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SUMMARY 

T~TS AND RESULTS 

From September 1960 to May 1961, 10 overwater !'Hght trial8 o!' the 
AN/AAD-2 infrared mapping ,iet installed in a Cessna .310-B aircraft were 
performed to determine its capability for dete.cting surface effects pro­
duced by submarines. Wakes generated by submarines operating on the 
.surface and at keel depths of 55 (•1morkel and/or periscope up), 80, 100, 
and 150 feet were recorded by the l\N/MD-2, 

CONCLUSIONS 

The value of a high-resolution, line-scanning, infrared mapping sys­
tem for precise studies of 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 !'or target clas­
sification and oceanographic studies. 

RECOMMENDATIONS 

It is recommended that: 

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

2. The possibility of correlating sonar propagation characteristics with 
the surface expression of bulk temFerature variations in the sea, as re­
corded by an airborne in.t'rared mapping device, should be investigated. 

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

- iii - I 2 I 
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FLIGHT TRIALS 

INTRODUCTION 

Rererence (a) directed the NAVAIRDEVCEN to develop techniques for· 
detecting wakes or submerged submarines by use or small, lightweight, 
infrared equipments designed for in'8tallation in heavier-than•air era.rt. 
Rererence (b) directed the NAVAIRDi.VCEN to conduct studies, ei\!tabl:ish 
equipment characteristics, procure equipment, and conduct technical and 
.f'light evaluation of. modi.fied line-scan passive infrared surveillance 
systems for submerged submarine wake detection. Reference (c) enumerates 
and classi.fi.es. wake phenomena from a theoretical point of view. Re:f'er­
ence (d) outlines the NAVAI!l.DEVCEN experi111ental infrared wake detection 
program and gives preliminary results. As part of this experimental 
program, a number or already existing thermal mapping devices have been 
inve.stigated. The purpose or this investigation was two-fold: 

1. Actual experience with a. variety or thermal mappers would aid in de­
te"'1ining optil!lum system parameters for a submarine wake detection system. 

2. If equipments already in existence proved successi'ul after only minor 
modification, infrared W&ke detectors would become available to the fleet 
in a nruch shorter time than if a completely new development program were 
to be initiated. 

Investigations of six ther%11al mapping devices have been made under 
the NAVAIRDEVCJ<.'N submarine wake detection prcgram. Final results of in­
vestigations of the AN/AAS-4(XA-2), the AN/AAR-9(XA-2), the Reconofax 
Camera, the Infrared Antisubmarine Warfare Bomb Director Sight Unit, and 
the AN/AAR-lJ(XH-1) are given in references (d), (e), (r), (g), and (h). 
Partial results ot the :flight trials or the AN/AAD-2 are given in refer­
ences (1) 1 (j), and (k). This report describes the final results of the 
:flight trials of the AN/AAD-2 infrared mapping set installed in the Cessna 
JlO-B aircraft o(jffiB-Singer, Inc, under NAVAIR.DEVCEN Contract N62269-1200. 
See figure l • 

FIGURE l - Cessna JlO-B Aircra.tt Used for Flight Trials of the AN/AAD-2 

- 1 - !&Ghil 
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THE AN/AAD-2 

The AN/ AAD-2 is a small 
lightweight. infrared lllapping set 
developed by HRB-Singer, Inc, !or 
the U. S. A.rncy- Electronic Proving 
Ground, Fort Huachuca, tor use .in 
drone aircraft. The scanner, op~ 
tics, i.ntrared detect.or, electron­
ics, 70-llllTl .film recorder, and 5-
watt telemetering transmitter are 
all contained in a single 45-lb 
package, See figure 2. (The 
transmitter was not utilized for 
these flight. trials.) The AN/ 
AAD-2 is a relatively simple, 
single-detector, line-scan device 
that yields a continuous strip 
map on photographic film, 

The O}Jeration of t.he basic 
system is illustrated in figure J, 
All objects radiate infrared 
energy at a rate dependent on 
their absolute temperatures. A 
small portion o.f the infrared ra- FIGURE 2 - AN/AAD-2 Scanner Unit 
diation emit. tl:ld by the objects 1 
under surveillance is 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 night path is sampled sequentially 
and .focused by means of a 
parabolic mirror onto an in­
frared d!:!tector. In the de­
tector an eJ ectrical signal 
proportional to the impinging 
infrared radiation is gener­
ated. This signal is a.mpli­
.i'ied and passed on to a glow 
tube which emits light whose 
intensity is proportional to 
the electrical signal impressed 
upon it. Light .from the glow 
tube is focused to a small 
spot by means of a microscopic 
objective, which is .also 
mounted on the rotating shaft. 
The intensity modulated spot 
ot light scans, in synchroniSm FIGURE 3 - Schematic of AN/AAD-2 Operation 

- 2 - wJi'it•fRiTI 
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with the 11eanner, aeroas a pieee or slowly advaneing photographie film. 
As th• aireraft advances, a wide-angle, 120-degree field or view is 
swept out by the scanner and recorded on photographic film in the form 
ot a continuous strip map. 

