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to the direction of travel of the model. The vertical temperature structure in the 
water 'Ls controlled by varying the air temperature in the room over a period of many 
hours by means of a heater/air conditioner. Temperature gradients of the order of 
1 K/in are achievable over the first several inches of water depth. Model velocities 
are scaled to full size submarines through Fro••de numbers. In a representative run, 
a maximum wake intensity (temperature change) of about 0.1 K occurs about 25 seconds 
after passage of the model and gradually decays over a period of the order .of 10 min. 
Wake widths (measured at half-intensity points) range from 1 to 8 inches. Wakes 
are detectable by the radiometer t:o model centerline depths of 2. 6 diameters. 

(C) In another tank experiment, a hovering nuClear submarine was simulated by placing 
a stationary, 150-watt electric heater at: a depth of 18 in and turning it on for 4 min. 
After I min the surface temperature began to increase by about 0.4 K and to fluctuate 
over a range .of about 0.2 K. After the power was switched off, the surface temperature 
decreased over. a period of 2 to 3 min to a temperature that was temporarily 0.1 K 
below its initial value. Thus, b.ecause of a vertical temperature gradient- in the 
water .and convection induced by the heater, a submerged heat source was a.,le to pro­
duce a cool effect on the surface. 

(U) The report also describes current and future work with airborne passive infrared 
imaging devices including the ~/AAR-9(XA-2), AN/AAS-4(':A-2), Reconofax Camera, 
AN/AAR-13(XH-l), and the Infrared Antisubmarine Warfare Bomb Director Sight Unit. 
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When a submarine: pattl.!t 
waterr bl iu path. a:t'lid 
••'fn"•l hovrs, cm 
in t:Mlp&l'atun, H a change 
:::uu:lcm two c of 

Cbsa l .. 
wu1rr 1.urfaca. 

. - . . . . -- - - . . . . . . . - - - - -
T R 0 D U C ! I 0 

• 1.wldy of w•t•r it modiHu t:ne 
thi1 wake, which n14y pen ht for 

at turhce of tb• water 1.1 a chail@• 
ill surfaee cbar&ctll'r or llloth. In thh clb· 
,..1.n N eonlddered: 

Ch.11 2 • cl:urracteri1ed by altet•ar.::iou fTom ttw normal teqi•r· 
a.t~u;e stftct:ure' of the uater 1urfaea., 

tlakH of the Hut: clan ca:n 
o2Un be detected visy,ally, Flsure 
1 1• a visible li1ht photograph 
ahowtns twia nku thh cbH 
guerat11d iy • anerkellina 111uhm.(1rir10 

, llllW'iaa througn • very calm s••· 'fl.\e 

P\CUn! l - Vhlbla. Lt1bt Pboto;raptl. 
of \J.;kG1 Gesin.'a:ted "7 a 
Snorkel Ung Su'*-::rina 

"bow wave, .. which dive:ra;es •t an 
mile depedaat on tt\e tub1urrine 1 1 

apeed n4 the tpeed of wave: propa~a· 
U.on 1• apJMar& btn."e as t\':o Uno 
1tra1.ght urk lines. A uccm,\ na:r· 
rowel' vab, ,...·bich appears bdaht 
reflected sunU.gb.t. is eu.1n dinctl 
behind tbe subm4rine and seems to i1e 

tpU tting into two portions. Figure: 2 thov1 aaothel' vieti.r of the nine 
wake. Fne th.ii angle tbie: *'bow wave** it peYce.ptible for only a short 
dhtance and the central w.ke ii seem to hPe attained an essentia.l ly 
ccmatant widt The visible length of tbh wake was S to S niUu. 
photograph; were taken f:rom an altitude of UOO feet under hazy c•1nditions • 

... 
Wakes of tbe second class en be datacted ~ <b:agging a tharm~ter 

through true waur. Ourirag tb:e a:prina of 1949 1 a group from the ::aval Ah 
Dnelopment Center conducted. a se1:::le:111 of e:iqu.l:ri.ments at ley 
We.at. !llortd.o in wh1ch a the111:lstor, vtd.c.\\ wu sensitive: to ter.npna:ture 
fluc.tuations H Ulall as 0.01 Fa•aheit de11.ree, was mounted on a ' 

2 II I! !i Ii&I! II L 
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'UCUU 2 "' Vta:Utle tlgtat PM:tesrarph 
ol i1t1i.:r111 Guentri ty 
'il\fa. la<Jit1wtl U• 
Sulllartus 

Uo.at su1peftflt1d froa the bow of a 
1M1trol craft and, paue4 tbroue:h 
wakes ga1\tirated by !ltlbmarhe1 oper• 
atllll at depdu from 1urfaf:e to 1.70 
feat. Within tu wakea • the water 

. ~rature at aa H•l'•I• de.pth of 
14 inc.hes waa foand to be O.Ol to 
O. lO Fahrenheit degr·ee lHs th.en 
the t-reratue of tl"u~ lldjacent 
vatu.. 'rht11a t:hl1111&l wakH ranged 
la wt·dth f1:om to ·800 h•t and 
wen d.ete:eta.l>le .for U.me111 of the 
order of 0111: heur a.ft411:r pau&1e 
the •'-4rlne. 

