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/•XSTHACT 

This study concerns the probability that a slnp.ls 
fiphter aircraft v;ill wiko  viaiuvl contact on a single tarpot 
aircraft under dayli^hc conditions of illumination»  Quanti- 
tative results ore praC'--r.t>--ci v.hicli permit the cOKiputat:1on r.f 
the probability of sij/j ■-in;-, by any riven ran,pe as a function 
of each of a number of parmstors.  ^oiae typical ex^mplos 
are worked out in detail •shoring the offocte of such pareraeters 
as relative speed, anp.lo of view, imcortainty in azimuth and 
in elevation.  The siplitirp probabilities decrease vvith size 
of aircraft and with increase in rolctiva speed.  Neither 
head-on nor tail clmss ^ivos the boat chance of detection. 
Best results are obtained when the target is viewed from 
bet-wsen 110° and 140° frcx.i bow on, or correspondinrly between 
220° and 250°o 

INTROLUCTIüIH 

At the present; stsge in the developsaent of 0,1,0 
and fl-hter direction oqulp^eiit and proceduro83 it is not 
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posaibltä for an aircraft to ojn:pLote a.i Intercoption 'poilti..>n 
Itself for Tiri^,- it? waapoua) on the baalt! of inforvwtion 
Trorn C0.laC ilono,     iho fin ii  dotection, or "tsllv-lio'1 

be made frca the .yrceptop aircraft by visual, rauar or 
other i.ieaaa,  Tiila study is concerned v.:lt;h visual cctecticn 
of ene'ny aircraft by the interceptor aircraft under-day 11,-hi 
conditions of 13 l'auiinaticn„ 'x'ue  radar dcaection problem 
will be the uubjeot of a lat^r study,. 

It shou 
G,I.C. and "tally 
the requirementJ 
on tho results Lo 
the 3i/-o of tho J 

pilot la dictated 
it \a vectoredo 
and vfiriations -o 
and ro Is fciv e b o 't. • 
viauol caüscutle;-:* 
tho detection pro 
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of the bumn ey i. 
as the basia of 
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V.hlle the probl' 
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vr.fl. under 
•  of visual 
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The  par 
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cd  at   tho  outset  that   tho 
re   cloaoiy interrelated; 
eo by one boin." predicated 

'0!.i  ehe  othor^     '■'''or exinipxe^ 
t  be  ocannod by the  l-.jterjepior 
by  the  accuracy with   shi:h 
intorrolutiona  just  described 

fiuch paraneters  as  elev.it Ion 
eoc.ny  aircraft   ai"e   anc 

speeds  arid  angles of  tpp/^oaci:., 
studied  for a  rglotivoly  vide 
for a  single  typical or?. 

larf-'w   sample  of operütional data 
fair roproaontatlon of  u3.1 co-.r 

this  drtteccion probl&ri1. coilid, 
:.'.• ;■ 1 i;11 cn 1 Lie thod3   a 1 one ,.      -oca .;se 
motors   involved,   such on  L.ialM.. ü 
ta now  ava;.iobloc     Earlier  .•.o:1 r. 
loj'T-jly  on  laboratory perf jnaio.cs 
:.'i.:',,  however,   and has been   us^d 

• hla  study  is  concerned  chief 1-7 
dinfple   enejny  aircraft  by  c   :f.:.p..i.e 
d'.yli.r".•■:  conditions of ll'J 
Gytectlon  of multiple  «.■.la- 

ter  study,   so.ae  prelii;ij.r..ar 
sl-U'l  prcbloJA for radar  c:Lec-;Jon 
cer  vTtudy.     T'ne  operational dita 
0  values  of  certain of  tlie  c<r.n.!tents 
nc; as  a  choch on  the find  reiolta 

i. ticn, 
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1 ' :■!. sue count 

harts for vi.-ual detecth: n la 
icfoi'anco in),  For purpcües oi 
r repealed here. 
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Uhllo searoliin-f H visual fiolcL cho human eye does 
nof; scan coutinuouaiy. but raovea Ln ^umnn n,\<i  can flee only 
du-.-'in^ the pauses or ''fixations'5 fcettveon J'imps.  The time 
fr^ia t!.e be^innln/r of ono r'.y.aticn to Lho bef.innlnp, of the 
next la about 0.2!i seconds.  There Is ,'?ooä evidence for the 
belief tljat from 6 to 0 successive flxatl ras are made in the 
sa.Me f.oneral direction before another direction is investigated 
so that effectively the fixation tl;;ie is from 1,5 to 2 seconds 
(referrncc (Q))C 

The least visible tercets can hv  seen only on the 
fovea or central part of the retina o: r,r:o eye Tills rerion 
is only one or two depr^oa acroas, BO thn . a relatively large 
nu'jib^r of fixation,'3 '.3  roqalr^d for a re;;-.onable chance of 
imagln-', tha target on the fovna -.vliere it ••an be seen.  Aa 
ths tarp.ot becorsaa wore vijlblo, It can '■ ■ seen farther from 
ths visual axis or direacion of b33t.vision«  In other v.'ordSj, 
the  more visible target citn c-i  seen over s greater fraction 
of the total area of tne rotina, hs  this fraction increases, 
tha number of fixations required for a reasonable chance of 
detection decreases;, 

Dl.l'h'GlION LOBES 

For our presen' 
of as carrying •■vlih it a 
volutii«! about the viaue.. 
be so en and outside v,al:.l 
veniout coproxivnatlon ra. 

purpoe-.-g the humui eyo can be thought 
detection lobt:''., or surface of rn- 
■:::'.!::,  xiitinin vhich  the target can 
it can not,  Thl .'j concept ia a con» 
,'v than on exact atetemont of facto 

Some targets which fall r.ithin tha detection looe., as rapre- 
sentod lims,   '.vIU 00 :;ilüaüd end othora v.nich fall outside r;ill 
be detv.ctoäo  ilc-fdvei', the datecticn lob? is drawi on th.c; 
baais of B convention vdi.lch asnur^s that the number of targets 
detected is the cama es though all v/oich fßll within are de- 
tected ar;0 ell which i'a'll outside tre uu'asad.  This detection 
lobe CJ n bo doscrihe-d by the eqiutlon Ueiorence (a)) 

(1) 0 G* 'ib.G 0 I-/A 

v,;li<ire    0     ia the polar nn^l^ in •äa^rec-'S and    R    in  the ran^o 
or polr.r  radius  in iiil^-!.     This  formula  ■lef'lecta   amall  effects 
due to  chanpe:!  in   •',\:^'ii   a'.i'toü   a.i.i  ijaok^round brl'thtnesa« 
yo M tli-1 cn ?,->o  -atudi' 
(ref sroncu   (a)).. 
the  ey■.!v   .7.■:prea■:• ed  o^ 

t-\r* it's   si ipllficatlon  13   .justified 
is   ine  contrust  of   th'i  tarrel  as  seen  at 

cent,   -t   la  .100 timea the i-atlo 
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'or the apparent difference in brightness between target ond 
background t:.nd the background for which the eye la adapted 
(rel'ererico vft)!.  A is th-a c.rey of tho target expressed in 
square ^"eot.  Equation (l) does not hold for values of 9 
less than 0.3 dosrees or pirsater than 90°« 

I'ha Toveal or maximum range is obtained by setting 
the polar angle  9  equal to 0.0 degrees, the approximate 
angular radius cf the fovsa.  taking this substitution in 
Equation (l) l^ads to the following expression Tor the maxi- 
mum range» 

(2) F'm - 0.1655 N|(C-lf565)A 

Tho maximum rarge, as expressed in Equation (2), la a mnthe- 
maticel abstraction which La ewploy«u for convenience. Not 
all targets at ranges Ices th&n r.axtmum which arc imaged on 
the fovea are i;eon,  Sirailarlv not all tar'ots at ranges 
greater t):an rnrnl^um which are '.-.'.ogod on tho fovea are missed. 
Here again, tlvs number of targets imaged on the fovea which 
are seen is equal to the numb or t.huc would ba seen if all 
.Inside the i.uix.L'.iaa range were seen and all outside were missed. 

