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PREFACE

During the period November 1358 to July 1972, the Naval Air
Development Center conducted a number of ¢lassified flight trials of
passive infrared imaging equipment, More than 325 flights were con-
ducted over both land and water and a wealth of data, mueh of which
has now been declassified, was amassed. Under Contract N62269-T7-
C-0382, SEMCOR, Inc, was engaged to review these data and prepare
an atlas of infrared imagery of oceanographic phenomena. Of the 409
rolls of film recorded during the flights, selected portions, chosen
for their technical interest, are presented in this report in an effort
to illustrate a variety of ocean surface effects. Brief descriptions
of the equipment emploved and remarks on the interpretation of the
imagery are also provided.
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INT RODUCTION

Every object radiates electromagnetic energy at a rate that is proportional
to both the fourth power of its absolute temperature and to the radiant efficiency
{emissivity) of the radiating object. TFor objects at room temperature, approxi-
mately 2 percent and 37 percent of this energy is radiated in the 3- to 5. 5-pm
and the 8- to 14-pm portions, respectively, of the infrared spectrum. In general,
objects in a given scene exhibit differences in temperature, emissivity, ahd re-
Mectivity., Accordingly, it is possible for an imaging device operating in these
portions of the spectrum to record pictures of objects by virtue of their infrared
incandescence even in absolute darkness,

EQUIPMENT DESCRIPTIONS

The thermal pictures presented in this atlag were obtained with seven
equipments manufactured by HRB-Singer, Inc. (the Reconofax Camera; AN/
AAD-2; Reconofax IV, Mark II; AN/AAR-30; AN/AAR-32; AN/AAR-35; and
Reconofax XIITA), Because all the equipments are very similar, only the AN/
AAD-2 infrared mapping sct is described (see Figure 1).

The AN/AAD-2 was designed originally for use in U.S. Army Signal Corps
drone aireraft and was meodified by the Naval Air Development Center for high-
sensitivity over-water use. It operates in the following manner, A small
portion of the infrared radiation emitted uz{; reflected by the objects under
surveillance is intercepted hy the plane 45 -angle scanning mirror, which is
mounted on a rotating shaft whose axis is parallel io the flight path of the
agirerafl. As this mirror rotates at a rate of 100 revolutions per second,
radiant energy from each object point along a line perpendicular to the flight
path is sampled sequentially and focused by means of a parabolic mirror onfo
a cooled infrared detector. The electrical signal generated in the detector is
amplified and passed on to a glow tube which emits light whose intensity is
proportional to the electrical sipnal impressed upon it, Light from the glow
tube is focused to a small spot by means of a microscope objective, which is
also mounted on the rotating shaft. The intensity-modulated spot of light scans
acroas a piece of slowly advancing photographie film in synehronism with the
acanning mirror, As the aircraft advances, a 120 field of view of the terrain
below iz swept out by the scammer and recorded on photographic [ilm in the form
of a continuous strip map. In the infrared pictures included in this report,
effectively warm areas are rendered in light tones and effectively cool areas
are rendered in dark tones,

The other scanning equipments, except for slight differences, operate in
the same manner. Design and performance parameters of these sets are pro-
vided in Table L.
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A Barnes model R-8B1 radiometer, an infrared device that senses ocean
surface radiation and produces strip-chart recordings of the profiles of thermal
patterns along the path of the aircraft, was also used during many of the flights.
Table II lists relevant data pertaining to the Barnes radiometer,

TABLE @I, DESIGN AND PERFORMANCE PARAMETERS OF THE
BARNES RADIOMETER

Set

Manufacturer

Data recording
Optical aperture (cmzy
Focal length (cm)
Detectors

Signal produced by a temper-
ature change of 1 K in an
extended area blackbody

Radiometer Model R-2B1

Barnes Enginsering Company

Clevite Brush Model 280 chart recorder

99
30.5

Germanium immersed thermistor bolometers

(fwo)
Approximately 250 ¢ V

Instantaneous field of view 0.4 X2,0
(deg)
Video bandwidth (Hz) (a) 2.0
(b) 1.0
(&) 0.1
Noise equivalent temperature (a) 0.03
difference (K) (b) 0,02
(e) ©.006
Scene area integrated per Bandwidth Width Length
time constant (for aireraft (across track)  (along track)
veloecity of 180 knots and (Hz) (Ft) (ft)
altitude of 1000 ft) 5.0 a5 39
1.0 35 a7
0.1 35 510
Stahilization None
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INTERPRETATION OF THE IMAGERY

Water is very opague to electromapnetic radiation in the intermediate and
far infrared spectral bands concerned; accordingly, the thermal patterns pictured
in this report represent effeets occurring in the upper few hundredths of a
millimeter of the water., Therefore, thermal profiles obtained with infrared
imaging devices do not necessarily agree with bucket temperature measurements,

As mentioned previously, passive infrared imaging sensors respond to
infrared radiation emitted by and reflected from the scene 1&1‘[&&[‘ surveillance,
The radiastion emitted is governed by the relation W= ¢ ¢ T, in which W is the
radiant power per unit area emitted from the surface, s is the Stefan-Boltzmann
constant (5,67 X 1078 W;"mzK‘l}, T is the absclute temperature, and ¢ is the
emissivily, a dimensionless guantity that is a measure of the "blackness® of
a body. Emissivity is a function of the material, itz surface quality, and angle
of observation and has a value of zero for a perfect reflector and unity for a
perfect absorber. Thus, variations in surface roughness and viewing angle
may be recorded as variations in apparent temperature.

Reflectivity ( p } and emissivity are interrelated by the expression
p = 1 - ¢ . Both of these guantities are plotted in Figure 2 as functions of
the angle of observation relative to the normal, Because the emissivity de-
creases with increasing angle, the apparent temperature of the scene may vary
ag a function of scan angle, with the edges of the pictures appearing cold (dark)
relative to the centers, unless some other factor dominates. One factor that
could offset this effect would be the existence of a deck of low-altitude clouds
whose temperature is greater than that of the ocean surface. In this case, as
the angle at which the surface is viewed increases, a greater contribution of
radiation is received from the clouds because of the increase in reflectivity
with angle; this would tend to make the edges of the pictures appear warmer
(lighter) than the centers.

Another characteristic of the recorded imagery is the greater prominence
of ocean waves near the edges of the pictures than at the centers. This can
be understood in terms of Figure 2. At angles of about 0% to 30°, there is
very little variation in emissivity with angle. Thus, at ncar normal viewing
angles, typical wave slopes of 20% or less produce very little variation in the
amount of r(?diatiau emitted or reflected. However, at viewing angles of the
order of 50, the emissivity curve is much steeper and therefore the wave
slopes give rise to larger variations in emissivity.
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Another factor causing variastions in the apparent scene temperatures
recorded is the atmosphere between the sensor and the sea surface. Because
the atmosphere is not perfectly transparent, it absorbs a certain amount of the
radiation emitted by the sea surface that otherwise would have been intercepted
by the sensor, Furthermore, the intervening atmosphere emits radiation that
is detected by the infrared scanner, If the sca surface and the intervening
atmosphere are at the same temperature, the atmosphere contributes an amount
of radiation equal to that which it absorbs. If the atmosphere is cooler than the
water, it absorbs more than it radiates and, conversely, if its temperature is
greater than that of the water's surface, it radiates more than it absorbs. Since
the path length through the atmosphere varies inveraely as the cosine of the
angle between the normal to the sea surface and the scanner's instantaneous
viewing direetion, such atmospberie effects are more pronounced at the edges
of the pictures than at the center. Thus, an intervening atmosphere that is
warmer than the water surface tends to cause the edges of the picture to appear
warmer (lighter) than the center, and conversely.

