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Ten ocverwater flight trials of the AN/AAT-? infrared mapping
set installed in ‘a Cessua 310-B aircraft were performed from
Sept 1960 to May 1961 to determine its capability for detecting
surface effects produced by submarines. Night and day trials
were conducted over waters of the eastern seaboard of northern
U.5.A:. Wakes generated by submarines ocperating on the surface
and at keel depths of %5 {snorkel aund/or periscope up), B8O,
100, and 5
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SUMMARY
TESTS“AND RESULTS

From ‘September 1960 to May 1961, 10 overwater flight trials of the
AN/AAD=2 infrared mapping set. installed in a Cessna 310-B aircraft were
performed. to determine its capability for detecting surface effects pro~
duged by submarines. Wakes.generated by submarines operating on. the
surface and at keel depths of 55 (snorkel and/or periscope up), 80, 100,
and 150 feet were recorded by the AN/AAD-2,

CONCLUSIONS

The value of a high=resclution, line~scanning, infrared mapping sys-
tem for precise studies cof submarine~generated thermal wakes has been
demonstrated, and the near-photographic~quality thermal pictures obtain-
able with such a device should be of considerable ‘value for target .clas-
sification and ocearographic studies,

RECOMMENDATIONS
It is recommended that:

1. Studies of infrared mapping systems, ship and submarine wakes, and
natural sea background patterns continue.

2. The possibility of correlating sonar propagatioen charaecteristics with
the surface expression of bulk temperature variations in the.sea, as re-
corded by an airborme irfrared mapping device, should be investigated.

3. A fleet investigation of a high~resolution, line~scanning, infrared
mapping system should be made. for clagsification of ships at night, and
for submarine wake detection, with particular attention to wakes generated
by ‘submarines on or near the surface before and after submergence.

P SR GnmngupE,
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FLIGHT 'TRIALS
INTRODUGTION

Reference (&) directed the NAVAIRDEVCEN to develop techmiques . for
detecting wakes of submerged submarines by use of small, lightweight;
infrared equipments designed for installation in heasvier-than-air craft..
Reference (b) directed the NAVAIRDEVCEN to conduct studies, establish
equipment characteristics, procure equipment, and conduct technical and
flight ‘evaluation of modified lines-scan passive infrared surveillance

- systems for submerged submarine wake detecticn. Reference (¢) enumerates
and classifies wake phenomena fram a theoretical point of view.  Refer-
ence (d) outlines the NAVAIRDEVCEN experimental infrared wake detection
program and gives preliminary results. ' As part of this experimental
program, a number of already existing thermal mapping devices have been
investiguted. - The purpose of this investigation was two-fold:

1. “Actual experience with & variety of thermal mappers would aid in de~
termining optimum system parameters for a submarine wake detectlon system,

2. If equipments already in existence proved successful after .only minor
modification, infrared wike detectors would become available to the fleet
in--a much shorter time than if a completely new development program were
to be initiated.

Investigations of gix thermal mapping devices have been made under
~the- NAVAIRDEVCEN submarine wake detection prcgram. Final resulis of in~
vestigations of the AN/AAS=L(XA-2), the AN/AAR-9(XA=2), the Reconofax
Camera, the Infrared Antisubmarine Warfare Bomb Director: Sight Unit, and
the AN/AAR-13(XH-1) are given in references {(d), (e}, (£), {(g); and (n).
Partial results of the flight trials of the AN/AAD-2 are given in refer~
ences (1), (3), and’ (k). This report describes the final results of the’
flight trials of the AN/AAD~2 infrared mapping set installed in the Cessna
310+B: aircraft of HRB=Singer; Inc: under NAVAIRDEVCEN Contract N62269-1200.
See ‘fligure 1.

FIGURE 1 - Cessna 310-B Alrcraft Used Flight Trials of the AN/AAD-2

-1 =~ S
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THE AN/AAD=2
The AN/AAD=2 is a small

developed by HRB~Singer, Inc, for
the U. S, Army Electronic Proving
Ground, Fort Huachuca; for use in
drone ‘aircraft, The secatiher, op«
tics, infrared detector; electron~
ics, 70-mm f£ilm recorder, and 5-
watt telemetering transmitier .are
a1l contained in a single LS-1b
package. See figure 2. (The
transmitter ‘was not utilized for
these flight trials.). The AN/
AAD-2 is a relatively asimple,
single-detector, ‘line~scan device
that ylelds a continuous strip
map on photographic film,

The operation of ‘the basic
system-is illustrated in figure 3.
A1l objects radiate infrared
energy at a rate dependent on
their absolute temperatures. - A
small portion of ‘the infrared ra- FIGURE 2 ~ AN/AAD=2 Scanner Unit
diation emitted by the cojects '
under. surveillance 1s intercepted by the scanner mirror. The mirror is
mounted on a rotating shaft whose axis is parallel to the flight path of
the aircraft. As the scanner rotates,. 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 onte an in- o ) 2l
frared detector, In the de- ] A
tector an electrical signal :
proporticnal to the impinging
infrared radiation is gener- ouom Tuee
ated. . This signal is .ampli-
fied and passed on to a glow
tube which emits light whose
intensity is proportional to — . I S
theelectrical signal impressed ; : e
upon it. -Light from the glow i 4 :
tube 48 focused to-a small
spot' by means of a microscopic
objJective, ‘which is also
mounted on the rotating shaft.
The intensity modulated spot
of 1light scans, in synchronism FIGURE 3 - Schematic.of AN/AAD-2 Operation

—
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with the scanner, across a piece of slowly advancirg photographic £ilm.
As the alrcraft advances, a wide-angle, 120-degree field of view is
swept out by the scanner and recorded on photographic film in the form
of a--continuous strip map.

