetric temperatures over the 360" azimuth rotation varied from a

high of 498. 9'K to a low of 178. 8K for vertical polarization and from 456. 4K to 123.6°K

for horizontal poiarization.

The 16.5 GHz horizon check produced a much smoother curve, indicating much
less interfercence. The apparent radiometric temperature ranges from 239. 3K to
166. 7°K with the highest consistent temperatures being observed when the antenna
was viewing the brick ventilation building on the island. The nominal building
temperaturce was about 220"K, shout 50°K shove the nominal horizon temperature
of 170°K,
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=

h-qi

CAL3

307419
410,75
0.2491
-1369,19

CAL3

403,50
317.00
317,59
314450
301,50
306,50
7146450
6728,50
5569.20
410.99
306.87
18,09

SO
T
§3O PAGE 1 - RUN 17
! oy DATa DATE 08/07/69
r START TIME 165500
e FREQUENCY, GHZ 1645
P POLARTZATION H
Ir o ANTENNA AZIMUTH, DEG 110
&' R INTEGRATION TIME,SEC ol
1 ZENITH SKYTEMP 18,0
e
d CALIBRATION DATA INITIAL CAL2
- C MIN, CAL. TEMP,DEG,K 307.91 307,35
T MaXs CAL. TEMP,DEG,K 408,81 408,04
i . KaFAC,2DEG.K/MV, 0.2498 062496
O Y-INTERCEPT, DEG.K ~1372.22 =1370,22
' |
;C CALIRRATION CONSTANTS - INITIAL CAL2
E- HOT LDAD 401,50 400,90
e CAL WGS - MIN 317,40 317,30
CAL WGS - MAX 317,80 317,70
. WAVE GUIDE SWITC 313,00 314,00
- C ANTENNA : 30090 301,50
CoLD LOAD 307,00 306,60
A AVERAGE CAL,DATA-MAX, 7130.90  7127,20
. . -MIN, 6726.00 6729.70
. ~ZENITH 5566,00  5565,10
CALC, MAX TEMP, 408,91 407423
C CALC, MIN TEMP, 307.78 308,24
- CALC, ZENITH TEMP, 18,04 Y177
o
. COMMENTS
- 2-% % CIRRUS CLOUDS DRIFTING OVERHEAD
~ 1 FOOT SWELL 6~-8 INCH CHOP WIND SOQUTH 5-10 MPH
. HL=-0~401:8 CL=0=30T7,0 INIT // HL=0-400.9 CL=0-306,6 CAL2 //
. HL=0=403,8 CL~0~306,5 CAL3 // HL-0-402,0 CL-0-306.4 FINI //
lf"
P
i

TAPLE VI-1A SAMPLE MODBOD OUTIPUT

Vi-$§

FINAL

307.09
409,15

Ge2487
~1362,43

FINAL

402,00
317,C0
317,50
315,10
301,00
306440
7128,80
6717,70
5555460
409,22
306,99
18,02




PAGE 2 CRUN 17
' DATA DATE
START TiME
. FREQUENCY»GHZ
: POLARIZATIDN
~ :
< LENITH  APPARENT  REACINGS
, ANGLE TEMP MV
o DEG DEG K
te 0.0 13,8 5549,
20,0 20,7 5577,
40,0 27.7 5605,
O 50,0 32,8 5625,
60,0 62,9 5666,
~ 70.0 54,5 5720.
N 80,0 83,0 5826,
‘ 85.0 120.2 5976,
~ 90.0 162,9 6147,
~ 95,0 116.3 5960.
‘ 10C.0 112,6 5945,
-~ 102,0 113,8 5950,
104,0 115,5 5957,
106,0 115,.8 5959,
~ 108,0 120.2 5977,
C 110.0 123,5 5990,
i’ - 1i2.0 126.8 f 04,
—~ 11‘*.0 12901 6013,
- 116.0 13¢,3 6034,
L 11800 137.3 60460
~ 120.0 141.7 6054,
- 122.0 144,4 2076,
. 124.0 150,.5 6100,
 — 12600 161.2 61“3.
' 128.0 201,38 6306,
130,0 249,9 6500,
\ 140.0 283,7 5633,
& 150,0 287,8 6647,
. 160,0 279.7 6613,
~ 170,0 213,6 6344,
- 180,0 196,4 6273,
-

*

L —

TABLE VI-1B

SAMPLLE MODROD ¢ 7

08/07/69
1655
16,9
H
TOLERANCE
+DEG -DEG
1:9 2.5
2:¢6 1,6
1¢3 1,3
l1e2 2.0
15 1,9
1.7 3.1
3,1 2,3
2¢8 244
106 1.9
2.7 3.5
2.0 2,3
2¢4 243
3,9 2,3
2¢8 4,2
1,6 1.6
0:9 1.6
3'1 3.1
1.0 1.7
3,7 241
1+43 14l
1.9 3,]
2:) 2.1
2.9 2.3
2:9 1.8
3.4 5,3
0:0 0.0
0,9 0,8
1,7 240
1¢8 1,4
3.4 2,3
2¢5 143

ot at i
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6 o © o0 0 9

0

O 0 90 D 0 0, 0 0 0 0

D)

)

RUN N3, 1 07/25/8%

TYERATION NUMBER n-

IENITH ANGLE
(DEG)

0.00
12,93
19'75 ‘
24,25
2B.07
31447
34,56
37-63‘
40.12
42.67
43,10
47,43
49.068
51.8%
53,97
56.03
38,03
60,00
61.93
63,82
65.68
67.52
69,33
T1.12
72490
74,68
76439
78,12
79,84
81.5%6

" 83424
3‘09‘ °
86.83
88,31
90.00
91.69
93.37
95,08
96.76
98.4%

100.16

101.63

103.61

103,35

107.10

108.38

110,67

112.48

114,32

116.18

118.07

120,00

121.87

123.9

126-0

128,14

BRIGHTHESS

TEMF, (DEGC K} TEYP, (0E5 X) TEMP, (DEG K)

3.
19.35
13.08
1’.69
12,74
15.81
19.%8
23,05
27.09
31,12
41,23
43,29
48,9
50,94
52.7%
‘7.1’
48,58
50,19
52.53
54,54
62431
64,34
69,28
67.25
68,50
70'03
52.5%9
57.38
€3.,4)
T1.24
92.07
99,00

102,30
93.97
96,77
95,57
95.7%

101,31

10%9.75

126,45

130,18

153,10

163,41
96.89
96,31

116,26

133,32

147,22

171.87

b.ba28
1Cz.14.
93.07

127,31

140,81

208,00

235.37

206,00

315,16

332,34

264,90

272.27

274,54

285,13

287.34

284,13

294,58

2T18.37
-140,00

J4b,89

N 4

4 PDLAR, 9.% OGN
APPARENT CORRECTION
10,68 =6.0699
14.85 =4.5023
17.5% ~4, 4724
20.03 -4,3377
22.39 «3.6482
21053 -3.770%&
24,44 -3.05%592
27.78 ~-4.7283
31.32 ~h,4310
350’9 ~he4b696
‘209l “l.455%49
45,85 =1.5631}
49,85 =1.3289
32.03 =1.0907
33,44 ~0.5851
39.9% «3.7482
52095 -30‘792
53.64 «3.43510
53.063 «31,5981
8.0 -3.9559
53.6% =1.3534
$6.03 -1.7158
58.00 -2.0212
$9.53 ~2.2801
70.6% =2.1644
71.40 “n)b’l
62.958 -9,982)
55.6% -8,31%9%
70.72 =7.2916
T7.72 85,4796
Y1.54 0.5339
7.73 1.2711
190,91 1.3862
97.42 «3.4540
78,234 =3.570¢R
lD0.0h ";‘757
130,97 -5.2062
135.83 -6.5830
113.2¢ «3,4938
125.31 1.12380
134,93 3.2127
164,44 8.721%
149.49 1%.9222
112.23 =15.3364
110.49 *l4.1748
122.33 -6.1421
135.41 ~1.0924
145.33 1.7022
138.78 12.803¢6
138.71 -2.4347
118,44 =16.3042
114,10 =21.0263
136,57 =-9.,0567
132.62 «12.0120
198,57 9.4207
225.17 10.1994
262.39 23.6%06
283.89 30.20668
294,99 33.3470
2%9.03 3.9412
250.59 11.6778
242,88 11.7609
270,69 15.4431
272.6% 14.6833
271.11 12.4115
275,81 18.76%0
254,09 20.6809
187,062 «27.5621
180.30 13,6076

ABS. CORRECTION e 7,90E 08 OEC. K

TABLE VI-2.

APCOR4 OUTPUT

SER

RATER

Vi-10

SR b T R




e 4 1 TR S T

P

—

re—

G e—

A et

o ¢ 0 0 o0 O O

(DEG)

0,00
13,93
19.74
26,25
28.07

34,56
37,43
40,12
42,467
45,30
£T.43

49,68
r 51,88
83.97
26,03
38,03
60,00
61,93
- 63,82
63.68

- 67.%c.

69,42

ilel2 .

—~ T2.99
- Té. .62
7639

~ 78,12
. 81.54

. 83,24
= 84,96
86,63

- 83,31
et 90,00
. Fieb9
— 93,37
~ 95,06
96476

- 98,48
) 160.16
: 101.08
- 103,61
103,385
107,10
108,88
110,87
- 112.48

—~ 114,32
~ 110115
118,07

120,00

< 121,97
123.57

—~ 126,03
- 128,14
130,72

PEN 132.57
- 134,97
137.33

A 139.88
(F 142,57
165,44

— 143,33
- 151.93
155.78

—~ 180429
* 166,07
180,00

ABS CORRECTION

LENITH ANGLE

31,47 -

ITERATION NUMBER o

BRIGNTNESS
TENP, {DEG K}

3,67
42,50
49,19
26,85
58,71
$0.07
52,99
64,63
66,43
87.9¢
T1.30
T2.32
TR.86
72,92
72,81
68.2]
67,29
66,99
66,50
66,21
66,21
66,30
64,92
67,01
68.36
70,98
49,15
54,37
86065
82,8}
100440
126,33
158,10
220441
250.48
273.04
288,046
204,82
296,92
276,20
276,30
276, %4
26729
260,00
243,70
237,42
235,79
232.44
227.i8
196,79
190,25
386,39
176.%1
178,26
208,564
253,71
273,36
290,70
299,12
273,10
270,51
276,80
217,07
274,32
168,00
280,85
259.9%1
116.73
3&7076

TARLE VI-3.

RUN N3, 2 07/285/69 V. POLAR,

LPPARENT
TEMP, (DEG X}

21,64
46,39
52,26
57.4%
6l.40
63.61
6 .27
86,61
706,70
72.58
75.30
76.62
77461}
77.71
77.%7
15,28
74,93
76,03
T64.%3
75,22
T5:7%
76437
77.17
78,11
79.20
B0.44
87.69
73.98
84,00
9770
113,7¢
135,89
152.93
225,97
231,63
250,93
252,87
270,38
272.38
2%3,07
250,78
259,48
233.50
247.72
238,23
232,17
230.12
225,09
220,63
231,98
195,78
192.18
187,41
150.99
2i2.88
264,07
02,66
275.348
281 .37
257,63
258,83
259.,3%
299 .68
i87.9)
256,09
258-3%
245:3)
152.47
140 54

1,08E 01 DEG. K

9.3 OKW2

CORRECTION
TeEMp., (DEC K)

"1709661
©2.0475
~3,9735
-2, 8288
»2.6941
©3.5799
'3.5566
-3,9830
-4.2752
~4.6650
=-4.0072
~4,2995
"""I',
.‘07831
-5.9532
=7.C338
«7:3431
~7.,8430
~0,6334
*9001’3
“g.5261

'10-07&9

«10.650¢

=11.1066

c=]0.8667
’9.‘625

':2-5‘69

«19.713%

-17.3588

») 48933

»13.3384
~8.5660
~6.8300
16,4371
18,5318
22.1133
23,1687
26,8736
24,5462
16,3269
15.7188
16.655¢
13.7873
12,2833

T.4730
8.,6536
6.9684
6.3539
b.5241
-5,163s
-%,5023
.5075b2
v12,.7512
-4,2201
9.0440
12 LT007
15.3172
17.7572
§.5400
T.6772
T:4914
T.6860
3.6177
3.9049

. 12.2628
14,6043

=3%.4353

'22377’0

APCORY CUTPUT
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C)- ITERAYION NUM3ER D

LENITH ANGLE
(DEG)

0,00
13,62
19,73
24,23
28.07
3) .47
344,56
37.43
LIV ¥
62,67
4%,19
4743
49,68
51.86
53,97
56,03
58,03
50,00
6193
63,82
o 65,68
67.52
69,33
Tied2
. T72.90
- Theb®

76435

T8612

79,84

81,54

83,24

LIPS 1

84463

AB,31

90,00

51e¢69

93,37

55,06

96,75

76,46
100,16
101.89
103.61
105,33
197.10
106,82
110.67
11248
116,32
116.18
116,07
120,00
121,97
123,97
126,03
128,14
‘30012
o 132,57 .
134,97
137,32
139,88
142,37
165,64
146,53
131.93
133,78
) 160,28

166,07
180,C0

™

0O 0 0O 9

0

“ "

)

O

O

SIS

!

' ABS, CORRECTION »

BRIGHTNESS
TEMP, (TEG K)

12,43
31,37
34,73
37,18
37.35
40,42
43,49
45,40
50,62
he29
19,22
Th,71
82,15
86,89
Y0.82
86,91
90,68
94,78
99,%1
105,04
108,13
113,2¢
123,26
132,33
142,29
153,25
169,97
181.66
193,758
206,13
218,83
251462
244,40
264,195
273,27
276466
274,91
275,72
275,75
275,90
271.C5
270,99
266,11
264,94
201351
257,02
27¢,38
247,21
2")1.15
231,23
228,58
223,09
216,49
20n,L8
207,17
211419
248,90
AN H
2p%; 14
211,25
284,32
251,93
292,29
92,15
288,83
281,106
208,45
236,106
170,04

¥

Ry ND, A 0T/29/69 v POLAR,

APPARENT
YEMP, (DEG K)

21,112

35,50

42,61

65,54

47.2%

50,41

53,94

56,84

51,91

87,76

76,09

R4,3b

8907‘

56,18

37.88

97.37
120,91
124,96
199,59
114,59
118,43
124.68
121.76
139.63
148,39
157,72
170.3%
180,46
190.6%
251,08
211.58
212015
232,89
266,84
254,69
2%v,51
2%0,01
250,21
250,07
251,56
250,79
2%9,08
25..34
255,94
é53.h2
25C.58
267,56
263,91
240,02
233,45
231.0%
227.42
223,36
218,83
218,74
223,5)
265,86
255,71
274,20
27214
213,33
282,5¢
283,44
263,39
286.8%
274,82
266,10
239,94
200.98

8,95E 00 DEG, K

16,9 UHL.

CORRECTION
TEMP. (DEG K)

14,2759
“T7.1222
-7.8792
-8.,3570
~G.699C
-9.9€24
«10.2631
-11.4539
«11.284%
«11.4677
.108713
=T.6677
'1.35’9
-7,2961
~7.0650
=10,4590
~10.2322
-10.1805
-9.9916
«9,463%
w)0.3082
=2.,4440
»3.64927
.7.3082
5,952
whobTib
~C.3808
1,1945
3.06c4
%.0° 7
7.2690
9.4490
11.5705%
17.306%9
1R.5851
19,1308
19,9997
15.5166
16,7639
14,3445
13.257%
11,9090
B.7663
9.4384
8,0R16
6.4690
5.,2189
3.299%
1,8056
=2,2066
~2.5064
wh,3286
4. 67064
«10,2648
»11.5692
»12.3135
N.0407
66,4097
10.862%
5,10 .
8 L2185
9.337%
B.8644G
8 79.7
7.9813
6.2741
4,332
-3.7821

«30,0447

TABLE Vi-4, APCOR4 OUTPUT




———

v— 3

i 4
RUN ND., 3 08/031/69 VvV POLAR, 16.5 GHI SEA  AATER
O ITERATION NUMBER O .
TENITH ANGLE BRIGHTNESS APPARENT CORRECTION
- {DEG) TEMP, (DEG K) TEMP, (DEG K) TEMP, (DEG K)
0,00 12440 19,37 ~6.7699
N 13093 20.9~ 2“62 "106812
¢ 19,78 23,18 27,22 «3.828]
24,29 29,41 29.40 -3,9864
28,07 27,13 31,35 ~4,2315
G 31,47 28,10 32.90 ~4.8015
. 34,55 29,58 34,69 -5,1281
37,43 30,91 36,45 -5,5518
0 60,12 32,10 18,22 “6.1162
42,67. ’ 33,11 39,97 *6,08631
45,10 34,16 V.78 .7.6212
O 67,43 39,08 03,92 -8,6370
69,68 38,01 8,25 -9,2204 |
53,86 36,97 46.9° . =9,9618 !
O 53,97 38,10 48,62 «10,5261
26,03 37,10 9,23 “12,1279
58,03 38,46 $1.26 «12,6063
O 80,00 40,31 33,64 ~13.134%
_ 61,93 42,78 56,34 -13.5582
A 63,82 43,38 %9.34 ~13.7558
- 6,06“ 470‘7 5:08& "“0-5"73
67052 50.98 55«.’9 -'16-6107 )
69,33 55,12 50,80 14,5619
o 71,12 60,28 Thob, “14.3559
12490 63,89 79487 -13,9386
N 76,65 72,39 . a%,%0 13,1137
. 76439 72,69 T8.28 *15,5967 §
78,12 81,39 75,00 ©16.395] !
79,6864 91,80 116,99 -.3.1931 ;
81,56 103,84 115,27 ~l1,426) f
] 83,264 107,20 121.8% 14,6592 !
c R6.63 158,19 183,10 ~%.9073
8,31 221,53 276,03 17.5220
90,00 252,22 229,18 23,0359
o 91,69 272,73 245,38 26,8799
. 93,37 274,81 2%0.74 26,0733
95,06 281,33 2%6.96 24,5663
C 96,76 284,15 250,16 24,0048
98,46 276,45 75742 19,2329
100,16 2753480 257.70 18,1089
C 101,88 273,00 257.9% 17.0623
103,61 276,97 259,27 12,7637
105,33 267,36 258,17 S 13,1047
O 107,17 262,27 251,28 i1.2°"
108,88 260,35 250,10 10.2526
110,67 258,46 248,93 9.7084
O 112,49 250,87 204,64 6.6260
114,32 244,04 260,31 2.72% ;
. 116,1R C 261,26 218,26 3,021 i
O 118,07 232,53 213,23 -, 6982
120,00 - 220,12 230.79 ~2e5756
. 121091 : ,2'“53 230061 2 BAE
C 123,97 200,47 226,99 -5.5218%
126,03 3L}, 90 . 223,59 e11.9900
. 128,14 219,19 231.36 ©12.1662
130,32 267,96 252,90 5.0577
132,87 298,82 . 285,.,%0 . 13.3198
134,90 318,24 299.39 18.7345
137.23 293,57 208,21 58,4572
. 139,63 306,44 275,03 9,4367
2 142,87 . 311,13 320,35 10.7726
! 148,44 313,79 393,02 10,7714
168,53 313,73 394,82 10.9077
- 131,93 314,65 394,64 10,0126
. 189,713 315,19 334,56 19,5952
160,283 304,67 296,38 . 10.32%%
' 166,07 156,12 280,21 «t.0872
e 180,00 180,40 215,09 34,6918
~

x

(" ABS. CORRECTION » },)5E Pt QFG,

TABLE VI-5. APCOR{ OUTPUT VI-13




Sy

i

o 5 0O

D0 0

0]

~

i

O

RUN N,

ITERATIDON NUMBER o

LENITH ANGLE

(DEG)

0«00
13.93
19,75
264,28
28,07
31,47
314,50
37.43
40,412
‘z.b’
43,10
‘1.03
49,68
51.86
53,97
36,03
58,02
60,00
61,93
63,82
48,60

67,52

69,33
T1.12
72,90
T6.65%
76439
78,12
T9.86
81,54
3,24
84,94
86,63
88,31
90.00
91.69
93,37
95,08
96,76
98,46
100,16
101,88

103,61

105,38
107,10
108,38
110,67
112,9”
Jlé,32
116,18
118,07
20,00
ot
123,97
26,03

130,32
152,57

134,90

137,33
139,08
J42,81
163,44
148,53
151,93
135,18
160,28
166,07
100,00

20.;(

BRIGHTHESS
TEMP, (DEG K)

12,51
13,66
16,74
1%.9;
17,36
16,62
18,22
19,A78
21,73
23,76
25,60
2h.21
EAWSE]
36,431
37.6)
42,68
45,99
49,23
32,42
53,73
56,28
58,04
62,29
67,18
713.02
" 80,18
73.40
85,07
98,79
114,91
163,24
159,46
173,29
198,37
199,39
190,29
143,26
129,48
120,79
124,88
122,10
120,99
120,07
119,953
122,74
126,04
127,90
127,91
131,39
135,24
133,00
13%,87
140,54
140,68
147,99
197,61
277,09
225,36
353,17
273,458
288,49
294,1)
308,93
313,38
34p2
’89.29
806,14
234,63
130,20

6 08/01/69 A

‘
APPARENT
TEYP, (DEG K}

16,3%
17,51
18,89
20,31
2177
22.16
23,8%
R5.7%
27.89
20,13
32426
34,8)
37.57
40,52
43,68
47,74
%0.93
54,02
57.02
59,93
50,43
53,7%
57.66
72.11
77.08
82,58
Al.34
90,30
131,61
115,24
135,51
149,58
151.57
177.87
179.38
172,32
164,22
133,28
126,77
128,14
126,69
126,07
126,17
126,87
129,19
132,06
134,14
135,37
138,43
141,72
141,98
165,07
169,60
152,12
153.76
199,95
256,46
233,98
311.7
289,10
273,38
2Bl owb
qu'l
96,0
237,97
330,20
287,37
237,39
189,42

'CD ABS, CORRECTION » 9,11E 00 DEG, K

C,

POLAR, 186°.% CHWI

CORRECTION
TEMP, (DEG K)

~3.,8527
=3,6759%
~4.1514
~4.3945%
-4,4382
‘505177
~5.636]
~%.9106
“63162&
“h.3511
-6,6581
~b,604b6
b.4221
~6,.,2101
'6-0232
*5.,0597
~%.9364
w4,7921%
~6.5952
’“02012
‘6{151‘
~5,72064
=5.3749
~£.9237
=4,0678
=2.,434)
“7.9340
~5.2318
~2.8258
-0.3273
T7.7278
10.0728
11.7230
20.4968
20,0301
17.9678
~0.9588
-3,7958
~5,9826
«3,2583
'605902
=5.4815
=6.0944
~7.0362
=6.4518
~5.,0035
~6.2663
“T.45B4
=7.0410
~6,.4796
-8,9R804
'9.1950
=9.0637
-12.6676
~15.7683
~he3336
20,6377
32.3997
©1,64340
64,3639
13.1316
14,4698
17.6229
17.5168%
16.497p
19.0922
18,7743
~2,7318
=34,1447

TABLE Vi-G. APCOR4 OUTPUT

SEA

AATER

VI-14




O

9]

1

o o

2

APGy COARELTION =

b

4  RDLAR, 16,8 GH2

RUN ND, T 08701769
ITERATION NUMBER O ,
LEN]TH ANGLE BRIGHTNESS APPARENT

{VEG) TEMP, (DEG K) TEM?, (DEG K)
0,00 12,38 15,70
13,93 12,08 15,97
19.75% 13,29 17,3%
26,28 14,68 18,93
28,07 16,00 20,65
31.47 19,28 23,446
34,50 20,41 2%.10
37,43 21,47 26,65
40,12 22446 28,12
42,67 23,55 29.51
43,10 22,70 29.84
47,43 26,10 31.38
49,60 26h.10 33.2%
51.8% 28,43 35,55
83,97 31.07 38,12
$6,03 35,45 641,80
58,03 36,33 44,60
60,00 41,40 47,51
61,93 KI1YY].] 50,34
63,82 47,70 53.22
65,68 §3,90 %3,5%
67,52 49,13 57.03
69,33 54,36 51.19
T1.12 59,74 56,02
72,90 64,49 71.50
T4.05 7%.38 77.61
76439 38,74 37467
78417 72479 81.98
79,64 93,18 98.62
Al,54 118,22 119.53
83,24 173,39 156,30
R4494 193,07 174,67
86,63 207,54 185.60
88,21 210.16 132,564
90.00 205,54 185,35
91,69 192,68 175,23
93,37 146,91 167,17
95,06 131,47 135,03
98,76 121,45 127,52
9B, 44 124.93 128,28
100,16 121,20 124.08%
101.88 118,79 124.70
103,61 11%,13 123,12
105,38 117,28 125.0%
107,10 125,45 130,42
108,88 126,38 132.08
110,67 122,02 131,13
112,42 131,18 137.58
114,32 139,07 162,48
116,18 126,04 136.07
118,G7 137,28 144,46
120,00 142,80 169,40
121,97 142,54 151,48
123,97 j6b .04 155.58
126,03 14%,85 152,88
128,14 200,13 ° 291,72
120,32 268,70 250,495
o= 122,57 311,88 2R3,6%
134,90 336,57 330.59
137,33 273,97 257,89
139,488 28R, 44 274,08
142,37 296,52 281,59
143,48 308,23 230,60
148,953 312,68 275,33
131,92 513.6% 297,19
153.7% 31796 238,99
160.2% 304,87 286,29
166,07 232446 216,069
18G.00 169,11 177448

.66 00 DEG, K

TABILE VI-T.

