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...JALTTI 	 T 	 IY FliX3

The first step in t,he data reduction nrooes 	 to rte %he
films qualitatively (or semi-curtitatively) based or a prelirf.nsry
scann'ng on a Yodel 	 Ftecordak. ('f he 	 fir' in Flight spric,E,
le were classed as usbleend 5 were rejected as unusst,le. The
results of this survey :ire sumnarized in 1 7 gure 2. :,1though te
return pulse amplitudes in the colunn heade 'acturn Itange" could
be converted to scov ,r deflection in mm, it s berhr.ms iunt as use-
ful to consider then onl:: as reltive hostt.s; thr e ---e applies to
the colunn headed "Conpv-ator Itnge". It will be noted that the
principal rejection cu:lse was 	 lure to have the return pulse
bracketed by markers. This d seri ow. 'oecause the :;144!:Cp speed lo
not constant across the face of scope; it is essential to determLne
the miecp soeed factor for that portion of thu 3w:en v.sh conti_ns
the return.

finother serious proLlen exit s 	 :1-,r1,-er falls .omewhtre
in the return pulse. The usucl effect 	 t it k:nocks out to
resdini; posbio7,s, 	 rendinr 	 corref.por.J.ine to
termlnL.:1 5, 10, 15 an:.! 2C; degree nr;les: the trace 15 completely
obscured 	 t. r2T1t7 readini; pos:.tion ano it apr ,earar■ce 	 t orf!: c.)f
•.d,jac.nt nosit-ionF 	 1;r:rel3abit70

w.71s
of ::7_,ItrlDus 	 b 	 '„o

	

f./L117.r 	 fht. 	 fin%1.17:
uf 	 e

	

frnn 	 , 	 .
spurinun 	 wo1.1C constitute 	 LierloL,

:'.re 	 ciwDr!-.P by

re%

•7 , .."<7r 	 72."; 	 tri 	 F.!;,	 1.•• 	 0

It .11nne ., r:• 	 thf.:
o:liArly 	 -e, 	 otherrA,ee

•e*	 !:- ;•:	 !).7 	 t, 	 r)::!;
•vIrker 	 io w!ieh 	 :e use ,i in 	 r'-On:
nr ,::cedvu - e.

S%mnie
reper•. 	 2-1 	 re'„urned 	 7)rc, ,00re

example of or r.e!ert , t7tcauset tH return 	 by

mAr' , er.
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TV. ALTITI7.,E, "Dr"..7 4:.:NATICN

The absolute :11titude of the aircr:ift to h associated with
any particulT;.r film would ordinarily bt". taken as that indicated
by thr SCR-71P rada - carried by the nldne, and this altitude would
be checked by some independent method or metho 	 )wever, for
.'1 ht 	 the =-71E radar either 	 not in the plane or
w;is Inoperative, so thdt no radar altitudes were available.

Tne first attempt. in establishing the aircraft altitude above
the terrain for each film was by making use of thr pressure altimter
readings which were avoilzible in the 1aight i 	 We asoumed that t he
altimeter settinr,s had been corrected for local barometric pressure
to rive altitude above 5e8 level at some standard temperaturt', and
that th*,. recorded prr$sure altitude could be' converted into actul
altitude above ground by applying corrections for both temperature
and p-ound altitude. This miEht seem to be a straightforward mp.thod,
but the fact is that it is an unsatisfactory one. The altitude of
the groun, for it3rIcr, had to be deter::: 	 by rcfermce to the
approT)riate 	 coaa 	 rchau':.1c1 	 a ballis of contours
separated ay 51.0 or 1(. 0 ft 0 and of a few spot elevatiore.
check on the :,A.tituz .J, L determined by this - method, careful mcasurc-
ments were -ad e of the rhoto dist:Inces between twopoints,vhic 'S
oc:urred in the oeveral ootos taken of a ;7iven site and this
inforct:tion wi used to oroer the photorr-,phs with reLprot to ait'tude.
inis order oi oct Liways agree with 1.ht, incic 	 by the re:cordf. , c
77. i:;ur^ 	 tnese

fe -r 	 , 	 of tnt.
thr 	 th, 	 c,1

d 2 
d i

h	 f'eet ;df:„tar;oe !'rom

of' Fimpit.

6. = 	 fr,-t bet.rr twa ;u -17 -;tr. on cr -.: unrj.

dr : 	 between ::nreo , hotoph.
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01erly t.her the altitude is determined if we have

(1) The focal :Length,

(:) Section lines (5280 ft separation) clearly visible on
photograph so that the corresporiihr me%rurements of
d could be m.ade.

With respect to the focal length, f, a figure of 306 mm had
been.ouoted by Dr. Moore, Sandia, to Vr. Carbine by phone on
3 March 1953 (this was confirmed in an enclosure to a letter,
dated 	 March, from Daly at Sandia). A cursory check at the time
had confirmed this figure to be at le,=.st anproximately correct,
and in the determination of altitudes for Flight Series 2 this
figure ras used.