Haze In the atmosphsre has tho effect of reducing 
the apparent contrast of the target„  If the near or intrinoic 
contrast is doyignated by , 0 O) then 

C Opf 
- '5.44 R/V 

v/here V Is the meteorolcglnel visibility, or range at which 
large targfl;?. .--.uch as mountains ■vr a high ooaatline can bo 
a^.en (referciic:- \ a ') 'Y\ ie conatar.t in this formula is slightly 
different from tr.'t quoted in various reports resulting from 
WUC work  fit t.'io '.'-iffflny FourLia';icn.  1'ho Tiffany constant 
assumes tl at m')ts-;rological viEibilltiea are observed on tar- 
gets having 10"'-- Intrinsic centra irt.  The figure (3.44) 
em-iloysd hers w'^C-rs to typical targets used to determine 
meteorological v Icibilily,, l.a.j .^untalns or high coastline, 

Tho substitution of Wqjetion (Z)   In Equation (l) 
gives e complete description of t-hs detection lobe under day- 
light conditions of lllurr.inatioai 

■ 

3., 44 R/V 
U)    c0.: 
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The visibility  V is a churactori stic of tha  atmosphei'ic 
conditions which pi-övail,  A is a characteristic of tbe 
target elono ar.d G0 a. ch/recteri .st I.c of tha camouflajre 
and the unlforaiitj of lllur.ination.  If the illumination is 
not unifoni!  (for exaKpiö, in a direction 1C or 20 depreos 
from the ?un).   the  «ye eUaj^a to a le^fll of bri-ThtnsBS hlphe^ 
than thai of the irnnedl'-j-o tarnst bock^round. so tlmt t'ne 
intrinsic contrast la roduced irefarenca UU J, 

It Is elder frora Equation (Ij that, so long as the 
contrast remains constant, th-3 shape of th3  datecblon lobe 
remains chs aiii.aa ra^ar-dlo.-a.i of the size of tlie targat.  The 
effect of chansa in target area in   simply t-c scale the range 
up or dowiic  In crier to e::i:r;je3 tJie dstecricn lobe ir dl- 
mensionless foini, a scale fader n-0     is introduced,  Ihis 
is the r:.aximu.-.- range in the ro^enca of har.a and is pivan  by: 

(5)        no - oac&G v'{a0 ... 1.565) A. 

In these terms the polar angle 9    becomes 

(6) 

where 

end 

9 » F \  /G/F 7" 
I 

- i 1« 
■J 

P.s 0.49(Ha/U]
4 / (co „ i.öes)1 

The  forsrulstlon above  differs  from that  of re?? er er ■.,-;■) 
(a)   in   that     H.,     rath?^   thrn     Rt.n     if   -nployed  as   a  act:l.;   far Mr. 
With  the new  r^rravJation fttv/er  ;;tep£   -r? reqiilrcd  in tb.c  c-on- 
putation  of   L';c  P'.Mar  ^nj-I^.    v,     F..!r rihyrniore,   in  no.na   of  tb-r 
teriftSj   fear   fJ.-71;.fleant  fl^-^rca  are   r-ooded  for   the   sa-iio   >io~ 
curacy of   tfto  r-MS'i.U.vng  ^/aluc  of    §.     .di/jce    h,.,     i,:  nt:c-.rutI 
n cl.rrac^ori :'h.;.C  ••f the   Uu^et   aloue.,    .-hL.lo i{n

J  ,'.53  aorrpiica. . 
by  tho   C'aofc   .,h< 1;   ; :-,   l.:>o.-'  .'nto  •jccrnrnt   t ui  axr-Jtenr. e  cT hnse. 
in  the  ritr.iosjyÄore;   ihv  p;.-o 
clearer  4.vi   CC^M  'V1    Hn 

The d^t---e!-.U,n lo 
beer/ co.-.-'.pi.ited 'or a ■/^.■'e v 
the  D >la.r  angle     c-     :..,:   ■,   j.' 

■ctiou  :>:•■■ rogulta Is   vo.-r.«,vh( 

rad.i us U ' L'o .1 re ■ Vv" : 

bliv:- ci.(-. I*' ,j '■^ • '       •L 

;. ■■.*■   r .■ ••• v 

■'■izci-j'.).f \   r.n   tills  section nav 
2'v-y  '.■-•!'■   vjndltlor.jv     T-.blü.?   -iv] 
iioi   :'■:'  -..   <■  dimonsionl'eJR  rolar- 
''•"   b.'j A,v :n Jj .■;  for  va; lovr   eoii'- 
:i   '"'DOWNGRADED TO ^    '- 
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11 om of li'.e  tcblo-. 
i' -0 

Tor pui'posca  oi' iil'-'^trot.-cn, vo  detrccion  lobe.".,   plotted 

Dhov/s   ;i.e  Jube  r.!-iapa  Tor c ruprsrent.^--J.v a   intrinsic  contrast 

foro-ishortruin;' of \Uo  IC.TJ l.rou'ht oboi^t by mo;;I-jratc  aKovaita 
of ntmonplujric ha/.e- 

Maximuiii Fifin^a     %1 

Vi. i;AL i'E'Wj.B 

In order to  err.oioy  th:-  doi^.-■. 1 ;n  lobe:-)  for  tlie 
cart.! cul:2,r  probi'-.,   o;vi   ^cilo f-'otcr,   th: 

i      ur.ae-r ha:-;©  fr-.-e  cDuiirions,   '.5  r6e..i„i-c-c 
solution o.l   anj 
tnaximOra rstrja 
A ncmc^^'aph  ccrr.oc!:•.'.''-.A':    ^0 

A    la  f'iver  as  L-lrur-;;  £  of tb..-   b;-Ki. 

t.b, ihc  cursKiHterr. 