The scan rate of the AN/AAD-Q is 100 scans per second; the £otnl
‘transverse field of view is 120 degrees, All receiving optics in the
AN/AAD~2 are reflective. . The diameter of the parabolic collecting

mirror:is 351/l 4nches; its foecal length i3 & inches; the useful apers

ture 18 47.6 . cm? The design angular resclution of the system of 3

‘Hilliradians is achievable wien a. 045 by 0.5 mm detector cell is used.
This equipment was designed for an airecraft veloeity/altitude range of

0,01 to 0.5 vadians/second. -Roll stabilization of the display to £30
degrees 18 provided,  The AN/AAD-2 mounts rigldly in the carrying
aircraft., :

Temperature sensitivity,  spectral response, and angular resolution
of this equipment are funclions of the detector cell and filter(s)
used, The detectors used inm the AN/AAD-2 during these flight trials
are listed in tahle I. All of these detectors were cperated at the

“normal boiling point of nitrogen.

TABLE I

Est. Temp. Approx. Spectral

Sensitivity Response
Detector Tvpe Symbol  Size (mm) (airborne)(C°) (m;cnonpz
Lead selenide PbSe 0.5 by 0.5 0.28 0.5 to 6.5
Gold=doped germa~
nium - (p~type) Ge:Au 2.0 dia 0.03 0.5 to 9
lead selenide PbSe 2.9 by 2.5 0.06 " 0.5 to 6.5
Indiunm antimonide InSb 0.5 by 0.5 0.03 0.5 to 5.5

To. provide the AN/AAD-2 with high sensitivity in the 8~ to 13-micron
portion of the infrared spectrum, the NAVAIRDEVCEN awarded Centract
N62269-1393 to HRB-Singer, Inc. on 1L June 1961 to provide services of a
Texas Tnstrumeuts Irc. copper~doped germanium (Oe:Cu) detector for these
f1ight trials. This liguid-helium-coocled detector was expected to pro-
vide an order of magnltude greater sensitivity than the best ligquide
nitrogen<cooled detectors available. This project was to proceed in four
phases.

FPhase I - Study techniques for handling liquid helium and
associated spparatus.  Modify the AN/AAD=2 to accept
the G&:Cu detector. .

Fhase II =« -Conduct 1aboratory tests of the Geifu detector -and
of the modified AN/AAD~2 using this detector.

-3~ S
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“Phase TIT - Conduct flight tests of the AN/AAD-2 using this
‘ detector.
Fhase IV, - Prepars a final engineering report.

The NAVATRDEVOEN had the optien of purchasing or renting the Ge:Cu de-
tector upon completion of phase .III,

Phases III and IV of Contract N62269-1393 were cancelled on 27 Feb-
ruary 1962 for the following reasons:

1. ThisCe:Cu détector was not as senaitive 4s some available liquid=-"
nitrogen~cooled detectors.

2. Indepsndently, the NAVAIRDEVCEN had procured 8everal, more sensitive;
liquid-helium=cooled detectors. The excellent results obtained with an

. AN/AAD=2 using liquid-hélium=cocled detectors ‘and operating in naval air-

craft will be discussed in gubsequent reports,
FLIGHT EXERCISES

Twenty-one flight trials were scheduled from 21 September 1960 to
25 July 1961; HRB-Singer, Inc. provided the flight and engineering ser-
vices under NAVAIRDEVCEN Contract N62269-1200 of 20 September 1960, The
contractor's Cegsna 310-B ‘aircraft was escorted to and from the submarine
operating areas by a naval aircraft from NAS, Johnsyville, Pennsylvania.’
The procedure for the exercises with controlled submarines was as follows:

1. The aircraft rendezvoused with the surfaced submarine and reguested
the submarine ‘to travel at ‘some speeified depth, speed, and direction.
The directlon was generally chosen to permit ease.of sighting flashing-
1light marker buoys.

2. The submarine executed straight line runs and released NAVAIRDEVCEN-
type flashing-light marker bucys at 1l- or 2-mile intervals according tec
a prascribed schedule.

3.. The aireraft vxecuted a racetrack pattern, which included the line
of marker bupys as one of 1ts legs. Additionally, the aircraft crossed
the submarine's path at oblique angles at varicus distances astern

the: submarine. :

L. The submarine was requested to provide after each exercise wet- and
dry-bulb thermometer readings, surface-wind speed and direction, sea
state, water~temperature readings at l0-foot intervals of depth from
surface to the depth ef ths submarifie's submerged rum, time of each
reading, time of release of each marker buoy, and a DRT plet of its
course with at least one gésgraphical: references.
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RESULTS OF FLIGHT TRIALS

Elaven of the 21 £lights scheduled were cancelled for ressons ;given

. {n table IT, The results of the remaining 10 flights scheduled are

described in turn. The indicated airvcraft speed. averaged 130 knotas dur-

" 4ng the exercises, 'All times indicated are Eastern Standard Time.

