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:, uv. .^    .1:;   hanD-ar   .■.i.-.t'.u   tho 
actvi-'-'1   cr-. . .'::!.;.  :;' :.  nr- v.--   :-./'   '.h-:   - ;■ r>;-': ■•■..■;   •irf  '.iSOvi   '.a 
uürr:-;)!^ ..!.;■    ..     '.■,'..  •■•.•■■..•.,:.;  ■.:;   .i-.   ■■.:■.;.•..,   :''..:,■;   it   I»    :.iiii   the 
t:s^j:~iytl...r\  :;■>   -      '.   :';ai-  'J;.:^,   .v.:i;;o .'•   ■ J ■'■   jAT-^'.n-'t.ji-.v.l   ;. O 
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IS Aura. • SEJÜßn'X INFORMATION 

■.'IJ'AL  DKTECnON  IN  AIR  INTERCEPTION: 
A GOrjv;.iU^wli  OF THEORY- WITH  TRIAL RESULTS 

IR'-viaed April 195.2) 

Refi     (a)   OH> P.-w.-r;   ^^    a-^.r-nh «tid   SoreAnUi?    C'V-if    igi^S, 
(h)   OR'.-  E'..!       No.   J;^

1
     ¥3.ö-'5.al Dater;lion in Air üxter- 

■".yptiüri     Curif     ^n   Oc:;   19^0 
(c)   OECl ShuJ^ Nuc   Uj'.O    Addendmn  bo OßG- S-tudj No»   366 

aompai-^Mc.-ii  o.f Probsbn.'.t.y  of Visual Dotaotion in 
Air   L''';- ^c-.^ioi,     0 .r^     P.l NwV I9>C 

Cd)  Ofeö i'-o.'-;,,.  lio,  ,371    T'!.e P.;>i'bl«t.j of Visual and Radar 
.xiglu.-tiif.   i.';- Hipii-Sp^rui,  Kigb-Altibade Infcerceptlon 

\ si j    (^ G - L t'i » rtl'li    UC'-'.,^ilA '■ y«. J.       -.LuiiUl'       1   41 UU   IV-fi 
(lj  CO-VAVAER Engiriööx«.i'-*s Report; No«  nB-304.    Characfcer- 

Latlv.a Sn.Timary UnSn  Kavj Aircraft    Socket    1^ Oct 
19 i;/- 

I,     INTRODUCTION 

In /mi.to  of tue  Iraprovemonta  ßhafc have been made  in 
other  dfibectior  -ifttbodSj  visusl slghüteg of onemy aircraft 
remains vital  in ai:-  int^rceptlon«    Ü,I«Co  infoiination gen- 
erally is   Insufficieut!  bo guide an aircraft into fii'lng po- 
sition„     Conaot-piently,   final  letsctlon must often be  by 
visual mo ana. 

Intor-sa",  Ir.t. visual  detection was   a-ciraulated by the 
failure to  s:'ight   Japansse Kamikaze  attackora  at  ranges  suf- 
ficient  tio ■.it.r'on.t  t,hylr mission nad by the difficulties  in 
conducting  -J. ;'"•■'■    ■ictyae  opora^icma.    At tempts were made 
to  obtain info"WH';ion on detecnion probabilities  from de- 
tections  of ;•'•' ilä-raodel aircraft,,    These trials proved in- 
conclusive j   and no permament record of them was kept»    Some 
experimental data on vision were  aviilable, however,  and 
from them a  fcayio  thoory  of visual detection was  constr-uoted 
(reference   (a))» 

Reference   (a)  mad« special  applioation of this  theory 
to the  sighhinn; of aurfa.oe  ships  from alrcrafto    Reference 
(b)  applied iiiis  Uj-xry to   ahe   visual  detection of airborneov 
targets,   aid  r-'-'fer-irsco   (c)  presented a method that  enabled 
one   to  oa" •■■;.• 1»Ie  t:nc  probabj.lv-.v  n.f vLvaa}. detection of a 
tai-f/cb  aii'cx'af1..  b;;  üI\  aLrooruf   ■■:••;-;.arvor for a lax'ge number 
of conditions,    Rofür.-.-nce   (d)  undertook dpooial treatment of 
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a l'unc.i;.ioi.. ■ :            -^..Tiiai'   liataa^o boi-wwon ^.hc  visua?.  axis 
of   hhe  cyo   ;>:;.    ;   . .     tuj   ,;,.)j.'.ln,'  the  object wLM; tllö  ^yo. 

B.     DETECTION  LOLJE 

EGW.lt;;;   ".:.'  I.-^V'-JJ'
1,
 " ,",.;';l.,'',.,,t   'r^ K-..T.W-  Gralk are ijaea 

irv rel'er-önce   ', .}   ■■':■    {'■']   ':■ :   rie-i-.v..,   the   !?oll.i,d.ng hxpras^ion 
coriiiecting hrn.;   ■U;L:.jii   srni'rs.'-vl;    C     wM;:;  ranye  of t-arget R, 
angle    9     tmt-■■.(.•■..-VJ   ::',.i.o   lar,.'/'.    ai^  "he  ■'.r* aua'J   a:vl3j,   an!i area 
A    nl'   tixfi  ■;.i'i.;;.    Mv^lo.t .J!     In..   l..:u,g,8t.   in   t;."..o  plune  perpsu- 
dlcular to   i-a»'   ^j.,'-v,i.al  -U.-.ISJ 

a   I., f.^w-     t     4.5^(yH"")/A. (1) 

Here    R     i;i   In MLu.öf     A iß   in square  feet,   and    9  is  in 
degrot-Hc     (If    9 is  l'J2s than 0o8.,  this  equation does not 
apply,   ruid the   '/uluo  of    R    is   tho  same  as  that determined 
for 9 = 0o6o)     This  (iqaaf.ion defines  a  detection lobe, 
which can be thought of as  a surface of revolution con- 
atruotod about  th-;  oye'd vi.aual axis  in such a manner that 
a target  within the  lobe nan be  seen and a target outside 
of the  lobe caruio:.   be seer.«    Actually,   of course.,  visibili- 
ty of aa object  is not that precisely deterraiuable;  some 
targets  that  fall  v..lfhin  Iho  detaotion lobe  vriLll be missed 
and ott-ovs that; ftJ..l o^tsldB  of it   will bo  dotoc.ted„    The 
lobe  is  drawn on ths  assumption  u.        'ho number of targets 
detected  xu   lia.>  L-arin c.c  though  all  that   fall withir. the lobe 
are detects.'!   faiv   sal that fail  oiitn^de   it  are missed. 

