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B~ Reference: (&) OEG Study lo. 263, "Search and Sureeninn-
" Vigual Denecction’, Restrlcved, 9 April 1645,
i (b} OLG Study Yo, pbo WSearct. und Szreeningt
N ' Tavrpet D&trﬁuxcn Reatricaad, 18 iarch 1946,
K T (¢) NAS, Falunonv 1--Vﬂ1‘, Wwd,, “inal Hencri on

: Part II of Project Yo, ThI' No, F¥TR-25&3

- "Wisibiitty Teats of Specular end Lonnﬂrhculal
- Extopier Alrersft Surfazes” Restr*cted
= le Moy 1945.

; 2
5 (d) BaS, Pavurent River, Md., !“lnal Reprort on

3 Part I B ‘igleet o, TED fo, PTR-2558

g WVisivility Tests of Speculer and lon-speculer
e Lxtericy Afreraft burfsces”, Restricted,

! 19 June 1%44.

$

§ AL STRATT

' : This study corcerns the probebility thet o slnpls

fishter aircrelt will wsite visvel contact on & aslacle zercoet
aircraft under doylipht ~r%diticna of 11lluminaticn. Cuznti-
tative results ore pre: mEag sl el pebmit the soupes Gt i
the pﬁobabiii,d of slxliiimes oy any given renge as @ Fanctisn
of acch of a uumber of pJ““?ﬂtC;Sc wouie typieel exuamplos

aro worxaed oubt in datall showine the olffects of such povsneter
asg realutive speed, anslo oF v{ey, uncertalnty In azimuth &nd
in elavatlon, The Si_JtJ“” probablliiles decrease with slze
of alreraft and with increasse in reletlive spesad. lLoalther
head -on nor tall chngs ;7ivos the bost chance of detaction,
Best results are obtulnsd whon the terget 1ls vievied fronm
between 110° and 340° frow bow on, or correspendlincly batween
2200 and 250°. B

INTRILUCTIUN

At the present stﬂge in the developmant of C,IL.C,
end fi-zhter direction equlp.ant and procedures, it Ls not
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on tho rssulis o be expesiad frow the othoer. For eximpid,
the alue of the szeicr wniles. aiuat be scanned by the Latscceplor
piTOt is dictatsd in larps ~ari by the accuracy with zhish
it a8 vectored. decsuss of tug inte prolutions just &osetelinzd
and vapiations .o bg expscl.d Ln such paramsetsrs &g elevallon
and relstive besoing of the an, 2aecay alirpcralt si g anc
visusl camcufllers», end relc:ise ssee]s and anr~les of tporouach,
the datectlon nrudlexr shoenld bs etudied Tor a reini l valy wids
renge of cconditiznsg rathsr Lian for a single ) picul ) oty

If a svifisiently lurps sewmnla of Oﬁerutlcr:l Babe
were avallatle Uou provide & falr roprosontation of wll o
¢conditlionz to bo exrected, t)iﬁ Tatection nrovlem coind,
preswinbly, bs aived by stoctoticald iatheds alone.,  -ecause
of the large nus.sar ol e urs ‘FVO"A.Q, such: an ¢.8lrs.
1a net pomziblal sith tha & w oavarllable. bLarlisy wo0:
on vigsual destec:ion, basocd 1or3uly on LQuO;nthy DlorE S a1 e
of tha Lhnazn sy:z, 1a avaiilcols, however, and hos been azz2d
as the basis of sialyala. e seudy 19 concerncd zhlefiy
with vizual deti-bicn of ¢ sinple enamy :i“crrr+ By e £ haiw
dn eweegvon GLiV @t andey e v lle g sRndltiohy of 2 1lay IRtliens
bhile Che probics of vl el ol gediion of mullkiole wba 4o roise
wlill bhe thie suk ¢t of & loncy study, seae prelladrasy peiulls
are Incluaed hesi-. The parsxlesl prchlua for radar d:isesion
will ®e the aul. et wf & lagew atuusr, UHE pperatitmel i34
oy employad Lo bﬂt“iuh thoe velues o corvtcin of the consileants
invelved in the ~ueiyslis, ant &g 2 ¢hocit on the fincl resalks
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While gearchins 2 visual iasld. che human eye does
not scan ceniinuovaly, bub moves In lumna 9ad can see only
du~ings thiz pauses or "I‘i:’.u*fjons‘s tetwonn famps. The time
from tho besginning of one 'AauL01 Lo tho Yepglnning of th
next 1o aoout 0.25 secoudn, There 1s poo¢ evidence for the
belief thiut from 6 to B suzcessive fixati:us are mwade in the
satle penerual dlrection before another dirsction is Investigated
8o that effectively the fixation tiiie is from 1.5 to 2 seconds
(roference (aj)).

TLho least visibie terpets can b seon only on the
fovea or central part of thes retine of 1t eya. Shiz ro-lon
fs onlr ¢ne or twu deerrog scrogs, 8o the . & relatively large
nwaber o fixetions Ja vequirad for s reon-onahle chencs of
Imaging tha targcet on tho Jovesa where 1L «un be scen. Asg
thz targst becomes more vislble, it can * - sesn {erther from
ths visial axis or direccion of b2z .vision. In other words,
the mora viglcls tavysev c¢on o2 seen over 2 praater fraction
of the totzl aren o7 tne rotlna, fg this frsction (naercases,
ths numbaer of rTixations reqgulired for a xcaqohubJe chance of

detection duacreases,
DETECSTION LOBLE

For our prasent purpozs3 the humin eys can be thought
of &s sarrving wlin 1t & “detection ]cb~ . or surfecs ol ro-
voiution aveuu the wigeel uﬂ_e, withaln vhi. h tho torest can
be goan and outside watlly 4 can novu, lg:z conespt 1s a econ-
verlone zcorpoxivation va. o then on sxesh stetewnoni of l'sct,
Sone tavrea25a which Jail wiilda ths detecticy lobe, as r?ﬁ“ee
sonted Lnra, will v alsuzd end otihises whieh fall outsids will
be det:cted. ilcsover, tut dstectlicn lobz is drawm on the
bagis ¢f & convenblon which assurss that the number of targets
detected 1s tlie ras es thoupn all whlch fall within are de-
tected andg ell which full outaside ere miasasd. This dotcction
lobe ctn be deseritod by the equetlon {reyevence {a))

-
»

T

\J

*
B
B

3

3 T(- 3 e .
(1) G = 1,06 067 « 05,6 & 1B/4,

vhiers 8 13 tue prolor susie in dearsces and R 1s the rance
or polor radius 4 nitlag. Thws foranls qgislects amairl oifacts
dus to chanres In care2i Jaup: aad bockeovonad brichtnesas.

