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Flight Seriec .

vas inopersiive, so Lhat N0 racd

vude above

re sltipeter

o f ich w He assumed that Lhe

aliimemter settings hed bLeen orrected for locul bzrometric pressure

. Lo pive aliizude ubove ses level al some standard temperature, and
Lhat the recorded presxsure agltitucde could be counverted into actusl
gititude zbeve pround by anplying corrections for both tem oergtu*e
and ground zliitude, This might seem t¢ be 3 straighblorward mpd
but the faet is thet it is an unsatisiucstory ohe. The zltitude of
the grounc, for instance, hzd Lo be deterr ~»d Ly referecnce to She
sppropristes seclional sercnautical chart, onoa tacis of contours
separated oy 570 or 1000 1, and 2f 5 few snot elevabliorne L4s =
check on tne aliituder determined br Lhis method, careful meoasurc-
mnts vere nade of Lhe phote distances Letween two noints whic!
oczurred Iin the geveral protcs tuken of a riven site angd this
informoiion was used to croer Lhe photogr:phs with recpect Lo aliliude
Tnis order rnid net wlways grree with 3 £ recorges
TTensure Jlnitades,  For tnese tesoons
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Clesriy ther the alvitude is determinec if{ we have
{1) The focal ieneth; £,

() Section lines (5280 f+ separation) cleurly visivle on
ohotograph so that the corrssnonding measurenents of
d_. conid be made
P
t to the focal lergth, f, # fipure of 306 mm had
b4 ’
Ur. Uoore, 3andia, to kr. Carbine by rhore on
i
T

3 March 1953 (this was confirned in an enclosure %o u letter,
dated 23 March, from Daly at Sandia). A cursory check abt the tinme
hed confirmed this {igure to be 3% lesst anproximetely correct,
and in the determination of aititudes for Flight Series 2 thig
fipure yizz used,

With respect to the dislance vetween secilo
photlograph, it was desired Lo determine d. -« lh
£Xa] _ ; ‘
rony such independent ceterminations as coulin ve
severul photographs in ihie sequence LaXen zi
which wes being determinec. For this purpose
it lar
3
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Lhe same Uwo celiniuel
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fiith respect to the runs over Site o, the aliitudes were
established in a somewhat similar manner, excep that this time
there was gvailable Ior use a3 a standard, z radar zlititude

o
)
O

3

the distances dg and dx on the photographs, olus the uncertainty

-

1]
agsociated with the Site 2 (8300 {eet associa =d with GK Film 1-15
of Flight Series 1), Liker -se, the altitudes for the ruus over
Sitm 6 were baused on an altitude of 102L0 feet ~statlizhed Cor
OR Film 2=14; this alvituds was Saken 20 be the av Tare of i
independent ceterminations based on radar alstit udcs g;v*n for
3 different runs in Flight Series 1, For Sites 2 and 6 the uncer—
tainly in the altitudes, by reflerence to the lsst eguztion above,
ia seen Lo result [rom the combined =ffsct of “he unceriainties
i
i

the radar altitude talien 45 a standard.

& ]

Taking the uncertainties in the suandard altitudes Lo be
approximateiy 0.6%, anc, as vefcre, assuming about G.1% Lﬂccruhinty
introduced by each of the measurements & end d,, the probable
error in the aloitudes determined for Siver © and 5 is seen -0 ba
still approximstely Co.6%. This means zboul 7 feebt zt an alblitude
of LUODO fmet or £5 fmet a1 LI0C0 fret,
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inalveis of radar returr, #s éirectly appliec to the det~rminzti.n
of Lhe refleciior coefficiantes, is facilitated by the assumpilon of &
b A
rcctannular ilse shane, 2nd wnerelore requires Yhe cholice of sone
it d P
roitrary nulis duratione Fifu o)

recLanguiar approxinu

Cor

3 shows the transmitted pulve wnd Lo
on & lineur powsr scalie 4n

&

.

n

timeo £8 can b2 seenyihe trunsmitted puls~ is nol rectanpular, tul

rises gradually Lo o sloping top and then descends even nore gracduzlily.

