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I NATIONAL TRANSPORTATION SAFETY BOARD 
WASMNGTON, D.C. 20594 

AIRCRAFT ACCIDENT RZPORT , Adopted: June 28,1983 

b€IDAIR COLLEiON OF 
NORTH AMERICAN ROCKWELL AERO COMMANDER MODEL 560% N3827C 

AND CESSNA 1826, N96402 
LIVINGSTON, NEW JERSEY 

NOVEMBER 20, 1982 

SYNOPSls 

Commander Xodel 560E, N3827C, and a Cessna Vodel 1826, N96402, collided in midair 
About 1614 e.s.t., on November 20, 1982, a North American Rockwell Aero 

about 2,000 feet over Livingston, New Jersey, and crashed. The weather was clear at the  
collision altitude, and both airpknes were operating under visual flig?? rules. The 
accident occurred in '-.? controlled airspace of the New York Terminal Control Area. 
Shortly before the collision, the pilot of N3827C had advised a Mew York Terminai Radar 
Approach Control controller of his location and altitude. There w a s  no evidence that the 
pilot of X96402 had radio contact with an air traffic facility. The pilot and the passenger 
in N3827C were killed; t he  pilot of N96402, who was the airplane's only occupant, also was 
killed. 

accident was the  failure of the pilots to exercise adequate vigilance to  detect and avoid 
Tne National Transportation Safety Board determines that the probable cause of this 

each otiner. The failure of the pilots may have been due to the limitations of human vision 
an6 the inherent difficulties of perceiving, recognizing, and effectively avoiding a 
collision. Contributing to  tine accident was the hi lure of the pilot of N96402 either to 
keep clear of the N e w  York Terminal Control Area or to avail himself of the traffic 
advisory capability of t h e  Nevv York Terminal Ra&r Approach ControL Also contributing 

adequetely convey traffic information to N3827C. 
to  t he  accident was the failure of t he  controller to observe the potential conflict and to 

I 

INVESTIGATION 

History of the F W t  

On tke morning of November 20, 1982, t he  owner O C  N3827Z, a white with blue trim 
North American Rockwell Aero Commander Model 560E, f iew the airplane from 
Teterboro Airport, New Jersey, to  Blairstown Airport, New Jersey, for rni?or maintenance 
at the airport repair station. The pilot was joined by a friend at the Blairstown Airport 

1600 l /  operating under visual flight rules (VFR). The pilot did not file a flight plan. 
for the return flight to Teterboro. The airplane departed Blairstown about 

* -  

. 

- 1/ All times hereir! are eastefn standard t ime based on t h e  24-hour ciwk unless otherwise 
ncted. 
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At i60S:47, N3827C (radio call "27 Charlie") contacted tka Snapy arrival controller 
of %e New York Terminal Radar Approach Control (TRACON), and the $lot requested a 
practice !LS (instrument landing system) approach to runway 6 at Teterboro Airport. (See 
figere 1 and appendix A.) When asked by the controller to identify his position in relatim 
t o  a navigational Si, the pilot stated that he was about 7 miles  southeast of the Sparta 
VOR (Vwy 'Sigh Frequency Omnidirectional Range). After the pilot set the discrete eode 
%signed by the controller in his transponder, the controller identified N3827C's Iceation 
M 1 mile west of the Moree radio beacon. The controller advised the pilot that N3827C 
was in radar contac t  The pilot was further advised of the current altimeter setting and 
was requested tc, fQ a heading of 1'70 degrees The pilot acknowledged the altimeter 
settirg and the heading change. At 1611~37, N3827C's altitude, bssed on t!WX3misSiOIIS 
from the mode C encoder in its transponder, was shown on radar to be 1,gCO feet. At 

right now at two point oh [2,000 feet] sir." Because 2,000 feet w a s  the lowest authorized 
1612:02, the controller asked for the airplane's altitude and the pilot responded, "We ape 

altitude to the IbS localizer, the controller then transmitted, "Okay, maintain 2,000, 
mmerous t a z e l  in your 12 o'clock position, one showing 1,000 feet, altitude unve.-ified, 
the otners altitude unknown." A t  1612:17, N3827C replied, "Okay, roger sir. that's 
Caidwell Airport" 

A t  the time of these trammissions, N96-202, a white with red trim Cessna 182Q, was 
about 7 natitical miles away, at a point that would have been between the 1 to 2 o'clock 
positions in reAtion to the pilot's view from the cockpit of N3827C. N96102 had departed 
Rupper Airport, Manville, New Jersey, about 1600 for a flight to Ramapo Valley Airport 
near Spring Valley, New York. The airplane was equipped with a 4096-ec6e transponder, 

control (ATC) equipment; however, because 396402 did not heve mode-C altitude 
which was in u s e  and which caused N96402 to  appear as a VFR radar target on air traffic 

reporting equipment, the airplane's altitude was not shown on the radar. The pilot, who 

airports. %e did no: file a flight plan, and there is no evidence that he made radio contact 
was unaccompanied, apparently intendzd to fly a direct course, VFR, between t h e  

with any Federal Aviation Administration (FAA) facility during his flight. The airplane 
was equipped wi th  a two-way radio capable of communicating with ATC facilities When 
interviewed, the controller handling N3827C said that there were numerous targets in the 
area et that time, but t ha t  h e  could not recall the  movements of the VFR targets, nor did 
he recall having seen the radar returns of any conflicting traffic. N96402's pilot had 
flown the  direct course several times, and he  had marked his intended roLte C A  a N e w  

(TCA) end touched the perimeter boundary where the TCA floor lowers from 3,000 feet 
York Area chart. H:s course line passed through the New Yofk Terminal Control Area 

mean sea level fm.s..L) to  1,800 feet m.sL (See figure 1.) 

A t  1612:33, the pCot of N382'7C identified his airplane type to the controller. There 
were no nore transmissions from N3827C. Starting at 161359, an emergency locator 
transmitter (EL") sounded continuously in the N e w  York TRACON until 1614:06. 

Several ground witnesses saw N382'7C and N9E .!I2 collide in midair about 1614. 
They stated unanimo s l y  that both airplanes appeared to be ir! level flight when first 
sighted, with X46102 slightly above N3827C, and that moments before colliding, N96402 
bfinked steeply. The witnesses did not agree on the direction of N96402's attempted 
evasive maneuver. The point of collision was about 1 mile to the right of t h e  course from 
Xanville to Spring Valley that  N96402's pilot had marked on his New York Area chart 
The chart was found in t h e  airplane wreckage. 