¥or thy cnig ats 5wy, sloaviificatlon 13 justifled
(rofzrvonce \a‘) C Ls Liié contrast of thoy tarsst wa seen at
tha ey., sipreas Ealy L oLs 100 timas the racio

—
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i o' the upparsni dlf'ference In brightness between target and

. i backeround &nd the backgrounc for which the eye is adapted

3 (reference :a,.. & 1is ths cres of tho target cXxpressed 1in 4

square Test. iquation (1) does not hold for values of ©
less than 0.3 degrees or grzater than 90°,

Ths foveal or inaximum range Ls obtalned by setting

the polar anzls 9 equzl to 0.8 degress, the epproximate .

anpular adias ct' the fovesa. isking thls subst*"utlon in !
nquatiou {1, l:ads to the f'ollcwing exprassion ror the maxi-

mum TangEe. _ i

o i

(2) F, * 0.1€c5 ’(CclouGu)A 2

N

The meximum rarere, as erxpresced in Leuaticn (2“ *s & mAthe-
maticel ebsiraction which 1o employnd For convenience, Not
all targets ot ranges lees than reximum which ere imaped con
the fovea are sson. Slmilarly rot all tarrets at renpes
greater than moilawn which are tuaged on the Tovea are misssd.
Fere apgain, ths anumber of targels imagad on the fovea which
are seen Lls egual to thes nwnhar thug would be seen 1f all 3
ingide the uaxlaun Tenge wers scen and all outside were missed,

Haze ln the atmoszohere has thoe sffect of reducing
the apporent coatrest of the target., If the neer or intrinsies
contrast 1s deuignated ty. U5, then

= .3044 Rl“"v’
8 . &= E,C ,

vhiere V 1s the meteoroJc-;rnl viaihiility, or ranpe at which

larpe tercets sueh as mownitains v a hiiph coastline can be
seon (refercnc: (ai), Tho consvant In this fermules 1s sliohtiy
different from =it quoted in various reports resgulting from

3
:é NDRC work atl the Wiffany Foundaticn, The DAf any constant
i aggumes thet motscrological wisivilitiey are observed on tar-
o zets havineg 107 ntrlasle centract. Thy Dicure (3.44)
B emnloysd hars c27+es to typical tercnata usad to determine
b mateorolonslcal viz2lblliity, Lez., >untalns or kEirh coastline.

ubatitution of bHauetieon (2) In ZEguation (1)

Tra s
rlves e complete descriptlon of thie detectlon lobs under day-
11eht conditions of tllumination:
. 3,“411 R/\r 1
. = - ey = 3 1-2 L
(o) (’O £ LT QM o4 45,6 G R /.\

oy RETN Y
naal N\ Vi
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The visibility V 1s a churacteristic of tha atmospheric
cenditions whilch preveil, A 1s & characteristic of thne
tarret eleone ard C, & cherecteristlc of ths camouflere

-and the unilforuwity of illw-inetion. If ths {llumination is
not unitfcrm (for exampia, In & direction 1C or 20 derreos
from the sunj, the eye &z ts to a Jleval of bril~htnesys hilrhexr
than that of <iie Ilmmedlato tarpyst vec «oround, so thiat the
intrinsic contr-3t la rodunad (rei’arcace (d)).

o]

It {5 cleer from Lquation (1) thet, so lonz as the
contraat ramalng conogta

atant, th: snape of thoa r‘atef‘tLon leba
renaing tha swad capardlass ol the slze of the tar at. Tire
effect of chanze in targot arsea 1o si;r.ply L0 scele the ranpe
up or dewn. I crder to eryrans the dsteczlon lobe ir 4i-
merslonless foim, a sesle Sroler R is introduced., Ihis
y -

g the naxlmus rasgse In thoe sossucs ol hass snd is glven by:

s E P
(5) R, = 0.1€50 (G, - 1.565) A,
In these terms che polar argle 6 boecomes
, e 18
(6) e = l‘{ Je/m . 1 - lj" :

where . ;

F 20400l ,/m0% / o, ~ 1.565)%

end
., oo
P -‘lq/ v

Thes foveruletlon rbova d4Lfera from that of 12721 ar . 4

(a) in that #. vather then a is 2nplLoyed as a Jecle Jarcap,
With ths naw firmulatlon Dever ste R 2ike. rofilieeed B0 LHE CHie

pubation ol Hue mieher gl <, Il\u 21Umore; In soma o he
termd, “lawer ok 0 nidant .‘.”.g‘;“'rs Lre neadea for bhe gooan 20
GRiscy o t,'n.-': 1"-\)%"1.3‘1.3_:.;'; vaiue of &, Bdass R, 1o ecoond Ve
a choracveriahit o the Luopel sloene, ido RV 24 conpilicaism
by the Cabg Un® P8 Latag R FoRmvat b axlstoiEe o f hade.
in the z:’;s.m'-z_' arie; UhE pieood bebileonm a tms peiwlas 13 gl
cleurar ‘0 gocan or HQ

Tre dab-ation T dsgrial Ln bhils ase%isa have
beer, corpited Tor oo wida weny ol soosditlons. Taibleo:r ~iwvies
b eolnes Bdede S e & Skl s ;‘-I' woow dlmeusionleas dolar
Pakiug Bty 952 oideceilo Ta owom ;‘ paler RS R WBLT oW
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While it 1s ceubtful If the abtinoiute altituds
of the target can be deiormined with any dopree of precisicn,
1% should be possibla, when both target »nn! interceptor ars
or1 the altitude deternining ssope tosethar for C.IL.C, to
doter:miine the uarnituds and direction ol tho altitude dilf-
ferencs to wlthiln adout a thousand feel, su that the infor-
mation from C.I.C, to t.ie intercevtor csn Include a statement
of tarset position in t.iousends of feet above or boelow the
intercaeptur. On the basls of past expsrlence 1t 13 assumed
thot the altitude uncertainty is of the ordsr of one to three
thousand feeot.

