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ABSTRLCT

Data available at this Laboratory indicates” that the German
lead sulfide detector (Elac) gave the same operating ranges during
ideal nidwinter conditions as the smaller Germen bolometer detector
(Donau): A consideration of the optical paramneters of the two systenms
shows that the lead sulfide system has only one sixth the semsitivity
to low temperature radiation as an equivalent bolometer system. The
Germans reported an increase of 60% in the operating range of an
equivalent bolometer systea over the smaller Donsu.

Laboratory and ficld measuremenis on a lead sulfide detector,
constructed by this Leboratory and employing a captured German cell,
show that the lecad sulfide system when operating under the best con—
ditiens clectronically is only onc seventh as sensitive to low teapera—
ture radiation as an ecuivalent thermister - bolometer system. Also, the
lcad sulfide system's ranges on surface vesscls decr.ase ruch faster
with increasing atmospheric water vepor than do the ranges of the con-
ventional thermal detection systen.

It appears as though the lead sulfide cell makes a relatively
poor detector of surfacc ships.
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CHAPTER I
INTRODUCTION
Authorization: The Director, Naval Research Laboratory.

Informetionts2s3 available at this Laboratory indicates that the
German Navy had sponsored the development of two types of surface ship
detectors, One type known as the Warmepeilgerat Zeiss, Donaugerat 60
employed a conventional compensated bolometer, The other type known as
the Warmepeilgerat Elac, WFG EST, Seeziehl employed a single uncompensated
lcad sulfide cell, According to Dr, Gaertmer, who wes in charge of these
developments, the lead sulfide detection equipment was not well designed
and was continually breaking down, hence never saw action in the ficld,
This unit conscquently was never produced on a scale with the bolometer
detection equipment, Perhaps that is why such a unit was never available
for testing by this Laboratory, Comparative tests bctween the lead sulfide
and bolomcter detector werc made by the Germans during the winter of 1943-
19/ under idecal weather conditions, Both devices gave the samc ranges on
the samc targets, They are: (1) 10 km on U boats, (2) 20 km on the
German tcst vesscl "Strehl", and (3) greater than 20 km on a destroyer,
hull down, It was stated that because of the greater resolving power of the
bolomcter detector, it was very difficult to locatc targcts with it at ex—
trome ranges, With the cxception of this operational difficulty, it appears
as though the lcad sulfidc and bolometer systems arc cquivalcent. Howcver,
this is not thc casc for the lead sulfide detcctor cmploycd a 150-cm dia-
meter collecting mirror with a 6.2 cm focal length, whercas the bolometor
detector employed a 60-cm diameter collecting mirror with a 65-cm focal
length, The minimum detectable signal in watts per cm? which a system with
a given sensitive clement can detect is given by the cxpression

iiin, detectable signal =K F Vag
in watts/cm? D

= & = number of system (focal lcngth/diamcter),

= vortical and horizontal ficld of view (degrees),

= diamcter of collecting mirror (cm),

= constant of proportionality (valuc depends on type of
system),

Noise levcl of cell is assumed to be constant and independent

of ccll's configuration or area,

where F
af
D
K

Thus, if 2 bolomecter of the corrcct size were placed in the 150-cm lead
sulfide system, the scnsitivity of this new system would be more than six
times the sensitivity of the 60-cm bolometer unit (& and £ are the same in
both cases), This would morc than double the threshold range in a vacuum
(no atmospheric absorption), Thc Germans did just this and found that the
new 150-cm bolometer unit gave a 60 per cent greater range than the old
60-cm bolomcter unit, The fact that the range was not increascd more is
due, of coursc, to atmospheric abosrption, In other words, then, the con-
ventional bolomcter detector has six times the sonsitivity of an identical
lcad sulfide detcetor, Dr, Gacriner, however, stated thet he belicved the
lead sulfide systeom would soon be superior to the bolometer system provided
that thc Germans could get the bugs out of it and that the response of the

