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Abstract

Present U.S. Navy Window for the S—-band has its maximum effect
when used against S-band radars having horizontally polerized antennas.
vhen used at low altitude (small angles of elevation from the radar), the
present S5-band ¥indow has little or no effect against radars having ver-
tically polarized antennas. A random-falling type of S-band Jindow is
required for use in rockets and shells to be used to screen surface tor—
gets. In this use, elevation angles will always be small.

Thirteen Uindow types were tested. Two new package types which
give the desired results are recommended. These are now specified in
Navier Specifications :i622. They are type 10270F(017) which contains
34,400 dipoles and type 10397 which contains 60,000 dipoles. The material
used in 10270F(017) is particularly adaptable to shell ard rocket loading
under compression. The 10397 pPzckage is light and is recommended for use
when weight is the limiting factor.
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INTRODUCTION.

X This report is an account of tests made =t the Naval Research
Laboratory to find a satisfactory type of "Window" for use in the "S"
band of radar frequencies for either horizontal or verticsl pelarization
of the radar waves.

1-1. References pertinent to this report are contained in = list at
the end of the text. The work on which this report is made was conducted
under the authorization of NRL Problem S15R-S in accordence with the let-
ter of reference 1.

12 A previous Window report from this laborztory, reference &,
discussed the general properties of U.S. Navy Window. It was noted that
the standard S-bend Window, CAFJ 10270A(017), falls so that its length is
always horizental. This would be unimportant were it not for the fact
that reder using verticelly polarized emission would be almost invulner-
able to this type of Window ot low elevation. In perticulsr, vertically
polarized S-band fire-control reder, when used for surface gun-laying,
would not be disturbed by the use of CAFJ 10270A(017) since its return
for vertically polarized radistion is very smell., (This Window material
is still effective, however, if the angle of elevotion from the radar is
large. As the angle of elevation is increased the component of the radia-
tion in the horizontsl Planc increases. For Window directly overhead the
radar-sntenna polarization is immaterial, since in this case both the
electric and magnetic vectors of the radar signal lie in a horizontsl plane.)

1-3. During the search for = satisfactory type of Window for ver-
tically polarized emission many types were tested, including one having
the seme dimensions as the "Shims" (so-called because of their obvious
former use) used by the Germen Air Force against U.S. Army radar equip-
ment on the Anzio beach-head. (See letter of reference 5.)

DESCRIPTION OF MATERIALS TESTED.

2 The widths of the various msterisls tested for S-band use ranged
from .O45 inch to ,188 (3/16) inch, and lengths renged from 1-13/16 to
1-7/8& inches. Detailed information on the types tested is given in the fol-
lowing perrgrephs, snd a tabulation of this informaticn is contzined in
Table 1.

21, CAFJ 10270A(017) is the U.S. Navy stonderd S-band Window (sce
Spec. RE 13A 836B). This meterisl contains 16,000 dipoles in a single
sleeve package. Ordinarily two sleeves serve as a unit; i.e., 32,000
dipoles simulate a heavy bomber. The meterial of which CARJ 10270A(017)
is made is called "Navy A" material. Soft aluminum foil of .00035-inch
thickness is laminoted between two sheets of tissue weighing 12 1lbs. per
ream. Each dipole is 3/16 inches wide by 1-7/€ inches long. (See photo-
graph of Plate 19.)