With respect to the distance between section lines on the
photorrao's, it was desired to determine d, 	 the average of as
many Juch lndenendent determinations as cOuih ne had from the
several photogranhs in the sequence ta',:en at the particular altitude
which 'was beirw dftermined. For this purpose, run 35 of Fli ght Serles
was chosen since it involved a large number of photographs (protos
21, through 1,2, inclusive). Thirteen independent sitai.urements of she
one-mile section interval yielded an aver. ;e Cr) value oV 11,0.8 mm.
The associated standard deviatioh was quite sr111, actually cr11:.'
0.L 	 Or 003%.

!Mini; %hrn.n 	 t, of f 	 c-1, the altiuCe
)::.! were ., -!K^:■ was tn ,.:s est.ilisheo at 11.7 ∎ :. feet. 	 This wa!; t.len

ta;.:eh Js it st-indard ao:1 the altituds of otirr 	 c:en Site
were determined fror: it t . y use of

-- 	 e

wer- 	 ad 	 e %n.! :'Istance! brt feet. the .,a me tNo
37 ard 	 respectively.

r.f c. rr 	to the e-,rlier eouation 	 is seen that the uncrtE:int;i
in 	 altitude in the site F' runs is d;:e to the (:<_).m;ned effe-:t
of the uncertainty in f, plus uncertairies ofprt:::y 	 1-1., in
the one -mile sectidn Interval on the rrounr:, 	 r,bout 0.1% i n th e.

me:!sured section intenwil on the photov_riy.. AS Will br!

1R-r 	 thi., report, 	 uncertainty 	 f is onotLbly as much
as 46%, so ttat the nrotle uncertuint:.. in the altiuues for

n 	 not far from ]..c,%. This 	 c s3zeL1-.1e uncrtaiy,
running p:rom :AL feet at an altitude of L00(.: feet 	 lb feet at

nn ,7,1t,;:,11r!e of -Z:a.0 ft. This large n .,,ert nty in the
isw of course, due to the fkct ...lit tLere ...ere not avail-

able 	 radar altit.udes which were airectly applicz.:Ul, or .. , hic;h
could 	 us,.ld as a standzIrd for reference pur: , osev.

TyCLASSIPJED
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With respect to the runs over Site 6 the altitudes were
established in a somewhat similar mdnner, except that this tine
there was available for use as a standard,a radar altitude
associated with the Site 2 (C300 feet associated with gn. Film 1-16
of Flight Series 1). Likewise, the altitudes for the _runs over
Site 6 were used on an altitude of 10E40 feet eatablishesi for
CR Film 2-14; this altitude was taken to be the average of 3
independent determinations based on radar altitudes given for
3 different runs in Flight Series l e For Sites 2 and 6 the under-
tainty in the altitudes, by reference to the last equation above,
is seen to result from the combined effect of the uncertainties
in the distances d 5 and dx on the photographs, clun the uncertainty
in the radar altitude tai;en as a standard.

Taking the uncertainties in the atandard altitudes to te
approxinately 0.6%, anc, is before, as:iuming about 0.154 uncert;:int:/
introduced by each of the measurements e and dx , thr• probable
error in the altitudes determined for Site:: 'and 	 is seen to be
still approximately O6' 	 Thisnears 	 out 	 fret st an altitude
of 1.000 feet or f,5 feet at 11000 feet.

An mentioned above it war desired to have an independent : -:neck
of the effective focal length of the K-27 camera for -2or:barison with
the figure of 306 mn suorlied by Sandi.:.. 	 su::'.1 a% .r-
dt..!nehdent check it is zuffir:i. ,!nt to have p'notophn

(1) for v.(11-7h r a ta 41Libues

717-; 	 (,-) 	 on 	 Fire.

Of 	 j. 	 he :-, 7:17.-opr;inhh for whir..hruar 	 re-.
to''- of Ste 6 F 	 :-.;,erieo 	 Wolir 	 f:17- 7-10 h ,-ar

r:ity) meet he 	 rr:uireo
hIve

p

C141,
8

determi,!lations, 	 mf:aLure:lents
differf.nt photozranhs, yielded ,:- 3 me-an valor- 	 lL mm.
the 2bhnthird 	 IlLS not computed, the
good, 11 1 valJes f:d5in,7, between the limits 	 )11
been used in pla!7e of the jeb r:T1 	 thee 	 or
Sit'- 	 h! 	 ::eri,eo 2 wo..11 ,1

-7-
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cour:ie, Df tht analis it is ne'cray to 	 an
th!- antt-nn.4 	 'Y

that 	 sim7I1 4L1 	 tA)
tt■ :thr'^ :ro71 the axis W.' t. .int,■3ma ,r1c! rurr-

	

out Ltia kxis 	 60,fn rc th.f. 	 out: to an
an,7.1.5 of 	 :L :7.ay r opz:c!rvf.d 	 if power pint Of t'r
apnroximati.:ni locatfT.d at a tea_m ha1f 	 of 20° and ;:ompare5
favoraly witt 	 t ,-.surd arte...nn.a pktt,.!rn whos ,!! 	 h..lf
dnr1 ,..h 	 In1P mranur ,-n.!!ntli ;' 1 w rhist,fy 	 assw-IntLon of
c.ircular n::mme!:ry to 	 rood 	 ;.ctual mr!asure.d oid.ttnrns Traiy

by 	 7-20t. A7:1; 5;„

1.111111111111111111111
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VI. PULSE DiaATION