Figure 1.-Collision tracks and excerpts from ATC transcript. 

i 



script. 
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killed. No one on the ground w a s  injured or killed, ana :here w a s  no substantial ground 
Both airplanes crashed in a residential area. The wcupants of ?he airplanes were 

property damage. The accident site mddinates were estimated to be 40O47'9" N and 
74"19'50" W, about 15 miles southwest of Teterboro Airpcrt. 

Meteorological Information 

Teterboro Airpcrt at  1550 was: 
A t  the time and point of collision, the westher was ciear. The reported weather at  

ceiling--estimated 4,000 feet broken, 20,000 fect overcsst; 
visibility--11 miles; weather-none; ?.emperature--51° F; dew point-- 
45' F; wind430 degrees at 4 knots; altimeter-30.54 inches; remarks- 
breaks in overcast. 

Sewark aho reported a 2,500-foot scattered cloud iayer. Low altitude winds over the 
The reported weather t': nearby Newark Airport was similar; hcwever, at  1650, 

area were easterly at 9 to 15 knots. Pilot reports throughout the afternoon indicated that 

Jersey area. A t  1613, near Teterboro Airport, the sun was about 12  degrees above the 
light to moderate turbulence existed a t  2,000 to 4,500 feet over the northwestern New 

horizon, at an azimuth of 213 degrees. 

Wrec-e and Impact hfwmstion 

iivingston, New Jersey. Debris from N96402's engine cowl assembly and from ii.,d27C's 
The airplanes irnpscted the ground about 1,500 feet apart in the Township of 

empennage was scat:ered between the main wreckage sites Before impacting the ground, 
both airplanes had struck trees adjacent to occupied houses 

s;J fire. With the exception of damage to the engine and cowl assembly, no obvious midair 
The rght  wing of No6402 wes extensigely battered, and the left wing was consumed 

collision damage was found. The lower skin of the nose cap assembly and the left cowl 
flap also had blue paint marks which matched the blue-painted surfaces of N3827C. 

The fuselage was relatively intact, except for the empennage section which had separated 
N3827C impacted the ground in an invertsd gosltion. There was no fire damage. 

from the fuselage. The right side of the fuselage in the separation area had red paini 
marks ,hich were similar to the ree-painted surfaces of N96402. Several pieces of the 
empennage were found in the area beneath the collision point. The ve-tical fin wes found 
battered and torn. The left stsbilizer, which had separated at the bme, contained cuts 
which were represente'ive of propeller sloshes. One cut consisted of t! longitedinal slice 

airpkce's centertine. The slice continued about 2 inches into the upper leading edge of 
that eut throt&:h the e.. . .e length of the stabilizer at  an angle of 35 degrees to the 

the left elevator-. The left elevator had separated from the stabilizer at  the h b g e  and 
torque tube attachment point. 

Both altimeters in N3827C were set at 39.50 inzhes Hg, which was the setting given 
to the pilot by the controller. The altirdeter in N96402 w:s damaged and unreacable. 

The ELT from N96402 was recovered from the wreckage; it had been burned. The 
ELT from N3827C was not found. 
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Perscnnel Intormation 
( 

N3827Z's pilot held commercial pilot certificate No. 151261073 issued on July 6, 
1982. He also held airplane multiengine land and instrument ratings, with airplane 
single-engine land, private privileges only. He had accu-.dated about 730 hours, 
150 hours of ivhich had been flown in the 6-month period before his last medical 
examination. He  had 77 hours of instrument flight time. His second-class medical 
certificate was issued on May 19, 1962. The certificate contaked the limitation t3at the 
"Holder sh?.LI we- correctbg glasses for near and distant vision while exercising the 
privileges of his airman certificate." The investigaticn did not reveal if the pilot was 
wearkg glasses wheit the airplanes collided. 

X964023 pilot held private pllot ceriificate No. 5130642S, issued Jmuary 4, 1981. 
He  was rated for airplane single-engine land. His third-clas medical certificate was 
issued N8.y 20, 1962, without waiver or lir,itations. On that date, he stated )hat his total 

piiot's logbook, which was found in the wreckage, indicated that on Novembe? 14, 1982, he 
flying tme was about 200 hours and that he had flown 53  hours in the past 6 months. The 

had h total of 248 hours 

The control& handling N3827C was hired by the FAA in August 1981 and completed 
training at the €.\A Academy in January 1982. By July 1982, he had checked out or: three 
radar positions in the New York TRACON as a full pe-formance level !FPL) controller. a& ~ ' ,osL recent medical certificate was issued in March 1982. 

-. M&ical and Pathokxical Xdorrnation 

Postmortem examinations of the  pilots disclosed no evidence of factors which would 
have detracted from their ability to operate their airphnes. Examination aiso disclosed 
t h a t  the airplane occupants died as a result of trauma from the impact. 

Air Traffic Cmtrol Procedures 

Traffic Control Handbook 7110.65C, a n  FAA pubiication. The handbook states thr t  the 
Basic XTC procedures as applied to the national airspace system are set forth in Air 

primary purpose of the ATC system is to prevent a coW.sion between IER airplanes 
operating in the system and to organize and expedite the flow of traffic. In addition to 
t h e  primary ATC fuwtion to IFR users of the system, there is a capabiiity, w i th  certain 
limitations, to provide additional services The provision of additional services, such as 
radar traffic sdvisories, is not optional on the part or' the  controller, but rather is required 
when the work situation permits h t h e  subject accident, the  controller stated that his 
worklcsd was iight durirg the time he was in commucication wi th  N3827C. 