22, CHA-5(3) is composed of 30,000 to 40,000 dipoles helf of which
are +0008-inch-thick hard sluminum foil 045 inch wide backed with 15-1b.
tissue. The other helf are .000é~inch~-thick bare foil nominally .045
inch wide. The material is cut in a rotary chaff cutter (reference 6) in
conveniently large lengths, then o bundle of chaff containing the desired
number is cut to the proper length in 2 guillotine cutter, The Window

so cut is then placed in = rectangular sleeve folder having end flaps to

A
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prevent the material from falling out at the ends. The numeral S dn
parentheses is used to designate the size of the DPackage; i.e., CHA-5(3)
is a triple unit and contains three times the number required to simulate
a heavy bomber. The numersl 5 indicates the S-band, i.e., neminally 2700
to 3400 Mc. A triple unit for the S-band should contain 80 to 90
thousand dipoles. It will be noted in Table 1 that there were 30 to 40
thousand dipoles in the CHA-5(3) packages used in these tests. The
photograph of Plate 20 shows CHA-5(3)A. The CHA-5(3) is similar except
for dimensions.

2-3. CHA-5(3)A. (Navy designation CAFJ 10397). The letter 4 in
his case indicates modification effected for these tests. The CHA-5(3)A
is produced by the same methods as used for the CHA-5(3) except that the
material used is .0008-inch-thick hard foil .045 inch wide backed with
15-1b, tissue glued cnly helf way. The unglued Pertion of the tissue
serves as a spinner (similar tc thet on the maple leaf seed) to favor a
fall with a component of the length vertical. Furthermorc, the glue on
the other half of the dipole weighs it down and thus incresses the verti-
cal component. The term "split chaff" will be applied to’ this material.
This technique of cutting chaff to length in a guillotine cutter was
developed by Standerd Helling Mills, Inc., =t the specific request of the
Bureau of Ships, in order to adapt Chaff materials to use in theatres of
the war where the length required cennot be predetermined. The applice~
tion of this technique to S-bang Window greatly reduces the weight and
bulk of the packege. (See photograph of Plate 20).

-4, Shims. See paragraph 1-3. Shims arc mode of ,0003%5-inch-thick
feil leminated between 12-1b. tissue. Their dimensions are 4.7 inches
long and 1,7 inches wide. One of the holes is of 3/&-inch diameter end
the other two are of 3/U-inch dirmeter. The 3/4-inch-diameter hcles are
centered with respect to the width of the strip and are 3/U-inch from
each end. The 3/8-inch-dismetcr hole is centered 1-7/8-inch from one
end. (See the photographs of Plstes 21 and 22.)

i CA¥J 10325(017)X. This meterial is mode from Navy A stocic ex-
ceot tnst the foil is not continucus on the strip. Six S-band dipoles
are effixec to each strip. The spacing between dipoles is roughly 0.8
wevelengtlh. All dipoles sre aluminum. This material wes originally
made to try tc get an S-bend mrterial thot weuld f=11 in a rsndom manner
and thus provide echoing materisl for vertically polarized raders. TFor
further discussion of CAFJ 10325(017)X sece paragreph U-6-1 through Y—6-3
of the repert of reference 2. This Packege is similar to that shown in
the photograph of Plote 23.

2-6. CAFJ 10325(017). This is the material specified in EE 134 836B.
Thirty-pound paper is used instead of 12-1b. tissue, and the aluminum
dipole at one end cof the strip is replaced by o lead-foil dipcle. These
medifications were made to reduce "birdsnesting" snd to increase the ver-
tical component, (Sec photograph of Plate 23.)

=7 . "Long pigtails. For this material an S-band dipele 3/16-inch
wide is glued tc cne end of a %/16-inch by U-inch riece of 15-1b. tissue.
The extra tissue ext:nding 2-3/16 inches beyond the end cf the dipole
serves as a tail to faver fall with the length of the strip vertical.
(See the photographs of Plotes 24 and 25.)

.
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2-8. "Short pigtails". This material is similar to "split Chaff"
except that it is cut entirely by guillctine machines. ZEach dipele is
1-13/16 inches long =nd 3/16 inches wide. The 15-1b. tissue is glued
cnly.ha%f the length of the dipcle. (See the photeographs of Plates 26
and 27.

2=39, Horizontal Coherent Streamers. These are long strings of 300
dipcles spaced cne-holf wavelength and glued tc a2 paper stresmer so that
the length of the dipole runs across the width of the streamers. (See
the photograph of Plate 28.)

