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\\l ABSTRACT

B-45 echo amplitudes, sampled over more than four degrees of azimuth,

are nearly Rayleigh-distributed for X, S, and L bands.
Averaged over all observed aspects, excopt the espect range 85%- 959,

the median radar area of the B-A5 is about 12 square meters on all three

radar frequencies. Averaged over all observed aspects, the B-45 radar

area is about 3 times greabter, owing to the large broadside echo.

[he aspect diagrams show a relabtively wide, high peak ab broadsida
on a'l three frequencies. Echoes from the leading edges of the wings
are prominent at aspects near head-on.

Spactruns of the B-A? echo were obtained for cspects near heczd-on,
near broadside, and toward the tail. A continuous distribution of
fluctuabion frequencies was found notubly in the head-on spectrums,
with the significant fluctuation frequencies tending to increase with
inc.seuse in radar frequency., [he neer-broadside spectrums are donminated
by two discrete fluctuahicn frequencies probably arising from inter-
ferei.ce between ecroes fron the nacelle, the wing tank, and a portion of
the fusel;ge near the tail. This and other features of the B~45 echo

behavior are discussed from a theoretical point of view,

PROBLEM STATUS
This is an_intf¥Soopemmatlon the problem; work conbinu
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Introduction
In seven previous rcportsl)’z)’3)’4))5)’6)’7), hereafter referred

to as (I), (II), (IXI), (IV), (v), (VI), and (VII), respectively, some
results were piven of the measurcments of tha radar echo characteristics
of airecraft rniado by the Naval Research Laboritory for the Department of
the Air Force. (I) and (II) dealt with tho gpproximately hesd-on runs of
six different aircraft., (III) gave the results for the B-36 for the full
range of aspects measured. (IV) gave the results for the F-~86 for the

full range of aspects measured. (V) reported the finding of a source of
error in previously published X-band areas, and discussed the procedure to
be followed in treating the X-band data in order to obtain valid results.
(VI) replaced (IV) and gave the results of the measurements of the radar
echo charactoristics of the F-86, including corrected X-band areas. (VII)
discussed fluctuations of ghe echo of the B-36 and F-26. TIhis report gives
the complete results for the B-45.

Amplitude Distributions

Figs. 2 - 8 consist of cwmlative distributions of redar area in
decibels above ono square meter. ZEach figure gives the result for ten
consecutive seconds (1200 pulses) on the three frequencies employed. The
X-band results were corrected in accordance with (V). Most of the distri-
hutions fit the theoretical Rayleigh line fairly well. The distributions
of Fig. 4 (Run 11) appear to depart furbthest from the Rayleigh line and
could be better fitted to a line of different slope. It is noted that
this sample spuns only about two degrees of azimubh, while each of the

remaining samples spans more than four degrees of azimibh,

e (1)
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In the discussion of the B-45 data of Figs. 7 and 8 of Report I, it
was pointed out that the 2-second samples of B-45 data (spanning about
% degree of azimth) were not sufficiently long to produce distributions
fitting the Rayleigh. The present 10-second distributions which span more
than 4 degrees of azimuth appear to apprcach a "sufficiently long" span
of time. The change in elevation angle was less than one degree for all
samples except Fig. 8 (Run 19) which spanned slightly mors than one degree.
In Fig. 3 (Run 10(b)) end Fig. 5 (Run 14(a)) the X~band distributions
curve up sharply away from the Rayleigh line at the nigh end. These
samples were taken from the broadside region. Correction (Report V) . ,
of the high signals thus encountered necessitated use of the high end of
the correction curve, which becomes more critical as the signal level
increases. Hence these portions of these distribubtions probably are not
accurate. The plotted points corresponding to weak radar echoes lie to
the right of the plots of cumulative distribution and lie above the
thecretical straight line fittins, the bulk of the points, As this tendéncy
appears to be independent of the percentiles, or abscissas, of the plotted
points, it must be attributed to a syétematic error arising from thé fact
that the levels of weak echoes are affected by set noise.