Another factor influencing the appearance of the imagery stems from the
fact that during each 350° of rotation of the scamning mirror, the detector views
the inside of the scamer unit two-thirds of the time {240{’ of rotation) and the
ocean surface one-third of the time (120%). Because of the dissipation of elec-
trical energy in the scanner, the interior of the scanner housing is usually
warmer than the sea surface. Thus, during each "inactive" portion of the scan
cycle, the detector element may receive a burst of radiant energy from which
it and the first stage of preamplification must recover during the "active™ por-
tion of the scan cycle, This recovery may appear on the pictures as a gradual
monotonic shading from one edge to the other.

The infrared imaging sets employed are limited in dynamic range by their
recording devices such that the largest temperature difference that can be re-
corded without saturation is about 100 times greater than the smallest, Thus,
if the set were operating with a gain setting that would permit recording of
temperature differences of 0.01 K, then temperature differences greater than
1.0 K would overload the system., Experience with high-sensitivity over-water
infrared imaging devices has shown that, with the exception of whitecaps, temper-
ature differences associated with large-area ocean surface patterns tend to be
greater than those associated with small-area patterns, Accordingly, in a
scene containing a wide range of pattern sizes, the large patterns may dominate
to the exclusion of the small ones umless some form of compensation is applied.

The problem of variation in apparent scene temperature as a function of
scan angle and the problem of limited dynamic range were addressed in the
AN/AAD=-2 by the simple artifice of replacing a preamplifier interstage coupling
capacitor that passed frequencies as low as a few hertz with one of much smaller
capacitance that, on a relative basis, "rolled off" the low-frequency response
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and boosted the high-frequency response. Apparent temperature variations
occurring at the sean frequency (100 Hz) and a few harmonics above it were then
greatly suppressed and the small-area sea surface patterns, corresponding to
frequencies of the order of 5 to 20 kHz, were enhanced, This change yielded
pictures in which a wide range of ses surface pattern sizes could be seen, but
denied the ohserver the ability to make simple inferences of the magnitudes of
temperature differences characterizing them. In a later equipment, the AN/
AAR~30, provisions were made for subtracting out effects occurring as a fumction
of scan angle and for controlling in flight the frequency and slope of low-frequency
roll-off. The effects of different roll-off settings on the imagery are illustrated
in Figures 34 to 37.

An adverse effect of reducing the capacitance of the preamplifier interstage
coupling capacitor is that that part of the circuit then acts as a differentistor
and the output waveform represents the superposition of the input waveform and
its first derivative. To illustrate this effect, suppose that the aircraft is
flying along the edge of a sharply defined ocean front with cool water on the
left side and warm water on the right, As the scan spot moves from left to
right across the front, the abrupt change in signal level is accentuated and, on
guccessive scans, the front is outlined in white on the picture. On the other
hand, if the aircraft were to reverse direction and travel along the front such
that the warm water were on the left and the cool water were on the right, the
effect of differentiation would be to outline the front in black, These effects
are illustrated in Figures 7 and 8,

Because these infrared imaging sets do not provide de response or de
restoration, an apparent temperature depicted at a given point in the imagery
reprezents only the effective temperature at that point relative to the effective
temperatures of other nearby points along the same scan line., For this reason,
gradual variations in scene temperature along the direction of flight are not
revealed on the imagery.

Typically, the scan rate of the infrared imaging equipments was significantly
greater than that required to produce contiguous scans as the aircraft advanced,
Therefore, the radiation from the scene was sampled a number of times during
successive scans, Because the photographic film used as a recording medium
was capable of integrating the signals over successive scans, the signals would
build up in proportion to the number of independent looks at any given target
point, whereas the noize would build up only in proportion to the square root
of the number of looks. Accordingly, the recorded signal-to-noise ratio was
improved relative to what the (single-look) noise equivalent temperature dif-
ference should imply, by a factor of the square root of the overlap ratio. As an
example, consider the AN/AAD-2 operating with a 2.5~ by 2,5-mm detector
at an aireraft altitude of 2000 feet and a speed of 180 knots. A detector of such
dimensions in an optical system of 153-mm focal length provides an instantaneous
field of view of 16.3 mrad which, when projected to the water surface beneath the
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aircraft, defines a square area 32,6 feet on a side. During the interval between
each successive scan (0. 01 second), though, the aireraft advances only about
three feet, Thus, for this set of conditions, the scammer will acquire more than
ten looks at each point in the scene and an attendant improvement in sensitivity
of the square root of ten,

Because of the nature of the equipment, the infrared pictures obtained
are cylindriecal projections of the scene under surveillance, The horizontal
dimension of each picture is a time axis, which can be treated as a measure
of the distance for the general case where the aireraft velocity is held consfant
for the length of the picture. The vertical dimension is angular, but the dis-
placement of the scanning spot from a point directly below the aireraft is pro-
portional to the tangent of the scamnning angle with respect to the normal. This
causes information at large viewing angles to appear compressed on the imagery
in the direction of scan. This distortion can be seen near the edges of Figure 8.

Numerical values of sea state accompany some of the infrared pictures as
an additional aid to interpretation of the imagery. The sea state is a deserip-
tion of the ocean surface with regard to wave action, According to the U. S, Navy
Oceanographic Office scale, low values of sea state (0-1) indicate relatively
calm seas: larger numbers correspond to progressively rougher surfaces, and
high values (8-9) describe a confused ocean with mountainous, foaming waves.

Large temperature variations across the surface of the water may overload
the highly sensitive equipment and produce signal overshoots of the opposite
polarity., These overshoots, which appear beyond the patterns in the direction
of scan, should be disregarded.

Two parallel dark lines run along the length of some of the pictures; these
are the result of partial film desensitization caused by erimping of the recording
film in the compact [ilm magarine and should be ignored,

The infrared imagery presented here is not necessarily centered directly
below the line of flight of the aircraft since most of the figures were cropped
before being printed. For the same reason, the vertical dimension of each
figure may be less than the lateral field of view of the equipment employed.
One may assume, for instance, a vertical scale of approximately 110° (rather
than the total field-of-view value of 120%) for scenes recorded with the AN/
AAD-2,
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INFRARED IMAGERY

This section contains 192 thermal pictures taken from aireraft over bodies
of water during the period May 1959 to May 1972, Surface expressions of eddies,
convection cells, currents, and thermal fronts in addition to sea ice, wind streaks,
whitecaps, and waves are pictured, Portions of National Ocean Survey charts
corresponding to the imagery are included in some cases,

The figures are grouped in the following manner:

Subject Matter Figure Number
Shoreline Scenes 3-5
Natural Surface Patterns T=30
Manasguan Inlet Recorded with 31-33

Different Equipment
Barnegat Inlet: Effects of Varying 34-37
the Roll-Off Setting
MNatural Surface Patterns 38-78
5t. Andrew Bay 79-84
Chezapeake Bay Bridge 85-86
Iglands and Reefs 27-06
Natural Surface Patterns B7-154
Persistence of Thermal Patiern 1565-159
Gulf Stream 160-161
Bute Inlet 162-179
Oil Slicks 150-181
Pollutants in the Delaware and 152-186
Schuylkill Rivars
Iee 187-194

Figure captions for most of the thermal pictures in this atlas adhere to the
following format:

Figure number. Title,
Date; time (local civil time); aireraft altitude; latitude;
longitude; equipment; size of detector and detector type;
aircraft.

10
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Figure 3, Shoal Water in the Vicinity of Waretown, New Jersey,
20 May 1959; 2200; 5000 ft; 39°48'N; 74°10'W; Reconofax Camera;
3.2 mm"~ {circular) p-type Ge:Au; HRB=-Singer, Inc.;
Cessna 310-B aireraft,
Compare with portion of NOAA Nautical Chart 12324 shown
(soundings are in feet).

11
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Figure 4. Overflow of Water [rom Takanassee 1 ake Reservoir.
3 April 1961; 2306; 2200 ft; 40°17'N; 74°00'W; AN/AAD-2;
3 mm® (circular) p-type Ge:Au; HRB-Singer, Inc.;
Cessna 310-B aircraft.