TABLE 1I1I

Dates Targst Submarine Reason for Cancellation

16 Nov 1960 - USS TORO (SS=422) Bad ‘weather predicted

1 Dec 1960 ' USS BECUNA (S5-319) Bad weather

1l 'Dec 1960 - USS IREX (SS=h82) Change in submarine schedule

23 Jan 1961 USS SAILFISH (SSR-572) Bad weather (snow) .

30 Jan 1961 USS PIPER (55-409) Contractor'e aireraft not available
13 Mar 1961 USS IREX (SS-L82) Bad weather ,

18 Apr 1961 - USS SAILFISH (SSR=572) Cancsllation of submarine's schedule
26 Apr 1961 USS DIRELO (S8-479) Bad ‘weather (high winds and air tur-

bulance produced unsafe flying
conditions for the Cesena 310-B
‘ aircraft)

14 Jun 1961 USS CROAKER (SSK=2L6) Bad weather (event cancelled en
route to the operating area)

6 Jul 1961 . USS CORSAIR (SS~435) Bad weather predicted for the oper-
ating area

25 Jul 1961 USS BANG (SS-385) A suitabile naval aireraft was not
available to escort the Cessna: t
the operating area ' :

21 September 1960

Target submerine: USS CAVALLA (SSK~-2Ll)
Operating areat LO® 39N, 71°h5'W
Scheduled times . 1900 to 2200 hours
Detector used: PbSe 0.5 by 0.5 mm

‘1, "This event was preceded by a two=week rainy peried characterized by

small diurnal air temperature variations, :

2, The only available detector was a 0,5 by 0.5 mm lead selenide which
yielded a noise-equivalent-temperature~difference of approximately ones
fourth of & centigrade degree in the airborne AN/AAD=2, Detection of
gubmarine wakes with this detector could have been expected only under
the moat favorable conditions.

3. No wakes, even from surface vessels, were racorded.
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k. Two équipment difficulties were noticed after this exercise:

a. - the transport. which drives the recording f£ilm past the glow tube
cperated with a jerky motion and produced a pattern of light ‘and dark
lines on the film; . : :

b. the glow tube did not develop adequate drive for proper recordiﬁg

over water.

27 September 1960

Target submarine:
Operating area:
Scheduled time:
Detector used:

V8S BLENNY (s8s-32L)
LO°L3™N, T1°36'W

1900 1o 2100 hours
PbSe 0.5 by 0.5 mm

1, During most of this event a low-hanging fog made sighting of the sub-

marine-launched flashing<light marker bucys so diffieult that

the event

wa s terminated before the scheduled fimex time,

2, No wakes ware recorded,

21 November 1960

Target submarine:
Operating area:
Scheduled time:
Detector used:

USS SEANOLF (S8N-575)
39°30N, 71°32'W

1800 to 2000 hours
FPbSe: 0.5 by 0.5 mm

1. No. infrared data were recorded on this exercise because of an equip-
ment malfunction which was riot detected until after the film reecord had
been developed. The failure occurred in a jury-rigged condensing lens
system which was added to the AN/AAD<2 photographic f£ilm recorder to.in-
crease its printing spot brightness in an effort to increase the average
£11m density. This lens system consisted of two lenses (one stationary
and one rotating) aseparated by about 0.03 inch. 'Shortly after takecff,
the staticnary lens became loose. It came into contact with the rotating
lens, ‘and both lenses ground down and produced a diffusing effect on the
transmitted light rather than the desired condensing effect. ' The jury-
rigged condensing lens system was later replaced by a: permanent condenser
which was being fabricated at the time of this exercise.

30 November,1960

- Target submarine:
Operating area:
Scheduled time:
Detector used:

USS BECUNA (S8~319)

39°21 N, TL°LL'W

1800 to-2100 hours
PbSe 0.5 by 0.5 mm

g i 5
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1e ‘Effeetively cold wakes of ‘two surface Vessels Were recorded'by the.

“AN/AAD=2 en route to ‘the operating area. These wakes, which were recorded

at 1805 ang 1807 hours under clear skies and bright moonlight, were about
150 feet wide and were recorded on ‘the £ilm for a distance of about 1/3

mile astern the ships,

2 This exercise W&s conducted under conditions of gusty winds. (30 to
LO ¥rots), high sea state (10 to 12 feet), complete cloud ‘cover, and:

" bceaslonal snow showers. The air temperature recerded by the submarine

was L0*® F; the water ‘temperature from surface to 50«foot depth was uni-:
form-at 51° F; from 60 to 100 feet the temperature was 56° F. -Apparently,
suarface mixing rrevented establishment of a vertical temperature gradient

© 4in the first 50 feet of depth despite a fairly large air-sea temperature

difference.

3+ In the exorciae area at 1830 hours, the Ah/AAD-2 recorded on several

pasees an effectively cold region ¢f disturbarce in the immediate vicinity

of the surfaced submarine.

b+ While submerging, the submarine generated a short length of effec~
tively cold V-shaped wake of 90-degree apex angle. This V-shaped wake -

" wa® recorded by the AN/AAD=2 and observed visually.