It fob cv 
the vv">\ ob ;■ lit;' h»; 
la rbip'Y "''•■o p-■"';:•.■:■ 
that lh: U'T^t't -...- 
fiction. ■■Mc.i.. 
lobe   5:\;ccysuivj 

!'■ 

';    I.   ,1. Li i     - 

s •.onnhi'" 
at  ^^^.c- 

ibo   ari.- 

1..'. : 3^G-J.' ■ / " :r.  of  tbas   '.it jet; 
PC.' :. .or   ! ■ x.   ' .   ilütac-.   •.;).?.    '.c: 
O. .' :   .ill-    '■■■■ i vteci ..vi  ic ^v 
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While it is c 
of tho tar/jet can bo cic 
it should be poaaiblöj 
on tho altitude df3ter1.1l 
doterr.ilne tiie aa^nituda 
ferenc'j to within about 
mat!on froni 0,1^0. to t 
of target position in t 
interceptor. On tho ba 
tliat the altitude unctr 
thousand feet. 

oubtful if the abooLute altitude 
lornined with any dopree of precision, 
when both target nn 1 Interceptor are 
nip.,", scope togüthur for G.I.C, to 
and direction oT tho altitude dlf- 
a thousand feel, au that the Infor- 

ae interceotor can liiclude a statement 
,.:.iou;3Gnds of feet above or bolow the 
sis of past experlenoo it is assumed 
bainty is of the order of one to three 

The center of 
terminod v^ith fairly M 
of a nil«?, -However, to 
between the target and v. 
strair;itforv.-erd problem. 
depend3 not only on tho 
eoch pip oan bo located 
during which tracking ha 
uncertainty introduced ■: 
chanpo coir so during thj 
It la doubtful, therefor 
between the fr.rget end t 
fror 5 to 5 miles»  i'or 
it is essui.ied that the 1; 
target from tho relative 
the altitude uncertainty 

a pip on a radar srope can be de- 
•h nccuracy, i.e., to within a fraction 
detormlno the dlstr.nce, in plan, 
he relative movetüent line is 0 less 

The accuracy of this determination 
accurccy 'i'lth ?.;hich the center of 
L)U

!
. also on tho duration of the period 

3 jeen carried out.  There is a further 
y 'JIB possibility l;hat tho target may 
i.lnal etages of tne interceptiono 

a, if CCISC, can prariict the distance 
ho relative movsine■ it line closer than 
purposes of this study, thu.-rsfore, 
nccrtainty in tho distance of the 
movement line la large compared with 

If the altitude nlfforance were known to be zero 
It would bo sufficient ■» o-:<n  in azimuth only.  If, on the 
other hand, the oncsr^aint^ In relative altitude wore Uie 
sa!i:o a-3 the uncertainty in the target distance from tho 
rolativa :iiovamont lino, Lt would bo necessary to scan the 
solid angle encloajd by a circular enne.  In this study, 
solid angle scan is assumed, but with tho scanning angle in 
elevation much smaller than tho scanning angle in azimuth. 

VISUAL EKAHC1! tliO..: Il.TinCIPTOR AIRCRAFT 

In tho earlier atrctiens of this report, the various 
factor,-, on which the probability of visual, detection depends 
have lion prorjoir&ea.  >.n t.iii.j section, these factors aro 
.combiu.^d to provide a functional connccting them 
wich thQ  probnoiiioy of dovecuiono  I-at thy angular travel 
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■.~M'   the  viaual  axl.'-t  during   icaanlnf; be   li.-.'iiLod   in  azimuth  to 
ar.d  cm,'is   @    on   either  3ide   of  the   esti -..jt.ad  relacivs  niovo- 
iaent  line,   and  in   elevelion  to  an  anple     I     abova  or bolow 
tha  expected  olevation  cf   lha   tarpec.     If  the  target   la 
within  the  solid ar^la  covered  the  probability of detection 
p;     in  one  nllmpae   is  simply   the  rttlo  of  the  solid r-nßlo 
covered por glisip.se,   and  the  total  noliu angle,   i.e., 

(V) g " i)2 /f® 19)   (5  r 0) 

one  ßllmpaa  can bii  thoa ht  of  as  a  numbs:''- of  successive 
fixat:'.oa.T  all nado  in approximately  the   serie direction^ 
From the material  in rei'sr:nc&   (a)   it   la  ei:vL"aat6d  tliat  the 
time  required  for  one gl.iKpse  is  about   l.c.i   seconds. 

It is to be roiruvnbcred in ccrr.pu~-.'r^ the r:lirricss 
probability g that tho cor^tar.t p given ;.,.r.vo are for a 
single obsei'vcr, If thure a; .^ t.v.o obaervj: ra in the aircraft, 
they can ciivide tha total •".i.-.ir.iuth en.-.lo (H between thera, 
each taking half.. Xn lh.i3 ccae. tlio ainr'le ^limpso prob- 
abij.i'.y for the pair Is tlvj ümne. as that for one scanning 
an  azimuth anfrl*? half aj  larpe,, 

detect ion 
of  det ect i 
the  se arc h 
the  /?l ver 
piimpf es I 
t ime, for 
acanni up .-} 

time   roqt 
to   the to ^ 
fixoLI jnc 
scenne d. 
a  rate of 
me an £ y£ •ci 

a  ayst em, 
Of    iVlll ch 1 
abilit y c f 
angle, i i 

It resnalns, now,, t 
on the various gll 
oxi P by tne ti'ae 

^'irstj fo,!? ays 
solid ar:,-j.c J :i crd 
n any given (.irret 
any direction vJ.i.L 
yet em muüt .■".'. '..1: ";: 

^-ed  to  coxaplüü  on 

'j  combine  the  probabilities  of 
mpaes  to  obtain   the  probsbility 

t     folio.«,in;-  the  borrinninr  of 
tern must bo  adopted for  searching 
(.r  to  inaure  tnat  the number of 
Ion v/ill bo   tiia   some,   per unit 
.in  the  given   solid  angle.     This 

vV.o  rfiquir^munta:   first,   the 
o   scan  mua^  bo   s.-nall  compared 

ital   soarcn  clmj;  and   s.icond,   the distribution of 
should  ü* reti 3onab..y imiform over     the  solid  angle 
One   3Lr:g03t3d   scheme  is,   lino  scan  in  azimuth  at 

ond,   with  elevation  coverage  by 
acan  .linas^     Having adopted   such 

about   30°  pec   swe 
ucce s 2iv5  az 1.nu cli 
ona ccn proceed by 
ead to tiie same re 
dcteclJon;  i'^j 
there are k    gli 

either of two methods, bath 
ault=  First consider the prob- 
en one complete scan of the solid 
mpsea during ciie scan, then, 

(0) P3 . ! - p.-J 

// 
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Ti   now tr.e  vsricua  probabllitiss,     Pa,     ara  cc;D.bined f or 
-^ scans, 

(9) P ^ l - 7T (1 - P .) 

If Equations ^8) "and (9) are oomblnod, 

(10) P = 1 - FT (1 - 6i)     . 
n 

i - n (i 
1 

where n - k--?.  In ether v;&rö?, the result is the same as 
thouph the probtbllit^ of dstt.ctlon had bean computed directly 
from'the ein It gllr.pse probsl lllty, usir.r the total number 
of glimpsas n,  rather than by going through the intermediate 
staffs of comiutJng the scan p:: ob&bility.  Pg 0 

form ■ 

(11) 

Equation   (10}   can  on  r^v.'rlttan  in the  foliorving 

£. :i,f^ \l - ßi j 

r   §   1  « C 1 

which is  exe: c   ;rovidcc!   the  .-''. Lmpae  distribution  is known. 
If  the  e/;por-:-nt   in  Equation   (J JJ   is  averaged  ovor  all  possibl' 
glirrpse  dlstr itK.tionr., 

12) 

vAnf.Vi    T     i3 

i   Z1 ...   I 

r' •o 

1-1 

■JO  . S 

ooptor i:!   in   a 
Then EouMtic-t   i 

(13)       P =  3   - >: 

or 

(13& )     P ."  1 - € 

v/her 

tlm'j  bctv/aen   ;;uoc.; JSIVJ   glirapaea, 

:■- nov; thr- Special nas-j in .vhich the Inter- 
;.l i.L^i.on -jaur:- .-itn tha ottti^cing aircraft 
i )   o s n   b a   r c yj r it-, c;:   a s 