PO D A 2 P e
¢ Jetcbeor 1948

The center of a plpr on a radar scope csn be de-
termined with felrly @i h snccuracy; l.e., %o wlthin a Traction
of a mile. -llowever, to devarmine the distence, in plan, 1
between the targen and tine vrelative movewent line 12 a less 1
straientforverd problem. The accuracy of ithis determination ]
dapenda noi only on tho accusscy with which *he center of %
each pip an be locetsd out also on the duration of the poricd
during which trucking has jeen carrled out. 'there is a further
uncertzinty ADDTOduLPd y “he possibllity that the target may
chanpe coirse durlag tus final ctages of tne inUQAccptlono
It 1s dountful, thersfore, if C.I. C° can prodict the distance
between the toi et endé thie relstlive movsmeit lins clogser than
fror & to & mliles, lor purposss of this study, thercsfore,
1t 13 essuied that the uncertalnty in the dlistance of the
tarret from ths relative mevement lire is larpe compared with
ths altltude uncerteinty. :

If the «ltitude differsncs were known to be zero

1t would be suf“icten' coocin in wzimuth enly. If, on ths
other hand, tho JPCSP ..... abt in relavive altitude were .he
saize 63 the uncertainiy in the target dlatence from the

relativs movamont .~nu, ft would be necsssiry to scan the
solid angle enclosad by a clrecular cone. In this study,
80lid anpls a3csn ls aS‘”Jnd but with the sconnlng angle in
olevatlon rmuch smallier then the scerning angle in azlmuth,

VISUAL CEARCH 00w JLTERCEZTOR AIRCRAKT

In the earlicr swciicns of this report, the various
fectors on whlceh the probebiliity of visual deteoction dupends
have lL..en presancen, 2 in; sucitlon, Utiess factors aro
.eaabined Lo provide & fanctdinal reistionschip cennecting them
WA eh wihe  probmed 48 vy of dub,aalonu ILat the onjrular trovel

¥)
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a1 the vizual axts during jceaning be limited In ezimuth to
av:d on,rle Q@ on aithar 3fle of the esti:stned relatlves move-
ment line, and In eleveilon to an anrle T abovs or below
ths exnected olevution <f ths tarpec. If the target ls
within the solid arpls coversd the probabllity of' dotectlon
g in cns plimpse i3 simply the rctio of the solid angle
covered por glimpse, ancd the total asolld engle, 1l.e.,

Y

: - ‘
(7) g = e /P4 o) (8 +0),

One pgilimpss can be thou Bt of as e numos~ o successive
fixationg all maudo in approximatsly the cenirs dirsction.
From tne anterlul in relerconce {a. 1t 1s s:timated that the
tlise requlired for one ;llimpse 1s atouwt 1.2. seconds.

It is te be romeatsred in compurlng the rlimpse
probebllity g that tho contierts plven w.cve are for a
singlc observer. If there ara t o observers in the elrcraft,
they can dlvide the totul Zzimuth encle (Q vetween tham,
each taking Lall. In ihli3 cesge, the sinslo plimpse plOb-
abllity For the palr 13 the zame as that Tor one scannlng
an azlmusn ancle holl ag lapps,

It re
detection on th
of detectlion P
the search. Vi
e glver sollcd ar,
glimpres in eny plvon

h w, t> cumolane tiie probavlilities of
ious slimpses to obtein the preobsbility
the tlme t fellowing the ’e~¢nnin~ of
£3 e
2

ystem rmuat o sadopted for strcthr
j 'der o Ingure tnat the nunber of

( t“on will be ths game; per unit
time, fer any ditsetion wiildn She pliver: s0lié anmple. This
scannling aystem nosh ::i."ﬁ SwO quuiramunts: flrst, the
time roquired to compluse ons gcan must bo ;mall comparod

to ths tonal searcn tin; uid sscoad, 4ho dilstribution of
fixoetioneg shoulld o reuwsonsb.y unilora owes  itha solld anrle
scenned. One su=:~3aved schems 13, lins scan in azimuth at

a rate of about 109 paer gecond, with alevation coverage by
moans >f successlvs szisuth ascan linss., Having adepted such
& system, ons cen procesd by eltisr of two methods, buoth

of which lead tou the sexe result. IMlret conslder the prob-

- ability of detectioun, Pgy on cne complete scan of the solld

angle. If there ure F plimpses durlng che scen, then,

(8) P =51 « 77 3 .-
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T now tiue varlcus probabllitiss, Pgs 8re cobined for
£ scans,

(5) - BE o~ W - Pl

If Equations /8! and (9) are combinod,

n

| (10) Pal=it(l=-g)
- 1

K vhere n = k2. In cother wcris, the result 1o the same as

5, thoush the probe2ilivy of dstection had bean ccemputed directly
; from the sin e gllrpse prob°lilit" ualnge the total number

of glimpses n, rather then Ly golng throunk ihe Intermedistie
stape of comiuling the scen p“fbability P

f (11) f=21=C1
§

€
%

wirtleh Is exe:t -rovided ths % imrse dlsiribution is known,
. . 2 N .
¢ If tl.e espersat ia Lquation (il) 18 avareped over all possibls
. glirpse Clats lu.tlonsg, J

A
: - L (1 = g, ) dt
{12) Pa i o = Y - »

vher: 1T L3 th, Li;e betwaen nuceo3sive glimpses.

GoLsh ot now thne aperoinl sage Ln ahlch the inter-
csplar 13 shiiaian zowriy Ul ths witecicing airseaft.
Than Eguatich {.%) c¢sn b2 rewvit.on as
fE1/RS

. v H y

g) R

ti
—
1
<
.
jos)
Y
\\
~r

or o
b3 . 1’-0.[/\1“

3k
-
i

(138 P

vh.era v 1 s pelative veluei'y in Diots, R 1s the

ronge ab va o nezrch bepgins rad [y L3 the pange to which
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i : Equat.on (10) can v rawrititen in the following
; 1 8
z form. a ) .
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tt.a inserceptur has closed to obtain the probabllilcy o1 de-

tecticnn 2. "he inteprel [I)  of Fquatlor (13) is prosenved

in Figsnre Al of the prondtx as 5 function of the lower

liuait of inhtepcaiion, with ths ynper limit aqual to Hm/ho

for verions valuza of the varamets~s  Gg; HO/V; GD and 2.

