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SA-417 File  NO. 1-0016 

NATIONAL TRAISPORTATION SAFFPY BOARD 
DEPAW."EI?T OF TRAIiSFCITATION 

AIECCRAET ACCIDENT REPORT 

Adopted: July 15, 1970 

A L t M ; m Y  A I R L I N E S ,  IIE.,  E-9,  li988VJ 
AND A 

FOHPII CORPORATION, PIPE3 PA-28, 1$1374J 
4 M I L E  NOHPIFrlEST OF FAIRLAID, IIDIAIU 

s m m m  9, 1969 

Piper PA-28, N737hJ, col l ided In  f l i g h t  e;)proximazely I+ miles northwest 

A l l  83 occupants, 78 passengers and four crehmenbers, aboard the E-S, 
of Fairland, Indiana, at  approxhately  1529 e.d.t., September 9, 1969. 

and the  p i l o t  af the PA-28 were f a t a l l y  injured. Both a i rc ra f t  were 
destroyed by the  co l l i s ion  and ground h p a c t .  

An Allegheny Airlines, Inc., X-9, N988VJ, and a Forth C o w r a t i o n ,  

Aviation Adninistration's  1nd.ianapolis P-pproach Control, descending 
Allegheny 853 was wider posi t ive  radar control  of t h e  Federal 

from 6,000 fee t  t o  an assigned a l t i t u d e  of 2,530 feet at  t h e  ti::% of ' 

cross-country i n  accorhnce h-ith a Visual F l igh t  Rules (WR) f l i g h t  
the  col i i s ion.  N7'3743 has beir.g flown by a studenr p i l o t  ~n a .:>lo 

plen'. The co l l i s ion  cccurred a t  an a l t i t u d e  of approxixately 3 ,g jO 
feet. ,i 

T h e ' v i s i h i l i t y  i n  t h e  area was a t  least 15  miles, hut there  was an 

from sighting the  other u n t i l  a f e w  seconds p r i o r  t o  col l i s ion.  
intervening cloud condition wbich precluded the  crew of e i t h e r  a i r c r a f t  

Based i n  pa r t  upon t h i s  investigetion,  the  Board has submitted 
recommendations t o  the  FAA concerning es tabi . i shent  of clizinum standards 

programs on effect ive  scanninc pa t t e ras  and procedures. 
f o r  radar r e f l e c t i v i t y  Of sniall. aircrcf't, and mandatory aircrew t ra in ing  

Problem i n  general, which was attended by a l l  s e p e n t s  of t h e  aviation 
The Board Sl.so convened a pub1.ic hearing on the  Midair Collision 

commu?itp. The material receivfd a t  that hearing will be t h e  subject 
of a separate report. 



the  def ic iencies  i n  the  c o l l i s i o n  avoidance c ' q a b i l i t y  of t h e  Air 
The Board determines the  probable cause of th i s , ecc iden t  t o  be 

Traffic Control (ATC) system of the  Federal Aviation Administration 
i n  a terminal area wherein the re  was mixed I n s t r m e n t  Fl ight  Rules 

cluded the  Inadequacy of the  see-and-avold conccpt under t h e  circum- 
(IFR) and Visual F l l zh t  Fiules (VFII) t x f f i c .  '2t.e deficiencies i n -  

a l l  Rircraft; and the  absence of Federal Aviation Regulations which 
stances of t h i s  case; the  txbnical  l imi ta t ions  of radar  in detecting 

would provide a system of odeq.'-te separeticn of mixed VFR and IFR 
tmf f i c  i n  terminal arpa&. 
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1. INVFSTIGATION 

1.1 Ristory of the  Fl ight  

Allegheny Airlines, Inc., F l ight  853 (Allegheny 853), i s  a 

Missouri, with intermediate stops a t  Baltimore, Maryland, Cincinnati, 
regularly scheduled f l i g h t  from Boston, Massachusetts, t o  St. Louis, 

Ohio, and Indianapolis, Indiana. On September 9, 1969, t he  f l i g h t  
departed Eoston a t  1200 1/ and proceeded routine1.y t3 Cincinnati. 
Departure, at  1515, was i n  accordance with an Instrument F l ight  Rules 

There were 78 passengers and. four  crewmembers aboard. A t  1522:55, $he 
( I n )  clearance t o  Indianapolis via V-97 at  an altituae of 10,000 feet. 

Indianapolis Air Route Traffic Control Center (ARXC) D-20 cont ro l le r  

Shelbyri l le  (VOR) at and maintain six thousand and your posi t ion now 
advised, "Allegheny e ight  f i f t y  three is i n  radar contact,  cross 

Approximately 3 minutes l a t e r ,  the f l i g h t  reported leaving 10,000 
thirty-two miles (unin te l l ig ib le)  . . . snutheast of Shelbyville." 

Approach Control. A t  1:i27:12, che approach cont ro l  cont ro l le r  advised, 
feet ,  and during its descent, was instructed t o  contact InCianapolis 

radar vector v isua l  approach three one l e f t . "  Allegheny 853 acknowl- 
"Allegheny eight  five three roger, squawk ident heading two eight  zero 

edged the  vector and bas almost immediately instructed t o  descend t o  
2,500 fee t .  The f l i x h t  acknowledged at  1527:29, "Eight f i ve  three  
cleared down two thousand f ive  hundred and report reaching." This  was 
the  last recorded transnission from the f l i gh t .  

was based a t  Brooks-ide Air,.ark, approximately 20 miles northeast of 
Indianapolis. On September 9, i969, the  a i r c r a f t  WES leased t o  a 
s tu tent  p i l o t ,  who was t o  complete a solo cross-country f l i gh t .  
Although the  p i l o t  had intended t o  f l y  t o  Purdue University Airport, 

Zakalar AFB, approximatnly 40 miles south of Brookside. The preparation 
deter iorat ing weather had prompted a change i n  ple.ns, and he selected 

for  the  actual f l i g h t  was checked by the general manager of tke airpark, 
and a Visual Fl ight  Rules (VFR) f l i g h t  plan was f i l e d  indicat ing a 

p i l o t  was-wearing glasses, had t u n e d  011 t h e  a i r c r a f t ' s  rot:.ting an t i -  
cruis ing a l t i t u d e  of 3,500 fee t .  The general manager reported t h a t  the 

co l l i s ion  beacon, and in  a c a l l  on Brookside Unicorn, acknowledged by t h e  
general manager, sa id  t h a t  he would depart on Runway 36. ?io witness  

Fl ight  Service S ta t io s  a t  1521 tha t  he had d.eparted Brookside, and re- 
obsel-ved the ac tua l  takeoff, but the p i lo t  advised the  Indianapolis 

quested act ivat ion of his  f l i g h t  plan. T h i s  m s  t h e  l a s t  known comuci- 
cat ion with N7374.J. 

Piper PA-28, h-73745, ohlled and operated by tine Forth Corporation, 

The D-20 cont ro l le r  i n  the AFrlCC who handed off Allegheny 6 j3  t o  
approach control  s t a t ed  t h a t  the  ta rge t  was approximately 10 miles south- 
eas t  of che Shelbyville VOR on 17-97 at  the tFne. He continued t o  observe 

lJ A Z 1  t h e s  herein a re  easterll daylight, based o<Fhe  2lt-hour clock. 
-- 

i 

i 

! 
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the  t a rge t  poceed  t o  a point a?proximately 5 miles southeast of the  
ShelLyvil?.e VOR, execute a 45" left  turn and proceed westbound f o r  
approximately 5 miles. A t  t h i s  point ,  be sh i f t ed  h i s  a t t en t ion  t o  
other duties.  He t e s t i f i e d  t h a t  he did not see any prbe . ry  t a r g e t s  
t h a t  were conf l i c t ing  t raff ic  for  Allegheny 353. 

i n  the  approach control  f a c i l i t y ,  was a i s o  assigned the funct ional  
The AR-1 control ler ,  who assumed responsibili:) for Allegheny 853 

duties of the  AX-2 position. He stated t h a t  he .>bserued the  t a r g e t  
of Allegheny 853 southeast of the  Shelbyville VOR, heading approxi- 
mately 300". Following radar iden t i f i ca t ion  he, ' I .  . . ins t ructed him 
t o  t u r n  lef t  heading two eight zero degrees f o r  radar vector f o r  v i sua l  
approach t o  runway three one l e f t ,  descend and maintain two thousand 
f ive  hundred feet  ar.d report  l?vel . . . ' I  The f l i g h t  acknowledged 
these instructions,  and then the con t ro l l e r ' s  a t t en t ion  was diverted 
t o  other  duties,  inclucling a radar handoff on Allegheny 820 which :ms 
ar r iv ing  f ron the southwest. A t  approximately the  sane time, 1531, 

time did  h e  observe any conf l ic t ing traffic i.n the  v i c i n i t y  of tke 
he  noticed tha t  the  t a rge t  of Allegheny 853 had disappeared. A t  no 

other  f l i g h t s  under h i s  d i rec t ion .  revealed. tha t  he issued several  
f l i g h t .  The recorded comunications between the  A R- 1  con t ro l l e r  and 

t raf f ic  advisories of primary radar tarxets i n  the v i c i n i t y  cf the  
f l ighzs  ha was controll ing.  

w%om sax tk!e col l i s ion.  The statemcn'ts indicate  t h a t  there  was a 
broken-to-scattered cloEd cover in the area, b a t  both a i r c r a f t  were 

.'illegheny 853 ifes westbound and IT7374J was heeding southeasterly,  and 
below the  c louls  and could be seen c l e a r l y  a t  the  time uf the  col l i s ion.  

neither aircraft attempted a co l l i s ion  avoidance maneuver according t o  
the  witnesses. 