Analysis of radar return', -as directly applied to the determinatin
of the reflection coefficient, is facilitated 1%y the assumption of
rectanr;ular p:z1se sha:ye-, and therefore reclures the choice of some
arbitrary pule duration. Figure 3 shows the transmitted 	 and it.s
rectanrular approximation slotted on a linear power scale :And agaiLst
tine. As can he seen ,the transmitted pulse is not rectang,ular, but
rises gradually to j sloping top and then descends even more gradually.
The criterion used in our choice of nulse cil2ration was that of the
width of the ruise at the half power pointn, yielding a pulse duration
oi• 0225 microseconds. The approximation is shown such that the area
under its curve is equal to the area rce the curve of the transmitted
pulse and thus illustrates the degree tc ‘thih the rectangular assump-
tion is justified. It Is to be noted, however, that the gradual rise
of the leading edge intradAces 4 ti.ne delay wliich greF;tly rifluences
zone definition. and therefore ca%not be :lected in 7 ,,one
since zone dimensions are a vital factor 'n 	 e reflection ccefficien.
Furher discussionon the effect_ of this ti7e rel:y is given 'Ln f:ection
of this report.

111111111111111111101MS
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VII. 17,AN TRANSLL7171::1) 'POWER

Average transmitted power measureent!, were rIade for each film —
run of this flir,ht seres by meane of a calibrated directional coupler
reedin!.. a power bridre. Peak transmitted bower may be determined_ from
these 7neasurement4 by the expression:

P,
	

12ower bridpe  x Attenuation factor
Rep—ra'm x Pulse width

where the attenuation factor corresponds to the db drop of the directional
coupler minus the du drop through the aht.enna cable system, thus refer-
ring the transmittef.: powcr to the antennp terminals. The attenuation
factor wa5, therefore, the power ratio corresponding to 36.15 	 or
6.6P. x 1C' and the expression b^comes:

10 ) 	 1") polYer bridre
1600 x ee125 x 1C —'

x ic7
power
c:riogn

wher P'power UridF.e

10.■11
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versus sIgn11 generat.)r atteruahor settinfr,s.. To facil:tat" the
thee settings 7.et-h convertd to 	 r%rs: referrecl tothe
antenna t,errrtinin. Th 	 ochvEtrsiot o Lh :tsolute
o:;s: accurate 7,eas..:rer.en1.3 of Jain at :7.ever31 points In thr systeft,,nd
a meant:rerent of the referenee pott:tr of t_he 	 F.ener,tor. This
ifltter war; acos.Tlished hy fer...trhc th( 	 tter:.:.r7;tor olhect1y ihuo
the nower •ride 	 Wkf, USftri .M; 	 LA.37,d;.1:-do 	 The :`Toriner Le;,sureent::-
vie-re r-,adtt hreliminary to this filrht series, 3nd the relatve 	 of

the- coma'‘-or 6:ir7-1 injection point w;2:-, found to 'or• 	 o'L above

th:,:t, of tl- Ft 	 :owtwurt, f,rubst.-2r1t:ttt to

it W., : s discovered that the ftylin of the :Injection lofnt of the eomhanitor

signal 	 unotir f frequency, thus ',:troducing 	 ,..incertainty ith

the absolute signal level.. This ; , ncert3inh:, %;, ht7h 	 +„) 1:_,ok of

reseth 4 lity in'fren'aenctt 	 s 	 t,e

`,...71;A the frequency do" not drift ;ihpre --:1-'*: ct„:1-ihg tht :“.sverrJ1. 1.econr'.:

of tin:: 	 t‘-.t.t.rc.f:)re tkr: 	 ---,1 	 LEt

thrtouT7.ho , 	1;:.:wrtv,r, the	 etwecn

su7-Ltesive rIns, E:Inct- it VV7I-
7:_trus7ent., theret:re, 	 r.tnin:s as to Soy; to :..retat

.!;, :::;:nr1T. 	 ;;;717', 	 cJ1

to rur ,:)y the '' -•_frt-rrent 	 n3 rrtoroulse 	 ohL.erved. 	 'The

hroitedre 	 o-rltr:,hYLy 	 to 	 the gain of

the 	 to

-. 	 7.-. 	 — 	 • t.,t4 -1.	 -
	!2'.'t up 	 -

	' 	 I 	 .