Ry’ Ry 13 us2d for tho uppsr 1iatc of Lat:-ratlon sincs the
N gl;mu~, probabllity ¢ 4is zero »ayond thic point,

ere protably will be son:

Slnce th ercor in the
& {nforz. tl.o ~fvsn to the fnterceptor by .0 . C., it is lmgortent
. to cotalcer trs prenebility of dotection Li ths cass wliers tne
i intercsptcer ir not follow!ng an exact coll. . zion course. R
5 the ifncurcepter in on & ctirse peralliel, Lé » colllulon course
; but scre Jdtatence Lo tha ', bt oe luft, or ehove or helow
: thn asium:d relatlve noves.ny lina, the Lo agration should
* than b2 cavrted out, rnes in AH,  ag indicsted Zn Equetlion
S L2, b ia ¥R,, whary ¢ As fhoe disvn o paraliel U3
i the rotallve woyziont Lone Irom tos tarzs4 to the point =f
& clogs.:, zopraich, San o 2 aboerok lasy for thiyg vsve haves Dsan
: cemplsied, and the valurs of the dossctlion probatbillbies obi-
g teinon e@.ugsred sith choge fov Jha folllsten a6ivse, Ay
i values of =he scenrdns tnclizxz it end & whileh ars of prac-
i ticel inl rust, pelats on Lo surfacas of constent rrataplillilty
5 are nnarls equiclotans {rcs the refcrence eireraft {elthzr
' alrerci't cer be uscd ro tre reference one since the prohlenm
1s one ir: relative “a\}'z then sbsoiute movenent), The points
at e g ttest gnpuler @dicl¥nce Prom the pslative movexens
Jine are sctlually nors uj°n{nt than tl.e vne on the relatlve
moveme 1 iiiia. In scuwal uosrevions, the pointgs of squal
ddbact“or probabllity ¢ n e exysciad Lo be more nearly squi-
dlstans {rom the rolseoaee Corara?’t thuan tho gomputations
would andicaie, for the rllowlag rsasonsd
fa) |Ize #iTsk iz llkely bte scan tho center of the
$5111 snzle mcrs thoroup :ly than ho does the
sdpegy

(b)) kver wit: surict 03Lﬁranc09 wlvhiin practical
rits to Lhe unit o scenning proczdure, tlhe
edire3 of tho &23)id uwgele geannod are noet likely
Lo e chrrply deliced,

Onn the breiz of ke alove conslideracions, u9Cﬂii° thin vre
cirurne GNAV LTV wlet T o ine wd availd tha 1rt-:ducti
of bwa srlidiBlonas Damena R e e elornady "O”“uianlo liag,
P MEx ve @Bkl ¢ i as vhdate 20 egiad prosasalicy af
datactoon ave aculdalsoent Troaw She efe reane alrsrart. It
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i a31 thal the surfacog of constent detection provicisl.,

v » cunded In azimuth by {)¢ 6, and in elevation .y & 4 ¢
e - dirure 3).

If instesad of & collislon ccurse the intercep.or
‘foliows & pursult course, C.I.C, must keep tii® iInterceptor
coastantly Informed es to where, reletive to him, the target
ts to be expected. Luring nish G turns, ci' course, the
interceptor can noi be expectesd to search efrectively, so
that thias posrt of the rolativa treck can be r.aplected so far
s any contribution 1t mey ninice to the probehiility of de-
tectlion Ls voncerned. In othar parts or the rslative track
the Interyreis epproprlats for tnhe collision .ourse can be
employed 1n conjunctizn vwitn the averare rel.tive veloclty
for substltutlon ints kguatioa (3. Tho valucs of the various
parameters to be empicysd In serticular cases ars the concsrn
of later zectlons of this stuiy.

PORMATIONS AND STRELWS JF TARGET AIRCRBAFT .

This study, so far, has deslt with the interception
of sinzle terget elrcreft. In actual combat, raids consisting
of large formaticna or oven contlrnuoue streams of ensmy &ir-
craft, a3 wall as sincle snoovers, can bg expected. The
problem of aultiple targsts w.11l be the subject of a later
study. In antlclipacion of ¢ %is study a quelitative discus-
sion In the prescnt atudy gexns appropriaste.

The factorg involw»2 In the solution of the multiple
terget problam can bsat Ls . ioualizsd by considering two
limlting casegl o sinela ticht formatiqn of znemy alrcraft,
and & sirsam of =znemy alrcra ”c apse & conslderable diatanco
apart,

Before poirp into ths first of the two cases, it
i8 deslrebule te reexamine the ancep{ of a vlisual detection
lobe. For eny plven fixetlon of the ey» there ls, In reneral,
a definits prebeblility of “det-oting & riven target which do-
pendy upen the range of tho trrget fron ths eye and its &ngular
separatinn isrop the most dlyect line of sight. The dotuction
lebe wes so cescribed in spree us to give the ssme probablillisy
of’ uetecL*oh, on o pa ndﬁm 1setien as wonld be cbtained if
all targetbs insice thio dotection lobe wers sesn and all oud -
side mlguned, Actballj gons trrzoty ingide are micsad and some
outglide ars gseen. I theve 4Lu nore Lhzn ons ta rret alreraf't
in the cioss formetlon, thers 1a more than ono QB Eenr L LS
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for detecting an alrcraft fn a liven fixation. A detectlon
lobs to descrite this lmprovec sltustion, therefore, must

be increoased in size. Since the probabllity o tally=ho,
by any glven range depends dira:tly upon the aslze of tho
detection loba, this provabllitr must incroase with number
of aircraft in the tarpget forinezion,

In the second case, that of a stream of gircraft
spaced a considersble distonca aperd, tlho detectlcon lobe

1s that for e single girereft since no more thean cne air=
craft is ever Iin a reglon of nich deiectlon arcpabllity
durine ony riven frxetion. Thc number of tarpate within
the solld snple scznned, however, ia increzsed s0 *het the
quantity g, the giimps crobeiility, which ogeurs in
Equation(V must bs aliered so a2 to apply to a diestribution
of tarpets retner thon to & gir.mle ons., This distrlbutlion
1s a functicn of runge. Tt is clear, from who® lLias been sald,
thot the probebilliy of dotesil iy at lasdl one. .aryst by sny
eiven renpge s grzousr ror the itaprgod streem then for the
sin~le tarzst, Jne further guiilitatlve concluzion 3e5m3
indicaced. The pridabllliy of ntecting at least one PR
craft in the targas G e sonsltivs to cnanres
| 3 srenge In lnteuslty

‘h sprending Over Treater szimuth

()
94}
&
3
oo
o
o
=3
[
L r

{in the scanning &nile
of search effcrt ti.rou -
ansle 1s nsarly or sven more t¥:n componsabed for by an

inerease in the munber of tarpeta insldas ths gnigle gernned.