T
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Figure &, Shoreline, Piers, and Sea Surface Patterns.
8 Nowvembor 1961; 2330; 2500 It; 40°17"N: 742021W; AN/AADWZ;
2.5 X2, 5 mm InSb; P2V-3F aircraft Bu, Mo, 1314035,
Notice the thermal discontinuity offshore.

Figure 6, Shark River Mnlet.
20 May 1964, 21515 1400 ft; 40%11'N; 74°01'W; Reconofax IV
Mark I1: 2,5 X 2,5 mm Ge:Hgy SP-2H alreraft Bu, No. 135616,

13
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Figure 7. Thermal Front,
1 June 1967; 2011; 450 ft: AN/AAR=30; 6,25 mm?2 (circular)
Ge:Cu:; NP-2E gireraft Bu, No. 131403,

Figure 8. Natural Sea Surface Patterns,
21 November 1961; 1909: 2000 ft; 39°20'N; 71%55"W; AN/AAD-2;
2,6 X 2,5 mm InSh; P2V-5F aircraft Bu, No. 131403,
Note the whitecaps and the change in thermal "texture' across
the front.

14
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Figure 4, Whitecaps.
20 February 1962; 1507; 2600 ft; 39°34'N; 74%08"W: AN/AAD-2;
6,25 mm= (circular) Ge:Cu; P2V-5F aireraft Bu, No. 131403,
Sea state: 3.

Figure 10, Whitecaps and Background Surface Patterns.
20 February 1962; 1548; 2600 ft: 39°23°'N; 73949'W; AN/AAD=2;
6,25 mm? (circular) Ge:Cu; PZV-5F aircraft Bu. No, 131403,
Sea state: 3,
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Figure 11, Natural Sea Surface Patterns, 5 &
15 March 1962: 1850; 1200 ft; 24 38'N; 83 02'W;, AN/AAD-2;
6,25 mm? (circular) Ge:Cu; P2V-5F aircraft Bu, No, 131403,
Sea stateo: 2,

Figure 12, Natural Surface Patterns. "
1 June 1967: 2012; 450 ft; AN/AAR-30; 6.25 mm® (circular) Ge:Cuj
NP-2E aireraft Bu. No, 131403.

16
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Figure 13. Wave Patterns,
5 March 1964; 2028. 1000 ft; 30‘305'}1: 85043'\3&’; Reconofax IV
Mark II; 4 mm~ (circular) Ge;Hg; NP-2E airceraft Bu. No. 131403,
Notice the propagation of waves in two different directions.

Figure 14, Natural Sea Surface Patterns. o
15 March 196%; 1853: 1200 ft; 24937'N; 83 03'W: AN/AAD-2;
6.25 mm"“ (circular) Ge:Cu; P2V-5F aircraft Bu, No, 131403.
Sea state: 2,

17
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Figure 15. Natural Sea Surface Patterns.
19 April 1:%‘2-2 9913; 2400 ft; 39756'N; T1°16'W; AN/AAD=2;
6,25 mm® {circular) Ge;Cu; P2V-5F aireraft Bu. No. 131403,

Figure 16, Natural Seca Surface Patterns. 5
19 April 1962; 2329: 2000 ft; 40 02'N; TlD].E'W; AN/AAD-2;
6.25 mm~ (circular) Ge:Cu; P2V=5F aircraft Bu, No., 131403,

18



NADC-78226~30

Figure 17. Natural Sea Surface Patterns, & i
1 September 1967; 2355 450 ft; 247 17'N; 827 17'W; AN/AAR-32;
M, 5 mm {diameter) Ge:Hg; NP-2E aircraft Bu, No. 131403,
Sea state: 0-1,

Figure 18, Natural Sea Surface Patterns,
1 September 1967; 2300; 325 i, 24016'11; EE“H'W; AN/AAR-32;
0.5 mm (diameter) Ge:Hg; NP-2E aireraft Bu. No, 131403,
Sea state; (-1,

19
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Figure 19, Eddy in the North Atlantic Dceaél. i
26 April 1963; 2250; 6700 ft; 41 40'N; 64 40'W; AN/AAR-30;
6,25 mrﬂé {circular) Ge:Cu; SP=2E aircralt Bu. No., 131403,
The white dots are an electronic artifact and should be disregarded.

Figure 20, Coastline and Natural Sea Surfgce Pattegns.
20 May 1964: 2314; 1400 ft; 39 39'N; 74 10'W; Reconofax IV
Mark IT; 2,5 X 2,5 mm Ge:Hg;SP -2H aircraft Bu. No. 135616,
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Figure 21. FEddy Resulting from the Converging of Waters from the East
and West Branches of St. Andrew Bay.

5 March 1964; 2234; 2500 ft; 30909'N; as%nrw; Reconofax IV

Mark 1L 4 m:m.é (circular) Ge:Hg; NP-2F aircraft

Bu. No. 131403.

Figure 22, Coastline and Natural Ocean Surface Pattenms.
3 October 1963; 1958; 2500 ft; 39°25'N; 74 22'W; Reconofax IV
Mark II: Ge:Cu:; NP=2E aircralt Bu., No. 131403,
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Figure 23, Natural Sea Surface Patte e, o
3 May 1967; '1£L19; 600 ft; 30 28'N; 73 47'W; AN/AAR-30;
6,25 mm” (circular) Ge:Cu; NP-2E aircraft Bu, No. 131403,

Figure 24, Natural Sea Surface Patterns, o
3 May 1967; 1353; 1000 ft; 39939'N; 74 02'W; AN/AAR-30;
6.25 mm” (circular) Ge:Cu; NP-2E aircraflt Bu., No, 131403.
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Fipure 25, Natural Sea Surface Patterns,
23 May 1968; 2039; 25730'N: 76°00'W: AN/AAR=30;
2.5 X 2,5 mm Ge:Hg; NP-2E airceraft Bu. No, 131403,

Figure 26, Natural Surface Patterns, ”
9 December 1965; 2050; 2200 ft; 37 08'™N; Tﬁgﬂﬂ'w; AN/AAR=30;
0.45 X 0,43 mm HgCdTe; NP=-2E aireraft Bu, No, 131403,

23
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Figure 27. Natural Sea Surface Pattcrnsa =
3 May 1967; 1355; 1000 ft; 39 40'N; 74 06'W; AN/AAR-30;
6.25 mm~ (cireular) Ge:Cu; NP-2E aireraft Bu, No, 131403,

Figure 28, Surface Patterns in Chesapeakg Bay. -
26 June 1962: 2123; 2000 ft; 38 59'N; 76 23'W; AN/AAD=-2;
6.25 mm  (circular) Ge;Cu; P2V-T7 aircraft Bu, No, 140985,
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Figure 29, Coast and Natural Surface Patterns,
30 March 1967; 1429; 3400 ft; AN/AAR-32;0.0 mm {diameter)
Ge:Hg: NP-2E aireraft Bu, No. 131403,

Figure 30. Surface Patterns in Delaware Ba}f.ﬂ "
1 October 1963; 2336; 12,000 ft; 39 08'N; 75 13'W; AN/AAR-30;
0.5 mm (diameter) Ge:Cu; NP=-2E aircraft Bu. No. 131403,
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Figures 31 - 33 show three scenes of Manasquan
Inlet. They are presented together to facili-
tate comparison of the photographic results
of ditferent pieces of equipment and detectors.

Figure 31. 11 October 1962; 2042; 4000 ft; 40%07'N; 74%02'W; AN/AAR-30;
7 X 7 mm [mSh; HRE-Singer's D-18 aircraft.