Aspecl Dependence

Zach of Figs. 9 - 18 covers one flight of the aircraft and consists
of four graphs. The uppermost graph of each figure consists of a plot of
the :ircraft!s aspect, as defined in Fig. 1, versus range, in thousands
of yards. The remaining three graphs (one for each of the three freyuencies

CONFIDENTIAL (2)
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employed) of each figure consist of plots of radar area, expressed in
decibels above one squere meter, versus range in thousends of yards. REech
graph consists of three sets of points, each set being connected by étraight
line segments. Each point represents one second of data, and data taken
simltanecusly are aligned vertically so that the uppermost point is the
maximum, the middle point is the median, and the lowest point is the minimum
redar area occurring in that second. [he radur area as plotted contains
variations due to interfercnce lobes caused by ground reflections. At the
center of each lobm, or integral number of lobes, is a circled x (@) indi-
cating the median value (reduced to "free-space" value in accordance with
the prqcedure described in the appenéix to (II)} of the median radar area
values for that lobe or integral number of lobes, and these median values
were used in determining the median velue of & for each five degrees of
azimubh as described below,

The data were divided into interwvals, each of which spanned five
degrees of azimuth. For each such interval the median of the median set
of points wes determined for each frequency. These "median median" values
are plotted in Fig. 19.

Azimuths were originally calculeted through the recordings of radar
azimuth or. the assumption that the B-45 had flown true heedings, as in-
strcted. The azimuth of the broadside echo lay at about 100° and there
was no symmetry of the aspect pattern about the calculated 0° azimuth. To
bring the broazdside echo to an azimuth of 960 and to produce symmetry of

vy

the aspect pattern about 0° azimuth, all azimuth angles listed in this

CONFIDENTIAL (3)
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B-45 echo amplitudes, sampled over max e than four degrees of azimuth,

are nearly Fayleigh-distributed for X, S, and L bands, Averaged over all
observed aspects, except the aspect range 850-950, the median radar area

of the B-l5 is about 12 square meters on all three radar frequencies,

Averaged over all oboerved aspects, the B-45 radar area is about 3 times
greater, owing to the large broasdside echo, The aspect diagrams show a
relatively wide, high peak at broadside on all three frequencies, Echos

from the leading edges of the wings are prominent at aspects near nead-on/
Spectrums of the B-l5 echo were obtained foruaspects near heau-on near
broadside, ard to,ard the tail, A continuous distribution of fluctuati on
frequencies was dound notably in the head-on spectrums, with the significant
fluctuation frequencies tending to increase with increase in raday frequency,
The near-broadside spectrums are d ominated hy two discrete fluctuation
frequencies probably arising from interfrrence between echoes from the nacelle,
the wing tank, and & portion of the fuselage near the tail, This and other
features of the B-45 echo behavior are discussed from a theoretical point of view,

B-2 echo amplitudes, sampled over mor¢ than four degrees of azimuth, are
nearly Rayleigh-distributed for X, S, and L bands, Averaged over all observed
aspects, maxspix except the aspect range 850-950, the median radar area

of the B-45 is about 12 squere meters on all three redar frequeucies,
Averaged over all observed aspects, the B-45 radar area is about 3 times
greater, owing to the large broadside echo, The aspect diagrams show &
relatively wide, high peek at broadside on all three frequencies, Echos
from the leading edges of the Wi ngs are prominent at aspects pear head-on,
Spectrums of the B-45 echo were obtained frr aspects near head-on near
broadside, and toward the tail, A continuous distribution of fluctuation
frequencies was found notably in the head-on spectrums, Wi th the significant
fluctuation frequencies tending to increase with increase in radar frequency.
The near-brokdside spectrums are dominated by two discrete fluctuation

frequencies probably arising form interference between echoes from a theoretical
point of view,
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report are 10° less than the corresponding azimuths as calculated originélly
on thie assumption that true headings were flown. Further discussion of this
azimuth correction is given in (VI).

The symmetric features of the B-45 aspect pattern about zero degrees
of azimuth seem to be produced by echoes from the leading edges of the wings,
which are avept back at about 3°. The right leading edge of the wing pro-
ducés fairly sharp peaks at 255° end 356° azimuth in Fig. 11 (Run 11) and
at 3553° in Fig. 12 (Run 13). The left leading edge peaks occur at 6°
azimuth in Fig. 17 (Ran 19) cnd at 330 and 4° in Fig. 18 (Run 20), The
two peaks occurring so close together in Fig. 11 and Fig. 18 seer to indi-
cate that the B-45 underwent some yaw oscillabions during the flights
observed. In these level; straight-line flights, the aspect near zero
degrees of azimuth changed so slowly that the leading edge echoes are not
sharply defined, so that it was not considered profitable to make a
dotaiied analysis of these echoes, as was done in (VI).