5. “No wake was detected by the AN/AAD-2 in 23 pasaes of the aircraft
over the aubmerged or periscope—depth submarine.

h February 1961
Target submarine: " 1SS SEA OWL'(SSK—hOS) )

Operating area: o 39°52'N, T1f29'W
Scheduled timer 1800 to 2000 hours

Detectors used: -~ (1) FbSe 0.5 by 0.5 mn
: (2) p-type C-e Aa 2,0 mm diameter

1+ En-route to its assigned cpsrating area, the submarine was delayed
by dense fog. As a’'result, the submarine was still approximately Lo
miles north of .its operating area when a rendezvous was effected at 1900

‘hours, The submarine was not able to submerge during the remaining one
~‘hour the -Cegsna could remain on station.

2.. The PbSe detector was used on four aircraft passes aver the submarine
and ‘the Ge:Au deteetor was used on eleven passes, The AN/AAD-2 detected
the submarine itself on all passes except one. (During this one run the
operator was making an adjustment on the AN/AAD-~2,) On. only one ‘of the
rung. wag ‘the submarine's wake detected and in this case it was quite
faint, - Figure I shows the aubmarine and this faint wake extending ap-

proximately four ship lengths astern. This wake 1s about 150 feet wide.
‘For the first ship length astern the gubmarine, the wake appears cold,

It appears as though the subharine has dragged some cold water aleng
with 1t into a reglon of warmer water,

-7 . G
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Dates: 1l Feb 1961 Atréraft Type: Cessna 310-B Submarine: USS SEA OWL {335LC5)
Time: 1900 Lours . ‘Altitude: 1300 feet Heading: 175° mag.

Sunset: 1736 hours Heading: 310° mag. {indicated) Speed: é knots

Mconset: 1700 hours Airspeed: 135 knots {(indicated)

Sea State: 3=l Cperating Area: 39-52 N, 71-29 W

Detector used: Syracuse University g-type gold doped germanium cell having a circular sensitive
area of 3 square millimeters

FIGURE ) - Surfaced Submarine, Its Wake, and Thermal Anomaly in Water Recorded by the AN/ AAD-2

€0€9~MV=0aVN
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3. "On-most of the: infrared pictures of the submarine recorded during
this event, a warm area appeara approximately three~fourths of a ship
length aft of the. submarine's bow. This 1s believed to be due to englne
‘exhaust and heat from the engine rooms warming the hull.

L. ' The striated, mottled, cloud-like structure is believed to be an
. -oceanic "eold front.!

S. Tha two broad; dark lines and the several sharp parallel, horizontal
lines in figures U, 5, and 6 are produced by the recording instrumert
“4tself and -are to:be ignored.

The exercises of 27 February and 3 April 1961 were conducted jointly
with the AN/AAD-2 in the' Cessna aircraft and the AN/AAR-13 thermal re-
connaissance device in MAVAIRDEVCEN F2V~-SF aircraft BuNo 131L03. See
reference (h).

27 February 1961

Target submarine: USS GROUFER {AGSS-21k)
Operating area: Lho°31'™N, 71°L6'W
" -Scheduled time: 1800 to 2000 hours

Detector used: p~type Ge:Au 2,0 mm diameter

ls  The Cessna ‘made 3l passes over the submarine andfor its wake on a
wide varlety of headirigs at altitudes ranging from 1000 to 3000 feet.
The wake was. detected on all llj passes made while the submarine was on
the ‘surface and on ‘all 10 passes made while the submarine was at snorkel
dépth, but the wake was not detected on any of the 10 passes made while
the submarine was completely submerged. In additiom, on 13 of 16 passes
over -surface vessels, wakes were recorded by the AN/AAD=2,

2, ' The AN/AAR-13 thermal reconnaissance device 'installed ‘in the NAVAIR-
DEVCEN P2V-SF aircraft recorded the wake of the surfaced: and snorkelling
submarine on 6 of a totdl of 16 passes. (A number of the passes presented
no possibility of detection because occasional operation of the aircraft's
radio transmitters produced interference on the AN/ AAR=13,)

3. All wakes observed were effectively warm, approximately 150 feet
wide, and up to 1 mile long. Uccasionally, when the alrcraft was in the
proper positions, the wakes could be observed visually as smoothed re~
glons which appeared either brighter or darker than the surrounding
waters depending on whether the moon was before or behind the observer.
Since all ‘of the wakes recorded by both infrared equipments appeared
Nyarm!" regardless of orientation of the aircraft with respect to the moon
and regardless of the yiewlng angles of thelr detectors, it was inferred
trat ‘the moon was not a significant factor in their detection. ’
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3 AEril 1961
Target submarine: USS TENCH (88<lL17)
Operating area: 4O°10'N, T1°30'W
Scheduled time: 2000 to 2200 hours
Detectors used: (1) * p-type GetAu 2,0 mm diameter

(2) PbSe 2.5 by 2.5 nm

le No submarine wakes were recorded by the AN/AAD=2 during this exercise.
This is attributable perhaps to the fact that no directly measurable hor-
{zontal or vertical water temperature gradients existed in the immediate
area of interest, as indicated by the constancy of the water injection
temperature (L2° F) recorded by the submarine at lO-minute intervals dur-
ing the exerclse. : .

2. . The AN/AAD-2 did record, however, what are belleved to be natural
surféceé temperature variations similar to those detected on 1l February
1961 but considerably less intense. An irregular line of demarcation
baving a general northeast-southwest crientation and separating the
vwarmer water to the northwest from the cooler water to the southeast was
r¥ecorded on 6 passes.