Actuel craes to be csnsidered will includs, un=-
doubtedly, ccrblnatlons of thne . ww liwciting casod Sust dls-
cussed. me mland pve stroemc, not of single planes, but
of close lomastlons of planes ¢ °h sgpeorated by soms con-
slderuble disiancs, o evel & coabiauons stresm with adjacont
pirerelt cloge torzehier. vhils the menersl principles in-
volved in the 4o ittens to the various wultipls tarret pro-
blems seea clasr, Lhe dstsiled nomputesions will, no doukt,
bs tedlous. -

g B L8 140 cf Arimetion for the cass of tar-
. [as . e :
ret spacings (5) sp enourh epeiy that L&0 teprets cannct 06
geen In 8 sluzle (izabtlon nos Lwon comoutcd Tor an interceptl
i

off the boam. The rasults are nregeatsd in Visurs 5.

In this case the singis plinmnse probabliity 1s 0
times the sin-le gllmpuoe ~poboniiivy Ior a sinpde taroes
Wiy s, n s the nuaber of tev-oud i

-

It 18 clear et a L3 e fuiwioon Sf cinme. 4T X cenonaes
the totel lirser widnh ef anbavt, suur st orange R then X
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. In corairueting ¥i¢+ e 5, S wee clwgen larpe
- encurh that rot wore than one ~aveet-cond a rontained In
the detectior 1che n% anyhimy  IXprass 0 Lt ically this
N sondition 1is. :
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: Firure Al In :gquzilon (1&, ~' -2 tne vslus of the probecility

% of debeeltlen. :

d

A O e i ;
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tlie sun, the iIntrinsic contrast Cg5 1s 97. Substitution
of these two gquantitles, ares and lntrinalc contrast, In
Equation (o) ylelds 17.5 mlles for the muximuwa rence Rg.

nfortunately the measurements of reference {(c)

did not include eccurate determinctions of the nmeteorolo-icel
visibility V so thot tn exact test of =juation (5), which J
is apprepriste for heza-ires conditlons, could not be made. i
However, thero were a nuuiber of measurcinen:ts made in the :
cate~ory "above denser haze layer', In tbis catersory eond
away from thie sun by at lesst 909, the ctserved foveal ranres
verlied from 7.1 to 17.. wlles. b’n ce tho measurements vere |
made over & perleod of several wonths, it 1s reasonable to 4
suppose that gsone of thizm repre:ext reletively haze~fres i
conditlions. LI, in Ngueation (4), the obvious substitutions ’
are mads (3 = 0.87; & = 1192 squars feet; Co = 075 ond :
R # 17.1 mlles), the mctoorologlcal visiliility V 1s 955 :
miles. She fact that no ranges greaier then 17.6 miles were :
observed, snd thet one within 2 of thls valus aos oo ervod, 4
provides conslderablsz ccrnfidence in the validity of Equation
{5), slthicush of courss they dc¢ not verify the equatlon.

ince trLo equaticn hos teon verified in cother sicghting cases
the evidence Juzt prsscnted 18 considered esmple justification
for vaing Lquation (b)) iere, y

D L Ve L e

An esrl‘ur arrles of tests mede under the sorie
Patuxont projzct ‘raference (d)) compared an unpeinted aluml-
num ajircraft with a liavr blue one. Sinze these tests con-
sistod of diract comparison rung, the matsorolocglcel visibil-
ity was the sswe for boih alire: aLt. Usinpg the valuss obtalnsd
with the xmowmn blue Si-sxvaft ae 4 comursl, 4% by sesclble Lo
solve Lquetion (4) for tlhe moteoroloplcal visibility V.,
Substitutirg thisg velue and the observed ramre for the slumi-
num alreratt, the lntrinsic centrest, $4, ccon be ottained
for the siuninuwz alrer-ft, ,hforuunabely, reference (d) plves
only the evereps fovoal range for each alrcraft, and vot the
resullts obivined Irom e JruiijAFW runs. 7The usze of the
averapo Pangea gava G, = 240, ggbjoct of course to erroru
introduced by the aver c~ing process. -a refsrenca (c),
frndividral runa afe slven lu the satopory "overcast", tne
catgry for the runs .a which Lae asveroges of referance (d)
wereo obtalned. Mrowi L.z 2Lstribution in the rangss in cato-
gory "overcuat” from rafcronce (¢}, the error tntroduced by
the asverwrlmg process ras gatlumteds Corvectlinme fer this
error rives, os a megb prolrble valus, 270 asg ths inirinsic
contraat of the siuvminua clraoraft. This would indicote a

cire ]

reflectivity or 7i: for ihis ralft, Shils la withln the
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range of measurements for aiuminum, in various stages of polish,
recorded in tle published literature.

It 1is doubtful that eny camouflage will render an
sircraft less visible, when viewed from epproximutely the seme
altitude srpairst e clear btlue cky, thun cn alurinum alrcraft,
ror wmore visikle then a Navy blue one., The sluminum does have
the disao*anttﬂa thet; In some preferred directlons, there are
occasionel flraliss rmqultjn from specular TGIlerion of the
direct rays or The sun whlch incereuse the maxinum ranpe.

hile these fleshes are neglectad in thls study, it should be
pointed out thiat 2 wet rathsr thon a polished finish 1s to be
desired, f'rom ths czmouflars point of view, to avold these
occas Lonnl flashas,

VWhen viewed frox abcovo, the Navy blue la more dif-
fizult to detect awalnst the sox than 1s ths aluninum, Vhsn
viewed agsirat a vo.lte cloud, r¥oih Lavy blus and aluminum
have higher ccntreats than wher viewuo aceinst the clear blue
sky. Thiz gein ir contrast is more spperent with the alumi-
num than vltl. tha :#svy blue sirnce the cuntrsst of the latter

r

is alreacy S7~.

Date concarning the Influence of anpgular altitude
end relative bencing of the swi on the intrlinsic contrast of
alrcraft zra somsthat skotchy. Some Ldea of the offect of
sun's altituds and relative bvaoelns can be obtalinsed from the
data of referoncs t2). Thzao ¢:ta show thors is no slpgnifl-
cent differonss jesweon tan? raared (and hence the intrinsic
contrast) Tor ths ¢ross and &z.n 3uu directions. TFurthermore
theres 13 scad reilzon to assurs Li:tla or no reducticn in con-
trest evern es fapr as 45% iste Lhe up sun sector. Since it
ieg usually goesliulz tc =20 plan en Interception ss to xeep the
sun In the aft secior reletive to the line of sight, ths
effects of enpular altitude end relutive bearing of the sun
are negleclad hevs.