T ff ! a A I) l 0 M I: T I a 

It wold be deaira1tl• to ha•• a a:l.rbone dl!!v:t.ee capabl.e of detecting 
~th typel ..... All MeiH uvt•g • fiaite abHluta l:etlfMU.ture ) 
•it rllliltaUon at a rate 1ove:r111u111d Illy die ltefe•lolt1••n l• 

w .,,,, T't 

wbare N: tepre••H the ,._r rad.u.ead ln wnt:a, r :11 a coaat•t, :r 11 
dl.e a:baolut• tsUp·•att.tt1: a,d p , tu m••i~tt.y, £1 a n•er ru1tn.1 ft'n 
un to u:nitJ d1e:pt11ntfl• on the ell1nrect•r o·f the f_,iatin1 ourface* Sine• 
lil'.Olt of t:M pOWI" radiated hall the o.c•1• lie.• fo tae iafTdred pord .. on 
of the' elact~g,aet:te a;pact.l'Ulll, tr 1• llllPfflnAI: tlwlt a dew:lce eapabl~ of 
eoU•cttn1 llMl m1:111u11.ft.1 thU r11cH.11.UM1 1. e • ., • in.frar1tl rlldiometer. 
t:u,_u to both O•C·•• 1:.rfaea teapel"at•l't: chan&•• .-.d. surf.ace c:lu.raeur 
cballp1 naoc:tat:ed •ith ..-.riae watte111. 1.t ii ptuu1U11.e to det"t waku 
with • sillpl .. • Nna.it1ve rdM!lrleter; '-""•ve.T, •uch a devtce doat not per• 
ah 111;crlaJMt1011 ft011'11C.l ~.ae-.t'euN variaU1:u11 sueb as vind 
Hrtt:k•, ¢.laud lma&es lti. the •atar. Md patches of waftl or cool wo,te.r 
teat ·'.1'1Mf1 y:ha14 ln4l.cat1c11a ou a 1trf.p c.bart i11c..order dmUar to thou 
fme a vab. Thie ra4W:Mtel' 1• a ver)'' u,H tna.tnmc11t for c.ol. leettng 
i11fotN.t1cn or:i ••• bukll'Ot*d tl\amal 1.101.te atNll fot' odi1'14t: wake 
whh.h1 1.nt.tnts :i ties. 

A dud chaan·•l l"ad:lcmeur having the foUowina chara.c:: t~~ristiea was 
purcha11ed ftom J!,aTn•u~ !nglnet.rin& Cotnp.any in August 1957: 

Poeal l11n1t'b 12 tn. 
l>:f..-.ter of coUeetine; optie1 8 in. 

azl u:;;;g., .. ;;;;;;&J I 1 • 
• 2 ... 



!.ff•ctive foe-al 1'at:to 
ftead:ator 4atec~• i_.T1Hu.I tn 
~i. te11M1 

1'1el4 ef •i• of euteh detector 
Chopping fY81ifU~Y 
Syst• budpau (ad!u•ta.bh) 
lyata :noiH ( 2 cp• baMtw:ldth) 
Signal productd b)I' a t&PPH~ature 

ch:aa• o.:f l centi1Tade ••aYM 
tri 11m t:lttendct4 area blackbody 

!Jtteade4•artia blae~ ttmpe:ratuT• 
cha•• t'equt.r·1td to yi•bl aignal 
with dpal-to•ma .. noiff ratio 
O·f unity (2 epa bandvidt'b) 

Waight 

f /l. 9 

2 
approx 2 x CL 4 ° 
20 epa 
0.1, t.O and 2.0 cpa 
0 • 4 JI"' t l'llS 

appYox 0.00160 C 
167 lb 

ln tM following 01KU11!,.on the l:Jq'#l'liHloft 0 effactf.veu tBpet'&t:t.U:'e 
difference, AT h IM:U.twd a.1 that tMpel:'at1.11'• difference in an •x· 
t•d41d area l:Jl body 111ou.re• at no• t-.el"at\Ut• that pred1:1eH tbe same 
rMliometer out.put at.pal u that \ei•I •.. asure4. t:lo attempt has been 
•de to corr•ct gi-.,f!n data for atllliJif'Ude abaorpti.on and radiation or 
for noniunity em1-11ivlty of target RrfacH, or for tt•• or podt:ton• 
upaa:dent varie.tton• b tlM•• p~Ytle1. The only optic.al filtering 
inttoelwead waa ~.b«t due to tM a•Nanlum l•nsH waten are tranapannt 
for Wll .. 1fll:'ftltba aruter tbafl 2. microtlUI.. 