F-0/v/El     0  ^21   (105)-^.(1-^)   d   (1VH0) 
■r./     o 

■-oVv 

v    in  ;:h-; relative v^loci'y  ^n knots,     H-,     is the 
rnnrra at  vv;il-;n  ;St:ar_Nh  l)&t-lnj  rnd    I; •>    is   :;h«  range  to -vhich 
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tl »  im.ercaptur haa  clouad  to  obtain the   piobabillty oi  de = 
tcöticn     J

J
.'   "'ho  Intenr-f.l     (I)     cf  KquatJ.or.   (13)   la  ppos-sn-^d 

In Fi^i'.rc  ^1    of  hh-a .^p-iendix as  o  funotiun of  tha lo^er 
liiai?; "f   üiV.3K.ratlon,   v.ith tha ynpcsr  limit,  aqual  to    Rtii/R0 

for vor.-iuua vnlU3rj of  toe parameters    G0;     ''o/'vi   © and       s-' 
Rra/ a0     la u3-?d .for   t'lo  uppsr linli  of  intv-ratlon  sines  the 
glbnpt:-:   probabLllty     g    is  ^sro b^jond  thi::  point,, 

'-   ,   it  is  l.'ncox'tent 
iilnc«  there  probably will   be   soj-.i-   error in the 

inforn . tl-!•   'iv-r.n to  tht  l.r.tf.rcept.oi   hy  C.; 
to conaid'r'r  tha  prcnatility of  detection  1: 
interc'-.ptcr   if   not   follcvdiir an  exact   col*, 
the  ii.v'ji ccptcr in on a coun-a  v.'&raliel, tc- 
but   sc':J.o  dlatKnce   i.o  thn r',-;.t  or-  left,,   or 
the amurtud  relative r.iovei.-.-'.m:; li::e,   the in- 
then b?  ciTT.l.jd  nut,   no-   in    S/B.^    43  tndl- 
(15),   on:  in    y/^;-,,     -.vnor,-    y    1: 
the  relative K.o;'eiäant:  l'.nc  fro; 

>pro iclij       .oji: i 
and  tie   vaLu• 

close,?-:   G 
cc^.pl-.; ; «d 
tal.noc  cc>. 
valus:;  ol 
ti.cel   !n1 
are  unävl. 
ßircrert 
ia one In 
at the  rrr 
lino  *"-:.''e 
movemniv, 

the   case  vvhei'o   the 
slon  course.     If 
v  collision course 
.o.bo;.*e  or below 
T.civitiou should 
rlwj.  In  Equation 

tb«1 dis'^'^i  •-   parallal  to 
t.is  target   to   the  point  of 

fce^ratto.ia for  thla  case have been 
f the  do-ection orobabiiitie-i ob- 

eolilslon  course.    ?or 
:-;d    1'     v,hi-':h  are of prac- 

e   r. u .1- f a c e s  c f   c 0 r.\ 31 E. n t  n r c t ab i J 11 y 

. r ••. r '; d   .v i t h   c h ;■ s e  f ■:• r1 

'.he   c: annin;:   rnrl.;'.-    \ii.' 
rer-t,   pointc   vn 
eqüic\l:-tan":   • r-c-.n t,he ref c i-e.-iCo  .'ircrcft   (either 

ran be  ur.cd rs  the reference  one  since  the problem 
lel.'ittve  rat.h.'.r than absolute rac-voruent).    Th^  points 
atont anifalr.r di i.-tr.ncc  from the  relative movement 

ictnal 
line > 

..;/ 1,10: >>}  >. than the  one  on  ehe relativ* 
hi  acr.-ual  ..;poraciom,5,   the pointa of equal 

delect'.on   probability en oe   expacted  to  be  more  nearly  equi- 
distant  fcom the  refers i-y- 
would  .'.nd Icate,   ['or   the  fol 

rcra; 
•vin^: 

i   thun the  enrapucationi 
r'.ansona s 

(a)     T^e   pl]Ot   la  likely   bo   scan  the  center of  the 
Eolll an-la more  thor-oufrhly than he docs  the 
-3dPi". 3 s 

fb)     k-ven ydtc   f-i.r'^tt   viLrvaaco„   v;iv.hin practical 
lirdts  to  the  lualfozr.-j  Kcanninr''pi'oct-cure,   the 
od'-xa  cf  thr,  ivolSd   anr^ic   acannod  are not  likely 
to be  rh' rr-lv defirci.h'' 

On the basis of   the  alo'-a  cunaioere clona,  becauae  the  pro 
Ci; lure   iz  cjn-ror/c-tlvn,   ivv 
of  two  a-.;..i:.ti..>na^   p.rr.itä.ttf»' 
it nrr.'  03  a-js/tued   i. i;.rc   -:hii  point?   ^.'  equal  probaoility  of 
detect-o.-j  are  equi.i',3'cr.;.t. fria  ;:vi:  -.••ere .••oaco  airsraft»     It 

a or-ior  x,o  avoid ths  introduction 
'.c  an .elreacv  forrdla'clo   list,, 
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r>'ji that tae surfncoa _ 
'.lundad .In azimuth by (H) f 9, 
L''irare 3), 

jf constent dotec^lon ,;joi.;u.i 
and in elevation j    'I 

If instead of a collision course the interceptor 
follows a pursuit course, C.I.C. must keep the interceptor 
constantly informed as to where, relative to hlras the target 
la to be expected.  During hlph G turns, of course, the 
interceptor can not be expected to search effectively, so 
that this pert of the relative track can be ^oiglected so far 
as any contribution it may maica to the probability of de- 
tection is concernedc  In other parts of the relative track 
the integrals appropvlato for the collision ourse can bo 
employed in conjunction v.itn the avernre rel-tlva velocity 
for substitution into Kquatlo-.i (13X  I'ho values of the various 
parameters to be omployad in .-jsrticular caseü ere the concern 
of later sections of this study., 

FORMATIONS AKD STRKA^tS OP TARGET AIRCRAFT 

This study, so far, has dealt x/ith  the  interception 
of single target fircraft.  In actual combat, raids conslütin^ 
of lar/re foimations or even continuous streams of enemy air- 
craft,, as wall as single snooperst can be expected.  The 
problem of multiple targets wxll be the subject of a later 
study.  In ßntic.lpacion of f, la study a quolltativo discus- 
sion in the present study aesms  appropriate. 

The factors invol-'^d in the solution of the multiple 
target problem can bs-it bä viaualiaed by considorin^; two 
limltirif casesi  a sin.^la tl^ht formation of enemy aircraft, 
and a stream of snamy aircrafo spGcad e considerable diataaco 
apart. 

Before ßoinp: into tho f 
is desli'abls to rcsxamlne tho cone 
lobe. For any riven fixation of t 
a definite probebility of d&tr.ctir. 
pen du upon the range of tho terror, 
separation from the most direct li 
lobe was so cescribi •. in sp.r.cü as 
of detection, c n v.   rand cm f'... ;■; n tier 
all targets inside tho doteci,? or. J 
side raisseth Actually soiuo t,-,raQt.< 
outside; are seen.  I.f thcro 1;; mor; 
in trie close formation, thor;:- Is mc 

rat 
cot 
he 
f. - 
fr 

ne 
to 
as 

obi' 
t 
.L. 

t 
re 

of tho two cases, it 
of a visual detection 

cys there is, in coneral. 
given tar fret which do- 

om tho eye and its f.nfuia 
of si«vht.  The detection 
rive the same probability 
would be obtained If 
wera serjn and all out- 

nside ai'e mis sad and some 
hsn ons target aircraft 
than ono opportunity 
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for detoctlnc an aircraft In a iven fixation,  A detoctlon 
lobo to düscribs this improvoa -situation, therefore, must 
be incronsed in aiaer,  Since tlvj probability of tally-ho, 
by tiny given range depends directly upon the size of thu 
detection lobe, thi-3 probability must incroaae v.lth number 

of aircraft in the target foruiaiion. 