2-10. Vertical Coherent Stresmers. These are strings of dipoles
similar to the fcregoing except th=t the spacing is about 0.8 wavelength
and the length of the dipole is parallel to the length of the streamer.
(See the photograph of Plate 20.)

2-33, CAFJ 102704(017)A. This is a combinstion package containing
4800 dipoles of "Navy A" moterial and 11,200 "short pigteils". Two slecves
of CAFJ 10270A(017)A constitute » unit. All moterial is guillotine-cut.
(See the photograph of Plete 30.)

2-12, CAFJ 102704(017) lod. 1 is similar to CAFJ 10270A(017)A except
that the peckage is made lorge enough to simulate o heavy bomber by use
of 2 single sleeve - i.e., 27,200 "short pigtails" and 7200 crdinary flat
dipoles. For this packsge the "Nevy A" stock is modified by interleaving
it with .000&~inch-thick hard aluminum bare foil. This permits an in-
crease in the number of dipcles per stack from 200 to 300, without in-
crease in size or weight.

EQUIPMENT AED LETHODS USED IN TESTS.

3. The tests were conducted at the NRL Chesapeske Bay Annex. At

this location are installed varicus U,S. Navy shipbcard-type radar equip-
ments. The site overlocks the Bay from a cliff of ebout 100-foot height,
sc that radar prepagetion factors encountered in actual naval service are

effectively simulated.

Radrr Equipacnt.

4-1. The S-band radars usea for tests of Window were the SG and SF
surface-search equipments, 'The SG antenna is horizentally polarized. The
SF ontenna is nermally horizontal 2lso, but was rctated 90° to provide ver-
tically polarized radiation for these tests.

leasurement Technique.

32, The relative strengths of the echo signels frem the varicus
types of Window were determined by use of =n "artificisl echo" from 2
Pulsed r-f signel genersteor. The cutput of the generator was fed into
the rader receiver r—f input through a decoupling "TV jeint in the trans-
mission line. The amplitude of the generator cutput was ceontrellable

by an attenusctor which sllowed setting and reading cutput level to bet-
ter then % db accuracy. The gencroter pulse was synchrenized with the
rader pulse rate, snd "phased" tc appear at the desired point s
"range") on the redar indicstor. The proceaure used for: measuring the
strength of en actusl ccho was tc adjust the signal generatcer "delay"
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until the artificirl echo and sctusl echec sre clecse to the seme "range'
(on the rader A-scope); the attenuator was then edjucted until the zctual
and artificisl "pips" were of the same height. The reading of the signal
generator was ncted, and the rader sntenna was then pointed at a standard
target (a2 corner reflector of sheet zluminum mounted on pilinss in Chesa-
veake Bay at a range of approximetely 3800 yarde from the rsd-r instal-
lations). A similar resding of the signzl-generator attenusior was ob-
taired fer the standard-terget echo. The /ifference between the two at-
tenuator readings is equal to the zctual {db) difference in received-echo
power from the sisndard tzrret znd freom the " ‘indos" or other experimental
target. Ier the sake of comparisen, the db reading for the standerd tsr-
Zet is subirected from the db readings for the “indow. Thus the decibel
values pletted are these difference values: i.e., & value of zero db
represents a signal level equal to thet of the stsndard-target echo. The
use in this wsy of the stendsrd tzrget for compsri-son eliminstes errors
due tc veriation, over = period of time, of various cheracteristics of
the radar system or signel generstor.

Jeterminstion of Aircraft-Terzet Polarization Characteristics.