26
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Figure 32, 27 July 1970; 2145; 500 ft; mf’r_‘r?'N; Tf{}:z'w; Reconofax XITTA:
0.1 X 0.1 mm HpCdTe; P=3A aircraft Bu. No. 149677,

Figure 33. 20 May 1964; 2153; 1500 [t; 4000511‘1’; TdGDZ'W; Reconofax IV
Mark II; 2.5 X 2.5 mm Ge:Hg; SP-2H aircraft Bu. No, 135618.
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Figures 34=37 were recorded during passes over Barnegat Inlet

on 30 January 1964 while the AN/AAR-30 operated with a
copper doped germanium detector of 0,53-mm diameter,

The pictures illustrate the effects of varying the roll-off
setting on the equipment, At high roll-off settings, surface
patterna can be easily distinguished; however, apparent
temperature variations oceurring at low frequencies are
suppressed, Low values of roll-off permit greater sensitivity
to thermal differences but provide poor resolution of small-
area details,

To give some indication of actual temperature changes along
the flight path, sections of the strip-chart recording of radio-
metric data are juxtaposed to their respective infrared
pictures, Temperature variations displayed on the strip
charts correspond to readings on a horizontal line, which
passes roughly through the center of sach picture, It can

he seen that the changes in tempersature across the inlet

are nearly equal (about 0,27 K) for the two passes over the
Arca.

4 m—

(L

Figure 34,

Time: 1827
Roll=aff: 1,0,
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Figure 35. Time: 1508
Roll-off: 2.0.
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Figure 36, Time: 1830
Roll-off; 3.0.
A portion of NOAA Nautical Chart 12324 is also pictured (zoundings
are in feat).

20
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Figure 37. Time; 1922
Roll-off: 5.0.

31



NADC=TR296-20

Figure 38, Natural Sea Surface Patterns.
5 May 1970; 2019; AN/AAR-30; 2.5 X 2,5 mm Ge:Hg,

Figure 39, Natural Sea Surface Patterns.D &
19 May 1970; 1409; 1300 ft; 33 27'N; 78 53"W; AN/AAR-30;
2.5 X 2.5 mm Ge:Hg.

32



Figure 40. Natural Sea Surface Patterns.
27 May 1968; 2117; 1100 fi; 25%34'N; 76°01"W; AN/AAR-~30;
2,5 X 2,5 mm Ge:Hg; NP-2E aireraft Bu, No. 131403,

Figure 41, Natural Sea Surface Paig.erns. i 9
25 April 1963; 0007; 41 50'N; 64 26'W; AN/AAR=30; 6,25 mm
(circular) Ge:Cu; SP-2E aircraft Bu. No. 131403,
Note the enhancement of waves along the upper and lower edges.
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Figure 42, Natural Sea Surface Pﬂtterns.ﬂ &
27 May 1968: 2120; 1100 ft: 25 32'N; 76 00'W; AN/AAR-30;
2,5 X 2.5 mm Ge:Hg; NP-2E aircraflt Bu. No. 131403,

Figure 43. Natural Sea Surfgce 1>attec1.:'ns.
14 May 1966; 23 31'N; 77 14'W; AN/AAR-32; 2.5 X 2,5 mm
Ge:Hg: P-3A aircraft Bu. No, 148883,
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Figure 44, Natural Sea Surface Fatternsl.j .
23 May 1968; 2232: 800 ft; 25 30'N; 73 14'W; AN/AAR=30;
2,5 X 2,6 mm Ge:;Hg: NP=2E airecraft Bu. No, 131403,

Figure 45. Whitecaps.
20 December 1962; 2240; 4000 ft; AN/AAR-30; 3 X 3 mm
Ge;Hg; HRB-8Singer's Beecheraft D-18 aircraft.
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Coastline (Along Upper Edge) %nd Natural Surface Patterns.
9 April 1963; 1922; 1400 ft; 39 56'N; 74904 "W AN/AAD=2;
6,25 mrn2 (cireular) Ge:Cu; SP=2E aircraft Bu, Ne, 131403,

Figure 46,

Figure 47, Coastline (Along Lower Edgc} é:,nd Natu%al Surface Patterns,
9 April 1963; 1938; 1500 ft; 40 01'N; 74 03"W; AN/AAD-2;

6.25 mm?> (circular] Ge:Cu; SP-2E aircraft Bu. No, 131403.
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Figure 48, Natural Sea Surface Patterns.
10 May 19625 2035; 5000 ft; 39°40"N: 71%40'W; AN/AAD-2;
6.25 mm? (cireular) Ge:Cu; P2V-7 aircraft Bu, Nc. 110985,

Figure 49, Natural Surface Patierns. o o
& September 1967; 2053; 700 ft; 24 "19'N; 827 18'W; AN/AAR=-32;
0.5 mm (diameter) Ge:Hg; NP-2E aireraft Bu, No. 131403,
Sea state: 1-2.
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Figure 50, Natural Sea Surface Patterns.g "
22 May 1968 2315; 1200 ft; 25 32'N: 75 58'W: AN/AAR=-30;
2.6 X 2.5 mm Ge:Hg: NP-2E aircraft Bu., No, 131403,

Figure 51, Natural Sea Surface Patterns.
21 June 1967: 2234; 1200 ft; 25°52'N; TGGII'W; AN/AAR-32;
0.5 mm (diameter) Ge:Hg; NP=2E aircraft Bu, No. 131403,
Sea state: 0,
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Figure 52, Natural Sea Surface Patterns.
22 May 1968: 2314 1200 ft; 25%31 'N; T5959'W; AN/AAR-30;
2,5 X 2,5 mm Ge:Hg; NP-2E aircraft Bu, No. 131403,

Figure 53. Natural Sea Surface l"a.tterng. i
3 May 1967; lé‘ll'::r: 600 ft; 39 26'N: 73 40'W; AN/AAR=-30;
6,250 mm (circular) Ge:Cu; NP-2E aircraft Bu. No. 131403,

38
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Figure 54, Thermal Front. & o
9 Decomber 1965; 2049; 2200 ft; 37 08'N; 76 5T'W; AN/AAR-30;
0,45 X 0,43 mm HgCdTe; NP-2E aircralt Bu, No. 131403,

Figure 55. Whitecaps and Natural Background Patterna
17 November 1963; 2003; 2300 ft; 24°32'N; 81751'W: AN/AAR-30;
0.5 mm (diameler) Gu:l:u, NP-2F aircraft Bu. No. 131403,
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Figure 56. Natural Sea Surface Patterng . o
5 May 1967; 1409; 650 fts 39°31'N; 73°34'W; AN/AAR=30;
6,25 mm> (circular) Ge:Cu; NP-2E aircraft Bu. No, 131403,

Figure 57, Natural S8urface Patterns.
5 March 1964: 2040: 1000 ft; 30°06'N; 85°44'W; AN/AAR-30;
4 mm?2 (circular) Ge:Cu; NP=2E aircraft Bu, No, 131403.
Note the waves at the edges of the picture,
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Figure 58. Coast and Adjacent Surface Patierns.
24 May 1972; 0058; 4500 ft; AN/AAR-30; 2,5 X 2.5 mm Ge:Hg.

Fipure 59, Natural Sea Surface Patterns,
1 September 1064; 2038; 3500 fi; AN/AAR-30; 6,25 mm° {circular)

Ge:Hg: NP=2F gircraft Bu. No, 131403,
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Figure 60. Natural Sea Surface Patterns.ﬁ o
9 April 1970; 1942; 3000 ft; 28 23'N; 80 01'W; AN/AAR-30;
2.5 X 2,5 mm Ge:Hg,

Figure 61, OQuteroppings of Land and Neighboring Water Patterns in
Chesapeake Bay.
9 November 1961; 2138; 5000 ft; 39°20'N; 76°18'W; AN/AAD-2;
2,5 ¥ 2.5 mm InSh: P2V-5F aircraft Bu. No, 131403.
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Figure 62, Thermal Front. 5
1 June 1967; 2007: 450 fi; AN/AAR-30; 6,20 mm  (circular)
Ge:Cus NP-2E alreraft Bu. No. 131403,
Note the waves at the edpes of the picture.

Figure 63, Successive Thermal 1-‘1:‘1::'1'1tS::I 5
3 Mayv 1967 1é1ﬂﬁ; 650 It: 39 33'N: 73 39'W; AN/AAR=-30;
6.20 mm~ {circular) Ge:Cu: NF=2E aircraft Bu, No. 131403,
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Figure 64, Natural Sea Surface Patterns,
15 August 1962: 2121; 2600 ft; 39°50'N; 71°29"W; AN/AAD-2;
6.25 mm? (circular) Ge:Cu; P2V-5FS aircraft
Bu, No. 1314043,
Note change in thermal "texture' across front, Sea state: 1/2.

