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SYNOPSIS 

On 3ecember 16, 1960, a t  1053 e . s . t . ,  a c o l l l s l o n  between Trans World A l r i u e s  
Model 1049A Constellation, N 6907C, and a Unlted A l r  Lmes  DC-8, N 8017U, occurred 
near  Mi l l e r  krmy Air Field,  S t s t en  Is land ,  New York. Trans World A ~ r l m e s  Fl ight  
266 or ig ina ted  a t  aaytoc,  Ohlo. The destination was LaGuardia Alrpor t ,  New Y@rk, 
with one en route  s top  a t  Columbus, Ohlo Unlted A l r  Lmes  F l i g h t  826 was a  non- 
s top  s e 3 l c e  originating at O'Hare Alrport ,  Chlcago, I l lmols ,  wlth i t s  des tma-  
t l o n  New York I n t e r n a t i o n a l  Airpor t ,  New Pork. Both aircraft were operating under 
Ins.f;rument F l l g h t  Rules. 

Following t h e  c o l l l s l o n  t h e  Constel lat ion f e l l  on Mliler krmy Fzeid,  and the 

DC-$ continued I n  a  nor theas ter lg  direction, crashing m t o  S t e r i r n g  ?lace near 

Seventh Avenue I n  Brooklyn, New York. Both a l r c r a f t  were t o t a l l y  destroyed. A l l  

123 o c c q a n t s  of both a z r c r a f t  a n d  6 persons on t h e  ground yi Brooklyn were fs taLl3 

w u r e d .  There was considerable damage t o  property i n  t h e  srea of the  ground 

Impact o f  t h e  D C 4 .  


TWA F l lgh t  266 departed P o r t  Columbus Alrport  st 0300, operating rou%mePj  under 
A i r  T r a f f l c  Control 1nt.o t h e  liew York area The New YorIc A= Route T r a f f i c  Z ~ n - i . r ~ l  
Center  (ARTcc) subsequently advlsed t n a t  radar  c o n t a c t  had been es tab l l shed  and 
c l e a r e d  t h e  f l l g h t  t o  t h e  Llnden Intersection, Con t ro l  of t h e  f l i g h t  d2S subse-
quent ly  t r a n s f e r r e d  t o  LaCuardla Approach Coni,rol. ' h e n  t h e  f l l g h t  was abcut. over 
the  Llnden IntersectLon, LaGuardla Approach Control  began v e c t o r m g  TNA 256 by 
r a d a r  to  t h e  f s n a l  approach course f o r  a landmg on runway 4 a t  LaZusrdia. Short ly 
t h e r e a f t e r  T'd). 266 was cleai-ed co descend t o  5,000 f e e t ,  and. ~ z stwice a jvrsed  of 
t r e f f r c  I n  the  v l c l n l t y  on a nor theas ter ly  hehding. Following t h e  t rmsmlss lon  of 
this i n f o r m a t ~ o n  t h e  radar  t a r g e t s  appeared t o  merge on t h e  LaGaardla Approach 
Con t ro l  radar  scope, and coa.nu~~ca '- l lons wsth TWA 266 were l o s t .  

Unlted Arr Lmes Fl ignt  826 operates rou t ine ly  between Chicago and t h e  Yew Pork 

a r e a ,  contactrng t h e  New York ARTCC st  1012 Shor t ly  t h e r e a f t e r  t h e  New 'iork 

Cen te r  c leared  UAL 826 t o  proceed from t h e  Allentown, Pa., very  hsgk frequency omii 

d l r e c t l o n a i  r ad io  range s t a t i o n  (VOR) d l r e c t  t o  t h e  RobSmsvlne, N E ~ 'Zersey, VCR, 

and thence  t o  t h e  Preston In:erseci;lon v l a  Victor Almay 123. A t  app rox imte ly  

1021, UW. 826 contacted Keronautlcal Radio, Inc .  (ARINC) t o  advise  t h e i r  conpay 

t h a t  t h e  No. 2 rece lver  accessory un i t  wss =op,eratlve, rihlch wonld z r d l c e t e  tSa t  

one of t h e  a l r c r a f t  's two V,HF r a d i o  rlavzgatlonel r e c e i v e r s  was not  functiorimg. &
"fix,!1s established by t h e  i r i te rsec t lon  of  two radials from two sepzra ie  rad;o 
range stations. With one m o p e r f i t i ~ e  t h e  c r o s s - b e a m g s  necessary CESI be  taken 
by t u n l n g  t h e  remamlng r ece lve r  frm one s t zz lon  t o  t h e  o ther .  Thzs procesq con-
sumes considerable t m e ,  however, and i s  not a s  z c c , x a t e  a s  t h e  s m u l t W ~ e o u s  d l s p l ~  
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of lnf orrnatlon on t w o  separate  pos l t l on  devrat lon i n d i c a t o r s  W h l e  UAL 826 advised 

the company t h a t  one unl t  was inoperative, A l r  T r a f f l c  Control  was not advised. 


A t  1025 t h e  New York @;TCC issued a c learance  f o r  a new rout lng  whlch shortened 

the  d is tance  t o  Preston by approx~mately 11 mlles.  k s  a r e s u l t ,  t h l s  reduced the 

amount o f  t m e  ava i l ab le  t o  t h s  crew t o  retune t h e  sagle r a d l o  recesver  t o  e i t h e r  

the C o l t ' s  Neck, New Jersey,  or. Solberg, New Jersey,  VOR m order t o  establish t h e  

cross-bearing with r l lc tor  123, which would l d e n t l f y  t h e  Pres ton  In t e r sec t lon .  In 

the  event t h e  crew would not  attempt t o  re tune  t h e  s l n g l e  VOR receiver, cross-

bearlngs on t h e  Scotland Low Frequency Radlobeacon could be taken wlth t h e  aircraft 

d l r ec t lon  f lnd lng  (ADF) equlpment. Th l s  would be a means of ldent r fyrng  the  Pres ton  

In t e r sec t ion  but ,  under the  c l r cms tances ,  would r e q u l r e  rap ld  mental calculation 

in t h e  m t e r p r e t a t l o n  of a display whlch could be e a s l l y  mzsread. Several  f a c t o r s  

support t h e  conclusion t h a t  t h l s  occurred. 


In s t ruc t ions  had been Issued t o  VAL 826 fo r  holdlng a t  t h e  Preston I n t e r s e c t i o n ,  
the  clearance l u n l t ,  should holdlng be necessary. Clearance beyond Preston f o r  an 
approach t o  Idlewlld Air?or t  would be recelved from Id lewi ld  Approach Control  and 
the t r m s f e r  of c o c t r o l  of the f l l g h t  from t h e  New Pork Center t o  Idlewlld Approach 
Control would normally t ake  p lace  a s  t h e  a l r c r a f t  was approachmg Preston. UhL 826 
was not  r ece lv lng  r ada r  vectors,  bu t  was provldlng its own navlgatlon. After  the 
flight reported passing through 6,000 f ee t  t h e  New York Center advlsed t h a t  r a d u  
serv lce  was termmated and instructed t h e  f l l g h t  t o  contac t  Id lewi ld  Approach C o n t r o l .  
UAL 826 then  ca l l ed  Idlewrld Approach Control,  s t a t i n g  " U n ~ t e d  ti26 approachlng 
Preston at 5,000." This  was t h e  l a s t  known transmission from UAL 826. 

A t  t h e  t m e  UAL 826 advlsed i t  was approachlng Pres ton  l t  had In f a c t  gone on 
by t h l s  c learance  lmi t  several  seconds before and was s e v e r a l m l l e s  p a s t  t h e  p o u t  
at whlch it should have turned l n t o  t h e  holdlng p a t t e r n .  Th l s  is conflrmed by t h e  
da ta  obtalned from t h e  f l l g h t  recorder  whlch had been I n s t a l l e d  u t h e  UAL DC-8, 
a s  wel l  a s  by a n a l y s i s  of t h e  commun~catlon t apes  A t  a p c l n t  approxlrnately 11m i l e s  
pas:, t h e  Pres ton  I n t e r s e c t l o n  a collision occurred between TWA 266 and 'JkL 826. 

'uiaather a t  t h e  a l t l t u d e  of t h e  c o l l ~ s l o n  m d  a t  t h e  z m e  of t h e  accldent  was 

such as t o  preclude f l i g h z  by v l s u z l  meam. 


The Soard determines t h a t  t h e  probable cause of t h l s  acc ldent  was t h a t  United 
Flight 826 proceeded beyond i t s  clearance lmlt and t h e  conflnes of t h e  axrspace 
a l loca ted  t o  t h e  f l i g h t  by A l r  I r a f f r c  Control A contributing f a c t o r  was t h e  h l g h  
r a t e  of speed of the  Unl:ed DC-8 a s  ~t approached the  Pres ton  l n t e r s e c t l o n ,  coupled 
wlth the  charge of c l ea rv lce  whlch reduced t h e  enroute d l s t ance  along VICTOR 123 by 
approxmately 11mlles 

Inves t lgas lon  

Hlstory of TliU Fl;ght (See A t t a c h a e n ~  1 as re ference)  

Trans World ALrlmes Flight 266 was a scheduled passenger sel-vice o r l g m a t m g  
a t  Daycon, 0h:c. The d e s t i c a t l o n  was LaGuardla A n p o r t ,  N e w  York, New York, wi th  
one en m u t e  s top  a t  Columbus, Ohlo. The crew cons;sted of Captam 3avld P.. Wollau, 
F b s t  O f f ~ c e r  Desc T .  Bower., F l l g n t  k g m e e r  LeKoy L Rosenthal,  and Xostesses 
Margaret Gernat an6 P a t r l c l a  Yost. 

Durrng the  stopover a t  Columbus a scheduled equlpment change was made. F l r g h t  
2% departed Columbus with t h e  prevlous l l s t e d  crew and 39 passengers,  includini:  
two i n f a n t s .  



Xx[;i..t 266 departed P o r t  Colwnbus Ax-port a t  0 9 0 d .  The gross  weight a t  

takeoff  was 1 0 l , l J i i ~  pounds including 2,600 gal lons or' f u e l .  Yne a l r c r z f t  ~ 2 s  hrlthLn 


and balance l m t a t l o n r  sn accord -mth cu r ren t  procedures.  The t m e  en route 

t o  LaGuardia was e s t m a t e d  t o  be one kiour and 32 mnli tes .  


The f l l g h t  plan spec l f led  Instrument F l r g h t  Rules 1 a t  7,000 f e e t  aliL-1- 
h d e .  The clearance was t o  -,he LaGuardla Airport  v i a  d l r e c t  Appleton, Chlo, Vlctor 
1 2  Johnstown, Pennsylvania, TJlctor 106 Selmserove, Pennsirlvanla, Vlctor  6 Dlctor 1 2 3  
t o  LaCiuardla h r p o r t .  Subsequent clearances changed t h e  a l t i t u d e  t o  17,000 f e e t ,  

then t o  19,000 f e e t .  The f i lght  was r w ~ t l n e  as i t  progressed toward t h e  ;Jew York 

area. A t  app romna te ly  1005, P l l j J h t  266 reported t o  t h e  blew York A l r  Route Traffic 

Control Center over S e l ~ n s g r o v e  at  .t9,OOO f e e t .  Shor t ly  t h e r e a f t e r  t h e  York 

Center c l ea red  Flight 266 t o  descend i n  stages, and t o  c ross  Allentown, ?enr.sylvanla, 

a t  11,000 f e e t .  


k t  10x9 TiJA 266 repor ted  to  the  Mew York Center on 125.3 mcs. t h a t  1%Was 

Pass2.n:: Allentown, a t  11,000 feet .  In response, the  N e w  York Center a d n s e d  'chat 

radar  contac t  had been established, c leared  We f l ig t t t  t o  Llnden Intersection, and 

requested i t  t o  s tand by f o r  descent. A t  1021, t h e  New York Center Zsrther  cleared 

TkJA 266 t o  descend t o  and rnalntaln 10,000 f ee t .  The f l l g h t  acknowledged this 

clearance and repor ted  leaving 11,000 f ee t .  k t  1023, t h e  New York Center advised 

t h e  f l l g h t  of  t h e  current  LaGuardla weather Measured 500 overcast ;  one m1.le 

~ ~ s l b l l l t ym ilgh' ,  snow, surface m n d  northwest 1 5  knots; a l t i m e t e r  s e t t i n g  29.56. 

The rfllght acknowledged this weather and requested the  runway i n  use .  The Lenter 

advlseci t h a t  Instrument Landing System (ILS) approaches were bemg made tc  runway h 

and t h a t  %he l o c a l l z e r  was mopera t lve .  F l igh t  266 acknowledged. 


Between l02L and 1026, the New York Center c l ea red  Ta.266 t o  descend t o  and 

ma ln tam 9,000 and t o  r e p o r t  leavrng 10,000 f e e t .  T h ~ swas acknowledged. A t  1027 ,  


266 a d n s e d  the  Center t h a t  it was p a s t  the Solberg, New J e r s e y  V3R. ?he Cenier 

acknowledged. Shor t ly  the rea f t e r ,  t h e  New York Center advlsed :hat radar  sermce 

was t e r m n a t e d  and t o  contac t  LaGuardia Approach Control  on 125.7 ncs.  T;.+!:i 266 

acknowledged by  repeat ing t h e  frequency. 


266 reported t o  LaGuardla Approach Con901 on 125.7 mcs. t h a t  it had passed  
Solberg  a t  an altitude of 9,000 f e e t .  The tlme, co r re l a t ed  wzti tile Center t a p e ,  
w a s  1026 22. SaGuardla Approach Control acknowledged, and xssded Kpe follohring 
c learance;  "Xasia._ntz;_nSijOOO; repor t  t h e  zero one zero ?.obblnsv:ilezj Z S  mwa-y L, 
landxng r?mVIsay 4, no deiay expected. The m n d  i s  nor iheas t  a t  1;; a l . t m e t e r  23-65. 
LaGuardla weather: Measured 500 overcast,  vlslbl11t7{ one mlle; i l g h t  snow; shard 'q-." 
'ITIP. 266 acknowledged the clearance.  A t  1023, TiJA 266 r epor t ed  passxng t n e  zero 
one zero  degree r a d l a l  of Robbinsvllle and r ev -es t ed  ~ n f o m a t i o n  on ;he La2uard;a 
l o c a l l z e r .  L a h a r d l a  Approach Control adnsed t h a t  ti?e g l ide  s lope  r a t h e r  t'narr 
t h e  LaGuardla l o c a l ~ z e r  was inoperatxve as had been previousl3- r e p o r t e 2  by a :\J(;Tb37 
m-6 c l e a r e d  t h e  f l i gh t  t o  8,000 f ee t .  T'JA 260 achoi.rledgea md r e p o r t e d  l e a v m g  
9,030 f e e t .  A t  i029, LaGuarda Approach Control c l ea red  %A 266 %o Cescend t o  
6,000 f e e t  and t o  advise passlng tlhrough 8,000 f ee t .  The t r a n s m s s i o n  was ackn~-~;le@-d 
x t  1029:L9, TcJA 260 reported "passing 8,000. LaCuarrila Nproach Con t ro l  achowled,:sd 
and adi.~.sed t h e  flight to  maintain present  h e a b n g  f o r  a r ada r  v e c t o r  t o  tne final 
approach course .  9.IA 266 acknowlecgea. A t  10?c:4$, LaGu7aa;s Approach Cont ro l  
advised TXA 2266 t o  reduce t o  approach speed. "he f l i g n t  achowleaged.  A t  1032 CS, 

1/All , t r rnes  nereln a r e  Eastern Standard based on t'qe 2L-how clock. 

-2/ Zero one zero degree radial of Yobbmsvllle,  Yew terse), om: 3ange.
-



TuaGuarala Approach Control advlsed TWA 266 t o  turn  r l g h t  t o  a heading of 130 degrees. 
The trarisrmsslon was ackno-dedged by repeatxng t h e  heading. LaCuardla Approach 
Control agazn advlsed t h a t  t h l s  would be a r a d a r  vec tor  t o  t h e  f i n a l  approach 
course. W.4 266 acknowledged. 

LaGuarha Approach Con-,rol zhen requested! the  f l i g h t '  s altitude. A t  1032: 20, 
the  f l l g h t  a d n s e d  "6,000." A t  1032.22, LaGuardla Approach Control  acknowledged 
and c leared  the  f l i g h t  t o  contlnue descezt t o  5,000. Thls c l ea rance  was acknowl-
edged by the  f l l g h t  which then reported l eav lng  6,000 f e e t .  Approach cont ro l  
acknowledged. 

