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I ' \ ABSTRACT | ;
E Iy ' Echo amplitudes from a formation of three F-86 airplanes are nearly {
. Rayleigh distributed for X, S, and L bands, J

\. Averaged over all observed aspects, the median radar areas of the
F formation are 10, 48, and 9 square meters for 1250, 2810, and 9380 Mc/s
respectively. The difference between the L- and S-band values is con-

sidered to be beyond the limits of experimental error, but no explanation

has been found for this large difference. The X-band value is not considered
reliable enough to be used in a frequency trerd.
Comparison of the average radar area of the formation with that of
a single F-86 (Report VI) shows that the formation average is larger
E by 2.5 db, 5.4 db, and 3.6 db, on L; S, and X bands, respectively.
i . This comparison was made between the radar areas averaged cver 5°/J‘;‘ra
{ azimuth intervals, using only those azimuth intervals for which data
were availabié both for the formation and for a single F-86. Theoretically,
the average radar area from three identical randomly moving targets should

be three times (or 4.8 db) greater than the average radar area of a

single one of the targets./h\

The aspect diegrams show a relatively wide peak at broadside, and

i echoes from the leading edge 'of the wing are prominent near 35° azimuth.
Spectrums of thie formation echo were obtained near nose and broad-

side aspects and toward the tail., In general, the fluctuation frequencles

P o e e -

are higher for the higher radar frequencies, The higher fluctuation
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D frequencies“are believed due to the variations of the planes about
their mean position in the formation, !
. | !
PROBLEM STATUS
This is an interim report on the problem; work continues, i ‘
4 |
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Introduction

In nine previous reporbs(l)’(2) es(9) some results were given of
the measurements of radar echo characteristics of alrcraft made by
the Naval Ressarch Laboratory for the Department of the Air Force,
This, the tenth of the series, gives the results for a flight of
throe P-86's in Vee formation, the planes being separated by 50 to
100 feot. |

Because the pulse length (0.36/443 =175 f%,) on X band
(9380 Mc/s) is of the sams order of magnitude as the size of the
formation, the X-band radar measured a scmewhat different phonomenon
than did the L=and S-band radars with § /U sec. pulses,

& further difficulty arises in the analysis of the X-band data
‘:;ecause the pulse length of the returning echo chenges as the formation
presents different aspects to the radar., Any changes in the spacing
of the alrplanes would‘also produce the same type of result, Normally
this widening of the echo pulss would produce no error in the measure-
nant of poak pulse azplituds, bub, as described in Report V, the
X~-band video pass band was too narrcw, and hence any widening of
the pulse would increase the defiectiona prosented on the oscilloscope.
Further, the method for ocbtaining valid X-band results depends upon
che assumption of a constant echo pulse length, That this assumption
was not always true in the case of the F-86 formaticn was clearly

CONFIDENTIAL -1l -
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evident from the film records,

The oscilloscope photography (Report I) did not permit an exact
determination of the length or shape of the returning echo, One cen,
however, form a qualitative picture of the pulse shape and length by
regarding the darkness of the photograph of the oscilloescope trace as
an indication of har long the nscilloscope beam had a given deflection,
The photographed X~band traces were dark usually at two or more distinct
deflections, showing that the echoes from the three F-86's were '
partially resolved, The X-band target resolution was specially marked
at broadside aspects; where the formation was viewed along its lorgest
dimension, (Owing to the long S- and L-band radar pulses, the formation's
echo appeared on the S- and L-=band photographs as the echo from a
point target of fluctuating radar area.)