Thi, lames ra<ltoMter wo h.•t11Ued ln a P2Y•5 aircraft with it1 
field-of•"Vi.ew r.U.i-ected ne:ar1y 1trd.pt down. One 1\i&htt:~ acd two day• 
time f!..igb.u w.r• •,d:e off th• Na Jer••Y eout dul'iag October 1951. 
Thermal nolse background• ware Mnitond Otter the o•caan as a function of 
aircraft alti.tvd•, bankinl af t.ba aircraft. el•vet1on of the sun and 

1110CM1. c:lou4 covu, a:ncl ocaan depth.. Usnah wan obtained from wakes of 
audace: vcu1seh and surfaced and 1nodY:Uin1 su1-arii.u1u;. 

Noise of four diffKent ari.1irus wa1 08f!tved: 

l. Moue in the •x•t•1 s tleetron~.s.! 

The electronic: &ystom noiH of euentiat system noiH 
such at Jonn111on noiae and microphonic l'IOiH. When the ai re ri'.lft was in 
f1 with the optical eystem t it was found that the system 
noi.ae. for a 2 c:p• ban,4width, wa.1 approxi.IMtdy twice th.a vdue 1wu.sured 
in the lalloratory. The1·w.-.,~.tb-.., .. t\l.!;e,,~,ron1c sysum ms noise wa. equiv· 
aleAt, approxiutely, to t·he ligna.l d.ffeioiiecl ·by a target temperature 
curt1e.O.. Teff • 0.003 cHtt1rade ••&r•• Electronic syatea noitHt was de• 
tectable only wben the o·ptical syst• wa11 covered. 

Ollfll!lll!A9t 
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2. Noise Generated in the System 1 s Optics 

When the o.ptical system was opened to view the ocean sutface, 
additional noise, believed due to temperature fluctuations in .the radiom­
eter1 s blackbody reference caused by turbulent air circulation and air 
temperature changes 1 was observed. It is believed that the high fre­
quency air turbulence effects (which were subsequently simulated in the 
laboratory by directing an electric fan on the radiometer) were fairly 
well integrated. Air temperature variations along the aircraft's path, 
which were especial!)' noticeable when the aircraft changed altitude, 
accounted for a continual slow drift in the radiometer output as the 
blackbody reference attempted to arrive at an e.quilibrium temperature. 

3, ~ from the Water S~ 

Noise was observed from the ocean surface due to temperature and/ 
or emissivity fluctuations, reflections of sun and moc.n radiation, and 
luminescent streaks of biological origin. 

4. Noise from the Atmosoheric Transmi$sion Path 

Noise was also developed in the atmospheric transmission path 
due to fluctuating attenuation and radiation from clouds, haze, and fog 
and from variations in concentration and temperature of atmospheric water 
vapor and c<trh<?n dioxide, 

Before discussing noise levels quantitatively, several factors which 
have bearing on their significance must be mentioned. First, considera­
tion will be given to the target area viewed by each detector when the 
aircraft· is traveling at a speed of 300 feet per second at a typical 
altitude of 1000 feet. Each detector views instantaneously a patch ap­
proximat.ely 33 by 7 feet. The 7-foot edges are parallel to the direction 
of aircraft travel. By adjusting the system bandwidth, one can adjust 
the size of the effective field of view, i.e., the target area view1d 
during one time constant of the system, to values of 33 by 31 feet, ]3 
by SS feet and 33 by 487 feet. Accordingly, the area over which posi• 
tion-dependent target temperature variations are averaged .:an be adjusted 
electroi.ically. It is believed that, in this respect, the result obtained 
is equivalent to what can also be ol:.tained by use of a much larger in­
stantaneous field of view (using a larger detector) and a correspondingly 
shorter integration time. There is an extra advantage, however, to the 
use of integration over time (using small detectors and relatively narro1• 
bandwidth) as compared with integration over area viewed instantcneously 
(using large detectors and relatively wide bandwidth) if there is a 
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desire to integrate over any given target area. The r~ason for this is 
that greater discrimination against time-dependen~ noise (microphonics, 
Johnson noise, air turbulence noise, etc) is obtained in the former case 
than in the latter, 