C.     HAME 

Hau«-   in •itr.or.phert-  wil.'i   reduce the  apparent  con- 
trast  of  ehe   to  p;o';.   and thus roduco   !.,he   range  at vjhich the 
target  ca.',  bo   .I.-^'-.ctod..     Reference   (a)   cc-nneots  intrinsic, 
contra.-f.  C,.   v/it... ..jjpai'ent  coritradt    0    by  ■'■•he  expression 

G  -r G0 >:.:;■( ^..iUl H/'Y), (2) 

whe-o  v   iv;   !    -.    ■'■•.•■..ooroluLi'-sl visibility or range at  which 
large   targets   (.rue}; an mountains)   c tp   be   seen,,     Substituting 
this   int'i  c'r-'-'.   ' ;:■   ! 1.)    ,i' o;; 

C,.  ex,.M.-    -ii-'i  V'w       -i- ":> <*- *•  f:^6(öK':), k. (3) 
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D.     DETECTION  RANGE 

Maximum i-ana« ? (" 

target  Is  imaged on t no  ''•■ 
leas  tha.n  or  equal   tc   D«^ 
angular radius ot tt    fc ./s 
(1)  yield.? 

• ei'-t'on. will be  obtained when the 
'p.a.     T'hi.:-;   will occur vii.-n 6  is 
i-grTCj   which is?  the approximafc© 

50    This  subs'f-l';.uticTi In equation 

R^ - o.:!655   o.C-l.56^)A (^ 

as an  fixpression for maximum range Rm.     The maximum rang© 
in fbp abrfenoe oC ha;; J,  R0,   3imilar!.;v becomes 

R0 .- 0.165'$   «|(0o - 1.365)A. (5) 

E.     COMPUTATION OF DETECTION LOBE 

Equations   (3)  and  (5)  conneet visual perception 
angle  0 with A,  C0.  V.   ana R»     If,   instead of  bheae,  the 
variables R/R0,  R07V,,  and 0o aro. employed,  tha nixmber of 
variables  1.3 reduced from 4'to 3«    When +-his  is done,  the 
following expreaaion 1-?  obtained for Gs 

F   JG/P t 
0 

(6) 

where 

and 

F - OJ4.9   (R0/R)VCCC1 ••  1.S65)2 

G  = 0eÖ0 0    ■::Xj^-3om4E/V)(Rn/R)V(C,, - 1.565) 

j,« tail a  of a  similar sabBtit/ufclor.  involving Bm instead of 
R0  can  be  found   l.n reference   [H] , 

Equati.cn   .;6)   haj  Doen us-: d  irj ref'■■■rence   (b)  to com- 
pute  detection lob«.;   f^r  ß  w.id>    rar Le^y ot.   renditions.    Two 
typical   lobes  are pl-tted   La. Figure   1.     Curv^ A shows the 
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0-20' 

(B) 22.   = 1.0 

Oo = 50^ 

Bange scale ~ S/SQ 

Polar angle - 6 

FIG.  Is     TYPICAL DETECTION LOBES 
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probability per unit   time  then LA integrated over time to 
give 

n -    • h 
(■ 
/r:j \   ln{l - g^dt (10) 

which is more  convenient   if it  1 
distance 

oxpressad in terms of 

Pn  si —  OXp (l/vT) \   :i.n(l - gi)dy (11) 

xdaere  v is  the  relative velocity in knots0 

For the  special case in which the interceptor is on 
a collision course  with the  attacking aircraft,  this equation 
reduces  to 

P - 1 - oxp{-U0l/v) 

.where  I is the  integral 

(12) 

Rl/Ro 

I r 2,21   iliß)  ln(l - si)  d(R/R0). 

R/Af 

Here H^ is   the range  at which anarch begins and R2 is the 
range at  which the  Interceptor has  closed to ootain the proba- 
bility of detection P.    This  apecial situation corresponds to 
the one  existing Airing the trials.     (See Section III). 

H.     METHOD OP DETERMININÜ PROBABILITY 

Prom the formulas given in the preceding paragraphs, 
it  is possible  to  determine   the  theoretical probability of 
detecting an air targub  .'T the  necessary parameters are known. 

12 
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JV.     DETERMINATION  OP THEORETICAL DETECTION PROBABILITIES 

A..     DEi'iMMLNA-'IOK  OF  PARAMETERS 

i 
Qaard;Ities necessary for caluclation of the   t.heoreti- 

probabiiifcles  of detecfcion can be  detarmined from the 
results  of trials  described in Section III,    Prom these  same 
hrial  •-•.■ sulvs   It   is also possible to   determine  the  observed 
vr. V-.   ' ":itlüa   of  detention.     (See  Section V below.)     The 
ulu.-o.vy  -.'an be   nested by comparison of these theoretical and 
obaervcd probabilities. 

This   section of the  study describes   the manner c 
d-; ;oriTiining  the   quantities needed for  calculating the   tLec- 
i-itical probabilities  of detection.    The method of using 
.•ivrse values   bo   determine these probabilities  is  described 
In Section II-H. 