CORRECTION
TEMP, (DEG K)

~3,1248
~31.8947
vt ,0758
“4,2674
~hot545
"11659
=h 6840
~5.1771
~5.6562
~5,9687
«7.1392
.70217‘
"101916
-7.1201
~7.0513
~h,1558
~85,1256
"60053’
'508977
.5051’3
"7-6‘95
"702031
-6.8295
-6.287%
-5,0146
"‘202272
«13,9392
'901881
~%,239%
~1.3132
17.0924
2n.3966
22.0434
21.5195
20.1889
17,6216
~0.2629
=3,5511
-6.0710
'303505
=4.8565
~35,9143
~7.9918
~7.8021
9716
~3,7007
“9,1107%
-5,6985%
~3.4098
»12,0347
«7.1772
-6.06044
~A.9%49
=11.13¢7
'17.0250
-1,5883
10.2392
2R. 10645
39,9844
4.0769
13.5820
164.938¢
17.6303
17.5%27
16.49%4
18,8659
18.5824
eh, 2?32
«28.3308

APCORI OUTPUT

SEa

P

e



e

-»1_ &owi Mﬂ*i

|
i

5

—

!
i

2 D

D

O

5

7 0O o 0o o 0oob © 0o o o

()'

C

¢

( ABS, CORRECTION » 1,13¢ 01 OFG,

(

i

RUN NG, 8 00/01/69

TYERATION NUMBER

ZENITH AuGLE
(0EG)

o.or
13,95
19,78
?A.ZW
28,07
31,47
34,54
37.43
40,12
42,67
5,10 °
47,43
49,6AR
51.8%
53.97
56,01
58,013
60,00
61,93
63,82
65,68
57452
69,33
71,12
72.90
T4.6%
76439
718,12
79.84
8l.%4
83,24
84,96
Rd,63
868,31
90,09
91,69
73.37
95,0%
964756
8,46
100.16
101,80
103,61
105,29
10T.10
108,84
110,6"
112,48
114,32
116.1*
118,07
§20,00
121,97
123,97
126.01%
120,14
130,32
132.57
134,90
137.33
139,88
142,57
145,44
148,53
131,93
155,75
160,23
186,07
100,00

ARIGHTHESS

V. POLAR,

APPARENT

TEMP, (NEG K) TEYP, (DEG K)

16,82
1n,n}
10,93
12,n5
13,%
1%.97
17.%50
19,01
20,19
21,71
2?2442
24,14
25,89
27.79
29,90
31,22
33,79
36,50
39,73
43,34
héyh9
49,17
56,59
Lh,38
67,09
75.71
60,70
75476
96,%7-
117,67
151,67
180,71
210,29
256,25
278,581
289,133
276,68
275,18
275,20
271,57
274,01
279,86
275,59
272454
264,45
254,18
245,39
268,42
238,35
232,17
229,50
219,27
217,16
215,713
205,25
282,40
263402
293,18
311,61
292.11
307,61
319,73
313,49
316,28
316,31
322,99
312,10
256,900
172,47

TABLE Vi-8,

16,85
14,88
15.92
17.47
19,31
21490
23,97
26405
28417
30,31
32,24
36,49
3648%
39,34
41.93
44415
47.10
57,29
53,71
57.35%
59,87
84,26
59,20
74469
RO, 71
RY.25
R2,18
33,84
129,09
127.88
153,00
176,11
179,87
232,51
269,39
258,61
253,08
254,47
255,54
254,79
257,01
250,84
259,05
257,23
252,35
266,11
240,81
260,22
236,07
232,77
210,24
224,57
223,46
223,19
219,54
232,54
250,83
2R1,62
236,29
2°7,.,08%
226,4,5%
299,04
302,716
335,22
336,0¢
339,13
299,22
250,12
210,08

x

'

169 6Hi

CORRECTIDN
TENP, (DEG K

~2.33935%
4,863
6,591
af,6262
"50”722
~5,9320
b bb24
«“7.06464
~T7.7780
-8.,5944
=9.6221
10,3441
«10,9633
=11.5516
~12.0293
n]2.9359
»13,3129
=13.6932
=13,9762
©13,6930
=i5.1857
»14,89%941
«lG,014?
=164.2137
=13,6c10
=11.7422
«21.7934
=1R.0R16
~l4,5210
=10,2123
=1.3333
64,0017
10,4236
25,7471
29.2207
30,7178
21,6011
20,7157
19,6518
J6.8861
17,0014
19.0136
16.5320
1%5.30%4
12,1053
8.0701
4,581¢
5.2049
2.285?2
=0,T742)
-5,2387
~b.3044
-7.10698
»14.2892
©10,0825%
441955
11,5657
16,7213
5.7655
9.4475
10,6836
10,7347
11,9860
10,2716
13,8829
13,0748
~4,1186
=37,5930

APCORt OUTPUT

SEA

AATER

VI-16




- ———

-

SN

i) ‘

f)‘

O

O 0 0o

P

RUN NO.

JTERATION NUMBER 0.

TENSTH ANGLE
{DEG)

0.00
13,93
19.7%
24,28
28,07
31,47
34,56
37.43
60,127
42,6%F
45,10
A7,43
49,68
51.86
33,97
56,03
$8.,03
60,00
61.92
63,82
65.68
67.52
69,32
T1.12
72,90
74,68
76,39
78,12
79.864
81.54
A3, 74
Aée,94
Rbeb)
28,3
90.00
91.89
93,37
95,046
96,76
98,46

100,16
101.88
103,61
108,35
1n7.10
108.8R
110,67
112,40
114,232
116,18
118,07
120,00
121.97
123,97
126,03
128,14
130.32
132,57
134,90
137,33
139,898
162,57
145,44
148,53
151,93
155,7%
160,29
186,07
180,00

BRIGHTNESS
TEMP, (DEG X)

12,93
13,46
16,94
16,406
17,83
19.76
21.01
22,22
23.47 .
24,84
24 (A4
26424
28,25
In, T2
33,72
35,42
39,9%0
46,17
49,33
3he36
LLYE.L}
56497
7007
86,58
106,09
127,30
187,72
20h.96
L 224,958
240,72
253,40
263,94
271,43
276,86
277,79
279,14
27%.98
270,29
274,38
273,93
272414
269,606
267,50
267,33
259,48
255461
240,18
247,61
239,R9
234,78
227.9¢4
227,07
223, %2
221,90
216,08
229,306
267,68
2%2.67
300,63
290,47
299%.17
30422
310,43
109,82
104,97
282,04
26%,09
237,%0
220,03

APPARENT
TEMP, (DLG K)

17,63
18,97
20,95
23.05
25.23
27.89
%0.09
32,27
34,64
36.60
37.92
40.27
2,96
45,97
49.26
51.98
56.08
504068
53,76
.30
83,67
77.16
RB,36
102,20
116.59
137.48
176.89
194.52
229.94
223,20
234,64}
263,40
25027
256,24
£57.69
259,57
258,82
2%9.12
259,23
239446
298,86
297,73
2%6,38
232,66
252,00
249,51
265,22
244,34
239.77
236,40
232,43
231,84
230,12
229.82
228,28
23).6)
253,73
281,92
233,19
284,13
230,63
234,78
238,70
298,59
294,00
273,97
253,46
246,31
235,006

ABS, CORRECTION o 1,16E Ci - EG, X

TABLE VI-9.

9 08/01/69 v :OLAR. 16.5 GHZ

CORRECTIDN
TEMP, (DEG K)

~8,0966 -
‘5-5135
»6.3108
65715
«T.398
-A.027%
-9.08:7
=10.064%3
=10,96%9
~11.7528
15,2765
~14,0333
14,7101
~15.5375
~16.56%6

~16.2287
“1612322
14,9536
’2250278
*20,1875
-18a2906
el8.6188
»12.5003
1N, 1834
10,8364
12,3345
15.0102
17.5187
19.3068
2N, 5406
21,1638
20,4830
20.1998
19.5690
17.1572
16,1729
15.1480
16,6678
13.2822
11.9328
11.0206
7.6628
T.6719
4.,1065
2.9503
3.2476
0.1138
~1.6520
~4.49686
~4,7696
~6.801%
-7.9213
~12.,2052
~9.2757
1,9467
10.7468
13,6643
3.3301
8,5197
9.4369
11.56414
11.2639
10.4883
3,0636
-0. 3659
-0.813%9
’1500310

APCORYI OUTPUT

SEA

WATER

V1-17




S B Tt T

—

e

0O 0 N

D 0

o)

o 0

O

0

RUN NO,

TTCRATION NUMBER o

LENITH ANGLE
(DEG)

0,00
13.93
19,75
24,258
28,07
3147
34,36
37.43
en,12
42,67
45,10
47,43
49,68
51.86
53,97
56,01
38,03
80.C0
61,93
83,82
853,64
37482
69,33
112
12,90
T6.68%
76,39
78,12
79,84
8;.54
R3,24
Re, 94
6,63
n3,3!
90.00
21,69
3,37
95,08
96,76
98,45
100,16
101,88
103,61
10%,3%
107,10
108,68
110,67
112,48
114,32
116,1n
118,07
120,09
121,97
123,97
126,0
128,)
130,32
132,57
134,90
127,33
139,88
142,57
143,44
169,33
15%.

155.
106G,
166,07
100,00

A9S, CORNECTIDN =

'

BRIGHTMESS
TEMF, (DEG X}

12,70
18,08
21,01
23,12
23,11
2%,.,03
26,88
. 28,71
3In,A2
33,43
32,9
36,40
40,76
45,77
51,08
6%,%7
70,39
Tay62
T78:446
B2,49
61,28
67,38
78,70
86,84
100,A8
117.%2
148,99
169,06
190,51
212,86
260,130
272,17
211,73
241,39
220,19
208,97
175,%7
16N,68
157,82
151,76
148,66
147,67
147,7°
152.97
130,74
149,42
149,94
146,546
150,130
150,98
153,13
151,18
153,08
166,92
173,74
231 .22
277,56
.307.89
32%,19
278,44
28A,28
293,40
302,31
304,73
304,09
304,7])
292,39
232,60
194,35

10 08/01/¢9

"

APPARENT
TEMP, (DEG X)

19,79
24,18
26.81
29,16
31,37
32.58
34,02
37.21
39,73
62,27
43,22
46,35
50.27
54,68
50,13
10,25
75.29
79.31
83,24
Té,61
78,83
83,82
5.3
107.483
122,02
1“180
152,24
180447
199.5%7
230,59
260,93
281,13
223,13
21114
197.2%
175 30
134,92
1(5 ,.,o
1585. 22
153 ¢"
153,64
152.°%
1°7 08
96,37
156.00
156,54
155,47
158,12
159,55
161.87
152.49
158,41
175,70
187,47
226,94
251.59
285,27
296,99
272.37
276,90
281,27
287.91
230,68
230.89
2:0,11
210,49
238,43
213,

1.01E £1 DEC, X

4 T POLZR, 163 GHIZ

CORRECTION
TEMP, (DEG K)

-7.0901
-5,372%
-%.8012
'6.0"'0"
~8,2612
«7.5267
=7.9413
«R,6987
-6.8727
~R.,B8416
10,2675
*9.9568%
-5,.,5111
-9.1102
~9.06483
~4.688¢
-4, 8098
=k 6902
"6.1997
-2,5498
-13,3231
wll.4704
~10.09482
'005239
-6.3777
wh, 4891
41218
86,8240
10.0384
13.2870
29.7:68
31.2169
In.b242
18,2681
15,0517
11.3186
~(.0217
=3,36423
~%,7808
~4.1519
-5,290%
=5,8098
~h,1179
~6.107%
=%.5349
-6.,5704
*b6,7016
«B.,8064
-7.8238
«8,5703
~A.7324
«11.,3071
“10,3595
~i1.1781
~13.7273
64,3804
15.9680
22,6265
26.1%22
6.0561
11,3785
12,1311
14.3969
14,1051
13.1630
$6.2002
13,7401
~5,831y
-19.5888

TABLE VI-10, APCORY OUTPUT

SEA

AATER

V-3




-l

APpy ORRECTIOV

P, {Deg K)oy up, {oeyg Ké 'y Mp, {or . K)

151,4, 15¢,0p “Dig7,

158 o5 157,07 050

157,49 36,53 0:9309,

155,49 3,3y D233y . 3
15¢,9y 33,89 D41247 . 4
42,99 167,29 404849 11
1‘1»70 1‘6036 "'4.6?63 ‘x -
14‘).69 66.04 -5.3557 i
1405, 166,5y "8.05¢p §
140,10 l¢s, 9, “6.8347 .
142, 4, 148,95 ~6.6068 1
162,04 1501, *Te1784 §
163,“2 .18 -7.6656 2
143,55 1551, 81515 5'
144, 4g 155,05 ~8.6650

143,41, 153,04 *9.9359 }
l‘;.?‘) 15‘111 '101312‘ .
14‘.66 153.35 —10.7078

145,94 136,79 -11.0296

167,34 156,49 *ll,075,

144,05 138,97 “13.1529

147,45 50,54 ~12.8045

151,14 153,74 ~12.6)24

l55338 157166 '121285’

260,57 172.26 -1:.5967

167,59 B 4 0 9 “0.9454

157,44 174,47 "17.0264

17¢, 1, 184,09 “13.7194

18s, > .68 ~l0 442y
205,49 212,10 “8.701%
23R, 84 235,34 3.5559
253,60 251,54 7.781)
277,73 © 2%6,1, 11,3945
293,53 279,15 14.’132
308,13 289, 5g 16.866!
315,43 27,1, 13,293,
320, 4] 352,29 8,539,
324,39 335, 9, R,8047
326,47 337,83 18.55),
322,4) 36,3, 16,0959
321,49 336,09 13,504,
320,95 335,54 3,287,
31e,ag 301,24 ‘6617
4,34 31,24 +1022 ,
302,45 "%4.34 +2033 :
296,4) 290,35 b.0664
297,64 70,2 Te432p
289,54 285,4) bebbsy
283,ny 281 5, 2,007y
<82, 5, 279,94 2.5734
278,093 276,25 D.6%4; 3
269,07 <71, in 2.5133 B
252,90 257 >, 4,802,
264,19 259, 5, 4.1003 7
259,44 286 ,¢4 ¢ «8847
REY 270,59 «9Cas

Va.» 238,35 .94
289, 4, 238, 3, 1.207, -
284,39 289, 3, Liegag
304, 99 33i.gs 3.915¢
309.01 3J6.Ab c.dSé:

H!.GB 3.’)7.33 A.SJIO
329,4, 3iv,04 I any,
32‘7.‘75 1!7;92 ’1-1350
122,59 311, 1y «10yy
274, 8y SR2.13 3,283,
2384 256,57 -1n.zoxo
252.03 53.9’ - 2'919‘
293,94 286,84 7,097,




T

+

At et

[ oe——

[x]

i
¥

RN st

(\

O

D

>

© o 0 ©°

ﬂ)

" 0 o

RUN NO,
ITERATIUN NUMBER

LENITH ANGLE
({DEG) JE

0.00
12,93
19.79%
24,2"
28,07
31.47
34,54
37.43
60412
42.07
45,10 °
4743
46,60
51,86
53.97
56,03
58,03
60,00
61,93
62,62
65,68
67,52
69,33
T1.12
72,90
74,65
76439
78,:2
79.6‘
81.5¢
83,24
84,94
86,63
A8,31
90.00
91.69
93,37
95,04
96,76
98,46

100,16
101,89
103,61
105,3%
107,10
108,.8R
150.67
112,48
1i4,32
116,18
118.67
220,00

21.97

73,97
126,03
128,14
130,32
132,57
134,50
137,33
139,88
142,87
148,45
148,33
151,93
135,78
160,28
186,07
180,00

kBS, CORRECTION »

11 08/08/%9
0

ARIGHTHESS
MP, (DEG K} TEMP, {DEG K)

123,53
129%7,R9
120,29
126,22
124,45
111,70
110,30
109,38
108,89
108,81
111,65
112,16
112,58
113,40
113,72
112.%3
113,33
114,23
115,63
117,45
114,01
117,93
121,88
126,72
132,74
142,81
129.14
143,81
161,76
183,52
221,43
264,906
265447
283,70
297 .05
308,17
314,24
318,76
320,62
316,11
315.20
314,52
209,78
307,06
293,76
2RA.RA
284,28
279,30
271,.R1
271.29
204,97
256,18
269,24
250,49
245,480
250,20
202,48
279,27
275,15
29R .74
301.0})
104,23
326,20
323.%9
313,90
264,99
241,44
236,39
283,43

9. 70€ 00 DEG.,

TABLIC Vi-12.
i

V. POLAR, 16.5 GHZ

APPARENT

124,22
127.8¢
127,28
126,01
124,35
116,86
115,82
115,52
115,82
116,82
118,98
120,33
121,57
122,71
123,75
123,81
125,03
126,47
128,13
130.00
129,65
132,49
136.16
140,62
145,86
151,86
148,40
159,33
173,57
131,09
217.38
236,13
252,55
257,02
278,84
2T .45
293,26
e97.47
23957
237.88
297,64
237,20
23%2.19
292,23
204,45
279.9%
279,81
274,42
269,49
258,33
2%4,19
250,69
256,58
255.25%
25, 5%
257.90
277,86
271784
277.8%
292,09
225.%¢
299.12
Ail.18
311.0)
333,38
270,56
253,06
249,92
15,73

CORRECTION
TEMP, (DEG K)

0, 6kK9%
2.06418
1.0072
0.2097
6.,09%993

=5.1611

~5,3248
~5.1355

'6.92‘9

-7.80643

~T,5268

"801658

B8, 7148

'903098

~9.8398

11,2792
“11,6966
»12.164064
«12,3009
-12,5528
~14.3479
~14.,5635%
~14.2737
-13.9013
'130120‘
11,2486
~19,2659
=15.3200
11,8082

'70)708
4,0512
A.B101

12.9225

16,6736

19.1082

20.7220

20.9832

21.29;8

21.0676

16,2343

17.5602

17.3138

11,1937

l&.8352
3126
59042
Bok6lO
5.0352
2.3192
72.9662
N.7993

25440

~5,340]

~4,555%
~7,65647
~T.6998

5.043%

1.6339 . .

w2.0622
8,633
5.6717
5.1030
13,0812
12.539%
12.5214
-5,9640
"1106251
“13,5262
T.9021

ApPCORY OUTPUT
THHEEE POINT CALIBRATION

SEA

AATER




o Q9 0

o
O

~

O

RUN ND, 12 08/08/769

ITERATION NUMBER o

LENITH ANGLE
{CEG)

0,00
13,93
9,75
26,28
28,07
31,67
¥6,54
17.43
60612
42,67
43,10
4743
69,08
31.88
3,97
56.0%
56,0%
60,00
63,513
63,82
68,68
67,52
69,23
Tial2
T80
T4.68%
76,29
78,12
9,84
Bl %4
83,24
Re .94
£8,83
"8, 31
90,00
81:6%
$3,37
95,04
90|?5
38,46

100,16
10}.80
103,61
105,35%
107,10
108,688
116,87
112,48
114,32
116,18
£i5,07
120,00
121,97
123,97
126,03
128,14
130,32
132.57
134,90
137.33
129,83
163,57
145,44
148,23
131,93
155,78
160,28
186,07
180,00

Ass, CDRRECY{ON » 7417 00 DED,

7

4 POLAR, 16.% GHI SEA  WATER

N

BRIGHTNESS APPARENY CORRECTION
TEMP, (DEG K} TEMP, (DEG K)  TEMP, (DEG K)
167,14 137.92 9.1172
127,%8 124,73 =1,1472
119,39 120,73 =1.3385%
115,95 118.2% =2,2960
112,56 l116.%s =2.9930
109,132 116,11 ~4,7917
lO".l‘v 1134-"0 -5,3937
107437 113,45 “6,0809
107,12 113, 7% ~h.,6618
107,15 114,40 =7.,0530
107,72 115,18 ~Te4B854
fCR, 8] 116433 «7,5794
110,31 117,90 »7.5909
117,13 119,67 “7,5247
116,27 121,68 77,4065
ti6,al 123.8% “«?,2016
119422 126,34 “7.1178
122,08 129,00 -b.9266
l25.29 13*.85 “5.5663
129,13 134,9y -%,7728
125,15 124,07 ~8,9229
130,58 130,48 ~7.8744
137,135 164,09 -4.8Q9713
148,18 15C,9¢4 -%.77%¢2
154,56 158,97 ~4, 4060
16.‘.':15 15nol{.‘ ‘2-799“
179,18 175.25 “Ce0T69
1924406 190,642 2.0662
206,81 202.48 43349
222,10 215,43 6.6767
247,78 236,51 13,3654
261,132 264,23 17.029¢
267,40 269,72 17.75%0
26%6,7¢ 250,312 16.6382
2¢3,28 247,658 13.63%2
25%,48 241,61 13.86)4

232,37 227,05 5,311} *
222411 219,07 3.039)
21%,60 212,63 0.9763
216,12 239,19 . 5.535%3
203007 234-16 -100891
]9"29 199101 “3-7246
180,08 135,78 -5.6852
196,21 128,70 =2.4835%
191,96 136,65 «6.638¢
19'1.01 1?6.38 "50357‘
194,76 138,64 -3,8799
192418 197,84 ~5.69¢3
IQ'L.QQ 199065 -5.5167
197,78 202,35 =$,57¢}
19“057 233'73 ‘5016‘5
20!"3 236003 -.05957
194,93 204,3% =8.4096
202,14 238,74 ~8.605%6
205,90 21A,68 =10.7518
231,49 267,04 6,4698
788,33 272,49 15.9263
281,45 272,40 ‘940539 .
278,40 272,49 5.996])
287,03 278,86 n.,9769
291,09 2R2,48 8.6072
294,30 286,75 T.7678
36,41 330.70 1%.7121
317.30 302,35 16.935p
312401 237,01 15,3999
268,78 25R,64 0,1384
249,R8 253,30 =3.:6183
ZSR'N‘ 2‘8053 '9v6581
29R.83 261.23 17,4068

K

TABLE VI-13.

"APCORY QUTPUT
TWO PCINT CALIBRATION V1-21

BT

o A ot

R g L




RUN N0, 12 08,08/49 4 POLAR, 16.9% GHE SEA . AATER
o TYCRATION NUMBER o h
(J
TEHITH AMGLE BRIGHTNESS APPARENT CoRGECTION
{oee TEMP, (DEGC K) TE“P, (DEC X) TEMP, (DEG K)
0.09 117,49 137,87 9.824
13,93 - 91,71 93,20 —1.~§«;
19,75 7.1 AB.85 -1.700
24,29 81,43 Bb.23 ~2.768%
~ 28,07 BN, A9 R4, 41 ~1.3249
. 31447 TAD8 81,67 -5,50R4
34,958 74,89 Bl.16 -6.29%72
~ 37,41 74,16 s1.18 -7.013%
40,12 74,03 rl.65 -7.5281
462,67 Ta,43 2,53 ~0,0741
—~ 43,10 . 7%.09 B3,98 -B8,48%96
S 47,43 76,48 85,10 ~A. 8122
49,60 78,12 6.9 ~8.6098
—~ 51,84 31,92 79,09 ~%,5337
: 83,97 81,16 .46 -r.3783
55,03 8%,R84 74.05% ~A,2193
i 58,03 88,91 35.93 ~-R.0252
T 60.00 97.24 130.01 «7.7938
51493 9,98 192534 ~7.3678
- 53,682 100,137 154,85 “h 4926
65,69 95,07 176.0% «9.9917
5752 102,25 111.06 . =R.B129
- 89,33 109,73 117,48 ~7.7163
. 7i.12 118,73 125,22 -h, 4523
T2.90 129,14 116,24 -6.9199
Ta, 08 C 141,a8 164,63 »3,11A82
76,39 156,98 157.07 | «0.0908
78,12 1714720 159,61 2.2RTY
- 19,84 189,01 183,}% bhoB&AY
- Ry,S& - C20%.17 137,72 7.45813
i A3,24 238,27 219.09 17.1730
. 84,04 269,14 210,10 19.0385
. LYY} 238,08 226,25, 19.8342
Ry .31 255,346 236,718 1R.5RB?
- 90.09 251,61 216,12 17.4R70
< 91,69 263,07 227,56 19.5340
93,37 217,58 211,51 £.0630
- 95,04 204,346 252.78 1.559%
< 96,76 197,05 135.78 1.2876
98,46 193,498 192,13 1.3339
: ~ 100,16 18%,73 136,65 “0.9140 .
5 ~- j02,82 177,09 180,90 . =3, 8067
: 103,61 174,33 177,35 -6.0296
: ~ 105,31 178,10 150,63 =2.5335
: - 107.10 - 173,39 178,35 ~4.9726
M 100.88 . 172.33 178-07 -5,73134
; — 110.67 176,48 180,58 ~4,0543
: - 112,49 173,61 179.71 -6.0980
! 114,32 17%,99 1r1.51 “%.919A
" 115,17 179,40 184.069% -4.8860
: O 118,07 180,68 1N6.22 -5.5367
: 120,00 183,86 188.71 ~4.9101
y . 121,97 177,78 186,90 -9.1276
! 123,97 182,41 191,77 «9.358%
’ 126,03 188,40 290,32 «11.7144
f - 128,14 239,16 234,09 35,0699
; b 120,32 279,806 252,11 17.7514
, H 132,37 . 272,29 . 252.11 10.1709
i 134,9¢C 269,03 252,11 5.9174
' 137.33 . 278,18 258,60 9.77%9
i 139,88 262,00 272,54 9.459%3
! ~ 142,57 285,71 211,22 8.4923
j ’ 143,44 310,18 272.75 17.4193
- 191.93 : 305,40 298,76 17.0362
- 155.7% 256,33 256,43 «0.0791
i 160,29 . 234,96 239,27 «4,3070
. 166,07 222,13 233,32 11,1831
S 180,00 288,70 289.70 18.9994

O ABS, CORRECTION = 7,96E 00 DEC, X

TABLE VI-14. APCOR4 OUTPUT
THREE POINT CALIBRATION

9



D

©o 0 0 0 O O

O

RUN N0. 13 oM/n6/69 v ApLAR,

1678 o2

ITERATION NUMBER 5 '

LENTTH 295LE R IGHTMESS LPTARENT ta. TrCTIaN
(ocs) TEMP, (NEC K) TEMP, (DSG K) Trup, (nfg
0.09 11,95 15,52 “4.99%78
13,7 16,17 19,13 -2.98602
19,75 17,47 20,813 =3.262)
24,25% ir, 71 22.2% “31.5198
28.07 19,85 23.47 T e3.520%
31.47 17.n8 22.6% -5,8813
314,55 17,39 26,11 ~5.7198
37.4) 19,76 25.83 -A. 0859
40,12 21.27 27.7% ~8.6928
42,67 22,76 9,89 -7.1399
45,10 25,7¢ 32.87 =7.1%03

A7,.43. 27.11 15.1% ~7.5456
49,68 2R, 77 37,27 -R,5)69
L1.84 3n,n% 19,25 «9,1700
53,97 31,42 41,12 _*9,.6968
246,01 30,64 41,88 11,2209
38,03 32,16 43,85 “11.6922
80,09 33,08 66,07 -12.2321
61.93 35,18 68,54 *12.6908
53,87 LS 51,21 «13.0068
65.63 39|7° 53051 -1‘06075
87452 42,74 56,72 13,9537
69,33 R 46,19 50.27° 14,0863
.12 58,63 54,17 -14.1375
720?" 5"’9 58.37 716.0033
14,69 57,48 72.9¢% e13.4787
76,39 57,4%9 T4.18 =14,5853
76.12 64,A8 80,59 -1%,7365%
T9.66 73,3 88,24 el4,9408
Bl.54 - 83,48 31.12 ~13,8323
83,24 84,13 191,92 =17.7936
Re,94 104,10 118,22 elé,1208
’bob) 13?|1° l‘llol 'Qoqllg
A8, 31 192,72 181,69 11,2651
30.00 223,73 238,01 17,2243
91,69 247,73 225,68 27.06%2
93,37 268,47 240,39 2%.12R3
93,04 277,08 250,42 2A. 6867
96,75 282,45 2%5. 1) 26.7217
98,44 274,06 252,73 21,2678
100,18 272,18 252.45 19.7162
1n1,.88 260,49 251,02 17,5949
173,51 264,71 259,24 15,6654
103,383 261,08 247,15 13,9156
137,110 255,46 263,95 11,4970
178.84 250,22 240,78 09,4339
110.67 244,2! 237.12 7.0863
112,48 234,51 231,87 2.7239¢
116,30 231,90 213,78 6.730]
1i6.1M 232.30 230.6% 1.6317
118.G7 239,20 229,53 D.6162
120,00 ©22R,16 228.51 ~0.3456
121,97 215,78 222,51 “8.7470
123,97 222,97 226,84 =1,8819
126,03 20A,%9 221,47 ©12.87R3
128414 222,979 233,54 =10.%448%
110,32 277,29 238,84 " ReI222
132.57 31,13 233,81 17.3205
134,90 331,49 378,34 23,3360
137,33 100,10 293,33 5.7152
139,81 310,48 239,71 10,0609
142,57 318,%% 394,53 12.0634
149,44 115,09 333,65 11.2388
148,53 317.32 336,65 11.4559
151.93 314,05 335,98 10,0987
195,79 315,44 354,81 10.6338
.50.2% 30%,01 23%,92 " 9,089
186,07 266,96 288,48 *2,4227
1%0.00 202,74 231,28 «2R.530%
ABS, CORARECTION o 1,.14f 0Y DEGC, X

C TABLE VI-15. APCOR4 OUTPUT

<)

SEa

WATER

VI-23

e s



2

n 2 o 9

-~

RUN 2. 16 0B/06/6% <  ppLaAR,

Rl

ITERATION NUMBER ¢

LENITH AuGLE
toen)

0.03
13.9)
19,74
24,.2%
28,07
31,47
34,55
IT.M3
40.12
42.47
4 10
07,43
49.6%
51.88
33,97
36,01
33.03
80.00
81,93
63.82
83,68
67,82
T1.12
72.90
T4,.0%
16,39
78.12
79.84
81,5
83,24
B4.94
86,69
88,31
90:00
91.49
93.37
93.086
96,76
98.486

100,18
101,88
103,61
105.33
107,10
108,88
110,67
112,410
11‘-32.
114,18
118,07
120.00
121.97
123,97
126,01
120,14
130.32
122.37
134,90
137,
139,88
142.5%57
169,44
148,93
131.93
195,78
160,29
180.00

BRIGHTuESS ARPARENT
TEMP, (DEC x) TEMP, (DCG X)
17,51 16,01
i%8.17 19,8}
18,4] 22.08
27,1} 24,09
22,12 23.93
23,7 27.8)
25,45 29,53
25,75 31.2%
2R, 40 32.98%
29,A) 34,061
3%,R2 36,02
32,41 7.Mn
36,17 3¢.5)
38,00 41,38
LY 43,33
39,9 45,23
42,12 47.33
46,4) 49,63
A%,1%) 32.01
47,9} 54,48,
49,158 35,458
52,49 8,51
56432 52,07
80,74 56,13
6%,R¢ 70-6’
1,75 75,72
73,15 78,72
81,33 85,53
93,49 93.45
{01,311 132,49
112,44 112,24
125,715 123.17
140,47 136,73
177,84 151,32
185,138 156,95
180,30 153,28
137,90 138,53
~125.09 o 129,158
117,93 122,07
118,47 122,52
2lé,n 120.47
111,17 119,24
114,27 121,28
119,68 125,18
120,93 127,08
121,98 128,05
124,47 131,52
126,68 113,22
131,25 138,27
133,17 181,97
137,86 145,22
137,56 167,41
150.00 156,72
153,74 152,92
163,48 174,92
203,97 236,87
200,18 299,91
327,98 276,25
354,92 . 31%5.4)
29%.22 204,78
309,08 291.30
313,08 233,75
311,24 294,82
311,00 295,25
30%,19 296,38
314,19 237.29
103,00 286,33
23u.32 Z‘Zol7
198,13 217. 77

ABS, CORREZTION = 8,23 00 DEO, X
TABILL VI-1G. APCOR QUTPUT

.