In these raUometer flights information on thermal noise from the 
ocean was desired; therefore, the maximum bandwidth of 2 cps was used. 
Data were recorded on an RD-47A strip chart recorder. The ct.arts were 
analyzed by counting the number of noise peaks per unit time and meas• 
uring their amplitudes .for a large nJmber of representative time inter• 
vals. Particular attention was given to fluctuations of repetition rate 
ranging from 0,2 to 2 per second, If it is assumed that these fluctua­
tions are due to thermal anomalies in the ocean surfs~e, then the dimen• 
sions of such anomalies would be of the same order of magnitude as sub­
marine wake dimen"ions, i.e., from 150 to 1500 feet, The peak-to-peak 
magnitude of these fluctuations ranged up to 0,04 centigrade degree in 
the nighttime exercise and up to o •. 10 centigrade degree in the daytime 
exercises, The amplitude of the relatively high frequency thermal noise 
was considerably higher at low altitude (500 feet) than at altitudes 
above 1500 feet except when the aircraft passed over clouds. It is be• 
lieved that the decrease in noise at higher altitudes was due not only to 
integration over larger areas of sea surface but also to an improvement 
in the constancy of atmospheric filtering with length of transmission 
path. Figure 3 shows a portion of a recorder chart obtained in one of 
the daytime exercises. (This chart was obtained on the same occasion as 
figures 1 and 2.) Signals from the wakes of two snorkelling submarines 
are seen. Negative going signals indicate a decrease in "effective tem­
perature." It is not possible to determine from the available data 
whether the indications obtained from the wake on the radiometer are 
primarily temperature or emissivity effects or both. 

FIGURE 3 - Wakes from Snorkelling Submarines 
as Detected by Barnes Radiometer 

Aircraft: 
Altitude: 
Speed: 
Sea State: 
Wake Widths: 

P2V·5 
500 Ft 
180 Knots 
0-1 
350-400 Ft 

Date: 
Time: 

16 Oct 1957 
1127 

Although this procedure for monitoring noise levels is satisfactory 
in a qualitative way, more refined techniques must be employed.if quanti· 
tative data are to be obtained. For future flights, it is planned to 
increase the bandwidth of the radiometer as much as possible and to re­
cord raw noise data on a frequency modulated magnetic tape recorder. 

c a v s 1 n s " 1 a a z 
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The equipment will then be flown under a variety of conditions. A number 
of optical filters will be installed on the radiometer in an attempt to 
determint? the noise contribution of the atmosphere. The magnetic tapes 
will be analyzed in the laboratory with an audio frequency spectrum ana­
lyzer to yield noise power spectra. 

S U B M A R I f; E ?: 0 D E L S T U D 1 E S 

To study the generation, development, and decay of wakes of various 
kinds under controlled environmental conditions, a submarine model facil· 
ity has been established at the t;ADEVCEt\; see figure 4. This photograph 

FIGURE 4 - Viet~ of l·.odel 
Submarine Facility 

shows a large stainless steel tank 
(10 feet long, 5 feet wide and 4 feet 
deep) equipped with portholes, the 
Barnes radiometer mounted on a tripod 
and viewing a small patch on the 
water surface through a clock-driven 
scanning mirror, an extended area 
calibration standard, floodlights 
for simulating sun glare, an electric 
fan for simulating wind, and a motor­
ized towed target loop. The vertical 
tubes which support the loop and the 
pulley housings are visible here. 
Figure 5 shows a view inside the 
tank, A model submarine (in this 
case simply a right circular cylinder 
~-1/2 inches in length and 0.6 inch 
in diameter) is seen moving through 
the water creating a diverging pat­
tern of ripples in addition to a 
thermal wake.. The heat lamps seen 
in the photograph can be used for 
generating temperature gradients or 

thermal anomalies, and a vertical linear array of thermocouples provides 
information on the temperature structure in the water, Figure 6 shows 
the c lectronics ra.ck and strip-chart recorder for the radiometer, the 
potentiometer used to obtain thermocouple readings, a psychrorneter and a 
recording thermometer. A chart from this recording thermorreter (figure 
7) shows the mode of variation of room .air temperature over a typical 
24-hour period, Unless indicated otherwise the water temperature gradi­
ents to be described later were generated as a result of such daily var­
iations. Figure 8 shows t!1e type of vertical temperature structure that 
exists in the water typically at midafternoon. ~ote the abrupt change 
in temperature at the water-air interface. 

··-Ntft11$t1111M__.1.bl.•,,'*~~..,.. 001.,\lt-.~r~ 
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rtcun 5 ... lnshle.· Vi.ew of 
l':odet Tak 

ll'IGUU 6 • Another Vtew of 
Model Sut.arine 
J!'aeility 

u: desired, tbe scarming mirror can be used in a Uxtad position to 
"iew any •mall element of area of the water surf ace. The chart thown in 
figw:n 9 was obtained by fi.~il.ll tha Hel4 cf vtw of the radiometer di• 
rectly over the line of 110tion of th& submarine. At ti'llle zaro. the sub~ 
ill:&dne •asaad th.rough a:t a eftttr deotb of 0.1 inch. After a delay of 
·about S s•con.ds, during which time l!llOSt of the 1n1rface ripple &ctivity 
had a.uhsi4ed, the 1udaee temperature began to deereaae for about 20 
Hcondt thro~sh; a ma~imuu interval of 0. 33 centigrade de1ree. Thereafter. 
the wake siga.al decayed do,wly over a 20-minute period. The validity of , 
th.e data beyond the 10-minate point is q;u11uJtionable insofar as there ls 
alway• a certatn amoNnt of '!n.strumtultal drift. The vertical temper1'1.ture 
at:ructur.e in the water :prioT to this rw.1 1•1.1 given in figure 8. Motion 
of the water in the wake can be observed th.rough tha portholH by view-
ing 1uepended dust particles. A1 a rule,, it if p0ssible to perceive a 
very slow motion of the subsurface \.rater for as long a time as the rad• 
j;om,eter detects a surface temperature change. 1 t is noted that even if 
there h a Hlm of grease (wltic.h gra.dua:Hy accumulates over a period of 
days after re!illing tank) on the surface, which is unscarred by the 
passage of the mod.,el, there is no perceptible change in the character of 
tbe signa.h obtained • 
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?IGURE 9 - l~odel Submarine Wake Intensity as a Function of Time 

