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where O = 5.67 x 10-8 watts/square meter-°K; and € is the emissivity,
which is a characteristic of the radiating body. In the experiments
performed, the radiation was measured by observation of the watsr
surface at a glancing angle; when the splash occurs, the water is
thrown up, forming an angle of almost 90° with the observation
direction. The resultant change in the emissivity due to the change
in angle of viewing completely explains the apparent temperature

rises observed. Subsequent laboratory measurements of the emissivity
of water as a function of angle were found to be in complete agresment
with theoretical predictions based on Fresnel’s laws of the ref.:23ion
of light from a dielectric, and provides a firm basis for the ex-

planation in terms of emissivity changes in the case »f a mine s3plash.

While the studies resulting in T.R. 48 (Reference 1) definitaly
indicated that a splash was detectable by means of an infrared
radiometer, the fact that the radiometer had to be positioned s as
to observe the spot where the splash would occur made this part.cular
equipment unsuitable as a device for detecting splashes of air-dropped
mines; some form of scanning device would be needed. It was realized
that, if the radiometer would sweep horizontally over ar appro:iable

sector of the horizon, on apparent rise in temperature would ocour

whenever a.éplash appeared in the field of view of the racdiomoier,
Since it is known that aircraft-dropped mines cance spls Lo wh:
endure for about three seconds, this would 2llow for a metlcd of

discrimination'against false targets as long as the scarring racioe-

meter were able to get several "looks™ at any splst, 7
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Conn., designed and constructed a radiometer {Model R.811}) contsining
an optical system for collecting and focusing infrared radi:viong a
detector which converts this radiation into electrical signals; and

a preamplifier which amplifies the detector output =zignal to a level
suitable for driving an exterrnal oseilloscope. Also contained is a
scanning system for deflecting the detector fi=ld of view over a 20°
arc of aximuth, and providing a synchronized horizontal sweep voltage
for the oscilloscope; and a view finder which assists the nser in

pointing the radiometer at the desired overall field of wview,

The optical system consists on an €-inch Cassegrainian mir. o>
telescope with a feeal length of 12 inchesy an effective focal rutio

of £/1.9; and a resolution on the axis of 0,2 mils,

The detector is a Barnes Engineering #85. germanium--immersad flake
thermistor, O.4 mm wide by 1.5 mm highe Thiz gives an effective ine
stantaneous field cf view of 20 mils high by 5 mils wide, which

approximates the size of aplash at about 1000 yards range. The

Y

germanium lens serves as a heat sink for the active flake and provides
a magnification of 4; it has a cut-off wavelength of 1.8 microns, thus
eliminating all visible light., The compensating flake is idertical to

the active flake and each is biased by a 180 volt dry hatterv,

The preamplifier i= a Barnes Engineering tvpe DP..2A, mndified %o
give a 1 to 1000 cycle per second tandwith, It uses two AL12 tubes,

and with negative feedback ha= a gain of 170C. An Applega‘e 12 volt

CONFIDENTIAL




e

T W AR

TPt e B e e f ot iR

' CONFIDENTIAL

’
/

DC supply heats the filaments, and plate voltage is supplied Dy =
300 volt, 20 ma Transpac unit with additional filter =zz.

Horizontal scanning is accomplished by osciliating i plLane
front-surface mirror, located directly in fror® of the tvelescops,
about its vertical axis. A cam, driven by a 70 rpm Borg gsarmotor
and riding on a cam-follower attached to the mirror, provices a
linear back-and forth-(azimuth) scan of 20°, thus producing twe and
one-third scans per second. A center-tapped potentiometaer cornasted
to the "™B" supply is also driven by the motor to previde a .aw' »h

voltage wave synchronized with the mirror positicon for hoslioor oo

deflection of the oscilloscope trace.

The oscilloscope employed was a Dumont 304A wodifliel vy .re.cing

the lead at one side of the internal "Y"™ Ccenter control and lass ilag
an external shielded lead connected to a micropot shunted by = nomally
adjustable variable resistor. The micropot was driver nHy = 1/4 ~pm
clock motor, thus varying the vertical position of the azImulh “uan
trace so as to create a raster covering the full soreen; %lus, e
horizontal axis of the oscilloscope screen represented the —io 4

azimuth of the radiometer, and the vertical axis represerved i,
The time necessary to complete a raster was adjustable from = faw

seconds to several minutes by means of the shunt ng rec. T re 4

W

practice 45 seconds was found to be the most useful tiza t ~om)

the raster (which was one inch high).
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This presentation was then photographed by a Dumont Oscilio-
record camera using a Polaroid-fiim backe. The picture thus takan
presented successive horizontal azimuth scans as a function of .ime.
This presentation clearly indicated the location in azimuth of observ=-
ed temperature discontinuities of as short as a few seconis duration.
The short time between successive exposures of the Polaroid camera was

of great assistance in optimizing performance of the equipment.