1111111111111■111
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IX. Piti:P;1.RATIGN OF RT;ADING ;:iCA 1.) .L

The appearnce of a typical trice 	 bt'10Y0

	

C' the 	 fr= 	 re77j1".'

of 	 %he
cf 	 err:

7- '71

nor: :::•1'..!!!:!. 	 !.(..) 	 ';.77'..71.1: 	 C7.

frcf-..!
0-5 o r 	 There 	 :‘ow 	 nro;)-r

Trvor A QqTPTT-711Th
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directly f:om 	 plot of t`)c family of t-vs-;,; curves

‘vhere the alt3tude h is the fmily par:imete.r.,
times :ire donverte.d into samp..ling distances fro:: the ben!,.nning ., of

the return by nultiplication Dy t.h sheep speed factor
for the film rew,ler magnif!eet,ion being u.sce. These ::istance:.;
from the first return :Ire co: -.ve.rtsd to ,-..istincer, from the becinn -;ng

of the previpus time-T. -,rker ry iddir ./..„ the average dist:Ince
from the beginntn of the t -irie--r-.:,rker to the bec-fin7 -.inr, of
pni.se ri.ne. These dist'.-.., nees 	 /:), X 3 and X ) sc-ribeci on a
transparent, plastic sheet -Indicate the F)orizon;tal positions at

re ,:ciings are taken. The r---o7n3tuee of the nulse amplit,uc.e
at 7.,ny such Position is re,rid, out- by the film r ,.--2dr..-!/ - when the

ro!tle 4 5 no*:eci vertic,a1.1y till the -, -..rosF, linen, intersect th: trace
end - he button is nuhhed (The Pi 	 aUer wY.h 1:imn 	 ot:t-
put, 	 cieseri.b.ed in 	 Section

typicai readinr, 	 shown in the above diagram. The firn7t
ste7, 	prndl!cing it was 7,o det ,.:rmie. 	 Thin wrIs c'.ore

the.! result 	 Cy 	 .7.-..pre 	 717 o

er oUned his result
rancor-. OD-,"95 scri.tter<-: 	 A

swe ,.•-p 	 f'C 	 711f. C 	 T.t-7: 	 , 1 	 ,'1' ir-.

170- th- :-etu.rn put i ! ,

5t. 
.C' 	 0; 	 t,- • 	 0

•,(•;'

r , ter-, 	 t'-
•11%! 	 o

:••

-
	 Ii

T!. :c 	 :!T■cr
mined t-y 	 the 	 't

6r.r1c r
Corr;r-re- ct to 	 r 	 0•,71 - 	 1):e

iTym r 	 :	 beior; .G L€

anr.1, 	 ..Lov.•

-1 3-
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The transmittc!d rulne is, of course, no St rectal-:+r n'21ne,
but h&; a lear:ing cdre whir:h rises rr ,,,duElly. Th.: effect of this
gently rising leading; edge or the tr; , nsmitted mane i 	 _aurae
the return pulse to bego to ri!:e Parlif-r than it N“Dulfl if the
leading edge were :4teeper. An ahlyc:is of tav. rroele
nclJd ,-d in „La-7, The conclusion in that :..he effectve begiuning

of the r:Ise l for tl'e trLnsmitt,ed pulse used in Flight .,erien'2,
should occur later by about 00405p sf.e o than the just detect-able
', e inning of the ,u1 •̀4f rise. Iluliplfc3on by the sweep nne'3O
factor e'er the film yiel ,:"s the correc"e7.,4x 0 in the dacram .?.novt- p

which should be added to 	 This correcnion was riodc for ,la
films in Flight Series 2 before they were renorted, except for fi.1p7s
2-5 and 2-7 for which supple ,:lentni report:. w 4 ll be made.

Tr\ T (7 A Cks.
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he /lain PHOTO COMPOSITHS 

The first task was the association unambiguously of the
153 Flight Series 2 aerial photographs with 23 separate runs
at various altitudes ov1-!r 3 sites. This was not easy since
it h.ld to be accomplished without, benefit of a log. The results
were as follows:

Aerial Photo 	 Site 	 Run No, Photos
Number 	 Number Number in series 	 Comment

	1-3	 3 	 Note A

/..-2 	 2 	 1 	 5 	 Note B

	9-13	 2 	 5
	14-1g	 c. 	 3 	 5

	

—23 	 =z 	 3A
	4-42	 P 	 32, 	 19

t 3 4 5 Not., C
48-52 5 5
53-56 6 • 4
5--15 ,,, 5

,., 	 ,,-, 7( 5 (Dt.•. 	 I.)

67-71 8 5
72- 1 6 9 5
77—F,21 li_. 6 N0._.e 	 r

83-27 11
;1 -9.1 12.1.-

9:2-(%6 13 5 Note

'-7-1..:"2 b 14 0

103-15,7 2 15 5
lOfl-112 i, lc) 5
113-117 ,!. 17 5
11 .:"-122 17, A

123-127 19
12r-11_ 2(2 ,;
13:3-i. r 5
13P-11. o 21 r,

11:3-11,7 -..,
S.

1%P-'1 3 23 .0
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Note A: Photns 1-3 - These were excluded since they could
not be associated with any of the Sites 2 2 '6, and

Note B: Photos 4-44.2 - Run number assignment is believed to
be correct.