In the second case, t 
spaced a considerable dlstr.nca 
Is that for a single aircraft £ 
craft ia ever in a repion of tii 
during any piven fixation, I'hc 
the solid an^le scanned, hov.'evc-; 
quantity R,  the gximpa- probr. 
Equation (7) must be altered so c; 
of targets rather than to a air.. 
Is a function of range„  It in ■- 
that the probability of deleci-i 
given ranga is gr^j/cer for the 
single targst,  -"ne fui'ther quc 
indicabod. The probability of 
craft in the targat at ream shou 
in  the scanning r.njle  9, sl;r; 
of search effort tl.rourh apreuc 
angle is nearly or even more tl 
increase in the number of targt; 

J- 5 

doubted 
cussed, 
of clos 
sidsrab 
ftlrcraf 
volved 
ble/na a 
be tedi 

1^ 
Actual c-nos to be c 

, ccinbln-Ätious of tlui 
'■no might hove str-Q&Lit 

c fona;: tioiiS of planen • 
le disiancj, or even a t 
t closo togsche 

.at of Q stream of aircraft 
part, the detection lobe 
nee no more than cne air- 
;h detection probability 
number of targets within 

ia increased so that the 
llity, which occurs in 

1 to apply to a distribution 
■le one-,  This distribution 
:lear, from what has been said;, 
ig at least, one. target by ßny 
.argot stream then for the 
Lltativo conclusion seems 
'Electing az  least one alr- 
;.d not be sensitive to chan'-es 
f.  any decrease in intensity 
Ing over rreater azimuth 
:.v,  compensated for  by an 
ta inside the angle semnod^ 

■.--naid«red v.lll include,4 un- 
'•,u limiting cases Just dis- 

p not of alngle planes, but 
■ th separated by some ccn- 

■;..it:.inuoua stream with adjacont 
While the rronaral principles In- 

in the sol it ion's to the various multiple target pro- 
eeti clear, the detailed computfitions will, no doubt, 

The pro -abllltiia cf d^ieiotlon for the case of tax- 
get spacinpa (3) tw  tnout-h apart that tc-o targets cannot oe 
seen in s air.rp.e fixation has I-J-.T. computed for an interception 
off the boanu " Thö results are preeentod In higure 5. 

In this case the slnpla glimpse probability i^ n 
times the sin-le glimpse propiäol 13 tj for a single target 
vm^re n is the number of tf.v.-'f.'ts inclu^.od in the scan eri"?,0, 
It is clear  that  a  13 a fuucv.i.^r. JT  .vnge,  Xf x denotes 
the total linear ::lärAi  of a^imut/, st.-in äZ   rnng?j  H tuen z 
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Target ope;-?d~5öO knots 
Intercepto-"*  aaeed-550 knots 
Collision Jourse at 90° 
Target Area   Jeaa aspect approx- 
imately 130   •" . 
Lines  marköö  -S are probabilities 
for a strec1;! of  targets '6 miles  apart. 
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and the n'mber of tornats .VLt......a tho scan ß.ir"; 

_  x (b) n s 

Is: 

In coratruntinn Fir';  o 5,     ^    waa chusen larpo 
onoufh tlv.it  r.ot i-ioro  t}..ai: on.;   •"UT-,^c.t • oould b«  funtained in 
the  detec tior'.  lo'jfi  a':  anytim- 
condition is 

■'•'Xpr^ä-zrid r.nn lyt.ioally this 

(c) 3 v 2  H  a in  9 

Uainr the n fr-otr (b) as 
Fi n-ura Al In :'qu31 Ion (13 
of  detectlor> 

tipller for I   "bteined from 
2   the  value  of   tho  probebiiity 

J.n ■:hu  nr-schdlri.;'.  n 
of visual do". .ij'..:. JP. ha a  ojcon 
.nQUauventr.ts- ;o   :'i:>3--;:,lb3   :ha 
Jiid  cart;a in   : ■'.«u :■ jtars  co  d« 
gurroundUi-s, en-ri  tl'.s  ooer-ot 
apply   the   a.'yi Lytlsal  rasu.iL.s 
river.,  operaM ..r.c.1.  citaalicr.., 
vclues  of  li. st-  '. f rl cu.'J   i f-i1:. 
of  tic rciioi: cc   •••.}.? cr.  car,   L;."i 
uüing theWc '.'■   I X   hi         IV iJ      C)l'Vt-'J: 

noct.lon. 

.:.ons of thla  study,   tho theory 
. • J j o n b -3 d 5   u 31 n n;  1 ab o ra t ory 
;.?for.riano-3 of  th-s human  eyo, 
:i:j£   toa  airoreii:,   its  phyaicsl 
"3l  situation,     in  ordsr to 
.   z-bzBin B   solution  for any 
■.   is necessary to know the 

• ers,   end to l.-ars  r.one   idea 
f.cor, on  Uva  results  obtainsd 
■■   arr   tbi» concei'n of  this 

Whlie 
haa  bean  toj.. )■:. 
to  checx   Its  ■/■-.-i 
purpoaa,   so r.j   .-■ 
the  7;ar  ore   vv^ . 
wero  mode  tc  os; 
aspect   ol   or.  cK^ 
] ntHnsic   c< . ' rr 
con bo  c. r.;;.. . 

•    ni rcral't.   11'' 
of  the  ai )"••,:•.' ■ 
rufl.ocU-vit\ 
if  It   la  '.-vV' 

DOWNGRADED' TO 

.■luation   \b} 
..i   ■>■ .; fr 

-.ifdl 
Ubitj' (rt 
irrr.jr.e   tr 
aircraft 

:■]   vi   Ihr 
u:;„n; qi 

J  i Vi 

ti:.\ 
r< '    • 

tho  1! 
fro -   L 

?ä 

'-C 

u f i;.. 

e-: .-.iircr 
c r; • 

tba   vi.'xiuroj'n  ranpo    RQ, 
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ii   aircraft.     K'vr   this 

rvda  at  fa 1.u'xent  during 
v c j;. T 1-3i^e   r.ea yurair.ent a 

in ruiifv  at  v.Viich   the beam 
s   seen. f  t.he  area  and 
t   are   rno^n,   !".hen    H0 
}.     'Ihe bfii'.fri  area  of  the 

.o-   irom a  ncai.o  drav.-.lnp 
lh..j   u^ua I ;.n-;y blue,     'Iho 

•i: :  at   I'ata.vOSH',   waa  5%. 
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9r/?a0  Substitution tl.e sun, the Intrinsic contrast C0 is 
of these two quantltioa, area and intrinsic contrast, in 
Equation (o; yields 17,C miles for the cmxlsnum ran.ge n0, 