3.     DEI'ERMINATION OP  SCAN ANGLES   ((0)   AND \) 

(Q)   is   the number of degrees  that  the  observer scans 
to  the  left  or right  of the  expected position of  the  target. 
I   !.s the number  of degrees that the  observer scand  above 
ov  !:eloxv the  expected position of the  target.     These  quanti- 
tl-ja were   specified as  30 degrees for   (P)   and 3  degrees  for 
(!) f."i' all  detection runs  in these trials. 

0.     DETERMINATION  0^  INTRINSIC  CONTRAST   (C0) 

Reference   (b)   gives  £7 percent   as  the   intrinsic  con- 
trast;  against  a  sky background of an unpainted aluminum air- 
craft   (TO-1)   and 97 percent for  bhe  intrinsic   contrast  of 
B.I\ airoimft  that   was  painted Navy blue.     These  values  of C0 
are used for  the   aircraft  employed during these  trials. 

D.     DETERMINATION  OF MAXIMUM RANGE   (ROJC7c   ) 

R0,£>c.  is  the maziramn range  in the   absence  of haze  at 
which the  target   can be  detected if it   is headed at   an angle 
c<  off  the  line   from  observer to target.     There   are  two 

nebhods  of determining it.     An "exact" method determines  bow- 
aapect  area A0  and beam-aspect  area AOQ from scale  drawings 
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of the  target  aircraft   and uses these  figures   in the following 
equations ; 

R0,n =  .i655\(CQ-1.565)A0    (equation (5),  Section IT.) 

R.-,s o'^ Ro'o\J >.030<  I   +(A0/A9o) slno< 

nils :ur,ie3  that   A O'   £> ,   the  apparent area at  aspect  angle 
ex ,   ia  Che  sum of the  projections of the bow and beam areas. 

In tna   "approximate" method,   the maximum range, at  zero 
degrees aspect angle  is assumed to be proportional  to the  cube 
root  of the gross  weight of  the aircraft.     (See  Section II-I.) 
Then R0,o 

£or an7 contrast  can be found in Figure 3»  end RQJC^ 
con. be  detemined from 

V = (\ coso^ +20i| sin o<> )ROJ( 

Here the  additional  assumption that A0/A90 r 2,14. also  is made. 

Calculations  of RQ,0 and En»120 have been made using 
both of these methods.    The results of these  calculations  are 
sho'.m in Tables  I and II,     Justification of the two methods 
can be  found in Section II and in reference   (b).    Weights and 
areas for the P8F-2 and  the P7P-3N -were obtained from refer- 
ence   (o).    For the  TO-1.  these were determined from reference 
(f). 

TABLE     I 

MAXIMUM RANGES DETERMINED BI "EXACT" METHOD 

Aircraft Co(^)" Ao'tft2) Agotft2) Ro»o Ro»120 1 

F8P-2 
P7P-3N 
TO-1 

97 
97 
27 

62,5 347.5 
280 
153.. 6 

12.8 
18.5 

6.1 

20.5 
28.4 
10.7 
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TABLE    II 

MAXIMUM RANGES  DETERMINED BY "APPROXIMATE"  METHOD 

Aircraft c0{%) W(lb) WV3 
R0'0 

Ro'120 

P8P-2 
P7P-3N 
TO-1 

97 
97 
27 

11,500 
23,900 
1^,300 

22.5 
29 
2^.5 

17 
22.5 
10 

27.2 
36.0 
16 

Eo     DETERMINATION  OP METEOROLOGICAL VISIBILITY  (V) 

Meteorological visibility, the r aige at which large 
targets can bö detected in the absence of haze, is nob as 
directly determinable as the other visual detection para- 
meters. It is a property of the atmosphere and not of the 
particular aircraft. Its connection with the range at 
which a target can be detected was given in equation (2), 
which may be rewritten in the following form: 

V =  i3>]4k Km* 120)/Hog C0 - log Cm)1z0)s 

where C0 is the  intrinsic contrast  in absence  of haze  and 
0^1,120 i3 the  acbual contrast  of the object  at   a maximum 
range  and aspect  angle  120°.    This  latter can he obtained 
from RTOJ120 by equations   (k)   and   (5), x^iich combine to  give 

cm»120  =   (Co,   -  1«^6^)(Rm»12o/Ro*120^ 

^ni'lSO'   tiie ^axi™^1 range at  which a target  with an 
aspec     angle  of 120  degrees  can be detected,   is  furnished 
by the trial data.     It  was noticed that  the  values  thus  de- 
termined during each of the two periods  17  January - 8 
Augusr. 19^9  and 16-31 August 19i}.9 fluctuated very little. 
T+-  was   i-.herefoi'c  decided to  consider the meteorological 
»■-Lsibi Ijty constant   within each period.    The value  of 
RJJJJXPO 

l-3&i to  determine V for each of the  two periods was 
trie  -Largaat Ru^LSO  0^ t'rie Per^0^'    The  justification for 
this choice is that   the observers were  also  acting as pilots, 
•arid csuSbquently were  forced to make their observations  of 
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mardntim range  idth less efficiency than could have been ex- 
Doctod if they had been acting as  observers only.     Disturbing 
factors  such as the need for looking at flight instruments, 
the  abserice  of reference point:,   bo  facilitate relocation of 
the  tar-get   after glancing away fron it,   and the  Irregular- 
motion of the aircraft  carrying the observer caused  the  ob- 
serve^ to  lose  sight of  the   bärget  sooner than ho would 
un'jf normal conditions0     Consequently it  was felt  that  the 
Ion :e;jt range  at  which tho   target  was visible was  close  to 
the  value  that  would in fact  obtain under normal operating 
conditlcivi« 

are 
ta:/!« 

Valü.ja  of RnjjTpQ  that  were used in the computations 
•••"m in Table  III.    Values  of V are also given in that 