A Terminal Control Area (TCA) consists of controlled airspace, extending upward 
f r o E  t h e  surface or higher to specified altitudes, within which all aircraft are subject to 
the operating ruies and equipment requirements of Title l 4  of the Code Gf  Federal 
Regulations (CFR), Part 91. The geometric design of a TCA is referred to as "an upside- 
down wedding cake" because the ceiling or upper l imi t  of the  TC.4 is normally uniform and 
the floor of the controlled airspace is at 6 higher altitude in increments from the center 

( S E ~  figure I.) Within the TCA, aircraft are prcvided with positive separation by the 
of the TCX, with the base layer at the center of the TCA belng the smallest in diameter. 

controiling ATC facility. Each TCA location is designated as either a Group I or a 
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Group ll TCA and includes at least one primary airport around which t h ?  TCA is located. 
In the New York 'I'CA, the three major airports-John F. Kennedy International Airport. 
La Caardia Airport, and Newark Airport-serve as the multipie centers of E common 
Group I TCA. The Livingston crash site is located within the partion oi ihe New York 
TCA at a point where the TCA ceiling is 7,000 feet ms.L and the flax is 1,800 feet m.s.L 

The "Airman's Information Manual (AIM), Basic Flight Information and ATC 
Procedures," an PAA publicetion, provides infwmation to  pilots regardix TCA'S. 
Chapter 3, section 3, paragraph 97a of the AIM stetes that, regardless of weather 

pilots should not request such authorization unless their airplane is equipped wlth a 
conditions, ATC authorization is required before a pilot may operate within a TCA, and 

two-way radio capable of communicating with ATC, a navigation receiver, and a 
4096'-code transponder with mode-C automatic altitude reporting equipment that replies 
to interrogations by transmitting pressure altitude information in 100-foot inCWnenb- 
Under the provision of 14 CFR Section 91.24(cX2), ATC may authorize deviation from the 
requi-ernent of an operating automatic pressur? dtitude reportiilg capability if the 
transponder is operating. 

Chspter 3, section 3, paragraph 97MZXd) of the AIM states that: 

VFR non-TCA aircraft are cautioned qfiinst  o p e r a t i e  too closely t o  TCA 
boundaries, especially where the floor of the TCA is 3,000 feet or less or 
where normal VFS cruise altitudes are at or near the fioor of higher levels. 

TCA aircraft operating at TCA floor altitudes 
Observance of this precaution will reduce the potential foi encocntering a 

While operating in a TCA, pilots of VFR airplanes are provided radar service, which 
includes separation from all aircra:t operating within tie TCA. Howeve-, as stst4 in 

his responsibility to see and avuia other aircraft. 
Chapter 4. section 1, paragrsph lR5d of the AIM, this setvice does not relieve the pilot of 

permit, regardless of whether an operation is conducted F R  or VFR, each person 
The right-of-way rclies of I4 CFR Section 91.67 state that when weather conditions 

operating an aircraft must maintain vigilsnce so as to see and evoid other aircraft. Wher. 
a rule of 14 CFR Sectim 91.67 gives an aircraft the  right of way, the pilo: af another 
aircraft must give way to that aircraft and .nay not pass over, under, or aheac! of i t  unless 
weil clear. 

an  Aircraft Conflict Advisory immediately to aircraft under their control if they are  
Chapter 4, section 9, paragraph 406b of the AIM advises t h s t  eontrollers will issue 

aware of an aircraft not under their control that  is a t  an altitude believed to p k c e  the 
aircraft in unsafe proximity to each other. Paragraph 406a warrls pilots that this radar 
service is not a sdjstitute for pilot adherence to safe werating practices, because the 
pilots must be aware that safety advisories are not always available and that many factors 
affect the  ability of :he controller to be awsre of a situation in which unsafe proximity 15 
another aircraft is deVdOpiRg. 

The Flight Information Publication Policy contained in the preface to the AIM states 
that: 
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It is a pilot's inherent responsibility that he be alert (1: all times for and 

affect the safe operation of his aircrsft. For example, a pilot should 
in anticipation of elf circumstances, situations and conditions which 

expect to find traffic a.t any time or place. 

Chapter 4, section 9,  paragrsph 407a(l) of  the AIM states that: 

When meteorological conditions permit, regardless of type of flight plan, 
whether or not under control of a radar facility, the pilot is responsible 
to see and avoid other traffic, terrain or obstacles. 

Advisory Circular 90-48C, "Pilot's Role in Co?liion Avoidance," discusses psychophysio- 
Chapter 7, section 1, paragraph 605c of the AIM discusses scanning techniques, and 

logical factors affecting pilot vision. 

Tests and Besearch 

Probable Ground TTacks-The probable gromd tracks of the accident airplanes were 

The radar date 'sere provided from an ARTS III system and contained beacon code radar 
reconstructed using the recordec' radar data from the New Pork TRACON. (See figure 1.) 

returrx in range and azimuth for all 12GO and 5101 coded targets. 21 The data covered a 
time period of 19 minutes from 1 5 5 5  to 16:14. The range and azinuth values were 
measured in relation to the antenna site located at  Newark International Airport The 
geographical area covered by the data was from 210 to 330 degrees (magnetic) in azimuth 
and 0 to 30 miles in range. Radar returns at  this facility are recorded approximately 
every 1.7 seconds. 

The radar groamd tracks showed that at 1608:47, when N3827C initially contacted 

of 2,000 feet. About 1 minute Icter, the mode-C altilude encoder indicated that the 
the New York TRACON, the airplane was flying on a sostheasterly heading at  an aititude 

airplane was maintaining 1,90C feet. Thereafter, N3827C's recorded altitude vaiied 
between 1,900 feet and 2,000 feet until 1611:39, more than 2 minutes before the collision, 
and no further altitude information was received A t  1612:04, the pilot told the controller 
that N3827C was ". . . right now at two point oh [Z,OOO feet] sir"; the radar data 
indicated 25 seconds ewlier a t  1611:37 that the airplane was at  1,900 feet. At the point 
of collision, N3827C was flying a course of about 180 degrees magnetic. 

heading from the point of takeoff until the point of collision. The grou.ld tracic was 
The radar returns of N9G402 showed that the airplane maintained a northeasterly 

slightlk west of the charted course marked on the pilot's chart until 1612:02, when the 
ground track crossed the charted track and continued slightly to the east. At the time of 
collision, the airplane was making good a track of about 62 degrees magnetic. 

The radar beacon code for X96402 was identified by correlating it to N3827C's radar 
data and Kupper Airport, N96402's point of departure. The en route altitudes of N96402 
were assumed becailse the airplane was not equipped with an altitude encoder device. 