1673 oH2

COaReCTION

SEA

TEYP, (DEGC K)

.50‘97l
=-1,4329
-1,6402
~3.7199
=3,8101
«3,09%27
"500973
=4,3107
le4s5630
TmkoTBOG
'101925
.¢¢’37°
T =%.337)
=5.3190
«5,2642
«5.3128
=3,26A9
~5,26471
-1,185%3
=4,9670
=h,3121
»h, 01946
=5,7460
-3,394)
o4.8466
.‘.91"
-5.5500
-4,1738
‘20’570
“1.1786
0.1914
1.9804
1.73R83
18,1219
1n.3948
17.0212
“N.6009%
=3.0600
-%,1436
=b 0444
«3,6620
.?.3n72
=7.009%
35,4967
06.1265
“5,08632
=7.0473
=A.3519
who9233
*h,8012
«T7.3641
«9,8479
-haT267
.-9.l7l9
-1!.‘!82
“2.9326
20.2733
31.300%
30.4859%
1n.4702
-17.7609%
19.3216
18,4174
-1%.8030
13,8123
17.0928
14,0689
_=5.0433
«19,6363

L

AATER



9N

)

RUN MO, 13 0r/07/69 v POLAA,

ITERATINN NUMBER 9

TENITH ANGLE
(0eG)

N0
13,92
19,79 -
24,24
?t.07
3.47
34,36
37.42
.0117
42,67
45,19
47.40
49,5%
51.84%
33.97
356,03
38.0%
40,09
61.9?
63,82
45,8K
67.52
69,33
T1.12
72.99
T4.63
76432
T8.12
T9.84
Bl.5¢
B3.24
R4, 94
Npeb3
88,31
90.00
91.69
93,37
95.0%
986,75
98.‘5

130.1%
121,08
103,61
195,38
107,10
108,.56%
110. 7
112.4R
114,32
116.1%
118,07
120,09
121.97
123,97
126,02
128,14
130,22
132.57
134,92
137.33
139,81
142.37
143,44
148,33
151.93
153,75
150,23
166,07
180.00

A8S, CORRECTION s

ARIGHTHESS
TEMP, (DPEG K}

L]
12,%0
14,09
13.%0
15.77
17,14
18,37
19,%8
2N A9
21,65
22.R8
23,177
24,56
25,50
26,406
26,42
27,58
28,13
3n,>9
32,78
32,98
34,91
17,37
40,40
44,15
48,43
44,08
50,99
57,01
68,98
6R,89
89,42

119,006

183,11

217,05

242,70

250155

255,77

275,58

271,71

275,28

276,48

265.91

262,20

256,131

267,18

242,008

236,50

229,44

222,76

217,46

216,97

209,03

203,94

195,44

217,39

256,65

282,76

309,82

291,25

301 .08

3GR.82

319,06

510496
30R,42

103,91}
290,59

266,62
189,79

TABLE VI-17.

-
APPARENT
TEYP, (NEG X)

12,93
15.6¢
C 17,38
16,92
20.61
le“
22.96
24,5)
26,09
27.7)
29,58
31,28
32,82
34,351
36.11
37.18
38,91
40.81
42,83
45,00
46,57
9,17
352,13
55,34
58.89
52,73
82.51
58,42
75.73
88,62
135.57
129,463
173.29
139,03
2:9.17
232,13
262,75
269,42
269.12 h
251,18
252.513
268,13
245,82
261,13
236,78 ¢
233,42
229,82
225,43
220,95
217,93
214,38
213,48
211.39
239,57
225,85
251,47
271,15
2%4,7¢
282.51
270,13
273.7%
297,64
238,068
237,17
293,34
232,01
2%0.33
217,08

1176 01 DEG, X

16%% oMZ

C03RFLTION
TEUP, (DEG ¥)

44773
~31.1450
~3,2635
35,4227
3.,5662
4ho2963
=l 5706
-ho2189
~5.4038
-A.0818
'@obqlb
*7.40828
=R,2562
-9.0370
0.642
«10.7528
-11.3362
"‘.970‘
-"05356
~12.9454
=14,00¢%
*14.2690
'1‘.5361
»14.7401
-1‘07‘39
“14.3020
'1812310
»17.433%
?16.7180
«19,4347
«20.9979
alh.1544
c16.5428
11,7185
18,0313
21,0338
24,4121
26,2085
26,7289
272.509%
22,1245
22,1691
17.7720
14.3971
13.1716
10,6184
" Beb6HD
66799
4.0392
1.2907
B, 4752
.’-‘0ﬁ9
".‘2‘,
=T 4495
':1"252
~6.4630
5.1903
11.60R8
16.0525
A.T7344
11.7550
1%.0727
12.64233
12.2904
11.2%01
10.5779
R 0759
=8,7238
«27.2673

APCOR4 OUTPUT

SEA

AATER

e e s



—y -

I

o RUY ND, 18 0B/07/6% 4 POLAR, 18°8 GH2 SEA  4ATEN
ITERATION NUMBER o
O LENITH ANGLE BRICHTNESS APPARENT CORRECTION
(DEG) TEMP, {DEG X) TEYP, (DEC K) CTE4D, (DEG X}
() 0.09  BeA7 . 12.1% 1,672
13,91 10,92 13,84° T e2.924
. 19,75 12,20 15.39 =3.0934%
o 26,24 13,48 16,73 =3.,2475%
28,07 16,72 18,15 “3.432)3
31,47 16,40 19,83 -3,6294
C 34,54 17,47 .21 =1.7¢20
17,42 18,5] 22.5% -4 .N49S
40,12 19.91 23,89 ~4.3779
- 42,67 20,45 25.20 84,7138
43,10 2:470 26,23 -85,2326
17,42 22,20 27.59 : =3,308%8
49,69 23,49 29,05 =%,45607
51.8% 25,14 30,61 =5,647ND
33,97 26,R2 32,25 «f,4348
54,07 2R b 33,94 =3,4819
58,03 30,27 35,717 =8,4993
60,09 372,18 37,79 ~3,%429
~ 61,93 34,17 19,72 -5,5457
03.0? 350‘05 ﬁl.bz "5'3752
65,68 335,20 62,2 -4,9937
B 67,52 ELIS Y] 44,91 ~$.7408 *
69,33 41,63 j8.18 -5,5329
71.12 45,78 52,01 =8,230)
- 72.99 . 50,76 56,37 «5.593R
T4.65 35.R6 51,25 ~4,3901
76.39 : 52,76 51424 ~8.4778
~ T8.12 62,56 58,97 hob]28
- 79.8‘ 7~|‘l ’5.50 .§.'|67b
. A1.54 87,72 30.04 .?-3107
~ 83,24 103,22 194,12 1.1023
" 84,94 122,n0 118,59 3.49790
Rd.03 137,64 133,93 35,7098
~ A, 31 185,34 182,78 22.7892
- 90.09 199,92 157,93 22,9936
91,69 182,75 151,62 21.1261
~ 93,37 123,49 127.81 «?,3257
~ 95,0% 110,02 115,34, ~9.,3178
Y8.75 100,35 137.95 © =7,6026
C 98.45 102,45 178,38 53,7271
1"0015 ‘o‘.‘a 135.l° ‘6039‘3
101,48 103,18° 110,45 -5.2788
(- 103,6% 102,29 129,72 ~7.4338
‘ 105,33 104,18 112,52 -h,339)
‘07.‘3 lOB.OZ 113,63 ~T7,4279
~ 108,88 - 107,23 115,30 ~8,0676
N 110,57 111,71 119,0% «?,3522
112,48 116,79 125,24 ef,.3338
{A ‘1‘03? “‘0‘3 123.7’ -..')5“;
116,18 122,17 129.18 : =7,0138
118,07 121,34 130,67 ~9.3238
~ 120.00 127,21 135.78 ~A,5717
121.97 : 126,18 138,3n - ®12.20%4%
123,97 137,40 149,48 =12.0%10
e 125.03 158,79 159.9) ~1n0.9504
178.16 227, 218,88 17,6596
130.32 283,09 251,63 23,405
~ 132,57 325,05 272,99 32.0619%
: 134,90 347,75 338,83 33,9138
137,232 290,05 219,15 11.6R65
0 139,.8° 397,12 254,14 17.981)
- 142,57 305,47 287.6% 18,9192
145,44 309,14 298,11 17.2298
- 148,914 304,51 298,42 16,4281
191,92 101,47 287,17 16,2968
185.7¢ 306,94 239,43 17.560%
-~ 180.23 293,48 276,069 1A.9998%
T 166,07 221,78 228,158 =A.853)
180.03 172.‘1 1;7021 "2’-0979

ABS, CORRECTION o 9,21E GO DEG, X
TABLE VI-18. APCOR{ OUTPUT



)

P

0

A

)

C

D]

RUN NO. 1T 928/07/6° {4 POLAR,

ITERATIGN NUMBER O

ZENITH ANGLE
(oeg)

0.09
13.93
19.7%
24,25
28,07
31.‘1
34,58
17.43
40,12
42,07
45,19
47,43
A9, 60
51.8%
53,97
956,03
53,013
80,00
61.93
63,82
65,69
67.52
59,33
71,12
72.99
T4,6"
76.39
78,12
79.86
l.34
83,24
06,94
25,63
88,31
90!"0
9‘-0’
23,37
55,04
96,75
98,45

170.1%
121,88
103,61
105,38%
137.1)
108,69
110.87
112,48
114,32
136,18
»18,07
120,0%
121.97
123.97
126,03
128,14
130.32
122.%7
134,90
137,21
139.9%
142,87
165,44
148,53
1%1.93
135,78
160.28%
166,07
180,00

ABS, CORRECTICN =

BRIGHTHESS
TEMP, (DEC K)

R.%4
164106
17.78
19420
20,40
204606
21443
22,30
23,35
24,20
26,26
29,43
26,73
28,68
33,65
33,17
33,18
37,48
47,n8
42,58
§3,05
45,19
49,52
53,54
59,13
63,48
57,85
64,52
1757
99,39

107,58
123,23
13R,;32
177,41
182.90
175,43
123,83
110,461
102,51
(0R, 106
107,10
102,99
109,53
107,82
111,41
115,%3
118,28
129,30
122,10
12%,23
129471
134,81
134,94
133,24
166,09
204,468
278, "
323,76
345,74
288,18
301,29
306,42
304,07
303,#8
301,10
307,71
298,7

229,98
168,50

APPARENT
TEMP, (DEG X)

13.84
18,%%
20,59
e2.1%
23.5%2
26424
25.42
26,61
2T.79
28,93
29,67
31,05
32,54
34, 8
36,22
38,48
00,65
42,93
65,29
47,72
49,08
$1.95
85,22
58,85
$2.87
5T, 2%
56,05
73,13
22,05
2.73
136,55
119,76
133,52
158,45
152.85%
157414
126,73
116,03
119,14
112,68
112.%3
113,68
115,24
115,23
118,36
121,78
126,5%
127,410
129,72
136,735
137,41
141,73
144,38
130,62
161,65
234,98
256,38
271,58
339,69
277,65
293,52
287.63
287,42
237,91
BT3¢
290,283
278,79
233,73
17661

8,745 09 DEG, K
TABLE VI-19.

16°% GHY

€0aRe{TION
TE¥P, (DEG X}

-%,2998
«?.4167
«?,8170
®?.9540
«3.0614
~3.5797
~%,7961
-911033
?9-4512
~4e.7259
“5.4353
'505658
«%,6139
83,8000
«%,5503
.50‘125
-5,283¢
.50253)
«8,1979
-5.0362
-h.0177
83,7993
*5.6055
-9.3265
wioT401)
«3.5529
-8,2139
oh 2016
Pee3773
-2.6020

1.3312

V.464834
' 5,4017
19.9615
29.0398%
1“#2935
“2.9624
~5,6251
.7062R7
-‘-5217
~5.489%
25.68h&
=5,5112
*T.4124
~ho 7259
'60‘925
*56,3592
—6-6]95
'7-6051
»5,3354
-7.5003
~7.2203
=9.,4220

el1, 1845

e15.5584

1.533%
219078
32.1732
©0.0882
12,5151
17.67e}
18,3955
16,6590
18.2690
13.95%8
17,4523
16,9350

_.3075?9
«27.8072

APCORE OUTPUT

SEA

dATER

o

-1




ey

g

PR

-a

RUN NO. 18 DR/07/6% v | POLAR,

 LENITH ANGLE

(DEG)

N 0,09
C 13.93
19,78
~ 26,29 .
- 28,07
31.47

r 3‘.56
37.43

40,12

- 42,67
: 45.10
€7,43

- 45.68
51.60%8
53.97 .

” 56.03
58,03

60.00

~ 61193
63,62

65,60

~ 67,52
69.33

T1.12

~ T2¢90
74,65

T6.3%

m 75:1?
- T9.8%
Bi.56

~ LERYL]
R4.G6

86,63

~ 88,31
90,09

91,89

r 93-37
95.0%

95,76

~ 28445
100.1%

101.8%

- 193.61
’ 103.35
137.19

108.8%

© 110.67
112.4R
114,32
116.1%7
: 118,07

~ 120.02
121.97

123’ r

o~ 126.03
128,16

130.32

132.57

134,99

137,33

f) 139,0R
h 142,57
165,466
148,33
151,93
155,78
~ 160425
’ 166,07
186,00

9

)

ITERATION NUYBER 2

ARIGHTHNESS
TEMP, (DEG %)

Re97
R,70
5,05
11,03
12.11
14,78
1%:.35
15,641 -
17.29
18,01
18,09
18,70
19,43
20,131
21,40
22419
23,58
25,10
25,93
znlpe
2917
31,45
34,0]
38,42
42,91
47,34
43,46
52,48
61,70
72,70
72,20
9%:%9
119,87
183,71
21%.20
247,10
258,156
267454
274,%4
ET72,05
271429
257,33
268,47
262,91}
253,49
265476
261,61
234,55
227,80
226,47
221,72

)Y a2
Ciigd™

207,459
20,93
201,37
205458
2545428
287,73
317,29
297,81
302,83
309,71
311,80
111,90
309,96
10A,480
295,23
261,12
182,%0

APPARENT
YE¥P, (DEG X)

11,86
12,12
13,35
16,76
16,23
18.3¢
19,85
21,31
22475
24,17
25,31
26,75
2B, 32
29,95
31.63
33,28
35.25
37,35
39,61
41.99
43,52
46,40
69,65
33,23
57,28
51463
52.81
59.0%
76,55
35,2%
89,45
176,06
129,53
172,18
137,59
217,47
230.8)
241,45
268,08
268,74
249,43
247,99
2e7.41
265,83
240,45
235,99
232,89
228,59
224,5)
222.3%
220,51
214,83
213,37
211,58
211,36
21R,33
251,21
273.23
230,83
263,00
230,97
236,85
238,42
239,71
238,82
235,94
246,33
250,28
213,23

+ ABS, CORRECTION ® 1.1RE 01 NF5, K

TABLE VI-20.

15.% 61

CORFLTION
TEMP, (NEG K)

~?2.4B04
=3,4358
~1,5028
=3, 7164
=6.1203
‘5.051“
-60‘0949
~6.2065
“8,64601
“he1631
=7,217¢
=8,0617
-a,8858%
«9,6508%
~19.28%9%
110990
'1106563
-12.2576
-12.7761
13,1157
~14,3529
«l4.56%1
'1607473
*164.8847
=14.7762
=164,2975
=17,3533
‘16'5786
»15,8436
=164.5623
'19'2551
=15.4498
'19-0177
11.5306
17.7017
27,6346
24,35R3
2440929
2h 6671
23.3548
21.9583
19.3476
1R, 2548
17.0623
13.0605
10,1588
B.T7219
15,9759
31,2861
2.11%)0
1.2133
*3,4911
“4,7793
"7.5775
~10.9748
12,553
5.0715%
13,5427
19,4582
7,6102
11,5533
13,0659
12,0794
12,0898
11.1436
10,6635
8.,8797
~0N.589
«32,72M

APCORt OQUTPUT

VI-23




e

o

D

RUN NO, 19 0A/07/69

ITERATION NJ4BER

TENITH ANGLE
(DEG)

0.03
13,913
19,78
26,25
28.07
31.47
Je,.508
37.43
40.12
62,67
43,10
67,43
69,6R
51.86
53,97
86,03
5R,03
60.00
61.93
63,82
65,68
6T7.52
69,33
71412
72.90
Taob%
16439
78,12
79.84
81,54
3,26
84.94
v6e63
88,31
9C.00
91469
93.437
95,04
96.7%
98,46

120.16
171,89
103,61
195,38
107,10
108,88
110.67
112,48
116,32
116,18
118,07
1206.00
121.97
173.97
126,03
1°8.14
130,32
1712.57
134,90
17.3
139,98
142,57
165,64
148,313
131,93
155,73
160,25
186,07
180,00

BRIGHTHESS

*

vV PCLAR,

APPARENT

TEMP, (DEG X) TE4P, (DEG K)

A2
9,23
10,81
11,63
12,45
11,R5
12,80
13,R0
16,80
15,73
18,R¢
17.8}
N 1N ,85
19.97
21 4%%
21,.,R6
23,19
29,02
2%4,R7
2904
29:74
32,10
39,3
39,12
43,49
48,61
47,58
54,86
5332
73,%2
73,29
931,75
122,7C
184,84
218,00
242437
255,48
258,13
276,440
269,19
269,29
26P 441
261,21
256,95
251,71
265,40
238,45
232,65
227.52
227,74
216,24
214,12
208,53
201,43
197,10
205,20
2649,hb
277,10
294,98
286,15
297,76
306,14
301,96
302,78
300,%64
301,22
291,133
236,558
179,R83

485, CORRECTION = 1,14E 0i DEG,

TABDLE VI-21,

11.7%
12.8%
13,95
15.07
15123
16,6])
17,95
19,32
20,85
22,47
26,27
26,03
27,563
29,65
31,51
33,04
35,09
37,28
9,61
“2.03
43,6)
46,59
80,02
53,82
58,02
52.63
54,33
70.80
78,47
837.34
31,69
138,31
131.81
176,33
179.38
218,93
231,62
241,64
247.62
246,67
267,63
267,72
264,07
261,53
238,42
234,55
230,25
226,549
223,25
218,87
215,41
215,23
212,42
279,32
278,8¢
216,644
249,61
257,42
282,11
278,01
285,72
271,11
230,72
231,51
230,81
270,39
291,85
255,77
236,.,C8

1678 GHl

COoRRELTION
TEMP, (DEG K)

~1,1371
*2.9109
Y1645
=3.4375
=3.7501
676256
~5,0939
=5,5207
=6.0539
=h,T4RA
"70‘0327
=R.2217
“f:.9748
=9,6853
~1n.2719
11,1777
«11,69R5
'1202‘56
-1207‘90
«131,0458
~14,3512
.1’0.‘935
14,5408
*14,59641)
=14.5622
=14,0122
~18,7516
'1509360
15,1495
«13.8185
®18,64042
«l4.5605
=9,1111
12.50113
18.5156
23.4399
24.889%
26.4966
2he 7860
22,5187
21.5973
20.6912
17.1368
15,3227
13,2899
10,8523
A.1834
60679
4,2081
1.3710
'lolbn?
11069
~3.8902
=7.4729
=10,7329
=11,269R
440506
11,6758
1548758
A.1193
11,5373
11,0367
10.83613
10,7663
9.7323
1n.8302
9,4718
0.7847
~1%.2306

APCORL OUITPUT

SEA

AATER

VI-29




ey

| |

R t

ESUS——y

RUN NO, 20

ITERATION NUMBER 9

LENITH ANGLE
(DEG)

6:09
13.9%
19.7%
26,25
28.07
YL
16,3%
37.43
40412
42,47
65:10
€T.43
49.66
51.8%
%3.97
36,04
58,01
60,00
61.92
63,87
A5,68
87,52
69,32
T1.12
72,96
THcHS
T6.3%
78.12
79.8¢
81,54
83,24
Be,26
86.63
88,31
%0.00
01.6%
93,37
95,058
26,76
98,46

100,18
101,88
1,61
105,39
107,10
108.88
110.67
112,48
114,32
116,18
118.07
120,00
125,87
123,27
124,03
126,14
130,32
132.57
134,90
137,33
139,88
152,57
143,46
148,53
191.93
185,78
160,293
166,07
180,00

ABS, CORRECTICN =
TABLE VI-Z2.

BELGHTVESS
TEHP, (DEG K)

s34,
8,34
9,2}
1017
11,20
13.01
16,00
15.,¢3
16,08
17,10
17,29
18,565
29,30
22,19
24,29
27,22
29.50
31,483
34,26
23,92
3’:57
AR, 78
62,81
47,29
5?.’5‘)
58,72
59,18
88,08
TR, R
89,78
104,:%9
118,27
132.49
169442
173,30
166,00
116,%9
104,17
97,49
104,61
106,73
107,669
i0%,1%0
10%,43
10%,29
113,388
117,72
118,29
11724
122,83
107,40
130,40
132;38
137,04
157,45
212,90
276,78
317,70
340,81
283,45
274,50
298,%0
294,n7
292,87
289,48
294,47
28%,00
221448
160,77

98/07469 4

POLAR,

APPARENT
TEYP, (DEG X)

11.693
11,53
12.48
13.66
14.93
16,69
18.0%
19,339
€073
22,07
22,88
24,33
26,03
27.91
29,98
2.3
34,82
37.12
39,48
41,88
62,34
43,21
48,65
952,97
57.61
52,7y
55,32
72:61
81,22
1%
102,78
114,83
21,47
150,74
134,05
162,09
120,08
110,15
100,18
126,73
105.62
111,74
111.67
112,33
115,62
119,45
122,90
124,55
126,47
130,00
134,2%
137,91
161,60
166,42
154,53
297,735
2564.3%
2Rb, 22
392,29
272,31
277,02
250.09
278.41
¢18,06
276,75
250,07
259,13
223,814
193,29

8,47E 00 Df, K
APCORL ouTPUYT

16°% Ghe

CoRRECTINN
TeMp, (DEG X)

'2.307“
*1,1611
~3.2783
»3,4929%
»3.T7497
“3.6879
«"y03R%
o4, 3654
who o460
F609011
n%,50581
W517030
»3.7320
-5,7128
=5,6177
«5,3136
‘5.3065
=3.2887
=%,.2207
“6,9633
wh,6T08
whe3316
~h,0450
»8,6770
~5,0750
-600725
'901“11
'§|5329
“2,5436
»1,1902
125292
3.3746
5,0211
18,6812
ir. 6637
S 16,9104
{ "3, 4R5%
95,9839
“TLT666

;. ew, 179
; w4, 881
N ‘ﬂnZ’?b
“5,07"4%
“H.B8656
'ﬁ.SZSS
~5,5871
»8,1772
=he2776
-702263
wY,1667
'518638
«7,5287
.9, 2166
»11.3761
12,0072
5.0982
22,4212
31,4802
38,5179
11413680
17.4710
1R, 69406
13,6609
14,8273
12,8948
15.3968
196791
"4,327)3
wih, 5806

¢ -

A

wATER

€y
(3]

()




RU% NO. 21 oR/OR/&9 v POLAR, 18°% -7 SEA  WATER

) <) ITERATION NUMBER

=

@)

. ZENITH ANGLE JRIGKTNESS APPARENTY CORRELTINDN

{0fG) TEMP, (DEG K) TEYP, (LEG K)  TEMP, (DEG X)
g.on 11,53 14,33 =2,R0%) -
13,92 31,28 6.6 -1,330)
19,75 17440 15,30 . -1.4040 . i
N 24,29 13,53 17445 =1.62i4 :
28.07 14,58 18.6) w4, 0512 !
31.47 16,92 2099 “1.8744 ¥
~ e 34450 17.%0 22.24% -5,3338 !
v 37,42 1846 C 73461 4, T51R : ‘
40,12 19,52 2494 «5,3160 §
0 62,57 29,21 26,29 . =h,D158 {
: 45,10 15,88 27,08 =7.2106 i
47,41 21,13 28,69 N IYY. '
o 49,0F 21,06 ?9.R8 w0461 . 4
51.86 21,496 11,91 ~9,5858A ‘. 3
23,97 23,09 - 13,25 “ln 18679 i i
o 55,00 7, 26426 15,04 »10,0019 : 1
- 58.013 2574 37,05 11,2044 R
56,00 27,36 39,21 11,6408
-~ 61,92 A 29,18 41,5 12,3650
- 43,82 31,23 £3,9) 12,6339 B
65.6‘3 31."5 55.5; .130736.; '.!
~ 87.52 34,98 66,45 «13.908° ¥
: A9,.33 37,54 51,67 °164,08%2 ey
. : T1ei2 41,02 55,22 -1{5.1931
~ 72,99 45,01 59,11 »14,0992
- 14,65 69,75 93,32 «13,5572
75.39 4boAD 53,63 «17,1983
- 78,1z 53,65 89,94 *lh.2941 :
79.84 62,10 17,57 15,4695 A
81,56 72,45 86,55 14,1008 : ;1°
c R3I 24 T3.%0 1.6} . 'lﬂ-lO"a = -
R4, 94 94,00 128,25 *14,2503 ! .
85,63 122,65 131,.5) ~R,B8553 ; IR
O 83.31 185.73 1’3132 1’0‘1‘7 : i
90,07 216,12 127,75 18,3674 | SN
. 91,69 239,89 216,82 22,9900 ’ '
o 93,37 : 252,91 228,58 26,3249
: 95,08 263,27 237,53 2%,56473
95,78 266,08 242,49 25,6537
') 28,46 258,31 218,78 19,5492
100,16 258,51 239,65 18,8570 %
101,98 253,94 . 260,85 19,0888 :
~ 103,61 252,08 236,87 13,2122
oo 105,34 246,35 233,62 17,7676 T
e 108,89 233,16 228,76 9,3926 ‘ o
110,87 236446 226,44 8,016
- 112,48 227,37 222,13 5,053
o 114,32 222,91 219,69 31,3173
115,16 219,57 217,53 7.0412 -
115,07 212,97 213,93 “C. 9511
o 120,00 210,38 212,51 =2.13406
123,97 20,12 212434 85,0262 -
~ 126,03 - 207,564 215,87 ~8,332) ’ 1
o $28,1¢ 223,719 229,62 =8,6348 s
130,32 271,88 251,27 10,5049 g A
~ 132,47 302,97 293,78 18,4871 B
174,90 32n,18 276,88 21. 7024 TR
‘ 137, 292,07 213,74 9,0908% :
@) 119,88 201,%6 208,97 12,5898 I
142,57 305,42 - 292,13 b3.2362 v
145,44 107,04 273,42 13,6239
§05.52 303,95 291,29 17,6992
1%1.93 296,14 285,09 11,0780 .
195,715 272,98 259,18 3.7239 ;
O 160,29 ) 251106 253,39 =0,331) .‘
166.07 : 21".“! 229.7‘ .1'9.853& ‘, .
180,09 183,06 257,53 24,4670 #
o : b ) .
435, CORRECTICV & 1,1%¢ 01 DEC, X v
‘ = TABLE VI-23. APCORY{ OUTPUT VI-31

5




PR

3

o

»_.;..u'uuz

[

==y

[ERRRSY

D

e —

c O

C\;

O

0

Q

.