Depth of 1-:odel: O. 7 In. 
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1'111'CllATUM l'CI 

- Another Example of 
Vertical Temperature 
Structure in Hodel 
Tank 

l.>ate: 
Time: 

14 Jan 1959 
1510 

Figure 10 sh~ws the vertical 
temperatu:e structure in the water 
on another occasion. It is noted 
that (1) the temperature decrease 
in the first few inches of depth is 
not as great as in figure 8, and 
(2) a relatively strong gradient 
exists for'only the first half-inch 
of depth. For a given submarine 
depth, the maximum intensity of the 
observed wake seems to depe11d on 
the first of these factors and its 
persistence seems dependent on the 
second. Figure 11 shows a wake 
signal obtained shortly after the 
data were taken for figure 10. It 
is noted that the submarine was 
travelling in an easterly direction. 
The chart shown in figure 12 was ob­
tained ~hortly after the wr.ke shown 
in fi~ure 11 had apparent'y died 
out. The only change in experimen­
tal procedure was to run the model 

FIGURE 11 • ~lode 1 Submarine Wake 

in the opposice direction, No clear­
cut signal is apparent. This effect 
was investigated further by generat­
ing horizontal temperature gradients 
along the submarine's direction of 
travel. It was found that e hori• 
zontal temperature gradient in the 
water could either add to or sub­
tract from th~ signal normally ob­
tained, depending on the direction 
of travel of the submarine. Figure 
13 shows how the model can produce 
only a "cold" wake when moving in an 
easte~ly dire:tlvn but either a 

Intensity as a 
Function of Time 

Depth of l·:odel: 1.0 In. "warm" or 11 cold" 'or neutral) wake 
Travel East when moving in Li• · esterly direc-

tion. Sinr.c v .. dations in actual 
sea temperature along a horizontal line do occur, it is apparent that a 
single wake could in some places be relatively "warm" and in other places 
relatively "cold." 

ali!IS 1 Pillll' 1 t .,._\JI, a a:.t!M@Wwiati~ 
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Depth of Hodel: 
l. 0 In. 

Travel West 

FIGURE 13 • Thermal Structure 
Postuhted to Explaln 
Dependence of Wake 
Intensity on Direction 
of Submarine t:ovement 

When the scanning mirror over the tank is set into motion, it sweeps 
the field of view of the radiometer across the tank perpenpicular to the 
direction of travel of the model. The present instrument scans across 
.the tank in 15 seconds at a repetition rate of one per minute, Figure 14 
sho.ws the t'adiometer output for a number of such scans. (The recorder is 
stopoed between scans,) The background surface temperature structure is 
shown in the first two traces. The model was then run through so that 
the scanner, on its next sweep, crossed its path 22 seconds afte1 passage. 
In this fhird trace the wake is near its peak of development. Successive 
traces, taken at one-minute .!.ntervals, show the wake in decay. 

Figure 15 is similar to figure 14 except that the scanner was made 
to zro-JS the path of the submarine only e seconds after passage, The 
first trace shows the background from which the wake begins to emf. :ge 
during the second trace. In the third trace the w&ke has already passed 
its peak and is in decay, Successive traces show the wake crumbling be· 
yond recogrtition. Half-intensity wake widths, as measured from these 
charts .and corrected for instrument broadening, .:ar:ge f1ou one to 
eight inches. 

FIGURE 14 • Radiometer Output for a i:umber of Scans Across Wake 
Depth of ::odcl: 1.0 In. 

All of the previously described model wakP.s were "cold" with respect 
to the adjacent water. "Warm" wakes can be generated at will by control· 
ling the initial vertical temperature structure in the water. If, for . .• _ ........ -......... --~-·-, ... 
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examp1u, <he r~om air temperature is suddenly decreased below the water 
temperature, the surface water temperature will drop below that of the 
subsurface water and a passage of the submarine will give rise to a 
"warm" wake, By blowing a fan across the surface of the water, it is 
possible to produce sharp vertical temper:•tu.:e gradients near the sur­
face if the relative humidity in the room is not too high. A thin "skin" 
of cool water is produced on the surface of the water because of enhanced 
evaporation. The temperature of this "skin" approaches the wet bulb 
thermometer reading as a limit, Wakes obtained under these conditions 
exhibit a relatively intense maximum but only short persistence, The 
effect is visualized as a rupturing of this cold "skin" by the movement 
of subsurface water and the subsequent rapid healing of this 11 skin. 11 

FIGURE 15 • Output of Scanning Radiometer Showing Growth 
and Decay of Wake 
Depth of Model: 1.0 In. 