Statements were obtained frcm 22 witnesses i n  the  area, cight of 

There were many f l i g h t s  i n  the  v i c i n i t y  of Yndianapolis at  the 
approxiuate ti2e of the  accident. They a l l  repcrted good v i s i b i l i t y  
below the clouds, bxt varied i n  t'neir estimates of the  cloud base from 
3,000 t o  4,000 feet  m.s.1. There were three  aircraft u t i E z i n g  the  
expanded radar semice of approach control  between 1500 and 1600 t h a t  
reported operating VFR a t  3,500 feet.  One of these a i r c r a f t ,  W666J, 

the  accident. 
reported ir. t h e  vicini.ty of Shelbyville approximately 10 minutes befgre 

1.2 In ju r ies  t o  Persons 

In ju r ies  Crew Passengers 

Fats1 4 (E-?)  78 
1 (PA-28) 0 

Nonfatal 0 
None 

0 
0 0 

- - Gthers 
0 
0 
0 

- 21 The A i ( - 1  posit ion i s  responsible fc,? t r a f 3 c  a r r iv ing  from t h e  
I 

eas t  and AR-2 i s  responsible f o r  t raff ic  a r r iv ing  from the  west. 
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1.3 Demage t o  Aircraft 

Both a i r c r a f t  were destroyed by the  co l l i s ion  and ground impact. 

1.4 Other Eamage 

A few mohiLe homes i n  t he  v i c i n i t y  of the  main cra;h s i t e  were 

%here the  E - 9  impacted, was destroyed. 
s l i g h t l y  damaged. me soybean crop, which VBS growing i n  the f i e l d  

1.5 Crew 1nforn.ation 

The crews of both a i r c r a f t  were properly ce r t i f i ca t ed  and qual i f ied  
f o r  the  respective f l i gh t s .  (See Appendix B f o r  d e t a i l s . )  

1.6 Aircraf t  Information 

ir. ticcordance w i t h  ex is t ing  regulations. The weight and ren ter  of 
gravi ty of each were w i t h i n  t h e  prescribed l imi ts .  The E- 9  was 
serviced with kerosene and t h e  PA-28 with 80/87 aviat ion fuel. (See 
Appendix C f o r  de ta i l s .  ) 

Both a i r c r a f t  were proper% ce r t i f i ca t ed  and had been maiutained 

1.7 Meteorological Infomation 

There were no f ronts  or low-pressure system centers  i n  the v i c in i ty  
of the accident. The 1540 Special surface weather observation a t  
1ndianapoli.s was ce i l i ng  measured 3,400 f e e t  brcken, 5,000 f e e t  over- 
cast ,  vis ibi l - i ty  15 miles, wind 330" l2 knots, s l t i n e t e r  s e t t i n g  j3.08 
inches. The 1557 surface observation at  Bakalar X?% rras, i n  par t ,  
ce i l ing  estimated 2,800 f e e t  broken, 8,000 f e e t  broken, v i s i b i l i t y  
15 miles. 

The aviat ion srea forecast ,  issued by the  Forecast Office a t  
Chicaso at  0845, ind iea t fa  t h a t  excluding the extreme northern sections, 
the  r e s t  of 'Indiana would be clear ,  becoming 3,000 t o  1+,000 f e e t  
scat tered variable t o  broken after 1200. For the northern half of 
Indiana, t h e  forecast  issaed a t  1445 ca l led  f o r  1,800 t o  3,CgO f e e t  

variable t o  broken, tops 7,000 t o  10,000 f ee t .  
scat tered variable t o  broken, ce i l i ng  3,500 t o  5,000 f e e t  overcast 

The aviat ion termi-ol forecast  i-susd a t  1245 fo r  Indimepol i s  
included t h e  following for  t h e  period 1500 t o  2C00 :  ce i l i ng  2,500 f ee t  
broken, 5,003 f e e t  txokcn, wind i j 0 "  I 2  h o t s ,  lower broken clouds vari- 
able t o  scattered. 

t iona l ly  unstable a i r  below approximately 6,800 fee t ,  s tab le  air fro= 
near 6,800 f e e t  t o  9,000 fee t ,  and above 9,800 f ee t .  The 800-foot band 

The Dayton 2000 radiosonde ascent (below l2,000 f e e t )  showed condi- 
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from 9,000 t o  9,8M f e e t  contained conditionally unstable air. The 
freezing l e v e l  was 6,400 f ee t ,  but there was a 4' C. inversion f r o m  
near 8,403 f e e t  t o  9,000 f ee t .  The temperatures were above freezing 
from near 8,600 f e e t  t o  9,oCO feet .  

1.8 Aids t o  Navip& 

Indianapolis AFWC u t i l i z e s  an ARSR-lE  radar system for control  
of t r a f f i c .  The antenna i s  located on the  airport and ro t a t e s  a t  
s i x  revolutions per minute. The D-20 sector  con t ro l l e r  has an RBDE-5 

accident, t h e  ARTCC radar was being operated on low power. 
( te lev is ion  presentation) radar display eqcipment. A t  t he  time of the  

a maximum range of approximately 50 miles. The antenna s i t e  is a l so  

ASR-6 antenne ro ta tes  a t  15 revolutions per minute. The AR-1 con- 
on the airport, approximately 3 mile from the  ARSR-lE antenna. The 

t r o l l e r  uses a PPI 9-inch radarscope, but there a re  14-inch TI-440 
television displays at  adjacent positions on e i the r  s ide  of the  1IR-1 
controller.  The TI-440 i s  normally set at  a I!O-mlle range, 10 miles 
g.reater than the PPI, and therefore i s  generally used t o  locate and 
ident i fy  handoffs from the ARTCC. 

Indianapolis Approach Control u t i l i z e s  an ASR-6 rnZar system w i t h  

1.9 Communications 

There were no reported d i f f i c u l t i e s  with comunicntions between 
e i the r  Allegheny 853 or  Wi'3743 and the  respective ground s ta t ions  con- 
tac ted  by each. The f l i g h t s  were not on the  same frequencies. 

1.10 Aerodrome and Ground F a c i l i t i e s  

Not applicable. 

1.11 Flight  Recorders - 
f l i g h t  data  recarter! Model FA-542, S/N 1667. The recorder u n i t  was 

Allegheny 853 was equipped with a UEited Control Data Division 

crcshed and had t o  be cu t  open t o  remove the magazine, which was 
moderately deformed. The f o i l  medium had been t a m  i n  half i n  t he  
area of t h e  l u s t  recorded traces, and the upper and lower edges were 
torn and c m p l e a  i n  numerous plhces. The edges of t he  severed f o i l  
werc :>atched, and a readout Gf the t races  was mace without d i f f i cu l ty .  
The a i r c ra f t  was descendicg a t  opproxiuately 2,400 f e e t  per minute on a 
heacing of 282" when the airspeed t r ace  stopped a t  13 minutes 18 seconds 
after l i f t - o f f  an5  1 second l a t e r ,  the  a l t i t u d e  and v e r t i c a l  acceleration 
t races also b e c a e  aberrant. The l u s t  values inainated, pr ior  t o  t h e  
abnormalities, werc / L O  g, 282', 256 knots, and 3,550 fee t .  
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cockpit voice recorder (CVFi), MoZ :I. V557, S/N 2107. The recorder was 

casing separated at  impact, leaving the tape car t r idge  exposed, t h e  c m -  
i n  operating condition throughout the f l l g h t ,  and although the protect ive 

p l e t e  recording was sat isfactory.  

Allegheny 853 was a l so  equipped wi th  a United Control Corporation 

The CVR tape revealed t h a t  t he  crew had ceupleted the i r  "In Range" 
checklis t  preparatory t o  landing at Indianapolis, and were i n  the process 
of accomplishing other  points of crew coordination when the following 
sepence  occurred: 

1529:13 Out of th i r ty- f ive  f o r  twezty-five (1929:14.3) 
 CAM-(^^ 1/ 
1529:11t.3 I ' m  Going Down (1929:15.9) 
CAM-1 

CAM 
1529:15 Sound similar  t o  objects s t r i k ing  metal 

CAM Landing gear warning horn. 

CAM 
1529:17 Sound of possible s ta l l  vibrat ion 

W.2 recording ended at  1529:27.1. 

N737kr +ms not equipped With any f l i g h t  recorde.-s, and none was 
reqwirea by rebnlation. 

1.12 Wreckage 

approximately 5,OW f e e t  by  3,5tX f e e t  ana oriented along a 197" t o  287" 
The wreckage of the two a i r c r a f t ,  which was sca t te red  over an area 

center l ine,  was concentrated i n  two baztc areas. 