The scan rate or the AN/AAD-2 is 100 scans per second; the total 
tra~~verse field ot view ill 120 degrees. All receiving optics in the 
AN/ .l\Al) .. 2 are refiective, The diameter ct the parabolic collecting 
mirror is .3 .. 1/4 inches; its focal le'ngth ill 6 inches; the useful aper­
ture is 47.6 cm•. The design angular resolut:j.o!l ot the system. or 3 
lililliradians is achievable when a 0.5 by 0.5 mm detector cell is used. 
This equipment was designed for an aireraft velocity/altitude range or 
O.Ol to 0.5 lladiam1/aecond, Roll stabilization of the display t.o ;t;)O 
degrees is pr(:Tided, The AN/AAD-2 mounts rigidly in the eurying 
aircraft, 

Temperature sensitivitv\, spectral response, and angular resolution 
or this equipm&nt are func ions or the detector cell and tilter(s) 
used, The detectors used in the AN/AA.D-2 during these flight trials 
a.re listed in table I. All or these detectors were operated at the 
normal boiling point or nitrogen. 

TA BL E I 

Est. Temp, Approx. Spectral 
Sensitivity Response 

Detector !;::~e §lmbol Size ~=~ (airborne~(C°) (micnons~ 

Lead sele.nide PbSe 0.5 by 0,5 0.28 0,5 to 6.5 
Gold-doped germa-

0,5 nium (p-type) Ge:Au 2.0 dia 0.03 to 9 
Lead selenide PbSe 2.5 by 2.5 0.06 0,5 to 6 • .5 
Indium antimonide In Sb 0.5 by 0,5 0.0,3 o.5 to 5,5 

To provide the AN/AAD-2 with high sensitivity in the 8- to 13-micron 
portion or the inf'rared spectrum, the NAVAIRDEVCEN awarded Contract 
N62269-l.39.3 to Hfl:B-Singer, Inc. on 14 June 1961 to provide services of a 
Texas Instruments Inc. copper-doped germanium (Ge:Ou) detector for these 
flight trials. This liquid-helium-cooled deteetor was expected to pro­
vide an order of magnitude. grcateir sensi tiv_ity than the best liquid· 
nitrogen-cooled detectors available. This project was to proceed in four 
phases. 

Phase I - Study techniques for handling liquid helium and 
assoeiated apparatus, Modify the AN/ AAD-2 to aecept 
the Ge:Cu detector, 

Phase II - Conduct laboratory tests of the Qe:Cu dete-ctor and 
or the modified AN/ AAD-2 using this detector. 

- 3 - *8t 3 fl i!!IT 
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Phase III - Conduct !'light tests ot the AN/AAD-2 using this 
detector. 

Phase r:v - Prep·are a final engineering report. 

The NA VA IRDEVCEN had the option of' purchasing or renting the Ge: Cu de­
tector upon completion ot phase III. 

Phases III and IV ot Contract N62269-1393 were ~a.ncelled ·on 27 Feb­
ruary 1962 tor the tollow1ng reas?ns: 

1. This Ge:Cu detector was not as sensitive as eome available liquid-· 
nitrogen-cooled detectors. 

2. Independently, the ~VAIRDEVCEN had procured several, more sensit:i.ve, 
liquid-helium-cool•d detectors. The excellent results obtained with an 

. AN/AAD-2 using liquid-helium-cooled detectors and operating in naval .air­
craft will be discus!Jed in subsequent reports. 

FLIGHT EXERCISES 

Twenty-one tlight trials were scheduled from 21 September 1960 to 
25 July 1961; HRB-Singer, Inc, provided the !'light and engineering se.r­
vices under NAVAIRDEVCEN Contract N62269-1200 of' 20 September 1960, The 
contractor's Cessna 310-B aircraft was escorted to and f'rom the submarine 
operating areas by a naval aircraft f'rom NAS, Johnsville, Pennsylvania. · 
The procedure f'or the exercises with controlled submarines was as follows: 

1. The aircraft rendezvoused with the surtaced submarine and r&quested 
tile submarine to travel at some specified depth, speed, and. direction. 
Tqe direction was generally chosen to permit ease of' sighting nashing­
light marker buoys, 

2. The submarine executed straight line runs and released NAVAIRDEVCEN­
type flashing-light marker buoys at 1- or 2-mile intervals according to 
a prescribed schedule. 

3, The aircraft ~xecuted a racetrack pattern, which included the lino 
of' marker buoys as one of' its legs. Additionally, the aircraft cros'l>ed 
the aublr.arine 1s path at oblique angles at various distances astern 
the submarine. 