Experiments have also been conducted using a heated stationary sub­
marine model. The result~ of one such run are shown in figure 16. A 
150-watt lmmersion heater was clamped horizontally in the tank at a 
depth of 18 inches in such a manner as not to interfere with the develop• 
ment of convection currents. The nonscanning =a~iometer viewed the sur· 
face of the water directly over the heater. At time zero, the heater was 
turned on for a period of 4 minutes, After about l minute, the surface 
temperature was noted to increase by about 0,4 centigrade degree and to 

FIGURE 16 - Surface Temperature 
Changes Produced by 
an lmlllersed 150-Watt 
Heater (7" x 1·1/2" x 
3/811

) at a Depth of 
18 Inches 

fluctuate over a range of about 0,2 
cem. i.grade degree. A "motor effect" 
developed in the water and a steady 
state of water motion was attained 
before the heater was turned off, 
Warm water continued to rise to the 
surface for another 2 mir·•tes and 
then for 1. 5 minutes· cooler water 
rose, Thereafter, the surface 
water temperature began to s tabi lizt: 
at a new temperature about 0,2 
centigrade degree higher than the 
initial temperature, It is seen 
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that an intense heat source (e.g., a nuclear submarine) can, at least 
under controlled conditions, give rise to both warm and cold wakes. 

Later experiments w; 11 be conducted with models on which it will be 
possible to vary indep.:ndently the motion of the screws, the motion of 
the model through the ·~ater, and the I.eating of the model. These exper­
iments will be carried out as a function of de,..th, speed, streamlining 
and size of the model, water temperature and temperature gradient, humid­
ity, wind speed, oil films .on the surface, si>Unity of the water, and 
the viewing angle, field of view, optical filtering and system ba11dwidth 
of t:he radiometer, 

I 
INFRARED IMAGING SYSTEMS 

It is believed that for an infrared wake detector to be of value for 
fleet use it must present its information to an operator in the form of 
a thermal map: or picture of the water surface. Not or.ly must such a sys­
tem have adequate sensitivity to detect wakes where they are already 
known to exist, but it must also provide the ope1·ator with suffici·ent 
information to permit his distinguishing wakes from nonwake& uhen no 
prior information regarding a wake's existence is avaj lable. Optimum 
use should be made of spectral filtering, space filtering, and electronic 
filtering. It is questionable, however, whether much improvement is to 
b~ gained in signal over background by space and electronic filtering 
b~cause Ot\ly slight characteristic differences exist between wake. targets 
and nonwake sea backgrounds. Additionally, since thiare is such a wide 
range of variability in wake dimensions and intensities, the possibility 
of "educating" something like a band-pass f.ilter to discriminate against 
background and not against si&:1als seems re.mote. rhe ultimate decision 
as to whether or not a given indication rcprese·nts a wake must be made 
by the human operator. Accordingly, the operator should be provided with 
the optimum amount of information on which to base hi.s deciston. The 
operator should be considered as a componcmt in the detection system, and 
just as other con1ponents are r .. atched for a maximum tra11sfer of informa­
tion so s~1ould the other conponents be matched to the operator by use of 
a pre11cntation in the form of a :::ood quaJ.ity picture \!hose angular and 
tuna1 re.solutions are comparable to those of the human eye, 

Before proceeding to a <lisc,;s::ior. o; actu.11 s;·stcms, a numhr of 
practical points should be considered: 

l. It is extreme!;: ur.lil-.ely t:1at a univcrs~tl rubm<irinc detection 
system \1111 ever be developed. 

•-••"'"• t"*• •-. --..,..,.....,._.n4 .. ~11 • ._, 
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2. It is not necessary for a wake detector to achieve anywhere near 
100 percent prob~bility of detection to contribute significantly to our 
submarine detection capability, 

3. It is likely that if a fleet type wake detector does evolve, it 
will be just one of many ASW equipments on board the search aircraft, 
The relative reliabilities of these equipments vary with environmental 
conditions and the mode of operation of th-e submarine. ' 

4, A practical wake detection system installed in a 200-knot air­
craft and capable of detecting wakes l·ntile astern of a su'>marine has 
the same search rate as a system that can detect wakes 5 miles astern 
when installed in a 40-knot airship. · 

5. In an airborne detection system the three ratios, value/pound, 
value/cubic foot, and value/do.Har, must be considered, 

6, It should be possible for regular fleet personnel to ~perate, 
maintain, and repair such equipments, 

Two conclusions that can be drawn from the above statements are: 

l, An airborne wake detector should be compact, lightweight, easy 
to operate by a single man, and designed for use in heavier-than-air 
craft, 