A t  1032:37, LaGuardla Approach Control advlsed t h e  f l l g h t  t o  turn  r q h t  t o  
150 degrees. The transmission was acknowledged by repeat ing  the  headlng. A t  
1032:b7, LaGuardsa Approach Control advlsed " t r a f f i c  a t  2:30, s lx rmles northeast- 
bound." A t  1032~51,  TWA 266 achowledged. A t  1033.05, LaGuardra Approach 
Control reaues ted  the f l l g h t r s  a l tx tude .  TWA 266 replxed, ...sOO.l' 
LaGuardla Approach Control asked i f  5,500 was cor rec t  TWA 266 r e p l r e d  i n  t h e  
affirmative. A t  1033:1L, LaCuarha Approach Control i ssued c learance  t o  continue 
descent t o  1,500. A t  1033:18, t h i s  was acknowledged. A t  1033:21, LaGilardia 
Approach Control a d n s e d  t o  "turn l e f t  now headmg l3b.11 A t  1033:23, TGIA 266 
acknowledged by repeatxng t h e  heading. A t  1033 26, LaGuarha Approach Control 
a d n s e d .  "Roger, t ha t  appears t o  be j e t  t r a f f i c  o f f  y o n  r l g h t  now 3 0 4 c l o c k  a t  
one m l e ,  northeast-bound, " Folloxang t h l s  transnusslon, a t  1033: 33, a nolse 
s m l a r  t o  t h a t  caused by an open rmcrophone was heard f o r  ssx seconds duration. 
LaGuardla App-oach Control then t r a n s m t t e d  the  f o l l o m n g  a t  1033:43' "Trans 
World 266, t u r n  fu r the r  l e f t  one zero zero." Subsequently, LaG~lardla Approach 
Control made numerous attempts t o  e s t a b l i s h  c o m u n l c s t ~ o n s  m t h  TWA 266 untx l  
1036:21, none of whlch was successful  and dulzng which time c o n t a c t  was es tab l i shed  
m t h  &,-,other a r c r a f t .  

Hrstory of United Fl lght  

Urated Alr  Ldes F l l g h t  826 was a scheduled nonstop passenger serv lce  o r l g m a t -  
m g  a t  @!Hare Alrport, Chscago, I l l l n o l s ,  n t h  ~ t sdest inatxon New York I n t e r n a t l o x a l  
Aupor t ,  New Yorit, !dew Xork. The crew consrsted of Captaln Robert H. Sawyer, F l r s t  
Officer Robert if. .Piebmg, Second Off leer  Richard E. P r u l t t ,  Stewardesses Xa1y 
J. Mahoney, Augustlne L. Ferrar, Anne M. Bouthen, and Pa:rlcia A.  Keiler .  The 
crew normaily departed ios  kngeles, C a l l f o r m a ,  as  Unlted F l l g h t  856, m t h  a 
two-hour szopover i n  Chlcago and departing Chicago as United B l igh t  826. 

Captaln Sawyer, ?lrst Of_"lcer fiebmg, and Second Ofzxcer P r u i t t  had flown 
F k g h t  856 from i o s  Angeles to Chicago. They departed Los Angeles at  a p p r o m a t e l y  
0320 on December 16, 1960, and a r r l v e d  i n  Chlcago a t  approxmate ly  0656. The 
stewardesses boarded TJnited F l l g h t  826 a t  Chlcago. 

F l ~ g h t  826 depsrted OlHare :.=port n t h  the prevxously h s t e d  crex and 76 
passengers. 

The a c t u a l  takeoff  welght was 2 h , 790 pounds whlch rncluded 63,700 pounds 
of fue l ,  6,450 poun& of cargo, and he passengers.  The mruamum allowable t akeof f  
weight was computed a s  217,200 pounds. The a r c r a f t  was m%m welght and balance 
lur i l ta t lons  m accord mth current  procedures. 

The flight l a n  speci f led  IFR a t  a f h g h t  l e v e l  of 27,000 f e a t .  The c learance  
was m a  Vic to r  ?5 and J e t  60 Victor  t o  New York. The es tunated  tune  en  route  m s  
one hour and 29 m u t e s ;  t r u e  a i r s p e e d  478 knots;  ground speed 530 knots.  

http:1032.22
http:1033.05


) l u t e d  826 departed a t  0911. crulslng flight leve l  of 27,000 feet  attaxned 

at 0936. Tne f l l gh t  t o  the New York area was normal. A t  approxlmately 1012 

Piew York Alr Route Traffic Control Center w a s  contacted by FLlght €526. The Center 

answered "Umted 826, New york Center, Roger, have your progress, radar servlce 

not ava~ lab le ,  descend t o  and mamta1.n flight level 250, over." Fl lght  826 reported 

leavlng flaght l eve l  270 a t  approxmately 1014. ~tapprcxlmateljr 1015 New york 

Center advised 'Vnlted 826, clearance 2-t is weston Interrsectlori m a  Je t  60 


iV'i c m r  t o  Allentown t o  Robb~nsv~l le ,  m a  Victor 123. mamtaln f l l gh t  l eve l  
250. '' "light 826 acknowledged. 

k t  approxlmately 1021, TJmted 826 called A R ~ C(keronautlcal Radlo, I n ~ o - p 0 + 2 t e ~ ,  
operator of Uiuted h r  Lines aeronaut1ca.l commnications system) and reported "NO. 2 
navlqatlon receiver accessory un l t  inoperative. 11 m's transrr;isslon was acknowledged 
by A N I N C  and relayed to  Unlted k l r  Llnes. 

A t  apprownately 1021, New York Center issued fur ther  clearance to descend 

to 13,000 feet .  Unlted 826 replied fl. . . Veld  ra tker  hold upstal rs  . . I '  Sub-

sequent t o  thrs transmsslon the Umted fLlght was ~ n s t r u c t e d  t o  change to  123.6 

mess, the frequency of another center sector controller. A t  approxlmately 1022:kl 

the Center called Flight 876: l'unlted 826 New Ycrk Center, radu. ~ o n t a c t . ~ 'Unlted 

826 repl led,  IfRoger, .we're cleared to  13,000 t o  malntaln 25,000 until we had con-

versatlon wrth you. If wetre gorng to have a delay we would ra ther  hold upstalrs 

than down. We're golng t o  need 3/& of a m l e ,  do you have the weather handy?" The 

Center replled,  TINO., but I'il get  it, there have been no delays u n t i l  now." A t  

approxmately 1023.30, Uruted 826 reported over Allentown a t  f k @ t  l eve l  250. 

The Center acknowledged. A t  102h:37 the Center acivrsed +ha t  the I d l e m l d  weather 

uas " . . . 1,500 f e e t  overcast; 1/2 mle ;  lxght rain;  fog; alturreter settrng 

29.65.!' Shortly thereafter the f l l g h t  stated '! . . . .we're s ta r t ing  cicwn." 4.t 

apprownately 1025:09 the Center mended the 4-TC ciearznoe as  follows: "826 cleared 

%C proceed on Victor 30 wtll lnterceptlng k c t o r  123 and tha t  way to Preston. i t ' l l  

be a l l t t l e  b l t  qucker." (The new routing shortened the distance t o  t he  ?reston 

Intersection by approxmtelg ll ~ l l e s . )  Thls wzs acknowledged a t  1025:20. k t  

approxmately 1026:Ag t'ne flight was cleared t o  descend to  and na7ntain U,W feet .  

The clearance was acknowledged and the flxght reported leavxng 21,000 f e e t  a t  1026:SL. 

Then the Center advised a t  1028:U , . . "826, I snow you crosslng "he centerl lne 

Qxctor 30 a t  t h l s  tlme." United 826 confirmed t h a t  it was established on Vlclor 30 

and requested h i s  dlstance from Vlctor 123. A t  approxlmately 1028:56 the Center 

sald . . . I show you 15, make 1t 16  m l e s ,  Vlctor 123. 826 a ~ ~ o w l e d g e d  
and 
then the Center a h s e d  "right now you're about 2 m l e s  from crosslng Vlctor 
hrwzy lL33." 

A t  approxmately 1030:07, Unrted 826 was cleared +a)!descend t o  and roantam 
5,300 feet ."  Th-is was acknowledged and 826 reported leaving 1h,003 f ee t .  The 
Center then asked, "Look l lke  you ' l l  be able t o  make Preston a t  5,0007" Tne 
answer w a s  tha t  they would try. A t  approxlrrately 1032:16 the Center s ta ted "Umted 
826, if holdlng 1 s  necessary a t  Preston, southwest one mnu ie  pat tern right tupns . . . the only delay 1,111 be m descent." The flight r e p l ~ e d  "Xoger, no delay, 
we're cut  of seven." A t  approxmately 1033:01 the i?lghtreported pesslng 6,000 
f ee t ,  k t  a:)proxmately 1033.08, the Centes called,  ' 826, I l m  sorry. i broke you: 
up, was t h a t  you reporting leavmg 6,000 f o r  5,0007" The n i g h t  r ep l i e6  l iaff lsn;at i~e,"  

The Center a t  approximately 1033:20 instructed: "e26, Roger, anti you reoeloed the 

h o l h g  lnstructlons a t  Preston, radar s e n l c e  is t e m n a t e d .  Contact I d i l e d d  

Approach Control . . . Flight 826 achouledged IIGood dayt1 a t  a p p r c w t e l y  1033.27. 
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I n  accordance m t h  t h e  terms of t h e  then-current  Umted S t a t e s  Standard 
TiIa1ud of Radar Jar T r a f f l c  Control Procedures, paragraph 1.3,  t h e  r e spons lb l l l t y  
o f  t h e  con t ro l l e r  IS def ined  as fol iows,  "A m n m u n  o f  t h r e e  mlles separation 
s h a l l  be malntalned between a l r c r a f t  belng c o n t r o l l e d  i n  accordance wlth t h e  
procedures authorized i n  t h i s  Eanual znd between such radar -cont ro l led  a i r c r a f t  
and other t r a f f i c  berng control led in accordance m t h  t h e  ?nstrumenL Fl'llght Rules 
unless  s tancard non-radar separat ion - is provlded , . . 'I His area  of r e spons lb l l l tT  
1s cl rcanscr lbed  by o the r  promslons of the same paragraph a s  follows: lliilr traffic 
con t ro l  is not  respcnsxble f o r  dev3,atzons from t h e s e  s tandards  h i c h  r e s u l t  from 
t h e  f a l u r e  of t h e  p l l o t  t o  respond t o  t h e  measures taken t o  c o n t r o l  them." 

With respec t  t o  t h e  separa t ion  afforded TAJ. 826, provls3on o f  a t  l e a s t  t h e  
r3nrmum requlred longxtudlnal  separatron was e f f ec t ed  bv t h e  I ssuance  of a c learance  
t o  a hololng fuc  l o c a t e d  a t  a polnt  consxs tent  m t h  t h e  r n m i m u m  d l s t a n c e  requlred 
betiieen hoidxng p a t t e r n  airspace areas.  

A t  approxmately 1033.28 itlmed from I d l e m i d  Approach Control  tape  ) Flxght 826 
ca l l ed :  " I d l e m l c  Approach Control, Unlted 826, approaching Pres ton  a t  j,000." 
Thls 1s the  l a s t  !mom transmss;on from she 2 ~ g n t .  The t ransmlss lon  was acknowl- 
edged begmning a t  a p p r o x ~ m a ~ e l y  1033: 33: "Unlted 826, th;s is I d l e m l d  A?proach 
Control, maln ta in  5,000. L l t t l e  or no delay a: Preston.  I d l e m l d  landing runhay 
four  r igh t .  ILS i n  use .  I d l e m l d  wea the r  600 sca t t e red ,  estimated 1,500 overcast ;  
v l s rb? l l ty  1/2 mlie, l i g h t  r a m  and :og. Altunt ' ter  29-63 over." The t r a n s ~ s s l o n  
was com2leted a t  approximately 1033 j h .  it was n o t  acknowledged. Subsequent 
a t tempts  t o  c o n t a c ~  iinited 826 were unsuccessful.  wlth other  Radio c ~ m m ~ l c a k o n s  
a w c r a r t ,  dur ing  t h i s  per iod  were normal. It was t e s t l f l e d  a t  the  hear lng  t h a t  Unltea 
826 was n o t  observed on t h e  radar  by any Id lewl ld  Approach Control personnel. 

Cit;l0XSLOGIC& SEQIiENCE OF EVENTS 

IjPL F l igh t  826 

Current iaGuarba \"!eather 

---------------+----------------------- Over Allentown at 25,000 f t .  

Over Solberg a t  9,000 f t .  
--------------------------------------- Crossing c e n t e r  l ? n e  of br2ctor 30 
L,eaving 9,003 f t .  

--------------------------------------- 16 miles  west of Victor 123 

Leavlng 8,000 f t .  

--------------------------------------- Leav~ng  l&,000 f t .  
-3educe t o  approach speed 
--------------------------------------- Leavlng 7,000 f t .  
Leaving 6,000 ft. 
-------------- ----- ------- ------------- Leavlng 6,000 f t .  
At 5,500 f t . 
--------------------------------------- Approaching Pres ton  a t  5,000 f t .  

Sound of t h e  open mcrophone 

i 1,atiua:cha radar observa t locs  i n a c a t e d  Lhat t h e  two t a r g e t s  merged approximately 
over  E i l i e r  j,r-qr L l r  F i e l d ,  New Dorp, S ta t en  Is land ,  Yew York. Af ter  the merged 
v l o t ,  one t a r g e t  oroke akay t o  continue n o r t h e a s t  f o r  a d l s t ance  of 8 t o  1 0  m l e s .  
The o t h e r  *a rges  appomea moment.irily nea r ly  s t a t l o n a r y  and then  commenced a slow 
r q h t  turn  t o  a s o u t h - ~ e s t e r l y  headlng, drsappearlng from t h e  scope. 



The t a r g e t  which continued nor theas t  was S m t e d  i;l ip>;,ht 026. T t  renamed 
arrborne luntll crashlng 8-1/2 miles  ncrt'neast of I h l l e r  n e i d  a t  t h e  l n t e r -  
Section of S t e r l i n g  Place and Seventh Avenue i n  Brooklyn, U e w  York. bhtnesses 
m the  area  of ;mpact s t a t ed  t h a t  tne DC-8 was headed i n  a no r theas t e r ly  chrect ion.  
'!hey testxf3ed t i a t  one of  t h e  right englnes was rmssmg. 

The t a r g e t  whlch coritlnued i n  a slow r i g h t  t u r n  and drsappeared from the 
scope i n  t h e  v l c l m t y  of ? i d l e r  F ie ld  was t h e  T'JA iri lght.  The wreckage of t h e  
l?dk. Constellatxon was chs8,rlbuted about IQlier Flel'd. Several  pleces of DC-8 
structure and f ragnents  of a j e t  englne were interspersed n t h  t h e  Constel?atlon 
wreckage, conf i rmng  t h e  collision of the aircraft. 

Alr T:-afAc Control 

'Jnlted F l q h t  826 expressed a des i r e  on two occasions t o  remaln a t  a l t l t u d e  

if weather o r  t r a f i ~ c  r e q u r e d  holdrng pr ior  t o  landlng clearance. The .Zlght 

was advlsed %hat  t r a f f i c  delays had n o t  been encountered. 'Jnited 826 s t a r t e d  a 

descent i n  accord m t h  t h e  clearance given by A l r  Route T r a f f l c  C o n ~ r c l .  k t  

1022:hl t h e  c o n t r o l l e r  advlsed 826 t h a t  the  f l l g h t  was m rada r  con tac t .  The 

f l i g h t  progress  was followed by a "shr- 50a;"3/ marker. Radar separation w2s 

mantained between TJnlted 826 and fo i lmnng f l x z h t s .  Fol?omng t h e  Allentown 

repor t  t h e  r ada r  c o n t r o l l e r  changed t h e  clearance t o  a sho r t e r  rou t lng  s o  as t o  

I n t e r s e c t  V ic to r  30 anway  and proceed n a  Vlc to r  1 2 3 .  The purpose of t h e  change 
Ir, rout lng was to inc rease  longl tudlna l  separa t ion  between TJnlted 926 and t h e  
succeeding a i r c r a f t  which were c leared  to Preston a t  hsg1;er a l t l t ~ ~ a e sthan t h e  
Bnlted F l igh t .  This change l n  rout lng  was not  made knom t o  the I d l e m l d  Approach 
Cont ro l le r ,  nor was it r e f l e c t e d  on t h e  I d l e t n l n  f l l g h t  progress strip by way of 
advancmg h i s  e ,qecte6 tine of arrival over Preston by approxmatel;  f i v e  minutes, 
'JAL 826 was previously e s t m a t ~ n g  over Preston a t  1039. A t  an Approach Coatrol 
f i x  where a t r a n s f e r  o: con t ro l  i s  taking place t h e  e s t m a t e d  time of a r r l o a l  over  
t h a t  f-ai s  used p r i n a r l l y  for  r ad io  i a l l u r e  and a l s o  fo r  sequencing purposes. 
Separat ion a t  each feeder  p& 1s n o t  base6 on an estimated 5-me of a?r;vd, b a t  
r a t h e r  on the  bas l s  of v e r t l c d  separz t lon  e f f ec t ed  through d l s c r e e t  a l t l t u d e  
assignment. 