4. The submarine was requested to provide af'ter each exercise wet- and 
dry-bulb thermometer readings, sur.face-wind speed and direction,. aea 
state, water-temperature readings at 10-f'oot inter<t&ls of depth trom 
sur.face to the depth et the subma.'>rine 1 s 1tubmerged run, time of' each 
reading, time of' releHlt ot eaeh rn.t.rkecr buoy, and a DRT plot of' its 
co·urse with at lea.st ene ge<l'gRpM,cal ref'&rence. 

- 4 - f s r .n y 
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RES:t:JLTS OF FLIGHT TRIALS 

lilleven er the 21 flights scheduled were ca,ncelled for reasons .given 
1n table II. The r.-sultil or the remaining 10 flights scheduled are 
deseribed in turn. The indicated aircraf't. epeed. averaged l,30 knots dur­
ing the exercises. All tillleli indicated are Eastern Standard Time. 

TABLE II 

Date Target Submarine 

16 Nov 1960 USS TORO (SS-422) 
1 Dec 1960 . USS BECUNA (SS-319) 

14 Dec 1960 USS IREX (SS-482) . 
23 Jan 1961 USS SAILFISH (SSR-$72) 
.30 Jan 1961 USS P!PER (SS-409) 
13 Mar 1961 USS IREX (SS-482) 
18 Apr 196i USS SAILFISH (SSR-$72) 
26 Apr 1961 USS DIABLO (SS-479) 

14Jun·1961 USS CROAKER (SSK-246) 

6 Jul 1961 . USS CORSAIR (SS-4.35) 

2$ Jul 1961 USS BANO (SS-.385) 

Baa weather predicted 
Bad weather 
Change in submarine sche<il.ule 
Bad weather (snow) 
Contractor 1 e aircraft not available · 
Bad weather 
Cance'l,.lation or submarine Is schedule 
Bad weather (high winds and air tur-

bulance produced.unsafe flying 
conditions t~r the Cessna 310-B 
aircraft) 

Bad weather (event cancelled en 
route to the operating area) 

Bad weather predicted tor the oper­
ating area 

A suitable naval air!lrart was not 
available to escort the Cessna to 
the operating area 

Target submar.ine: 
Operating area: 

USS CAVALLA (SSK-244) 
40".39 1N, 71°45'W 

Scheduled tillle 1 

Detector used: 
1900 to 2100 hours 
PbSe 0.5 by 0.5 mm 

1. This event was preceded by a two-week rainy period characterized by 
small diurnal air temperature variations. 

2. 'l'he only available detector was a o.$ by O.$ mm lead selenide which 
yielded a noise-equivalent-temperature-difference or approxima1te'ly one­
tourth or a centigrade degree in the airborne AN/AAD-2. Detection or 
submarine wakes with this detector could have been expected only \:lllder 
the most favorable conditions. 

,3. No wakes, even from surface vessels, were recor<il.ed. 

- 5 - ! A a ;'!!q 
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4. Two equipment di.t:'f'iculties were noticed a!ter this exercise: 

a. the transport which drives the recording f'ilm p•st the glow tube 
operated with a jerky motio,n ana produced a pattetn o! light and dark 
lines on the film; ' 

b. the glow tube did not develop adequate drive tor proper recording 
over water. 

27 September 1960 

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

USS BLENNY (SS-.324) 
4o•4.3'N, 71°)6 1W 
1900 to 2100 hours 
PbSe 0.5 by 0.5 nun 

1. During most of this event a low-hanging fog made sighting of the sub­
marine-launched Dashing-light ~rker buoys so di.f'ticul t that the event 
was terminated before' the scheduled finex time. 

2. No wakes were reeorded. 

21 November 1960 

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

µ8S SEAWOLF (SSN-575) 
)9°.30'N, 71•32 1W 
1800 to 2000 hours 
PbSe 0.5 by 0.5 nun 

1. No infrared data were r11corded on this exerciae because of an equip­
ment mal!'unction which was not detected until after the film record had 
been developed. The failure occurred in a jury-rigged condensing lens 
system which was added to the .A:N/ AAD-2 ·photographic film recorder to in­
crease its printing spot brightness in an ef'!ort to increase the average 
f'tlm density. This lens system consisted .of two lenses (one stationary 
and one rotating) eeparated by about 0.0.3 inch. Shortly after takeoff, 
the stationary lens became loose. It eame into eontact with the rotating 
lens, and both lenses ground down and produced a diftusing.effect on the 
transmitted light rather than the desired condensing eff'ect. The jury­
rigged· condensing lens system was later replaced by a permanent condenser 
which was being fabricated at the time c,f this exercise • 

.30 Nov11111ber 1960 

Targf)t ISl.lbmarine: 
Operating area: 
Scheduled time: 
Detector used: 

USS BECUNA (SS-.319) 
.39°21 1N, 71°44 1W 
1800 to 2100 hours 
PbSe 0.5 by 0.5 1111'11 

- 6 - 121!\!l!f 
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l. Effectively cold wakes of two surtace vessels were recorded by the 
AN/ AAD-'1 en route to the operating area. These wakes, whieh were recorded 
at 1805' and 1807 hours under clear skies and l:)right moonlight, were ab0ut 
150 !eet wide and were recorded on· the film for a distance of about 1/3 
mile aetern the ships. 