The critericn used in our choize of pulse duration was that of the

vidth of +he pulse % the halfl power po-”tﬁ, vimlding & pulse duration
{ 0225 microsecondis, The approximation is shown such thatl the are:

under its curve is ejual o the ares urcer the curve of the trunsnitied

3 ﬂ‘

oulse and “hus illustrates the o

gres Lo which Lhe rectangular assunp—
tion iy justified, I+ ig %<0 be ne

.

Y

ed, Nowsver, that the grucusl rise
of the leading edge intreduces & time deolay which greatly influences
Z“ﬁ’ Aelinivion, and therefore cannot be nenlectad in Tone aNaiysis,
ince 7on~ dimensions xra & vitel facvor °n » mefleaction ccefficients
inc i <
Purtaes discussimon the offact of Lhis time celay in Flven in Seccoilen
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Average t“?ﬂﬂ itted power mexsurezents were made for each film-
man of ’*iﬂ £flir series by means of & callbrated directional coupl=T
feeding a power b*‘clr. Peale transmitied power ma)y be determined fron
thess megsuresments by Lhe expression:
:
£
) P, - P ower hridepe x  atitenuation factor
v Her~rate x  Pulse wicth
where Lhe athtenuatlicn factor corrsspondic Lo the db drop of the direciionai
oupler minus the duv drop throeugh the wntenna cadvle system, thus reler—
ring the transcities pover Lo the anienna terninals, The attenuatlon
factor wag, therelore, Lhe power ratio corrcsponding Lo 38,45 db or
5,48 x 107 and the expression broones:
- - AVLE 7 10) » - o o P "
XcJ - 1—-.l., . - ,\_/__i-' ‘O\PX‘ D]"l [f.‘ lo_,o X l(a . ‘)Ol'i"‘
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where the altitude h par:
mes ure converted Into s distan

i 2! c
he return oy “Jl"niicat on by the sweap

r the ¢cutlion being us
rom th {rst return are converted to ~is
e r
*

inn
speed lactor L}?l
cd. These distan
t

e
£ the previcus time~marker vty adding 7, the averzge dlstance
rom the beginning of the tizr—rmarker o the cinnt

nr of the
enlse rise. These distunces (il. Zay X3 an ) seribed on 2
transparent plastic sheel indicate ihe horizontal positions at
which resdings are taken., The muegnituce of hulse axplituce
eL nny such position i resc out Ly the {lln ler when the plaglic
~anle i mpved vertically Lill the cross 13 ntersect Lho Lrace
anc ~he button is pushed (The PLL Uilm ezt Lh 1amp henk oub-
syt wus desnribed in AVR-u, Section T-%)

Atnes she resding Llovs fromo tle tepiioilng ol the
; : 3
i

Fehuro rulne toave brer ceernined, L

s Loe remtiogrd ooutedice npLler pouftions of L h~.04'.xuj
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The vrursmitted pulse 19, of course, nou u rectanrulsr polee
bubl hawv & leading CCV” yhich rises greduzlly.  The effect af Lhis
gently risine leading edpge ol Lhe trinsmitied nulse is Lo sause
the returr pulse o begin 1o wire earlier Shan 24 wouls if the
leading edpe were steeper. n analysie of tiic provlen will e

includ=d in LTA~T7. The conclusion is that <he effective beglrrning
of the rise, Tor the vrinsmitied pulse used in Flighe ‘erics‘z,
should oceur later by sbout oQA05 m sec, Lhcon the just detectiatle

’ beginning of the pulge rise, Nuliinlication Ly the sween cneed
factor £or the filn \*P’ﬂs the corree’for, AX, in the dagram atove,
which should be added %o .lge Thils correcnion was nade S0 510
films in Fligh+ Seri 5 I belore they vere reporied, except for [ilms

. 2=5 and 2-7 for which supplemental reporis will be madea

.