The Center Control ler  advised linlted 826 at 1328.Ll hat it was crossing ?he 
c e n t e r l l n e  of Vlc tor  30. Thls position was acknowledged zn3 xhe dis:ance from 
Vlc tor  123  was requested. A t  1028.56 the center  c o n t r o l l e r  advised Vnited 326 
%hat i t  was then  16 m l e s  west of ; i lctor 123 and s 'qort ly t h e r e a f t e r  a d n s e d  t h a t  
it was two m l e s  west of Vlctor 123. The c o n t r o l l e r  s t a t e d  a t  t h e  hearing t h a t  h e  
~ b s e r v e d  United 820 one t o  th ree  mlles sout3west of Pres ton  a t  t h e  t i ~ e  the f l i g ' ; t  
r epor t ed  out  of 6,000 fee t .  Thls was between 1033-01 and 1033 1h. 4% 1033-2C 
t'ne c e n t e r  c o n t r o l l e r  instructed ?l:ght 826 to  c o n t a c t  Tdlemld Approach 2oontrol 
and advlsed "radar  s e m c e  terminated." 

A t  1033.28, TJnlted 826 ca l l ed  I d l e m l a  4.pprozch Conrrol and s t a t e d  "approazb-
l n g  Pres ton  a t  5,000 f e e t .  11 

Tne Tdlemld Approach Con%rollers t e s k l f i e d  t v a t  t -ey ara n o t  o;serve 'Tnlted 
826 m t h e  Preston a rea .  Ialehri i i  Approac:? Conzroi ach.0-6ledged t i e  c d :  - a t k  
weather and runway 1rSornation. 

-3/ Transparent maricer used t o  record i d e n t l t  -
z horlzon-lal radar  display. 

http:1033.28


~t t h e  tune of %he communication between Unlted 826 and I d l e m l d  Approach 
Control, t h e  only informatlon whxch had been received from the Few York Center wnlch 
would have lndacated a t r ans fe r  of control  was t h e  es t lmate  whlch was forwarded 
a t  1029. The Interphone was n o t  used nor was a l i g h t  recelved on t h e  General 2211-
way Slgnal  d t l t u d e  l n t e r l o c ~  system. 

Slnce only one a l r c r a f t  was lnvolved at t h e  tlme of t r a n s f e r  of con t ro l  of 
1;AL 626 from the  ;Jew vork Center t o  I d l e m l d  Approach Control, t h e  use of t h e  
General hI.lway Slgnal  (GP5) a l tx tude  In ter lock  l i g h t s  was not  rewired. Therefore, 
t h e  f a l u r e  of tne  Center Control ler  t o  1nd;cate change of con t ro l  by ac tzva t lng  
t h e  amber CiS transfer l l g h i  had no s lgnl fxcant  meanlng, as  VAL 826 had ween 
afforded standard non-radar separation from a l l  o the r  known I n  t r a f f l c .  Had 
severa l  a l r c r a f t  been cleared t o  t h e  Pres ton  f l x  m t h  d l sc ree t  a l t i t u d e  assignments, 
lt lrould then have been inc'mbent upon t h e  Center Control ler  t o  indica te ,  by the  
use of the  GRS l i g h t s ,  t h e  cont ro l  of whlch of t hese  a l r c r a f t  were aelng t ransfer red  
and a t  what a l t z tude .  

A t  appraxmate ly  1029 the Center advlsed I d l e m l d  P.pproach Control  t h a t  bnlted 
F l igh t  826 was estimated over Preston a t  1039 v l a  Col t s  Neck. Z d l e m l d  Approach 
Control received t h e  1033.28 transrmss-,on s t a t i n g ,  "approachmg Pres ton  a t  5,000," 
from :;nited 826 about ii-1/2 m n u t e s  p r i o r  t o  t h e  es tunated  t m e  of  a r r i v a l .  

. Fl igh t  526 was operatlni: t h e  transponder whlch was proper ly  recelved as  a 
t a r g e t  on ?Jew York C;-interts scope. There was no  evldence tha t  t h e  transponder 
s i g n a l  appeared on Idlek-xld Approach Cont ro l  eqnpment .  Thls s l t u a t l o n ,  however, 
1s nut  abnomsil s ince  a nomial method o f  opera t ion  of  the secondiiri rada- rece;vlng 
equipment assoc ia ted  m t h  an approach con t ro l  r ada r  r equ l re s  t h a t  tine aircraft's 
transponder be s e t  t o  an assignee s e l e c t  code i n  order  t'nat its response t o  an 
sn ter rogat lon  from a spec l f l c  ground l o c a t l o n  -rill appear on t h e  prurYlry r a d a r  
lnd lca to r  as  a coded t a r g e t .  I n  o rde r  t o  accoinpllsh t h i s  s e t t l n g  t h e  p l l o t  must 
be lns tmic tea  t o  change hhls egupment t o  t h e  s e s r r e a  code assigned t o  the next  
subse inen; cont ro l  funct lon .  This ac t lon  was n o t  a p a r t  of the routxne t r a n s f e r  
of cont ro l  funct lon between the Center and i d l e m l d  Approach Control and was not  
accomplrshed rn conncctlon m t h  t h l s  f l l g h t .  

k r i n g  t h e  time Umted 825 was progressing toward and beyond Preston, Trars  

Liorlc .L.irllnes F l l g h t  266 was under c o n t r o l  of L&uar&a Approach Control. A 

s e r i e s  of r ada r  vec tors  was ;;1ven t o  TWk. 266, and apparently proper ly  executed. 

The c o n t r o l l e r  observed a t a r g e t  approaching from the southwest and lnfonned T1@-

266 or" the  t a r g e t  informatlon on two occasxons. 


The Xeather 

A snnsry  of r n f l l g n t  r e p o r t s  Tram 51 a r c r a f t  wlllch had operated m t h l n  a 

33 n a u t l c a l  mlle r a d l u s  of  the acc iden t  s l t e  m t h r n  one hour or" t h e  tune  of the 

acclrient, shows t h a t  45 f l l g h t s  were ul clouds a t  a l tx tudes  rangmi; from 300 f e e t  

t o  18,MG f e e t .  One p l o t  rsportec? on top of a l l  clouds a t  31,003 f e e t .  Four o f  

t h e  f l v e  remanlng  r e p o r t s  i n k c a t e d  sone ground contac t  up t o  altitudes ranging 

from L,000 ,o 5,000 f ee t .  fine p i l o t  repor ted  '>etween l a - e r e  i ron  L,000 t o  5,000 

f e e t  and from 13,WG t o  15,000 f e e t .  




Flight Recorder Readout 

The Waste Krng F l l g h t  Recorder aboard t h e  I inl ted DC-8was read out  under t h e  
s u p e m s l o n  oiC t h e  C l v l l  Aeronautics Board. The parameters recorded r eba t lng  Lo 
a n  elapsed Llme base a r e - a l t ~ t u a e ,  a r s p e e d ,  heahi lg ,  and v e r t l c a l  acceleration. 
Some degree of f l r e  and unpact damage was p r e s e n t  a l ~ h o u g 5  t h e  l a s t  p a r t  of the 
record f o l l  was covered m t h  p r o d ~ c t s  of combustion and cnemlcal reac t lon .  

A l l  measurements along t h e  l e n s h  of t h e  tape (tlme base)  were made n t h  
respect t o  a hole corresponding i n  tlme t o  j u s t  p r l o r  t o  takeoff  m Chicago. The 
average &stance between t h e  adzacent holes was determined from measurements of 
the length composed o f  36 holes .  One m l l u n e t e r  o f  lengtn along the  tape i s  equal 
t o  0.19661 of a mlnute of tlme. Thls f a c t o r  was used  i n  computing the  tlme f o r  a l l  
events. 

The data  o b t a n e d  r e l a t l v e  t o  altitudes, ~ n d l c a t e dairspeeds, and headlngs 
u e  l l l u s t r a t e d  In  Attachment 2 .  The f l i g h t  r eco rde r  values between 72 mmutes 
a f t e r  takeoff  and the tlme of coLils lon are p l o t t e d  as a t r a c k  p ro f l l e  i n  Attach- 
ment 1. Thls  t r a c k  was p lo t t ed  i n  reverse from the polnt of c o l l l s l o n  deterrmned 
0:r a t r a j e c t o r y  study of t h e  DC-8 No. L eng:ne and t h e  TvJA Conste l la t lon  No. 3 englne. 

The englnes were detached i n  i l l g h t  upon co l lxs lon  and lmpacted on S ta t en  Is land .  
Analysis of the t r a j e c t o r y  of DC-8 onglne l n d l c a t e d  a f a l l  of 5,575 f e e t  on a course 
of 050 degrees magnetlc. Analysis  of the Cons te l l a t lon  No. 3 englne lndlca ted  a 
3,b70-foot f a l l  on an estunazed course of between 110 degrees t o  130 degrees magnetlc. 
The intersection of t h e  two t ra ;ec tor les  deterrmned the c o l l ~ s l o n  a rea  of approx- 
m a t e l y  1,200 square f e e t ,  t h e  center  of wiilch i s  l o c a t e d  on a 315-degree magnetic 
bearing of 6,555 f e e t  from t h e  center  of Elll ler F l e l d .  

The a l t l t u d e  a t  the l n s t a n t  of collision was computed t o  be 5,175 t o  5,250 
f ee t  above mean sea  l e v e l  as  w o ~ d abe lndlcated by an altimeter s e t t m g  o f  29.65 
lnches of mercury. Tne lnd lca t ed  alrspeed of t h e  DC-8 a t  t h e  p o ~ n t  of c o l l l s l o n  
was 101 knots. This was t h e  lowest alrspeed subsequent t o  pass ing  U e n t o w n ,  
Pennsy lvma .  The elapsed tlme of Xllght 826 from "wheels up" l n  Ghlcago t o  
col l lsror!  was 82 rmnutes and 32 seconds. i ' r i l ted 's  time of "wheels o f f "  a t  O'Hare 
k ~ ? o r twas 0911. k d b n g  t h e  elapsed time of 82 mmutes and 32 seconds, t:?e tlme 
of c o l l l s l o n  as  deterrmned by t h e  f l i g h t  recorder  readout  was 1033 32. 

A s  previously s t a t e d ,  t h e  indicated a i r speed  of iinlted at the p o u t  of collision 
was computed as  301 h o t s .  Ike reduct lon l n  a u s p e e d  over  a '(0-seconci per iod  p r i o r  
t o  c o l l l s l o n  1s l l l u s t r a t e d  below: 

Tune Lapse Speed- Speed Reductlor. 

1032.22 356 knots 
1032:55 33 seconds 338 h o t s  18  h o t s  
L033:0k 9 seconds 332 h o t s  6 h o t s  
1033:12 8 seconds 325 knots 7 knots  
l03::20 8 seconds 3 8  knots 7 knots 
1033:29 9 seconds 309 knots 9 knots 
1033:32 3 seconds 301 knots 8 knots  

TOT& 55 knots  



St ruc tu res  - TiiA Conste l la t lon  

The majorl ty of t h e  force  ox c o l l l s l o n  lmpact on the  Constel latron was 

centered on t h e  fo l lok~sng pornts .  


Upper r l g h t  s e c t l o n  of passenger compartment betiieen k s e l a g e .  

S t a t l o n s  1030 and 1060. 

Ylght v e r t l c a l  fsn, rudder,  and r l g h t  o -~ tboa rd  portaon of t h e  
r ~ g h t  horzzontal  stabilizer. 

Right  rang f l a p .  

.Sight m n g  between the  engmes .  

The Cons te l la t lon  broke In to  three maln sec t ions  following t h e  collision an 
lmpacted l n t o  t h e  Mrller Fle ld  area.  The a f t  sec t lon ,  lncludrng t h e  empenrage, 
separated from the  forward port lon of the a w c r a f t .  This sec t lon  lmpacted i n  a 
f l a t  a t tx tude  r r g h t  s l d e  up. The center  v e r t l c a l  s t a b i l r z e r  bore evldence of 
unpact fo rce  r e s u l t v l g  i n  bendlng &jdegrees t o  t h e  l e f t  approx~mately two f e e t  
from the top.  The r l g h t  v e r t i c a l  rudder and stabilizer and 1 2  f e e t  of t n e  r l g h t  
hor izonta l  s t a b l l r z e r  were torn f r ee .  I n f l i g h t  f i r e  was evidenced by soot  and 
scorchrng. There was no evrdence of ground f l re  about  the a f t  fuselage. There 
was, however, evrdence of f l r e  i n  I n t e r i o r  of  the a f t  fuse lage  sec t lon .  The 
r r g h t  wmg and No. L engrne separated a t  Wmg S t a t l o n  2112 and lmpacted 600 f e e t  
e a s t  of t h e  a f t  fuse iage  sec t ion .  This iring s e c t i o n  e=denced severe f i r e  and 
explosion damage. No. 3 englne and nace l l e  detached and f e l l  about 600 f e e t  
northwest of t h e  a f t  fuse lage .  The forward section of the fuselage and the l e f t  
mng, inc ludmg t h e  two engmes, lmpacted approx~mate ly  1,100 f e e t  no r th  of the 
a f t  fuselage. 

Numerous a l e c e s  of a l r c r a f t  s t r u c t w e  were s trewn over a m d e  a rea  l n  the  
v l c r m t y  of  l h k e r  Tle ld .  :lay of these  p l eces  were l d e n t l f i e d  a s  p a r t s  of a 
DC-8. 

Nos. 1and 2 birlght C18CB-1 powerplants were loca ted  i n  t h e r r  normal pos l t lons  
r e l a t l v e  t o  t h e  wlng spar .  The Vo. 3 powerplaat had separa ted  from t h e  wing. No, i~ 
powerplant remalned a t t a c h e d  to  t h e  mng ijhlch had separated from t h e  a m c r a f t .  
1)etaded examrnatlon was conducted a f t e r  removal o' the  powerplants t o  LaGuardla 
A x p o r t .  There was evidence of ground impact damage on a l l  powerplants. Some 
evldence of ground f i r e  damage was noted only  on Wo. k .  i n t e r n a l  exarmnatlo? of t h e  
powerplants revealed no  evldence of  f r l c t l o n a l  overheat,  l ack  of l u b r l c a t l o n  or 
i n t e r n a l  f a l l u r e .  

m-8 S t ruc tu res  

m*ifisre uere  s x genera l  a reas  of t h e  T)C-3 which furillshed evldence of a 
co1;isson: 

1. L e f t  mng leadlng  edge. 
2. i e f t i a n d 2 n g  gear door . 



3. Right  landlng gear door. 
. No. 4 engine, nacel le ,  and pylon 
5 .  'lght wlng outboard of t h e  No. li engme. 
6. "leiy antenna. 

Follomng t h e  c o l l i s i o n  the DC-8 contmued on a northeaster ly headlng and 
,ed i n t o  t h e  heavl ly  populated a rea  of 3rookly-n a t  the  mte r sec t lon  of 
lag Place  and Seventh Avenue. Tne ensulng ground f l r e  was prolonged and 
e,  consurmng a l a r g e  p a r t  of the  a i r c r a f t ' s  s t r u c t u r e  and causlng extensive 
t o  proper ty  on t h e  ground. 

he a f t  s ec t ion  of  t h e  passenger cabrn s t r u c t u r e  impacted and slid, coming 
'st f a c m g  m a n o r t h e r l y  b r e c t l o n  on S t e r l l n g  Place. Impact and subse-
, gromd f i r e  consumed t h e  grea ter  pa r t  o f  t h e  passenger cabin s t ruc tu re .  
of the  r ~ g h t  m n g  and t h e  at tached No. 3 engxne s l ~ c e d  through the P l l l a r  
r e  Church. The P-lght deck crashed l n t o  t h e  same a r e a  and was l a r g e l y  con- 
i by ground f a r e ,  The l e f t  wing, except f o r  t h e  outer  15 fee t ,  cane t o  r e s t  
ie xntersec t ion  of  t h e  two s t r e e t s  n t h  t h e  outermost end ahgnea i n  a south-

s t e r l y  d r rec t lon .  Th l s  rmsslng outer  15-foot  s ec t lon  c u t  throilgh, and cane t o  
$st m a build~nga t  126 S t e r l l n g  Place, l eav rng  two f e e t  of  the  wing t l p  
o t r u h n g  through t h e  roof .  

The empewage and fuse lage  aft  of Fuselage S t a t l o n  I&% was found on S t e r l r n g  
on t h e  south  s l d e  of Seventh Avenue and f a c i n g  approxunately north. &am-

lnatxon of t h i s  s ec t lon  revealed t h a t  m a d h t i o n  t o  t h e  -ac t  damage t h e r e  
was evldence of f i r e  damage. Areas of the e q e n n a g e  were heavi ly  sooted a?d t h e  
p21nC w2s bbzs tered .  