Unfortunatoly the raeasursmonts of reference (c) 
did not include accurate doterminations cf the neteorolo-iccl 
visibility V so that i-n exact teat of -^uation (5), which 
is appropriate for hsze-frea conditions, could not be made. 
However, there were a r.u.iiber of measurcir.eiits made in the 
category "above denser haze layer".  In tills category and 
away from the sun by al lee at 90°, the oV3erved foveal ranros 
varied front 7.1 to 17.1 Lilies.  S.lnce th-» measurements v.ere 
made over a period of several months, it is reasonable to 
suppose that some of tharn represent relatively hazo~free 
conditions.  If, in Kquation (4), the obvious substitutions 
are made  (0 = 0.8°;  A ~ 119 square feet;  C0 s 07^ and 
R s 17.1 miles), the rüctoorolop:lcul vlsilillty V is 955 
miles,  "ha fact that no ranges greater than 17,6 miles were 
observed, and that one within Z%  of this value was observed, 
provides considerabls confidence in the validity of Equation 
(5), although of course, they do not verify the equation. 
Since the equation has toon verified in other siphtinf cases 
tlic evidence Just presented is considered ample justification 
for usin^ Equation (b) "nere, 

An earllur aeries of tests made under the sane 
^atuxont project ' •"eferonco (d)) compared an unpainted alumi- 
num aircraft with a iiavy blue one,  Since those tests con- 
sisted of dir-oct comparison runa, the meteoroloqlcal visibil- 
ity was the same for boKh  aircraft,  Uainp the values obtained 
with the known blue air.-.-art aa -i control, it is possible to 
solve Lquation (4) for the meteorological visibility  V. 
Subsiltutirfl; this value and the obaervod ran^e for the alumi- 
num aircrait, the intrlrisic* contrast,  o c can bo obtained 
for the nluminum aircr-'-ft.  Unfortunately, reference (d) pives 
only the avoi'af.e fovoal rai^-e for each aircraft, and not the 
results obvaiiiod from bho individual runs, :.'he use of the 
avorar-e rnn,vc;3 "pave C. "■/. subloct of course to errors 
introduced by th^ aver.".'"in:'; pr-ocesa.  In reference (c), 
indivldral runa are ,'iv^n in th.e aatopory "overcast", tne 
cato;Tory for the run.T ..AI untch the sveragoa of reference (d) 
wore obtained,,  i''ro;.i i .i.   distribution in the ranges in cate- 
gory "overcast11 from reference (c), the error Introduced by 
the avorapin.^ process ■■•i^  eatir-atod.  Corvee tin,." for tills 
error rives, as a most probnblo value, 27/J as the intrinsic 
contrast of the uruminun aircraft.  This would indicate a 
reflectivity of 7^ fo ..ills rircx'aft.  iliia la within the 
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ran^e of measurements for aluminum, in various stapes of polish, 
recorded in the published literature. 

It is doubtful that tny camouflage will render an 
aircraft less visible, v.hen yie-wed from approximately the seme 
altitude apair.st e clear blue --ky, than an alurrinura aircraft, 
nor more visible than a Kavy b^.uo one u  The aluminum does have 
the disacivantrpe that, in some preferred directions^, there are 
occasional flasluss -resultinfr from specular reflection of the 
direct rays of the sun which Increuüo the maximum ranpe» 
V:hlle these flashes are neglect ad in this study, it should be 
pointed out that a mat rather than a polished finish is to bo 
desired, from tha csmoufla^a point of view, to avoid these 
occasional flashss, 

V.hen vtö-*ed from abovo, the ^avy blue is more dlf~ 
ficult to detect against the soa than is the alur.lnum, When 
viewed apairst a y.nlte cloud, c^th liavy blue and alurainvyn 
have higher ccntrf'^ta than wner. vlewofi egpinst the clear blue 
sky. Thia pain ir contrast is more apparent with the alumi- 
num than v-ith the ^avy blue slice the contrast of the latter 
is already 97%. 

earning th* ini'luenco of anpular altitude 
ip of the sun on the intrinsic contrast of 
iat sketchyi  Some idea of the effect of 
relative oo'virip can be obtained from the 
,c). In?;-.!o ä;ta show there is no sipnifi- 
:v;oQn fna rri.;ipe-i (and honce the intrinsic 
.'.ross and co-.~; .sun directions,,  Furthermore 
jn to assu.r^ If.:tie or no reduction in con- 
as 45° i.-.ro Lhe uj: sun sector.  Since it 

tc so pl.:.n en interception as to keep the 
.or roIf-tire to the.  line of aipht, the 
altitude and relative bearinp of the sun 

The oper. '■.lonal de.ta oriiplcyed to check the final 
results wore vll  o1 rained at relatlvoly low altitudes.  Some 
olleraticns may \<Q  ünticin^tid i:.t hl.;;-h altltU'-es.  For example, 
it la quite po-'-islbltj thiit tho bsckpround of rarefied atmos* 
phoro apainat v;!ilch v.no aivcrart i.a  •("iswöd nay be darker then 
at low altitudes .vnoroas tho at.-'erwft, illivnlnatod partly 
by direct sunllpht 
may aopeor to be a- 
will result in & -:y 

Data cone 
and relative b enrii 
aircraft ar3 :■. oniav,; 
sun's altitude ana 
data of refere nc 3 ' 
cant differonc ■3  J8" 
contrast) for the •. 
there is pood r oas c 
trast even as far t 
is usuallv poa Siblr 
sun in the eft 0 s c: 

effects of an, ulaz» 
ere neglected nero. 

partly by .3c.-ttered It nit from below. 
bri nit us M ;;. io1 

!:i'3  in   intrlnaio  contrast    C, 
This  affect 

PflWNGRADEO TO 

■' 11  'irr' /-.•• 
Viak V^ i-w    w 

^■Ä'^v;-:;;;.^'..:.,.,. ■.. ■.. . ,,■ "" '    :... ■—TO_    —      .           



mvmmm^^^^^^^^^^^^^^^^^^^w^ 

Octcuer 1040 

, aircraft 
con be seen 

DOWNGRADED TO 
\l 'UJ K ^ i;;,'. 

l.^ 
fiyfri,^  at Hi 'a  aititm: 
for ^roat  didtances 

Hot  infrequon?;lj' 
iea/o   vapoi-  trails  n'h'.^l'. 
1hä3o,   of  coursa,   incrensa "the  probability  of  detectlono 
'i-lio  offectfj  of vupor trails  on   the  probability of  detection 
have not been included   in  this   study  so  th«t   the  results 
presented ^re  conserva-c iv«  for these c^sos under  mhlch  vapo 
trolls  are present.     H-jporta  from ^n.^land  Indicate  that  ran 
of  up   to  20 miles  ere   £ 3Uiati;aes  encountered. 

us 

r 
r63 

The  effect  ol   relative motion,   du-lnp  a  fixation, 
has been nofloctod  in  this   study,     -hou<;h r.  small  physioloricDl 
effect  is believed  to  i.;.iöt«   the main effect  is  believed  to 
be   a  psycholo-ical one,   i.e«,   thti   callin;'   J

0
  etterition  to a 

target  which  is really   'jeon  anyhow. 

Before  lesvJ.n'T  the  rneteorolo^tcöl  parameters,   there 
is  one   further casa w'üch   siiould  be mentioa id.     If  the  target 
is  viewed  aralnst  a  clear   sky but  •vlth  extensive   v.hlte   clouds 
In  the   sector aft  of  ehe   line  of  sl^ht,   the  target  may  actually 
appear brighter  than  the  background because of  added  illumi- 
nation  fro.-fi  tne  '.vhii loud.     At   the  present   sts.-'e   in   the 
si.v.tln^ i'-vx.   It  l£ not   possible   to  give  a  quantitative  de- 
scription of  this  effect   In  terms   sufficiently   simple   to be 
of  practical us«,     Ll>e   specular reflection  flashes,   the 
effect   just  described   .-. n  of  occasional occurrence   and  hence 
is neglected  in thii.  study. 