2., Attention should be concentrated on the mcire re11dily detectable 
portion of the wake directly behind the submarine, 

The NADEVCEl; has been directed to develop techniques for detecting 
thermal wak~s of submerged submarines by use of small, ligktweight, in­
frared equip111ents designed for installation in heavier-than-air craft. 
As part of this project a number of thermal mapping devices already in 
existence are being investigated, The purpose of this investigation is 
two-fold: (1) actual experience with a variety of thermal mappers will 
aid in determining optimum system parameters for a submarine wake detec­
tion device, and (2) if equipments already in production prove successful 
after only minor modification, infrared wake detectors will become avail­
able to the fleet in a much shorter time than if a completely new develop· 
ment program were to be initiated, Under this project stefs have been 
taken to evaluate the followiug already cxistfog equipments. 
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4 t AliJ/JAA• u 
5. lnftatc Aat1S'!il:tlmal'ine Wcrfar·e Bomb Director Sight Unit 

Tile Alii/AAl•9:(1A•:t) ii an ia&e.Ted nc.onna1.Hance. equltMUnt 'built 
fer the u. 111 Ai1' ,.... &.y Baller• ltaJlton<i ad lirown, Inc. Xt 11 a Una 
1c.• devi.C'.a thl.t proclucea a continwt111,1 •ti:ip •&Ji>. Scamin; p•rpendicula.r 
to the f:U,glu: _.t;b ts a.bf.:wed lwf rotatta of a four*'lided •1r·ror. The 
atta1 lunal acn: a-ale la 11 tlag..u. Th• instantaneous' fllle of riw 
(I ,,.,,,,.le Mi.tween 0.2 ..... O.S•d•"- ..... •.,anding on tb• 11H ., 

F tit• datectol' •·••· &••Tdins .t the acan p1tte,ra la: 1ccompU1hed by 1n· 
ten.ettJ ~latin,IJ a •l.ftll• U.ne t1'•• on a. 'h1.gb definiU.on c.atbode•ray 
t11ib•.. Thi.a' trH•• wb:ich b electMftiaally e,aebroniled' vUh th1 rotation 
of the te:annin' mirl'Or, i.1 f11cu1uH! on a !S·m Ulm st.rip mo'¥ina at a 
,,_. pnport.lonal to the ;at.ta of ve1.ocity to altitude (V/H) of the air• 
craft, ft. N!i./AAl.•9 ie deet_.4 for o·perauon at a1t:ltuda1 traa 500 to 
2s,.ooo. f••• at ·~ 1peacla ., to Mwt\ 1. A cH.reet•viewta1 tieplay ef 
die t.branlal up Mhti rt·coiUd 11 praMntu oa 1 loas•pe:rabtnca•aerean 
catl\olh•l'•J e:-.. l:n aa.U.U.on, tbaa 11 a Pl!•••ta.c,ion on 1. 1m1U "41
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1cope. l t ii e1ttute4 tb1t temper .. 
cture tluctuatton1 in In extel'Mhd 
area ta.rg:et a:t room tttlbperature of 
tile o.rdtH' of 1 een'tigrade: dctgre:e can 
M dataeted ttr th:t.s equipment w:tth 
tbe lead tellurt.d,e cells currently 
:tc ••. Power e•n•W111ipt1on of the 
KN/ AAl•9 .ii 1500 wat t:•t 1 u we:tgh.t 
la 2:SO ~s; it1 volume ts 6 cubic 
feet . 

Thh equipmnt is currently 
tn1taU•d Of! an Air rorce &•SO air· 
craft• wllich wa1 ma.de available to 
the r:AD&·Jctn; for a submarine. exer· 
eiae on U t\ov•'ber 1958 and wbicb 
will be naUable ag:~in during Hareh 

t • a • • M • • 1959. il'igun 17 shows the air tem• ....,_"l!Qllllll '°' pel'ature tmd vertical te:mpcr.ntu:re 
1t:rueture ttuit existed in the ocean 

l!'lGUi.I 17 .. Vertical 'l't1U11perat.uTe during the r.ovetnber exerche. 1t i;) 

St:Nctu.l'E in Ocean noted that the subsurface water um-
peTature is greo:ter the ::;urfa.ce 

l>•te: 13 TO't-"'"T~F ...... •'ll'M'"ftr temperature. f'tg.ure 18 
Tiae: 1820 snows an 1nfTand pictu.re of a 
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:11(,URE U3 -

Anti-3ubmarine Warfare La~oratory 

I r,frared Picture 
of Surf.iced 
Submarine m:d its 
Wake Obtained 
With the AN/AAR-9 

surfaced ~•ubmarine and a 3200-foot section 
of its wake obtained with the AN/AAR-9 on 
that hazy night. The wake appears warm 
as might be expected from the temperature 
conditions in the water. The aircraft's 
altitude was 4000 feet. The sweep width 
for the Al~/.4AR·9 at this altitude is ap­
proximately 1 nautical mile, 

The Af,/AAS-4(XA-2) 

The ~/AAS-4(r..A-2) is an infrared 
t·econnaissance equipment built for the 
U. s. Air Force by the Perkin-Elmer Corpo­
ration. It is an area scan device that 
yields video information on photographic 

film and also in a television-type raster on a long-persistence-screen 
cathode-ray tube at 93 frames per minute. Its overall field of view is 
(.0 by t.o degrees. Its noise equivclent temperature difference is about 
5 centigrade degrees, The (XA-3) version of this same equipment is ex­
pected to have an order of magnitude better sensitivity. 