Soot was f o m d  o n  the  ground unpact f r a c t u r e  areas,  lnd lca t ing  t h a t  some of  
the  soot  was a r e s u i t  of t h e  ground f i r e .  Rowever, the  direction of the s o o t  on 
She upper and  lower s k l n  o f  the i n t a c t  l e f t  ho r l zon ta l  s t a h l i z e r  indica ted  an 
irf2ight f i r e .  A l s o ,  t h e  p a i n t  on both s l d e s  of t h e  v e r t i c a l  f ln  and rudder tias 
bListered as the  r e s u l t  o f  heat .  The upper 2h Inches of the  pmt-blistered 
rudder was damaged on ground impact when it contacted a t r u c k  a t  t h e  ~0 '2 th  corner  
of %he S t e r l l n g  Place and Seventh kvenue l n t e r s e c t ~ o n .  The pan t  on the trucic, 
e x p o s e  to t h e  same ground f l r e  heat,  showed no evldence of b l l s i e r ing  or  any 
oYner heat o r  f l r e  damage. 

The l e f t  no r l zon td .  s - i ab l l l ze r  and e l eva to r  recei.ved l l t t l e  damage o t a e r  
than a two-foot t e a r  i n  t h e  lower sk in  of t h e  e leva tor  and a damged 0:tbomd 
elevaLor sec t lon .  The r l g h t  hor lzonta l  s t a b l l r z e r  and e l eva to r  sheared o f f  
seven f e e t  from tine fuse lage .  IIosL of the parts o f  t h e  r i g h t  elevator were 
found. Yowever, tine severed hor lzonta l  s t a b l l l z e r  was n o t  loca ted .  

Both main Xandlng gear  doors, t h e  outboard sec t lon  of  r i g h t  wing, p a r t  o f  
t h e  leadrng  edge of t h e  l e f t  mng,  and Y e  Yo. & engine lrnpactez l n  the  ?l;ller 
F i e l d  area. 

i d o ~ .  1 and 2 P r a t t  & Wnltney JT3C-6 powerpiants were severely damaged by 
ground m p a c t .  The No. 3 powerplant renamed an l n t e g r a l  mt, although t \ e  low 
presswe t u r b l n e  sha f t  was k s t e d .  The No. L engine separated a t  Yxe i n t e y -
ws,d~ase and d i f fuse r  cases ,  severzng Ene a t t a c h i n g  b i t s .  



The r e d  p a l n t  marks found on the No, englne a t  t h e  compressor snler. were 

of t h e  same lliaterlal as t h e  p a n t  used on t h e  'I"&Conste l la t lon .  Human remalns 

and Cons te l la t son  cabln l n s u l a t l o n  mater la i  were removed from t n e  d l f f u s e ~  case 

of No. h. 


In te r f ia l  exm;inatlcn of Nos. 1, 2, and 3 powerplants revealed no evldence 

of i n f l l g h t  f a l l w e .  The damage of  t h e  No, b powerplant was attributed t o  ln-  

f l i g h t  and ground Impact forces.  


Zvldence of  A l r  Collssion 

E m n a t i o n  of t h e  wreckage of t h e  DC-8 and t h e  Cons te l la t lon  s u b s t m t l a t e d  

the evldence of an a l r  co l l l s lon .  The Cons te l la t lon  exanunatlon lndlcated t h e  

unpact was from outboard toward t h e  lnboard on t h e  r l g h t  r e a r  quar te r  a t  an angle 

of l l 0  degrees r e l a t l v e  t o  the course l l n e .  The  DC-8, as i n d ~ c a t e dby the  f l l g h t  

recorder,  was i n  approxvnately s t r a l g h t  and l e v e l  f l x g h t  a t  t h e  moment of impact. 

The Cons te l la t lon  was m a n  approxmate 22-degree l e f t  bank r e l a t i v e  t o  the DC-8 

f l ightpath a?(! ma~nta ln lngapproximately t h e  same al 'mtude.  


Several pleces of DC-8 englne pod tltanxum, englne accessory fragments, and 

cowllng rnater lal  wfire found i n  tine passenger cabin a r e a  o f  t h e  Coristellatlon. 

A fragment of fiberglass from t h e  DC-@ tower antenna cover was found embeded i n  

the r i g h t  s t a b l l l z e r  of t h e  Constellatlon. Pleces of DC-8 m r l n g  and s t r u c t u r e  

of t h e  No. L pylon were found embeded i n  t h e  Cons te l la t lon  f l a p  panel.  DC-8 

m n g  spar fragments were found i n  the  mng  of the  Constel lat lon.  


A por t lon  of the DC-8 l e f t  knng l e a b n g  edge and a sec t lon  of the  right m n g  

were sheared off  and f e l l  m t h e  a rea  of t h e  Constellatxon wreckage. 


Systems - TWA 

The TWA ConsteUatlon navlgatlon, commmlcation, and f l l g h t  instrument e q q -
ment were c l o s e l y  warmned. Compass heaflrng ini'ormation was displayed on th ree  
instruments .  The capta ln '  s ra&o magnetlc indicator (RKI) headlng card, t h e  master 
direction m d l c a t o r  (i'DI) and t h e  c o p r l o t l s  RMI heachng card, all rece lve  t h e n  
u p u t  from the  f luxga te  compasses. The f l r s t  o f f l c e r  1 s R:$I headlng lnchcat lon was 
188 degrees; t h e  c a p t a l n l s  MDI was 190 degrees. Both of  these  units rece lve  t h e l r  
m p u t s  from t h e  same f luxgate  compass. The c a p t a m ' s  RPiI h e a h n g  i n h c a t l o n  was 
062 degrees. No. 2 VOR/ADF polnters  on each P,iQ each indica ted  100 degrees. 
Examlnat~on of t h e  s e l e c t o r  s m t c h  could not  determine whether t h e  poin ter  system 
was s e l e c t e d  t o  automatic h r e c t l o n  f lnder  (ADF) o r  VIG o m  range (VQR). The 
frequency s e t t l n g  of 232 kl locycles  was found on t h e  ra&o con t ro l  panel of the  
ADF No. 2 system. The In t e rna l  r ece lve r  mechanism was d e t e m n e d  as havxng been 
tuned t o  between 227 k i locycles  and 233 kl locycles .  The No. 1 mF cont ro l  panel 
m d l c a t e d  only t h a t  t h e  rece lver  was tuned t o  between 200 and L10 la locycles .  
I n t e r n a l  examnat lon  of t h e  ADF r ece lve r  mdxcated a frequency of 320 t o  326 
k;locycles. :Go. 1 ADF loo? lndlcated a relative bear lng  of 98 degrees and No. 2 
AD? loop 77.5 degrees. No. 2 VOR con t ro l  panel was f ~ - m dt o  be s e t  t o  a frequency 
of  l i5.9 mcs. and the  i n t e r n a l  examlnatlon of t h e  r ece lve r  indicated frequency of 
113.9 or  115.9 mcs. 



I 

Uarmnatlon of t h e  TTH? comm~xtlcationssystem lnd lca t ed  t n a t  %he No. l W.F 

commm~catlons system was tuned t o  126.9 mcs. Thls  frequency was s e t  on the  

recelver  panel,  t h e  r ece lve r  mechanism, and the  t r m s n u t t e r .  The No. 2 VKF 

communlcatlons system panel  s e t t i n g  was 125-7 mcs., the  rece lver  and t ransnut te r  

mechamsms were also 125.7 o r  125.8 mcs. 


Systems - UAL 

The Unlted Dc-8 navxgatlonal and ccmunica t ion  equipment was a l s o  c lose ly  

exarmned. P r m a r y  naviga t ion  equipment of Vmted 826 was a t y p ~ c a lDC-6 m-

s t a l l a t l o n  ~ n c c r p o r a t l n g  nunor changes In  accord m t h  Unlted Air Llnes pol lcy .  

Nangat lon equipment consisted of the  ADF, very  h lgh  frequency o m  dlrect1ona.l 

range (VOR) receivers, and ILS rece lver ,  and a gyro s t a b l l l ~ e d  compass system. 

Two complete s e t s  of t h e s e  umts form the  nav lga t lon  system and they  a re  re-

f e r r e d  60 as System No. 1 and System No. 2. The DC-8 was equipped mth  a weather 

radar  fo r  storm momtorlng. Corrponents of a l l  navlga t lonal  systems were found 

and i d e n t r f l e d  except f o r  components of the  weather radar .  Ang' component whlch 

could poss lb ly  a d  i n  d e t e m n g  a se t t ing ,  measurement, o r  indication, was 

dlsmmtled and inspected a t  the p l ace  of manufacture. 


Normal procedure i n  t r a c k m g  and determilung c ross  bearlngs along an airway 
1 s  t o  use t h e  p l c t o r l a l  aev la t lon  lndlcator  (PDI) and t h e  TOR po in te r s  on tffe 
RMI. Two p l c t o r l a l  deviation m d l c a t o r s  dlsplay an aircraft's pos l t lon  r e l a t l v e  
t o  t h e  se l ec t ed  s t a t l o n s  by presenta t ion  of the VOR l d o r m a t l o n  on a V-shaped 
p o l n t e r  -&lch r o t a t e s  n t h  headlng changes and po ln t s  t o  t h e  s e l e c ~ e d  s t a t lon .  
T'ne R - 1  (PDI) lnd lca to r s  m the  Unlted A i r  Lanes DC-8s a r e  modified m t h a t  t h e  
i n d i c a t o r  always poin ts  t o  t h e  se iec ted  r ad la l .  There i s  no provision f o r  a 
-ec lproca l  s m t c h .  Compass headlng lnformatlon i s  supplied to t h e  ro t a t lng  mask 

u c h  revolves with t h e  V-bar pointer .  A dxglta.1 course mchcator  i s  loca ted  i n  
mndow on t h e  upper p a r t  of  the  lndlcator .  Magnetic bearing %o t h e  s t a t l o n  

s e t  by t h e  knob on the f a c e  of the lnstrwnent.  h m r n a t u r e  a l r c r a f c  i s  
tached t o  t h e  d l a l  r e p r e s e n t u g  the r e l a t lonsh lp  of t h e  aircraf-c t o  t h e  VOR radial.. 

Urnted DC-8 a l r c r a f t  m e  equlpped m t h  t w o  R?E-VOR m d i c a t o r s ,  and t w o  C-6A 

Tosyn compass rndlca tors  51th p o x t e r s  f o r  the ADF. The c a p t a m ' s  panel has 


RJ4I which presents  compass heading and TOR r n f o n a t l o n  p lus  a C-6A indicator 

r &splay of ADF m.d compass lnformatlon. k srrmlar  p re sen ta t ion  i s  clispiayed 


t h e  f l r s t  offrcer  panel.  Each lndlcator has tuo poznters  an3 a r o t a t i n g  

-ruth card  from which t h e  a l r c r a f t r s  headlng i s  read a t  1 2  o 'c lock  position. 


The c a p t a m ' s  RMI ~ n d l c a t o r  has a .single o r  narrow p o l n t e r  which opera tes  

. th Inputs  from System No, 1. The double o r  wide po ln te r  operates  m t h  lnpu t s  

rom System No. 2. Tne f i r s t  o f f l c e r  has a n  l d e n t l c a l  &splay. The d i sp lay  i s  

nular t o  the  V-bar p o i n t e r s  of t h e  No. 1and No. 2 p l c t o r l a l  devla t lon  m-

~ c a t o r s ,  A s  a n  example: When t h e  No. 1VOR u ru t  i s  m e d  t o  a frequency, t h e  
No. 1poin te r  of the  RMI and the  V-bar of t h e  c a p t a m ' s  !do. I. P3I p resen t  t h e  
same data. Two C-6A ADF indicators a r e  mdependent of t h e  l':C1R. 1,ndlcators.  

Pertinent New York a rea  navzgatlonai facilities l n  t h e  v l c l n r t y  o-I the 
p r e s t o n l n t e r s e c t l c n  a r e  lxs.ced n t h  t h e  char ted  Trequencies m e f f e c t  a t  t h e  
tune of t h e  accident: 



Scotland Radlobeacon 2911 hlccycles 
Robbmsvllle Oinm 
Colts Neck O m 

109.0 megacycles 
115-1 megacycles 

Solberg 0rm-n 1111.7 megacycles 
Idlewiid O m  115.9 megacycles 
Idlemld Locdlzer (Runway Rrght j 109.5 megacycles 
Id lemld  Gllde Slope 332.6 megacycles 
I d l e n l d  Outer Marker Locator 373 kllocycles 
I C l e n l d  MldrLle Marker Locator 353 kllocycles 

Navigatlonal and commlcatlons radzos of Urnted 826 were exannned and 
the i r  frequencies as of the tune of lmpactwere noted, The c a p t a n ' s  No. 1 VOR 
recelver was tuned t o  approxunately 109.7 megacycles. The f l r s t  officer's No- 2 
VGR receiver was tuned t o  110.45 megacycles, The No. 2 accessory mt had been 
r ~ p o r t e das  bemg moperatlve p r lo r  t o  the col l ls lon.  The c a p t u n ' s  PDI o m  bearing 
selector was deterrmned to be approximately 039 degrees. The PDI of the f l y s t  
offlcer was s e t  t o  approxunately 036 degrees. The only ADF equ~pment recovered Was 
the captam's  AD? recexver and the f l r s t  o f f l ce r l s  ADF control head. The c a p b l n ' s  
A J 2  receiver w a s  tuned t o  293 kl loc-~cles .  The f i r s t  o f f l ce r l s  ADF ccntrol  head 
was se t  a t  103 kilocycles. 

VCR Navigatlonal Fac l l l t l es  

The Preston Intersection i s  deflned by the xntersectlon of the 3L6-degree 
radxal of the Colts Neck Oml and the 050-degree rad ia l  of the Robblnsvllie Gmm. 
The 120-degree r a U  from the Soiberg O m  may be used i n  conjunction m t h  the 
Ronbmavrlle rad la l .  These three VOR s ta t lons  a r e  operated and malntalned by 
the Federal Avxat~on Agency. VOR s t ahons  are located on careful ly  selected s l t e s  
and t ransmt  s l g n d s  m the very hlgh frequency radlo s p e c t m  between 106 and 
l l B  megacycles. 

The baslc prlnclple of VOR navlgatlon i s  the emsslon of a 360-degree s t r u c t u r e  
of r ad i a l  l l ne s  of magnet~c beanng about a known pornt. It d l f f e r s  from the older 
aural  four-course r a b o  range i n  tha t  it offers a n  i n f l u t e  choxce of r ad l a l  courses .  

The prunary navlgatlonal signal conslsis of a reference modulation and a 
variable modulation. The phase (or  tuaing) of the varlable moddatron w;th respec t  
t o  the reference rnodulatlon i s  a functlon of azmuth or  magnetlc b e a r ~ n g  from the 
s ta t ion.  The alrborne receiver perfoA-ms a phase comparrson between the varlable 
and reference signals by which t h e  magnetic bearing of the arrcraf t  from the 
s ta t lon  may be de temned.  

Under normal con&tlons of propagation the range of a VOR s ta t lon  1 s  1/3 
grea te r  than the l l n e  of s lgh t  &stance. The upper l m t s  of range vary from 
approxrmately 45 m l e s  f o r  an a i r c r a f t  a t  an al t l tude of 1,000 feet ,  t o  200 d e s  
or more for  an a r c r a f t  a t  an a i t l t ude  of 20,000 o r  more. The locatlon of station 
sites generally precludes t he  necessltg- of uslng f a c i l l t l e s  i n  ranges m excess of 
50 t o  100 m l e s .  Nevertheless, t o  rmnmze the p o s s l b l l ~ t y  of interference a t  
high altitude:, s ta t lons  m t h  slrmlar frecuencels are normally separated by LBO 
mles or more. 



The Board conducted ground monltor checks on the  V9R s t a t l o n s  a t  Colts  Xeck, 

Solberg, and ?obbmsvil le .  Nothmg abnormal was noted d w r n g  t h e  monltorlngs. 


F l ight  checks were made using Colts  Neck, Solberg, and ~ o b b r n s v l l l e  VOR 

r ad la l s  composing t h e  Preston l n t e r s e c t i o r ~ .  These f l l g h t  checks revealed no 

abnormalltles. Preston Intersection a s  deternaned by zhe VOR r a d l a l s  was found 

t o  be geo@apnical:y a s  p lo t t ed  on current  a r  navxgatron charts. 