Since the X-band echo entered the X-band video channel as a
pulse of varying width ancd shape, the pass band of the video (a
function of pulse amplitude in the pulse~to-pulse circuitry) caused
an oscilloscops deflection for which no peak echo power could be
asdgned, bacuase of the varying correction due to pulse length,

The X-band radar areas quoted in this report have been cbtained by
applying the correction procedure of Report V to the weaker echoes,
where pulse-to-pulse rscords were most reliable‘, Zven so, the X-~bamd
averagoe areas must be ussd with cauticn, owing to the generally
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extended video pulse, the partial rasolution in the r.f,, and the

recessary emphasis on weak X-band echoes in the analysis., ‘

In obtaining echo fluctuation rates, it is necessary to sample
the echoes in regions where the general echo level is considerably i
above the noise level, and consequently, where the stronger echoes '
at X band are irregularly limited in the pulse-to-pulse circuits,

Thus the X-band fluctuation information cannot be regarded as quantitative,

S DT

Dominant fluctuation frequencies in the X~band wnltage~vs.~-time plots

and spectrums provide fair qualititative information, owing to the

fact that oscilloscope deflection has definite corrslation with the

peak amplitude of the complex echo that enters the video stages,
Amplitude Distributions

The amplitude distributions plotted in Figs, 2-8 are
representative ten-second (1200-pulse) samples of the availaﬁie
airplane aspects {defined in Fig, 1). In these figures, cumulative
distributions of echo pulse amplitudes are plotted, the ordinate being
10 1°310 o (o = radar area in square metsrs), the abscissa being the
percent of tire the amplitude of %1+ obsarved echo exceecds the ordinate,
For comparison, straight lines are drawn which correspond to the

v ) thooretical cumulative distribution (Rayleigh distribution) of noise

powers,
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: Except near broadside aspect, the L~ and S-band diatributionc
? ' ' follow the Reyledigh distribution with an accuracy sufficieant for many

purposea, The deviations of the X-band distributions from Rayleigh

. e r—— -
ot it o

appear to be no different than those of L and S band, but this may be

. dua to the fact that only the lomer signal levels were used,as pre-~
: vicusly stated.

Aspect Dependence

et Al e A e Ao s

Bach of Figs. 9 = 14 covers one flight of the aircraft and con-

sists of four graphs, The uppermost graph of each figure consists of

a8 plot of the alrsraftls aspect, as defined in Fig. 1, versus range, in ‘
thouzands of yards,

The remaining thrse grapha (one for each of the .
three frequenciea‘ employed) of each figure consist of plots of radar

area, expressod in decibels above one square meter, versus range in

thousands of yards. Each graph conslsts of throe sets of points, each ' ' !

being conrected by straight line segments, Each point represents ane

socond of data, and data taken simultaneously are aligned vertically so

that the uppermost point is the maximum, the middle point i3 the median,

and the lowest poirt 1s the minimum radar area occurring during that

second., The radar area as plotted contains variations dus to inter-

, ; : feronce lobes caused by ground retlections, At the center of each lobe

or integral numbor of lobes is a circled ¥ (D) indicating the

e e e

At e et e s o

-

3 zedian value (reduced to "free-space® value in accordance with the pro-

; i
m o . . cedure descrived in ths zppendix te reference 2), of the median radar (
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area values for that lobe or integral number of lobes, and these median _

vdlues wers used in determining the median valus of ¢ for each five A }

. degrees of azimuth as desoribed below,
The data were divided intc intervals, esch of which spanned five '

degrees of azimuth. For each such interval the median of the median

: set of points was determined for each frequency. These "median median®

values are plotted in Fig, 1S.

The listed azimuths are 10“ less than those computed from the

et il s et

headings assigned to the planes for each run, The large echo from

the leading edge of the wing occurred nsar an original azimuth of

145° instead of 38°%, suggesting that the planes flew magnetic instead

of true headings. The 10° correction also moves the large echo near : 1

broadside near to 90° azimuth instead of an original 100° azimuth,
| o The aspect dependence is similar in genersl to the aspect

‘ dependence cbserved for the single F-86 (Report VI) in that the

)

II . Yaverage® radar area is relatively constant except for a very broad
)

|

region near broadside aspect, This 'bread egiont in slightly :

E : broader for the formation than for the single F-86. Ths region
/ over which echoes erise from the lesding edge of the wing is
similarly broadened, owing to the fact that the sharp leading

f" o edge echo occurs at glightly different times for different aircraft
3 _ in the formation,
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Frequency Dependence

To obtain representative measures of the radar area of the
three F-96's in formation, the following procedure was carried out
for each frequency employed, From Fig. 15 a single number for radar
area was cbteined for each fiwe degree azimuth interval by averaging
all numbers (in square msters) in that azimuth interval, without
regard to the elevation angles involved, 7The results are plolted in
Fige 16.