1) - 3ie

DECLASSIFIED



cell could be extended to longer wavelengths,

In view of the fact that the above information is bascd on reports
f the interrogation of prisoncrs, it seccmed advisable for this Laboratory
to verify the results experimentally, In addition, thc fact that the lead
sulfide cell can be operated at frequencies much highcr than possible with
conventional thermal clements, thus making -it possiblc to rcduce the cffeets
of shipboard vibration (microphonics) and at the samc timc increasc the
ratc of scarch, made it cven more imperative that the potentialitics of the
cell be investigated here, Consequently, this Laboretory undertook the
cxperimcental investigation of the lead sulfide ccll os a detector of surface
vessels,

The investigation consisted of devcloping and constructing a de—
tection systom which took full advantagc of the lcad sulfidets potentiali-
tics and still represented a practical device for shipboard use, This
systom was then compared cxperimentally, both in the laboratory and in the
field, with a standardized thermel detection systom of knowm sensitivity
and characteri stics, The rclationship of this stondardized detcctor to
that now being considered for shipboard usc is knovn, hence a comparison
between the lcad sulfide unit and the best availablc shipboard thermal
unit can be made,
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CHAPTER II
THE DETECTOR

The detection system employing the lead sulfide cell is showm in
Plate 1, It consists of an optical system in which is mounted the lead
sulfide cell and preamplifier all of which are mounted on a scanning table,
This scenning table is coupled mechanically to a helix recorder upon which
appear signals from the preamplifier after they have been amplified by a
power amplifier, The power amplifier, together with its power supply, are
mounted in the same cabinet which houses the recorder, Recorder and scanning
table run in synchronism with respect to each other, Radiation from any
target within the optical system's field of view is focused upon the cell
momentarily as the optical system sweecps across the target, The resulting
voltage pulse £.om the cell after being amplified by the preamplifier is fed
via the siip rings in the scanner base to the final power amplifier which,
after additional anplificction, feeds it to the recorcer, There it appears
as a dark spot on the paper, the intensity of the spot being roughly pro-
portional to the strength of the signal, The position of the spot on the
paper along a horizontal line corresponds to the bearing of the target,
Since the paper is contimually advancing through the recorder, repeated sweeps
by the optical system across the target produce repeated dark spots, one
below the other, on the paper at the instantancous be:ring of the target, A
record similar to that showm in Flate 2 is thus produced, The use of this
type of recording permits recognition of signals vhose amplitudes sre as low
as one quarter that of the noise simply because the siznals line up and the
noise does not,

The cell, Plate 3, chosen for this work was a captured German unith
with a sensitive area measuring 3 mm vide by 3 mn high, The name plate on
the cell gives the following information: Baummster ST-Z3, Anforderz D,
Work - Nr, 137613, bbw, This cell was chosen becouse it has the smallest
sensitive area of thosec available and hence, when used in combination with a
suitable optical system to provide a given optical field of view, yields the
greatest sensitivity, The optical system, in which the ccll is mounted,
consists of a 12-inch diameter, £/2.5, first surface, parabolic mirror of
optical quality, iLlounted on thec optic axis at A45° to it is an optical flat
vihich brings thc focal plane at the base of the system, The optical system
was constructed by the Farrand Optical Co., Inc, of New York, New York, The
optical parameters of the system with the cell mounted in the focal plane
symmetric with the optic axis arc shown in Plate /, The horizontal and ver-
tical dimensions of the optical field of view are both 0,22 degrees, For
shipboard application the horizontal dimension should be 0,1° to give the
necessary bearing accuracy and the horizontal dimension should be at least
0.5° to compensate for crrors in shipboard stabilization, However, there
was no choice 1ith respect to shape in this case, The parameters of Plate A
represcitt a fair compromise,

The sluing specd chosen was 10 RE{ or 60 degrecs per second, This ds
considerably faster then the scanning spced of the present shipboard units,
However, the latter scanning speed is rmuch tco slow, The 10 REM speed is an
estinate, based on expericnce with other units, of what is acceptable, The
sluing motion is one of continuous rotation in onc dircction and is not a

14 o B
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sector scan, Micro switches, which are placed at 120°degree intervals on
the base of the scanning table, through the action of interlocking relays
permit the printing of signals from only one 120°dezrec at any one prede—~
termined setting, The recorder is geared to the scanning table so that it
travels three times faster than the scamner, thus zllowing the full width of
the paper to reprcsent 120° rather than 360 , The 120° sector, which is to
be printed, is chosen with a selector switch, The elcctrical circuit, which
provides this, is shown in Plate 5, The actual swit.iing is done at the
output of the power amplifier and consists of throwing the recorder across
the output of the amplifier for one 120° sector and then a dummy load
resistor for the remaining two 120° scctors,