Analysis and Conclusions 

TWA F l l g h t  266 operated r o u t m e l y  as  rt  approached t h e  N e w  York area  on 
Vlctor h r w a y  6, a t  8,000 descendzng t o  6,000 f e e t  on an a p p r o m t e  headlng of 
096 degrees. Radar vec tors  to t h e  ILS f l n a l  approach course t o  LaGuardla Arrport 
were commenced i n  the moln l ty  of the  Linden Intersection. TWA 266 was advised by 
LarJuard~a Approach Control t o  turn r r g h t  t o  a headlng of 130 degrees; h l s  a l t l t u d e  
zt thxs txme was 6,000 f ee t .  Re was then c l ea red  t o  descend t o  5,000 f e e t  and 
advised t o  t u r n  f u r t h e r  r i g h t  t o  a heading of 150 degrees. The nex t  t r ansmss lon  
by L a b a r h a  Approach Control cons t r tu t ed  an a r  t r a f f l c  advlsory, "traffic a t  
230,  6 mlles  northeast-bound." Thls t r a f f l c  information was not  relayea a s  
unrdentlf  l e d  t r a f  h c ,  nor was 1.t @Ten as  conflicting t r a f  f l c .  SurverUance radar 
ln cur rent  use i s  unable t o  provlde lnformatlon concerning an a ~ r c r a f t ' s  a l t i t u d e .  
kpproxlmately 39 seconds a f t e r  r n i i ~ a l l y  advls lng  Ti& 266 of t r a f f l c ,  t h e  c l l g h t  
was again adv3.sed of  the same t r a f f i c  i n  t h e  same r e l a t i v e  posztxon, a t  a d ls tance  
of one m l e .  A t  no trme p r l o r  to t h e  one-nrle advlsory of t r a f f i c  was any lnforma-
t l o n  furnished t o  FLlght 266 wh.lch could have a l e r t e d  t o  a p o s s ~ b l e  c o n f l i c t .  
T'e l a s t  t r a f f l c  advlsory was t r a n s m t t e d  t o  Tk'A approxuoately j seconds subsequent 
to  a 20-degree headlng change l ssued  by LaGuardia Approach Control. The i l l g n t w a s  
conducted i n  coniormance m:h t h e  headzrigs and c learances  l ssued  by Approach Control. 

..
umted  F l r ~ h t  826 operated r o u t m e l y  as i t  progressed toward the  New York a r e s  

m t h  one exception. The f l i g h t  repor ted  t h e  No. 2 n a v r g a t ~ o n a l  r ece lve r  accessory 
urut as inoperative. This lnformatlon was rece ived  by AILTNC and re layed  to the 
company. Eowever, Alr  Route T r a f f i c  Control %as not advlsed of t h e  f a c t  t n a t  Jnlted 
826 was operat ing w ~ t h  a s r n g l e  o m r ~  r e c e l v e r .  

The New York Center o r l g l n a l l y  c leared  Unlted 526 t o  t h e  ? res ton  Tntersect lon 

( t h e  clearance l m t )  v l a  J e t  & Vrctor UJ Al1entox.m h r e c r ,  t o  t h e  Robblnsvl l le  

o m l ,  Blc tor  123 t o  Preston, t o  marntaln f l i g h t  l e v e l  2%. 


P r ~ o rt o  reaching Allentown t h e  N e i i  York Center a d n s e d  T lmted  826 t h a t  it 
was m rada r  contac t  arid lssued a descent  clearance t o  13,003 f e e t .  Umted 626 
e lec ted  t o  remaln a t  f l ~ g h t  l e v e l  250 l n  t h e  event of a de lay  6ue to  weacier. 
Short ly a f t e r  passrng iklentown the  f l i g h t  s t a r t e d  i t s  descent Lo 13,OOC f e e t  anc 
was rec leared  i ~ a  on Victor 30 -m-,ll ~ n t e r c e p t l n g  a shor ter  ro ; i t e  te proceed 
Victor 12:. Thls new rout lng shortened t:%e &stance t o  t h e  Preston int.ersection by 
approximately U. nau t l ca i  m l l e s .  Rowever, it d l d  n o t  a l t e r  -the Preston c l e a r m c e  
lirmt. The New 'lork Center advised Umtec? 825 to marntaln p resen t  headng  from 
Allentown unit11 in terceptmi :  V l c t o r  30, and then  c leared  it to  descend to and 



rnalntaln 11,020 f e e t .  Subsequextlg, T'nlted 826 was advised by New vork Center t h a t  
lt was cross lng  the center l lne  of Vlctor 30. ljrnted 826 corn-irmed establishment 
on Vlctor  30 and renuested h s  d l s t ance  from Vl.ctor 123. The New vork Center 
ac';vlse- t h a t  the  t l l g h t  was 16 r u l e s  Crom Vlctor 123 and about  2 rn-iles from c r o s s l n g  
Victor h33. Thls infomat lon ,  shomng t h e  p r o x m i t y  t o  Victor 1 2 3  and the  Preston 
In t e r sec t lon ,  should have a l e r t e d  Cne Cnlted crew of t h e  r a p l d  ap~ j roach  t o  t h e  
clearance lmt. 

After  Cnrted 826 was es t ab l i shed  on V ~ c t o r  30, the  Kew 'iork Center cle=ed 
t h e  f i r y h t  t o  descend to 5,000 f e e t .  Umted 826 acknowledged and regor ted  l e a n %  
ili,000 f e e t .  :lev Tork Center than  asked lf 3 n l t e d  826 could make Preston a t  5,000, 
'Jnlted i n b c a t e d  it  would t r y .  A t r a n s f e r  o f  c o n t r o l  could no5 be e f f ec t ed  t o  
Idewild Approach Control until l rn i tec  826 vacated 6,000 f e e t .  

To assure  t h a t  "nrted 826 understood t h e  c learance  l i m l t ,  t h e  New vork Center 
urovlaed holdlng ~ n s t r u c t l o n s  f o r  t h e  Preston I n t e r s e c t l o n .  Tne f l i g h t  was admseda t  t h s  time t h a t  t h e  only delay would be i n  the  descent.  Unlted 826 repor ted  
leavlng  7,000 and 6,CW fee t .  United's repor t  leavlng  6,000 f e e t  was acknowledged 
by the  New York Center whlch then  ins t ruc ted  the f l i g h t  t o  contac t  I d l e m l d  Approach 
Control.  New "ork Center dld n o t  furnlsh r a d a r  v e c t o r s  t o  T'nited 820. linrted 826 
was dolng l t s  own navlgatlon and t h e  radar  s e r v i c e  thus  f a r  provlded was i n  t h e  
form of advisories. Unrted 820 contacted I d l ~ a l d  Approach Control and reported 
approachlng Preston a t  5,000. .When TTnlted 825 advrsed approachng ?reston, i t  had 
a l ready passed Preston by seve ra l  mrles.  I n  accordance n t h  t h e  lnformatlon r e l a y e d  
t o  I d i e m l d  k ~ p r o a c h  Control bg. t h e  3!ew York Center, IJnxted 826 would be aoproachlng 
Preston from t h e  southeast. Hcwever, the r e v x e d  c learance  v l a  Vlctor  123 would 
have Unlted 826 approachlng f'rom t h e  southwest. Tnls  r ev i sed  rou t lng  was n o t  re- 
iayed by t h e  ii'ew York Center t o  I d l e m l d  Approach Control. 

The a rea  whlch would normally be observed by t h e  approach controller on r ada r  
I n  an e f f o r t  t o  ident i fy  a a r c r a f t  approachlng Pres ton  would have been from 2 

sou the r ly  d i r e c t l o n .  kccordrrig t o  t h e  p c s l t l o n  r e p o r t  transmitted by United 820, 
and the  clearance 17m~tlssued  by ATC, the  approach c o n t r o l l e r  would have normaily 
expected t o  observe a  t a r g e t  approachlng Preszon. No t a r g e t  was observed. k r r c r a f t  
must be pos l t rve ly  l d e n t l f l e d  and r ada r  contact  e s t a b l l s n e d  by t h e  c o n t r o l l e r  b e f o r e  
r a d a r  vec to r s  a r e  commenced. ? o s ~ t l v e  radar  contact  is accomplished by s e v e r a l  
mea r s -

1. By t h e  a i r c r a f t  reporting over a kno5m r a d l o  fu: which t h e  c o n t r o l l e r  h a s  
described on h l s  scope. 

2.  3y ascertaxnlng t h e  headlng of an a r c r a f t  and reques t rng  a  t u r n  t o  a 
designated headung f o r  i d e n t ~ f l c a t l o n .  

3 .  Ep a coded Beacon t.ransponder response. 

A r a d a r  handoff would be e f f e c t e d  i n  somewhat t h e  same manner, t h e  on* ex-
cept ion belng t h a t  botn f a c l l l t e s ,  New Ycrk $enter  and Idlewild Approach Control, 
would s m d t a n e o u s l y  observe the a i r c r a f t  durrng these procedures and the c o n t r o l l i n g  
f a c l l l t y  would not r e l m s ~ l s h  c o n t r o l  wtil  t h e  r e c e l n n g  f a c l l l t y  had t h e  a r c r a f t  
pos l txve ly  i d e n t i f i e d .  1%was t e s t r f l e d  t h a t  radar  handoffs  a re  t h e  exception 
r a t h e r  t h a n  t h e  m l e .  Their u s e  1s not  mandatory In t h e  au t r a f f ' ~c o n t r o l  system. 



3adar handoffs may be used a t  t h e  d lscre t ron  of t h e  con5rol le r  m t h  p r l o r  coordi- 
nation between f a c s l l t l e s ,  o r  m t h e  event of an emergency. A radar  handoff 
was not used f o r  Urmted Fllg'nt 826. 

Slnce United 826 cird not advise ATC of  a f a i l u r e  of a component o r  components 
of t h e  No. 2 omni rece lver  o r  request  i-adar assxstance, AT0 could only assume 
t h a t  he was capable of providing h l s  own n a n g a t l o n .  Therefore, t h e r e  was no 
requirement t o  e f f e c t  a p o s l t l v e  radar  handoff procedure between New York Center 
and I d l e m i d  Approach Control. 

k l r  T ra f f l c  Control 

k c t o r  Alrway 123, upon whrch Unlted 826 was proceedrng, i s  i l t l l l z e d  and 
char tered  a s  a one-way, inbound alrway serv lng  LaCuardla and I d l e m l d  klrports .  
Under IFR, a r c r a f t  traversing t h l s  amray are cont ro l led  by the New York h r  
Route T r a f f l c  Control Center. Under m weather conchtlons, a r r c r a f t  maT; t raverse  
t h l s  alrway m t h o u t  an ATC clearance, m whlch event ATC would n o t  have knowledge 
of such aircraft's pos~.tron, a l t l t u d e ,  des t lna t lon ,  o r  i d e n t i f l c a t l o n .  Further, 
alr traffic procedures do not provxde for  t h e  separa t~ .on  of en route  IF3 and F R  
traffic except m desrgnated p o s l t l v e  cont ro l  airspace. Tn view of the  f a c t  t h a t  
t h e  weather s n  the New vork a r e a  on December 16, 1960, durlng t h e  perlod 1W t o  
1100, was not conducive t o  TiFIR operation, i t  rs hlgh3.y improbable t h a t  \PI? 
traffic would have been travesslng Vrctor 123 on approach con t ro l  r ada r .  On t i e  
b a a s  of a l l  a v a l a b l e  meteorological mformatlon, it 1s concluded t h a t  the  
weather condltlons rn the  New York area were such t h a t  between t h e  a l t l t u d e  of 
300 f e e t  and 18,000 f e e t ,  VFR f l l g h t  could not have been employed. 

The iiew York Center records r n h c a t e  t h a t  t'nere were no TFR a l r c r a f t  over-
.flying t h e  New York Metropolrtan a rea  vla Vlctor 123 durrng t h e  perlod l a 0  
t o  1103 on December 16 ,  1960, consequently, the  a l r c r a f t  observed on radar by 
LaCuarha Approach Control could only have been -craffxc des t lned  f o r  one of kdo 
airports, LaGuarha or  Id le -n ld ,  o r  an i i rudentlf led = c r a f t .  Szrice LaCuardla 
A?proach Control d ld  no t  have a f lxgh t  progress r e p o r t  on the  un lden t l f l ed  t r a f -  
1 ,  they were abare that the  t r a f f i c  on Victor 123 xas no t  des t lned  for  t h e l r  
a i rpor t .  I n  order t o  have been c e r t a i n  of the des t lxa t ion  of t h e  unidentrf led 
a l r c r a f t ,  t h e  approach con t ro l l e r  could have renues ted  t h l s  snformatlon from t i e  
New York Center.  It is doubtful  t h a t  LaCuardra Approach Control could have 
establxshed commumcatlon n t h  the  Uew York Center, denti if led t h e  m c r a f t ,  and 
transrmtted effective l n s t r u c t l o n  m approximately 39 seconds. The only immehate 
d t e r n a t l w  a c t l o n  t h a t  could have been taken by t h e  LaGuarba Approach Controller 
would have been t o  provrde evaslve radar  vectors  t o  TWA 266 on t h e  assumption 
t h a t  t h e  unidentified t r a f f l c  was conf i lc t rng  t r a f f l c .  k s  provls lon  of evasive 
vectors  t o  TWA 266 would not be lncunbent on t h e  c o n t r o l l e r  inasmuch as the m r -
space 1n  the  a rea  m whlch TWA 265 was operat ing had been assr,med t o  LaGuardia 
Approach Control. 

The New York Center RR#A Radar Cor; trol ler t8 t e s t ~ m o n '  t h a t  he obserged 
"luted 826 on h s  scope 1 t o  3 m i e s  swath of e e s t o n  a t  Yne tune  t h e  f h g h t  
repor ted  out of 6,000 f e e t  i s  lncons l s t en t  h l t h  the  f a c t s  concerning tbe tune 



of c a l l i s l o n  T_; mst be concluded t h a t  t h e  c o n t r o l l e r ' s  memory of the p o s l t l o n  
of Unlted 826, or t h e  t m e  of observation, i s  m e r r o r .  Tf he were co r rec t  
there  could not  have been a c o l l l s l o n  a t  t'ne kme and place it occurred.  The 
Soard co?cludes from tine foregoing f ~ a tt h e  c o n t r o l l e r  d ~ d  not  observe 826 
a t  t h i s  location. 

The t r ansmss lon  "i\?o. 2 navigation rece2.ver accessory unit out" has r a ~ s e d  
the  quest lon as t o  i t s  prec lse  rnealng An lnopera t lve  accessory wit 1s a 
term whillch cannot be accurately applied t o  t h l s  DC-8. It appears t h a t  t h e  
descrspt lon o f  t h e  malfunction r e l a t e s  t o  t h e  VOR i n s ~ r u m e n t a t l o n  l n  e a r l l e r  
a a r c r a f t  on whlch the  crew had more operating experience. The comparable wut 
m s t a l l e d  on the DC-8would have been c o r r e c t l y  named %he iJ3F navlga t lon  No. 2 
~ n s t r ~ e n t a t l o nm;t, however, t h e  fbnction of the m t s  i n  both a l r c r a f t  was 
bas ica l ly  %he same. A s s m n g  t h a t  t h i s  u n l t  was anoperatlve due t o  a l o s s  of 
power, t h e  following e f f ec t s  mghC have been observed by t h e  crew* 

Con&tlon 	 Indication t o  Crew 

1. W NkV-2 1:5V a. No. 2 ? D I  r e d  warnlng f l a g  
Clrcu-it 3reaker (31%Bus 3) Open v l s i b l e .  

b No. 2 RMI-'J3R (double b a r r e d )  
p o i n t e r s  became sluggish. 

c .  No audlo s ignal . ,  

2. ICE-NAV-2 2RV. D. C.  
C i r c u i t  3reaker (DC Bus 3)  Open 

a. Xo. 2 PDT r e d  warning Slag 
v l s l b l e  . 

b ,  No. 2 M - V O R  (double b a r r e d )  
po in te r s  b r i f t .  

3. 	 F' lrst  Officer's h e a b ~ g  a. !Go. 2 PDI r e d  warnlng :lag 
outnu.c rad:o fuse  oyen v i s i b l e  . 

b. 	No. 2 PLMI-VOF. (double b x r e d )  
p o ~ n t e r svslll n o t  respond t o  
ciiar,ge i n  h e a d ~ n g  or Zrequency 
se lec t lon .  

. 	 Tr3' ',U-I'Y ~ r n s former a No. 2 PDI r e d  warnlng flag 
No. 2 C:rcl;it 3reaker  3pen v l s l b l e .  

b. 	 &st officer's TET-VOR card 
a n d  hie. 2 fi?lI-VOF; (doilole b m r e d '  
p o i n t e r s  w l l ;  n o t  respond t o  
change i n  heading or f r e q u e n c y  
se lec t lon .  