Frequency Dependence

The B-45 X-band data were corrected using the procedure described
in (V).

Some of the larger echoes on L and S bunds corresponded to the
purtially-saturated portion of the calibrations used to convert echo
amplitudes to decibels. For each calibration on L and S bands there was
selected the power level above which the value to be assigned to an echo
was indeterminete. IXchoes of amplitude grezter than this level were not

plotted in Figs. 9 - 18, which explains why the tops of scome of the broad-

CONFIDZANTIAL (4)
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side region data on L and S bands are missing. In most cases enough of
the data were present to allow the determination of nediaus of the median
sets of points over five degrees of azimuth., However, for the two azimuth
intervusls 85%- 90° and 90°9-95° on L bhend, the data werz insufficient to
allow a sutisfactory d=terminatimn of these redians. Therefore, for the
echoes which exceeded the critical power level of the calibration, this
level was used as a lover limit in arriving at a "redian median" value

for the deta spanning the particular five degrees-of aszimuth unéer
consideraticn.

To obtain representetive measures of the radar aree of the B-45, the
following procedure was carried out for each frequency employed. From
Fig. 19, a single number for the radar area was obtained for each five-
degree azimuth interval by averaging all the numbess (in square meters)
in thet azimuth interval, without regard to the elevation angles involved.
The results are plotted in Fig. 20. [he following four estiiates of the
average redur area of the B-A5 were then obtained, using the results
plotied in Fig. 20.

One estirate wes obtained by averaging the medien radar area,
sver the vzimuth intervals (27 in number, each spanning five degrees)

comnon to all three frewuencies employed. “Ihis estimate included

the azimuth intervals 25%- 90° znd 9C°~ 952, and the lower limits

of the L-bend valucs for these intervels were used in obtaining

CoLF LD IAL (5)
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the L~band average.

L S X
Souare meters >33.4 29.7 58.6
db > 1 >15.2 147 17.7

When the azimuth intervals 859.- 90% and 90°- 95° were excluded from

consideration, a second estimate was obtuined by averaging over the

remaining azimuth intervals zommon to the three freouencies employed.

I ] X
Square meters 12.5 11.9 11.4
ab > 1 m. 11.0 10.8 10.6

Comparisog_of these two estimates illustrates the strong influence of
the brosdside echocs on the averags radar area of the aircr;ft. As a
matter of fact, if, in Fig. 20, the numbers from the azimuth intervals
covering from 75°- 105° {or even from 800 - 100°) azimuth are converted i
to square méters, added, and their sum divided by 27 (the number of
azimuth intervals common to all three frequencies), the result for each
frequency agrees to within 1 decibel with the result of the first estimate,
The broadside echo, therefore, essentially determines the average radar
area of this aircraft within the range of aspects (common to all three
frequencios) covered.
A third ostinmate was obtained by calculating, for each frequency
employed, the average (in square meters) of all the numbers plotted in
Fig. 20, This estimate included the azimuth intervals 85°- 90°, and 90°- 95°, |

and the lower limits of the L-band values for these intervals were uced in

CONFIDENTIAL (6) .
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L s X
Square meters  >3L.2 28,0 53.1
b > 1 md >14.9 145 17.3

When the azimuth intervels 85°- 900 «nd 90°- 959 were excluded
from consideration, a fourth estimate was obtained for each frequency

employed by averaging over all the remaining azimuth intervals.

L S X
Square meters 11.7 11.4 10.6
db > 1 mR 1c.7 10.6 10.2

The second estimate, being an average of known numbers over azimuth

intervals common to all three frequencies employed, is the approrriate

measure of the frequency dependence of the average rader area of the air-
craft. This estimste indicates thgb the average radar area is independent
of the frequency within the range of frequencies employed, but it is a
poor measure of the magnitude of the averege radar area.