2. This exercise was conducted under conditions of gusty winds ( 30 to 
40 knots), high sea state (10 to 12 feet), complete eloud cover, and 
occasional snow showers. The air temperature reeorded by the supmarine 
wae 40° F; the water temperature from surface to 50-foot depth W·as uni­
form at 51 • F; i'rom 60 to 100 feet the temperature was 56" F. Apparently, 
surfaee mi.x:l.ng prevented establishment of 8. vertical temperature gradient 
in the first 50 feet of depth deepi te a fairly large .air-sea temperatlll"e 
ciifference. 

3. In the exercise area at 1830 hours, the Ati/,\AD-2 recorded on several 
passes an effectively cold region of dilltUrbance in the immediate vicinity 
of the surfaced submarine. 

4. While submerging, the submarine generated a short length of effec­
tively cold V·-shaped wake of 90-deg.ree apex angle., This V-shaped ~ake 
was recorded by the AN/AAD-2 and observed.visua~ly. 

5. No wake was detected by theAN/AAD-2 in 23 passes of the aircraft 
over' the submerged or perisllOpe-depth submarine. 

14 February 1961 

Target submarine: 
Operating area: 
Scheduled time:' I 
Detectors used: . 

USS SEA CML. ( SSK-405) 
39°52'.N, 71°29 1W 
1800 to 2000 hours 
(l) PbSe 0,5 by 0.5 mm 
\2) p-type Ge:ij.u 2.0 mm diamete·r 

1. En route to its assigned optirating area, the submarine was delayed 
by dense fog. As a ·result, the submarine was still approximately 40 
miles north of .its operating area when a rendezvous was ef£ected at 1900 
hours. The submarine was not able to submerge during the remaining one 
hour the Cessna could remain on station, 

2. The PbSe detect'or was used on four aircraf't passes over the submarine 
and the Ge:Au detector was used on eleven passes. The AN/AAD-2 detecte& 
the submarine .itself on all passes ex<;ept one. (During this one run the 
operator was mil.king an adjustment on the AN/AAD-2.) On only one ·or the 
runs was the submarine 1s wake detected and in this case it was quite 
f'a·int. Figure 4 shows the 111Ubrnarine and this faint wake extending ~.­
.prox:!.nrat.ely four ship lengths astern. This wake is about 150 re.et wide. 
For the first ship length astern the submarine, the wake appear.a cold. 
It. appe11.rs as though the submarine has dragg.ed some eold water along 
with it into a region of warmer water, 

- 7 - f .I I it &Ii' 
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Date: 
Ti!!ie: 
Sunset: 
Mconset: 
Sea State: 

14 Feb 1961 
1900 hours 
1736 hours 
1700 hours 
J-4 

Aircraft Type: 
Altitude: 
Heading: 
Airspeed: 

Oj:erating Are0t: 

Cessna )10-B 
1300 feet 
310° m~g. findicated) 
135 knots (indicated) 
39-52 N, 71-29 W 

Suhn-.arine: 
Heading: 
SFeed: 

USS SEA G.'L ( SS405} 
175° mag. 
6 knots 

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

FIGURE 4 - Surfaced Submarine, Its Wake, and TheI'Jllal An01118.ly in Water Recorded by the AN/AAD-2 

I 

~ 
Q 
•I 

~ 
I 

°' I..> .s 



... 
NADC-AW-6,30) 

.3. On most of the infrared pictures· or the submarine record.ed dl:lring 
this event, a warm area aPPears approximately three-rourths or a ship 
1-ength art or the submarine 1s bow. This is believed to be due to engine 
exhaust and heat from the engine rooms warming the hull. 

4. The striated, mottled, cloud-like structure is believed to be an 
oceanic "cold front." 

5. The ~wo broad, dark lines and the several sharp parallel, horizontal 
lines in figures 4, 5, and 6 are produqed by the recording instrument 
itself 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-1.3 thermal re­
connaissance device in NAVAIRDEVCEN F2V-5F aircraft BuNo 1.3140.3. See 
l'e:ference ( h), 

27 February 1961 

Target submarine: 
Operating area: 

·Scheduled tilr.e: 
Detector used: 

USS GROUFER (AGSS-214) 
40°.3l'N, 71°46 1W 
1800 to 2000 hours 
p-type Ge:Au 2.0 !l\lll diameter 

1. The Cessna·made 34 passes over the submarine and/or its wake on a 
wide variety or headings at al ti tu des ranging from 1000 to ,3000 feet. 
The wake was detected on all 14 passes made while the submarine was on 
the surface and on all 10 passes made while. the submarine was at snorkel 
depth, but the wake wae not detected on any o:f the 10 passes made while 
the submar:tne was completely submerged. In addition, on 1.3 of 16 pasi:tes 
over surface vessels" wakes were recorded by the AN/ AAD-2. 