)

O O

b

22 oo/e0rias 4 POLAR, 16°8 CHl
IVERATION WIGIER p
LENITH AYGLE BRRIGHTNESS APPARENT CORRELTIIN
{DEG) TEKP, SDEGC W) TEMP, (DEC X) Teup, (0OE6 K)
0,04 11,31 15,35 “be 039
13,92 16,28 18,55 w?,2731
19.73 17,11 12.99 w) 6773
36,258 18,22 21416 ~2.2130
28,07 19,15 22,106 «?, 9848
31:47 19,0 22,05 w4, 0051
34,08 thn9 23.0% k17566
37449 19,72 24426 wb,5242
40,12 27,06 25,47 w6,6517
42,67 2148 26.82 23,1608
“"tln 22.45 28;0: =5,5732
‘7.@3 23.“5 ?935‘ -’3.6870
69,60 25,48 31,20 -t,71%58
51.8A 27:29 52,99 »%,7006
53.97 29,25 34,93 »4,54TH
36,9% 31432 38,94 «3,6181
58,03 33,46 39,07 oS, 0119
50.00 35"59 ‘1|31 05.5189
61,93 38,07 $3,65% “8,5776
63,82 72 45,08 =8,3608
55,49 40,01 46,86 ©4.8550
867,52 43,36 49,90 nb,5372
Yi.12 51,7¢ 57,63 «%,8833
72.90 57.65% $2.29 - ‘;512353
74,63 51,38 8T.6% «h,0838
76,38 61,69 58,83 n?,1412
T8.12 71,19 18,67 «5,2806
79,83 B2,17 2%,.6% *3.5201
81:.54. 94,89 36.49 @i,6099
83,24 112,46 110,32 3.337:
R4,94 12%611 122,82 6,29%¢4
86,63 141,131 135,37 $,53%50
88,3 17827 157,454 10.80%6
90.00 179,33 150,70 18,6350
91.69 171,16 154,61 16,7535
93,37 119,99 124427 k2820
95.04 107,058 113,9% b 9J08
96,76 104,17 198.92 o9, 7512
98,406 109,12 113,56 oh, 6211
100016 lOR.’W 11‘.2@ ’5.3‘32
101,88 103,71 115,63 o%,4176
103.61 151,99 117,64 643364
108,35 117,18 122,99 »n6 8400 |
107,10 119,01 1e4442 w5,h168 ;
108.88 122,21 127,51 -5,2955 :
110-6? ‘23a3‘ :3\1095 af,6233
112,48 126,23 13:1.56 wh,5891
114,32 127,48 135.0% .5,5732
116,18 125,40 124,55 9,0997
112:07 136,18 140,858 «b,7036
129,00 135,00 144,26 “f, 2386
121.97 139,94 149,63 ®0,6545
123»9, !57‘9‘9 150.46 -ln.2528
‘2500'4 177012 15302; “6.1126
128.1¢ 231,453 223.3% 8.2707
130.32 289,92 255,66 21,2748
132,587 22509 294,642 31,2718
134,90 346,29 358,77 37,5218
137.33 793, 2% 280,95 12,2682
133,88 302493 ZB5.04% 17,8967
142,87 306.N% 287,02 18,4175
165,64 05,79 288,28 17,5086
168,52 303,73 286,99 14,2780
131.93 295,07 292,92 14.0646
155.78 291,76 2717.06% 13,8928
160.25 , 27%,91 263437 (12,5399
186,07 197,06 211,83 wlé.7636
180.00 186,64 272,09 «1%,4008
APS, CORRECTION = 8.36E 00 DEL, K -

1 \
TABLE VI-24. AYPCOR{ OUTPUT VI- 32

i |




(\

RYY NI, 23 ORfaR/B9 v P3lak, v

” ITERATION NUMBER 4
T~ LENITH ANGLE SRISAINESS a2za%enT Traazivio

- {DEG) TEMP, (NES X)) TEMD, (DI ) Tiwz, (Il e
e £.09 11,39 12.48 -1,2427

N 13.93 Teel Tok™ I

19,75 2,23 13,21 +1.330%

C. 2‘.2‘ 7.‘5 1105? -6-1255 P
o 28,07 8,8y 13,27 S L ) 1
ﬁ 31.47 : 17548 17,23, -, x12n 1
e 36,55 ’ ihe ¢ 13,78 <%.23%%

DT 37.43 1535 20,37 ~na312} 3

00,12 14099 21,67 -5,7578 i

-~ 62,67 17,58 23,28 -5,3577 R
. 45,19 17699 24,38 h.T7%44
47,43 . 1Rn2 25,04 <7.6372

- 49,68 12,31 27,02 8,433 -4

51.5% . 17,73 28,29 .3, 2748 ¥

33,97 13,53 25,72 .54 +

~ . 56,03 19,43 37,8 “11.177% :

58.03 29,59 32,20 “it.721% o8

50,09 21,75 3,10 e12.4313 3

-~ 51,93 21,79 318,23 ~i1.2218% i

. 43,82 25,18 23,21 13,4774 &

55,60 25457 43,77 ~1a.1229 T

67,52 29,19 03,55 “lb.3 .7 ¢

49,33 31,99 6,82 “laencll B
R ’1:12 35.‘1 ‘9.9-‘9 ’1‘-59‘5
- 72,99 3,72 53,51 «l4,23%3
’ 76,68 §3,1% $7,3% »14a.3225
76,39 "36,89 5.11 ~19.21%2

- 78.12 La,n3 82,23 elB, 2585

" 79.86 37,87 79.3% «17,8:12
: R1,54 53,55 77,67 »185.51%3
S~ 83,26 54,19 34,51 =27.4222

. £4,9¢ B&,45 137,69 - lx, 30558

86.63 ) llﬂi‘z 128|3’ -’.;‘:‘ﬁ?

o 88,31 191,51 176,23 15.32°3

90,09 223,83 22,21 21,5157
91,63 265,429 222,82 25,155%

~ 93.37 T252,08 223,22 23,8740

~ 35.04 269,74 215,22 24,7533
: 96,78 266,29 24555 T 24,4338
X e 98,46 257,917 233,45 17.3352
i 100,18 25%,10 237,57 18.5273 .

' 101,88 25R,0% 243.53 17,4738
N 1n3,61 25208 243,20 12,5283
o 125,38 255,33 262,13 18,7642
| 107,19 26%,78 234.5% 11,287
Lo 108,80 261,37 231.%7 T.aTES
P~ 110,67 265,30 211,37 3.5339
l 112,48 ©230,e7 225,94 €.923%
i 114,32 230,55 22% 41 5,14%3
P 116,18 223,81 221,61 2.3217
! 118,07 227,81 219,83 2, TE4LT
e 120,00 218,78 217,25 ~t,18°%
- 121.97 205,40 212435 ~5., B4 TR 3
! 123.97 206,83 212,14 -7.3597 T
b 126,02 202,48 212.9% »i0.4T8Y 3
. 128414 212,95 227,82 17,2433
h ) 130.32 258,28 252.87 .38
B 132.37 28R ,A9 215,58 13,1871
o 136,92 109,26 23082 18,4331
13703"‘ ?9;‘;53 276,818 9,548
'®) 139,8R 07,252 234,6% 12.958213
162,87 216,33 239,84 1404977
145.644 107,91 237,29 10,5258
e J68,.52 308,37 237,91 10,4582
> 131,93 107, 278,01 9.2343
, 155,75 3J4.49 33:,8) 12,4913
N N 160,23 307,08 35,18 11,6952
’ ‘ 166,07 27V,F2 246,613 3.,31820
180,00 ‘ 175,42 213,23 *37,6338
~

ABS, {CRBECTION « 1,19E CY DEG,

3

TAB1.E Vi-25. APCORI OUTPUT VI-350




»

O

0 0]

O

D0

B

RUN NO. 24 0OM/08/69 4 POLAN, 18°8 GHZ  SEA  <ATER
§TERATION NUMBER 5 ‘

LENITH AuGLe BYIGCHTNESS APPARENTY CORRECTION
{DEC) } TE¥P, (DEG X) TEMP, (0CG K) TEMP, (DEG X)
0.00 . 11,38 . 15.3 .l.ol!l
::.;: 14,21 17,42 41,2027

. 1%.85 19.18 =3,3299
26,28 17,48 20,92 o3,6330
20407 18,98 22,63% *3.,6702
"l" 2200’ 2’023 '301‘15
34.56 23,34 26,01 =3,4726
37,43 24,91 28,25 =%, 7631
40,12 25,9%6 29,63 wh,o,N442
42,67 8,91 30,85 .4,3581
3.0 v 26,99 31.83 b B35
‘10‘3 2‘.“3 33.02 ",oo"‘
49,58 o, 29,11 34,28 «3,1437
51.006 30,13 35.54 «5,20084
$3.97 31,73 36,038 «9,1256
36,03 * 30,A9 37,09 "h,1928
56,03 a2z, 1m 38,04 0922
60-00 3‘.97 . ‘1.03 .60050‘
61.9) 37,54 43,97 oA,035%8
63,082 4D, 44 CH,47 oh,o,0327
83,68 . 45,03 - 50,38 «5,32060
87,52 48,17 33,79 -5,2177
69,33 52,3} 37,34 «5,0316
71012 55,28 81,02 ko TH3
T2.90 60,78 84,89 c’.ogﬁl
T4.69 66,16 58,81 .?,8523
76,39 ° 54,58 94,38 . w8,7663
T8.12 . 64,17 T1.48 ‘ e7,3122
79,84 73,68 80,93 -5,2082
L3 ¥%-1) 89,47 32,67 *3,1958
83,2¢ 113,22 139,939 . 3.2%02
84,94 128,408 . 123,10 . %.380)
bpeb3 142,12 135.12 - T 720010
80,31 170,09 153,21 18,8826
90.00 172,69 153,97 1h.08821
91,89 T 105,37 150.4)3 T 14,9890
93.37 120,81 124,20 .*=3.3943
93,06 109,21 115,04 «5,833%
9%.78 102,77 .310.39 “7.6168
98,46 109,71 113,91 =4,193)

100,18 10%,93 - 114,17 «3,2217
101,88 . 109,04 115,04 «s,9997
103,61 112,33 117,63 «3,3596
103,33 111,66 118,38 . wHe9217
107,10 118,11 123,2% : v3,1102
108,80 121,17 128.%6 w9925
110,67 119,80 126,080 . 4 ,9947
112.48 123,09 129,93 . eh,R383
114,32 127,08 133,6% oA, 5792
116,18 132,21} 138,08 =3,8660 -«
118,07 132,01 139,93 ' «7,9180
120.00 135,99 164,39 «8,3120
121.97 . 144,906 151,98 .-?c0265
123,97 145,37 157.6% 11,0888
126,03 169,67 177.%0 «7.,7872
128,14 218,78 213.92 Y% 1519
130,32 27%,73 259,48 20,0827
132,57 313,25 233,08 2n.16M
134,90 335,%2 31.41 34,4079
137.33 293,43 280,42 1%.0132
139.68 305,06 236,37 18,4378
162,37 310,36 290.73 19,6309
143,44 306,01 209,45 14,5623
148,523 303,30 209,65 1%5.8432
131.93 302,44 208,8% 13,6239
153.7% 311,406 293,23 18,1737
160.28 299,06 281.29 17.7760
166.07 227,03 232,02 .=¢.981)
100.00 161,28 191,00 v30,3249

* ABS, CORRECTION = 0,52E 00 DEG, X

TABLE VI-26. APCOR4 OUTPUT

-—



\ RUN HD. 25 08/12/4% Vv POLAR, 155 CuZ SEA  ¥ATER

o]
@ TTERATION NUMBER )
° TENITH ANGLE BRIGHTHESS APPARENT CORRECTION
(DEG) TEMP, (DEG K) TEMP, (DEG X) TEMP, (DEG K)
0.00 6-’2 9.7? "3-2759
.0 13.93 T.87 10.98 ~3.1123
19,75 9.07 12.29 -3.2254
o 264,28 15,22 13,64 «3,6230
! 28,07 11.23 15.01 -3.7824
3"‘7 lZo"J 16-17 -300“0
~ 34,55 13.84 18.11 =6.2744
. 37.43 164,71 19.41 ~4.7003
60,12 15,41 20,68 -5.2639
~ 42,87 16,060 21.92 -5.91n8
- 45,10 15.19 22.48 «7.2960
. 47,43 15,78 23.86 -8.1039
; n ‘9-6. 16-5‘ 25.60 "00730
51.06 17.79 21.38  ~9,5612
. 53.97 : 19.22 29.43 «10.210%
ey 55,03 22.73 32.62 -9,0028
1 C 38.03 24.30 34,78 ~10.4768
! 60.00 2%.17 6.8 «11.0595
81.93 27.17 38.78 ~11.6137
IO 63,02 28,89 60,66 -11.9502
: 65,69 25,90 40.27 ~14.3720
1 O °1"2 27.’5 02.67 —l‘-bl!’ ]
| T1.12 31,21 48,38 -15,1401
z 72,90 35,88 52,00 -15.1231
O T6e b5 41,40 $5.11 “14.6498
¥ 76n3° 3eoﬁ‘ 56.71 -15-0700
' o 78.12 4%.91 53.04 .17.1277
: 79.84 54,39 70.81 -16.2162
’ 81,54 89,21 20.09 «14.7893
! 83,28 6n,38 86.19 =17.8087
;0 84,94 84,21 192,35 «14.1530
86,62 115.24 124,35 -9,1237
88,31 171.03 161.99 9.043%
c 90,00 200,56 185.77 14.7866
Lo ?1.69 226,93 23%.39 19.5403
o 93,37 26303 220.63 22.7086
f 93.06 256.92 Co232.18 24.7608
! 96,75 265.139 239,75 25.6399
b 98.46 261.97 260.23 21,7138
e b 10C.16 265,08 263,43 21,6522
. 101.88 268,38 268,17 22,2564
~ 103.61 . 282,81 243,61 19.2076
o 105,38 252.76 238,05 14.7002
: 107,10 249,84 236.02 13.8221
e ‘108.88 243,83 232,14 11.4887
v L 110,67 233.11 225.9% 7.1487
! . 112.48 227.7% 2:2.56 5.16%7
~ 116,22 227.9%2 221.9¢ 2749
. - i lxbtl! 117.32 ) .. 216.4) - 13‘139 .
i T 118407 © 212.7) 213,18 - ~0.4467 - . .
y 120.00 209,08 239.01 - ~3.9278
O 121.97 203,83 298.51 © cke8726 -
° . 123,97 197.36 23%.92 ~B8.5587
126.03 154,95 2%6.78 “11.8298
o 126.14 210.62 219,51 -8.89587
- e - 130,32 254.80 249.08% $.7529
PN 132.57 284,14 270.55 13,1918
I 134,90 303.48 285,26 10,2623
| 137.33 286.47 278.8) 7.87%8
L e 139.80 297.39 286.27 11.1203
{ g 1642.57 304,356 291.8) 12.5284
i 165,46 302.99 292.3% 10.8401
| 146.53 304,98 294.29 10.7778
| O 151.93 309,07 293.0% 10.0219 .
; 155.73 309.19 297.24 11.9%&1
160,25 302.66 291.5% 11.0948
| O 166,07 275.19 270.29 3.0993
I 180.00 186.73 219,60 =32,9531
o
ABS. CORRECTION o 1,13E 01 DEG, X
e

TALLE VI-27. APCOR4 OUTPUT

o



RUM NO. 21 08/12/69 v .poLan, 16,5 Gul SEA  WATER

D) ITERATION NUMBER ¢
TENITH auGLE BRAIGHTHESS APPAKENT CIRRECTION
.O (DEG) TEMP, (DES K)  Tewp, (O0EG X)) TEnP.E(o;g K)
0,00 5,70 10.05 ~3.,3628
O 13.9) 1.32 10.98 -3.5%9]
19.79 8.72 12.3) ~3,6106
o 24,23 10.10 13.91 ~3.605)
28,07 11.27 15,93 ~4.2812
310"07 1‘019 10.65 '305763
° 34,54 19.76 19,97 ~4,2123
17.4) 16.46 1.32 “4.00624
40,12 17.26 22,% -9,2000
o 42,67 17.48 23.67 -5,9899%
43,10 16.08 23.1 ~7.6958
. 47.43 18.33 24.9% ~8.5749
o ‘9063 11|0‘ zb-‘b °90‘l°l
51,86 18,10 28,24 10,1429
53.97 19.92 30,29 -10.7714
o 36.03 22.%0 33.2) ~10.7015%
5.003 2‘026 35.’1 “1.25‘9
80,00 26,06 37.84 «11.7766
- 81.93 27.93 ¢0.19 12,2572
- b’o'? 33.52 ‘2.3? '12-5‘70
6506' 29031 ‘3-52 -36.2!31
~ 67,52 3.7 46,27 «14.3A78
- 69,33 34,58 49.48 -14.5972
71.12 30,34 53,08 18,7218
o 72.90 42,40 57.03 ~14.6256
T4,6% 47,28 61.38 14,1042
76.39 b N4 52.25 ®17.4244
o 78.12 52.11 86,65 16,5488
79,84 80.49 T6.41 -15.7209
. 81,54 71.19 B5.48 ~16.3338
O 3302‘ 7‘.95 90-‘, -10.5081
84,94 92.69 137.29 “14.5999
85,63 121.76 130.87 ~9,1294
88,31 185,90 173,36 12.6372
o 90,00 218,87 T 199,18 18,4911
. 91.69 245,%8 217.38 22,2034 !
o 93.37 253.38 229,26 24,1620
95,08 264,39 230,95 25.6321
96.76 270,40 244.79 25.8180
o 98.46 268,19 264.29 21.9384
100,36 265.77 245,02 20,7573
y o~ - 101.88 283,61 284,45 19.1525
c 103,61 259,72 242.6) 17.125%
. 103,39 253,28 239,15 14,1214
107.10 250,26 237.28 12.9777
N 108,88 244,74 233.99 10.7491
! 110.67 236.95 229.48 7.5013
- 112,40 233,97 227.31 6.5584
o 118,32 227,68 223.64 4.0373
’ 116,18 222.3) 220.49 1.933$
: 118,07 217.22 217.33 -0.1736
120.00 21261 214,78 -2.165%
o 121.97 205.03 211.02 -5.9859
- 123,97 20%.24 211.78 -6.9368
126,02 197.30 239,27 «12.6670
@ 128,14 220,49 228.51 -6.0640
130.32 259.90 253.43 8.4758
A 132.5? 286,48 273.55 13.1328
. 134,90 304,4) 285,74 17.6730
137.33 289,38 291.2> 8.1834
o 139,08 299.38 285.08 11.3198
=t 162,37 305,62 293.05 . -12.5536 _
148,93 308,06 294,99 . 11.1163,
& 151.92 304,36 294,43 10,1139
145,79 304,90 293.91 10.9884
160.24 295.02 283,44 9.5784,
o 166,07 262,28 250,14 2.1426
160,00 167,29 205.39 39,1984
@ )
+ ABS, CORRECTION o 1,18% &1 DEG, K

TABLE V1-29.

APCOR4 OUTPUT



—

C PAUMDO 29 OM/N2/69 4 Ppuan,  1bL8 Gl SEA  AaTER
ITERATION wyunBeR o

O
ZENITH ANGLE  RRIGHTIESS APPARENT CO22eCTION
. {DEG) TEMP, (DEGC K) TE4P, (DEG X) TEHP.c(th X}
0100 6,18 ’2|‘6 ~%5.332
13,93 14,24 16,75 -7.523;
i 19,73 15,98 18,81 =2.8%79
24,25 17,47 20,45 -2.9757
28.07 18,87 21.89 -3.0144
O 3l.47 19,01 22,61 =3.6060
34,55 2N, 18 23,93 =3.7495
37.43 21,28 23,27 =3,9907
C 60,17 22,38 26,61 “4,2480
Az.o, 23-*0 2a,02 . =4,5174
65,10 24,43 29,33 =4.7617
¢ 47.41 2%.3)3 10,82 “4,8906
49,568 27,32 32.29 -4,9708
3i.86 28,70 13,89 -4,9997
C 33,97 37,39 33,33 “32:9400
38,01 37,49 16,23 «%5,5622
5'.0; 32055 38,07 «5,5128
0 60,09 34,62 40,13 =5,5070
61,93 - 3N, 42.42 =3.4799
63,82 39,35 €4,92 -3.3700
c 63,68 41,17 ‘1-02 «5,046)
. 67.52 84,45 50,08 ~3.6314
62,3) 4r,12 33,51 =5.3922
O 71412 32,22 37,29 «3.00642
72.90 W61 51,41 449060
T4,06% 82,40 s5.87 =3s4024
C; ’6.39 57,42 56,22 oH,8061
18,‘2 67'71 72.84 '501296
79.84 T 31 *0.92 =3,6053
C 81,54 LI} ] 30,43 ~1,9850
A3.24 104,71} 102.9% i 1.7513
: ' 84,94 117.2} 113,81 3.3956 |
' O 6,61 129,28 124,50 &4,752%
ag,31 158,44 142,05 - 14.3916
. 90,00 139,72 145,42 14,3042
(o) 91.69 156,41 141,51 12.90298
93.37 IIOIQ\‘ . 119072 -2.7‘05
o 95,08 107,42 112,42 =4,77064
(®) 96.76 102,49 138,77 -6.,2041
. 98,46 108,2) 111,81 *3.5972
100,16 107,86 112,30 . h bbb
(@) 101,68 108,39 113,39 “4,9947
103,61 1in,23 113,28 =5.0424
L 105,35 111,96 117,29 =3.3034
o) 107,10 116,40 119.8) -5,4139
3 XOH.QR ‘170‘5 123103 '50‘535
“0061 12\."7 126.3‘ -‘.7693
O 112,40 123,00 128,43 ~5.4376
114,32 123,76 131,07 -3,.,3138
’ 116.12 124,73 131,52 =7.4929
120.09 134,2> 160,64 -6.,3932
(o] 123,97 160,73 250,07 =10,0368
: 126,07 149,93 1M,.97 *12.4421
: 128,14 194,54 137,38 «0,846N
O 130,32 268,40 248.14 20,4653
132,57 313,71 292,38 30.84R6
’ 134,90 339,%3 - 330,87 38,6610
(@ 137.33 280,22 270,18 10,0346
: 139,00 293,20 276,17 17.0313
’ 142,57 298,72 280,32 18,4069
f) 145,44 295,13 279,64 15,7084
N 166,33 295,33 210,23 15,0950
131,93 293,04 279,83 13.2069
C 153,78 . 300,38 233,50 16,7989
160,23 290,91 273,64 16,3757
) 186,07 230,34 232,67 -2,3380

O 180,00 171,53 197.19 «25,6371

(: ASS, COZRECTION s 7T,917F 00 DEG, K

C TABLE VI-31. APCOR4 OUTPUT



)

xj

O

)

(\

RUN NJ. 30 08712757

ITERATION NUMBER o

IENITH AnGLE
LGEG)

0.03
13,92
19.75%
24,29

. 28,407
3147
34,958
37,43
40,12
42,47
45,190
47,43
A9.568
51.35
33.97
56.03
58.03
$0.02
61.9)
63.82

. 85,60
87,52

59.33

T1.12

T72.90

T4.65

76.239

78.12

19.86

Bl.56

83,24

LTS T

B6.6%

BB ,31

90.00

83409

93,37

95.06

86,76

98.46
100:16
101 .A8
103,61
105,35
107.10
108.53
110.67
112:48
114,32
11¢.18
118,07
120.00
121.97
123,97
126,03
128,14
130,32
132.57
134,90
137.33
139,88
142,57
145,46,
148,53
151.93
195,78
160,23
166,07
180,00

Y POLAR, 1s.5 w2
. »
BRIGHTNESS APPARENT CORRECTION
TEMP, (DEC K) TEWP, {DEGC X} TEYP, (DEG X)
65,469 10.33 4,284
10.39 Jd3.59 -3.1129
11.80 13.11 =3.317n
13.n4 16.58 =3.5430
14412 17.97 «3,8508
14.93 19.03 ~4.4872
19.9% 20.42 -6-0612
16.9%6 21.8) ~5.272¢4
17"8 23.28 =5,7945%
18,3} 24.73 -8.6360
1,39 23.9) -7.5017
19.20 27.5) -8.2975
22.20 29.2% ~9.0605%
21.43 31.17 “9.7661
22,91 33.2) -10.3154
24,72 35.48 =10.7518
258,43 37.7% -11.2311
2*-‘2 ‘Ool‘ -11-7203
30.46 $2.561 ~12.1519
2.1 ¢5.18 -12.4077
32,%% 46.65 -13.7841}
33.7¢ 45.67 -13.9112
39.2 33.11 =14.0625
42.72¢ 56,93 .»14.0686
47,22 81,16 T =13.9108
53,71 58,74 s =15,0297
60,20 75.7‘ ¢ “;"1‘05!05
67.54 *81.53 3 =13.9898
75,18 . 39,23 {.=13.0129
73.53 . 31.8¢ -18.3083
21.58 S135.73 " =15.0679
118,15 128,232 =10.1590
179,07 187.19. 8.9676
20%.87 171.57 1%.0033
232.20 212.07 20.1252
254,%7 229.54 25.0283
268,24 261.15 27.0880
27%.42 247.82 27.6010
269,48 246.47 22.9817
269,26 266,65 21,6110
264.48 263.11 19.5691
25%.18 260,8> 15.3793
25%.50 260,461 19.1949
252,42 238.55% 13.6612
246.49 234.97 11.5162
238,71} 230.15% 8.5492
231.20 223,453 5.7431
224.33 221.3% 3.1686
221.70 219.53% 2.3449
214,74 ~12.38 “0.6380
206,25 211.02 ~4.7670
206.03 211.53 -3,4983
19%.91 239.55 «10.6553
20%9.83 219.2)0 ~9.2743
251.28 2466.5) 4.7451
278.74 25%56.9? 11.7519
297.11 280.53% 16.3199
283.%9 *275.83 75557
293,78 283.00 10.7803
302,31 298,19 12.1244
299.43 208.78 10.64064
300.30 289,87 10.6268
299,09 -289.3% $.7206
294.38 23%8.25 10.1165%
289,14 280.4, 8.72606
260,98 294,23 2.751¢6
172.12 207.23 =335.1141
X

ABS, CORRECTION s 1,13 01 DEG,

TABLE VI-32. APCOR4 OUTPUT

SEd

ALTER



O
C

e 91,69
0

RUN N,

ITERATION NUMBER

TENITH ANGLE
o (DEG)

0,00
13,93
& 19,73
24,28
C 31,47
, 34,96
; 37.4)
¢ 40.12
IR

10 7
C AT.43
49,60
. 51,86
& 53,97
4 ;b.o’
5.0
& 80,00
. 61,93
63.82
C 63,60
67,52
69,33

Ti.,1?2
72,90
74,69
C . 18,39
78,12
79.04
8l.54
83,24
By 94
26,63
£8.31
90400

>

93,37

93,06

.76

98,46

. 100,16

O 101,88
103,61
108,38
0T
100,88
110,67
o 112,48
114,32

1168,1R

o 118,07
120,00

121,97

O 123,97
_ {;:.oa
o164

®) 110,32
.. - 132.87
134,90

o) 137,33
. 139,30
o) 142,57
145,44

168,31

151,93

C 195,74
) §:o.zs

* 6,07

& 120.00

31 08/i2/69 4 eouLmR,

0

BRIGHTVESS
TEMP, (DEC Xx)

10,40
9.067
10,49
11,83
131,04
13,02
18,22
17,44
18,487
19,28
20,24
21.87
23,82
24,05
28,30
32,02
34,08
37,39
40,20
43,23
42,106
43,98
350,14
33.n7
6n,9%0
67,23
84,40
78,42
88,07
102,73
127,72
142,97
139,03
177,28
178,79
171,99

"132.44

O  aps, CORRECTION o

C\

120,77
113,103
116,90
112,28
111,67
113,38
116,%
117,40
117,31
117,48
1231,%%
129,20
12h 407
132,33
133,14
132,82
139,12
150,99
20%9.11
269,27

237,96 . ...