3.  The AN/AAR~13 recorded 11 images which ‘were believed to ‘correspond

to the wakea of the submarine and of a-surface vessel which had apparently
passed through the operating area. It 1s interesting to note that' the
surface vessel was not observed during the exercise by personnel in the
two aircraft; its passage through the operating area was inferred after
the exercise from an examination of the AN/AAR-13 records which implied

a prior passage of the ship on a northeasterly heading. This suspicion
was strengthened when the DRT plot submitted by the submarine was received
and examined, It indicated thdt a merchant ship had been detected by
gsonar 6 miles northeast of where ‘the AN/AAR=13 had made its detections;
however, two curious facts remained: £irst; the more sensitive AN/AAD-2
had: failed to detect any wakes dnd, second, with two.exceptions, the
wakes" detected by the AN/AAR-13 appeared "warm" when the P2V was heading
generally north and: "cold" when the P2V was heading south, These dis-
crepancies were resclved by a simultanecus examination of both AN/AAD-2
and AN/AAR-13 film records. It was concluded that neither equipment had
detected any wakes but that each had recorded the same natural thermal
snomaly in its own way; that is, the AN/AAD-2 presented a recognizable
thermal picture of the anomaly but the AN/AAR-13, because it records the
first derivative of water surface temperature as a function of positlion
along the flight path of the aircraft, presented only the line of demar-
cation outlining the anomalys -This experience indicates the extreme im-
portance in the interpretation of infrared images to being mindful of how
the infrared system itself modifies the information it receives, It
further illustrates the falge alarm suppressing value of a device that
yields a true thermal picture over one that ylelds a picture of thermal
gradients.

- 10 - e )




23 May 1961

‘Target. gubmarine:
Operatlng area:
Scheduled time:
Detector used:

-1, The AN/AAD=2 recorded surface effects generated by the submarine
cperating on.the surface, at communications depth, and at keel depths .of
55 feet (snorkelling), 80 feet (2 tons positive bucyaney requested), and
100 feet (L tons positive bucyancy requested).
of infrared pictures of the sea surface recorded on L aircraft passes
over-an area traversed by the submarine.

-natural background pattern,
in ‘reference (k).

-
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USS TENCH (88-417)
LL%15 N, 68°01'W

1900 to:-2230 hours
InSb 0.5 by 0.5 mm

Daytime E;ercisg of 21 ﬁay 1961

Target submarine:
Operating &rea:

A\ Scheduled time:

Datector used:

1. .The ANfAAD—2 recorded the wake of the snorkelling submarine on 12
aircraft passes out of 15 opportunities.

USS TENCH (85-L17)
LL°16*N, 68°01'W

1500 to 1630 hours

InSb 0.5 by 0.5 mm

cise are given in reference (k).

Target submarine?
Operating area:
Scheduled time:
Detectorsg used:

Nighttime Exercise of 24 Ma

1961

USS TENCH (S8~417)
LL®17'N, 68°03'W

1900 to 2230 hours
(1) InSb 0.5 by D.5 mm

Figure 5 shows pértions

Common ‘to all L views is the
Detailed results of this exercise-are given

Detaliled results of this exer-

(2) p-type Ge:Au 2.0.mm diameter

1. Surface effects generated by the ‘submarine operating at maximum peéri-
scope depth, and at keel depths of 55 feet (snorkelling), and 150 feet

(2 tons positive bueysncy requested) were recorded by the AM/AAD=2, Fig-
ure 6 shows a section of the wake generated by the submarine while
snorkelling. The wake from the submarine -submerged at a 150=foot depth
consisted of a series of "cold" patches. Detailed results of thls exer-
cise are given in reference (k).

‘DISCUSSION OF RESULTS

The AN/AAD-2. has reccrded surface effects generated by submarines
operating on the surface, ‘abt maximum periscope depth, B5E«foot keel .depth
(snorkelling), and keel depths of 80, 100, and 150 feet for which posi-
tive buoyancy conditious were requested. ' Theae surface effects were
detectable by the AN/AAD-? for an average of 18 minutes after passage of
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Dates 23 May 1961
Alreraft altitudes = 1000 feet
Detector used: InSb 0,5 by 0.5 mm

NADG-4;6303

Time: 2110 hours

Submarine not yet
in area.

Time: 2123 hours

Submarine has almost
completely traversed
area, Submarine's
path marked by several
patches of effectively
cold water.

Time: 2127 hours
Five additional patches -

of "cold" water mark
the submarine's path;,

Time: 2134 hKours

Already-existing patches
becoming diffused.

Length of each area shown:
3.9 nautical miles

Submarine speed: & knots
Submarine depth: 100 fest

FIGURE 5'« Area Traversed by a Positively Buoyant
Submarine- Recorded by the AN/AAD-2




Position of

Subma kx-i‘nfe' at. 1930 hours

e

Date: 2L May 1961

Time: 1930 hours

Atreraft altitude: 1000 feet

Submarine keel depth: 55 feet

Submarine speed: B knots

Detector:. ~p=type fe:Au ¥ mm®

circular

Length of wake recorded: 1.5
‘nauntical miles

Travel
direction
of submarine

FIGURE 6 « Wake  of a Snorkelling Submarine
‘Recorded by the AN/AAD=2
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the sutmarine, ' Average times required for the expression of thede effects
range from approximately 1 minute for the snorkelling submarine to approx-
imately 10 minutes for the submarine at 150-foot keel depth. Thesé sur-
face effects ranged in width, es measured on the film recordings, fLrom

30" to 280 feet, - These wake widths are consisteént with values given in
preceding NAVAIRDEVGEN reports (referevices (e), (f), and (1)). Although
there is scme initial broadening of these surface effects, they are relas
tively constant in width.