Note C: Photos 43-61 - Run number assignment is consistent
with the given pressure altitude information (e.g., photos
4g-52 werr taken at a higher altitude than the others in
the group), but either photos 53-56 or 57-61 constitute
an extra (unaccounted for) set and it. was not possible
to determine definitely which to associate with run
number 6. In preparing photo composites it was assumed
that photos 57-61 actually corresponded to run 6 and
that probably photos 53-56 accompanied a pass which
for some reason yielded no GR camera data.

Note I): Photos 62-76 - Run number as:iirement believed to be
correct.

Note E: Photos 77-91 - Run number assie.nment believed to be
correct.

Note F: Photos 92-153 - In this group tee-e is an extra set
of Site 2 photos and, by work'rut from both ends of the
group, this extra set was aiened dawn to photos 133-137.
This conclusion is strenrteened Py the fact that it
preserves the alecrnatine 	 . . series Nhich woulc
otherwise he Pro;.,.en. The aseumption is t hat no GR camera
data was taken to accompany photos 133-137.

Note .1:f The nImber of ohoos taken in each reqoence is usually,
..fut rot always, t;; a considerable ranife was r:At-6,
as few as 3 to El2 M'CIZ 36

No seri-,1 photo shortaee (as had Peen reported) was
ound„ 	 fJf7t, in addition to s full complement,

..Pere were 	 extra sets which were cnaccouteed for.

The pot:) composites themselves were n: de from the first three
pot 	 in eoch Seri e:;. Since the scale (!irtortion increases an

pro,eeds outward from the eent.er or 	 photograoh, adjacent
photoeraph will matoh up aest if the :oho of overlap is 1oco4eeP
equidistant from the centers of both photos. This criterion was
followed as a general rule, although it hod to be tieviated from
in those capes where oy following it there would have been no
Jetail to guide by Cit, ehe overlap •os'.t.:oe. :Ytnce the radar r' furl)
data were taken when the aircraft was aoproxf,m.ately over the center
of th• firrt photo 	 the serie!t, it was trimmed-only as necerary

17:‘CCT A'zczi
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to catch up with the second photo in the series. The second uhoto
was, of course, trimmed on both sides. The third nhotb usually
lay entirely outside the illuminated area, and since its function
was only one of rounding out onets visual impression of the sort
of terrain involved, it was trimmedas needed to keep the size of
the whole photo composite reasonable (i.e., 50 that when cut in to
and hinged with scotch tape it could conveniently be inserted between
the pages of an already bound report).

On the composite the center of each photo is indicated.
This was easy to no before the original photo were trimmed, by
reference to center markers along the photo edges. The line of
flight was indicated by a vector roulThly averaring the positions
of the Photo centers. The composites were identified both cy
G!t film number and by report number.

-17-
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XI. OVERLAYS

For use in conjunction with the photo composites it was
felt desireable to have also a transparent overlay bearing
certain infprmation relating to the particular run. Perhaps
most important were the zone boundary circles, drawn to scale
for the oarticalar altitude and reading times involved. Also
included were the associated zone boundary angles, radii, and
relative antenna cains. Finally, there was added the distance
travelled by the aircraft in two seconds (which is approxinntely
the tire of run of the GR camera). This distance is only approx-
imate, as the aircraft ,;round speed was usually not known and
winds aloft are often comparable in napnit.ude to the indicated
air speed of aircraft in the 0-47 class.

The procedure involved in obtaining zone boundary angles
and radii was described in the section h.:aded Reading Scale
Prcoaraticn.

The overlay may, of
compoolte according to
freedom is desireable s
when the GI/ camera data

runs r7)t well

course, by .r. :e , .: 	 o•,:- the
the judE,ement of the reader. This
::ice the position of the aircraft
rere 	 !m=nect to the photo
known °

1111■1110
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As a general rule for FligLt Series 2, cvery third trace
throughout the usable portion of to film was re-'.. Eowver,
for filmz 2-5, 	 and-22, firet 251)0 Graces were read
consecutively; this 'cis followed by sone sucil scheme az; read-
ing every second, every -.hird, or every fifth trace thereafter
throughout the remainder of the film!;c The ioea behind the
2500 consecutive traces was to make it r‘ossiele to make preliminary
autocorrelation studies on a few films in Flicht Series 2.

Reproducibility checks were run or 2CC) trace intervals in a
couple of films. 	 ualittively, the reproducibility was reasonable,
about as expected. 	 or will se said ,bout film rei:ding :eprodubibil-
ity in a later report.
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The' probAb3li%y civ funclens for the return volLap,os -

(volti7co at antenn;i . ,-rrin:21s) arc esti_red for each zone and
these ostimaton arc •lot.tod toEcther on one larce graph in the
indivinal filr rerorz,se The erobability that a volt -Age lies in
• intervl, ad, is estirted by p% 14. where N erluels the
number of volt;-i7en in 	 d 	 r is the total nurii.)er of voltagts
sandlot'. Thi5csnate, p 	 diviried b:,-40, and the quotient is
olotted riber:c the midopint of 	 co This is done FO that th 7:rez,
under the curvo will evo the probability diretly. The density
function, f (x), i5 direl by the

rahability 
I
	 < 	 = 	 ( x.) Jx.