249,84
294,76
296,29
290 ,A7
293,206
291,.,R7
288,4)
299,49
284,82
222,22
192,42

APPARIV*
TENP, (DeG w)

13.22
13.27
14,42
15,77
17.2%
19,18
20,73
22.28
23,83
25,38
26,38
20,0%
30,00
12.17
34,9
37.55
40.13
42,19
- 45,46
‘..‘7
48,82
52,11
55.00
60,47
55,91
71.10
T71.66
80,22
90,73
133,16
121,21
113,98
144,87
159.48
151.3%
195.91
132,68
123,82
117.89
119,07
116,96
117,00 -
110,53
121.04
122,41
123,20
124,40
127.93
131,00
133.4¢6
138,03
140,13
142,22
149,34
142.83
233,00
243,53
243,53 ..
263,33
271.461
276.38
279.40
277.19 .
276,09
275.38
278.7%
258,933
226.73
230.94

7.988 00 DEG, K

16.3 CW2

CORRECTICN

e oa v s

.,17‘86
-3.59717
“3.7290
=3.941%
.602‘05
-4,1637
=4.3140
“h.8443
-3.,1616
«3.3989
-h,11206
.6'1.10
-p,1767
-4,1193
-6.0‘12
=9.,3303
-5,4762
«9.3994
«5,2589
"-"91
’“.6,3‘
62264
-5,8571
«5,4000
=4.6000
=3.1684
=T.1614
=4,.805)3
-2,63591%
-°¢~3”
6,50065
8.6204
10.15453
17.7749
17,4204
15.6829
~0.2083
«2.T6469
~4.8624
«2,5709
:.06170
«3,3236
=2.1942
~-‘c’°23
.‘09!‘7
=3.8839
-4,8197
=5,9487)
«8,A776
=A. T30
«5,6793
«T.014)
=0,.3992
10,2248
~11.8373
6.1109
28.7449

14,4088 .

6.3121
23,3401
19.9017
19.4660
"6011’5
1542249
13.0498
16.T087
18.298)
=h,3090
=10.3139

.TABLE VI-33. APCOR4 QUTPUT



O

o7

r

RUN NU, 32 ope/siv/ee v PoLe,

ITERATION NUHMBER ¢

TENITH ANGLE
(0€G)

0.09
13,93
19.7%
24,25
28,07
31,47
34,54
37,41
AD.12
42,67
45,10
4T,43
49,68
81,8
53.97
36,03
58,03
60,00
61,93
83,82
) 65,68
' 67,52
49,33
7112
12,90
T4,65
76.39
78,12
719,684
Rl.54
RI.24
84,94
T RS,061
g
90,00
91.69
93,37
95.0%
96,76
98.46
100,16 -
101.88
103,61
109,38
127.17
108,82 °

110,67 ' "

112,48 °
114,32
116,18
118.07
120.02
121,97
123,97
126,01
128,14
130.32
132.%7
136,90
137.3)
139,88
142,57
183,44
148,53
131.93
135,75
160,29
186,07
180,00

BRIGHTHESS
TEMP, (DEC K)

197,68
13,58
164,73
15.87
16.456
14,58
13,0}
17.n9
1,48
19.n8
22.11
23,70
2%.%%
8,97
28,70
29,A9
31.%9
33,98
3%.72
3R, 21
37.98
41,22
44,34
49,25
36,28
60,28
57.37
648,42
77.10
89,98
94,95
119.03
147,78
20R .48
250,42
256,9%
261,22
267,132
273,82
26R .58 .
269,96
.267,50
264,42
256,09
25%,2)
245,42
243,09
233,25
233,46
22%,23
218,11
214,A9
211,567
201,60
200,78
223,98
252,16
247,29
240,39
292,54
297,61
303,.0)
303,93
300,19
296,79
288,78
276,97
253,80
169,08

appaarNY

TE'P, (DEGC x)

4.7
16,84
18,22
19.43

20.70 .

20,32
21,79
23,45
29,39
27.42
30.02
32,28
34,52
36.75
18,91
40,081
43,18
45,61
48,19
50,87
32,21
55,45
399,21
3,43
58,15
73,31
".zl
81,88
1.19
“132.,07
110,73
128,50
1%1.7)
191,9%
234,51
230,78
237.4)
244,64
249,03
247,09
249,43
248,62
266,98
242,75

238,75 .

236,21
234,04

228,44

228,01
223,12
219,28
216,84
215,12
210.48
216.28
220,83
245,95
265.95
265,98
277,76
234,83
289,21
289,25
289,09
286.70
200,83
271.19
231.81

252.83 .

QOS. CORRECTION » 1,10€ 01 0ES, K

16.9 G

€220 CT1
TE“P, (UEG X)

~6.0192
3, 10458
-3.4917
~3.8)1468
=4.0320
-3.7197
~5.9408
~A6.35%99
85,8659
~T7.533%
~T.8964
-A.53737
-9.1890
‘9-7‘55
=1n.2764
-11.1197
=11.5598
=12.0487
'12-‘680
=12.65640
“14.2264
“14.2616
«24.270)
~14.1992
‘13-‘7l~
-13-0241
-16.8405
~15.4259
15,0093
.12-0363
*13.7699
~9.4695
-3.9%52%
16.5279
21.93109
29.779%
23.7904
24.5728
24,5955
20.6920
23,5256
1R.0738
17.4351
14.1971
11.4760
lo.1019
9.0674
4.8143
J.6644
2.1130
=0.4630
~2.1477
=3, 64904
=A,.B86] °
~7.4758
=0.9088
5.2103%
1.34619
~3.5579
14.7768
12.9599
13,7138
11.6922
11.0960
10.0921
7.9230
5.8897
. 1.9921
*33.7342

TABLE VI-24, APCOR4 OUTPUT

SEa

AAT(3



Yo
R & B LA VYT Y .
£ V. POLAR, 905 GMZ SEA WLTER
ITERATICN NU“BER 9
LEN]TH ANUGLE Ag1es 3
o BRIGHTNESS APPARENT - , 2
{ - v : (3RRELTION y
; DEG) TEMP, (DES K) TeENP, (DES K) TE.""-:(OEG ) v Q;
|
. 0.09 1
i O 13,93 13097 20.94 “16.4982 "1
i ¢ 38,51 -6.5358 '
: 19,75 39,69 6.9 :
' 24,23 4.98 -5.3355
¢ O 44,37 09,66
{ 20,07 AR, 53 ’3'15 ~5.2652
: 31-" ‘5.71 g "18237
3458 33.19 ~?7.4804 )
© 37,43 S2is 3633 -7.1982 e
. 2.7} 80,02 * e .
40,12 3% . -7.3117 : ‘L
o 62,67 b,,'?’ 53.71 =7.3841 2
) 10 57.5% -7 TN e
07,43 19,07 12.61 ~6.4¢57 -
69,88 . 6,47 =8.3359 ;
o 73,02 $0.01 |
51.6% 771.22 G’."B ~6.1892 “ ]
53,97 87,28 %63 -6.0515 C
56,03 6.33 ~8.0165 :
o) 83,60 89.41
58.073 85,938 91'9 -5,7556
60,00 87.54 v g -5.9155%
o 61.93 89,42 o -6.1493
~ 63.82 31.15 an ~6.2931
65.69 89,21 ;7-“ ~5.533%
67.52 95,59 +52 -8.3127 i
e 69.32 $2.41 79.11 -8.5216 .
71,12 93,58 igo-;’:’ ~8.8880 I
72.92 <3 192.99 -9.219¢ :
) Telh 135.03 «4,EFDS N
74.65 109, 14 137 o8 JB3L5 -
76439 74437 6. =7.3438 ,
~ 78.12 £6,80 e ~19.9026
~ T79.34 103,62 11"6 -16.898%7
' 81,564 117.76 129-31 ~14.3937
~ 83,24 160,14 “8-51 =11.8037 .
’ 84,94 165,31 15?-5- ~2,1445 B
86.63 19+.26 134. : ~4.5578 N
o 8e,31 269,36 232-;’2 =0.2861 )
90.00 276,36 e 16.8135 _
91.63 5o 88 2 3.82 20.5165 R
~ 93,37 284 $7.8% 22.8306 ] :
C 4096 249,51 : .
R . 95.05% 293,.3) 275' 17.4507 B ’."‘
, ' 96,73 297.%7 SEANN 18.2615 R
! » 98,45 302,54 35310 185886 ~; ;
, i 100.1% 101,08 23-}" 20.4010 .
101.%° 296,22 bty 3 19:1239
~ 103,61 287,87} S 17,0459
’ 105-35 254,12 2t '_‘[; 15.5325
- 107410 257.70 2;2'9:, 3.5487
- 108,58 253,43 2504 6.0207
. - 110,67 259,73 2“6-3: 7.9911 .
E . ) 112"5 . 2[.9 o5 T ¢ - 613671
e 262,77 8.59
: ~ 116,32 23%,18 312,23 + 5923
| 116,18 217081 e 2.3686 - 3
; 118,07 207.69 zxg'ng -3.5172. - . . .. .
. - 120,00 213,06 _“-é ~Le1765 . iR
121,57 207,13 {39 el -3.6606
123,57 108,91 e ! -9.0874 3 ,
. 126,02 233,24 i’SQ -12.56739 SHEE
- 128,14 26%.92 525.23 =2.0686 S
: 130.32 308,46 259':'51 5.2628 »
) — 132:57 329109 338. 15-7953 ~ . |
134,99 143,13 ,15-03 21.0297 - N
- 137,33 295.12 2;0-1 26.9595
NG 139,38 397,91 zns'°§ 5.0820 3 »
' 162,57 293,84 29{3, 8.62641 -
i 145,44 280,89 276' 8.5927
' 148,53 372.8 32 6.5508 TR
p C 151,92 31 259,61 3.1930 '
| Ry 262425 252.31 : A
l 155.78% 271.85 256 =0.0829 N
160,28 282 +58 7.2661 £
C 25 243,63 :
186,07 13%,17 156.7 8.6206 3
120,00 131,36 . ! =31.5391 e
~ ’ 134,21 ~22.8746 U

ABS, CORRECTION a 9,98E 00 DEG, X

TABLE VI-35. APCORS OUTPUT Vi- 3




1
. .
YUY ND. 34 DB/14/769 -4 PDLAR, 2.5 Gl SEA  WATER
) TTERATINN NUMBEL 2
TENITH ANGLE ARIGHTNESS LPPARENT Cor%eCTIoN
(DEG} TEMP, (DEGC &} TEUS, {075 k) TE=0, (BEl #)
~ 0.00 4,38 13.05% -9.1045%
13.93 - 16,36 20,33 ~%.3699
19.7% 17413 26.63 ~%.4974
26,25 23,12 28,52 . =%.6036
O 28,07 25,45 32,24 -5,7836
31,47 36,92 - 3B.%° ~3.6668
: 34,56 37,48 $1.6% «3.9200
;O 37.33 &€9,30 46,12 -3.B189
: 40.12 42,58 6,25 ~3.5536
£2.87 K&,.80 48.08 -3 4787
O 65,10 46,48 48,69 “4.2150
67,43 46.nb 50.22 “4.1519
.. 49,68 47.78 51,92 -4.1380
' $1.8% 49,84 53,77 ~4.1303
$3.97 51,68 55.77 “4.0916
- 56.03 $3.54 57.75% “he2136
" 88.03 58,88 T 50,05 “441707
60.00 S!I‘Z 52053 -6-1086
61.93 61,26 $5.17 “3,9245
- 63,82 IR 57,55 =3.5061
65.68 63,75 48,86 - - - =%,1097
~ 87,32 87.26 72,63 { -4.5990
. 89,33 72,53 76,13 ~6. 1866 !
Ti.12 . 77.92 8l1.62 -3.7027 ‘
~ 72.90 84,25 87.20 i =2.949%
Ta,e8 91,67 72.41 i =1.7295
76,39 92,96 36.78 | - «3.8901
- To,12 1022 135.40 I =2.0145
. 79.84 115,13 115,50 T aD.3765%
. 81,54 122,139 . 127.08 1.3121
. 23,24 157.32 166,41 10.9082
24,94 167.17 156.9% je.2122
ag.563 171.1% 158,65 12.5008
- 86,31 163,23 1%.7¢% B8.5495
90.00 159,30 151.64 7.55%86
91,66 152,65 146,60 §.2875
_ 92,37 137,46 136.78 0.BARD
96:75 123.59 ),25185 "2-2591 -
~ 9846 118,82 122,15 =3.3307
~ 100.1¢ 11346 112.83 ~5:.39264
. 101.88 10661 115.82 -§.2100
- 103051 12“1“’4 126-03 "1026.’8
105,35 138,87 129,69 0.9783
107,12 122457 126.89 -1.985%9
~ 108,88 107,23 114,59 «7.7625
- 110.87 96,56 1394.88 «'4,3188
t . J12.48 94,28 136,25 -11.9225
R ~ 114.32 10154 110.38 =B,5467
§ 116,189 93,43 106.93 13,4980
: 118.07 92.91 128.01 ~1%5,1003
~ 120,00 105,83 116,89 -11.0637
‘ 121.97 101,00 118.95 =17.9532
| 123.97 116,05 134.2% «20.2125%
¢ o~ 126.01 18%.63 1583.97 1.6579
: g 128,16 247 ,NB 230,74 17.3386
130.32 264,69 242.17 22.5270
~ 132.57 310.R2 293.85% 26.96%7
- 134.99 325,55 256,54 31,0118
1357433 285,18 213.53 11.6249
o 139,88 291,46 275,93 15.5577
145.644 282.76 27110 11.6312
- 148.53 281.6) 270.39 11.3100
151.92 279,11 271.07 8.0459
155,78 315,03 231.73 22.30580
~ 180428 305.78 278,61 27.3679
¢ ' 166.07 - 160,32 187.85 ~27.5314
- 180,00 . 195,97 196.07 “0.498%
~
ABS. CORRECTION s 8,37FE 00 DEG, K
~
TARLE VI-36. APCORY QUTPUT ’ Vi- 44
~ ' .




~ RUN ND, 3% 00/14/69 4 POLAR, 188 GHY SEA WAATER

ITERATION NUMBER o

.
i

LENITH AMNGLE BRIGHTIESS APPAIENT CCRRECTION
{DEG) TEMP, (DEG K}  TEMP, {0FG K)  YENP, (0EC K)
0 0.00 12,11 24,20 «1f.88RD
(o) 19,75 22,57 24,00 «11,02h0
24,25 26,59 36,74 12.i53H2
26007 27'58 39122 W‘.)..l?lb.'!
O 33447 19413 36,00 wlt. 0098
3*.55 22979 39025 '16'4572
37547 25456 43,32 wib.6561
'®) 40,12 11,38 68,0% wlh 6708
42467 374+36 53,34 =15,57R0 ;
45,10 36,19 55.1¢ “]8.965%) e
o 47,43 44,20 §é+32 . wl8,1108 L
49,48 54,49 T1.51 «17,0189 i
51.586 AhLR3 B2.53 15,7018 :
C 53091 })1,&5 9502‘ '1501850 &
36,013 182,13 111,9¢ 9.9113 %
58,03 119,77 126,.85% ~7.77%% §
o 60,00 137,11 162,37 «8,2593 i
614,93 155,52 158,49 ~2,9672 3
63,82 173"37 175,18 =1.,8182 ,7
C 85,69 215412 04,68 11,4349 b
LY LY 232,164 219,57 12,5607 2
49,33 265,90 231,75 16,1426 3
o 7i.12 256,93 241,35 t8.5727 ;
' t2.90 265,12 265,45 16,8692 :
: 74gl‘7,‘! 27‘1,".‘i 15371“ 18.“7“5 ’
'e) T6.3% 255,11 245 .66 9,6708
78,17 2O0,28 249,01 11,2556
798¢ 264,42 25203 11,7894
C B1e54 6%, 34 256,59 11,8338
R3,24 273,24 2%2,27 14:9720
. R, 96 279,15 255,15 16,6387
o REet% 2TR .85 294,69 $1.891%
RE, 3% 268,"9 252,89 9,1982
90.00 26485 256,58 &,0790
0 9159 261,72 254,87 7.0458
93,37 ' 261,33 254,42 6,9108
. 93,04 259,17 2%3.20 58,9634
) 96,76 256,71 251,89 $.0179
98,46 254,17 250,39 3.7850
100,16 251,27 299,11 2.162%
'®) 101.8% 254,28 281,22 10590
103,61 259,28 254,44 4.8368
: 105,35 167,19 256,15 6.2379
(o) 107,10 253,90 251,16 2.7524
108,88 247,04 206,22 0,81¢5
110,87 %237 241,31 3.5068
(o) 112,48 227,24 231,6% =6, 6167
114'32 237"\7 219i72 an.OkQO
¢ : 11¢6.18 217,28 223,48 ~5.202)
(@) 118,07 212,76 220,57 ~7,8115
120,00 205,17 216,0% 10,9820
121,97 196,32 212,09 -15,765%
o) 123,97 214,24 223,66 »9,64126
126.03 212,51 223,61 «15,7576
128,14 274,98 257,88 T.10¢eR
@) 130.32 307,47 2R9,10 14.369%
" 132,57 267,04 287,19 7.9519
134,90 293,45 289,15 4,3513
'S 137.33 311,96 320,83 11,3206
129,8A 312,40 302,62 9. 7172
142,57 313,93 373,91 9.114¢
) 145,44 316,90 306,40 10,6962
143,53 314,02 356,80 9,86222
151,92 300,67 299,95 38,7186
C 155,78 293,09 298,38 64,7436
160,29 277,32 274.%8 2,.7345%
166,07 286,41} 2%0,%7 =h.1608
¢ 180,00 193,84 214,08 25,2022

7 ABS, CORRECTION » 1,02€ 01 DEG, K

I TARLE vI-37. APCOR4 QUTPUT _ VI-43

o T




e —————— e e e e e

RUN ND. 36 08714789 vV POLER, 16,5 GHI SEA AATER
SVERATIUN NUMHER 0

~

[ 3 BRIGHTNESY APPARENT CORRECTION
- {oLs) TEMP, (OEG K) TEMP, (DEG K) TEMP, (DEG X)
. 0,00 1257 T7e18 -4.575%7
~ 13,91 11,62 “T.64 ~3.8220
s ;2.;: i:.hg 19.064 “6,3945%
a2 1,7 20,87 «7.0986
o 28,07 1%.15 22,96 -7.6956
310‘7 159‘3 ?.3030 '9-31“5
. 346,56 18,26 26,14 -9,8802
D A7.42 iY%418 28,173 1043467
40412 2N,32 . . 31.52 »311.1980
:g.g; . gf,vg 34.48 - of1.7888 .
s et 37.17 12,7410 .
o :;.:; g?.ao 40,53 Toe13.2348 . .
. ® 0.60 54.23 "1;05991
0 53,97 28,49 52,37 -13.8771
56,03 40,18 55,41 15,2220
o 53,07 45,63 50,59 14,9509
60,00 31,82 56,43 16,6066
. :3.:; ::.;; . 72,92 ~14.0761
e . 80.03 ~nl3,2906
O 63,68 74,79 87,43 -{2:;383
87,32 86,29 95,77 «11.4816
o £9,32 94,58 124,74 10,1920
T1.12 105,63 114,33 -8,703%
. 72,90 117,49 124,53 «7.061%
~ ;;agg 130,03 135,34 «5,3054
S . 145,96 148,06 2.09%9
78,12 159,40 159,60 =0, 1979
. 7%.84 172,30 171,39 1.9107
o 81,54 187,44 183,45 é.1504
L. R2,24 201,89 195,52 6.3703
‘ R4,94 217,37 278,36 9.0110
C 86,63 233,63 221,74 i1.688¢
88,31 259,00 239,77 19.2270
A 20,00 71,18 250,16 20,9948
R 91.69 278,15 256,9% 21,5053
] 93,37 276,60 256,79 17.8445
- g:.g: ag7.sg 259,99 17,757
: . 280,58 252.96 17.61%0
98,46 293,49 283,82 17.6211
. 100,14 286,88 258.52 18,3227
101,88 284,30 257,60 16.7061
. 103,61 278,35 254449 13.0662
~ 105,28 . 276,73 253,22 13.5181
. }g;.;: gzg.oq 259,02 11.0745
. 162 252,90 7.5210
110,67 250,46 246,37 3.8385%
o 112,48 245,26 243,30 2.9453
114,32 240,10 239,13 N.96R2
~ 116,18 232,44 234,22 «1.7818
S 118,07 227,54 230,92 31,2787
i20.00 220,73 226,86 ~6.00868 :
{_‘ 121.97 21’051 225.?5 "7.42‘;“
S 123,97 211,77 222,43 10,6583 !
126,03 214,18 225.37 °11.3922
128,14 229,98 238,02 «8.0479
@) 130,22 280,06 258,64 11.4220
v - 132,87 .. 273,40 . 2%8.64 6.7666 .
~ 134,90 267,91 258,66 ~0.7298
- 137,33 306,90 271.31 13,9951
. 139,88 306,98 275,38 11,6236
0 142,97 309,61 278,02 11,5841
165,44 311,34 279,67 11.8918
140,53 309,26 298,19 11,0456
o 151.93 303,42 293,37 10,0482
R 155,73 283,42 279,89 3.5726
160,29 260,04 267,81 0.2239
~ 166,07 259,60 296,33 3,24%8 R
¢ 180.00 163,134 202,07 «38,7272 R

ABS, CORRECTION » 1,04E 01 DEC, X

TABLE VI-33. APCORY GUTPUT VI- 46

(‘\




e e

AUY ST, 01 07721769 Vv PILAP, 9.8 5t $E4 wiTER

Q) ITERATISN NUMBER 2
ZENITH ANGLE BRIGHTHESS SYPARCNT EoRAE2TIN
0 (DEG) TEMP . (DEG K) TEND  (D€3 K) TYEWS  (2:5 X)
0.00 1.86 26.7) “26.8394
o 13.93 6L .44 $1.38 .1.4332
19.7¢ 68,57 12.02 -3,15v8
© 28.07 80,09 82,73 .2.843%
10,47 79,59 31.59 “6.3032
34,58 81.73 98,17 —6.5197
¢ 17.43 §3.73 88,40 “t.8571
€0.12 85,43 0.3 49198
€2.67 86,98 92,07 -2,5873
o 5,10 88,42 93,36 -5.1708
Q’s" 8?.!6 "vq‘ ‘501057
69,68 187 $8.15 ch bTat
o 51,86 84,61 92,73 “8.1e27
13,97 86,74 94,27 -7.5289
46,03 ITHY 98,07 .7.6738
c 18,03 96,39 96,313 av,5389
60,00 92,92 120.43 -7.8143
C 63,82 98,20 195,71 «3,.5183
63,68 101,46 158,48 .7.2199
~ 67,32 107,30 111,8% .k.9513
69,33 117,96 115,22 2.7388
71412 43,92 76.3°¢ «35,4267
2,50 60,13 83.17 “22.4242
o 74,63 74,46 92.82 -18,3532
76,39 89,26 135,23 «13,987¢
a 78,12 106.91 120.34 ~13.6310
) 79,54 127,68 138,12 -10.4302
. 154 151,63 158,52 «s.8926
83,24 189,25 186,31 2.938%
< 84,56 214,07 277,43 6.6427
£6.63 236.26 226.37 2.8689
- 08,31 238,40 294,28 14.1222
© ¥0.00 27426 287.87 16,3671
. 91.69 286,15 248,28 17,8292
- 93,37 294,9) 275,73 12.1¢67
‘ 95,08 295,75 279,34 10,4070
a.TH 29A,28 279,38 18,8947
- 98,46 286,78 272.6% i3.8982
- T 100:16 281.71 269.0% 12.6281
. 101,85 278,27 266,20 1943723
- 103,61 270,46 260,28 10.1873
105,383 239,09 282,66 6. 4366
107,10 252.7¢ 267,57 5.1742
D 110,67 260,26 237.88 2.3785
- 112,68 234,77 233,29 1.4781
o 114,32 230,39 228,88 1,.5326
116,18 208,49 216,26 -8,7566
118,07 206,10 213.69 «7.5960
A 120,00 209,77 216,67 oh,B84TS
- 121,97 216,59 223.23 “8, 5432
. 122,97 228,19 233.7% -7.57C4
o 126,03 279,20 257.68 11,5246
128,16 290,63 279.92 10,7003
130,32 300,78 289,48 11.2972
~ 132,57 308,35 296,10 12,2527
O 124,90 312,46 299,48 12,6573
137.33 300,61 293.62 4,987
e 139,88 302,11 294.39 7.7217
142,57 301,98 294.%9 7.3608
148,44 301,91 294,67 7.2425
- 143,53 299,91 293,09 6.6232
151,93 294,08 289,89 €.1912
158,75 304,33 293.38 10,9806
~ 160,23 286,79 274,72 12,0672
N 166,07 109.29 208,53 »16,246
180,00 105,25 149,63 bt 3806
o

ABS, CORRECTION =

TAB 1L VI-39.