The intensity of surface effects appears to depend on the geographical
location as well as® the mode of operation of the submarine. That is, at
certain pointe in the exerclses, surface effects from the completely sub=
merged submarine were detected more readily than ‘effects. from the submss=
rine on the surface at other points.

As noted in several preceding NAVAIRDEVCEN reports, {referéncés (e)
and (f)) the intensity, polarity, and'persistence of surface effects pro=
duced by a submerged submarine appear to be funictions of the vertical
water temperature gradient, particularly in the upper 30 feet of water.

There is no evidence of enormous changes in background radistion level
as a function of scan angle, despite the fact that the angle of viewing
the sea surface varied through extremes of +60 to =60 degrees on each
scan, - A typical nonglassy sea surface appears to behave more like an
g : ideal Blackbody radiator than as a smooth dielectric- surface because its
) radiant intensity {(watts/steradian) is essentially independent of the
viewing -angle. In-addition; there is no evidence of enormous changes in
background radiation level asa function of atmospheric transmission path
length, despite the fact that this path length varied by a factor of two
on each scan. 'No such changes are to be expected particularly when ‘there
is:1ittle difference between the air and sea temperature.
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U.S. Newsl Air -,!o'p-nnkanlu, Johnsvills, Ps.
Anti-Subsarine Wsrfare Laboratory

SUBMAKINE WAEE DETICTION, FLIGHT TRIALS OF THE AN/
AAD-2. INFRARED WAPPING SET = ~ -[rcfus 310.8 AlR-

ot (O . x deser . (B) (o) {31 Ju1

1943; 20 p: Report No. NADC-A¥-02vs; »an--' REPORT,|.
WEPTASK RUDCIB204/2021/F001-05-02. (TED Project ADC)

AV-43001)  Report: SEERB¥

fcn overwster flight trials of the AN/AAD-2
inlzaiéd mapping set instslled in s Cessng 310-B
abrcraft weve perforned (fom Sept 1940 to May 1961
to determine its copability fos detecting surface
effects produced by submarines. Night and dey
tiials were over witsrs af the esstern ssaboard of]
fiorthera U.S:A.  Wakes genstated by submarinss
operating on the susfecs sid. st kes! depthe of §§
anoskel and/or periscope up). 80, 100, snd 150 ft
webe recorded by ‘the AN/AAD=2, Abstrace: ~SECRET

O ——

I1.S. Nseal Air Development Csntss, Johnseille. Pa.
Mti-Sobaarine Werfare Lsboratory °

SUBMARINE WAXE DETECTION, FLIGHT TRIALS OF THE AN/
AAD-2 INFRARED WAPPING SET .~ "”5* 15,8 AIR-

coarT (C3i by P, 4. deser (D) {(o 131 Ju2

1963; 20 p; Report No. NADC-AW-$303; Frasz REPORT,
MEPTASK RUDCIB204/2021/F001-05-02 (TED Project ADC
AV-43001) Repoit:  SBCRTT

Ten overester flight trials of the AN/ AAD- 2
infrarsd sapping sst instslled in o Cessns 310-8
eiscraft wete performed from Sept 1960 to Msy 1961
to deteswine its capability {for dstecting surface
effects produced by submarines. Night snd dsy
trisls ware over wsters of the sastern seebosrd of
nosthesrn U.S.A. Vakas generated by svbesrines
operating oa the surface snd at Keel depths of 5§
{ snorke) sid/or periscope up). 80, 100, snd 150 f¢
were secorded by tNe AN/AAD-2.  Abstract: SEORET

L

-l

- MAVEXOS-S070/3A

U:sS. Naeal Als Devslopment Center, Johnaville, Ps.
'Mli-suh-nhu Warfate Lebaratory

) SUPBMARINE ‘WAXE DETECYION, FLIGHT TNIALS OF THE AN/
JAAD-2 ENFRARED -MAPPING SET -*» 4 CESSNA 310-B Aig-
JCRATT (C): by P K. Mosss (b)(b:) 731 Jut
1963; 20 p; Seport Noi NAD-Rw-7ro—. \REPORT,
WEPTAST FUDL 8204/2021/7001-08.02 (TED Project ADC
§Av-43001)  Report: SEERBT.

t Ten oeerwates flight trials ef the AN/AAD-2
l!nha"d aspping set instilled in & Ceasns 310-3
Joiscratt vese performed frow Sept 1960 to May 1961
'lo ditersine ite capsbility for detecting sutface
effects produced by submssinéi. Night
trials were oees watess of the edstérn
fnorthern G.5.A." Wakirs generated by subsarines
aparsting o the auiléce and at keal depths of $S
(snorksl and/os periscope up), 80, 100, snd 150 ft
"no recarded by the AN/AAD-2. Abstract: GEEREF