Figure 65. Natural Sea Surface Patterns. g “
19 April 1962. 2115; 2500 ft; 40 06'N; 71 18'W; AN/AAD-2;
6.25 mm~ (circular) Ge:Cu: P2V=-5T aircraft Bu, No. 131403,
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Figure 66.  Coastline and Adjacent Water Sur[':lface Pattcr;rns.
28 Qctober 1964 2004 500 ft; 30 10'N; 85 41'W; AN/AAR-30;
6.25 mm (circular) Ge:Hg; NP=-2E aircraft Bu. No. 131403,

Figure 67. Natural Sea Surface Patlerns, " o
1 September 1967; 2142; 700 ft; 24 20'N; 82 18'W; AN/AAR-32;
0.5 mm (diameter) Ge:Hg; NP-2E aircraft Bu. No. 131403,
Sea state: 0-1,
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Figure 68, Shoreline, Jetiies, and Sea Surface Patterns,
1 June 1967; 2018; 500 ft; AN/AAR=30; 6,25 mm~ (circular)
Ge:Cus NP-2E aireraft Bu. Mo, 131403,

Figure 6%, Natural Sea Surface Patterns,
2 September 1967; 2144; 800 ft; 24020'N; 82°15'W; AN/AAR-32;
0.5 mm (diameter) Ge:Hgy NP=-2F aircraft Bu. No. 131403,
Sea gtate; 1-2,
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Figure 70, Natural Sea Surfacc Patterns, . 4
4 September 1967; 1949; 500 t; 24 19'N; 82 14"W; AN/AAR=-32;
0.5 mm (diameter) Ge:Hg; NP-2E aircraft Bu, No. 131403,
sea state: 0

Figure 71. Natural Sca Surface Patterns. -
4 September 1967: 2136; 500 ft; 24“1]9'?{; 22 16'W; AN/AAR-32;
0.5 mm (diameter) Ge:Hg; NP=ZE aircraflt Bu, No, 131404,
Sea state: 0,
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Figure 72. Natural Surface Patterns.
5 March 1964, 2042; 1000 ft; 30°07'N; 85%45'W; Reconofax IV
Mark II; 4 mm~ (circular) Ge:Hg; NP=2E aircraft
Bu. No, 131403,
Note the whitecaps to the right of center., Sea state; 2,

Figure 73, Natural Sea Surface Paiéterns. 6 o
26 April 1963; 1841; 41 39'N; 68740'W; AN/AAR-30; 6.25 mm
feircular) Ge:Cus: SP-2E aireraft Bu. No. 131403,
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Figure 74. Wind Streaks. 9
1 September 1964: 2102; 3500 ft; AN/AAR-30; 6,25 mm~ (eircular)
Ge:Hg; NP-2E aireraft Bu, No. 131403,

Figure 75. Natural Sea Surface Datterns. 5
1 September 1964; 2101; 3500 [t; AN/AAR-30; 6,25 mm~ (circular)
Gesllgy; NP=ZE aircraft Bu. No. 131403,
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Figure 76. Natural Sea Surlace P:-lttcr'ns.ﬂ
8 April 19703 12543 3000 [t; 32°35'N; 79710'W: AN/AAR-30:
2.0°X 2.0 mm Ge:lig.

Figure 77, Natural Sea Surface Palterns.
23 May 1965: 2041; 25 32'N: 75 59'W; AN/AAR-30; 2.5 X 2.5 mm
Ge:Hg; NP=2E aircraft Bu, No. 131403,
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Filgure T8, Successive Therme! Fronks,
T Muy 18705 2062 AN (AAR-A0; 2,8 X 0.6 mm Oe:-Hg.
Thit whils dots running down ibs length of tha pleturs aee an

Imstrumemial ertifam,

Figuee TR,  Mowh of 2. Andrew Bry.
27 Ootober 1868 LTI 1000 fE; 30707 N, G'D-M"IJ.';_ ANSRATE-30,
6.2 Tnl!-'.-"; {eleealsr) Gaallgy HP-2¥ picoraft Bu, Mo, 131440,
Also pictared 15 & perdon of U, 5, Cosst and Geadetic
sSurvey Chart 480 [soesdings are in fet),

-5

MADC-7EERA=H0

Jucceanively pecorded infrared picfures fram the Might of
5 March 1964 revoal dtha sdvanes of a thin Tan-shaped sheet
ol wacmer, less saline witor from St, Andoew Hay over the

maore dense wator of the Gulf of Mexico,  Figures 80-84
ahow portions of the intednces betwaen these two wotor
TLESSES,

Flgura 80, 5 March 1?\51.— 2103; 180 T3 a0'ng MW Huﬁ-l.:\".‘r'; AMSAAR=30;
1 mm* {elecular) ieqCap WP-EE afroroft B, No. 1814800,

Figure B2, [ Blarch 19&l; 23406; 2350 iy an"ozy, 25745 W) Reconofas 1V

Mark TI; 4 uu'u:E Jelgeilar] G
Bu, Mo, 151453,

i T mvath of 26, Asdeaw Bay 18 |esl ofT the loft side of the
. . o a5 4 L
Figars 81, § March 1064 2315 060 f; 3070776 BS 457W; ANSAAR-10; pletsre,  Mote the bregkors rear the coast obong the

4 mm* (circular) Ge:Cu; NP-2E alrevaft Bu. Moo 131433, Tt - e

: NP-2E alroradt

Gh-56
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Figure 83, 5 March 1964 1547 1060 £t RﬂOﬂT’N: 8:‘3045'“’: Reconofax IV
Mark 11: 4 mm? (circular) Ge:Hg; NP-2E aircraft
Bu. No. 131403,
Notice the whitecaps in the left half of the picture. Sea state; 2.

o
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L

Figure 84, 5 March 1964; 2055; 1000 ft; SGGGT'N; EE%E‘W; Reconcfax IV
Mark IT; 4 mm® (circular) Ge:Hg: NP-2E airecraft
Bu. No. 131403,
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Figure 85, Wakes from Piers of Chesapeake Bay Bridge,
10 July 1962 2201: 1000 ft; 38°59'N; 76%23'"W: AN/AAD-2;
6.250 mm~ (circular) Ge:Cu; P2V-T7 aircraft
Bu, No. 140885,

Figure 86. Wakes from Piers of Chesapeake Bay Bridge.
26 June 1962: 2138: 1000 ft; 38%59'N; 76°23'W; AN/AAD=2;
6.25 mm? (circular) Ge:Cu; P2V-T aircraft
Bu., No. 140985,
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Figure 87. Natural Surface Patterns in the Eicinit:.r 01{'} Key West,
14 March 1962: 2244, 2300 ft; 24 34'N; 81 48'W; AN/AAD-2,
6.25 mm?2 {circular) Ge:Cu; P2V-5F aireraft
Bu. No. 131403,

Gl
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Flgpare 86, Wossn Koy and Ballast ey,
1Z Bieech 1963; 21EE; 2000 0t; !‘:"BI'N-_ LT ARSAATSE;
A, mrn” feiremiary Ge:Ow; PIVEF airornft Bu, Mo, 131408,
A portion of BOAA Maulical Thart 114641 i3 al=o presente:d
(oundisgEs are in fonl),

Flpara 84. Kor Wost and Nelghbosieg Rufsen Pettorna.
1% Macch 10ag; EEBD; 2000 ;24 "RET .\!,.1':’1:9'1\'; ANSRAD-
5,23 mm™ {eivculory Oesiug FEV-GY aireeaft Bu, Mo, 133403,
Compare Wik porties of BO& Nautical Chart 13441 ahown
Jsoundlags an s Font),

nI-63

HANC=T3226=-11

Figuea 30, Boca Gromde Key, Womnas ey, and Ballast Ky,
15 March 1862, 2222; 1000 ft; :Mnﬁ Mg
51950705 ANSAAT=E 6, 25 mmc (eieealan
Gy FEV=0F &lrorafl T, Noo 131803,

Figure 81. Loggerhead Key and Surrounding Suiface Patberns,
10 Morch 1962; 1820 4500 2.1033'“:
A2 B0 W ANSAAD-E; £, 25 min
folreular) Gealh; PEV-0F aleceslt
Tz, Wi, 151440
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amall Islands Near Florida and Surrounding Surf ace Patterns.
12 March 1962; 1947; 3000 ft; AN/AAD-2; 6,25 mm? (circular)
Ge:Cu; P2V-5F alrcraft Bu, No. 131403,

Figure 92.