9.75¢ 00 DEG, K

APCORI OUTPUT

A\

VI~ 47

——




- RUN ND., 102 07/21/8% 4  POLAR,
JTERATION NUMRER
(3 E 0

APPARENT
TEUP, (DEC X)

12.59
11.81
20,87
31,62
43,39
76,54
85,34
91.63
95.43
97.26
97.43
96,14
93,993
52,28
$0.93
62,27
'5‘07’
88,30
12,93
78,56
83,16
92,69
99.82
129.24
119.61
130.90
143,12
196,29
170,29
191,69
2J1.45
238,66
295,53
197.60
192,98
150,71
134,22
122,37
118,90
112.16
1%6.11
130,78
94,06
90,67
ng.13
87,07
87.33
88,96
80.95
89,31
132.78
121,68
166,37
238,11
234,49
295,04
271.83
281,90
275.33
200.42
294,30
280,06
284,09
292,16
333,05
325.08
211.443
177,062

LENITH ANGLE BRIGHTNESS
~ {0EG) TEMP, (DEG K)
0,00 3,956
~ 13,93 1,03
SRS 19,75 9,11
24,28 21,03
- 28,07 30,82
- 31,47 80,26
_ 34,56 BT,26
0 37.42 96,01
. 40,12 96,49
42,67 100,96
o 45,10 100,60
47,43 100,09
) 49,68 101,72
.o 91.86 48,81
83,97 51486
36,03 52,58
i f\ 5‘.0; ’3."
TS 60,00 38,41
! . 61,93 60,37
! , 63,82 65,58
e 63,68 71,93
$7.52 79,98
PN 69,33 88,43
- 71,12 93,78
S, 72,90 308,83
N 74,069 118,99
P 76,39 132,27
| 78.12 146,68
. 79,84 162,01
! 81,54 179,37
o~ 23,24 210,00
84,94 221,27
O 86,63 225,87
08,31 226,23
~ 70,00 216,56
. 91,69 198,84
.- 93,37 148,63
93,06 128,37
¢ 96,78 114,00
; 98,40 113,03
A 100,16 104,18
Do 101,88 96,43
103,61 89,94
: 108,39 80,11
e 107,10 75,89
108,88 72,74
110,67 71,00
o 112,48 71,49
L 114432 76092
116,418 57,02
.0 118,01 68,40
126,00 84,64
121,97 108,52
@ 122,97 130,19
126,03 223,72
b 128,14 250,12
& 130,32 273,37
L ema 132,57 - 292,472
| ~ 134,90 304,52
137,3 288,18
. 139,88 298,71
o) 142,87 301.06
: 143,44 291.18
148,53 293,99
~ 151.93 300,58
LN 155,718 268,99
TR 160,29 267,10
i ~ 166,07 190,43
v 180,00 154,61
O apS, CORRECTION ¢ 1,21 Of Ofc, K
C}

o

9.8 GHl

CORRECTION
TEMP, (DEG X)

=8.9446
«13.56609
'l‘)””l
=10,6110°
«12.7723
3.7208
1.7198
2.,3569%
3.02%H0
3.2080)
3.1712
3.9%22
8.1739
-13,773%
«9.39080
«8,3984
=8.453)3
-8.3213
*7.9367
'7-353‘
=6.6162
’5-5!16
-’0256‘
"oO‘:Z
=2.3004
=0.61359
1.3624
3.5637
35,7534
84,0780
18,3683
19,8238
20,0121
20.7012
18,9839
19.8049
~2,0079
-’.°~1‘
-8,3623
-5,0476
»7.90828
-9.06822
-10,8123
-13.7509
=14,582R
«15,3878
=15,9863
«19,8333
14,4424
*23.9304
=20.9116
~18,1363
16,1562
-1601751
15.8040
1%.6770
T 17.7298
.20.3721%
22.618%
" 12.8587
13,2941
16,7393
11.1220
11.9033
8.5289
33.1343
42,0208
w21.,0242
=23.0060

TABLE VI-40. APCOR4 OUTPUT

SEA

AATER

VI- 18

C i s p——



e i S N e e e e e e

RUN ND, 201

JTERATION NUMBER ¢

TENITH AGLE
(DEG)

5.00
13.93
19.,7%
24,28
28,07
31447
34,55
37.43
a0,}12
42,67
45,10
47:43
51.9%
93,97
$6.03
38,02
60,00
61.9)
63,82
83,61
67,52
59,23
71412
T2.90
74405
76,39
78412
79,84
81,54
83,24
Bh 94
86,063
88,31
90,00
9109
93,37
95.06
96.76
9"‘6

100,16
101.8% .
103,61
105.283
107,10
108.88
110,67
112,48
114,32
116,18
118,07
120,00
121.97
123,97
126,03
120,14
13032
132,57
134,90
137.0)
139,82
162,57
14344
14€ .33
131.93
155.73
160.23
186,07
160,00

BRIGHTHESS
TEMP, (DEGC K}

.‘.11
33,12
42,89
$1.,42
5"‘9
73.38
78,90
83.08
23,21
91.73
95,16
98,00

109,90
95,16
98,76

100,90

102.92

106,35

105,99

108,80

111.00

115.09

122,77
64,78
77.33

86,3].
96,95

109.02

123.%1

161,483

166,35

175.29

213.38

304,69

336,16

352,18

331,96

330.32

323,03

309.%0

290.47

281.91

276,13

284.861

279.29

273,76

288,41

262,37

257.00

225.20

224,07

225.71

239.29

237,58

286,93

295.04

303.93

209,33

311,40

299,38

298,132

294,98

288,78

282,63

273.47

. 202,78

262.49

133,17

137,11

&PPARENT -
TE4P; (DEG X)

]

23,12
41.17
50.68
58,82
b6.2%
17.84
83.7%

88,76 .

92.98

76.61

99.73
102.39
194,69
132.87
134.97
137.05
159.19
111,34
112.52
115.7)
117.9%
120,23
122.33

92.24

96.9%
193,73
112.52
123,28
135,98
120,089
191.2%
185,22
216,94
276.72
323.57
317.54
339.53
337.23
331.38
287,30
279,58
273.29
258,65
273.27
270,03
256,21
251,68
256,98
231.49
232,52
230.1¢
231.18
235,78
244,18
275,28
295,42
292.98
€37.72
2799.34
232.73
271.27
222,78
284,34
279.44
213.22
27514
253.1%
171.9)
150.78

ABS. CORRECTINN » 1,04€ 01 DEG. K

0T/17/749 v roLax,

9.5 Onl

SEa

CORRECTION
TEMP. (DEG K)

*19.64062
-8.0676
=T7.9855%
=7.4063
-7.7977
~4.29306
~4.8534
-4,853%
-4.7737
“4.6779
-‘05697
~6.3908
=3.,7628
.507379
-6.2107
-8.,1667
~6.26647
-6.3912
“4,6169
-6.9239
-5,962%
<5,1622
0.2426
-25,4842
019-6236
olb,9266
=1%5.6731
=l4.20644
«12.0043
«“9.1673
-12.9113
~8.9352
-3.3782
27,9088
32.3928
34,6400
23.5296
23.0925
21.6523
13.2056
10,8918
s.5181
5.6740
11.3399
9.1983
7.5529
8.2329
$.3879
 %5.5126
‘*T7.3204
=6.0626
~5.4386
=5.60686
=8.6063
11.6572
10.6201
10.952%
11.6110
12.0553
6.6506
6.8624
8.1855
h.6bk12
3,1929
0.3472
T.6392
C.3183
«33,7523

«23.6516

TABLE VI-41. APCOR4 OUTPUT

e B

WLTER
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DERJVED EMISSIVITY
RUN ND, & FREQ 14,3CH2

DATE 07/29/69%
POLARIZATION V

LENITH BRIGHTVESS

ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEG.K)

96,76 275,75 0.70955%
98,46 275,90 0.75054
100,16 274,05 0,76226
101,88 270,99 0.76275
103,61 266,11 0,73325
105,35 264,95 0,76199
107,10 261,50 0,75772
108,88 257,02 0474568
110,67 252,58 0,736432
112,48 267,21 0,71575
116,32 261,84 0,69719
116,18 231,25 0,65162
118,07 228,55 0,66563
125,00 223,09 0,52720
121,97 215,69 0.50134
123,97 208,59 0,56736
126,03 207,17 0,56576

TABLE VI-62

Vi-233




DERIVED EMISSIVITY

RUN NO, 5 FREQ -16,SGHZ .
DATE 08/01/69 S
POLARIZATION V

~ R
e e

o ; L
ﬂi. F'
R r
1 ZENITH  BRIGHTNESS
X % ANGLE TEMUERALAVURE EMISSIVITY
P {DEG, ) (DEG,K)
g ] 96,76 2864415 0,91796
3 i» 98946 275-065 0&5851?
: 100,16 275.R0 0.88224
u ]‘ 101,88 275,00 0,78813
. 103,61 276,97 n,90083
o 105,35 267,36 0486151
N -~ 167,10 262,27 0,.84281%
R } 108,88 260,35 0.83764
- 110,67 258,566 0,83404
D 112,48 259,87 0.R0525
r 116,32 246,04 0,78270
. 116,18 241,26 0,77230
% d i 120.00 228.12 0.72537
= | 121,97 227,43 0,72457
: 126,03 211,60 0,66592
% t
"'.\ i
'
. |
. j. TABLE VI-63
4 1 :
| ’

t,
- -

VI-23:1 i

*
T W ! N A———-— o .
Py oy
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DER]IVED EMISSIVEITY
RUN N3, & FREQ 16,56HZ

DATE 0R/01/89
POLARIZATION H

ZENITH BRIGHTNESS

ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEG,K)

96.76 120.79 ”0010575
98,40 124,08 0,02544
100,16 122,10 0,09705
101,388 120,59 0414445
103,61 126,07 0,17512
105,35 119,53 0:19506
107,10 122,74 0,22524
108,88 126,04 0,25280
110,67 127,90 0,27510
112,48 127,91 0:28564
114,32 131,39 0.,30867
116,18 135,24 9,33174
118,07 132.99 0,32319
120,00 135,18 0034594
121,97 142,54 0437467
123,97 149,65 0,38394
126,03 147,99 0,422%63

TABLE VI-64

VI-235

-t
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DERIVED EMISSIVITY
RUM NO, 7 FREQ 16,5GHZ

DATE 08/01/69
POLARJZATION ¥

ZENITH BRIGHTNESS

ANGLE TEMPERATURER EMISSIVITY
(DEG,) (DEG,.K)

96076 121.‘905 ﬂ0o25510
98,46 124,93 »0,03349
100,16 121,20 0,39421
101,88 118,79 0,16529
103,61 115,13 0,18728
105,35 117,25 0,21386
107,10 125,45 0.26568
108,88 126,38 0.27421
110,67 122,02 027390
112,48 131,88 0432477
114,32 139,07 0436166
116,18 124,04 0,30880
120,00 142,79 0,39324
121,97 142,56 0,40008
122,97 144,645 Netl481
126,03 145,85 0,42550

Table VI-G5

VI-23G
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DERIVED EMISSIVITY
RUN NO, B8 FREQ 16,5GH2

DATE 08/01/65%
POLARJZATION V

ZENITH BRIGHTNESS

ANGLEF TEMPFRATURE EMISSIVITY
(DEG, ) (DEG,K)
96,76 275,20 0,83918
98,46 271,67 0,84377
100,16 274,01 087644
101,88 279.R6 0,91064
103,61 275,59 0,8958%
105,35 272,54 0,88555
107,10 264,645 0,85324
108,88 254,18 0,B1136
110,67 245,39 0,78210
112,48 245,42 0,786441
114,32 238,35 0,75795
116,18 233,16 0,74309
118,07 229,50 N,73205
120,00 219,27 D,59576
121,97 217,16 0,59387
123,97 215,73 0,48827
126,03 205,2 0455184
TABLE VI-66

V1-237
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DERIVED EMISSIViTY

RUN NO, 9 FREQ 16,5GH2
DATE 0B/01/69
POLARTZATION v

ZENITH BRIGHTNESS

ANGLE TEMPERATURE EMISSIVITY

(DEG,) {DEG,K)
96,76 274,38 0,48740
98,46 273,93 0,58864
100,16 272,14 0,564747
Wi, 269,66 0,71089
103,61 = 267,50 0,75548
105,35 260,123 (.o75224
107,10 259,48 0,78564
108,88 255,61 079299
310,67 240,18 N, 77484
112,43 247,61 0,78194
114,32 239,89 0.75584
116,18 234,75 0,764121
118,07 227,%4 0.71774
120,00 227,07 0,71482
121,97 223,32 0,70726
123,97 221,90 N,70%06
126,03 215,08 0,58765
TABLE VI-G67

Vi-23x
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DERIVED EMISSIVITY
RUN NO, 10 FREQ 16,5GH2

DATE 0R/01/69%
POLARIZATION H

LENITH BRIGHTNESS

ANGE TEMPERATURE EMISSIVITY
(DEG.) (DEG,.K)

96,76 150,82 ~1,57794
98,46 151,76 ~0,B8717
103,61 147,85 0,01597
105,35 152,97 0,16238
107,10 159,74 0,23186
10n,88 149,43 0.28548
110,67 149,84 0:,32378
112,48 146,66 0,32061
114,32 150,30 0436175
116,18 150,98 0434540
118,07 153,13 0,35318
120,00 151,18 0,34204
121,97 158,05 0,38376
123,97 164,%2 0,63382
126,03 173,74 0,68725

TABLE VI-68

VI-239
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DERIVED EMISSIVITY

RUN NO, 11 FREQ 16,56H2
DATE 08/05/69
POLARIZATION V

ZENITH BRIGHTNESS

ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEG,K)

56,76 326,62 1,61899
98,46 322,41 1,26331
100,16 321,59 1,21344
101,88 323,97 1.,18270
103,6] 312,88 1410430
103,35 314,36 1.,11235
107,10 302,54 1402522
108,88 295,41 0,98185
110,67 297,64 0,99774
112,48 289,R8 0,93907
116,32 283,03 0,896468
116,18 282,54 0.89235
118,07 276,93 0,85%43
120,00 269,07 0,80571
121,97 262,90 0,76561
123,97 266,19 0,77562
126,03 259,79 0,74744

TABLE VI-69
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DERIVED EMISSIVITY
RUN NO, 12 FREQ 16,5GHZ

DATE 0R/05/69
POLARJZATION H

LENITH BRIGHTNESS

ANGLE TEMPERATURE EMISSIVITY
(DEG,) {DEG,.K)

96,76 213,60 «0,485568
98,46 210,12 ~0,22519
101,88 195,29 0,21990
103,61 195,08 0,08725
105,35 196,21 0,21327
107,10 191,96 0,26797
108,88 191,91 0,29157
110,67 194,76 0,359%4
112,48 192,15 0,35660
114,32 193,96 0,38245
116,18 167,78 0,41362
118,07 198,57 D,%2553
120,00 201,43 0,664733
121,97 19%,93 0,62%80
123,97 200,14 0,45721
126,03 205,90 0.49536

TABLE VI-70

AT -2
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DERIVED EMISSIVITY

RUN NO, 13 FREQ 16,85GHZ
DATE (R/06/69
POLARJZATION V

IENITH RRIGHTVESS

ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEG.K)
96,76 282,45 0.91872
98,46 2764404 0,88499
100,16 272,18 0,88149
101,88 268,859 0,R6853
105,35 261,08 0964313
107,10 255,46 0,R2262
108,88 250,21 0,80363
110,67 264,21 0.78290
112,48 234,61 0.,74811
114,32 238,50 076591
116,18 232,30 0,74637
118,07 239,20 Dy73846
120,00 228,16 0,72255
121,97 215,76 N,%58731
123,97 222,37 De71565
126,03 208,59 0.56315
TABLE VI-T1
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FORTRAN IV PROGRAM EMISS

DERJVED EMISSIVITY
RUN ND, 14 FREQ 16,5GHZ

DATE 0R/06/69
POLARJZATION H

LEN]TH BRIGHTNESS

ANGLE TEMPERATURE
(DEG,) (DEG,K)
96,76 117,93
98,46 118,47
100,16 116,00}
101,88 111,87
103,61 116,27
105,35 119,568
107,10 129,93
108,88 121,98
110,67 126,47
112,48 128,68
110,32 131,135
116,18 135,17
118,07 137,F2
120,00 137,°%¢
121,97 153,06
123,97 153,74
126,03 163,48

(LINKEDITED AS EMISS y) STARTED ~w= 11/26/%9

EMISSIVITY

032255
0,08218
0,111190
0,13105
0,16354
0.,21500
De,23718
0,25489
0,27309
0,30582
D,326356
0,36505
0,36206
0.,26%52
D,61984
0,63888
048262

TABLE VI-72
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DERJVED EMISSIVITY

RUN NO, 15 FREQ 16,5GH
DATE 08/07/69
POLARIZATION V

LENITH BRIGHTNESS

ANGLE TEMPLRATURE EMISSIVITY
(UEG.) {DEG,K)
96,76 278,15 0,B89516
9R,46 271,71 N,R8216
100,16 273,28 0,%9314
101,88 276,68 0,30059
103,61 265,91 0sR6742
105,35 262,20 0,85472
107,10 256,30 0.R254)
108,88 247,18 0.79305
110,67 242,06 0.7810R
112,48 236,50 0,76277
116,32 223,44 0,738064
116,18 222,24 0,71282
118,07 217,46 0,59454
120,00 219,97 0,57392
121,57 209,05 0,56819
123,97 201,94 0,55355
12%,u3 194,44 0,52616
TABLE VI-73

VI-24
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DERJVED EMISSIVITY

RUN NO, 16 FREQ 16,5GHZ
DATE 08/07/69
POLARJZATION H

IENITH BRIGHTNESS

ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEG,K)

96,76 100,35 =0,02786
98,46 102,65 0,95308
100,16 101,R0 0,11379
101,88 105,18 0,16528
103,61 102,29 0,17895
10%,35 105,18 0,21379
107,10 106,02 Ne22536
108,88 107,23 0.,26010
110,67 111,71 0,27237
112,48 115,89 0,29936
116,32 116,R3 0429573
116,18 122,17 0,32360
118,07 121,34 0,332348
120,00 127,21 0,35%586
121,97 126,18 0.35%62
123,97 137,40 D,4602446
126,03 158,99 0,48555

TABLE VI-T4
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DERIVED EMISSIVITY

RUN ND, 17

FREQ 16,5GHZ

DATE 0B/07/6%
POLARIZATION H

ZENITH
ANGLE
(DEG,)
96,76
98,46
100,16
101,88
103,61
105,35
107,10
108,88
110,67
112,48
114,52
116,18
118,07
120,00
121497
122.37
120,03

BRIGHTNESS

TEMPERATURE

(DEG.K)
102,51
108,15
107,10
108,00
109,63
107.82
111,61
115,59
116,28
129,79
122,190
128,39
129,91
134,51
136,95
139,24
146,09

EMISSIVITY

=0,02568
0,07259
Ne)2318
0,16116
N,19123
0,193%9
0,22707
0,252371
0,27394
0.,29281
0.30539
0433533
0,364772
0,37225
0.,3776¢
0,39914
0,42354%

TABLE VI-75
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DERIVED EMISSIVITY
RUN NO, 18 FREQ 14,5GH2

DATE 0R/07/69
POLARIZATION v

IENITH BRIGHTNESS

ANGLE TEMPERATURE EMISSIVITY
{DEG,) (JEG,K)
96,76 276,54 0.R8711
98,48 272,19 0,88304
100,16 271,39 0,868450
101,88 267,33 0,B7002
103,61 265,67 0,86531
105,35 262,91 0,85778
107,10 253,49 0,82310
108,88 246,405 De79539
110,67 241,51 N,7823})
112,44 234,55 0,75804
114,32 227,80 0734953
116,18 224,47 De72461
118,07 221,72 071519
120,00 211,34 0,67970
121,97 208,59 NDe657144
123,97 203,79 0.55534
126,03 200,37 0,56472
TABLE VI-76

VI-247
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DERIVED EMISSIVITY
RUN NO, 19 FREQ 18,8GHZ

DATE 08/07/6%
POLARIZATION V

ZENITH BRIGHTNESS

ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEG,.K)
96,76 276,640 0.,88489
98,46 269,19 0,86882
100,16 269,29 N.876437
101,88 268,4) 0,87330
103,61 261,21 0,864726
10%,35 256,85 0,R3292
107,10 251,71 NDsR1530
108,88 245,640 0,79327
110,67 238,45 0.76587
112,48 232,65 0,75359
114,32 227,52 0,73277
115,18 220,24 0.70888
118,07 2164424 0,58R72
120,00 214,12 0,58996
121,97 208,53 0,57141
123,97 201,83 0,54883
126,03 198,10 0:53599
TABLE VI- 77

VI -218
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DERIVED EMISSIVITY

RUN NO, 20

FREQ 18,5GHZ

DATE 0B/07/69
POLARIZATION H

ZENITH
ANGLE
(DEG,)
9!’.7()
98,46
100,16
101,88
103,61
103,35
107,10
108,88
110,67
112,48
114,32
116,18
118,07
120,00
121,97
123,97
124,03

RRIGHTNESS

TEMPERATURE

{DEG,.K}

97440
104,41
104,73
107,49
105,80
105,63
109,29
113,86
117,72
118,29
115,24
122,85
127,40
135,40
132,28
137,04
152,46

EMISSIVITY

~0,0375R
0.06277
0,11292
0416063
G,18010
0.20043
0.231¢3
0,26219
0426360
0,30137
0.31199
0.33141
0,35333
0,36867
De3B8195
D.40456
0,46576

V1I-2.19
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DERIVED EMISSIVITY

RUN nB, 21

FREQ 16,5GH2Z

DATE 08/08/69
POLARJZATION V

LENITH
ANGLE

{DEG, )
96,76
88,46
100,16
101,88
103,6)
105,35
107,10
108,88
110,67
112,48
114,32
116,18
118,07
120,00
121,97
123,97
126,03

BRIGHTNESS

TEMPFRATURE

{DEG,K)
268,96
258,31
258,51
259,24
252,08
246,36
241,78
238,16
234,46
227,37
222,51
219,57
212,497
210,38
201,R9
206,22
207,54

EMISSIVITY

D.85545
0,R2142
0,82741
0.,83868
0,681249
D.,79597
0,77562
N.T76364
0,75271
0,72R42
0,71608
0,70378
NDe6HB129
D+57350
De54438
056240
0,66338

TABLZ VI-T79

VI -250




DERIVED EMISSIVITY
RUN NO, 22 FREQ 16,56H2

DATE 08/08/69
POLARIZATION H

ZENITH ARIGHTNESS

ANGLE TEMPERATURE EMISSIVITY
(DEG, ) (DEG,.K)

96,76 100,17 w0,06114
98,46 109,12 0,05720
100,16 108,R9 0,11362
101,88 109,71 Ne15622
103,61 111,31 0,190h4
105,38 117,16 0.23594
107,10 119,01 ND,25860
108,88 122,21 0,28263
110,67 126,34 0,31243
112,438 126,95 06,1580
114,32 129,48 0.,34370
116,18 125,40 0,33583
118,07 134,15 0,36337
120,00 135,10 0,38358
121,97 133,73 0,40275
123,97 150,19 N,44389
126,03 177,12 0,54797

TABLE VI-50

VI-.
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DERIVED EMISSIVITY
RUN NO, 23 FREQ 16,5GH2

DATE 08/08/69
POLARIZATION v

ZENITH BRIGHTNESS

ANG|E TEMPERATURF EMISSIVITY

(DEG,) (DEG,K)
96,76 264,99 0eR4577
98,46 257,97 n,B2572
100,16 258,10 0423425
101,88 258,n1 0,A03565
103,61 262,06 0,R35568
105,35 255,88 0,R3382
107,10 245,78 0,79%74
108,88 641,07 0,78159
110,67 245,90 0,78213
112,48 230,87 0,74706
116,32 239,55 0,764809
116,18 223,52 0,72466
118,07 223,61 0,71547
120,00 215,08 N,70761
121,97 204,50 0,56730
123,97 204,93 0,56232
126,03 202,48 0.55469
TABLE VI-§1

VI-zaz




DERJVED EMISSIVITY
RUN NO, 24 FREQ 16,86HZ

DATE 0B/08/69
POLARIZATION H

ZENITH RRIGATVESS

ANGLE TEMPERATURF EMISSIVITY
(DEG, ) (DEG,.K)

9607() 102.77 '0033708
98,46 109,71 0,07577
100,16 108,35 0,1345)
101,88 109,04 0,17248
103,61 112,34 0,206¢79
105,35 111,66 0,216488
107,10 118,134 0,26345
108,73 121,17 N,26573
110,57 119,70 Dy27276
112,44 123,09 D¢29767
114,22 127,08 04323723
116,18 132,21 0,35273
118,07 132,01 0es35982
123,90 135,99 0,38178
121,97 144,96 0461963
123,97 144,57 0,42882
124,93 169,467 0:51749

TABLE VI-»2

Vi-2
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DERIVED EMISSIVITY

RUN NO, 25 FREQ 14,5GHZ
DATE 08/12/69
POLARIZATION v

LENITH BRIGHTNESS

ANGLE TEMPERATURE EMISSIVITY
(DEG, ) (DEG,.K)

96,76 265,39 0,04768
98,46 261,97 0,84210
100,16 265,08 0,86123
101,88 268,36 0,87737
103,61 262,61 0,85759
105,35 252,76 0,R2169
107,10 249,R4 0.81303
108,68 243,63 0,79112
110,67 233,11 Ne75429
112,48 227,74 0,73589
116,32 227.5%1 0.,73524
116,18 217,n2 0,70147
118,07 212,73 0,58357
120,00 205,08 NDe5553]1
121,97 203,83 N,95415
123,97 197,37 D,533146
126,03 194,95 0,5%2%588

TABLE VI-s3

VI-204
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DERIVED EMISSIVITY

RUN MO,

FREQ 145,56H2

DATE QR/12/69
POLARIZATINN H

LEN]TH
ANGLE
(DEG,)
96.76
98,46
100,16
101,88
103,61
10%,35
107,10
108,88
110,67
112,48
114,32
116,18
118,07
129,00
121,97
123,97
126,03

RRIGHTNESS

TEMPERATURFE

(0EG,K)

98.(’1
106,19
102,71
109,63
109,¢8
104,46
109,81
114,07
115,75
114,62
121,71
119,51
124,66
131,74
127,54
145,45
163,33

EMISSIVITY

0,01342
0,09358
0.13160
0,15293
0,17332
0,20305
0,23570
0,26285
5,27R91
0,28360
0,32229
Ny3133°
0.34537
0:,37744
Ne36521
0,%3586
0,52522

TABLYE Vi-5j

VI-205
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DERIVED EMISSIVITY

RUN NO, 27 FREQ 16,5GH2
DATE 08/12/69%
POLARIZATION V

LENITH BRIGHTNESS

ANGLE TEMPERATURF EMISSIVITY
(DEG,) (DEG,.K)

96,76 270,60 0,R6814
98,46 266,19 0.85499
100,16 265,717 0,86789
101,88 263,51 0,85462
103,61 259,72 0,84259
105,35 253,27 0.81999
107,10 259,26 0,81J68
108,88 244,74 0,79132
110,67 235,96 0,76466
112,48 233,87 5,75526
114,32 227,68 0 "3405
116,18 222,33 Ce715090
118,07 217.22 0,59975
120,00 212,61 0,%58339
121,97 205,03 D,65822
123,97 205,26 0,66161
126,93 197,30 0.,535]12

TABLE VI-s5

VI-206
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DERIVED EMISSIVITY
RUN NO, 28 FREQ 16,5GHZ

DATE 08/12/69
POLARIZATION H

ZENITH BRIGHTNESS

ANGLE TEMPERATURY
{DEG, ) (DEG,.K)

96,76 104,70
98,46 111,07
100,16 109,56
101,88 107,38
103,51 116,50
105,35 109,80
107,10 119,62
108,88 123,09
110,67 118,34
112,48 123,43
116,32 128,50
116,18 133,26
118,07 135,11
120,50 139,11
121,97 138,27
123,97 148,12
126,03 175,23

EMISSIVITY

-0,006467
0,28485
5,12989
0,15506
0,21207
0.,20854
0,26301
0,28713
6,28973
0031371 -
0.337¥&~f~*’””zy/’
0.,35327
h,37623
0,39616
0,39691
n,463%06
0,52525

TARLE VI-x4

[Py
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DERIVED EMISSIVITY
RUN NC'y 29 FREQ 16,50GH2

DATE wRr/12/69
PCLARJZATION H

ZENITH BRIGHTNESS

ENGLE TEMPERATURFE EMISSIVITY

{DEG,) {DEG.K)
9bl7b 1020‘09 "0.30’#60
98,46 108,21 0,08249
100,16 107,26 0,12%11!
101,88 108,39 0,16375
103,61 115,24 . 029617
105,35 111,98 0,21538
107,10 114,40 0,24091
108,88 117,05 0,266415
110,67 121,57 0,29150
112,48 123,10 0,30475
114,32 125,76 032580
116,13 124,03 De325%514
118,07 125,98 0,;33969
120,00 134,25 Ne37524
121,477 1356,%0 D,38%00
123,57 140,03 £,40593
126,03 149,93 O,44466
TABLE VI-37

Vi-258
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DERIVED EMISSIVITY
RUN NO, 30 FREQ 16,506H2

DATE 08/12/69
POLARIZATION V

ZENITH BRIGHTNESS

ANGLE TEMPERATURE EMISSIVIT
{DEG,) (DEG.K)
96.76 275,62 0,88960
98 .46 269,45 0,86878
100,16 260,26 D.,B6795
101,38 264,458 0,85519
103,6]) 255,18 0.82367
105,35 255,60 0,82483
107,10 252,42 0,Bl516
108,88 246,49 0,79452
110,67 238,71 0,T6762
112,48 231,?0 0.74154
114,32 224,53 0,71878
116,18 221,7¢C D,71943
118,07 214,74 0,58553
120,00 210,45 0,67253
121,97 206,476 D,55352
123,97 206,13 N0,66094
126,03 198,91 0.53713
TABLLE VI- 8§

VI-259
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DERJVED EMISSIVITY
RUN N, 31 FREQ 16,56H?