The E-9  impact site was apy'oximately 1,330 f e e t  long and 700 f e e t  
wide. The a i r c r a f t  s t ruck the  gi-ound in an inverted, a h o s t  win@-level, 
nosedown a t t i t ude .  It was r e l a t jve ly  in t ac t  except f o r  t he  y r t s  which 
separated in t he  co l l i s ion .  Thc landing genr, f laps ,  and spoi le rs  were 
re t rac ted  a t  impact, but t h e  leading edge s l a t s  were extended. 

approximately 4,500 f e e t  eas t  of the  E-$. The ?A-28 l e f t  wing, most. of 
the  fuselage, and the  horizonta:. s tabi l . izers  were in t ac t  about 150 f e e t  

The PA-28 and E - 9  horizontal  staDil.izer assemblies were located 

Abbreviations indicate  source of intel l igence,  i . e . ,  (CAhl-(2) deno5c.s 
the coment was probably from the  first of f icer ,  CAM-1 denotes the 
captain, and CAM denotes the  cockpit are8 microphone was the  re-  
cording instrument. 
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east cf the  E - 9  horizontal  stabil izer.  The engine, vert ical  f i n  and 
ru-cder, prt of the  r igh t  wing, engine cowling, propeller., 2nd metal 

horizont71 stabilizer. 
from both aircraft were found i n  an area 700 feet south,of the  E-9 

The wreckage of both aircruft was moved t o  Eakalar AFB where a 
two-dimensional layout was mde t o  study the  scratch and scuff marks 

The i n i t i a l  contact between the  two aircraft occurred at  the  forward 
and determine the  pr incipal  points of impect and the  impact geometry. 

upper r igh t  s ide  Of t he  v e r t i c a l  f i n ,  j u s t  below t h e  horizontal  sta- 
b i l i ze r ,  of the  E-9, and the  l e f t  forrard  s ide  of t h e  PA-28,, j u s t  

marks on the  E - 9  horizontal  s t a b i l i z e r  (Attachment D),  nearest  the  
forward of the  l e f t  wing root. The representative scratch and Rcuff 

i n i t i a l  point of contact, were aligned at  an angle of 2 2 O  t o  the  
longitudinal axis of the  a i r c r a f t  or  the  r ight  stabilizer hnd 1.6~ on 
the  left  s tEbi l izer .  The scratch an8 scuff marks on the  r i g h t  wing of 
the  PA-28 (Attachment E)  riere generaily aligned 50" t o  60" w i t h  t he  
longitudinal axis of the  aircraft.  A l ine of s ight  along the  damage 
through the  PA-28 fusclage was apprcxtnately 60" t o  t h e  1ongitudir.ai 
axis of t h e  aircraf'i'. There WES 110 indication of r e l a t i v e  motion 
between t h e  two aircraft i n  the  v,zrt ical  plane. 

1.13 

e i the r  a i rc ra f t .  

1.14 Siirvival Aspects 

9 e r e  was no evidence of in- f l igh t  or ground f i re  on any parts of 

This was a nonsurvivable accident. 

1.15 Tests and Research 

A cockpit visi.b.bility study was condvcted t o  determine the  physical  

and what effect the  f l ightpaths  might have had. The f l ightpath  of 
1.imitations t o  v i s i b i l i t y  f r s n  t h e  crewmember seats i n  each a i r c r a f t ,  

Allegheny 853 was based on tne  f l i g h t  recorder data and, since there  

projected backward f o r  22.8 seconds p r io r  t o  col l i s ion.  The reconstmc- 
w.s no other  source, t h e  data f o r  N7374J at  the  moment of' impact was 

t i o n  (Attac+ment A) re lealed thut,  a t  t h a t  time, the  aircreft were 
12,130 feet apart and Allegheny 853 was approximately 850 feet above 

bearing of lV(37kT t o  Allegnecy 853 was 19' t o  t h e  r igh t .  4s the air- 
N7374.J. Allegheny 853 was 55" C,o the  left  of N73745, and the  -els t ive 

there was approximately 350 feet v e r t i c a l  separation. As Allegheny 853 
c r a f t  closed t o  a'.,range of 5,430 feet, 10.2 seconds p r i o r  t o  col l i s ion,  

descended through :,&X3 feet a l t i t u d e  the  range had decreased t o  3,500 
feet, 6.6 seconds before impact. A t  2.4 seconds t h e  range was 1,210 
feet and Allegheny 853 was a t  3,675 feet. 
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I n  order t o  detennine the  physical  l imi ta t ions  t o  vis ion from 

A dual lens  camera was uscd t o  record a panoramic photograph of the  
each cwkpit, binocular photographs were taken i n  a PA-28 and a E-9.  

window configuration ns seen by tine p i l o t  when he turns  h i s  head from 

using the  design eye posit ion f o r  each crlmember. Attachments B and C 
the  extreme le f t  t o  the extrene r ight .  The photographs were taken 

portray the  Posit ion of each aircraft i n  t h e  f ie ld  of vis ion of each 
crewnember, based on t h i s  fixed-eye reference. Naturally, s-.ymovement 
o r  deviation from such a posit ion would have affected the  posit ion of 
the  t a rge t  i n  the  window. 

F l igh t  tests of the  A R E C  and approach con t ro l  radar  systems 
following the  accident were conducted t o  detemine whether they were 
capahle of detecting a PA-28 i n  the  v i c i n l t y  cf the  accident. I n  each 
of the  three  f l i g h t  checks, conducted on S e p t a b e r  9, 10, and 15, both 
systems were capable of detecting t h e  PA-28 aft,,sr t h e  aircraft had 
emerged from tangent ia l  b l ind speed effect ,  k/ abaut 8 miles n o r ~ h  of 

meteorological conditions similar t o  those which existed at the  time 
the  accident site. However, none of the  tests ryere conducted under 

of the  accident, particdarl:; in  terns of temperature inversions a l o f t .  

1.'16 Other 

of cloud Cover o r  other coldi t ions  which reduce the  p i . lo t ' s  a 3 i l i t y  t o  
The aforementioned v i s i b i l i t y  study does not consider t h e  effect 

see and avaid other aircraft. I n  t h i s  connection, tine Board reviewed 
the  de-relopnent of t h e  ''see nnd be seen" concept a d  a S w r y  of inat 

t h i s  accident i s  discussed i n  the  analysis portion of t h i s  report. 
study i s  provided In Appendix D. The involvement of the  concept i n  

2. ANALYSIS AND CONCWSIONS 

2.1 Analysis 

This accident involved an intemix of high-speed aircraft and 
low-speed a i r c r a f t  under xk.e combined ac t ive  and pgssive control  of 
t h e  air  t r a f f i c  c o n h o l  system within a terminal area. The conplexity 

orological  circumstan-es which rciuced t h e  safe ty  features below an 
of operating such a system, i n  t h i s  instance, m s  increased by mete- 

acceptable level .  

Indianapolis ApprGach Ccntrol from approximately 1527 u n t i l  the  tjue 
Allegheny 853 was cperating 'under the  posi t ive  radar control  of 

of the  accident. The f l i g h t  rias being vectored along the  same gent2ral 

4/ The result of an aircraft 's rad ia l  velocity,  w i t h  respect t o  the  
antenna, decreasing t o  approximately 10 knots or less as the  f l i g h t -  
path becoues tangent. The "moving target"  c i r c u i t  senses such re turns  
as s ta t ionary t a rge t s  and e1imixl:ites them from display on t h t  radar- 
scope. The aircraft speed, head.ing, radar cross section, and distances 
from the  antenna will detenoine tne durat isn  of t h e  effect.  
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route as  a l l  a r r i v a l  t r a f f i c  from the  southeast f o r  Runway 3U. The 
f l i g h t  seigent from Cincinnati  is very short,  hut p r e p r a t i o n s  for the  
lanl ing u? Indianapolis were smooth ar:d e f f ic ien t .  h r i n g  t h e  f i n a l  

per minute, and a t  an indicated airspeed which was gradually increasing 
50 seconds, Allegheny 853 was descending at  approximate.ly 2,460 feet 

from 236 t o  256 knots. The descent t o  the 2,500-foot assigned a l t i t u d e  

under 'SFR conditiom. Inring t h i s  inten-al  the  p i l o t  of N737kr MS 

was probably made i n  par t  while t h e  a i r c r a f t  was i n  clouds, and i n  psrt 

proceeding i n  accordance wi th  h i s  previously f i l e d  VFR f l i g h t  plan. 
According t o  his instructor ,  he was very much aware of the need t o  main- 

avai lable from the  co l l i s ion  i t s e l f ,  he was doing m excellent Jsb of cor.- 
t a i n  a lookout f o r  lendmarks as well as other t r ? f f i c .  Based on the  data  

forming t o  h i s  f l i g h t  plan. It is  impossible t o  determine t h e  exact c lod 
cover, depth, or  degree of s t r a t i f i ca t ion ,  but tl!e preponderance of evi-  

lower; broken cloud base MULL have been a t  approximately 4,000 feet. 
dence, indicates  t h a t  there were two layers  of clouds i n  the  area. The 

Accordingly, the crew of Allegheny 853 Would be unable t o  i n i t i a t e  a 
scan for unknown t r a f f i c  u n t i l  14 seconds pr ior  t o  reaching the co l l i s ion  
point .  Conversely, the  p i l o t  of N737kr muld a l so  be l imited t o  14 sec- 

he would be unable t o  see i.llegt.eny 853 until it emerged from the  clouds. 
onds i n  which t o  apply the "see and avoid" c r i t e r ion  of separation, since 

I n  considering the mount of time t o  *'see and h- seen," i n  t h i s  
instance, the  Board notes t ha t  there i s  no fFxed value t o  tr.? mount of 
tibs t ha t  may be necessary f o r  detection and avoidance of potent ia l ly  
confl ict ing t r a f f i c  i n  VFR conditions. Fbrther, the "fixity-of-bearing'' 
c r i t e r ion  g ,  t ha t  is t h e  primary basis  on which a co l l i s ion  potent ia l  

report t i t l e d  "The Role of Exterior Lights i n  Mid-Air Coll is ion Prevention," 
i s  assessed by visual  uems, may not be en t i r e ly  adequate. I n  a study 

prepared fo r  the  FAA by t h e  Applied Psychology Corporation in  1962, the  
problem is discussed a s  follows: 

"One conwmly used premise underlying analysis  of coL?ision 
probabil i ty  is tha t  there e%is t s  some required 'warning time,' 
admittedly uncertain and variously estimated by d i f fe rent  
sources." Laufer (1955), in enphasizing the  complexity of 
deternining warning time, sa id  tha t  i n  "some exceptional cases 
a full minute o r  more may be required." He ca r r i e s  out h i s  

Another source (Honeywell Aeronautical Division, 1961) says, 
co l l i s ion  analysis  f o r  two warning times; 25 and 50 seconds. 

minimm warning time generally accepted i s  10 t o  20 secmds." 
"Depending upon maneuverability of the  aircraft, the  desire4 

Stone (195)r), thinking i n  terms of E-? aircraft, sa id  ". . . 
we a re  now down t o  15  seconds t o  avoid co l l i s ion ."  Projector & 
Robinson (1958), re fer r ing  t o  Laufer (1955), sa id  tha t  t h e  

5/ Fixity-of-bearing -- h e n  two a i r c ra f t  are f ly ing  s t ra ight ,  constant - -- 
t o  either a i r c r c f t  remains constant i n  the  f i e l d  of view of t h e  p i l o t  
speed courses (not necessari ly leve l )  toward a co l l i s ion ,  the  bearing 

of the other. 