- 2! C d e  1200 is the common VFR trenspcnder identifier, related to N96402, and code 5101 
was tk.e discrete code assigned to N3827C. 
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1 limitations of visibility from the pilot seats of the two accident airplanes. 'Ihe time 
Cockpit Visibility Study.--A study was conducted to  determine tne physical 

tistories of the airplanes' flight paths and a i r p h e  flight attitudes were used to  calculate 
relative target locations, i.e., azimuth and elevation angles. These target locations were 
plotted on the composite of the binocular photographs shown in appendix B. (The 

represents the pivotal point about which the head rotates on thi  spinal column. ?he 
binocular camera simulates the human eye and rotates about a vertical axis which 

resulting photegraphs show t9e gutline of cockpit windows as seen by each pilot ana c.epict 
the target airplane as e series Gf  points.) The shaded gray areas within the windows 
outline those areas of the  winciw that are exposed only to  monocular vision of :ne pilot. 
'fie ciata on the photographs in appendix 2 yere produced by using specific eye reference 
points, ATC "smoothed" flight path radar data, a112 computed air?lane attitudes. Because 
the maneuverability of both airplanes would have permitted short-term excursions about 

produced from the data is not precise. 
all three axes which could have gone undetected by the  radar data, the iaformation 

About 75 seconds before the collision, the airplanes were separated by a distance of 
5.7 statute miles (29,960 feet). The closure rzie d<:ring this period was about 400 feet per 
second, or a speed of 236 knots. To N3827C's pilok, N96402 was ai an azimuth of about 
15 degrees right of the pilot's zero eye reference with little elevation. Tc N964028 pilot, 
N3827C remained at an azimuth of about 36 degrees left of the pilot's zero eye reference 
and about 5 degrees below his eye reference. As indicated by the  binocular photographs, 
each airplane entered the monocular vision envelope of the other airplane's pilot about 
45 seconds before the collision. From about 45 seconds before the collision until about 
15 seconds before the collision, N3827C was obscured partially from the view of N954DZ's 
pilot by the left windshield post of N96402. From about 30 seconds tefore the collision 
until 15 semnds before the collision, N96402 was blocked from the view of N3827C's pilot 
by the windshield centerpost of N3827C. About 15 secands before the collision, when the 
airplanes were separated by about 1.2 statute mile (5,435 feet), N3827C entered the 
binocular vision envelope of N96402's pilot, while N96402 would have remained within t h e  
monocular vision of N3827C's pilot. During the 107 seconds before the collision, while the  
distance between the aircraft closed from a range of about 7.76 statute miles (41,000 
feet), the passenger of N3827C had the image of N95402 near his zero eye reference. 

range and time prior to collision, was computed as viewrd by the pilots. From each pilot3 
'Ihe target size of each airplane, expressed as a visual angle and related to slr.nt 

vantage point, the visual angle (VA) of each airplane's foreshortenee length (VAF: and 

binocular photographs. ?he pitch, roll, and yaw attitudes of the airplanes were taken into 
width, Le., wing span (VAW), .('ere calculated for the  last seven points depicted on the 

account. ( S e e  appendix B.) 

ANALYSIS 

airpmes,  and the air traffic cont7oller was fully qualified to perform his duties. There 
?he pilots of both airplanes were properly qualified to operate their respective 

was no evidence that  before tne collision there were any mechanical problems, system 
malfunctions, or communication difficulties involving either airplane. 

The prevaiing weather conditions in the  collision area would not have interfered 
with the pilots' seeing each other. 'Ihe pilots of both airplanes were required by 

~ regulation to  '%see a?d avoid" each other. 
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The pilot of W3827C had advised the "RACON eontroller that he was I3Yintaining 
2,000 feet, although 25 seconds before his advisory the altitude encoder Signal W a s  ( 
indicating an altitude of 1,900 feet at the New York TXACON. The Safety Board places 
no significance in the difference between the reported altitude and the received aititude. 
The airplane may have been at an altitude of slightly less than 1,950 feet, which would 
have caused the enccder to transmit 1,900 feet, or the difference could be attributed to 
the sea level barometeric corrections (QNH) applied to the  pilot's altimeter and the 
ground-bas& altitude decoding equipment 

The pilot of N96402 was operating under VFR throughout the flighl- There was no 
evidence that he had been in radio contact wi th  any flight service station or tower facility 
along his route of flight However, his airplaqe's transponder was trmsrnitting the YFR 
identifier code, which cocld have identified his airplane as VFR traffic on radar. The 
controller said tha t  there were numerouz radar targets in the area; but that he Could not 
recall the movements of any of the VFR targets. Although the target of N96402 would 
have been on the display, the  controller apparently never recognized or perceived it  as 
potential traffic for the aircraft that he was working. 

N96402's track, as plotted on the pilot's New York Area chart, touched the TCA 

pilot's marked route to the TCA boundary provided no margin for dead reckoning 
boundary where the 3,000-foot floor level lowers to 1,800 feet. The proximity of the 

unless the pilot flew 'hrough the  area a? an altitude well below 1,800 feet. The point of 1 
navigational error to ensure that the airplane would remain outside of the TCA airspace, I 

collision was about 1 mile east of the plotted course. hie Safety Bosrd believes that  
N96402 was operating too closely to the TCA airspace, especially considering the fact ;. 

that  the pilot elected not to communicate w:th the facility having jurisdiction over tha t  : 
airspbce. The periphery of a TCA should be viewed with great caution as it is here that : 
there is the  greatest likelihood of intermingIing of controlled and uncontrolled traffic. 

A t  1611:42, H3827C was issued a heading of 170 degrees. The turn was Completed 
at some point betv:een the 1612:07 radar '"nit" and the 1612:12 radar hit. A i  1612:07, the 
controller transmitted ''okay maintain two thousand &\ numerous targets in your twelve 
o'clock position one showing a thotisand feet altitude unverified the other altitudes 
unknown." N3827C's pilot then transmitted "okay roger sir that's Ca.ldwell Airport." A t  
this point, Caldwell Airport would have been in N3827C's 9 o'clock or 10 o'clock positions, 
not the 12  o'ciock position. The Safety B3ard beEeves that the pi1c.t was not looking at  

the controller, and he should have clarified the position of the 1 2  o'clock traffic :o the 
the traffic cailed by the controller. This circumstance should have been recognized by 

pilot. These targets were not evidenced on t h e  ATC radar date recorder during the  
period, possibly because they were not transponder equipped. N96402 would have been 
betwem the 1 o'clock and 2 o'clock positions, a t  a range of aboitt 7 miles. The Safety 
Board could not determine whether it w a s  among thc targets perceived by the controller. 
After N3827C completed its southerly turn and was  establis!ted Ori a collision course with 
N96402, the controller did not identify the N96402 target as conflicting traffic to 