In  planning Kny  ,'ivon  interception  it   is  necessary 
to  <cnow  something aoout   tne  aircraft  to  bo  intercspted   and 
the  conditions under  »vhioh   the interce-ption  is   likely  to  be 
made before  the rnaximui:  :,a./s-3  paraoieter    no    con be   s^ieoted 
It  can be assumed   ciiat  both  target  and  intsrceptoi1 will be 
at  opprojclmatoly the  sr.m-s  altitude   ao that tnlly^-ho v/ill be 
made  a .-a in at   sky or dead   in   approximately the  plane  of flight 
The  a:, parent  f..-c-a  of the   target will vfry with  aspect   anp.lo, 
itO.,   the  arifrle between  the  target hcadinn ''^d  the   line of 
sight. 

It  is    pcJGib.ls-,   of courcupto present   tables  of 
R0      for  variouB f-.sooct   en.'-les  for  each of the  vurloua  con- 
ceivable aircraft,   iro.-a ^hlch  tixa valiüi appropriate  for 
given  Intc'caption could  bo   aolcctod.     Unfortunately 
a  table would b •;  30 extenaivo  t}ir.;t  It would be  cunberaoma 
and  t I'Tio-conaumlng   to  u^a.      It   In  desirable,   therdfor 
?.ool<   for   generalisations-   vjK1ch   w\ \ i    sin-jplirt/   ihis   pvocc"?- 

An  ex'amlr.ation  of   tho  effect of  '-.arret   aspect 
shows   that   tlio ratio  of  the  area   03 viewed   from  the  boom and 
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la 2.4   ■' 0,5 
ur prope lie- 
za f roa the 

This   rslationaMp holds 
.irivon,   of  conventlonnl de ^ 

from bow  or stern 
for  nircraft,   Jet 
sl^n  varyLarr   Ln  B:.za  from the  lovy  V-lU   to   thu A^my XD-35c 
Tho relationship does not hold  for  aircrnft of the flying 
wing type.     If  it  is  assumed  that   the   arparent  area  at   eapoct 
onrle  oC   is   the   siun of   the  projections  cf bew one  beam aapects, 
the  aspect   effect  can  ther  bs  expressed by  the  following 
equation: 

(14) ^o^ /R oo /COfl Oi ■i- 2.4   sin erf. 

where     ^o,v.    i^  the  value  of R0    at  aspect  an^le  '-^-,     Rod 
at  aspect  anj.La     0°   and  the  absolute  values 

oslna ora  usod.,     A plot  of hquation   (14)   is 
the vnlue  of     uc 

of  the   sine  and 
presented  in -'ldn:ro  6,     It  shev.^  that  tho m&xhuMü range    R0 

is  considerably  preater if  the  snrle   bet/Asen tho   tarrret  course 
and  the  line   of  sirbt  lies betv.oen 50  and  13C  dari'ees or be-' 
tv.een 230  and  ölC  ; 
or stern- 

If  vhe  a: 
knov/n,   the laaximnro 
and  for  eny   j.veri 
seldom riven   in ai 
convenient   GO  expr 
some more  usur-l   c i. 
characteristic  la 
el arrument,   cno  ft> 
portlonal   to  e   lin- 
turn,   shoula  ce  pr1 
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cubo  root  of   r.he  ,- 
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van  aspect  of en  clrcraft  is 
dotfsrrnlnad for 'any aspect 

■-'n ;■ j;:• fmafca 1 j,   the  area is 
ications  .so -chat  it is more 
.ur.  rnnro    H0     in terms  of 
..»f  tlia   aircraft.     One  such 
rht,     Reasoning from o  dimension- 
he maxiiTum ronps  to be  pro- 

of  the  ajreraft which,   in 
1-3  cibs  root,  of  tiie  f.roaa 

ion  is  p2-ir.!F.ented  in i'M.-ure  7. 
plot tea   n;< p, unctJon  of  the 

ihere  err.   no  slrcrcfl    s.i 
t c. n 11! 1 r;   t-C u r. t' or:   ( 7,} p   v;: ■, 1 c b   M. v;;., 
traut     C     on   I ho iro-'.co: olo'icaj.  \1 

t,. A S''' i V 0 7' e 1'   .''S   1 '■ C;,! C!; 
.Or"    C ..>!ll''.!"    J '"i.'..'-! 

traut C on I ho iro-'.c 
knuv.n fro:,... it: wiisc^ 
fled many  tuv..;.j   In  <:•< 

;.-r  t o t] i bo w  and  I e am  aspect.. 
.'t   v-'ry'n,";  in  size  from  the 
;'h<Td   ■vlth mipointed  alumlnuüi, 
^arf.r.-:  in  tha  figure,   and  the 
npoara   suffi.ciently accurate 
"  'are   B  the maxl-auT. rrn^o 
.   as   a   function  of jross 
values  of  Intrinsic  contrast» 

itinr data  avrJleblo for 
" the con v i• f.pcnüor.c.e of the con- 

bility  V.  Ihla equation, 
.1(;. r a law, has been vori~ 

uiv.i  i'onoo may bo considere 
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constants involved in com'- 
i<  and the number of seconds 
o.m verified in the laboratory 
'.^hting pvüblor.is.  There are 
Lnc- a direct cliook between 
t•es of dstoctien.  The check 
lies of tho tnotcorolo^ical 
of target, azii.-.uth and eleva- 

v.:> speed) is ^oc-d.  IVis fact 
th.-5 actual values of tiieae 
specified by th :• data; no 

to tho so data in this study i. 

SOLI^IOI;:: OF sFJiCiric kin IKTFRCKPTIOK moiu^.s 

In th-j preceding »v 
Information hi oi'^SMr.ced for t. 
Interception proble i whicli is . 
ations. In this sisction, a ty 
aetail to iliustratn the :net'a'-: 
of tV\e quancitat.lva i-asultc to 
quontltotive c^^I;ctc■,. rjf veriou: 
tors  Tvhlch occur  in  the   theory. 

Fcr purpo se 3 of  thi i. 
the  target   is  a rr.odiim bomber ■ 
flying v,ing design;   that  its  g: 
its camouflage  "■.vipuiiited  ^liL^r.r 
Iniots,   and   tht.t  'J 
öloglcal  vis.lblli! 
It .'-3  fuj*;her t\in':. 
fighter svith  a  or'' 
aj^p^oxima :o.Lv   til., 
caption  along a  c ■ 

flies abova 
/ can us':a 11 
i;ä that th-v 
l-jing spaed 
target, ulti. t..' 
ILlsion cour 

•■. .ons  of  tliis  atady,   sufficient 
e   solution of any  visual  al.? 
h:sl-r to  occur  In navel oper- 
1 -al  example is   .vorked  out  in 
■j  employs 1,   to  /-ive  an  idea 
a  expected,   and to  study  the 
oorrhinc.tions of   the  par.^ns- 

;.ample,   it  is  assumed   that 
conventional rather  than 

.;s weight  is  5Ü>0C0  pounds; 
:xt   its  crul sing  speed  500 
-,000  foot  whore  th:-  meteor' 
J 3  c on 'j'. der ad r. r.i  un.,. '.r;.l ted. 

i.R^ 
or  '.v ö   fltngis  sea tor 

.at  it "flies  at io')  icnocs;   on 
and   is  attempting  inter- 

In  v/orkJnc out   the  3::--jclfic   axr.tnpls,   need  will arise 
for certain  kln.r. :'t Leal  inf OI\T:

:
. u'.an  involve:! In  tho motion of 

Li-'.:   .;o   th?  other.     This  relative one  of  tho  tv/'j  aircrsft  f,-.]^ 
r;otion  prcblc'.   Is  soJved firft 
in Table  1,     ''-he  Jlrst  tv.o coJi. 
for approach  J r.x.; poi-t  or  starl 
two colur.r.n give  the  oorrenpe-u 
hHt'dlngs  f-f  tr a  t?;o aircraft, 

oi.r'lr.;.-  of  tho   tar 
the  relcv, 

he relati 
i lie  next   colamn  gi ■, 
I'elativo  riov.' ..n  ^.">,- 
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usual trlgonowatrlc&l relations or by means of the maneuvering 
board.  It is assumed that the reader Is familiar with either 
or both rnethooa. 