TABLE    III 

RANGES MD METEOROLOGICAL VISIBILITIES 

Aircraft 

i  

P3riocL 

  

Viao 
C ffi'120 T                     | 

Exact Approximate Exact Approximate| 

w-s 17 Jan- 
s' Jtog 

17 65.5 37.3 1^7.7 60,7 

f2T?~Z 16 Aug- 
31 ATOg 

20.3 95»! 53o2 3535.4 116.4     ] 

i  pjp-^ir 17 Jan- 
2 Aug 

12.5 Ua.o 40.5 76.5 73.2     | 

TO-l lÖAug- 
31 Aiog 

1U.3 27,0 21.9 09 I76.3     | 

F.     GROUPING OP PARAMETERS 

Examination of tho raw test data disclosed that the 
visual detection parameters would be constant over each of 
e.' --.ht  f.roups of trials.    Each, group may be characterized by 
the »■lod during which the runs  of the group took place. 
the   target   aircraft,   and the   speed with which the  target 
aircraft  closed toward the  observer.     The  »ight  groups  are 
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Data 
Grotip S-ümber Periods 

Target 
Aircraft 

OloBing 
Speed  j 

1 17 Jan - 8 kag  I9U9 PST-S 300 knots j 

2 17 Jan - g Aug 19^9 TSF~2 500 knots 

3 16 Avig - 31 Aug 19^9 pgr-a 500 knots 1 

U 16 Aug - 31 Aug 19^9 rgF-2 700 knots 1 

1    5 17 Jan - g Aug 19^9 17^-3» 300 knots 

6 17 Jan - g Aug 19^9 3,7r~3H 500 knots 

7 16 Aug - 31 Aag 19^9 I0-1 500 knots 

g 16 Aug - 31 Aug 19^9 TO-l 700 knots 

Certain trials were excluded from these groups, as explained 
in Appendix A. Values of the various parameters, determined 
for the different periods as described in this section, are 
summarized in Table IV. These values were used in computing 
the theoretical cumulative probabilities of detection, (See 
Section II-H and Section VI.) 
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V.     DETERMINATION OF OBSERVED CITMULATIVE 
DETECTION PROBABILITIES 

Section IV described the method of obtaining theoreti- 
cal probabilities  of detection from the trial results.    The 
present  section gives meana of calculating the  cumulative 
probabilities  of debecti-.-n that  actually were  observed In 
the trials.    Secblon VI vrill coMpure th-i  tvo  seus  of oroba- 
bi]itiea. 

Observed cuirDalat.lve probabilities}  uf detection for 
each group  of trials   (Section  IV-P)   are  debarralnyd from tho 
detection ranges  that  occur during the detection runs 
(Section III).    The n runs of the gi'oap   are  arrari|/.üd end 
numbdr-ed  In d^creaaing,  order of the dyheefcion r-üngJ).^  .vl'..— 
served on each run,   no  bhftt 

R1>|R2>R3>   ...  > Rl> ^K. n 

wtieri) Rj   is the  detection range obsorved on bne ith run. 
Failur'sa  to detect  are  recorded at roru-xe  zero. 

Then the  observed oiuiralatlve pi-cbability of visual 
dotoction associated with the  ibh run is  l/u at range R.j . 
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VI.  CQMPARISOM OF OBSERVED AND THEORETICAL 
PROBABILITIES OF DETECTION 

The validity o£ ths  theox^r of visual detection that 
was outlined in Section II can be assessed by comparing the 
curaulative probabilities of detection that were observed 
during the Patuxent trials with the corresponding probabili- 
ties that were determined by bhe theory. 

To make the comparison, an 60-percent cumulative fre- 
quency belt was drawn around the curve of theoretical proba- 
bility that had been determined from each group»  These belts 
are defined as those within which 80 percent of the observa- 
tions can be expected to lie.  They wore determined with the 
assistance of the theory of binomial distributions, as de- 
scribed in Appendix B. A sample curve with its belt is shown 
in Figure 6, 

After these belts were drawn, the observed probabili- 
ties of detection for each group of trials were plotted on 
the corresponding graphs of the theoretical probabilities 
and 80-percent belts. For each graph, a count was made of 
the number of observed cumulative probabilities plotted 
above the 60-percent belt, within the belt, and below the 
belt» Failures were counted as occurring below the belt. 

If the theory adequately described the detection 
process, 10 percent of the observed probabilities should lie 
above the theoretical 80-percent belts, and 10 percent of 
them should lie below the 80-percent belts. The actual per- 
centages in each be?.'1; are shown in Table V. 

Method 

TABLE V 

PERCENTAGES IN FREQUENCY BELTS 

Exact 

Approximate 

Percentage of Observed Probabilities 

Above 
80^ 

belt 

Within 
80^ belt 

upper 
half 

lower 
half 

Below 
80^ 

belt 

kk 35 

Total 

100 

100 

27 
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Table V demonstrates the close agreement between the 
results of the exact theoretical method and the observed 
l.est recults. Agreement is not as close for the reaults of 
tho approximate theoretical method.  It was not expected, 
of course, that it would be.  It is unlikely that the ap- 
proximate method will be used if the required information 
(size of the aircraft (See Section IV-D)) is available.  In 
many actual cases, unfortunately, the size and shape of the 
target aircraft will not be known« Then the approximate 
method, which utilizes the gross weight of the aircraft will 
be useful. 

28 
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VII.  CONCLUSIONS 

On the basis of the trial results, it can bo uoncluded 
that the visual detection theory presented in reference (b) 
natlsfaotorily predicts cumulative probabilities of detection 
\'ihen  the so-called "exact" mebhod is used.  In this method 
the inaximura range in absence of haze is determined fron the 
aspect area of the target.  However, when this range is de- 
termined from considerations of the weight of the airplane, 
l;he so-called "approximate11 method, agreement between theory 
und exo-sr-lment is not as satisfactory. 