2, The AN/AAR-1.3 thermal reconnaissance device 'installed in the NA:VAIR­
DEVCEN P2V-5F airc·raft recorded the wake of the surfaced and snorkelling 
submarine on 6 of a total 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-1,3.) 

,), All wakes o\:1served were effe.ctively warm, approximately 150 feet 
wide, and up to l mile long. Occasionally, when the aircraft was in the 
proper positions, the wakes could he observed visually as smoothed re­
gions which appeared either brighter or darker than the surrounding 
waters depending on whether the moon was be:fore or behind the observer. 
Since· all of the wakes recorded by both infrared equipments appeared 
11warm" regardlees of orientation of the aircraft with respect to the moon 
and regardless or the yiewil'lg angles or their detectors, it wae inferred 
that the moon was not a significant factor :l.n their detection, 
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Target submarine: 
Operating area: 
Scheduled time: 
Detectors used 1 

NADO-AW-630.3 

USS TENCH (SS-417) 
40•10 1N, 71•3o•w 
2000 to 2200 hours 
(1) p-type Qe:Au 2.0 mm diameter 
(2) PbSe 2.5 by 2.5 11!111 

1. No submarine wakes were recorded by the AN/AAD-2 during this exercise. 
This is attributa.ble perhaps to the fact that no directiy measurable hor­
izontal or vertical water temperature gradients existed in the imrnedi&t• 
area of interest, as indic&ted by the com1tancy o! the water injection 
temperature (42° F) recorded by the submarine at 10-minute intervals dur­
ing the exercise. 

2. The AN/AAD-2 did record, however, what are believed to be natural 
surface temperature vari&tions similar to those detected on 14 February 
1961 but considerably less intense. An irregular line of demarcation 
having a general northeast-southwest orientation and separating the 
warmer water to the northwest from the cooler water to the southeast was 
recorded on 6 passes. 

3. The AN/AAR-13 recorded 11 images which were believed to correspond 
to the wakes of the submarine and of a surface vessel which had apparently 
passed through the operating area. It is 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 or the AN/AAR-13 records which implied 
a prior passage or the ship on a northeasterly heading. This suspicion 
was strengthened when the DRT plot submitted by the submarine was received 
and examined. It indicated that a merchant ship had been detected by 
sonar 6 miles northeast of where the AN/AAR-13 had made its detections; 
however, two curious facts remained: first, the more sensitive AN/AAD-2 
had failed to detect any wakes and, 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 resolved by a simultaneous ex&mination 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 
anomaly in its own way; that is, the AN/AAD-2 presented a recognizable 
thermal picture or the anomaly but the AN/AAR-13, because it records the 
first derivative of water surface temperature as a f'unction of position 
along the flight path or the ajrcraft, presented only the line of demar­
cation outlining the anomaly. 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 false alal'JTI suppressing value of a device that 
yields a true thermal picture over one that yields a picture or thermal 
gradients. 
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2.3 May 1961 

Target 1JUbrnarine: 
Operating area: 
Scheduled time: 
Detector used: 

• 
NADC-AW-6303 

USS TENCH (SS-417) 
4J.i•15 1 N, 68°01 1W 
1900 to 22,30 hours 
InSb 0.5 by O.S mm 

1. The AN/AAD-2 recorded surface effects generated by the submarine 
operatin~ on the surface, at communications depth, and at k-e_el depths of 
55 feet (snorkelling), 80 feet (2 tons positive buoyancy requested), and 
100 feet (4 tons positive buoyancy requested). Figure 5 shows portions 
of infrared Fictu·res of the sea surface reeorded on 4 air11ra-£t passes 
over an area traversed by the submArine. Common to all 4 views is the 
natural baekgr9und pattern. Detailed reimlts of this e:xercise are given 
in referenee (k). 

Daytime Exercise of 24 May 1961 

Target submarine: 
Operating area: 
Schedu1ed tilne: 
Detector used: 

USS TENCH (SS-417) 
44•16 1N, 68°01'W 
1500 to 1630 hours 
InSb 0,S by O.S mm 

l. The ANiAA.D-2 recorded the wake of the snorkelling submarine on 12 
air.eraft passes out of 15 opportunities. Detailed results. of this exer­
cise are given in reference (k). 

Nighttime F~ercise of 24 May 1961 

Target. submarine l 
Operating area: 
Scheduled time: 
Detectors used: 

USS 'I'ENCH (SS-417) 
44"17'N, 68"03'W 
1900 to 2230 hours 
(1) InSb O.S by 0.5 mm 
(2) p-type Ge:Au 2.0 mm diameter 

1. Surface effects generated by the submarine operating at maximum peri­
scope depth, and at keel depthe of 55 feet (snorkelling), and 150 feet 
(2 tons positive buoyancy requested) were recorded by the AN/AAD-2, Fig­
ure 6 -shows a section of the wake generated by the submarine while 
snorkelling. The wake from the subNarine submerged at a 150-i'oot depth 
consisted of a series of 11 eold1' patches. Detailed results of this exer­
cise are given in ·reference (k). 