G5
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Figure 93, Small Tsiand in the Tongue of the Ocean,
13 May 1966: 2008; 24°19'N; 77°46'W; AN/AAR-32:
2,5 X 2,5 mm Ge:Hg; P-3A aireraft Bu, No, 148883,

Figure 94, Sandy Hook, New Jersey, and Nearby Water Patterns,
' 1 October 1963: 2050: 2500 ft; 40°26'N: 74%00"W: Reconofax IV
Mark II; 0.5 mm (diameter) Ge:Cu; NP-2E aircraft
Bu. No. 131403,

GG
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Figure 95, BSpermaceti Cove.
1 October 1963; 2126; 1000 fi; '10025*N; ?HGSH'W; Reconofax IV
Mark II: 0,5 mm {diameter) Ge:Cu; NP-2ZE aircraft
Bu, No. 131403,

< ’ E ) , E
ey eSS S T ol

Figurc 96. Shoreline and Adjacent Surface Patterns,
1 October 1963; 2115 1000 ft: 40924'N; 73'3'59'15;; Reconofax IV
Mark II; 0,5 mm (diameter) Ge;Cu; NP-2E alrcraft
Bu. No. 131403,

67



NADC=78226-30

Figure 97, Natural Sea Surface Patterns,
10 May 1962; 2341; 8000 ft; 39°37'N: 7134 'W: AN/AAD-2:
6,25 mm~ (circular) Ge:Cu; P2V-7 aircraflt Bu. Ko, 140985,

Figure 98. Whitecaps and Natural Sea Background Patterns.
15 January 1964: 1726: 3600 ft; 41°00'N; 70°31'W; Reconofax TV
Mark II; 4 mm2 {circular) Ge:Hg; NP-2F aircraft Pu, No. 131403,
Sea state: 3.

638
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Figure 99. Natural Sea Surface Pattcrns,
28 March 1962; 2128: 2700 ft; 40°30°N; 71"58'W; AN/AAD-2;
6.25 mm”~ (circular) Ge:Cu; P2V=3F aircraft Bu, No. 131403,

Fipure 100. Whitecaps and Natural Sea Background Pallerns.
15 January 1964; 1730; 3600 ft; —-H':'GU'N; m%z'w; Reconofax IV

Mark [[; 4 mm” (circular) Ge:Hg: NP=-2E aireraft Bu. Neo. 131403,
Sea state: d.

Ga
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Tigure 101. Natural Sea Surface Patterns,
27 July 1970; 2019; 1000 ft; 30°05'N; 73°54'W; Reconofax XIIIA;
0.1 X 0.1 mm HegCdTe; P-3A aircraft Bu. No. 149677.

Figure 102. Natural Sea Surface Patterns. o
4 August 1970; 0630; 1500 fi; 37756'N; 75 01'W; Reconofax XIIIA;
0.2 X 0.2 mm HgCdTe; P-3A aircraft Bu. No, 150499.

70



NADC-78226-30

Figure 103, Natural Surface Patterns.
24 May 1972; 1901; 7000 ft; AN/AAR-30; 2.5 X 2.5 mm Ge:Hg,

Figure 104, A Succession of Thermal Fronts,
3 October 1063 1920; 2500 It 35041"1’{; TﬂﬂﬁT'W; AN/AAR-30;
0.5 mm (diameter) Ge:Cu; NP-2E aireraft Bu, No. 131403,

Tl
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Figure 105, Beach laven, New Jersey, and Neighboring Surface Patterns.
11 October 1962; 2028; 4000 ft: 39%33'N; 74"14'W; AN/AAR-30;
7 X 7 mm InSh; HRB-Singer's D-18 aircraft.

Figure 106, Ship Bottom, New Jersey, and Area “Iurface Patterns,
11 Octoher 1962; 2030; 4000 ft; 39938'N; 74° 11'W; AN/AAR-30:
T X 7T mm InSh: HRE-Singer's D-18 aircraft.
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Figure 107. PBarnegat Inlet and Bay, o ;
11 October 1962; 2033; 1000 ft; 30 45'N; 74 06'W: AN/AAR =3
v X T mm [nSh; HRB-Singer's D-1% aircraft,

Figure 108, Barnegat Bay, & 5
11 October 1962; 2037; 4000 ft; 39 G6'N; 747 05'W, AN/AAR-30:
T X 7mm InSb; HRE-Singer's D-18 aircraft,
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Figure 109, Natural Sea Surface Patterns. 5 o
21 June 1967; 2147; 1200 ft; 25 43'N; 76 05'W; AN/AAR-32;
0.5 mm (diameler) Ge:Hg; NP=2E aircraft Bu. No, 131403,
Sea state: 0,

s

Figure 110, Natural Surface Patterns in Ches&pa{:}ke Bay,
15 November 1961; 1935: 1000 ft: 37 42'N, 76 12'W; AN/AAD-2;
2,5 X 2,5 mm InSh: P2V-5F alrceraft Bu. No. 131403,

T4
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Figure 111, Whitecaps and Natural Barzkgrgunﬁ Pattgrns.
15 May 1962; 2033; 1000 ft; 23 53'N; 81 26'W; AN/AAD-2;
6,25 mm~ (circular) Ge;Cu; P2V-7 aircraft Bu, No, 140985,
Sea state: 4,

Figure 112. Natural Sea Surface l*attcrnsb 5
8 July 19655 1221 1700 ft; 38 43'N; 74 52'W; AN/AAD-2;
0.5 mm (diameter) Ge:Cuy; NP=2F aircraft Bu, No. 131403,
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Figure 113, Natural Burface Patterns.
24 May 1972: 0101: 4600 ft; AN/AAR=-30: 2,5 X 2,5 mm Ge:Hg.

Figure 114, Natural Surface Patterns in the Strait of Georgla,
21 July 1969; 1557; 1500 ft; Reconofax IV Mark IT; 2,5 X 2,5 mm
Ge:Hg; S-2D aircraft,
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Figure 115. Natural Sea Surface Patterns. " =
13 June 19G2: 1855 1000 fr; 24 31'N; &1 50'W; AN ‘AAD=2;
.25 mm~ {(circular) Ge:Cu; P2V-7 aircraft Bu. No, 1409856,
Sea state: 1/2,

Figure 114, WNatural Sea Surlace Patterns, i
3 August 1962; 0308: 1700 ft; 39723'N; 71724'W; AN/AAD=2;
fi. 25 '.l‘n.ms"i (circular) Ge:Cuy; P2V-53F alreraft Bu. Noo 1314403,
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Figure 117. Natural Sea Surface Patterns. " 2
16 May 1962; 2158; 2000 ft; 23 55'N; 81 30'W; AN/AAD=2;
6.25 mm2 (circular) Ge:Cu; P2V-7 aircraft Bu, No, 140983,
These surface patterns are relatively subdued, perhaps because
of violent mixing (state 4 seas) the day before and a lack
of sunshine for several days.