DATE 08/13/69
POLARIZATION H

ZENITH BRIGHTNESS

ANGLE TEMPERATURE EMISSIVITY
{DEG,) (DEG.K)
96,76 113,03 ~0,95800
98,46 116,50 0,04798
100,16 112,28 0,29935
101,88 111,567 014568
103,6) 113,25 0,18645
105,35 116,54 0,22104
107,10 117,50 074150
108,88 117,31 0 25235
110,67 117,.%8 0,26895
112,48 121.94 0,29555
114,32 125,21 0,31757
116,18 126,67 0,33203
118,07 132,35 0,35770
120,00 133,13 0.2657)
121,97 132,82 Nea37159
123,97 139,12 0,40180
126,03 151,99 0,45178
TABLE VI-89

VI-260
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DERIVED EMISSIVITY

RUN NO, 32 FREQ 18, 5GHZ
DATE 08/13/69
POLARJZATION v

ZEMITH ARIGHTNESS

ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEG.K)
96,706 273,52 N.86839
98,46 268,58 04856451
100,16 269,96 086883
103,61 264,42 0,85340
105,3% 256,89 0.B2562
107,10 259,23 0:80156
108,88 245,42 0,78382
110,67 243,09 0477342
112,48 233,26 0,T43R6
116,32 233,66 0,74809
116,18 225,23 0.71807
118,07 218,32 0,69579
120,00 214,69 N,68215
121,97 211,07 0,67312
123,97 201,60 Dy63777
126,03 208,78 0:466552
TABLE VI-g¢

Py
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DERIVED EMISSIVITY

RUN NO, 35 FREQ 16,9GHZ
DATE 08/14/69
POLARJZATION H

ZENITH BRIGHTNESS

ANGLE TEMPERATURE EMISSIVITY
96.76 255091 "0|5748(’
98,46 254,17 -0,55700

100,10 251,27 n0,41585

103,681 259,28 e0,11524

105,35 262,39 0,01350

108,88 247,04 ©0,16460

110,67 242,37 =0,015631

112,48 227,24 0e23174

114,32 207,68 0,03248

116,18 217,28 De?29541

120300 2°5|07 °|I01967

121,97 196,32 0s42768

123,97 214,24 0457146

126,03 212,9) 2,59828

TABLE Vi-91

VI-262




DERIVED EMISSIVITY

RUN NO, 36 FREQ 16,%5GH2
DATE 0R/14/6%
POLARIZATION v

1 ZEN]TH BRIGHTNESS

v ANGLE TEMPERATURE EF1ISSXV¥TY
(DEG, ) (DEG,K)
98,76 289,57 N.80861
98,46 283,45 0.85797
109,16 285,75 Me30319
101,88 284,30 089481
103,61 278,35 0.R6571
105,35 276,73 0,86591
107,10 279,09 0,83365
108,88 260,42 0,79368
110,67 259,46 0,76167
112,48 245,24 0,75325
114,32 240,10 0.73506
116,18 232,44 0,71273
118,07 227,54 9,70197
120,00 226,76 60,5823
121,97 217,51 0y57565
123,97 211,77 0056347
126,03 216,18 0,67522

TABLE V1-92

l VI-263
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DERIVED EMISSIVITY
RUN NO,291 FREQ 9,50H2

NATE 07/17/69
POLARIZATION V

LENITH BRIGHTNESS

ANGLE TEMPERATURF FMISSIVITY
(DEG, ) (DEG.K)

96,76 323,03 1.17371
98,46 309,50 1400943
100,16 290,47 n,35129
101,88 281,01 0,90928
103,61 274,13 0,87580
105,35 284,61 0,93202
107,10 279,20 0,30522
108,88 273,76 0,87704
110,67 268,11 NeB4SRS
112,48 262,37 0,8112R
114,32 257,00 0,77632
116,18 22%,20 0.51084
118,07 224,07 0,50993
120,00 225,71 0,52243
121,97 233,29 0.54362
123,97 237,58 0,59720
126,03 285,93 0,93738

TABLE VI-03

Vi-261




DERJVED EMISSIVITY

RUN NO,101 FREQ 9,8GHZ
DATE 07/21/69
POLARIZATION V

ZENITH RRIGHTNESS

I ANGLE TEMPERATURE EMISSIVITY
(DEG,) (DEG,K)
l 96,76 298,28 0,99374
98,46 286,76 0,91323
100,16 281,72 0.,R9561
' 101,88 276,27 0,87375
103,61 270,066 0,86226
105,35 259,09 0.82148
107,10 252,74 0.79100
l 108,88 264,41 0.75848
110,67 240,26 0,72333
112,48 234,77 0,58%41
l 114,32 239,39 0,56804
116,18 205,49 0,53228
118,07 206,10 0,56297
120,00 209,77 0,56553
l 121,97 215,55 0.60%04
123,97 225,19 D,55380
I 126,03 279,20 0,90598
' TABLE V1-94
l VI-265
L_., S T—
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DERIVED EMISSIVITY

RUN NO,102

FREQ

DATE 07/21/69
POLARIZATION H

ZENITH
ANGLE
(DEG,)
96,76
98,46
100,16
101,88
103,61
105,35
107,10
108,88
110,67
112,48
116,32
116,18
118,07
120,00
121,97
123,97
126,03

RRIGHTNESS
TEMPERATURE

(DEG.K)
114.00
113,08
104,18

96,43
89,94
80,31
75,09
72,74
71,08
T1.49
764,52
57.02
68,40
Bhobb
105,52
139,19
223,92

9450HLZ

EMISSIVITY

-0,85982
"O.blz“o
wB,66346
wﬂ.33855
~0,26214
-0.22251
=0,17296
n0,1252%
~0,08285
»0,24210
0,30659¢6
~0,54199
0,32955
N,11148
0,20722
2,31696
0,68366

TABLE Vi-95
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DERIVED EMISSIVITY
RUN MO, 1 FREQ 9,5GMZ

DATE 07/25/69
POLARJZATION H

ZENITH BRIGHTNESS

ANGLE TEMPERATURFE FMISSIVITY
(DEG,) (DEG,K)

96,76 109,7% N,11312
98,46 125,65 0,22498
100,16 138,16 0,30572
101,88 153,16 0,38222
103,61 165,61 0,635644
105,35 96,69 0,14309
107,10 96,31 0,13429
10F,88 118,24 n,21148
110,67 136,32 0,29420
112,48 167,23 n,35749
116,32 171,87 0,46749
116,11 135,27 0,32874
118,07 102,14 0,19R35
120,00 93,07 n,17165
121,97 127,51 0,31089
123,97 140,61 0e26609
126,03 207,99 0,53512

TADLE VI-46

VI-267
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DERJVED EMISSIVITY
RUN NO, 2 FREQ 9,5GH2

DATE 07/25/69
POLARJZATION V

ZENITH BRIGHTNESS

ANGLE TEMPERATURE EMISSIVITY
(DEG,) (0EG,K)

96,76 296,92 0.,98718
98,40 279,20 0.305°8
100,14 276,50 0,9018613
101,88 278,14 0,30272
103,61 267,29 0,%6570
105,35 260,00 0.%3503
107,10 245,70 0.77359
108,88 237,62 D.73604R
119,67 235,79 0,73200
112,48 232,64 0,71379
116,32 227,18 0.,59129
116,18 196,79 0,562%48
118,07 199,25 0,5318%
120,00 185,39 0,51442
121,97 175,91 n,6To61
123,97 176,24 D,47344
126,03 208,46 D.50404

TABLE VI-97

VI-24




DERIVED EMISSIVITY
RUN NO, 33 FREQ 9,85GH2

DATE QR/14/69
POLARIZATION V

ZENITH BRIGATNESS

ANGLE TEMPCRATURE EMISSIVITY
{DEG,) (DEG,.K)
94,76 297.57 0.999%82
98,46 3C3,54 1,22568
100,16 301,08 1,01066
101,88 294,22 037543
103,61 287,81 0.24597
105,35 256,32 0,79%1¢
107,10 257.00 0,79741
108,88 258,645 0,80179
110,67 252,74 0,775)2
112,48 249,46 D.76145
1le,32 235,18 0,49389
116,18 cl7,¢61 0,61017
118,07 207,69 0,56565
129,00 210,54 6,58188
121,57 209,132 0.,53783
123,97 198,71 0,53562
126,03 233,24 0.,597644
TABLE VI-u%

Vi-o

(134
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DERIVED EMISSIvVITY

RUN NU, 34 FREQ 9. 5GH?
DATE 08/14/69
POLARIZATION H

ZEN]TH BRIGHTNESS

ANGLE TEMPERATURE FMISSIVITY
(DEG,) (OES ,K)

95,7¢ 123459 =0,16041
98.(‘6 118.“2 "0,0938‘0
100,16 113,44 =0,03333
103,46} 126,84 f.13562
105,35 130,353 019405
167,10 122,87 0.18137
108,88 107,23 0,12895
110,587 29,56 Ce07566
112,42 964,28 0,10877
114,32 101,84 015364
1ls.18 93,43 0.12845
1i8,07 2,91 0.13500
120,00 165,23 0:19%09
123,27 116,058 8e2640.2
126,03 185,43 0,54157

TABLE VI-99

VI-270
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SECTION VII

. ANALYSIS OF RESULTS

The derived sea water temperrtures from the 16.5 GHz verticai runs were ana-
lyzed to determine a relationship to the thermometric temperature. These vertical
ruin temperatures are plotted in Figures VI-78 through VI-96. The nominal average
thermometric temperature during the period of these measurements was about 299K,
The 299°K crossing on the curves occurs at zenith angles varying from a low of 102. 9°
to a high of 113. 5 with an average zcnith angle of 1¢8. 9°,

If the temperatures at a zenith angle of 108. 9° are tabulsted from all of the curves,
the average of the tabulation is 299. 0°K with a standard deviation of 5.19°. The
deviation is caused primarily by two runs, Run 5 which was the first 16.5 GHz run
made and Run 21. If these two runs were eliminated from the tabulation the average
temperature would be 299. 03°K with a standard deviation of 2.5% Tre values
observed are considered within the stability a..d overall accuracy limitatiors of the
equipment that was used.

The actual value of the invariant angle muy be different than the angle indicated
by this relatively small amount of data. The important point is that correlation
with the thermometric temperature does exist within the accuracy of the test set-up.
In order to provide a check on similar data an examination was made of some
measurements taken in 1966, These were sponsored by JPL (Ref 5) and were
taken from a w5t coast location. The data from two runs, where the thermometric
temperature was 288% and 292°K, was extracted and processed through the iterative
computer program ROCK 3. The derived water temperature was 238" a. a zenith
angle of 110.7° for the first run and was 292° at a zenith angle of 121. 9° for the
second run,

The temperatuce derived frora the horizontal runs, the derived emissivity from
the horizontal runs and tne stope of the curves of temperature as derived from the
vertical runs have been examined “r correlation with sea state. To aid in this
examination a table has been made w7 h lists the runs in general order of the
roughness of the sea, This data is shown un Table VII-1. No distinct correlation
with sca stale bas beer found  The large variado s in apparent sea water tempera-
ture for the horizeatally polarized runs near the horion are caused by the presence

V-1




-

1

of clouds on or near tie horizon., The curves with the largest dips coincide with
the days when there were a large amount of dark rain bearing clouds on the hc.izon.
The distortion of the derived water temperature curves is due primarily to the lack
of fine profile data on these clouds just above the horizon.

The horizontal derived emissivity curves (Figures VI-127 thru VI-141) are sig-
nificantly different than (he theoretical emissivity curve (Figure III 1). These
curves should have the greates: scnsitivity to changes in sea state. No direct
correlation with sea state has been noted with these curves. Sea state correlation
may have been better if equipment with higher sensitivity had been used or if the
geometry of the site had permitted a wider range of viewing angles. The relatively
constant deviation from specular emissivity of these curves is unexplained.
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TABLE VII-1

RUNS IN ORDER OF DECREASING SEA STATE

Run Date Time Comment_
9 8/1 1610 Sea white caps, good 3 ft swell, 1-2 ft chop
10 8/1 1637 Sea white caps, good 3 ft swell, 1-2 ft chop
11 8/5 1555 3 ft swell, slight wind ripple
12 8/5 1628 2-3 ft swell, 1-2 inch wind ripple
206 8/5 1649 2-3 ft swell, 1-2 inch wind ripple
27 8/12 1621 2-3.5 ft swell NW, wind NE 10-15, 4-8 inch chop
311 8/12 1432 Approx. 3 {t swell
26 8/12 1313 2-3 ft swell from NW, 8-12 inch wind ripple
25 8/12 1225 2-3 ft swell from NW, 6-12 inch wind ripple
28 8/12 1655 2-3 ft swell, 4-8 inch chop
302 8/8 0955 1.5-2 ft swell, rough 12-18 inch chop
302 8/8 1332 1.5 ft swell, 12-18 inch chop, quite rough, very
few white caps
- 2% 8/8 1455 Same as run 303
24 8/8 1531 Same as run 303
304 8/8 1605 Same as run 24
305 8/8 1638 Choppy sea 2 ft
14 8/6 1550 2-3 ft waves
) 13 8/6 1309 1-2 ft swell, 8-12 inch wind chop
29 8/12 1845 1.5-2 ft swell, 6-8 inch chop
21 8/8 1132 1-1.5 ft sca ; sea probably rougher thua indicated
22 8/8 1240 1-1.5 ft sca [ since all 8/8 rougher
. 313 8/13 0930 1-2 ft swell
' 31 8/13 1008 1-2 ft swell, 15-20 it period, 4 - 8 inch chop,
wind N 5-10
a2 8/13 1115 1-2 ft swell
301 8/1 1532 1-1.5 {t swell and chep
30 8/12 1915 1-1.5 ft swell, 6-8 inch chop

- Vil-3
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TABLE 1I-1 (Cont.)

Run Daie Time Comment
312 §/12 ' 1945 1-1.5 ft swell, 6-8 inch chop
307 8/11 1400 2 ft swell, period 15-20 ft, gentle but distinct chop,
some while caps
306 8/11 1222 Swell from NW, slight chop, wind NW 5-10
508 8/11 1617 Similar to Rua 306
309 8/11 1857 Water much calmer than Run 306
17 8/7 1655 1 ft swell, 6-8 inch wind chop, wind S 5-10
18 8/7 1729 1 ft swell, 6-8 inch wind chop, wind S 5-10
19 8/7 1915 1 ft swell, 6-8 inch wind chep, wind S 5-106, 10 ft peried
20 8/7 1949 Wind SE 10-15
15 8/7 1216 Approx. 1 ft swell, long period 20 ft, 3-4 inch wind
chop, WNW 1-2 mph
16 8/7 1255 Same as 15
201 /117 1750 Se approx. 1 ft (interpretation from pictures)
5 8/1 1132 Less than 1 ft swell, slight chop
6 8/1 1206 Less than 1 ft swell, slight chop
310 8/11 1755 Wind died down, water quite calm
101 7/21 1445 Vent bldg log, sea calm, wind NE 10-15
102 7/21 1510 Vent bldg log, sea calm, wind NE 10-15
1 7/25 1248 Sea calm, slight swell
2 7/25 1345 Same as 1
33 8/14 1010 Sea calm, perceptible swell, very small wind ripple
34 8/14 1047 Sea calm, slight wind ripple 6 inch slow swell
35 8/14 1325 Sea calm
36 8/14 1415 Sea calm, slight swell with wind ripple
7 8/1 1347 Slight swell 3-6 inches, no chop, glassy surface
3 8/1 1417 Slight swell 3-6 inches, no chop, glassy surface
292 7/22 1400 No rea information
203 7/22 1815 No sea information
204 7/22 1831 No sea information
1 7/24 2930 No sea information
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SECTION VI

CONCLUSIONS

There has been strong evidence presented of the correlation between vertically
polarized radiometric temperatures and the thermometric temperature of sea
water. The particular measurements made on this experiment at a frequency of
16.5 GHz suggest a sca statc invariant angle of about 110° zenith where the r.m.s.
deviation from the mean radiometric temperature was within 5°K of the thermo-
metric temperature of the sea water. The stability, sensitivity and calibration
accuracy of the radiometer together with the stability of the environment are con-
sidered o be of this magnitude. State-of-the-art radiometric equipment with
improved stability and sensitivity should improve this resolution by a factor of
five or ten,

No correlation with sea surface roughness (sea state) was obtained with either
the vertical or horizontally polarized measurements. This may be caused by
insufficicnt equipment sensitivity or by the viewing angle restrictions imposed by
the site.

The horizontally polarized data does not appear to have a direct correlation with
sea surface thermometric temperature. This negative resul{ bears importance
in those systems which contemplate using horizontally polarized radiometric measure-
ments for determining temperature. Other frequencies or viewing angles may
provide a degree of correlation, but based on the inference here this should be
validated by other tests before implementation.

The applicability of radiometric measurements by an aircraft or satellite,
particularly in the area of surface temperature measurement is feasible. The
viewing angle implied by this expcriment would not be optimum for a spacecraft
but other frequencies may provide other optimum viewing angles.
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SECTION 1X

RECOMMENDATIONS

Based on the data and its analysis the following recommendations are made for
possible future work:

1.)

2.)

3.)

4.)

5.)

6.)

A theoretical investigation should be made, using a relatively sophisticated
model of the sea surface, to determine the interrelationship of frequency,
viewing angle, sea state and polarization. This should result in a thecore-
tical description of the dependancy of a sea state invariant angle on frequency.

Field tests at frequencies other than 16.5 GHz should be conducted to verify
the theory developed in the above.

Representative field test data should be obtained over a full range of viewing
angles. This will require a site where angles close to radir can be observed.

The effects of pollutants, froth and water contaminants should be theoretically
analyzed and subsequently introduced in field experiments under controlled
conditions.

The equipment sensitivity for radiometric measurements of the sea surface
should be the best the state-of-the-art offers. Sensilivities of 0.3°K for a
0.1 second integration time should be attainable up to freguencies of 30 to
35 GHz, and 0.5°K should be attainable up to 60 GHz. Integration times as
small as practical should be used for the critical data measurements.
Longer integration times for smoothing may be introduced by computer
processing during the data reduction.

The final recommendation is general in nature, but most important for any
field tests. Adequate auxillary instrumentation must be a prime requisite for
any program. This is necessary to cnable complete and proper interpre-
tation of prime radiometric data. The water thermometric temperature
measuring system must be well designed. It must be sturdy to withstand
rough scas yet light enough to float on the surface of the water. The
temperature sensors must be waterproof. The system used in this experi-
ment was good, but water leakage was a problem in some of the thermistor
probes.
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APPENDIX A

THEORETICAL EMISSIVITY OF SPECULAR SEA WATER

Applying Kirchoff' s law, the emissivity of a specular surface can be derived
from the reflectivity

€=1- p (1)

The reflectivity for horizonially polarized waves is given vy the Fresnel formula:

p, = [cosd> -81/20050 , 2 5
h cosd + e/ 2cosf ! )

and likewise for a vertically polarized wave:

ecosd - el/2cos? 3
ecosd + el/2cosh 1 ©)

py = |

e ¢ = incidence angle
8

= angle of transmitted beam with respect to normal

e = e' -je" =complex dielectric permittivity

Using Snell' s law:
et/%ing = sing 4

Introducing the polar form for the complex number
ecosif =e - sin2¢ =re I (5)

The polar quantities can be calculated explicitly as foliows:
1/2

r = [ -sinf@)+ (c")?] (6)
Y = ftan [——‘:—S‘l‘ﬂng ] ()




e —

-

Using the definition in (5) the absolute values in equation (2) and (3) can be

evaluated. Substituting these results into equation (1) yields after some manipu-
lation;

¢ = 4cosd r’/zcosg /2)

h lcos¢ + r¥2cos (y/2) F + r sin® (/%) (8)
e = 4cosd ri/ﬂcos(‘y/_Z) e! + sin(y/2) c”Ln

v [e' cosg + rl/Zcosty/2)[* |e" cosg + r¥/ sin (y/2)F (9)

Some simplification of (8) and (9) can be accomplished by the introduction of itwo
parameters:

it

a

b

r'/2cos(y/2) (10)
rl/zsin(y/Z) (11)

Then (8) and (9) become:

¢ = dacosp

h " (cosp +a)? + b? (12)
_ 4cosd (ae' +be")

€v = @' cosg + a)l + (e"cosp + b)? (13)

From equation (5}, at normal incidence

Thus 7 is definced as the diclectric loss angle and "a" is the refractive index and
"b'" is often called the "absorption" coefficient.
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APPENDIX B

DIELECTRIC PERMITTIVITY OF SEA WATER

Hasted (Ref 3) and Von Hippel (Ref 4) have reviewed the dielectric properties
of pure water. According to the latter, it is accurate to consider only the dipole
relaxation through the microwave region, thus only bipolar absorption will be
considered. A single relaxation time is considered sufficient to explain the water
absorption spectrum. This time is sufficiently short to place the relaxati~n
dispersion region of liquid water in the microwave region. The Dchye formula
then gives the frequency dependency of the diclectric permittivity:

el = e +eo-ew2 (1)
1+ (VAg)
e" = (eO - eoo) VAS + 1] (2)
1+ (WA g)? cVE,
e' = real component of diclectric permittiviiy
e' = imaginary component of dizlectric permittivity

#

wave number (cm -1

relaxation wavelength (cm)

>
it

static permittivity

(¢
i

e,= high frequency limit of permittivity
0 = conductivity (mhos/meter)

¢ = velocity of light (cm/scconds)
-9
St 10
= 3 ity f et =
€, = pe rmituvity of vacuum 36T
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where

W 2nf

T relaxation time (seconds)

we can simplify equaticn (1) and (2) as follows:

e =e_ +% %
1+ (WT)?
e" = Q)V(eo -e,) + O
1+ (w7)? Wy

e,: T and 0 can be approximated as the product of two second order polynominals
of the form:

»
]

(,S? + byS + b)) (¢, T? + ¢4T + ¢,)
or
x = aj+ayT+a,S+a;T +a,8” +a,TS+a T2 +2,TS? +a,T?S? (3)

where

Salinity (Parts per 1000)

-3
]

Temperature
a, b and ¢ are constants

x = e, Tor O

Table 1 tabulatcs the coefficients fur the variables of the expanded equation based
on (3) above.

1o

B-




90-0T X TTLL826E°0 L0-01 X $0960%%F 0 81-0T1 X 02+12628°0 ig :S;L
Y0-0T X GZEB8STILE "0- ¥0-01 X ¢€P9S82Y "0~ 91-01 X £€8ILSHFS "0~ le S.L
b0-0T X $6TPI69T "0~ S0-0T X 695¢€8226 "0~ 9T-0T X Q0CSGSLE "0- ‘e S.L
20-01 X €6108CV°0 20-0T X ¥02692¢% "0 ¢0-0T X GT98298G "0 Sy Sl
¥0-01 X G0€599G62 "0~ ¢0-0T X TI6LELIT O PL-01 X LOGLIVIT O ‘e S
L0-0T X 9Z8ESIVY "0- €0-0T X C0LET6S9°0 PI-0T X €€9P98S6 "0 Te L
T0-0T X 080E8YL8 'O 00-01 X 8PTILIGEY "0~ ¢i-0T X 9669LTT "0~ e S
G0-0T X gL8603ST 0 00-0T X gC98%E£0¥ "0- 2T-01 X 68F02089 "0~ e .L
S0-01 X SPERLLGZ "0- 20-0L X 9¥6¥G188 "0 OT-0T X LGG6826T°0 e
O %% L jueisuc) JlyelieA
sI9jaweaed
1-9 3719VL
IND NN UUI VNP GHVN SO B . T

D-.

C e et i Ao




:
l
I

APPENDIX C

SEA WATER TEMPERATURE DERIVIATION METHODS

There have been several methods proposed for radiometric sensing of the sea
water temperaturc and conversion of this radiometric temperature to actual tempera-
ture. Sevcral of these methods will be outlined in the following sections.

A. Ratio Method

The brightness temperature has been defined in Section III in terms of a basic
radiometric formula. This formula is repeated here for reference.