e ¥, WL

g_.;q.}ﬁi" 3o GHA muhmz;,n.u«&auk-ﬁp"‘m‘k‘\ AR (el x-u.‘»..er.\uu»._,‘_. RPN

-~

SIFTRD 10173

Lo SFERIAL FHOTO COMPOSITES

The 1 gt task was the association unambipuously of the
153 Flight Series 2 aerilal photographs with 23 separate runs

at various altitudes over 3 sites. This was not easy since

it hzd to ve accomplished without benefit of = log., The resilis
were 23 {ollows:

Aerial Photo Site Run XNo. Photos
Kumber Numbor Numver in series Comment

| ol
|
W
e
Q
g
&)

L= g 1 5 Note B
9-173 8 2 5
17-23 2 33 5
2h=L2 2 3z 15
4347 L 5 Kote ©
LE-52 2 5 5
533~55 2 4 4
""__16 o b
cR-65 2 7 5 Yiote N
57="71 Z g 5
T2="5h . 9 5
M= ’ 1 6 NoLe T
2329 * a 5
ARG S iz L
Gl=0h ! 1 5 tiote ¥ -
“-1l A L 3
10107 P 15 5
107=112 &) 1o 5
113117 < 17 5
IR e v 12 [N ..
RO R 3 X x B :
: . s,
L2 }".‘.( ! .. a7 {)
PR % 4 2 “
"L}/ ""7 . D
W—-m. 0 21 5
R g~ - 5. r,
PR “ R 4 N
IhF=-1n3 o} 23 0
-15- )
R

oN
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Photes 1-3 - These were excluded since Lﬁey could
not be associated with any of the Sites 2, 6, and B,

Note B: Photos L~L2 - Run nucber assipnment is believed lo
be correct,

Note C

Shotos 4361 — Run number assignrent is consistent
with the given pressure eltitude information (e.g., photos
1,8-52 were taken at a higher altitude than the others in
the group), but either photos 53-56 or 57-61 constitute
an extra (uncccounted for) set and it was npt possible
to determine definitely which to associate with run
number 6. In preparing pholo composites it was assumed
that photos 57-61 actually corresponded to rur 6 and
that probably phoios 53-56 accompanied a pass which
for some resson yielded no TR camera data.
hoto
orre

62-76 - Run numper assirrment believed to be

pad
o}
pe
]

ﬂ U

+
v

Note E: Photos 77=¢1 - Rur nunber assignmen
CO"!‘E», ve

cr
&
H
}Jn
®
<
I
[oX
¢
(e}
(o
&

Note ¥ Photos 62-153 = 1In this £roup there is an extra set
of Site 2 photos and, by working from boih ends of th

A

croup, this exira setl was ninned down e photl 3
This conclusion is strenpbnened vy the fact that it
preserves Ui aliernating 2e=5-2. . . seriegs wnich wouls
otherwise be broken. The aSgumplicn Is thut no GR canerg
data was taken Lo pecompany phoios 133137,

Yote T: The mmber of photos tsken in each sequence is usuolly,

)
p rs - ] . vree L . . ~ o \ b . . .. 1 &
CUL NOL SAWLVO, U5 od COonxl cerabie rmange was r)ut;ru, [T

Nove : No ascrisl photo chortare (as had been reporied) was
Yound, In fuci, in scdition to = full complement,
Lrerse wore 3 oaoxtra sels whioh rere unaccounted for,

The phowo 2or ';0‘«32( a4 themzelves weye mude Trom Lhe T

ninovor in eachose ince the scale distortion

one procends ou:ward from the center ¢f Lhe phot o;""ﬁh, ]

phosopraphs will mutch up best 1T the Iine of overlap iz locited

equidiscant from the centers of Loth photozs This criterion was
althourh it

followed s n reneral Tuls . had Lo Lo Yeviated from

it

irn, thuse canes where LY Iolilowing 1t Lhere woula have been no
devail to pulde by ob Lhe overliep position, Uince the rodar rotumn

(@]
¥

rafl waa approximavely over the center

data were taken when the o
by erice, 1t was trimmed only as necessary

oy :

ir
£ e py e b “heat s s tewe g
ef the firet ohoto in the s
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to mateh up with lhe second photo in the seriea,  The second photo
was, of course, trimned on both sideg, The tLhipd photo usually
lay entirely outside the illuminates areca, and since its function
wy3s only one of rounding owvt onefs visual impression of Lhe sort
of terrain involved, i trimned cs needed 4o keep Lhe size ol

por ¢
*
4
“n

’
the whole photo compos asonable (i.e., so Lhat when cutl in two
and hinged with scoilch tape it could conveniently be inserted velween

d

the nages of an slready vound report).