The first esstimate, being an averzge of numbers, some of which are
lower limits, over azimuth intervals comron to &ll three frequencies
emploved, does not afford as valid a criterion of frequency dependence as
does the second estimate, but it is a much better measure of the magnitude
of the averdge rader area. This estimate s.ows the X-bend value to be
3 db greater than the S-band value, while the L-band value is also greater
than the S-benr value. But, beceuse the L-band value is a lower limit, it
cannot be said whether or not the L~band value exceeds the X-band value.

The third and fourth estimaves are theoretically poorer for frequency

dependence criteria, since they sre averages cn each {requency over ail

CONFIDENTIAL (7)
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the aspects encountered, whereas the first and second estimates are

restricted to those azimuths cormon to all three frequencies employed.

Fig. 20 shows that nearly all the‘aspects encountered have dabta from all
three frequencies. Consequently, the first ond third estimates agree very
well with each other, as do tﬁe sécond end fourth,

The general conclusion is that the average median radar area of the
B-45 is substantially independent of frequency.

Fluctuations of the B-45 Echo

Spectrums of selected 5-secornd samples of B-45 echoes were prepared
according to the procedure described in Report VII. The necessary plots
of video wltage vs, time are shown in Figs. 21 - 23, and the spectrums
for aspects near head-on, neer broadside, and toward the tail are shown
in Figs. 24, 25, and 26, respectively. I

In the main, these spectrums show a continuous distribution of frequénw
¢y components in the B-45 echo.* Although the effect is partially obscured
by changes of ordinute scale, there is a tendency for higher frequency
components to appear in the spectrums as rc¢dar frequency increases.,

Discrete frequency components (suggested by the similarity in the
shepe of a portion of the spectrum to the calibration "pulse" found on
the right side of eacn) are found et 2.5 cps in the X-bend "tailverd®
spectrun. The X-band broadside spectrum of Fig. 25 appears to be domi-

nated by two discrete frequencies, at about 5 and 6.6 cps. The spectrum

* It should be roted theb the resclution of lhe spectrum analyzer used mukes
it impossible to distinguisn between & continuous spectrum and a discrete
spectrum with component frequencies separated by less than about 1 cps.

CONFIDZIITTAL (8)
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analyzer does not quite resolve these into two distinct spikes, as they are
separated in frequency by only 1.6 cps.

A frequency component of about 2 cps is discernable cn the "tailward"
X~bend voltage-vs.~time plot of Fig. 23, Likewise, there is obviously a
strong fluctuition on the X~band broadside plot of Fig. 22, of order 6 cps,
but it is not obvious that there are two distinct frequencies of commensur-
able cmplitudes. On the 5~ and L-bznd broedside plots of Figs. 21 and 22,
frequencies of order 2 znd 1 cps, respectively, seem to be present even
though the receiver was saturated pirt of the time; these low frequencies
lie below the cut-oft” of the spectrum cnalyzer. (See Fig. 7, Report VII).

Theoretical Picture of the 5—45 as & Radar Target

The present measurements were made on a cpecific large jet circraft,
the B-45, at specific redur frejuencies, and for specific flight geometries.
By arriving at a consistent explanation of the experimental results through
theoretical considerati:ns, a basic understending of the phenomena involved
cen be obtauined which cen be used as a busis for predicting the radar echo
behavior of a lerge jet aircraft in cther situations.

In the present datu, the principal phensmena requiring explanation ares

(a) fhe B-45 redar area, avercged over observed non-brosdside

aspects, is independent of radar frecuency,

(b) The B~45 area, averzged over all otc-rved aspects, is indepen-

dent of freguency (within the probable error of the measuremeats).
(¢) The spectrums are somebimes continuous, snd sonetimes contain

discrete frequency componencs.

COLFIDAITTAL ©(9)
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(d) In tho case of a continuous spectrum, components are found
in higher frequency bands for higher radar frequencies.

(e) Where there is a discrete frequenc} at, say, f cps in a
spectrum made from data at rader frequency F, then, in radar echoes simul-
taneous_y observed at radar frequency F', there is, in gencral, a discrete
fre uency component at frequency f! = (é'/F)f cps.

(£f) In samples spanninglmore than four degrees of azimuth, the
B-45 echo 1is Rayleigh-distributed.