I 
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" r q u i r e d  warning time probably lies between 25 and 50 seconds." 
Vmy illumination eneineers have p i n t e d  out (Laufer, 1355; 

t e n s i t i e s  required t o  furnish the  required warning t k s ,  as 
Projector & Robinson, 1958, for exemple) that the  l i g h t  in-  

as t o  be inpracticable. It has thus been recognized t h a t  visual 
estimates, under the  full range of VFR conditions,. were so high 

col l i s ion  avoidance, with present ly avai lable tcchniques a1d 
equipment, has s e r i o w  l imi ta t ions  when closing speeds are high 
o r  f l i g h t  v i s i b i l i t y  i s  near the  VFX minimum. 

other  more profound l imitat ions.  His analysis,  although l imited 
Calvert ' s  (1958) analysis  shows, howevel-, that the re  a re  

t o  the  fixity-of-bearing cr i te r ion ,  has much bronder im?lications, 

use. Calvert bases h i s  approach on how well a pi lot ,  ear? estimate 
which apply generally t o  a l l  avoidance techniques current ly i n  

avoidance maneuver, how ossured he can be t h a t  the  naw.!vzr he 
the probabil i ty  of co l l i s ion  and, i n  t he  event he undertakes an 

l i s ion .  The analysis  shows tha t  the  uncertaint ies  inherent i n  
se lec ts  w i l l  eliminate or at  l e a s t  reduce the  probabilit:. of  col- 

the  fixity-of-bearing c r i t e r ion  are s3 great  t h a t  t h e  p i l o t  often 
cannot use it effectively. I n  many si tuat ions,  including some wi th  
moderate-speed a i r c r a f t ,  t h e  information he needs t o  use the  f i x i t y  
c r i t e r ion  properly is unavailable or  inadequAte. If he does under- 

t e l l  what e f f ec t  it will have on the  probabil i ty  of col l is ion.  
take an avoidance maneuver with inadequate information, he cannot 

Once he has begun t h e  maneuver, he is committed, but he no longer 
has the  f i x i t y  c r i te r ion ,  nor can hc know when t o  end the  maneuver. 
Since the uncertaint ies  mcrease with distance, very e a r l y  warning 
is sometimes of l i t t l e  or no help t o  h h .  

Because of t he  l imi ta t ions  on when it may be applied at  a l l ,  
and the  inherent uncertaint ies  when it is applicable, t he  f i x i t y-  
of-bearing c r i t e r ion ,  it seems evident, will not  suf f ice  as a 
v isua l  collision-avoidance technique. It i s  often useful  for 
roughly determining t h a t  an a i r c r a f t  i s  not on a co l l i s ion  course; 
i n  other  cases it is  not applicable a t  al l ,  or cannot be r e l i ed  on. 

15 seccnds is the  absolute minimum time f o r  detection, evaluation, and 
These and severai other  s tudies  have resul ted i n  a consensus that 

evasive w t i o n  if the  co l l i s ion  is t o  be avoided. On t h i s  basis ,  ne i ther  
t he  p i l o t  of N737115 or  the  crew of Allegheny 353 would have bad su f f i c i en t  
time t o  "see and avoid" the  other  a i r c ra f t ,  even i f  they had devot-d v i r-  
t u a l l y  t h e i r  en t i r e  s t t en t ion  outside t h e  cockpit, scanning: for other  
a i r c ra f t .  

I n  t h i s  connec.tion, it should be borne in  mind tha t  P.ll.egSeny Air- 

when the  aircraft, during descent, passes through the  a l t i t u d e  1,000 
l i n e s  procedures require a ca1.l by th,? p i l o t  not f l y ing  the a i r c r a f t  
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f e e t  above the  clearance a l t i tude .  I n  t h i s  instance, t he  c a l l  was 
required a t  3,500 f e e t  and ?e f i r s t  o f f icer ,  who =de the  c a l l  about 
2 seconds p r i o r  t o  the  c o l l i ; i d ,  would have been required t o  monitor 
the altimeter f o r  a few hundred f e e t  p r io r  t o  reaching the  a l t i t u d e  

the  other  aircraft from h i s  posi t ion i n  the left  seat Yds v i r tua l ly  n i l .  
12 order t o  note passage. The captain 's  ab i l i t y ,  meanwhile, t o  observe 

Accordingly, the Board believes tha t  if the  high rates of descent in the  
approach area t o  c i v i l  a i rpor t s  are t o  be continued, the  airspace in- 
volved must be protected by positive a i r  t r a f f i c  cont ro l  procedures. 

With respect t o  t h e  application of the  "see and be seen" concept 
t o  t h i s  accident, h i s tory  has shown tha t  r e s t r i c t i ons  t o  v i s i b i l i t y  
have had l i t t l e  t o  do w i t h  the cause of most midtiir col l is ions.  Nearly 
a11 occurred i n  v i s i b i l i t y  conditions greater  than 3 miles and most i n  
v i s i b i l i t y  conditions greater than 5 miles. I n  t h e  present case, the  
v i s i b i l i t y  was 15 miles. Accordingly, there is l i t t l e  l ikelihood of 
any signif icant  improvement i n  safety by a simple requirement f o r  in- 
creasing t h e  gresent v i s i b i l i t y  minimums -- unless it would be t o  t he  
extent t ha t  Ghere would be fewer YFR f l i g h t s  and more IFR operations. 

l i s i o n  avoidance capability. However, the operatin% charac ter i s t ics  of 
present and future j e t  a i r c ra f t  appear t o  preclude speed r e s t r i c t i ons  t o  
9 l eve l  at  which "see and avoid" can be r e l i ed  upon, par t icu lar ly  where 
high descent r a t e s  are a l so  involved. of more than p s s i n g  interest i s  
the  f a c t  t h a t  i n  nearly a l l  of the  midair col l is ions,  whether between 
ni i l i tary and c i v i l  aircraft, o r  between general aviat ion and air1ir.e 
a i r c r a f t ,  at l e a s t  one of the a i r c r a f t  was chaqging a l t i tude .  I n  many 
instances, one or  both a i r c ra f t  were turning. Under these conditions 
the p i l o t ' s  a b i l i t y  t o  locate other  t raff ic  is diminished, and some of 
the normal frames of reference used t o  detelmine s ight- l ine r a t e s  6-/ are 
reduced. This degrades the p i l o t ' s  a b i l i t y  t o  see and avoid other  air- 
craf t .  

Speed res t r ic t ions ,  as  cur rent ly  imposed, oi"fer a measure of col- 

If the  s i tua t ion  is compounded by a circumstance i n  which one air- 
c r a f t  i s  descending i n  clouds a t  a high ra te ,  and t he  other  a i r c r a f t  i s  
operating i n  VFR conditions only 500 f e e t  below the  clouds, t h e  p i l o t  of 

u n t i l  he i s  c l ea r  of the  clouds. Conversely, the  p i l o t  of the  VFR air- 
the descending a i r c r a f t  will not be able t o  sea-ch f o r  conf l ic t ing  t r a f f i c  

c r a f t  w i l l  be unsble t o  see the opposing t r a f f i c  u?til it emerges from 
the  clmds. 

i n to  terminal areas a re  common. The t o t a l  t i n e  avai lable t o  search for ,  
find, and avoid another a i r c r a f t  i s  thereby reduced t o  10 seconds i n  
t h e  nixed IFR/VFR operation, j u s t  described. Depending upon (1) t h e  
point i n  space t h a t  the  p i l o t  of t he  descending a i r c r a f t  begins h i s  

6J Sight- line r a t e  i s  t h e  observed angular veloci ty or  r e k t i v e  m o t i x  

With today's J e t  a i r c ra f t ,  descent r a t e s  of 3,000 f e e t  per minute 

of a ta rge t  i n  a horizontal o r  v e r t i c a l  plane. 