23 Signal-generator readings of the signal return from the corner-
reflector stzndard target known as the "South Dolphin" were taken on the
SF radar for both polarizations in order to determine the difference {if
any) in prepegation cherascteristics between horizontslly and vertically
polerized radiation, for a low-sngle tsrget. The veristion in signsl
level of the echo from the South Dolphin witk chenge in polarization was
found to be small (ordsr of 1 db). The echo with horizontal polesrizaticn
is slightly gre:-ter than with vertical polsrization on the sezme equinments
To determine the most desirzble r=tio of vertical %o horizontal response,
db readin:s of an sircroft (SNB-1) were made in both polsrizations simul~
teneously. The difference between the horizontzl and verticezl resvonses
was small. FHence the desired :'indew characteristic is approximstely equal
respense te the tweo pelsrizetions.

Test Procedure.

=t The Vindow material to be tested was relessed from an SN3-1,
with a chute installed in the camera hatch, flying on & rsdial course
from the rader at ranges of 6000 yards or greater, at 1500~foot sl titude
for 211 tests. The elevation of the -indov was never grester then §
degrees. Two tc four drops were made on each flizht at intervals grect
enough tc be resclved on both raders. The db levels and ranges of the
echices were resd s frequently as possible (ususlly about two readinzs
per minute). Readings of standsrd-target echic level were tasken at fre-
quent intervals during the tests.

3-4-1, The heizht of the signsl-generstor pulse on the radar indicator
was edjusted until it was equal to the short-interval meximum height of
the Window echo. GCecasionally, sbnormally l=arge short—-duration maxims

of the “indow-eclic height vere observed, but measurements of this type

of meximum were nct made, pertly because of the short duration and partly
because these lons-periocd varistions did net coatribute much to the

-4
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"apparent" height of the ecto. As a result, the db readings represent
the signzl level as it sppears to the cperator.

3-L-2. During most of the tests the wind was off-shore so that the
Window moved awey from the radar. The information obtzined from the tests
is plotted on a log-log scale; i.e., the -“indow-echo signal level in
decibels is plotted ageinst the logarithm of the range on semi-log peper.
The seme data could be plotted agsinst time if information on signel dure-
tion and rate of fall were desired. The time at which each reading was
made vas entered in the operztor's dzta sheets. The "rate-of-fall" infcrm-
ation tebulated in parsgrsph 4 was derived from the operstor's data sheets
by use of the time interval between first snd last reading for each Window
cloud in conjunction with the known altitude of the SNB-1. The graphs
shovn ere preferred as a methed of presenting the deta. A line having =
slope equal to "minus 4" represents the signal return versus rence for an
ideal target in free space (i.e., rader echo power inversely preportional
to fourth power of renge). Suck a line showing a "fourth-power" variation
cen be drawn through the graphed deta and used to estimeie mean return.
This method helps becsuse of the rather large dispersion of readings
ususlly cbtained with eguivslent radar-cross-section measurements. The
fourth-power line serves as a base line cr axis from which to measure the
echoes since it effectively reduces all resdings to the same rsnge. The
theory fundementsl to this interpretation of data is given in the reporis
of references & and 9.

Factors Affecting Interpretation of Data.

35, The height of » Tindow "pip" cen be expected to fluctuaste for
seversl resscns. BSome of this fluctustion is =t rotes which necessitste
their consideration in interpretation of pip-height measurements.

3-5-1, First, there is the nommsl fluctustion cheracteristic of Window
echoes. For S-band Window these fluctuations occur zt an aversge rate
of sbout 25 per seccnd (see reference 10).

3-h-<, cecond, there is the fluctuation thst is due to the VWindew
clouds felling through the interference pattern within the free-space
antenna psttern. This second type of fluctuation will not be grest in
amplitude snd the everage recurrence freguency will depend on the range
from the rader and on Jindow rate-of-fall. It will not be great in ampli-
tude Lecruse the cloud of Window will disperse vertically to the extent
that it will not lie entirely within a single interference lobe and hence
deep nulls will not appear. At renge E the verticsl distsnce between
minima is given by d = H2 ~ Hj = 5t where H] end Ep sre adjacent alti-

tudes for minimum return, h is the sntenna height, A the wsvelength znd
R the renge. This is an spproximate formula valid for R>>h, and R>>
By g. For R = 10,000 yards or 30,000 feet, h = 140 feet, A = 1/3 feet,
d = 3G feet spproximetely. The verticsl dimension of the cloud of “indow
remeins less then 30 feet for only a very short time after ejection from
the aircraft, and hence the lobe structure will not produce large fluctu-
ations.