In practice, it was found that the azimuth scan departed -oa-
siderably from a straight line due to slow changes in the back;round
temperature and produced a confused raster which tended to obscure
the transient phenomena in which we are interested., To corrzci Chis
situation a Krohn-Hite model 330-A ultra-low frequency band-pass filter
was inserted in the vertical deflection circuit. It was lowud uaas
with a low frequency cut-off of 20 cps an acceptably straizit Ll ae
could be obtained without degrading the short time phenomens except
for some distortion of the signal wave form., To further onhar-: Lhe
legibility of the data display, intensity modulation of th: o..llloscope
beam was used. An auxiliary resistance-coupled amplificr using wwo
type 6AU6 pentodes with feedback and variable gain control wie cone
structed to raise the signal voltage to a suitable level 1 or. - Lo
accomplish this. It was found that a combination of both intensivy

and amplitude modulation provided the most mearingful preserta’ iom,

The intensity amplifier and its Lambda regnlated power =upply, the

vertical scan mechanism, a function selector owitch and rnezcscorr oneoff
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FIG.1. RADIOMETER, SUPPORTED ON ADJUST-
ABLE TABLE TOP

FIG.3.IMPROVED SUPPORT FOR RADIOMETER
(TABLE ON TRIPO!

FIG.2. CAMERA MOUNTED ON OSCILLC
(LEFT) AND CIRCUIT CONTROL CASE

FIC 4 JRMED WHEN Wi
. D FROM “A-F



















FIG.5. (ENLARGED). SPLASH INDICATION IS LARGE
JOUBLE SPOT,A LITTLE ABOVE CENTER OF PIC -
TURE. DOUBLE VERTICAL LINE JUST TO RIGHT IS
INDICATION OF REFERENCE B

FIC.6.(ENLARGED) SPLASH INDICATION IS
WHITE AREA RIGHT OFCENTER OF PICTURE
VERTICAL LINEATRIGHT 1S REFERENCE
BUOY; VERTICAL LINE A FT EDGE IS
"DYNAMITE TENDING BOAT: AND DIAGONAL
LINE 1S PASSING MOTOR BOAY
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FIG.T. TEST. INDICATION OF FACTORY CHIMNEY FI1G.8. INDICATION OF SPLASH DUE TO DROPPED
(RIGHT), AND NEARBY WATER TOWER (LEFT), OIL DRUM.VERTICAL LINE RIGHT IS END OF
RANGE ABOUT ONE MILE. PIER

—

¥ SHOWS AROUT

0) SPLASH DUE TO
0 \RTER DISTANCE
FRON y WED BY DIAGONAL
INDICATION OF FLOA RUM DRIFTING TOWARD
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FIG.10
BEARIN
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tECTLY IN FIC.II. INDICATION XPLOSIVE-CREAT-
ED SPLASH EXPERIMENT CONDUGTED
SEVERAL DAYS AFTFR ¥
RESULT 08

NDICATION IS D14










FI6.13. SPLASH FRON AIR DROPPED
DUMNMY PRACTICE MINE. (NOTE IS
SECOND DURATION OF SPLASH.)
(TRANSPARENCY USED IN POLAROID CAMERA)

FIC.14. TRANSPARENCY PHOTO OF INDICATION
OF SPLASH FROM AIR DROPPED DUMMY
MINE.

FIG.15. INDICATION OF SMOKE FRON
DOUBLE DROP OF SWOKE-BOMBS
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FIG.IT. DUMMY MINE SPLASH AT RANGE

2000YDS. AIR DROPPED
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FIC.I9. DUMMY MINE SPLASH AT RANGE

3500 YDS. AIR DR
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FIG.18. DUMMY MINE SPLASH AT RANGE
3000 YDS AIR DROPPED

| — |
FIG.20 DUMMY MINE SPLASH AT
RANGE 2000 YDS
FIG.21. DUMK! ROPPED AT
RANGE 0 "IN LINE
WITH PA (G BOAT (SPLASH IS

SHORT LINE NEAR BOTTOM, LEFT OF

BOAT INDIC
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