! 
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scan for  other t r a f f i c ,  and (2)  the direct ion i n  which tine VFR p i l o t  
is ?.ooking a t  t he  moment t h e  other aircraft en.?rges from t h e  clouds, 
nei ther  p i l o t  may have time t o  complete the  search, and co i l i s ion  w i l l  
be unavoidable. It is t,he Board's conclusion, therefore,  t h a t  the  
"see 2nd (;e seen" concept of co l l i s ion  avoidance, which has been de- 
monstrably ciipficient i n  the past, is now t o t a l l y  unacceptable i n  pro- 

where high- and ?ow-speed t r a f f i c  i s  intermixed under IFR and VFR control .  
viding separat!.on oetk?en a i r c r a f t  during riescents i n t o  terminal areas 

One addi t ional  rceteorGlogica1 factor ,  uhich ha2 a bearing on the 
accident i n  a less obviws way, was t h e  temperature inversion with a 

mental e f fec t  on radar reception, : ecause of anonalous propagation d, base at  7,000 f e e t  i n  the  area of the  accident. dowever, i t s  detr i -  

is well known. 
1 

The D-20 control ler ' s  workload a t  the time of the  handoff was 

b i l i t y  for  t he  aircraft,  he continued rratching it for  several  minutes. 
suff ic ient ly  l i g h t  t h a t  even though he had no continuing responsi- 

His testimony indicates t h a t  he must have observed Alleghenv p53 u n t i l  
it was within a few miles of t h e  accident s i te ,  and t h a t  a t  no time did 
he see any primary t a rge t s  t h a t  would conf l i c t  with t h a t  of the  f l igh t .  

The AR-1 control ler  was responsible for  t!le f l i g h t  for approxi- 
mately the  last 2-112 minute; only. During most of t h i s  pericd, he 
apparently spent most of the  time attending t o  necessary duties other  
than following the  t a rge t  of Allegheny 85.3. He did  not detect any 
t raf f ic  conf l ic t ing with the  f l i g h t .  

control  of a i r  traff i .c .  However, i n  t h i  ' .cident, it i s  believed that 
Radar has proven i t s e l f  a safe and eYicient t o o l  for t h e  pos i t ive  

two independent radar systems f a i l e d  t o  L .ect the  presence of M37kr 
and, a s  a resul t ,  no warning was given t o  the  crew of Allegheny &j3 
regarcling the  specific di rect ion 2nd distance of the hazard. Had tile 
crew been provided with t h i s  information, t h e i r  chances of seeing end 
avoiding the other  a i rc ra f t  below ',he cloud l ayer  would have been. 
enhanced. 

con t ro l l e r ' s  position, was being operated on low power at t h e  time of 
The ARSR-1E rada.r a t  the  Indianapolis AXCC, serving the  3-20 

the  accident t o  counteract t h e  effects of anomious propagation. T h i s  

proves transponder t a rge t  display. Unfortunately, the  recepticn of 
s e t t i n g  reduces t h e  c l u t t e r  from such atmospheric interference and im- 

1 A tern applied t o  the  re turn  of radar energy from ta rge t s  beyond 
- 

the  normal range of the  radar s ta t ion.  These re turns  en te r  the  
receiver i n  phase with t h e  re turns  of subseqxent s ignals  from c lose r  
targets ,  nnd appear as close- in targets .  The t a r g e t  returns i n  t h i s  
case were t n e  resu l t  of "ducting" due fo  i.en?erat.ure j.nversion. The 
use of low power, t h a t  is the  radar pulse transmitted, minimizes the  
.effects  of t h i s  phenomenon, but has an adverse e f f e c t  on t h e  con- 
t r o l l e r ' s  a b i l i t y  t.o detect cer ta in  real tarsets wit!i lcw radar 
re f l ec t ive  properties.  
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primarf ta rge t ,  a t h  the  mall radar  cross sections is a l s o  reduced 
proportionately. Erpcrt testimony a t  the  public hearing confirmed 
that a primary ta rge t ,  with t h e  radar cross  sect ion of a PA-28, might 
not be detected a t  a distance of 20 miles from t h e  antenna site under 
low-power. operation. The Board concludes t h a t  under the  conditions 
present at the  time of t h e  accident,  the  ta rge t  of N737kT was not 
v i s ib l e  on the  D-20 cont ro l le r ' s  radarscope. 

The ASR-6 radar at  the  :ndianapolis Approach Control, serving the  
AR- 1 cont ro l le r ' s  position, wbs operating a t  normal power, with the  
Moving Target Indicator  (MPI) s e t  at  approximately 20 t o  25 miles. 
The various f l i g h t  t e s t s  t o  determine the  capabi l i ty  of the  radar t o  
detect N737kJ as it proceeded along i ts  intended f l ightpa th  have 
demonstrated tha t ,  i n  a l l  probability,  there was no usable ta rge t  dis-  
played from approximately 14  miles t o  8 miles north of the  crash site. 
The lack  of reception i n  t h i s  area i s  a t t r ibuted  t o  the  tangential  
bl ind speed ef fec t ,  where t h e  r ad ia l  ve loc i ty  between the  ta rge t  and 

been emerging from t h i s  area a t  about the time the  handoff of Allegheny 853 
the antenna f a l l s  below the detectnble threshoid. N737kT should have 

was effected. From t h i s  point t o  the  crash s i t e ,  t he  primnry t a rge t  of 
IT73745 would normally nave been v i s ib l e  f o r  approximately 5 minutes on 
the  .AR-1 cont ro l le r ' s  radarscope. The cont ro l le r  s ta ted  he was scanning 
an erea approximately 15  miles ahead of Allegheny 853,and there were no 
primary ta rge ts  t h a t  represented confl ict ing t r a f f i c .  However, no accurate 
correlat ion can be made between the  time tha+. he scanned and the  specif ic  
locat ion uf N7374J. It i s  possible t ha t  the temperature inversion, which 
wa's affect ing the A R E C  radar, a l so  decreased the  effectiveness of t h e  
approach control  radar a s  well. Based on che conscientious a t ten t ion  
tha t  the AFi-1 cont ro l le r  gave t o  providing radar traffic infornation t o  
other a i r c r a f t  under h i s  control, t k  Board believes usable radar returns 
from IJj'3745 were not presented on the  rarlar display, a t  least not during 
the t'me tha t  the cont ro l le r  was observing t h e  radarscope. 

appears t o  be the  establishment of ;:ome minimum standard of re f lec t ive  
The solution t o  the  ineffectiveness of t h e  radar i n  t h i s  instance' 

capabi l i ty  for  a l l  a i r c ra f t  and the incorporation of some form of s ignal  
enhancement apparatns i n  a l l  a i r c ra f t ,  a s  necessary, t o  meet the  standard. 
This would in_sure t a rge t  presentation cn radag and converging t r a f f i c  
advisories could be given. Additionally, the  present cont ro l le r- p i lo t  
relat ionship presumes suf f ic ien t  time t o  transmit, acknowledge, detect,  
and avoid c ,mf l ic t ing  t r a f f i c .  In hip,h-densit.y terminal areas wnere 
airspace and radio time are always a t  a premimum, it appears t ha t  a 

recent Notice of Proposed Rule Making 69-41, Terminal Control Areas 
saturat ion point  has been reached during peak hours of operetion. The 

Geaeral, published by the FAA, was endorsed i n  pr inc ip le  by the Board 
as. a f i rs t  s t ep  i n  t he  direct ion of a safer  and more e f f i c i en t  a ir  t r a f f i c  
control  system. 

An' e lectronic &-?ice designcd t o  improve the  radar  3; splay by mini- 
mizing t h e  presertat ion of s tat ionary targets .  

i 

I. 



established t h a t  each par ty  involved was conforming t o  the requirements 
of a system intended t o  provide safe a n 6  compatible operation f o r  a l l  
persons desir ing t o  use the  avai lable airspace. Nonethel.ess, the  acci-  
dent occurred. It was recognition of t he  vast scope and far- reaching 
ef fec ts  of t h i s  conclusion tha t  prompted the Board t o  conduct a public 
hearing on t h e  Midair Coll is ion Problem. This hearing, before all f i v e  
Board Members, was unprecedented, and w i l l  be the  subject of a separate 
report and recommendations itself, 

This discussion of t h e  circumstances r e l a t ing  t o  t h i s  accident has 

2.2 Conclusions 

(a) Findings 

1. 

2 .  

3. 

4. 

5.  

6. 

7. 

8. 

9. 

10. 

ll. 

Both aircraft were properly ce r t i f i ca t ed  and airworthy. 

A l l  f l i g h t  crewmembers were properly cer t i f ica ted .  

There WBS no malfunction of either a i r c ra f t  p r i o r  t o  
the  co l l i s ion .  

Allegheny 853 was operating with an IFR clearance under 
posi t ive radar control  of Indianapolis Approach Control. 

N737k.J was operating with a VFR clewance and was not 
under posi t ive cont ro l  of any f a c i i i t y .  

The AR-1 cont ro l le r  was properly ce r t i f i ca t ed .  

There were broken cloud layers  i n  t he  v i c i n i t y  of the 
accident, with bases a t  4,100 and 6,000 fee t .  

Vis5bi l i ty  below the  cl3uds was i n  excess of 15 miles. 

There was a temperature inversion at  approximately 
7,000 f e e t  i n  the  area of the  accident. 

The m c  radar f a i l e d  t o  detect  N7374.J becsuse of 
inadequate radar cross sect ion of the  a i r c r a f t  and 
the  low power selected t o  o f f se t  t he  e f fec ts  of 
a n m l o u s  propagation from the  inversion. 

T3e approach control  radar f a i l e d  t o  detect  N7374.J 

Subsequent lack of detection, within approxinstely 
i n i t i a l l y  because of t he  tangential  b l ind  speed. 

t o  the e f fec ts  of t he  inversion on t a rge t  strength, o r  
8 miles of the accident site or  less ,  was due e i the r  

monitoring the  radarscope. 
t o  the  cont ro l le r ' s  a t ten t ion  t o  du t i e s  which precluded 
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12. T%c descent rate and airspeed of Allegheny 853, 

although generally i n  compliance with exietirlg 
regulations, a r e  considered t o  be sLightly high 

VFR a i r c r a f t  operations only 500 feet belol7 clouds 
i n  view of the present regulations which permit 

i n  a i rpo r t  approach areas. 