Examination of the relatively small number of trial» 
aaalySiod in this sbudy reveals bhab the "exact" method gives 
slightly smaller detection probabilifciea than are observed 
in practice» This conservatism is not extreme, and may be 
accounted for by bwo conditions: 

(1) Specular reflection aids detection, and is not 
considered in the theory . Although detections that obvi- 
ously were facilitated by sunflash have been excluded from 
the computations, it is possible that some detections might 
have been assisted by sim reflections that were not recog- 
nizable as such» This would give a large detection range 
and so increase the observed detection probability. 

(2) Since there were no reference points. It was 
difficult to enforce the scanning procedure» A tendency 
for observers to scan the center of the field more thoroughly 
than the edges was noted on the data sheets. This would re- 
duce the horizontal scanning angle, which would tend to pro- 
duce detuctions u. greater ranges than those predicted by 
a theory using the erroneous larger horizontal scanning angle, 

Submitted by: 

J.H, ENGEL 
Operations Evaluation Group 

" ■.■roved by; 

D.L, BROOKS 
Deputy Director 
Operablons Evaluation Group 
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APPE^IDIX A 

TRIAL DATA AND REASOIIS FOR OMISSION OF CERTAIN TRIALS 

Tables A-l to A.-5 present the data from trials con- 
ducted at the Naval Air Test Center, Patuxent River, Maryland, 
frora 17 December 19l|8 to 20 September 19i|9. These trials 
were conducted to determine the probabilities of visually de- 
tecting aircraft under operational conditions, and frora the 
basic data from which the worth of the visual detection theory 
was assessed.  Certain of the data listed in these tables were 
not used in making this analysis« Enumeration of the rejected 
data and reasons for their omission follow. 

Data taken on 17 December 19i|-8 and 1 and 6 September 
19li.9 were not used.  On 1? December 19i|ß no tracking turns 
were made, and no experimental determination of meteorologi- 
cal visibility was possible.  Consequently there existed no 
basis for making a comparison with the results obtained orj 
the detection runs. 

On 1 and 6 September 1914-9* seven sets of observations 
of  a P2B-13 were made.  Because this aircraft was painted 
black on the underside and was of unpainted aluminum above, 
it was not possible to determine a logical value of CQ for 
use in calculating the theoretical probabilities of detection. 
Calculations with Co = 97 percent have been made« These give 
a good fit of observed and theoretical probabilities of de- 
tection (all points fall within the 80-percent frequency 
belts) and also give close agreement between observed and 
theoretical haze-free maximum ranges. However, the results 
are not considoreJ.. significant and have not been used« 

In each of the periods, 17 January - 8 August 191:9, 
end 16 - 31 August 19^9* the observed values of Rra5i20 

ior 

each aircraft fluctuated in general between fairly narrow 
limits independent of the closing speed»  It was decided 
therefore to consider that the meteorological visibility 
was constant within each period.  On this basis, the results, 
of the runs made on 17 May have not been included in this 
rxialjslSg   since for both participating aircraft the observed 

. ^ues of RnpisO vrere  all considerably lower than the values 
generally observed on the other runs made during the same 
period. 
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Results of tracking run ^.(TO-1) on 1? August 19i|.9 and 
tracking runs 10 and 12 on 31 August 19^9 are attributed to 
sunflash and hence are not included since they represent 
maximum visual ranges obtained under atypical conditions«, 

The results of detection runs made on 17 May have not 
been included, since, as has been pointed out earlier, they 
were conducted under different visibility conditions than 
the other runs in that period, and there were not enough of 
these runs to warrant their separate analysis« 

During the detection runs made on 17» 18 May, 29 July 
and 3 August, Instead of being vectored directly toward each 
other (as was the case in all other detection runs) the par- 
ticipating aircraft were vectored on anti-parallel courses 
passing some small distance (called flight-path separation) 
abeam of one another. Although, under such conditions, de- 
tections would ordinarily occur at slightly smaller ranges 
than on head-on detection runs, the data from these runs 
have been handled in the same manner as the data obtained 
from the other detection runs (except runs on 17 May which 
have already been excluded from consideration for reasons 
discussed earlier). The inclusion or exclusion of these 
runs should not materially affect any of the results since 
in most cases the flight-path separation was quite small« 

Detection runs 5 and. 6 on 23 August have not been in- 
cluded« On these runs detections were reported as having 
occurred at an unspecified range and outside the field of 
scan«  Since the manner of handling such data is highly 
questionable, these results have been excluded from further 
consideration. 

A-2 
GOWP-HJEm-AL 
SECUR'IW "■INFORMATION 



' 11 

CM 

(D 
• r-4 

o  q 
ti +■> 
o nj 
'< H 

<••  t« 
O     CM 

*2 ^ E 

§     S •B 1.1 

6 -d 

ü 'fi a 
■»3    O C 

to' '•.'           05 
a 7j    •-* 
All 
V» 
1.* ^   ft)          o 
-1 rt ^    f   t) 

i,3 •-■   a! 
1-' 
O •   (D   tU   U 

*>  *       o 
?!' o   d o 

.!■ c. •-■■ Fi 
h hO O         •.•!   ^1 ^ 'j ■ ^ y K 2 
ii> iS    « p T?  O 
o U r^'r) S |i, 

c 
•rl 

g 
O 

t   I 
to 

I 
M      '•> ^ ' ,;,'.. i H   o   H   su 

o o o o 
O       O       ö        C 

o a o 
o     o      «   H 

c < O 

o o o ICJ o o o o o tf^^^o 
ooo       Qaecooooo 

■g 

-j [S 

«1 

O h^ 

'/5 »"5 
IT» ,- f-fl 

r., ?t 

»i. ID 

1   o/i V 

rH (p  M        ,  (^ 

rl    P< 

I   'ipf.4 "■ 
■   K ■rt, 
; -3 M i»,    I 

»■»■♦■■' ! 