Board notes that the recorded ATC radar data provide evidence that the ?arget of X96402 
N3827C's pilot and, therefore, did not issue a further cadar traffic aavisory. The Safety 

was present on the controller's display. The Boari believes that the controller could have 
and should have observed the potential conflict and issued an appropriate advisory. Since 

cannot determine the reason the controller did not recognize the potential conflict along 
the controller states that he was contincously monitoring ttvz radarscope, the  Board 

either airplane crossed the horizontal TCA boundary. 
the edge of the TCA. The Goard concluded that the collision potential was evident before 
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were several circumstances releting to the altitude question. The l!ew York TFLACOX 
Aiaough there was no definitive evidence to confirm the collision altitude, there 

received the last encoded transponder altitude of N3827C at  l6?1:39, 2 !ninutes 
20 seconds before the collision. A t  1612:04, i mhute 53 seconds before the collision, the 
pilot of W3827C told the controller that he was at  2,000 feet, and. the controller then told 

acknowledged by saying, "okay roger sir, thatk Caldwell Airpore." Because the pilot did 
the pilot to maintain thet altitude, end, in the Same transmission. called traffic. The pilot 

not verbally repeat the altitude, it is not known if he received that part of the controller's 
transmission However, the pilot's reply may have been a single statement, which 

"Okay roger, sir,. . .", which could have been an acknowledgement of the altitude 
responded only to the traffic advisory, or his statement may have been in two parts: (1) 

clearance and ( 2 )  ". . . that's Caldwell airport?', which could have been in response to the 
8d.lisory of the numerous targets at the pilot's 12 o'clock position. Normally, an 

di r r ted by the controller to descend. In this case, the controller would not have 
instrument-rated pilot could be expected to maintain the last assigned altitude until 

descended the airphane farther until the airplane was established inbound on the ILs 
localizer and wss past the Dandy intersection. The pilot had #is inforrnat.ion on an 

reached the descent points Thus, as the preponderence of evidence supports the 
iwtrument approach chart in his possession. At the time of the coliision, N3E27C had not 

conclusion that the collision occurred in the controlled airspace of rhe TCA, the Safety 
Board determines that the accident occurred within the boundaries of the TCA at  an 
altitude of about 2,000 fee t  

of N95402 collided wi th  the side of N3827C's rear fuselage and sheared off the latter's 
The collision damage to N3827C was consistent with witness accounts that the front 

empennage. Paint transfer marks and inward crush damage on N3827C indicated that it 
w a s  hit from the right (see appendix C). Propc-izr slicing across the rear fuselage and the 

at  a 55-degree angle. Based upon the ATC rada- tracking data, the relative approach 
left stabilizer of N3827C revealed that N96402's engine went across N3827C's tail section 

angle was 120 degrees, and the 55-degree propeller marks indicate thzt N96402's heading 

change is believed to have been due to the evasive maneuver by N95402's pilot and the 
w a s  turned significantly to the right when it  struck N382iC's fuselage. This direction 

slewing of N95402 after at1 initial collision betweert the right wings of the airplanes 

Board could not determine why both pilots did not see each other. The Board recognizes 
In view of the favorable weather conditions and the angles of approach, the Safety 

that although both pilots may have been scanning regularly for other traffic, :hey may 
have been distracted at a critical time by chart reading or cockpit fmctions that 

0-erconfident that the TRACON controller was protecting his airspace because his 
interrupted their outside =an pattern. Additionally, the  pilot of N3827C may have been 

airplane had been r a d s  identified, his altitude had b+en acknowledged, and he was flying 

accident was low on the horizon and slight!y to the right of the track of N3827C, the 
in positive controlled airspace. Although the position of the sun at  the time of the 

Safety Board believes that because of the high overcast, the glare cf the sun would not 
have reduced the visual range normally available to tine occupants of N3827C. The sun 
would have been behind the pilot of N96402, and it would not have affected his ability to 
see. 

There was a very limited period of time (107 seconds) for target detection. 
Assuming that the pilots were devoting a reasonable amount of time to scanning, their 
failure to "see and avoid" may have resulted from the difficuities of target detection and 
recognition 



aircraft CoEision are as significant as the physical evidence in explaining why -?gets go ( 
The physiology and performance of the eyes of a pilot %vo:ved in any in-flight 

undetected. The limitations of the human visual system iqfluence a pilot's ability to 
debect a target and explain why targets go undetected even though they appear in the 
pilot's area of vision. The limitations that could have applied to both pilots in this 

sensitivity, empty fieid myopia, and blind spot. 
accident include visual acuity, conspicuity, target detection, target size, motica 

o Visual acuitv. Minimum visual acuity is defined as the  smallest detail 
that the human eye is capablr of resolving at a specified distance. It is 
influenced by the rate of motion, viewing time, and target travel 
distance. 

The relative size aqd viewing angles involved in this accident are illustrated in the 
binocular photographs in appendix 8. It should be noted that the  binocuZar photographs 
produced for this accident used specific eye references, "smoothed" airplane flight paths, 
z,sumei altitudes, and computed ai,.plane attitudes and were not derived from precise 
date. ?herefore, some uncertainty is involved. The composite of binocular photographs 
presented in appendix B is only a baseline for a discussion of visibility factors in this 
accident. 

o Conspicuity. With reductions in contrast, conspicuity of a target 
decreases. The contrast of an airplane against its background is a 

sun, and atmospheric lighting. 
function of t he  reflectance of the airplane surface, the iocation of the  

in this accident, the  contrast of the airplanes would have been gmd enough for each 
pilot to see t h e  other airplane during the times the  other pilot's airplane was in the vision 
envelope of the viewing pilot. The predominantly white airplanes would have been visible 
egainst the homogeneous background of the  overcast sky. 

o Target Detection. Any airpkne structure in a pilot's vision envelope 
acts as a powerful "accommoCation trap," and traffic appearing along a 
line of sight close to a window post may be virtually invisible to tine 
pilot. 3i 

In this accident, during intervals several seconds before collision, bcth pilots were 

of the  pilots to detect the  other traffic. 
limited to monocular vision caused by the windshield framing, which minimized the ability 

o Target Size. Target detection is directly related to terget size when 
reccgnition of its lccation, its luminance contrast, its shape, and amouni 
of background clutter are constant. The humw. eye can detect targets 
as small as 0 2 O ( 1  min) of arc under static conditions with 100 percenj 
Contrast. Target size must be considered as a factor in any ifi-fliF!tt 
collision accidefit. 