-3
I

where sky temperature

S

emissivity

L}

ohservation angle

€
¢
6 = 180 - ¢

The horizontaily and vertically polarized brightness temperatures as defined by
cquaton (C-1) can be expressed as a rato:

Tbh = Gh:) T\%’ + (1 - €hO)T58

, )
Tpv C‘.¢Tw +(1- GV'Q)TSB
Typ . £h3(_T_;‘; -1+ 1
T Tea (3)
O A——
€vg (Y -1+
Tse

This expression invelves four unknowns, namely Cher v €y Top and T\.t__ , and can be
- s . / ¥ o ? M
simplificd to two unknewss by introducing a factor X an the equation as follows:

Ty © Shak o !
T‘.h (V‘_c’k + 1 (4)




in which,

In appendix A, the formulas for €, and ¢, are developed, these are expressad as:

= 4acosd
- €y, = LU0
h (cosd + a)? + b? (5)
: e = 4ac' +be' )cosd
r~ v

(e' cos¢ + a)? + (e"cosd + b)?

Both parameters "a" and "'b" are functions of permittivity and incidence angle.
In practice both "a' and "b'" will vary from their theorctical values for a specular
surface. The vilue of ""b'' has less of a variation from theoretical, therefore we
. sel values of ¢', e'" and b based on an assumed initial value of sea water tempera-
’ ture. Substituting (3) and (6) in equation (4) we can now solve for "a'", Using tiis
derived value of "a'" which carrics information on the actual temperature of the

water, we calculate €,. The true sea water temperature can now be derived from the
relation:

T

N w =

Tb\' -(1 - GV(I))TSO
€V¢>

The vertical component of emissivity, €, varies with frequency, angle ¢ and
temperaturec T. The frequency is known and the angie is known for a calm sea and
can be approximated for a rough sea. We are attempting to derive the temperature
T. In using the raticn Tbh/Tbv to obtain the parameter "a”, and hence €, we are
in some way trying to correlate T and €. The assumption is that different T values
will lead to specific ratio values, hence to "a” and finally to a unique ¢, Inorder
for this sequence to be meaningful we inust first huve some sersitivity in the rato
Tpn ’/Tbv to changes in T. We can examine this point by considering the right-hand
side of equation (4).

; we have R = _MLT h _ kfx1l
rb\' k;v + 1
where k= ! ¥ - 1}
T,a

In thisz miethad, the temperature dependence of the ratdo Tg,i‘_{'rh.‘. is in €, and ¢,
which in turn roiiect o tomperature dependence through ¢ and ¢ . Paramcter &
is usually sct to a value representing s inidal assumption for T and Ty, . This




rrocedure is based on the correct assumption that a poor choice in k has small
consequence on derived emissivity., Specifically, for k ranging from 15.0 to 40,0,
the resulting calculated € changes by about 0, 91,

A computer program has been employed to calculate the theoretical values of €y
€y and the ratio Typ/Ty,, (in which k = 40 corresponding to a temperature T of 280.90
degrecs Kelvin and a Tgg of 7.0 degrees Kelvin) for angles ¢ varying from zero to
70 degrees, and for sets of e' and e representing ocean salinity of 30 parts/thou-
sand, and a temperature range of zero to 30°C. Assuming that these theoretical
values are representative of the actual emissivities and the ratio Tbh/Tbv, it is
possible to make a number of interesting obscrvations:

1. €, and €, vary very slightly with iemperature. At & = 60 degrees, we have
the values listed below:

TABLE C-1
T €y €y R
0°c .6233 .2159 .3716
10 .6151 .2115 . 3695
20 . 6132 L2161 .3639
30 .6159 L2117 . 3693

From the above, we can sce that, over a 10°C interval (i.e. 100 - 20°) €y changes
by . 0019, or about . 0002/°C. Also, €, and €}, scem to exhibit a minimum near
T = 20°C and therefore T is a double-valued function of €. In effect, in trying

to ~Ltain a value for €, useable in equation (1), we are trying to guess in a very
narrow range -~ this guess has a built-in ambiguity in that there are two tempera-
tures for each value €, i.e., we must somehow know nn which side of the
minimum our temperaidce is located. This can be difficult since the minimum is
at a commonly encountered temperature.

2. We have noted the difficulty involved in oblaining & value oi ¢, corresponding
to a specific T. We will now examine the method used for obtaining €. Tabic C-1
also lists corresponding values of the ratio Tbh'/Tbv - these ace theoretieal values
and represent the manner in which we woula expect that ratio to vary, if we vary
the temperature of the sea surface. Three obiservations can be made at this point:

i) The variation with temperature is slight, i.e., over 2 10°C range we have
a change ia the ratio of . 0006, or about . 00005/7C. This number is Liter-
aliy swamped by the temperature sensttivity of the radiometer used in the
measurements.




ii) T is a double-valued function of R. Again, the minimum is near 20°C and
we, therefore, have a difficult time knowing which T corresponds to a
given R.

iii} Tyh has a higher theoretical dependency on sea state. Thus, any variation
inT, , due to sea state, will affect the ratio Typ/Tyh and will in turn
influence the final water temperature calculation.

The above numbers and nsuing discussion are based on data for 9.5 Gllz (even
? though data for e' and e is actually for 9.3 GHz, which is sufficiently close

} for our purposes) and an incidence angle, ¢, of 60 degrees. The nature of the
) data is similar at other values of ». For reference purposes, similar tables
- are presented bclow for ¢ = 40 and 20 degrees.

Table C-2 ¢ = 40
.
T \ H R
o’c . 4699 . 3110 .6790
10 , 4620 .3051 L6777
26 . 4600 . 3035 .6778
Table C-3 ¢ =20
T A4 H R
o’c . 4038 . 3667 . 9154
10 .3966 . 3660 .9131
20 . 3947 .3582 .9130
30 . 3968 .3601 .9131

4. Conclusions

The analysis presented in the preceeding sections argues against the meaning-
fulness of using the method originally proposed for obtaining €. The probiem
revolves primarily about the fact that €, and €, vary very slightly over the tempera-
ture of interest for sea water, with the resulting effect that the ratio Tbh/Tbv contains
very little retrievable information with regard w temperature. What it does contain
is, in part, indicated by a plot of the ratio versuz ¢. The plot shown in Figure C-1
is based on a theoretical expression for the ratio, st a fixed value of k. We {ind in
Figure C-1 that, for ¢ between 25 and 75 degrees, the relationship between R and ¢
follows an approximate straight line, with a slope of 62.5 degrees per uait change in

C-4




the ratio Tbh/TbV' A 6.25 change in ¢ will cause a 0.1 change in the ratio. We
rnotc that a 0.1 change in the ratio is actually quite large; il represents, roughly,

a 25%K change in the final derived value of T, when everything else is held constant.
Thus, the angular dependence completely overshadows the slight temperature
dependence.

A rough sca resuite in brightness temperature samples over a cone of angles
around the antcnna beam nadir angle at which it is viewed, and hence, is expected
to affect the ratio Tpy,/Ty,, quite markedly.

Ii appears that this method amounts to nothing less than the derivation of an
€ which reflects such information as the angle of observation (which is known in
any case) and errors in measured Ty which we would like to avoid.

B. Low ¢ Analysis

At low values of incidence angles the values of €, and €, vary less as a functicn
of angle than at high iacidence angles. This is readily apparent if one refers to
Figure III-1. Using the equations developed in Appendix A, we can express €, and
€}, as a function of temperature T, hence we have Ty, and Ty, as funciions of T,,,.

From eguation (1) we have:

Ty = €Ty + (1 - €T )

rearranging iermis
Ty = €Ty - Tg) + T ®)

substituting the expression, from Appendix A, for €,

Ty = 4cos¢ (ae' + be") (T -T)+T
(e' cosp +a)2+ {e'cosp +b)? w s 8

©)

T - 4acos -
and similarly Ton = (cosd>(p+ o) + b (Tw Ts) * Ts (10)

Assuming that the right hand side of equations (9) and (10) are exact expressions of
the measured brightness temperature Ty,. we can then reduce our problem to that
of determining what value of T, will give the data value T,.

Two difficulties in this approach are:

1. The theoretical expression for Ty (or Tpy,! does not in fact correspond to
data Ty in a sufficientiy sensitive fashion.
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2. Tbv (or Tbh) is not sufficiently sensitive to Ty

The esseantial point in this method is the manner in which we obtain a value for
€y. The value of €, should be determined over a range of incidence angles where
the effects of sea statc are minimized. As the sea surface roughens, the effective
angle over which the radiometer is viewing the water surface is a weighted sampling
of a cone whose axis lies on the nominally defined incidence angle. Thercfore, for
a sea surface which is not flat, we should really apply equation (9) or (10) not at
one angle ¢, but should average over a cene of angles appropriately weighted to
consider wave height and period, and the duration of the measurement. If however,
€y and Tg varied only slightly over the cone, as they do for low incidence angles,
equations (9) and (10) would be accurate to within that slight variation. The range of
incidence angles that might be considered in this method would range from 0° to 40
or 50° corresponding to zenith angles from 130° or 140° to 180°,

The underlying restriction on this method with regard to this particular field
experiment is the observation angles required for implementation. Site restric-
tions confined the water observation to zenith angles from 90° to about 130°.

C. Invariant Angle Analysis

If one assumes that there is a range of zenith angles over which the radiometri:
temperature is invariant with sea state, then the specular equation for brightness
temperature would be most nearly correct at these angles. The brightness tempera-
ture has previously been expressed as a function of temperature in equation (9). That
equation is repeated here for reference.

- 4cos® (ae' +he') (T -TH)+T
T,
bv ' cosd +a) + (e'"cosp +b): v S s 9)

There will be a unique value of sea water temperature that satisfies the measured
values of Ty, and Tg. This unique value will be equal to the thermometric tempera-
ture of the water at an invariant anglc. At angies other than invariant the derived
value of water temperature will depart from the thermometric value. It would
further he deduced thati the deviation from the thermometric temperature (i.e. the
slope of the derived water temperature) would be dependent upon sea state., The
deriviation of water temperature from equation (9) is accomplished by iteration
using a computer. An initial value of T, is assumed and a, b, e' and ¢' are
computed for this temperature using the cquations developed in Appendix A and B.
Equation (9) is then used to calculate the value of Ty,,,. This calculated value is
then compared to the measured value of Ty,. If the two are not in agreement to
within £ 1°, the value of TW is adjusted to a new value basced on the following
formula:

= Tw old ' Tpy - - 6Ty
2

T
Ynew




This iteration is repeated until agreement in the calculated and measured values of
Tbv is reached. This was the method used in reducing the vertically polarized
measurements in this program.




DEGREES

/ LINEAR DEFENDENCE

50

- -

40

30

NADIR ANGLE

20

| 0O 2 4 & .8 10 L2 |4
: R - RATIO OF T ,
BH/TBV

Figure C-1. BRIGHTNESS TEMPERATURE RATIO VERSUS NADIR ANGLE




e T

-~

APPENDIX D

ANTENNA PATTERN CORRECTION

A. Geometry

The gain patterns of microwave and millimeter-wave antennas is simply the
manifestation of diffraction of electromagnetic waves by a finite aperturz. Most of
the power received by the antenna is contained ir the main lobe of the diffraction
pattern. The remaining power i5 received via the side and back lobes.

If one were investigating astronomical racdio sources of very small angular
extent, it would be important to remove the etfect of the main lobe "pattern'.
However, for extendec sources, such as the atmosphere or sea surface, the
brightness tempcraturc variation within the main lobe half-width is not sufficient
to necessitate the removal of the main lobe efiects. The following discussion will
concentrate on the correction for side and back lobe eifects.

The geometry of the situation is indicated in Figure (D-1). Environmental
temperatures are given in the (Q, 9, Q) coordinate system where the unit vector
% is oriented in the zcnith direction. The antenna axis is inclined at angle 6,
to the zenith and defines the unit vector 2' . If the %' dircction is chosen to
coincide with the & direction, the set (Q,’ /y\,’ cX )} defines Cartesian coordinates
in the antenna-centered frame.

Polar angles in either frame are defined with respect to the z axes, while
azimuthal angles are defined with respect to the x axes. Figure D-2 shows the

angulai coordinates of a pencil beam in both environment and antenna-centered
frames.

B. snalytical Approach

The apparent (measured) temperature seen by an antenna oriented at a zenith
angle J is given by

JSe. o), o aer

T (0 o) = N )
fg“?' L) ag”

(D-1)
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where
Tb (6 ,¢) = brightness temperature of environment at

zenith angle € and azimuthal angle ¢

@' = polar angle of environmental point in antenna-
centered coordinates

¢' = azimuthzl angle in antenna-centered coordinates

g = antenna gain function in antenna-centered system

dR2' = element of solid angle in antenna system

If one assumes the environment to be azimuthally symmetric (certainly true
for clear skies), then T, depends on 6 only and equation (D-1) can be written

5
T, ) = [ k6, 6) 1, (9)d0 (D-2)
(-]
where R
k. oy - Ein 8 f g , ¢)dd (D-3
( 0> ) - y~ﬁg(91 , ¢1 ) sin 9! d¢r d9' )
o v

Equation (D-2) is a Fredholm integral equation of the first kind with kernal k. It
can be solved numerically in the following way.

First, one introduces a quadrature rule to change the integral in equation (ID-2)
into & sum:

T, (6,) = L:kj (00) Ty, (65) (D-4)

The set of finite angles (6;) may be chosen to be cquidistant if desired. If the
antenna temperature T, is also measured at these angles, then a set of linear
matrix equations results:

K
where Gij is am x m matrix derived from K.

Since T, and Ty are very close in magnitude, it s convealent to caleulate
their difference. Equation (D-3) can be written

T T, e o Gy S Ty
3

iy
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where, Sij is the unit matrix; or in symbolic matrix nctatia,

T, = T, - (G- DT, (D-6)

Equation (D-6) has a formal solution which may be cxpresscd as an infinite scrics:

Ty = T -(G-DTy + (G -I)NG - I)Ta - ... (D-7)
In equation (D-6) and (D-7), I represents the unit matrix.

Truncation of the series in Equation (D-7) is cquivalent to solving the following
iterative set

(n)
Ty, T, - (G- DTy

©) (D-8)

Tb = T,

Usually only one or two iterations are necessary in order to achieve a satisfactory
solution to e uation (D-5) if Ta is given by empiricul data.

(n-1)

t

An cbvious mcthod to caleulate Gy, involves using a quidrature rule bascd on
equidistant intervals in 8 . This approdch leads to the form

ki 6y = wik(Hc,Oi)

where, w; is an appropriate weight.  Because of the highly peaked nature of k, the
important sum condition

Z ki (6) =1
1

does not hold sufficiently well to insure the accuracy needed for solution of equation
(D-6). A better method of calculation involves writing equation (D-2) as

v
Tﬂ (80) = fTb (8) dP(U,UO) (D—ﬂ)
©
where o L
P&, 00) = J k(po,t*) dé (D-11)

Then the trapezedial rule may be applied to equation (D-9), yielding
¥

T“(t?\;,) = (__;_;Tb(ﬁi) 1,»«"2[1’(<}i‘1, th) - P, ) ] (D-11)
L

D~
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or

G;.

iy = 12 [P(G;,1. 6) - P(6; ;. 6) ] (D-11)

J
Next it is necessary to indicate the method of computing P.  Using equation {D-3)
and (D-10) we write,

P(9, 6,) =_/u (6-6) g(6' ,¢") d' /_/g(S' @' ) (D-13)

where, H(3) is the Heaviside unit step function. The solid angle integration in the
numerator of equation (D-13) has been written in the antenna-centered system
instcad of the zenith-centered system. One may interpret equation (D-13) as saying
that P(6, d,) is the fraction of ‘he received power entering the cone with half-

angle 0 centered on the zenith.

Now if 8, = 0, then 8 = 6', and equation (D-13) becomes
o b
P(a, 0) = ;—/-;/ gll' , o' )dd' sind' db'
o 10
[ @ ,9")dd" sing' db'
o pe)

(D-14)

A great simplication is achieved by specializing to the case where the antenna is
azimuthally symmetrical i.e., there is no gain dependence on ¢' . In this case,
equation (D-14) becomes

-~—

g

PG, ¢ = =~ gf") sinf' d@' (D-15)
T
f g(@') sind' do'
4

and equation {D-13) can be written

“
P@,0) = ©08,88) 4p .0 (D-15)
o 2w
where, 1%
O S(6,,0,8") = ,/ H(E - 9)d o'
- P
=dwn 60 - § @0 (D-17)
| Z
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Now the angles d){ (6y,0,6'") represent the azimuthal angles corresponding to
the intersections of two cones: the first cone is defined in the antenna-centered
frame by constant polar angle {'; the second cone is defined in the environment-
centered frame by constant polar angle 6. Inorder to dctermine the snalytic
relations for ¢ the geometrical configuration of Figure D-2 can be used to
cxpress the transformation of coordinates hetween antenna and environment-contered
frames:

sinf' cosd' = sinf cos¢o (D-18)
sinf' sing' = cosf, sinf sind - sinfl cost (D-19)
cosf’ = sinf, sinf sing + cosfy cesd (D-20)

The angles ¢' defined by fixed values of 05,2, and § ' can be found from
equation (D-18) if values of ¢ are already determined; these latter must be
obtained by solving equation (D-20). The set of equations (D-18), (D-19), and
\D-10) are invariant under the transformation

dp—+ i -0, —T-3 (D-21)

hence, the two solutions in equaticn (D-17) are related. By rewritting cquation

(D-20) as,

cosf' - cosf), cosf
sinf sind

sing - (D-22)

one can see that it has two solutions: ¢, and ¢4 = 7 - ¢,. The final resuitis
obtained by inserting either value in equation (D-18) in the form, for example,

[ -t fai .
% (6,,0,0') = cos (%%%09. _‘?_2-_) D-23)
The other branch of the solution is given by

¢! (6,,6,0) = T~ D (6,6,0") (D-24)

C. Calculations
Two computer programs have been ceded to perform the antonna pattern removal

The {irst program has the task of calea ating the matrix clemnents Gij from the
cquation (D-12). The matrix

M G-

D-6




is the output on punched cards or magnetic tape for use with the second program.
In the course of calrulation the condition

Z.!Mij =0 (D-26)
J

is lested.

The sccond program, APCOR4, has the task of solving for brightness tempera-
tures by the iterative method presented in equation (D-8). It accepts the matrix
elements, M, and performs a given number of itcrations on the apparent tempera-
ture data which are obtained at the specified angular mesh (6;) by polynomial inter-
polation. The mesh chosen for the present data consisted of 69 angles defined by

This set anpeared to give adequate resolution near the horizon, while keeping the
computer time to a reasonable level. For the 9.5 GHz data, an averaged gain
pattern was used for both polarizations. In the 16.5 GHz band separate antenna
patterns were employed for both polarizations, aud the computer performea the
azimuthal averaging.

Frcm preliminary calculations it was concludad that satisfactory antenna
pattern correction may be obtained with one iteration. Therefore, all the processed
data show a single applicatdon of equaton (D-8).

D-7




APPENDIX E

DETERMINATION OF RADIOMETER ABSOLUTE CALIBRATION AND
SENSITIVITY, AND CONVERSIOX OF OUTPUT RADIOMETRIC
VOLTAGES TO APPARENT TEMPERATURES

This appendix describes the mathematical expressions used to calculate the
absolute temperature calibrations and sensitivities of the radieometers used in this
experiment. The expressions developed for this purpese ave based on the nomen-
clature shown in Figure E-~1. An expression is also providcd for conversion of
radiometer output voltages, E,, to apparent temperatures, T,, at the input {o the
antenna feed.

The losses o: all microwave components and waveguides have been sccurately
measured, with the exception of the antenna fced losses. These were estimated
on the basis of equivalent waveguide length present in each anienna feed. The losses
for the above components are liswed in Table E-1, As indicated in Figure E-1,
all the radiometers incorporate a basic 2-point input calibration scheme consisting
of two waveguide terminations at accurately known temperatures and a mechanical
waveguide switch. This allows the use of a 2-point calibration or the use of a
3~-point calibration using the zenith sky temperature as the third calibration point.

The measured input-outpui response of each radiometer is linear over the
dynamic signal range (0-400 degrees Kelvin). Therefore, withir this range, the
scale factor used in radiometer calibration and data conversion is a linear function.
Referring to ine response curve in Figure E-2, the scale factor (k) for a two point
calibration is given by,

k = Te1~Tep , degrees Kelvin per volt M)
Ecy - Ecp

Siinilarly, for an output voltage E,,

- T
k = Tc2~ Ta , degrees Kelvin per volt @)
Egp - E

C a
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where,

Tcl is the apparent temperature of the maximum (Hot Load) calibration
signal, referred to the antenn: fecd input, degrees K.

TQ2 is the apparent temperature of the minimum (Cold Load) calibration
signal, referred to the antenna feed input, degrees K.

Ta is the apparent temperature of the material under observation, at the
antenna feed, degrees K.

Eqy is the radiometer output when the input signal is T;, volts.
E¢2 is the radiometer output when the input signal is Tgg, volts.

E, is the radiometer output when the input signal is Ty, volts.

The scale factor k for a three point calibration is determined from a least
squares approximation for a best fit straight line, and is given by:

Tp+Toy + o - TpEg + ToiEgy + TooEeg
Lo 3 By + Egy + Ecg -
E, +Egj * Egp = (Ep)F+ (Egp)® + (Egp)®
3 E, +Egy + Eg

where,
T, is the zenith sky temperature

E, is the radiometer output when the input signal is T,, volts
and the other parameters are as previously defined.

The radiometer temperature sensitivity can be readily calculated from knowledge
of Tcl and TcZ’ as well as the mean values of E ., and Eqo- The minimum detectable
temperature sensitivity of a radiometer is defined as the root-mern-square output
signal fluctuation in the absence of an input signal. This definition implies that the
radiometer input is terminated in its characteristic impedance for the requisite
output reading. Therefore, in the radiometers under discussion, the input should
be terminated with the Cold Calibration Load when the output reading is taken.

This results in an effective null inpui signal condition, which represents maximum
sensitivity in a Dicke-type radiometer.

Based on the above definition, ihe rms temperature sensitivity of a given
radiometer is expressed by,

T :<‘E°“t p/p), k, degrees Kelvin rms (4)

n
0




W p—

The factor "6" is used io convert peak-to-peak noise voltages to rms voltages, in
accordance with standard practice. Equation (4) may be expressed in terms of
known quantities. Thus,

aT _(_ "Z*p/p ) (Ec_l;zﬂ_) , degrees K rms (5)
(Ecl - Ecz) mean

In practice, approximately ten (10) printouts are taken for E,q and Ec during the
sensitivity check. The peak-to-peak fluctuation of Eqo is then noted for use in the
first term of the above equation. Following this, the mean values of Ec1 and E
are determined. With values of Tcl and Teo established the rms temperature
sensitivity can be calculated.

A microwave signal with an apparent temperature Ta, is affected by transmission
through a lossy medium, such as a waveguide component, in accordance with
equation (6).

- 1 1
Tout = Ta L) + To (1 - L> degrees K 6)
or 1
TOut = Ty +(Ty - Tp) T degrees K (7)

As indicated in Table E-1, the losses of WGS2 and WGS1, from the Cold Load and
Hot Load to the input of the ferrite switch, were measured in combination, This
combined loss will be indicated in the equations to follow by the symbols le,2a
for the Cold Load path and L s1,2b for the Hot Load path, respectively. Since the
loss in WGS2 is conmdexably higher than in WGS1, in the X-band channels, the
temperature of WGS2 will be associated with le’ 24 and le,2b‘

Referring to Figure E-1, at point 1,
1

T =T o+ ((T,,-T.,) - , degreces K (8)
cla 27 hl 727 Ly o
and
Teza = Tsa* Tar - Tod) 7, , degrees K (9)
sl,2a

To obtain Tc and T o AN inverted form of equation (6) must be used, with T

and TcZ representing T\ - Solving for T, in ecquation (G),

1
Touwt =~ To -7

T =
a

1
L

gt I




or T, = L(Tout - Ty) + Ty, degrees X (10)

At point 2, we obtain from equations (8) and (10),

Tep = Lgt [ Ts2 *+ Ty - Tgp) 1——— ~T, ] +Tgp . degrces K (11)

Y aw

At point 3, we obtain from equations (10) and (11),

T.q = Teo + (T - Too) 1 - - T
cl La { LSl [ s2 ( hl s2/ sl,_Z}—)_ TSl ] + TS]. Ta ] + la
or le
Ter = Ly [Lgy (Tgy = Tgp) * Loz Chl” Teg) " Ter = Tal + Ty A2

degrees K

Similarly, at point 2 we obtain from equ:tions (9) and (10),

Tch = le l TsZ * (Tcl

124 Tgy ] + T ;. degrees X a3

At point 3, we obtain from equations (13) and (10),

- LT 1 _ _
Too = Ly { Ly 1Ty * (Tgp - Tgo) Tol 30 Tsl] + Ty Ta} + T,
or le
Tez = Lallsn Top = T * 1o (o = Tog) * Ty = Ty |+ Ty 1)

degrees K

Equations (12) and (14) are required for calculation of radiometer calibration
temperatures, Tcl and T o, rcferred to the antenna feed input. These guantitics
are used in cquation (5) to determine radiometer temperature sensitivity.

The conversion of radiometer output voltages, E,, to apparent temperatures,
T,, at the antenna feed horn is accomplished by means of an inverted form of
<
equation (2).

Thus,
T =T,-KE ,-L degrees 15
a c2 ( c?2 (l) ) & S ( 0)
Note that E,, rathar than £, is used in this expression. The reason, of
course, is that tlm value of E o2 representing the Cold Load, is closer to the
value of E . This optimizes the accuracy of the converston.  The value of Kis
detoxmmcd b\ means of cquation (1). Finally, as in the case of the radiometer
sensitivity calculation, approximately ten (10) printouts are taken for I-J(_l. l-](\.,,
E, and E, . The mean values of these quantitics are then determined prior to
inscrtion in cquation (15) for caleul.dion of apparent temperature 'I‘q.

.




APPENDIX F

INFRARED RADIOMETER SUPPLEMENTARY MEASUREMENTS

An Infrared Radiometer was supplied and operated by personnel from NESC.
This was a Barnes PRT-5 radiometer which had a spectral response from 8 ic 16

micrometers.

The sea surface temperatures as measured by the PRT-5 were corrected for
specular reflectance of the sky background and the resulting temperatures are
plotted in Figures F-1 through F-8.
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RCA Astro-Electronics conducted a field experiment to verify a theoretical approach
tovard remote scensing of sea surface temperature using passive microwave radiation.

There is a correspondence between the radiometric temperature of the sea and its
thermometric temperature. This correspondence is influenced by the horizontal and
vertical emissivity, the incidence angle at which the radiometric measurement is being
made, contaminants on the water surface, and by the sea surface roughness.

The experiment addressed itself to two basic questioms: 1) Can one measure the
vertically and/or horizontally polarized microwave radiometric emissions from the sea
wvater and obtain an accurate measure of the thermometric temperature? 2) Can one also
make a determination of sea state from such measurements?

The radiometric measurements were made from North Island of the Chesapeake Bay
Bridge and Tunnel District... The Chesapeake Bay Bridge-Tunnel links the city of Norfolk
and Cape Charles, Virginia, across 17.6 miles of water. North Island is at the northern
end of the Thimble Shoal Channel Tunnel. The bulk of the microwdve measurements were
made at a frequency of 16.5 GHz.( ,The following conclusjons are drawn from an analysis
of the data: 1) There 1s a correlhtion between the thermometric temperature and the
vertically polarized microwave radiometric temperature, 2) There was no observed correl
tion of the thermometric temperature with the horizontally polarized microwave radio-
metric temperature, 3) While theoretical considerations strongly indicate that the hori-
zontally polarized microwave radiometric temperatures should have a strong dependance
on sca state, no definitive trends were found in the measured data.
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