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"In modern military flying, irregularities of knowledge concerning 
position or direction in flight are causing losses of near-catastrophic 
proportions . . . .  This phenomenon of spatial confusion affects everyone 
who flies . . . .  When it is severe . . . it is one of the most lethal of all 
occupational hazards."--Colonel H. G. Moseley, USAF ( M C )  

U N F O R T U N A T E L Y  aircraft ac- 
cidents under instrument con- 
ditions are not rare. During 

the period of July 1, 1957 through 
June 30, 1958 the Air Force experi- 
enced 116 such major accidents. By 

type of accident are high. In those 
considered, 111 aircraft were destroyed 
and sixty-five pilot operators were 
fatMly injured. Accidents of this kind 
emphasize .the dependence of pilots on 
aids external to themselves, particular- 

T A B L E  I .  H A Z A R D  A T T E N D A N T  T O  A C C I D E N T S  

O C C U R R I N G  D U R I N G  I N S T R U M E N T  R E F E R E N C E ,  

B Y  A I R C R A F T  T Y P E  

USAF/ANG Major Accidents 
July 1, 1957 to June 30, 1958 

Aircraf t  T y p e  

Iet  a i rcraf t  
F ighter  
Tra iner  
Bomber  

~on- je t  a i rcraf t  
Tra ine r  
Bomber  
Ca rgo /T rans .  
Liaison 

to ta l  

Aircraft 
or Pilots 
Invo lved  

104 
57 
31 
16 

22 
2 
6 

13 
1 

126" 

N u m b e r  

Pi lot  
Aircraf t  Opera tor  

Des t royed  Fatal i t ies  

92 51 
50 27 
28 17 
14 7 

19 13 
2 1 
5 3 

l l  8 
1 1 

111"* 64t  

Aircraf t  
Destroyed 

88 
88 
90 
88 

90 
100 

83 
85 

100 

Per Cent 

Pilot  
Opera tor  
Fatal i t ies  

49 
47 
55 
44 

62 
5O 
5O 
62 

100 

*Includes 10 secondary a i rc ra f t /p i lo t s  involved in collisions. 
**Includes 7 secondary aircraft .  

~Includes 4 pilots in secondary aircraft .  

88 51 

far the greater portion of these in- 
volved jet equipment with jet fighters 
being most frequently involved and 
jet trainers only slightly less so, (Table 
I). Regardless of the aircraft type, 
however, the losses associated with this 

Fro,m the Directorate of Flight and Mis- 
sile Safety Research, The Inspector General, 
United States Air Force. 

ly when visual contact is lost. 
The magnitude of the problem is 

graphically ,portrayed in Figure 1, 
where the hazard associated ,with ac- 
cidents which occur under instrument 
conditions is compared with the hazard 
associated with all major accidents. 
When all major accidents for the 
period were considered, 55 per c e m  
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AIRCRAFT ACCIDENTS--ZELLER ET AL 

resulted in aircraft  destroyed. As im- 
pressive as this figure is, it pales by 
comparison with the 88 per cent of 
the aircraft which are destroyed when 

Non-jet accidents under in.strument 
conditions were more critical. Al- 
though ,they ~cconnted for ,only 9 per 
cent of the accidents, they were re- 

Fig. 1. Relative severity of major acciden,ts occurring under instrument 
conditions, July 1, 1957-June 30, 1958. 

the accident occurs under inst'rument 
reference. The pilot fatal ratio is 
equMly depressing. For  the periods 
considered, one-fourth of all major ac- 
cidents resulted in fatality to ,the pilot 
operator. Accidents under instrument 
conditions during the same period re- 
sulted in the 1,oss of over half of the 
pilot operators. 

The impact of these types of acci- 
dents on the over-aU Air Force acci- 
dent picture is shown in Figure 2. Jet 
aircraft accidents under instrument 
conditions (12 .per cent' of all of the 
accidents experienced in jet aircraft 
during the period) accounted for one 
out of  five of the jet aircraft  destroyed 
and for one out of five of all t,he pilots 
lost in jet operation during t'hat period. 

sponsible for one out of five of the 
aircraft destroyed and over 'half of  
the pilot fatalities in non-jet aircraft. 

By far t'he greatest portion o.f ,the 
accidents under instrument reference 
occurred in flight under normal condi- 
tions. Acrobatics, low altitude bomb- 
ing maneuvers, and other critical types 
of operation were insignificant in terms 
of numbers. 