..5...
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3-5-53. Third, there existe z rapid fluctustion in the echo within the
period of the 25-per-second type. This is probably due to the addition
of vector returns frem the many reflectors of the Window cloud, taking
account of random amplitudes and phases. This fluctuation is similar to
noise and affects the fine structure of each pulse. The amplitudes are
generally small and do not affect the amplitude of the apparent return
(i.e., the average of a number of pulses) except possibly in the rare
case of the occasional abnormslly large pulse mentioned in paragraph 3-if,

3-5-4, A fourth type of fluctustion which is ascribed to fluctuating
propegation conditions was observed over periocds long compared with the
duration of z given set of measurements. To minimize this effect, db
readings of Window signals were referred to the echo returned from g
standard terget, the "South Delphin" mentioned in paragraph 3-3, The

use of the standard tarset does not entirely cancel propagation effects
because of the fact that the standard is necessarily near the surface of
the weter and the #indow clouds were hecessarily 1000 feet or so high =nd
at a different bearing snd range from the radsr set. However, the Window
was kept as low as possible, and readings were taken on the echo from the
SHB-1 whenever time was avasilable for the measurement. -

DATA OBTAIN:D.

4. The graphs on Flates 1 through 1¢ inclusive present the data
taken during the tests, plotted as described in paragraph 3-4-2, This
form of graph is frequently used in vlotting dats on radsr-cross-section
measurements. It permits direct comparison between different types of
“indow measured at different times since all measurements are referred to
a permenent standard tsrzet. The curve "A" which &ppears on all graphs
is drewn tc represent the ideal radar echo returned from s target whose
cross section is spproximstely that of a heavy bomber - e.g. B-17. The
correct pcsition of this curve is known only approximstely. Complete
data for sircraft are not availsble for the SG and SF used. Mezssurements
on an actual target of cross section represented by the curves "A' would
sive points with considerable scatter about the curves (amounting to as
much as 15 db either way). If a surve is Grawn thrcugh the "center of
gravity" of the measureménts for the Window, the db difference between
the “indow resnmonse and required response as represented by the curves "aM
can be rezd off the graphs by noting the difference between a point on
the "A" and a point on the Window curves st the same abscissa. for ex-
ample, in FPlates’l and 2 the SNB~1 echo is seen to be about & db below
the "4" response for both vertical snd horizontal polerizaticn. The
following table includes rate—of-fall information &s well as db level
referred to curve "A",

(See tsble on next page)
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Heder D5 Level
¥indow Type Polar. FEeferred to "a" FEate of Fall
CAFJ 10270A(017) B 0 120-150 ft/min
CAFJ 102704(017) V -13
053—5(3)? e 4 o] 110-140 ft/nin
CHA~5(3) v -18 _
CHA-5(3)A B -5 110 ft/min
CHA-5(3)A v -
st( : B _g 200 ft/min
Shims v =5
CARJ 10325(017)X . H -10 250 ft/min
CAFJ 10325(017)X v -13 .
CAFJ 10325(017) = —;g 250 ft/min
CAFJ 10325(017) v ~
Long Figtails H _%2 250 ft/min
Long Figtsils v - )
Short Pigtails H -ig 175 ft/min
: e = i
giggtlgé%gz?éiY)A & 8 B Compenent 150 ft/min
CAFJ 10270:(017)A v _E V Component 175 f£t/min
CAFJ 10270A(017) Mog 1 X - H Component 150 ft/m%n
CAFJ 10270A(017) siod 1V -5 V Component 175 ft/min