Since the scanning speed is 60 degrecs pcr sccond and the horizontal
component of the optical field of view is 0,22 degreces, a point source of
radiation willi cause the cecll to generate an approximately rectangular shaped
unipolar pulsec once per complcte revolution of the scamner, The duration of
the pulse is 0-22/60 or approximately l/2701'..}1 of a sccond, However, few
targets are point sources at the ranges at which the prescnt cquipment now
works, hence, the above may be considercd as a minimum time duration for
irradiation, For this work a pulse duration of approximately 1/260th of a
second was assumcd, Unfortunately, thc gencrated pulsc is unipolar since
the cell is of the uncompensated type. It has-becen showrr that an increase
in signal-to-noise ratio of more than two times could be realized if the cell
were of the comrcnsated type. (This applies to cells or clements of any type..

Since the signal is an isolated pulse, a straight pulse amplificr was
first employed, This amplifier was tuncd %o 130 c.p.s. with a bandwidth of
130 c.p.s. This tuning was done in the preamplificr, thc wiring diagram of
which is shown in Flatec 6, The tuning was accomplisshed by the platec load
shunting and undcr coupling of threc pentode stages., It can be shown that

1

£, T
° = 28 r0?
provided that 5/ R,= 10R
(:_ B 8 = RS
where fo = poaking frequency in c.p.S.,

T w2116,

Ry = pentode plate load in ohms,

C. = plate load shunt in farads,

Rg = grid lcak of following stage in ohms,
C = coupling capacitor in farads,

The above applics to pentode stages only and gives o symmetrical tuning curve,
It takes three such stages of tuning to give 2 fractional bandwidth between
the half power points of approximate vnity. The tuning curve thus obtained
is showre in Platc 7, The preamplificr was designed to work down tc the therm-
al agisation noise level of a wire wound input load of 100,000 chms. This
necessitated wire—wound resistors in the first stages and for simpliecity
batterics for filaments and B*, However, it was found thet the current noise
in the cell, when cooled with dry ice, was six times the thermal agitation

i o

DECLASSIFIED



noise level of a 100,000 ohm wirc-wound rcsistor, Thc ccllts load was a
200,000 ohm wire—wound resistor with a 90 volt supply. The voltage on the
cell (cooled) itself as mecasured with a 10 megohm meter was 15 volts, This
gives a resistance of 100,000 ohms for the cell,

The output of the preamplifier was fed via a cathode follower to the
power amplifier, The wiring diagram of the power amplifier and its power
supply arc shown in Plates 8 and 9, It consists of a balanced modulator
whosc carrier frequency, supplied by a local oscillator, is 2000 e,p.s. The
entire amplifier is of the push-pull type, For the amplification of pulses
push-pull is considcrably casier on the power supply than single ended stages,
This power amplifier is a standardized unit developed by this Laboratory for
general detection work, A number of these units have been constructed by
the Navy Underwatcr Sound Laboratory at Mew London for this purpose, The
power handling capabilities of this amplificr arc shown in Plate 10, With a
properly designed input transformer this amplificr can handle pulses of eny
duration down to one millisccond,

The output of the power amplifier is rectified before being applied
to the helix recorder, Since the rccorder is of thc cheomical type wherein
narks are produced as a result of chemical deposition, it is obvious that a
pulsc-modulated carricr, whose frequency is high comparcd to the speed of
the recorder, will produce a chemical deposit during onc half of a cycle and
then remove it during the next half before the rccorder has had a chance to
move appreciably, Hence, rcctification of the carricr is nccessary before
the pulse is applied to the reccorder,

The recorder cmployed here is one supplicd by the Alden Products Co,
of Brockton, Mass, It is the same type as cmploycd for facsimilic trans-
mission, *The printer bar is platinum-iridium and the helix wire is Monel
mctal, The printer bar is maintained negative with respect to the helix,
The paper cmployced is supplied by Radio Inventions Inc, of New York City,
It is eight inches wide, This corresponds to 120° or 15© per inch and permmits
thc resolution of two spots not less than 1/4° apart, The resclving power
of the optical system and anplificrs is better than this, However, it is
good cnough for experimental purposes,