The most frequent accident type was 
collision with ground or water and the 
second most frequent was the aban- 
donment of the aircraft while it was 
still in operating condition because of 
such emergencies as impending fuel de- 
pletion or because the pilot was lost 
(Table I I ) .  The collisions with ~he 
ground or water, in .most instances, 
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AIRCRAFT ACCIDENTS--ZELLER ET AL 

were completely unanticipated and 
gave the pilot no opportunity fo.r es- 
cape. This type of accident ahnost by 
definition exceeds the structural de- 

were most frequently contributing fac- 
tors. Since the accidents under con- 
sideration occurred under instrument 
conditions it would be expected that 

Fig. 2. Impact  of accidents occurring during instrumen.t reference flight on the Air 
Force accident records, July 1, 1957-June 30, 1958. 

sign limits of hoth the aircraft  and the 
man and can result only in fatality to 
the pilot and destruction to the air- 
craft. 

An accident under instrument con- 
ditions involves a breakdown of the 
equipment, the auxiliary aids, ,the man, 
or of the interaction between them. A 
list of the specific failures is shown in 
"Fable l ll. Here both the factors 
which were considered the primary 
cause of the accident as well as all 
causes are listed. As is usually the 
case, the pilot operator was responsible 
m,ost often for the accident, although 
various .types of unsafe conditions 

weather would be a majo.r factor. The 
validity of this expectation is indicated 
by the sixty-one instances in which 
weather was implicated. In spite of 
this, 'however, in only one accident was 
weather considered the primary cause. 

To a great extent the high portion 
oil pi,lot failure under adverse weather 
is a ,matter of experience. An evalu- 
ati.o.n of the pilots' weather flying in- 
dicates that jet pilots involved in acci- 
dents had an average of less than 
ninety ,hours of weather flying while 
those involved in non-jet accidents had 
an average approximately twol times as 
high, that is, ~bo,ut 185 ,hours. This 
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AIRCRAFT ACCIDENTS--ZELLER ET AL 

limited experience is, however, not 
only associated with accident pilots 
since a sample of comparable non-ac- 
cident pilots had approximately the 
same levels of experience. 

Although equipment failures occur, 
these are not frequent and seldom are 

its simplest form, involves a machine 
in operating condition, a man func- 
tionally intact, and interconnecting 
links between the man and machine. 
These in aircraft pilots are in the form 
of instruments which give the man in- 
formation regarding the functioning o.f 

T A B L E  I I .  MOST F R E Q U E N T  I N S T R U M E N T  R E F E R E N C E  A C C I D E N T S *  

BY P H A S E  OF O P E R A T I O N  BY A C C I D E N T  T Y P E  

USAF/ANG Major Accidents 
July 1, 1957 to June 30, 1958 

Phase of Operation 

In flight 
Normal 
Tactics/maneuvers 

Landing 
Approach 
Other 

Other 
Takeoff 
Go-around 

Total 

Total 

65 

19 

17 

1--76/--- 

Colli 
Grd/~ 

1 

4 

ion 
rater 

Type of Accident 

Abandon Mid-Air Fire/ 
Aircraft Collision Explosion 

2o I 

; 0 0 

33 - - I V I - -  

4 
I 

0 
0 

1 
0 

Spin/ 
Stall 

*Pertains to 101 (87 pet" cent) of the accidents reviewed. 

stffficiently devastating to ,precipitate an 
immediate action. Likewise there is 
seldom a complete breakdown of the 
auxiliary aids. I.t is rare, for  example, 
that weather personnel fail to relay 
proper weather information or that 
there is a breakdown of such auxiliary 
aids as Ground Control Approach or 
of landing facilities. 

Hence if there is rarely a complete 
breakdown of any of the fundamental 
systems, that is, the man or his equip- 
ment, most accidents must be the resu.lt 
of a par,tiM fai,lure of the man-machine 
complex or .of the inner connecting 
links .which relate the various parts of 
this complex. An examination of the 
actual accidents indicates that this is 
the case. It is rare indeed that an ac- 
cident is completely the result of a 
single failure. 