: ,J1 .■.< '!    I 
■ ■■■■■.' ■■■ H: ' 

5- ll 

I    I    I o o o o ir\o O O 
I      I      I      o r.      »      e     o     o      n     • 
!     I     I   CM (M ITMM O VD iH t-t 
I     I     I   H H i-l r-l H        iH H 

!   ..-4   til o o o o o 
, N  '•IM   c r    ♦    »    o 
■ fr- -i (,• cf^ to cr>o IT» 

H 

OOO pi o o o 
O        O        •     f^        OOO 

H 

I     I     I   O        O O 1/ < O C> O O 

i     I 
I     I 

1^1 to r- OJ^ cr.^* K\ 
rH H r-l i-< r-« H 

ITvO TO O O O O O O 
oo«too«ac 

CVI UTIKUJ- oJ- H HUJ 
rHr-lHHHHHHH 

o o o o o o inino 
• r-i K^ CTMO 'JO IT» CT» n 

o o ir\o o o mo in 
00«0«*00* 

rtr-lrHHiHHi-IHH 

r'     CC    f.( i i I i    i ! i I i I 1 
I    I    I    i I    >    !    I    i    i    I 

i i I i ! ! j i i 
I    I     I    S     t    I    i     I     I 

sr- 

ns 

■j ; 

i 60 5' IT« 

^ 
1 P; 1 y •--. 1  1 
i 

1- Ui 
H 

!-              KN 
CO               .-* 

'1 
; H rvj i*\d- m ■-JJ -" MJ (Tl O r-l  (M 

H rH .H 
fVut ir\'j.> 
i-H r-!  H r-t 

it 
1 K! 



SECURITY INFORMATION 
(LO) 151+8-52 

15 August 1952 

B1 
cv 
'i 
u m 

*•> 
fi 
M 

O (D 

MCJ   to 

3>4f! 

•H        m 

o 
h 

g 

■rl   05   M 
fV|    CO 

GO 

£ 

o 

o 

P? 

in O 4> H «d 
cd 
u a t» 
Ü  ^   Ti    o 

^ 

m 

^1   <D 

rt 6 

S s -a g g ^ ^ 

>d <M 

h*   (0   (D   H 
4» p 

O rH M 

(D 

a ® -H 
d h »d 
o q d 

O 
w 

o 

o 
o 

en 

Si 

t—O  a O CM O O 
•   • a   •   o   •   • 

irvmH-d- i*vd-v£> 

ir>0 O O o O IT» 
•    •    •    o   •    •    • 

t— r-1— OM--1*-,* 

ON a is « vo H o 
• a CQ a   •   e   • 

lainmo o mo •  •••••• 
W » t—•<r»OM>-K) 

o o o in • *  • • 

o o o in 
»  a  •  • 

rt rt 

OO O O •   •   •   • 
rt 

O O O O 

mo ino o o in •   •••••• 
H t^w CVJ rt m 

o ino o • •  • • 
H W O rt 

s> <n 

1 s 
rt s 

^i^t7S8^ ÄJ^t^r^ 



y- 

PK 

i£>, o tn ir> o o c 
,   o m   ■>   »   o   > 

„•6 

C.J O C O O O O O O O  <t> O O O O ITvO 

rH tH 

Ufa 

i mo nOOOOOOOOOOOOOOOOO 
--*»*«     a     *     ft     0     0 

I     i  H H » rl 65 
.j- tncu^f u\Cvj r^ibj a\C4*c Hva r^w r^ cr-. 

f <~f r-i ci        rHH H        HHHHH 

A 

n : 5;^ r-1 
■"4 

E-J '■■ 

g^i 

N p 

iao o o mo o o o o o o o O o o o o g o o o o o 
.i> ; j- o oi t^vd- ^r -1 ir~u:i r- 

i>,w 

ITv 

^-1 

4 

o o 
1 dr irso t 
I   H r-l !2i  i- 

Ul *oooaooooomooooooo ^ooeo«oooooooeoe«o 

^i^•>rSr^r^."»r^Hr^^^^-^Hl-ll-^l-^r^^^^^ 

,4 

1    ! 
t   I 
I   I 

n     o     o     o     o      €   tZ 
M  I ad   rt r-»  .H   O 

K   1 

I   I   I   I   I   I   I III 
111! !   I        I   I   1   I [ill 
1   I   1   i   1   1   1 til! 

i 0 

1 i— 

s> 
in 

,-f 

Ml 

^ 

K) 

rH  OJ   tr^t   ITVO  t - ^3 Pi 21 r^ t!?^ ^-^ S*^ ?J Rl XM* R? 
(♦: 

SECURITY 'IlsFöSWA-riai 



sss^gg^ 

Sao mw* ^•a^em^sT-KM 
(LO)15^8-52 

15 August  19^2 

? &' 

e« 

«■ 1 

ä 4.^ 

1>"'' 
M 

c ' 

!   Ö 
t< 

f '         7' '    1 
0>   ] 

!;? >- 
^■.1 

0 ' 

1     «f < 1 VJ 

1 

Uj ■*> 

»   ■ ' OM 
'  i'S <II 
^ 0 «^.^ ^ 0) 

••" H  1 

iil äi 

1   ■■' 
0 

03   1 
1-1 

1   p' >■ 

1   •'> 

: -^ 
•   £1 4 
! y H 1 

!D"J 

i 

000 o   o 
^    rt    tA    W     ro   Jt- 

in   o    m   Q 
0     •     •     • 

o   in   H   J* 

000 

CM 
r-t iH    H     H 

OOO 
•       00 

C\J     I—   H 

in in o   o   in   o   o 
•      e        •       •        •       « 

m  uA   eo    r-   t»-  M 

s o. o. a 
o    o    m   o 
tP     H     rH     faj 

o   m  o   o 
o « • • 

to   cu   eo   to 

o 
0 

er» 
OOOO 00 

«       •        0        • •       o 
V£)     tO      O     VO J-    VX) 
rH     H     CU     rt i-4    H 

C^ 
1    "■ ^J —j 

> M ^ 1 
'1 ■^ -^ 

H 

si • 
0 0 

co   >;fl 
r-l      (AJ      lA 

0     .J 
0   S 
lir.j (g 

A-ü 
'jemufw^-ä; r 
SE.-- »JH-I-»-'l"-i-ti ^öRMAi'iON 

o   vo    cr>    o 
[ZI      rH      H      W 

in u>   t--   10   <y\   o 

? 
o 

(D 

0) 
a 
0) 

M 



," ^ GOITPIBai'flAI. 
SEOUni'l'Y IfIFORl"tA^£öN 

P ! 