The above dectection system was given a nmumber of laboratory tests
and then in March, 1946, was taken to the Burcau of Ships Test Station at
Lewes, Delaware for a field test employing the U,5,S, Callao as a surface
target, The results of this test arc described in another section of this
report,

The results of both laboratory and fiecld tests scem to check the re-~
ported German rcsults of the inferiority of the lcad sulfide system, How—
ever, it was still possible thet something was becing overlooked so it was
therefore decided to investigated more thoroughly the possibility of cmploy-
ing the lead sulfide ccll morc advantageously, Thé particular cell being
employed was subjected to 2 serices of mecasurcments, thc results of the most
important of which arc shown in Plate 11, The mcasurcd frequency response
curve is shown in this platc, Also shown is thc mcosurcd ccll noisec as a
function of frequency as observed with a2 constont unit bandwidth, It will be
noted that below 100 c,p.s., the cell noise varies with frequency in
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accordance with scmi-conducter thcoryé, namely, it falls off with increase-
ing frequency as the reciprocel of the frequency (noise « l/f). At 100
C.PeS., Where thc cell noise is six times the normal thermal agitation
noise level of a 100,000 ohm were wound resistor, the noisec ccascs to fall
as rapidly as at lower frequencies and appears to be approaching a field
velue of noise assymbstically, At 1000 C.P.S. the mcasured cecll noise is
only twicc the mcasured noise from a 100,000 ohm resistor, Thus, the cell
noise gradually approaches the thermal agitation noisc level with increcasing
frequency, This is exactly as predicted by semi-concuctor theory for it
should be cxpected that at higher frequencies semi-concuctor noisc would
ccasc to predominatc and that the cell noisc would be strictly of a thermal
agitation nature, Alsc plotted in Plate 11 is the cell noise spectrum for
constant percentage bandwidth as calculated from the mecasured spectrum for
constant unit bandwidth, In Plate 12 are plotted in arbitrary units, the
signal-to-noisc ratios for this cell for both constant unit bandwidth and
constant percentage bandwidth,

It will be noted that the constant percentage bandwidth curve shows
the best signal-to-noise ratio to be in the vicinity of 100 c¢,p.s. It will
bc recalled that any detcction system which scans over a target once per
resolution of its optical system and in so doing irradictes its receiving
elecment with a singlc isolated pulse of radiation, must employ a pulse am-
plifier tuncd to a frequency determined by the durstion of the pulse with a
percentage bandwidth (between half power points) of not less than and usually
equal to 100 per cent, The faster an optical system scans with a given
cell, the shorter the duration of the pulse and thc greater the necessary
peak frequency and bandwidth, Referring again to figurc 12, it is obvious
that since thc best signal-to-noise ratio for constant pereentage bandwidth
occurs around 100 c,p,s, and since the bandwidth must be 100 per cent, the
peak frequency must also be in the vieinity of 100 C.P.S, - The peak fre-
quency chosen for the detector mentioned above was 130 C.P.S. Or an optimun,
Thus nothing more can be gained from the cell by enploying it in this
manner, However, refcronce to the constant unit bondwidth curve of figure 12
shows that the best signal-to-noise ratio occurs at 100 c¢,p.s8, This is true
no matter what the mumerical value of the bandwidth is, Thus, if the radi-
ation falling on the cell could be chopped at or neor 400 c.p.S., then a
scrnning speed -and hence a bandwidth for a maximum sisnal-to-noisc ratio
could be chosen, It is obvious that the narrower the bandsridth at or near
%00 e,p,.s,, thc greater would be the signal-to-noisc ratio, However, too
narrow a bandwidth mcans a high Q, which would make the system unstable and
difficult to kecp lined up electronically, For cxXample, if it were decided
to cmploy a scanning specd of 1 RPil, which is what tic prcesent shipboard
detectors employ, a bandwidth of about 15 c,p.s. at say 200 CeP.S, could be
used, This would mcan an incrcase in the signal-to-noisc ratio of approxi-
mately 3,5 times cver that obtainable with the 130 C.D.5, pulsc system, The
Q of such a system is a little too high to be practicel, - Hence, it would
be better to employ the 15 e.p.s, bandwidth at say 150 C.D+S, Whenee an ime
provement of approximetely threc times in the signal-to-noisec ratio could be
roalized, Such a system would, of course, have to scen at 1 REM and would -
be inferior in semsitivity to the present shipboard units, (Sce Chapter 3).
In view of thc fact thrt it would be necessary to medify the detection systen
cxtensively to toke advantage of this possiblc incrcase in signal-to-noisc
ratio, which would not improve its performance sufficicntly to put it on a
par with the shipboard units, it was decided to abandon the project,