The operation of any system, which 
involves the man and machine in an 
integral man-machine combination in 

the equipment and controls which can 
be used to modify that functioning 
once a decision to do so 'has t)een made. 
These interconnecting links are most 
cri,tical in instrument-flying. Unless 
the instruments which the man must 
rely upon are completely and imme- 
diately dependable and designed so that 
the information they imga'rt cart be 
gleaned rapidly and efficiently, difficul- 
ties are sure to arise. This problem 
has been recognized for  some time and 
much ,has been done toward developing 
instrumen,ts which are designed fo,r 
maximum usability by the human oper- 
ator. The  present attempts, by the Air 
Force as well as .other agencies, to 
develop improved systems are the re- 
sult of clear recognition of the prob- 
lem. Unfortunately the amour~t of 
emphasis which has been placed upon 
the development of basic aircraft  per- 
formance has not been matched by a 
comparable amount of attention di- 
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AIRCRAFT ACCIDENTS--ZELLER ET AL 

rected toward facilitating the use of 
the basic equipment in ,terms of man's 
inherent strengths and weaknesses. It 
would be desirable to state that the 

erally superior ,to the 'moving aircraft- 
fixed horizon' type but actually the 
only acceptable one for maneuvering 
flight." This appears to 'be a statement 

TABLE III .  CAUSE FACTORS IN ACCIDENTS 
OCCURRING UNDER INS TRUMENT CONDITIONS 

U S A F / A N G  M a j o r  Accidents  
J u l y  t ,  1957 to J u n e  30, 1958 

Cause Factors 

Pilot operator 
Poor technique in flight 
Poor technique in pattern 
Incorrect operation of misc. equipment 
Improper flight preparations 
Incorrect operation of procedure, power plant 
Incorrect operation of wing flaps 
Incorrect operation of fuel system and controls 
Incorrect operation of electrical equipment 
Mistreated airframe 
Poor technique in takeoff operation 
Miscellaneous unsafe acts 

Supervisory personnel 
Inadequately superwsed airerew training or operation 
Inadequately provided aircraft maintenance 
Weather personnel failed to relay weather condltiom 

Unsafe conditions 
Weather 
Engine (turbine) 
Instruments 
Airbase, landing aids and areas 
Mrframe 
Electrical system 
Fuel (out of) 
Power plant components 
Communications 
Fuel system 
Landing gear 
Oxygen system 
Flight control system 
Airways system, navigatiou aids 
Survival and personal equipment 
I~leating, ventilating, pressurization 
Ordnance 
Engine, reciprocating 
Miscellaneous conditions 

Cause undetermined 

Total 

Total 

107 
55 
17 
l0 
5 
3 
2 
'2 
1 
I 
1 

10 
52 

40 
11 
i 

183 
61 
16 
11 
I0 
8 
7 
5 
5 
5 
4 
4 
3 
3 
3 
2 
i 
I 
I 

33 
25 

367 

Primary 

52 
33 
11 

1 
2 
2 

1 

5 

5 
13 

9 
4 

26 
1 

10 
2 
1 
1 
2 
0 
2 
1 
1 
0 
0 
2 
1 
0 
0 
0 
1 
1 

28 

116 " 

current problems associated with in- 
struments were soon to be eliminat'ed, 
bt~t a critical survey of the current ef- 
forts wou,ld suggest that all-inclusive 
solutions are not immediately impend- 
ing. In this regard, t~wo quotations are 
presented showing the divergent opin- 
ions of members in two major groups 
working in the instrument area. The 
first of these states: "The evaluation 
of this indicator and related tests . . . 
have resolved irrefut'~bly the 'inside- 
out' 'outside-in' controversy. The 
'fixed aircraft-rrroving horizon' type 
display was not only shown to be gen- 

which indicates great progress. A per- 
usal of the second, however, clouds the 
optimism gained and suggests that the 
state of development is not as far  ad- 
vanced a.s could be desired. This states : 
"At  . . . .  simulation studies indicate 
that the moving aircraft  symbol pres- 
entation produces measurably superior 
performance with fewer control re- 
versals than does .tile .moving ,horizon 
presentation. This superiority is due 
to the use of psychologically correct 
display m'ovement relationships in the 
moving aircraft' symbol presentation." 