% (0 3 
' ri u^ o in tn w ir» ir> 

:   H o •      o « 0 
«> t?» rH     ^ l-^  vi 'H H 1-1 

..    i- o o - ' c 

1 1 

■II  fit 

tn 

1 
tit-, 

s 
o, *»■•>, 

j ^D , .   - •» ,■{ m 

O     <1)   o 

a      o 
}sj   so   m 

o o 

o   o   o   ir>   ir»    ir\ 
«       A        o        •        e • 

ca   t^   CVl   K\   H      i-l 

o   o 
o        « 

U3     VD 

ä ä 
« f> 

o to OT o 
0 0 

K) V( «H vo 
o o 

•i» ■V» 

^ dJ 

o   o   o o o m 
o       a       o o • d 

t— ,4"    60 VD O £ 

S1. if H ^ 
•  ■ • 

ir\ 
o   ir» ir\ IT» o 
•       o       e       o       ft 

K\  i-l    to    t^   r— 

O 

w 

M   i 

J X  1 ^1 

O      <D    O       O    O        (D 

o\  o  urv   f~- ,"*•    o 
•M    pq   H      r-l   i-!     S^ 

o   o    o  o  o  o   o 

H 
ir\    cvl VD   eo   cr»  BO   ^f 
«-{      H   H    H    1-4    H      H 

I 
81 

CPi 

I 
5> 

o 

£ 

rH    cu   ro   ^1- 60 CT,    O     H     C\J      KN    ^t 
H   rt   H    H     H 

A-7 
COHPiSSttXIAL 



assse; 

O'OFPIDBU'I'IAL 
sfictmrr1'--TTrTOTmAT-iofi 

(LO) 151^-52 
15 August   1952 

Cli 
(4 

J m 

<» 
O    E 

N 
'■"   « : 

O   c     s:       is       ri       cj-       s 
1     Izi 

3 

: 1 
u.v 
'.J 

o t 
» 

£■; ► 
o . 
U1 

§1 in. 

R 

o 
o 

w 

8 

,■■: 

J 

^■4 

g'i s 
Öl D    O   O     O     O 

VD    (M 
H    IM 3  3 -ä KJ 

1 
1 

1 
•-i, 
«a 

0 0 « 
ir\ 
1^ 

O 
s 

J— 

O • 
CM 

O 
e 

O • 
SÄ 

O 

t 
1 
1 s> ^ 

Si; 
•♦■> 

crt   to 

4 I-« V£> 

to. 

1 
.-( •■>• K-l ^t ir-> Vi. Is- 

A-c 

3Ectm:rr---wp-om'!ÄTi oil 



1  A,    I ÜCil '■''iOMu'riAL 

',::.,:. ..::'C 

■Jh. :■■ :ir.a.' 

■:iy;.;.'.-0.„'.o.:l  ;,>';:>;;-j:.,-/öi durir.'.g   '.hose 
itaj   '.A'.LJ 

!..V;or' or  wot   '-.hcx't  apyoars  ';■ 

; . ."■■:.'-.)j    '..:v    '/. o    •.'. :.'    .    ..',■.■ i./.-.   ijXiluiC.RU.ü.'LOiU, 

,4.))  '■-....   'jcen. afciL.i.-30cis   -:.•   Cf;il.-)t.l3.' 

-   !J   -   :•::.. i - 

^, I ..' .■'-.•L'.-vr.. ICL-   ( J )    ■• 

T3 ' . 

, ■   ■. "    '.V :'.'.   ^.^'•.v}^ i." 

,£)..   -■-^ P(.;,,i), 
i;.xie■.''.';.dai;'v   of ^^sa^ta 

.5    (1>"J tl'lala^, 

pi 



eONPJEDEN'L'IAL 
SECURITY INFORMATION 1$  August 1952 

the probability of not less than :, nor- moro than b nocurrences 
of the event on n trials (o ^ a <. b <c; n) is 

E 
i=e 

P(.l,n) \   '   n,_..  
/ \ J. ! (n - 1 ) ;, 
iaa 

P1- (1 - p)n"- 

Tl.ie   limits   of  the  ■iO-peroent   frec"i»en.cy belt,  fox- a given proba- 
bility p,   and a  given number of  trials,   n,   are  obtained by 
choosing  7ai.i":.£t  of  a and  b locate,   as   symmetrically as possible 
abou.!; \m   (the  expected number of r-ccurreneos)   in such a manner 
a,.;   !   i yl'ai.d   a   value  for P(a <. x ^; b,  u)   as   close  to   o8o  as 
p'...'.:. i.ble,, 