O e
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However, an experimental check on the above decductions was made, The
performance of the system was observed at 1000 c.p.s. The amplificr band-
width employed was 130 c.p.s. so as to facilitate correlations of these re~
sults with those obtained with the 130 c.p.s. pulsc system, To do this, a
multi-bladcd shutter was installed in the optical system as shown in Plate 13,
The shutter chops the radiation at 1000 c.p.s., before it falls on the cell,

A sccond preamplifier was employed. Its wiring diagrem is shown in Plate 1L,
Its frequency response is shown in Plate 15, The bandwidth was obtained at
1000 ¢,p.S. by al%usting the amount of negative fecdback from a parallel-T

RC filter nctwork! over a single stage comprising a 65J7, The signal from a
target as obscrved at the output of the preamplificr is a pulse nmodulated
1000 c.p.S. carricr, This pulse is demodulated at thc output of the pre-
amplifier by a full weve copper oxide rectifier and is then fed to the power
amplificr, This procedurc would, of course, not bc nceessary if the carricer
frequency in the power amplifier werc higher, The results of laboratory
tests on this 1000 c.p.s. system verificd the calcul:tions that an improve-
ment of only 20 per cent or 30 per cent in the signal-to-noise ratio was
possiblc under thesc conditions and that the systom was not appreciably bettcr
than the 130 c.p.s. onc, In July 1946, a second ficld test was also made at
the Burcau of Ships Test Station at Lewes, Delawarc employing the U.3.5,
Callao as target, The results of this test arc deseribed in the necxt section

of this report,
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CHAPTER III
LABORATORY AND FIELD TESTS

The standardized thermal detection system with which the_subject
lead sulfide system was compared is described in another reports. Briefly,
it consists of a 2/-inch dismeter, f£/2.5, parabolic collecting mirror at
the foeal point of which is mounted an 1/16™ x 1/8" Ippley wire thermopile,
The associated pulse amplifier peaks at5 c.p.s. and has an equivalent input
noisec level of four times the thermal agitation noise level of the thermo—
pile, The system is similar to the subject one with the signals being pre—
sented on a chemical recorder, The minimum detectable signal for the entire
system is 7 or 8 x 107 watts per cm® which is approximately two times
greater than that of the shipboard models, In other words, the shipboard
rmodels arc morc scnsitive, Their threshold or maximum dectection ranges on a
given vesscl arc approximately 20 per cent greater than those of the above
standardized thermopile unit, Additional details concerning the shipboard
detector may be found in an NDRC rOportg. Theoreticolly, the standardized
thermopile detector should be about 5 times morc sensitive than the ship-
board unit, Thc fact that it is a factor of ten off may be accounted for by
the unduly high noisc level of the associated amplificrs and the poor fre-
quency rcsponse of the thermopile, Thus, if a sensitive clement of the type
cmployed in the shipboard units (2 thermister bolometer) were employed in
the thermopilc system, whose scanning speed were incrcased to 1 RPd, and hac
the samc shape and arca as that of the thermopile, the above factor of ten
could be realized,(provided, of course, that the noise level in this new
thermister were the same as that of the shipboard thermister, which 1s
possible), In other words an equivalent standardizcd thermister system,
which scans at 1 RFif, would be capable of detecting 8 x 10~ watts per cm?
whereas the present standardized thermopile detector, which scans at 1/6 RRM,
is capable of dctecting only 8 x 10~11 watts per em?. This should be born
in mind when a comparison between the subject lead sulfide system and the

standardized thermopile detector is made,

The above cxpressions for radiation density apply to the power radi-
ated by low temperature sources, such as, surfacc vesscls, The sensitivity
of a conventional thermal detector is always expresscd in terms of the total
power density from a black body source at a few degrccs above room temper-
aturc without specific regard to thc wave length of the radiation, Surface
vesscls may be considered black bodics parts of which rarcly exceed 100° C,
The spectral distribution of the output radiation is, thercfore, very similar
to the calibrating sources cmployed in the laboratory, The peak of such
curves oceurs in the vapor window between 8 and 13 mierans,