The db levels given in the tsble are graphical estimates and are not ac-
curate on an absclute scele, Their accurascy relative to each other is
good to plus or minus 1 db for most of the graphs and is not vorse than
Plus or minus 3 db. Three db correspends tec a factor of 2 in the number
of dipeles required; i.e., twice the number of dipoles will incresse the
eche peturn by 3 6b. The last item, CAZJ-10270A(CL7) 70d 1, is now des~
ignated as CAFJ 10270F(017) in FavShips specifications 16F2(BE). The
CHA-5(3)A is designated es CATJ 10397. See report of reference (7).

b1, CAFJ 102704A(017) is the present form of S—band Window supplied
to the Fleet. Data taken with this material is assembled in graphs of
Plates 3, 4 and 5. The greph of Flate 3 shows the echo power versus range
with the number of dipoles as a parsmeter. Zach curve for the SG shows

& maximun return which occurs when ‘the Window has dispersed to the extent
that it approaches the idesl density of one dipole per square wavelength
of projected area of the eloud (projected on e surface perpendicular to
the rzder besz:), but has not begun to lose its identity as a compact body
of echoing msterial. It has been noted in other iindow reports that the
life of the Window is limited by its dispersion. The graph of Plste 4
Presents data taken for a number of “indow clouds of the same size G.e.,
same number of dipoles) at different renges. In order toc compare echoes
at different ranges, it was desirable to learn hoy clesely the feurth-
Power law wes followed by indow clouds at different ranges. The devia -
tions indicated in the graph of Flste & are not grester than these usually
observed for s non-fized target, hence the assumntion of fourth-power-law
velidity was used freely in interpreting the results. The initial read-
ings for eact cloud were taken soon after the #indow was ejected from the
eircraft. These readincs sre zll low because the clecud had not develope P
fully. ©Sueh points on the graph are merked by e vertics e A
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of Plate 5 presents data taken on SGand SF for comperison of vertical
and horizontal echces. Few points appear for vertical polarization be-
cause the echc disappeared shortly after the Window was ejected from the
aircraft. CAFJ 102704(017) was expected to have no vertical component

at all, but for 2= short time after ejection, turbulence snd the high den-
sity of the dipoles apparently results in a vertical component.

o, CHA-5(3). It should be noted that the samples of CHA-5(3)

that were used for these tests contained about 36,000 dipoles. The graphs
of Plrtes 6 and 7 show the points taken on the SG and SF for herizontsl
and vertical pclarizations respectively. The echo for vertieal polarizec-
tion is azbcut 11 db below that for horizontsl. Comparing the results on
the graphs of Plates 6 and 7 with the graphs of Plates 1 and 2 shows that
the echo for horizontsl polarization is about 1 db sbove the SEB-1 echo
and that the echo for vertical polarization is about 10 db below the SKNB-1
echo. CEA-5(3) is not in genersl suitable for use at low angles cf eleve-—
tion against vertically pclarized equipments. '

L3, CHA-5(3)A now carries the Navy designation CAFJ 10397. The
graphs of Plates o and 9 show the echo signal level for this type of
Window in the two polariz-ticns; herizontsl on the 5G, and vertical on
the SF. The cffectiveness falls off rather repidly, i.e., the echo de-
creases with time more repidly then it should for the emcunt by which the
Windew ineresses in renge. As noted befere, this property appesrs to be
characteristic of Window responses, prrticulerly fer hish-resolution
radars.