DISCUSSION OF RESULTS 

The AN/AAD-2 has r·ecorded surface effects generated by submarines 
operating on the surface, at maximum periscope de~th, 55-foot keel depth 
(snorkelling), and keel depths of 80, 100, and 150 feet for which posi­
tive buoyancy conditions were requested. These surface effects were 
detectable by the AN/AAD-2 for an average of lB minutes after passage of 
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iciiRI• NADC-AW;6)0,3 

Date: 2J May 1961 
Aircraft altitude: 1000 feet 
Detector used: InSb o •. 5 by o.;, mm 

Time: 2110 hours 

Submarine not yet 
in area. 

Time: · 212 3 hours 

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

Time: 2127 hours 

Five additional patches · 
or "cold" water mark 
the submarine's path. 

Time: 2134 hours 

Already-existing patches 
becoming dif.fused •. 

Length of each area shown: 
).9 nautical mil1111 

Submarine speed: 
Submarine depth: 

6 knots 
100 feet 

FIGURE 5 - Area Traversed by a Po8it1vely atoyant 
Submarine Recorded by the AN/AAD-2 
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li'ositl.on of 
Su'bi1iar{ne at 19)0 hOurs 

D.ate: 2h May 1961 
Time: 19)0 hours 

.. 

AircrAft altitude: 1000 feet 
Submarine keel dei:th: 55 feet 
Submarine ~peed: 8 knots 
Detector: p-type Oe:Au.) ..,.,• 

circular 
Length of Wilke recorded: 1. 5 

nautic.•l miles 

..,~ ' 

NADC-AW-6JOJ 

FIGURE 6 - Wake of a Snorkelling Submarine 
Recorded by the AN/ AAD-2 
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the submarine. Average tillrte required tor the expre•sion ot thue ettecta 
range troro approxi!irate:ly 1 minute for the snorkelling submarine to approx­
imately 10 minutes for the submarine at 150-toot keel depth.. These sur­
face effects ranged in width, aa measured on the film recordings, from 
30 to 280 :feet. These wake widths are consistent with values gi van in 
preceding NAVA IRllEVCJ:N nports (references ( e), ( :f), and ( 1)). Al though 
there is some initia:l broadeaing of these surface effects, they are rAla­
tively coastaat in width. 

The inteallity of aurface effects appears to depend on the geographical 
locatioa as well a.1 the mode of operation of the submariae. That is, at 
certain points in the exercises, surface effects from the completely sub­
merged submarine were detected more readily than effects :from the subma­
rine on the surface at other points. 

As noted in several preceding NAVAIRDEVCEN reports, (references (e) 
and ( .t')) the intensity, polarity, and persistence of surface effects pro­
duced by a submerged submarine appear to be .functions of the vertical 
water temperature gradie.nt, partieularly in the upper JO feet of water. 

There is no evidence of enonnous changes in background radiation level 
as a .funetion 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 nonglasay sea surface appears to behave more like an 
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 or enormous changes in 
background radiation level as a .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 little difference between the air and sea temperature. 
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8illlill!k:C I IAL - NADC,.AW-6,303 

(a) 
(b) 
(c) 

( d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(j) 

(k) 

(1) 

(m) 

REFERENCES 

!l!AER Cont ltr Aer-AV-4.33 se.r 00152 of 20 Sep 1956 
BUWEPS Con!' W'EPTASK RUDC2B204/?021/F001-05-002 of 15 Sep 1960 
Conf Report No. NAJ)C-AW-N5916 of 5 Jun 1959, "Submarine Wake D,etec­
tion Program" ( C) 
Cont Report No. NADC-AW-N5917 of 8 Oct 1959, ''In£rared Wake Detec-
tion" ( C) ' 
Conf Report No. NADC-AW-N59.32 of 2,3 Feb 1960, "Phase Report, Subma­
rine Wake Detection, Flight Trials of the AN/AAR-9(XA-2)" (C) 
Secret Report No. NA.DC-AW-16005 of 30 Mar 1960, "Phase Report, Sub­
marine Wake Detection, Flight Trials of the ReconoflLX Camera" (C) 
Con!' Report No. NADC·AW-6218 of 5 Oct 1962, "Submarine Wake Detec­
ti.on, Flight Triale of the Infr·ared Antisubmarine Warfare Bomb 
Director Sight Unit" (C) 
Con!' Report No. NADC-AW-62,33 of .3 Oct 1962, "Submarine Wake Detec­
tion, Flight Trials of the AN/ AAR-13 (XH .. l)" ( C) 
NAVAIRDEVCEN Secret/Con!' Biweekly Progress Reports Under WEFTASK 
RUD0-2B204/202l/FU01-05-002 covering the period 16 Sep 1960 to 
,30 Apr 1961 
NAVAIRDEVOEN Secret/Con!' Monthly Progress Reports under WEPTASK 
RUDC-4B204/2021/F00l-05-002 covering the period beginni~ May 1961 
Secret Report No. NADC-AW-62,30 of 2 Oct 1962, "Flight Trials of the 
AN/AAlJ...2 over the Gulf of Maine, 23-2h May 1961 11 (C) 
Cont Report No. ADC-EL-50-50 of 8 Nov 1949, "Surface Measurements 
taken on Thermal Wakes Generated by Submarines" ( C) 
Secret Report No. NADC-AW-N6207 of 3 May 1962, "Airborne Infrared 
Oceanographic Mapping" ( U) 
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F-u.s. Jrt. .. al Air Dn"lo .. .,._t Centtr. Johnu•ill•. Pa. 
Anti• SuM•1'i•• warfu-e L•bouto1'J' 