On the composite the center o ach photo is indi
is was easy to 0o before the original pholoy were 4
reference 10 center rmarxkers along the photo edpess T i
flight was indicated by 2 veoclor roupghly averagin: the positions
f the photo centers, The composites were identified both

R filmn number and by renort number.
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Tor use in conjunction with the photo composites it was ;
1t desireable Lo have also a Lranspzrent overlay bearing
rtain infpraetion relating to the partic xxar mne Perhup
most imporiagnt were Lhe zonc boundury circles, drawn to scule
for the particalar altitude and reading times involvede 4lso
included were the asscocliated zone bounda ry angles, radii, 3nd
relative antenna fainse Finally, there was added the distance
sravelied by the aircraft in two seconds (vhich is approximstely

3+

e
e

the time of run of the GR camerale This distance 4s only approx—
imate; as the aircraft jround speeo vias usually not Vﬂown and

re

winds aleft are ofien comparable in magnitude to the indicated
air speed of aircraft in the C-47 class.

The procedure involved in obtaining zone boundary angles
and radii was described in the section headed Readlnb Scale
Preparztions

moved aboul over the
of the readecre This
L
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As & general rule f{ox Flight Scrie
shroughout the usable porition of the [
for films 2-5, <=7, ang =22, i LTS
consecutively; this was Sollowed by so

throughout, the remainder of the {ilms.
2500 consgecutive traces was to make it

autocerrelation studies on s few fiins

Reproducibility checks were rTun on

couple of films, Quulitatively, the v
about us expected, Yore will ue said
ity in a lzter repori.

e sucin scheme 45 reg
ing everv seconnd, svery -iird, or every f£ifth truace thereafl
> - ’ A } 2

s 2, every third itruce
e road

1m was o Hownver,
) vraces were read

~
La-
O
e

The toea behind the
nossivle to make preliminsry
in Flight Series 2,

ervals in &

Yy was ressonuable,
reading @ eproducivil-
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. The cunulative probability

.y &£ 4 L ~ 3 e . - .-
urves for Lthe return volilages are
.

c

estimated for each zone and pilotted logeiner or e same sev of
coordinant axis in the incivi 2al : “ne  The provobilivy
is apain esuirates vy p & 0/ row the manter of
voltuges less than the upper 1imdt ol tne intervel and I is inhe
total number of voltapes sampled., This estimabted probatility

is plo*ted afainst the upper lirmit of the interval, Irn the indi-
vidual iilm reocorts thegse Ll DroLnbl Lit rves

were glso plotted on both Ruylieiph and normal naper
curves of the foru 1

S e e N S A e s bET e s

(-
(o)

rlot zs straight lince on Raxleirh poner while -amulutive curves of
e

-0
YA . B e rran h) Cyenen ~, e . PN
nlot as sbraight finws On norul neper.  Tols was done 1 0pus
[ T o, 3% e AT RS . Y e & _— I } 5 N e -
that a faniliy L2lting LLe rewLurn Irom 21 Lne gones O SQLLUOVErT T,
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XV. THE DISTRIBUTION Y /R) = /‘*’o R L. Iog /%g

e

A

e

In AER-5, Section VII, the distribution W(R) above wiug
derived as a possible outcome [or the sntenni voltares. If we
express the voltage 2 in units of Y& andd et a = Pmr~

5] 4 0 3 voe /'{-’. »