I f  sufficient interest is aroused 
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AIRCRAFT ACCIDENTS--ZELLER ET AL 

and enough effort expended, major in- 
novations in instrument concepts will 
undoubtedly restflt. Pending this, how- 
ever, there are many problems with 
individual instruments which need to 
be considered if present-day flying is 
to be made as safe and effective as pos- 

drum type altimeter and .the tape type. 
The drum type Mtimeter which is being 
developed will effectively prevent 10,- 
000 foot misreading errors but still 
allows 1,000 foot misinterpretation 
errors at critical a.lti.tudes. I t  also may 
prove to be basically incompatible with 

HABIT INTERFERENCE 

SENSITIVE MAXIMUM ALLOWABLE 

AIRSPEED INDICATOR 

SENSITIVE AIRSPEED INDICATOR 

Fig. 3. 

sible. Evaluating the accidents Which 
occurred under instrument cond.itions 
indicated it was usually not possible to 
define the foca,1 point of the break- 
down. This was particularly true when 
the problem was associated with such 
factors as interpretability or instru- 
ment interrelationships. There ~re in- 
stances of actua,1 instrument break- 
down which are known ,to have been 
contributing factoa's. 

Historically the single instrument 
which 'has been recognized for the 
,longest time as being inadequate is 
the altimeter. The need for a pres- 
enta.tion of greater accuracy giving a 
more immediate respov/se and having 
greater interpretability was document- 
ed many years ago. Current efforts to 
improve this situation involve both the 

JANUARY, 1961 

Habit interference. 

the airspeed indicator with vehich i,t 
is often used. Whereas the outside dial 
of the airspeed indicator is in units of 
100 and the drum in units of 10, the 
outside dial of the altimeter is in units 
of 100 and the inside dial in unR's of 
1,000. This may wel,l lead to difficulty 
in interpretation. 

The tape type altimeter appears to 
offer advantages. When it incorporates 
a servo-driven mechanism to increase 
its sensitivity and a non-linear tape to 
promote accurate interpretation during 
critical altitudes, marked improvement 
in usa~bility should result. The major 
disadvantage of such a presentation is 
that unless used in conjunction with a 
fail-safe feature which will continue to 
provide information in the event of an 
electrical failure or with an auxiliary 
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A I R C R A F T  A C C I D E N T S - - Z E L L E R  E T  A L  

instrument, the pilot may find himself 
without a,ltitude information at a criti- 
ca.1 time. 

A reverse .presentation which has 

Other instruments are a.lso known 
to have contributed to accidents when 
there was an actual malfunctioning 04 
the instrument itself (Table IV) .  As 

TABLE IV. INSTRUMENT INVOLVEMENT IN ACCIDENTS 
USAF/ANG Major Accidents 
Jan. 1, 1956 to Dec. 31, 1958 

Malfunct ion  or Fai lure 

Fuel quan t i t y  
Airspeed indicator  
At t i tude  indicator  
Gear  posit ion indicator  
Gyro  compass  
Al t imeter  
Tail  pipe temp.  indicator  
Other  

Total  

Repor ted  
Ins tances  

23 
15 
11 
10 

7 
6 
3 
8 

s 3 - -  

Aircraf t  
Dest royed 

17 
9 
9 
I 
4 
4 
2 
6 

52 

Fatal i t ies  

13 
5 
5 
0 
3 
3 
8 
7 

44 

caused difficulty involves two airspeed 
indicators which were in the Air Force 
inventory at the same time. This situ- 
ation has been corrected. However,  in 
at least one instance before this was 
done an expensive aircraft  and a flight 
crew were lost, probably as the result 
o.f the conflicting presentaions. Indi- 
cations are that the pilot who used the 
position of the airspeed indicator rather 
than actually reading its value as a 
means of determining whether or not 
performance was normal at certain 
phases during takeoff and climb-out 
noted an unusual configuration and 
misinterpreted its meaning. He ap- 
parently then lowered the nose in order 
to gain ai.rspeed which he assumed 
was low and in the process lost control 
of ,his aircraft. An examination of 
the two airspeed indi.cators (Fig. 3), 
both of which are indicating 310 knots 
will s'how the ease wi.th which this 
error could occur. In the accident in 
question, the pilot had ,been informed 
o,f the change in indicator ,presenta- 
tions but this was his first flight with 
the alternate presentation as opposed 
to over 500 'hours of experience with 
the one to which he was accustomed. 

suggested previously, if it were ,possi- 
ble to make accurate .determination of 
other instances in which .the presenta- 
tion itself contributed to acc}dents, the 
numbers would undoubtedly be much 
higher. A.ttitude indicators, for  ex- 
ample, are instruments which are 
known to 'have precipitated accidents 
even .though there was no, malfunc- 
tioning of the instrument itself. One 
of the problems which has been docu- 
mented in regard to this instrument is 
that of its lag, in reflecting the cor- 
rect attitude, partigularly .during criti- 
cal portions of the flight such as im- 
mediately after takeoff under instru- 
ment conditions. The tendency for the 
instrumen, t to indicate erroneous .turn 
and bank information during hiffh speed 
maneuvers is also.critical. Both of these 
design li.lnitations have ,been recognized 
and are well known to pilots but re- 
main contributing factors in accidents. 