The opar. tlonsl deta ennleyed to chieck the final
resuLia vors ¢l 0vualned at relativeldy low altltudes. Sowe
elieratlerns mey oo tuticlp.tsd wt high aitituded. Fop example,
it is guite pgoasibias et The vackiround ol rarofisd atmos-
phoro agalnat vilzch Gne afrerait nsg vlowsd w2y be darxer then
at low altitudes shoraas the alcepafs, 1iluwninated partly
Dy FiReetd SHhG i @R partiy Ly scutto“ed Ll pnk Creil telom,

muy anpaar to De as brl Ml as i Lower albitudes. This affect
will ToEalt M & awem -2 ba dubweizalic cont“ﬂat Co.

%’wmmv z ryait )

R, fcgm N

e A ST

e T 2T e e b B s 2, i

AR e KL

T




SR SR ALy

AN R

44

L%

] e S R A LA T

- I
P SUPCERNIN ¥ S S

So1r ru B et

e, Lot }.i.""} %

- 5 ; = 5._ P‘\!_."J:ﬂ',.'l'—'-d 2
< ietcver 1048 Aﬂﬁghn ‘ / \f'%ﬂ AT :j
LR RN IR "'.\ ‘.14: iy oy
lt"\ \]M 1 AN 0%, st
o 14--{,.;3;" A H ‘ ~S,,.'}l
{\".AJ\JLLH.J h’.iﬁ)[,}l)i O Lam s

Yot infrequently, aircraft flilyin; at nl-n altitucer
leayse vapor tralls wh'civ can be seen for creat distances.
These, of courss, Increase ‘the probabllity of detection,

Thhe effects of vupor iLralls on the probanility of detection
have not been included in this study sc thuet the results
presented are conservative for these crezs under which vapor
trails ere present. Hsports frem ngland ‘ndicete thsat raunces
of up tc 20 mlles sre sowetlinzes oncountered.

The effect of reletive wotion, di-ing a fixatilon,
has been noplectsd in this study. Thouenr = small physioloricel
eTfrct 15 believed to <xisty the mein effect is bellieved to
be 2 psychelo-ical one, i.e., the celling »” attentlon to s
target which is reslly seen anyhow,

Before lssvine the meteorolo~ice! paremeters, there
1s cne further cass which snould be mentici:d. 1f the tsrget
18 viewed arninst a clecar aky but -vlth cxicnsive white clouds
In the ssetor aft 2f tha lime of sisht, the targot may actuzlly
appear bni*rtar thien t*e baciground becsusa of aadmd illumi -
retlon fraw tne ahite cloud. At ths present stara in the
sigut-n[ arv it s not passible te give a3 guantizatlve ce-
scriptlen ef thig effeeck In terms sufTielentdy simple te bs
of practlcal use. Lire sgpeculer reflecticn flashas, the
effect just dsescrited . of occesional occurrencs aind hence
1s nerlected in this study.

In planning &y -iven interception it 1s neceussary
to «now somethlag asooult tne alrecrarc to be intercspted and
the condltiona undar wirioh vhe interceptlon ls likely to be
mede before the meximos 2w ~3 paraaeler R cen ce s=leczted.
It can be assumed rthat Loty tarset and 1nt3 *ceptor will be
at approxliately tho scas aliltude go thaat vally-~-ho will be
made & -einat aky or clcud in approxlmetely the plane of fll-nt.
The a;parent t:ca of Lhia terr~et will very with aspsct angle,
l.e6., the angle betweer the tirpet heading snd the line of
sirnt.

off courtu,to present tavles of
R, for vnplous eupee 1+les for cach of the varlous con-
celvable aircrafty “rom o shieh thio vasue aporopriate for B
clven Intercoption ¢2 q'd be sclected, Unforiundiely suchk
a tabls would by as extensive that 1t would ce criberaons
and tine-vonuimine to use. i Lg desirable, therofore, to
look for jeneralizations which will simp chy this proecess.

.

&

-4
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An examliratica of the alfect of *ar:iet nspect
showa that tiie ratlo of tlie wres va vieved froin thie bana and
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from Low or stern 1s 2.4 % 0.5,
for mircraft, Jet or propolle-
sl~n varylag 11 s.ce from the ha
The relattionsulp dves not hold

wing type. If it
anrle oC is the sun of the
the aspect efV

equstion:

Bmro jce

is assumed tnat
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This reletionship holds
“riven, of conventicrnal de-
Y IAU to thu A-my XB-36.
Tor aircroft of the flying

the ap;arsnt area at espect

cetlons of bow snd beam aspects,

ect cean ther be expressed by the follo*irg

presented in Zlg;ure 8, It
1s considerablly greater if
and tle line of si,; 't lies

show:
the
betw

convenie it Co expriss tine nmaxlu

DOWNCR.’\“ED TO

ik

oo
(14) Root /Moo = COI
wiiere [Rgy 1a the value of R,
thne velue of Ho at aspest an:
of the sine and cosine srz us2d.

enrle be

oL 2.4 singol

nt aspect angle <,
0% ani

A plot of

¢ thet the maxin.u

twsen tho

cen 50 and %

Rog
L3

ranfe

13C cerrees

tveen 230 ard 210 cveprees rather then closer tc elther bow
or stern.

L ~he area of sny gthw sgpect of &n cirvcraft is
known, the wmaximur vanze cin by determined for "any aspect
and for eny T.oven :raouflare, Unlostunately, the areca 1la

ldom piven wn alrcrafs speclficutions 30 cirat Lt 19 ucre

an rango 5y In terms of

ths absclute values
hguatlon (14) is
R
tarpet course
or be~

some 110re usua: l cieractaristic «f the alrcwraft., vJae such

caaracter stic la vie grose weirtit. Reasonine from a dimensicn-

&l arrument, <oneo would expeet tne wmaximom renps to be pro-

porticnal to & linesr dlwensicr of the sireraft whlch, in

turn, shoula te projortionsl te¢ L-2 cibe reot of the pross

velriit. £ tcst or thils asquuptaon ls pracected in fl-ure 7.

lleve the raxliauwm »nge R, 18 plotted asx ¢ function of the

cubo »00t o Lhie .83 “eiv A oy Ywtlo bow end Leem aspect.