. e s - R/ —
the distrivution of the new varinnle x = /%qz becones

foga) = oz oo = T faxd

This is the disiributicn of 2 sine wave of amrlitute T in Uoussian

&

noise of nean square value H o The parameter "a" has b
ore a signid to neise ratic.: Ve

characteristics, vtherelore, o . see
frem the above substitutions that the shapne ¢ the districution i
is determined entirely uy Lhe psraneler "a". .vo dlstributions
-7 PR -~ . = ~ .-
with the same "o" will differ oniy by & scule foctir.
Since the {(x:z) femily ol zurves reoresents s sel ol nossiole
cistributions for Lhs return voltageu? a procedure vor seL up Lo
vest whether or not the returns did it members of the family,
This procedure is described in detail in 1VB-5; ) Urcticr VIT, mut
will be condensed and renested here,
IL was decided vhay vhe decision as Lo whelher or nol or j
v ~ L. s . . : hY .
ernirical “istrivution weus of Lae Torm Didie) wollo e munce o Lhe
vasls of a corpariso: ol Lhe cwmilative curves, OWevaT, Taiher
x
.y - e ey T gy vy e Sl e N -
Lt conmprre U emnticnlocurv Lo or i, - { -{(t.;m\ at
~0
wro UL i sl nie o v nlen wge
slucu o0 "ot o vere comgorerca. Than g
Lo QLroey A}':.Cul (RPN
AR SN
~
. . = P, +
For the W) dioir =~ LY, P
— ;
™ . Ce e oy i R N T L
amg ! 3 R. = > e Une parise e.riihood csulmntor ol Liv e
ooHa n < -
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Since K" ectimates Q¥ + P ’ VR%L ; i1l estinate Yap o P/

and if the emoirical cumulative censity is of the form P(xjay, its

¢

value ai R4 should zompare to one of the volues above,

)
i€
.
o
o0
Q
3
o)

the

If i4 cdoes we con proveed Lo mare a direct comp
cumulative curves,

Confidence intervals are nliced vpon the estimator /s

£~ . 2 P .
Ses Section ZW1). anc Lhis uncer
uncertainty connecied with the es

limits on the velie o the empirical cumulative distribution at

E(RZ). If these conficence limits enclose cone of Lhe values listec i
in g colwmn nuove, we rmohe Lthe ¢ompari§ox. I the conffdence

in 1s bebween two veluns, the compar son 1o macde with Lolh,

N c . ~ . :
ol ticn and tnen comparlson wWas enployed In
[ L A, N L .
14 £iim =T, und Z=11l, 4t this Lime LU veay
", K Tt e ~ - PO - e R -3 £,
d {zci ulure comparisons with other funliliigs
LY. N a1 . : . Ny
c mulz rves wault sli be plotted co Lhet Lheln
= [7E et oo Conars Y ha eyt caet s T ey o v+
z Lten “e'n oul on Lne rorizontaa oxaco, and Lhe
c ol i1y meann Gl i

¢t




XVI, THE ¥EVABLTSMANSG OF CONFIDLACK INTRRV.LO Full

THE ESTIMITION OF Pr AND  \JE(RY,

In the iIndivicuul f£3In reports, confidence inbervals zre
quoted on the sstimations ¢l the average return power, Pr, &nd

. . | - e
the guantily E(R 2 wiere R 1s the refurn voliage. Ths
—— A
. " . : . A
estimators of both:these cuantities are functicns o: kg, fr
— T — £

beirg RR™ | and V 5‘“‘7/1_ being g"/’_ o Consecuently, ve will

Tirst, describe Lthe o
interval for R and

In the computation szheme Sur szmnles are orowen
up into groups of Lwenty eacne It is Lni. civision Lhat we ulilize
o ootain confidence limits orn T From each wwerty samnles
we obbain an estirate —f;-" = Y 2 QY- These estirates are

‘g 29
r
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Hence # .96 /fn' gives a ¢5% confidence interval for R &s

«n estimate of the averzge of the voitcge squared.
not in sigrificant corror because of the usec of §
iration o € , For t.oe values of n!' which we used
based on the "t distributiorn did not differ apprec
Since [r= k R , 3 95 confidence interval !
4 kv ~ “ - rS -
+ 1,96 T ¢ Tnis dnten val is the cne quotsd

the individual film reports.