These phenomena can be explained in termé of a rigidly connected
arrangement of reflecting objects of various sizes, shapes, and locations,
with one large, approxirately cylindrical object corresponding to the fuse-
lage, which dominates the echo at broudside uspect. It is well known that
the average radar area of a single large convex metal object is proportional
to the aversge area of the shudow tlat would be ccst by the object, both
averages being taken over all possible orientetions of the object in spece.
In the B-45 echo at non-broedside aspects, one can ascume that, for the
individuel objects causing the echo, the measurements span a sufficient bend
of aspects that the foregoing rule holds for euch particuler object., Further-
more, one may assume that, over a wide band of non-broadside uspects, the
individunal echoes add at the radar with all combinations of reclative phases,
so btlat the average total echo power is egual to the sum of the individual
average echo powers. Then it follows thut the sum of the frequency-independznt
averuge powers is independent of frequency. [he large cylindrical object

corresponding %o the fusslage itself has a frequency-indeperdunt average echo,

COLFIDELTTAL (10)
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(d) In the case Sf a continuous spectrun, components are found
in higher freguenc; bands for higher radar frequencies.

(e) Where there is a discrete frequenc} at, say,f cps in a
spectrum made from data at radar frequency F, then, in redar echoss simul=-
taneously observed at rader frequency F!, there is, in general, a discrete
fre.uency component &t frequency f! = (é'/F)f cps.

(f) In samples spanning‘more éhan four degrees of azimuth, the
B-45 echo is Rayleigh-distributed.

These phenomcna can be explained in terms of a rigidly connected
errangement of reflecting objects of various sizes, shapes, and locations,
with one large, approximately cylindrical object corresponding to the fuse-
lege, which dominates the echo at broadside aspect. It is well known that
the averasge radsr area of a single large convex metal object is proportional
to the averege area of the shadow that would be cest by the object, both
averages being taken over all possible orientations of the object in spece.
In the B-45 echo at non-broadside aspects, one can assume that, for the
individuel objects ceusing the echo, the measurements span a sufficient bend
of aspects that the foregoing rule holds for each particuler object. Further~
more, one may assume that, over a wide bend of non-brosdside aspects, the
individual echoes edd at the radar with all combinations of relative phases,
so that the average total echo power is equal to the sum of the individual
average echo powers. Then it follows that the sum of the frequency-independent
aversge powers is independent of frequency. The large cylindrical object

corresponding to the fusslage itself has a frequency-indeper.dent average echo,

COLFIDILTIAL (r0)
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If the average shadow area of this object is large compared with the sum of
similar areas for the other echoing objects, then the average radar area,
taken over all aspects, is an area depending primarily on the fuselage, and
should be frequency-independent. Finally, the echo from the fuselage is
poverful only near the broadside aspect. Thus, for the fuselgge, integrating
the radar echo pcwer over a narrow band of broadside aspects gives substan-
tially the same total power as integrating it over all aspects.

The total integrated B-45 area thus comprises a frequency~independent
sun over non-broedside aspects, plus a frequency-independent sum over a
narrow bend of broadside aspects. It follows that the average B-45 radar
area is frequency-independent, whether broadside aspects are, or are not,
included in the average. This explains (a) and (b). The magnitude of the
average area, of course, is different in the two cases.

In the redar echo, fluctuations are caused,when the rigidly connected
echoing objects, under change in B-45 aspect, change in relative distance
from *the radar s> that the phase relations chenge among the several echo
contributions. For any two component echoes, the rate of chenge of relative
phase, dg/dt, is given (in radians per second) by

apfas = 4w[PA)X F]o B (1)
where D is the vector separating the two echoing objects,asis the axial
vector representing the instantaneous rate of change of B-45 aspect ( in
radians per second), ¥ is a unit vector in the direction of the reder rays,

A is the radar wavelength, (x) end (-) symbolizs

ct

he vector and scalar
product, respectively. From this it is obvious that fluctuation rutes

CONFIDENITAL (11)
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observed simultaneously on different radar frequencies are proportional |
to radar frequency, as well as to the angular turning rate of the aircraft,
This explains (e).