These con&x:ons were l ~ k e l g  t h e  r e s u l t  @T a f a u l t y  u n l t  o r  wir lng and r e s u l t e a  
a r e d  warrilng f lag,  open c i r c l u t  breaker o r  blown fuse.  Adrmttedly this w o u l d  



have been an ob~nous  syrnpton of a rnalfmctlon t o  t h e  ex ten t  t h a t  t h e  crew 

would have recognized the  f a l u r e  without the appear=ce of a red warning flag. 


ae r lva t ion  of Fl lghtpaths u; Attachment 1 

Pr lo r  t o  t h e  cl.earance v l a  TJlctor 30, ljrnted might 826 had been c leared  
k l l e n t o m  VOR, d ~ r e c t3obblnsvl l le  VOR. Accordingly, t h e  f i i g h t p a t h  a f t e r  passlng 
the Allentown VOR was projected on t h e  b a s l s  of a t u rn  t o  a b r e c t  heabng  t o  
Robblnsvllle VOR, and t h l s  h e a b n g  rnalnta~ned wtll ln t e rcep t lng  Vlctor 30. 
The t r a n s c r l p t l o n s  i n d i c a t e  t h a t  t h e  a l r c r a f t  was establzshed on Vlc-cor 30, and 
a t  1029.02 was glven a pos l t l on  by t h e  New York C e ~ t e r  as approxunately two 
nautical m l e s  from crossing Vlc tor  b33. It was assumed t h a t  t h e  a r c r a f t  would 
be flown m t h i n  the corfines of Vlctor  30 a m a y  u n t ~ l  the t u r n o f f  t o  rn tercept  
Vlctor 123. I n  conslderlng that one VOR r ece lve r  may have been inoperative, 
tne t-orn onto Vlctor 123 ms p l o t t e d  as a gradual turn t o  t h e  050-degree r a d l a l  
of Xobblcsvrl le  i n  order not  t o  overshoot tine c e n t e r l l n e  of V lc to r  123. From 
the poln t  of rn tercept lon  of V ~ c t o r  123, t h e  fllghtpath was pro jec t ed  i n  a 
s t r a i g h t  l l n e  t o  the  co l l l sxon po in t  computed as approxunately 6,555 f e e t  from 
t h e  cenl,er o f  % l l e r  F le ld  on a hearing of 115 degrees magnetic. This f l i g h t -  
path was derived independent o: the  f l l g h t  recorder  ~nfo rma t lon .  

TI+JP. F l l g h t  266 had been c leared  from Allentown TOR v l a  Victor 6 t o  tne 
Llnden Intersection. It was assumed t h a t  the  a l r c r a f t  would be flown d o n g  t h e  
c e n t e r l i n e  o f  Vlctor 6 u n t l l  be-~ng vectored f o r  an  approach t o  t h e  LaCuardla 
A n p o r t .  A t  1030.119 T k  F l l g n t  266 was requested t o  reduce to a?proach speed, 
and subsequently glven tu rns  t o  hcachngs of  130 degrees,  150 degrees, and 130 
degrees. These t u r n s  t o  headlngs were proper ly  executed. Accordingly, 2 ground 
speed of  160 knots was considered reasonable i n  prozect lng the  probable p a t h  of 
:light wlule b a n g  vectored, and ine  path &-as p l o t t e d  from the est imated c o l l l ~ l o n  
p o m t  back t o  Vlctor 6 on magneilc headlngs of 310 degrees, 310 degrees, and 310 
degrees. 

The tlme of c o l l l s l o n  m i l l z e d  i s  not  zntended t o  mean t n a t  t h i s  i s  tile pre-
Clse tune of co l l l s ion .  In order  t o  havs a s t a r t l n g  po ln t  fo r  t n e  purpose of 
e s t a b l l s h m g  approxmate geographical positions at one-rr~nute i n t e r v a l s ,  1033.39 
was se l ec t ed  as a reasonably mthln- range  f i g u r e  f o r  t h e  f o l l o w n g  reasons: 

1. I t  marks a a e f l n l t e  po in t  m ;he t r a n s c r r p t  oÎ  he recordmgs ,  l . e . ,  
t h e  end of  t h e  "open mke" sound. 

2. 	 Thls tlme po ln t  - a s  s e l e c t e d  a s  -mth in  reasonable l l r m t a t l o n s  based upon. 

a. 	 A t  1033:&2 T?.IA 266 was instructed -50 t u r n  l e f t  t o  a h e a h n g  
of 100 degrees. Th~sl n s t r d c t l o n  was n e l M e r  followed nor 
acknowledged, according t o  t h e  transcript, and; 

5. 	 4.t 1033.26 TKA 266 was advised of traffic a t  3 o r c l o c k  one 
rmle  Ksscmmg t h e  accliracjr o f t h e  one-rmle f l g s e  a.nd w i n g  
a ground q e e d  range f r o 3  2kO knots t o  320 h o t s  f o r  .,ie 
, m l d e n t ~ f l e a  t a rge t ,  ;,ne tvne t o  c o l l l s i o n  i s  1033:26 p l ~ s  10 
seconds e q ~ a l s  1031.36, or 1033:26 p lus  1s seconds equals  1633-4-1. 

http:1031.36


3 .  Enited Flight 826 reported approaching Preston a t  1033.28. Detalled 

l a n k n g  lnfonnatlon t o  Unlted 826 endlng a t  1033.511 was glven by Idlewrld 

Approach Control, bu t  was not aclmowledged, although a l l  prevlous instructions 

had been acknowledged m a p p r o m t e l y  s l x  seconds or l e s s .  I t  was therefore 

considered t h a t  t h e  C o l l ~ s l o n  occured m w x n  the t m e  l n t e r v a l  1033.30 - 10311:00-


Since t h e  tlme of 1033:39 represenwd a d e f l n l t e  t lme po ln t  i n  t h e  t rans-  

cr lbed recording tapes  approxmately rmdway between t h e  foregoing tlme computa- 

t l ons ,  it was se l ec t ed  f o r  the purpose of p l o t t i n g  the approxmate g e o g r a p h c d  

pos l t l ons  o? the a i r c r a f t  d o n g  t h e  f l l g h t p a t h  a t  one-rmnute m t e r v a l s .  


The f l i g h t p a t h  of IJnlted 826 as der ived  from t h e  f l l g h t  recorder  readout  
was p l o t t e d  ~ndependent ly  of the lnformatlon obtalned from t'ne communlcatlons 
tapes.  Tne two t racks  deplcted i n  Attachment !. a r e  s1nula.r. The s t ~ t m g  po in t  
o f  each t r a c k  was t h e  p o u t  of collision as determ~nedby t h e  t r a z e c t o r y  Studv. 
The f l l g h t p a t h  was then worked o u t  in reverse  from t h i s  p o l n t  using the  informa%Xon 
obtazined f r o m  t h e  f l l g h t  recorder readout.  The successive po rn t s  were deterwined 
and p lo t t ed  back along t h e  f l l g h t p a t h  t o  Allentown. The d a t a  p o i n t s  were then  
joined m a f a l r e d  curve. 

F l l g h t  recorder t apes  of s e l e c t e d  f l ~ g h t s  maklng ILS approaches under m-
strwnent weather condltlons to Yew York Tnternat lonal  A x p o r t  from the  a r e a s  of 
a t w a y s  Vlctor 30 and Victor 123 between December 8 and December 16 ,  1960, were 
p lo t t ed .  Orly t w o  of .the 31 computed ground t racks  lncluded a holdlng p a t t e r n  
a t  Preston. Nost of the remalnlng t racks  inchcated t u r n s  a t  or i n  Yne gene ra l  
v l c l n l t y  of i r e s ton .  However, poss lb le  t r a c ~lnaccuracles  resulting m a d y  
from tolerances i n  mdlca ted  a r p l a n e  headlngs and ?oss lb le  b f f e r e n c e s  between 
a c t u a l  and reported m d s  preclude d e t e m r n a t l o n  of  t h e  exact  &s tance  from 
Preston a t  a l c h  these  turns  were made. 

Umted A x  S u e s  ?light 820 d l d  n o t  e n t e r  a h o l h n g  p a t t e r n  a t  Preston 
In tersec t lor !  but  proceeded northeast  on Vrctor 123. Thls r a l s e d  t h e  ques t ion  of 
t h e  reliability and integrity of the  TOR r a d i o  navl6:ation s l g n a l s  t r a n s r u t t e d  
from Robblnsville,  Colts lceck, and Solberg whlc."! def lne  t h e  Pres ton  I n t e r s e c t i o n .  
Many theor l e s  have been advance& t o  explain how incor rec t  na-ngat-ton lnforrnation 
could have ex l s t ed  l n  %he v l c r n l t y  of Preston a t  the  tlme of  t h e  accident .  It 
has been suggested t h a t  f a l s e  r ad ro  bearlng information e x i s t e d  at  Pres ton  and 
could have been caused by co-chanrnel in te r ference ,  narmorucs, l n d d s t r l a l  r a d r o  
nolse,  reflections, v e r t l c a l  polarization, a n d  a t ransrmt ter  mal fmct lon .  To 
proper ly  appreciate and evalua te  each theory, a k i e f  r e n e w  of VOR operating 
p r l n c l p l e s  rs presented. 

YOR s t a t l o n s  a t  t h e  above t h e e  locations are  operated and malntcuned b-f 
t h e  Federal  Avlat ion Agenc7r and t r a n s m t  s rgna l s  l n  t h e  very h g h  f r e m e n c y  
r a h o  s p e c t m .  Each s t a t l o n  i s  loca ted  a-c a carefully se l ec t ed  s l t e .  The 
s t r u c t u r e  houses the  t r a n s m t t l n g  e q u p n e n t  beneath a domed houslng o r  counter-
poise whlch serves  as past of t h e  antenna systen.  k 360-degree s l g n a l  r a d r a t e s  
from antennas sne lzered  beneath a cone xhich i s  s l t u a t e d  i n  t h e  rmddle of t h e  

http:1033.28


counterporse. The bearlng information i s  t r a n s m t t e d  v l a  srgnals t h a t  a re  ut lque 
f o r  each azimuth. Should a s lgna l  of spec l f i c  bearlng p e c u l l a r i t l e s  be changed 
from i t s  proper azmuth by some re f l ec t lng  phenomenon it wo~nlds t in  r e t a n  1 t S  

o r lg lna l  bearrng ln fomat lon  regardless of i t s  f i n a l  alignment. A momtormg 
devlce whlch i s  at tached t o  the counterpoise edge a l e r t s  the  proper personnel by 
"ala-rmngn when c e r t a n  s lgna l  characteristics change, wnen the  bearlng l f o r -
matlon i s  i n  e r ro r  plus or mnus one degree, and when the s lgnal  1s not present.  
In  addition, thxs momtor ~nniedlately shuts the transmitter off when any of the 
above occur. There was no record of such an irregularity on any of =he above 
f a c l l x t l e s  on the  date  of the  accldent. 

The pa t t e rn  of sxgnal s trength developed i n  space i s  the  algebraic a d b t l o n  
of srgnals d r rec t  from the  antennas and s lgnals  r e ~ i e c t e d  by t h e  counterpoise. 
In a d h t i o n ,  r e lec t ions  of the s l g n a l s  by t h e  e a r t h  contrxbute to t h e  form of 
the  s ~ g n a l  s t rength  p a t t e r n .  The varylng surface  character  of the e a r t h  rill 
cause the p a t t e r n  t o  d l f f e r  s l l g h t l y  m t h  each a z m t h .  H i l l s ,  t r ees ,  fences, 
and bulldl ngs can a l l  vary the r e f  l ec t lng  a b i l i t y  of the ear th .  A weak slgnal  
space In  the  s lgnal  p a t t e r n  i s  c a l l e d  a "nul l"  and the pa t t e rn  of s t ronger  slgnals 
1s cal led  a "lobe." The r e f l e c t i v e  quall ty of t h e  e a r t h ' s  surface v a n e s ,  but 
normally the  strength of  s ignals  ref lec ted  i s  low i n  comparxsori n t h  tne  d l rec t  
s ignals  so tha t  va r l a t lons  l n  the ea r th ' s  r e f l e c t l n g  a b l l i t y  would r e s u l t  m 
s l l g h t  changes i n  the s l g n a l  pa t tern .  Therefore, the  general p a t t e r n  of the TJOR 
signal  s t rength  i s  a lobe  S i l l l n g  the space surroundme the  s t a t lon  from the 
horlzon to  an elevatxon angle of approxlmately 75 degrees. ).!orm2~l:~,the  s t a t ~ o n  
s ignals  f l l l  the space about a s t a t l o n  and a n o m a v ~ g a ~ es igna l  i s  developed 

10 degrees t o ' i j  degrees e i t h e r  s l d e  of the v e r t l c a l  over the s t a t lon .  This 

n-dl  i s  termed the  cone of amblgulty. 


The even dxstr lbutlon of snow on t h e  counterpoise may cause a very s m a l l  
change i n  the  s ignal  pa t t e rn .  Testimony recelved at  the second 2ubiic hearlng 
h s c l o s e d  t h a t  approximately two rncnes of snow were or the counterpoise of the 
Colts Neck VOR severa l  hours a f t e r  t h e  accldent. Tests previously conducted by 
the FAA during t h e  k ~ n t e r  of 19@-SO concluded t h a t  although snow on the counter- 
poise i s  undesrrable ~t is  not a se r lous  source of er ror  unless ;he helgnt of 
snow exceeds the helght of t'he antennas (approxlmately L8 Inches). 

The theory of co-channel interference suggests the p o s s l b i l l t y  t h a t  
VOR s t a t i o n  operating on the  same -Prequency as  Col ts  Neck transrmtted i t s  s l g n d  
by some phenomenon l n t o  the Prestoxi area. Due t o  t h e  numerous VOR s ta t lons  i n  
the 'Jnzted S ta tes  and because of the  l lmi ted  nunber of r a b o  frequencies available, 
the same frequency must be occasion all^^ assigned TO more than one s t a t lon .  How-
ever, s lnce radlo signals i n  t h i s  frequency spectrum a re  receivable o?Jy i n  &! 

approxunate l l n e  of s l g h t  path, t h e  c ; l f f A c ~ l t y  of sharing frenuenc-r 1s e l m n a t e d  
by placrng s t a t l o n s  u s m g  t h e  same frequency a g r e a t  dlstance w a r t .  Theoretlcaily 
i t  is posslble t o  receive s rgnals  of t h s  radio band over a d ls tance  substant ia l ly  
g rea te r  than the  l i n e  of s l g h t  path, but authorities belleve t h a t  reomred 
conchtlons r a r e l y  occur and then only occasionall-r d.wlng tne s m e r  months. 
Nevertheless, a s s w g  t h a t  such a phenomenon dld exlst on December 16: the 
r e s u l t a n t  s igna l  formed by the combmation of two dl'ferenc s t a t l o n  slgnals  
would depend on the  quartz c r y s t a l s  being of the sane cal lbra t ion freq.:encr values 
for each t r a n s m t t e r  and on the phasing of t h e  moddated bearlng intelligence i o  
form a f lyabie  s lgnal .  For such comcldenta l  phenomena t o  occur over the  distance 



and a l t i t u d e s  flown by Gnited F ? ~ g h t  826 as i r .  went ti-irough tne Preston a r e a  i s  
considered hlghly mprobable. 

Several m d c s t r l a l  processes a r e  h o r n  t o  genera te  rad7 o sirlgnals, harmomcs 

of  &xch f a l l  i n  t h e  VOR frequency band. The ex i s t ence  o f  such s lgna l s  1s known 

t o  have occurred rr. the New York City area and the s t r eng th  of such s l g n a i s  w o d d  

permit t h e n  recept lon  i n  the  Preston area. The p o s s l b i l l i y  t h a t  such s l g n a i s  

caused erroneous bear ing  lnformatlon t o  be rece ived  by t h e  Unzted f l l g h t  i s  

extremely uni lke ly .  fmerlca F l i g h t s  ii6 and 100, f o l l o n n g  the  Umted f l i g h t  over  

Preston by four  and seven m u t e s  respec t ive ly?  repor ted  no in t e r f e rence .  


The possibility of xnterference t o  t h e  proper r e c e p t i o n  of TJ03signals caused 

by other  s t rong r a d i o  signals such as  those 5ransmlt ted by the  Volce of  Amerlca 

s t a t i o n  IBOU at a nearby loca t ion  was considered. F i l g h t  checks o_' t h e  VOR 

s t a t r o n s  ceflrung B e s t o n ,  m t h  'vEWJ operating a t  t h e  frequencies and power used 

a t  the  tlme o f  t h e  accident,  found no evldence of i n t e r f e r e n c e .  