13. There was insu f f i c i en t  opportunity f o r  e l t h e r  crew t o  
reasonably be expected t o  see and avoid the  o ther ' s  
a i r c ra f t .  

(b)  Probable Cause 

t o  be t h e  deficiencies  i n  t he  co l l i s ion  avoidance capabi l i ty  of t he  
Air Traf f ic  Control (ATC) system of t h e  Federal Aviation Adminis- 
t r a t i o n  i n  n terminal area wherein there was mixcd I n s t m e n t  F l ight  
Rules (IFR) and Visual Fl ight  Rules (VFFi) t r a f f l c .  The deficiencies  
included the  inadequacy c d  t he  see-ana-avoid ccncept under the  circum- 

a l l  a i r c r a f l ;  an? the  absence of Federal Avie.tion Regulations which 
stances of t h i s  case; t he  technical  1imitatior.s of' radai. in detectin?: 

would pr'ovice a system of &equate separation of mixed VFR am? IFR 
t r a f f i c  i n  1.eminal areas. . 

The Board determines t h e  probable cause of t h i s  accident 



l i s i o n s  i n  its special. accident prevention study "Midair Coll is ions 

months later, i n  a report, on another m i d a i r  co l l i s ion  between an IFR 
i n  U. S. C i \ 4 l  Aviation - 1968'' which m s  released i n  Ju ly  1969. Two 

air c a r r i e r  a i r c r a f t  and a W R  l i gh t  a i r c r a f t ,  t h e  Board re i te ra ted  the 
need f o r  improvement i n  the  s e p r a t i o n  of t r a f f i c  i n  terminal areas, in-  
creased pilot. vigilance, and the expeditious developnent of a low-cost 
co l l i s ion  avoidance system or proximity bsrning indicator.  

The Bcrurd issued 14 reccnnmendations t o  help prevent miaair col-  

As a result of  information developed i n  the invest igat ion oi both 
t h i s ,  end the  previously mentioned midair col l i s ion ,  the Board recon- 
mended that FAR Farts 21 and 23 be modified t o  require  a l l  a i r c ra f t  
weighing less than 12,500 pounds, manufactured af:er ijoroe appropriate 
date, t o  have a miniawn radar cross section, or r e f l ec t ab i l i t y ,  su i tab le  

from t h e  antenna s i t e .  Further, a minimm l e v e l  of radar cross  sect ion 
for detection as a primary radar return at  dis tances of I25 t o  150 miles 

cer ta in  expanded rrdar service environments. 
should be establ ished for  present a i r c r a f t  t o  be permitted t o  operate i n  
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INVESTIGATION AND HEARING_ 

1. Investigation 

1550 on S e p t a b e r  53, 1969, from the E’ederal Aviation Administration. 
The Board received not i f ica t ion  of the  accident a t  approximately 

An investigating tern was immediately dispatched t o  the  scene of t h e  
accident. Working groups were establ ished fo r  Operations, Witnesses, 
Air Traff ic  Control, Weather, Structures, Systems, Maintenance Records, 

Federal Aviation Administration, Allegheny Airlines, Forth Corporation, 
Poverplants, and Fl ight  Recorder. InteresteB parties included the  

Douglas Aircraf t  Division, Air Line F’ilots Association, Aircr%Pt Owners 

Air Traffic Controllers Organization. The on-scene investigation was 
ana P i lo t s  Association, Air l ine Transport Association, and Professional 

completed on September 19, 1969. 

2. Hearing 

A public hearing was ht?ld at  Indianapolis, Indiana, on October 8-10, 
1965.. Part ies  t o  the Inves t iga t im  include4 Federal Aviation Adminis- 
t ra t ion ,  Allegheny Airl ines,  ‘Lnc., Forth Corporation, Air Transport 
Associaticn, 2.ircraft Owners and Pi lo ts  Association, Air Line Pilots 
Association, Air Traff ic  Control Association, National Association of 
Govenvnent Fnployees, and Professional Air Traff ic  Controllers Organi- 
zation. 

3. Prel’dinary fieports 

A s ~ w r y  of t h e  testimony which vas taken a t  the public hearing was 
published by the Board on November 6, 1969. 



APPENDIX B 

Crew Information 

Captain James M. Elrod., aged 4'7, held a i r l i n e  'transport p i l o t  
c e r t i f i c a t e  No. 92684-41, .;ith ra t ings  in a iqdnne  single- and multi- 

He hsd accumulated 23,813 t o t a l  f lying hours, of which 900 were i n  the 
engine land, E- 3,  CY 240/340/&0, Allison Convair 34Q/440, end E-9. 

LC-9. His last proficiency check was completed February 21, 1969, and 
h l s  FAA f i r s t - c l a s s  medical c e r t i f i c a t e  was dated August 4, 1969, wi th  

while exercising t h e  privi leges of his  ai-. c e r t i f i c a t e . "  
the l imitat ion,  "Holder s h a l l  postiess correcting glasses for near vis ion 

F i r s t  Officer William E. Heckendorn, aged 26, held comerc ia l  
p i l o t  c e r t i f i c a t e  No. 1601l24, with rat ings for ai rp lase  single-  and 
multiengine land and instruments. He had accumulated 2,980 t o t e l  
f lying hours, of which 651 were in the E-?. He completed h i s  l a s t  
proficiency check on P.upust 19, 1969, and h i s  FAA f i r s t - c l a s s  medical 
c e r t i f i c a t e  was dated November 20, 1968, which was s t i l l  current ly valic 
as e second-class medical c e r t i f i c a t e  a t  the time of the accid'nt. 

and received her l a s t  recurrent t ra in ing  on April  9, 1969. 
Hostess Barbara E t iuc i ck ,  aged 31, was hired on April  ll, -1960, 

and received her last recurrent t raining on March 12, 1969. 
Hostess Pa t r i c i a  Perry, aged 29, was hFred on August 22, 1961, 

and medical c e r t i f i c a t e ,  No. AA-0835!66, dated March 13, 1969. He was 

t o  commencing f l i g h t  instruct ion a t  Brookside Airpark i n  Olarch 1969. 
reported t o  have accumulated approximately 12 t o  15  i'lylng k m r s  pr ior  

P i lo t  Robert W. Carey, aged 34, held a combination student p i l o t  

PA-28. He had completed h i s  wri t ten exemination fo r  a private p i l o t  
Cer t i f ica te ,  and VBS preparing for the f l i g h t  t e s t .  A l imi ta t ion  
placed on h i s  medical c e r t i f i c a t e  stated, "Hoider s h a l l  wear cor- 
rect ing glasses while exercising the privi le&es of h i s  airman c e r t i f i -  
cate. 'I 

Since tha t  time he had accmul&ted 39 flying kwrs, a l l  in the 

The f l i g h t  crew cf Allegheny 853 arrived i n  Boston a t  22151 on 
Sefiember 8, and were off duty cntil approxhately l l W ,  1 hour prior 
t o  schedul-ed departure, on September 3. The p i l o t  cf IT'I37b.J had been 
a t  home the evening of September 8; worked fnm 0800 u n t i l  12C3 on 
S~ptem&1"-9;..and folloving a lunch a t  home, had gme t o  the a i rpor t  
for  h i s  f l i g h t .  

I 
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Aircraft Information 

N96&J, a Mcbmell Doqlas  E-9,  S/N 47211, hed accumulated 

c e r t i f i c n t e  had been issued to  Allegheny Airlines, Inc., .?n August 7, 
:,.l'[O t o t a l  hours a t  the  time of t h e  accident flighL. A J  airworthiness 

necessar;.' correct ive  action, inspection, and Airworthiness Directives. 
i&8, atid mailitenance records documented the  accomplishment of all 

Wtt & Whitney JT8D-7 engines were i n s t a l l e d  as follows: 

l o s i t i o n  S e r i a l  No. Time Since Overhaul Tots1 Time 

1 
2 

457339 
657121 

3,169: 58 
3,462:23 

The reco-3,: r e f i e - t  t h a t  the  takeoff sross weight was 98,589.5 pounds, 
which i s  l ess  ii;an the  maximum allowable of 98,600 pounds. T!le center  

li-rdrs of 7.54 t o  30.2 percent MAC. 
cf gravi ty  was coaputed t o  be 14.6 pcrce;it MAC, within the  allowable 

K 2 7 U  R Piper Aircraf t  PA-28, S/N 28-24730, had accumulated 803 
t o t e l  h?..rs 0:: Awlst 29, 1969, which was t h e  date of the  last  100-hour 
inspection. 4n airworthiness ce r t i f i ca te  had been issued t o  the  Forth 
Cs .vra t iun  0:; 3'Ly 26, 1968, hnd rcaintenance records revealed t i n t  the  
eircraft h,l,l t 'en maintained !.I accordaxe with approved pru-edwes and 
1kect.ive.;. Thr, crircraft - a s  equipped with a Lycorcing O-32O-EA engine, 
S,?; '23G?.2-FiA, und a Sensenich 74cE16-0-58 propeller ,  S i n  K-26559. Both 
the  mg::::e &':a propeller were or ig ina l  equipuent and had never been over- 
h m k i .  

i 

! 



The "See and Be Seen" Conce.?t - 

operated on a "see and be seen" basic. Federal re@plations designed 

midair co l l i s ion  Fotent ia l  were firtit issued i n  1926 by the  Secretary 
specif icai ly t o  augment the  "see and avoid" concept and minimize the  

of Comerce. m e s e  =re basical ly right-of-way rules ,  modeled a f t e r  
marine regulations, re la t inp  t o  movement of surface vessels  on t h e  
water. They were based en t i r e ly  on t h e  p r a i s e  t h a t  p i l o t s  would 

t o  see an& avoid other  airwaft. For the  most prt,  a i r c ra f t  c ru is ing  
operate aircraft by v isua l  feference t o  t h e  ground and would be able 

s p e d s  a5 tha t  time were 103 miles per hour o r  less. 