A continuous distribution of component frequencies in the echo spectrum
(or a large number of comparable discrete fregquencies not individually
resolvable by the spectrum analyzer) would be caused by the presence of
large numbers of relative rates of 9hange of phase among the individual
echoers: if there are N echoers, there are N(N - 1) possible simple beat
frequencies (not counting possible beats with the pulse frequency of the
radar or possibl: redundancies). Thus one may account for a continuous
contribution of frequencies in the B-45 echo by assuming that the‘echo
arises from a large number of different points on the B-45; en additional
consideration tending to make the echo more "réndOm" end the spectrum more
continuous is the fact that amplitudes, as well as relative phases, of the
individual echoes change with aspect change. This explains (c) and (d).

It is well known that a radar echo arising from a large number of
scattering objects is Rayleigh-distributed, provided that the individual
echoes ;n&ngaa sifficiently wide variety of relative phases during the

period in which the echo is sampled. If the collection of objects com-

- prising the B-45 as a radar echoer are spread somewhat uniformly over a

horizontal area about 40 L-band wavelengths (32 feet) in diameter, then
the average change of relative phase between two echoers in a four-degree
aspect change is of the order 2 Tr radians. On the assumption that this

\

guarantees a "sufficiently wide variety of relative phases" in the L-band

CONFIDENTIAL (12)
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echo, (f) is explained; for the relutive phase change should be propor=
tionately greator at the higher S- and X-band frequencies.

To explain the echo behavior more quantitatively, one must correlate
the echoing objects with perticular parts of the aircraft, taeking account
of individuel shapes and spacings. (For the F-86, the leading edge of the
wing was discussed in detail as an indivilual echoing object in Report VII.
Mention was also made of the echo behavior caused by the tapering of the
fuselage near the F-86 ta;l.), The leading edge of the B-45 wing produces
& sharp echo, tubt the details of chis echo are not prominent in a 5-second
sample owing to the slow anguler rates of the B-45 at this aspect.,

In a semi-quantitutive way, one may account for the X-band broadside
spectrum of Fig. 25, which consists primarily of two discrete frequencies
of about equal amplitude at frequencies 5 and 6.6 cps. [he azimuth aspect
chunge during the five-second period sampled was a nominsl 2.75°, (assuming
no yaw rate), so that the angular.turning rate was sbout 0,01 radian per
second, The average observed azimuth was about 97%0; with the aid of a
protractor and a plan drawing of the B-45, one finds that surfaces of the
port wing tank, the port nacelle, and a curving portion of the fuselage
near the tail are normel to the radar rays at azimuth 973°. According to
the outline drawing of the B-/5, the nacelle and the wing tank should have
akout the same rzdar area at this aspect. Further, according to this
drawing, a redar ray normal to the fuselcge (near the tail) is about 300
X-bund wavelengths avay from a ray normal to the nacelle's surface and

about 400 wavelengths away from the parallel ray normal to the wing tank.
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(These numbers are equivalent to , (3/7\) x?l in (1).). Thus interference
between the nacelle and fuselage echo shotld produce a beat frequency of
avproximately 6 cps in the radar echo; the combination of wing tank and
fuselege echo should produce en 8 cps frequency, and the combination of

wing tank and nacelle, a 2 cps frequency. On the assumption that the
near-tail fuselage echo amplitude is considerably larger than the (roughly
commensurate) echoes from nacelle and wing tank, the amplitude of the 2 cps
frequency should be relatively small compered with the predicted 6 end 8 cps
frequencies, and therefore not discernable to the eye on the voltage-vs.-time
plot of Fig. 22.* The observed frequencies 5 and 6.6 cps are in general
accord with this "prediction"; i.e. 5/6.6~6/8. The fact that the observed
frequencies are réughly 5/6 6f the ones "predicted" can be explained by
assuming that, in the 5 seconds of radar'obserVation, an appropriate small (f/iﬂ\\\

vew rate of the B-45 occurred. The yaw rate required is only 0.14%/sec.

¥\ 2 cps frequency would not pass the spectrum analyzer; hence, it is not
found in Fig. 25, either,

COLFIDENTTAL (14)
SECURITY INFORMAPION




=

COLFIDENTIAL

Conclusiong

)
—:ESB-AS echo amplitudes, sempled over more than four degrees of azimuth,

are nearly Rayleigh distributed for X, S, and L bands.

Averaged over all observed aspects, except the aspect range 859~ 950,
the medien radar area of the B-45 is about 12 square meters on all tﬁree
redar fre;uencies. Averaged over all observed aspects, the B-45 radar area
is about 3 times greater, owing to the large broadside echo.