One of t h e  most serio7:s conditions t h a t  can a r l s e  once a  n d 1  o r  weak s i g n a l  
zone i s  developed m t h e  TOP. p a t t e r n  is t h e  refiect,.on of  a  s lgna l  of m o t h e r  
azmuth  i n t o  t h e  n u l l .  To a l d  i n  r e s o l n n g  t h l s  posslbdlty the  C;olts Neck s i t e  
was s tudled  f o r  landscape, s t ruc tu re ,  or devlce whlch wodd  a c t  as  a r e f l e c t o r  

r e t r a n s m t  a  s l g n a i  l n t o  a  n u l l  a t  o r  near  the Pres ton  Tr~tersec t lon .  Two 
object,s, a metal-roofed barn, and a n  m a t e a r  rad io  s t a t l o n  antema,  were con-
slciered as p o s s i o l e  refLectors .  To ascertain t h e  e f f e c t  of these  o b j e c t s  as 
re f l ec to r s ,  a  mat'nematlcal an8lys1s d;Lsclosed t h a t  t h e  signal rece lved  5y an-y 
axrcraf t  f o l l o h ~ n g  the  pat'n t h e  Unlted f l l g h t  i s  bel leved t o  have foi lowea would 
be unflyable and lrlstrument r eac t ron  w o u l d  c e r t a r n l y  a l e r t  the  crew t o  unusual  
conrhtlons. T t  was suggested t h a t  two :ulls m the area  of the C o l t s  Neck 
s t a t i o n  may have r e f l e c t e d  underslred azmuth  signals i n t o  the Preston a r e a ,  b u t  
agam t h e  cha rac te r  of the  resu1:ant s igna l s  rece lved  by an a l r c r a f t  would -oe 
unusual m.d not iceaEe t o  a fl lgh; crew. The recept lon of  a s a t i s f a c t o r y  signal 
b y  .kmerlccin " i lgh t s  L6 and 100 over Preston a shor t  time a f t e r  the passage of 
P l g h t  826 i l l c ica ted  t h a t  such a  c o n d ~ t l o n  d i d  not  e x l s t  a t  L,OuO o r  6,000 f e e t .  

Normally, the  s l g n a l  t ransmit ted by a 'j(lR s t a t l o n  is predommantly h o r ~ z o n -  
t d l y  ~ o l a r l z e d .  However, some vertical p o l a r l z a t l o n  e x l s t s  %o a small degree.  
The v e r t i c a l l y  polarized wave com2onent of a s i g n a l  :s t ransmi t ted  111 t h e  same 
azimuth as t h e  i i o r ~ z o n t a l l y  polar ized  porzicn, y e t  i t s  bearing l n f o m a t l o n  i s  
90 degrees g r e a t e r  or  l e s s  than. t h e  ac tu2l  azmuth .  Theoretically, =he v e r t i c a i l y  
polarirlzed s l g n A  IS generated by a separa te  p o r t l o n  of t h e  antenna s t r u c t u r e ,  
which woulo cause t h e  formatxon o f  a separate and d a s t l n c t  s l g n a l  p a t t e r n .  Thls  
then wodd make t h e  r e s u l t  o f  such p o l a r ~ z a t l o n  more e f f e c t i v e  1n changing t h e  
r e s d t a n t  bearlrig rece lved  by an  a i r c r a f t .  k review of t h e  f l l g h t  check d a t a  of 
t h e  Colts  Neck station indicates a below-normal l e v e l  of v e r t l c a l  p o l a - ~ z a t l o n  
throughout i t s  h i s t o r y .  Such a condlt lon could go undetected s t a t l o n  monltor- T i  

I n g  eqnpment ,  nut  the l a c k  of such po la r l za t lon  before and a f t e r  t h e  a c c l d e n t  1s 
a s t rong m a l c a i l o n  -Itat it d l d  not  occm d ~ x l n gt n e  period when Flight 820 &.as new 
Preston.  ,The twc American f l ; g h t s  experienced no f a l l w e  or noticeable s1gns;l 
va.rlatlon as t h e y  :oliowed Unzted 826 up Victor 123. 

An extensive znves t iga t lon  was irade or t h e  t r a n s m t t l n g  equipment and s-cation 
logs  of she t n r e e  s t a t l o n s  mvolved.  S lgnals  ^rom each s t a t l o n  were momtorod 



f o r  a considerable per102 of time. One p e ~ i o d  of monitoring was conducted a t  
t h e  geogra?hlca: pos l t i on  o f  Preston. Tnere was no evldence disclosed by th:s 
phase of the  invest;gation t o  sndica te  t h a t  m y  o i  t h e  t h r e e  s t a t l o n s  was 
malfunctlonmg p r i o r  t o ,  a t  t h e  tune o f ,  or subseauent  to ,  the  acc ident .  

Ihe Board be l i eves  t h a t  t h e  f a i l u r e  t o  s o l v e  the t i n e  and &stance 

prohlem associa ted  m t h  the  clearance, i n  conjunct ion n t h  fne apparent f a i l u r e  

of the No 2 VOR accessory u n i t  and r e su l t an t  instrument p l c t o r l a l  d lsp lay ,  

caused the pass ing  of t h e  Preston In t e r sec t ion  t o  be  unobserved by t h e  f l l g h t  

crew. The f l l g h t  was proceeding normall-f on t h e  o r l e ~ n a l  clearance v l a  Allentown, 

R ~ b b m s ~ l l e  31route  t o  Allentown a t  1021 t h e  DC-8 reported t i e  
t o  Preston. 

No. 2 navlgat lon r ece ive r  accessory u n l t  to be inopera t ive .  The message dr rec ted  

t o  U r ~ t e d  maintenance personnel v l a  AXING r ad lo  was an a l e r t  t h a t  e i t h e r  t h e  

cockpcplt i n s t r m e n t a t l o n ,  t h e  navigat ion e~ulpment ,  o r  both, would r equ l re  

a t t e n t i o n  durlng t h e  ground s tay  o f  t h e  a l r c r a f t  a t  Tdlemld.  T'nere was no 

r epor t  t o  t h e  e f f e c t  t h a t  navigat ion was b f f i c d t  o r  mposs lb le .  


While en route  from Allentown t o  Xobb:nsvllle, F l i g h t  826 recelved an mended 

clearance m a  Vlctor 30 and t o  i n t e r c e p t  Victor 123 k l t h  fu r the r  clearance to be 

expected a t  Pres ton .  There was no de lay  expected. Tms new clearance necessitated 

a r a p i d  descent and maneuvering i n  order  t o  p o s l t l o n  tne  f l l g h t  a t  5,000 f e e t  

over Preston. h e n  t i e  clearance was changed, n t h  the  subsecruent shor t  c u t  of 

approxunately 11n a u t i c a l  m l e s ,  t h e  crew apparent ly  made no nota t lon  of t h e  

shortened t lme and d ls tance  %on! t h e  interception of Vlctor 1 2 2  t o  t h e  Preston 

Intersection. 


The crew c o m ~ ~ t t e d  a prmary e r r o r  by apparerhlp f a i l l n g  to record agd note 
the  t m e  and. dls tance r e q > a r e d  t o  c o q l y  mYn t h e l r  nex clearance. It 1s logical, 
m mew of t h e  r a p i d i t y  k?th whlch the f l i g h t  was belng maneuvered, t o  assume t h a t  
t h e  tune and c ls tance  from the  m:ersection of V lc to r  33 and Vlctor 123 t o  Preston 
was n o t  corrected f r o m  t h e  o r i g l n a l  t lme and d i s t a n c e  assoclated +nth the  Rojblns- 
n l l e / ~ r e s t o n  clearance.  ?"nis o r i g l n a l  tlme an6 d l s t m c e  was probably embeded 
in  :he crew's mind arid, h e - m s e ,  +hey would have beheved t h a t  ?reston had n o t  
been reached. iogic?Lly ,  s lnce  t h e  No. 2 T13R accessor,' u r ~ tand assoc la ted  lnstru-
ments were undependable, tine cap ta in  would be expected t o  use a substitute method 
f o r  determining Preston by retunlng t i e  No.  1 VOF, t o  Colts Neck or Solberg or by 
tuning the  No. 1NIF t o  the Scotland Rahobeacon. If ~ m e dt o  Scotland, t h e  crew 
caldd have observed t h e  pointer  f o r  t h e  i d e c t l f l c a t l o n  of  Preston by readlng a 
magnetic bear ing  on t h e  Vo. 1AEP. The W)F i s  considered the  logsca l  instrument 
t o  use inasmuch a s  the f l i g h t  would normally proceed toward Scotland a f t e r  
rece lvmg a clearance t o  depart P res ton .  

If the crew retuned t h e  operable To. 1TO3 a f t e r  esta'ullshlng t h e n  pos l t l on  
on V:c to r  123, they  could have r e c e i ~ f e d  the appropriate rahal of t h e  Colts  Neck 
o m  by selecting 166 degrees ;n t h e  wlxdov and t m m ~t o  $he Colts  Veck frequency. 
If t h i s  were before pass ing  ti ,e i.rit,ersectlon a t  Preston, a c c o m ~ ~ s h e d  they would 
nave ha6 an m b c a t l o n  of t h e  l n t e r s e c t l o n  by t i e  x ioa t ing  pomter  when passlng 
Preston. If they had a l r eady  passed Preston when t h e  selection was completed, 
t h e  i n h c a t i o n  on the  r a a l  would nave been a 5111d e f e c t i o n  of %he poin ter ,  at whim 
zzme they conld have taken  some a c t i o n  t o  a i scont lnue  f u r t h e r  f ? l g h t  i n  a north- 
e a s t e r l y  d l r ec t lon .  



Xormally, m t h  both VOR un i t s  operatrng proper ly ,  t h e  No. 2 BOR f-oatrng 

p o l n t e r  would pass  across t h e  center l lne  wnen the  a l r c r a f t  passed t h e  Preston 

L ~ t e r s e c t ~ o n  Colts Neck and t h e  wsndow 
provlded t h a t  tize u n i t  were tuned t o  

s e t txng  was 166 degrees to t h e  s t a t lon .  Slmdtaneousl-i ,  t h e  No. 2 po ln te r  on 

the c a p t a m ' s  VOR RILI would, when operating c o r r e c t l y ,  po in t  t o  166 degrees on 

the  VDR azlmuth a t  the  t l n e  of passlng Preston.  The crew would be accustomed t o  

t h l s  lnstrument &splay. 


I f  the No. 2 VDR accessory u n l t  were dependable, the c a p t a i n  would use h i s  
No. 1VOR and h i s  ? D I  on Robblnsvllle and expect t o  see t h e  double poanter  on h i s  
No. 1Vm po in tmg  to  166 degrees on the  r o t a t m g  azmuth  when cross-ng Preston 
and a t  tine same me t h e  c o p ~ l o t ' s  PC1 would be ~ n d i c a t l n g  t h e  crosslng o f  Preston. 
It 1s bel leved t n a t  s l n c e  Colts  Neck f a c - l l t y  was apparent ly operat lng normally 
ana t h a t  t h e  crew had used t h l s  f a c l l l t y  whlle operat lng t h e  f l l g h t  on Vlctor  30, 
~twould have been the l o g r c a l  a l d  f o r  e s t ab l l sh lng  the Pres ton  f l x .  Slnce ~t 
1s bel leved t h a t  the ADP was used f o r  navlgat lon,  it is probable t h a t  t h e  captain 
was t r a n s l t i o m n g  to  t h e  AIlF and p l c t o r l d i l y  associated t h s  lnstrument m t h  t h e  
VOR RMT. I n  such a case  he would con~cm.lie h l s  f l l gh r ,  u n t i l  t h e  No. 1poln te r  o f  
the  IL7F m d l c a t e d  166 degrees on t h e  R E .  With t h e  No. 1 ADF tuned t o  Scotland, 
the  co l l a s ion  occurred when t h e  s lngle  po ln te r  was l n d l c a t m g  approxmate ly  153 
degrees and had not reached t h e  erroneously des l r ed  166 degrees. Thls, coupled 
m t h  the f a c t s  t h a t  t h e  crew had informed approach c o n t r o l  that they were coming 
up on Preston, t h a t  t h e  a l t l t u d e  a t  k~me of c o l l l s l o n  was a l l t t l e  over 5,000 
f e e t ,  t h a t  radar  servlce had been t e m n a ~ e d ,  and t h a t  t h e  crew had not  repor ted  
over P r e s ~ o n ,  a l l  tend t o  support  he concluslor. t h a t  t h e  crew bel ieved they had 
not y e t  reached t h e  Preston In tersecz lon  wnen the c o l l l s l o n  occurred.  

Also, t h e  flight had r e m n e d  on t h e  050-degree r a & a l  of Robbmsv l l l e  whlle 
proceecixng no-theastward and l l t t l e  deviation from course was recorded. Tne 
t m e  t o  p o i n t  of col l lsxon w a s  n e m l y  t h e  same as t m e  normally r q w r e d  t o  
f l y  from RobblnsvlUe t o  Preston. The &stance from normal l n t e r c e p t l o n  of 
Vlctor  123 v i a  the c learance  t o  P.objmsvlZle t o  Preston i s  approxmate ly  t h e  
same distance t h a t  the f l l g h t  made from in t e rcep tmg  Vlctor  123  vla Victor  3Ci 
t o  t h e  crash s i t e .  Therefore, t h e  time t o  t r a v e l  from Robblnsvl l le  to Preston 
would approxmate the e lapsed  t;me from Victor 30 l n t e r s e c t l o n  t o  t h e  c rash  s l t e .  

The Board bel ieves with t h e  above conditions p r e v a ~ l l n g  t h e  c a p t a m  would b e  
operating t h e  cont ro ls  depenhng upon t h e  copilot t o  tune  t h e  navigational 
eqlupment, record new clearances,  and keep him advlsed of o the r  operational data.  
It a s  fu r the r  l o g i c a l  a s s m e  t h a t  t h e  captarn would u s e  h l s  No. 1VOR po in te r  
and t n e  PDI u n i t  tuned t o  Robblnsarl le  frequency t o  n a l n t a l n  his p o s i t l o n  on 
Vlctor 123, and hold l ^ r  necessary, 

The crew had flown t h l s  alr r o u t e  many tlmes and were fa rml l a r  m t h  the  
t ~ m eanc dis tance  from Robblnsvl l le  t o  Preston. A l s o ,  a t  t h e  Preston I n t e r -  
seckon and tuned to Col t s  'Jeck t h e  c a p t a n ,  winen n a n g a t m g  wxth both V3R m t s ,  
was accustomed to seeing t h e  No. 2 VOR po ln te r  m a southeas t  h r e c t l o n  and t o  
read- 166 degrees on t h e  'lo. 1 o r  c a p t a m l s  VOR a a n u t h .  T',e p l o t o r l a 1  &splay 
by t h e  c a p t m ~ l s  AD? when tuned to Scotland h ~ t h  t h e  a l r c r a f t  over the c rash  s l t e  
w o u l d  resemble the VOR d l s p l a y  when a t  Preston m z h  zhe No. 2 VO2 tuned GO Colcs 
Neck. The Preston Intersection would be i d e n t i f i e d  & a l e  holding the  outbound 
r acha l  of OSO degrees of Robbmsv l l l e  and b y  a 100-degree in&cat lon  on the  R E  
tuned t o  Scotland. it i s  r e a h z e d  t h a t  tne New York a r e a  c h a r t s  do not  andicate 



s p e c l f l c a l l y  the b e a r ~ n g  of Scotland from Preston, bu t  b7 inspectzon a very c lose  
approxmation of t h e  correct ,  bearlng c o d d  be obtained. 

From t h e  foregorng, -che Board concludes %hat  %he crew of iimted 826 &;d 

n o t  take  note  of the  change of time and eastance which would be associated m t h  

t h e  new clearance and probably confused the URDF display  nth. she a ~ t l c l p a t e d  VOR 

dssplay, Snereby exceeding t h e  clearance l m t s . 


The Board concludes t h a t  & l i e  m t h  this type a r c r a f t  it 1s poss lb le  t o  
navlgate  n t h  one VOR nav iga t iona l  un i t ,  t h e  h g h  degree  of  cockpit  occupation 
ciunng the  approach TO Pres ton  In t e r sec t lon  m d l c a t e s  t h a t  a second operable VOK 
>mltwould have a s s i s t e d  i n  a pos l t rve  l d e n t d i c a t r o n  o f  t h e  Preston I n t e r s e c t ~ o n  
Tle change of clearance from the  o r ~ g l n a l  "Allentown, d s r e c t  Robblnsvlue,  Vlctor 
123  t o  Preston" t o  t h e  s h o r t  cu t  clearance "present  hea&ng, t o  Vlctor 30, Ulctor 
30 t o  Victor 123 t o  Preston,I1 added t o  the  worHoad of r ev l s lng  and recomputing 
t h e  naviga t ional  problem during a very s m a l l  I n t e r v a l  o f  tme. 