Figure 118. Natural Sea Surface Patterns,
28 March 1967; 2413; 2800 ft; 40%27'N; 73°51'W; AN/AAD-2:
6.25 mm~ {circular) Ge:;Cu; P2V-5F aireraft Bu, No. 131403,
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Figure 119. Natural Sea Surface Patterns, .
4 April 1962; 2026; 2700 ft; 29°30'N; 71740'W; AN/AAD-2:
i, 25 mm® {circular) Ge:Cu; P2V-5T aireralt Bu., No, 131403,

Figure 120, Natural Sea Surface Patterns. . o
19 April 1962; 2001; 2500 ft; 40 00'N; 71 15'W: AN/AAD-2;
6.25 mm” (circular) Ge:Cu; P2V-5F aircraft Bu, No. 131403,
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Fipure 121, Natural Sea Surface Patterns,
10 May 19665 38926'N; 74703"W; AN /AAR-32;
2.5 X 2.5 mm Ge:Hg; P=-3A aircraft Bu. No. 148833,
Notice the enhancement of surface effects near the edges,

Figure 122. Natural Sea Surface Patterns.ﬂ i
10 May 1962; 2421, 2500 fty 40 16'N; 71 55"W; AN/AAD-2;
6,25 mm?2 {circular) Ge:Cu; P2V=T aircraflt Bu. No. 140985,
Note the prominence of waves along the lower edge of the picture.
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Figure 123, Natural Sca Surfra;gcc Patterns,
10 May 1966; 38 18'N; 74%11'W; AN/AAR-32; 2.5 X 2.5 mm
Ge:llg; P-3A aircraft Bu, No. 148854,

Figure 124, Natural %ea Surface Pattems.n "
10 May 1962;%410; 2000 ft; 40 09'N; 71 47'W; AN/AAD=2;
.25 mm~ (circular) Ge:;Cu; PEV-T aircralt Bu, No, 140985,
Note the prominence of waves in the lower portion of the
picture,

51




NADC=-78226-30

Figure 125. Natural Sea Surface Pﬂttems.ﬂ =
8 April 19704 1253; 3000 ft; 32 36'N; 79 11'W: AN/AAR-30;
2.5 X 2,6 mm Ge:llg.

Figure 126. Thermal Front, " "
22 April 1963: 2230: 41 41'N: 68 17'W: AN/AAR-30:
fi, 25 mm" (circular) Ge:Cu; SP-2E aircraft Bu, No, 131403,
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Figure 127, Natural Sea Surface Patterns.ﬁ 5
§ April 1970; 1235: 3000 ft; 33 08'N; 78 50'W; AN/AAR-30;
2,5 X2.5 mm Ge;Ilg.

Figure 128. Natural Seca Surface Patterns, I
22 April 1963; 2232; 41%41'N; 68 24'W; AN/AAR=-30;
£,25 mm~ (circular) Ge:Cu; SP-2E aircralt Bu, Neo. 131403.
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Figure 129, Whitecaps (Most Prominent on Left) and Waves
(Lower Portion of Picture), " 4
16 November 1963; 2230; 1000 ft; 23 55'N; 81 °30'W;
Reconefax TV Mark T0: 4 mm ™ (cireular) Ge:Cu;
NP-2E aircralt Bu., No. 131403,
HSea stato: 4,

Figure 130. Natural Sea Surface Patferns. o F
21 June 1967 2105; 1000 fty 25 45'N: 76 10'W; AN/AAR-30;
6. 25 mm2 jcireular) Ge:Cu; NP-2E aircraft
Bu, No, 131403,

Sea state; 0
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Figure 131, XNatural Sea Surlace Patterns. |
13 January 1967; 0235: 2000 It; 26°05"N; 79 50"W; AN/AAR-30;
fi, 25 mm? {circular) Ge:Cu; NP-2E aircraft Bu, No, 131408,

L

Figure 132, Natural Sea Surface Pattern:‘-.‘ué
7 May 1962; 2044; 3000 ft; 39°30'N; 70°30'W; AN/AAD-2;
6,25 mm? (circular) Ge:Cu; P2V-T aireraft Bu, No. 140985,
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Figurc 133, Natural Sea Surface Patterns. 9
1 September 1964; 2100; 3500 [t; AN/AAR=-30; 6.25 mm
{circular] Ge:Hg: NP-2K aircralt Bu, No. 131403,

Figure 134, XNatural Sea Surface Pattert'-S.D &
8 April 19705 1220; 2000 ft; 33 36'N; 78 49'W; AN/AAR-30;
2,5 X 2,5 mm Ge;Hg,
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Figure 135, Natural Surface Patterns.
27 April 1872; 1944; 1200 ft; AN/AAR-30;
2.5 X 2,5 mm Ge:; Hg,

Fipure 136, Natural Sea Surface Patterns.
2 September 1967; 2245; 400 ft; 24019‘?~1: HE(}]T'W;
AN/AAR-32; 0,5 mm (diameter) Ge:llg; NP-2F aireraft
Bu. No, 131403,
Sea state: 1-2,
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Figurc 137, Natural Sepa Surface Patferns.
19 April 1962; 1910; 2000 ft; 10°00°N; 71738'W: AN/AAD-2;
4,25 mm?2 (circular) Ge:Cu; P2V-5F aireraft Bu. No, 131403,
Sea state: 1.

Figure 138, Natural Sea Surface Patterns. B "
11 Cetober 1967: 2043; 480 ft; 31 42'N; 79 19"W, AN/AAR-32,
0.5 mm (diameter) Ge:Hg; NP-21 aircraft Bu, No, 131403,
Sea state: 1=2,
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Figure 188, Natural Sea Surface Patterns,
16 April 1962; 2337; 2000 ft; 10%10'N; 71°10'W: AN/AAD=2:
.20 mm~ (eircular) Ge:Cus PZV-3T aircraft
Bu, No. 131403,

Figure 140, Natural Sca Surface Patterns.
4 September 1967; 2115; 380 ft; 24”18'N; 82°11'W: AN/AAR-32;
0.5 mm (diametcr) Ge:Hg; NP=2E aircraft Bu. No. 131403,
Bea state: 7,
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TFigure 141, Natural Sea Surface I’attcrns.n o
27 July 1962; 0324 4500 ft; 40 50'N; 71 30'W; AN/AAD-2;
6.25 mm> (eircular) Ge:Cu; P2V-5FS aircraft
Bu, No. 131403,

Figure 142, Natural Sea Surface Patterns.
27 July 19623 03353 4500 ft; 40 48'N; 72°01'W; AN/AAD-2;
6.25 mm?2 (eircular) Ge:Cu; P2V-3F§ aircraft
Bu, No, 131403,
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Figure 143, Natural Sea Surface Patterna.c_ ﬁ
15 July 1965: 1514 4100 [t; 37 20'; 75 19°W; AN/AAD-2;
+ mm2 (circular) Ge:Cu; NP-2E aireraft Bu, No. 131203,

Figure 144, Natural Sea Surface Palterns, 5 "
12 March 1962; 2227; 2500 ft; 24 33'N; 81 57'W; AN/AAD-2;
6,25 mm? (circular) Ge:Cu; P2V=5F alrcraft
Bu. Xo. 131403,
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Figure 145, Great Egg Harbor Inlet, " "
3 October 1963; 2123: 12,000 ft; 39 18'N; 74 33'W; AN/AAR-30;
.5 mm (diameter) Ge:Cu; NP-2E aircraft Bu, No. 131403,

Figure 146, Surface Patterns in the Delawage Rive Po
96 June 1962: 2032; 2000 ft; 39753'N; 75 11'W; AN/AAD-2;
6.25 mm2 (circular) Ge:Cu; P2V-7 aircraft Bu, No. 140985,
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Figure 147. Bhoreline, Ercal«:m‘ﬂl, and Natural Hrrfﬂ Eurfac:é': Patterns.,
15 February 1962: 1715: S‘QDI} ft: 397 35'N: 74 10"W:
AN/AAD-2: 6.25 mm~ {circular} Ge:Cu: P2V=i3F
aireraft Bu., No. 131403,
Bea stato: 3.