The aspect diagrams show a relctively wide, high pesk at broudside
on all three frequencies. Echoes from the leading edges of the wings are
prominent at zspects near head~on.

Spectrums of the B-45 echo were obtained for aspects near head-on,
near broadside, and toward the tail. A continuous distribution of
fluctuation frequencies was found notably in the head-on spectrums, with
the significent fluctuvation frequencies tending t. increase with incresss
in radar frequency. The near-broadside spectrums ere dominated b} two
discrete fluctuation freguencies, probably arising from interference betwsen
echoes from the nacelle, the wing tank, end a portion of the fuselage near
the tail.

Mach of the observed dynamic behavior of the B-45 rzder echo can be
explained by a simple theory in which the B-45 is regarded as a rigidly
connected set of echoing objects, including a lurge, approximately cylindri-
cal, object corresponding to the fuselage. By this theory, one can predict

radar echo behavior in other situebions., )

N\
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SECURITY INFORMATION

B-45 RUN 11 1250 MC/S
RAHGE 14,700 YDS

AZIMUTH 350°05! - 350°
CLEVATION 6°15' - 6°32!

"B-45 RUN 11 2810 Nc/S

RANGE 14,700 YDS
AZIMUTH 350%05' - 350°
ELEVATION 6°15' - 6°32!

B-45 RUN 11 9380 Mc/S
RANGE I4,700 YDS
AZIMUTH 350°05' - 250°07°
ELEVATION 6°15' - 6°32¢

Figure 24




)
IR
UNGLSSIFiES
1 . e
. =lv 006~
: = : B-45 RUN 10 1250 MS/§
iy Ty RANGE 13,600 YDS
' = 003 s AZIMUTH 96°20' - 98°42"
< - ELEVATION 6°56" ~ 6°55¢
o- T
| N N
20 2% 35 45 60 12 14 18
f(cps)
N ﬁ_‘ RN RN -]
e N !
-ty Y SN e - "
N °°“-£‘-;-". . =1 8-u5 RUN 10 2810 MS/S
g - e - H-2 RANGE 13,300 YDS
= oos—H 1l / AT Tl aziiumn 910 - oue
= = e T YA T : 8 NIl 2N ¥ g
= : T AR N A FITHITETS] ELEVATION 6°55
) - “ . T g o ke R I W
o=t .
IR NN TN T RS
L i | I ! I
02 4 6 8 10 15 20 25 38 45 60 12 1418
f{cpe)
T T l
RN NN IR
ted ozo-{"‘; Sop —f= ~~f‘-»'~t ~ =t - -1~ 8-45 RUN 10 9380 WS/$
'~ o -}" S R e e o B =t 4 RANGE 13,600 YDS
& kYT irbreitrereT T[] Az 96°20¢ - 982"
o °-'°-?”j." TWCLTEET ST T T T eevaTion 656! - 655!
C e LR L
' A IR RN L
N T T T
02 4 &8 8 10 15 20 2% 35 48 60 12 M 16
. 1 (cps)
RN
gj;', Lt‘T ?f. i
sx:cmmg*n ORMATION, ‘ Figure 25




UNELASSIFiES

K L]
) ' .‘ :* H S ) EES TR
. ; et ST 845 RUN 10 1250 MS/$
3 T T T TS| RANGE 19,700 Yo
S TEBERYEE : ATTol AZIMUTH 134°50" - 136°15¢
< N _ P L ETSTTEIT) ELEVATION uu2' - 36t
I i A ke S B
7 .. )
| R R R
D2 4 6 8 10 (4] 20 2

f (cps)
! - :l.
: - 008 1| B-45 RUN 10 2810 MS/8
‘ . RANGE 19,700 YDS
iy il AZIMUTH 134750 < 136°15¢
= 003~ _ - ELEVATION 442' - 4°36!
=4 .

1.1,

U
12 14 16

-1y 020 8-45 RUN 0 9330 HS/S

RANGE 19,700 YDS
AZIUUTH 134°500 < 136°16?
ELEVATION 4’4z - 4°36"

At ,aps)

OQURRRRIRp >
SECURITY IRFORMATION Flgure 26