A cockpit deficiency which has prov- 
en particularly serious from the stand- 
point of fatal accidents, relates to the 
channel .or mode selector and the fre- 
quency indicator which are standard 
parts of aircraft communication equip- 
ment. The location of these rather than 
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AIRCRAFT ACCIDENTS--ZELLER ET AL 

the ,basic reliability of the equipment 
has been the demonstrable cause of air- 
craf.t accidents. Repeatedly under in- 
strument conditions accidents have oc- 
curred when the pilot was required to 
change channels or modes at a time 
when maximum concentration on in- 
struments was essential. In order to 

particularly during critical phases of 
flight. 

Other .presentations which are par- 
ticularly important r the pilot are the 
various warning systems (Table V) .  
There is no presentation demanding 
greater reliability than one which in- 
dicates that a !basic malfunctioning has 

T A B L E  V. W A R N I N G  S Y S T E M  F A I L U R E S  

USAF/ANG Major Accidents 
Jan. 1, 1956 to Dec. 31, 1958 

Unsafe Conditions 

Fire warning systems 
False warning 
Indicator 
Wiring 
Detection 

Gear warning system 
Fuel warning lights 

Total 

Number Aircraft 
Accidents Destroyed 

6 
�9 6 

4 
2 

- 1 9  2 2 

Fatalities 

10 
2 
4 
I 
3 

0 
0 

10 

use this equipment in some aircraft, 
the pilot is required to change .cvntrol 
of the aircraft to the .left ~hand and to 
then lean forward and downward while 
turning his head in order to .complete 
the channel changes. The reflex action 
of the body is such that it is very dif- 
ficult to maintain the aircraft in a 
prescribed attitude with the body in 
this position. Addi,tionMly the quick 
straightening of the body is conducive 
to a Coriolis type disorientation. The 
combination of this with an unexpected 
instrument presentation when time is 
at a minimtan is directly conducive to 
loss of control and hence accidents. 
This particular problem of" diversion 
is fortunately being alleviated by re- 
trofit and relocation of the communi- 
cation equipment and by improved de- 
sign of new equilxnent. This is a 
specific example of faulty location. It 
documents a general principle how- 
ever; namely, that no piece of equip- 
ment in the cockpit should be placed 
so that diversion from the primary 
task of flying is required of the pilot, 

JANUARY, 1961 

developed; in a matter of seconds im- 
mediate action may be required either 
to initiate co,rrective procedures or to 
part company with the aircraft as ex- 
peditiously as possible. 

The problem of false fire warnings 
has been a particularly obnoxious one. 
A failure to indicate a fire produces 
an extremely critical situation as does a 
false fire warning which may (and 
has) resulted in the loss of aircraft 
and pilots. 

Gear warning systems are also a 
continuing source of diffictfl, ty. For- 
ttmately, either a failure of the sys- 
tem or of the .pilot to respond m the 
warning usually results in damage to 
the aircraft  but seldom results in major 
injury except to .the individual's pride. 

The previous discussion .has been 
centered to a great extent around in- 
dividual ins.truments and Cheir location. 
A .more basic problem presents itsel.f 
when the inter-relation of instruments 
is considered. The Air Force, to- 
gether with ocher groups including the 
Navy as well as representatives from 
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AIRCRAFT ACCIDENTS--ZELLER ET AL 

several of the N A T O  countries, some 
years ago decided upon an instrumen,t 
arrangement called the ",basic six." 
While this may not ,have :been the best 

posed advantages and unless ,these are 
marked shou,ld not be implemented. 
Extensive block modifications and re- 
trofit programs are practical met'hods 

\ X / 

~ ~ d ~ ~  FATAL DESTROYED INJURIES 
PULLED AIRCRAFT OFF TOO SOON 17 44 
FAILED TO DISCONTINUE 3 6 
DISCONTINUED TAKEOFF TOO SOON I 0 

2! 5O 

Fig. 4. Pilot factor takeoff accidents, J,anuary 1, 
1958-December 31, 1958 (total major accidents: 61). 

arrangement in al,1 instances, a great 
deal of  advantage has accrued from its 
use 'because of the standardization 
from ~ne cockpit to another. 