The Board fu r the r  concludes t h a t  t h e  Xew 'iork Censer Control ler  did n o t  

observe 'Jnlted 826 proceeding through the  Pres ton  I n t e r s e c t ~ o n  before he had 

advlsed 'he f l i g h t  t o  contac t  I d l e m l d  Approach Control  and p r l o r  t o  the t e rmn-  

a t lon  of radar  serv ice .  When r a d a r  service was b e m g  te rminated  at  1033.20, 

F l l e h t  826 had a l r eady  2roceeded e l g h t  o r  n ine  m l e s  beyond Preston. Unlted 826 

acknowledged t h l s  t r a n s m s s l o n  at  1033 27, seconds be fo re  ;he c o l l i s ~ o n .  


The Board notes  t h a t  aurlng t h e  course of  Qls inves t rga t ion  M e  Federal 

Avlatlon Agency took v a r i o u s  s t e p s  t o  improve and s t r eng then  t h e  efficiency and 

effectiveness of  i t s  A l r  T r a f f i c  Control  System, l n c l u h n g  t h e  fol lomng:  


1. k specra i  r egu la t lon  (SR-us)  was Issued whlch r e m a r e s  p i l o t s  operat ine 
under instrument f h g h t  r u l e s  t o  r e p o r t  1 - f l r g h t  rnalfuncbons of navlgatlon or 
C omunlca t ion  e m p m e n t  . 

2 .  A program has been established f o r  dl -curbme-powered a l r c r a f t  t o  
be equpped  m t h  chstance-measuring equ?men% (Dm) by ,;anuary 1, 1963. One year  
l a k r  a l l  a i r c r a f t  of over 12,500 pounds max-imm takeoff  wexght must be so 
equpped.  

3. Radar handoff s e r v l c e  f o r  a r r iv lng  and d e p w t ~ n g  a i r c r a f t  m tne New York 
area  i s  being perfonned t o  a much g rea ie r  ex ten t  than was practiced before t h e  
accident. On a na t lona l  bas l s ,  fu l l - tune  r a d a r  handozf s e r v i c e  has increased t o  
a g rea t  ex tent .  

. Contro l le rs  have been I n s t r u c t e d  20 I ssue  a.advlsory  t o  a r r i v l n g  , e t  
a i r c r a f t  t o  "slow t o  ho ld lng  p a t t e r n  alrspeed a t  l e a s t  3 m u t e s  before reachlng 
holchng ~I.x." 

5. The Strvddsburg, Pennsylvama, VOF. name u i d  l d e n t i f l c a t l o n  s igna l  (sSB) 
have been changed to  T a u n e r s v ~ l l e(WE) because of potential corEusion m t h  
Solberg VOR (SRJ). 

6. The Agency has  I s sued  a speed ru l e  whrch prohibits a r c r a f t  from exceedmg 
2% h o t s  when m t k i n  30 n a u t i c a l  m l e s  of a des-cination airpor;  and below 13,000, 

http:1033.20


except where t h e  safezy reauirement of t a c t ~ c a l  r m l l t a r y  j e t s  a c t a t e s  a n ~ g h e r  
nun-mw~speed, which zhen appl les  t o  these  a r c r a f t .  

Probable Cause 

The Ijoard determines t ' l a t  the  probable cause of t h i s  accldext  was that Uruted 
Fllllight 826 proceeded be'rond i t s  c learance l l r m t  and t h e  conflnes of t h e  alrspace 
al located t o  LFie flight by Alr T r a f f i c  Control.  A contributing f a c t o r  was t h e  
h g h  r a t e  of speed of the Umted OC-8 as it approached t h e  Presi,on ~ n t e r s e c t l o n ,  
coupled with t h e  change o f  c learance whlch reduceathe en roilte d l s t ance  along 
I'rctor 123 by approxunately 11 rmles. 

BY DIE C I V I L  JGRONATICSBARE. 

/s/ F.OBERT 'C :'lllliP:i?l 
Vice Chairman 

/ s /  CKiiN GLRNEY 
Member 



i~ n v e s t i ~ a t l o nand hearmng 

" i h e  Clv1.1 Aeronautics Board was not l f led  t h a t  there  -das apparent ly an air-

c r a f t  c o l l r s l o n  over S ta ten  Is land ,  New York, a p p r o x m t e l y  1050, December 16, 
1960 Investigators were m e d l a t e l ~dispatched from the Washington o f f l e e  t9 azd 
t h e  Mew York o f f i ce  lnves t lga t c r s  who were already on the scene. The ~ n v e s t l -  
gat lon was m-i t la ted  m accordance wlth t h e  provsslons of sectlofi  702(a ) (2 )  of 
t h e  Federal A v l s t ~ o n  Act of 1956 

A public  hearlng was ordered by t h e  Board and was he ld  i n  t h e  ballroom of 

t h e  St.  George Hotel,  Brooklyn, New York, on January L through January 13, 1961. 

Seventy-nme wltnesses were interrognted and a l a r g e  amo.mt of docwoentary 

mater la l  was recelved m evidence 


A second publlc  hea rmg  was he ld  at C l v l l  Aeronautlcs Board Neadqmrters rn 
t h e  Unsversal Suildxng, 1825 Connect~cut  Avenue, Washmgton, D.  C . ,  on July 21 
and 22, 1961, a t  whlch time f l f t e e n  a d d l t ~ o n a l  wlwesses  were Interrogated and 
several  wltnesses reca l led .  Addxtronal exhrbl t s  were ~n t roduced  I n t o  evidence. 

Trans World A l r l m e s ,  Inc , a Delaware corporat lon,  i s  a schehuled alr 
c a r r l e r  w ~ t h  l t s  pr inczpal  o f f l ces  located a t  Kansas Crty, 14-issours. Ii 
possesses a currently e f fec t lve  c e r t l f l c z t e  of publ lc  convenience and necessliy 
~ s s u e d  by t h e  C l v i l  Aeronautlcs Board and an a i r  c a r r l e r  operatzng certificate 
lssued by t h e  Fe6er;l Aviation Agency These authorize t h e  c a r r l e r  t o  t rans-  
port by a l r  persons, property,  and mall over va r lous  routes  lnc ludlng  tha t  
from Dayton, Cihlo, t o  New York, New York. 

Unlted A l r  Lmes, Inc  ,IS a Delaware corporat lon sjsth i t s  corporase of f lces  
la Chl.cago, I i l m o l s .  The company i s  engaged v.transporting by a l r  persons, 
property, and mall It holds a cu r ren t ly  effective c e r t l f l c a t e  of public con-
venxence and necessity lssued by t h e  Clv:l Aeronautrcs Boara and an alr carrier 
operatrng c e r t l f l c a t s  issued bg t h e  Federal Avla t lon  Agency. These sd tnor lze  
operation over a  nunher of routes  x c l c d m g  t h a t  of  Los Angeles, California, 
t o  6ew York, New York. 

Flxght Personnel 

1. Trans 'Kiorld Al r l snes ,  Inc  

Captaln Davzd A .  Wollam, age 39, was employed by Trans World Airlines on 
May 23, 1945. He held a va l ld  a l m n  c e r t l f l c a t e  wltii a c~urrent lg  e f f ec t lve  
a l r l l n e  t r a n s p a r t  c e r t l f  lcaCe No. 261640. I i is  r a t l n g s  m c h d e d  3C-3, Martrr. 202 
and 404, and Lockheed Cons te l l a t lon  a i r c r a f t .  ",ptam W o l l m  had a  t o t a l  of 
w e 3  fiyrng hours, of whrch 267 were i n  t h e  Cons te l la t lon .  He qualified 1n 
t h l s  type equipment on September 9, 1952. He was current  in t h e  requirements 
of prof lc lency checks, l l n e  checks, route  quell: l c a t l o n s ,  and reclirrent t r a m -  
mg Hls las t  Federal Avlatlon Agency physical was pzssed on October 31, 1960. 

F l r s t  Offlcer  Dean T .  Bouen, age 32, was etcploye3 DY Trans World Arrir-ies 
on J u l y  13,  1953. He held a e i i r r e n ~ l j i  e f f ecc lve  e l r i m e  t rmsporc  certificate 
No. 1261217. He was r a t e d  on LocK~eed Sons te l l a t lon  e z r c r a f t .  



F u s s  Offrcer Bowen had a t o t a l  of 6,411 fkylng  noa-s, of wiiich 2613 were 

l n  t h e  Constel lat ion He qua l l f l ed  In t h l s  t y p e  equlpnent on May 13, 1959. 

He was current  i n  a l i  Federal  Avlatlon Agency and company reo_ulremer?ts. Hls 

l a s t  Federal  Aviaxlon AgenEy physical was passed on September 17 ,  1960 


F l i g h t  Engmeer ieRoy i.Rosenthal,  age 30, was employed by Trans World 
Airllnes on January 3 ,  1956. He he ld  a cu r ren t ly  e f f e c t l v e  e r r f r m e  and power- 
p l an t  c e r t l f r c a t e  No. 1329810 and f l i g h t  engrneer c e r t l f l c a t e  No. 131077L. 
E r .  Rosenthal qual l f led  as  a f b g h t  englneer with t h e  company on Hay 9 ,  1956. 
He had a  t o t a l  31. 3,561 f ly lng  h o w s ,  of whlch 20.4 were lc Conste l ia t lon  equipment. 

Stewardess Margaret Gernat, age 24, was employed by Trens World k l r l m e s  on 

October 13, 1958. 


Stewardess PaSrlcia  Pos t ,  age 21,  was employed by Trans World A l r l l n e s  on 

January 1, 1960 


2. Unsted A l r  L ines ,  Inc. 

Captain Robert H .  Smyer ,  age 46, was employed by Unlted A l r  Lrnes on 
January 2,  1941. He he ld  a valid airman certificate wlth a cu r ren t ly  e f f ec t lye  
a l r l r n e  t ranspor t  certificate No 70677. Iils r a t i n g s  lnciuded DC-3, E-247, DC-&, 
DC-6, DS-7, and DC-8 type  a l r c r a f t .  Captam Sawyer had a t o t a l  of 19,100 flying- 
hours, of which 3& were 1n Dc-8 type  a l r c r a f t .  He qua l l f l ed  m DC-8 type  a r r -  
c r a f t  on June 6, 1960. He was cu r ren t  in  the requirements of proflclency checks, 
and r o u t e  qual l f loa t lons .  Els last Federal  Avratlon Agency phys ica l  examination 
was on September 26, 1900. 

F l r s t  Offlcer  Robert 2 .  Flebmg,  age 4.0, was employed by United Air Llnes 
on N a y  1, 1951. He held a c w r e n r l y  e f f ec t lve  a i r l l n e  t r a n s p o r t  c e r t i f i c a t e  
No. 439262. Xls r a t l n g s  =e luded  DC-3, L1C-L, D2-6, DC-7, and DC-8 a l r c r n f t .  
F i r s t  Of f l ce r  Flebing had a t o t a l  of 8,L03 hoijrs, of whlch 416 were :n DC-6 type 
a l r z r a f t .  Me was r a t ed  1n DC-6 a x c r a f t  on Hay 3, 1960. Hls l a s t  Federa l  Aviation 
Agency phys ica l  was August 23, 1960. 

Second Offleer  Rlcnard E.  Pru; . t t ,  the f l l g h t  e n p e e r ,  age 30, was employed 
by United A l r  Lrnes on September i 5 ,  1955. He he ld  an a l r l l n e  t r m s p o r t  c e r t l f -  
i c a t e  So lib1137 f h g h t  englneer c e r t l f i c a i e  No. 1329804. HIS r ~ t l n g sin-
cluded: DC-6, DC-7, and DC-E t ype  a l r c r e f t .  Second Offlcer P r u l t t  had a t o t a l  
of 8,500 h o l s s  of f l y l n g  tune,  of wblch 379 were as f l l g h t  engrneer m DC-8 type 
a l r c r o f t  lie ,was rated, i c  DC-8 t y p e  a l r c r a f t  on aecember 15 ,  1959. 8;s l a s t  
Federa l  Aviatlon kgeccy phy s l c a l  was August 23, 1960. 

Steuardess Nary 2 .  >lahoney, age G,was employed by Unlted A l r  h u e s  on 
October 31, 1955. 

Stewardess Anne M. Bouthen, age 29, was employed by Unlted A l r  Llnes on 
August 25, 1954. 

Stewardess ? a t r l c l a  k. Ke l i e r ,  age 20 ,  was employed by Unlted A l r  Llnes on 
Ju ly  28, 1960. 

Stewardess Augustlne L. F e r r a r ,  age 22, was employed by U n t e d  A l r  Lines or. 
Hay 30, 1956. 
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The Al rc ra f t  

I. Trans World A l r l m e s ,  Inc .  

N 0907C, a Lxkheed Constel lat ion,  model L-LO&9A, manuf'acturer 's serza!. 
No. 4021, was de l lvered  t o  Trans World Al r l rnes  on October 16, 1952. A t  the  
tune of the accldent t h e  a l r c r a f t  had a t o t a l  o f  21,555 flying hours. A l l n e  
mmtenance  operation had been conducted l49 hours  p r l o r  .co t h e  acclcient. Tne 
a l r c r a f t  had been flowr. 3,955 hours s lnce s l a s t  overhaul. The a l r c r a f t  was 
equlpped wl th  Wrlght engines, model VAE 375C18C3-1 and H m l l t o n  Standard pro-
p e l l e r s  model i3E6O wi th  model 6901-0 blades. 

2. United Air L m e s ,  Inc. 

N 8013U, a  Douglas i)C-8, manul'acturer's s e r l a l  No. 45290,was dellvered t o  
Unlted A l r  Lines on December 22, 1959. k t  t h e  t h e of t h e  accldent  the  a l r c r a f t  
had 2 t o t a l  o f  2,434 f l y l n g  hours. The a l r c r a f t  had been flown 42 hours slnce 
t h e  l a s t  overhaul. The a l r c r a f t  was equlpped wlth P r a t t  & Whrtncy JT3C-6 turbo-
j e t  engmes. 



A l r  rou te  t r a f f i c  con t ro l  center ( c e n t e r ) .  

An FAA f a c r l l t y  established t o  provlde alr traffic con t ro l  serv lce  t o  IFR f l l g h t s  
operatrng wl th ln  cont ro l led  a i r space  and p r lncapa l ly  durlng t h e  en rou te  phase of 
f l i g h t .  

A l r  t r a f f ~ c  clearance ( c l ea rance ) .  

Authorlzatlon by a l r  t r a f f l c  c o n t r o l  f a c l l i t l e s ,  f o r  the  purpose of preventmg 
collision bezween known a i r c r a f t ,  Tor an a i r c r a f t  t o  proceed under spec l f  i ed  t r a f f i c  
condit lons wi th in  con t ro l l ed  a l r space .  

A i r  t r a f f l c  c o n t r o l  ( ~ o n t r o l ) .  

An FAA se rv lce  provlded f o r  the purpose of promoting the  s a f e ,  orderly and expedi- 
t i o u s  flow of  a l r  t r a f f l c  u c l u d i n g  a i r p o r t ,  approach and en route  alr t r a f f i c  
con t ro l  services. 

A i r  t r a f f l c  c o n t r o l  s p e c l a i r s t  ( C m t r o l l e r ) .  

A duly authorized person employed by t h e  FAA p ~ o v l d i n g  a r r  t r a f f l c  c o n t r o l  servlce. 

A ~ p r o a c h  Control .  

A u  t r a f f l c  c o n t r o l  s e rv ice ,  provlded by a  te rmlnal  area t r a f f l c  con t ro l  f a c i l i t y ,  
f a r  a r r l r ~ n g  and/or departing IFR f1:ghts and, or. occasion, W R  f l l g h t s  

Cen te r ' s  a rea .  

The s p e c l f ~ e d  a l rspace  wlthin whrch a u  r o u t e  t r z f f i c  c o n t r o l  cen te r  provides ~2.r 
t rs f f ' rc  con t ro l  and f l l g h t  advlsory servlce. 

Clesrance lmlt. 

The fix t o  which an a i r c r a f t  1s l s sued  an a l r  t r a f f l c  c learance .  

Holding. 

A predetermined maneuver which keeps an a i r c r a f t  w i t h a  a spec i f iedas l rspace  whilk 
await m g  f  h r t h e r  clearance,  

IFFi condi t lons  


Weather conditions below t h e  minuna prescribed f o r  f l l g h t  under Vi sua l  F l lght  Rules. 


IFR flight . 

F l l g h t  conducted l n  accordance with m s t r m e n t  f i l g n t  r u l e s .  


Radar handoff 

T h a t  a c t l o n  whereby r ada r  i d s n t ~ i r c a t l o n  2nd con t ro l  o r  a d v ~ s o r y  j u r l s d l c t l o r ~  over 
an arrcrafr ,  i s  t r a n s f e r r e d  from one cor i t ro i le r  t o  another  without sn t e r rup t ion  3: 
radar  s m e l l l a n c e .  
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