I n  the e a r l y  d e v e l o p e r t  of aviation, a i r c r a f t  were of necessi ty 

m e u v e r  i n  three dimensions tended t o  present R co l l i s ion  potent ia l  
Early i n  1930 it was rscognized that the  a i r c r a f t ' s  a b i l i t y  t o  

t h a t  m s  not. completely solvable by "see and be seen" procedures or 
t he  exist ing right-of-way r i l e s .  Acccrdingly, separation of a i r c r a f t  
i n  cruis ing f l ikqt .  was accrlplished by the adoption of' ru les  which 
required the use of d iscre te  a l t i tudes ,  based upon the direct ion of 
travel.  By 1935 it was further recognized t h a t  p i l o t s  operaZing air- 
c r a f t  +n r e s t r i c t i ve  meteol.ologica1 conditions might not be .ible t o  

authorized the  a i r l i n e s  t o  es tab l i sh  a system of self-separation of 
see and avoid other  aircraa't.. Th? Secretary 02 Comerce, therefore, 

a i r l i n e  ai,-craft operation:; i n  t he  v i c i n i t y  of Cleveland, Ohio, 
Chicago, I l l i n o i s ,  ana Newirk, New Jersey. 

Aeronautics Bullet in IJo. 7, which established Federal regulations 

ments over designated airnays. Aircraft cruis ing speeds bad increased, 
governing a l l  aircraft operatlons conducted by reference t o  ins t ru-  

by t h i s  time, t o  about l5C n i l e s  per hour. Zowever, because passenger 
cabins were not pressurized, airline f l i g h t s  were operated at  a l t i t u d e s  
below 10,003 fee t .  Rates of descent were normally l imited t o  about 

following passag= of the  C.ivil Aeronautics Act of 1938, Considerable 
500 feet per minute f o r  p s senge r  confort. I n  t he  years immediat.ely 

between a i rc raf t .  
regulatory a t ten t ion  was (:i.ren t o  the  problems 0:' providing separatlor 

I n  1936, t h i s  was followed by &aenLne:lt No. 4 t o  Chapter 7 of 

'-Rl;les r e l a t ing  t o  f l i g h t  by visual. means were expanded t o  prohibi t  
f l i g h t  within cer ta in  dis tances frm clouds, and t o  prescribe xinimum 
v i s i b i l i t y  conditions f o r  f l i g h t  i n  both controlled and noncmitrolled 
airspace. However, t h e  cf ten expressed, fundamental basio of c o l l i s f o n  
avoidunce i n  WR f l i g h t  remained the  "see m d  be seen" concept. 

again appeare3. with the  introduction in to  a i r l i n e  service i n  1947 of 
such a i r c ra f t  as the  Lockheed Constellation, the  Douglas IE-G, and 

Doubts ebout the  adequacy of t he  rules r e l a t ing  t o  "see azd be seen" 
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)ins. Prcssuriza 
)f descent. withc 

hion p e m i t t e  d high a l t i t u d e  

Operating speeds increased t o  appmximately 250 n i l e s  per  hour. These 
fnctors, and che continually growing numbers OS aircraft i n  the U. S. 
C i v i l  f l e e t ,  promptcd rccommendations frm the  a i r l i nes ,  t he  mllitary, 

h i l i t y  minirmuus t o  5 miles i n  controlled airspace, and for  the  expansion 
and t h e  C iv i l  Aeronautics Administration for  increases i n  t he  'mir visi-  

of positive air  t r a f f i c  control.  Anti-collision l i c h t s  were ins t a l l ed  
on a i r l i n e  a i r c ra f t  t o  provide increased safe ty  i n  nighttime operations. 

brought i n to  sharp focus bg' the  catastrophic midair co l l i s ion  of two 
I n  J w e  1956, the  adeq,iacy of the "see and avoid" philosophy was 

a i r l i n e  a i r c r a f t ,  both opersting i n  v isua l  meteorological conditions. 

rut passenger discomfort. 

Comunications of the  House Committee on I n t e r s t a t e  and Foreign Commerce, 
I n  an appmrsnce before the  Subcommittee on Transportation and 

on September 11, 1956, the  Deputy Director of the  Bureau of Safety ?ie&;n- 
la t ion  of  the  CAE discussed the adequacy of "see and be seen" as follows: 

conditions other  than weather conditions a re  being encountered 
"For many years it has become increasingly apparent that 

which d i r ec t ly  affect  aircraft separation and of which account 
must be taken i n  t h e  continued development of the  a i r  t r a f f i c  
rules. For instance, it appears tha t  under cer ta in  circun- 
stances the r a t e  of closure of very high:speed a i r c r a f t  is 
such t h a t  t he  t o t a l  t ~ e  i n  which an aircraft may be v i s ib l e  

be expected t o  in jure  s q a r o t i o n  between a i r c r a f t  i r respec t ive  
t o  n p i l o t  of cnother a i r c r a f t  is so short  that p i l o t s  cannot 

of the weather Conditions in utiich they a re  flying. It is a l so  

v i c i n i t y  of cer ta in  najor air t e n u i n l s ,  has approached or i s  
apparent t ha t  the  derxi ty of air Lraffic, pa r t i cu l a r ly  in  the 

approaching serious proportiom. Obviously, the grea ter  ( s i c )  
number of aircraft aovments within a given airspace t h e  more 
d i f f i c u l t  it i s  f o r  a p i lo t  t o  separate hirnself a d e q ~ t e l y  from 
other aircraf t  regarciless of the  vigi lance exercised." 

Subsequent t o  t h i s  testimony, on February 6, 1957, Amendment 60-2 
t o  the  Civil Air Regulations was hdopted. This provided, anong other  
things, f o r  t he  designation, a t  the  discret ion of $he Administrator, 
of high-density a i r  t r a f f i c  zones around cer ta in  airports .  Ai rcraf t  
were t o  be l imited t o  indicated airspeeds not t o  exceed 180 miles 
y r  hour (160 knots). Connumication wi th ,  or  otherwise permission 
fmm, the cont ro l  tower was a l so  required p r i o r  t o  entering the  con- 
t r c l  zone. Thls amendment specified fur ther  tha t  a i r c r a f t  operating 
i n  a control  zone without an AT2 clearance must not be flown VFR 
beneath t h e  cloud ce i l ing  when the  ce i l i ng  was l e s s  t h m  1,000 fee t ;  
or  closer than 500 f e e t  ve r t i ca l ly  under, 1,000 f e e t  v e r t i c a l l y  over, 
or 2,000 f e e t  horizontal ly f r o m  any cloud formation. 
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On ,April 30, 1957, Amendment 60-5 t o  Part 60 becane effect ive a n i  
modified the cruising a l t i t u d e  rules t o  provide a b e t t e r  sefety margin 
between a i r c r a f t  i n  cruising f l i g h t .  This amendment contained the 
following caveat: 

"Since the cruising ru les  i n  ef4ect i n  Part 60 will not 
provide for separation between TFR a i r c r a f t  at ce r t a in  

with VFR cruising a l t i t u d e  rules, it remain$ the responsi- 
assigned a l t i t udes  and im ai rcraf t  operated in accordence 

b i l i t y  of a l l  p i l o t s  operating i n  VFR weather conditions, 

air t r a f f i c  control, t o  maintain a v ig i lan t  watch so as  t o  
even while cruising a t  an assigned a l t i t u d e  authorized by 

observe and avoid conf l ic t ing  t r a f f i c . "  

C i v i l  Air Regulstim Draft Release No. 57-ll, issued on May 23, 
1957, contalned an ngenda for  an air t r a f f i c  conference t o  be held 
i n  June 1957. This agenda contained, among other things, proposals 
r e l a t ing  t o  weather mininuus for 'bTFR f l i g h t ,  t h e  expansion of con- 
t r o l l e d  airspace a t  high a l t i tudes ,  and operations on, and within 
the v i c in i ty  of, airports .  The agenda s ta ted  t h a t  the  Bureau of 
Safety Regulations had received recommendations ffm the C iv i l  Aero- 

Association, Air Traff ic  Controllers Association, and the  Air Line 
nautics Administration, the  Amy, Navy, Air Force, A i r  Transport 

Pi lo t s  Associatior advocating an increase in the m i n i m u m  VFA c r i t e r i a .  
These groups contended tha t  the existing, prescribed minimuns were 

volume of a i r  t r a f f i c .  L i t t l e  a t ten t ion  was directed t o  the problems 
inadequate i n  l i g h t  of the  high speeds of a i r c r a f t  and t h e  increasing 

by the Aircraft Owners and P i lo t s  Association for a miwu r a t e  of 
inherent i n  high descent re tes ,  however, other than a recommendation 

descent of 1,000 f e e t  per minute a t  a l t i t udes  below 3,000 f e e t  i n  a l l  
control  zones around c i v i l  a i rpor ts .  This recommendation ap-wars t o  
have been dismissed from serious consideration, and other than its 
appearance as an agenda Item, was not again mentioned In any subse- 
quent regulatory action. Also large ly  ignored w m  the  potent ia l  
co l l i s ion  hazard inherent ii? a cornbination of high-speed descen%s for 
I F R  t r a f f i c  w d  the  operation of VFR f l i g h t s  only 5 0 0  f e e t  below cloud 
formations. 