When standardiza,tion is considered, 
one always faces a dilerrmla. Complete 
standardization impedes progress and 
at the same time perpetuates known 
errors in new equig~nent. On the other 
hand, individual arrangements result in 
such a confusion of presentations from 
one cockpit to another ,that any ad- 
vantage gained f rom a unique presen- 
tation may be lost in terms of the over- 
all use of the equipment. Any change 
which would serve to create greater 
confusion for the pilot should be 
weighed very carefully against the pro- 

of circumventing this problem. 
Utter confusion would result if all 

of the many suggestions regarding new 
instrument warning systems or other 
presentations were incorporated in 
modern cockpits. In view of the 
changes in aircraft' functioning, how- 
ever, it is obvious that at times there 
is need for new presentations. The 
selection of these must be made very 
critically. 

On the basis of accident histories 
there appears to ,be at ,least three areas 
in which the information supplied to 
the pilot ,by current instruments is in- 
adequate. These are rela,ted to the 
phases of flight in sequences" During 
takeoff the pilot 'has to determine ~he 
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AIRCRAFT ACCIDENTS--ZELLER ET AL 

point at which the aircraft  must be 
either lifted from the runway or the 
takeoff ,run discontinued. The require- 
men t for this judgment in aircraft 
loaded to capacity on marginal run- 
ways has resttlt'ed in errors which have 
contributed to accidents. The aircraft 
may be pulled off too soon, the take- 
off run may be discontinued too soon, 
or there may be a failure to discon- 
tinue the takeoff run until the point of 
no .return is reached. Thirty-six acci- 
dents during 1958 were attributed to 
these errors. These resulted in twenty- 
one aircraft destroyed, in many cases 
highly strategic airc.raft, and fifty fatal 
injuries (Fig. 4) .  This record indi- 
cates the need for a takeoff monitoring 
device which will assis* the pilot in this 
flight phase. 

Another problem relates to the in- 
flight necessity for avoiding collisions 
with other airborne aircraft.  With 
only minor reversals from 1947 to 
1958, the portion of all Air  Force 
major accidents v~hich are mid-air col- 
lisions has increased. A,lthough the de- 
crease in 1958 is heartening, repeated 
evaluations have clearly indicated that 
the operational situation has t~ a great 
ex~tent developed to a point ~here  the 
human operator cannot consistently 
and successfully avoid mid-air colli- 
sions without additional aid. The need 
for an anti-collisi'on device which will 
indicate to the pilot positively when ,he 
is on a collision course and the action 
to take for avoidance of  a collision is 
acute. 

One other problem poses itself in 
the landing phase and this is the prob- 
lem of landing short. Although prog- 
ress has been made in reducing these 
landing short ~ecidents, they .still occur 
in relatively large numbers. Such sim- 
ple measures as restricting the initial 

JANUARY, 1961 

portion of the runway and requiring 
the .pilot to land at some predetermined 
Sl~ot farther down the runway are ex- 
tremely beneficial and have contributed 
to the decrease in undershoot accidents. 
I f  continuing progress is to be made 
in this accident area, the pilot must be 
given additional information which 
will assist him in transitioning from 
three-dimensional to two-dimensional 
operation in aircraft  with high sink 
rates, high angles-of-attack, and criti- 
cal flare characteristics. An angle-of- 
attack indicator .or a comparable in- 
strttment which gives the pilot essen- 
tial information required for a consis- 
tently successful touchdown is indi- 
cated as highly desirable. 

In the race for air superiority, more 
and more emphasis is 'being placed 
upon higher performance for aircraft  
in every category. The success of this 
understaking is demonstrated by the 
current altitude, speed, and endurance 
capability ~f modern military and com- 
mercial aircraft. As long as the pilot 
remains in 'the cockpit, however, he 
remains the deciding link in determin- 
ing whether or not this performance 
can be optimally utilized. The instru- 
ments and controls which serve to give 
him information and turn his decisions 
into action assume, therefore, greater 
and greater imi~rtance. Unfortunately, 
progress in the develo~mlent of these 
instruments and controls ,has not kept 
pace with the development of the air- 
craft  performance. It  is time for com- 
parable effort to ,be dire0ted toward 
the development of the cockpit envir- 
,onment as is exerted ,by the engineer in 
the development of the airframe, pow- 
er plant, and other critical components. 
Unless consideration is given t'o getting 
the most out of the man, the man can- 
not get the most out of the machine. 
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