One eatlﬁate was obtained by averaging the median radar area over

the azimuth intervals (23 in number) common to all thrie frequencies,

This ostimate included the intervals from 659 to 110° in which some of
the X=-band values are only lower bounds bub were treated just like
the other entrieb.

L S X
Square meters 10.3 k9.7 26,0
10 10310 (o~ in sq, meters) 10,1 17.0 >7.8

Then the azimuth intervals from 65° to 110° are excludad from the
above, the fallowing averages are obtalneds

L s p <
Square neters 3.6 11.3 2,0
10 1og1° (o~ in sq. meters) 5.6 10,5 3.0

Another average is obtained by averaging the entries in Fig, 16,

CONFIDENTIAL -6 -
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as computed without using the X-band "lowsr-boumd entries® in
Fig, 15, This gives the following averages,
L s X

Squars meters 10.3 Lo.7 9.2
10 1ogyg ( ¢ in 3q. meters) 10,1 17.0 - 97

This teble and the preceding one give the best estimates of the
dependence on radar frequency of the echo from the flight of three
F-86fs., The difference between L and S bands is considered significant
while the X~band value is not reliable enough to be used to detarmine
the trend with radar frequency,

The best estimate of the magnitude of the radar area should
average all the entries in Fig., 16 and this gives values only
slightly different from those in the first table above,

L S X

Square meters 9.6 4749 26.0 (9.2)
10 logy, ( © 1in 8q, meters) 9.8 16,8 7.8 (9.7

The X-band entry in parenthosis is the value obtained when the
lower~bound entries in Fig, 19 are not used,

In the foregoing tables, the average srea of the formation is
about 7 db greater at S band than at L band, This difference seems too

large to have arisen from systematic expsrimental error. The theorstical

anticipation is that, for irregular objects large compared with the
wavelength, the average radar area should be roughly independent of_
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wavelength, Thisg frequency-independence was found for the B-45 (Report VIII),
where the averages were taken over about twice the amount of experimental
data that was available for the present report. For the single F-86

(Report VI), the S-band average exceeded the L-band by about 2.5 db, an

amount too small to call for explanation, Theoretically, the average radar
area of three identical, somewhat randomly~-moving targets should be three
times (or 4.8 db) greater than the average radar area of a single one of

the targets. Thus, the average radar areas of the present formation should

"be L8 db greater than the corresponding areas of a single F-84, Checking

this prediction by comparison with the data of Report VI, cne findss

L s X
Ratio of formation to single F-86 1.77 (2.5 db) 3.5 (5.4 ddb) 2.3 (3.6 dv)
The S-band behavior of the average area lies clusest to the theoretical
expectation, a fact supporting the relative reliability of the present S-band
data, The ! 'anc averages are unreliable, as previcusly discussed, No

explanaticr. has been found for the large difference between 3~ and L-band
areas, |
Fluctuations

Spectrums of selected 5-second samples of the formation's
echoes were prepared according to the procedure desoribéd in Report VII,
The necessary plots of video voltage vs, time are shom in Figs, 20-22

rospectively., The same spectrums are presented in Figs, 23-25 an an
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! i . expanded frequency scale, For the latter Figures, the procedure ' '
described in Report IX was utilized in order to present more |
accurately the low-frequency echo fluctuation components.