Tbe diminishing va l id i ty  of the  "see and avoid" method of co l l i s ion  

by the aviation industry and the aforementioned Deputy Director 's s t a t e -  
avoidance was recognized, a s  i s  evidenced by the several  recommendations 

ment t o  the Congress. However, operational capabi l i ty  f o r  positive con- 
t r o l ,  a s  a solution t o  the problem, did not ex i s t  without severe re- 
s t r i c t ions  on the mount of a i r  t raff ic  the t  could use the airspace. 
This WBS not considered acceptable. 

Regulations D r a f t  Release No. 57-27 proposing changes t o  the  regu- 
l a t ions  based upon comments received i n  response t o  the conference 

Subsequent t o  the June 1957 conference, the CAB issued Civ i l  Air 

i 
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notice, and the discussions 8.t the  conference. On September 11, 1953, 
Civi l  Air Regulation Amendment 60-11 .,as adopted. This amenheut 1.n- 
creased the  v i s i b i l i t y  requirement t o  5 miles only f o r  those a i r c ra f t  
operating above 24,000 f ee t  n.s.1. The minimum distance below clouds 
renained a t  500 feet .  In discussing the reasons f o r  not adopting more 
of the previously proposed remla t ion ,  t he  preamble t o  tho amendment 
stated: 

“It was c lea r  from the comment received on the  draft re lease  
tha t  t h e  l b e s  were drawn sharply on t h i s  highly controversial  

the  airnen from the  professional segaents of aviat ion concurred 
issue of appr@?riate VT’R weather minimums. Br ief ly  s ta ted ,  

w i t h  the  proposal, although some thought t h a t  I t  a id  not go far 
enough, while the non-professional segments vigorously oppcsed 
any increazts  i n  the  VFR minimums. Reasons given i n  support of 
t he  respective positions were cssent ia l ly  as  received i n  e a r l i e r  
considerations of the  pmolem, and which are detai led above. 
Persuasive argument3 were arlvanced by the general aviat ion seg- 
ment t h a t  no case could be made f o r  the proposition t h a t  accidents 
would be reduced materially i f  VFR wea.ther minimums were increased 
since accident s t a t i s t i c s  c l ea r ly  showed tha t  mid-air co l l i s ions  

firmed t h i s  t h r o u e  an extensive analysis of its c i v i l  ac2ident 
were occurring in re la t ive ly  c lear  weather. The Board has con- 

and near co l l i s ion  s t a t i s t i c s .  One finding is par t icu lar ly  t e l l i ng :  
95 percent of a l l  mid-air co l l i s ions  i n  the  past  10 years have oc- 
curred i n  weather conditions exceeding 3 miles i n  v i s i b i l i t y  - the  
other 2 percent have occurred i n  v i s i b i l i t y  conditions of about 
3 miles. 

the  one pursued i n  the  d r a f t  release, 15, of course, valid. It 

minimums t o  be raised since fewer a i r c ra f t  would be authorized t o  
i s  indisputable tha t  some safety Pdvantage would S C C N ~  were t h e  

would be reduced,. 
operate i n  given airspace and, accordingly, co l l i s ion  po ten t i a l  

“The posi t ion of the  proponents Of increased minimums, and 

,’The o.. AUe,tion - which tLe Board must decide is hou much safety 
w i l l  he increased by raising the  VFR weather minirmm-s and a t  what 
p r i ce  t o  the users of the airspace. Based 011 t h e  evidence a-/ailable, 
the  Board concludes and t h s  Administrator agrees t ha t  t he  advantages 
t o  be gained by adopting the VFR weather ninlmums rules a s  2roposed 
are not suf f ic ien t  t o  j u s t i f y  the  impairment t o  the  public r i gh t  of 
freefion of t r a n s i t  i n  air  commerce through the navigable airspace 
of the United States .  Accordingly, -with the  exception of the  one- 
half-mile ru le  discussed below, established VFR ueather min-s 
will not be changed. This conclusion should be construed only as 
a finding that  ,under exist ing conditions ra i s ing  the  W’I? nininums 
fo r  acrobatic f l i g h t  and i n  high density areas will not raaterially 
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assist i n  the  separation of t raff ic  i n  VFR conditions under the  
see and be seen pr inciple .  It does not mean t h a t  other measures 
should not be taken t o  give greater  effect t o  t h i s  principle."  

I n  ea r ly  1958,critical a t t en t ion  was again focused on t h e  adequacy 
of the  "see and be seen" concept of air traffic separation by two cata- 

other,  between two mi l i t a ry  and two a i r l i n e  a i r c r a f t .  I n  both acci- 
strophic midair co l l i s ions ,  which occurred within 29 days of each 

dents, a l l  four aircraft involved were operating i n  VFR weather con- 
di t ions .  Subsequent t o  these accidents, Special  C i v i l  4 i r  Regulation 
SR-424 was adopted. This regulation, on an experimental basis,  author- 
ized the establ isbent  of posi t ive  air traffic control  over liesignaterl 
routes n t  altitudes between 17,OM) and 35,000 feet  m.s.1. With t h i s  
exception, t h e  res la t ions  continued t o  place the  burd.en f o r  c o l l i s i o n  
avoidance i n  VFR usather conditions cn the  p i l o t .  However, i n  a growing 
recognition that the v i s i b i l i t y  c r i t e r i o n  alone was insufficient,  i t h e r  

was one by the  Aircraft Owners and P i l o t s  Association i n  March 1959 
recommendations were received by the  FAA. Among these  reco,mendations 

t h a t  a speed r e s t r i c t i o n  of 180 miles per hour be applied t o  a l l  air-  
craft operating at  a l t i t u d e s  of less than 2,OM) feet above the  grmwxl, 
and t h a t  a maxitmm safe "see and be seen" speed be detemined f o r  
en route operations. 

Tbe inadequacy of the  "see and be seen" concept received furti-er 

ducted t o  determine the  f e a s i b i l i t y  of devices i n  t he  cockpit t o  warn 
recognition I n  the 10 years between 1.$.60 ar,d 1970. Studies were con- 

clude< t h a t  a better chance of co l l i s ion  avoidance would be proikble 
the  pilo-,s 01 poten t ia l ly  conf l ic t ing t r a f f i c .  One such study 1/ con- 

and knew approximately where t o  look f o r  it. A d i s t inc t ion  should be 
i f  the  p i l o t  were &ware t h a t  po ten t ia l ly  conf l ic t ing t . raf f ic  was present, 

made here between a device descrLoed as a P i l o t  Warning Indicator (FWI) 
and a Collision Avoidance System (CAS). Early s tudies  consfdered the 
f e a s i b i l i t y  of a EWI which would serve t o  alert a p i l o t  t o  po ten t ia l ly  
conf l ic t ing t raff ic  and ident i fy  t h e  area i n  which he should l o e k  for 
the  t r a f f i c .  Most of the  Early proposals considered a "co.-pst,ible" 
system i.1 which detection was based upon the  premise t h a t  a l l  aircraft 
would be equipped with a rec.2iver/transnitter, Later s tudies  suggested 
tha t  $he detection capabi l i ty  should not be dependent upon t rvlsmit t ing 

be self-contained i n  each aircraft. This  premise. was expande4 t o  in- 
cappabili'ty o f  ancther aircraft, and tha t  detection capab i l i ty  should 

c h d e  capabi l i ty  of the  devi.ce t o  not only detect  the presewe of 
conflict ing traffic, but tr. provide the  p i l o t  with inst ;rxtio:is  f o r  
the  proper evasive wneuver. hence "Collision hoiciance System." This 
subject will be discussed i n  d e t a i l  ir. the Rcard's forthccmi:ig report  on 
the  Midair Collision Probleu. 

lJ A Study sf Requirements f o r  a Pilo: Warning i n s t r m e n t  f o r  Visual Air- 
borne Collision Avoidance - Sperry Gyr-oscopr Company, December .#.?63. 
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i n  the past 10 years resul ted i n  t h e  lowering of the  "floor" of the  
Continental Control area t o  1k4,500 feet m.s.1. V i s i b i l i t y  minimums 

Above 10,000 feet,  the  minimum distnnce below clouds was increased t o  
have teen increased t o  5 miles for  VFR f l i g h t s  above 10,000 fee t  m.s.1. 

1,000 feet, an6 the horizontal  distance t o  1 mile. However, as of 
September 19, 1969, with respect t o  VFR operations i n  controlled air- 
space helow 10,000 feet, the  regulations r a i n e d  essen t ia l ly  as they 
were i n  1956. 

Further regulatory consideration of the  midair co l l i s ion  problem 

Speed res t r i c t ions  since 1957 however, were increased from 160 
knots i n  the  high-density a i rpor t s  t o  230 knots for turbine-powered 

below 10,000 feet outside of a i r p o r t  air t raff ic  areas. The Board be- 
aircraft. A 250-knot maximum speed has been established f o r  operablons 

l i eves  t h a t  the  o r ig ina l  speed r e s t r i c t i o n  of 160 knot; was va l id  fo r  
the  purpose of minimizing the  c o l l i s i o n  po ten t i a l  a t  t3e busy terminals 

t raff ic  area, and t h e  250-bot sBeed allowed outside these areas, can 
i n  1957. The subsequent Jllowab?.e increase t o  200 h o t s  i n  the  a i r p o r t  

be re la ted  only t o  the  operaticnal c t s r a c t e r i s t i c s  of the  J e t  aircraft. 
I n  the  process, the  a b i l i t y  t o  achieve safe ty  through the  "see and be 
seen" concept has been diminished. 

An area i n  which a l l  aircraft mst be operated i n  accordance with 
IFF? procedures, regardless of the  meteorological conditions. 
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