The Al':/M.S-4(XA-2) is installed in the same Il·SO aircraft as the 
Af;/~-9 and was operated during the exercise of 13 November 1958. Its 
sensitivity \/SS found to be inadequate for wak~ detection and its ··pera­
tion was discontinued midway in the exercise, 

The Reconofax Camera 

The Reconofax Camera is an experimental breadboard equipment 
built by Haller, Raymond and Brown, Inc, It is similar to the ~/MR··9 
except that (1) a larger effective lateral ~can angle of 140 degrees is 
achieved by rotating a single mirror surface in front of its 3•inch col­
lecting mirrot, and (2) light from a glow modulator tube is focused on 
70-mm photographic film for recording the infrared picture. l'he glow 
modulator tube is a much "quieter" source of light than a cathode-ray 
tuue and has five to ten times tne dynamic range of the latter. It is 
possible to record of the order of 100 shades of gray on film with a 
glow modulator tube. If desired, both spatial and temporal signal inte­
nation can be obtained on the photographic film bj overlapping succes­
sive scans. The ~bility of photographic film to store tremendous amounts 
of information in a small space, pl.is its ability to serve. as Cell active 
system component, and the fact that present day rapid processing tech­
niques yield pictures only seconds after exposure present strong recom­
mendati~ns favoring its,use, 
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'.J.'he Reconofax Camera with a lead selenide cell is capable of 
~etecting teJllperature changes of the order of 0 .1 centigrade degree in 
an extended area blackbody at room temperature. A few limited exercises 
involv.ing the Reconofax Camara were carried out during tile sumner of 
1958 under NADEVCEN cognizance. Plans have been laid for further exer­
cises to b.e held during the spring of 1959. 

The AN//l.AR.·13 

The AN//l.AR-13 is an infrared reconnaissance equipment built for 
the U. S. Air Force by the Servo Corporation of America. It is a line 
ecan device that yields a continuous strip map on photograph\c film. 
Its optical system consists of a linear array of sixty thermistor bolom­
eter elements in the focal surface of a collecting mirror whose limiting 
aperture diameter is 6 inches. Tile line of bolometers is perpendicular 
to the direction of travel of the aircraft and the forward motion of 
the aircraft produces the forward scan. It was designed for use in 
2SO· to 1000-knot aircraft operating in the altitude range of 1000 to 
10,000 feet. Its weight h about 400 pounda and it is capable of detect­
ing temperature changes of the order of 0.1 centigrade degree in an ex­
tended area blackbody at room temperature. 'l'he Air Force has granted 
NADEVCEN a loan of the AN//l.AR-13 for evaluation as a wake detector. It 
is planned to install it in a P2V aircraft for trials during the late 
spring of 1959. 

The Infrared Antisubmarine Warfare (IR/ASW) Bomb Director Sight 
.!l!!.ll 
The IR/ASW 13oinb Director Sight Unit was built for the U. S. Navy 

by the Farrand Optical Company for detecting thermal radiation from sur­
faced and snorkelling submarines and their wakes. It is an area scan 
device that yields video infotmation in the fonn of a twenty-line raster 
on a rotating cathode-ray tube, A linear array of twenty thermocouples 
is arrang.ed to view instantaneously a line parallel to the direction of 
travel of the aircraft. The instantaneous field of view of the array is 
7 by 1/3 degrees. Transverse scanning through an angle of 10 degrees at 
a rate of 2 scans pet second is achieved by an oscillating plane mirror 
in ~ront of the l2·inch diameter collecting mirror. The unit therefore 
sees two 7- by 10-degree twenty·line frames per second. The long per­
sistence display cathode·ray tube rotates at a rate proportional to the 
ratio of V/H of the aircraft. For small values of V/H several successive 
turtsverse sweeps may overlap and provide signal integration on the 
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cathode-ray tube. The IR/AS\J Bomb Director Sight Unit is capabk of 
detecting tempe':'atu:e changes of the order of 0.001 centi;jrade dl'gree in 
an extended area blackbody, lts principal liMitation as a search equip· 
ment seems to be its extremely narrow sweep width of 10 degrees. lt is 
planned to install this equipment in a P2V aircraft for further evalua-
tion during the summer of 1959. 
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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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