recrJrd to 	 r-.1.1rber of intervals 4, ,f, the f::12owins
diler.na 1r.5e 	 7..ore 	 cf 	 Yoltze
• intervLi, the 7-ore %ccurately hf rothb ity can 	 estimted.
This 	 1-nd 7 IF 	 very sr .-111 n::.rnr of intervals with,
,-20hrP.. , er--17, a 	 attnoh.:ri 	 ::o.i.over, the
frwPr 4 nterv , 1 , , 	 he fewer eotr.t:., HrH. 	 thf.t

	o 	T;1;:.2

or■ , 1.;:"` 	 !:T19 or 	 •
• ..t•e 	 •• '1: 	 ;--

\' • 	 0 
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The cumulative nrobability curves for the return voitares are
estimated for each zone ad plotted toFrther on	 e SW1IC 	 of
coorc!inant 	 in the indivic.urti film Pc7:: , rtL. The prou:;bil'.tz.
is aj.ain esti.n.ate oz. p 	 t n/N v:berc n 	 nor th ,. rur.c:r
voltages less t!-.73n the upper limit of 	 Ipterval hnd N is tne
total number of voltages oampled. This etimated probability
is plotted arainst the upper 	 of th.. interval. In the
vidual film reoorts these estimates cu:uultive prot.„%bility curves
were also plotted on both Ra.ylei.);h nd norT:;a1 	 Cuulative
curves of the for. . . 1

±-
F( =I 	 • J.	24-: cit

Jo

plot an straiRht linc! . on 	 leirh 	 whilc 2..1.P.;.1Live curves of
the fort

G (%) 	
40,11:2:17 c

plot hs straight 1!A.1; 	 Tpf_s 4as 	 L!,
that a family fittin 	 reurn frJr. • 	 tne zonf.

-21-
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A,. THE 1-..ISTZIP,LiTION 	 RA'. 	 z te.

f) 0 1 7 4

In AER-5, Section VII, the distribution W(R) above was
derived as a possible butvome for the ;ntennl voltages. It we
express the voltare R in units of 'Fr; 	 , and let a =

the distribution of the new variable x 	 becomes
,

f(x;a) =t k

This is the distribution of a sine wave of amolitude I" in LisLian

noise of mean scare value Li: 	 . The parElneter "W' hat.; te
characteristid3, therefore, of a signal to noise rkttlt. 'te. see
from the above substitutions that the shao cr the distribution
is determined entirtly ay the psrancter "a" c distributions
with the same "a" will differ only by

Since the f(x:a) family of curves re7., re!.., ents a et of nosible
distributions for the return voltages, a rrocedure v:aLset '.1;1•to
test whether or not the returns did it members of the fmilyo
This procedure is described in detail in AR-5A, ::ectior. 7 7 ], 'out
will be condenser,' and reoeRtd her.

II, was dticiOt.i 	 decision az1 to wth 	 or no:. :7
Ic.%:,; of cc 	 fx.;z2) 	 he

asis of A er:71- %rl.:;0 	 ;'',/%!:0

curv-, 	 ;

or a n.u...11Jer of v loec of 	 a", Y .,' C/i ...t;r1 !

1;r■lo: 	 vr' so far 	 ; le! 	 '•

thif.3 	 1O tell u wHich	 F;Y.;,)

Fur the :;(:) 	 E (rti 	 z	 P

I /	
•	 ,p,

ht.] 	 /ft 	 R • 	 .7- 	 71. :1'ihood

-22-
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Now 	 4
et'„+ 	 1:;"- 	 R

10 	 R
0

P1T-77--)2A_ - ?L I. *
= 	 7. 	 10

0

nt 	 value of --his incu. 711 i5 1.hefr 	 of "a" whic -, in

bPlow.

1,f/ c82/2_1 	 2..4- 	 c%.14 Ay_
a
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Since le estimates Q . P0 -p 	 y Pr-3A 	 rill estimate Ti4. P%L.

and if the enoirical cumulative c:ennity is of the for r(x;a;, its

value at 1/7: 	 should compare to one of the v:aues above.

If it toes we can ;:roceed to makc a direct, eomcarison of the
cumulative curves.

Conf 4 dence intervals 	 oLiced upon the esLimator

f;ee :,ectIon ),V1), anrvi t'i uncertainty le comb:ned witt; the
uncertainty connected with the Estimatedd points to Five confidence
limits on the va1 ..:e 	 cumultive ctistributiun

If these confitence limits enclose one of the valaes
in the second zoluyul 	 rake the comparison. If the conf:r6enoe
Interval 1;111s between two -11uns, the comc. 	 n is made with both.

This method of elimin: , tiort cad taen
the criy 	 of filrs 	 :Ind 2-21.
decited that to facilit;it„e fuLs.re comparfso:c:. wIth other familIiks
of curvbt, the cumulatf..ve curves 11-_ulci all be plottA-ZI co t!-,2`.,

po3.ntri fell ten centineberF. out or; the horizontal :1);Lc, and the
bc' 	 The

arci 	 v-aL
the n , ..rely v7;!.-, 11.22. , 1-
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XVI. THF, FSTABLTSNI. OF CONFIP:NOF 

ziT ESTIYI,TION OF P r AND VEIRTa.