1t
A
A — 1.qk <
BT T R P
Tnr "
“hen, assuning E‘? aALA

——

The above iz
as an approx-

the f-ctor
1abiy from 1.9,

?r is

for Pr in

T B o 5 R

% T

—'Lrl’

‘\/R/l 1°u.& W<\/ET«_>- VR/Q Vm_\/’@z

Yow

a R [ PYY 198 YR /
VI VL] N - VR
=g & 95T coriliente Tnternl Tor '\)’?Z cuooar sgtiagtor of I/ E(R\)/l

given by
}d/%/ ]fi/ L% & i
< 2 Py ,L.
Tedes ty he confinnoe Snterval that 1. cueted i the
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The eetimutor p is substituted for p and a velue of? is

chosen where the function ?‘“?3 does not vary rapidly.

This means that W' independent samples would yeild an es*imate

with the same confidence limits as the N actual samples did. OQur
K samples are ecuivalent then to N! independent samples in terms of
the accuracy of the estimates,

A
For Zone 1 in each film we pick a ? near the 50% level
(since v9(|—iﬁ varies least here) and periorm the above to

obtain N'., This number N' is then used to obtain the 95¢ confidence
limits for the cumulalive density points., These 1imiits are

+ 1.9 {-_M—)—
YA~

and are indicated with the plotting of the ;oints,

Occasionally, where two different sampling procedures had uveen
used, the samples were broken into two seis. In combining the
estimates from these two sets the ecuivalent independent samsnle
siged were used as weights rather Lhan tYhe actual sample sizes,

In this wey the most accurate combined estirate was made,

e et e o B |
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XVIII. DETERITINATION OF THE SCATTERING COEFFICIFNT

The equation relating the scatiering coeff{ici.~* to thc .ther
radar parameters is

P _ E._ K(8) G Flett
’ a 6wt R

4H

where P, is the average return power, Py is the transmitted powcr,
R is the range, K(&) is the scattering ceefficient, G is the gain
relative to a point source, 6 is the anglerof 1nc1dence, and "Agepe"

iz the effective area of the antenna. This is an integral over the
target area and may be written

2% A
P _ Py K(&Y G(e, ) Rt (8,4 cdod d
r 16 > 74

o A
The orientation of these znples may ve seen froz the dizgram below,

"\‘J\é '

-
\
We are assuning that the antenna is direcied verticoally o n

ig also the ar;lo hewween the antenna axis and the direction Lo
the elenent of ares

In simplifying Lhe relatdonsiip ve first assume Lhat G ami Aepf

are independent of ¢ (i.c., that the antenna is circularly symmetric)e
We can then interrate f out, getting
o 5 TPy KoY GO A ¢ (8 cdp
c 1o T RY
A,

SRR SR LB
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Next, vie assume that P, is constant and that:Agps = ~——

This yieldsA ‘
o
o . A P ¢*(ey Ko
ot J, _¥ v

Since the angular intervals over which we are integrating are guite
small, we treat K(@) as a constant with regard to the limits of the
integrale This we give as an average X(€) for the angular interval.
Hence

~ Ao .
£ = B A K (&) G () ¢4
o3 W A, R

The antenna gain was determined as [ollows. The power Py
per unit sclid angle a2t an angle & was found to be approximstely

P.= F ces 38 0 £ &< 35
e - ° =
= other wise
F, = o
where P, is the maximum power per unit solid angle.  The gain

is given by the following egustion:

P
G = O/P

ft.SoutL!

where P is the power per unit solid nnple Lhat weuld e
pt source :

generzted by a'point mource with the sume total Lransmitled power.

-30-
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Hence
h ~ 2
. q'l ‘e L{’iT Po Cos 3e

Pt ) £, S cos 38 sin @ d8d ¢
X

where Py is the total transmitted power, Cazncelling and evalualing,

[054}42.“.7) oﬁef_?/(,]

yields G = 32 cos 3@.
This reduces our eguiation further to
P, A" K (& ~
r Q<de

T . R

. PN .
olving for X(&) we have

w7 Pr

K(g) =

3P AT j’kn— cas S

T™his is the formula used in celculuiing the K (&) for the individusl

>~ .- - -
Siim o renoris.
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