As discﬁssed in Report VIII, fluctuations from a single jet
aircraft arise from the relative motions in the direction of the i
radar of echoing portions of the aircraft, in addition to the | 1

relatively slow changs in radar area of individual portions of the

i

{

aireraft, plus frequencies due to differing radial velocities among %
the aircraft in the formation, Radial velocity differences arise :
i

i

from two primary causes, the rate of change of azimuth of the

formation a? a whole, and relative motion of the 1hdivi§ual aircraft in the
formation, If the aircraft in the formation are considered to be

connected by rigid, reflectionless bars, then re_lative radial

velocities will be proportional to the rate of change of azimuth of the

formation as & whole, the resulting radar fluctuation rates being
calculable through the theory of Report VIII, pp 9 - 14, The sécond
source of relative radial velocities lies in the jockeying of the i
individual aircraft sbout their mean positions in the formation, :
In the spectrums presented here, the largest azimuthal rate is 3
L/S degree per second, obtaining for the broadﬁide spectrums,

Assuming 100 fee' as a representative dimension of the formation,

ER RSN
’

one finds, according to the theory of Report VIII, that the .

A,
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highest resulting fluctuation frequency arising from a "rigid®
formation should be about 30 cps at X band,  the fluctuation
frequencies at S and L bands being lower in proportion to radar
frequency.

If the maximum relative moti?m of the aircraft, due to
Jockeying of each about its msan position in the formation, is F
feetlper second, the resulting maximum X~band fluctuation rate is
about 20 F cps, Guessing that a reasonable value of F is about
5 feet per second, X-band fluctuation rates of 100 cps might arise,
With the 120 cps radar pulse frequency, some of the X~band spectrums
mght possibly contain components arising from the beutiny hetwuen
echo fluctuation rates and the p~r~f, (This phenomenon ig especislly
marked with propeller planes, and is discussed in Report IX,)

From the foregoing discussion, one cancludes that jockeying
within the formation is the probable causs of the higher frequencies
present in the spectrums, and that the influence of the per-f in the
apectrums is negligible, except possibly at X band,

If the planes weave back and forth in the formation, the
resulting radial rates vary, and the corresponding fluctuation rates

vary correspondingly. This effect is well exemplified in the
®;ailward® voltags-vs,-time pluts of Fig. 19., where a clear,

daninant frequency is found first to decrease and then to increase
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with time on all three records. In any half-sscond interval the
apparent fluctuation frequency is directly proportional to the

radgr frequency, in accord with the theory, On the corresponding
spectrums of Fig, 22, there is strong scintillation, showing that
the spectral component is strong in one part of the analyzed S-second
sample, and weak in the remainder, (This scintillation is discussed
in Report VII).

The theory is also borne out in the Mead-on" spectrums of
Fig. 23, where the bulk of the spectrum is displaced to higher fluctuation
frequencies-in proportion to the radar frequency. There seems to be
no clearly idontifiable correlation of the fine structure on the
various spectrums,

Conclusions

Echo amplitudes from a formation of three F-86 al rplanes are
nearly Rayleigh distributed for X, S, and L tands,

Averaged over all cbserved aspects, the median radar arsas of the
formation are 10, 48, md 9 square meters for 1250, 2810, and 9380 Mc/s
respectively., The difference between L and S bands is considered to be
beoyond the 1imits of axperimental error, but no explanation has besen
found for this large difference, The X~band value is not considered
reliable enough to be used in a frequency trend,

Comparison of the average radar area of the'fomation with that
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of a single F~86 (Report VI) shows that the formation average is larger
by 2.5 db, 5.4 db, and 3,6 db, on L, S, and X bands, respectively. {
- This comparison was made between the radar areas averaged over 5°
azimuth intervals, using only those azimuth iitervals for which data ]
were available both for the formation and for a single F-86. Theoretically,
. the average radar area from three identical randomly moving targets i
should be three times (or 4.8 db) greater than the average radar
area of a singls one of the targets,
The aspect diagrams show a relatively wide peak at broadside, and ‘
, echoes from the leading edge of the wing are prominent near 359 azimuth.

Spectrums of the formation echo were obtained near nose and

broadside aspects and toward the tail., In general the fluctuation

frequencies are higher for the higher radar frequencies. The 4
higher fluctuation frequencles are believed due to the variations

of the planes about their mean position in the formation,
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