-tion - Psycholcgy, The Iowa State Unive-sity Press, 1980; "What You 
See k Not Always What Yoc Get," Dr. R. A. Akov, Approach Magazine, U.S. Navy, 
February 1983. 
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The visual angles of the subject airplanes would have caused the airplsnes to be 
relatively small targets abng the collision tracks, and at Point 1 and Poirt 2 of the 
binocular photographs (see appendix B), the opposing targets were in the monocular vision 
of both pilots. The cockpit visibility study indicated that during the 45second period 
before the collision, the detection of N96402 was restricted by the windshield centerpost 

collision, the image of N3877C was unrestricted in the forward vision envelope of the 
in the vision envelope of N3827C's pilot, and that during the 15-second period before the 

pilot of N96402; however, in the prior 30second period, N3827C was in only the 

neither pilot had a totally unobstructed view of the other airplane, at  least until the 
nonocular vision of N96402's pilot. During the last 30 to 45 seconds before c Jllision, 

target size filled the windshield at  same time between 15 seconds and collision. &Ping  
the 107 seconds before the collision, the passen&er in N3827C had the image of N36402 in 
full view near his zerc eye referenee. 

N3827C's passenger during the time that N96402 w a s  within normal visual range. if the 
It 1s significant That the N96402 target remained near the zero eye reference Of 

passenget had been losking for other airplanes, either on his own or by direction of the 
pilot, he ;night have seen N95402 if, time to avert the collision. It is also noteworthy that 
by leaning forward to look around the windshield posts, both pilots would have increased 
their opportunity to see the other airplane in their full vision envelope. 

o Motion Sensitivity. Peripheral vision, although lacking the necessary 
acuity to recognize or identify objects, does have motion sensitivity. 

by the required eye and head movements so that the target is viewed 
Thus, the eye wi?'. sense the peripheral motion and fixate on the target 

foveally. 

In this case, the binocular photogray% (see appendix B) indicate 3 a t  relative motion 
of the accident airplancs was not significant and both targets remained relatively 
stationary in the vision envebpes of the pilots during the last 60 seconds before the 
collision. 

o Empty Field Myopia. This phenomenon can occur when a pilot searches 
a homogeneous field, such as when flying during a hazy overcast day, 
over water or snow, at night, or at high altitudes Curing this 
phenomenon, the eyes tend to relax their focus to a resting 
azcommodation distance within the cockpit. 

been viev;ed against the homogeneous overcast sky. 
This typr  of myopia may have occurred in tinis accident 9s both targets would have 

o Blind Spot. A defect of the hrman eye is located where the optic nerve 
attaches to the retina. This defect is normally compensated for as one 
eye can see objects in the blind spot of the other. However, a problem 
arises when viewing targets near obstructions at angles of 45 degrees or 
more without head movement. The only way to alleviate the problem is 
for thc observer to turn his head so that his field of vision is always 
withi? 15 degrees of cen:er. 

i 

If at times, as in this aceident, a pilot's sight was limited to monocular vision and 
'' tie target of concern was in the blind spot of the eye, target detection capability would 
: be minimized ai leest, and possibly ehminated. 
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VFR or IFR, to exercise the utmost vigilance to identify and react to potentially ( A safe Wight etdronrnent requires all pilots, whether i’ney considzr themselves to be 

haz.ardous traffic. As the Safety Eoard has stated previously, 41 the fundamental rule of 
ccc:pit discipline is vigilance for other traffic. The ci,iticali?y of this responsibility is 
e?%hasized by the midair collision accident data fron 1957 through 1982, when there 
were a t o t e  of 678 midair collisions, which revtlted in l , . i50 fatalities. (See appendix D.) 
Genera: eviation eir?raft were involved in 608 of these E-cidents. In 1982, there were 36 
midair collisions th:ougbout the United States which resuite.! in 59 fatalities. 

A recent Nationa! Aeronautics and Space Administration study?/ on near midair 

not known to ATC. The report stated that many pi:ots under rjdar controI believe that 
collisions found that one-kdlf of 78 near midair collisions in TCA’s i.?volved one airplane 

t”iy wil! be acvised of traffic that is in a potential conflict. These pilots tend to relax 

conflicting airplane, t h y  tend to  look for it to the  exclusion of scanning for other traific. 
their visual Scan fJr snother airplane untii warned of its presence, and w3en warned of a 

In many midair collisions, including ?his accident, if both airplanes had been 
equipped with altitude encoders, the controller would N v e  been better able to recognize 

pilot of the potentiai conflict with the VFR traffic. The installation of an altitude 
the potential conflict of the two airplanes, and the  controller could have warned the IFR 

encoder in N96402 might have prevelted this accident. The Safety Board encourages 
owners of airplanes that are not equipped witn encoders to  instal? the altitude-reporting 
devices as ai? effective safety measure and to opxa te  the encoder routinely. in a n y  
event, pilots of airplanes without encoders shculd comply with the advice contained ir. 
Chapter 3, section 3, paragraph 976(2Xd) of the AIM which s t t tes  that pilois of airplanes 
without encoders should maintain wide separation from the  boundaries of positive 
controlled airspace because even if they are observed b17 the controiler, their airplanes 
may not be considered by the  controller as conflicting traffic. 

Since 19F9, the Safety Board has expressed concr-n regzrdirg the probierns of ’’ 

midair collisions and nas conducted special studies and public hearings. To date, the 
Board has issued 74 safety recommenCations to prevent midsir coilisions (see appezdix E). 

airplanes in visual flight conditions, midair coll:cions crjntinue to occur as evidenced b)l 
However, regardless of :he improved operating environment provided :o seGarate 

primary responsibility to avoid collision rests with the indididua! pilot. 
the annual collision record. Steadfastly, the Safety Board nas emphasized th&: the 

In 1969, the  Safety Bosrd conducted a public hearing into thne midair collision 
problem. A t  this  hearing, witnesses drew attention to the fact that, uplike the programs 

tc look for and to perccive other aircraft. At that time, the Board recomlnended t’tat the 
of the military, there was no required or optional training of civilian pilots in techniques 

detection and thus make the time :he pilot is looking outside the cockpit more productive. 
F A A  require pilots to be given ground treining in scanning programs to optimize aircraft 

The Board further recommended on a priority basis thnat detection training equipment be 
developed and made availa5le t’3 private pilots (Recommendation A-70-8). The F.AA 
rejected these proposals and the Safety Board classified the recommendation as ”Closed-- 
Unacceptable Action.” 