The next'step in the solution of the r-"ot>1Gn is 
to find out hew the target, 

'o' 

:• & u b a to find ;een, i.e., 
tlie maximuiii foveu.l ran^e It-^  rhls is donn by first look- 
inr in l''i,cure B to find the maximum ran;.o 
pound nlrcraf-.. intrinsic contr^Et 

H. 

oC 0, I<ext   th-y  maximira ran;ro Z, 

for a 58,000 
C,0 -  37/-J7 cjpect enfle 
for other aupect angles 

is computed uain.r; Equation (14,1 
in the. last coiUi^n of Table 1.. 

I'ne results are presented • 

Vve are now in a position to compute contours of 
probability of detoctlon for ary specified set of conditions. 
The probat ilitie-s selected are 25, 50, 75 and 90 per cent«, 
The foilJV.in,? ccrdLticns, in addlllon to those fi\en earlier, 
rre assumed?  Iho interceptor comoa to a collision course 
outsidr; me.ximr.m rrr.; i< 0) and continues on tills course. 
The pilot searches 45 d^rrr-ea In azimuth on each side, of the 
relative movement .'.xna  (^" /.1-^.' -'ind o decrees in elevation 
above and belo^v lay expected t«:-.rf>et altitude  ( §   = '6).r 

■The metaorological visibility ia  unlimited, i.e.,  HQ/V - Oo 

For 2b, 
detection, the exo 
"0,593, -I.SL'G U 

of the integrals i 
be the products of 
is the relativ.3 ve 
products are lifts 
itlcs given t.bove,, 

One* t i '* 5 

ob t air: e d, t::; e n. 
Those., when at. It _ '.• 

the rn nges in ml V.   'J 

djtoct ion occr. 
polar plots oC i' Li   ) 

4 prob abilitio '3 V.l. 

chengs in rslii ti V3 
changea in H- \A. 
in thJ s iirurn 4 I-.' 

speed constant 1 ah. 
I oi' ai: y riven I'l' .'1 
A mark od effec ■!• ex 
1 $  a pr arent ir ;' 1   f 

fOi 'Hu 

30, 7o an.d 90 per cent probabilities of 
xaant in Aquation (13) must be -0,288, 
id -a.SOSj  respectively. 'Iho value« 
.i Figure Al  {Oo'* 27?*,  rt0/Y s 0) must 
thsss exponents and v/R0,  v.hero v 

locity Ir-. knotr-.  Per convenience Ghsss 
d 5n Isbl® 2T   

;--r each of the 4 probabil- 
ea a furxt.Ur of aspect an^le cC  , 

vu?ues v-hlcb. i.he Integrals must have are 
,ui of H/R0 crn be f^uiid in i'igure Al. 
..■.od by the spproprl.^ttj value of 'AQ)     give 
j  'it v.hioh t;',ü various probabilities of 
'hu  results -ire proae'ited in Figure 9 as 
-i  na a function of aspect an.;lo for the 
detection ccns.ldecade  Because of the 
speed v.ich :.spect angle, the affect of 

th aspect an,-lc is not clearly apparent 
;•: a min a tie x i c. .f h >ii a r

t. o i n t, k c a n i n ^ relative 
hu    is Increased the range 
r.:es r.-.'..ne tl.'.-n pr'üportiorially. 

I'olativc spt-bu on ihe  probability contours 
ure 9, • '!lhis '.as oxocctec bocause of the 
15/ = 

on a  that as 
nbjlily inc 
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A3 cc>n be .seen from Table 1 the ir.axiraum range P-Q 

Is quite liKTpe  •- of tha order of 'JO railed.  If an Interception 
is ba/TUn fron out a Ida inaximum rnn/re, particularly in a stern 
chas^j, many aillaa may be covered by target and interceptor 
beforo the interceptor oa.i overtake tha t^r-p;efc.  In certain 
cases, thorefora, it ia dasirabio to bapln the interception, 
i.e., to coma to a collision course, at a point inside maxi- 
mum rang,o.  In order to show the effect of changes in start- 
ing position, the limiting cases of haed-i-n and stern chase 
of the examples of this section have been ;elected for illus- 
tration, and are presented in Fipui'ea 10 £.nd llj, respectively. 
In each f'ipure the ran; e for each of the *" probabilities is 
presentee as a function of the ranre at which the search is 
bemm,  Ihe prCc^durc umplojed for computinp these ranges 
is cxaccly the oarae r.a that already outlined, with one ex- 
ception.  The valv.'jöuü'd in the integrals  for computing 
Figures 10 and 11 are "ehe values obtained from T^ble 2 as in 
the previous oaae, plun the values of tha integrals at the 
starting ranges. 

It will be notlcod in Figure a 10 and 11 that a 
decrease in the starting range decrearies the range for each 
of the detection probabilities.  The decrease which can be 
tolerated is set, of course, by the firing point range de- 
sired.  A similar effect to the one just described is observed 
at each yapoi.t an^-le.  Tjieao are not worked out in dctcil 
here. 

If 
out can be r 
ities of con 
in scanninr 
in Table 3, 
ities as a f 
eleaation sc 
attack, the 
a variety of 
for the give 
angle, the e 
velocity, i. 

the angle 
6duced, tbi 
tact, shoulc 
angle i--re [ 
v/hich ohov.';- 
unction of 
arming angl 
probabillti 
azimuth üc 

a probibili 
ffect oelng 
e., head or 

over which scanning must be 
n the ranges for each of the 
b.; 'ncreaaoa.  The effects 

resented for head-on and tai 
the range for rach of the 4 

azimuth scanning angle (ij), 
■5 $.     Figure 12 gives, for 
es of detection up to given 
an angles.  In all cases, th 
by increases with decreasing 
more marked for the higher 
attack. 

carried 
probabil- 

of changes 
1 chase 
probabil- 
and the 
the head-on 
range for 
3 range 
scanning 

relative 

The lower Unit to the azimuth scanning angle is 
set, of course, by th.' accuracy with v/hich C.I.C, can vector 
the irtot cent or or; a collision r.cur The interceptor will. 
in general, bo til a relative collision course by some lateral 
range,  In ^'igure A2 the lateral rtngo covered by the scan 
is 7lven as a  fmici.ion of ringe fur eanh of a number of ^cannir 
angios CR't    '-his luteraL range in miles iu,  L « R ein ( \i!v ^ ©) 
v,rhich cr.n be obtclr-.ocl by noair; of Table kl-, 
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