SllWAEll<E WAl'.E DET!OIOK, pt.ICllT TRIALS 01' TIIE foll/ 
MD-2 tHnAll:t> llJ\PPJHG- sn ~ -"' -----C:.CIU, llO·B All· 
-:RMT (C); b7 I'. M ..... , . (b) (le>) ( 31 Jvl 
19'63: 20 p: it.port No- ffADC·AY·•<»v.-• •n,___\ REPORT, 
WEPTASI lltll)C:IB20.4/2021/FOOJ0 0S·D2 (TED Proj o<t AIX 

AY•4l001) Roport: -

Tea o•er•ster flitht tria,1• of the ltlfiAAD-2 
!nf'l-aucl ••PPi•I Ht lne,talle4 in a C•a••• 310·8 
aircraft •• .,.. perfo~ed ,, .. s-.t lt60 to ll-•1 1961 
to d•t•r•i•• Jts upabU.it7 for d•tectln1 1u-rface 
efh·cta prodvc•d bJ au-t.•tine•• Jrfl•ht and daJ' 
trlsls wer~ o•er ••t•f'• of th-e •••t•rt'I aaakatd of 
north••• tr· s.A. Wake• 1enarat•d lt-7 auffarht•• 
o ... r•ti•,• on th• aurface an-cf at ke•l dep'tha of SS 
(anorkel and/or p.-rhc••• VP)• 1-0. 100, Nld 150 ft 
..-re re-cord'ed bJ th-e Nf/AIJJ.2. Abstract: ·~r 

0 
..-r 

~ 
fU.s .. Naeal Ah h•slopment Ce11t••• JoM:nUI•• Pa. 
IAltti•Sub-.arlne Warfare LatM.ratorJ' 

ISV.ttllf! •.U:E DETECTlOlf, FLIGHT TRIALS OP THE Nf/ 
IAAJ>.2 l!IFRAIED IW'Pll•G SET ..... CESSKA 310·11 Ml· 
ICllAPT (C): b7 I'.•· •ur lb)(i.,l [ll Jvl 

lt6J: 20 ,P: •eport Mo. '8~·'11•------'J \ltU'OaT. 
l'll!'TASI[ llllD!.•8204/2021/F0111°0S0 02 (TED l'rojo<t ADC 
IAY·UDOI) Report: -

I T.n oeerwater flitht trial• ef the AN/.UD--1 
littfrared •applns ••t in•t•ll•cl in a C••lft• .UO·ll 
fdrcrdt ••r• perf•r••cl h09 S•_pt lftt to ••1 lt6l 
Ito dehr•lne ita c-ap•1>illt7 for detectln1 ..-urfac• 
effecta produced 1>7 ••'-•.,1•••· Ni ... t ancl daJ 

ltrlala were oe-a• water• of th• e-aate-rn ••aboard of 
fnorthera tl-S·A· lake-a 1.-nerat•d hJ' aukaf'itHa 
1•P•'9Un1 Oft the surface an,d at keo-1 cleptha of SS 

l
(••orkal and/or 1t•tiu·ope- up). ao. IOO. ancl ISO tt 
wen recorded bJ the Nf/AAD•2. Ahatract: &EElfoff 
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u.s. Na•al Air De•eloptteet Cantsr. Johns•il h. Pa. 
Anti•SUM•thta •arfare Ls.-bo1'ato1'7 ' 

SUMAllllE SAi'.£ D£TECTION, fLIQIT TRIALS or THE Nf/ 
.V.9'.2 INFRARED MAPl'lllG S!f -(·-L\ ·c···~· "A78 AIR• 
CRAn (C); b~ P. M. lleHr 0_) (,,,) \31 Jul 
1963; 20 p; Repo•t H•• HADC•AW•6J0.3; P'JIA;)-£. RlPOtt. 
H:l'TASlt RVDC211204/2821/PDO 1·05·02 (TED l'rohet AOC 
A-Y·4l001) ••port: seetl'I" 