Figure 148, Natural Sea Surface Patterns in the Vicinity of
Ocean City, New Jersey., a s
1 Qetober 1963; 2213; 12,000 ft; 39 15'N; 74 33'W;
Reconofax IV Mark I[; 0.5 mm (diameter) Ge:Cu;
NP-2E aireraft Bu, No. 131403,
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Figure 149, Long Beach, New Jersay, and Ari]jacent Huﬂr'face Patterns,
3 October 1963, 1957, 2500 ft: 39735'N; 74 13'W;
AN/AATR-30; 0.5 mm (diameter) Ge:Cu; NP-2E
aircraft Bu, No. 131443,

Figure 150, XNatural Sea Surface Pattcrnsb
T May 19G2: 2205: 3000 ft; 307 33'N; Tﬂﬂﬁl”ﬂ.’; AN/AAD-2:

6.25 mm? {circular) Ge:Cu: PEV-T aircraft
Bu. No. 140985,
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Figure 151, Coastline and Adjacent Seg_ SurfaceDPatterns.
30 January 1964; 1902; 39 44'N; 74 07'W; AN/AAR~30;
.5 mm (diameter) Ge:Cu; NP=2E aircraft
Bu, MNo. 131403,
Note evidence of waves along the lower border of the
picture.

Figure 152, Interface Petween Water Masses of Unequal Temperature,
30 March 1967; 1433; 3300 ft; AN/AAR=32; 0.5 mm (diameter)
Ge:Hg: NP-2E gircraft Bu, No, 131403,
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Figure 153. Natural Surface Patterns,
24 May 1972 1848 7000 ft; AN/AAR-30; 2.5 X 2.5 mm
Ge:Hg.
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Figure 154, Natural Surface Patterns.
24 May 1972; 1836; 5000 ft; AN/AAR-30; 2.5 X 2,0 mm
Ge:Hg.
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Figurcs 155-159 demonstrate the persistence of surlace
thermal patterns in the Tongue of the Ocean, a reogion
southeast of Florida, over a course ol 42 minutes,
This zerics of infrared pictures was recorded al
1000 fect with o mercury doped germaninm detector
operating in the AN/AAR-32 during the flight of
13 May 1966,

Figure 155, Time; 2307,

Figure 155, Time: 2314,
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Figure 157, Time: 2327,

Figure 135, Time: 2534,

Figurre 153, Time: Z343.

a9



Figure 160,

wad Toand bo b about 0.0 K
wilers at the boundary.

Flagura 181 Intariace Betwoan the Gull Sivam A coolar ooastnd

weteTs.
TE Septembor 101
AN SAATR-30; 2

By, o, LAL4A0G,

28 1300 s 38
o e

MAD-TEEM-10




NADC-TE226=-30

Figures 162 to 179 were recorded during a series of
flights over Bute mlet in July 1969, Tor each of the
exercises, a 2.5 X 2,5 mm mercury doped germanium
detector was used in the Beconofax TV Mark 1T,

Figure 162, Natural Surface Datterns,
15 July 1969; 1709; 1000 ft.
Sca state: 1.

Figure 163, Natural Surface Patterns.
12 July 196%9; 1045, 600 ft,
Seg state: 1,
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Iigure 164, Shoreline and Natural Surface Pallerns.
12 July 1969; 1530; 300 ft,
Sea state:; 1/4 - 1/2,

Figure 165, Natural Surface Patterns,
9 July 1969; 1357 500 ft.
Sea state: 14,
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Figure 166, Natural Surface Patterns.
10 July 1969; 1405; 1000 ft,
Sca state: 1-2,

Figure 167. Natural Surface Patterns.
12 July 1969; 0849; 500 ft.
Sea state: 1,
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Figure 168, Natural Surface Patterns.
9 July 1969, 1349 1500 ft,
Sea state: 1/4,

Figure 169, Natural Burface Patterns.
10 July 1969; 1346; 200 ft.
Seca state; 1-2,
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Figure 170, Shoreline and Adjacent Surface Patterns.
15 July 196%; 17105 1000 ft,
Sed state: 1.

Fipure 171, Natural Surface Patterns,
14 July 1969: 1559« 300 {t,
Sea state: 1/2,
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Figure 172, Natural Surface Patterns.
14 July 1969; 1613; 700 ft,
Sea state: 1,/2.

Figure 173. Offshore Eddy.
15 July 1969; 1708; 1000 [t,
Sea state: 1.
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Figure 174. Natural Surface Patterns.
19 July 1969; 1000; 300 ft,
Heg staie; 0 - 174,

Figure 175, Natural Surface Patterns,
14 July 1969: 16854: 700 [t,
Sea state: 1/2.
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Figure 176, Natural Surface Patterns,
10 July 1969; 1425; 1000 ft.
Sea state: 1=2,

Figure 177, Natural Surface Patterns,
16 July 1969; 1030; 300 ft,
Sea state: 1/2,
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Figure 178, FEddy,
9 July 1969 15358: 10040 Tt,
Sea state: 1/4,

Figure 179. [Eddy and Nearby Land Mass,
18 July 1969 1511; 300 ft,
Sea state: 1/4 - 1/2,
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Figure 180, Oil slick and Smoke Light,
7 February 1963; 2028; 1500 fi; d-l_- 33'N; 51 18"W;

AN/AAD=2; 6,25 mm2 {eircular) Ge:Cuy SP=2H
aireraft Bu. No. 147949,
Note detectahility of waves along bottom edge of picture,

Figure 181, Oil Slick,
3 October 1963; 20065 2500 ft; 39°17'N: 74%22'W,
Reconofax [V Mark II; Ge:Cu; NP=2E aireraft
Bu. No. 131403,
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Figures 182-186 show thermal pictures taken during the flight of 16 December 1971,
which was conducted in cooperation with the Environmental Protection Agency
to detect possible industrial waste water discharges along the Delaware and
Schuylkill Rivers.

Figures 182 and 183 were
taken over the Schuylkill
River on 16 December 1871;
1500 ft; AN/AAR-30; 2.5 X
2,5 mm Ge:Hg; NP-2E air-
craft Bu, No, 131403, In
Figure 182, note effectively
"warm' water flowing from

a point near the bottom center
of the pieture. In Figure 183
warm water is being discharged
into the river at a point to the
right of center,

Figure 182, Time:; 1712 Figoure 183, Time: 1717

Figure 184, Delaware River,
16 December 1971; 1904; 1500 ft; AN/AAR-30; 2,5 X 2.5 mm Ge:Hg;
NP-2E aircraft Bu, No. 131403,
This scene shows the Neshaminy Creek (upper right) emptying into
the Delaware River. Along the opposite shore, heated water from
a power plant upstream (to the right) can be seen,
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Figures 185 and 186 were recorded over an oil refinery
on the Delaware River at different times and with

different equipment.

Figure 185. 16 December 18713 1856; 1500 it; AN/AAR=30;
9.5 X 2.5 mm Ge:He: NP-2E aireraft Bu, No. 131403,

Figure 186, 16 December 1971; 1933; 1500 ft; AN/AAR-35;
0.9 X 0.3 mm Ge;Hg; NP-2E aircraft Bu. No. 131403,
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Figures 187 to 193 were reproduced from the film record of the flight of § March
1971, The AN/AAR-35 was operated over a region centered at 68° 53'N,
18%20°'W, The black spots in the pictures are fragments of thick, multi-
vear ice; light gray areas represent young ice; the darker gray sections
are first year ice; and white patches correspond to open water or new
ice,

Figure 187. Time: 1930
Altitude: 1000 [,

Figure 188, Time: 1931
Altitude: 1000 ft.
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Figure 188, Time 1932
Altitude: 1000 ft,

Figure 190, Time 1742
Altitude: 50040 ft,
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Figure 191, Time: 1750
Altitude: 5000 ft,

Figure 192, Time; 17562
Altitude: 5000 ft.
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Figure 193, Time: 1724
Altitude; 5000 ft.

Figurc 194, Chunks ol Ice Floating on Water FEast of Greenland.
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