The Jﬁlnﬂm e wy o flema spporEsTH . vyl R i wlze rem ghe

Nawp ) B8 %@ s@p e, SSEE Pigaabed wRE) WnEme Fted Bl .

Tim oruda 270 0084 . RLILEY Le 30 @=est 13 the Mewre, and the

ass Laotion of prop . uionalliy appears sul'liclently aceurate

for operd@tdonal u. o98@a. Lo & jaéve 8 Yhe masbaws renp

Ry 1is pressaniea fov Loa aspew t fs 5 futron fen ©f FroEs

welsht for each =i a nurtev of valura of Intrinslce ceontrast.
Tiere wre mo slivereft cirnbiwy dsta svafletde fer

teating beuetiorn (2, stlek ~ivel e rependence of the con-

trazt € on {he reteorcleoricel vialblitty V. YLis equation,

et Iran. D8 @ gwever@r 55 b i iin e g iuw, hes been vori-

1iod nmany bitisg In oinaer conpee s wnd Bonss mty Le conaidered
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&3 well estublished. The othaer constants Involved in com-
puting the pllmpse probubllity o ar.d the nunber of geconds
required for uns glinpse have ‘u:n verltied in the laboratory
and, to aomae axtant, in other :!~hting pwcblems, There ars
goms few data available for rnuuiing a diract check between
maagured ahd comnuted pﬁobab**.f'es of dztscticn. The check
{based on reaaonabls asswned valivs of the metcsrolegical
visibility, siza end camouflere of targot, azliuth and elsva-
tion enrles sceaned, and relatlv: sveed) 1s posd. This fact
18 irpolcvant; howevor, since ths ectusl valuosz of these
quantities are very v ceztnira“ apecifled by tre datc; no
furtier attenticn %;Ll Le palo to these date in this study.

SOLUTIOLG OF SPLCIFIC ATR LitERCHFTION PRULLLLS

In tha praceding seoi.onsd of this atudy, sufllcient
information 13 osrsasnted e ti:z solution of any visual alr-
Intarceptlon nroblet wiiich ig Llizely to vczur in nevsl opers
ations. In this ssctlcn, a tv2i:2l exeumole is worked out in
aetall to illusirata the methizic amployel, teo ~ive an idea
of the quaniltative rasults to o2 expectad, end to atudy tae
guontlitotive zlfecta of verlou: combinctiors ol the paramo-
tere wmnich occur {n the theory. ' ]

Fer purposes of thils ci.emple, 1t ls assumed that
the terget 15 a mordiim bamber <2 conventional rether than
Tlying wing éosipny that Llts grocs welrsht 1g 34,000 pounds;
Ite camoufWaga A LT el LMUERFIIER, 1%

Tabets

Lts crulsing spoed 500

mots, and At rliles abova LO0V0 foat whare thr meteor-
SloFlenld Pisidlily Cfn, wgweld: %o stngddered eg un.lrlted,
S$oLE fwr.ner admiin that She wnseveoplor le o alngie vsenter
Plencer with o cevlaing spsed @7 16 '

N knotdg; wealn Lt flloes af
Jppnoxgmavdly bile varget Bltibode and 18 atbanpbting inters
captlon atoar a ¢ L1t sloa soun: s

" In workias out the spacific oxs ngla need wlll arise
for certein ilnz. =tizal lnfor::L4uh invelvza Ir the wotion of
cne of the twe ulrcrelt relevi-o oo thr other. This reletive
notlon preblen 1o sclved firet w0 Lre Tosulisz are presonted
in Table 1. “he llrst tvwo colisrs rlvo iho aspect nanc

for gpprouacni [ron port or sterlcoid of Lhe targ at. Th.o noxt
two colurns plve the correnpcra o c.lfnnqna(s Totuoenn tiro
Leedinpgs o8 e tuo circrert,  ..om Lhirc siaeng elve

TE Te LBR AN i B e I Mk oo K MeE LLToERYOr and

the next coxinr, sives Ghie relos’s o snged LS. 1This
rplabipe natiem i cofr Be o el ol vl using tis
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HBELATIVE MATION — TARGET 4D IIIERC 1T

o
v

..
nareet ht 1

Tarpat

sp2ed 500 knots; Insercess r

I: speed
gross weizht 33,300 1lbsy

3
meteorolosic: . visibility unlinmited

e SR e o A N B L U8 i 8 L@ o 4 SR e e et maee et o o

ﬁruercnpt r tear-; Intercept:r ubuairg} Lglative '

Aridé} Rela-

Jaxie

4]

. 2 “
Y T =2 Jip¥f R

w)E

<
i

—
Yy

R TR

(B YSRGS PRV KA L1 O

gin, from target | winus of tarpet Trem | tive mun

i minis i target heeding ; interce] -1 , steed | range
tarpet heading i _ g : ‘
, (deprzes) : (dogrees) : (degice ) | (lmots)! (niles

e ‘ .2 % 5 ! v RO
0 | 360 189,00 ¢ 180,00 | 0,001 7 7.00 | 1050 13.4
10 . 350 Po159,.92 0 193,03 i 9,03 " 2,92 t 1035 15.8
20 1 340 f141.8% ¢ 213,12 1 18,12 0 1.33 ¢ 933 1 17,7
30. . 330 122,66 337,04 1 27,04 2.9 Y 923 4 19,2
ag i 320 104,24 - 283.7% | 3516 3:aEi . 83D | 2043
| 50 [ 310 - ¢ 75,86 251,14 | &4,ls 3,56 0 716 21,0
i 60 - 300 - 68,07 201.63 1 51,91 308,07 ! Ean 21,4
P70 . 290 . 51.32 3¢3.65 | 8.6t ra.33 257 p 21.5
) 80 ;o P36.46 383,54 05,84 0 206,86 1 332 2ike ]
I 90 . 270 v 24,62 335.38 1 €538 274,62 ¢ 23C Z0n Y
| 100 | 260 L 16,46 345,94 7 63,54 2%6.45 153 21,3
P 110 .+ 250 11.32 Inb.as L 58,68 301,32 ¢ 1LY 21,5
| 120 . 230 8.07 : 35%.93 1 51.93: 303,07 ¢ &8 21.4
! 130 230 5.36 1 35%.14 1 44,14 3i5.86 - 73 21,0
(140 . 220 4,24  355.74 1 35,767 324,24 i 63 20,3
1150 210 2.96 + 3572.34 | 27.04) 332,94 i H5E
£160 ; 200 1.38 3743 ¢ 18,12 31,13 53 I 7.7
1170 190 . 0.%2 ¢ 359.Lh 9.68 1 350,92 fa 1 5.2
: 180 180 © 00,80 360, 0.00 * 350,00 50 | 13.4
L. — S S b SO ; =

e tercent rososed (V) » - ‘a
3 SR =T B B ST - = 1.1 s n
sin Fargot Spood (Vi in ¢ 1.1 sin
"y 0 M
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The ncxt 'step In the sclution of the rroblem is
te firnd out huw Ter the tarpet zau ba seen, l.e., to find