! O

P.s. Neval Air Deevlopment Center; Jobneville, Pa.
'\nli-!uhllinl varfare Laboratery

bsypuaRINE wARE DETECTION, * FLIGHT TRIALS OF THE AN/
JAAD- 2 INFRARED MAPPING 'SET.IN. A CESSNA 310-B AIR-

AFT (C): by P. M. Noier Lb)( ) {31 Jul
1963: 20 p; Report No. NALu-m. - - _  ’ |REPORT,
hEPTASE BUDC22204/2021/F001-05-02 (TED Project ADC
JAv-43001) Report: SECREF

! Ten oe ter flight trisls of the AN/AAD-2
'inlnud pping set installed in s Cessna 310-B
leircraft wars performed from Sept 1960 to May 1961
o dstsrming its capsdility for detecting surface
c”-eln produced by submarinss. Night and day
rials vers ovas waters of the sastern seaboard of
hanh-m U. 8. A gener by subwsrines
Ppersting on thy sucface 9nd 2t kel depths of $S
snorkel snd/or periscope up). 80, 100, snd 150 ft
wars recorded by the AN/AAD-2.  Abstract: SESREY
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U. S, Naesl Air Developuent Center, Johnaville, Pa.
Antl-Submarine: Watfare Laboratory

SUBNARINE SARE Drr;crim. FLIGHT TRIALS OF THE AN/

AAD: 2 INFRARED. MAPPING SET. 1M A CESSNA 310-B AIR-
CRAFT (€): by P. ¥. Woaer (b) ((o‘) §1 J=
1963: 20 p;. Repert No. MAbn-ne ovwe. 2o T,

VEPTASK RUDCI8204/7021/5001-05-02 (TED Project ADC}H

A¥-43001)  Report: < SEERET

Ten oversater flight trigls of the AN/AAD-2
iafrared mapping set installed i & Ceasng 310-B
aircesft were performed frosm Sept 1960 to Mey 1961
to  determine 1ty capability for detecting surface
#fects produced by subserines. -Night snd dey
trials wete over waters of the éastern geabosrd of
northeen U.S:A. . Ssken generated by submitines
operating os. the surface and at keel depths of S8

(anockel sad/os perincope up), §9: 100, and 150 ]

were recosded by the AN/AAD:7. Abstract: SEEREF

O
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U.S. Naval Air Developsent Ciénter, Johnaville, Pa.
Mtl-Submarine Saifate Laboratory

SUBMARINE 9ALE DETECTION, FLIGHT TRIALS OF THE AN/
AAD-2. INFRARED. NAPPING SET. 1w A,c:ssasA 310- B AIR--
CRAFT (C): by P. M. Moser (p 132 Joi

1963; 20.p; Report No, NAB.,_(_%Q L * REPORT.
BEPTASK RUDCIBI04/2021/F001-05-02 (TED Project ADC
AV-43001) Report: SEORET

Ten overwater flight trials of the AN/AAD-2
infrared wapping set instalfed in a Cessna 310-8
alrcralt were performed from Sept 1960 to Nay 1961
to determine [ta capabllity for detecting surface
effects produced by submasin Night and day .
trials were over watera of the 4tern seabouard of
northern U.S.A, Uskea generated by ‘submacines
aperating on the surface snd: at keel depthe of §5

(anotkel snd/or periscope vp), 80.. 100, and 150 fe
vere recosded by the AN/AAD-2. Abstract: SREREY

L
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i~
12 U.S. Naval Alsr Development Center, Johnsiville. Pe.
. lAnu-Sub.arhu Rarfare Laboratory

I'SUBMARINE ‘WAKE DETECTION, FLIGHT TRIALS OF THE AN/
{AAD- 2 INFRARED MAPPING SET IN A CESSNA 310-B ALR-

{CRAET (©) by P Wi Mogee Qo o 131 Ju1

1963; 20 p: Report No. N W70/ V2O ipimemy,
IeEPTASK RUDC28204/2021/F001-05-02 (TED Project ADC
§Av-43001) Repoit: SEERET

I Ten overwater flight trials of the AN/AAD-2
'lnlrund mapping. set installed in s Ceasna 310-B

Jriccraft vere parforued from Sept 1960 to Nay 19617

to detecrplne its capability for detecting surfsce
effects produced by submarines. Night and day
trials ¢ over waters of the stern seabossd of)
fnorthern U.S.A. Wskes geaersted by submarisies
operating on the surface aad et keel depths of 55
(snarkel and/ ot peviscepe up). $0. 100, and 150 £2

'nu recorded by the AM/AAD-2. Abitrict: SHEEREF~
i 2

| 0

: p.S. Naval Aivr Developmént Center, Johaaville, Pa.
{ '\ntl-sub-lrin- Warfare Laborstory

bsupmarINE wAKE DETECTION., FLIGRT TRIALS OF THE AN/
JAAD- 1 INFRARED MAPPING SET IN A CESSNA 310-B AIR-
AFY (€): by P.. N. Moeser () TT: 31 al
Fl:ﬂ; 20 p: Report No. lAer) e REPORT,
EPTASK RUDC2B204./2021/¥001-05-02 (TED Project ADC
Av-43001) Report: SEChEP :