Ten o•erntn fli&ht triala of the Nf/AAf>-2 
lnfta,.cl ••PPlnl Ht iaatalled in • CHans 310•B 
alrcrsft tt•• perfor••d fr .. S•t 1960 to Kar 1961 
to deh•alne it-a capalt-ilitJ for datectln-1 surface 
effects produced bJ aukat'itH•• Nicht and dsr 
trials ••f'• •••r wst•r• of th-e Htst•rn •••board of 
aorth-ern U.S.A. Walt.•• 1•nerated br sat.•rinea 
operatinc on th• sifrfau snd at ••el depths of 55 
(snotkel •Ad/or perl•Cop• up). 10. JOO. snd 150 ft 
••r• r•co1'6ed bi: Ut• Nf/AAn.2 .. A.battact: ~ 

0 L 
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,. 

... 5. Naval Air Jk>eelo,.ent Center. Johna•lll•. Pa. 
t"'ti•Sub•H•ins Warf••• Lakratorr 

lsu..utIHE WAI'.[ DET!CTIOll, n.IQIT Tiii ALS OF 111! Nf/ 
!MD- 2 IHFllAIED MAPPING SET IN A CESSNA 310· B Alli· 
eA1T (C); by I'. M. Mooor (_°b)(<.,,) ( 31 Jul 

11963: 20 p: Roport ,... l<AL..·n· - • _.. . ' REPORT, 
"'El'TA5" llllOC211204/2021/F1>01·05·02 (TED l'roj .. t ADC 
1Av-•:t0ctl) bport' ~ 

I feft oeer••t•r fliaht trials of the Nf/AAD-2 
linhaud ••ppJn1 Ht ln•telJ..-.1 la s C••~• llO·B 
leircuft •Us pet'fol'••cl fl'oa Sept 1960 to lf•J' 1961 
po dstsralna it• cap1bHlt7 for detectlac .arface 

C!!:::·,~:::d:::~ !:,::!9:;•;::· •• ~!:!! :::~:~d ., 
Lorthern tJ'. s.A. ••k•• ... n .. l'ated .,,. su1-ariaes 
1'>P•l'1tin1 on Uta auC"fsca Htd at ksd depths of SS 
f!•n•f'ke-1 and/or periscop .. "ft)• 10. 100. and 1$0 ft 
••"• recorded b7 th• 11'1AA.Ir2. Ahtf'act: elElt!'I' 
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-- SAU DETu:JfQ<, FL((lJfT Tl!fALS OF nn: NII 
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Tn o•er••tcr fllcht trjals of the AN/AAD-2 
iaf~ar•d •appi11& se-t hut.Sled in a Ceuna 310·8 
aircraft ••·re perfoft!i•cl ,-, .. S••t 1960 to War 196 
to cl•t•r•i•• lt•· c-a.,abiJity fof' d•t•cthc surho­
a:f f·act·• pf'Oduced bJ sv1-•r·h1a•· Ni cht and dar 
triala eere •••-r wate-r• of the ea-st:•rn aaaka-f'd of 
aorttlern u. s.A. a_.area· cea•rated ~J' subsarinu 
op.rat-lac oe tf1• aurf•c-• &•Hf at ktel depths of SS 
(aaor•el aa:d/•r pe-riac-ope •P). 1-0 0 100+ and 150 ft 
,,..r-e re-c--orftcl by the lill/AAD• 2. Abatuc-t: 9'Ei@Rff-
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I Ten O••r•at•r flidtt trials- of th• N,f/AA0-2 
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t•PH&tin1 on th• surh~• and et •••1 dept>Ji&a o_f 55 

1
(1ttork!l'I and/or , ... iscop• Vfo). ao. JOO, ... uo ft 
•ere re~rckd l>y the Alf/AAJ>-2. Abstract: SliS4if. 
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SllBllARIN£ WME DETECTIO!I, FLIQIT TRIALS OF 11fE NI/ 
AA0.2 1NRAR£D •APPt·NG SET IM .&./Cl'.S~A llO•I All'·· 

CRA'! (C)I. bJ P. II. llooer (.b) (_ (p) (31 Jul 
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't£PTAS11: llllDC28204/2021/F001·05-02 (TED p,.joct AJ:JC 
AV• 4300 l) Report: Sl@ltoR' 
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26 Aug 2016 

MEMORANDUM FOR THE RECORD 

FROM: Division Director EO & Special Mission Sensors, Avionics, Sensors and E* 

Warfare Dept (AIR 4.5.6 

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

Subj: SECURITY RECOMMENDAION FOR FOIA REQUEST, DON FOIA CASE 

FILE NUMBER 2015-008952 

Ref: (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:

a. 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.

b. 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.

c. 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.

d. 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.

e. 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.

f. 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.

g.



 
  

h. 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. 

i. 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. 

j.  
 

 
 

k. 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 II, 17-19 June 1964) (AD-C042316). Information found to be 
unclassified and releasable in its entirety. 

l. 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. 

m.  
 

 
 

n.  
 

 
 

 
 

o.  
 

 
 

 

 



 

 

 

 

 

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  
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