: the manimum fovsal renpge . Thilg 1s done by rirst look-
: ing in Yigure 8 to find the maximum renge R, for a 38,000
i pound airC“ﬂ”., teoimate contrpwslt Gg = 27%, tspect enrle
. 2 0, lNext :ths maximra rangra g Cor other cupect anples
e - 13 coaputed ustng squatlonf{l4l  Tpe raaults a“o presented -
| bl

in tha.last columa of Table L,

f e are now In a posltlon to compute contours of
K probability of detzctlon for ey spscified sst of conditions.
f The probatilitics selccted ere 25, 50, 75 snd 90 per cenk.
% Tre followinma conditionz, In sdéillon to these given earlier,
ere assumecd: lre Inuzrcepior ccras to a colilsion course

@ :
T outside menlmvm rerge 1y, and continusy on this course.

: The pi.ot se&rcbes 4b derrees Lnoczimuth on each slde.of the
E rolative moversnt txna (L= 48} und 3 deogrcea in alovutlon

abovao and ualow tas expected Iormet altitude (§ =
The meteorolozical visibllity 13 unilinlted, i.e., Ro/

Y Y

For 28, 50. 735 and €C ver cent probebilitles of
&

i detection, *tha v.J)lAnt in uqua¢-3n(l» st be  -0,288,
' 0,683, -1.3ud a1d  ~2,303, vUeoapectlvely. Tho v’lues

of the intesrals i Figurs Al (U = 2%, nA/V must;
Ye the preducts of thegs exponcntls and v/uo, hharo v

l1¢ the relatlva velocity irn Knots, Feor conventence chicss
procducts ere Iiletsd ip lgble 2. '-1 ascl of the 4 probebil-
Itles glven trove, oun a furctlicr of aspect anple o,

P
J

obtarred, tha el .y of R,\o crn be fiimd in Flqure Al,
Theasa, vhen uxlti: .lod by ithe spprovrluave vaiuse of Rg, gilve
the runpges In milz: at whizh s various provadbilitles of

Onces this velues vhiel e Intesrala nust have are
4

ddilectiioN BEeHFs 'Ha TEFLYER S p”ﬂﬂe“tnd i i euDe 9 #ig
polar plots of rat-3 23 a funcsilion 0? aspect ancle for tho
4 probabllitics i detection considorsd.  bBecaunze of the

o
changs Iin ralativa spred with [snect ﬂuﬂl@, the effect of
enances ln Ky wlth sspect anglo is net clearly apparant
In thls flpurse., Sxealnation of rhis point, xcapine rcletive
speed constant, rshows that sa by, s *“cr czed tho PaRE®
Lo AR

5,

for any plven pr- B 1T s Eaddle mohme fleen pFopoRbiondl lE.
A morked el foct uf Trlaitlvie apcsn o1 Blve PFelaBill Ly e tours
Is spparert I3 Fioure €. Yhis o5 saxpocted bsscude of the
fomi of r\.‘nu. 1. a0 (liﬁ‘;.; !
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As cen be seen from Table 1 the waximum range R
18 quite larpre - of tho order of 20 miles. If an Interceptlon
is bs;un fro:a outailde iaaximum range, particularly In a stern
chags, many alles way e covered vy targsi and interceptor
beforn the intercantor can overteks the tarpet. In certaln
cases, therefora, Lt 13 doslirable to baspin the Interception,
i.e., to coms to a collialon course, at a peint inside maxl-
mun range. In ordar to show the effect of chanpes in start-
Ing position, the limitingz cases of hscc-'n and stern chase
of the examples of this section heve baen ‘elected for illus-
tration, end are pressnted in I tpures 16 ¢=d 11, respectively.
In each flpure tre ren;e for each of the ¢ probabilities is
presentec as a firnctlon of the ranre at which the search 1s
berur. The prcuedurc omployed for computing these ranges
is cxuccly tlie seme nyg that elready outlirca, with one ex-
copticn. The valuegus.d in the integrals for computling
Pirurses 20 and 11 are ths values obteained rom Table 2 as 1in
the previous :ase, plun the valuwes of the integrals st the
starting rangsea.

It will be nouileced in Flguros 10 and 11 that a
decrease 1ln tae startinz renge dscreaszs the range for each
of the detsction probablilitlies. The dscrecso “chh can be
tolerated i3 sat, of courase, by the firing point rangoe de-
sired. A slmiler effect toe the one just described is observed
at each vspect &nple. Thess ars not worked out In deteil
here.,

If the angie over which scanning must be carrled
out cen te raduced, tlhen the rensas for each of' the probabil-
itles of contact shwoule L "nerecssea. The effects of chanpes
in scannine ¢nple are prosented for head-on and taill chase
in Tsble &, which shows tne runge for sach >f the 4 probabll-
Ities a3 a Tunction of azimuth Juanﬁiﬂv enple (), and the
elezation sconning angls @, Fleure 12 givss, for the head-on
atiock, the probabilitles of dstection up to given range for
a variety of azimuth sgzan anpgl:3. In all cases, tha range
for the zlven probability increases with decreaslng scanning
angle, the effect selnc more marded for the hipgher relative
velocity, l.e., hesd on atteck. o

The lover 1lnit to the azlmuth sgcanning anple 1s
set, of cource, bty the accurecy with which C.I.C. can vsctor
the irterceptor on R ccliision ccurce. The intercoptor will,
in generel, te ¢ii a reletive collisisin course by some lateral
renpge, In figure 42 tle lateral renge covered by the scan

1 ~iven es u ructlion o7 reags fur sach of a nuaber of‘;qcarn11n.

"enplos (B, “his laterul ronre in miles e, L s B pin (45« @)
dieh con be obicirod Ly nocns o Vuble AL
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