In the inzlividuld film reoort., confic!ence ntyrvals are
crloted on the estimations of the averge return porer. P r , and

the quantity "VEZRYz. where R is the return voltaEce

estimators of both:these cuantitiev are functions o: R' ,
being k R' , and lEM* beinr, liit4L 	Consecuently, ye will/2-

first describe the metho.:, ustd to determine . the confOen
interv21 for 	 and then derive the others from it.,

In the computation scheme thLtt )'. 	 UrsEalles are Sroh
uo into ',rour,s, of twenty eiich c It i 	 ccrthat we uUilizt
to ootain confidence is ch 	 • From eoch twenty samples
we obtain on estimate 	 312.02: 	 These estir ,ates are

5roroximtely normally ristr3t,eted 	 c)f th. r
centr:.1. limit Lhecr). Ti' stand 	 ff their

Oistrlion is nr=ir-.oted by

.1. • •
= 	 -

'1.,":e re 	 = 	 ) 	 R- 	 L

1/,‘ . 23 RIZ

::ere nt ]:; t.he 	 (1:,;
sam7:1e. 	 Tf tr:c 

IL 

-,he 	 'Hahl.ty 	 •! Indr,ter b-
 A

25-
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A

Hence 4- 1.96 144;i17 Fives a 95% confidence interval for R
an estimate of the average of the voltage squar6d. The above is
not in significant error because of the usc of I as an approx-
imation to 4- . For •o.e values of :II which we used ? the factor
based on `, ' e - t" distribtion did hot differ 	 apprecial:, .Ly from 1,;96.

3ince	 k R i chfidence interval for f:/- is

1110.0111111111.
ITNT0T QP,TPTET)

0 0 1 7 4 9

k
A

4. 1.96 	
cr/

11;:" •
This interval is the cne quoted for Fr in

the individual film report.

I f

< E 	 - -1'
n'

<

hen, assuning RI' 7
r. to q"

51 .

il/ 	 E C
z. 2 Irrt . <                 

15T-7-
< 	 41_ 1k 	

z_V rt/ I. N.

Nov:    

E CA' )                           

I V 'Tx - t. qv,   1.96 a-             

so a 9±%	 ■!:•-•.1 	 11.7i7 	 • a!. 	 z) V ECRT

given by
V /2_

± 	 RV _ 	 _ 14. Cr
/2- 	 f

herv7,1 	 t.hf,

filr%
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ThT.Itf,t'AIBL1Sfiry,T OF CONF:I3T7N: ..}: 	 V.:,
FOR 	DE'ZITY r'CINTS

A larr.t sample est_1..mz,teof phi paremettr p of the
1Linomial distrit'etirm is anproximattly nor-.ii7 distributed with

mean p and t 	 standard C.viation y
where •,:t is the indepentnt sample size (See
W cnnot use ti' 	 tendarci deviaton directly to obtL'in a
confience inttrva1,2:Inct our samnits are not inv ,%undent, :nd
hence Lhe actual sam.7)lt size cannot t'€ ustd 	 an 1.7v"rpen , nt
sample s3zei, 	 we did w 	 to -:.etrmfne 	 :inCenendentsririr
size equivalent to the actual non—ndenendet sam.1';
trieeuivaleht in ...nu formula above for tne

This ef.'llivalcnt independent
a method v:hich a. aiiis that ul,ed to o te rf-•_: • the c:c:-i.
nterval for R2.,	 ezdte the 	 \e,lue

A

less that or equl to 53:1'"! 	 e , usirq; the e:;tim3tor p 7
where'n Is the number of values irks than or equal to e, and N is
the total number of sample:7. The F can o ':,hourht o;' al; the averi-q7e
of a i7roup of F1: i f..9t,i.712,te 7 2 taken from s•,:ccel;E=.ive rroms 3f

tt'LCTI. 	 In 	 nis
2.0

:Jr" (2'1.1 ,15.1 	 C 	

hert

t! - ie 	 samh1c:;.

d -Istribute'-', an:: their ota:.:Iarc:

c
:	 r 	 A.L. 	 r;.'" • •

""
A

of 	 p
tid to 	 . 	 

.sc_,7- 	 • r ,

r % 	 F)  

N ' 
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9 0 1 7 5 1imminumw

,

A

The s 	 pestimator 	 is substituted for p

chosen where the function ITT does not vary rapidly.
This means that NI independent samples would yeild an estimate
with the same confidence limits as the N actual samples did. Our
N samples are eduivalent then to N/ independent samples in terms of
the accuracy of the estimates.

For Zone 1 in each film we pick a f near the 50% level

(since "f1777f 	 varies least here) and perform the above to
obtain N'. This number NI is then used to obtain the 95% confidence
limits for the cumulative density points. These limits are

1.96 1rP (1-f) 

and areare indicated with the plotting of the points.