- “Aircraft Accident Reports Brief Formst, Issue No. 4,“ NTSU 1981. 
- 5 /  \ Study of Near Midair Collisions in US. Terminal Airspace,” Billings, G1.8yson. iiccht 
and Curry, Xltional Aeronautics and Space Aeministration TM 81225, August IY80. 
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In February I.P?i, the Safety Board recommended that t!e pilot trainiry: 
requirements in the Federal Aviation Reguiatims be amended to require tine addition of 
scanning techniques to the training syllabus fRecomlnendstion A-71-12). In response to 
this safety recoi.?:nendation, the  FAA issued an advance notice of proposed rulemakimg 
(ANPRM) to solicit public comments concerning the subject training. !n an interim 
response to the  Board, the  FAA stated that its ailalysis of the public comments was not 
complete, but that the majority of those Tesponding either were o?posed to the proposal 

development was accomplished. Further, the FAA stated that a reseefch progrzm W m k 2  

or recommended that  further action not be taken uniil additional research and 

be necessary to validate the transfer of training to  actual fliiht operations er.3 pei.mit the 
development of appropriate training methods and a ids  The FAA stateu that research was 
currently in progress and that development efforts  involved detaiied human factors 
stucies relative to scenniag, detection, evaluation, and selection of ine appropriate 
maneuver. m e  fhdings of the program were to  be applied '0 general aviation pilots, 
flightcrew training, ani, procedural revisions OE April 23, 1971, based on the stated 
intentions of ihe FAA, the Safety Board classified the recommendation ES ''Closed- 
Acceptable Action." However, to date, further FAA action on the safety recommendation 
h a s  not been forthcoming. 

The Safety Board recognizes tnat the  FAA emphasizes ihe  potential hazard of a 
midair collision and the importance of OUtQf-COckpit vigilance through f!ight i3StrUCtGr 
clinics, air carrier and aw taxi evaluations, and biennial flight reviews. In the F.4A's 

the Aircraft Owners and Pilots Association's (AOP;.) prograrn called "Take ?'..io and See" 
Advisory Circular, AC9048C, Pilot's Role In Collision Aboidance, the FAA cheracterizes 

as 'I. . . an excellent educational program designed to inform pilots on effective visual 
scan techniques" The Board also considers this to be an excellen: program. :ioweJer, in 
1973, as a result of its investigation of a midair collision, g/ the Board recommended that 
the F.4A: 

Establish a requirement for pilots to be trained in the techniques of time 
shering ketween visual scanning foe airbane targets and cockpit duties. 
(-4-73-28) 

In 197-1, this recommendation was classified by the Board as "Closed-Unacceptable 
Action!' after the FA.4 did not act to establish such a requirement. The Safety Board 
notes the fact that the FAA has continued to stress the importance of scanning, but the 
Board believes that ttze FAA has not provided enougb emphasis on specific tee!-aiques of 

believes that this type of information and the information already contained i; Advisory 
scanning such as those contained in tht- AOPA program 'Take Two and See." i l e  Board 

Handbook," "Instrument Flying Handbook," "Pi;ot's Handaook of Aeronautica! Kncwledge.!: 
Circular AC93-48C shcuid be included in FAA publications such as  "-3ight T'Taining 

or the AIM to the extent that there would no Ionger be a need to  publish t x  infs,.n?ation 
separately in a less popular, seldom-rea2 format. The Board considers this :o be as  
important as t he  familiar subjects of map reading, weather synbology, an6 pilotage. 

- 5,' Aircraft AcciJeat Report--"North Central Airlines, he., Ailison Conveir 3-10;440 ( L V -  
jSO), N90858, and Air Wisconsin, he., DHC-6? N4043B, near Appleton, KiWOilSin. june 29, 
1972" (NTSU-AAR-73-9). 
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The sy:em of providing separation is not error-proof, nor in Ey probability will i t  
ever be. Conflictkg traffic, pa-ticularly near the boundarie7 of a TCA, may be a threat { 
detectable onPj by pilots, and then only if they are looking for it. There may be one 
common denominator to all midair collisions, and that factor might be described as pilot 
complacency particularly when an sirplane is under positive control. The Sarety B0e-d 
emphasizes es an essen td  part o f  a collision avoidance program that separation can be 
maintained most effecliveiy by pilots who recognize that outside scanxing must be an 
aggressive procedure. Target recognition is a difficult task, and pilots must learn to  train 
themseives to ilse h a d  and body movements as well &-. eye movements in a phnne6 
Scanning pattern to overcome the limitations or, target detection in order to be able t o  
taka timely evasive action. 

CCNCLSIONS 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

The airplanes were certi€icPted, equipped, and xaintained in acccrdence with 
Federal regulations and approved procedures 

About 2 minutes before the collision, the New York l'ermina? Redar Approach 
Control radar ceased recording transmissions fram the eititude encoder of 
N3827C. X96402 was not equipped with an altitude encoder. 

The pilots were certificated proper2g. There was no evidence cf pieexisting 
medical or physiological. problems that might havz affected their performance. 

The radar controller was qualified as a full performance level controller. He 
also was medically qualified. i. 

The weather was clea: at the  collision altitude. 

The airplanes were operating under visual flight rules. N3827C was being 
radar vectored by the New York Termina; Radar Approa711 Control for 8 
practlce ILS (instrument hnding system) approacn ?o runvay 6 at TeLrSoro 
airport. 

The pilot cf N96402 did not hav+ radio contact w(th an air traffic fecility. 

The cockpit visibility study indicated the: during the  45second period befcre 
the collision, the  de?ection oT N96402 was restricted by the  windshield 
centerpost in tine vision envelope of N3827C's pilot, a c d  :;lat juring the 15- 
second period before the  collision, the image of N3827C was unrestricted in 
the fwward vision envelope of the pilot of M96402; however, in the pricr 35- 
second period, N3827C wes in only the monocdw vision of N96402's pilot. 

&ring the last 30 to 45 seconds before colllsion, neither pilot had a tothlly 
umbstructed view of the other airplace, a t  least until the target size filled the 
windshield at some tine between 15 seconds and collision. 

During the 1@7 seconds before the collision, the passenger in N3dS7C had the 
irnege of N96402 in full view near his zero eye reference. 



-17- 

11. The circumstances of this accideklt bvoive proXems nssociatd Wit!! the 
limitations of human vision and the inherent dil^ficdties of perceiving, 
recognizi?g, az3 effectively avoiding a collision with ano'her airplane. 

12. If both airplanes had been equipped with sltitude encode: devices, the 
controller would have been better able to recognix the potentia: co;lI&?t Of  
the  NO airplanes. 

13. The controller could have and should have &sene? the potentia! traffic 
conflict and isme2 an appopriate adviscry. 

14. The Safety Board determined that the ..dllision occdrred in the controiled 
airspace of the New York Terminal Control Area. 