The spcetral scnsitivity of a cooled lead sulfide ccll is considerably
diffcrent, It is scnsitive to wave lengths between approximately 1 micron
and 3 microns with thc peak scnsitivity occurring at about 2,5 microns, The
power output from a surfacc vesscl is much smaller in this region than in the
vapor window, Then too, the transmission of the atmosphere may be different
in this rcgion than in thc vapor window~-, However, the sensitivity of the
cooled ccll in this short wave length region is considerably greater than the
sensitivity of ony thermal clement, hencc, this partially compensates for
lack of target radiation and any diffcrence in atmospheric abosrption, Sincc
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in this problem, thc cell is cmployed against low temperaturce targets, the
scnsitivity of the cell will be expressed in terms of total black body
radiation from such targets in thc same manncr as for thermal elements, This
will facilitete comparisons of the effective merit of the lead sulfide cell
with that of conventional thermal clements,

Upon complction of the 130 c¢,p.s. pulsc amplificr for usc with the
lcad sulfide cell, thc cell-amplificr combination was compared in the lab-
oratory with the thermopile-amplificr combination from the standardized do-
tector. The procedure involved consisted of sctting up a2 black body source
of radiation of known temperaturc in front of which was placed a large shicld
with a small circular hole of known diameter, A motor driven shutter blade
was then placed in front of the hole so that it choppcd the radiation emanat-
ing thercefrom at 130 c.p.s, for the lead sulfide ccll and 5 c,p,s, for the
thermopile, The chopped wave was a square wave with cqual on and off periods,
A sccond shicld was placed in front of the shutter, It had a slighter larger
hole in it so as to expose only the cffective portion of thec shutter, With
the black body source held at a fixed temperaturc and the shutter held as
closely to air tempcraturc as possible, the two cclls, one at a time, were
placed in front of the shuttcred hole and then backed off until the signal-to-
noise ratio became unity (noisc plus signel = V2 x noisec), The distance
from the source of radiation was then mecasured, From thc data available,
the power density for a given threshold distance was czlculated, The power
density was olso measured with a calibrated thermopile, The results are
shovm below:

Source Temperaturec PbS Cell Thermopile
(Degrees C) Ewatts/cm “for °/N = 1) (wotts/em? for SN = 1)
(Ambient = 25° C) 130 c,p.s. square chop) (5 ¢,p.s. square chop)

30° of T, T F 1.8 x 107 0,50 x 107¢
60° 1.7 %30 ¢ 0.50 x 10‘6
100° 1.2 % 15" 0.50 x 10~

Had the cells been irradiated with single isolated pulscs of correct duration
and shape to simulate the action of an image of a ship sweeping across then,
the power density figures above would be about 35 per cent greater, This is
due to the differcnce in the steady-state responsc and pulse response of the
associated amplificrs (Pulse response/stcady-statc response = 0,75)., The
scnsitive areas of both cells are not the same, lecad sulfide cell-9 mm~,
thermopile-5 mmz. However, it will be assumcd that both are the same for the
sake of simplicity cven though such an assumption docs favor the lead sulfide
cell, On the basis of the above figurcs, (assuming identical cell arcas),
the calculated scnsitivities for the complete detection systems are:

Source Temperaturc PbS System Thermopile System
(Degrees C) (12" mirror) (24" mirror)
(Ambient = 25° C) (watts/em2 for S/N = 1) (watts/cm? for SN = 1)
300 1. x 10-9 1.0 x 10-10
600 1.3 x 1077 1.0 x 1010
1000 1.1 x 077 1,0 x 10710
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The entirc lecad sulfide system, including the recorder, was 2lso calibrated,
This was donc by placing a black body sourcc at 100° C ot o sufficiently
great distance from thc optical system, so thot, whon the system was focused
properly, the image of the scurcc was smaller than the scnsitive arca of the
cell, The optical system was then made to scan across the black body source,
The optical system's aperturc was then completely covered with a piece of
cardboard, A su2ll hole in the cardboard was then gradually recduced in size
until thc tracc produced by the black body sourcc was just visiblc on the
recorder (mixed in with the cell noise), The offcctive power density a2t the
aperture of the optical system was then calculated, Thc ratio of the area

of the hole in the cardboard to the arca of the system's mirror gave the re-
duction in density provided by the cardboard stop, In this manncr the min-—
imum detectable signal from a 100° C source sct against a 30° C background
was found to_be 6 x 10—10 Wﬂtts/cmz. The value for the thermopilc system is
7 or 8 x 1011 watts/cmz. Of course, a factor of four can be attributcd to
the diffcrence in the size of the collccting mirrors = 2" diamcter for the
thermopile vs, 12" diameter for the lead sulfide ecll, Had the optical
systems becen identical, the sensitivity of the thermopile system would still
be slightly more than twice that of the lead sulfide system, As stated
previously, the thermopile system is a factor of ten less sensitive thon an
cquivalent thermister-bolometer system, Thus, the 130 c.p.s. lead sulfide
system would be a factor of twenty less sensitive than an equivalent therm-
ister-bolometer system, Had the lead sulfide system been designed for a
slower scanning spced with thc associated amplificrs tuncd to 150 ¢.p.s. with
a 15 c.p.s. bandwidth as mentioned in Chapter IT and the improvemcnt of threc
times in the signal-to-noise ratio rcalized, the lcad sulfide system would
still be a factor of scven less sensitive than on cquivalcnt thermister bolo-
meter system, It will be recalled that the factor bascd on the German's
expericnce was six times, Thus, the results check rather well,

The lead sulfide system was given a ficld test in liarch 196 and again
in July 1946, The target was the U,.S.S., Callao. The test vessel procceded
with all lights off, The threshold ronges are tabulsted in Plate 1 together
with those for the standardized thermopile system, All ranges arc for the
stern aspect only, The lead sulfide unit was unablc to detcet the Callao at
the ranges at which the vessel could operate safcly ~ 3500 yds, or greater
from shore, Thc bow thresholds for the thermopile system are roughly one half
the steim thresholds, It will be noted that the threshold ranges for July arc
considerably less than for larch, Other mcasurcmentsit have shomm that the
midsummer ranges for a conventional thermal detector are only onc third the
midwinter ranges, It acppears from the data of Table 1 that the reduction is
considerably greater for a lead sulfide system, Notc in March how much faster
the threshold ranges for the lead sulfide system decrcase with increasing
water vapor comparcd to the thermopile system, The German claims are basecd on
work carricd out under ideal midwinter conditions, Under such conditions the
stern threshold for the U,S.S. Callso as obscrved with the thermopile system
is 18000 yards!

In general then, the present German lead sulfide eclls do not make goocl
surface ship detectors, In addition, the cells arc microphonic as has been
reported by the Germans< and great care has to be cxercised when using thenm,
Alsc the noise lcvel and the sensitivity of the cell is greatly influenced by

R -0 -
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the particle size of the crushed dry ice employed, Only a carefully powdered
snow of dry ice will do, Larger chunks raisc the noisc level and reduce the
sensitivity, The ctlls arc not suitable for shipboard detection work,
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TABLE 1

Threshold Ranges for Lead Sulfide and Thermopile Systems

PbS System

5,500 yds,
1,100 yds,

less than
3500 yds,
less than
3500 yds.
less than
3500 yds,

less than
3500 yds,

Target - U, S, S, Callao, stern aspect.

YPile System

11,500 yds,
10,900 yds,

92,000 yds,

5,000 yds,

5,600 yds,

7,000 yds,

Date
3/6/16
3/6/L6
3/6/L6
7/10/16

7/11/16

7/11/16

PET H O
Time Cm/Sea Mi
2000 1.4
2100 1.5
2300 1.8
2200 3.4
2200 - X
2300 3.3
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Remarks
Visibility
12 mi
Foggy
Very Foggy

Light Rain

Very Hazy
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