Occasionally, where two different samplinr procedures had been
used, the samples were broken into two sets. In combining the
estimates from these two sets the eouivalent independent sample
siZes were used as weights rather than the actual sample sizes.
Iti.this way the most, accurate combined esti7ate was made.

and a value off is

-2g-
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XVIII.  DETER1aNATION OF  THE SCATTERING COEFFIr.IFNT

The equation relating the scattering coeffici_r• to the ,ther
radar parameters is

Pr
	 P^K ( G. R4114 	 R

A

R is the range, K(A) is the scattering coefficient, G is the gain
where Pr is the average return power, Pt is the transmitted power,

relative to a point source, A is the angiatof incidence, and "Ae ff"

is the effective area of the antenna. This is an integral over the
target area and may be writtenTy, cp., Kum &co, 	 Peik (g),(10)

2_ a 	 ? ? 4 4'
0 	 A.

The orientation of these Unties may be seen fro;;: the diagram below.

z 	 4,

We ;ire astiuminrt..he antenna is directed vcrticily 	 the anrie
is also the anFle between the antenna axis and tht direct,ion to

the elenent of area.

In simplifying t.he rein1,ionsIip we first assume that G and A,ff

are independent of V (i.e., that the antenna is circularly symmetric).
We c=in then intevrate f/ out, rettini:

)

1111111111111111111



Al- Pt. 	 fLc,:)-(e) K ( (9)i

O O 1 7 3

Next, we assume that P t is constant and that'A eff
qlf

This yields

Since the angular intervals over which we are integrating are quite
small, we treat K(G) as a constant with regard to the limits of the
integral. This we give as an average K(G) for the angular interval.
Hence

Icr 03)K(e) 	 `1?r 	32. If L.
The antenna gain was determined as follows. The power Pe

per unit solid angle at an angle G was found to be approximtely

Fo 6 S. 39	 o c t9 	 30'

Pe 	o	 Crii-a r- Wii e

where Po is the maxLmum power per unit solid angle. The gain
is given by the following ehuation:

G. = Pe/ 
Pet. so,teLet 	-

is the power per unit solid ::ngle that lould bewhere P 	source

generated by .aToint source with the same total transmitted power,

.111111111111111111
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9'K Po c-os ge

PO 	cos 3 0 C9 41 6) CI

PrIt xK ( 656 =	 ?t_ )1/4,
Ry 	 cj

0 0 i 7 5 4
vimirmsm

UNCLASSIFIED
Hence

where Pt is the total transmitted power. Cancelling and evaluating,

ro < < 	 ) o e; L

yields G 	 32 cos 3P.

This reduces our equation further to

Pr
Pt. 	 ( e) c.o s -s   

Solving for K(E.:) we hEive

a

This is the formula ulwd 1 c;,lculu .,inp, the K(C-) for the individual
film r27)ort.,::.

-31-
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FILM
	

FILI! SITE SET- 	 TFUCE- 	 TRACE 1,114GTH- 	 RETURN 	 COMPAI,A-i0h
	NO.	 RATIt;G 	 NO. 	 TING 	 NOISE 	 MAlitaiR IETERVAL 	 RANGE 	 11,:ZrE

1

2

Reject

R

8

C

2x 3

2 x 8

OK

OK

LR-375 1-11:&?

ER-375-- ?

C-84

0.-1,

.56-61,

LC,--v

Return not tirLcketed
cy 	 tip..e ciLrere,

Ilturn 	 not 	 t;r_-,47'keted
;:i 	 Li.; le	 ::::rker6.

3 ft 2 x 1 OK L11-375-? O-24
mo!:t:y
7.(.ro

32-5
irmr.nnr

Rot-urn 	 oraketed
rt!“..0:11

pirltor c:Innot be
read 	 1...ith 	 reprodur:-

2 x C Poor con--

feint
tree

RE--370-115 (2-61, 5S-72 Photogrhy very poor;
iftossilrle 	 to

read. 	 Truce reversed
from ouner5 of
3C0P( 	 sett,inc.

5 Usatle 8 1 x 1 OK R1,-400-110 ;.,ppro):,

6 U 0 2 x 1 OK 11-4Of;-1011 0-21, v,2r-, 	 irrcalar Coarz,tor c,:nnot be
rd 	 li.1,h 	 rood 	 rero-
duci.tillu.

7 U n 1 x 1 OK RL-400-70 0-9 71.-1)

8 U 8 2 x I OK LR-395-112 0-24
mostly
very

c.,4

i rma',L.1:.r 	 4..o:;:.;

9 U- 1 x 1 OK RI./-400-11 61, mAr'o-rs 	 fL:l 	 in
i 	 et,:• 	 01 . 	; ,,-.turn

uul5e1 -•;
tr -xeo

1C U- 1 0!; RL-400-75 14,r%er:, 	 in
WftCl 	 n 	 rt-ti.! - .

11 U- 8 1 x 2 OK RE-1.05-73 0-44' in
ofl]!, r
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RECEIVER 	 CALIBRATION 
SCOPE DEFLECTION VS. ANTENNA  INPUT FOR VARIOUS SCOPE, SETTINGS
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