It is by this procedure (or approximations to it, in 
whl'.Ji the incomplete Beta Function is used) that the curves 
in  Figure  IOJ4 of reference   (a)   have  been obtained. 
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15 fi.u,7.'-it   19'.^' 
CmFT-HEKTTAL 

auCURI'W  IfrPeRMA-TlON 

APPEAL X    C 

COMBINING STATISTICS  '?ROM"rtUNS MADE irtsTDER 
DIFFERi'.'M'-  dONDlTIOWS 

One i(.l'   IV'-:  aealrabl'v  oharast-ex-1 •?i.i o:'   o,f s M^eral 
vliu-..';.  ir,: c ■•.'-, 1-in  f;'h.6orv  1..   :'"j   abillt-T of  '.■he   bhaci-y   ho 
cor.hme   hhc   i-c-s-alt *■   :f    '.n i inade  uru>.r d.i.r.f«renf-  ooiidj.hlons« 
It    f.h.1.3   .'.ppcrrJi..>  ;. me+.h'rj   :.   daa-jrl-':   J. :v'i- ■"■■■■F'liniag re-sults 
In   h^-'t:,." "fr ;.■.,;/ dfl-.votion tu-, nx-y   t.h&i   predict*   Tarmi. 1 a:;ive 
pvoVju] ;.j.cy  n   del-^uK'M by  htry  given   range  as a   fUricfclon of 
th"   raj-icms  conditions undev wtxioa ti'W  delaaU:!/;!! was made, 
:■.)   ■;no::.ifi.c   reforftnc^   ':.o  the   ■ xact  nat;ur-e  of '.■he  t.heoi'y naed 
h'-s  '•,,-,.,;-;„     vj:.;,h fru•.■.(■•;  ;.  procedar-   for  oomcining aata from runs 
^.,'■ • j.ader  d Lfi^.; roii*; conditions,   r.he operational validation 
ct a  rLvjn hlsf.'^r-j K&'J   be iwade  none   quiftkly and economically 
than might;   be. poasiblb,  if it were neoes^ary to run large 
numbers oi care Culiy controlled trials and  rary the p6x:b:Lnent 
parametei'H cm« b.v ■■JHC. 

Lot; P)_ cs the fc'neoretical curanlfli;lva probability of 
detection. ohtaineJ   'Inrlng r-nii  l" and number the runa in such 
a raannc ;.   that 

Pj <. P.:      wtone'.rer (1 n) 

Let 

1,- 
- ".  !. C a  def ■'.-.rion occurred by the end of nm i 

- 0  '.r ■•■> de^ecrion. oocurrfrd during xnan   I 

Then th-r observed  ..•.njmr..9iii xrooabi, iity of detection 
core..'.jporidin;-   ^o"T3w' the'oreti.cal   ••jmala^ivs probability of 
detecr I- a 

E ^. 
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A  ,";.•■   ;-.'li. ■.'("  o-".;f..-ryo.;  • ■o':: '■ 1 1 i;. ■,   ■. I.   a'.-', irvatlon   (P,-,>,3) 
verjjua  thee L-'.-n l.cal p.i-obnbi i.ii,,"  i-.'   ..!■,-.-,■, ion  (P|.;.(-[)   ts shovß:  in 
P.lgur-o  G-l  i.oR'.ither  'd r.h fch«- 0 1-: of'-en f   freqrißnc>!  b«!«;?  for 
131 run:;, 

onpln  .1 r: 
grnpl:  1..'.   .•; 
suitably   .',•;. E?6i. 

I     t-.r.    ..■'.- 

-.•1 i 

•jC'iV   'ii    ' 0.1:-.• ■"■   .'^OJ'I  bho 
)   ai.or;/"  oft : '    a'.H.i <   (,:he 

On  !■■■■",■.     r-.i;;])...   i;ij    'i:''■   . I--,--, f-....!:  •:!,;.■ .t'.rom  t-ht? origin 
repT'6;H.v. ,.      !■.    .i.no alonß -Jiii..--; 0 ■ b:-.'i;r-ved pr-cbabilitiös in 
po-'l'oo';   ..■  ,;■'• ■  irOH.i-;   i/l^h  ti'tf   .^r:rc;.r) . ■ .tl.ti.c.;; ♦■.hc.o.re.tJ.oal probabill- 
■*;:! ':■■.   ,.;■■.■■ ,'i      :■■■   ■>l'r:'KV(i„ 

n ■■:''   <-;■ ,•■,■■:.'  «.;?"'.'iW r.;-!1!':   :"o.r  -:.t-ir;;.'.!   and   Infr.eiTiedJ.ui'y prcba- 
bi.ll*--    ,   -'■■■■-:•   -v-'-'L'v    I:-}  sJJ^htly   pe-islrtiist.ln,   ioCo,   yi'?.jas 
fu^'.     ;."    ■■■• ii..'i/>.   c'. ' i'i.i'„;   '/.an  a;'ve  ub^erved   in  pr/achioe.,  end 
th:'.   .'or' hi^i; pi'Cii{ti'.u.l.lt..1e3 thu the'.'-7   i.«  siightly optimistic. 

i-ffi Jr. P.'VVIT".; C"2 has   an additional property 
A afci'aigl-ii   J in'.-  i:hfc:nr,h   the  origin whloh I;M j.uh  oaTi be us en; i, 

pnoyides  n  p;ood  fit   t,ri  f:b.P plotd-en   ^^ ; • r'/zu. lens   shown has  a 
slope   •rl,:ol"      .'    .••!   ■ih'HJ.rh'   .•■•■■ H:   ■-<     '.i •■'■"■-•'; on  fa.:: t-.xv  to be  ap- 
pliod  i-.-i Tj    ■'■.  ';Lm«  bchw^ev,  ^jrv^o.J ; vi:!  ;,i Iraj■;< ^  staued  in 
ri'-for-.O've   (u)   a"  c--    i-o6,"j HevH>r'd>;0     S in^^    OM   ••lop.,,   0.1   such a 
l.lno   i ri 

■10f:,(l    -    Pyl.,,:,,) 

ai:La axaot- 

P « rp I'.l/T) \      ( 

it   ^ .'.;..-. .n-/:.'   t-;r.ii'. 

->."'.( i 
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