! Ten overwater flight trials of the AM/AAD-2
linl’r-rad pping set inetalled in a Ceaans 310-B
falrcraft were performed from Sept 1960 to May 1961
Jtv deternine ity capability for detecting surface
:'flt!' produced by aubmerines. Night gad day
risls were over waters of the eaatern seadoard of
horthern U.s.A.  Wakes generated: by submirinea
ppecating on the surface and st keel deptha: of $§
snorkel and/or periiscope up), 50, 100, and 150 ft

'nr‘. recorded by the AN/AAD-2. Abstract:
!
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26 Aug 2016

MEMORANDUM FOR THE RECORD

FROM:

TO:

Subj:

Ref:

Division Director EO & Special Mission Sensors, Avionics, Sensors and E*
Warfare Dept (AIR 4.5.6

Office of Counsel, Naval Air Warfare Center, Aircraft Division (NAWCAD)

SECURITY RECOMMENDAION FOR FOIA REQUEST, DON FOIA CASE
FILE NUMBER 2015-008952

(a) SECNAVINST 5720.42F, DON FOIA Program, 06 Jan 99

(b) Executive Order 13526

1. Recommendation. AIR 4.5.6 reviewed each document and has the following

recommendations listed by each separate document covered under the subject:

Document (2) of Subj. NAVAIRDEVCEN Report No NADC-AW-N5916, 5 Jun 1959,
“Submarine Wake Detection Program” (AD-C955796). Information found to be
unclassified and releasable in its entirety.

Document (3) of Subj. NAVAIRDEVCEN Report No NADC-AW-N5917, 8 Oct 1959,
“Infrared Wake Detection” (AD-C955804). Information found to be unclassified and
releasable in its entirety.

Document (4) of Subj. NAVAIRDEVCEN Report No. NADC-AW-L5932, 23 Feb 1960,
“Submarine Wake Detection” (AD-C955797). Portions of the report found to be
classified under Section 3.3(4) under reference (b). Remaining portions of the document
found to be unclassified and releasable.

Document (5) of Subj. NAVAIRDEVCEN Report No. NADC-AW-L6005, 30 Mar 1962,
“Submarine Wake Detection, Flight Trials of the Reconofax Camera” (AD-C955798).
Information found to be unclassified and releasable in its entirety.

Document (6) of Subj. NAVAIRDEVCEN Report No. NADC-AW-N6207, 3 May 1962,
“Airborne Infrared Oceanographic Mapping” (AD-C955799). Information found to be
unclassified and releasable in its entirety.

Document (7) of Subj. NAVAIRDEVCEN Report No. NADC-AW-N6208, 8 Jun 1962,
“NAVAIRDEVCEN Airborne Infrared Developments” (AD-C955801). Information found to
be unclassified and releasable in its entirety.
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Document (11) of Subj. NAVAIRDEVCEN Report No. NADC-AW-N6304, 20 Jun 1963, “Use
of an Airborne Passive Infrared Mapping Set for Submarine Wake Studies” (AD-
338356L). Portions of the report are found to be exempted under reference (b) Section
3.3(6). Remaining portions of the document found to be unclassified and releasable.

Document (12) of Subj. NAVAIRDEVCEN Report No. NADC-AW-6303, 31 Jul 1963,
Submarine Wake Detection, Flight Trials of the AN/AAD-2 Infrared Mapping Set in a
Cessna 310-B Aircraft” (AD-340804). Information found to be unclassified and releasable
in its entirety.

Document (14) of Subj. NAVAIRDEVCEN Report No. NADC-87161-50, 28 Oct 1987,
“Applications of Airborne Passive Infrared Mapping Devices to Military Oceanography”
(Reprinted from Proceedings of the First U.S. Navy Symposium on Military
Oceanography, Volume Il, 17-19 June 1964) (AD-C042316). Information found to be
unclassified and releasable in its entirety.

Document (15) of Subj. NAVAIRDEVCEN Report No. NADC-AW-6421, 27 Aug-1964,
“Infrared Radiation from Ships” (AD-353610L). Portions of the report found to be
exempt under reference (b) Section 3.3(6). Remaining portions of the document found
to be unclassified and releasable.




2. Basis of Recommendation. All information was reviewed with current class guides and
what is considered open source information. Appropriate recommendations made above
with respect to findings. Documents found with portions releasable were sanitized based
on class guides and reference (b). Such disclosure of Department of the Navy classified
information would give potential adversaries insight that would present a significant
threat to national security.

3. Exemptions Utilized. Two separate exemptions were utilized in the determination of what
information should be sanitized or exempted from release via Freedom of Information
Act (FOIA) request process. All current Classified Military Information (CMI) has been
sanitized out of the document under FOIA Exemption 3, Executive Order 13526 Sections
3.3(4) and 3.3(6). This Executive Order Section covers CMI that was originally classified
over 25 years ago from date of this memorandum. Subject matter experts within AIR
4.5.6 were utilized in making the exemption determinations.

4. Point of Contact. The point of contact for this security review and recommendation is Mr.
Paul W. Reimel, AIR 4.5.6 Division Director, paul.reimel@navy.mil, 301-342-0100.

8/30/2016

X Paul W. Reimel

Paul W. Reimel

Signed by: REIMEL.PAUL.W.1229241016

Distribution:
NAWCAD 7.4

NAWCAD 4.5.6
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