-k, Shims were made to the dimensions of the ones dropped by the
Luftwaffe over Anzio. Meterinl of the same dimensions but without the
holes wes also tested. The groph of Plote 10 presents the dete for both
types witk holes and without holes. From the pecint of view of the
weight required Shims are very inefficient. The weight of the bundles
used ves 5% 1bs. To produce an echo equal to that produced by 1 1b. of
CAFJ 10397, epproximetely 10 1lbs. of Shims are required. The Shims used
by the Luftweffe were mede of .Ol-inch shim stock, znd 2 "package" must
have weichid 25 tec 50 1bs. in order to produce s strong encugh echo to
disturb sut -fcllowing equipment. The amplituds of this echo would still
be censidercbly beleow thet of the aircraft. Nc measurements were made
for vertically polarized radiation.

Y5, CARJ 10325(017)X material did nct perform as desired. Birds—
nesting wes great. Theoretically, the advantages of a coherent strip of
dipoles whose length is parallel te the strip ean be realized only for
vertically p¢larized radiaticn, because the sharpness of the reflection
pattern increases faster than the mognitude of the maximum of the main
lobe. Alsc, when the rader pclarizaticn is vertical, unless the dipcles
fall with their lensth vertical there is a net loss in efficiency. The
CAFJ 10325(017)X fell in s random menner and as o censequence the echo
amplitude was lew, See the graph of Plate 11.

L6, CA®J 10325(017) is a modified form of CAFJ 10325(017)X in which
heavier backing is used and each strip is weighted, This type wes a
small improvement for heorizontal polarization, but nc better for vertical

e : i
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pelarization. Since the weight was incressed by the mcdifications, this
type is actuelly less efficient than the CARW 10325(017)X. See the graph
of Plate 12,

H$p. "Leng Pigteils" were subjected to only one test because of the
fact that they cccupy more packinz space per dipole than the short types.
The "long pigtails" were the first dipoles tc give good results for ver-
tically polarized radiation. If the number of dipcles were the only
Quantity tc be minimized, the "long pigtails" would be recommended. How-
ever, the sheort pigtails were found to have a net advantage over the "long
pigtails". FResults of the "long pigteil" test are presented in the graph
of Plate 13.

4 g. "Short pigteils" were more promising because of their compect-
ness and beceuse of greater facility in manufacture. It will be noted

in the table of paragraph 4 that 5000 "long pigteils" give the same res-
ponse as 11,200 "short pigtails"; i.e., twice as meny "short pigtails" are
required to give the same effect as a given number of "long pigtails".

The "short piztails" are used in the recommended package (peragreph 4-11)
in preference tc the "long pigtails" because they are more easily manu-
factured, they have a lower rate of f=ll, #nd they can be packed more
compactly with ordin~ry S-band dipcles. Results are presented in the
graph of Plate 14,

Y-qg, Tuned Rope. The horizontal-coherent and vertical-coherent
stresmers (otherwise known as "tuned Rope") were tested with the hope that
a tuned streamer might be used tc bring up the S-band response for the
balloon-borne decoys of the 10AEV type. In this test the stresmers were
dropped from the aircraft snd were suppcrted by parschutes. The response
was roughly the correct crder of magnitude, but the fluctuations were very
great. The results shown in graph of Plate 15 do not indicate the extent
of this fluctuation and consequently do not give a correct besis for
evaluation. The echo signal dissppeared for seconds at = time. <This oc-
casional disappesrance of the echo, considered with the violent fluctus-—
tions, mees identification and recognition of echces produced by this
means ¢ simple matter.

4-io0. CAFJ 102704(017)A ccmbines "short pigteils" and standard Window
in a single package. During the tests, the cperators in the aircraft
noted the difficulty in hondling two sleeves. 4s a result, single sleeves
were dropped during a second series of tests, resulting in wider than
usual verticel scattering of points on the graph (a factor of 2 in the
number of dipoles results in a difference of 3 db in the response). Re-
sults are presented in graphs of Plates 16 and 17.

411, CAFJ 102704(017) Mod. 1 is the meterisl designed from the re-
sulds of the foresoing tests. In NavShips Specifications 16F2(RE) and
NavAer Spccifications 1-622 it is designated as 10270F(017). Results
for this material are shown in graph of Plate 18.