Prchsble Cause 

The National Transpormtion Safetb- Boar4 determines that the probable cause of this 
accident was t h e  failure of the pilots to exercise adequate .:igilance to detect and avoid 
each other. Ti.? failure of the piiots may have been due to the limiiations of human vision 
and t h e  inherent difficulties of perceiving, recognizing, and effectiveiy avoiding a 
collision. Contributing to the accident was the failure of the pilot of X96402 eitner to  
keep clear 0." the New York Terminal Control Area or tu avail himself cf ihe traffic 
advisory capabi:it>l of the New Ycrk Terminal Radar Approach CortroL Aiso contributing 
to the  accident was the failure of the controller to shserve the  potential conflict ana to  
adequately convq  traffic information To N3827C. 

RECOMMENDATIONS 

As a w%lt of its investigation of this accident, the National Transportation Safety 
Board recomrended tina, the Federal -4viation .4arninistra'ion: 

ACYO--28C, "Pilots Role In Collision Avoiaance," and information such 2s 
Consolidate information cr, visual scan techniques in Advisory Circular 

tha; contained i l l  the Aircraft Owners and PCots Association's program 
"Take Two a id  See,'! regarding visual sc3n techniques, in one or fiiore 
pblications that are referreu to hy pilots on e continuing basis. (Class 
n, Prio;ity Acrion; (A-83-54) 

twgets in written examinations for pilot licenses. (Class II, Priority 
fnclude questions regarding visudl scanning techniques for airborne 

iction) (X-83-55) 
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APPENDIX A 

APPROACH CBAET FOR lLS RUNWAY 6 
TETERBORO, N E W  JERSEP 

MUSED U ~ O A O C ;  Climb to 1OOO'. then climbing LEFT turn to 2000'via 
wtbound T€0 vOR R-335 %o PATEUSON \MIND5 and hot& 

STIIAIGHT-W LANDING RWY 6 
us I LOC(GS.rC 

flPCLE.?O-L*NI 



APPENDIX 13 

BINOCULAR PIIOTOGRAPIIS 
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DEGREES LATERAL VISIBILITY 

THE ACCURACY OF THESE ILLUSTRATIONS IS LIMITED BY 
THE PROCESS BY WHICH THE ILLUSTRATIONS WERE PRODUCED. 
THAT IS, THE ILLUSTRATIONS WERE PRODUCED FROM TRACINGS 
OF THE ORIGINAL BINOCULAR PHOTOGRAPHS. 

CALCULATED FLIGHT PATH OF c - l m  
FROM ABOUT 105SEC. TO 16 SEC. PRIOR 
TO COLLWIDN IPOINTS 7-11. 

COCKPIT VISIBILITY 
AERO COMMANDER 560E 
VlEWlNQ CESSNA 18OQ 
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DEGREES LATERAL VISIBILITY 
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NOTE: BLACK AWEAS REPRESENT OBSTRUCTED VISION. 

CLEAII AREAS REPRESENT BINOCULAR VISION 
SHADED AREAS REPRESENT MONOCULAR VISION. 
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/ I   CALCULATED FLIQHT PATH OF c.tm -135 
FROM ABOUT 105 SEC. TO 16 SEC. PRIOR TO COLLISION (POINTS 7-11. 
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RELATIYE: AIRPLANE POSITIONS AT IMPACT 
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APPENDIX E 

MIDAIR COLLJSION RECOMMENDATIONS 
PREVIOUS SAFhElT BOABO 

prevention study entitled "Midar Collisions in U.S. Civil Aviation." ?he study of 38 
In July 1969, the National Transportation Safety Board issued a special accident 

midair collisions, which occurred in calendar year 1968, involved 76 aircreft; 24 of the 38 
collisions resulted in 71 fatalities--all occupants of general avistion aircraft. As a result 
of this study, the Board 'sued 14 recommendations on July 23, 1969. 

On November 4, 1969, the Safety Board convened a public hearing for the purpose of 
inquiring into the cause and prevention of midair collisions. me Board, sitting en bane, 
heard the testimony of 26 witnesses, including representatives of the United States 
Government, t he  aviation industry, and members of the public. As a result of this 
hearing, the Board issued 4 recommendations on June 30, 1970, and 11 recommendations 
on February 22, 1971. 

On June 7, 1982, the Safety 30ard adopted a special study entitled "Midai? Collisions 
in U.S. Civil Aviation 1969-1970." This study updated the i968 midair collision study aEd 
included a review of the 1969 and 1970 midair collision accidents. As a result of this 
study, t h e  h a r d  issued 10 rPcommendations on September 21, 1972. 

Since 1969, in addition to the 39 recommendations issued as a result of these special 
studies and the public hearing, the Safety Board has issued 35 other recommendations to 

inherent dmgers of the "see and avoid" environment. At least s a  of these safety 
minimize the hazards of midair collisions and to e3phasize to the avir.' ' f i ~  community the 

recommend8tions apply to  this accident. 

4-71-12: Amend the pilot training requirements in the  Federal Aviation 
Regulations to reqcire ?he addition of scanning techniques to the training syllabus. 

A-71-51: Institute 8 program to provide m9re publicity to the existence, function, 
and use of the FAA Radar Advisory Service in those instanc?s where VFR flight is 
required through high-dersity traffic area. Consickration should be givm to making 
the request for such service a mandatory procedure. 

A-72-15?: Develop a totai midair collision prevention system approach to incluce 

of collision avoidtince systems and proximity warn&- instruments that we cost 
training, educAtion, procedures, ATC equipment and practices, and the developinent 

feasible to the genera! aviation community. 

sharing between vlsuaf .:canning for airborne targets ana cockpit duties. 
A-73-28: &ta5k?. a requirement for piiots to be trained in the techniques of time 

A-73-37: Expedite ?he development and issuance of national standards for sJstems 
to provide protection frem midair collisions so that the indutry can proceed without 
further delay to develop a?d market economically viable hardware. 
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A-79-74: Presc-itie a method to insure that a1 general aviation pilots are tested ~ 

periodically on ATC radar procedures, radar services, pilot/cor~troller relatioriships, 
and ATC clearance as appropriate to the.ir Dperations. i 

Safety Recommendations A-71-12, A-71-5i, and A-72-15: as "Closed--Acceptable 
As a result of  responsive actions taken by the FAA, the Safety Board ckssif ied 

Action," classified A-73-32 and A-79-74 as llClosed-Acceptable AlUterne;e Action," and 
classified A-70-8 and A-73-28 as "Closed--Unacceptable Action." 