CONCLUSIONS AND RECOMMENDATIONS.,

B Of the several types of Window tested, two types have sufficient
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general efficiency tc be considered for use in the Fleet. The temm

T zeneral efficiency" includes, in addition to radsr-reflectingz character-
istics, ccnsiderations of compactness, lightness, and ease or difficulty
of manufacture. These two types are CHA-5(3)A (specified s type 10397

in BuShips Spec. 1672(RE)) and CAFJ 102704(017) Mod. 1 (specified as
10270F(017)). The first of these is desirable because of lichtness, the
secend for its compactness and because the same material is suitable fer
use in rockets and shells. The 10397 material suffers ccnsiderably from
birdsnesting, but gives the required response with less weight of material
than does the 10270F(017) material. Both tvpes are more difficult to
produce then Window for lower frequencies. Of the two types the 10270F(017)
uses more raw material, it is heavier, but is more easily manufactured
than the 10397. Both the 10270F(017) and the 10397 can be used in auto-
matic dispensers. If weight is the limiting foctor, 10397 is tc be recom~
mended. If the Window is to be lcaded under pressure (e.g., in rocket cr
shell or tightly in = dispenser) the 10270F(0l7) is tc be recommended.
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Appendix 1

Determination of Ratic of Numbers of Standsrd Navy "A"

Dipoles tc "Split Pigtail" Dipoles

Cn theoretical grounds (as borne out by the results shown in
graph of Plate 3), the echo power increases linearly withk the number of
dipcles in a Window cloud. Since both types of dipclss have responses
in both polarizatiorns, a grephicel method is the most direct method for
cbteining the ratio of numbers of "Navy A" dipoles to split pigtails re-
quired to give equal response in the two polarizations. The graph of
Plate 31 gives the response versus numbers, i.e., the db response versus
the logarithm of the number of dipcles. The horizontal response of the
Navy "A" material is given by the curve Ap, the vertical response by A
The horizontal response of the split pigtails is given by the curve Bn, the
vertical response by By. These curves are drswn to have the slope pre—
dicted by thecry and to pess thru the experimental points (indicated oy
circles on the graph). The graphicel method is used to determine the
desired ratic as follows. A point on the By curve is chosen. This point
represents the echo power from N, dipoles, say Lo,000. X pigteils has a
horizontal response x db less than the vertical response ?2 db by these
measurements). The number of "Havy A" dipoles required to give the same
response can be read from the greph by drawing a horizontsl line from the
40,000 point on the B, curve through the Ay curve. The intersection with
the &), curve gives the number Nj of "Navy A" dipoles to give the same
korizontal response as N, pigtails, in this case 7100. To bring the hori-
zontal response of the split piztails up "x" db, the horizontal response
should correspond tc a number No "Navy A" dipoles determined by the
formula:

3%

T

The number of "Navy A" dipoles to be edded is then Np - Nj. For the
example cited, Ny = 40, 000; Ny = 7100; X = 2 db.

log

log o - 0.2 hence Eg.: 1.58.
N ¥

Np - Ny = (1.58 - 1) §; = .58 My = W20,

Hence 4120 "Navy A" dipoles must be esdded in crder to produce equal res-
Donses in the two polarizations. This gives a rztio of ten to one for
split pigtails tec "Nevy A" dipoles. This ratic gives the minimum number
of "Kavy A" dipoles required. Msrufacturing considerstions dictated the
use of the ratio of approximately four to one. Czlculated by this means,
the ratio obtained is an opproximation. The accuracy can be increased

e ok e

L
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Dy successive approximations. The ten to one ratio gives & vertical res-
ponse 0.13 db =bove the horizontzl response. The ratio four to one (used
in 10270F(017)) gives a horizontel response 0.37 db sbove the vertical
response. The accuracy obtained is due to the fact that the vertical
response of the Navy "A" material is very low compared to the horizontal
response.
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